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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards
adopted by the technical committees are circulated to the member bodies for voting. Publication as an
International Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

SO 12108 was prepared by Technical Committee ISO/TC 164, Mechanical testing of metals, Subcommittee
SC 5, Fatigue testing.

This second edition cancels and replaces the first edition (ISO 12108:2002), which has been technically revised.

© 1SO 2012 — All rights reserved \%


http://dx.doi.org/10.3403/02933214U
http://dx.doi.org/10.3403/02933214

BS I1SO 12108:2012
ISO 12108:2012(E)

Introduction

This International Standard is intended to provide specifications for generation of fatigue crack growth rate
data. Test results are expressed in terms of the fatigue crack growth rate as a function of crack-tip stress-
intensity factor range, AK, as defined by the theory of linear elastic fracture mechanics ['I-[6]. Expressed in
these terms the results characterize a material’s resistance to subcritical crack extension under cyclic force test
conditions. This resistance is independent of specimen planar geometry and thickness, within the limitations
specified in Clause 6. All values are given in S| units [7].

This International Standard describes a method of subjecting a precracked notched specimen to a cyclic force.
The crack length, a, is measured as a function of the number of elapsed force cycles, N. From the collected
crack length and corresponding force cycles relationship the fatigue crack growth rate, da /dN, is determined
and is expressed as a function of stress-intensity factor range, AK.

Materials that can be tested by this method are limited by size, thickness and strength only to the extent that
the material must remain predominantly in an elastic condition during testing and that buckling is precluded.

Specimen size may vary over a wide range. Proportional planar dimensions for six standard configurations
are presented. The choice of a particular specimen configuration may be dictated by the actual component
geometry, compression test conditions or suitability for a particular test environment.

Specimen size is a variable that is subjective to the test material’s 0,2 % proof strength and the maximum stress-
intensity factor applied during test. Specimen thickness may vary independent of the planar size, within defined
limits, so long as large-scale yielding is precluded and out-of-plane distortion or buckling is not encountered.
Any alternate specimen configuration other than those included in this International Standard may be used,
provided there exists an established stress-intensity factor calibration expression, i.e. stress-intensity factor
geometry function, g (a/w). [BI-[11]

Residual stressesl!2Ll13] crack closurel'L15]  specimen thickness, cyclic waveform, frequency and
environment, including temperature, may markedly affect the fatigue crack growth data but are in no way
reflected in the computation of AKX, and so should be recognized in the interpretation of the test results and be
included as part of the test report. All other demarcations from this method should be noted as exceptions to
this practice in the final report.

For crack growth rates above 10~° mm/cycle, the typical scatter in test results generated in a single laboratory
for a given AK can be in the order of a factor of twol'l. For crack growth rates below 10~° mm/cycle, the scatter
in the da/dN calculation may increase to a factor of 5 or more. To ensure the correct description of the material’s
da/dN versus AK behaviour, a replicate test conducted with the same test parameters is highly recommended.

Service conditions may exist where varying AK under conditions of constant Kmax or Kmean control ['71 may be
more representative than data generated under conditions of constant force ratio; however, these alternate test
procedures are beyond the scope of this International Standard.

vi © IS0 2012 — All rights reserved
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Metallic materials — Fatigue testing — Fatigue crack growth
method

1 Scope

This International Standard describes tests for determining the fatigue crack growth rate from the fatigue crack
growth threshold stress-intensity factor range, AKip, to the onset of rapid, unstable fracture.

This International Standard is primarily intended for use in evaluating isotropic metallic materials under
predominantly linear-elastic stress conditions and with force applied only perpendicular to the crack plane
(mode | stress condition), and with a constant stress ratio, R.

2 Normative references

The following normative referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

SO 4965-1|, Metallic materials — Dynamic force calibration for uniaxial fatigue testing— Part 1: Testing systems

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

crack length

a

linear measure of a principal planar dimension of a crack from a reference plane to the crack tip

NOTE This is also called crack size.

3.2

cycle

N

smallest segment of a force-time or stress-time function which is repeated periodically

NOTE The terms “fatigue cycle”, “force cycle” and “stress cycle” are used interchangeably. The letter N is used to
represent the number of elapsed force cycles.

3.3

fatigue crack growth rate
daldN

extension in crack length

3.4
maximum force

Fmax
force having the highest algebraic value in the cycle; a tensile force being positive and a compressive force

being negative

3.5

minimum force

Frin

force having the lowest algebraic value in the cycle; a tensile force being positive and a compressive force
being negative

© 1SO 2012 — All rights reserved 1
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3.6

force range

AF

the algebraic difference between the maximum and minimum forces in a cycle

AF = Frnax — Fmin

3.7

force ratio

R

algebraic ratio of the minimum force to maximum force in a cycle

R= Fmin/Fmax

NOTE 1 R is also called the stress ratio.
NOTE 2 R may also be calculated using the values of stress-intensity factors; R = Kmin/Kmax-

3.8

stress-intensity factor

K

magnitude of the ideal crack-tip stress field for the opening mode force application to a crack in a homogeneous,
linear-elastically stressed body, where the opening mode of a crack corresponds to the force being applied to
the body perpendicular to the crack faces only (mode I)

NOTE The stress-intensity factor is a function of applied force, crack length, specimen size and geometry.
3.9

maximum stress-intensity factor

Kmax

highest algebraic value of the stress-intensity factor in a cycle, corresponding to Fmax and current crack length

3.10

minimum stress-intensity factor

Kmin

lowest algebraic value of the stress-intensity factor in a cycle, corresponding to Fimin and current crack length

NOTE This definition remains the same, regardless of the minimum force being tensile or compressive. For a negative
force ratio (R < 0), there is an alternate, commonly used definition for the minimum stress-intensity factor, Kmin = 0. See 3.11.

3

stress-intensity factor range

AK

algebraic difference between the maximum and minimum stress-intensity factors in a cycle

AK = Kmax — Kmin

NOTE 1 The force variables AK, R and Kmax are related as follows: AK = (1 = R) Kmax-
NOTE 2 For R <0 conditions, see 3.10 and 10.6.

NOTE 3  When comparing data developed under R < 0 conditions with data developed under R > 0 conditions, it may be
beneficial to plot the da/dN data versus Kmax.

312

fatigue crack growth threshold stress-intensity factor range
AKth

asymptotic value of AK for which da/dN approaches zero

NOTE For most materials, the threshold is defined as the stress-intensity factor range corresponding to 10-8 mm/cycle.
When reporting AKn, the corresponding lowest decade of da/dN data used in its determination should also be included.

2 © 1S0 2012 — All rights reserved
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313

normalized K-gradient

C=(1/K) dKlda

fractional rate of change of K with increased crack length, a

C =1/K (dK/da) = 1/Kmax (dKmax/da) = 1/Kmin (dKmin/da) = 1/AK (dAK/da)

314
K-decreasing test
test in which the value of the normalized K-gradient, C, is negative

NOTE A K-decreasing test is conducted by reducing the stress-intensity factor either by continuously shedding or by
a series of steps, as the crack grows.

3.15
K-increasing test
test in which the value of C is positive

NOTE For standard specimens, a constant force amplitude results in a K-increasing test where the value of C is
positive and increasing.

3.16
stress-intensity factor geometry function

g a'w)
mathematical expression, based on experimental, numerical or analytical results, that relates the stress-
intensity factor to force and crack length for a specific specimen configuration

317
crack-front curvature correction length

dcor
difference between the average through-thickness crack length and the corresponding crack length at the
specimen faces during the test

3.18
fatigue crack length

Afat
length of the fatigue crack, as measured from the root of the machined notch

NOTE See Figure 12.

3.19

notch length

dn

length of the machined notch, as measured from the load line to the notch root

NOTE See Figure 12.

4 Symbols and abbreviated terms

41 Symbols

See Table 1.

© 1S0O 2012 — All rights reserved 3
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Table 1 — Symbols and their designations

Symbol Designation Unit
Loading
C Normalized K-gradient mm-"
E Tensile modulus of elasticity MPa
F Force kN
Fmax Maximum force kN
Fmin Minimum force kN
AF Force range kN
K Stress-intensity factor MPa-m1/2
Kmax Maximum stress-intensity factor MPa-m?/2
Kmin Minimum stress-intensity factor MPa-m?/2
AK Stress-intensity factor range MPa-m'/2
AK; Initial stress-intensity factor range MPa-m1/2
AKih Fatigue crack growth threshold stress-intensity factor range MPa-m1/2
N Number of cycles 1
R Force ratio or stress ratio 1
Rm Ultimate tensile strength at the test temperature MPa
Rpo,2 0,2 % proof strength at the test temperature MPa
Geometry
a Crack length or size measured from the reference plane to the crack tip mm
dcor Crack-front curvature correction length mm
afat Fatigue crack length measured from the notch root mm
an Machined notch length mm
ap Precrack length mm
B Specimen thickness mm
D Hole_diameter for CT, SENT or CCT specimen, loading tup diameter for bend mm
specimens
g(alw) Stress-intensity factor geometry function 1
h Notch height mm
w Specimen width, distance from reference plane to edge of specimen mm
(W-a) Minimum uncracked ligament mm
Crack growth
da/dN Fatigue crack growth rate mm/cycle
Aa Change in crack length, crack extension mm

4.2 Abbreviated terms for specimen identification

CT Compact tension
CCT Centre cracked tension
SENT Single edge notch tension

SEN B3 Three-point single edge notch bend

4 © 1S0 2012 — All rights reserved
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SEN B4 Four-point single edge notch bend
SEN B8 Eight-point single edge notch bend

5 Apparatus

5.1 Testing machine

5.1.1 General

The testing machine shall have smooth start-up and a backlash-free force train if passing through zero force.
See . Cycle to cycle variation of the peak force during precracking shall be less than + 5 % and shall
be held to within = 2 % of the desired peak force during the test. AF shall also be maintained to within £ 2 % of
the desired range during test. A practical overview of test machines and instrumentation is available [33]. [34],

5.1.2 Testing machine alignment

It is important that adequate attention be given to alignment of the testing machine and during machining and
installation of the grips in the testing machine.

For tension-compression testing, the length of the force train should be as short and stiff as practical. Non-
rotating joints should be used to minimize off-axis motion.

Asymmetry of the crack front is an indication of misalignment; a strain gauged specimen similar to the test article
under investigation can be used in aligning the force train and to minimize nonsymmetrical stress distribution
and/or bending strain to less than 5 %.

5.1.3 Force measuring system

Accuracy of the force measuring system shall be verified periodically in the testing machine. The calibration
for the force transducer shall be traceable to a national organization of metrology. The force measuring system
shall be designed for tension and compression fatigue testing and possess great axial and lateral rigidity. The
indicated force, as recorded as the output from the computer in an automated system or from the final output
recording device in a noncomputer system, shall be within the permissible variation from the actual force. The
force transducer’s capacity shall be sufficient to cover the range of force measured during a test. Errors greater
than 1 % of the difference between minimum and maximum measured test force are not acceptable.

The force measuring system shall be temperature compensated, not have zero drift greater than 0,002 % of
full scale, nor have a sensitivity variation greater than 0,002 % of full scale over a 1 °C change. During elevated
and cryogenic temperature testing, suitable thermal shielding/compensation shall be provided to the force
measuring system so it is maintained within its compensation range.

5.2 Cycle-counter

An accurate digital device is required to count elapsed force cycles. A timer is to be used only as a verification
check on the accuracy of the counter. It is preferred that individual force cycles be counted. However, when the
crack velocity is below 10-° mm/cycle, counting in increments of 10 cycles is acceptable.

5.3 Grips and fixtures for CT specimens

Force is applied to a CT specimen through pinned joints. The choice of this specimen and gripping arrangement
necessitates tension-tension test conditions only. Figure 1 shows the clevis and mating pin assembly used at
both the top and bottom of a CT specimen to apply the force perpendicular to the machined starter notch and
crack plane. Suggested dimensions are expressed as a proportion of specimen width, W, or thickness, B, since
these dimensions can vary independently within the limits specified in Clause 6. The pin holes have a generous
clearance over the pin diameter, 0,2/% minimum, to minimize resistance to specimen and pin in-plane rotation
which has been shown to cause nonlinearity in the force versus displacement response [33]. A surface finish,

© 1S0O 2012 — All rights reserved 5
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Ra, range of 0,8 ym to 1,6 um is suggested for grip surfaces. With this grip-and-pin arrangement, materials
with low proof strength may sustain plastic deformation at the specimen pin hole; similarly, when testing high
strength materials and/or when the clevis displacement exceeds 1,058, a stiffer force pin, i.e. a diameter
greater than 0,225/, may be required. As an alternative approach to circumvent plastic deformation, a flat
bottom clevis hole may be used along with a pin diameter equaling 0,24W. Any heat treatable steel thermally
processed to a 0,2 % proof strength of 1 000 MPa used in fabricating the clevises will usually provide adequate
strength and resistance to fretting, galling and fatigue.

In addition to the generous pin hole clearance, the mating surfaces shall be prepared to minimize friction
which could invalidate the provided K-calibration expression. The use of high viscosity lubricants and greases
has been shown to cause hysteresis in the force versus displacement response and is not recommended if
compliance measurements are required.

C 3a
N

S

m.

(=)

1 \
x +0,025W D
% = SN 00,25 0
— (=}
Ra 0,2 \/‘
A _/
N_
— — =
1,058 01w 0,4tW 01w
2B
+0,025W
2 “ Ra °f2v/ 0,225 0
22,18

Key
1 clevis
2 pin
NOTE For high strength materials or large pin displacements, the pin may be stiffened by increasing the diameter to

0,24 along with using D-shaped flat bottom holes.

@ Loading rod thread.
b Through diameter.
¢ These surfaces are perpendicular and parallel as applicable to within 0,05W.

Figure 1 — Clevis and pin assembly for gripping a CT specimen

6 © 1S0O 2012 — All rights reserved
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5.4 Grips and fixtures for CCT/SENT specimens

5.4.1 General

Force can be applied to CCT and SENT specimens through pinned joints and/or through frictional clamping
grips. Gripping for the CCT and SENT specimens depends on specimen width and whether the test condition is
to be tension-tension or tension-compression. The minimum CCT specimen gauge length varies with gripping
arrangement and shall provide a uniform stress distribution in the gauge length during the test.

Under certain conditions, the CCT specimen can be prone to general and localized buckling. The use of
buckling constraints is recommended.[49]

Formula (6) is applicable only for a single pinned end SENT specimen, as shown in Figure 2. The SENT pinned
end specimen (Figure 2) is appropriate for tension-tension test conditions only.

Formula (7) is applicable for a SENT specimen with clamped ends and is appropriate for both tension and
compression force conditions. For the clamped-end SENT specimen, the grips must be sufficiently stiff to
circumvent any rotation of the specimen ends or any lateral movement of the crack plane; the presence of
either condition introduces errors into the stress-intensity factor calculation [29],

Surface roughness values in micrometres
= W/2 =23W/2 =23W/2 = W/2 BSO,SWd

Ra 04 /

Ra 0.4 /

()
U

Ra 0,4 /

)
& =

7.~

b

2 x o003

NOTE 1  The machined notch is centred to within + 0,005/ (TIR®).
NOTE 2  The surfaces are parallel and perpendicular to within + 0,002/7.
NOTE 3  The crack length is measured from the reference loading plane containing the starter V-notch.

NOTE 4  This specimen is recommended for notch root tension at a force ratio R > 0 only.

a D=w/3.
b See Figure 12 for notch detail.

o

Reference plane.
d  Recommended thickness: B < 0,5/.
€ Total indicated reference value.

Figure 2 — Standard single edge notch tension, SENT, specimen

5.4.2 Tension-tension testing of a CCT specimen

For tension-tension testing of a specimen with a width 27, less than 75 mm, as shown in Figure 3, a clevis with
single force pin is acceptable for gripping provided the specimen gauge length, defined here as the distance
between the pin hole centrelines, be at least 6/7. Shims may be helpful in circumventing fretting fatigue at the
specimen’s pin hole. Another step that can be taken to prevent crack initiation at the pin holes is the welding
or adhesive bonding of reinforcement plates or tabs to the gripping area, especially when testing very thin
materials. Cutting the test section down in width to form a “dog bone” shaped specimen design is another

© 1SO 2012 — All rights reserved 7
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measure that can be adopted to circumvent failure at the pin holes; here the gauge length is defined as the
uniform width section and it shall be at least 3,4/ in length.

For tension-tension testing of a specimen with a width greater than 75 mm, distributing the force across the
specimen width with multiple pin holes is recommended. A serrated grip surface at the specimen-grip interface
increases the force that can be transferred. With this force application arrangement, the gauge length between
the innermost rows of pin holes must be at least 3.

Surface roughness values in micrometres

Ra 0,4
Ra 0,4

Ra 04 /

v
X
v
w
X
v
w
X
v
X
B

A
&/
/
4

2an

2 x 0% /

NOTE 1  The machined notch is centred to within £+ 0,002/7.

NOTE 2  The faces are parallel to £ 0,05 mm/mm.

NOTE 3  The two faces are not out-of-plane more than 0,05 mm.

NOTE 4  The crack length is measured from the reference plane of the longitudinal centreline.
NOTE 5  The clevis and pin loading system is not suitable for a force ratio R < 0.

NOTE 6  Special gripping systems may be used for a force ratio R < 0 such as shown in Figure 4.

a  See Figure 12 for notch detail.
b D=2wI3.
¢ Reference plane.

Figure 3 — Standard pinned end centre cracked tension, CCT, specimen for 2/¥/ <75 mm

5.4.3 Tension-compression testing of a CCT specimen

A backlash-free gripping arrangement shall be used for tension-compression testing of the CCT specimen.
Various commercially available pneumatic and hydraulic wedge grips that provide adequate clamping force
may be used. The minimum gauge length for a clamped CCT specimen is 2,4W.

For tension-compression testing of a CCT specimen, Figure 4 presents a design that affords a simple
backlash free grip that provides improved force transfer through multiple pins plus frictional force transfer via
specimen clamp-up with the serrated gripping surfaces. The compressive condition between the pins and the
specimen’s end surfaces, induced by drawing the wedges together, affords large reverse force excursions

8 © 1S0 2012 — All rights reserved
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while circumventing elongation of the pin holes. The minimum gauge length for this specimen is 2,4/ between
the grip end surfaces and 3/ between the inner rows of pins, as stated above.

Dimensions in millimetres

B 2W
- /\J/\/
1
24
2
- 5
'I\ 9,
~ A
™A A AN A
Ra S d Y
T g | eeyeo—
2 | —

o L 3 a
20 &( R 2LW
e NC R 16w

3—

Key

1 Serrated sideplate surface
2 Countersunk cap screw

3 Lock nut

NOTE 1 Made of hardened steel, e.g. 2 40 HRC.
NOTE 2  Serrated side plates vary in thickness to accommodate approximately 2 mm to 3 mm, range in thickness B.

a8 Body drilled.

Figure 4 — Example of backlash free grip for a CCT specimen

5.4.4 Alignment of CCT specimen grips

The CCT specimen is sensitive to misalignment and nonsymmetrical force application, especially in tension-
compression testing where gimbaled connections are not used, which can readily lead to violation of the
through thickness crack curvature and/or symmetry validity criteria. It is recommended that bending strain

© 1SO 2012 — All rights reserved 9
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be checked periodically with a panel specimen similar to the one being tested and instrumented with strain
gauges, as shown in Figure 5 [22], This technique can be used to minimize the bending strain. See 5.1.2.

2w

1to4 locations indicating faces on the specimen
5t0 8 locations indicating strain gauges applied to the specimen.
@  Plane A.

Figure 5 — Strain gauge arrangement for an instrumented panel alignment specimen [22]

5.4.5 Bending strain calculation for the arrangement shown in Figure 5 [22]:
The average axial strain, ¢, , for the flat panel calibration specimen is calculated using:

(e5+€g+E7+€g)
€, = 1

where g5, g5, &7 and gg are the measured strains.

The equivalent strain at the centre of the four faces 1 to 4 is calculated using:
e1=¢, —[ea —(e5 +£8)/2][2W/(2W—2d)] ;
e3=¢, —[ea — (6 +£7)/2][2W/(2W—2d)] ;
er=(e5+¢€g)/2; €4 =(e7+€g)/2.

The local bending strains at the centre of each of the four faces are calculated using:

b1=€1—8a X b2 =&y —&, b3 =€3—€a; b4 =E4—&, .

The maximum bending strain percentage in plane A can then be calculated as follows:

B%=[(b1—b3)/2+(by—by)12]100/ &, <5%

10 © 1S0 2012 — All rights reserved
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5.5 Grips and fixtures for the SENB specimens

5.5.1 Tension-compression grips for the SEN B8 specimen

The eight-point bend specimen is also suited for tension-compression testing. In gripping the eight-point bend
specimen, the top and bottom tups are rigidly tied together with a line-to-line fit to the specimen’s surfaces.
Precautions shall be taken to eliminate backlash and secondary moments.

5.5.2 Tension-tension testing of SENB specimens

The general principles of the bend test fixture suitable for tension-tension testing of the SENB specimen are
illustrated in Figure 6. The fixture is designed to minimize frictional effects by allowing the support rollers to
rotate and move apart slightly as force is applied to the specimen, hence permitting rolling contact. Thus, the
support rollers are allowed limited motion along plane surfaces parallel to the notched side of the specimen,
but are initially positively positioned against stops that set the span length and are held in place by low-tension
springs (such as rubber bands). Fixtures and rollers shall be made of high hardness (>40 HRC) steel [23],

5.6 Crack length measurement apparatus

5.6.1 General

Accurate measurement of crack length during the test is very important. There are a number of visual and
non-visual apparati that can be used to determine the crack length. A brief description of a variety of crack
length measurement methods is included in Reference [26]. The required crack length measurements are the
average of the through-the thickness crack lengths, as covered in 9.1.

5.6.2 Non-visual crack length measurement

There are a number of non-visual measurement techniques. Most lend themselves to automated data
acquisition and determine the average crack length, reflecting the crack-front curvature, if it exists. Crack-
opening-displacement compliance [36]-[38] AC and DC electric potential difference (EPD) [39-[41] back face
strain [36. 421 and side face foil crack gauges [43]- [45] are all acceptable techniques, provided the resolution
requirements covered in 8.1 be met. (Information on the methodology of crack length determination through
the use of EPD is provided in Annex A.)

5.6.3 Visual crack length measurement

In the past, the most common visual crack length measurement technique used a micrometer thread travelling
microscope with low magnification (x20 to x50). This technique measures the surface crack length during the test
and may need to be corrected to the actual through-thickness crack size upon test completion, as covered in 9.1.
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Dimensions in millimetres
Surface roughness values in micrometres

/
E}}i
=

&
[==]

2,08
< / 3 158
Ra 0,4
A \VA
E]
W/2 < o0 < W
2,08
158
Key
1 test specimen
2 loading rod
3 test fixture
4 support rollers
NOTE Support rollers and specimen contact surface of loading rod should be parallel to each other to + 0,002 (TIR).

@  Bosses for springs or rubber bands.
b 0,6x support roller diameter.
¢ 1,x support roller diameter.

Figure 6 — Fixture for tension-tension forcing of a SEN B3 specimen

6 Specimens

6.1 General

Proportional dimensions of six standard specimens: a compact tension (CT); a centre cracked tension (CCT)
and three-, four- and eight-point single edge notch bends [(SEN B3), (SEN B4) and (SEN B8)]; and single
edge notch tension (SENT) are presented in Figures 7, 3, 8, 9, 10 and 2, respectively. A variety of specimen
configurations is presented to accommodate the component geometry available and test environment and/or
force application conditions during a test. Machining tolerances and surface finishes are also given in Figures 7
to 10. The CT, SEN B3 and SEN B4 specimens are recommended for tension-tension test conditions only.
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The specimen shall have the same metallurgical structure as the material for which the crack growth rate is
being determined. The test specimen shall be in the fully machined condition and in the final heat-treated state
that the material will see in service.

Surface roughness values in micrometres
1,25W +0,01W

a

W 0005 N

ge +0,05W
2 x % 02500
\

0,275W 0,005 W

06W +0,005W

Ra 0,4
b
Ra 04 /

/Ra 0,4

01W<a,<015W

a, 1202w

NOTE 1 The machined notch is centred to within + 0,005.
NOTE 2  The surfaces are perpendicular and parallel to within + 0,002/ (TIR).
NOTE 3  The crack length is measured from the reference plane of the loading pin holes centerline.

NOTE 4  This specimen is recommended for notch root tension at a force ratio R > 0 only.

a8 Reference plane.

b See Figure 12 for notch detail.

¢ Recommended thickness: W /20 <B< W/ 2.

d  The suggested minimum dimensions are W = 25 mm and ap=0,2W.

Figure 7 — Standard compact tension, CT, specimen for fatigue crack growth rate testing
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Surface roughness values in micrometres

L2W +0,01W
3x op ¢
B C
Ra 04 /
>
X IS)

1)

o
() / /Ra 0,4 () b

2W £0,01W 2W +0,01W

NOTE 1 The machined notch is centre to within = 0,005% (TIR).

NOTE 2  The surfaces are parallel and perpendicular to within + 0,002/

NOTE 3  The crack length is measured from the reference loading plane containing the starter V-notch.
NOTE 4  This specimen is recommended for notch root tension at a force ratio R > 0 only.

a8  See Figure 12 for notch detail.

b Reference plane.

¢ Recommended thickness: 0,2 < B < W.
d  D>wis.

Figure 8 — Standard three-point single edge notch bend, SEN B3, specimen
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Surface roughness values in micrometres

W £0,01W

2W 0,01

W 0,01

}

D€

Ra 0.4 /

The machined notch is ce

|
|
AT OB

ntred to within + 0,005W.

The surfaces are parallel and perpendicular to within £ 0,002 (TIR).

The crack length is measured from the reference loading plane containing the starter V-notch.

This specimen is recommended for notch root tension at a force ratio R > 0 only.

a8  See Figure 12 for notch detail.
b Reference plane.

o

d D> wis.

Recommended thickness: 0,2/ < B < W.

Figure 9 — Standard four-point single-edge-notch bend, SEN B4, specimen
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Surface roughness values in micrometres

L2W +0,01W
W £0,01W 2W 0,01 W +0,01W
B C
| \/

I
/% 0,4 R \b

NOTE 1 The machined notch is centred to within + 0,005/

Ra 0,4 /

8 x op ¢

NOTE 2  The surfaces are parallel and perpendicular to within + 0,002/ (TIR).
NOTE 3  The crack length is measured from the reference loading plane containing the starter V-notch.

NOTE 4  Specimen suitable for R < 0, provided backlash and secondary moment loading by grips be avoided.

a8  See Figure 12 for notch detail.

b Reference plane.

¢ Recommended thickness: 0,27 < B < W.
d D>ws.

Figure 10 — Standard eight-point single edge notch bend, SEN B8, specimen

6.2 Crack plane orientation

The crack plane orientation, as related to the characteristic direction of the product, is identified in Figure 11.
The letter(s) preceding the hyphen represent(s) the force direction normal to the crack plane; the letter(s)
following the hyphen represent the expected direction of crack extension. For wrought metals, the letter X
always denotes the direction of principal processing deformation, Y denotes the direction of least deformation
and the letter Z is the third orthogonal direction. If the specimen orientation does not coincide with the product’s
characteristic direction, then two letters are used before and/or after the hyphen to identify the normal to the
crack plane and/or expected direction of crack extension.

NOTE For rectangular sections of wrought metals, a commonly used alternative designation system uses the letter

L to denote the direction of principal processing deformation (maximum grain flow), T to denote the direction of least
deformation, and S for the third orthogonal direction.
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c) Radial grain flow, axial working direction
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d) Axial grain flow, radial working direction

a  Grain flow.

Figure 11 — Fracture plane orientation identification

6.3 Starter notch precracking details

The envelope and various acceptable machined notch configurations and precracking details for the specimens
are presented in Figure 12.

The machined notches in the SENB and CCT specimens are determined by practical machining limitations; the
K-calibration does not have a notch size limitation. However, a CCT specimen’s minimum notch length, 2ap, of
at least 0,2/ is required when using the compliance method for crack length determination to ensure accurate
crack length measurements.

The starter notch for the standard specimens may be made via electrical discharge machining (EDM), milling,
broaching or saw cutting. To facilitate precracking, the notch root radius should be as small as practical,
typically less than 0,2 mm. For aluminium, saw cutting the final 0,5 mm starter notch depth with a jeweler’s saw
is acceptable.
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NOTE 1 Crack length is measured from reference plane.
NOTE 2 Notch height, 4, should be minimized.
NOTE 3 A hole of radius r < 0,05/ is allowed for ease of machining the notch in a CCT specimen.

a2 Reference plane.
b Root radius.

Maximum notch height
Specimen type Notch length Minimum precrack length
an h ap

CT 01W <an<0,5W <1 mm for w<25 ap = an+ h, or

CCT wi16 for W > 25 ap > an+1 mm, or
ap > an + 0,1B, whichever is
greater.
ap > 0,2 for CT only

Figure 12 — Notch detail and minimum fatigue precracking requirements
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6.4 Stress-intensity factor

6.4.1 General
The stress-intensity factor for all standard specimen configurations is calculated using the following relationship:

K= #g(%) (1)

The stress-intensity factor geometry function, g(a /W), for each standard specimen configuration is calculated
using the following expressions.

6.4.2 Compact tension, CT, specimen

a

)= (2+a)(0,886 + 4,640 — 13,3202 + 14,720 - 5,60.%)
& (1—a)32

)
where a =alW ;the expression is valid for 0,2<a/W <1,0. See Figure 7.

6.4.3 Centre cracked tension, CCT, specimen

For the centre cracked tension specimen, CCT, the stress-intensity factor geometry function is given by [24]-[261:

g )¥2(0,707 1-0,007 2602 + 0,007 064) ©)

a 6
W) - (cose
where 6 = na / 2 radians; the expression is valid for 0 < o = 2a / 2W < 1,00. Here, it is recommended that

the crack length, a, be the average of the four measurements from the centreline reference plane to the crack
tips on both the front and back surfaces. See Figure 3.

6.4.4 Single edge notch three-point bend, SEN B3, specimen

a,_ 6012 ,
g(—) = 11,99 — o(1- )(2,15 - 3,930 + 2, 70:2)] )
W1+ 20)(1- a)%'?]

where o =alW ;the expression is valid for 0 <« <1,0. See Figure 8.

6.4.5 Single edge notch four-point bend, SEN B4, specimen

For the four-point bend specimen, SEN B4, with the distance between external supports minus the distance
between internal supports equaling 2/, the stress-intensity factor geometry function is given by [10:

0,923 +0,199(1-sin6)*
cosf

g(%>=3<2 tan6)"/ (5)

where 6 = na / 2 radians; the expression is valid for 0<a/W <1,0. See Figure 9.

For the four-point bend specimen, where the difference between the major and minor span does not equal 2/,
the value for g(1/W)is proportional to the ratio of the major span minus the minor span divided by 2%,

o major span — minor span
' 2w
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6.4.6 Single edge notch eight-point bend, SEN B8, specimen

For the eight-point bend specimen, SEN B8, with the distance between external supports minus the distance
between internal supports equaling 2/, the stress-intensity factor geometry function is given by [10]:

0,923 +0,199(1-sin@)*
cosé

a 1/2
—)=3(2 tan6
8(;,;)=3(2 tano)

where 6 =ra / 2 radians; the expression is valid for 0 <a /W <1,0. See Figure 10.

For the eight-point bend specimen, where the difference between the major and minor span does not equal 2%,
the value for g(a/W)is proportional to the ratio of the major span minus the minor span divided by 2W.

major span — minor span
2w

i.e.

6.4.7 Single edge notch tension, SENT, specimen

For the single edge notch pinned end tension specimen, SENT, the stress-intensity factor geometry function
is given by [101:

N3
g(%jzW{OJS%2’02“+0’37(1_5'"9) )

cos 0
where 0 =na/2W ; the expression is valid for 0 <a /W <1,0. See Figure 2.

For the single edge notch clamped-end tension specimen, with the clear span between the grips equaling 4%,
the stress-intensity factor geometry function is given by [28:

g[%}“—a)‘w 1,987 80."% 2,972 60:°/2 + 6,950 3%/ - 14,447 60" @)

+10,054 80:%'% +3,404 7012 -8,714 30,1%/? + 3,741 702 ]

where o =a/W ; the expression is valid for 0<a /W <0,95. See Figure 2.

Stress-intensity factor functions, for clamped-end SENT specimens with spans between the grips other than
AW, are available [291-[31],

6.5 Specimen size

6.5.1 General

For the test results to be valid, it is required that the specimen remain predominantly in a linear-elastic stress
condition throughout the test. The specimen width, 7, and thickness, B, may be varied independently within the
limits covered in 6.6. The smallest specimen to meet these criteria, based on experimental results, varies with
each specimen configuration [32],

The minimum uncracked ligament that circumvents large scale yielding varies with specimen configuration and
is a function of the material’s 0,2 % proof strength.

6.5.2 CT specimen minimum uncracked ligament

For the CT specimens the minimum uncracked ligament for producing valid data are given by:

2
4\ K
W—a)z|— | =D& 8
(W —a) (TCJ[Rpon 8)
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6.5.3 CCT specimen minimum uncracked ligament

For the CCT specimen, the minimum size of the uncracked ligament, based upon large scale net section
yielding of the material, is given by:

1,25F 0

(W - 2a) >
BRp0’2

(©)

6.5.4 SENB specimen minimum uncracked ligament
For all of the bend SENB specimens, the minimum size of the uncracked ligament is given by:
BF |
W —a)> max (10)
2BRy 2

This criterion is based upon large scale net section yielding of the material and A = 4, the distance between
external supports for a three-point bend specimen; A =2W for a four and eight-point bend specimen or, if a
nonstandard four or eight-point bend specimen is used, A equals the distance between external supports
minus the distance between internal supports.

6.5.5 SENT specimen minimum uncracked ligament

The minimum size of the uncracked ligament for the SENT specimen depends on the gripping technique: for a
tensile stress, e.g. the ends embedded in hydraulic wedge grips, the minimum uncracked ligament is given by:

W —a) > 125Fmax A1)
BRyo 2

This criterion is based upon large scale net section yielding of the material.

For a bending stress, e.g. clevis and pinned end grips, the minimum uncracked ligament is given by Formula (8).
6.6 Specimen thickness

6.6.1 General

Specimen thickness, B, may be varied independent of specimen width, W, for the specimen configurations,
within the limits for buckling and through-thickness crack-front curvature considerations. It is recommended
that the selected specimen thickness be similar to that of the product under study.

6.6.2 CT specimen

For a CT specimen, it is recommended that the thickness, B, be within the range W/20 < B < W/4. A thickness
up to W/2 is permitted. For a specimen, this thick, a through-thickness crack-front curvature correction length,
acor, May often be required; also, difficulties may be encountered in meeting the through-thickness crack
straightness requirements covered in 9.1.

6.6.3 CCT specimen
For the CCT specimen, it is recommended that the upper limit for thickness be within the range 2W/8 < B <2W/4.

The minimum thickness for circumventing out-of-plane deflection or buckling in the CCT specimen is dependent
on the test material’s elastic modulus, E, gauge length, gripping, grip alignment and force ratio, R.

6.6.4 SENB specimen
For the single edge notch bend specimen, it is recommended that the thickness be within the range

0,2W<B<W.
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6.6.5 SENT specimen

For the single edge notch tension specimen, the maximum recommended thickness equals 0,5W.

6.7 Residual stresses

Residual stresses in a material that has not been stress relieved can influence the crack propagation rate
considerably [12]. [13]. This influence can be minimized by choosing a symmetrical specimen configuration like
the standard CCT specimen and reducing the B/ ratio to minimize crack-front curvature caused by variation
in residual stresses through the thickness [131.

7 Procedure

7.1 Fatigue precracking

The purpose of precracking is to provide a straight and sharp fatigue crack of sufficient length so that the
K-calibration expression is no longer influenced by the machined starter notch and that the subsequent fatigue
crack growth rate is not influenced by a changing crack front shape or precracking force history.

One practice is to initiate the fatigue crack at the lowest possible maximum stress-intensity factor, Kmax, that is
practical. If the test material’s critical stress-intensity factor, which will cause fracture, is approximately known,
then the initial Kmax for precracking can range from 30 % to 60 % of that value. If crack initiation does not occur
within a block 30 000 to 50 000 load cycles, then Kmax can be increased by 10 % and the block of load cycles
repeated. The final Kmax for precracking shall not exceed the initial Kmax for which test data are to be generated.

Frequently, a stress-intensity factor, greater than the Kmax used in the test, needs to be used for crack initiation.
In this case, the maximum force shall be stepped down to meet the above criteria. When manually controlling
precracking, the recommended stress-intensity factor drop for each step is less than 10 % of Kmnax. In addition,
it is recommended that between each stress-intensity factor reduction, the crack extend by at least the value
given in Formula (12) [8l:

2

K .

Aa; = 3| Dmax=) (12)
T Rpo‘z

where Kmax( j-1) is the maximum terminal stress-intensity factor of the previous step.

When test data are to be generated for a high force ratio, it may be more convenient to precrack at a lower Kmax
and force ratio than the initial test conditions.

The precracking apparatus shall apply the force symmetrical to the specimen’s notch and accurately maintain
the maximum force to within 5 %. A centre cracked panel shall also be symmetrically stressed across the width,
2W. Any frequency that accommodates maintaining the force accuracy specified in 5.1 is acceptable.

The precrack shall meet the symmetry and out-of-plane cracking requirements as described in 7.2.

7.2 Crack length measurement

The requirements for measurement accuracy, frequency and validity are covered in Clauses 8 and 9 for the
various specimen configurations and test procedures that follow. When surface measurements are used to
determine the crack length, it is recommended that both the front and back surface traces be measured. If the
front to back crack length measurements vary by more than 0,258 and, for a CCT specimen, if the side-to-side
symmetry of the two crack lengths vary in length by more than 0,025/ then the precrack is not suitable and test
data would be invalid under this test method. In addition, if the precrack departs from the plane of symmetry
beyond the corridor, defined by planes 0,05/ on either side of the specimen’s plane of symmetry containing
the notch root(s), the data would be invalid. See Figure 13.
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dfat

0,05Ww

0,05W

a2 Reference plane.
b Machined notch, an.

Figure 13 — Out-of-plane-cracking validity corridor

7.3 Constant-force-amplitude, K-increasing, test procedure for da/dN > 10-5> mm/cycle

This procedure is appropriate for generating fatigue crack growth rate data above 10~° mm/cycle. After stepping
the maximum precracking force down to be equal or less than that corresponding to the lowest Kmax in the
range over which fatigue crack growth rate data will be generated, it is preferred that the force range be held
constant as is the stress ratio and frequency. The maximum stress-intensity factor will increase with crack
extension and should be allowed to increase to equal or exceed the greatest Kmax in the range over which
data will be generated. Several suggestions, aimed at minimizing transient effects while using this K-increasing
procedure, follow. If test variables are to be changed, Kmax shall be increased rather than decreased in order
to preclude the retardation effects attributable to the previous force history. Transient effects can also occur
following a change in Kmjy or the stress ratio. An increase of 10 % or less in Kmax and/or Kmin will usually
minimize the transient effect reflected in the fatigue crack growth rate. Following a change in force conditions,
sufficient crack extension shall be allowed to occur in order to re-establish a steady-state crack growth rate
before the ensuing test data are accepted as valid under this test practice. The amount of crack extension
required is dependent on many variables, e.g. percentage of force change, the test material and heat treatment
condition. When environmental effects are present, the amount of crack extension required to re-establish the
steady-state growth rate may increase beyond that required in a benign environment.

Test interruptions shall be kept to a minimum. If the test is interrupted, a change in growth rate may occur upon
resumption of cycling. The test data immediately following the interruption shall be considered invalid if there
is a significant demarcation in the crack velocity from the steady-state growth rate immediately preceding the
suspension of cycling. The sphere of influence of the transient effect may increase with the steady-state force
applied to the specimen during the suspension of dynamic force cycling.
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7.4 K-decreasing procedure for da/dN < 10~% mml/cycle

This K-decreasing procedure may result in different crack growth rates dependent on the test K-gradient, C. It
is the user’s responsibility to verify that the crack growth rates are not sensitive to the test K-gradient, C.

Testing starts at a Kmax or stress-intensity factor range, AK, equal to or greater than that used for the final crack
extension while precracking. Following crack extension, the stress-intensity factor range is stepped down, or
continuously shed, at a constant rate until test data have been recorded for the lowest stress-intensity factor
range or fatigue crack growth rate of interest. The rate of force shedding with increasing crack size shall be
small enough to prevent anomalous data resulting from the reduction in stress-intensity factor.

The K-decreasing test may be controlled by a stepped stress-intensity factor following a selected crack
extension at a constant AF, as shown in Figure 14. Alternately, the stress-intensity factor gradient per increment
of crack extension may be held constant, 1/da (dK/K) = constant, called continuous stress-intensity factor
shedding, by using a computer-automated test control procedure [46]: the constant, C, is called the normalized
K-gradient. Typically, C > -0,1 mm~'. However, research has shown that this value may be material- and
specimen-geometry dependent [471.[48],

This value usually provides a gradual enough force shed to preclude a transient in the crack growth rate.
The relationship between K and crack length for a constant-C test can be rewritten for convenience in the
integrated form as:

CAag;_
AKI(]) =AKi(j—1)e 4N (13)

where

AK, ;) and AKi(j—l) are the initial stress-intensity factor range at step j and j—1, respectively;

Aag; gy = [a(j) _a(j—1)] is the crack extension at the preceding constant force range AF(;_qy-
The stress ratio, R, and the normalized K-gradient, C, should be kept constant throughout the K-decreasing
test. It is recommended that K-decreasing be followed by K-increasing test procedure, as covered in 7.3.

When using the stress-intensity factor stepped drop procedure, the reduction of Kmax shall not exceed 10 %
of the previous maximum stress-intensity factor and a minimum crack extension Aa > 0,50 mm at each stress
intensity step is recommended.
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dAK

N/ -

Force range, AF, or stress intensity factor range, AK

S—

Crack length, a

a  AK nominal.
b AK actual.

d
¢ Slope approximately nominal

at point A.
a

d  AF actual.
€  AF nominal.

Figure 14 — Typical K-decreasing test by stepped force reduction method

When using a continuous stress intensity shedding procedure, the above requirement is inoperative. It is better
to keep the force range constant for a very small crack extension, Aq(;-1). Here, continuous stress-intensity
factor shedding is defined by the drop in initial stress-intensity factor range, AK; (), with each step, j, which may
not exceed 2 % of the preceding initial stress-intensity factor range, corresponding to:

{Miu—n —AKi(j)
AK;( ;)

} <0,02 (14)

For example, if the common value C = -0,1 mm~" is used, along with the maximum 2 % drop in each initial
stress intensity range, then the exponent C = Aa(;-1) and the crack extension for each constant force range
equals Aq(j-1)= 0,2 mm:

AKiG) _ Chaga

(15)
AKi(j-1)
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1 1

0,980 = (0N(0.2) _ _
’ 2,718 3092 1,020 2

8 Crack length measurement

8.1 Resolution

The fatigue crack length measurements made as a function of elapsed force cycles may be made by techniques
outlined in 5.6. The resolution for crack length should be equal to or better than 0,002/7.

When making visual crack length measurements, it is recommended that the surface in the area of the crack
plane be polished and indirect lighting be used to enhance the visibility of the crack tip. It is highly recommended
that crack length measurements be made on both the front and back faces of the specimen, to ensure that crack
symmetry requirements specified in 8.5 are met. The average of the surface crack length measurements, two
for a CT, SENT and SENB specimens, and four for the CCT specimen, shall be used in calculating the crack
growth rate and stress-intensity factor range. If crack length is not measured on both faces for every crack
length measurement, then the interval between both front and back face measurements shall be reported. It is
good practice to make regular comparisons between visual and non-visual measurement methods.

8.2 Interruption

Suspension of force cycling while making crack length measurements, although permitted, is discouraged and
shall be avoided when possible. The duration and frequency of any interruptions should be kept to a minimum.
Test interruption for making visual crack length measurements can be avoided by using strobe light illumination.

8.3 Static force

A static force may be maintained to enhance the resolution of the crack length measurements. A static force
equal to or less than the fatigue mean force is usually acceptable. In corrosive or elevated-temperature
environments, the mean force may introduce transient creep or blunting effects. In no case shall the applied
static force exceed the maximum fatigue force. See 7.3.

8.4 Measurement interval

Crack length measurement shall be made so that da/dN data are uniformly distributed over the range of AK of
interest. The following measurement intervals are recommended to provide a uniform data distribution:

— for the CT and SENB specimens,
Aa <0,04W for 0,25 <a /W < 0,40
Aa £0,02W for 0,40 <a /W < 0,60
Aa <£0,01 for a/W >0,60;

— and for the CCT specimen,
Aa <£0,03W for 2a/2W <0,60
Aa £0,02W for 2a/2W > 0,60.

However, a minimum Aa of 0,25 mm is recommended. The above limits may need to be reduced in order to
obtain multiple crack length measurements in the near threshold region. The minimum crack measurement
interval in all cases must exceed 10 times the crack length measurement precision. Here, precision is defined
as the standard deviation from the mean value crack length determined for a set of repeat measurements.
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8.5 Symmetry
As in 7.2, for any crack length measurement, the data are invalid if
a) for a given crack front, the front and back crack length measurements differ by more than 0,258, and

b) for a CCT specimen, the symmetry of the two crack fronts differs by more than 0,05/ In this case, the
crack is not suitable and the data are invalid by this test method.

When using a nonvisual method for crack length measurement, the crack length should be visually checked for
symmetry at the test start and finish, and at least three additional, evenly spaced, intermediate measurements
are recommended.

8.6 Out-of-plane cracking

If the crack deviates from the theoretical crack plane by more than the 0,05 corridor, as covered in 7.2, the
ensuing data are invalid. See Figure 13. Large-grained or single-crystal materials can commonly violate this
requirement for out-of-plane cracking.

8.7 Crack tip bifurcation

Crack front splitting or branching can be a source of variability in the measured fatigue crack growth rate data
since it is not compensated for in the stress-intensity factor calculation. When crack tip branching or bifurcation
is present, it shall be noted in the final report.

9 Calculations

9.1 Crack-front curvature

After completion of the test, the fracture faces shall be examined for through-thickness crack-front curvature. If
a crack contour is visible, calculate an average through-thickness crack length using either three or five-points
equally spaced across the specimen. The difference between the average through-thickness crack length
and the corresponding crack length recorded during the test is the crack curvature correction length, acor. It
is desirable to make the crack curvature correction calculation at more than one location on the fracture face
where the fatigue crack front is clearly marked. If the crack curvature correction results in a more than 5 %
difference in the calculated stress-intensity factor at any location, then this correction must be included when
analysing the recorded test data, and the effective crack length becomes:

a=anp*tagtde (16)

When the magnitude of the crack curvature correction varies with crack length, a linear interpolation is used to
determine the correction for the intermediate data.

9.2 Determining the fatigue crack growth rate

9.2.1 General

The fatigue crack growth rate is determined from the test record data pairs of crack length and corresponding
elapsed force cycles. Two common methods used for calculating the crack growth rate, the secant method and
incremental polynomial method, are suggested here. Other mathematical techniques for calculating the crack
growth rate are possible; the procedure used in calculating the growth rate shall be specified in the test report.
The observed scatter in the fatigue crack growth rate data are influenced by the method of data reduction.
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9.2.2 Secant method

Calculating the crack growth rate via the secant method entails computing the slope of a straight line connecting
two adjacent data pairs of crack length and elapsed cycle count and represents an average velocity:

da(/)avg _ (a;-a; 1)

(17)

for the incremental crack extension, a ; —a

j Y-t

The stress-intensity factorrange is calculated using the average crack length over the increment of crack extension:

(a_j +aj—1)

2 (18)

a(j)avg =

9.2.3 Incremental polynomial method

Calculating the crack growth rate by the incremental polynomial method (K-increasing only) requires fitting
a polynomial to a segment of the data pairs: crack length, g;, as a function of elapsed cycles, N;. The data
segment consists of an odd number of elements (3, 5 or 7), which are consecutive a; versus N; data pairs.
The growth rate equals the slope of the polynomial, da/dN;j, for the data segment’s centremost element, e.g.
for a data segment consisting of seven data pairs, the slope would be calculated as the derivative at the
fourth element. The stress-intensity factor range associated with the data segment is determined by using the
fitted crack length of the centremost element of the data segment. For a data segment consisting of 3, 5 or 7
elements, the fitted crack length corresponding to the second, third or fourth element, respectively, would be
used in determining the stress-intensity factor range for the data segment.

9.3 Determination of the fatigue crack growth threshold

The crack growth threshold, AKin, generally refers to the asymptotic value of AK for which the corresponding
da/dN approaches zero. It is commonly defined as being the value of AK corresponding to a crack growth rate
equal to 10-8 mm/cycle [251148]. The fatigue crack growth rate corresponding to the threshold stress-intensity
factor range shall be reported. A common way to determine the threshold is to use a straight line fitted to a
minimum of five, approximately equally spaced, log da/dN versus log AK data pairs between 10~ mm/cycle and
10-8 mm/cycle; here, log AK is the dependent variable of the best fir straight line. Using this linear regression
technique, the value of AK is defined by this test method, as the threshold stress-intensity factor range, AKin,
at a fatigue crack growth rate equal to 10-8 mm/cycle.

In the case where data are generated within different fatigue crack growth rate ranges, the above procedure
may be used with the lowest decade of the da/dN test data.

10 Test report

10.1 General

The test report shall include a reference to this International Standard, i.e. [SO 12108, and the test date(s), plus
the following information.

10.2 Material

All relevant available material details shall be reported, including the following:
a) standard alloy designation;

b) thermal/mechanical conditioning;

c) product form;
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d)
e)
f)
9)
h)

chemical composition, if available;

heat and lot number, if available;

0,2 % proof stress used to evaluate specimen size criteria;
ultimate tensile strength;

modulus of elasticity (required when compliance crack length measurements are used).

10.3 Test specimen

The following information regarding the test specimen shall be reported:

a)

b)

specimen configuration;

crack plane orientation (see Figure 11);

specimen location;

width, W;

thickness, B;

notch height, #;

stress-intensity factor expression as a function of crack length and force;

specimen drawing and the reference source for specimen configurations not included in this
International Standard.

10.4 Precracking terminal values

The following information shall be reported:

a)
b)

c)

)

elapsed cycles at final stress intensity range;

final crack extension;

final crack length, ap;

final stress-intensity factor range;

final maximum stress-intensity factor;

force ratio;

cyclic waveform;

precracking method (constant force, K-decreasing, constant Kmax, €tc.);
environmental conditions (temperature, humidity, etc.);

crack symmetry and out-of-plane cracking checks.

10.5 Test conditions

All of the test variables, including the following, shall be reported:

a)
b)

c)

30

testing machine force capacity;
measurement cell force range;

initial stress-intensity factor range, AK;;
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d) force ratio;

e) forcing frequency;

f)  cyclic waveform;

g) test procedure used (K-increasing or K-decreasing);
h) test environment;

i) testtemperature;

j) laboratory relative humidity;

k) crack curvature correction, acor;

I) K-gradient, if the K-decreasing procedure is used;

m) method of crack length measurement.

10.6 Test analysis
Information that describes the analysis methodologies used shall be reported, and at a minimum should include:

a) analysis method for converting the crack length, a, and elapsed force cycles, N, data to crack growth rate
da/dN, i.e. the secant method, incremental polynomial method, etc.;

b) definition of AK for negative force ratio (R < 0) conditions, i.e. full-range or truncated;

c) remainingligament size criteria used to ensure predominant elastic loading in a non-standard test specimen
configuration;

d) reportAKi, and the lowest decade of near threshold crack growth rate data used in its determination, if applicable;
e) exceptions to this test method;
f) anomalies that could affect test results, e.g. test interruptions or changing the loading variables;

g) identification of invalid data points to include both precracking and test data (i.e. symmetry, crack plane, etc.).

10.7 Presentation of results

The results of the fatigue crack growth test shall be tabulated including asat, @, N, AK and da/dN, as presented
in Figure 15. Figure 15 can be expanded, as necessary, to include all measured crack lengths and forcing
conditions. See Figure 17.

In addition, the results shall also be presented in a log-log plot with log(AK) plotted on the abscissa and
log(da/dN) on the ordinate. For optimum data comparison, it is recommended that the size of the log(AK) cycle
be two to three times larger than that of the log(da/dN) cycle, as shown in Figure 16. For both the plot and the
table, data violating the validity criteria shall be clearly identified. An example of the presentation of fatigue
crack growth data are shown in Figures 17 and 18. When a negative force ratio (R < 0) is used, the method of
calculating the stress-intensity factor range, AK = (1 — R) Kmax or AK = Kmax, shall be clearly identified on both
the table and optional figure; also see 3.11 stress-intensity factor range, AK.
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FATIGUE CRACK GROWTH TEST RESULTS [REFERENCE ISO/TC 164/SC 5/WG 6]

Date......ocovvviiiiiiiiiieen, Specimen I.LD. Mark...........cccooeeiinnnnn. Page 1

Thermal/mechanical CONAItIONING. .. ... ... e et eenees
(07 o T=TaaToz= 1ot 1 4] o o1 ) o o 1P

MECHANICAL PROPERTIES AT TEST TEMPERATURE

Ultimate tensile strength.......................... MPa 0,2 % Proof
strength........oo MPa

Modulus of elasticity..............cccoevieninnni. MPa

SPECIMEN
Dimensions: Thickness, B............. mm Width, W............. mm Machined notch length,

Crack plane orientation...................... Notch, A.............. mm Specimen

location............coooeiiiiiin.
Stress-intensity factor refereNCe. .. .. ..o

PRECRACK TERMINAL VALUES

Final crack extension, Aa........................ mm  Preceding Kmax (/=1)««vnvnemrmeeniiieeineeninns MPa-m"?

Final crack length, ap................ooooinni. MM FOrce ratio........cooviiiiii i,
Final Kmax (7)-+-ceeeeeeeniieiiiiiineane, MPa'm"  Final load CYCIES. ..o
Final AK ()..ovveeiieieeeie MPa-m'? Cyclicwaveform...........coooiiiii

TEST CONDITIONS

Test machine capacity...........cccoovvviiiiinn Environment..........oooiii
Force transducerrange.............ccoooevieiiiinnns Temperature. ... ..o °C
Measurement interval of a, Aa.................. mm  Relative humidity............ooo %
Force frequency..........cocovviiiiiiiiiiinnnnn. Hz  Force ratio........cooieiiiiii e
Test procedure..............coooviiiiiiiiin, K-gradient.............o m™’
Crack correction............ccccovviiiiiiiniennnn. mm  Cyclicwaveform............oooiiii
INITE] AK e, MPa m"  Initial force range..........cccueerveeeeeeeeeee e, kN
Crack measurement MEthOd. ... ... oo e
TEST ANALYSIS

Threshold stress-intensity fActor FaNGE, AKin...........eeeeieeee e MPa*m'2
Threshold crack growth rate decade. ... mm/cycle
ANALYSIS METNOM. ... o e e e
Remaining size criteria Ref ... ...

EXCEPTIONS, ANOMALIES AND COMMENTS

Figure 15 — Test report
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Page Lof .
MATERIAL:.......oooiiiiee, SPECIMEN I.D.iocoviiiiiiiiiieeeees. DATE L
Measurement afat N a a(javg. g(a/W) AK da/dN
number (mm) (cycles) (mm) (mm) (MPavm (mm/cycle)
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Figure 16 — Example axis for plotting log (da/dN) versus log (AK) test data
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FATIGUE CRACK GROWTH TEST RESULTS [REFERENCE ISO/TC 164/SC 5/WG 6]

Date............ 1/9/90.............. Specimen |.D. Mark......... N410.......... Page 1

of......... 2,

MATERIAL.................. 16MNDS5......oe, Product

form........... forging.......cocoovviiiiiiniinnn

Thermal/mechanical CONAIIONING. ... ..o e
Chemical COMPOSIHION. ... ... e e e e

MECHANICAL PROPERTIES AT TEST TEMPERATURE

Ultimate tensile strength.................... 611 MPa 0,2 % Proof strength....................o.coee. 423
MPa

Modulus of elasticity................ccocoooiiiini. MPa

SPECIMEN

Dimensions: Thickness, B......... 25 mm Width, w......... 50 mm Machined notch length, a,........... 10
mm

Crack plane orientation............... Y-Z Notch, h............ 1 mm Specimen location............. 1/4
thickness

Stress-intensity factor reference......... ISO/TC 164/SC BMNVG B....eeeeee e

PRECRACK TERMINAL VALUES

Final crack extension, Aa................c.c...... mm  Preceding Knmax (7—1)- e ceeeieieiaiiiiiiiiieeee MPa*m'2
Final crack length, a,..................... 12,50 mm Force ratio............ 0,
Final Kimay (1)--eeeoveeeeeeeeeeeeeeeeeene MPa m"  Final 10ad CYCIES..........cvve e,
Final AK (7)...ceveeiiiiiiiiiie MPa-m" Cyclic waveform......... sinusoidal...........coooviiiiiiii
TEST CONDITIONS

Test machine capacity.............coocoeviiinnnen Environment............ AT e
Force transducerrange................cooeeeeiannnn. Temperature...........ooviiiiiiiiiii 300°C
Measurement interval of a, Aa............ 1,2 mm Relative humidity............coooiii %
Force frequency...........cccoeoiiiieiiinnn. THz  FOrce ratio........oouiuiiiiii e 0,1
Test procedure............c.ceuvvinnenns K-increasing K-gradient..............cooiiiiiiii mm™’
Crack correction............cooeveiiiiiiiennn. 0 mm Cyclic waveform............ sinusoidal...........c.coooiiiiiil
INitial AKi...eeeeeeeeeeee, 18,07 MPa'm™ Initial force range.............cceeveeeeeeeeeeeeeeeenn. 19,620 kN
Crack measurement method........................ COMPIIANCE. ...t
TEST ANALYSIS

Threshold stress-intensity factor range, AKin. ... .vueue e MPa-m'?
Threshold crack growth rate deCade. ........ ..o e mm/cycle
Analysis method............ L= To7= {1 PP
Remaining size criteria Ref.............ocoiiiiii SO 12108

EXCEPTIONS, ANOMALIES AND COMMENTS

[1] Crack-front curvature correction, acor =0 mm

[2] Data violates remaining ligament size criteria

Figure 17 — Example of a test report
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Page 2 of 2
MATERIAL:...16 MND 5.............. SPECIMEN I.D........N410.................. DATE.......... 1/9/90.............
Measurement afat N a agjavg. g(a/w) AK da/dN
number (mm) (cycles) (mm) (mm) (MPavm) | (mm/cycle)
1 4,20 205 000 14,20
2 5,60 237 080 15,60 14,90 5,59 19,62 4,36E-05 1]
3 6,80 258 200 16,80 16,20 5,98 20,99 5,68E-05
4 8,80 280 720 18,80 17,80 6,49 22,78 8,88E-05
5 10,10 293 050 20,10 19,45 6,98 24,50 1,05E-04
6 12,30 310 000 22,30 21,20 7,76 27,24 1,30E-04
7 14,00 321 800 24,00 23,15 8,65 30,36 1,44E-04
8 15,50 328 500 25,50 24,75 9,51 33,38 2,24E-04
9 17,50 336 000 27,50 26,50 10,63 37,31 2,67E-04
10 18,35 338 800 28,35 27,93 11,68 41,00 3,04E-04
11 19,70 342 300 29,70 29,03 12,70 44,58 3,86E-04
12 20,50 343 800 30,50 30,10 13,76 48,30 5,33E-04 [2]
13 21,40 345 380 31,40 30,95 14,74 51,74 5,70E-04 [2]
14 22,65 346 720 32,65 32,03 16,16 56,83 9,33E-04 [2]
15 23,80 347 730 33,80 33,23 18,03 63,43 1,14E-03 [2]
16 24,77 348 230 34,77 34,29 20,01 70,35 1,94E-03 [2]

Figure 17 — Example of a test report (continued)
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Figure 18 — Example plot of a fatigue crack growth test result
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Annex A
(informative)

Non-visual crack length measurement methodology — Electric potential
difference [18]124] [33]

A.1  General principles

Crack length determination through the use of electric potential difference (EPD) is applicable to practically any
electrically conductive material. This method involves the passing of an electric current of constant magnitude
through the test specimen and measuring the change in the electric potential across the crack plane during
propagation. As the crack length increases, the resulting electrical resistance increases due to the reduced cross
sectional area remaining in the specimen. Through basic electrical principles, this change in resistance results
in a change in the voltage measured between two points that span the crack plane. By monitoring this change
in voltage, and comparing it with a reference voltage and reference crack length, a crack length measurement
can be determined through the use of a relevant calibration curve for the particular test specimen geometry.
This calibration will have been developed either experimentally, analytically, or numerically. Experimental
validation is desirable for analytical or numerical solutions. It should be noted that for the direct current and low
frequency alternating current systems, described below, the resultant crack length may be considered to be an
average measurement across the thickness of the specimen. For materials that exhibit significant crack-front
curvature, this average measurement may not correspond to optically measured surface crack lengths.

For non-conductive materials, the use of bonded foils or films is possible as long as the replicate matches the
crack length in the specimen and doesn't affect the growth rate in the specimen. This replicate method can also
be used on conductive materials as well. The biggest drawback to the use of these surface-affixed foils is that
they will only replicate the surface crack length. For thicker specimens, or those that exhibit nonlinear crack
fronts, there could possibly be significant differences between the physical crack length and that determined
by electric potential.

A.2 Basic methods

A.2.1 General

Direct current (DC) and alternating current (AC) techniques have been used for the measurement of crack
lengths during fatigue crack growth rate testing. Although the DC method is more commonly employed, both
methods can provide a satisfactory level of performance. Regardless of the method used, care should be taken
to understand possible sources of error that could occur. For example, as a crack grows and the two halves
of the specimen come into contact with each other during cycling, there is a possibility of electrical shorting
across the crack plane. This shorting can lead to an under-estimation of the physical crack length. However,
most materials will develop an insulating layer of oxide during the formation of new fracture surfaces during
propagation. This insulation will prevent the shorting from occurring during the test, provided the overall closure
forces do not compromise this oxide layer.

Unless it can be demonstrated that shorting is not occurring in the specimen, voltage readings should be taken
at or near the peak tensile force during loading. While this will not guarantee the absence of shorting, it should
minimize the effect. Errors due to this effect can be resolved post-test using physical crack length measurements
and using a simple linear interpolation comparison to correct the electric potential measurements. However,
this correction cannot be employed for testing that requires an accurate crack length measurement for testing
control (e.g. constant AKX testing).

38 © 1S0 2012 — All rights reserved



BS I1SO 12108:2012
1ISO 12108:2012(E)

Under both methods described herein, the test specimen needs to be electrically isolated from the test frame.
Since the methods rely on the measurement of voltage based on a constant current magnitude, it is critical
that there are no parallel paths for the applied current. The resistance of the test frame (between the specimen
grips, without specimen in place) should be at least 104 greater than the resistance of the specimen alone. If
necessary, specially-designed isolation grips should be used to achieve this resistance ratio.

A.2.2 Direct current method

The DC method is the more commonly used technique for measuring electric potential difference due to the
readily available equipment typically found in most testing facilities. This method provides an average crack
length across the thickness of the specimen and, as such, is well-suited for automated crack growth systems
operating under K-control.

This method is subject to possible errors due to thermoelectric effects which can be a significant portion of the
overall measured voltage. However, these effects can be minimized through

a) the use of voltage-probe-wire material similar to that of the test material,
b) maintaining current and voltage instrumentation at a constant temperature, and
c) maintaining a constant temperature for the specimen during the test.

It is possible to account for these effects by subtracting voltage measurements taken with the current off
from the measurements made with the current on. An alternate method corrects for this by taking voltage
measurements while reversing the direction of current flow. Corrected EPD measurements are then equal to
one-half of the difference of the measured voltage readings taken at each current polarity.

A.2.3 Alternating current method

A.2.3.1 General

The AC method is typically sub-classified into low and high frequency systems. Although the principles behind
both DC and AC methods are the same, the equipment used for the AC method tends to be more specialized,
and as such this method is capable of providing a higher crack length resolution due in part to the specific
amplifiers and filters utilized. Also, the AC method is not subject to thermoelectric effects as sometimes seen
while using the DC method.

A.2.3.2 Low frequency systems

The low frequency AC method (typically operating in the range 10 Hz to 100 Hz) is similar to the DC method
with the exception of the equipment necessary for producing the current and for measuring the resultant
voltages. Care should be taken to ensure that the testing frequency is not producing crack plane bridging
effects that exhibit themselves as unwanted signal components on the AC voltage frequency.

A.2.33 High frequency systems

The high frequency AC method (5 kHz to 8 kHz) takes advantage of the localization of the current flow to the
“skin” of the specimen. This “skin effect” effectively reduces the specimen thickness to the surface layers, and
since the output voltage is inversely proportional to the specimen thickness, the use of this method produces a
higher crack length resolution for a given current input. However, if this effect is very pronounced, only surface
crack lengths will be measured and any crack-front curvature will be ignored in the measurement. Also, with
this method, extra diligence needs to be taken to prevent effects from induction and capacitance contributions
from the current lead wires, specimen attachment points, and the crack itself. These effects can be significant
in magnitude, making it difficult to relate the measured voltage to the actual crack length.
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These issues can be minimized by

a)

b)

40

keeping the current input and the voltage measurement leads away from each other,

keeping the voltage measurement leads as short as possible and twisting them to reduce stray voltages,

keeping the wires rigid during the test to prevent movement of the wires through magnetic fields,

keeping equipment that produce strong magnetic fields at a distance from the test equipment, and

using proper equipment grounding procedures.
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