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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the

ISO/IEC Dl[ \.tiVCD, Pdl t 2 (DCC VV VV VV.iDU.Ul ;(/Idil CLtiVCD).

[SO draws gttention to the possibility that the implementation of this document may invalve t}tre1
patent(s). I$O takes no position concerning the evidence, validity or applicability of any clai

rights in regpect thereof. As of the date of publication of this document, ISO had not;received

patent(s)

ich may be required to implement this document. However, implementers are ca
this may ndt represent the latest information, which may be obtained from the patent database
www.iso.ong/patents. ISO shall not be held responsible for identifying any or all;stich patent righ

Any trade
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For an expl
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Organizatig

This docum
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use of (a)
ed patent
hotice of (a)
tioned that
available at
ts.

hame used in this document is information given for the convenience of users and does not

n endorsement.

hnation of the voluntary nature of standards, the meaning of ISO specific terms and

conformity assessment, as well as information about ISO's adherence to the W
n (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/for¢

pxXpressions
Yorld Trade
pword.html.

ement fibres.

ting of these bodies can be found at www.iso.org/members.html.

ent was prepared by Technical Committee ISO/TC 61, Plastics, Subcommittee SC 13

Composites

£k or questions on this document should be directed to the user’s national standajrds body. A
complete lis
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Introduction

This document specifies a method for evaluating the durability of adhesive interfaces in the bonded
assemblies of carbon fibre reinforced plastics (CFRPs) and metals by a wedge test with a double cantilever
beam (DCB) specimen under specified environmental conditions. The wedge rupture test force the crack
to propagate along the CFRP/adhesive or metal/adhesive interfaces, or within the adhesive layer. This test
method provides a quantitative value for evaluating the effect of a harsh environmental condition on the
durability of adhesive interfaces as an interfacial fracture energy. This method is intended for testing only
those bonded plates used in bonding carbon fibre reinforced plastics (CFRPs) to metal assemblies.

The potential benefits to the users of CFRP-metal assemblies of implementing the durability of adhesive
interfaces in the bonded plates of carbon fibre reinforced plastics (CFRPs) to metal assemblies based on this

documentjll e

a) expandiing CFRP applications to the fields of the combinations with metallic components;

b) the detlection or the prevention of physical properties loss - such as ion migration and f
degradption in sealant film, injected calking layer and glass fibre reinforced plasties (GFRPs

c¢) demongtrating the conformity to specified conditions for type certification requirem
engine¢ring such as aircraft developments;

d) evaluatling the procedures for maintenance, repair and overhaul (MRO) in the engineering
such of|CFRP aircrafts.

It is not the
— omittin

— general

structures;

— superin]
documy

intent of this document to imply the need for:
g relevant field tests for CFRP related engineering$

ly specifying the dimensions of test specimen: to represent CFRPs related bonded

nposing test results for specific applications of the parameters that exceed the rg
ent.

ime-related
layer;

bnts in the

operations

or fastened

inge of this
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Composites and reinforcements fibres — Carbon fibre
reinforced plastics (CFRPs) and metal assemblies —
Characterization of durability of adhesive interfaces by
rupture test

SAFETY STATEMENT — Persons using this document should be familiar with normal
practice, i i i
any, associated with its use. It is the responsibility of the user to establish appropriaté
health prartices and determine any applicable regulatory conditions prior to use. It is

wedge

laboratory
roblems, if
safety and
recognized

that some of the materials permitted in this document might have a negative environmental impact.

As technological advances lead to more acceptable alternatives for such materials, th
eliminated to the greatest extent possible. At the end of the test, care shouldbe taken to

all waste i

1 Scope

This docunfent specifies a method for determining the durability ofthe adhesive joints of d

reinforced
(DCB) sped
safety and 1

2 Norm

an appropriate manner.

blastics (CFRPs) and metal assemblies by a wedge rupture test using a double cant
imen under specified environmental conditions. This method is intended for ev4
eliability of adhesives, primers, and surface treatiménts of the adherends.

ative references

ley will be
dispose of

arbon fibre
lever beam
luating the

The followipg documents are referred to in the textin such a way that some or all of their contentjconstitutes
the requirgments of this document. For datéd" references, only the edition cited applies. Hor undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 178, Pldstics — Determination of flexural properties

ISO 10365, Adhesives — Designation.of main failure patterns

ISO 9142, Aflhesives — Guide to-the selection of standard laboratory ageing conditions for testing bpnded joints
3 Termsg, definitions and symbols

3.1 Ternys and definitions

For the purposeés of this document, the terms and definitions given in ISO 10365 apply.

[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— SO Onl

ine browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

© IS0 2024 - All rights reserved
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3.2 Symbols

a crac

initi

k length from the wedge/adherend contact point to the crack tip (mm) (see Figure 4)

al crack length after insertion of a wedge (mm)

flexural modulus of the CFRP adherend (GPa); if the substrate is a fibre composite

flexural modulus of the metal adherend (GPa)

thickness of the carbon fibre reinforces plastic (CFRP) beam (mm) in a DCB specimen

4 Principle

The durability of the dissimilar adhesive joint interfaces between CFRP)and metal is evaluated

environme
and so on,
preliminary
interfaces s
it will be prj
allows to ey

5 Apparnatus

5.1 Wedg
as shown iy
tested sped
Stainless st
into the prej

thickness of the metal beam (mm) in a DCB specimen

critical strain energy release rate, or adhesive fracture energy, for the applied opehing log
by the insertion of a wedge into the precrack (J/m?)

wedge thickness (mm)

d produced

xnder harsh
vironment,
to precrack
bd along the
\bilized, but
experiment
tively.

ts, such as high humidity, high temperature, high-and-low thermal cycles, salt mist e
by the wedge test (see ISO 10354) using a DCB specimen. A wedge is driven in
r made in the DCB specimen with an appropriate geometry, and the crack is propagat
ubjected to tensile opening load. The initial crack'made by inserting the wedge is st4
opagated when the specimen is subject to a specified environmental condition. This
aluate the durability of the crack at the intetface under a stressed condition quantitz

e, with 25 mm width and 30, mm length and with a thickness of A, ranging from 1 mm to 3 mm,
Figure 1. The composition:of the wedge will not interact chemically with the adhefrents of the
imens. Materials used fer.the wedge shall be stiff enough not to be deformed dur']?g the test.

pel is recommended. Theradius of the wedge tip shall be lower than 30° to initiate the insertion
crack and the surface-of the wedge shall be smooth to make a smooth insertion into tle precrack.

Dimensions in millimetres, except indicated otherwise

<%

(=N
o
o

Y

30

Figure 1 — Dimension of wedge

5.2 Tensile-testing machine, capable of producing a constant cross-head displacement rate between 5
and 15 mm/min in displacement control.

5.3 Travelling microscope, with suitable magnification, capable of measuring the crack length along the

edge of the

specimen to an accuracy of at least +0,5 mm.

© IS0 2024 - All rights reserved
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5.4 Micrometres or vernier calipers, capable of measuring the thickness of the substrates and bonded

plates with an accuracy of at least 0,02 mm.

6 Specimens

6.1 Number of specimens

A minimum of five specimens shall be tested.

6.2 Conditioning
Most adhes

ves ahsorbs small guantities of water from the atmosphere which can have a significa

tinfluence

on the mea
is carried o
under cont

sured properties. Following specimen preparation, the adhesive will generally be ldj
it within a few days of specimen manufacture, then it is not necessary to conditionth
rolled humidity since negligible absorption of water will take place in the thin adl
However, if[the specimen is tested after longer times or if the influence of absorbed water on the
is of interegt, then the humidity shall be controlled by conditioning and the propefties will de
conditioning time (see ISO 291).

In addition/it is important to dry these prior to the manufacture of the specimen. The propert
adhesives afe very sensitive to the presence of small amounts of moisture in‘a substrate prior to
drying out ¢f the substrates prior to cure will ensure that the integrity 0fthe adhesive joint is no
by pre-bond moisture effects.

6.3 Preppgration of specimens

Specimens fhall be prepared by adhesive bonding of CFRPand metal panels as suggested in
which dimensi

y. If testing
le specimen
esive layer.
e properties
pbend on the

ies of some
curing. The
t influenced

Figure 2, of
F each panel

around the|corners of the panels and at around the central point to an accuracy of 0,01 mm, apd calculate

the mean thicknesses. The variation of the thicknesses in the panels shall be less than 0,1 mm.
adhesive tape to prepare precrack part as shown in Figure 2. The thickness of the film to be
the adhesiye layer shall be less than 13 pm.»The film shall be non-stick. For joint specimen;
temperatures below 180 °C, a thin polytetrafluoroethylene (PTFE) film is recommended. Foj
bonded at temperatures above 180 °C, athin polyimide film is recommended. Before bonding, b
are degreaded and carefully inspected hot to be contaminated. Appropriate surface treatments
substrates ¢an be found in ISO 17212;

The two papels are bonded as §pecified by the manufacturer of the adhesive under test. The thic
adhesive layer shall be carefidlly controlled and shall be less than 1 mm. The thickness of the lay
vary by more than 20 % writhin a plate, nor shall the average thickness of the layer in one joint dif
than 20 %
film with upiform thigkness into the edge of the bonded plate, or by adding a small amount of
with a unifgrm diameter to the adhesive. Cut five strips of which widths are 25 + 0,5 mm from
panel as shownr(in Figure 2 by sawing.

Insert anti-
inserted in
bonded at
specimens
th surfaces
for metallic

kness of the
rer shall not
fer by more

om that inanother joint. The thickness of the adhesive shall be controlled by inserting non-stick

glass beads
the bonded

Alternatively

mm length

and 25 mm width 1nd1v1dually In thls method remove any excess adheswe from the edge ofthe specimen by

mechanical means, when fully cured, to leave the joint with smooth sides.

© IS0 2024 - All rights reserved
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Dimensions in millimetres
175 +25

C h,

A P
g
B a4
25)+0,5 || 25 +05 || 25 0,5 || 25 +0,5 || 25 %0,5

Key
1  metal plate A bonded zone
2 adhesive layer B  zone inserted by anti-adhesive tape (preciack)
3 CFRP plpte C sawcut

Figure 2 — Suggested bonded CFRP/metal plate from which specimens are cut
The end of the specimen that contains the anti-adhesive tape is cut as shown in Figure 3 so as to introduce
the wedge into the precrack easily.

It can be recognized that the value of G, measured from these tests will depend upon the thickness of the
adhesive layer in the joint. The value of the layer thickness shall be determined by the user, based upon the
adhesive manufacturer's recommendations or upon consideration of the intended application.

Itis not within the scope of this document to specify full manufacturing details of the specimens to be tested.
Such information shall be sought from the adhesive manufacturer and/or the substrate manufacturer.

© IS0 2024 - All rights reserved
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Repeat the measurements of the total beam thickness after bonding. Determine the adhesive layer thickness
by subtracting the substrate thicknesses from the total thickness of the joint at each of the three locations.

After bonding, measure the width of the specimen with a vernier caliper or a micrometer at three points
along the length of the beam, at 30 mm from either end and at the mid-length. Calculate the mean value.

Dimensions in millimetres

250

Key
1  CFRP plpte 3 metal plate
2 adhesivg layer 4  anti-adhesivefape
Figure 3 — Test specimen for wedge test
Apply a thip layer of white spray-paint, or typewriter cortection fluid (“white ink”), on the gdges of the

specimen t¢ facilitate the detection of crack growth.

Uriter correction fluids and paints contain solvents which can harm the adhesive or the laminate

brial of a composite substrate. An aqueous solvent is usually preferred.

Some typev
matrix mat

s every 1 mm from the tip of the/insert for at least the first 10 mm, then apply marks pvery 5 mm

d of the specimen.

Apply marKk
up to the en

7 Testing procedure

Due to the
interface an
of equivale
through thg
the two bea

A wedge as

large modulus mismatch of the CFRP/metal dissimilar joint, the crack can escaj
d cause the overestimation of the fracture energies with a conventional DCB specime
ht thickness/beams. The appropriate CFRP/metal thickness combination shall be
tests withithe specimens having different CFRP/metal thickness ratios. An appropr

ms' thickness (h;/h,) shall be determined such that the fracture energy is the lowest.

shewn in Figure 1 is fully driven into the precrack to create an initial crack. Using

e from the
h composed
thus found
iate ratio of

a universal

testing maghie, the wedge is pushed slowly into the precrack at the constant speed of 10 mm/npin + 5 mm/
min so that the sides and the end flush with the sides of the specimen. To avoid compression overload or
buckling of the specimen, an anti-buckling fixture specified in ISO 14126 is recommended for safely inserting
the wedge. After the initial crack made by inserting the wedge is stabilized, measure the crack length from
the wedge/adherend contact point to the crack tip, on each side of the specimen. The measurement of the
initial crack shall be performed one hour or more after no progression of the crack is recognized. Note the
mean value as initial crack length a,. Then, the specimen shall be subjected to an environmental condition
as specified in ISO 9142. The crack extends along the interface as shown in Figure 4, and measure the crack
length, g, in specified intervals on each side of the specimen, and note the mean values and the residence
time in the specified environmental condition.

The interfacial toughness for the initial crack and after the extension of the crack under a specified
environmental condition are calculated as the critical strain energy release rate, G, using Formula (1)[Z].
G is given by the Formula (1) in J/m?, where a is the crack length, A is wedge thickness, E is the flexural

© IS0 2024 - All rights reserved
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modulus, h is the beam thickness, and C is the compensated parameters as described in Formulae (2) and
(3). The subscripts 1 and 2 refer to CFRTP beam and metal beam, respectively.

The flexura

I modulus of the beams shall be measured in accordance with ISO 178.

3A
Gc=
61=1+
C2:1+

2E\W3E,h5  E h3C3 +E,h5CE
4 2
8a (E1hic3 +E,mCY)
0,64(hy/a)
0,64(h,/a)

e8]

(2)

(3

When testing the CFRP/metal combination for the first time, the appropriate CFRP/meétgl thickness
combinatioh shall be determined. The tests are carried out with the specimens with dissimilar thicknesses
of CFRP anq metal beams, h; and h,, respectively. The thickness ratio (h,/h,) are varied ranging from 0,2 to
2 and find the best combination of the thicknesses (h; and h,) to minimize the G values obtaingd after the

insertion of

NOTE E

If the CFRP
to be tested

Alternative
After the tg

inspection
specified in|

Key

1 metalb
2 CFRP bd
3  wedge

the wedge.
kamples of the determination of the thickness ratio are shown in References |8], [9] and Ann

beam fails to break when the wedge is inserted into the precrack, the thicknesses o
shall be extended to 10 mm.

y, the thicknesses of the beams, h; and h,, may be determined according to ISO 2283

st, the test specimen is separated, and the type of<failure pattern shall be assessg
pf the fracture surface on the two beams in accordance with ISO 10365. If failure bej
ISO 10365 is observed, it shall be noted in the test report.

Pam 4  end of crack
am a cracklength
A thickness of wedge

P A.

ff the beams

8.

d by visual
haviour not

s A Fal 1 £3 1 +la dla H 334 £, 3 A £ 'y
rTgurcr CTIadaCtR PTUOPdgativindivilig it dauiitsIive IImeT IatTTITmwtUu gttt st

8 Testreport

The test report shall contain at least the following information:

a)
b)
9
d)

areference to this document, i.e. ISO 8060:2024;
the bonding process employed;
the bonding conditions;

the materials and its condition;

© IS0 2024 - All rights reserved
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details of any surface preparation of the adherend plates;

the dimensions of the test specimens;

environmental condition employed;

individual values, mean value and standard deviation of the crack lengths, a; and g, in mm;
fracture energies, G;

plot of G, versus time or cycles of the environmental condition employed;

failure description (interfacial failure at metal/adhesive or CFRP/adhesive, cohesive, etc.);

special remarks-ifany

© IS0 2024 - All rights reserved
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Annex A
(informative)

Determination of thickness ratio (h,/h,) for CFRTP /Al adhesive joint

specimen

Adhesive joint specimens with carbon fibre reinforced thermoplastic (CFRTP) and Al5052 are prepared
using a two- component urethane adhesive. The used CFRTP comprlses pla1n woven carbon fibre continuous
potye are—37 GPa, and

fabric and
65 GPa, res
and Al, of

CFRTP and
for1,5ha
of 200 pm
layer. 80 p
lamination
fixed with

during the

the bonded

A wedge with 3 mm thick was inserted into the precrack by gently pushing the wedge into the

the constan
driven into

Figu

i
:Fthick poly(tetrafluoroethylene) (PTFE) film was placed onto one end-of the substrat
Fo incorporate 35 mm length non-bonded region to serve precrack.The Al/CFRTP lam|

pectively. A paste commerc1al adheswe urethane two- component was used for bon
ich tensile modulus is 5,97 GPa.

Al panels with 250 mm length and 150 mm width were bonded with the adhesive cu
iameter glass spheres were dispersed on the adhesive to control the thickness of t
[-type clamps at the four corners and the centre part to apply.equal pressure to th

curing of the adhesives. 25 mm width and 250-length rectatigular specimens were d
laminates after curing of the adhesives, incorporating afion-bonded part at one end.

t speed of 10 mm/min by using a testing machinegas shown in Figure A.1. The wed
the precrack.

re A.1.~ Insertion of a wedge into precrack of the specimen using a testing mag

80 °C for 1 h. The paste adhesives were coated onto both adherents andthen a sn

ding CFRTP

red at 25 °C
nall amount
he adhesive
e before the
inates were
e laminates
ut out from

precrack at
be was fully

hine

After the i

ftiat track Tmade by the insertion of the wedge was stabitized; the specimens wer

e subject to

moisture in a constant climate cabinet kept at 85 °C and 85 % relative humidity (RH) and the crack extension
was measured. Figure A.2 shows the Gc values versus the CFRTP/Al thickness ratio after the residence times
indicated therein. It indicates that the 2/5 thickness ratio gives the minimum Gc values.

© IS0 2024 - All rights reserved
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