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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

elect

The

desc
diffe
editd

rotechnical standardization.

proceattres—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 negded 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

patel

any |
on th

Any
cons

For {
expr
Worl
URL:

This
Subc

This
revis

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 1SO’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 5, Fatigue testing.

second edition cancels and replacesthe first edition (ISO 12106:2003), which has been technically
ed.

© ISO

2017 - All rights reserved \Y


http://www.iso.org/directives
http://www.iso.org/patents
http://www.iso.org/iso/foreword.html
https://standardsiso.com/api/?name=c7b8fcdd3c538c625e7b4d8fd5aba509

IS0 12106:2017(E)

Introduction

Materials and their microstructure may change when subjected to cyclic deformations and their
mechanical properties can be significantly altered when compared with that resultant from monotonic
deformations, for example, uniaxial stress-strain response. The design of mechanical components
subjected to fatigue loadings and cyclic deformations requires, in a number of industrial sectors
(i.e. nuclear, aerospace, ground vehicles, medical devices, etc.), knowledge of the cyclic behaviour of
the materials under reversed strain control conditions, referred to as low-cycle fatigue, when cyclic

plasticity is present.
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Metallic materials — Fatigue testing — Axial-strain-
controlled method

1 Scope

This document specifies a method of testing uniaxially deformed specimens under strain control
at cqmstantamplitude, unifornT temperature and fixed Straim ratios inctadingat Rg, 3 -1 for the
detefmination of fatigue properties. It can also be used as a guide for testing under other R-ratios, as
well ps elevated temperatures where creep deformation effects may be active.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, onlyJthe edition cited [applies. For
unddted references, the latest edition of the referenced document (in¢luding any amendments) applies.

ISO 1500-1, Metallic materials — Calibration and verification of static uniaxial testing machinles — Part 1:
Tenston/compression testing machines — Calibration and verification of the force-measuring gystem

ISO 9513, Metallic materials — Calibration of extensometersystems used in uniaxial testing

ISO 43788, Metallic materials — Verification of the alignment of fatigue testing machines

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd IEC maintain terminological ddtabases for use in standardization at the following gddresses:

— IEC Electropedia: available-athttp://www.electropedia.org/

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

3.1
engineering stress
instqntaneous fofee divided by the initial cross-sectional area of the gauge length

§=F/A

3.2
true stress
instantaneous force divided by the instantaneous cross-sectional area of the gauge length

c=F/A

Note 1 to entry: At strains to approximately 10 %, the true stress is approximated by the engineering stress,
F/A,. Itis also important to note that at strains to approximately 10 %, it is the engineering strain that is actually
measured by the extensometer and it is the controlled parameter in a test.

3.3

initial length

gauge length

Lo

initial length between extensometer measurement points at test temperature

© IS0 2017 - All rights reserved 1
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3.4

parallel length
Lp

length between transition radii of the test specimen

3.5
strain
engineering strain

_AL_Li_LO
L L

e

o O

true total strain

L.

{4
L

(0]
where

Ly is tIe instantaneous length of the gauge section;

Lo s the initial or gauge length.

Note 1 to entry: At true strain values to approximately 10 %, € is approximated by the engineering strain e =
It is also impprtant to note that at strains to approximately 10%, it is the engineering strain that is the qua
measured by[the extensometer and the controlled parameter in astrdin-controlled fatigue test.

3.6
cycle

smallest segment of the strain-time function that is tepeated periodically

3.7
maximum
greatest alggbraic value of a variable within one cycle

3.8
minimum
least algebraic value of a variable within one cycle

3.9
mean

one-half of the algebrai¢ Sum of the maximum and minimum values of a variable

3.10
range

a]gebraic ditference between the maximum and minimum values of a variable

AL/L.
ntity

3.11
amplitude
half the range of a variable

3.12
fatigue life
N

number of cycles that have to be applied to achieve a failure

Note 1 to entry: Failure criteria are defined, for example, in 7.8. The failure criterion used shall be reported with

the results and be consistent through a series of fatigue tests.

© ISO 2017 - All rights reserved
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3.13
hysteresis loop
closed curve of the stress-strain response during one complete cycle

Note 1 to entry: It is quite common that the beginning few hysteresis loops in a test sequence may not be
completely “closed” due to cyclic softening, cyclic hardening, cyclic stress relaxation, stress “shakedown”, or
ratchetting.

4 Symbols

For the purposes of this document, the symbols defined in 4.1 to 4.3 apply.

4.1 | Specimens

See Table 1.

Table 1 — Symbols and designations concerning specimens

Specimen Symbol Designation Unit
Lo Initial or gauge length mm
Li Instantaneous gauge length mm
Ao Initial area of gauge Section mm?
A Instantaneous area'of gauge section with| mm?2
AL = Aol
As Minimum aréa‘at failure mm?2
- '_I‘ransition_radius (from parallel' length mm
into the'grip end of the test specimen)
L, Ovérall length of specimen mm
Cylindrical
d Diameter of cylindrical gauge section mm
D Diameter of grip end of specimen mm
Flat-sheet
t Thickness mm
w Width of grip end mm
w Width of gauge section mm

4.2 | Fatigue.testing

4.2.1 Symbols

Table 2 — Symbols and designations for variables and properties

Symbol Definition Units

E Modulus of Elasticity Gigapascals (GPa)

mean value of the slope of the
initial linear portion of a stress-
strain curve

ET unloading modulus following a Gigapascals (GPa)
maximum stress (see Figure 1),

Ec unloading modulus following a min- Gigapascals (GPa)
imum stress (see Figure 1)

Nt number of cycles to failure

© IS0 2017 - All rights reserved 3
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Table 2 (continued)

Symbol Definition Units
tr time to failure; tf= T-Nfin which Tis Seconds (s)
the period of the signal (duration of
the wavelength)
o true stress Megapascals (MPa)
S engineering stress Megapascals (MPa)
engineering strain
do strain rate Seconds to the power of minus one
e = — 5]
dt where t = time
€ true strain
A range of a variable
R, mean surface roughness Micronietres (um)
Re strain ratio
= (émin/€max)

. Aep o
S“
A A A
5
1
E %
Ef 4 5
[ NeN|
:
vy & Y ch
A <
Y
A
£
%)
1
P =
= E
Ec £ A
+ |
5
%
a, Y Y
Aet

A

Figure 1 — Stress-strain hysteresis loop at R = -1

NOTE For the purpose of defining plastic strain from a stabilized stress-strain hysteresis loop, it is that non-

recoverable strain at the mean stress established by (Smax + Smin)/2 for the steady-state stress response in a
controlled strain test. Frequently, it is the width of the hysteresis loop at zero stress crossing but it may not be in

some metals.
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4.2.2 Subscripts

Table 3 — Subscripts and meaning

Subscript Meaning
t total
p plastic
e elastic
a amplitude
m mean
min minimum
max maximum

4.3 | Expression of results

See Table 4.
Table 4 — Symbols and designations concerning the expression of fatigue properties for
Re = -1 tests

Symbol Designation Unit
oy’ Cyclic yield strengtha MPa

n Monotonic strainshardening exponent —

n' Cyclic strain hardening exponent —
Monotonic'strength coefficient MPa
K' Cyclicstrength coefficient MPa
of’ Fatigue strength coefficient MPa

b Fatigue strength exponent —

e Fatigue ductility coefficient —

o Fatigue ductility exponent —

a, 0,2 % offset is typically used.

5 Apparatus

5.1 | Test.machine

5-1- chcn al

The tests shall be conducted on a uniaxial tension-compression machine designed for smooth start-
up with no backlash when passing through zero stress. The machine shall be capable of controlling
strain and measuring force when applying the recommended waveform. It should be axially stiff and
well aligned. The complete machine-loading system, including force transducer and grips, should have
sufficient lateral stiffness to avoid specimen buckling at the extremes of compressive stress.

NOTE See IS0 23788:2012, Annex C for a methodology for determination of lateral stiffness of a test machine.

© IS0 2017 - All rights reserved 5
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5.1.2 Force transducer

The force transducer shall be designed for tensile-compressive fatigue tests and should have high
axial and lateral stiffness. Its capacity shall be suitable for the forces applied during the test. The force
transducer shall conform to ISO 7500-1:2015, Class 1.

The indicated force as recorded at the output from a computer in an automated system or from the
final output recording device in any non-automated system shall be within the specified permissible
variation from the actual force. The force transducer capacity shall be sufficient to cover the range of
dynamic forces measured during a test. The force measuring system shall comply with ISO 7500-1:2015,

Class 1.

The force tr
shall be no §
force transd

During high
the cell so it

hnsducer shall be temperature-compensated with temperature coefficient of zero and
freater than 0,002 % of full scale per degree Celsius. Further, temperature gradients i
ucer should be avoided.

-temperature or cryogenic testing, suitable shielding/compensation may\be provide
is maintained within its compensation range.

5.1.3 Gripping of specimen

The grippin
longitudinal
specimen tqg
meet the re
of which th
minimum.

The grippin
have geome
transmissio
Materials sh

514 Alig

Bending in §
lateral offse

The test ma
to the load
according td

g device shall transmit the cyclic forces to the specimen without backlash along
axis. The overall load-string length should be minimizéd)to avoid any tendency
buckle. The geometric qualities of the device shall enSure correct alignment in or

pse gripping devices are composed and reduce the humber of mechanical interfaceg

b device shall ensure the manner in which théspecimen is mounted is reproducible. It
ric features assuring the proper alignment'of the specimen and preloaded surfaces allo
h of tensile and compressive forces without backlash throughout the duration of the
all be selected so as to ensure correct-functioning across the test temperature range.

nment check
| test machine due to misalignment in rigid-grip systems is generally caused by angul

ts of the grips or a combipation of both (see Figure 2).

rain in accordafice with 1SO 23788. The machine alignment shall be maximum of Cl
ISO 23788.

f the
%\er to
quirements specified in 5.1.4; it is therefore necessary to limit the number of compomnents

span
n the

d for

it is

to a

shall
wing
test.

ar or

Chine alignment sh@all be checked before each series of tests and any time a change is nade

hss 5
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/4 6/2

E_____
\

- \ﬁr 0/2

a) Angular offset b)\ Eateral offset

X

'_i'i_l

==
|
|
|

c¢) Load-train offset in a non-rigid system

Figure 2 — Bending mechanisms due to misalignment in fatigue test systems

In a proper test machine/gripping procedure alignment procedure, it is the principles that ajfe important
sincetheyshall:

— Ensure axial alignment of specimen and push/pull rods.

— Ensure mating faces of specimen and push/pull rods are parallel and square to the axis of
symmetry.

— Ensure that the lateral stiffness of the load string and frame is sufficiently great enough to
maintain axially when the specimen gauge length has become plastic (tangent modulus tending to zero).

5.2 Strain measurement

The strain shall be measured from the specimen using an axial extensometer.

© IS0 2017 - All rights reserved
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The extensometer used shall be suitable for measuring dynamic strain over long periods during which
there shall be minimal drift, slippage and instrument hysteresis. It shall measure directly the axial
strain on the gauge section of the specimen.

The strain-measuring system, including the extensometer and its associated electronics, shall conform
to IS0 9513:2012, Class 1.

The geometry of the contact zones and the pressure exerted by the extensometer on the specimen shall
be such that they prevent slippage of the extensometer but do not damage the specimen.

The transducer section of the extensometer shall be protected from thermal fluctuations that give rise
to potential drift p:\rﬁr‘n]nrly at elevated temperatures

5.3 Heating device and temperature measurement

NOTE Sge References [16], [20], [21] and [22].

A uniform rise in temperature shall be ensured without the test temperature beingrexceeded.

If a direct induction heating system is used, it is advisable to select a genérator with a freqy
sufficiently Jow to prevent “skin effects” on heating.

ency

th of

The heating
the specime
of error, tha

These devia|
end and ong|

In atest, the
surface. Dir
without affed
avoided). Cd
or by resist4

The temper

device shall produce a temperature gradient not exceeding(3 °C over the gauge leng

[ deviations between the test temperature and that of the'specimen are within *2,5°C.

tions shall be checked using three thermocouples ot other appropriate devices, one at
in the middle of the gauge length of the specimen.

specimen temperature may be measured using thermocouples in contact with the spec
bct contact between the thermocouple and-the specimen is necessary and shall be ach
cting the testresults (e.g. crack initiationat the point of contact of the thermocouple sh
mmonly used methods of attachingthe thermocouples are by binding in place, by pre;
nce spot welding.

hture shall be measured by at least one sensor independently of the one used for co

n and shall ensure, throughout the test, and with due consideration to all combined sofirces

each

imen
eved
hll be
sure

ntrol

purposes.

5.4 Instrpmentation for testmonitoring

5.4.1 Recprding systems

It is commop for low=eycle fatigue test equipment nowadays to be computer controlled and equipped
with digitall data aeguisition systems. Basic software platforms provided in modern digital systems
provide acclirate test control, as well as report generation. They are typically equipped to provide|real-
time numerfcalydisplays in either the digital or analog domain of test data, as well as generation and
storage of graphical and tabular test results.

In such a typical digital system, the sampling frequency of stress-strain data points shall be sufficient to
ensure correct definition of the hysteresis loop, especially in the regions of strain reversal at hysteresis
loop tips. However, different data collection strategies will affect the number of data points per loop
needed. Typically, at least 50 points per loop are sufficient but 200 or more points per loop are highly
recommended.

Since there are a number of analog systems still in use, the following shall be considered a minimum
requirement for the analog recording of data:

— an X-Y recorder used to record stress-strain hysteresis loops;

— arecorder for several time-dependent parameters, e.g. force, strain and temperature;

© ISO 2017 - All rights reserved
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— apeak-to-peak detector

5.4.2 Cycle counter

A cycle counter is essential for knowing the number of straining cycles. For the majority of the strain
rates used, counters without multiplication factors should suffice.

5.5 Checking and verification

The test machine and its control and measurement systems shall be checked regularly.

Specifically:
Each|transducer and its associated electronics shall always be checked as a unit:

— the force-measuring system(s) shall be verified in accordance with the relevant ISO| or national
jtandard;

— the strain-measuring system(s) shall be verified in accordance with the relevant ISQ} or national
gtandard;

— the temperature-measuring system(s) shall be verified in accerdance with the relgvant ISO or
mnational standard.

It is ¢onsidered good engineering practice and testing protocol before each series of tests ko check the
gaugk length of the extensometer, the force transducer and’'the extensometer calibration ujsing a shunt
resisftor or alternate suitable method, and also to checkithe thermocouple or pyrometer caljbration.

6 $pecimens
6.1 | Geometry

6.1.1 Round bars

The gauge portion of the specimen in a low-cycle fatigue test should represent a volume element of the
matgrial under study, which.implies that the geometry of the specimen shall not affect the use of the
test fesults.

This |geometry shall-fulfil the following conditions:

— provide a uniform cylindrical gauge portion;
— 1ninimigzethe risk of buckling in compression to avoid failure initiation at the transition radius;

— proyide a uniform strain distribution over the whole gauge portion;

— allow the extensometer to measure the strain without interference or slippage.

The parallel-sided length of the specimen shall be longer than the extensometer gauge length. However,
to reduce the risk of failure outside the extensometer gauge length, it should not exceed L > Lo - d/2.

There shall be no undercutting due to machining of the parallel length at the transition radii or
elsewhere on the gauge section. This feature may be checked with an optical comparator at reasonable
magnification (i.e. approximately 10x to 25x) to ensure that there is no undercutting.

Taking into account these requirements, the experience gained by a large number of laboratories and
the results of calculations taken from different types of specimens (see References [24], [25], [26], [27],

© IS0 2017 - All rights reserved 9
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[28], [29], [30], [31], [32] and [33]), the following geometric dimensions for cylindrical specimens (see
Figure 3) are recommended:

— diameter of cylindrical gauge length: 5mm <d<10mm
— gauge length: 4d>Lp22d

— transition radius (from parallel length to grip end): r=2d

— external diameter (grip end): D=2d

— length of reduced section: Lr<8d

Other geomgptric cross-sections and gauge lengths may be used for specimens provided that unilform
distribution|of stress and strain in the gauge length is ensured.

The dimensjons of end connections shall be defined as a function of the test machinecRecommended
end connectlions are as follows:

— smooth|cylindrical connection (with hydraulic jaws);
— button-pnd connection.

The test fixfure shall locate the specimen and provide axial alignment¢ It shall not permit backlash.
Design of the test fixture will depend on the specimen end details. Amumber of examples are shoyn in

Figure 4.

Designs of fhtigue specimens in which alignment may depend®n’screw threads are not recommended
and should e avoided.

L, |

©|¢ 0408 | A — I

XD |
T ‘
-------- il ERRIEE

—
<
S
i
=

| 001

NOTE All dimension$yin millimetres.

Figure 3 — Recommended geometry of cylindrical specimen

6.1.2 Flat sheet products

6.1.2.1 General

In general, the considerations discussed in the preceding paragraphs also apply to tests on flat sheet
products. However, these tests may require specific geometries and special fixtures in order to avoid
problems of bifurcation buckling.

Because low forces are generally applied, more sensitive force transducers may be required. The
gripping system may necessitate the use of flat mechanical or hydraulic jaws. However, with the latter
type of assembly, it is difficult to ensure correct axial alignment.

10 © IS0 2017 - All rights reserved
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In general, the width of the specimen is reduced in the gauge length to avoid failures at the specimen/grip
interface or within the grips. In some applications, it may be necessary to add end tabs to increase the
grip end thickness, as well as to avoid failure in the grips (see Figure 5).

The correct alignment of the specimen shall be carefully checked with a trial specimen for:
— parallelism and alignment of the grips;
— alignment of specimen with the loading axis.

This verification shall be carried out using a specimen, with geometry as similar as possible to that of
the test specimen, instrumented with strain gauges on the two faces.

F2 Fja

N

3 4 6 5
P¢ p¢
a) Button-head fixture b) Button-head or efficiency button-head fix-
ture

c) Straight-sided (cylindrical) specimen fixture

Key

dlamp conical split collar

body of fixture cylindrical specimen

body of fixture

O© 0 3 O

button-head specimen conical chuck

1

2

3 cylindrical split collar

4

5 button-head or efficiency button-head specimen
The clamping force shall be greater than the cyclic load to avoid backlash within the specimen.
a  Clamping force.

b  Flat anvil for specimen alignment.

¢ Cyclicload.

Figure 4 — Schematic examples of fixing techniques for various specimen designs
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2
1
AN 7
3/ 4
b
5 6

Key
body of fixture

conical clamp

sheet spg¢cimen

conical chuck

bent end| tabs to prevent grip indentation in gripping area (may be held in place by epoxy)

N U1 A W N

rounded|end tabs

QO

Clamping force.
b Cyclic logd.

Figure 5 — Gripping scheme for flat-sheet specimen

It is possible to conduct tests of flat specimens with thicknesses between 2,5 mm and 5 mm without
anti-buckling restraints since they are reasonably thick and should resist the propensity for bifurcation
buckling.

A possible geometry for a flat specimen is shown in Figure 6. In this case, it is preferable to use an
extensometer positioned on one face of the specimen rather than on the edge since there is instability
of the attachment on such a thin face.
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2,5 mm and this may limit the maximum test temperature. The' réstraint geometries should
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All dimensions in millimetres.
Figure 6 — Possible geometry of flat-sheet specimen

lise of anti-buckling restraints may be necessary for flat-specimens with thickness

pse of the specimens and shall allow strains to be measured.

mber of precautions are required to limit the ingrease in force induced by friction |
aint and specimen. This friction shall not, at ahy time, create a force increase great
e applied force. The use of a polytetrafluoroethylene (PTFE) film approximately 1 m
iple, offers a partial solution to this problem, as does boron nitride powder as a dj
ocarbon-based lubricants are not recommended since they may affect the test results,

rictional forces may vary from one@pecimen to another. They shall be measured befc
the force-displacement curves rfegorded in the elasticity range of the material in tensi
but anti-buckling restraints. It‘'may be advisable to use two identical extensometers p
sides of the specimen andise the average signal to control the test. This is wise nof]
nce but for axial strainrcontrolled fatigue testing, in general, should greater strain m
racy be desired. An example of an anti-buckling restraint is shown in Figure 7.

es less than
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er than 2 %
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y lubricant.
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1  polytetrdfluoroethylene (PTFE) film
2 specimen

Figure 7 — Anti-buckling restraints for flat-sheet specimen

6.2 Preparation of specimens

6.2.1 General

In any low-cycle fatigue/er a creep-fatigue test programme designed to characterize the intyinsic
properties gf a material, it is important to observe the following recommendations in the preparption
of specimer}s. A dewidtion from these recommendations is possible if the test programme aims to
determine the influence of a specific factor (surface treatment, oxidation, etc.) that is incompatible{with
these recomimiendations. In all cases, any deviation shall be noted in the test report.

6.2.2 Machining procedure

If the test material requires heat treatment it should be conducted prior to machining the test specimens.
The machining procedure selected may produce residual stresses on the specimen surface likely to
affect the test results. These stresses may be induced by heat gradients at the machining stage or they
may be associated with deformation of the material or microstructural alterations. Their influence is
less marked in tests at elevated temperatures because they are partially or totally relaxed once the
temperature is maintained. However, using an appropriate final machining procedure, especially prior
to a final polishing stage, should reduce such residual stresses. For harder materials, surface grinding
rather than tool operation (turning or milling) may be preferred.

— Grinding: from 0,1 mm of the final diameter for round specimens or thickness of flat specimens at a
rate of no greater than 0,005 mm/pass.

14 © IS0 2017 - All rights reserved
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the final direction of polishing be along the specimen axis.

NOTE 1

Alteration in the microstructure of the material.

Polishing: remove the final 0,025 mm with abrasives of decreasing grit size. It is recommended that

This phenomenon may be caused by the increase in temperature and by the strain-hardening induced by
machining. It may be a matter of a change in metallurgical phase or more frequently, of surface recrystallization.

The immediate effect of this is to render the test invalid as the material tested is no longer the initial material.
Every precaution should therefore be taken to avoid this risk.

NOTE 2

Introduction of contaminants.

The 1
Exan
there
etc.).

Itis
loggd
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and
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6.2.3

The 4
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to be
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1
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6.2.4

mpling drawing, attached to the testreport, shall indicate clearly

hechanical properties of certain materials deteriorate in the presence of certain elements o}
ples of this are the effect of chlorine and hydrogen on steels and titanium alloys. TheSe, €le
fore be avoided in the products used (cutting fluids, cleaning fluids, such as alcohols,acidig
Rinsing and degreasing of the specimens in appropriate fluids prior to storage is recammende

highly recommended that traceability of the machining processes be employed and s

men should a starting form other than a bar or rod be used as®he test program n
iple, a forging, casting or an additive manufactured product where such variables

e would influence fatigue response. ISO 377 specifies requirements for the identificat
preparation of specimens and test pieces intended for mechanical tests on steel se
flat products and tubular products as defined in ISO 6929 Further, ISO 3785 design
men axes in relation to product features.

Sampling and marking

ampling of test materials from a semi-finished product or a component may have a ma

carried out with full knowledge of thessituation.

he position of each of the specimens,

he characteristic directions in which the semi-finished product has been worked
olling, extrusion, etcsas-appropriate), and

he marking of each of the specimens.

specimens shall/carry a mark at each stage of their preparation. This may be applig
ple methodyint an area not likely to disappear during machining or likely to adverse
ty of thetest.

Surface condition of specimen

compounds.
ments should

compounds,
d.

ubsequently

d in the test report. It is also prudent to indicate the location, orientation, and position of each

haterial. For
hs indicated
jon, location
ctions, bars,
hites the test

or influence

e interpretation of the results obtained during the test. It is therefore necessary for this sampling

direction of

d using any
y affect the

The surface condition of specimens has an effect on the test results. This effect is generally associated

with

i

one or more of the following factors:

specimen surface roughness;
presence of residual stresses;

alteration in the microstructure of the material;

ntroduction of contaminants.

The recommendations below allow the influence of these factors to be reduced to a minimum.

The surface condition is commonly quantified by the mean roughness or equivalent (e.g. 10-point
roughness or maximum height of irregularities). The importance of this variable on the results obtained
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depends largely on the test conditions, and its influence is reduced by surface corrosion of the specimen
or plastic deformation.

It is preferable, whatever the test conditions, to specify a mean surface roughness R; of less than 0,2 um
(or equivalent).

Another important parameter not covered by mean roughness is the presence of localized machining
scratches. Finishing operations on round specimens will normally eliminate all circumferential
scratches produced during turning. Final grinding followed by longitudinal mechanical polishing
is particularly recommended. A low-magnification check (at approximately x 20) shall not show any

circumferential scratches.

If heat treatlt-nent is to be carried out after rough finishing of the specimens, it is preferable to cdkr
ishing after the heat treatment. If this is not possible, the heat treatment should be'ca

y out

the final po rried
out in a vacpum or in inert gas to prevent oxidation of the specimen. Stress relief is recommendgd in
this case.

This treatment shall not alter the microstructural characteristics of the material under study| The
specifics of the heat treatment and machining procedure shall be reported with the test results.

6.2.5 Dinjensional check

The dimensions shall be measured on completion of the final machining'stage using a method that|does

not alter thd

6.2.6 Sto1

After prepa

contact, oxidlation, etc.). The use of individual boxes or-téibes with end caps is recommended. In ce

cases, stora
Handling sh

Particular 4
specimens t|

7 Procedure

7.1 Labo

The low-cy(
obtained de

The tests sh

surface condition.

age and handling

be in a vacuum or in a desiccator filled with'silica gel is necessary.
all be reduced to the minimum necessary.

ttention shall be given to marking the specimens. It is desirable for both ends o
p be marked so that, after the failure of a specimen, each half may still be identified.

ratory environment

le and creep-fatigue fatigue test are reasonably complex and the quality of the re
pends ort.the methods employed, as well as on the environment.

b1l be\carried out under suitable environmental conditions:

Xl ot 4 ad lods
IO TC (v TAT

Fation, the specimens shall be stored so as tg\prevent any risk of damage (scratching by

rtain

f the

sults

minimu

minimu

NOTE

uniformatabien

¥ i 3= | PRI BT S
CIrptTratar Carra T Cratrv CITaltarcy,

m atmospheric pollution (dust, chemical vapours, etc.);

no extraneous electrical signals that will affect machine control and data acquisition;

m extraneous mechanical vibrations.

aluminium alloys, for which humidity has a significant influence on fatigue life. [34]

7.2 Test machine control

It is important to observe and to record the relative humidity when testing certain materials, e.g.

The stability of the servo-control shall be such that the indicated peak values of the applied strain are

maintained

16

throughout the test to within 0,5 % of range of the desired values.
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During strain control testing in the long-life fatigue regime (i.e. where nominal cyclic plasticity is
negligible at lives of, for example, approximately 106 to 107 cycles), it is permitted to transfer test modes
and conduct a force-controlled fatigue test at a greater frequency in the effort of condensing test time. A
fatigue test that is begun in strain control may achieve a stabilized stress-strain response in which case
cyclic plasticity is negligibly small. In such a case, the test control mode can be switched to force control
and the test frequency increased being cautious not to increase the temperature on the specimen due
to hysteretic effects. During such a test mode transfer, the strain should be monitored and adjustments
made in the force control mode to maintain the proper strain limits within 0,5 % of the range between
maximum and minimum strains. In such a transfer of test modes, ISO 1099 should be consulted for
appropriate information.

In a fTeep-Tatigue test where constant stress (force) dwells are included within the cycle, the indicated
peakivalues of the applied force shall be maintained to within 1 % of the desired values.

7.3 | Mounting of the specimen

Placg¢ the specimen in the grips in such a way that any preliminary strain during mounting is avoided.
For d previously aligned system, it is recommended, while in position centrol, to clamp the specimen
to orje grip and then move the actuator so the specimen just contactsthe’second grip. Then maintain
a smpll compressive preload (force control) while the specimen is ¢lamped to the SGCOI’IE grip. Next,
apply the extensometer, when after zeroing its output a transfer to strain control can b¢ made. The
application of anti-seize compounds or the pre-oxidizing of spe¢imen ends may facilitate| subsequent
speclmen removal particularly in higher temperature testing<With the force at zero, it may he necessary
to refzero the extensometer. Commercial extensometers often have pre-set gauge lengths and a means
of mgchanically re-zeroing them to a fixed gauge. If necessary, resetting the gauge length with such
a mechanical device or carefully repositioning the gaugeé length using one’s fingers as nedr to zero as
possjble is suggested (i.e. within approximately +0,5% of test range). Once a “rough” zerp position is
obtalned, electronically re-zeroing the extensometer is suggested. It is also prudent to wedr protective
glovés, such as cotton or acrylic, when handling\specimens prone to possible corrosive attack.

7.4 | Cycle shape — Strain rate or frequency of cycling
S

Figure 8 — Stress-strain hysteresis loops for 0-max strain testing, R = 0

Performing strain-controlled testing at R-ratios other than R, = -1 is often done to ascertain trends in
material behaviour. Figure 8 illustrates a sequence of stress-strain hysteresis loops during testing at, in
this case, Re = 0. As shown for this tension-biased mean strain, there is a cyclic relaxation of the mean
stress tending toward a zero mean stress value. In such cases, it is recommended that careful monitoring
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and recording of such stress-strain and mean stress information be performed for subsequent data
analysis and determination of material trends. For Re = oo, the hysteresis loops will demonstrate similar
behaviour but in the opposite stress sense where stress relaxation will tend toward a less negative

value as the

NOTE

hysteresis loop travels in an upward direction in stress-strain space.

Performing tests at R, = 0,1 does not always prevent bifurcation buckling since cyclic mean stress

relaxation during testing may result in the lower part of the hysteresis loop being in compression as indicated by
the stress-strain response in Figure 8.

The same cycle shape for the controlled parameter (i.e. strain) shall be retained throughout the whole
test programme unless the aim of the test programme is to study the effect of the cycle shape on the

behaviour o
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zero the extensometer and compensate within the test program to the newly established gauge
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7.5.2 Test commencement

For a specific test programme, it is necessary to select the direction of the first quarter of the cycle. It
is usual to select tension-going. However, in actual, thermally induced, low-cycle fatigue situations, the
first quarter-cycle is usually compression-going.

For tests carried out under strain control, it will normally be required to change to strain from force
control following modulus checks and specimen heat-up. The test machine controls shall accomplish
this transfer without “overshoots” (i.e. additional strains beyond the desired controlled strain value)
that may prejudice the rest of the test.

The dmp]ihldp ofthe strain limits shall not exceed that selected as the test control p:\ramcter by more

than|5 %. Adjustment of the strain, in order to attain the desired strain level under thé'\r¢quirements
specified in 7.2, shall be completed within 10 cycles or 1 % of the number of cycles to failur¢, whichever
is legs.

In the event of an inadvertent or accidental stop, before restarting, ensure that
— the specimen has not been damaged by the stop, i.e. bent,

— the extensometer has not slipped,

— there is continuity in stress as it was prior to the accidental stop,

— the modulus is the same as prior to the accidental stop, and

— the strain limits are the same as prior to the accidental’stop.

The pccurrence of these events may be verified by\analysing the recordings. In these donditions, a
restdrt without overshoot is permissible.

7.6 | Number of specimens

A mipimum of eight specimens is recominended to generate a fatigue strain-life curve covdring at least
thre¢ decades in numbers of cycles.

7.7 | Data recording

7.7.1 Stress-strain hysteresis loops

At the start of the<est, a continuous recording shall be made of the initial hysteresis loops — stress
resppnse as a furietion of the controlled strain. Then, during the course of the test, a periodjic recording
is sufficient. Fhe frequency of these recordings shall be chosen as a function of the inter
durafion ofthetest. The option generally used consists of recording the first 10 cycles and then applying
a logprithmic increase (20, 50, 100, 200, 500, etc.) at the rate of three hysteresis loops per decade.

In th of automated data acquisitic 8 reco g of loops may be prog ned either with a
predefined interval or as a function of the progression of each of the two parameters (stress and strain).
In all cases, the sampling frequency shall be sufficient to allow clear definition of the hysteresis loop
(see 5.4.1).

7.7.2 Data acquisition

If test equipment permits, record stress, strain and temperature as functions of time, as well as hold or
dwell times in a creep-fatigue test as explained in Clause 8. If this is not possible, at least record peak
values of stress, strain and temperature so that the definition of failure given in 7.8 may be invoked.

© IS0 2017 - All rights reserved 19


https://standardsiso.com/api/?name=c7b8fcdd3c538c625e7b4d8fd5aba509

IS0 12106:2017(E)

7.8 End of test

The test is terminated when the conditions for the selected end-of-test criterion are fulfilled where the
test machine is equipped with facilities allowing this criterion to be applied. If this is not the case, there
shall be other possibilities for stopping the machine, either when a force threshold value is no longer
reached (generally, a small fraction of full-scale stress response depending on the range) or, using the
control signal, when the deviation between the command signal and feedback signal reaches a certain
error value.

It is desirable that a test should not be automatically terminated by inappropriate, pre-selection of
stress limits, for example, in the case of continuous cyclic softening or cyclic relaxation of mean stress

as illustrate|
selection of
be necessar

If the test t
reviewed p
termination|
force contrg
of test crite
control” for

For high-ter]
to limit thg
fractograph
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NOTE

7.9 Failu

There are v

test result and on the nature of the material-being tested. The end of test criteria under consider

are general
observed or

The numbe
following en

This latter statement is particularly true for electro-mechanical machines.

stress limits and, in fact, a post facto determination of the number of cycles to failure
.

erminates automatically prior to end of test criterion of the specimen, the\'data shg
ior to specimen removal to ensure that the criterion has been achieved. If prems
has occurred, then the test can be restarted (see 7.5.2). If the criterion*hds been met,
| shall be re-established and zero force set for cool-down and spécimen removal. |
Fion is “complete separation”, then the normal procedure would«be’to switch to “pog
cool-down and specimen removal.

hperature tests, the furnace shall be switched off as soon 3s the test terminates in
oxidation of the specimen and cracked surfaces with a view to conduct subsed

at the specimen will not be over-forced during coolsdewn of the heating device.

e criteria

hrious ways of defining the end of test. It may depend on the interpretation of the fa

y based on the appearance, presence or intensification of a phenomenon that has
recorded that indicates severe damage or imminent failure of the specimen.

" of cycles to failure, Nfymay be defined as the number of cycles corresponding t
d of test criteria:

jor to

may

11 be
hture
then
F end
ition

rder
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ic examinations. If a test terminates prior to end of testcriterion, every effort shall be nade

tigue
htion
been

b the

a) a certain percentage ciange in the maximum tensile stress in relation to the level deternjined
during the test;

b) a certain changeinthe ratio of the moduli of elasticity in the tensile and compressive part df the
hysterepis loopsytypically, ET /Ec = 0,9 is employed for defining failure (see Figure 9);

c) the (obyieus) fracture of the specimen.

NOTE 1 Post-test examination will benefit from termination of the test while employing the definitions

given above.

It is recommended that the crack initiation site be recorded in relationship to the test machine frame,
i.e. the quadrant in which the specimen is cracked. This feature will aid subsequently in determination

of possible t

20

est machine or gripping misalignment.
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dtress-strain hysteresis loop

fime

dtress-time response in strain control

Figure 9 — Definitions of tension and compression modulus for determination of failure
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a) For materials with stable or steady-state behaviour after initial hardening then softening

© IS0 2017 - All rights reserved 21


https://standardsiso.com/api/?name=c7b8fcdd3c538c625e7b4d8fd5aba509

ISO 12106

:2017(E)

max

x%

The specifid
the stress-d
of cycles co
number of ¢
range for x-\

The number
stress or for]
tensile streq

This criterid
the ratio of
magnitude 4

For totally f
or of the cra|

A post-test ¢
This means
other, ensui
(surface faul
the specime

8 High-t

ecrease criterion. In this case, the number of cycles to failur€, Ny, is defined as the nu

N

f
Number of cycles
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Figure 10 — Failure criterion based on stress (log-log coordinates)

end of test criteria used for the test series shall be reported. Eigure 10 shows examp

'responding to a decrease of x % in the stress value extrapolated over the tensile s
ycles curve when the stress falls sharply. A common.value of x is 10. However, a ty
ralues is 2 % to 30 %.

of cycles to failure is commonly evaluated from the upper stress or force or from the rar
ce. In the case of a fracture outside of the extefisometer, an increase of the upper/maxi
s of x % should be used.

n relates to the presence of one (or more) macroscopic crack(s) in the specimen. In gef
cracked surface area to the original cross-sectional area of the specimen is of the
s the ratio of stress decrease.

Factured or partially fractured specimens respectively, the location of the fracture su

examination of the specimen shall be conducted in order to ensure the validity of the
checking on the ou€’hand for the correct location of the failure or main cracks and, o
ing the absenceof faults or anomalies that could lead to incipient and premature fa
[its, porosityyinelusions, excessively large imprints left by the extensometer or bendi
n related toyah alignment problem).

emperature strain-controlled creep-fatigue testing
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This document also provides a methodology for strain controlled, creep-fatigue testing when dwell
periods at constant stress and/or constant strain are incorporated within the cycle that is performed at
uniform temperature.

In many real structural components, creep, as well as low-cycle, fatigue are typically the result of
service conditions involving thermal cycles that include hold (or dwell) periods where the components
are at some constant state of stress or strain during which creep or monotonic stress relaxation may
occur. The combination of mechanical cycling with dwell periods is referred to as creep-fatigue. Several
such examples are illustrated in Figure 11 for a typical low-cycle fatigue and three creep-fatigue cycles.

A further level of service simulation involves cycling both the mechanical forces and the temperature
together with dwells as appropriate. This combination is known as thermal-mechanical fatigue (TMF)
and is the subject of a separate ISO 12111.
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Strain controlled LCF:
Ramp up to strain limit
Ramp down to strain limit
Ramp up to strain limit
Continue to end of test
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Creep Fatigue (1):

Strain control

Ramp down to strain limit
Ramp up to strain limit
Dwell period (stress relax)
Ramp down to strain limit
Continue to end of test

Creep Fatigue (2):

Strain control

Ramp down to strain limit
Ramp up to strain limit
Transfer to stress control
Hold: Creep to strain limit

NOTH

9 1

9.1

Peak
atas
of th

— 1

Transfer to strain control
Ramp down to strain limit
Continue to end of test

All hysteresis loops held within overalVstrain limits to prevent strain ratcheting.

Figure 11 — Examples of hysteresis loops for low-cycle fatigue and creep-fatigug

Expression of results

Basic data (recorded data (see 7.7))

€reep Fatigue (3):
Strain control
Ramp down to stfain limit
Ramp up to strain limit
Transfer to stress control

Hold: Creep to stifain limit
Transfer to strain|control
Dwell period (stress relax)
Ramp down to strain limit
Continue to end df test

cycles

stress and strain range values as a function of the number of cycles, stress-strain hysteresis loops
pecified recording frequency according to 7.7.1 and the number of cycles correspondinjg to the first
e two fellowing events to occur shall be recorded:

otal'separation;

— drop of the tensile stress below the value selected in 7.8.

9.2 Analysis of low-cycle fatigue results at R, = -1

9.2.1 Distinction between different types of strain values

The different types of strain value are as follows:

Values of epmax and epin imposed during the test are measured and Ae is the strain range (see 3.10);

Aee is calculated from %

Aep is obtained by measuring the hysteresis loop width at mean stress, Aee = Aet - Aey,.

© ISO

2017 - All rights reserved


https://standardsiso.com/api/?name=c7b8fcdd3c538c625e7b4d8fd5aba509

IS0 12106:2017(E)

9.2.2 Determination of fatigue

life (see 7.9)

The number of cycles to failure Ntis defined in 7.9, a) to c).

9.2.3 Stress-strain and strain-fatigue life relationships

Tables 5 to 7 show the properties determined in a monotonic tensile test (reference material data) and
in a low-cycle fatigue test [monotonic stress-strain curve (first quarter of cycle), cyclic stress-strain
curve at approximately N¢/2, and fatigue life N].

Table 5 — Monotonic test — Monotonic stress-strain values

Property Determination Relation
E Modulus of elasticity measured for a
given specimen (see Table 2)
n Monotonic strain hardening exponent |Slope of a
Ig 04 - 1g Agp/2 plot
K Monotonic strength coefficient. Stress |0, = K(Agp/2)" plot
interceptatepa =1 onlgo, —1gAgy/2 plot.
Table § — Cyclic test at Re = -1 — Cyclic stress-strain values (stabilized hysteresis cycle)
Property Determination Relation
oy, cyclicyield strength
(0,2 % offset)
n', cyclic strain harden-  |Slope of Ig 0, = 1g Ag/2 plot
ing exponent
K’, cyclic strength coef-  |Stress intercept at epa = 1 on |0, = K'(Agp/2)"
ficient Ig 04 - 1g Agp/2'plot
Constitutive formula Un’
Ae o, (o0,
2 E K’
Table 7 — Low-eycle fatigue test from R, = -1 — Fatigue life
Property Determination Relation
. . . Stress interceptat ZNg=1 on
o5, fatigue ductility coefficient
f 8 y lg 04— 1g 2N¢plot 04 = o¢(2Nf)b
: Slope of 1g (Age/2) - 1g 2N plot (Basquin formula)
b, fatigue strfength exponent (Specify 2Nf range)
e¢, fatigue dloeley coefficient Plastic-strain intercept at 2Nf=1 on
' Ig (Aep/2) - 1g 2Ny plot Aep/2 = ep(2Nf)C

¢, fatigue ductility exponent

Slope of Ig (Aep/2) - 1g 2Ns plot
(Specify 2Nfrange)

(Coffin-Manson formula)

Total strain amplitude

Aet/2 = Nee/2 + Aep/2

Aet/2 = [or/E](2N5)b + ep(2Nf)€
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At Re = -1, fatigue results are often used to express the functional cyclic stress-strain relationship and
the strain-life relationship of a material. For example, the total strain amplitude is expressed in terms
of the elastic strain and the plastic strain components, as given in Formula (1):

Agt:Aee+A8p:AG+Aep (1)
2 2 2E 2

and recognizing that the cyclic stress-strain relationship, as given in Formula (2):

Aza - {Azg p} @

that,|lupon substitution, becomes as given in Formula (3):

1
DAe. Ao {AO‘}P
= +

= 3
2 2E 2K’ (3)

For the plastic strain, log-log linear portion of the total strain-life relationship, we may write the Coffin-
Manson relationship, as given in Formula (4):

Asp .
_2_=8f’[2Nf] (4-)
and for the Basquin or elastic strain life log-log linear{portion of the total strain, we can wtite as given

in Formula (5):

No
= op[2N )P (5)

that ipon combining these log-log lin€arrelationships becomes as given in Formula (6);

\e O b c
Z_t:[ bf :I(ZNf) +8f’(2Nf) Q

or th[ familiar strain-life-telationship.

=~

In thie above constifutive relationships, it is to be noted that the designations for the straip and stress
are that of true stress and true strain and that these are essentially equal to the engineering stress
and engineering strain to total strain values of approximately 10 %. It should also be noted that the
termlinology-for plastic strain and inelastic strain are used interchangeably.

9.3 | Analysis of creep-fatigue results

Analysis of creep-fatigue data are not discussed in detail within this testing standard since there exists
no commonly accepted methodology. In general, methods used for analysis reflect the specific needs
of new materials development, production materials performance confirmation and/or component
simulation.

10 Test report

10.1 General
The test report shall include full information on the aim of the study and the material. It shall also

include the details of the test methods and conditions, the analysis and presentation of the results and
descriptions of any anomalies or interruptions that may have arisen during each test.
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This information is indicated in 10.2 to 10.8.

10.2 Purpose of the test

State the aim of the study.

10.3 Material
— Standardized designation;

— composition in mass percent;

— product;
— heat trefatment;
— microstructure/hardness;

— mecharfical properties at test temperature.

10.4 Specimen
Provide a dijawing of the specimen indicating:
— the dirgction and location of sampling from the product;

— the fina] machining phase and mean longitudinal roughness value R;.

10.5 Test methods
— Test machine:
— framme capacity: + ..... kN, calibration: »»:kN (10 V, X-bit resolution);
— typE of actuator (hydraulic, electro-mechanical, etc.);
— forge capacity of actuator: £.\.JkN;
— confroller type (analog, digital, hybrid).
NOTE A hybrid controller has’an analog servo-loop plus a digital operator interface.
— Load train:
— typg of gripy(manually or hydraulically preloaded + description or photo);

— methed'of ensuring axially and level of bending at typical test force(s).

— Heating system:
— type of furnace (resistive, radiant, inductive, etc.);
— estimate of axial temperature gradient in gauge length of specimen: ..... °C;
— temperature and variation in temperature during test: ..... °C £ ..... °C;

— type of thermocouple;
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— heat-up time, time at test temperature prior to test commencing, and time at test temperature

during test.

— Extensometer:

— description of extensometer used (diagram or photo);

— gauge length: ..... mm;

— operating range: * ... mm (10 V, X-bit resolution);

— calibration procedure and results;

10.6

—

[ q

—

— (letails of dwell period(s) and the control strategy adopted.

10.7

10.7

For ¢

— lysteresisloopSepresentative of test start-up and near mid-life, and those representati

NOTH

— date of last calibration: ......cceeveue.

Test conditions

\xial-strain range: ........ ;

train ratio Re (= émin/€max): - ;
wvaveform: ........ ;

train rate or frequency: ........ ;

irst quarter-cycle (tensile or compressive);

Presentation of results

1 Presentation of single test results
ach test, prepare

| table giving the total engineering strain values (max., min., range), engineering stresg
ange) and plastic-strain variation as a function of number of cycles in accordance with

wo curves giving thewvariation in the maximum and minimum engineering stresses as
he number of cycleSin’log-linear coordinates and in linear coordinates, and

Log:linear coordinates are normally preferred.

(max., min.,
Table 8,

h function of

ve of failure.
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Table 8 — Variation in engineering strain and engineering stress as a function of number of
cycles during a low-cycle fatigue test

Material: ..........

Specimen reference: ..........

Total engineering strain applied: ..........
Test temperature: ..........

Modulus of elasticity, E: ..........

Engineering|strain rate: ..........

Total engineering strain Engineering stress Engineering plastic strain
Cyc]e % MPa %
max. min. range max. min. range range

10.7.2 Presentation of results of test series

For a series of tests, prepare:

— atable, Table 9, summarizing the results in order of decreasing strain amplitudes,

— the curves representing the variation in:

— the total engineering strain amplitude ety as a function of the number of cycles (log-log
coordinates),

— the engineering stress amplitude S, at mid fatigue life as a function of the number of cycles (log-
log coordinates),

— theengineering stress amplitudes S, as a function of total engineering strain amplitude e, (log-
log coordinates), indicating the values for K, n, K’ and n’,
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— the engineering total-, elastic- and plastic-strain amplitudes as a function of the number of
cycles (log-log coordinates), indicating the values of the coefficients S¢, b, ef and c.

For parametric relationships, the number of tests for which the coefficients have been determined shall
be stated in addition to the domain of the fit.

Examples of graphical representations are shown in Figures B.1 to B.4.[13][18]

Table 9 — Summary of results of a test series

Strain amplitude Numbe:‘ ;(l)‘f‘ Sches to Stress 'f;r’r:;:!iéude at
€10 Nr10 S10
€9 Nr9 So9
es Nisg Ss
e7 N7 S7
€6 Nig S6
es Nts Ss
ey4 Ntg S
e3 N3 S3
€2 Nt 2 $2
e1 N1 S1

10.8 Values to be stored in a low-cycle fatigue:database

It is good practice to store data essential for theuse of results of low-cycle fatigue tests|in an easily
accegsible and user-friendly form.

These data include but are not limited to;
a) the table summarizing individual test results (Table 8);

b) the table summarizing thetest results for the series (Table 9);

c) atable summarizing the'analysis of the results in accordance with Table 10.

Tabl¢s 8, 9 and 10, prepared using a computer and spread sheet-type software, may serve as a basis
for preparing a database that is exportable by means of a communication network or digk (data files
generally being im ASCII format).
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Table 10 — Analysis of low-cycle fatigue test results

Date:

Data source:

Material (standardized designation)
— Chemical composition:

— Heat treatment:

— Special specifications:

Test conditjons
— Purposefof test:
— Product:
— Sampling from product:
— Specimen type:
— Test temperature:
— Test madhine(s):
— Control node:
— Waveform:
— Frequengy or strain rate:
— Definitidn of failure:
— Number pf specimens and domain of the fit:
Cyclic stress-strain properties (stabilized cycle)
Sy’ cyclic yjield strength
n' cyclic sfrain hardening exponent
K' cyclic sfrength coefficient
Fatigue properties
or fatigue|strength coefficient
b fatigue qtrength exponent
e fatigue|ductility coefficient

¢ fatigue ductility exponent
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