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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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INTERNATIONAL STANDARD ISO 23598:2021(E)

Mechanical joining of sheet materials — Destructive
testing of joints — Specimen dimensions and procedure for
mechanized peel testing of single joints

1 Scope

Thisdocument specifies the geometry of test specimens and the testing procedure for mechanized peel
testing of single mechanical joints on single-lap test specimens up to a single sheet thickneds of 4,5 mm.

The term “sheet”, as used in this document, includes extrusions and cast materials;

The purpose of the mechanized peel tests is to determine the mechanical characteristics anid the failure
modgs of the joints made with different joining methods.

This|document does not apply to civil engineering applications such-as metal buildings and steel
consfructions which are covered by other application standards.

NOTH For mechanized peel testing of resistance spot, seam andembossed projection welds, sep SO 14270

2 Normative references

The following documents are referred to in the text'in such a way that some or all of their content
consfitutes requirements of this document. Fordated references, only the edition cited |applies. For
unddted references, the latest edition of the reférenced document (including any amendmepts) applies.

ISO 1500-1, Metallic materials — Calibration and verification of static uniaxial testing machines — Part 1:
Tension/compression testing machines <='Calibration and verification of the force-measuring gystem

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
ISO gnd [EC maintain terminological databases for use in standardization at the following dddresses:

— ISO Online brewsing platform: available at https://www.iso.or

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

31
mechanijzed peel strength
MPS
Fmax

maximum peel force (3.2) obtained from mechanized peel testing

3.2

peel force

F

force/load which is applied to the test specimen during mechanized peel testing

3.3
slippage force

1
pseelforce (3.2)/load at which slippage occurs if the phenomenon is observed during testing

© IS0 2021 - All rights reserved 1
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specimen deformation

S

crosshead displacement during testing

3.5

specimen deformation at maximum load

SFmax

specimen deformation (3.4) at which the maximum peel force (3.2)/load F,,

ax is recorded

Note 1 to entry: See Figure 4 and Figure 5

3.6

specimen deformation at 0,3

S 0,3Fr_nax
specimen de|

Note 1 to ent

3.7

specimen deformation at fracture

Sfract_ure
specimen de

Note 1 to ent

3.8
dissipated
w

amount of e

[SOURCE: I§

3.9
dissipated

Vl_/Fm_ax
dissipated ¢

up to the po

w,

F max

3.10
dissipated

W0,3'Fmax
dissipated ¢

::J'SFmaXF ds
0

F,

max

formation (3.4) at which 0,3F,, is recorded

ax

Fy: See Figure 4 and Figure 5

formation (3.4) of at which fracture occurs

Fy: See Figure 4 and Figure 5

bnergy

hergy dissipated until a displacement point.inder the load-crosshead displacement cu

0 12161:2006, 3.4.1]

bnergy up to F .

nergy or work calculated/by~integrating the area under the crosshead displacement
int at which maximum peal load (MPS point) is recorded

bnergy up)to 0,3 F .,

nergy‘or work calculated by integrating the area under the crosshead displacement

up to the po

ntwhere the peel force drops to 30 % of the MPS value, F,,.,,

W,

0,3F max

SO,BFmaX Fd

=jo s

Note 1 to entry: See Clause 6

3.11

dissipated energy up to fracture

Wfracture

[ve

urve

urve
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dissipated energy calculated by integrating the crosshead displacement curve up to the point at which

fracture occurs

Wfracture :J.

S,
fract
racture F ds

4 Test pieces and test specimens

Table 1 and Figure 1 give the dimensions and form of test coupons and test specimens for mechanized

peel testing, and the location of mechanical joint. The positional accuracy of the mechanical joints on

thet

ESTSpECIMen shatt be £ T I I every airection.

Table 1 — Test specimen dimensions and joint position

Dimeénsions in millimetres

Thickness Flange Specimen Coupon Freelength be- | Edge distance
length width length 2 tween’clamps @
t a b I l¢ e
100 30
D,5<t<4,5 50 50 25
2160 105
a2 The shorter coupon length (before joining) is preferred but a longerspéeimen can be needed based on jgining process
limitptions or for comparison with results from testing in accordance with ISO 14270.

The
Figu
spec

In th|
shee

The {

olerances on the dimensions shallbe’'in accordance with Table 2.

test specimen for mechanical joints shall be produced as a single joint specimen §
e 1 b), which is made of two coupons shown il Figure 1 a), and then the mechaniz
men shall be mounted on a tensile test maching as shown in Figure 1 c).

e case of unequal sheet thicknesses, the test specimen dimensions shall be based on

s shown in
ed peel test

the thinner
use 6.

[ Mechanized peel testing shall be made-by the procedure specified in Clause 5 and CI4

© IS0 2021 - All rights reserved
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Dimensions in millimetres

b/2+1 1 K tF

| |

1
!

t, ‘F

a) Test coupons b) Test specimen c) After clamped| by
a testing machine

Key

1 joint/fastener a flangedength

L couporn length r bending radius

I free length between clamps b coupon/specimen width
I, I'. clampipglength e edge distance

F applied force (load)

Figure 1 — Test coupons, test specimens and the clamping state for mechanized peel testing

Table 2 — Tolerances on dimensions for mechanized peel test specimens

Dimensions in millimetres

Flange length Coupon/ Edge Coupon Free length be- Bend radius
specimen width distance length tween clamps
a b e I I¢ r
+1,0 +1 +0,5 0 0 +0,5¢2
0 0 0 -1 -1
a  tis the sheetthickmessofeachtoupom:

5 Preparation of mechanized peel test specimens

5.1 General

The mechanized peel test specimens for mechanical joints are recommended to be made in the following
sequence, so that the test specimens can be tested using a tensile test machine;

Bending — Mechanical joining — Mechanized peel testing

4 © IS0 2021 - All rights reserved
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The sequence is called “joining-after-bending process”.
NOTE In resistance spot welding, the bending-after-welding process (Joining — Bending — Mechanized
peel testing) can be used, but in the case of mechanical joining, some fasteners cannot be tested using this

sequence as the fastener interferes with the clamping face for bending after joining, or the clamping device can
influence the joint part properties.

5.2 Bending procedure for preparation of peel test specimens

The test coupons shall be bent before mechanical joining as shown in Figure 2.

The ccommended-set-un conditions ofiiags for bendinag with a2 nress hrake are shawn in B 1
r JTO o r ="

NOTH When setting the value [, = a as shown in Figure 2, the maximum error in the flange Jength is less
than 0,5 mm if r = 2t and ¢ < 4,5 mm (see detail in Annex C).

+h
|

|

Key
Fp bending force r radius of bent corner/bend fadius
L centre of bending 0 angle

(= a, flange length, sée Figure 1)

Figure 2 — Bending process with a press brake for test coupons

© IS0 2021 - All rights reserved 5
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|

2

a) Using a wiping die b) Using a cornice brake

jaw force

jaw radius of bent corner

edge radius of die

Q™ YT

flange length
Figure 3 — Examples of edge'bending

bd press brake system is generally recommended for the bending although a manual §
e used to bend test coupons for soft and thinner test pieces. Other bending tools shoy
also applicable to make the test coupens. The wiping die and cornice brake system c3
imple of edge bending is shown in*Annex B.

5.3 Dimensions and accuracy of bent radius

The value of
the inner or
r, equal to aj
Table 2.

If any crach
test specim
increased u

the inner radius, r, shallbe set so that no large and deep cracking occurs during bendij
outer surfaces of the bent corner. The radius value tested shall be recorded. The inner r
bproximately 2t (¢, plate thickness) is recommended. Tolerances shall be in accordance

s are visible; with up to x5 magnification, after bending in accordance with 5.2,
ens/coupons with larger inner radii shall be made. The value of the inner radius shg
htil ne.cracking occurs on the outer side of the bend.

bress
vn in
n be

1g on
hdius
with

new
1l be

6 Testing procedure and test equipment

The test specimen is clamped in a tensile testing machine which satisfies the requirements of
ISO 7500-1, such that the clamps are at the required distance from one another as shown in Figure 1 c).
Force and crosshead displacement shall be measured simultaneously during testing, and the measuring
accuracy shall be £1 %. All tests shall be performed at room temperature until the joint fails.

If a special clamping device is used, the shape and size shall be specified in a joining procedure
specification (JPS) document, and recorded.

The crosshead displacement rate of the testing machine shall be equal to 10 mm/min or less, and shall
be kept constant during testing.

© ISO 2021 - All rights reserved
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The specimen deformation shall be measured either as the crosshead displacement, or by using
an appropriate displacement sensing device directly at the specimen. When using a signal from the
crosshead position, it should be corrected for the stiffness of the testing machine. Results can only be
compared when performed under similar displacement measuring conditions. The type of measurement
and the initial measured length shall be noted in the test report.

The signals for load and specimen deformation during testing shall be recorded as shown in Figure 4,
so that at least the peak value of the maximum force is recorded as the MPS in the test report.

NOTE1 Ifrequired, further characteristic data, e.g. Wp. Wp 3pmax @a0d Wi o opyrer €tC. can be determined from
the load-elongation curve (see Figure 4).

Test kpecimens for mechanized peel testing, as shown in Figure 2b), shall be made with.ajmechanical
joining machine. The recommended set-up conditions of jigs for bending with a~press brake are
shown in B.1.
NOTE 2  When setting the value [}, = a as shown in Figure 2, the maximum error ih.the flange |ength is less
than 0,5 mm if r = 2t and t < 4,5 mm (see detail in Annex C).
F F
1
F |——/ _
1
N
0’3Fmax A
0’3Fmax Vs
o/ N 0/ SR
SF max Sfracture SF max Sfracture
50,3Fmax 50'3Fmax
a) Example 1 b) Example 2
Key
1 mechanized peel strength SFmax specimen deformation at maximum lodd
F load /applied force So0.3 Fmax SPecimen deformation at 0,3 Fy,,
s elongation/crosshead displacement Stracture  SPecimen deformation of at which fracfure occurs
Froax mechanized\peel strength
Figure 4=“Examples of load-elongation/crosshead displacement curves without slippage
(not to scale)

If slippage occurs during the mechanized peel test (See Figure 5), the slippage load is also recorded in
the test report.

NOTE 3  If slippage occurs, an accurate calculation of the dissipated energy is not possible with the formulae
givenin 3.9 to 3.11.

© IS0 2021 - All rights reserved 7
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ccurs

F F F
h 1 1
Fmax _______ Fmax ____/___ F ____/___
2 2 max 2
Fy b—— F,-— F, b—
03F o [/~ 03F  r/f————— 03F  r/—————
0 — 0 0 ,
0 Stus)/ \ 'S 0 NG 0 Stnay \ S
0,3Fmax Sfracture 0,3Fmax _ fracture SOV3Fmax Sfracture
2) Type 1 h) Type 2 ) Type3
Key
1 mechanized peel strength Fy slippage force
2 slippage SFmax specimen deformation at maxjmium load
F load/4pplied force 0,3 F,.x specimen deformation at 0,8F; .«
Fhax mechanized peel strength Stracture  Specimen deformation ofat Which fracture ¢
s elongdtion/crosshead displacement
Figure 5 — Examples of possible slippage recorded on the load-elongation curves
(not to scale)

7 Type df failure mode
The type of ffailure mode after mechanized peel testing shall be classified in accordance with Ann

and recorde]

8 Re-tes

If fracture
accordance
with larger
no fracture
test specim(

If slippage o
required wi
and/or an in

d in the test report.

t

bccurs only from the bent ¢orner of test specimens during mechanized peel testi
with Clause 6, all mechanized test results shall be disregarded, and new test speci
nner radius shall be made-and tested. The value of the inner radius shall be increased
pccurs from the bentpart, especially the location of cracks appearing on the bent cory
bns. When using largerradii, the radius value tested shall be recorded.

ccurs during theypeel test and the slippage load is lower than the required value, re-test

ng in
mens
until
er of

sare

th new test Specimens after a re-design of the joints, re-selection of the joining technglogy

hproved joiling process.

9 Test r(fport

The test rep
a)
b)
c)
d)
e)
f)
g

materia

materia

8

ort shall contain the following information:

a reference to this document (i.e. [ISO 23598);

name of the examiner and/or the examining body;

testing date, location and signature of the examiner and/or the examining body;
joining technology/type of joints and description of fasteners used;

joining parameters and type of joining equipment;

| designation and dimensions of auxiliary materials;

1 designation of the joints part or the test coupons;

© ISO 2021 - All rights reserved
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h) the dimensions of the test piece and coupons/specimens;

i) joining direction, stacking order and location of coted sides (if applicable);

j) type of testing equipment and the setting;

k) measuring method of elongation/crosshead displacement;

1) value of bent radius of test coupons;

m) individual values, mean value and standard deviation of the mechanized peel strength;

isplacement

iagram);

0) individual values, mean value and standard deviation of the characteristic |values, e.g. MPS,
aximum displacement, slippage force, dissipate energy (if required);

p) failure mode (pull out from bottom sheet, pull out from the fastener head, fastener failufre, etc.); and

q) ¢pecial remarks, if any.

© IS0 2021 - All rights reserved 9
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Annex A
(normative)

Type of joint failure in mechanized peel testing

Depending on the joining technology, different types of failure can occur. Some of these are specific to
the joining technology employed and should be recorded in the test protocol. Typical failure modes for

different joi

In addition {
defined as a

N
\

a) Riy

!

SRS

hts are shown in Figures A.1 to A.7.

o the failure modes shown below, non-permissible sheet separation or deformation'm

failure criterion by the contracting parties.

et pull out from b) Pull out of rivet head

bottom sheet

c) Rivet failure

Figure A.1 — Typical failure modes of Semi-tubular self-piecing rivet joints

N

}%\

ull outfrom the bottom sheet

b) Pull out of the rivet head

hy be

0)

10

Failure of specimen material

d) Rivet failure

Figure A.2 — Typical failure modes of solid self-piecing rivet joints

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=725319d7c06698a09ff2060d85ceba17

ISO 23598:2021(E)

a) Pull out b) Neck fracture c¢) Neck fracture with partial
pull-eut{mixedmode)
,-1/'\
Figure A.3 — Typical failure modes of clinch joints (19

.

&

a) Lower sheet thr a}lure b) Sheet material failure
(Sheet threa ure) (Pull out under screw head)

- {Q}_

c) Lower sheet pull out d) Screw failure

Figure A.4 — Examples of failure modes of screwed joints

© IS0 2021 - All rights reserved 11
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a) Pull out of weaker sheet material b) Shank failure

Figure A.5 — Typical failure modes of joints made with self-clinching studq/Qq’
S

O(I/

e 6\
\Q
U s\\\} E
a) She¢et metal failure b) Closed hea@ull out c) Rivet failure
(Pull out) in low@heet

OF
Figure A.6 — Typica(l}}lure modes of blind rivet joints

! S }
%O N = / ——
N 2 ANNN a8 SNy ZATD 777
LINN = T 2
=S = =
e i ‘L
a) Sheet material pull out b) Bolt collar failure c) Bolt failure

Figure A.7 — Typical failure modes of locked bolt joints

12 © IS0 2021 - All rights reserved
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Annex B
(informative)

Examples of bending tools

B.1 Recommended set-up conditions for the bending procedure with a press brake

An example of recommended bending condition is shown in Figure B.1.
{
lF
%l
 ———
g
8
WZ4h
\ .
R R
¢
<
L A
Key
r=2¢
L=6f~15¢ (where'+2A<2a and a is as per Figure 1)
=0[5L~L
0 =46° ~88°
& =80° ~86°
s ~2 r+0,5t
Cc=a+t >\/§H (where a Is as per rigure 1)

R :3mm~8mm

Figure B.1 — Example of recommended dimensions of die and punch when using the press brake

B.2 Example of an edge bending tool

An example of tool for the edge bending of test coupons before joining is shown in Figure B.2.

© IS0 2021 - All rights reserved 13


https://standardsiso.com/api/?name=725319d7c06698a09ff2060d85ceba17

	Foreword
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Test pieces and test specimens
	5 Preparation of mechanized peel test specimens
	5.1 General
	5.2 Bending procedure for preparation of peel test specimens
	5.3 Dimensions and accuracy of bent radius
	6 Testing procedure and test equipment
	7 Type of failure mode
	8 Re-test
	9 Test report
	Annex A (normative)  Type of joint failure in mechanized peel testing
	Annex B (informative)  Examples of bending tools
	Annex C (informative)  Determination of bending centre position with the press brake system
	Bibliography

