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Foreword 

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

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

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

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

ISO 18592 was prepared by Technical Committee ISO/TC 44, Welding and allied processes, Subcommittee 
SC 6, Resistance welding and allied mechanical joining. 

Requests for official interpretations of any aspect of this International Standard should be directed to the 
Secretariat of ISO/TC 44/SC 6 via your national standards body. A complete listing of these bodies can be 
found at www.iso.org. 
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Introduction 

This International Standard 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 load 
(e.g. shear load, peel load), overlap, location of weld on flange, edge distance, loading condition (e.g. quasi-
static, cyclic, load ratio R), and the combination of environment and corrosion on the fatigue behaviour (life) of 
spot welds and/or specimens subjected to various types of loads. Fatigue tests should, if their results are to be 
used for design purposes, as far as possible, take into consideration such boundary conditions as 
encountered in a real life environment. This applies to load types, load amplitudes, and load ratios as well as 
load distributions and failure criteria (Reference [7]). 

The test specimen selected for the fatigue test should simulate, as closely as possible, the loads and the 
boundary conditions as they are encountered in service. Furthermore, the failure criterion used should 
conform to the application in hand. Although the type of primary load is identical in some specimens, e.g. 
shear load in flat multi-spot specimens, shear H-specimens, KS-2 specimens, and double disc specimens, the 
results of fatigue tests differ significantly because of the secondary load types resulting from varying degrees 
of local deformation due to the differences in the local stiffness in the area of the joints. The local deformation, 
responsible for the magnitude of the peel component, for example, is a function of the local stiffness, 
increasing with a decrease in stiffness. 

This International Standard offers a framework within which the different specimens, described herein, can be 
modified such that design specifics and production constraints, e.g. flange width and overlap, weld nugget 
size, pitch, bending radius, and sub-standard welds, can be given due consideration. This helps towards 
enhancing the significance of the results very appreciably. 

Note that if welds could be subjected to identical amplitudes of shear and peel loads, their lives would differ by 
a factor of approximately 104 (References [8] to [11]). This explains the necessity to use different specimens 
for the simulation of different load types. 

Conformance tests on real components serve the verification of design calculations and are necessary for the 
qualification of structures. It is therefore necessary to maintain their number at an absolute minimum. 
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Resistance welding — Destructive testing of welds — Method 
for the fatigue testing of multi-spot-welded specimens 

1 Scope 

This International Standard specifies test specimens and procedures for performing constant load amplitude 
fatigue tests on multi-spot-welded and multi-axial specimens in the thickness range from 0,5 mm to 5 mm at 
room temperature and a relative humidity of max. 80 %. The applicability of this International Standard to 
larger thicknesses can be limited by mechanical properties such as yield strength and formability of the 
specimen material. The thickness range for advanced high strength steels (AHSS) is generally below 3,0 mm. 
Greater thicknesses apply for aluminium alloys, for example. 

Depending on the specimen used, it is possible from the results to evaluate the fatigue behaviour of: 

a) spot welds subjected to defined uniform load distribution; 

b) spot welds subjected to defined non-uniform load distribution; 

c) spot welds subjected to different defined combinations of shear-, peel-and normal-tension loads; and 

d) the tested specimen. 

Multi-spot specimens with which the different load distributions can be realized are: 

1) defined uniform load distribution: 

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

ii) single- and double-hat specimens subjected to four-point bending (spot welds subjected to 
uniform shear load in the direction of the row of welds), 

iii) double-disc specimen under torsion (spot welds subjected to uniform shear load), 

iv) double-disc specimen under tensile load (spot welds subjected to uniform peel load), 

v) double-disc specimen under combined torsion and tensile loading, 

vi) flat multi-spot specimens using defined grips; 

2) defined non-uniform load distribution: 

i) H-specimens with modified grips, 

ii) modified H-specimens with standard grips, 

iii) modified H-specimens with modified grips, 

iTeh STANDARD PREVIEW
(standards.iteh.ai)

ISO 18592:2009
https://standards.iteh.ai/catalog/standards/sist/45f70fd1-b1ae-4f84-be2b-

7ee283b1d9d2/iso-18592-2009



ISO 18592:2009(E) 

2 © ISO 2009 – All rights reserved
 

iv) flat multi-spot specimens with modified grips, 

v) modified multi-spot flat specimens with standard grips, 

vi) modified multi-spot flat specimens with modified grips; 

3) defined combinations of shear-, peel- and normal-tension loads: 

i) the KS-2 specimen, 

ii) the double disc specimen; 

4) 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 4) are not dealt with further in this International Standard, 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 results of the fatigue tests obtained with component like specimens are suitable for deriving criteria 
for the selection of materials and thickness combinations for structures and components subjected to cyclic 
loading. This statement is especially relevant for results obtained with specimens with boundary conditions, i.e. 
a local stiffness similar to that of the structure in question. The results of a fatigue test are suitable for direct 
application to design only when the loading conditions in service and the stiffness of the design in the joint 
area are identical. 

NOTE Specimens are modified to take into consideration constraints or specific demands posed by design, e.g. 
smaller than standard overlap, smaller or larger than standard nugget diameter, and specific load distribution, thus 
enhancing the value of the test results for the design engineer. 

2 Normative references 

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

ISO 14273, Specimen dimensions and procedure for shear testing resistance spot, seam and embossed 
projection welds 

ISO 14324, Resistance spot welding — Destructive tests of welds — Method for the fatigue testing of spot 
welded joints 

ISO 15609-5:2004, Specification and qualification of welding procedures for metallic materials — Welding 
procedure specification — Part 5: Resistance welding 
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3 Terms and definitions 

For the purposes of this document, the terms and definitions given in ISO 14324 and the following apply. 

3.1 
repeated load 
F 
load varying simply and periodically between constant maximum and minimum values 

NOTE Adapted from ISO 14324:2003, 3.12. 

3.2 
maximum load 
Fmax 
highest algebraic value of the repeated load 

NOTE Adapted from ISO 14324:2003, 3.9. 

3.3 
minimum load 
Fmin 
lowest algebraic value of the repeated load 

NOTE Adapted from ISO 14324:2003, 3.11. 

3.4 
load range 
∆F 
difference between maximum and minimum loads 

∆F = Fmax − Fmin 

NOTE Adapted from ISO 14324:2003, 3.8. 

3.5 
load amplitude 
Fa 
half of the load range 

Fa = 0,5∆F 

NOTE Adapted from ISO 14324:2003, 3.6. 

3.6 
mean load 
Fm 
average of maximum and minimum loads 

Fm = 0,5(Fmax + Fmin) 

NOTE Adapted from ISO 14324:2003, 3.10. 

3.7 
load ratio 
R 
minimum load divided by the maximum load 

min

max

F
R

F
=  

NOTE Adapted from ISO 14324:2003, 3.7. 
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3.8 
fatigue life 
number of cycles to failure 
Nf 
number of cycles which can be applied at a specified repeated load before failure occurs 

NOTE Adapted from ISO 14324:2003, 3.3. 

3.9 
fatigue endurance 
N 
number of cycles at which it has been agreed to stop the test even if failure does not occur 

3.10 
F-N curve 
curve 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 curve. 

NOTE 1 It is normal practice to use logarithmic axes. 

NOTE 2 Adapted from ISO 14324:2003, 3.5. 

3.11 
S-N curve 
curve drawn by plotting the stress amplitude (or stress range, or maximum stress) as ordinate and the fatigue 
life (or fatigue endurance if the test is terminated before failure) as abscissa, also called the stress-amplitude-
number of load cycles curve. 

NOTE The S-N curve is generally not suitable for spot welded specimens. 

3.12 
endurance limit 
maximum load amplitude Fmax at which a test specimen can endure a specified number of load cycles without 
failing 

NOTE Adapted from ISO 14324:2003, 3.2. 

3.13 
fatigue limit at probability p 
maximum load (range, amplitude or maximum value) at which the test specimen can endure an infinite 
number of load cycles with the probability p 

NOTE Usually, the probability selected is 50 %. 

3.14 
endurance limit at probability p 
load (range, amplitude or maximum value) at which the test specimen can endure a specified number of load 
cycles with the p probability without failing 

NOTE The probability usually selected is 50 %. 

3.15 
displacement 
∆L 
change in the length of a specimen due to the application of a load 
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3.16 
stiffness 
c 
load F divided by the corresponding displacement L, i.e. 

max minF F
c

L
−

=
∆

 

3.17 
initial stiffness 
c0 
stiffness at start of the test, i.e. 

max min
0

0

F F
c

L
−

=
∆

 

4 Symbols and abbreviated terms 

a overlap 

b test coupon width 

bi internal width of test coupon 

bs width of side plate 

c stiffness 

c0 initial stiffness 

dc diameter of central hole 

de diameter of pitch circle 

e pitch 

F load, repeated load 

Fa load amplitude 

Fm mean load 

Fmax maximum load 

Fmin minimum load 

Fp peel load 

Fp,max maximum peel load 

Fp,min minimum peel load 

Fpt peel load transverse to the joint line 

Fs shear load 

Fs,max maximum shear load 

Fs,min minimum shear load 

Fsp shear load parallel to or in the axis of the joint line 

Fst shear load transverse to the joint line 

g bar distance 

h outer height of hat-section 

hi coupon height 
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ho outer height 

hH total height of H-specimen 

hs height of side plate or side member 

hL height of L member 

hU height of U member 

la distance between grip and overlap 

lc length of clamped area 

le edge distance 

lf specimen length between clamps 

lg specimen length between grips 

lS total length of specimen 

lt length of test coupon 

lw distance from wall 

L displacement 

Lmax maximum displacement 

Lmin minimum displacement 

N number of load cycles 

p probability 

r1 bend radius for sheet thickness t1 

r2 bend radius for sheet thickness t2 

R load ratio 

t time 

t1; t2 sheet thicknesses 

σp peel stress 

σpt peel stress transverse to the joint line 

σs shear stress 

σsp shear stress parallel to or in the axis of the joint line 

σst shear stress transverse to the joint line 

∆L displacement (Lmax − Lmin) 
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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). 

 

 

a)   Shear load transverse to the joint line and  
shear load in the axis of the joint line 

b)   Peel or one-sided cross-tension load 

NOTE See Clause 4. 

Figure 1 — The three basic load cases for joints (Reference [9]) 

NOTE 1 For true-to-life thin-walled structures, it can generally be assumed that joints are never subjected to any of the 
types of stresses listed in the first paragraph 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 
joint is pure shear, a peel stress component is generated, whose absolute value depends on the magnitude of the 
deformation caused by the shear stress in the joint. This deformation is a function of the bending moment, which depends 
on the sheet thicknesses involved, the magnitudes of the forces acting and the local stiffness. The stiffness itself is a 
function of the sheet thicknesses, the Young modulus of the material(s), the flange width, the overlap, the location of the 
joint on the flange, the bending radii, etc. (References [8] to [11]). 

NOTE 2 The specimens have been designed to permit the use of different joining methods, e.g. spot welding, self-
piercing riveting, clinching, friction stir spot welding, laser welding and GMA welding, and thus allow a comparison of the 
load-carrying properties of joints made with different methods. 

NOTE 3 For single- and double-hat specimens subjected to torsion and 3-point bending loads, the joints themselves 
are subjected to complex loads, whereby the ratios of the load types and the load distribution are non-uniform and 
undefined. Furthermore, the ratios of the three basic types of loads listed in the first paragraph of this subclause 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. 
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