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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 documéntmay be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-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 Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This| document was prepared by Technical €émmittee ISO/TC 44, Welding and allief processes,
Subcpmmittee SC 6, Resistance welding and allied mechanical joining.

Any [feedback or questions on this document should be directed to the user’s nationgl standards
bodyt A complete listing of these(bodies can be found at www.iso.org/members.hfml. Official
interpretations of TC 44 documents, where they exist, are available from this page: https:f/committee
dso.drg/sites/tc44/home/interpretation.html.

This|second edition cancels and replaces the first edition (ISO 18592:2009), which has been technically
revided. The main changes ¢ompared to the previous edition are as follows:

— (lause 3 has beenupdated;

— Trigures and-tables have been updated.

© IS0 2019 - All rights reserved v
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Introduction

This document has been prepared because welding engineers (and most design engineers) are not
familiar with fatigue testing and the influence of factors such as load type (e.g. shear load, peel load),
and failure criteria.

Tests are used to investigate the existence of specific properties and their qualitative and quantitative
evaluation. Fatigue tests, in general, are used to investigate the behaviour of structures and components
subjected to cyclic loads. For welded components, fatigue tests are used to determine the influence
of different parameters such as joining methods, pitch, material thickness and material combinations,

type of loag
condition (e
the fatigue 1
tests will, if]
such bound
amplitudes,

The test spé¢
boundary c
conform to

e.g. shear 1
specimens,

fe-g—sheartoad—peelHeoad)overlaplocation—ef-weldonflange—edge—distaneee
g. quasi-static, cyclic, load ratio R), and the combination of environment and corrgdsig
ehaviour (life) of spot welds and/or specimens subjected to various types of loads, Fa
their results are to be used for design purposes, as far as possible, take into,consider
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Resistance welding — Destructive testing of welds —
Method for the fatigue testing of multi-spot-welded
specimens

1

This

Depgnding on the specimen used, it is possible from the results to evaluate'the fatigue behse

Mult}-spot specimens with which the different load'distributions can be realized are the fo

a)

b)

Scope

gpot welds subjected to defined uniform load distribution;
gpot welds subjected to defined non-uniform load distribution;
gpot welds subjected to different defined combinations of shear-, peel- and normal-tensig

the tested specimen.

defined uniform load distribution:

1) H-specimens for shear- and peel-loading, (welds subjected to uniform shear or
transverse to the joint line);

2) single- and double-hat«specimens subjected to four-point bending (spot welds |
uniform shear load in(the direction of the row of welds);

3) double-disc specimen under torsion (spot welds subjected to uniform shear load);

N
v
L

%) double:disc specimen under combined torsion and tensile loading;

¢) flatmulti-spot specimens using defined grips;

double-disc $pecimen under tensile load (spot welds subjected to uniform peel loadl);

document specifies test specimens and procedures for performing constant load amplﬂtude fatigue
tests| on multi-spot-welded and multi-axial specimens in the thickness range from @,5 1
at room temperature and a relative humidity of maximum 80 %. The applicability| of th
to larger thicknesses can be limited by mechanical properties such as yield strength and
of the specimen material. The thickness range for advanced high strength steels (AHSS)
beloyv 3,0 mm. Greater thicknesses apply for aluminium alloys, for example.

m to 5 mm
s document
formability
is generally

viour of:

nloads; and

lowing:

beel loading

ubjected to

11efined non-uniform load distribution:

1) H-specimens with modified grips;

2) modified H-specimens with standard grips;

3) modified H-specimens with modified grips;

4) flat multi-spot specimens with modified grips;

5) modified multi-spot flat specimens with standard grips;

6) modified multi-spot flat specimens with modified grips;
defined combinations of shear-, peel- and normal-tension loads:

1) the KS-2 specimen;

© IS0 2019 - All rights reserved
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double disc specimen;

d) spot welds subjected to undefined non-uniform load distribution — single-hat, double-hat and
similar closed hollow sections under torsion, 3-point bending and/or internal pressure.

The specimens and tests referred to under c) above are not dealt with further in this document,
because the results obtained with these specimens are specific to the components as tested and may
not be generalized or used for deriving data pertaining to the load-carrying behaviour of the welds.
Results obtained with such tests are suitable for comparing the mechanical properties of the tested
components with those of similar components tested in the same manner. These tests are, however, not
suitable for evaluating or comparing the load-carrying properties of the welds.

The test res
criteria for
subjected td
with bound
of a fatigue {

and the stiffiness of the design in the joint area are identical.

NOTE NI
design, e.g. s
distribution,

2 Normg

The followi
constitutes
undated refi

1SO 14324, |
welded joint.

ISO 15609-§
procedure s

3 Terms
For the pury
[SO and IEC
ISO Onl

IEC Eleq

ults of the fatigue tests obtained with component like specimens are suitable for de
the selection of materials and thickness combinations for structures and cempo
cyclic loading. This statement is especially relevant for results obtained with |speci
hry conditions, i.e. a local stiffness similar to that of the structure in questions The re
est are suitable for direct application to design only when the loading conditions in se

ecimens are modified to take into consideration constraints or specific demands posg
maller than standard overlap, smaller or larger than standard nugget diameter, and specifig
thus enhancing the value of the test results for the design engineer.

itive references

g documents are referred to in the text in such@ way that some or all of their co
requirements of this document. For dated refetences, only the edition cited applieg

Resistance spot welding — Destructive tests‘of welds — Method for the fatigue testing of

12011, Specification and qualification of welding procedures for metallic materials — We
ecification — Part 5: Resistance welding

and definitions
oses of this document; the terms and definitions given in [SO 14324 and the following 3

maintain terminological databases for use in standardization at the following address

ne browsingplatform: available at https://www.iso.org/obp

tropedia: available at http://www.electropedia.org/

3.1

riving

|

ents
mens
sults
rvice

d by
load

ntent
. For

brences, the latest edition of the referenced document (including any amendments) applies.

Fspot

Iding

pply.

fatigue life

number of cycles to failure

N

number of load cycles at which failure occurs, or before it fulfils a failure criterion defined for the test

3.2
fatigue end
Ng

urance

number of cycles at which it has been agreed to stop the test even if failure does not occur

© ISO 2019 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=cd0406d8fb37596519771fe345146d56

ISO 18592:2019(E)

3.3

F-N diagram

diagram obtained by plotting the load amplitude (or load range, or maximum load) as ordinate and
the fatigue life (or fatigue endurance if the test is terminated before failure) as abscissa, also called the
load-amplitude-number of load cycles diagram

Note 1 to entry: It is normal practice to use logarithmic axes.

3.4
displacement range

stiffness

load F divided by the corresponding displacement L, i.e.

d= Fmax _Fmin
AL
3.6
initial stiffness

Co
stiffmess at start of the test, i.e.

F,

max

AL

_ F min

Co =

4 S$ymbols and abbreviated terms

a overlap

b test coupon width

b; internal width ef\U-member
c stiffness

Co initial Stiffness

d, diameter of central hole
d, diameter of pitch circle
e pitch

F load, repeated load

F, load amplitude

F, mean load

Fax maximum load

Frin minimum load

h; inner height

© IS0 2019 - All rights reserved 3
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hg height of side plate or side member

hy height of L member

hy height of U member

L distance between grip and overlap

I length of clamped area

I edge distance

ly sfgecimen length between grips

g total length of specimen

I, lehgth of test coupon

L, distance from wall

Linax crosshead position at maximum load

Lin crjosshead position at minimum load

N nymber of cycles to failure

Ng fafigue endurance

p prjobability

ry bg¢nd radius for sheet thickness t;

ry bg¢nd radius for sheet thickness ¢,

I min mjnimum bend radius

I max mpximum bend radius

R lopd ratio

S stress

t;ty;t,  sheetthicknesSes

Emax mpximumsstrain measured on the specimen
£m ayerdge'strain measured on the specimen
Opt peel stress transverse to the joint line

Osp shear stress parallel to or in the axis of the joint line
Oyt shear stress transverse to the joint line
AF load range

AL displacement range (L. = Lin)

AL, displacement range at the start of the test
AP non-uniform loading

4 © IS0 2019 - All rights reserved
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5 Specimens

5.1 General

The specimens are designed to simulate, for joints in thin-walled structures, three basic types of
loadings in their primary forms, i.e. shear load transverse to the joint line, shear load parallel to or in
the axis of the joint line, and peel load (see Figure 1).

NOTE1  For true-to-life thin-walled structures, it can generally be assumed that joints are never subjected to
any of these types of stresses either singly or in a pure form. For lap joints, at least one type of shear stress and,
due to the local deformation of the sheets caused by it, peel stress are present. Even if the primary stress in a
lap ijnt 1s pure shear, a peel stress component 1s generated, whose absolute value depends on the(ﬁnagnitude of

the deformation caused by the shear stress in the joint. This deformation is a function of the bendling moment,
which depends on the sheet thicknesses involved, the magnitudes of the forces acting and the\local ptiffness. The
stiffnless itself is a function of the sheet thicknesses, the Young modulus of the material(s), the flange width, the
overlpp, the location of the joint on the flange, the bending radii, etc. (References [8] to, [11}]).

l ks

Osp Tapf
F ___4___ F | | | L |
-~ [ ——
Usf*

' 'e
+ 4+

a) [Shear load transverse to-the joint line and b) Peel or one-sided cross-tensipn load
shear load in the axisof the joint line

NOTH See Clause 4.
Figure 1 — The three basic load cases for joints

NOTE 2  Thesspecimens have been designed to permit the use of different joining technologies and, thus, allow
a conpparisetr of the load-carrying properties of joints made with different methods.

NOTR=3 : e ec e bend s, the joints
themselves are sub]ected to complex loads whereby the ratlos of the load types and the load dlstrlbutlon are
non-uniform and undefined. Furthermore, the ratios of the three basic types of loads listed above are a function
of the load amplitude, the clamping conditions, and the sheet material- and thickness combinations.

The quality, value and usefulness of the results of fatigue tests depend to a large extent on the degree of
care taken in the fabrication of the specimens, their testing, the acquisition and evaluation of test data,
and the comprehensiveness of the documentation.

The documentation should contain the following information.

a) Material(s): Material specification, type and thickness of coating(s), sheet thickness, surface
condition and mechanical properties should be noted.

© IS0 2019 - All rights reserved 5
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b) Coupons
— The coupons should, if possible, be taken from the same material lot.
— The rolling direction shall be identical for all coupons and documented.
— The required tolerances shall be adhered to.
— Unintentional deformation of the coupons and damage to the surfaces is to be avoided.
c) Welding
— Suitablejigsshouldbeusedtoenrsureaccurateatignmentof thecouponsandiocationof thev
— Thg welding parameters and the equipment used shall be documented.
d) Documgntation
— Thqrelevant standards shall be referenced.
— Any deviation from the referenced standards shall be documented.
The specimeéns shall be modified for the different joining methods, such that the joints are able to per
under optimjum boundary conditions, e.g. the flange width for laser welds can be reduced conside
as compared to the length required for resistance spot welds. Similaxly, because of the smaller 5
requirements, the location of rectangular clinch joints on the flange‘can be much closer to the r

thanis thec

5.2 Selec

The selectid
results. A b3
simulated. I
with which
specimen in

Besides con
joint area in
and not by t
peel loads, {
under shear
As stated ab
of the specil
lower than i
in a signific4
In addition,

hse with resistance spot welds unless eccentric weldingelectrodes are being used.

tion of suitable specimens

n of a suitable specimen for the fatigue tests depends on the planned usage of the
sic requirement of the specimen is that it allows the relevant load type and load ratio
f the results are to be used for design purposes, then it is important to employ speci
a similar type of load distribution'can be realized. Furthermore, the stiffness o
the joint area should be similar tothat of the component under consideration.

cidering the primary loading\condition of the welds, bear in mind the local stiffness d
the component in question./The fatigue life of welds is primarily influenced by the pee
he shear load. For example, if welds could be subjected to identical amplitudes of shea
heir lives would differby a factor of ~10% However, as can be seen in Figure 2, spot v
load would never fail under a load at which identical welds have a life of about 1 000 cjy
ove, the magnitude of the peel component depends on the shear load and the local stif

s usual imrreéal structures. Therefore, the peel/shear ratio is comparatively large, resy
Intly shexter fatigue life as compared to identical welds tested on H-specimens, for exaj

results obta]

some\materials are particularly sensitive to peel stress in the as-welded condition, sa
ined with specimens with a low stiffness can be misleading with regard to the behavig

elds.

form
rably
pace
hdius

test
to be
mens
f the

f the
load
- and
velds
rcles.
ness

men. Especially in the case of the single spot specimen, Figure 4, the local stiffness is much

Iting
mple.
that
ur of

such welds i

I SIrucuurcs.

The H-specimens allow the investigation of almost all parameters including different stress ratios
and stress distributions. They require special grips for testing and their manufacture is relatively
complicated. However, under uniform loading, it is possible with these specimens to obtain results with
a high significance with 5 to 7 specimens.

When selecting a specimen, some of the main considerations are:

— the simulation of the type of loading and load ratio in the component under consideration;

— simulation of design parameters such as stiffness, pitch, edge and flange distance;

— simulation of the stress distribution in the component;

© ISO 2019 - All rights reserved
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— effortrequired for manufacturing and testing; and
— number of specimens required to obtain statistically significant results.

Note that results obtained with specimens with a low stiffness generally bias spot welded joints,
especially in the case of high strength steels.

The statistical significance of test results is influenced by their scatter. The larger the number of joints
tested under uniform loading in a single specimen, the smaller is the scatter. Therefore, in order to
obtain results with the same degree of significance, the number of specimens to be tested with two
spot welds, for example, is five times greater than H- or double disc specimens with 10 spot welds.
Furthermore the stiffness of flat specimens is appreciably lower than that of components, so that the
results obtained with these specimens are generally misleading. In addition, some specimens cannot be
subjected to compressive loads or negative load ratios R, e.g. two flat specimens with one of two welds.

FmaX/N
10°
[~
= \i\
F T
10* H
— \ I
[ ~—
___ \ t
- F \
p S~
Al .
3 \
10 B | L1l (- L1l L1 L1l L1 L1l
10° 10* 10° 10° 107 ¢

NOTH See Clause 4.

Figure 2 — F-N diagrams-(Woéhler diagrams) of H-specimens subjected to shear and peel
loading, load ratio, R = 0,1 - schematic

5.3 | Specimen fabrication

5.3.1 Sheetumaterial

The $heét material for the coupons may be in the sheared condition, but all burrs should pe removed.
Care|n€eds to be taken to ensure that the coupons are not bent or distorted. Specimens|made using
such coupons can have an adverse effect on the test results and increase scatter. The dimensions of the
coupons for the different specimens are given in the relevant tables.

If the design under consideration uses extrusions or cast material, then the specimens should also be made
using extruded profiles or cast material, e.g. aluminium and magnesium alloys as required by the design.

5.3.2 Bending and forming

The bending of the components of the specimens shall be performed in a press brake to the required
bending angle and radius, r;, = 2t. If the material employed does not allow this radius, it may be bent
to the r ... Since the accuracy of the specimens depends on the dimensions of the coupons, to ensure
that the tolerances given in the tables are strictly adhered.

© IS0 2019 - All rights reserved 7
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The components of the double disc specimen require the use of drawing- or deep-drawing tools for
their fabrication. Press forming tools, e.g. deep-drawing tools, should not be used for other than the
double disc specimens because the large number of process parameters, e.g. clamping force, blank
holder geometry, quantity and properties of lubricant, and surface roughness of tools, can influence
the degree of work-hardening, sheet thickness and surface conditions, and thus the properties of the
specimens, making a comparison of the results difficult.

The geometry of the specimens and the location, pitch and size of the spot welds may be modified such
that design and manufacturing requirements can be taken into consideration. For example, the pitch,
the nugget diameter, the flange width and the location of the weld on the flange can be modified if
required. Suitable jigs should be used for positioning the coupons during welding and ensuring a precise
location of the welds and uniform load distribution during testing.

The joining
Figure 3). T
avoided. Th¢
currentto c

For AHS ste

modify the flange width and the location of the welds accordingly.
L 2 ? 3 5
j
9 7 6 8 10

5.3.3 Tol¢

The accura
preparation
values giver
specimen it
have an ang
angular tolg

For H- and

tolerance of]

sequences for all specimens shall be from the centre of the specimen towards thé edgg
ne welding sequence for the different multi-spot specimens shall be such that.envelop
e diameter of all welds shall conform to the specifications. If necessary, increase’the we
bmpensate for the effect of shunting.

Figure 3 — Joining sequence for H-specimens

erances

fe fabrication of the test specimens is of great importance, as improper metho
can greatly bias thé test results. More specifically, the tolerances should not excee
in the tables for the respective specimens. Even for the flatter tensile shear and the
is important te avoid pre-stresses before clamping. To ensure that the specimen s}
ular tolerance of less than #1% after bending and after welding as well. In case of b
rances, it shall be checked if levelling before clamping is possible.

KS-2 specimens, the inside width, and for hat specimens, the outside width, each h

+0,2

o) mm. The flange angle is (90 + 0,5)°.

(see
ngis
lding

els, much larger bending and drawing radii are necessary. In such cases, it is necessary to

s of
1 the
peel
jould

jgger

pive a

5.34 Wel

ding

All the parameters used for the fabrication of the specimens shall be documented, in accordance with
ISO 15609-5:2011, Annex A, in the test report.

If spot welding is used in combination with an adhesive, the name and type of adhesive, information on
the surface pre-treatment, curing temperature, etc. shall be included in the test report.

NOTE When welding test specimen, it is necessary to avoid unintentional shunting.

© ISO 2019 - All rights reserved
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5.3.5 Storage

Specimens which are subjected to corrosion in air at room temperature should be protected accordingly,
preferably in an inert medium. The specimen should be removed from the storage medium before
testing, care being taken not to affect the specimen chemically.

5.3.6 Inspection

All the specimens shall be inspected before testing. Special attention should be paid to the geometry
of the specimens, i.e. width and flange angles and to the joints. A gauge is recommended for the overall
check of the dimensions.

5.4

5.4.1 General

The

such|that design and manufacturing requirements can be taken into cansideration. For g
pitch, the nugget diameter, flange width, and the location of the weldon the flange can
if required. Suitable jigs should be used for positioning the coupons during welding and
precise location of the welds.

Several specimens are currently used in fatigue tests. The aim of this document is to helj
seledt specimens suitable for the task in hand:

a)
b)

)

d)
€)
f)
g)
h)

The
and

5.4.2 < Specimen geometry of tensile shear and peel specimens

Specimen geometry

peometry of the specimens, and the location, pitch and size of the spot*welds, should

gingle spot welded as specified in SO 14273, see Eigure 4 and Table 1;

flat overlap specimen with two spot welds, see'Figure 5 and Table 2;

flat multi-spot specimens for shear and.peel loads, see Figure 6 and Figure 7 and

be modified
xample, the
be modified
ensuring a

the user to

Table 3 and

Table 4;

H-specimens for shear and peel loading, see Figures 8 and 9 and Table 5 and 6;

yarious closed sections (under 4-point bending), see Figure 12 (no Table);

double disc specimen,see Figure 13 and Table 8;

KS-2 specimenysee Figure 14 and Table 9.

beometry and the dimensions of the different specimens are given in the correspon
fables.

gingle- and double hat specimiens (under 4-point bending), see Figures 10 and 11 and Tj

ding figures

The flat specimens listed in 5.4.1 a) and 5.4.1 b) have a stiffness which is much lower than that of normal
structures.

The flat specimens listed in 5.4.1 c) are stiffer and offer a number of advantages, allowing the influence
of parameters such as pitch, overlap and uniform and non-uniform stress distribution to be investigated.
These specimens require the use of the same grips as the H-specimens listed in 5.4.1 d).
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1  Shim plafes are used to avoid misalignment when clamping the test specimen.

Key
NOTE1 S
NOTE2 Fd

Table 1 corre

e Clause 4.

Figure 4 — Single spot specimen in @accordance with ISO 14324

r specimens consisting of sheets with unequal thicknesses, t;, t,, the sheet thicknesses giyen in
spond to those specified for the thinner sheet.

Table 1 — Dimensions of single spotspecimen in accordance with ISO 14324
Dimensions in millinjetres
Sma_lllest s Eleet Width owrlap Total l(_ength of | Specimen ler_lgth Length of sipgle
thicknesses specimen? between grips coupon?

t, or t b a Ig I, I
0,5<st<1,5 45+0,5 35 2250 160 >142,5
1,5<t<3,0 60 * 0(5 46 2320 200 >182,5
3,0<t<6,0 90%0,8 60 2420 240 2240

a2  These dithensions are applicable for older test machines with mechanical clamps. Under this assumption, the length of
the clamped grea /. should be greater than the specimen width. For modern machines, in particular those with hydfaulic
clamps, the lehgth ofthe clamped area as well as I, and I can be reduced correspondingly.

10
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1  $him plates are used to avoid misalignment when clamping the test specimen.

NOTHE1  See Clause 4.

NOTE 2

Tablel 2 correspond to those specified for the thifner sheet.

For specimens consisting of sheets with unequal thicknesses, t;, t,, the sheet thicknej

Figure 5 — Flateverlap specimen with two spot welds

Table 2 — Dimension of flat overlap specimen with two spot welds

sses given in

Dimensions in millimetres

4 . Specimen
Smdl.lest sheet Width Overlap Length of sin- | Total le.ngth of length be- Pitch
thickness gle coupon specimen .
tween grips

tyort, b a 2 IS L, e
0p<stsES 70 35 2167,5 2300 160 35
1,p <t<%3,0 100 45 2222,5 2400 200 50
<t<60 =100 60 2250 440 240 50

a2 These dimensions are applicable for older test machines with mechanical clamps. Under this assumption, the length of
the clamped area I, should be greater than the specimen width. For modern machines, in particular those with hydraulic
clamps, the length of the clamped area, as well as [, and [, can be reduced correspondingly.
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Key

hg a+50 (i
NOTE S¢
12

Dimensions in millimetres
t,

h millimetres)

e Clause 4.

Ditiensions in millimetres

T s
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| | | | | < -
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o o el |
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0,5
200*0

Figure 6 — Flat multi-spot shear specimen

Table 3 — Dimensions of flat multi:spot shear specimen

Smal.lest sheet Qyeriap Specimen lel?gth

thickness between grips
tyort, a L,
t<1 16 40
1<t<15 18 42
1,5<¢<2 21 45
2<t<3 27 51
3<t<4 34 58
4<t<5 39 63
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Dimensions in millimetres

 J

hy

hy

—

[
\

h, 42+ (rjorr,)

I, 8 +t,+r;+r,+6 (in millimetres)

NOTH See Clause 4.

Figure 7-— Multi-spot peel specimen

Table4— Dimensions of multi-spot peel specimen

Dimensions in millimetres

Smal_lest Sheet Overlap Edge distance Bend radius
thickness
tyort, a I ryorry?
t<1 16 7 2<r<4
1<t<1,5 18 7,5 3<r<6
1,5<t<2 21 8,5 4<r<8
2<t=<3 27 11 6<r<12
3<t<4 34 14 8<r<14
4<t<5 39 15 10<r<20
a2  The bending radius for Ultra High Strength Steels (UHSS) and other low ductility
materials can have to be increased. In this case, modifications of edge distance,
overlap and other dimensions can be necessary.
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Dimensions in millimetres

759
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! _\ A< 1 _.".:tf____.t;f__gi.__\__f;‘f___f_ — ~
| I I
olle 2 M 17 M
. 200 0,5 .
Key

h

hy a+1[, + 38+t (in millimetres)

¢ a+l,+38+t; (in millimetres)

NOTE Sde Clause 4.

Figure 8 — H-shear specimen

Table 5 — Dimensions of multiSpot H-shear specimen

Dimensions in millimetres

Distance Specimen length
Sheet thickness | between grip Overlap Edge distance g '8 Bend radipus
etween grips
and overlap
£t I, a I, L, ra
t<1 12 16 7 40 + t; 2<r<4

1<t<1p 12 18 7,5 42 + t4 3<r<6

1,5<t<p 12 21 8,5 45+t 4<r<8

2<t<3 12 27 11 51+t 6<r<1]

3<t<A 12 34 14 58+t 8 <r<14

4<t<§ 12 39 15 63+t 10<r<2p
a2 The bend radiusyfor UHSS can have to be increased. In this case modifications of edge distance, overlap and pther
dimensions cgdn bewmecessary.

14 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=cd0406d8fb37596519771fe345146d56

ISO 18592:2019(E)

Dimensions in millimetres

15405 L

s B RURURURUIE

R anad
g R
BEEEN | - | | | f:\

20

200 £0,5

a overlap

hy, height of L member = t;+ r{ + 41

hy | height of U member = t,+ r, + 41

edge distance

l specimen length between clamps = t; + t; + ry + L)+ 6
ry, | bend radius for sheet thickness ¢y, t,

NOTH See Clause 4.

Figure 9 — H-peel specimen

Table-6 — Dimensions of multi-spot H-peel specimen

Sheet thickness Overlap E(igiggs- sgz(t:‘i/vn:;ﬁ lgerrilggh Bend radius
t{-ort, a I L, ra
t<1 16 7 18 2<r<4
1<t<1,5 18 7,5 21 3<r<6
1,5<t<?2 21 8,5 24 4<r<8
2<t<3 27 11 30 6<r<12
3<t<4 34 14 36 8<r<16
4<t<5 39 15 42 10<r<20
a2 The bending radius for UHSS and other low ductility materials can have to be increased. In
this case, modifications of edge distance, overlap and other dimensions can be necessary.

5.4.3 Geometry of the hat and closed section specimens

The hat specimens allow, under 3-point bending, the investigation of the structural behaviour of the
specimens under different types of loading. An investigation of the load-carrying behaviour of the
welds is not possible because these are subjected to undefined, non-uniform loads. The specimens
are relatively difficult to manufacture and to test. The difficulty in manufacturing increases with the
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number of bends and the length of the specimen. Under 4-point bending, these specimens allow the
investigation of the load-carrying behaviour of the welds in the axis of the weld line.

The same applies to the double disc specimen which requires special deep drawing tools for each sheet

thickness. This specimen allows the investigation of defined complex load combinations (shear and
peel loads).

Dimensions in millimetres

|
E%] — ] %E ] $$
LS | |
—
2 | G : :
< | |
\ | Y
- 75 . - 500 \

640

NOTE Sde Clause 4.
Figure 10 — Single-hat specimen

Dimensions in millimetres

500
640

NOTE Sqe Clause 4.

Figure 11 — Double hat specimen

Table 7 — Dimensions of single-hat and double-hat specimen

Dimrensionsimmittimetres

16

Smallest sheet | Distance from .
- Overlap Bend radius
thickness wall
tyort, L, a ryorry?
t<1 9 16 2<r<4
1<t<1,5 9 18 3<r<4,5
1,5<t<2 11,5 21,5 4<r<6
2<t<3 12 25 5<r<7
NOTE There are 10 welds on each side, pitch 50.
a2 The bending radius for Ultra High Strength Steels (UHSS) and other low ductility
materials can have to be increased. In this case, modifications of edge distance,
overlap and other dimensions can be necessary.
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Table 7 (continued)
Smal_lest sheet Distance from Overlap Bend radius
thickness wall
tyort, L, a ryorry?
3<t<4 12 27 6<r<8
4<t<5 12 27 8<r<10
NOTE There are 10 welds on each side, pitch 50.

a2 The bending radius for Ultra High Strength Steels (UHSS) and other low ductility
materials can have to be increased. In this case, modifications of edge distance,

1l < £l i H L.
overrapantr ot e arrenStotrsCarotTreeessatrys

G 77—

—/ )

Figure 12 — Examples of closed sections

Double disc and KS-2 specimen

imensions of the double disc specimen aregiven in Figure 13. These are valid for all

thicknesses

up tq 3,0 mm. The number of welds shall be distributed uniformly over the circumference of the pitch
circlg, resulting in a uniform pitch. The diameter of the central hole depends on the sheet thickness and

shall

be (130 - 2a) mm. The greatest thickness for these specimens shall be limited to 3 m

m. The deep

drawing radii depend on the thickness\and forming properties of the material and shall copform to the

data
can I

The
defin

tensile-cum-torsion testing machine.

given for the H-specimens. Larger’radii can be necessary for UHSS steels. Geometric m
e necessary in this case.

KS specimen and the double disc specimen are the only ones which allow the si
ed complex loads. Their testing requires special grips, and for the double disc spec

odifications

mulation of
imen, also a

© ISO

2019 - All rights reserved
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22

Dimensions in millimetres

e 4%

Key
1 clamping bolts

a) Dimensions

2 upper clamping plate

3 base claipping plate

NOTE Sde Clause 4.

N

1

b) Clamping device

Figure 13 — Double disc peel and shear specimen

Table 8 — Dimensions of double-disc specimens

Dimensions in millim

Y [ 1] B NN

letres

Diameter of

Diameter of

Sheet thicIkness central hole Overlap Edge distance pitch circle Radius
e a 1; 2y T

t<1 98 16 112 2<r<4

1<t=<1,5 94 18 7,5 109 3<r<6

1,5<t<2 88 21 8,5 105 4<r<8

2<t<3 76 27 11 98 6<r<12

a2 The bend radius for UHSS and other low ductility materials can have to be increased. In this case, modifications of edge
distance, overlap and other dimensions can be necessary.

18
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Dimensions in millimetres
50

s 85
Key
b; inner width of U-member
h; inner height of "U-members" = (r; or r,)+26

ry, ;| bend radius for sheet thickness ¢y, t,
t1, t, | thicknesses of the coupons

NOTH See Clause 4.

Figuré34 — KS-2 specimen

Table 9 — Dimensions KS-2 specimen

Dimensions in millimetres

. Minimum Maximum .
Sheet thieknéss bend radius bend radius Inner width
tl' t2 ri,min ri,maxa bi
0,8to 1,5 2 4 22+(§),5
1,6 to 2,5 4 8 26+é)’5
2,6t03,5 6 11 36 +(§),5
3,6 to 4,0 8 12 34 +(§).5
4,0to0 5,0 10 15 36 +(())'5
3 The maximum bend radius r; .., for UHSS and other low ductility materials can
have to be increased. In this case, modifications of edge distance, overlap and other
dimensions can be necessary.

6 Requirements for testing machine

The selected testing machine should be calibrated in accordance with ISO 7500-1.

© IS0 2019 - All rights reserved
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Special grips are necessary for each type of specimen in order to ensure that the required stress
distribution in the specimen is realized. For H-specimens, the standard grips ensure that all welds are
subjected to a uniform stress distribution. For tests in which a defined non-uniform stress distribution
is required, either the grips or the specimens or both require modification. The location of the welds
and the pitch remain unchanged.

The tests may be performed as load-controlled tests in any of the following types of fatigue testing

machines:

a) mechan

electromechanical or ma

ical (eccentric crank, power screws, rotating masses);

b)
¢) hydraul

The machin|

Lc or electro-hydraulic.

gnpfirn]]v driven:

e shall be checked at regular intervals to ensure that the desired form andrmagnitu

de of

loading is maintained throughout the test (within +1 % of the pre-set value). Because’the gripq (see
Clause 7) are relatively heavy, the testing machine shall be calibrated dynamicallyyto eliminatg the
effect of mdss forces. This is of utmost importance at higher testing frequencies,*e.g. on resorjance
testing machines.

7 Specimen grips and alignment

7.1 Genepal

The following applies by way of example for the H-specimens.Similar instructions are applicable fqr the
KS-2 speciniens, the hat specimens and the double disc specimen.

7.1.1 Alignment verification

The alignment of the grips — axial and transvérsal — shall be verified in order to ensure thaft the
specimens gre not twisted or deformed in any.manner.

In order to ¢nsure uniform load distribution, the co-axial alignment of the upper and lower grips, and
their parallgl alignment shall be verifjed:

7.1.2 Clamping device calibration

A calibratioh specimen (seeAninex A), should be used to verify the uniformity of the loading over the
length of the specimen. The verification shall be carried out in the same position as the tests| The
magnitude ¢f the strains; ¢, at different positions on the calibration specimen shall be measured fyising

the applied

The calibra
between thd

btrain gauges.

fion should also be verified at 90° and 180° rotation of the grips to ensure symmetry

Upper and lower grips.

If the tests are to be carried out with modified grips, the specified non-uniform loading shall also be
verified with the same calibration specimenlel,

NOTE

The non-uni
E
AP =

where

20

form loading, AP, expressed as a percentage, is defined as Formula (1):

—-&
—max "m < 100%

€m

Design, material and manufacturing procedure of the calibration specimen are given in Reference [6].

M
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max 1S the maximum strain measured on the specimen;

m isthe average strain measured on the specimen.

The maximum non-uniform loading as defined by Formula (1) shall not exceed 2 % for any given
varying load.

7.2

Shear and peel loading

7.2.1 General

A sef]
in al
high
thick
inth
up td
impd

loading conditions.

The
H-sp

The
cla
shall
thet

Alls

frict!lo

Take
incrg

The
spec
used

cylinders.

7.2.2

e

of standard grips, upper and lower part, has been designed such that a uniform load
welds is ensured. The grips were originally designed for test specimens made\of
strength steels with a sheet thicknesses between 0,5 mm and 3,0 mm. For specimens
ness greater than 5 mm and for steels with which the bending radii are greater than|
b tables, the overlap requires modification (see Tables 2 and 3). For aluminium specimg
a thickness of 5,0 mm may be used. The grips are shown in Annexes B and C. It is o
rtance to manufacture the grips in accordance with the given télérances to ensu

flat multi-spot shear and peel specimens should be tested ‘pair-wise using the g
bcimens.

ad should be transmitted from the testing machine thteugh the grips to the specimen
ing force between the specimen and the grips. To ensure that no slippage occurs, the
be tightened to the prescribed torque, 150 Nm.Mélybdenum(IV) disulphide should H
hreads and hardened washers should be used to'minimize friction.

rfaces on the grips which are in contact withthe test specimen can be serrated in orde
n and thereby prevent slippage.

precautions to avoid damage to.the'specimens and the load cell during tightening
ase of the torque in three steps is recommended.

prescribed torque, 150 Nm,\is necessary to prevent slippage during testing of th
mens and joints with higher strengths. As an alternative, a hydraulic clamping de
instead of screws (see Annex B). The hydraulic pressure required depends on the dia

Shear loading

shee

to pr

m thick-Mount spacers on both sides of the 63 mm thick grip to compensate for the she

in-the U-bend is

distribution
onventional
with a sheet
those given
ns, material
[ the utmost
re optimum

rips for the

through the
nuts (M16)
e applied to

r to increase

A stepwise

icker gauge
vice can be
meter of the

brip is 75~mm thick, for fixing the U-bend part. For the opposite part of the specimen, the grip is

bt thickness,
ing that the

t mm thick). Alternatively, a spacer with 6 mm thickness may be uj;

event slippage.

7.2.3 Peelloading

Similar to 7.2.2, both the upper and the lower grips are 75 mm wide.

7.2.4 Shear loading parallel to the joint line

ed together
n both sides

Test fixture for shear loading parallel to the joint line: testing equipment for 4-point bending according
to the state of the art is recommended for testing the different closed hat sections.
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7.2.5 Torsion loading

The load distribution in the spot welds of closed cross-sections subjected to torsion loading is undefined
and non-uniform, varying with the sheet thickness and material combination. The results of such tests
can only be used for comparing the specimens with one another but not for evaluating the load-carrying
properties of the spot welds.

8 Test procedure

8.1 General

The mounting operation shall be carried out such that neither the specimens nor the load ce]Il are
damaged. In the following, the test procedure for H-specimens is described by way of example.

8.2 Mournting the H-specimens

The specimens shall be clamped such that there is no twist, misalignment or axial displacement (see
also 8.3). A pre-requisite for this is the alignment of the grips before any tests are-carried out.

8.3 Clamping procedure for the H-specimens

Specimens ghall be tested with the U-part in the upper gripping head/(It is assumed that the load ¢ell is
attached to the base plate of the machine.) The following clampingprocedure shall be adhered to.

— In ordef to avoid bending place spacers of relevant thickn€ss between the specimen and the lpwer
and uppler gripping heads, respectively. The spacers shall be placed on both sides of the gripping head.
The spacers shall not be in contact with the specimen‘in the bend radius. Apply a low compressive
force of] 3 kN to 5 kN to the specimen.

— Tighten|the nuts to the prescribed torque using a torque wrench, for example, starting with the U
(see 8.1). The sequence is from the middle.fowards the outside; first the U and then the side glates
or the Ljs in the case of the peel specimens. The tightening of the nuts is to be carried out in three
steps: 50 Nm, 90 Nm and 150 Nm. Alternatively, if a hydraulic clamping device is used, apply the
prescribbed hydraulic pressure (see-Annex B).

— Removd the compressive force, apply a similar tensile force and remove the spacers.

The specimen, which has the same length as the gripping head, should be mounted flush in the
longitudinal direction.

8.4 Fatigpe test

8.4.1 Genleral

The test shall be carried out at constant load amplitude and a specified load ratio, R. The R-value for
shear loading can be either positive or negative. For peel loading, the R-value shall be between 0 and 1.

Care shall be taken not to overload the specimen at the initiation of the fatigue test. This risk can be
minimized by a stepwise increase of the load amplitude.

The testload should be monitored continuously in the early stages of the test and periodically thereafter
to ensure that the desired load cycle is maintained. The varying load, as determined by a suitable
dynamic verification (see EN 10130[4]) shall be maintained at all times to within 1 % of the pre-set
value (peak loads).

8.4.2 Testfrequency

The tests shall be carried out at frequencies which have a negligible effect on the fatigue life.
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No thermal effect of test frequency has been detected for spot welded specimens at frequencies up to
80 Hz[6]. When testing specimens where visco-elastic materials are involved, e.g. adhesives, the thermal
effects can have a large negative influence on the fatigue life. Therefore, tests shall be performed to
verify the effect of test frequency on bonded specimens.

8.5 Test termination

8.5.1 General

The test shall be terminated when the specified failure criterion is fulfilled. The failure criterion is based
on thedess-efintegrity-of thespecimenandisnoticeable-asaloss-of stiffress—Asthe-testisgonducted at
consfant load amplitude, the stiffness loss can be evaluated from the change in displacemhént amplitude
or a dlecrease in testing frequency.

8.5.2 Stiffness calculation

The §tiffness, c, is calculated as Formula (2):

_4aF

q= AL (2)

where

AF s the load range (F . = Fnin)

AL is the displacement range (L

max Lmin)'

It is #ssumed that a linear relationship exists between displacement and load, since it is agsumed that
the tpstis to be carried out in the elastic range.

Wheh mechanical resonance machines arerused, stiffness loss can be detected as a change ip frequency.
However, this does not apply to othertypes of testing machines and is therefore not recommended as a
comIarable failure criterion.

The dlisplacement amplitude shiall be measured accurately. The displacement transducer (clip-on gauge,
etc.) used should have a resolution of at least 0,05 mm/V (shear specimen).

The failure criterion is(based on a relative loss of stiffness. The displacement can thus he measured
eithdr directly on thelspecimen or as a relative displacement of the grips.

As a|reference (100 % stiffness), the stabilized stiffness value should be used. Stabilization usually
occufs relatively soon after the start of the test (see Figure 15).

8.5.3 -Data acquisition

To enable a more detailed analyslis of the data at a later stage, load and displacement amplitude values,
together with the corresponding number of load cycles shall be stored. A flow chart, showing an
example of a data acquisition sequence during a fatigue test is shown in Annex D. The data acquisition,
according to Annex D, gives between 200 and 400 stiffness values for each specimen. With the current
state of the art, at least 1 000 “stiffness per number of cycles” values can be stored for later analysis.

The failure criteria to be used depend on, for example, the joining method and on the field of application
or the design criteria. Therefore, the test shall be continued until a sufficient loss of stiffness (e.g. 40 %)
has been reached.
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ure criterion and number of cycles to failure

For constant amplitude load-controlled fatigue tests, specimen displacement increases with crack
initiation and crack propagation which both lead to a loss in specimen stiffness. For a defined loss of

stiffness as

c—cyp

Co

the number

AL—-AL

AL

a failure criterion, e.g.

Co

—-28,6% or —40%

of cycles to failure corresponds to a specimen displacement of

AL—AL,
= 0 -67%
AL

-=40% or

From a design point of view, it is not only the relative decrease in stiffness that is decisive, buf

the rate of
integrity (st
loss) exceed
consultatio

The failure

industries,
crack propaj
in the autor
visible cracH
easily acces
For spot we
of about 40

The reason

is shown in
great differd
between 75
of stiffness

stiffness los|
etc., has thu

24

stiffness loss. The number of cycles to failure, therefore, is defined as the life unti
iffness) has decreased to a pre-set value or when the rate of integrity loss’(rate of stif
s a specific value. The criteria to be used for the evaluation shall’be agreed upon
| with the relevant design department before the test is conducted:

criterion to be used depends, for example, on the application/ In the aircraft and s
where regular checks are mandatory and detailed know}edge about crack initiatior
gation is available, the failure criterion can be a crack with a defined length. For exal
hobile industry, where no mandatory checks can be specified, the appearance of the
[ is a suitable failure criterion. Since cracks can occur‘atlocations which are either notd
Kible, the corresponding stiffness loss shall be gcorrelated to the relevant failure critg
ds in steel, a visible crack length equal to the diameter of the weld results in a stiffnes
0.

for introducing a new parameter, the ratéf integrity loss (stiffness) for the failure crit
Figure 15. Two specimens exhibitingan identical relative decrease in stiffness can h
nce in their residual lives. In Figure 15, the residual life is defined as the number of ¢
% relative stiffness and total fracture or the number of cycles between the specified
loss and total fracture. Experience concerning the importance of this parameter, rg
5, is limited. The initial testing with different kinds of materials, different joining met
5 to show which paraméteris more suitable.
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slope, equal to d—CZ i.e. rate of stiffness loss (N = number<f [6ad cycles, ¢ = relative stiffnesfs)
dN

Ny, Nap  number of load cycles using absolute loss of stiffness as failure criterion for the two different specimens

Ngp, Ny number of load cycles using relative (percentage) 1dss of stiffness as failure criterion for thg two
different specimens

NOTH I and II denote stiffness evolutions for twedifferent specimens.

Figure 15 — Fatigue life using abseélute stiffness loss, relative stiffness loss and rate of
stiffness loss as failure criteria

9 Testreport
9.1 | Basic information

9.1.1 General

Fatigue test results can be significantly influenced by the properties and history of the par¢nt material,
operptions.during the preparation of the fatigue specimens, and the testing machine and tegt procedure
used|to”generate the data. The presentation of fatigue test results shall include basic infprmation on
the material, specimens and the testing procedure to increase their usefulness and valueland thus to
minimize the risk of misinterpretation or improper application.

9.1.2 Material prior to fatigue test specimen preparation

The minimum information to be presented shall include the designation or specification of the material
(e.g. EN 101304I DC06), nominal thickness and the chemical analysis.

9.1.3 Mechanical properties

The minimum data on the mechanical properties of the material, in a condition identical to that of the
fatigue test specimen, shall include the tensile strength, yield point or yield strength and the fracture
elongation. This information can be obtained either from an extra tensile test of the base material or
from an existing factory certificate of the sheet supplier.
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cimen design and preparation

There should be a drawing of the shape, size and dimensions of the fatigue test specimen. Ensure that
all operations performed in preparing the specimens are reported.

9.1.5 Test procedure

If statistical techniques were used to design the fatigue test programme, the design plan and list of
statistical techniques (e.g. randomization of test sequence, blocking) used should be described.

NOTE St

atistical techniques are described in EN 10130[4], EN 10346[5], and ASTM E468[2],

9.1.6 Fatilgue testing machine

Minimum iif
electro-hydj}
and maximy
of load cell,
number of t

One test sel

formation should include the type of testing machine, the functional characteristid
raulic, resonance), frequency of load application, nominal load range of maéhine, mini
m displacement, minimum and maximum load amplitude, testing frequéney, nominal
type and resolution of transducer. If tests were performed on more thanh one maching
bsting machines used shall be given.

ies, that means that all specimens whose results are for the same F-N-diagram, sh3

tested with the same equipment.

9.1.7 Ambient conditions during the fatigue test

Minimum information to be presented should include the @yerage value and ranges of bot}
temperatur¢ and relative humidity observed in the laboratory'during the test programme.
Considering bonded specimens, the storage and testifng conditions (temperature, humidity) sH
be given.

9.1.8 Res
For each tes
out, and, if 4
initiation sh|

9.2 Presed

9.2.1 Tab
The fatigue
a)

specime

ults of post-test examination

L specimen, the reason for ending the test, either achievement of the failure criterion o
pplicable, a description of the\appearance of the failure surface and the location of the
ould be given.

ntation of fatiguetest results

ular presentation
fest results shall be reported in tabular form. The tabular presentation should include

n identification;

(e.g.
mum

load
b the

11 be

1 the

ould

run-
rrack

b) testseq
c¢) dynami
1y
2)
3)
4)
5)

CIICT;

c loads (any two of the following):

maximum load;

minimum load;

mean load;

load amplitude or load range, and

load ratio;

d) fatigue life or cycles to end of test;
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reason for ending the test;

results of the post-test examination (see 9.1.7).

If the test frequency varies from specimen to specimen, it should also be included in the tabular
presentation.

9.2.2 Graphical presentation

The fatigue test data may be presented graphically as an F-N (load-life) diagram. Both variables are
plotted on logarithmic scales; the dependent variable, fatigue life, N, in cycles, is plotted on the abscissa,

and

or Ki
or af
corrg

NOTH
by ey

9.2.3

onewtons, is plotted on the ordinate. A line is fitted by regression analysis to the
proximated by eye. If data are fitted by regression analysis, the equation of thé lpad
bsponding statistical scatter should be presented.

Investigations have shown that the differences in the results of regression-analysis and a
e are generally minor.

Numerical evaluation, statistics

In the derivation of the analytical expression for describing the/load amplitude, F,, vs lo

diag]
varis

With
(AST]

[a—

am the number of load cycles is the dependent variable.and' the load amplitude the
ble.

this a simple linear regression model can be constructed for determining the
M E468I21):

pgN =logA; + A, logF,

where
logA; isthe intersection of the line of best fit with the ordinate;
4, is the k value or gradient of the line of best fit.
Several different techniques‘miay be employed for optimizing the coefficients in Formula (3

thes

The

fatig
distn
fatig
ofth
the o

NOTE

© ISO

um of least squares-regression, a technique widely used in technical fields, is recommg

distribution of-fatigue lives about the mean curve is generally unknown. The dig
lie lives at a given load level is in many cases well modelled by log-normal distributior
ibution of log'N values at a given load value tends to follow a normal distribution. Wh
1e data,the residuals in log N should be examined to determine the quality of fit and th
e scatter. A residual is the deviation of an individual point from the fitted curve, i.e. preq
bsérved fatigue life.

in newtons
fatigue data
Hlife and the

bproximation

hd cycles, N,
ndependent

mean curve

3

). The use of
nded.

tribution of
; that is, the
bn analysing
b uniformity
icted minus

More information about fatigue data analysis can be found in ASTM E468l2] and ASTM E

2019 - All rights reserved
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