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Foreword

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

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Adhesives — Determination of shear behaviour of
structural adhesives —

Part 2:
Tensile test method using thick adherends
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Scope

5 document specifies a test method for determining the shear behaviour of an.adhesive
oint bonded assembly when subjected to a tensile force.

test is performed on specimens consisting of thick, rigid adherends, with'a short length|

es which initiate failure.

5 test method may be used to determine:

the shear-stress against shear-strain curve to failure ofthe‘adhesive;
the shear modulus of the adhesive;

other adhesive properties that can be derived:from the stress/strain curve such as se
modulus and maximum shear stress;

the effect of temperature, environment, test speed, etc., on these properties.

5 document does not apply in case of'‘ddhesion failure.

Normative references

following documents are-referred to in the text in such a way that some or all of th
stitutes requirements.of'this document. For dated references, only the edition cited 4
ated references, thelatest edition of the referenced document (including any amendmen

291, Plastics = Standard atmospheres for conditioning and testing
683-3, Heagtrtreatable steels, alloy steels and free-cutting steels — Part 3: Case-hardening s

14737, Carbon and low alloy cast steels for general applications

in a single

of overlap,
ther stress

cant shear

Pir content
pplies. For
[s) applies.

eels

ISO

17212, Structural adhesives — Guidelines for the surface preparation of metals and plast

ics prior to

adh
ISO
ISO

3

esive bonding
4995, Hot-rolled steel sheet of structural quality

10365, Adhesives — Designation of main failure patterns

Terms and definitions

No terms and definitions are listed in this document.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:
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— IEC Electropedia: available at http://www.electropedia.org/

4 Principle

An adhesively bonded test specimen (see Figure 1) is subjected to a tensile force so that the adhesive is

stressed in shear.

The relative displacement of the adherends is measured using a purpose-built transducer located in
the central region of the specimen. Force and displacement are measured from the start of application
of the load until fracture of the specimen. The shear stresses and strains are then calculated from the

bond dimepsions.
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Figure 1 — Specimen dimensions and configuration
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5 Apparatus

5.1 Tensile-testing machine, capable of producing fracture in the specimen at a tensile force between
10 % and 80 % of the full-scale range of the force transducer.

5.2 Device for introducing a force into the specimen, so that negligible torque develops when force
is applied to the specimen. For this purpose, the simple universal-joint design shown in Figure 2 is
satisfactory.

5.3 Eorcetrancducar-canabla of vonaciiing tha foron 10 tha conciyanyn vt o Sooipa oy o % Of the
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forde at a shear strain of 0,01.

5.4 One or two extensometers (see note), for measuring the shear displacement bétwegn points of
known separation on each adherend in the central region of the bond (see Figure.-3"and Anpex A). The
points of contact with the adherends shall be within a distance of 2 mm frem._the bonded| faces. The
devjce(s) shall be capable of measuring the shear displacement to an accuracy~of 1 um.

Duijing loading, each adherend will bend slightly, leading to a small xotdtion of the centrdl (bonded)
reglon of the test specimen. In order to achieve high accuracy in displacement measurefnents, it is
necpssary for the extensometer(s) to rotate with the specimen, This has been achieved in|the design
shopn in Figure 3 by double-pin contact with one of the adherends.

NOTE The use of two extensometers on opposing faces of ‘the specimen is recommended tp minimize,
by dveraging the extensometer readings, any contribution to‘measurements from a twisting monjent applied
to the specimen. The use of two extensometers will also-serve to indicate any malfunctioning of one of the
extgnsometers as revealed by significantly different readings from the two devices.

5.5 Data-logging equipment, to continuouslizrecord the relative displacement of the adhprends and
the ppplied load, from the start of application of the load until the specimen breaks.

5.6 Micrometer, having an accuracy-of better than 0,002 mm, to measure the dimensjons of the
adhlerends.

5.7 Optical microscope, having an accuracy of better than 0,002 mm, to measure the thiciness of the
adhlesive bond when the specimen configuration shown in Figure 1 a) is used.

6 |Specimen

6.1 Specimen dimensions and configuration

Specimens->shall be prepared either by bonding metal plates or strips together to pfoduce the
configuration shown in Figure 1 a) or by bonding adherends that have been machined td the shape
shotunin Figure 1 h) The dimensions of the specimen are given in Figure 1 and are the same, within
variations in the bond thickness, for both preparation methods.

The bond thickness shall lie in the range 0,2 mm to 0,8 mm.
NOTE1 The preferred bond thickness is 0,5 mm.

NOTE 2  The adherends shown in Figure 1 a) have a lower bending stiffness than the continuous geometry
shown in Figure 1 b). Consequently, the peel stresses at the ends of the adhesive in the specimen in Figure 1 a)
will be higher than those in the specimen in Figure 1 b). It has small influence on stress and strain measurement
but, since failure is generally initiated by these peel stresses, the specimen design shown in Figure 1 a) is likely to
fail earlier (at lower stress and strain) than the design shown in Figure 1 b).

© IS0 2019 - All rights reserved 3
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Figure 2 — Example of deyice for loading the specimen in a tensile-testing machine

6.2 Adhprends

For the purjpose of theumeasurement of the properties of the adhesive, steel adherends are recommended
because of|their high modulus.

NOTE A suitable steel is XC18 or E24, Grade 1 or 2.

Figures 1 a) or Figure 1 b) depending on

and ISO 4995 to the dimensions given in
configuration is chosen.

5833156044737
which specimen

6.3 Preparation of surfaces before bonding

The surfaces to be bonded shall be prepared in accordance with ISO 17212 or by any other method
leading to cohesive failure within the adhesive layer.

4 © IS0 2019 - All rights reserved
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3 |steel leaf spring
4 |transducer coil

5 |transducer core

6 |tungsten pins

Figure 3 — Example of extensometer positioning

7 [Testspecimen

7.1 Preparation
7.1.1 Specimens with flat-ended adherends

7.1.1.1 General

Specimens with flat-ended adherends shall have the configuration shown in Figure 1 a) and may be
prepared from uncut panels, from pre-cut panels or as individual specimens from machined plates.

© IS0 2019 - All rights reserved 5
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7.1.1.2 Uncut panels

The panels from which the specimens are cut shall consist of two sheets with dimensions in accordance
with Figure 4, bonded together in accordance with the adhesive manufacturer's instructions.

In order to define the thickness of the adhesive, shims or spacers (metal foil) or calibrated metal wires
may be incorporated outside the area which will become the overlap zone.

Cut the bonded panels into specimens using a suitable tool such as a band saw. Then subject the
specimens to the required machining. Perform the last pass on the edge of the specimen parallel to the
longitudinal direction of the specimen to avoid any metal burrs along the bonded joint.

Drill holes pt the ends of each specimen for pins to hold the specimen to the tensile-testing machine
Delineate the overlap zone by milling two grooves as shown in Figure 5.

When the §pecimens are machined, care shall be taken to ensure that the assembly is nobheated alove
50 °C. No liquid shall be used for cooling.

7.1.1.3 Bre-cut panels
Proceed agin 7.1.1.2, using two pre-cut sheets so as to obtain a panel in accoerdance with Figure 6.

Two holes fhall be provided in each sheet so that the two sheets can/dé superposed correctly using an
assembly with two centering lugs.

Cut out and machine specimens as explained in 7.1.1.2.

7.1.1.4 Ipdividual specimens

Bond two glates of dimensions 110 mm x 25 mm x 6 mmin accordance with the adhesive manufacturer's
instructior]s, defining the thickness of the adhesiv€joint as indicated in 7.1.1.2. Ensure that the siddgs of
the adherehds are parallel to the nearest 0,1 mm.

Machine edch specimen to the required size.
Drill holes ffor applying the load.
Make two grooves by milling to delirieate the overlap.

Take the sgme precautions as'in 7.1.1.2.

7.1.2 Sppecimens with-stepped adherends

The adher¢nds forthis specimen type shall be machined to the dimensions given in Figure 1 b) pfrior
to bonding. Thesadherends shall be bonded whilst held securely in a frame that ensures accufate
alignment pfthe adherends.

In order to produce a bond of well-defined shape and length, strips of steel or PTFE of thickness 1,5 mm
shall be inserted in the gaps between the adherends after the application of the adhesive and prior to
curing. They shall be removed after the adhesive has cured. If steel strips are used, they shall be coated
with a release agent.

It is recommended that such strips have a 45° tapered edge so that a triangular fillet is formed at the
end of the bond. This fillet reduces the strain concentration at the end of the bond which can extend the
life of the test specimen.

7.2 Number of specimens

At least five specimens shall be tested for a given adhesive.

6 © IS0 2019 - All rights reserved
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Dimensions in millimetres
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Dimensions in millimetres
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Figure 5 — Specimen with flat-ended adherends
8 Procg¢dure
The tempefatire of the test shall be one of the standard temperatures specified in ISO 291.
Measure the length 1 of the overlap and the width b of each specimen to the nearest U, 1 mim.

Where flat-ended specimens are used [Figure 1 a)], measure the thickness of the adhesive joint in the
overlap zone at both ends and on each side of the specimen with an accuracy of 0,01 mm. Record the
average value of the four measurements. If the difference between the end values is greater than 20 % of
the average value, discard the specimen. Where specimens having stepped adherends [Figure 1 b)] are

used, the b
stepped en

ond thickness may be obtained from measurements, prior to bonding, of the thickness of the
ds of the adherends and of the thickness of the bonded specimen in the overlap region.

Place an extensometer on one or both sides of the specimen (see Figure 3).

© ISO 2019 - All rights reserved
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Dimensions in millimetres
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Direction of roll during metal manufacture.
Figure 6 — Pre-cut panel for making specimen assemblies

Test the specimen in a tensile-testing machine at a constant machine speed. For purposes of comparison
of results on different materials, a speed of 0,5 mm/min is recommended.

© IS0 2019 - All rights reserved 9
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Record the force on, and the displacement of, the specimen as it is loaded to fracture. Record the
temperature as well.

9 (Calcu

lations

9.1 Symbols used

Symbol Meaning Units Reference
b Width of the specimen metres (m) Figure 1
l Bond length metres (m) Figured
t Bond thickness metres (m) Figuxe'7
ta Hxtensometer pin separation metres (m) Figure 7
d Measured displacement metres (m) Figure 7
ds Shear displacement of the adhesive metres (M) Figure 7
F Horce applied to the specimen newtons (N)
Average shear stress on the adhesive paseals (Pa)
y Shear strain in the adhesive along the centreline of the specimen T
G Jhear modulus of the adhesive pascals (Pa)
Ga Shear modulus of the adherend pascals (Pa)
9.2 Average shear stress 7 in the adhesive
At any forcp F applied to the specimen, the average shear sttress t in the adhesive is given by Formula|(1):
F
T=—" 1
T (0
9.3 Shear strain y in the adhesive
The shear $train y in the adhesive is given by Formula (2):
d
tany = TS =y (2)
where
d isthe averagewvalue of the thickness measurements made (see Clause 8);
NOTE1 The shear displacement of the adhesive ds is less than the measured displacement because |of a
contributioT to dy,' from deformation of the adherends (see Figure 7).

ds

can be calculated to a good approximation by assuming a uniform shear stress t acts in the

region of the adherend that is spanned by the extensometer.

Formula (2) is only valid for small values of y.

10
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Formula (3) then enables dg to be calculated:o

T(t, —t)
s =d-—a -
G

a

d (3

where 7 is the shear stress corresponding to the measured displacement.

NOTE 2  This simple correction gives a more accurate value for ds than is obtained from measurements on a
dummy specimen that has the same geometry as the bonded specimen but is machined from a single piece of
the adherend material. The shear stress distribution in this dummy specimen is highly non-uniform and, for a
particular applied load, the stress in the central region will be lower than that obtained in a bonded specimen
undpr the same load.
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NOTE The section line ABCD deforms to the line A'B'C'D' on application of a force.

Figure 7 — Deformation measured by the extensometer
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9.4 Stress strain curve

A plot of the shear stress against the shear strain illustrates the mechanical behaviour of the adhesive
at a constant deformation rate and can be used to derive certain data needed for design.

NOTE

After the initial linear response of the adhesive, its stiffness decreases progressively with increasing

strain. As the stiffness decreases, a greater proportion of the total displacement produced by the test machine is
developed across the adhesive. Thus, in a test carried out at constant speed, the strain rate in the adhesive is not
constant but increases until the stress maximum is reached. The strain rate dependence of the elastic properties
of glassy adhesives is small. The relevant rate is therefore the strain rate at yield.

9.5 Sheas

The shear
against she

Because of
plot is unl

manipulati
=L
14

where T and y correspond to a point in the linear region of the curve:

NOTE \
temperatur
curve that
conditions,
modulus frg
relaxation t

10 Preci

The precis
interlaborg

11 Test yreport

ir modulus of the adhesive

modulus is equal to the gradient of the linear, low-strain region of a plot of shear st
ar strain.

the difficulties in the measurement of small strains in the specimen, a\stress vs st
kely to pass through the origin without some manipulation of the raw.data. Where {

Vhen the adhesive is being tested under conditions wheére it is significantly viscoelastic (e.
bs approaching its glass-to-rubber transition temperature), there is no region of the stress/st
is linear, even at low strains where behaviour isMinear viscoelastic. Furthermore, under t
Ktress/strain behaviour is highly dependent uponistrain rate and temperature. The derivation
m a test carried out at constant strain rate is then not appropriate, and dynamic mechanical or st
ests should be carried out to characterize linearviscoelastic behaviour.

Sion

on of this test method is not known because interlaboratory data are not available. W|
tory data are obtained, a pfecision statement will be added at the following revision.

port shall contain-the following items:

ence to thissdocument, i.e. ISO 11003-2:2019;

compaonent adhesives);

ercial ‘reference, batch number, date of manufacture, proportions of the mixture for t

on has been correctly undertaken, the shear modulus may be obtained using Formula (4]:

€SS

Fain
uch

(4)

b, at
rain
hese
of a
ress

hen

information necessary for full identification of the adhesive (classification, type, supplier,

WO-

The testre
a) arefer
b) all the
comm
<)
on the
d)
e)
f)
g)
h)
i)
12

presence of fillets at each end of the bond;

detailed information on any surface preparation carried out;
the curing conditions used for the adhesive;

the test temperature;

information on the conditioning of the specimens;

the speed of the test (speed of machine travel);

the dimensions of the specimens (length of overlap and width of specimen);

identification of the adherends and their method of manufacture for the test, including information
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