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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-governm

ental_in liaison with ISQ_also take part in the wark

ISO collabarates closely with the

International
International

The main ta
adopted by
International

Attention is
rights. ISO s

ISO 18592 w
SC 6, Resist

Requests fo
Secretariat
found at wwy

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stan

the technical committees are circulated to the member bodies for voting.CPublication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

P

[«

rawn to the possibility that some of the elements of this document may be the subject of
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 44, Welding<and allied processes, Subcomr
hnce welding and allied mechanical joining.

official interpretations of any aspect of this Interndtional Standard should be directed

.iso.org.

Hards
s an

atent

nittee

Db the

f ISO/TC 44/SC 6 via your national standards body: A complete listing of these bodies can be

© I1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=ceba871ac5507a02c21e4727ed018dff

ISO 18592:2009(E)

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
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qualification of structures. It is therefore necessary to maintain their number at an absolute minim

ation. Fatigue tests, in general, are used to investigate the behaviour of structures afnd
cted to cyclic loads. For welded components, fatigue tests are used to determine.the
ent parameters such as joining methods, pitch, material thickness and material combinations

, cyclic, load ratio R), and the combination of environment and corrosion on the fatigue beha
velds and/or specimens subjected to various types of loads. Fatigue tests should, if their res
for design purposes, as far as possible, take into consideration /such boundary G
intered in a real life environment. This applies to load types, load amplitides, and load rati
Histributions and failure criteria (Reference [7]).

Hary conditions as they are encountered in service. Furthermore, the failure criterion
rm to the application in hand. Although the type of primary load is identical in some spsd
load in flat multi-spot specimens, shear H-specimens, KS*2 specimens, and double disc sp
s of fatigue tests differ significantly because of the secondary load types resulting from var
al deformation due to the differences in the local stiffness in the area of the joints. The local
nsible for the magnitude of the peel component, for example, is a function of the Ilg
bsing with a decrease in stiffness.

nternational Standard offers a framework'within which the different specimens, described h
ied such that design specifics and_production constraints, e.g. flange width and overlap,
pitch, bending radius, and sub-standard welds, can be given due consideration. This h
hcing the significance of the results very appreciably.

that if welds could be subjected to identical amplitudes of shear and peel loads, their lives w

e simulation of different Joad types.

brmance tests onvreal components serve the verification of design calculations and are nece
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INTERNATIONAL STANDARD ISO 18592:2009(E)

Resistance welding — Destructive testing of welds — Method
for the fatigue testing of multi-spot-welded specimens

1 cope
This International Standard specifies test specimens and procedures for performing constant lopd amplitude
fatigye 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{lnternationall Standard to
largef thicknesses can be limited by mechanical properties such as yield strength and formpbility of the
specimen material. The thickness range for advanced high strength steels (AHSS) is generally bg¢low 3,0 mm.
Greager thicknesses apply for aluminium alloys, for example.
Depgnding on the specimen used, it is possible from the results to evaluate the fatigue behaviour|of:
a) gpot welds subjected to defined uniform load distribution;

b) gpot welds subjected to defined non-uniform load distribation;
c) gpot welds subjected to different defined combinations of shear-, peel-and normal-tension logds; 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 shéar- and peel-loading, (welds subjected to uniform shear or|peel loading
transverse to thesjoint line),

i) single- and-deuble-hat specimens subjected to four-point bending (spot welds |subjected to
uniform sheéar 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,

i) modified H-specimens with standard grips,

iii) modified H-specimens with modified grips,

© I1SO 2009 — All rights reserved 1
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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,

i) the double disc specimen;

4) spof welds subjected to undefined non-uniform load distribution — single-hat, double-hat apd-s
cloged 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, bed
the results ¢btained with these specimens are specific to the components as tested,Yand may n
generalized ¢r used for deriving data pertaining to the load-carrying behaviour of the welds. Results obt
with such tegts are suitable for comparing the mechanical properties of the tested cémponents with thg
similar compgonents tested in the same manner. These tests are, however, not“suitable for evaluati
comparing the load-carrying properties of the welds.

The test reslilts of the fatigue tests obtained with component like specimens*are suitable for deriving ¢
for the selecfion of materials and thickness combinations for structures*and components subjected to

loading. This|statement is especially relevant for results obtained with specimens with boundary conditior
a local stiffngss similar to that of the structure in question. The results’ of a fatigue test are suitable for

application t¢ design only when the loading conditions in service@nd the stiffness of the design in the
area are identical.

NOTE Specimens are modified to take into consideration\constraints or specific demands posed by desigr,

smaller than ptandard overlap, smaller or larger than standard nugget diameter, and specific load distribution
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
references, pnly the edition cited—applies. For undated references, the latest edition of the refere
document (iffcluding any amendrents) applies.

ISO 14273, Bpecimen diménsions and procedure for shear testing resistance spot, seam and embd
projection welds

ISO 14324, Resistance spot welding — Destructive tests of welds — Method for the fatigue testing of
welded joints
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procedure specification — Part 5: Resistance welding
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3 Terms and definitions

ISO 18592:2009(E)

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

maxil'num load
F

max
highgst algebraic value of the repeated load

NOTH Adapted from ISO 14324:2003, 3.9.

3.3
minimum load
Fmin .
lowest algebraic value of the repeated load

NOTH Adapted from ISO 14324:2003, 3.11.

34
load frange
AF
difference between maximum and minimum loads
AF=F,

max

F

min
NOTH Adapted from ISO 14324:2003, 3.8.

3.5
load amplitude
Fa

half qf the load range

F,=0,5AF
NOTE  Adapted fromi1SO 14324:2003, 3.6.
3.6

mean load
F

m
avergge.of tnaximum and minimum loads

=

I T AY

= N
= U

¥ ' ]
m Y\ max © £ min/

NOTE Adapted from ISO 14324:2003, 3.10.

3.7

load ratio

R

minimum load divided by the maximum load
R= Fmin

F

max

NOTE Adapted from ISO 14324:2003, 3.7.

© I1SO 2009 — All rights reserved
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3.8
fatigue life

2009(E)

number of cycles to failure

N

number of cycles which can be applied at a specified repeated load before failure occurs

NOTE

3.9

Adapted from ISO 14324:20083, 3.3.

fatigue endurance

N
number of c\

3.10
F-N curve

curve obtaingd by plotting the load amplitude (or load range, or maximum load) as ordinate and the fatigy

(or fatigue e
number of lo

maximum logd amplitude F, ., at which a test specimen can endure a specified number of load cycles w

cles-at which it has been agreed to stop the test even if failure does not ccour

hdurance if the test is terminated before failure) as abscissa, also called theytoad-ampl
hd cycles curve.

s normal practice to use logarithmic axes.

apted from ISO 14324:2003, 3.5.

by plotting the stress amplitude (or stress range, or maximum stress) as ordinate and the f4
b endurance if the test is terminated before failure) asiabscissa, also called the stress-ampl
hd cycles curve.

e S-N curve is generally not suitable for spot weldedspecimens.

mit

apted from ISO 14324:2003,.8.2!

at probability p
ad (range, amplittde or maximum value) at which the test specimen can endure an ir
hd cycles with’the’ probability p

ually, the probability selected is 50 %.

NOTE 1 It
NOTE 2 Ad
3.11

S-N curve
curve drawn
life (or fatigu
number of lo
NOTE TH
3.12
endurance |
failing

NOTE Ad
3.13

fatigue limit
maximum lo
number of lo
NOTE U9
3.14
endurance |

e life
tude-

tigue
tude-

thout

finite

mibt 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

3.15

The probability usually selected is 50 %.

displacement

AL

change in the length of a specimen due to the application of a load

© I1SO 2009 — All rights reserved
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3.16

stiffness

Cc

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

3.17

initial stiffness

C

ISO 18592:2009(E)

0
stiffngssatstartof the test; 1.6.

4 Symbols and abbreviated terms

L

R I R B

o

,}]'P
3
—

overlap

test coupon width
internal width of test coupon
width of side plate
stiffness

initial stiffness
diameter of central hole
diameter of pitch circle
pitch

load, repeated load
load amplitude

mean load

maximum load
minimum load

peel load

maximum peel load
minimum peel load

peel load transverse to the joint line

o

S,max

o

s,min

U?j U?j
o

> > 09
2]

shear load
maximum shear load

minimum shear load

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

shear load transverse to the joint line
bar distance
outer height of hat-section

coupon height

© I1SO 2009 — All rights reserved
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ho outer height

hy total height of H-specimen

hg height of side plate or side member
hy height of L member

hy height of U member

Iy distance between grip and overlap

le length of clamped area

le edge distance

I spegimen length between clamps

lg spefrimen length between grips

lg tota) length of specimen

A length of test coupon

Ly distance from wall

L disglacement

Lonax ~ maximum displacement

Lein minfmum displacement

N nunpber of load cycles

P prc::[)ability

7 beng radius for sheet thickness ¢

Ty bend radius for sheet thickness #,

R loaq ratio

t timg

ty;tp  shept thicknesses

Op pee] stress

Opt pee] stress transverse to the joint'line
(oA shepr stress

Osp shepr stress parallel to-0r in the axis of the joint line
Ot shepr stress transyerse to the joint line
AL disglacement(£ax — Linin)

6
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5 Specimens

5.1

General

ISO 18592:2009(E)

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).

AF

Ar

a)

NOTH

NOTH
types
and,

joint

on th
functi
joint d

NOTE

Tsp A
F - F
< [ b 4| —>
| —
o ¥

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

See Clause 4.

n the flange/the bending radii, etc. (References [8] to [11]).

pierci

4o

b) Peel or one-sided cross-tensic

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

1 For true-to-life thin-walled structures, it can generally be assumed that joints are never subjecte
of stresses listed in the first paragraph either singly or in a pure form. For lap joints, at least one type
lue to the local deformation of the sheets caused by it, peel stress are present. Even if the primary
5 pure shear, a peelstress component is generated, whose absolute value depends on the ma
deforfnation caused by thé'shear stress in the joint. This deformation is a function of the bending moment,
b sheet thicknésses involved, the magnitudes of the forces acting and the local stiffness. The stiffjess itself is a
bn of the sheet thicknesses, the Young modulus of the material(s), the flange width, the overlap, the

2 7\, The specimens have been designed to permit the use of different joining methods, e.g. spof
ngTiveting, clinching, friction stir spot welding, laser welding and GMA welding, and thus allow a comparison of the

bn load

0 to any of the
bf shear stress
Stress in a lap
pnitude of the
Vhich depends

location of the

welding, self-

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.

©180
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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.

b) Coupons

— The coupons should, if possible, be taken from the same material lot.

— The[Tolling direction shall be identical Tor all coupons and documented.

— The required tolerances shall be adhered to.

— Uniptentional deformation of the coupons and damage to the surfaces is to be avoided:
c) Welding

— Suifable jigs should be used to ensure accurate alignment of the coupons ‘and location of the we|lds.

— Theg welding parameters and the equipment used shall be documented.
d) Documentation

— Therelevant standards shall be referenced.

— Any|deviation from the referenced standards shall betdocumented.
The specimgns shall be modified for the different joining methods, such that the joints are able to pefform
under optimyim boundary conditions, e.g. the flange width for laser welds can be reduced consideraljly as
compared t@ the length required for resistance jspot welds. Similarly, because of the smaller gpace

requirementq, the location of rectangular clinch joints on the flange can be much closer to the radius than is
the case witH resistance spot welds unless eccentric welding electrodes are being used.

5.2 Selection of suitable specimens

The selection of a suitable specimen for the fatigue tests depends on the planned usage of the test resylts. A
basic requirgment of the specimen is that it should allow the relevant load type and load ratio to be simulated.
If the results jare to be usedfor design purposes, then it is important to employ specimens with which a sjmilar
type of load|distribution.can be realized. Further, the stiffness of the specimen in the joint area should be
similar to thaf of the camponent under consideration.

Besides congidering the primary loading condition of the welds, bear in mind the local stiffness of thg joint
area in the gomponent in question. The fatigue life of welds is influenced decisively by the peel load arljd not
by the shea : — f i f i oads,
their lives would differ by a factor of ~104. However, as can be seen in Figure 2, spot welds under shear load
would never fail under a load at which identical welds have a life of about 1 000 cycles. As stated above, the
magnitude of the peel component depends on the shear load and the local stiffness of the specimen.
Especially in the case of the single spot specimen, Figure 4, the local stiffness is much lower than is usual in
real structures. Therefore the peel/shear ratio is comparatively large, resulting in a significantly shorter fatigue
life as compared to identical welds tested on H-specimens, for example. In addition, some materials are
particularly sensitive to peel stress in the as-welded condition, so that results obtained with specimens with a
low stiffness can be misleading with regard to the behaviour of such welds in structures.

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,

8 © I1SO 2009 — All rights reserved
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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 should be:

— 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;

— e¢ffort required for manutacturing and testing;

— number of specimens required to obtain statistically significant results.

Note
the ¢

The s

unde
the s|

five imes greater than H- or double disc specimens with 10 spot welds. Furthermore, the sti

spec

are g

load

that results obtained with specimens with a low stiffness generally bias spot welded joints,
pse of high strength steels.

btatistical significance of test results is influenced by their scatter. The darger the number of
- uniform loading in a single specimen, the smaller is the scatter. Therefere, in order to obtai
bme degree of significance, the number of specimens to be tested~with two spot welds, fo

mens is appreciably lower than that of components, so that-the results obtained with thes
enerally misleading. In addition, some specimens cannot be“subjected to compressive load
atios R, e.g. two flat specimens with one or two welds.

especially in

joints tested
n results with
[ example, is
ffness of flat
e specimens
5 or negative

Frnax/KN A
10°
_\
~ o
- \\St\
B \\
\\
F S~
\
10 B v‘
= AR
[~ t
: S~
3 e
10 [ | L1111l L1 L1l L1 L1l L1 L1l
43 o4l P PPN anl ay
1LY 1LY 1LY U LY A'/

NOTE See Clause 4.

Figure 2 — Wdhler curves of spot-welded H-specimens of 1 mm DC 04 steel sheet subjected to shear

©180

and peel loading, load ratio R = 0,1 (Reference [9])
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5.3 Specimen fabrication

5.3.1 Sheet material

The sheet material for the coupons may be in the sheared condition, but all burrs should be removed.

Care

should be taken to ensure that the coupons are not bent or distorted. Specimens made using such coupons
may 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.

The bending|of the components of the specimens shall be performed in a press brake to the required be
angle and rafius, R, = 2¢. If the material employed does not allow this radius, it may be bent to Ry

the accuracy|of the specimens depends on the dimensions of the coupons, ensure that the tolerances gi
the tables ar¢ strictly adhered to.

The components of the double disc specimen require the use of drawing- or deep-drawing tools for
fabrication.

5.3.2 Bending and forming

The bending|of the components of the specimens shall be performed in a préss brake to the required be
angle and radius, R, = 2¢. If the material employed does not allow this~radius, it may be bent to the
Since the apcuracy of the specimens depends on the dimensions.of. the coupons, to ensure thz
tolerances given in the tables are strictly adhered to.

The components of the double disc specimen require the use(of drawing- or deep-drawing tools for
fabrication. Rress forming tools, e.g. deep-drawing tools, should not be used for other than the double
specimens Hecause the large number of process parameters, e.g. clamping force, blank holder geon
quantity and| properties of lubricant, and surface roughness of tools, can influence the degree of
hardening, sheet thickness and surface conditions,»and thus the properties of the specimens, mak
comparison ¢f the results difficult.

The geometry of the specimens and the location) pitch and size of the spot welds may be modified suc
design and ranufacturing requirements can be taken into consideration. For example, the pitch, the n
diameter, thg flange width and the locatjen~of the weld on the flange can be modified if required. Suitabl
should be uded for positioning the coupons during welding and ensuring a precise location of the weld
uniform load |distribution during testing.

The joining $equences for all-specimens shall be from the centre of the specimen towards the edge]
Figure 3. The welding sequence for the different multi-spot specimens shall be such that envelopi

hding
Since
en in

their

hding

Rmax-

t the

their
disc
netry,
work-
ng a

h that
igget
e jigs
5 and

, see
ng is

avoided. The¢ diameter of.all” welds shall conform to the specifications. If necessary, increase the wglding

current to cgmpensate-far the effect of shunting.

For AHS stegls, much larger bending and drawing radii are necessary. In such cases, it is necessary to modify

the flange wiflth"and the location of the welds accordingly.

9 7 6 8 10

Figure 3 — Joining sequence for H-specimens
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5.3.3 Tolerances

The accurate fabrication of the test specimens is of great importance, as improper methods of preparation can
greatly bias the test results. More specifically, the tolerances should not exceed the values given in the tables
for the respective specimens. For H- and KS-2 specimens, the inside width, and for hat specimens, the
outside width, each have a tolerance of +8'2 mm. The flange angle is (90 + 0,5)°.

5.3.4 Welding

All the parameters used for the fabrication of the specimens shall be documented (see 1SO 15609-5:2004,
Annex A) in the test report.

If spat welding is used in combination with an adhesive, the name and type of adhesive, inforr]mation on the
surfafe pre-treatment, curing temperature, etc. shall be included in the test report.

5.3.5| Storage

Specimens which are subjected to corrosion in air at room temperature sheuld be protected| accordingly,
prefefably in an inert medium. The specimen should be removed from the_ storage medium before testing,
care peing 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 gedmetry of the
specimens, i.e. width and flange angles and to the joints. A gauge is recommended for the overal| check of the
dimepsions.

5.4 | Specimen geometry

5.4.1] General

The geometry of the specimens, and the location, pitch and size of the spot welds, should be modified such
that gesign and manufacturing requirements can be taken into consideration. For example, the pitch, the
nuggpet diameter, flange width, and.the location of the weld on the flange can be modified if requ|red. Suitable
jigs should be used for positioning the coupons during welding and ensuring a precise location of the welds.

Several specimens are cufrently used in fatigue tests. The aim of this International Standard is to help the
user fo select specimens,suitable for the task in hand:

Y
=
©%.

ingle spot welded as specified in ISO 14273, see Figure 4;

b) flat overlap _specimen with two spot welds, see Figure 5;

c) flat.multi-spot specimens for shear and peel loads, see Figures 6 and 7;

d) H-specimens for shear and peel loading, see Figures 8 and 9;

e) single- and double hat specimens (under 4-point bending), see Figures 10 and 11;
f)  various closed sections (under 4-point bending), see Figure 12;

g) double disc specimen, see Figure 13;

h) KS-2 specimen, see Figure 14.

The geometry and the dimensions of the different specimens are given in the corresponding figures and tables.

© 1SO 2009 — Al rights reserved 1
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5.4.2 Specimen geometry of flat specimens

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).

t,

l—
A
Y
f.

t
—
/-

A
 J

l¢ l lc

A
Y

Key
1 shim platds are used to avoid misalignment when ¢lamping the test specimen

NOTE 1 Sge Clause 4.

NOTE 2 Fqr specimens consisting of shéets with unequal thicknesses, ¢4, t5, the sheet thicknesses given in Thble 1
correspond tofthose specified for the thinner sheet.

Figure 4'= Single spot specimen in accordance with ISO 14324

Tablert — Dimensions of single spot specimen in accordance with ISO 14324

Dimensions in millimetres

Sheet thicknesses Width Overlap T(;t:éé?r:%tnh:f sgg,:w::: ;er?pgsth Le"g;’:‘::rfi;‘ gle
", t b a Is Ig A
05<r<15 45+0,5 35 > 250 160 >142,5
1,5<1<3,0 60+0,5 46 > 320 200 >182,5
3,0<¢<86,0 90+0,8 60 > 420 240 > 240

8  These dimensions are applicable for older test machines with mechanical clamps. Under this assumption, the length of the

clamped area /; 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 /g can be reduced correspondingly.
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- lc »la [9 »la le -

Key

-
n

NOTH 1
NOTH 2

~
(%]

A

See Clause 4.

corregpond to those specified for the thinner sheet.

nim plates are used to avoid misalignment when clamping the test specimen

Y

For specimens consisting of sheets with unéqual thicknesses, 4, t,, the sheet thicknesses gi

Figure 5 — Flat.overlap specimen with two spot welds

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

Dimension

en in Table 2

in millimetres

Length of single

Total length of

Specimen length

Sheet thickness Width Overlap coupon specimen between grips Pitch
i, to b a L@ Ig @ Ig e
0% <r<slyd 70 35 > 167,5 > 300 160 35
1,p&£< 3,0 100 45 > 2225 > 400 200 50
3,0<¢<6,0 > 100 60 > 250 > 440 240 50

a

These dimensions are applicable for older test machines with mechanical clamps. Under this assumption, the length of the
clamped area /; 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 /g, can be reduced correspondingly.

© I1SO 2009 — All rights reserved
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NOTE

14

Dimensions in millimetres
17 s

g

 J
A
 J

S¢

A/
_| o A
N
A ”
A =
ol A A
—— ~ n
Y Y
Y <
A/
J o
NA Y
20 L0 = = 40 20 1
L ! ! ! - — -
+0,5
200 0
e Clause 4.

Figure 6 — Flat multi-spot shear specimen

Table 3 — Dimensions of flat multi-spot shear specimen

Dimensions in millimetres

Smal_lest sheet Oveflap Specimen Iepgth
thickness between grips
tyorty a I
<1 16 40
<145 18 42
<2 21 45
<3 27 51
<4 34 58
<5 39 63

© I1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=ceba871ac5507a02c21e4727ed018dff

ISO 18592:2009(E)

Dimensions in millimetres

Key

lg=t1

NOTE

2 + (7'1 or 7'2)

L h iy
Y
a A _| &
~ i
e || € i
I
Xy L o
/;\ )
PL
< \
[
J =
Y ‘\‘A
olle 2 P R L
200 +0,5

See Clause 4.

+ to + rq + ro + 6 (in millimetres)

A

Y

Figure 7 —Flat multi-spot peel specimen

Table 4— Dimensions of flat multi-spot peel specimen

Dimensions in millimetres

Smallest sheet

thickness Overlap Edge distance Radius
t4 Or tp a le rq0rry@
1 16 7 2<r<3
1,5 18 7,5 3<r<45
2 21 85 4<r<B
3 27 11 6<r<9
4 34 14 8<r<12
5 36,5 15 10<r<15

@  The bending radius for AHS steels may have to be increased. In this case, modifications

of overlap and other dimensions may be necessary.

© I1SO 2009 — All rights reserved

15


https://standardsiso.com/api/?name=ceba871ac5507a02c21e4727ed018dff

ISO 18592:2009(E)

Dimensions in millimetres
75+0.5

A
vy
=

A

)
S y Y
} I }
Hot < G o S S S S |
v [N Y | . Y e
| < \
© J .
1 Y ~ N
}
At L0 | 1| | k0

A
A

Key
lg= (213 +a+t)

hg =a+ Iy + 36 + ¢4 (in millimetres)
hy=42+ (V1 qr V2)

NOTE S¢e Clause 4.

Figure 8 — H-Shear specimen

Table 5 — Dimensions of shear multi-spot H-specimens

Dimensions in millimetres

Smallest sheet Distance Specimen length
. 'L between grip Overlap Edge distance p ng Radius
thicknes| between grips
and overlap
1 ort la a le lg ra
<1 12 16 7 40 + t4 2<r<3
<15 12 18 7,5 42 + 4 3<r<4,p
<2 12 21 8,5 45 + t4 4<r<6
<3 12 27 11 51+t 6<r<9
<4 12 34 14 58 + 4 8 <r<12
<5 12 39 15 63 + 10<r<1p

@8  The bending radius for AHS steels may have to be increased. In this case, modifications of overlap and other dimensions may be

necessary.
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Dimensions in millimetres

750 F

A

A
LA

le A

 J
A

hy

/ﬁ
AN
g9

A
h

L
20

 J
A

40 17 40

200 +0,5

A
Y

Key
hL =42 + (V1 or Vz)
hy =42+ (rq Orrp)

NOTH See Clause 4.

Figure 9 — H:peel specimen

Table 6 — Dimensions of double-disc specimens

Dimensions in millimetres

Sma!lest shegt Overlap Edge distance Radius
thickness
1 Ony a A ryorrp@
1 16 7 2<r<3
1,5 18 7,5 3<r<4,5
2 21 8,5 4<r<6
3 27 11 6<r<9
af Thle bending radius for AHS steeyl\s may have to be increased. In this case, modifications
of overlap and-other dimensions may 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 number of bends and the length of

© I1SO 2009 — All rights reserved 17
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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

# ba %,
a ~
Y
\ Y
500

75

ty

&)

Y

A
Y

640

A

NOTE S¢e Clause 4.

Figure 10 — Single-hat specimen

Dimensions in millimetres

L
M

500

NOTE Sge Clause 4.

Figure 11 — Double hat specimen
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Table 7 — Dimensions of single-hat and double-hat specimen

Dimensions in millimetres

Sma!lest sheet Distance from Overlap Radius
thickness wall
1 or hw a 74 OF 779 @
<1 9 16 2<r<4
<15 9 18 3<r<4,5
<2 11,5 21,5 4<r<b6
<29 12 25 o<r</
3 12 27 6<r<8
<4 12 27 8<r<10
NOTE There are 10 welds on each side, pitch 50.
@  The bending radius for AHS steels may have to be increased. In this case, modifications
of overlap and other dimensions may be necessary.

= J)

Figure 12 — Various closed sections

5.4.4] Double'disc and KS-2 specimen

The dimensions of the double dISC spemmen are glven in Flgure 13 These are valid for aII th|cknesses up to
, #cle, resulting
in a umform p|tch The dlameter of the central hoIe depends on the sheet thlckness and shall be
(130 — 2a) mm. The greatest thickness for these specimens shall be limited to 3 mm. The deep drawing radii
depend on the thickness and forming properties of the material and shall conform to the data given for the
H-specimens. Larger radii may be necessary for AHS steels. Geometric modifications may be necessary in
this case.

The KS specimen and the double disc specimen are the only ones which allow the simulation of defined
complex loads. Their testing requires special grips, and for the double disc specimen, also a
tensile-cum-torsion testing machine.

© 1SO 2009 — Al rights reserved 19
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A
 J

Y
A

22

A

Dimensions in millimetres

Y

Y

A

Key
1 clamping

Dolts

2 upper clamping plate

a) Dimensions

N

b) Clamping device

3  base clam
NOTE RY:
20

ping plate
e Clause 4.
Figure 13'— Double disc peel and shear specimen
Table 8 — Dimensions of flat multi-spot peel specimen
Dimensions in millimetres
Smal_lest sheet Overlap Edge distance Radius
thickness
1 0orty a le rq 0rry a
<1 16 7 2<r<3
<15 18 7,5 3<r<45
<2 21 8,5 4<r<6
<3 27 11 6<r<9
@  The deep drawing radius for AHS steels and some aluminium and magnesium alloys may
have to be increased. In this case, modifications of overlap and other dimensions may be
necessary.
© I1SO 2009 — All rights reserved
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Dimensions in millimetres

50
bi
Fr j = - 30 -

A

N
 J

\
@\ = )
-,
(] (]
t, 8,5
NOTH See Clause 4.
Figure 14 — KS-2 specimen
Table 9 — Dimensions KS-2 specimen
Dimensions in millimetres
. Minimum Maximum . .
Sheet thickness bend radius bend radius Inner width Inner height

1, 1 Fsnin ¥imax bi hi

0,8t0 1,5 2 4 22798 20
1,6102,5 4 8 26*9° 26
2,6t03,5 6 10 30%9° 28

3,6 to 4,0 8 12 34798 30
4019'5,0 10 15 36790 33

a  {Fhe maximum bending radius, r; yax for AHS steels may have to be increased. In this case, modifications df inner
height and position of hole centre for the slits may be necessary.

6 Requirements for testing machine

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.

© I1SO 2009 — All rights reserved
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The tests may be performed as load controlled tests in any of the following types of fatigue testing machines:
a) mechanical (eccentric crank, power screws, rotating masses);
b) electromechanical or magnetically driven;

c) hydraulic or electro-hydraulic.

The machine shall be checked at regular intervals to ensure that the desired form and magnitude of loading is

maintained throughout the test (within £ 1 % of the pre-set value). Because the grips, see Clause 7, are
relatively heavy, the testing machine shall be calibrated dynamically to eliminate the effect of mass forces.

This is of utnostimportanceathighertesting frequencies, e-g-onresonance testingmachimes—

7 Specirn

7.1 Gene

The followin

KS-specimens, the hat specimens and the double disc specimen.

711

The alignme

are not twisted or deformed in any manner.

In order to ¢
parallel align

7.1.2 Clamlping device calibration

A calibration

specimen. The verification shall be carried out in"the same position as the tests. The magnitude of the st

¢, at different

The calibrati
upper and lo

If the tests a

Alignment verification

nen grips and alignment

al

j applies by way of example for the H-specimens. Similar instructionsare applicable fg

nt of the grips — axial and transversal — shall be verified)n order to ensure that the speci

nsure uniform load distribution, the co-axial alignment of the upper and lower grips, and
Mment shall be verified.

specimen, Annex A, should be used-to verify the uniformity of the loading over the length
positions on the calibration speeimen shall be measured using the applied strain gauges.

bn should also be verified.at 90° and 180° rotation of the grips to ensure symmetry betwee
ver grips.

re to be carried-out with modified grips, the specified non-uniform loading shall also be ve

r the

mens

their

bf the

rains,

n the

rified

with the samg calibration speeimen (Reference [6]).
NOTE De¢sign, material and manufacturing procedure of the calibration specimen are given in Reference [6].
The non-unifprmtoading, AP, expressed as a percentage, is defined as:
Ap = £max~fm 400 9 ©
€m
where
Emax 1S the maximum strain measured on the specimen;
&n is the average strain measured on the specimen.

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

22

© I1SO 2009 — All rights reserved


https://standardsiso.com/api/?name=ceba871ac5507a02c21e4727ed018dff

ISO 18592:2009(E)

7.2 Shear and peel loading

7.21 General

A set of standard grips, upper and lower part, has been designed such that a uniform load distribution in all
welds is ensured. The grips were originally designed for test specimens made of conventional high strength
steels with a sheet thicknesses between 0,5 mm and 3,0 mm. For specimens with a sheet thickness greater
than 5 mm and for steels with which the bending radii are greater than those given in the tables, the overlap
requires modification, see Tables 2 and 3. For aluminium specimens, material up to a thickness of 5,0 mm
may be used. The grips are shown in Annexes B and C. It is of the utmost importance to manufacture the

grips

in accordance with the given tolerances to ensure optimum loading conditions.

The 1lat multi-spot shear and peel specimens should be tested pair-wise using the grips for the\HH

The
clam
be tig

oad should be transmitted from the testing machine through the grips to the speCimen
ping force between the specimen and the grips. To ensure that no slippage occurs; the nut
htened to the prescribed torque, 150 Nm. Molybdenum(IV) sulfide should beJapplied to the

hardgned washers should be used to minimize friction.

All surfaces on the grips which are in contact with the test specimen shall-be serrated in orde]

frictig

Take
of thq

The

and j
see A

7.2.2
One

thick
spac
U-be
with 1

7.23
Simil
7.24

Test
state

n and thereby prevent slippage.

precautions to avoid damage to the specimens and the load cell during tightening. A stepy
torque in three steps is recommended.

prescribed torque, 150 Nm, is necessary to prevent slippage during testing of thicker gaug

pints with higher strengths. As an alternative, a hydraulic clamping device can be used inste
nnex B. The hydraulic pressure required depends\on the diameter of the cylinders.

Shear loading
grip is 75 mm thick, for fixing the U-bend part. For the opposite part of the specimen, the ¢
Mount spacers on both sides of(the'63 mm thick grip to compensate for the sheet thick

br shall have a thickness of (6 + 1) mm where ¢ is the sheet thickness (assuming that the
nd is ¢ mm thick). Alternatively,\a spacer with 6 mm thickness may be used together with a

Peel loading
br to 7.2.2, both(the"upper and the lower grips are 75 mm wide.
Sheardoading parallel to the joint line

fixture(for shear loading parallel to the joint line: testing equipment for 4-point bending aco

specimens.

through the
5 (M16) shall
threads and

I to increase

Vise increase

e specimens
nd of screws,

rip is 63 mm
ness, i.e. the
sheet in the
Sheet-spacer

he same thickness as the “U”) Thicker spacers shall be serrated on both sides to prevent slippage.

ording to the

of-the art is recommended for testing the different closed hat sections.

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.
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8 Test procedure

8.1 General

The mounting operation shall be carried out such that neither the specimens nor the load cell are damaged. In

the following,

the test procedure for H-specimens is described by way of example.

8.2 Mounting the H-specimens

The specimens shall be clamped such that there is no twist, misalignment or axial displacement, see also 8.3.

A pre-requisi

e for this is the alignment of the grips befare any tests are carried out

8.3 Clamping procedure for the H-specimens

Specimens s
attached to t

— Position

— Place s
respecti
contact
the sped

— Tighten
The seq
case of
and 150
see Ann

— Remove

The specimsg
direction.

8.4 Fatigye test

8.4.1 Gengdral

The test sha
loading can

Care shall bg
by a stepwis

hall be tested with the U-part in the upper gripping head. (It is assumed that the load (¢
ne base plate of the machine.) The following clamping procedure shall be adheréd to.

the H-specimen in the clamps as shown in Annex B.

pacers of relevant thickness between the specimen and the lower.and upper gripping h
ely. The spacers shall be placed on both sides of the gripping head. The spacers shall not
vith the specimen in the bend radius. Apply a low compressive,force of approx. 3 kN to 5
imen.

he nuts to the prescribed torque using a torque wrench;for example, starting with the U, se
uence is from the middle towards the outside; first thecW and then the side plates or the Ls
he peel specimens. The tightening of the nuts is to-be carried out in three steps: 50 Nm, 9
Nm. Alternatively, if a hydraulic clamping device-is used, apply the prescribed hydraulic pre
ex B.

the compressive force, apply a similartensile force and remove the spacers.

n, which has the same length as ‘the gripping head, should be mounted flush in the longity

| be carried put\at constant load amplitude and a specified load ratio, R. The R-value for
e either positive or negative. For peel loading, the R-value shall be positive.

b inGrease of the load amplitude.

ell is

bads,
be in
kKN to

e 8.1.
n the
D Nm
ssure,

dinal

shear

taken_not to overload the specimen at the initiation of the fatigue test. This risk can be minifnized

The test load should be monitored continuously in the early stages of the test and periodically therea

er 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 Test frequency

The tests shall be carried out at frequencies which have a negligible effect on the fatigue life.

No thermal effect of test frequency has been detected for spot welded specimens at frequencies up to 80 Hz
(Reference [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.
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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 the
loss of integrity of the specimen and is noticeable as a loss of stiffness. As the test is conducted at constant
load amplitude, the stiffness loss can be evaluated from the change in displacement amplitude or a decrease
in tes

ting frequency.

8.5.2 Stiffness calculation
The stiffress; ¢ Tscaflcutatedas:
_AF
AL

wher
/
/

Itis 3
is to

Whe
How!
comg

The gisplacement amplitude shall be measured acclirately. The displacement transducer (clip-orn

used

The

Y%

\[" is the load range (Fiax = Fimin)
AL is the displacement (L4« = Lmin)-

ssumed that a linear relationship exists between displacementand load, since it is assumed
pe carried out in the elastic range.

mechanical resonance machines are used, stiffness 10ss can be detected as a change
ver, this does not apply to other types of testing machines and is therefore not recomr
arable failure criterion.

should have a resolution of at least 0,05 mm/V (shear specimen).

ailure criterion is based on a relativec1oss of stiffness. The displacement can thus be me

that the test

n frequency.
nended as a

gauge, etc.)

hsured either

direcfly on the specimen or as a relativedisplacement of the grips.

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

8.5.3| Data acquisition

To epable a more detailed analysis of the data at a later stage, load and displacement ampljtude values,
together with the corresponding number of load cycles shall be stored. A flow chart, showing an pxample of a

data
Anne
least

The f

acquisition {sequence during a fatigue test is shown in Annex D. The data acquisition,
x D, gives between 200 and 400 stiffness values for each specimen. With the current state
1 000.'stiffness per number of cycles” values could be stored for later analysis.

according to
of the art, at

cation or the

qilure criteria to be used depend on, for example, the joining method and on the field of appl

desig

n criteria. Therefore, the test shall be continued until a sufficient loss ot stiffiness (e.g. 40

reached.

8.5.4

Failure criterion and number of cycles to failure

%) has been

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 a
failure criterion, e.g.

©180

€79 =_286% or

C —Cp

€o

=-40 %

€o
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the number of cycles to failure corresponds to a specimen displacement of

AL — AL
ZET 70 —yp
0 ALg

% or AL_—ALO:67%

From a design point of view, it is not only the relative decrease in stiffness that is decisive, but also the rate of
stiffness loss. The number of cycles to failure, therefore, is defined as the life until the integrity (stiffness) has
decreased to a pre-set value or when the rate of integrity loss (rate of stiffness loss) exceeds a specific value.
The criteria to be used for the evaluation shall be agreed upon after consultation with the relevant design
department before the test is conducted.

The failure cfiteri ; ; fcatiom. i i 3tries,
where regulgr checks are mandatory and detailed knowledge about crack initiation and crack propagatjon is
available, th¢ failure criterion can be a crack with a defined length. For example, in the automobileyindlstry,
where no mandatory checks can be specified, the appearance of the first visible crack is a suitable fhilure
criterion. Sinfe cracks can occur at locations which are either not or not easily accessible, the,correspopding
stiffness losq shall be correlated to the relevant failure criterion. For spot welds in steel, a~visible crack Iength
equal to the gliameter of the weld results in a stiffness loss of about 40 %.

The reason for introducing a new parameter, the rate of integrity loss (stiffness)-for the failure criterfon is
shown in Figure 15. Two specimens exhibiting an identical relative decrease in. stiffness can have a [great
difference in|their residual lives. In Figure 15, the residual life is defined as,the number of cycles between
75 % relative stiffness and total fracture or the number of cycles between the specified rate of stiffnesg loss
and total frag¢ture. Experience concerning the importance of this parameter, rate of stiffness loss, is lirited.
The initial tgsting with different kinds of materials, different joining methods, etc., has thus to show hich
parameter is|more suitable.
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1 complete separation of the specimen
2

2 slope, equal to :—C i.e. rate of stiffness loss (N = number of load cycles, ¢ = relative stiffness)
N

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

NRI, NRil number of load cycles using relative (percentage) loss of stiffness as failure criterion for the two different
specimens

NOTE I and Il denote stiffness evolutions for two different specimens.

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

9.1 Basic information

Fatigue test results can be significantly influenced by the properties and history of the parent material,
operations during the preparation of the fatigue specimens, and the testing machine and test procedure used
to generate the data. The presentation of fatigue test results shall include basic information on the material,
specimens and the testing procedure to increase their usefulness and value and thus to minimize the risk of
misinterpretation or improper application.

9.1.1 _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 1p130 [ DCO06), nominal thickness and the chemical analysis.

9.1.2| Mechanical properties

The minimum data on the mechanical properties of the material, in a conditianidentical to that pf the fatigue
test gpecimen, shall include the tensile strength, yield point or yield strength.and the fracture elongation.

9.1.3| Specimen design and preparation

Ther¢ should be a drawing of the shape, size and dimensions, of the fatigue test specimen. Enpsure that all
opergtions performed in preparing the specimens are reported.

9.1.4| Test procedure

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

NOTH Statistical techniques are describedin'EN 10130 [, EN 10346 [5], and ASTM E468 (2],

9.1.5| Fatigue testing machine

Minimum information should include the type of testing machine, the functional characteristic (e.g. electro-
hydraulic, resonance), frequency of load application, nominal load range of machine, minimum and maximum
displacement, minimum_and-maximum load amplitude, testing frequency, nominal load of load ¢ell, type and
resolption of transducet-|f tests were performed on more than one machine, the number of testing machines
used|shall be given.

One [est series;\that means that all specimens whose results are for the same Wohler curve, shall be tested
with the same equipment.

9.1.6| “Ambient conditions during the fatigue test

Minimum information to be presented should include the average value and ranges of both the temperature
and relative humidity observed in the laboratory during the test programme.

Considering bonded specimens, the storage and testing conditions (temperature, humidity) should be given.

9.1.7 Results of post-test examination
For each test specimen, the reason for ending the test, either achievement of the failure criterion or run-out,

and, if applicable, a description of the appearance of the failure surface and the location of the crack initiation
should be given.
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9.2 Presentation of fatigue test results

9.21

Tabular presentation

The fatigue test results shall be reported in tabular form. The tabular presentation should include:

a) specimen identification;

b) testseq
c)

ma

d) fatiguel
e)

f)

If the test fre
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fe or cycles to end of test;
br ending the test;
f the post-test examination (see 9.1.7).
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hical presentation
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The fatigue fest data may be presented graphically’as an F-N (load-life) curve. Both variables are plott¢d on

logarithmic s
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data are fitte
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cales; the dependent variable, fatigue life, N, in cycles, is plotted on the abscissa, an
variable, F, representing maximum load, load amplitude or load range, in newtons or kilone
the ordinate. A line is fitted-by.regression analysis to the fatigue data or approximated by g
d by regression analysis;"the equation of the load-life and the corresponding statistical s
psented.

estigations have shown that the differences in the results of regression analysis and approximation K
minor.

rical evaluation, statistics

rion ofithe analytical expression for describing the load amplitude, F,, vs load cycles, N, cury
bd_cycles is the dependent variable and the load amplitude the independent variable.
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With this a simple linear regression model can be constructed for determining the mean curve
(ASTM E468 [2]):

logN = logA44 + A, logF,

where
log4,

Ay

28

is the intersection of the line of best fit with the ordinate;

is the k value or gradient of the line of best fit.

()
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Several different techniques may be employed for optimizing the coefficients in Equation (2). The use of the
sum of least squares regression, a technique widely used in technical fields, is recommended.

The distribution of fatigue lives about the mean curve is generally unknown. The distribution of fatigue lives at
a given load level is in many cases well modelled by log-normal distribution; that is, the distribution of log ¥
values at a given load value tends to follow a normal distribution. When analysing fatigue data, the residuals in
log N should be examined to determine the quality of fit and the uniformity of the scatter. A residual is the
deviation of an individual point from the fitted curve, i.e. predicted minus the observed fatigue life.

NOTE More information about fatigue data analysis can be found in ASTM E468 [2l and ASTM E1942 (3],
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