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Foreword

2019(E)

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.
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Introduction

This document gives recommendations for fatigue testing of test specimens with dimensional
information for single- and multi-joint specimens for riveted, clinched and screwed mechanical joints.
H-shaped, hat-shaped, double-disc and KS-2 type specimens are specified. This document is based on
[SO 18592, the standard on the fatigue testing of resistance spot welds.

The fatigue tests specified in this document are conducted at room temperature, at constant load
amplitudes and specified load ratios. For most of the spec1mens the prlmary 1oads experlenced by the
joints are sheara < 3 . < ens a : a he
joints themselves experlence non- umform shear and peel loads

vi © IS0 2019 - All rights reserved
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Mechanical joining — Guidelines for fatigue testing of joints

1 Scope

This document gives recommendations for test specimens and procedures for performing constant
load amplitude fatigue tests on single- and multi-joint sheet specimens in the thickness range from
0,3 mm to 6 mm at room temperature and a relative humidity of max. 80 %.

NOTE The thickness range for advanced high strength steels (AHSS) and ultra high strength stelels (UHSS)
is generally below 3,0 mm. Greater thicknesses apply for aluminium alloys, for example.

Thiis document covers:

—| testing of joints to evaluate materials;

—| evaluation of the influence of joint type and joint size on the test results;

—| evaluation of the influence of load type and load mode on the testresults;

—| testing of component-like specimens to evaluate their stpuetural performance.

Depending on the specimen used, it is possible from the results to evaluate the fatigue behaviour of
joipts under shear-, peel-, normal-tension and combinations of loads and that of the tested sp¢cimen.

Thie results of fatigue testing obtained with component like specimens are suitable for deriving criteria
for] the selection of materials and thickness combinations for structures and components supjected to
cytlic loading. This statement is especially rele¥ant for results obtained with specimens with[boundary
conditions, i.e. a local stiffness, similar to that'of the structure in question. The results of fatigue testing
ar¢ suitable for direct application to a design only when the loading conditions in servicge and the
stiffness of the design in the joint areacare similar.

Thlis document does not apply to-Civil engineering applications such as metal building [and steel
construction which are covered\by other applicable standards.

2 | Normative references

Thlere are no normative references in this document.

3 | Terms-and definitions

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

addiresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

31

load

repeated load

F

applied force varying simply and periodically between constant maximum and minimum values

Note 1 to entry: Adapted from ISO 14324:2003, 3.12.

© IS0 2019 - All rights reserved 1
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3.2
maximum load

Fmax

highest algebraic value of the repeated load (3.1)
[SOURCE: ISO 14324:2003, 3.9]

3.3
minimum load

Fmin
lowest algebraicvalue gf the rnponf—ari load. (g)

[SOURCE:|ISO 14324:2003, 3.11]

3.4
load range
AF
differencq between maximum and minimum loads (3.3)

AF = Hmax — Fmin

[SOURCE:|ISO 14324:2003, 3.8]

3.5
load ampllitude
Fa
half of thg load range (3.4)

F,=0)5AF

[SOURCE:|ISO 14324:2003, 3.6]

3.6
mean load
Fm
average of maximum and minimum lgads (3.3)

Fm =0,5 (Fmax + Fmin)

[SOURCE:|ISO 14324:2003¢3,10]

3.7
load ratiq
R
minimum |oad (8-3) divided by the maximum load (3.2)

[SOURCE: ISO 14324:2003, 3.7]

3.8
load type
primary shear or primary peel load

3.9
load mode
constant amplitude or variable amplitude loading

© ISO 2019 - All rights reserved
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3.10
fatigue life

N

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

3.11
fatigue endurance

Ne

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

3

2

F-1
dia
the
fai

No
No

No
be
ba

3.1
S-1
dia
an
ab

No
dia

No
be

No

component like specimens especially if the type of load distribution is undefined and/or non-uniform,

sed

V diagram

gram obtained by plotting the load amplitude (3.5) [or load range (3.4), or maximumload
 ordinate and the number of load cycles [or fatigue endurance (3.11) if the test is_termina
ure] on the abscissa

te 1 to entry: F-N diagram is also called F-N Wohler diagram or load-amplitude/number of load cycle
Le 2 to entry: It is normal practice to use logarithmic scales on both axes.

Le 3 to entry: This type of diagram is generally used when testing mechianically joined or welded
ause one compares the performance of the joint or the weld, but not.thé€ performance of the join
ed on their respective cross sections.

3

V diagram

gram obtained by plotting the stress amplitude (or stress range, or maximum stress) on th
1 the number of load cycles [or fatigue endurance (3211) if the test is terminated before faily
bcissa

te 1 to entry: S-N diagram is also called S-N.Wohler diagram or stress-amplitude/number of
gram.

Le 2 to entry: The S-N diagram is generally not suitable for specimens with spot shaped and mecha
ause the stress is based on the cross-section of the joint or of the component.

te 3 to entry: This type of diagram is generally used for comparing the performance of stru

tion specimens subjectedto-3*point bending or torsional loading.

3.1
en

mdximum load (3<2)-or load range (3.4) at which a test specimen can endure a specified numk
cy¢les without4ailing

3.15

fatiguedimit

lodd . dmplitude (3.5) [or load range (3.4), or maximum load (3.2)] which the test specimen can
anlinfinite or specified number of load cycles without fajling

4
urance limit

{ (3.2)] on
ed before

s diagram.

specimens
s or welds

b ordinate
re] on the

oad cycles

hical joints

Ctures and

e.g., closed

er of load

be endure

3.16
displacement range

AL

change in the length of a specimen (Lmax — Lmin) between loads Fyax and Frin

3.17
displacement amplitude

half of the displacement range (3.16) (AL ]

©lI
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3.18

stiffness

C

load range (3.4) divided by the corresponding displacement range (3.16)
C= Fmax _Fmin

AL

Note 1 to entry: The stiffness of a specimen represents a measure of its change in length under load. In the fatigue
testing of specimens, the change in stiffness represents a loss in integrity of the specimen.

Note 2 to eptry: Stiffness is also defined as load-displacement ratio.

3.19
initial stiffness
Co
load displpcement ratio at stable condition, i.e.
CO _fmax _Fmin

AL,

Note 1 to ¢ntry: In cases in which a stable condition is not achieved, a stiffness<{3.19) value calculated at either
10 s or at 500cycles after the start of the test, whichever occurs earlier is to e used as the initial stiffness.

Note 2 to gntry: A stable condition is either one in which, for the first time during a test, the stiffness remajins
constant within a range of 1,5 % for a period of 10 s or over 500 cycles, whichever occurs first or, the stiffnpss
shows a coptinuous linear decrease over a period of 10 s or 500 cyclés;whichever occurs earlier.

3.20
stiffness Joss
CL
reduction|in stiffness (3.18) compared to the initialstiffness (3.19)

Go—Cn
o e
0

3.21
relative stiffness
Crel
stiffness (3.18) at N number ofload cycles Cy divided by the initial stiffness (3.19) Co:

Cy

Crel = Co

3.22
relative percentage stiffness loss

CLrel
decrease in stiffness (3.18) at N load cycles, compared to the initial stiffness (3.19), expressed as
percentage

Co—C
Clrel =%x100
0

3.23

slippage load

Fq)

load at which slippage occurs during testing

Note 1 to entry: Slippage may be defined as a failure criterion.

4 © IS0 2019 - All rights reserved
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slope of best fit at 50 % probability of fatigue life

k

gradient or slope of the line of best fit when the results of a fatigue test are plotted in a double
logarithmic S-N or F-N or Wohler diagram, determined via linear regression

Note 1 to entry: The probability of survival for different probabilities of survival, e.g. 5 %/95 % or 10 %/90 %,
can also be calculated under the assumption that the scatter at each load level is identical.

4 _Symbols and abbreviated terms

For the purposes of this document, the symbols presented in Table 1 apply. Q’\q
Table 1 — Symbols and abbreviated terms O\q(bq/
Syimbol/abbreviated term |Definition y\(l/‘l
A overlap ,(Q“
B test specimen or coupon width (-\\\
b; internal width of test coupon \va
C stiffness (s\\ K
Co initial stiffness (stiffness at stable migon)
Cn stiffness at N load cycles QV
CL stiffness loss c\\}\
Crel relative stiffness Q)\'
Clrel relative stiffness loss ip’h\@\rcent
dc diameter of central@e
de diameter of pitg{l‘éﬁ‘cle
E pitch or di&tﬁﬁe\'e) between mechanical joints
F load/repé ed load
Fa load aﬁﬂe}litude
Fm n@ load
Fmax :nﬁ?aximum load
=
Fmin minimum load
Fp ,,\(O' peel load
Fp,maﬂ\o maximum peel load
F, minimum peel load
St peel load transverse to the joint line
P VY Fs shear load
d) ) Fs,max maximum shear load
Fs,min minimum shear load
Fs slippage load
Fst shear load transverse to the joint line
H outer height of hat-section
h; inner height
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

© IS0 2019 - All rights reserved
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Table 1 (continued)

Symbol/abbreviated term |Definition

I distance between clamps and overlap
I length of clamped area
le edge distance
lg specimen length between clamps
Is total length of specimen
It length of test coupon
lw distance from wall ’kq
L crosshead displacement A
Lm displacement at mean load Fp, ,\Q‘; .
Lmax displacement at max load Fyax O
Lmin displacement at min. load Fiip '\ v
N number of load cycles ,(Q‘
Nt number of load cycles at which failure occurs (fatigueéTf%) K
Ne fatigue endurance ) \cﬁv
Nal, Nan number of load cycles using absolute stiffness log\as failure criterion for the
two different specimens PR
NRry, Nr11 number of load (_:ycles using I_'elative (perQMge) stiffness loss as failure criteri-
on for the two different specimens <\
r bend radius for sheet thickness t1 AS\\')
r bend radius for sheet thickness@w
R load ratio A@ -
T time A‘\‘O
sheet thickness \O
&i strain measurecl.g@bbridge position i on the calibration specimen
&m average strain@y\s‘;sured on the calibration specimen
Op peel stresk%’ :
Opt peel s,‘g@‘transverse to the joint line
o5 sh,e@l&’s'fress
Osp ﬁ#{r stress parallel to or in the axis of the joint line
Ost A%)shear stress transverse to the joint line
AL Q)/ displacement range
AF \?Q load range
AP = ¢ non-uniform loading
,.&i degree of non-uniform loading at position i
e maximum value of non-uniform loading
AHS advanced high strength (steel)
UHS ultra high strength (steel)

5 Specimens

5.1 General

The specimens are designed to simulate, for joints in thin-walled structures, three basic types of loads
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). In addition, component like specimens e.g., hollow profiles
as shown in Figure 10, Figure 11 and Figure 12 can be subjected to torsion and 3-point bending. With

6 © IS0 2019 - All rights reserved
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these specimens, the performance of the structure is evaluated, the joints themselves experiencing an
undefined, non-uniform load distribution with a combination of shear and peel loads, the loads being
highest in the middle of the specimens and lowest at the clamped ends.

Osp UptT
F _,::,__,_ F r I I I \\_|
= [T —— (T
'
Ost

<3¢

) Shear load (transverse to the joint line or b) Peel load
shear load in the axis of the joint line)

Figure 1 — Three basi¢joint load cases

NOTE1  For true-to-life thin-walled structures, it €an generally be assumed that joints are never syibjected to
any of the types of stresses listed above either singly or in a pure form. For lap joints, subjected to she¢ar loads at
lealst one type of shear stress and, due to the local[deéformation of the sheets caused by it, peel stresses are present.
Even if the primary stress in a lap joint is pure'shear, a peel stress component is generated, whose absplute value
depends on the magnitude of the deformdtion caused by the shear stress in the joint. This deformation is a
furjction of the bending moment, which depends on the sheet thicknesses involved, the magnitudes of the acting
forces and the local stiffness. The stiffness itself is a function of the sheet thicknesses, Young’s modulus of the
madterial(s), the flange width, the ayverlap, the location of the joint on the flange, the bending radii, etc.

NOQTE 2  The component type’ H-specimens were designed to be used with various joining mgthods and
joining elements, e.g. spot welding, blind rivets, self-tapping and thread forming screws, self-piercing rivets, lock
bolts, blind bolts, clinching/friction stir spot welding, laser welding and gas metal arc welding, and thus allow a
cotpparison of the load-carrying properties of joints made with different methods.

Due to the necessity of larger bending radii than specified in the corresponding tables, space
requirementsifer tool accessibility or size of the joining elements, etc., it can be necessary to modify the
flange width,) overlap or the edge distance. Despite any such modifications, it should be engured that
the joints:are tested under optimum boundary conditions.

For ‘single- and double-hat specimens subjected to torsion and 3-point bending loads, fthe 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 sub-clause 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.

5.2 Test specimen materials

The materials used for the fabrication of the specimens should be the same as those used for the
products or components. The materials should, if possible, be taken from the same material lot, and the

© IS0 2019 - All rights reserved 7


https://standardsiso.com/api/?name=dc6844a273cc2102e1db31f481fc5359

ISO/TR 12998:2019(E)

rolling direction should be identical for all coupons. Material specification, including any heat treatment
and forming operation, type, thickness and location of coating(s), sheet thickness, surface condition and
mechanical properties should be checked before the actual tests, and documented.

Storage of coupon material should be such that corrosion and other surface damage due to environmental
conditions and mechanical abuse is avoided.

5.3 Types of test specimens

Several types of test specimens are currently used in fatigue tests, see Figure 4 to Figure 14. The aim of

this documientis to lielp The user to setect specimens Suitable for the task in nand.

5.4 Sel

The select
A basicre
and load 1
employ sf
specimen

The local

primary lpading condition of the joints. The fatigue life of joints is influeniced decisively by the peel Ig

and not b
peel loads

As can be
joints und
componer

The valid
on the pos

Especially
than is us
shear rat

pction of suitable specimens

ion of a suitable specimen for fatigue testing depends on the planned usage of thetest resu
uirement of the specimen is that it should allow the relevant load type, load.imode, load raf
atio to be simulated. If the results are to be used for design purposes, then it is important
ecimens with which a similar load distribution can be realized. Further, the stiffness of {
in the joint area should be similar to that of the component under consideration.

stiffness of the joint area in the component in question should be:considered in addition to {

F the shear load. For example, if joints could be subjected to~identical amplitudes of shear 3
their lives would differ by a factor of ~104, the life of the jéints under shear loading being long

seen in Figure 2, mechanical joints would never fail’under a shear load at which identi
er a peel load have a life of about 1 000 cycles, A$ stated above, the magnitude of the p
t depends on the shear load and the local stiffnéss of the specimen.

ty of the statements made in the last two patragraphs depends, as can easily be understo
itions and on the slopes of the F-N (Wohler) diagrams, see Figure 2.

in the case of single joint tensile shear specimens, Figure 4, the local stiffness is much loy
ual in real structures. Thereforg, the bending moment is comparatively large, i.e., the pe

identical jEints tested on H-specimens.

In additio
results ob|
such joint

The H-sp
and stres
complicat
a high sig

When selg

o is comparatively large, resulting in a significantly shorter fatigue life as compared

, some materials are particularly sensitive to peel stress in the as-joined condition so t}
tained with specimensiwith a low stiffness can be misleading with regard to the behaviouj
5 in structures.

bcimens allowthe investigation of almost all parameters including different stress rat
5 distributions. They require special clamps for testing and their fabrication is relativ
ed. Howéver, under uniform loading, it is possible with these specimens to obtain results w
hificance with 5 to 7 specimens.

cting a specimen, some of the main considerations should be:

ge
to
he

he
ad
nd
er.

cal
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yer

el/

to

hat
of

10S

ely
ith

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

b) simul

c) simul

ation of design parameters such as stiffness, pitch, edge distance and flange width;

ation of the stress distribution in the component;

d) effort and time required for fabrication and testing;

e) number of specimens required to obtain statistically significant results.

NOTE 1
in the case

The results obtained with specimens with a low stiffness generally bias mechanical joints, especially

of high strength steels.
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NOTE 2  The time required for specimen fabrication is only a fraction of that required for specimen testing. For
example, once the required jigs are available, and the coupons have been bent and the holes drilled or punched,
the fabrication of an H-specimen does not require more than a few minutes. This is not much longer than the time
required for fabricating a single joint specimen. The testing times for a single joint specimen and an H- specimen
are more or less identical. Depending on the type of testing machine being used, testing time can be between a
few minutes for low cycle tests and up to a day or several days for high cycle tests. The clamping procedure for an
H-specimen takes between 2,5 minutes to 5 minutes, depending on whether bolts or hydraulic clamps are being
used. The testing time required for obtaining results with the same statistical significance in the case of single
joint specimens is about 10 times longer than that required for H-specimens. This is due to the fact, that with an
H-specimen, 10 joints are tested under identical loading conditions at the same time. The implications of these
facts in terms of time and money savings are often neglected when selecting a suitable specimen.

Anlexample of a table for the selection of a suitable specimen is shown in Table 2.

Fmax/N
10° |
ol
i =]
F T
4 N Tl
10 ~ \ LLE :;
B T~ L~
T t
| \
| F \
p =
| ——
3 \\\\
10 [ | Lo L irll LA L1l L1 L1l L1 L1l
10° 10* 10° 100 107 ¢t

NOTE 3  See Clause 4.

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

Table 2. Selection of a suitable specimen based on the aim of the test

Shape of test specimen and suitability ratinga
Aim of test Single or mul- Flat multi-joint Single hat or dou-
ti-joint overlap |specimen (tensile H-specimen . KS-2 specimen
. ble-hat specimen
specimen shear or peel)

Evfaluatien of mate- 3 2 1 lor4 1
rigls
Evialuation of struc- 4 2 1 1 1
tures
Influence of joint size 3 2 1 lor3 1

© IS0 2019 - All rights reserved 9
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Table 2 (continued)

Shape of test specimen and suitability ratinga
Aim of test Single or mul- Flat multi-joint Single hat or dou-
ti-joint overlap |specimen (tensile H-specimen . KS-2 specimen
. ble-hat specimen
specimen shear or peel)
Influence of load type 2 2 1 4 2
Influence of test 3 2 1 3 1
environment

a  Theratings 1to 3 and 1 to 4 denote that the suitability of the specimen depends on the testing jig used. The higher
I'atll’lg -b Ull:_y lJUbDi‘U}.C lfcl dl:filll:d, ullifUl 11T lUdC‘lills Uf t}ll‘: jUilltb ib }JUDD;'U:U, C.s. A4 ltll 4‘ lJUillt lUUlldills. T}lib ib vCl _y
rarelyfthe case, because such jigs are difficult to design.

Suitabllity  Rating

Verygpod 1
Good 2
Fair 3
Poor 4

The statigtical significance of test results is influenced by their scatter. The darger the number of joints
tested unfer uniform loading in a single specimen, the smaller is the scatter. Therefore, in order|to
obtain regults with the same degree of significance, the number of specimens to be tested with two
joints, for|example, is five times greater than H- or double disc specimens with 10 joints. Furthermdre,
the stiffngss of flat specimens is appreciably lower than that of coniponents, so that the results obtairled
with these¢ specimens are generally misleading. In addition, somé.specimens cannot be subjected to|or
tested unfler compressive loads or negative load ratios, R, e.githe two flat specimens made with thin
aluminiurth sheets and one or two mechanical joints.

5.5 Test specimen fabrication

5.5.1 Cepupons for specimen fabrication

The sheetimaterial for the coupons may be in the sheared condition, but all burrs should be removgd.
Unintentipnal deformation, like bendingor distortion of the coupons, and damage to the surface shotld
be avoidef. Test specimens made using such coupons may have an adverse effect on the test resylts
and increpse scatter. The dimensions of the coupons for the different specimens are given in Tabl¢ 3
to Table 9 or in the corresponding-figures. In cases where specimen components require bending, the
dimensions will be influenced by the bend radius.

The sheet|material for the specimens should be stored such that no damage or changes to the surface
can occurf e.g. throughléendensation, humidity, chemical reactions, etc.

If the design undereonsideration uses extrusions or cast material, then the specimens should also be mgde
using extrudedsprofiles or cast material, e.g. aluminium and magnesium alloys as required by the design.

5.5.2 Bendingandferming

The bending of the coupons for e.g. for making peel and H-specimens should be performed in a press
brake to the required bend angle and radius. Ideally, the inner radius of the bent part should be
2 t (t = sheet thickness). If the material does not allow this radius, it may be bent to a radius larger than
2 t, but not greater than the maximum value indicated in Table 5 to Table 7. Once the inner radius has
been determined, it should be maintained for all test specimens in the same test series.

The components of the double disc specimen require either the use of drawing- or deep-drawing tools
or special manufacturing technologies such as casting 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
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and surface conditions, and thus the properties of the specimens, making a comparison of the results
difficult or even impossible.

Generally, for AHS and UHS steels, much larger bend and drawing radii are necessary. In such cases, it
can be necessary to modify the flange width, the edge distance and the location of the joints accordingly.

5.5.3 Joining

Suitable jigs should be used for positioning the coupons during joining and ensuring a precis
of the joints and uniform load distribution during testing.

e location

Spgcific dimensions of specimens e.g. flange width and inner width of the KS-2 specimehs
mddified in accordance with the space requirements for tool accessibility and larger"dim
joipts and joining elements, especially in the case of AHS and UHS steels and larger wallthick

joining sequence for all specimens should be from the middle of the specimerdtowards thg
Figure 3. The joining sequence for the different multi-joint specimens should\be’such that €
is avoided. The size or diameter of all joints should conform to the specifieations. If necessa

should be
bnsions of
nesses.

t edge, see
nveloping
"y, modify

thickness
bd joining

the joining force or displacement to compensate for the effect of work Hardening and sheet
chainges. In some cases, it can be necessary to use modified tools {(clinching) or modifi
eldments, e.g. self-piercing rivets.

equipment and all parameters used for the fabrication of the specimens should be documented in

th¢ test report (see ISO 15609-5:2004, Annex A).

adhesive,
est report.

If mechanical joining is used in combination with anxadhesive, the name and type of
information on the surface pre-treatment, curing temperdture, etc. should be included in the t

4 2 3 5

1
!
|
|
|
|
i
6

9 8 10

Figure 3 — Joining sequence for H-specimens

5.3.4 Tolerances

ethods of
xceed the
imens the

Th

pr
va
fla

e accurate fabrication of the test specimens is of great importance, as improper m
bparation can greatly bias the test results. More specifically, the tolerances should not ¢

ues given in the tables for the respective specimens. For the hat and the double disc sped

A ool Lo ldlb o Qno o N CO
TS aITg I STIouTar oC= 70— = U790+

5.5.5 Storage

Test specimens susceptible to corrosion under normal storage conditions, e.g. in air atroom temperature,
should be protected accordingly, preferably by storage in an inert medium. The test specimen should be
removed from the storage medium shortly before testing.

5.5.6 Inspection

All test specimens should 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. Gauges are recommended for the overall
check of the dimensions.

© IS0 2019 - All rights reserved 11
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5.6 Testspecimen geometry

5.6.1 General

The geometry of the specimens, and the location, pitch and size of the mechanical joints, should

be

modified such that design and manufacturing requirements can be taken into consideration. For
example, pitch, joint diameter/size and orientation, flange width, and the location of the joint on the
flange may be modified as required. Suitable jigs should be used for positioning the coupons during
joining and ensuring a precise location of the joints. Specific dimensions of specimens e.g. flange width
and inner width of the KS-2 specimens should be modified in accordance with the space requirements

for tool adcessibility and larger dimensions of joints and joining elements, especially in the case of-A
and UHS dteels and larger wall thicknesses.

The geomletry and the dimensions of the different standard specimens are given in the correspond
figures ard tables, below. Note that as stated under 5.1, specimen dimensions should be-nodified su
that the jdints are able to perform under optimum boundary conditions.

5.6.2 Specimen geometry of tensile shear and peel specimens

The specimens shown in Figure 4 and Figure 5 generally have a stiffness whieh generally is much loy
than that pf real structures. The usability of results obtained using such specimens is thus limited, s
also 5.1 apd 5.4.

The flat specimen with two joints, Figure 5 offers no real advantage’as compared to the specimen
accordande with ISO 14273:2016, Figure 4, but is more difficult\to manufacture and to test, requir
special grjps for the wider versions.

The multijoint tensile-shear and peel specimens shown o Figure 6 and Figure 7 are stiffer and of]
a number|of advantages over the single or two joint sp&timens in Figure 4 and Figure 5, allowing {
influence |of parameters such as pitch, overlap and“iform and non-uniform stress distribution
be investigated. These specimens require the use of the same clamps as the H-specimens shown|
Annex C. ﬂt is however to be noted, that because of their higher stiffness, tests with H-specimens will
absolute terms, generally deliver superior, more practice relevant results.

The geometries and dimensions of the different specimens are shown in the corresponding figu
and tableg.

The bend|radius should be in acecerdance with 5.5.2 but can need to be modified, e.g. in the case
AHS UHS|steels and other materials with poor formability, and should be equal to or smaller th
ted maximum values. If larger radii are necessary, then modifications to the edge distan

The geomletries and 'dimensions of tensile shear test specimens are given in Figure 4 to Figure 6 a
Tables 3, 4 and 6. Eiguire 4 and Table 3 are applicable for single joint test specimens, Figure 5 and Tabl

HS
ng
ch

yer
ee

[es

of
an

nd
e 4

for two jolnt test-specimens and Figure 6 and Table 6 are for multi-joint tensile shear test specimens

Figure 7 dnd-Table 5 show the geometries and dimensions of multi-joint and H-peel specimens.

Figure 8 and Figure 9 and Table 5 and Table 6 show the geometries and dimensions of H- specimens.

Figure 8 and Table 6 are applicable for H-shear specimens, Figure 9 and Table 5 are for H-peel specime

ns.
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|
|
|
|
|
|
|
|
-
|
|
|
|
|
|
b

Ic Ig Ic
Is

Key
1 shim plates lg specimen length between clamps
a overlap I totaklength of specimen
b test specimen and coupon width I eoupon length
Ic length of clamped area t1, to thickness of the coupons
NOTE Shim plates are used to avoid misalignment wheh clamping the test specimen.
NOTE For specimens with sheets with unequalthicknesses, t1, t2, the dimensions given in Table 2 ¢orrespond

to those specified for the thinner sheet.

Figure 4 —-Single joint tensile shear specimen

Table 3 —Dimensions of single joint tensile shear specimens

Dimensions in millimetres

Sheet thickness- Width Overlap Total l(_angth of | Specimen length | Length| of single
es specimena between clamps coypona
t1, 02 B a Is Ig It
0,5<t<1,5 45%0,5 35 2250 160 2142,5
1,5<t<3,0 60+ 0,5 46 2320 200 >1182,5
3,0,<t56,0 90+0,8 60 2420 240 2P40
a | These dimensions are applicable for older test machines with mechanical clamps. Under this assumption, the length of
the r‘]:\mnpd area l. should he greater than the specimen width For maodern machines in n:nr'hr‘n]::r thase wit hydrau]ic
clamps, the length of the clamped area as well as It and Is may be reduced correspondingly.
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1 a
WS \ WS
K \ =
1
le
|
| ; ! | ~
! ] ? >
| >t | -
: ! | :
| | |
—— s — e e — e _._—._.l_._._._._.'_._.__ Q) Q
: I :
| . |
| +— |
. i | ! ~N
. | | . I
; | ®
|
I ly I
Is
Key
shim plates lg specimen length between clamps
a overlap I total length of specimen
b  testspecimen and coupon width I coupon length
pitch t1,@2" thickness of the coupons

I length of clamped area

NOTE

correspond to those specified for the thinner sheet.

Figure 5 — Tensile:shear specimen with two mechanical joints

For specimens with coupons with unequal thicknesses, t1, t2, the dimensions given in Tabl¢ 3

Table 4 — Dimensions of tensile shear specimens with two mechanical joints

(O8]

Dimensions in millimetres

. . Specimen

Sheet thick Width Overlap Length of sin- | Total le_ngth of length be- Pitch

nesg gle coupon specimen

tween clamps

t1, t2 b a I Ia Ig e
0,5=<t<1;5 70 35 2167,5 2300 160 35
1,5<t<3,0 100 45 2222,5 2400 200 50
3,0<t<6,0 2100 60 2250 2440 240 50

a  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 Iy and Is, can be reduced correspondingly.

14
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Dimensions in millimetres

17 t,
= e -
U WU © - < AN,
[ ] | ] <
S S st :
= ————
0
N
20‘ 40 ‘ = = ‘ 40 ‘20 ty
| | | | |
0,5
200"
Key
a overlap, see Table 6
hs height of side plate or side member = a + [ + 38
lg specimen length between clamps=a + 2 I,
I distance between overlap and clamp

t1, k2 thicknesses of the coupons

Figure 6 — Flat multi-joint tensile shear specimen

© IS0 2019 - All rights reserved
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Dimensions in millimetres

a t
17
le,
| | | | | =
D A A A
< b
’
) o
= : =2 = 2 : ~=
") o
. A O O S W
LML L=
| o~
‘ L0 17 ‘ 40
t, I | I |
200 + 05
1 1 1 1 1
o4 30
Key
a oveflap
hy, height of L member = (1 or t2) + (r1 or rp) + 40
lg spefimen length between clamps = t1 + tp + r1 + rp %4
r1,r2 benld radius for sheet thickness t1, t2
t1,tz  thidknesses of the coupons
Figure 7 << "Flat" multi-joint peel specimen
Thble 5 — Dimensions\of "Flat" multi-joint peel specimens and H-peel specimens
Dimensions in millimetres
Smallest sheet . .
thicknads Overlap Edge distance Bend radius
t{orta a le riorrpa
t<1 16 7 2<r<3
1<t<1,5 18 7,5 3<r<4,5
I,5<t<?2 21 8,5 4<r<o6
2<t<3 27 11 6<r<9
3<t<4 34 14 8<r<12
4<t<5h 39 15 10<r<15
a2 The bend radius for AHS and UHS steels and thicker gauges of other materials can need to
be increased. In this case, modifications of overlap, edge distance and other dimensions can be
necessary.
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Dimensions in millimetres

+0,5
57 t,
| | | | | | T =
} U A A A A
S| _ ———— —— ——T—
T 1 sl 1 e —?——éﬁ— —‘?— —GF— — {19
\/——‘/ “ N U S N —— R— ~
I = 1 O, — /l\_ — L T ]
T Y Y Y (s
| | N
: o e
! | | |
200+ 0,5
Key
a overlap = 12 mm hy height@©fU'member =38 + [, + a 4 t1
l; | distance between clamps and overlap r bend radius
Is | specimen length between clamps = (2 I + a + t1) t1,t2 <hickness of the coupons

hs| height of side plate or side member =38 + a + [ + t1

Figure 8 — H-Shear specimen

Table 6 — Dimensions of H-shear specimens

Dimensions in millimetres

$mallest sheet Distance be- Overlap Edge distance Specimen Bend radius
thickness tween clamp length between
and overlap clamps
tiorty I a le lg ra
t<1 12 16 7 40+t 24r<3
1<t<1,5 1.2 18 7,5 42 + t1 3<fr<4,5
1,5<t<2 12 21 8,5 45+t 44r<6
2<t<3 12 27 11 51+t 64r<9
3<t<4 12 34 14 58 +t1 8<[r<12
4<t<b 12 39 15 63 +1t1 10 4r<15
a | Thebend radius for AHS and UHS steels and thicker gauges of other materials can need to be increased. Il this case,
mgdifications of overlap, edge and other dimensions can be necessary.
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5.6.3
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Figure 10

Dimensions in millimetres

ove
hei
hei
edg
spe
ben

G

75+(())'5 t
R als szl
L
L S R S S O
3 IR
= S S — | — I
| AL L
) ! 40 ! 17 ! 40 !
200+ 0,5

lap

bht of L member = t1+ rq + 41

bht of U member = tp+ 1 + 41

e distance

cimen length between clamps =ty +tp +r1+rp+ 6
d radius for sheet thickness tq, t2

Figure 9 — H-peel specimen

bometry of the hat and other closed section specimens

ecimens allow, under 3;point bending or torsion, the investigation of the structural behavic
cimens under different types of loading. An investigation of the load-carrying behaviour
is not possible because these are subjected to undefined, non-uniform loads. The specimg
rely difficult to fabricate and to test. The difficulty in fabrication increases with the numbef

the length of€hé specimen. Under 4-point bending, these specimens allow the investigat
[-carrying beliaviour of the joints in the axis of the joint line.

FigurenM and Table 7 show the geometries and dimensions of single-hat and double-}

specimen§
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Dimensions in millimetres

|
|
TG
IW H tl \¢
— —————— | ——p>H- "
a ! r~
-e- <
\. |
I
5 500
640
Key
a overlap
Ly distance from wall

r1,f2 bend radius for sheet thickness ty, t2
t1, 2 thickness of the coupons

Figure 10 — Single-hat speecimen

Dimensions in 1

e e e E———
500
Rt
640
Key
a overlap
Ly distance from-wall

r1,f2 bend radius-for sheet thickness tq, t2
t1,f2  thickmess of the coupons

Figure 11 — Double hat specimen

millimetres
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Table 7 — Dimensions of single-hat and double-hat specimens

Dimensions in millimetres

Smal_lest sheet Distance from Overlap Bend radius
thickness wall
tiorty Ly A riorrpa
t<1 8 16 2<r<4
1<t<1,5 9 18 3<r<4,5
1,5<t<2 11 21,5 4<r<6
2<t<2,5 12,5 25 5<r<7
2,5<t<3 13,5 27 6<r<8
3<t<4 14,5 34 8<r<10

NOTE There are 10 joints on each side, pitch 50.

a  The bend radius for AHS and UHS steels and thicker gauges of some other
materials can need to be increased. In this case, modifications of overlap, edge
distance and other dimensions can be necessary

7

—

=/

Figure 12 — Examples of various closed sections
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Dimensions in millimetres

diameter of central hole
diameter of hole circle
edge distance

clamping bolts

upper clamping plate
base clamping plate

N |
A

a
le
. 1 2
S : 'e : l 4/
- d. r i;: | /
1304
0
ANNNN
230 / | m
! ‘I’ | %
| |
| |
| e
3 1
a) Dimensions b) Clamping device
overlap

Figure 13 — Double disc peel and shear specimens

Table 8 — Dimensions of double disc peel and shear specimens

Dimensions in millimetres

Smtallllil:lf;:::et Overlap Edge distance Radius
tiorty a le riorrp
t<1 16 7 2<r<3
1<t<1,5 18 7,5 3<r<4,5
1,5<t<2 21 8,5 4<r<6
2<t<3 27 11 6<r<9

a2 The deep drawing radius for UHS and AHS steels and thicker gauges of some
other materials can need to be increased. In this case, modifications of overlap, edge

distance and other dimensions can be necessary.
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5.6.4 Double disc and KS-2 specimen

The geometry and dimensions of the double disc specimen are given in Figure 13 and Table 8. These are
valid for all thicknesses up to 3,0 mm. The number of joints should be distributed uniformly over the
circumference of the pitch circle, resulting in a uniform pitch. The diameter of the central hole depends
on the sheet thickness and should be (130 - 2a) mm. The greatest thickness for these specimens should
be limited to 3 mm. The deep drawing radii depend on the thickness and forming properties of the
material and should conform to the data given for the H-specimens. Larger radii can be necessary for

AHS and

The fabric Ation aftha dovhla dicc crnaciman raauivrac cnacial daan dravinatanlc foranch chaoaotthicln
atHoH-0+ttHe-aeHBre-aSeSpecHeRfregiiesSP t S-0151e+-eacn-SreettHexhs

Figure 14(and Table 9 show the geometries and dimensions of KS-2 test specimens. Note that the'bg

UHS steels. Geometric modifications can be necessary in this case.

SS.

oot e Pty 5t

nd

radius sh¢uld be in accordance with 5.5.2 but can need to be modified in the case of AHS and UHS

steels, an]lnshould be equal to or smaller than the maximum values given in Table 9.
The maxi

The KS-2|specimen and the double disc specimen are the only ones which allow the simulation

defined cllilnplex loads. Their testing requires special clamps, and for the double disc specimen, als
tensile-cum-torsion testing machine.
Dimensions in millimet
50
ty b;
™~
=
Ve
\. | \%)
(R T A\
Pod
x
<
t, 8,5
Key
b; inngr width«of U-member
hj inner heightof "U-members" = (r1 or rp) + 26

r1,r2 bend@adius for sheet thickness t1, t2

um thickness is limited to 5,0 mm.

of
b a

res

t1,tz  thickness of the coupons
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Figure 14 — KS-2 specimens
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Table 9 — Dimensions of KS-2 specimens

Dimensions in millimetres

. Minimum Maximum .
Sheet thickness bend radius bend radius Inner width
ty,t2 I'i,min r'i,max? bi
+0,5
0,8<t<1,5 2 45 22
0
+0855
1,5<t<2,5 4 8 26
0
+0,5
2,5<t<3,5 6 11 30
0
+0,5
3,5<t<4,0 8 12
0
+0,5
4,0<t<5,0 10 15 36
0
a  The bend radius for AHS and UHS steels andhicker gauges of some other
materials can need to be increased Depending on thebending radius and the geometry
of the joining element, modifications of other dimensions, e.g. the inner width, can
also be necessary.

6 | Specimen clamps and alignment

6.1 General

Spegcial clamps are necessary for eachype of specimen to ensure that the required stress digtribution
in the specimen is realized. For H-specimens, the standard clamps ensure that all joints are supjected to
a yniform stress distribution. Eor tests in which a defined non-uniform stress distribution i%]required,
either the clamps or the specifnens or both require modification. The location of the joints andl the pitch

refnain unchanged.

Thee following applies,-by/way of example, for the H-specimens. Similar instructions are applicable for
the¢ KS-2 specimens; the hat specimens and the double disc specimen.

6.2 Verification and adjustment of specimen clamps and alignment

6.2.1 Alignment

The‘alignment of the clamps, axial and transversal, should be verified to ensure that the spedimens are
not twisted or deformed in any manner.

To ensure uniform load distribution, the co-axial alignment of the upper and lower clamps, and their
parallel alignment should be verified.

6.2.2 Verification of the clamping

A special calibration specimen (see Figure A.1) should be prepared for the verification and adjustment
of clamping devices to ensure the uniformity of the loading over the length of the specimen. The
verification should be carried out in the same position as the tests. The magnitude of the strains, g,
at different positions - bridges - on the calibration specimen, Annex A should be measured using the
applied strain gauges. Note that the when manufacturing the calibration specimen, the dimensions of
the bridges, cross sections and lengths, should be as accurate as possible to ensure uniform stiffness of
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the specimen. The cross-sections of the bridges are required for calculating the strains at each of the
bridges.

The verification should also be conducted at 90° and 180° rotation of the clamps to ensure symmetry
between the upper and lower clamps.

The degree of non-uniform loading, AP;, expressed as a percentage, is defined as Formula (1):

g —¢
AP, =—1—1x100 (@8]
gm
where
& s the strain measured at bridge position i on the calibration specimen;

em 1sthe average strain measured on the calibration specimen.

Strain €; fit a bridge position i should be measured with a well-designed calibration specimen ($ee
Annex A).

AP | =Emax “€m 44 2)

makK
gm

where

€max | 1s the maximum strain measured on the calibratien'specimen at bridge i;
APmat is the maximum value of AP;.

The maximum value of non-uniform loading, APn;x, see Formula (2), should not exceed +2 % for gny
given varying load. Further, the load distribution should not show minimum or maximum loading at
either thelends or in the middle.

If the resylt of the verification does not satisfy-the above limits, the clamping device should be adjusted
or replacegd by a new one.

If the clathps are being used for the-first time, check their dimensional accuracy and the cleanlingss
and freedpm of burrs on the mounting surfaces, the uniform tightening of the mounting nuts and bolts.
Other pogsible reasons for nonsuniform loads can be eccentric, angular, transverse or longitudipal
misalignnpent in the positioning of the clamps. If the calibration specimen is being used for the fifst
time, its geometry, in partieular the position, accuracy and tolerances of the cross-sections and lengths
of the conpecting bridgés should be checked.

When the|tests aret6 be carried out with modified clamps, the specified non-uniform loading shotild
also be vefified with the same calibration specimen.

The calibrjation specimen should be calibrated at least every half year.

NOTE Design, material and manufacturing procedure of the calibration specimen are given in Referencel24].
6.3 Clamping device design

6.3.1 General

The clamping device for the standardised H-shear and -peel specimens, Figure C.1, was designed to
ensure that the distribution of tensile load over the length of the device is uniform. This ensures that
all joints are subjected to uniform loading. In addition, the clamping device is designed to enable the
testing of specimens made using any commonly used mechanical joining or welding technology.
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The standard clamping device consists of two clamps; an upper part and a lower part. The clamps were
originally designed for test specimens made of deep drawing and conventional high strength steels
as well as aluminium alloys with a sheet thicknesses between 0,5 mm and 3,0 mm. For aluminium
specimens with a sheet thickness greater than 3,0 mm and for steel specimens for which the bend radii
are greater than those given in the tables, the overlap requires modification, see Table 2 and Table 3.
The clamps are shown in Annexes B and C. It is of the utmost importance to manufacture the clamps in
accordance with the given tolerances to ensure optimum loading conditions.

As is to be seen in Figure C.1, the two clamps have different thicknesses. One clamp is 75 mm thick,
the thickness of the other one is 63 mm. The reason for the different thicknesses is that when testing
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 flat coupons because the inside width of the specimen is 75 + 2t. The use of shims with
ckness as the U-part would have the disadvantage that the flat side member would.inte1
e smooth surface of the shim with the danger of slippage occurring under load. Sin¢é the
the shims is generally small, it would not be possible to serrate the outer surfaces of the
sure that there is no slippage between the specimen and the clamps, it is necessary to insef
fween the shim and the 75 + 2t wide specimen. This spacer has a thickness of 6 mm, beca
but the smallest thickness on which serrations can be machined on bothsides. Another adj
ng 6 mm spacers as standard is that these spacers can be used for al}specimens together v
J-member sheet.

order to qualify the clamping device for the testing of speciméns made of AHS and UHS
ndrel for mounting the clamp in the testing machine shouldi{ave an M48x1 metric fine thy

surfaces on the clamps which are in contact with the.test specimen should be serrated i
rease friction and thereby prevent slippage.

bcaution should be taken to avoid damage to thé\specimens and the load cell during tig]
pwise increase of the torque in three steps is recommended.

e prescribed torque, 150 Nm, is necessary to prevent slippage during the testing of thid
bcimens and joints with higher strengths. As an alternative, a hydraulic clamping device, |
y be used instead of screws (see Anniex B). The hydraulic pressure required depends on theg
the cylinders.

.2 Example of suitable clamping device design

side with
the same
face with
thickness
shims. To
t a spacer
use this is
rantage of
Fith shims

steels, the
ead.

h order to

itening. A

ker gauge

Figure B.1
diameter

Lhe case of tensile shear\loading with single- and two-joint specimens shown in Figure 4 angl Figure 5,

her standard mechahi¢al clamps or hydraulically actuated clamps with a width of at lea
puld be used. It should be ensured that the specimen is clamped such that the joints li
Fmal to the applied load and that the load is applied along an axis either passing through
the single jointor is equidistant to the two joints. No slippage is allowed between the clam
ecimen.

the ease of multi-joint tensile shear and multi-joint peel specimens, Figure 6 and Figu
ommended that the same clamps be used as for the H-specimens. With the use of these

st 50 mm
b in a line
the centre
bs and the

re 7, it is
clamps, a

unfform load distribution is ensured, because the clamps and the specimens have the same width. Care
should be taken that the joint line is normal to the applied load. This can be ensured by using suitable

positioning jigs.

In the case of tensile shear tests with H-specimens, Figure 8, one clamp with a thickness of, 75 mm,
is clamped to the U-bent part of the test specimen. For the opposite part of the specimen, the clamp
thickness is 63 mm. Mount spacers on both sides of the 63 mm clamp to compensate for the sheet
thickness of the U-bent part, i.e. the spacer should have a thickness of (6 + ) mm where t is the sheet
thickness (assuming that the sheet in the U bent part is ¢ mm thick). Alternatively, a spacer with 6 mm
thickness may be used together with a sheet-spacer with the same thickness as the "U". The 6 mm
thickness or thicker spacers should be serrated on both sides to prevent slippage.

In the case of three-point bending tests on hat and closed profile specimens shown in Figure 10,
Figure 11 and Figure 12, the load distribution over the length of the specimen is undefined and non-

© IS0 2019 - All rights reserved 25


https://standardsiso.com/api/?name=dc6844a273cc2102e1db31f481fc5359

ISO/TR 12998:2019(E)

uniform and the loads in the individual joints also differ in their shear and peel components. In addition,
the types and magnitudes of the individual shear and peel components change with the materials and
thicknesses of the components. Generally, the loading is lowest in the joints near the clamped ends and
highest in the middle. In addition, the results depend to a large extent on the clamping and how the
load is applied. Therefore, the results of such tests, at best, give information on the performance of the
particular specimen under the given boundary conditions but little information about the performance
of the joints.

In the case of hat specimens and closed profiles under torsion loading, Figure 10, Figure 11 and Figure 12,
the load distribution in the joints is undefined and non-uniform, varying with the sheet thickness and
material TTTation: i i ithgne
another bt not for evaluating the load-carrying properties of the mechanical joints. As in the ¢asg of
three-point bending tests, the highest stresses are experienced in the middle of the profile; the'stresses
near the ends are minimal because the clamping hinders any relative movement between the jein€d parts.

In the cas¢ of double disc specimens shown in Figure 13, the external load can be a tensileload, a torque
or a combjination of both. In all cases, joints are subjected to uniform loading, its type‘b€ing defined|by
the type(3) of external load(s) and their magnitudes(s). The combinations of the Shear and peel lodds
experiencid by the joints depend on the magnitudes of the tensile load and the terque applied. Thése
specimens$ allow the investigation of the load carrying ability of joints under defined singular gnd
complex Ipads. In addition, the influence of material and material thickness-combinations, joint type,
joint size, [joint orientation, pitch, edge distance, etc. can also be investigated.

The geomletry and dimensions of KS-2 specimens are shown in Figure 14 and Table 9. The maximyim
sheet thickness is 5,0 mm. The maximum bend radius should be snaller than or equal to the maximym
value given in Table 9. The testing of KS-2 specimens requiresspecial clamps.

7 Testing procedure

7.1 General

The tests phould be carried out at room température and a relative humidity of maximum 80 %

7.2 Testing machine
The tests phould be conducted asdoad controlled tests at specified load ratios.
The selecfed testing machine-should be calibrated in accordance with ISO 7500-1.

The machjine should be eheeked at regular intervals to ensure that the desired form and magnitudg of
loading is|maintained<thtoughout the test (within +1 % of the pre-set value). Because the clamps, jee
7.3, are rqlatively heaty, the testing machine should be calibrated dynamically to eliminate the effpct
of mass fdrces. This-s of utmost importance especially at higher testing frequencies, e.g. on resonaince
testing machiness

7.3 Moumting of clamping devices/clamps

As a first step, the clamping devices should be mounted in the testing machine such that neither the
load cell nor the clamping devices are damaged. The clamping devices should be suitable for performing
the planned tests. After mounting, uniform load distribution should be verified if required, see 7.2.

A pre-requisite for this is the alignment of the clamps before any tests are carried out.

7.4 Clamping procedure

The mounting procedure should be carried out such that neither the specimens nor the load cell are
damaged. In the following, the clamping procedure for H-specimens is described by way of example.
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The test specimen should be clamped such that no slippage can occur between the specimens and the
clamps. To ensure that no slippage occurs between the clamps and the test specimen, M16 bolts, class
8.8 or superior should be used and tightened to at least 150 Nm of torque. Molybdenum disulphide,
MoS2, should be applied to the threads and hardened washers should be used to minimize friction.

The specimens, should be clamped such that there is no twist, misalignment or axial displacement. A
prerequisite for this is the alignment of the clamps as described under 7.2.

Specimens should be tested with the U-partin the upper clamping head. (It is assumed that the load cell
is attached to the base plate of the machine.) The following clamping procedure should be followed:

—| Position the H-specimen in the clamps as shown in Annex B.

— | Place spacers of relevant thickness between the specimen and the lower and upperclampjing heads,
respectively. The spacers should be placed on both sides of the clamping head. The spac¢rs should
not be in contact with the specimen in the bend radius. These spacers are reguired for|achieving
alignment of the specimen in a position normal to the direction of the appliedload.

—| Startthe testing machine and apply a low compressive force of approx«3%«N to 5 kN to the fpecimen.

— | 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 towards the outside; first the U and then the fide plates
or the "Is" in the case of the peel specimens. The tightening of the nuts is to be carried oyt in three
steps: 50 Nm, 90 Nm and 150 Nm. Alternatively, if a hydraulic clamping device is used,|apply the
prescribed hydraulic pressure, see Annex B.

—| Remove the compressive force, apply a similar tensile-force and remove the spacers for aljgning the
specimens.

Thie specimen, which has the same length asthe clamping head, should be mounted flysh in the
lorjgitudinal direction.

7.5 Fatigue testing

7.3.1 General

Thie fatigue test should be catried out at a constant load amplitude and a specified load ratio, R. The
R-Yalue for shear loading(camn be either positive or negative. For peel loading, the R-value [should be
popitive.
Cafe should be takemrnot to overload the specimen at the start of the fatigue test. This risk can be

minimized by a stepwise increase of the load amplitude.

Thie test loadshould 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 p suitable
dyhamieverification, should be maintained at all times to within 1 % of the pre-set value (pepk loads).

Thiesingle and two joint shear specimens are however, especially in the case of thinner sheet material,
not suitable for tests in which compressive loads are employed, e.g. R = -1 or for variable amplitude tests.

The suitability of single and two joint peel specimens for fatigue tests, especially with thin gauge
material is questionable, because the results obtained with such specimens are of very limited use.

The specimen length between clamps should be the same for the specimens being compared.
NOTE The dimensions for the specimen width and the overlap have been specified to ensure the data
generated is usable for design purposes. Smaller widths and overlap could result in lower values and thus give

misleading information. Shorter coupons may be used depending on the clamps of the testing equipment. The
specimen length between clamps should not be changed.
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Fatigue tests with single joint specimens may be carried out with tensile shear specimens, see ISO 18592
and ISO 14324.

7.5.2 Setting load conditions for the fatigue testing

The fatigue test should be performed as a constant amplitude mode test. The following load values
should be agreed before testing by a JPS (Joining Procedure Specification) or by the contracting parties:

Fmax;

Fmin;
— load 1

— loadi
best fi

magnijitude, e.g. between 5.103 to 5.105.);

— figure

However,
testing. T
single joir

slippage during fatigue testing, Figure 15 a).

If slippag
diagram, |
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effect, ger
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The fatigy
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atio;

hcrements (the increments between the load levels for the test should be such thatithe ling
it as determined by linear regression, can be calculated over a range of at leastjtwo order

s for repeating of the test.

with fatigue test specimens with mechanical joints, there is a pogsibility of slippage dur
his phenomenon may greatly influence the test results. Therefore; tensile shear tests w|
t specimens, should be carried out prior to the fatigue tests to determine the possibility

b is detected during tensile shear testing (see load vs. erosshead displacement/elongat
Figure 15 a), performed prior to the fatigue tests, theload level at which slippage will ocq
tests will, due to the influence of vibration which geduces friction and the so-called stick-s
erally be lower.

e behaviour of mechanically joined specimens should be investigated under load conditid
e to be expected in the field.
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b) shows load vs. time diagrams of constant@mplitude fatigue tests with different load ratios.
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h) Tensile shear test b) Constant amplitude c) Constant amplitude d) Constant amplitude

diagram fatigue test — Case I fatigue test — CaseIl fatigue test —|Case III
Key
L | crosshead displacement/elongation T time
Fm|n minimum load Fnm  mean load
F | force/load 1 load at whichslippage occurs
Fg1| slippage load Fmax maximumoad

F5 | load amplitude

Figure 15 — Tensile shear test diagram and Load.vs. Time diagrams of constant amplitude
fatigue tests with different load ratios

NOTE For more information on the fatigue test’see ISO 18592.

C:[e I: Load Ratio, R = 0,1 (R = Fin/Fmax)as shown in Figure 15 b).

Thie mean load, Fiy, is applied and-then the load amplitude, F;,, is super-imposed. During the actual
teqt, friction lock or the slippage.load level, Fg), is exceeded in the first load cycle and, therdfore, goes
unEoticed as the test is continued.

Cafse II: Load ratio, R = 0,6(as Shown in Figure 15 c).

Sirjce the mean load is’higher than the friction locking limit or slippage load, Fg, this is exceeded during
the¢ application of the mean load, Fy,.

During the act@al-fatigue test, no further slipping is registered and, therefore, goes unnoticed.

Cafse III: Lead ratio, R = -1 (alternating load) as shown in Figure 15 d).

Thie load'amplitude, F, is greater than the slippage load, F).

Play is overcome in each load cycle because both the negative and the positive load amplitudes (—Fj;
+F;) are higher than the slippage load, Fg).

Results from single joint tests should not be used to predict the behaviour of similar joints in assemblies
on a one-to-one basis.

Since such fatigue tests are generally carried out as constant amplitude tests, the load amplitude will
remain constant, even though the integrity of the joint has deteriorated. In order to determine the
occurrence of slippage, both the mean displacement Ly, i.e. the displacement at mean load Fy, and the
displacement amplitude should be monitored as these change when slippage occurs.

In order to obtain universally comparable test results, independent of the type of testing equipment,
the use of a failure criterion applicable on all types of testing equipment is recommended, e.g. relative
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load-displacement ratio or percentage or stiffness loss which shows a very good correlation with the

deterioration of the integrity of the joint during testing.

If a magnetically actuated resonance-type testing machine is used for the tests with negative load
ratios, R, i.e. tests with alternating loads, the test will generally be terminated by the machine because

the controls cannot ensure constant force amplitudes when slippage due to play occurs.

If servo-hydraulic or mechanically actuated testing machines are used, the test will not be terminated

automatically if slippage occurs. This will, however, be accompanied by an increase in noise level.

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

The testing frequency of mechanically joined specimens generally lies between 30 Hz and. 140 Hz a
depends dn the stiffness of the specimen and the type of testing machine being used. TeSted specimg
can show [an excessive increase in temperature if the testing frequency and/or the load’amplitude §
too high. The temperature of the specimen should be monitored since an increas€’in temperature ¢
have an adverse effect on the test result. If required, suitable measures should*all be taken to av
an increage in temperature. In the case of temperature sensitive Hybrid joints) e.g. mechanical joi
plus adhefive bonding, plastics, etc., the testing frequency should be sele€ted such that the incre:
in temperpture is not higher than 2 °C. The testing frequency should in the case of structural adhes
bonded jojints, as recommended in ISO 9664, not exceed 30 Hz.

When testing visco-elastic materials, e.g. adhesives, the thermal effects can have a large negat
influence pn the fatigue life. Therefore, tests should be performed to verify the effect of test frequer
on specinjens which include adhesive bonding.

7.6 Testtermination

7.6.1 General

The test ghould be terminated when the specified failure criterion, the endurance limit or the fatig
limitis reqched. The failure criterion is based on the loss of integrity of the specimen and is noticeable
a loss of stiffness of the test specimen.®As the test is conducted at constant load amplitude, the stiffn
loss can bp evaluated from the change\in displacement amplitude or a decrease in testing frequency.

The following failure criterion areapplicable to the fatigue testing of mechanical joints.
The test should be terminated‘when:

a) slippdge or permafient setting occurs;

b) a40 % increa$ein the displacement amplitude is registered;

c) a40 Y% stiffness loss; or
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NOTE A value other than 40 % may be specified.

When resonance testing machines are used, stiffness loss can be detected as a change in test frequency.

However, this does not apply to other types of testing machines and is therefore not recommended a
failure criterion because the results will not be comparable.

Sa
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The failure criterion is based on relative stiffness loss CLyre| calculated at N number of load cycles as

Formula (3):

Cy—C
Cppe =—2—1 (3)
Co
The displacement can thus be measured either directly on the specimen or as a relative displacement of
the clamps.

Stiffness loss CLN, at N load cycles, is (Co - Cy). This term divided by Cp is the relative stiffness loss,

APICING FAUS I AU 72 Va WL DS, 4 LiLc 1
myraprrea oy Tou s tire petrcentage STrresSsS10SSs:

As|a reference (100 % stiffness), the stabilized stiffness value, Cp, should be used. Stabitizatipn usually
ocgurs relatively soon after the start of the test, see Figure 16.

In |cases in which a stable condition is not achieved, a stiffness value calculatéd at either [10 s or at
50Pcycles after the start of the test, whichever occurs earlier should be used as the initial stilfness.

NOTE A stable condition is either one in which, for the first time during a test, the stiffness remains constant
within a range of £1,5 % or, the stiffness shows a continuous linear over a perjod.of 10 s or 500 cycles,|whichever
ocqurs earlier.

Thie failure criterion to be used depends on, for example, the(joining method and on the field of
application or the design criteria. Therefore, the test should bé<ontinued until a sufficient drop, in the
stiffness loss (e.g. 40 %) has been reached.

7.6.2 Failure criterion and number of cycles to failure

In |constant amplitude load-controlled fatigue tésts, the displacement range increases with crack
initiation and crack propagation both of whichlead to a loss in specimen stiffness. For a defined loss of
stiffness as a failure criterion, e.g.

AL-L C-C

M:A}O% and M=28,6%
Ly 0

C—C C=E€

(—0):—28,6% or M:—ALO%
CO CO

th¢ number of cycles te'failure corresponds to a specimen displacement of
AL-AL AL-AL

(AL-8l) 0 (AL-Al)

Ly Ly

=67%

From a design point of view, it is not only the relative decrease in stiffness that is decisive, biit also the
rafe of stiffness loss. The number of cycles to failure, therefore, is defined as the life until the integrity
(stiffhess) has dropped to a pre-set value or when the rate of integrity loss (rate of stiffness losf) exceeds
a specificvatue. The critertato be used for the evaluation stroutd be agreed atter consuitation with the
responsible design department before the test is conducted.

The failure criterion to be used depends, for example, on the application. In the aircraft and aerospace
industries, where regular checks are mandatory and detailed knowledge about crack initiation and
crack propagation is available, the failure criterion can be a crack with a defined length. For example,
in the automobile industry, where no mandatory checks can be specified, the appearance of the first
visible crack is a suitable failure criterion. Since cracks can occur at locations which are either not or not
easily accessible, the corresponding stiffness loss should be correlated to the relevant failure criterion.
In the case of the different mechanical joints, it is advisable to correlate the visible crack length with a
40 % loss in stiffness before using this as a failure criterion.
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The reason for introducing a new parameter, the rate of integrity loss (stiffness loss) for the failure
criterion is shown in Figure 16. Two specimens exhibiting an identical relative decrease in stiffness can
have a great difference in their residual lives. In Figure 16, 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 stiffness loss and total fracture. Experience concerning the importance of this parameter,
stiffness loss, is limited. The initial testing with different kinds of materials, different joining methods,
etc., has thus to show which parameter is more suitable.

c/%
I 1l 2
L L _\
.
100 —%L —_———— A
e -
-
N\
75 \
A
I / )
N
Ny Nr
Ngy Naj
Key
1 fomplete separation of the specimen
dc *
2 lope, equal to, le i.e. rate of stiffness loss
dN

Na), Nan humber of load cycles using absolute-stiffness loss as failure criterion for the two specimens
Ngy, Nri1 humber of load cycles using relative (percentage) stiffness loss as failure criterion for the two specimg¢ns

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

Figure 16 — Fatigue life using: a) absolute stiffness, b) relative stiffness loss or c) rate of
stiffness loss as failure criteria

7.6.3 Stiffness

The stiffnpss yvalie (see 3.18) should be calculated based on a linear relationship between displacement
and load, since it is assumed that the test is to be carried out in the elastic range.

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

7.6.4 Data acquisition

To enable a more detailed analysis of the data at a later stage, load and displacement amplitude values,
together with the corresponding number of load cycles should 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,
in accordance with 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 should be stored for later
analysis.
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7.7 Re-testing

If the specimen component or test piece fails to comply with the requirements of the visual examination,
one further specimen component or test piece should be tested after adjustment of the joining
equipment. If the test results of this additional specimen component or test piece also do not comply
with the requirements, the joining procedure test has failed.

If any test specimen fails to comply with the requirements for destructive tests, two further specimens
should be tested. Each additional test specimen should be subjected to the same tests as the failed test
specimen. If either of the additional test specimens does not comply with the requirements, the joining

r dratact bac o311,
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8 | Testreport
8.1 Basicinformation

8.1.1 General

Fatigue test results can be significantly influenced by the properties and history of the parent material,
opprations during the preparation of the fatigue specimens, and_the testing machine and the test
procedure used to generate the data. The presentation of fatigue test results should 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 orfiimproper application.

8.1.2 Material prior to fatigue test specimen preparation

Thie minimum information to be presented should include the designation or specificatjon of the
mdterial, nominal thickness and the chemical ahalysis.

8.1.3 Mechanical properties

Thie minimum data on the mechanical' properties of the material, in a condition identical to that of the
fatigue test specimen, should include the tensile strength, yield point or yield strength and thi fracture
eldngation.

8.1.4 Specimen design and preparation

Thiere should be a drawing of the shape and dimensions of the fatigue test specimen. Ensufe that all
opprations performed in preparing the specimens are reported.

8.1.5 Testprocedure

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

NOTE Statistical techniques are described in EN 10130, EN 10346, and ASTM E468.

8.1.6 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 cell, type and resolution of transducer. If tests were performed on more than one machine, the
number and type of the testing machines used should be given.

All test results to be plotted in the same F-N diagram should be performed on the same machine and
with the same equipment, e.g. load cell, clamps, etc.
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8.1.7 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. This
information is of particular importance in the case of high cycle fatigue tests.

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

8.1.8 Results of post-test examination

For each test specimen, the reason for terminating the test, e.g. fulfilment of the demands of the faihllre
criterion pr run-out (fatigue or endurance limit), and, if applicable, a description of the appearance of
the fractured surface and the location of the crack initiation should be given.

8.2 Presentation of fatigue test results

8.2.1 Tabular presentation

The fatigye test results should be reported in tabular form. The tabular presentation should include:
a) specimen identification;

b) testsgquence;

c) dynatnicloads (any two of the following):

=

1) aximum load;

2) inimum load;

=]

3) mnjean load;
4) lgad amplitude or load range; and
5) lgad ratio;
d) fatigye life or cycles to end of tést;
e) reasop for terminating the test;
f) resul{s of the post-testexamination (see 8.1.8).

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

8.2.2 Graphical presentation

The fatiguetest data may be presented graphnically as a F-IV (Load vs. Cycles) diagram. Both variables are
plotted on logarithmic scales; the dependent variable, fatigue life, N, in cycles, is plotted on the abscissa,
and the independent variable, F, representing maximum load, load amplitude or load range, in Newtons
[N] or Kilonewtons [kN], is plotted on the ordinate. A line is fitted by linear regression analysis to the
fatigue data or approximated visually. If data are fitted by regression analysis, the equation for the
Load vs. Cycles diagram and the corresponding statistical scatter should be presented.

NOTE Investigations have shown that the differences in the results of regression analysis and visual
approximation are generally minor.
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