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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
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proteatfres—Hsea—to—aeverop—ta e meht3a Teefdea—ror— trther—+aathatenance are
ribed in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
Fent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
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complete listing of these bodies can e found at www.iso.org/members.html.

This
revis

q

it rights. ISO shall not be held responsible for identifying any or all sueh“patent rights. Details of
atent rights identified during the development of the document will be in the Introdug¢tion and/or
e [SO list of patent declarations received (see www.iso.org/patents).

frade name used in this document is information given for the-éonvenience of users gnd does not
[itute an endorsement.

Ain explanation on the voluntary nature of standards, the meaning of ISO specifi¢ terms and
pssions related to conformity assessment, as well ‘as’information about ISO's adherence to the
d Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
www.iso.org/iso/foreword.html.

document was prepared by Technical €Cdmmittee ISO/TC 164, Mechanical testing of metals,
pmmittee SC 4, Fatigue, fracture and toughness testing.

feedback or questions on this document should be directed to the user’s national standprds body. A

third edition cancels and replaces the second edition (ISO 12108:2012), which has been technically
ed. The main changes coripared to the previous edition are as follows:

The document has been reorganized to move the formulae and drawings for each of the test
g§pecimens from the-main body of the document into a separate normative annex for eag¢h specimen.

[uidance on the effects of residual stress on fatigue crack growth rate data has been expanded.
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This document 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[12][16][17]
[18][19][20], 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.

This document describes a method of subjecting a precracked notched specimen to a cyclic force. The

crack length
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determined

Materials tH
extent that {
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1 and corresponding force cycles relationship, the fatigue crack growth rate, da/d
and is expressed as a function of stress-intensity factor range, AK.

at can be tested by this method are limited by size, thickness and strength only t
he material remains predominantly in an elastic condition during testing.and that buc

ize can vary over a wide range. Proportional planar dimensiohs for six stan
ns are presented. The choice of a particular specimen configuration can be dic
nl component geometry, compression test conditions or suitability for a particulay

ress-intensity factor applied during test. Specimen thi¢kness can vary independently ¢
within defined limits, so long as large-scale yielding’is precluded and out-of-plane disto
is not encountered. Any alternate specimen configuration other than those includ
ent can be used, provided there exists an gestablished stress-intensity factor calibr
.e. stress-intensity factor geometry functian, g (a/W)[21][22][23],

resses[24](25], crack closurel26][27], specimen thickness, cyclic waveform, frequency

environment, including temperature, can markedly affect the fatigue crack growth data but are
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same test p4

Service con
can be mor
these altern|

bd in the computation of AK, and so should be recognized in the interpretation of thg

eptions to this practice in-the final report.

owth rates above 10=>"mm/cycle, the typical scatter in test results generated in a §
or a given AK can bein the order of a factor of twol28]. For crack growth rates below
he scatter in the.da/dN calculation can increase to a factor of 5 or more. To ensur
ription of the{material's da/dN versus AK behaviour, a replicate test conducted wit
rameters is‘highly recommended.

litions_can exist where varying AK under conditions of constant Kpyax Or Kmean contr
b reptesentative than data generated under conditions of constant force ratio; how
ate test procedures are beyond the scope of this document.
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Metallic materials — Fatigue testing — Fatigue crack
growth method

WARNING — This document does not address safety or health concerns, should such issues
exist, that can be associated with its use or application. The user of this document has the sole
responsibility to establish any appropriate safety and health concerns.

1

$cope

This|document describes tests for determining the fatigue crack growth rate from/the f:
growth threshold stress-intensity factor range, AKy, to the onset of rapid, unstabléfractur

This| document is primarily intended for use in evaluating isotropic nmeétallic mate
predpminantly linear-elastic stress conditions and with force applied only; perpendicular
plan¢ (mode I stress condition), and with a constant force ratio, R.

2

Normative references

Therk are no normative references in this document.

Terms and definitions

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

ISO gnd [EC maintain terminological databases for use in standardization at the following z

31

ISO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available atthttp://www.electropedia.org/

crack length

a

crack size
linear measure of aprincipal planar dimension of a crack from a reference plane to the crac

3.2

cycle

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

htigue crack
P

rials under
to the crack

ddresses:

k tip

Note _te’entry: The terms “fatigue cycle”, “force cycle” and “stress cycle” are used interchangeahly
is used to represent the number of elapsed cycles.

3.3

The letter N

fatigue crack growth rate
da/dN
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

© ISO 2018 - All rights reserved
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minimum force

Fmin

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

3.6

force range

AF

algebraic difference between the maximum and minimum forces in a cycle

AF=Fp

3.7

force ratio
R

stress ratio
algebraic ra

R = Fin

Note 1 to ent

3.8

I
X 'min

[io of the minimum force or stress to the maximum force or stress inracycle

Fmax

"y: R can also be calculated using the values of stress-intensity.factors; R = Knin/Kmax-

stress-intensity factor

K
magnitude

pf the ideal crack-tip stress field for the opening mode force application to a crack

homogeneots, linear-elastically stressed body, where the opening mode of a crack corresponds t

force being

Note 1 to ern
geometry.

3.9
maximum ¢

Kmax
highest algd
crack length

3.10

hpplied to the body perpendicular to the crack faces only (mode I)

try: The stress-intensity factor is a fuhction of applied force, crack length, specimen siz

tress-intensity factor

braic value of the stress-intensity factor in a cycle, corresponding to Fpax and cu

minimum stress-intensity factor

Kmin
lowest alge
crack length

braic value of the stress-intensity factor in a cycle, corresponding to Fpin and cu
|

in a
b the

b and

rrent

'rent

Note 1 to ent

‘7 T]rnc Haﬁnlhnn remains fhﬂ same Y‘Dg:\Y'HICICQ anhD minimum Fﬂ?‘{‘ﬂ I’\DIHG fnnm]n falal (‘nmnrn

sive.

For a negatlve force ratio (R < 0), there is an alternate commonly used definition for the minimum stress-
intensity factor, Kpmip = 0. See 3.11.

3.11

stress-intensity factor range

AK

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

AK = Kmax -

Kmin

Note 1 to entry: The variables AK, R and K ax are related as follows: AK = (1 - R) Kax-

Note 2 to entry: For R < 0 conditions, see 3.10 and 10.6

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=48b217915715baa7b7ea6659dd9bfd97

1SO 12108:2018(E)

Note 3 to entry: When comparing data developed under R < 0 conditions with data developed under R > 0
conditions, it can be beneficial to plot the da/dN data versus Kpax.

3.12

fatigue crack growth threshold stress-intensity factor range

AKth

asymptotic value of AK for which da/dN approaches zero

Note 1 to entry: For most materials, the threshold is defined as the stress-intensity factor range corresponding to
10-7 mm/cycle. When reporting AKi, the corresponding lowest decade of da/dN data used in its determination
should also be included.

3.13
norrn
C=(
fract

d

3.14
K-de

nalized K-gradient
| /K) dK/da
ional rate of change of K with increased crack length, a

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

creasing test

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

Note

1 to entry: A K-decreasing test is conducted by reducing the‘stréss-intensity factor either by

shedding or by a series of steps, as the crack grows.

3.15
K-ing

reasing test

test jn which the value of C is positive

Note
valug

3.16
strej
9g(a

math
streq

3.17
crac

Adcor
diffe
the s

1 to entry: For standard specimens, a constant force amplitude results in a K-increasing te
of Cis positive and increasing.

is-intensity factor geometry function

W)

ematical expression, based on experimental, numerical or analytical results, that
s-intensity factor to foree’and crack length for a specific specimen configuration

k-front curvature correction length

Fence between the average through-thickness crack length and the corresponding crg
pecimen’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 1 to entry: See Figure 2.
3.19

notch length

an

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

Note

© ISO

1 to entry: See Figure 2.
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3.20

specimen width

w

linear measure of a principal planar dimension of a specimen from a reference plane to the specimen edge

4 Symbols and abbreviated terms

4.1 Symbols
See Table 1.
Table 1 — Symbols and their designations
Symbol Designation Unit
Loading
C Normalized K-gradient mm-L
E Tensile modulus of elasticity MPs
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-nm1/2
Kmin Minimum stress-intensity factor MPa-m1/2
AK Stress-intensity factor range MPa-m1/2
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 cycle
R Force ratio KN/KIN
Rm Ultimate tensile strength at the test temperature MPz
Rpo,2 0,2 % proof strength.at'the test temperature MPs
Geometry
a Crack length orSize measured from the reference plane to the crack tip mny
dcor Crack-fronteurvature correction length mim
dfat Fatigue-crack length measured from the notch root mim
an Machined notch length mm
ap Precrack length mnj
B Specimenthickness mu
D Hole_diameter for CT, SENT or CCT specimen, loading tup diameter for bend mm
specimens
gla/w) Stress-intensity factor geometry function unitless
h Notch height mm
w Specimen width measured from the reference plane to the specimen edge mm
(W-a) Uncracked ligament mm
Crack growth
da/dN Fatigue crack growth rate mm/cycle
Aa Change in crack length, crack extension mm

© ISO 2018 - All rights reserved
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CT
CCT

SENT

SEN
SEN
SEN

5

5.1

5.1.1

Zero
less

be m
instr

5.1.2
condjucted according to ISO 4965-1. Dynamic force, calibration is appropriate when inerti

on the force transducer or any dynamic errors-@gecur in the electronics of the force indicating system,

as d

force
are c

5.1.3
misal
as pr
atten
in th

1
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Abbreviated terms for specimen identification

Compact tension

Centre cracked tension
Single edge notch tension
B3 Three-point single edge notch bend

B4 Four-point single edge notch bend

B3 Eight-point single edge notch bend

Apparatus
Testing machine.

The testing machine shall have smooth start-up and a backlash-fréee force train if pas
force (tension - compression). Cycle to cycle variation of the peak force during precrac
han +5 % and shall be held to within +2 % of the desired peak force during the test. /
pintained to within #2 % of the desired range during test{A'practical overview of test ]
Lmentation is available[36][37],

1

If a dynamic force calibration is appropriatecor‘required (e.g. by the purchaser),

escribed in ISO 4965-1. Test frequency and amplitude as well as grip mass can affect
s acting on the force transducer. Examples for which dynamic force calibration can be

pnfigurations with the load cell on thesmoving piston or the part.

In terms of testing machine alighment, asymmetry of the crack front is an i
lignment. For tension-compression testing, the length of the force train should be as sH

tion be given to alignment of the testing machine and during machining and installatior
e testing machine. Regarding the relevance of alignment, a distinction shall be made bet]

[rack growth tests with rigid gripping and rigid load train which can also undergo
ﬂ‘c:ces and stresses (e.g. corner crack test pieces): a sufficient alignment of the load
importantfor these test pieces to obtain correct and reproducible crack growth data, a

[rackigrowth tests only with tensile load and fixed with bolts and using cardanic joi
gpecimens): due to the use of cardanic or similar joints in the load train alignment ch

bing through
king shall be
\F shall also
achines and

it should be
nl forces act

the inertial

appropriate

hdication of
ort and stiff

actical. Non-rotating joints-should be used to minimize off-axis motion. It is important that adequate

of the grips
ween:

fompressive
[rain can be
nd

nts (e.g. CT-
bcks are not

necessa l""}/

If an alignment check is appropriate (e.g. when using a rigid load train and grips) and required (e.g. by
the purchaser), it should be conducted according to [SO 23788 and using an alignment class 5 according
to ISO 23788. If alignment check is conducted, the results shall be reported.

5.1.4 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 non-computer system, shall be within
the permissible variation from the actual force. The force transducer’s capacity shall be sufficient to cover

© ISO 2018 - All rights reserved
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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 couhted.
However, when the crack velocity is below 10-5 mm/cycle, counting in increments of 10 kyeles is
acceptable.

5.3 Cracki{length measurement apparatus.

Accurate m
visual and 11
variety of ci1
measureme

pasurement of crack length during the test is very important. There are a numbgr of
on-visual apparati that can be used to determine the crack length;-A-brief description of a
ack length measurement methods is included in Reference [14]«The required crack lgngth
hts are the average of the through-thickness crack lengths, as covered in 9.1.

6 Specimens

6.1 General

The proportional dimensions, formulae and procedures;for the six standard specimen configurations
shall be as defined in Annexes A to D:

CT Compact tension Annex A
CCT Centre cracked tension Annex B
SENT Single edge notch tensiomn Annex C
SEN B3 Three-point single edge notch bend Annex D
SEN B4 Four-point single’édge notch bend Annex D
SEN B8 Eight-pointsingle edge notch bend Annex D

This variety of specimen configurations is presented to accommodate the component geometry

available, t¢st efivironment and force application conditions during a test. Machining tolergnces
and surface| finishes are also given in Figures 7 to 10. The CT, SEN B3 and SEN B4 specimen} are

recommend

dfor tension-tension test conditions nn]y

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.

6.2 Crack plane orientation

The crack plane orientation, as related to the characteristic direction of the product, is identified in
Figure 1. The letter(s) preceding the hyphen represent the force direction normal to the crack plane;
the letter(s) following the hyphen represent the expected direction of crack extension. As specified
in ISO 3785 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,

6 © ISO 2018 - All rights reserved
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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 letters 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.

b) Non-basic identification, longitudinal grain flow

© ISO 2018 - All rights reserved 7
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T [T ,

d) Radial working direction, axial grain flow

a Grain flojv

Figure 1 — Fracture plane orientation identification

6.3 Starter notch precracking details

The envelope and various acceptable machined notch configurations and precracking details for the
specimens shall be as specified in Figure 2.

Notch length, ap, shall meet the requirements defined in each respective specimen annex. 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.

8 © ISO 2018 - All rights reserved
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The starter notch for the standard specimens can 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 jeweller’s saw is acceptable.

|

| a

|

| P

| | \_=Ro0,2°

h

| |

| [

T LA '

| S |
Vi

CracK length shall be measured from the reference plane.

Notch height, h, should be minimized and shall be less than or equal to the maximum notch height.
A holg of radius r < 0,05W is allowed for ease of machining the notch in a CCT specimen.

a  Reference plane.

b Rootradius.

Maximum notch height Minimum precrack length
h ap
<1 mm for W< 25 ap = an + h, or
W/16 for W> 25 ap 2 ay + 1 mm, or
ap 2 an + 0,1B, whichever is greater
ap 2 0,2W for CT only

Figure 2 — Notch detail and minimum fatigue precracking requirements

© ISO 2018 - All rights reserved 9
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6.4 Stress-intensity factor

The stress-intensity factor for all standard specimen configurations is calculated using Formula (1):

_ F
- Bw 1/2 9

K

a
w

)

M

The stress-intensity factor geometry function, g(a/W), for each standard specimen configuration is

calculated u

6.5 Speci

sing the formulae shown in the specific specimen annex.

en size

For the test
elastic stres
independen
experiment

The minim
configuratid

6.6 Specimen thickness

Specimen t
configuratid
consideratig
under study

6.7 Resid

Residual st
rate considd

Example pr
include die
parts can c
material th
stress distr
specimen ty
processed 1

The influen
instance, co
rates biased
stress-inten
of crack clos

results to be valid, it is required that the specimen remain predominantly in 'a
s condition throughout the test. The specimen width, W, and thickness, B, cah'be v
[ly within the limits covered in 6.6. The smallest specimen to meet these critésia, basg
1 results, varies with each specimen configuration[33].

im uncracked ligament that circumvents large scale yielding yaries with spec
n and is a function of the material’s 0,2 % proof strength.

hickness, B, can be varied independently of specimien” width, W, for the spec
ns, within the limits for buckling and through-thickness crack-front curv
ns. Itis recommended that the selected specimen thickness be similar to that of the prq

ual stress

ess in a material that has not been fully/stress relieved can influence the crack propag
rably[24][25][52].

duct forms that can be difficult\to fully stress relieve and that can contain residual s
forged, extruded or cast materials, as well as weldments. In addition, worked or fo
bntain intentionally induced residual stresses. When test specimens are extracted
t contains residual stress; redistribution often leads to specimens with a different res
ibution than the original host material. Further, different specimen sizes and diff
pes most likely havedifferent residual stress distributions when machined from sim
jaterial and extracted from similar locations.

ce of residual stress often leads to bias in the da/dN fatigue crack growth rates
mpressive residual stress can cause premature crack closure during a test, leading tq

hear-
hried
bd on

imen

imen
hiture
duct

htion

tress
'med
from
idual
brent
larly

. For
FCG

much“ower than would be expected for residual stress free material at the same ap
sitylfactor range and force ratio. Conversely, tensile residual stress can reduce the e

plied
fects

ure, leading to FCG rates biased higher than otherwise expected. When the residual sfress

field is known for a test specimen, the stress-intensity factor due to the residual stress field can be
estimated[23][24] and has been used along with simple superposition models[24] to estimate the effects
of the residual stress on the crack tip driving force (range and force ratio) and on resulting FCG rates.
However, a variety of confounding influences such as redistribution and plastic shake-down, among
others, can create significant challenges to partitioning the effects of residual stress from FCG rate
datal52].

Indications of residual stress include: machining distortion during specimen preparation, unexpectedly
slow or fast crack growth during precracking, excessive crack front curvature and crack growth
asymmetryl(25].

The influence of residual stress on through-thickness crack front curvature and asymmetry can
be minimized by reducing the B/W ratio to minimize the variation in residual stresses through the
thicknessl[23]. Reduced specimen size can also reduce the influence of residual stress; however, reduced
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specimen size has other consequences, such as restricted AK range due to plasticity and net section
validity compared with larger specimens. When the residual stress field is expected to be asymmetric,
the edge crack configurations (CT or SEN specimens) can be a better choice than the CCT specimen
because an asymmetric residual stress distribution in a CCT specimen can lead to asymmetric (and

thus

invalid) crack growth for the two crack tips.

7 Procedure

7.1

Fatigue precracking

The
that
subs
force

One

Kmax
is ap
cracl
by 1
initid
mea

Freq
initid
mani
than
thec

whet
betw

Whe
lowe

The
mair
acro
is ac

The |

purpose of precracking is to provide a straight and sharp fatigue crack of sufficie
the K-calibration expression is no longer influenced by the machined starter noteh
bquent fatigue crack growth rate is not influenced by a changing crack front shape or
history.

practice is to initiate the fatigue crack at the lowest possible maximum, Stress-inte
that is practical. If the test material's critical stress-intensity factor, which will cau
proximately known, then the initial Ky x for precracking can range\from 30 % to 60

D % and the block of load cycles repeated. The final Knpax fof)precracking shall nof
1 Kmax for either a K-increasing constant amplitude measurement or a K-decreasir
urement.

lently, a stress-intensity factor, greater than the Kpfgsxoused in the test, needs to be ug

hally controlling precracking, the recommended stress-intensity factor drop for each
10 % of Kmax. In addition, it is recommended.that, between each stress-intensity factd
rack extend by at least the value given in Fot¢hula (2)[2]:

2

K

3 max( j-1)

\a ; =—

j
T RpO,Z

een each stress-intensity(factor reduction, the crack extension can be limited Aa = 0,5

' Kmax and force ratio than the initial test conditions.

precracking apparatus shall apply the force symmetrical to the specimen’s notch an
tain the maximum force to within 5 %. A centre cracked panel shall also be symmetric
s the width, 2W. Any frequency that accommodates maintaining the force accuracy sp¢
feptable:

preerack shall meet the symmetry and out-of-plane cracking requirements as describe

ht length so
ind that the
precracking

nsity factor,
se fracture,
% of that. If

 initiation does not occur within a block 30 000 to 50 000 load ¢yel€és, then Ky ax can be increased

exceed the
g threshold

ed for crack

tion. In this case, the maximum force shall be stepped down to meet the above criteria. When

step is less
r reduction,

(2)

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

D mm.

h test data are to be(generated for a high force ratio, it can be more convenient to precrack at a

1 accurately
lly stressed
bcified in 5.1

din 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 0,25B and, for a CCT
specimen, if the side-to-side symmetry of the two crack lengths varies in length by more than 0,025W,
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 0,05W on
either side of the specimen's plane of symmetry containing the notch root(s), the data would be invalid.

See Figure 3.

© ISO 2018 - All rights reserved 11


https://standardsiso.com/api/?name=48b217915715baa7b7ea6659dd9bfd97

1SO 12108:2018(E)

a

b

Ugay

0,05Ww
o

0,05Ww

Referenge plane.
Machinef notch (length = ay).

Figure 3 — Out-of-plane-cracking validity corridor

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

This procedure is appropriate for genérating fatigue crack growth rate data above 10-5 mm/¢ycle.
Testing shalll start at a Kimax or stress-intensity factor range, 4K, equal to or greater than that used for
the final crack extension whileprecracking. After stepping the maximum precracking force down fto be
equal or les$ than that correspending to the lowest Kpax in the range over which fatigue crack grpwth
rate data wjll be generated)) it is preferred that the force range be held constant as is the force [ratio
and frequency. The maximum stress-intensity factor will increase with crack extension and should be
allowed to increase toequal or exceed the greatest Kpax in the range over which data will be generjated.
Several suggestionspdimed at minimizing transient effects while using this K-increasing procefure,
follow. If tegt 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.

12

Transient effects can also occur following a change in K, or the force ratio. An increase of 10 % or
less in Knax and/or Kpyip usually minimizes 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 can 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
can occur upon resumption of cycling. The test data immediately following the interruption shall be
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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 can increase with the steady-state force applied to the
specimen during the suspension of dynamic force cycling.

7.4

K-decreasing procedure for da/dN < 10-5 mm/cycle

This K-decreasing procedure can 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.

Testilng shall start at a Kyax or stress-intensity factor range, AK, equal to or greatenth3

for tl
rang
for t
shed
ther

The |

extension at a constant AF, as shown in Figure 4. Alternately, the stress-intensity factor

incrg
inten
calle
can k

This
rate.
in th

whel|

4

4

The florce ratio, R, andthe normalized K-gradient, C, should be kept constant throughout the A

test.

Whe
10 %
each

e final crack extension while precracking. Following crack extension, the stregssintg
b is stepped down, or continuously shed, at a constant rate until test datashave be
he lowest stress-intensity factor range or fatigue crack growth rate of intéerest. The
Hing with increasing crack length shall be small enough to prevent anomalous data re
eduction in stress-intensity factor.

K-decreasing test can be controlled by a stepped stress-intensityfactor following a se

ment of crack extension can be held constant, 1/da (dK/K).= constant, called contin
sity factor shedding, by using a computer-automated testeontrol procedurel49]; the c
d the normalized K-gradient. Typically, € = -0,1 mm~1. However, research has shown th
e material- and specimen-geometry dependent[50][31];

value usually provides a gradual enough force;shed to preclude a transient in the c
The relationship between K and crack length for a constant-C test can be rewritten for
e integrated form as given in Formula (3):

CAag ;_
\Ki(j) =K cjye U™

\Kj(j) and AKj(j-1) aré the initial stress-intensity factor ranges at step j and j-1, res

\aj(j-1) = [a(j) - a¢j-p)_Js the crack extension at the preceding constant force range AF

[t is recommended that K-decreasing be followed by K-increasing test procedure, as co

h using the ‘stress-intensity factor stepped drop procedure, the reduction of Ky ;% shal
of theyprevious maximum stress-intensity factor and a minimum crack extension Aa 3
stress intensity step is recommended.

n that used
nsity factor
bn recorded
rate of force
sulting from

lected crack
rradient per
llous stress-
nstant, C, is
at this value

fack growth
convenience

(3

pectively;

j-1)-

-decreasing
vered in 7.3.

I not exceed
0,50 mm at
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AF, AK

S

a  AKnominal.
b AK actual.

¢ Slope approximately nominal gdéli at point A.
a

d AF actual.

e  AFnominal.

Figure 4 — 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, Aagj-1). Here, continuous
stress-intensity factor shedding is defined by the drop in initial stress-intensity factor range, AKjj),
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with each step, j, which may not exceed 2 % of the preceding initial stress-intensity factor range, in
accordance with Formula (4):

|

A1) —AK ()
AK(j)

] <0,02

(4)

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

AK(; i)

| i) — CAaU. ) (5)

i)

g(-0.1)(0,2) = 2,718 3(-0,02) = 0,980
8 (racklength measurement
8.1 | Resolution
The fatigue crack length measurements made as a function of*élapsed force cycles may [be made by
techpiques outlined in 5.3. The resolution for crack length shéould be equal to or better thar 0,002W.
Wheh making visual crack length measurements, it is fécommended that the surface in| the area of
the drack 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 andl back faces

of th
of th
CCT
If crd
betw

e specimen, to ensure that crack symmetry;réquirements specified in 8.5 are met.

e surface crack length measurements, twofor a CT, SENT and SENB specimens, and
specimen, shall be used in calculatingcthe crack growth rate and stress-intensity f
ick length is not measured on both-facées for every crack length measurement, then
een both front and back face measurements shall be reported. It is good practice to nj

comparisons between visual and non=visual measurement methods.

8.2

Susp
discq
shou
avoic

Interruption

ension of force cy¢ling while making crack length measurements, although p
uraged and shalkbie avoided when possible. The duration and frequency of any i

led by usingstirebe light illumination.

[he average
four for the
hctor range.
the interval
1ake regular

brmitted, is
iterruptions

[d be kept to aaminimum. Test interruption for making visual crack length measurenents can be

8.3 | Staticforce
A stdtie force can be maintained to enhance the resolution of the crack length measuremgnts. A static
forc nqn:ﬂ to or less than the Fafignn mean force is ncn:ﬂ]y arrnpfah]n In corrasive br elevated-

temperature environments, the mean force can introduce transient creep or blunting effects. In no case

shall

8.4

the applied static force exceed the maximum fatigue force. See 7.3.

Measurement interval

Crack length measurement shall be made so that da/dN data are uniformly distributed over the range
of AK of interest. Recommended measurement intervals are provided in the specific specimen annex.

The crack extension per measuring interval shall exceed 10 times the crack length measurement
precision (minimum readable differences in crack length). Here, crack length measurement 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
Asin 7.2, for any crack length measurement, the data are invalid if
a) foragiven crack front, the front and back crack length measurements differ by more than 0,25B, or

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

When using a non-visual 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,

intermediat

measurements are recommended.

8.6 Out-g

If the crack
7.2, the ensy
violate this

8.7 CracH

Crack front

rate data since it is not compensated for in the stress-intensity factor calculation. When crad

branching o

8.8 Non-

There are a
acquisition

Crack-opening-displacement compliancel39][40][41], AC and DC electric potential difference (EP]

[43][44], bac}
provided th
length deter

8.9 Visud

In the past,
travelling m
length duriy

f-plane cracking

deviates from the theoretical crack plane by more than the 0,05W corridar,@s cover

requirement for out-of-plane cracking.

[ tip bifurcation

splitting or branching can be a source of variability in the measured fatigue crack gr

 bifurcation is present, it shall be noted in the final report.

yisual crack length measurement

number of non-visual measurement technigues. Most lend themselves to automated
hnd determine the average crack length, reflecting the crack-front curvature, if it e

 face strain[39][45] and side face foil crack gauges[46][471[48] are all acceptable techni
e resolution requirements covered:ii8.1 are met. (Information on the methodology of
mination through the use of EPD_is' provided in Annex E.)

I crack length measurément

the most common visyal crack length measurement technique used a micrometer th
icroscope with low~magnification (x20 to x50). This technique measures the surface
g the test and.sometimes needs to be corrected to the actual through-thickness

ed in

ing data are invalid. See Figure 3. Large-grained or single-crystal materials can comnponly

bwth
k tip

data
Kists.
D) [42]
Hues,
rrack

read
rrack
rrack

length upon|test completion; as covered in 9.1.

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, as shown in Figure 5. The difference between
the average through-thickness crack length and the corresponding crack length recorded during the
test is the crack curvature correction length, acr. 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-
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intensity factor at any location, then this correction shall be included when analysing the recorded test
data, and the effective crack length becomes:

a=a, +0ag; +dgop (6)

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.

Figure 5 — Typical crack curvature correction

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 crackf length and
corrg¢sponding elapsed force cycles.“Two common methods used for calculating the crack growth
rate,|the secant method and incrémental polynomial method, are suggested here. Other nfathematical
techniques for calculating the  crack growth rate are possible; the procedure used in calculating the
growth rate shall be specifiédin the test report. The observed scatter in the fatigue crack growth rate
datafare influenced by thé method of data reduction.

9.2.2 Secant method

Calcyllating the ‘erack growth rate via the secant method entails computing the slope of a ptraight line

connecting tweo'adjacent data pairs of crack length and elapsed cycle count and represent$ an average
velodity:

da(ﬂang — (a} _aj 1)

dN (N;-N;4)

(7)

for the incremental crack extension, a;j - aj-1.

The stress-intensity factor range is calculated using the average crack length over the increment of
crack extension as per Formula (8):

g = 1) (8)
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Incremental polynomial method

Calculating the crack growth rate by the incremental polynomial method (K-increasing only) requires
fitting by a second order polynomial to a segment of the data pairs: crack length, a;, as a function
of elapsed cycles, Nj. The data segment consists of an odd number of elements (3, 5 or 7), which are
consecutive gj versus Nj data pairs. The growth rate equals the slope of the polynomial, da/dNj, 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 rangdfor the data segment.

9.3 Determination of the fatigue crack growth threshold

The crack

corresponding da/dN approaches zero. It is commonly defined as being the value of AK correspoy
to a crack growth rate equal to 10-8 mm/cyclel13][51]. The fatigue crack growth-rate correspondi

the thresho
is to use a st
AK data pai
the best fit

method, as t
mm/cycle.

In the case
procedure ¢

10 Test report

10.1 Gene

The testrep
the followin|

10.2 Mate
All relevant
a)
b)

standar

therma

iz information.

rowth threshold, AKi,, generally refers to the asymptotic value of AK“or which the

stress-intensity factor range shall be reported. A common way todetermine the thre
raight line fitted to a minimum of five, approximately equally spaced, log da/dN versu
rs between 10-7 mm/cycle and 10-8 mm/cycle; here, log AK is’the dependent varial
straight line. Using this linear regression technique, the valie of AK is defined by thij
he threshold stress-intensity factor range, AKy, at a fatigue'crack growth rate equal to

where data are generated within different fatigtie crack growth rate ranges, the 4
an be used with the lowest decade of the da/dNtest data.

ral

ort shall include a reference tg this document, i.e. ISO 12108:2018, and the test date(s)

rial

available materialDdetails shall be reported, including the following:
d alloy desighation;

/mechanical conditioning;

form;

1ding
hg to
shold
s log
le of

test
10-8

bove

plus

c) product

d)
€)
f)
g)
h)

18

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).
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10.3 Test specimen

The following information regarding the test specimen shall be reported:

a)
b)
c)
d)
€)
f)
g)
h)

10.4 Precracking terminal values

The following information shall be reported:

a)
b)
‘)
d)
e)
f)
g)
h)
i)
i)

10.5 Test conditions

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

a)
b)
‘)
d)
e)
f)
g)
h)

specimen configuration;
crack plane orientation (see Figure 1);
specimen location;

width, W;

tfittckmess, B;
notch height, h;
§tress-intensity factor expression as a function of crack length and force;

gpecimen drawing and the reference source for specimen configurations not incly
document.

¢lapsed 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;

¢yclic waveform;

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

¢rack symmetryand out-of-plane cracking checks.

ided in this

testing machine force capacity;

measurement cell force range;

initial stress-intensity factor range, AKj;

force ratio;

forcing frequency;

cyclic waveform;

test procedure used (K-increasing or K-decreasing);

test environment;
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)
j)
k)
D)

m) method

:2018(E)

test temperature;
laboratory relative humidity;
crack curvature correction, acor;

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

of crack length measurement.

10.6 Test analysis

Information|
include:

a) analysij

that describes the analysis methodologies used shall be reported, and at a minimunms}

method for converting the crack length, a, and elapsed force cycles, N, data tderack gr
dN, i.e. the secant method, incremental polynomial method, etc.;

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

remaining ligament size criteria used to ensure predominant elastic loadifig'in a non-standard

n configuration;

d the lowest decade of near threshold crack growth rate data used in its determinati

rate da
b) definiti
c)

specime
d) AKi an

applica
e) excepti
f) anomal
g) identifi

plane, e
10.7 Pres¢

The results

!

le;
ns to this test method;
es that could affect test results, e.g. test interruptions or changing the loading variable

fation of invalid data points to include bothprecracking and test data (i.e. symmetry,
£c.).

ntation of results

of the fatigue crack growthstest shall be tabulated including afat, a, N, AK and da/d

presented in Figure 6. Figure 6 can besexpanded, as necessary, to include all measured crack le

and forcing

In addition,
and log(da/
log(AK) cyc
both the pld
of the pressd
ratio (R < 0]
AK=Kmax, S

conditions. See Figure 8.

the results shall also-be presented in a log-log plot with log(AK) plotted on the abs
1N) on the ordinate. For optimum data comparison, it is recommended that the size
e be two to thiree times larger than that of the log(da/dN) cycle, as shown in Figure ]

jould

bwth

| test

on, if

rrack

IN, as

1gths

icissa
f the
. For

t and the table, data violating the validity criteria shall be clearly identified. An ex

factor rangsg

, AK.

ple

ntation_gf\fatigue crack growth data is shown in Figures 8 and 9. When a negative force
is used;*the method of calculating the stress-intensity factor range, AK = (1 = R) Kpfax Or
halkbe clearly identified on both the table and optional figure; also see 3.11 stress-intepsity
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Page 1

|33 Yo 10Tt o {0} i 6 WU

Thermal/mechanical CONAILIONINEG.......civiiiriii i e s s e s

(00 =) o DT 1 o0 00 oLy L (o) WP

MECHANICAL PROPERTIES AT TEST TEMPERATURE

Ultimate tensile strength.............cccenee. MPa
Modulus of elasticity.......c..corvnrrinernenne MPa

0,2 % Proof strength.......c.ccoe e

MPa

SPHCIMEN
Dimensions: Thickness, B............mm

Crafk plane orientation............ccoeueuee

Stress intensity factor TeferenCe.........couiuciririicieiieet ettt er e eresr s e e fe e b ereeesseeesenesd

PRHECRACK TERMINAL VALUES

Final crack extension, Ad.......ccccvveeeene mm
Fingl crack length, ap...cccvvvvviveineiiinn, mm
Final Kmax (]) ................................. MPa -
FINAl AK () .oveeeeeeeneven s seseeine s MPa m!/2

TEYT CONDITIONS
Tesf machine capacity.......cccoev v vrverversercernnens
Forfe transducer range

Megdsurement interval of a, Aa................. mm
Forfe Frequency.........cccovvivrvcvvviivnncnneenn . HZ
Tesk Procedure.......cocceeericeinien e v i fe
CrafKk COrrection.......uuveereiinrnereiessesssenernnns i
Initjal AKi....oooeevevereee e e e MBa s m 172
Cratk measurement method

TEST ANALYSIS

Threshold stress intensSity factor range, AKth.......coco v s s s e e
Threshold crack growth rate decade........oov i e e e e e e e s
Anlz]:ysis 100 L= a (00 A SO

Re

EXAEPTIONS, ANOMALIES AND COMMENTS

Width, W............ mm
Notch, h.............mm

Preceding Kmax (J=1) ...oveshy veee seroremersrememesenensnnes
Force ratio......ccccced o

Final load cycles

Cyclic Wavefor . . e e sereeeseeesseeee s

|2 121 (0) 0¥ 4 1= o | RPN
Temperature.........cocccn i

Relative humidity.......ccooveiiinieinrn e

Specimen location 3. ..

Machined notch length/ |an.......

MP

FOrce ratio....ccee i ab e e e

K-gradient.......ccceciiici e
Cyclic WaVefOIrM.......oucveeiiiiie et e s s

Initial force range........cccocvveie i eveines e e

AINING SIZE CrIteria Refi .. i et e s s s s ss st et s e s
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Page ...... of .........
MATERIAL:.......ceeeveeeevneineneseseneees. SPECIMEN LD DATE e
Measurement Afat N a agave. glam) AK da/dV
number
(mm) (cycles) (mm) (mm) (MPavm) | (mm/cycle)
Figure 6 — Testreport
22 © ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=48b217915715baa7b7ea6659dd9bfd97

1SO 12108:2018(E)

)
&)
& 1
<. 10
g
E
= Specimen L.D.
= Material
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Temperature °C
102 R=_
Specimen type
Prnq = H=z
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B = mm
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10*
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1 10 100

AK (MPa-m”)

Figure 7 — 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 4]

Date............ 1/9/90....ccccue Specimen I.D. Mark......... N410..........

MATERIAL.......ccccu..e. 16MNDS....ooiii e Product form.................. forging...............
Thermal/mechanical cONAItiONING.......coeoeueiiiie e e e e e e
Chemical COMPOSIEION ...ttt e e s e s s e

MECHANICAL PROPERTIES AT TEST TEMPERATURE

Page 1 of........2 v

Ultimate tensile strength.................... 611 MPa 0,2 % Proof strength..........ccovcvenvnnnnee 423 MPa
Modulus of ¢lastcIty ... MPa

SPECIMEN

Dimensions] Thickness, B......... 25 mm Width, W......... 50 mm Machined notch length, ~a@j.......... 10jmm
Crack plane forientation............... Y-Z Notch, h.....uc 1 mm Specimen locationgy.. x...... 1/4
thickness

Stress intensity factor reference......... ISO/TC 164/SC5/WG 6. e s

PRECRACK TERMINAL VALUES

Final crack g¢xtension, Ad.......cccevvvuenn. mm Preceding Kmax (j-1)......pmones) MPa +jm?/2
Final crack length, ap............c......... 12,50 mm Force ratio............ 0, i

Final Kmax (7 ceeeeeeereereereevennnennnnns MPa *m?/? Final load Cycles... . i e s e

Final AK (j) e MPa -m'/2 Cyclic waveform (... sinusoidal........ccovveieieiieiienene,

TEST COND|TIONS

Test machinje capacity........ccoeeveniecieerennnne Environment............ AT e s
Force transqucer range........ccccccoveeeeevrevennene TemMPErature........cccoveieiriier e e e 3p0°C
Measurement interval of a, Aa............ 1,2 mm Relative humidity.......ccooceeieiiiiiie e e %
Force Frequency......cccccviiiien e 1Hz FOrce ratio....cccc i e e 011
Test Procedfire......cooveeieieiecicccnn K-increasing  K-gradient........ccccov i e e s mm -1
Crack correqtion..........cceeeereeninsecnnns 0 mm Cyclic waveform............ sinusoidal.......ccooceiiiiniiiin i

nitial AKi....foeecieiee s, 18,07°MPa *m1/2 - Initial force range........c.oooeevvvvviiciceiincciiennns 19,620 kN

Crack measyrement method....... G c OMPHANCE ..o s

TEST ANALYSIS

Threshold s{ress intensity fTactor ranZe, AKth. . o.ocueeureeieresereeresesmmmmeessssssmsssessssssssesssesessesessssesessnsssesensesenesensesenns MP@ * M 172
Threshold crack growth rate decade..........cccieeeiiiriris s e e sre e s snen e e e NN / dYClE
Analysis method............ YT 0r= o TSSOSO

Remaining gizecriteria Reft.....coovvviiiiiiiiiinnene, [SO 12108

EXCEPTIONS, ANOMALIES AND COMMENTS

[1] Crack front curvature correction, dcorr= 0 mm

[2] Data violates remaining ligament size criteria

24
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Page 2 of 2
MATERIAL:...16 MND 5.........ccuu. SPECIMEN I.D............ N410.....ccoeernne. DATE.........1/9/90.............
Measurement afat N a a(jave. gla/W) AK da/dN
number (mm) (cycles) (mm) (mm) (MPaVm) | (mm/cycle)
1 4,20 205000 14,20
2 5,60 237 080 15,60 14,90 5,59 19,62 4,36E-05 [1]
3 6,80 258200 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 310000 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 328500 25,50 24,75 9,51 33,38 2,24E-04
9 17,50 336 000 27,50 26,50 10,63 3731 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 8 — Example of a test report
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E‘ Specimen L.D. N410
<) Material 16 MND 5
S Environment Air
Temperature 300 °C
10°2 R= 01
Specimen type CT
Prnq = 1 Hz
W= 50 mm
B= 25 mm
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)
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o®
©
S
..
L
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®
X ]
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® Valid data points
O Invalid data points
101’
1 10 100
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Figure 9 — Example plot of a fatigue crack growth test result
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Annex A
(normative)

Compact tension (CT) specimen

General

Proplortional dimensions of the compact tension (CT) specimen are presented in Figure.A7l. Machining
tolerpnces and surface finishes are also given in this figure. The CT specimen isrecommended for
tension-tension test conditions only.

The
rate

bpecimen shall have the same metallurgical structure as the material forywhich the c

heatdtreated state that the material will see in service.

© ISO

rack growth

is being determined. The test specimen shall be in the fully machined eondition and in the final

2018 - All rights reserved
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Surface roughness values in micrometres

1,25W +0,01W
a
we io,oosw\‘! >
| =
Be +0,05Wi s
2 X 00,25W 0 Hlox
\ | SR
N =
] ! S|
Ra O,Ai_____ =
b o
] (en]
) S ==
Ra O,Ai_________ @7__
- |
*
<l\§ 0AW = an = 0,15W
a,! = 02w

The specimen shown in Figure A.1 is recommended for notch xoot tension at a force ratio R > 0 only.
NOTE 1 The machined notch is centred to within 0,005 W.

NOTE 2 The gurfaces are perpendicular and parallel towithin £0,002W (TIR).

NOTE 3 The ¢rack length is measured from the reference plane of the loading pin holes centreline.

a  Referende plane.

b See Figute 2 for notch detail.

¢ Recommlended thickness: W/20 < B<-W/2.

d  The sugdested minimum dimengions are W = 25 mm.

Figure Al1 — Standard-cempact tension, CT, specimen for fatigue crack growth rate testing

A.2 SpecimenSize

A.2.1 Specimien thickness

Specimen thickness, B, can be varied independently of specimen width, W, for the CT specimen, 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.

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 approaching the W/2 thickness, a through-thickness
crack-front curvature correction length, acor, can often be required; also, difficulties can be encountered
in meeting the through-thickness crack straightness requirements covered in 9.1.
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A.2.2 Minimum uncracked ligament

For the CT specimen, the minimum uncracked ligament for producing valid data is given by Formula (A.1):

(

A3

Forc

i max

] K
T RpO,Z

Grips and fixtures

W—a)z(

is applied to a CT specimen through pinned joints. The choice of this specimen

(A1)

nd gripping

arraj
pin 4
the 1
spec
spec
0,2
caus
to 1,
strer
mate
grea
a flat
alter
MPa
galli}

In ag

frictlon which could invalidate the provided\K-calibration expression. The use of hi

lubri
and i

1gement necessitates tension-tension test conditions only. Figure A.2 shows the clevig
ssembly used at both the top and bottom of a CT specimen to apply the forceperp
nachined starter notch and crack plane. Suggested dimensions are expressed' as’a p
men width, W, or thickness, B, since these dimensions can vary independently with
fied in Clause 6 of this document. The pin holes have a generous clearance.over the p
minimum, to minimize resistance to specimen and pin in-plane rotation which has be
b nonlinearity in the force versus displacement responsel38l. A surféace finish, Ra, ran
b um is suggested for grip surfaces. With this grip-and-pin arrangement, materials wi
gth can sustain plastic deformation at the specimen pin hole; similarly, when testing h
rials and/or when the clevis displacement exceeds 1,05B, a”stiffer force pin, i.e.
er than 0,225W, can be required. As an alternative appreéach to circumvent plastic
bottom clevis hole can be used along with a pin diameter equalling 0,24W. Figure A.
nate hole design. Any heat treatable steel thermally, ptocessed to a 0,2 % proof stren
used in fabricating the clevises usually provides-adequate strength and resistance
g and fatigue.

|dition to the generous pin hole clearancegthe mating surfaces shall be prepared

cants and greases has been shown to cause hysteresis in the force versus displacemg
s not recommended if compliance measurements are required.

and mating
endicular to
roportion of
n the limits
in diameter,
en shown to
be of 0,8 pm
th low proof
gh strength
a diameter
leformation,
B shows this
bth of 1 000
to fretting,

[0 minimize
bh viscosity
nt response
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18

|
! !
M |
o | W
- s
! ! 0
| o | W
| [ Ra oy %
| VAR IR
— | — I
1,05B 01w 0,4W 01w
2B *0916\11
W Q
=2,1B
Key
1 clevis
2 pin

a  Loading fod thread.
b Through|diameter.

¢ These surfaces are perpendicular and parallel as-applicable to within 0,05W.

Figure A.2 — Clevis and pin assembly for gripping a CT specimen

0,25W
._'_. -

/@
N
N
0J025 W

0,4W

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

Figure A.3 — Alternate hole design for CT specimen clevis
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Crack length 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 for the CT specimen to provide

a uni

form data distribution:

Aa < 0,04W for 0,25 <a/W< 0,40

Aa < 0,02W for 0,40 < a/W < 0,60

How
inor

A.5
The 1

The s

whet

| L
I _BW1/2 g |14

Lo
-~

a=UUlWTtora/W =0,0U0

bver, a minimum Aa of 0,25 mm is recommended. The above limits sometimes.need tqg
Her to obtain multiple crack length measurements in the near threshold region

Stress-intensity factor

tress-intensity factor for the CT specimen is calculated using Farmula (A.2):

tress-intensity factor geometry function g(a/W), forthe equation above is:

a \_(2+0)(0,886+4,64a-13,320.* +14,728° -5,6a.*)
w (1-0)3/?

e a = a/W; the expression is valid for 0,2 a/W < 1,0. See Figure A.1.

© ISO

2018 - All rights reserved
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Centre crack tension (CCT) specimen

B.1 General

Typical dim¢nsions of the centre crack tension (CCT) specimen are presented in Figure B.1 (pinnéd|end)
and Figure B.2 (backlash free). Machining tolerances and surface finishes are also given in-this figure.
The pinned|end CCT is recommended only for tension-tension test conditions, and thecbacklash free
CCT specimen can be used for both tension-tension and tension-compression test conditions, following
the directives described within this Annex.

The specime¢n shall have the same metallurgical structure as the material for,which the crack grpwth
rate is being determined. The test specimen shall be in the fully machined sondition and in the|final
heat-treated state that the material will see in service.

In the near [threshold regime (below 10-5 mm/cycle), it can be difficult'to meet the crack symntetry
requirements of 8.5 when using the CCT specimen; the CT specimen €an be an appropriate alternagive.

32 © ISO 2018 - All rights reserved
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Surface roughness values in micrometres
}_I>
o

o)
o

Ra 0,4/

NOTH 1 The machined notch is centred to within £0,002W.

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

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

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

NOTHE 6 Special gripping systems can be used-for a force ratio R < 0 such as shown in Figure B.2.

a  $ee Figure 2 for notch detail. When using the compliance method for crack length determination/it is required
hat 2a, = 0,2W.

1
b p=2W/3.
Reference plane.

Figure B.1 — Standard pinned end centre cracked tension, CCT, specimen for 2/ £ 75 mm

B.2 | Specimen size

B.2.1 ~Specimen thickness

Specimen thickness, B, can be varied independently of specimen width, W, for the CCT specimen, 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.

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.
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B.2.2 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 Formula (B.1):

2(W—-a)=

1,25

Ry0,2

F,

max

B.3 Grips and fixtures

(B.1)

B.3.1 General

Force can b¢ applied to CCT specimens through pinned joints and/or through frictional clamping g
Gripping fof the CCT specimen depends on specimen width and whether the test condition is
tension-tengion or tension-compression. The minimum CCT specimen gauge length varnies'with grij
arrangemernt and shall provide a uniform stress distribution in the gauge length during the test.

Under certajn conditions, the CCT specimen can be prone to general and localized buckling. The y
buckling copstraints is recommendedIZ].

B.3.2 Tension-tension testing

For tension-
clevis with §
as the dista
fretting fati
the pin holg
especially W
shaped sped
here the gay

For tension-
the specime
grip interfa

gauge length between the innermost rows of pin holes shall be at least 3W.

B.3.3 Tension-compressiontesting

A backlash
specimen. V]
clamping fo}

For tension-
backlash frg

tension testing of a specimen with a width 2, less than‘75 mm, as shown in Figure
ingle force pin is acceptable for gripping provided the specimen gauge length, defined
hce between the pin hole centrelines, be at least 6#% Shims can be helpful in circumve

rips.
[0 be
ping

se of

B.1, a

here
hting

bue at the specimen's pin hole. Another step that'can be taken to prevent crack initiation at

s is the welding or adhesive bonding of reinforcement plates or tabs to the gripping
hen testing very thin materials. Cutting thet€st section down in width to form a “dog I
imen design is another measure that can be adopted to circumvent failure at the pin h

ge length is defined as the uniform wjidth section and it shall be at least 3,4W in lengtH.

tension testing of a specimen with awidth greater than 75 mm, distributing the force a
n width with multiple pin holes is recommended. A serrated grip surface at the speci
fe increases the force that can‘be transferred. With this force application arrangemen

free grippingcarrangement shall be used for tension-compression testing of the
prious commercially available pneumatic and hydraulic wedge grips that provide adeq
‘ce can be-used. The minimum gauge length for a clamped CCT specimen is 2,4W.

area,

one
oles;

CroSs
men-
t, the

CCT
juate

compxession testing of a CCT specimen, Figure B.2 presents a design that affords a si

transfer vid

between the pins and the specimen's end surfaces, induced by drawing the wedges together, affords
large reverse force excursions while circumventing elongation of the pin holes. The minimum gauge
length for this specimen is 2,4W between the grip end surfaces and 3W between the inner rows of pins,
as stated above.
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Dimensions in millimetres

- o

12w
1,5W

\_l %|

L
‘ |
| Sz’ el [
T . R24W/|
X : R16W

3—

Key
1  derrated sideplate’surface

2 qountersunk €ap screw

3  lpcknut

NOTH 1.Made of hardened steel, e.g. 240 HRC.

NOTH2:=Serrated side p]quc vary in thickness to accommodate npprnvimnhﬂ]y 2mmito3mm, range in thickness B.

a  Body drilled.

Figure B.2 — Example of backlash free grip for a CCT specimen

B.3.4 Alignment of CCT specimen grips

The CCT specimen is sensitive to misalignment and asymmetrical 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. Itis recommended
that bending strain be checked periodically with a panel specimen similar to the one being tested and
instrumented with strain gauges, as shown in Figure B.3[10]. This technique can be used to minimize
the bending strain. See 5.1.2.
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2w

Key
1to4 locqtions indicating faces on the specimen

5to8 locjtions indicating strain gauges applied to the specimen
a Plane A.

Figure B{3 — Strain gauge arrangement for an instrumented panel alignment specimen[19]

The bending strain calculation for the arrangemént shown in Figure B.3[10] is given as follows:
The average axial strain, &, for the flat panel calibration specimen is calculated using:

(e5+€g +€7 +£5)
£, = "

where €5, g6} €7 and g are the-measured strains.
The equivalgnt strain at‘tdre centre of the four faces 1 to 4 is calculated using:

€1 = &4 —|[€a - (€54 €8)/2][2W/(2W - 2d)];

€3 = &4 —|[8a-(g6 + £7)/2][2W/(2W - 2d)];

e2=(e5+€6)/2; €4 = (g7 + €8)/2.

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

b1=€1-€a; b2 =62~ €a; b3 =63 — €3; by = €4— €.

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

B% = [(b1 - b3)/2 +(b2 - b4)/2]100/ea <5 %
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Crack length 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

distr

ibution:

Aa < 0,03W for 2a/2W < 0,60

Aa £ 0,02W for 2a/2W > 0,60

How
in or
cracl
Here
seto

B.5
The {

The
Forn

o

whet
the c
cracl

EVer, a minimum Ag of 0,25 mm Is recommended. The above lImIts sometimes need.tq
der to obtain multiple crack length measurements in the near threshold region: Th
t measurement interval in all cases shall exceed 10 times the crack length measureme

precision is defined as the standard deviation from the mean value crack length dete
f repeat measurements.

Stress intensity factor

tress-intensity factor for the CCT specimen is calculated using Fermula (B.2):

stress-intensity factor geometry function, g(a/W), for Formula (B.2) is[12][13](1
jula (B.3):

a 0 1/2
(1(—)2( ) (0,707 1-0,007 262 +6,007 06*)

w cos6

rack length, g, be the average of'the four measurements from the centreline reference
L tips on both the front and back surfaces. See Figure B.1.

be reduced
e minimum
Nt precision.
"mined for a

(B.2)

t] given by

(B.3)

e 0 = ma/2W radians; the formula.svalid for 0 < a =2a/2W < 1,00. Here, it is recominended that

plane to the
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Single edge notch tension (SENT) specimen

C.1 General

Proportiondl dimensions of the single edge notch tension (SENT) specimen are presented in Figig C.1.
Machining tolerances and surface finishes are also given in this figure. The SENT specimen is
recommended for tension-tension test conditions only, when using pinned ends (Figure)C.1). If yising
clamped-engs, the SENT specimen is appropriate for both tension and compression force Conditio;Tll

The specim¢n shall have the same metallurgical structure as the material for which the crack grpwth
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.

Surfacé roughness values in micronjetres
> Wy2 =23W/2 =23W/2 >W/2

Ra 0,4/

B<0,5w¢

Ra 0,4/

gp/
§

|
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|
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|
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l
|
|
|
|
l
%
|
w
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|

L
2D
&
N
T
I
II
2x@D?

This specimeh is recommended for notchroot tension at a force ratio R > 0 only.

NOTE 1 The machined notch is centred to within £0,005W [total indicated reference value (TIR)].
NOTE 2 The gurfaces are parallel’and perpendicular to within £0,002W.

NOTE 3 The ¢rack length isitheasured from the reference loading plane containing the starter V-notch.
a  D=W/3
b See Figute 2 formotch detail.

¢ Referende plane.

d  Recommiended thickness: B < Q.5W.

Figure C.1 — Standard single edge notch tension, SENT, specimen

C.2 Specimen size

C.2.1 Specimen thickness

Specimen thickness, B, can be varied independently of specimen width, W, for the SENT specimen, 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.
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For the SENT specimen, the maximum recommended thickness equals 0,5W.

C.2.2 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 Formula (C.1):

1,25F,
(W —q)>—a& (C.1
BR 2
This[cTTterion 15 based upon large scale net section ylelding of the material.
For 4 bending stress, e.g. clevis and pinned end grips, the minimum uncracked ligainent is given by
Formula (C.2):
K 2
(W—a)z(i] —hax (C.2)
T | Rpoz2
C.3 | Grips and fixtures
Force can be applied to SENT specimens through pinned jointsand/or through frictional clamping grips.
Gripping for the SENT specimens depends on specimen width and whether the test condition is to be
tension-tension (pinned or clamped-end) or tension-compression (clamped-end only). For the clamped-

end §
or ar
stred

C4

Crac
of AR

C.5
The s

For t
funct

ENT specimen, the grips shall be sufficiently stiff-£o' circumvent any rotation of the sp
y lateral movement of the crack plane; the presernce of either condition introduces erti
s-intensity factor calculation[32].

Crack length measurement interval
k length measurement shall be hade so that da/dN data are uniformly distributed ov
[ of interest. A minimum Aa of 0,25 mm is recommended.

Stress-intensity faetor

tress-intensity factot for the SENT specimen configuration is calculated using Formul

he sipgle edge notch pinned end tension specimen, SENT, the stress-intensity fact

ipn is'given by Formula (C.4)[23]:

bcimen ends
rors into the

er the range

a (C.3):

(C.3)

r geometry

o]

0,752+2,020+0,37(1-sin6)>
cos 0

Where 6 = ma/2W radians; the expression is valid for 0 < a/W < 1,0. See Figure D.1.

(C.4)

For the single edge notch clamped-end tension specimen, with the clear span between the grips

equa
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lling 4W, the stress-intensity factor geometry function is given by Formula (C.5)[31]:

a

- ):(1—05)‘3/2[1,987 8a:1/2 ~2,972 603/% + 6,950 30>/ —14,447 60,7/
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+10,054 8%/ +3,404 70112 —8,714 3013/ +3,741 70.1°/?] (C.5)

where a = a/W; the expression is valid for 0 < a/W < 0,95. See Figure D.1.

Stress-intensity factor functions, for clamped-end SENT specimens with spans between the grips other
than 4W, are available[32][33][34].
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D.1

Propjortional dimensions of the three-, four-, and eight-point single edge notch bend [(SH

B4),
finis
tens
tens

The
rate
heat

This

NOTH 1.The machined notch is centre to within +0,005W (TIR).

NOT

1SO 12108:2018(E)

Annex D
(normative)

Single edge notch bend (SENB) specimens

General

hnd (SEN B8)] specimens are presented in Figures D.1 to D.3. Machining tolerances
hes are also given in these figures. The SEN B3 and SEN B4 specimens ape .recomn
:Ion-tension test conditions only (Figures D.1 and D.2). The SEN B8 specimep‘is appropr
ijon and compression force conditions.

bpecimen shall have the same metallurgical structure as the materialfor which the c
is being determined. The test specimen shall be in the fully machined condition and

N B3), (SEN
and surface
mended for
jate for both

rack growth
in the final

micrometres

{treated state that the material will see in service.
Surface roughness values in
42W 0,01 W
3
BC
Ra 0,4

| >

| (=]

| il

@ . /T /Ra 0,4 @ b

‘ 2W £0,01 W ‘ 2W 0,01 W ‘
| |

$pecimétris recommended for notch root tension at a force ratio R > 0 only.

2-The surfaces are pqrn”p] and pprpandir‘n]:\r towithin +0 00214/

NOTE 3 The crack length is measured from the reference loading plane containing the starter V-notch.

a
b
c

d

See Figure 2 for notch detail.

Reference plane.

Recommended thickness: 0,2W<B< W.
D= W/8.

Figure D.1 — Standard three-point single edge notch bend, SEN B3, specimen
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Surface roughness values in micrometres
42W £0,01W

W0,01W 2W +0,01W W £0,01W
|

BC

|
|
|
|
| =
|

Ra%/

This specimeh is recommended for notch root tension at a force ratio R = 0 only.

NOTE 1 The jnachined notch is centred to within £0,005W.

NOTE 2 The gurfaces are parallel and perpendicular to within +0,002W (TIR).

NOTE 3 The ¢rack length is measured from the reference loading plane containihg the starter V-notch.
a  See Figufe 2 for notch detail.

b Referenge plane.

c Recommiended thickness: 0,2W<B< W.

d D=>Ww/8

Figure D.2 — Standard four-point single-edge-notch bend, SEN B4, specimen
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