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Foreword

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

The preecedures—tsed—to—developth ment-and-these—ntendedfor-its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial 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
patent rights. ISO shall not be held responsible for identifying any or all su¢h“patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Techtiical Barriers to Trade (TBT), see wiww.iso.org/
iso/fpreword.html.

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

Any feedback or questions on this documrent should be directed to the user’s national standprds body. A
complete listing of these bodies can e found at www.iso.org/members.html.
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Metallic materials — Fatigue testing — Axial plane bending
method

1 Scope

This document specifies the conditions for conducting the plane bending fatigue test on an axial
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Terms and-definitions

and 35 °C) on metallic specimens, without deliberately introduced stress concentt
ent does not include the reversed/partially loading test. The purpose of the test i
ant results, such as the relation between applied stress and number of cyclesito failur
rial condition, expressed by hardness and microstructure, at various stress.ratios.

ugh the shape, preparation and testing of specimens of rectangular and|bévelled cross
fied, component testing and other specialized forms of testing are notjiincluded in this

ue tests on notched specimens are not covered by this document since the shape
ned test pieces have not been specified in any standard so/far”’Guidelines are given
bver, the fatigue-test procedures described in this documént'can be used for testing s
mens.

ossible for the results of a fatigue test to be affected‘by atmospheric conditions. Whe
itions are required, ISO 554:1976, 2.1 applies.

following documents are referred to ifr the text in such a way that some or all of t
[itutes requirements of this document. For dated references, only the edition cited
ted references, the latest edition of'the referenced document (including any amendme

500-1, Metallic materials —=€alibration and verification of static uniaxial testing machin
on/compression testing machines — Calibration and verification of the force-measuring s

N E2309/E2309M, Standard Practices for Verification of Displacement Measuring System§
in Material TestingMachines

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

lly between
ations. This
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and Devices

ISO 4

ndJEC maintain terminological databases for use in standardization at the following g

ddresses:

3.1

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

[EC Electropedia: available at http://www.electropedia.org/

thickness of test section

)

thickness of reduced section of rectangular test specimen

Note

© ISO

1 to entry: See Figure 1.
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3.2

width of test section

w

width of reduced section of rectangular test specimen

Note 1 to entry: See Figure 1.

3.3

specimen length

L

of/erall length of test specimen

3.4
specimen cross-section
S
surface of thje specimen cross-section

3.5
corner radjus
rC

radius of the corner of rectangular cross-section specimen

3.6
distance bdtween inner loading points
d
distance befween the axes of the two inner rollers

Note 1 to entfy: See Figure 3.

3.7
distance bdtween outer loading points
d,
distance betfween the axes of the two outer rollers

Note 1 to entfy: See Figure 3.

3.8
roller diameter
Dy
diameter ofthe four rollers

3.9
stress cyclé
smallest segment of Styess-time that is repeated identically

Note 1 to enty: SeeFigure 4.

3.10
maximum stress
Gmax . i

greatest algebraic value of stress in a stress cycle

Note 1 to entry: See Figure 4.

3.11

mean stress

Gm

one-half the algebraic sum of the maximum stress and the minimum stress in a stress cycle

Note 1 to entry: See Figure 4.
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3.12
minimum stress

Omin
least algebraic value of stress in a stress cycle
Note 1 to entry: See Figure 4.

3.13

stress amplitude

Ga

one-half the algebraic difference between the maximum stress and the minimum stress in a stress cycle

Note|l to entry: to entry:

d,=40/2

Note 2 to entry: See Figure 4.

3.14
stress range
Ao
arithmetic difference between the maximum and minimum stress

Note [l to entry: to entry:

o = Omax ~ Omin

Note P to entry: See Figure 4.

3.15
stress ratio
RO'
ratiolof minimum to maximum stress-during any single cycle of fatigue operation

Note [l to entry: to entry:

R 6" Gmin/amax

Note |2 to entry: See Figure-5.

3.16
load|ratio
R
ratio|of minimum to maximum load during any single cycle of fatigue operation

Note [1'tO)entry: to entry:

RF :Fmin/FmaX

Note 2 to entry: See Figure 5.

3.17

number of cycles

N

number of smallest segments of the force-time, stress-time, strain-time, etc., function that is repeated
periodically

© IS0 2021 - All rights reserved 3
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3.18
fatigue life
N

:2021(E)

number of applied cycles to achieve a defined failure criterion

3.19

applied force

F

force applied during the test (for force-controlled test)

3.20

bending mement

M
constant m
between thd

bment between the inner rollers, calculated with the applied force and the(distances
rollers (d; and d,)

Note 1 to ently: to entry:
F
M :Z(dz —dy)
4 Symbols
4.1 Symbols related to specimen geometry
Symbol Designation Unit
6 Thickness of testsection mm
Reduced thickness of the bevelled
0, p mm
speeinien
w Widthoftest section mm
Reducéd width of the bevelled
wy . mm
specimen
L, Specimen length mm
I Second moment of area mm*
d Maximum distance from the neutral mm
nba bending axis
S Specimen cross-section mm?
re Corner radius mm
4.2 Symbols related to testing device
Qymhnl ngcignnfinn Unit
d Distance between inner loading
1 : mm
points
d Distance between outer loading
) : mm
points
Dy Roller diameter mm
4.3 Symbols related to fatigue test
Symbol Designation Unit
Bhi Stress homogeneity for load i
Omax Maximum stress MPa

© ISO 2021 - All rights reserved
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Symbol Designation Unit
O Mean stress MPa
Omin Minimum stress MPa
o, Stress amplitude MPa
Ao Stress range MPa
o Test stress MPa
R, Stress ratio
Rg Load ratio
N Number of cycles cycles
N¢ Fatigue life cycles
F Applied force N
M Bending moment N-m

5

Principle of test

The principle of the testis to place a specimen between four rollers asshown in Figure 3. The
amplitude cyclic force is applied so that a constant amplitude tension stress is applied t
surfdce of the specimen. The test is then continued until the spetimen fails or until a pre
number of stress cycles is reached.

Nomjnally identical specimens are mounted on a fatigue.testing machine and subjected td
condjfition required to introduce cycles of plane bending stress. Any one of the types of
illusfrated in Figure 5 may be used. The test waveforin shall be constant-amplitude sinusoi

6

6.1

L

[est plan

General outline

Befole commencing testing, the following shall be agreed by the parties concerned, unlg
otherwise in the relevant productstandard:

d)

7

7.1

The form of specimen to'be used (see 7.1);
The stress ratio(s)'to-be used;

The objective-ofthe tests, i.e., which of the following is to be determined:

— the fatigue life at a specified stress amplitude;

— thefatigue strength at a specified number of cycles;

n aconstant
b the tested
determined

the loading
Cyclic stress
dal.

ss specified

1= ~a full Wohler or S-N curve;

The number of specimens to be tested and the testing sequence;

The number of cycles at which a test on an unfailed specimen shall be terminated.

Specimen

Shape of specimens

The specimens are generally fully machined with a rectangular cross-section of uniform thickness over
the test section. In order to avoid crack initiation from corners, two solutions may be considered:

machining of a radius on each corner (Figure 1);

© IS0 2021 - All rights reserved
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bevelled cross-section specimen!(8] (Figure 2)

When it is desired to take account of the surface condition in which the metal will be used in actual

application,

the surface of maximum stress should remain unmachined.

7.2 Size of specimen

In order to have a minimum influence of the shear stress on the bending stress (lower than 5 %,
expressed in Von Mises equivalent stress), the following ratio [Formula (1)] shall be respected:

o
0,5 @8]

dZ _dl
Due to the pending of the specimen, the distance between the contact points of the rolers on the
specimen changes when the load is applied. This change affects the stress level in-the”specimen
compared with the value calculated in Clause 9.
The error between the calculated stress, o_,, and the real stress, o, is proportional to the foller
diameter anld can be approximated using Formula (2). This error shall be lower.than 5 %.

Ocal ~Ojjeal _ 3DR (dZ +3d1 ) 2)

Ocal|  (dy—d, )’ (d,+2d,)

where the njaximum displacement of the grips during the test, 4r, canrbe determined with Formula (3):

ar=" (4, -d,)(dy+2d,) 3)

12H1

where

E isthe Young modulus of the tested specimén’material.
7.3 Preparation of specimens
7.3.1 General
In any fatigue-test programme. designed to characterize the intrinsic properties of a material{ it is
important tp observe the follewing recommendations in the preparation of specimens. A deviption
from these recommendations’is possible if the test programme aims to determine the influencg of a
specific factor (surface tteatment, oxidation, etc.) that is incompatible with these recommendations. In
all cases, th¢se deviations shall be noted in the test report.
The surface conditions of the specimens have an effect on the test results. This effect is gengrally

associated with 'ene or more of the following factors:

the specimen surface roughness;
the presence of residual stresses;
alteration in the microstructure of the material;

introduction of contaminants.

The recommendations given in 7.3.2, 7.3.3 and 7.3.4 allow for the influence of these factors to be reduced

to a minimum.

© ISO 2021 - All rights reserved
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7.3.2 Machining procedure

7.3.2.1 General

The machining procedure selected can produce residual stresses on the specimen surface that are
likely to affect the test results. These stresses can be induced by heat gradients at the machining stage,
stresses associated with deformation of the material, or microstructural alterations. Their influence
is less when tested at high stress levels because they can be partially or totally relaxed. However, they
shall be reduced by using an appropriate final machining procedure, especially prior to a final polishing
stage.

It is fecommended to check for such surface residual stresses using X-ray diffraction tedhniques, for
exanple.

The purface roughness is commonly quantified by the mean roughness value or\eqaivale¢nt (e.g. ten-
poin{ roughness or maximum height of irregularities)lll. An arithmetic mean dgviation |of less than
0,2 ulzn (or equivalent) shall be specified.

Because the fatigue life is more dependent on local roughness, maximum height of profilg value gives
additional information on the surface roughness and thus shall be meastted and reported.

Another important parameter not covered by mean roughness is,the presence of localize¢l machining
scrafiches. Final grinding followed by longitudinal mechanical polishing is particularly recommended. A
low magnification check (approximately x20) shall not show any transverse scratches withjin the gauge
length.

Longitudinal grinding rather than tool operation (millitig) followed by polishing may be preferred.

If heat treatment is to be carried out after rough finishing of the specimens, it is preferable|to carry out
the final polishing after the heat treatment. If this'is not possible, the heat treatment should be carried
out ih a vacuum or in inert gas to prevent oxidation of the specimen. This treatment shall phot alter the
micrpstructural characteristics of the material under study. The specifics of the heat tr¢atment and
machining procedure shall be reportedwith the test results.

In orjder to avoid premature cragk’initiation for raw corners, it is recommended to rourd angles by
polishing or even better to machine a given radius.

7.3.2.2 Alteration of thesmicrostructure of the material

This|phenomenon cafi-be caused by an increase in temperature and/or by strain-harderling induced
by machining or grinding. It can be a matter of a change in phase or, more frequently, of surface
recrystallization,<The immediate effect of this is to make a test invalid, as the material [tested is no
longer the initial material. Every precaution should therefore be taken to avoid this risk.

If thgre is any doubt, a microstructure of the surface of the specimen shall be completed.

7.3.2.3 Introduction of contaminants

The mechanical properties of certain materials deteriorate when in the presence of certain elements or
compounds. An example of this is the effect of chlorine on steels and titanium alloys. These elements
shall therefore be avoided in the products used (cutting fluids, etc.). Rinsing and degreasing of
specimens prior to storage is also recommended.

7.3.3 Sampling and marking

The sampling of test materials from a semi-finished product or a component can have a major influence
on the results obtained during the test. It is therefore necessary for this sampling to be carried out

© IS0 2021 - All rights reserved 7
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with full knowledge of the situation. If necessary, a sampling drawing, attached to the test report, shall
indicate clearly:

— the position of each specimen;

— the characteristic directions in which the semi-finished product has been worked (direction of
rolling, extrusion, etc., as appropriate);

— the marking/identifying of each of the specimens.

The specimens shall carry a mark/identification during each different stage of their preparation. Such a
mark/identification may be applied using any reliable method in an area not likely to disappear during
machining gr likely to adversely affect the quality of the test.

Before testihg, identification shall be applied to each end of the specimen.

7.3.4 Dimensional checks

The dimensjions should be measured on completion of the final machining stage "ising a method of
metrology that does not alter the fatigue test result.

7.3.5 Storage and handling

After preparation, the specimens should be stored so as to preventéany risk of damage (scratching by
contact, oxidlation, etc.). The use of individual container is recommended. In certain cases, storagg in a
vacuum or ih a desiccator filled with silica gel is necessary.

Handling shpuld be reduced to the minimum necessary. Particular attention shall be given to avoid any
mark or scratch.

8 Apparatus
8.1 Testing machine

8.1.1 Intrjoduction

The tests shiall be carried out on(a ténsion-compression machine, designed for a smooth start-up. For a
negative load ratio, no backlashiwhen passing through zero is required. The machine shall have lateral
rigidity and|accurate alignment.

The testing machine andits control and measurement systems should be checked regularly.

Specifically,|each transducer and associated electronics shall always be checked as a unit.

8.1.2 For¢etransducer

The force transducer shall have axial and lateral rigidity. Its capacity shall be suitable for the forces
applied during the test. It shall be fatigue rated and suitable for the forces applied during the test.
The indicated force as recorded at the output from the 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 load cell capacity shall be sufficient to cover the range of loads
measured during a test to an accuracy of better than 1 % of the reading. The load cell shall be
temperature-compensated and not have zero drift or sensitivity variation greater than 0,002 % of full
scale per 1 °C.

8 © IS0 2021 - All rights reserved
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The testing machine force-measuring system shall be verified statically in accordance with ISO 7500-1,
Class 1. It shall be ensured that incremental dynamic force-measurement errors do not exceed +1 % of
the demanded force range.

NOTE1 It is very important to recognize the importance of dynamic (inertia force) errors introduced by
the mass between the load cell and the test specimen. Inertia force error = the grip mass multiplied by its local
acceleration. Inertia force errors, expressed as a percentage of force range, can be expected to vary with the
square of the frequency and are strongly influenced by specimen compliance. The testing machine (rigid body)
resonance on its mountings can be a dominant error source.

The testing machine with the specific load cell, grips and couplings used for dynamic testing and a
strain-gauged specimen or dynamometer, of similar conformance to the test specimens, should be
verifjed for dynamic force measurement over the frequency range of interest.

NOTHE 2  To avoid dynamic errors > +1 % of force range, it can be necessary to create an enror taple to correct
the dynamic force range of the testing machine (see ISO 4965-1 and 1SO 4965-2).

8.1.3 Displacement transducer

If tepts are performed under displacement control, the displacement-measuring syst¢m shall be
calibjrated in accordance with ASTM E2309 class 1.

8.1.4 Cycle counter

The machine shall be equipped with a cycle-counting system accurate to 1 % and with error trips to
shut down the machine when the specimen fails.

8.1.3 Instrumentation for test monitoring

It is|common for fatigue test equipment nowadays to be computer controlled and equipped with
digithl data acquisition systems. Basic software platforms provided in modern digital systems provide
accurate test control as well as report géneration. They are typically equipped to provifle real-time
numerical displays in either the digital-or analogue domain of test data as well as gerleration and
stordge of graphical and tabular test results.

In sulch a typical digital systemthe sampling frequency of force-time data points shall be [sufficient to
ensufe correct definition of the peak forces imposed upon the specimen.

Sinc¢ there are a numbet-0f analogue systems still in use, the following shall be considered a minimum
requjrement for the analogue recording of data:

a recorder foxforce - time;

— apeak-tospeak detector.

8.1.6 C-Anti-rotation system

To ensure the alignment of the two parts of the testing device during all the test duration, the test
machine shall be equipped with an anti-rotation system.

8.2 Testing device

A general schematic drawing is given Figure 3.

The gripping device shall ensure that the assembly of the specimen is reproducible.

The rollers are important parts of the test rig:

— their hardness shall be greater than 50 HRC in order to avoid any plastic deformation;

— their width shall be greater than the specimen width;

© IS0 2021 - All rights reserved 9
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— their diameter shall be in accordance with subclause 7.2;
— their diameter should not be too small for avoiding indentation of the specimen;

— their relative position (parallelisms) shall be in accordance with the stress homogeneity stress
requirements (see Clause 10).

NOTE The diameter of the rollers generally have the same value.

9 Stress calculation

9.1 Introduction
The test str¢ss is calculated according to Formulae (4) and (5):
Ma

o= i ba (4)
_F_(dZ _d1>
M= 2 (5)

9.2 Rectdngular cross-section

9.2.1 Angular corner

1_W53

== 6
T (6)
o
dnba ZE (7)
9.2.2 Rounded corner
3 472 2 g2 4 ?
I=ﬁ—r2 i+52—2(‘5r 2r? ﬂji—i+E i+é—r (8)
12| ¢| 3 Y €18 9n 2| 3m 2 ¢
1)
dnba :E (9)
9.3 Bevelled cross-section
5‘61 — W1
sows 020 wow,) (10)
2
w-w, )(83+528, +862 +53 53
I:( 1)( 1799 1)+W1 _5(5_dnba)2 (11)
12
w-w, )(62+562+86 52
dnbazé_% ( 1)( : 1 1)+W12 (12)
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10 Stress homogeneity check

10.1 Principle

Stress inhomogeneity is generally caused by the relative position of the rollers coming from machine
misalignment or geometry imperfection of the system.

The stress homogeneity shall be checked before each series of tests or any time a change is made to the
force train.

The recommended geometry and material of the homogeneity device used to measure the stress
hom¢@geneity should be as close as possible as the test specimen ones.

Four| strain gauges (arranged in two sets of two) shall be numbered and positioned“on the tensile
surfdce as shown in Figure 6. The strain gauges shall all be matched, i.e. from the,same mahufacturer’s
batch. It is recommended they have active lengths of approximately 0,1 d; or less.

10.2 Measurement method

1) Connect the lead wires of the strain gauges to the conditioning equipment and allow tle system to
gtabilise under power for at least 30 min.

2) Install the homogeneity device in test system so that the.distance between the gauges and the
¢loser roller is approximatively 0,25 d;.

3) Zero the strain gauges.

4) Apply a series of ten force increments equally\spaced up to the maximum estimated|force of the
fatigue tests and record the corresponding.readings of the strain gauges. Return to zerjo force.

10.3 Calculations

The quality of the stress homogeneity for each load, i, is given by Formula (13).

£, —¢€
_ j  “mean
PBri = M3X( ;1 ¢4 4) (—e ] (13)
mearn
Whete €4, €, €3 €, are theyréadings of strain gauges.
£ HERES+E
1 %273 “4
&mean — [f] (14)

The global stréss homogeneity is the maximum value of the stress homogeneity over the 1( load levels.

For theaningful measurements it is essential to establish the repeatability of specimen p(i)sitioning in

the testsystem-

To do so, calculate the mean and standard deviation values obtained from 5 measurements of the stress
homogeneity for the maximum load. To assure a good repeatability, the standard deviation value shall
not exceed 5 % of the mean value.

11 Test procedure

11.1 Mounting of testing device

The testing device should be mounted to ensure the parallelism and position of the rollers. A simple
way to do so is to machine a specific specimen with V-grooves corresponding to the roller positions

(See Figure 7).
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The rotation of both parts of the testing device shall be avoided.

11.2 Mounting of specimen

Care should be taken to ensure that each test specimen is located symmetrically both in longitudinal
and transversal directions.

During the specimen mounting, attention shall be given to avoid any mark or scratch on the tested

surface.

11.3 Rate

The frequen
cases, upon

The frequen
and testing

ftesting

cy of the force cycle will depend upon the type of testing machine employed and; in zlnany

the stiffness of the test piece.

cy chosen shall be that most suitable for the particular combination of material, test
machine. If the frequencies are determined from the dynamic characteristics of the

piece and tg
before testi

NOTE1 T
approximate

At high freg
fatigue life g
temperaturg

NOTE2 If

11.4 Appli

The test prd
shall be the

sting machine combination, it may be necessary to measure the stiffness of the test
g is started.

Ie frequency range of axial force-controlled fatigue-testing nrachines in common u

y 1to 100 Hz.

biece
test
biece

ke is

uencies, substantial heating of the specimen can occur{that can affect the test resiilt of

nd strength. If heating occurs, it is advisable to decrgase the test frequency. If the spec
e exceeds 35 °C, the temperature shall be recorded.

the influence of the environment is significant, the test result is likely to be frequency dependg

cation of force or displacement

cedure shall ensure that the numbertof cycles for attaining the aimed running condi

of the fatig

I

same for each specimen. This period should be as short as possible and shall not exceeq
life of specimen.

For load-conptrolled tests, the mean force and force range shall be maintained to within +1 % d

force range.

For displace
to within 1

11.5 Recol

ment-controlled tests, the mean displacement and displacement range shall be maintz
% of the displademient range.

"ding of témperature and humidity

The test is ty

rpically:conducted at ambient temperature (ideally between 10 °C and 35 °C). The maxi

and minimu|m air temperature and humidity shall be recorded daily for the duration of the test.

imen

nt.

kions
11 %

f the

lined

muim

11.6 Criterion of failure and test termination

11.6.1 Criterion of failure

Unless agreed otherwise, the criterion of failure shall be test piece separation.

In particular applications, another criterion such as occurrence of a visible fatigue crack, plastic
deformation of the test piece or rate of crack propagation, may be adopted but shall be the same for all
specimens of the batch.

12
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11.6.2 Test termination

The test is terminated when either the specimen fails or a predetermined number of cycles has been
applied, as agreed upon by the concerned parties.

11.7 Test validity

After a test is terminated and the tested specimen is broken, it is necessary to inspect the specimen
in order to validate or invalidate the test result. A test shall be declared non-valid and the result not
considered when:

— [Jallure occurs outside the tested area (1.e. outside the inner rollersj;

— (¢rack initiates from the corner of the cross-section.

12 Presentation of fatigue results

The esign of the investigation, and the use to be made of the results, govern the choice|of the most
suitable method of presenting the results from the many available, graphically and otherwise. The
results of fatigue tests are usually presented graphically. In reporting fatigue data, the tedt conditions
should be clearly defined. In addition to graphical presentations, tabwlated numerical data dre desirable
whete the presentation format permits.

For 4ll details, refer to ISO 12107.

13 Testreport
The test report shall include the following informyation for the test series, if available:
a) Jreference to this document with its ptiblication date, i.e. ISO 22407:2021;

b) the tested material, its metallurgicalcharacteristics, mechanical properties, and any heat treatment
given to the test piece(s);

c) the location of the test piece(s) in the parent material;
d) the form and nominal-dimensions of the test piece(s);
e) the surface condijtiomn of the test piece(s);

f)  the reference’ofthe load or displacement cell;

g) the referénce of the test device;

h) thedevVice characteristics (L4, L,, D);

i) thewaveforms

j)  the controlled parameter (i.e., force or displacement);

k) the frequency of tests;

1) the specimen geometry;

m) the load ratio (i.e. force or displacement);

n) criterion of failure

The test report shall include the following information for each individual test piece:

1) the specimen dimensions;
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2)
3)
4)

5)
6)
7)
8)

Additionally;, the test results can be presented graphically.

14

for force-controlled test, the applied stress conditions (maximum, minimum, amplitude);
the tests results (fatigue life, specimen broken or not, location of the crack initiation);

description of testing machine used: type, serial number, load cell and serial number, number and
load train description;

the temperature of the test specimen if heating occurs (i.e. greater than 35 °C);
the maximum and minimum air temperature and relative humidity;

any special observations or deviations from the required test conditions;

the datg of the test.

Measurement uncertainty

Uncertainty|analysis is useful for identifying significant sources that may contribute to the uncertpinty
of the test r¢sults. Uncertainty estimation in accordance with GUMI2l-based¢pretocol is recommenfded.

Key

~

SRR

oY

14

/\ )

specimen length
specimen width
specimen thickness
corner radius

Figure 1 — Rectangular cross-section specimen geometry

Wy

6

specimen length

specimen width

specimen thickness

width of test section (see 3.2)

thickness of reduced section of bevelled test specimen

Figure 2 — Bevelled cross-section specimen geometryl€l
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