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Abstract

In the past decades, adhesive technology has been useful in order to solve numerous issues related with conventional joining techniques (bolting,
riveting and welding). Several advantages of adhesive bonding can be pointed out, such as low weight (relevant in the automotive and aeronautical
industries), capability to resist to adverse environmental conditions, lower manufacturing costs and possibility to join different materials. To
predict crack propagation of an adhesive joint by advanced fracture mechanics-based techniques such as cohesive zone models (CZM) it is not
enough to know the traditional mechanical properties, such as Young’s modulus (E), shear modulus (G), tensile strength (Or) and shear strength
(7r). Actually, it is also mandatory to estimate the tensile (Gic) and shear fracture energies (Guc). The purpose of this work is to carry out the
mechanical and fracture property characterization of a new structural two-component epoxy adhesive. With this purpose, four tests which were
conducted: tensile testing to bulk specimens, shear testing with thick adherend shear tests (TAST), double-cantilever beam (DCB) and end-
notched flexure (ENF). With these tests, it was possible to determine the mechanical and fracture properties of the adhesive in tension and shear.
Different data reduction methods were evaluated for the fracture properties. The test results agreed with the data provided by the manufacturer
and will enable the design of bonded structures with this adhesive.
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1. Introduction is difficult to joint composites with traditional methods.

Drilling composite materials by screwing or riveting could

Adhesive joints allow achieving structures with a lower
weight, are capable to join different materials, present high
fatigue strength, among others advantages !. For a proper joint
design, it is necessary to estimate the properties of the
adhesives, as these widely vary between types of adhesives.
These properties are also decisive to predict the stress
distributions and choose proper failure criteria, as well as they
are essential to predict the joint strength % 3. The bonding
technology is recommended for composite materials because it

2351-9789 © 2020 The Authors. Published by Elsevier Ltd.

damage the composite structure, which is harmful to the
material's strength and durability. Furthermore, the drilled hole
needs to be sealed, by application of a complex technique, to
avoid delaminations *. It is also necessary to take into account
environmental effects, especially regarding moisture, as
composite structures can absorb moisture, which can seriously
affect the mechanical properties and can even lead to
degradation of the fibres, especially in the drilling holes °. With
the increasing use of these materials, the adhesive bonding
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technology also evolved. A bonded joint is basically subjected
to peel and shear loads. Thus, to predict the joint’s behaviour,
the knowledge of the (E), the (G), the (o) and the () is not
enough. For advanced modelling techniques such as CZM, the
fracture toughness in pure mode I (Gic) and pure mode II (Giic)
are also required. In order to entirely characterize an adhesive,
it is thus necessary to quantify all these parameters by
performing specific tests ®. Different options exist to predict the
tensile properties of an adhesive, either tests using bulk
adhesive samples or adhesive joint tests. The butt joint is an
option to estimate the tensile properties of adhesives.
Performing bulk tensile tests is another alternative to estimate
the tensile adhesive properties 7. Bulk samples can be obtained
by the closed-mould technique or by pressure between plates,
this last technique applicable in the presence of relatively stiff
and brittle adhesives. Banea and da Silva ® used the plate-to-
plate method when fabricating bulk samples of stiff and brittle
epoxy adhesives, the Araldite® AV118 and the Nagase
Chemtex® XN1244. Adhesive joints should be preferably
designed to work in shear, considering that the loads are
distributed across a more extensive area than in peel. The shear
tests also can be divided into bulk joint and adhesive tests.
When the adhesive joint testing is performed, it is quite difficult
to precisely measure the shear displacement because the values
of this displacement are very small. Bulk samples have a longer
measurement length, so it is possible to achieve better results,
but it can be argued that the size and thickness of the samples
are not representative of the adhesive properties in a joint. To
determine the shear mechanical properties, the most usually
used tests are the TAST, losipescu or V-notched shear beam
test, butterfly test or notched shear plate method (Arcan), bulk
test in torsion, butt joint torsion test or Napkin Ring, and single-
lap joint (SLJ) test. Between all these tests, the most accurate
is the torsion test due to the absence of stress concentrations °.
This test exhibits as the main difficulty the need to have a
specific torsion device. Banea et al. !® !! used the TAST
configurations, which enabled to characterize the shear
properties from different adhesives and accomplish the
respective validation.

Nowadays, advanced strength prediction methods for
bonded joints are popular, but these additionally require the
knowledge of fracture properties of adhesives. Classic fracture
mechanics requires a crack in the structure, induced during the
manufacturing process or produced when the structure is
loaded '2. Using this method to estimate the strength of
adhesive joints reveals some significant advantages over the
strength materials methods !''. However, application of
classical fracture mechanics techniques supposes the existence
of an initial flaw in the structure to be analysed, which many
times does not exist in reality '2. The CZM technique is also
based on fracture parameters such as Gic or Guc, but damage
onset is actioned by stress parameters, so these advanced
techniques do not need an initial crack to trigger damage
propagation '*. The Tapered Double-Cantilever Beam (TDCB)
and the DCB are the most common tests used to estimate Gic
14" which procedure is extensively described in the standard
ASTM D 3433-99 5 and recently implemented in the standard
ISO 252117: 2009 'S. In the work developed by Blackman et
al. 7, different materials were selected to be used as adherends

to perform DCB and TDCB tests, to compare the Gic values of
a brittle adhesive. In the DCB tests, the adherends used were
unidirectional carbon-fiber composite and mild steel. In the
TDCB tests, the adherends used were mild steel and aluminium
alloy. It was concluded that the resulting Gic values by different
data reduction methods were identical, although dependent on
the adherend material. The easiest and most commonly used
test for shear characterization of bonded joints is the ENF.
However, there are many other tests that could be used in order
to predict Guc, such as the End-Loaded Split (ELS) and the
Four-Point End-Notched Flexure (4ENF). For two different
adhesives, DCB and ENF tests were performed by Banea and
da Silva ' and Banea et al. '® to obtain Gic and Gig,
respectively. It was concluded that the DCB and ENF tests are
reliable in obtaining Gic and Gpc of adhesive joints,
respectively, for further application in Fracture Mechanics and
Damage Mechanics techniques for adhesive joint design. Full
characterization of a new epoxy adhesive with high elongation
and toughness (XNR6852 by Nagase Chemtex®) was
undertaken by Saldanha et al. '. In order to achieve the total
characterization of the adhesive, mechanical and fracture static
tests, impact tests and glass transition temperature (7})
measurements were implemented. The obtained results exhibit
high values for or and 7, typical of an epoxy adhesive, and high
elongation, typical of a polyurethane adhesive. Thus, it could
be concluded that the XNR6852 combines the best peculiarities
of an epoxy and a polyurethane adhesive. The measurement of
the fracture properties as a function of the mode-mixity was
undertaken in other works 2°, allowing the calculation of the
fracture envelopes, which find application in the strength
prediction by CZM modelling. Azari et al. 2! characterized the
mixed-mode fracture behaviour of a toughened epoxy adhesive
by the DCB specimens, using a constructed apparatus that
enabled loading the specimens with different forces at each
adherend. The resulting properties from this procedure allowed
to predict the strength of cracked-lap shear and single-lap joints
by accessing the developing fracture energies and comparing
them with the previously defined mixed-mode properties at a
specific mixed-mode condition. Validation was undertaken
against experimental data, with good results.

The purpose of this work is to carry out the mechanical and
fracture property characterization of a new structural two-
component epoxy adhesive. With this purpose, four tests which
were conducted: tensile testing to bulk specimens, shear testing
with TAST, DCB and ENF tests. With these tests, it was
possible to determine the mechanical and fracture properties of
the adhesive in tension and shear. Different data reduction
methods were evaluated for the fracture properties.

2. Experimental tests
2.1. Tensile tests

To perform the bulk specimens with dogbone shape for
tensile testing, a mould was used that allows obtaining six
specimens at once. The mould was developed and fabricated to
reproduce specimens according to the indications and
dimensions described in the French Standard NF T 76-142
23 A CNC milling machine was used in order to fabricate the
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top and bottom plates from the mould. Furthermore, the plates
were surface grinded to guarantee a perfect surface finish and
subjected to hard chrome plating to increase the abrasion
resistance, as well as to ease the specimens’ demoulding. Laser
cutting was used to manufacture the intermediate plate. Both
processes chosen to manufacture the mould are extremely
accurate and work with low tolerances. The process began with
the mould preparation, and it was necessary to clean with
acetone the different parts that constitute the mould, followed
by application of demoulding agent. After the mould is ready,
it was necessary to prepare the adhesive (SikaPower® 1277)
according to the manufacturer’s specifications, manually fill
the six mould cavities and finally close the mould for adhesive
curing during one week (Fig. 1). The specimens were tested in
a Shimadzu AG-X 100 testing machine, equipped with a 100
kN load cell, at room temperature and with a test velocity of 2
mm/min. Strain measurement was undertaken by using a
mechanical extensometer with a base length of 50 mm (Erro!
A origem da referéncia nio foi encontrada.).

Fig. 2 —Bulk test setup with the mechanical extensometer positioned.

2.2. Shear tests

Concerning the adherends used to perform the shear tests,
in-house developed TAST adherends and tools were used (Fig.
3). The TAST specimens were fabricated in C45E steel with

geometry and dimensions according to the ISO 11003-2
standard ?*. The first step to prepare the adherends was to
sandblast them and to remove traces of oil and dust. After, it
was necessary to clean the adherends with acetone. In order to
accomplish the intended value of overlap length, 1 mm thick
blades were used as spacers between the adherends. The blades
and all mould surfaces were properly prepared with
demoulding agent to facilitate the extraction process after
bonding the specimens. After the application of the adhesive
into adherends, these were manually positioned, the joints
pressed, and the limiting bars were fastened to the jig by screws
to guarantee perfect specimens’ alignment. The adherends
were cured according to manufacturer’s recommendations. In
all specimens, the bonding area was 25x5 mm? and the
adhesive thickness was 0.7 mm. During the test, a mechanical
extensometer was used to measure the longitudinal strains.
Following the ISO 11003-2 standard for TAST tests %*, a speed
of 0.5 mm/min was used.

Fig. 3 — Manufacturing TAST specimens (adhesive application).

2.3. Fracture tests

In order to predict Gic the DCB test specimen was
undertaken (Fig. 4 (a)), meantime to estimate Guc the ENF
(Fig. 4 (b)) was selected. The adherends were composed of
aluminium alloy sheet (AA6082 T651). The adherends’
dimensions for DCB testing were 140x25x3 mm?, and the ENF
adherends’ dimensions were 230x25x3 mm?. Campilho et al.
' characterized this material and the following parameters
were found: E=70.07+£0.83 GPa, tensile yield stress
0y=261.67£7.65 MPa, 0=324+0.16 MPa and tensile failure
strain g=21.70+4.24%. The specimens for the DCB test were
prepared with following dimensions: total length (L) of 140
mm, initial crack length (ao) of approximately 50 mm,
adherend thickness (zp) of 3 mm, width (b) of 25 mm and
adhesive thickness (za) of 1 mm. The dimensions for the ENF
tests are: L of 230 mm, mid-span (L;) of 100 mm, initial crack
length (ao) of approximately 65 mm, adherend thickness (#p) of
3 mm, width (b) of 25 mm and adhesive thickness (¢4) of 1 mm.
All adherends had to be prepared prior to the bonding process.
The surfaces to be bonded were sandblasted, cleaned and
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degreased with acetone. Due to the known variations of Gic and
Gic with 7o induced by different constraints between the
adhesives, it is important to ensure a constant value of za
throughout the bonding. To achieve this goal, spacers were
used between the adhesives to control 74 2*. In order to induce
the crack tip a spacer was inserted, and it was composed by a
0.1 mm thick razor blade between the calibrated bars to
guarantee a sharp crack tip. Following the manufacturer’s
indications, curing was performed at room temperature for one
week. To ensure the correct positioning of the spacer and avoid
misalignment, the joints were cured in a steel mould.

Fig. 4 - Setup of the fracture tests: DCB (a) and ENF (b).

3. Methodology
3.1. Tensile tests

To determine the tensile mechanical properties of the
adhesive, the standard EN ISO 527-2 % was adopted. The value
of E was measured as the average slope of the stress-strain (o-
&) curve between elastic strains of 0.05% and 0.25%. oy was
obtained for a strain of 0.2%, by the intercept between the
stress-strain (o-¢) curve and a parallel line to the initial part of
this curve. oy is calculated by the ratio between the maximum
load and the initial cross-section of the specimen. The value of
&, which corresponds to complete failure, was also assessed 6.

3.2. Shear tests

The calculation of the shear stress (7) was given by
=P/(Ixb), where the applied load is defined by P, b is the width
and the bonded length is defined by /. The applied displacement
(9) divided by ¢ gives the shear strain (). Lastly, the ratio 7/%
in the elastic zone of the 7-y curve give the estimation of G ?7.
In order to determine all the described mechanical shear
properties of the adhesive, the ISO 11003-2 standard 2* was
considered.

3.3. Mode I fracture tests

In order to evaluate Gic, the following data reduction
methods were used: Compliance Calibration Method (CCM),
Corrected Beam Theory (CBT) and Compliance-Based Beam
Method (CBBM). Campilho et al. ?® detailed the theoretical
background of these three formulations, all of them considering
the fracture process zone (FPZ) near the crack tip. The CCM is
founded on the Irwin-Kies ? equation, being fundamentally
based on the specimen’s compliance (C=d/P). A crack length
correction (A) is used in CBT, in order to include the crack tip

rotation and deflection in the analysis, obtained as specified in
ISO 15024 *. The CBBM is considered a relatively simple but
robust method based on an equivalent crack length (a.q), and it
only depends on the specimens’ compliance measured during
the course of the test 2.

3.4. Mode Il fracture tests

The chosen adhesive presents a large ductility, which makes
it difficult to measure the real a. In order to evaluate Giyyc, the
CCM, CBT and CBBM data reduction methods were used. As
previously mentioned, the CCM is based on the specimens
compliance and the Irwin-Kies equation ?°. Wang and Williams
31 proposed the CBT to measure Guc, which includes crack
length corrections to account for the effects of shear
deformation. The CBBM, by using the a.q concept, allows the
Gic estimation from the readily available parameters after
experimental testing, i.e. P and & (which provide C) 32. This
method is known to account for the FPZ at the crack tip by
using aeq instead of a. Further details of the method can be
founded in the work of de Moura et al. 33,

4. Results
4.1. Tensile tests

The failure modes have been documented, and smooth
failure surfaces without porosities were found in all specimens.

Fig. 5 shows the o-&curves obtained in the bulk tensile tests,
being visible non-negligible deviations in or and especially &.
These differences could be due to experimental fabrication
and/or testing issues. However, all failures were valid without
visible defects on the fractured surfaces and, thus, all
specimens were considered in the data analysis.

40

30 4
5
S 20
S
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0 T T T T

0 1 2 3 4 5
&[%]
Fig. 5 - o-& curves of bulk testing.

Table 1 presents the individual and average tensile

properties of the adhesive, where the maximum load is
represented by Pn and the maximum displacement is
represented by &
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Table 1 - Individual and average tensile properties of the adhesive.

Specimen Pn[N] E[MPa] oy [MPa] or[MPa] & [%]
4 49628 178086  18.41 19.43 1.52
5 630.11  2010.61  21.96 26.36 3.23
6 603.93 218535  21.03 23.50 1.51
7 641.03 201414 1490 25.56 255
8 61574  2067.85  20.76 24.32 1.79
Average 59742 201176 19.41 23.83 212
%:fgat‘irgn 5826 147.14 284 2.70 075

4.2. Shear tests

All TAST specimens revealed that the failure surfaces were
cohesive, and the topology of the fractured surfaces was
identical. When analysing the zycurves (Fig. 6) obtained from
TAST testing, higher repeatability between the specimens is
observed on all relevant parameters. The shear yield stress (7y)
was assessed by the interception between the -y curve and a
straight line parallel to the initial slope of the =y curve for
7=0.2%. Table 2 shows the relevant data obtained during the
tests and the respective shear mechanical properties of the
adhesive.

30

20 ~

7[MPa]

7 [%]

Fig. 6 - 7~y curves of TAST testing.

Table 2 - Individual and average shear properties of the adhesive.

Specimen Py, [N] G [MPa] 7, [MPa] 7z[MPa] e [%]
1 266136 690.00  20.56 21.29 642
2 2459.64  790.00 19.50 19.68 5.56
3 2649.63 67500  20.54 21.20 6.08
4 248110 660.00 19.10 19.85 6.55
5 246798 750.00 19.67 19.74 496
Average 254394  713.00 19.87 20.35 5.91
Standard =) 0 5405 0.65 0.82 0.66

deviation

4.3. Mode I fracture tests

After the tests, the failure surfaces of the six DCB specimens
were documented, and it could be concluded that all failures
were cohesive (Fig. 7).

Fig. 7 - DCB specimen after testing.

The P-6 curves of the DCB tests (Fig. 8) initially present a
linear increase of P. After crack growth onset a relaxation of P
is visible, corresponding to crack propagation at a constant
value of the tensile strain energy release rate (Gi). The results
of DCB testing exhibited a high repeatability in the P-d curves,
both before crack initiation and during crack growth. The
estimation of the C=f(a) curve and its differentiation are
necessary to obtain Gi by the CCM. In order to correctly
estimate Gic, the C=f(a) curve must be analysed between the
beginning of crack propagation and before complete failure of
the specimens. Fig. 9 compares the R-curves, which relate the
evolution of Gi with a or aeq *, between the CCM, CBT and
CBBM for a single DCB specimen. Crack propagation took
place with an approximate steady-state value of Gp during the
DCB tests. However, some experimental deviations occurred
due to the natural deviations in adhesive properties,
experimental issued and possible localised adhesion defects 2°.

4,
3,
£
a2
1,
0 : : LA
0 20 40 60 80

J [mm]

Fig. 8 — P-d curves of DCB testing.
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Fig. 9 - R-curves of a representative DCB specimen by CCM, CBT and
CBBM

It should be noted that, in toughened adhesives, at the
beginning of crack growth, progressive toughening occurs by
plastic deformation, possibly leading to microfissures. The
curves obtained by the different methods combine reasonably
well, obtaining a good steady-state Gi. As previously
mentioned, the CBBM outperforms the other methods (CCM
and CBT) as it is not necessary to measure a, which simplifies
the analysis, and by accounting for the FPZ. Moreover, the
CCM and CBT require the measurement of a, which can lead
to additional errors in the Gic estimates due to incorrect
readings. Apart from this, the CCM also requires the estimation
of dC/da by differentiating cubic polynomials adjusted to the
C=f(a) curves, which constitutes another source of errors 3. In
Table 3, Gic is compared between the three data reduction
methods.

Table 3 - Gic values obtained by the CCM, CBT and CBBM data reduction

methods.
Gic [N/mm]
Specimen CCM CBT CBBM
1 3.87 3.78 3.52
2 4.83 4.54 428
3 4.34 4.33 4.18
4 421 3.90 4.18
5 4.83 4.47 4.48
6 4.49 4.40 4.19
Average 443 4.24 4.14
Standard deviation 0.37 0.32 0.33

4.4. Mode Il fracture tests

Eight samples were used in the ENF tests since, in this test,
unstable crack propagations can occur due to the test topology.
After performing the ENF tests, the P-J data was collected, and
the results are presented in Fig. 10.

25
20 A
15
)
A 10 A
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0 T T T T T
0 5 10 15 20 25 30
J [mm]

Fig. 10 - P-d curves of the ENF specimens

It can be concluded that the P-o6 curves are in agreement,
except for two specimens, which revealed a markedly different
initial stiffness due to different ao. However, this difference
does not compromise the validity of the results. Typically, Guc
is measured after Pr, is reached and the load begins to decrease
due to crack propagation, which is the proforma of the ENF
tests. However, due to the high shear ductility of the adhesive,
it was not possible to follow this procedure, as P did not
diminish after crack initiation. As a result, it was impossible to
obtain an R-curve with a steady-state value of Gu. Thus, Guc
was considered as the value of Gy at the beginning of crack
propagation. It should also be noticed that, when the FPZ
reaches the region of the loading cylinder, the values are no
longer valid for the measurement of Guc. The Gic values
obtained by the different methods are shown in Table 4.

Table 4 - Gy values obtained by the CCM, CBT and CBBM

Gyic [N/'mm]
Specimen CCM CBT CBBM
1 10.18 8.90 9.10
2 9.31 8.06 7.55
3 6.52 7.74 6.86
4 7.37 6.21 6.31
5 7.35 7.01 6.78
6 6.72 6.01 6.17
7 6.29 5.89 6.35
8 6.57 5.75 6.48
Average 7.54 6.95 6.95
Standard deviation 1.43 1.17 0.97

4.5. Discussion

Some of the obtained mechanical properties of the tensile
tests were not in perfect agreement with the manufacturer’s
datasheet. The tensile stiffness, measured by E, resulted in
2011.76+147.14 MPa, thus giving a percentile deviation of
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7.31%. An excellent agreement with the 2000 MPa specified
by the manufacturer was thus obtained. Concerning oy, this
parameter resulted in 19.41+2.84 MPa, providing a percentile
deviation of 14.64 %. Since this parameter is not provided by
the manufacturer, it is not possible to make a comparison. The
obtained value for or was 23.83+2.70 MPa, below the 30 MPa
specified by the manufacturer. However, the tensile tests
showed a good repeatability, since the percentile deviation on
this parameter was only 11.32%, thus validating the
experimental results. The obtained value of & was 2.12+0.75%
(percentile variation of 35.40%), whose average value is
practically half of the 4% claimed by the manufacturer.

The obtained results for the TAST gives a G=713.00+£54.95
MPa, with a percentile deviation of 7.7% (this value is not
provided by the manufacturer). In order to calculate Poisson’s
ratio (v), the parameter G can be correlated with the value of £
obtained in the tensile tests, due the isotropic nature of the
adhesive. Applying the well-known relation for isotropic
materials, the value v=0.41 was obtained, which fills the values
described in the literature °. 7 is another parameter that is not
provided by manufacturer, therefore there is no way to compare
this value. 7, obtained by the shear tests was 19.87+0.65 MPa,
with a percentile deviation of 3.28%. The manufacturer only
provides the lap shear strength (28 MPa), which is the most
approximate parameter to 7. The main difference from these
two values is that, in the TAST test, zis theoretically constant,
which does not occur in a lap-shear test. The obtained 7z was
20.354+0.82 MPa, which is lower than the lap shear value
claimed by the manufacturer. Nonetheless, a good similarity
between specimens was found, as it can be confirmed by the
percentile standard deviation of only 4.02%. The values of
reveal some scatter between specimens (5.91+0.66%, with a
percentile deviation of 11.11%), which may be associated with
a slight variation of ¢4 induced by the manufacturing process or
small variations between TAST adherends. The obtained
confirmed that the adhesive under analysis is ductile.

The obtained Gic by the three methods were:
CCM=4.43£0.37 N/mm, CBT=4.24+0.32 N/mm and
CBBM=4.14+0.33 N/mm. Standard deviations were small and
within the acceptable dispersion of experimentally measured
quantities, with a percentile deviation of CCM=8.44%,
CBT=7.47% and CBBM=7.90%. The obtained Gic values for
cach sample were consistent between all data reduction
methods, although the CBBM gives slightly lower Gic
compared to the other methods. However, it should be noted
that the CBBM is the most reliable method as it is unaffected
by possible measurement errors of @ and by accounting for the
FPZ effects.

The obtained Guc values, considering the three data
reduction methods, were: CCM=7.54+1.43 N/mm,
CBT=6.95+1.18 N/mm and CBBM=6.95+0.97 N/mm. As
previously mentioned, CBBM is the most robust method,
which accurately returns Gic values. Thus, it will be used as a
reference value. Therefore, comparing the three methods, it can
be concluded that the value achieved by the CBT is equal to the
CBBM value, while the CCM has a slightly higher value. The
CBBM and the CBT perfectly agree in the average Gic, whilst
the CCM slightly overshoots the two other methods. However,
the CCM is prone to be affected by @ measurement errors and

rough polynomial approximations. The percentile standard
deviation for the different methods was CCM=19.01%,
CBT=16.91% and CBBM=13.99%, thus within expected
values.

5. Conclusions

The main objective of this work was to characterize the
mechanical and fracture properties of a new polyurethane
structural adhesive (SikaPower® 1277). The tensile tests
resulted in E=2011.76+£147.14 MPa, 0=23.8342.70 MPa,
0y=19.41+2.84 MPa and &=2.1+0.75%. By comparing with the
manufacturer’s data sheet, it can be concluded that oy and &rare
offset by a non-negligible amount from the expected values.
The TAST tests allowed the estimation of G=713.00+£54.95.35
MPa, 7~19.87+0.65 MPa, 7=20.35£0.82 MPa and
7#=5.9140.66%. The tensile fracture characterization of the
adhesive, given by Gic and accomplished by DCB tests, was
undertaken by different data reduction methods:
CCM=4.43£0.37 N/mm, CBT=4.24+£0.31 N/mm and
CBBM=4.14+0.17 N/mm. Guc was performed by ENF tests
and it was also undertaken by the following data reduction
methods: CCM=7.54+1.43 N/mm, CBT=6.95+1.18 N/mm and
CBBM=6.95+0.97 N/mm. Since it is not possible to compare
Gic and Gpc with the data spreadsheet provided by the
manufacturer, it is only possible to conclude that the different
methods are in accordance. This adhesive is a structural
adhesive with reasonable mechanical strength as well as high
ductility. As the major output of this work, the relevant
mechanical and fracture properties of the SikaPower® 1277
were estimated and can now be applied for strength prediction
of bonded joints by advanced modelling techniques such as
CZM.
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