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Abstract: Understanding the creep behaviour of materials is crucial in structural design, since
assessing their durability and long-term performance is essential for ensuring the safety of the
structures. Experimental testing allows to gather data on the creep behaviour of materials, as
well as observe the damage mechanisms and dependence on environmental effects, such as stress
and temperature. In this paper, the development of a cyclic creep testing station is presented.
An innovative compact device is designed for testing single-lap joints using pressure-sensitive
adhesives (PSAs) at different stress and temperature levels. The design is based on a mechanism
that periodically supports a hanging weight resulting in an alternating load applied to the bonded
joint. The assembled testing setup is validated by comparing the results of the developed machine
with cyclic creep experimental data obtained with a servo-hydraulic testing machine adapted for
cyclic creep. After validation, preliminary tests with one PSA at 55 ◦C are presented to evaluate its
performance at higher temperatures. The results indicate that the developed cyclic creep machine
can be used to characterise the creep behaviour of PSAs under cyclic loading.

Keywords: cyclic creep testing; pressure-sensitive adhesives; material characterisation

1. Introduction

Comprehending the creep behaviour of materials is crucial for evaluating the long-
term performance of components and structures, particularly under high-stress or high-
temperature circumstances. Since metals and ceramics can creep significantly at high
temperatures and polymers tend to experience creep even at low temperatures, the material
that is being loaded is very significant when characterising its creep behaviour [1]. The
creep phenomenon in polymers is a combination of viscous flow and elastic deformation,
known as viscoelastic deformation [2], and tends to develop even at room temperature [3].
Particularly, when adhesives are subjected to long-term loading creep can occur, even for
low temperatures and low stress levels [4], which leads to the material creep behaviour
dependence on the service conditions [5]. Thus, any application where polymeric materials
must support loads for extended periods of time while maintaining their dimensional
stability has always to take creep measurements and predictions under consideration [6].

A creep curve obtained from experimental tests typically assumes three phases, named
primary or transient creep, secondary or steady-state creep, and tertiary or unstable creep.
These three phases appear due to the balance between strain hardening and strain softening
phenomena in the material: initially the strain rate decreases due to hardening phenomena
until an equilibrium between softening and hardening processes is reached, constituting
the secondary creep phase. After continuum deformation in the steady-state regime, due to
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the accumulated damage and necking (reduction in effective cross section due to elongation
for tensile tests), the strain rate increases rapidly since the material is no longer able to
withstand the applied load and eventually fails [7]. Figure 1 represents a typical creep
curve where the three phases can be observed.

Figure 1. Schematical representation of a typical creep curve.

The shape of the curve, and thus the creep behaviour, is heavily dependent on the
applied stress and testing temperature. Typically, with increasing stress, the creep time to
failure decreases, and the observed strain rate increases. When increasing temperature, the
creep time to failure also decreases, and the creep strain rate increases due to the increased
freedom for molecular mobility and diffusion processes, depending on the material [8].
This behaviour is depicted in Figure 2, where the different colours correspond to the creep
curves for the different load and temperature conditions.

Figure 2. Influence of stress and temperature on creep behaviour.

Predicting and designing for the implications of long-term loading on deformation
and failure behaviour is crucial so that, in the design phase, this phenomenon is considered
for ensuring capable and safe structure for the entire service life. The experimental data
needed for this safe design can be obtained from creep tests which are performed in creep
testing machines or stations. This data is essential for further development of analytical
and numerical models suitable for describing such behaviour [9].

Although there is some research into the static creep behaviour of PSAs, the authors
are not aware, to date, of any studies into the creep mechanisms developed during cyclic
loading of PSAs. This is an important phenomenon since these materials are very suscepti-
ble to creep even under service conditions of stress and temperature and cyclic loading can
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have an impact on the life of the joint. If the wide range of applications of these materials is
considered, from electronics to the automotive industry, the scenario of cyclic loading of
structures is evident. Therefore, considering the relevance of the topic, the authors aimed to
develop a machine that would allow the cyclic creep behaviour of PSAs to be characterised.

In this paper, a cyclic creep testing machine is developed for testing single-lap joints
(SLJs) using pressure-sensitive adhesives (PSAs), where hanging weights are used to apply
the load in the test specimen and an additional apparatus is used to control the loading and
unloading of the specimen, resulting in cyclic loading. The apparatus is composed of an
actuator moving a platform that supports the weight for unloading the specimen and hangs
the weight to load the specimen resulting in a maximum load equal to the total weight, and
a minimum of zero due to complete unloading. Then, cyclic creep tests are performed in
the designed cyclic creep testing station, and the results are compared with cyclic creep
tests carried out in a servo-hydraulic testing machine, to validate the developed testing
machine. Finally, some preliminary results are presented for specimens tested at higher
temperature with the developed cyclic machine.

2. Design of Creep Testing Machine

A creep testing machine is a structure used to perform creep tests, through the ap-
plication of a constant load or stress on a specimen, with the resultant creep strain being
measured over time. Creep testing setups are composed of some basic components, them
being [10]:

- Grips or other fixation methods to hold the specimen in place, while assuring its
alignment to properly load the specimen and accurately collect the creep deformation;

- A method to apply the load or stress that can be achieved with a hanging weight
or actuators;

- A form of measuring the deformation which can be achieved with potentiometers,
strain gauges, linear variable differential transformer (LVDTs), capturing photos for
processing with digital image correlation (DIC), etc.;

- For testing at different temperatures, a temperature-controlled chamber can be imple-
mented as well.

For studying the effect of other variables such as humidity or exposure to ultraviolet
(UV) radiation, additional components can be implemented as well. Due to the influence of
the applied stress and temperature, as well as other environmental effects, a creep testing
machine can be designed to be able to adjust these variables to study its influence, with the
most common variables studied being the applied stress and temperature [11–14].

Multiple designs have been proposed in the literature and industry, usually being
variations of already existing designs. For instance, the creep tests can be performed
under tensile [15], compressive [7], or shear loading [16]; the testing setups generally
locate the specimen in a vertical position but can also employ a horizontal position [17];
the application of the load on the specimen can be carried out by hanging weights on
the test specimen [18], where pulleys can also be used to relocate the weights’ location.
Additionally, electric or hydraulic actuators for higher loads and variable applied load [19]
can be used, as well as levers to provide a mechanical advantage to apply higher loads
with smaller weights [20].

For testing cyclic creep, an additional system is implemented to vary the applied
load taking into account the intended characteristics of the waveform such as frequency,
amplitude, waveform’s shape or mean load. It is the authors’ understanding that to date
there is no device specially developed to test cyclic creep behaviour in PSAs. Although the
study of creep behaviour in adhesives exists extensively in the literature [21–24], a detailed
study of this behaviour in PSAs has not yet been carried out, even in the case of cyclic creep.

3. Design Criteria

The testing machine designed in the present work was developed to test SLJ configu-
rations and tailored to a specific group of adhesives—PSAs. These adhesives are described
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as non-structural adhesives and, therefore, when compared to structural adhesives, the
strength of the materials is low. Particularly, for the PSAs expected to be used in this
machine, this value is within the range of 0.2–0.7 MPa. Hence, it is expected that the
required loads for the creep testing conditions are not high–never exceeding 4 kg. This
means that the structural strength of the testing machine is not a major concern and can be
easily achieved. Quasi-static tests performed on SLJs identical to the ones produced for
cyclic creep testing provided a maximum load of around 80 N considering the two PSAs
used. Another feature to consider is the maximum displacement, since these materials
are highly deformable, as it was observed for some of the tested PSAs, which achieve a
maximum displacement of approximately 13 mm.

The main constraint to the design was the overall dimensions of the testing station
since it was meant to be placed in a temperature-controlled chamber of reduced dimensions
(240 × 230 × 560 mm). For a large-scale testing setup, the testing creep station was de-
signed to be compact and to fit three stations inside of the thermal chamber, thus simplicity
and compactness were mandatory: simplicity to reduce time and costs of assembly and
production of the stations, and compactness for fitting three stations in the chamber.

As for the gripping of the specimen, the grips must withstand a temperature range
of testing, between −40 ◦C and 120 ◦C, and ensure good specimen alignment, with the
latter being very important to reduce twisting moments on the joint which can lead to
early failure.

For collecting the data from the test, the main requirements were the resolution, the
ability to sustain the testing temperatures, costs, and compactness as for the overall testing
station. A reasonable resolution enough to capture the strain values expected for the
adhesives selected had to be defined, considering that the lowest failure strain of the
preliminary tests was around 0.3. The data collecting setup must be able to withstand the
same range of temperatures mentioned for the gripping system.

To specifications for the system for the cyclic loading of the adhesive joint imply that
it withstands the testing temperatures as mentioned for other components of the testing
station, as well as being able to support the maximum weights that are intended to be
hung, corresponding to the maximum applied load for the strongest adhesive to be tested.
Additionally, adjustments on the parameters of the loading cycle can be interesting to test
at different frequencies and different loading and unloading stages.

4. Design Choices and Process

The final design of the creep testing setup is presented in Figure 3. This station is
composed of a vertical tower with a lever component to allow for the multiplication of the
applied load on the specimen, thus requiring less weights to be hung and reducing the
power required for the cyclic apparatus. The vertical tower is based on a standard Bosch
Rexroth 50 × 50 [mm2] aluminium profile, and was chosen since it is lightweight, strong,
and an off-the-shelf product.

The grips are designed to allow for rotation in reference to the grip support, enabling
for self-alignment of the grips and the joint, due to the rotation of the lever bar (Figure 3b).
The grips are composed of a centred pin for aligning the joint, and two screws to then clamp
the specimen between two small plates and prevent rotation and movement in relation
to the grips. Additionally, the lower support for the grips is adjustable for different joint
lengths as shown in Figure 3c.
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Figure 3. Cyclic creep testing machine with details: (a) potentiometer, (b) gripping system on the
lever and (c) gripping system on the fixed part of the joint.

For a better understanding of the proposed configuration, Figure 4 shows the main
parts of the system and their dimensions. These details make it possible to understand the
different structures that make up the machine developed, as well as its overall size.

Figure 4. Different machine parts details and dimensions, in mm.

The setup for data collection is composed of an axial potentiometer (Figure 3a) that
measures the angle of the lever, which can be translated to the vertical displacement at
the joint by Equation (1), where K is a coefficient characteristic of the potentiometer. For
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angles smaller than 13.99◦ or 0.2441 rad, the small angle approximation sin θ ≈ θ induces
an error of less than 1%. Considering the dimensions of the lever, this angle results in
d = 14 mm, which is higher than the maximum displacement observed for the adhesives
tested of d = 13 mm. Therefore, the approximation was considered valid for the presented
design. Figure 5 depicts the variables used to convert the angle to vertical displacement.

d = b ∗ sin(θ) ≈ b ∗ θ = b ∗ K ∗ ∆Vpotentiometer (1)

Figure 5. Diagram of conversion of angle to vertical displacement from the potentiometer voltage.

The additional system to support the hanging weight for loading and unloading the
joint is composed of an electrical linear actuator, which moves the platform that supports
the weight. When this platform is on the top position, the joint is unloaded and the weight
is supported, and when it moves down, until the bottom position, it releases the weight
and loads the joint. A guidance structure is present for aligning the platform for a vertical
movement, as well as to reduce oscillation of the hanging weight when it is no longer
supported, something which was observed during preliminary testing. Figure 6 shows this
cyclic mechanism.

Figure 6. Design of cyclic mechanism with top and bottom positions and cut view.

For controlling the movement of the linear actuator, an additional waveform generator
was used, creating a square waveform which alternates the movement of the platform in
the vertical direction. The final assembly of the cyclic creep machine is shown in Figure 7.
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Figure 7. Final assembly.

5. Experimental Details

To validate the cyclic creep machine designed, experimental tests of cyclic creep
were conducted in both an INSTRON® 8801 3367 (Illinois Tool Works, Hopkinton, MA,
USA) servo-hydraulic machine and the cyclic creep machine presented, for two different
testing conditions. The results for each testing condition were compared for both testing
setups to validate the new testing machine and verify consistency in the experimental
results. After validating the new design, a set of preliminary tests were carried out in a
temperature-controlled chamber, allowing to evaluate the performance of the machine at
high temperature tests.

5.1. Materials and Testing Conditions

The materials used for the substrates were PMMA, also known as acrylic and alu-
minium. PMMA was used due to its transparency, allowing to detect defects, bubbles
and voids trapped in the adhesive layer. This material is also supplied with a very flat
surface, which enhances the adhesion. Its mechanical properties assume values of around
1.2 g/cm3 for the density, 3 GPa for the Young’s modulus, and 0.35 for the Poisson’s ratio.
The metallic substrates were produced from an aluminium alloy of the 6082-T6 series, with
2.7 g/cm3 for the density, 70 GPa for the Young’s modulus and a Poisson’s ratio of 0.33 [25].

Regarding the adhesives, two different acrylic PSAs were studied: Adhesive A is
a rigid acrylic transfer tape, while Adhesive B is an acrylic foam. Some characteristics
of the two PSAs are presented in Table 1. The values presented were provided by the
manufacturer, except for the failure load that was obtained from quasi-static SLJ tests at
1 mm/min. These results were used the calculate the values for the different load levels to
be applied in the creep tests as a percentage of the strength of the adhesive.

Table 1. Characteristics of Adhesives 1 and 2.

Adhesive Young’s Modulus
[MPa] Poisson’s Ratio Density

[g/cm3]
Thickness

[mm]

Maximum
Quasi-Static

Load [N]
Substrate

A 0.45 0.499 1.012 0.26 78.22 ± 6.75 PMMA

B - 0.499 0.710 1.1 40.35 ± 1.17 PMMA

B - 0.499 0.710 1.1 45.78 ± 1.71 Aluminium
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The testing conditions selected for the validation of the new cyclic creep machine are
defined as follows. The study of different frequencies was not included in this study.

- Condition 1: Adhesive A tested at 30% load level, at room temperature of 23 ◦C (RT).
- Condition 2: Adhesive B tested at 60% load level, at room temperature of 23 ◦C (RT).

Furthermore, Adhesive B was used to test the cyclic machine for the preliminary tests
at a higher temperature. For this condition, aluminium substrates were used as PMMA
cannot be tested at 55 ◦C as it would also undergo creep at this temperature.

- Condition 3: Adhesive B tested at 30% load level, at 55 ◦C.

5.2. Joint Assembly

Regarding the geometry of the single lap joint, Figure 8 shows the geometry and
dimensions of the joints. In the image, the variable h represents the adhesive thickness of
the PSA that was used for each test.

Figure 8. Geometry and dimensions of single lap joint [mm].

The surface of the acrylic substrates was initially cleaned with isopropyl alcohol to
degrease and remove contaminants from the surface. Then, a 10 × 10 mm2 square of
adhesive film was cut from the bulk film and the adhesive layer was pressed against one of
the substrates with finger pressure. At last, to assure a good alignment and proper overlap
of the single lap joints, a mould designed for this purpose was used. The assembled joints
rested for 72 h with a constant pressure of 200 kPa on the overlap area over the resting
period. This last step is meant to induce viscous flow of the adhesive to promote adhesion,
increasing the mechanical properties of the PSAs.

5.3. Cyclic Testing Setup in Servo-Hydraulic Machine

The cyclic creep tests used as reference were carried out in an INSTRON® 8801 servo-
hydraulic machine functioning in displacement control. To control the loading and unload-
ing of the SLJ, the built-in trapezoidal waveform was selected to control the movement
of a supporting plate that supports the weight to unload the joints, and then the platform
lowers to allow the weight to hang on the joint. A schematic representation of the apparatus
is presented in Figure 9 (left) and the trapezoidal waveform is depicted in Figure 9 (right).

To attach the joint to the machine, one end of the specimen was clamped to the
machine’s grips, while the other end was connected to the weight via a steel chain. The
chain withstood the load of the weight in tension with practically no elastic strain of the
component and prevented compression of the joint when the platform moved upwards
and supported the weight.

There are various techniques for obtaining the adhesive displacement from experi-
mental tests. In a previous study carried out by the authors [26], LVDT measurements were
used to obtain displacement values from static creep tests. However, for cyclic creep, the
DIC technique was used, since the system configuration, which is the same as the reference
system for this work, was not suitable for using LVDT, and good results were obtained.
DIC is a widely used technique for obtaining the field displacements of test specimens and
suitable for the reference system, which is why it was chosen for this study.
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Figure 9. Schematic representation of the reference cyclic creep apparatus (left) and trapezoidal
waveform implemented and moments of image capturing (right).

For these tests, one face of the joint was sprayed with matte white and a black speckle
pattern, and two photographs were taken per cycle, one at the end of the loading phase
and one at the end of the unloading phase, as shown in Figure 9 above. A Nikon D5300
(Tokyo, Japan) digital camera and a Nikon AF-P NIKKOR 18–55mm f/3 lens were used.
The beginning and ending of the tests had to be synchronised with the beginning and
ending of the images acquired in order to ensure that an accurate 2D DIC analysis could be
carried out later on.

For processing the captured images and determine the displacement experienced in
the joints during testing, GOM Correlate software (2019, Carl-Zeiss-Stiftung, Stuttgart,
Germany) software was used. To determine the displacement in the adhesive layer, it was
assumed that the deformation of both the acrylic and aluminium substrates was negligible,
when compared to the deformation of the adhesive, and the substrate was considered as
rigid body during testing. Thus, the measured displacement with DIC analysis, retrieved
from marked points on each substrate, were equivalent to the displacement of the PSA layer.

5.4. Cyclic Testing Setup in the Developed Cyclic Creep Machine

The testing setup for the developed cyclic creep machine was composed of a power
supply for the potentiometer, a waveform generator to control the linear actuator, a data
acquisition system to collect and store the output voltage of the potentiometer, and the
device itself. A diagram of the entire testing setup is presented in Figure 10.

The waveform generator was set to generate a square waveform with a frequency of
0.04 Hz, corresponding to a period of 28 s as it was defined in the servo-hydraulic machine;
an amplitude of 6 V according to the maximum voltage defined in the specifications of
the linear actuator, and a mean voltage of 0 V. The data acquisition system used was an
iNet-400 InstruNet 4 Slot Card Cage (i400) (Dwyer Instruments, Michigan City, IN, USA).
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Figure 10. Diagram of cyclic creep machine setup.

5.5. Cyclic Creep Analytical Model

The displacements retrieved from both methods—DIC analysis and potentiometer –
were then processed to convert the data from displacement to strain allowing to characterise
the creep behaviour of the adhesives in a cyclic creep test. This conversion was performed
resorting to an analytical model that the authors developed in a previous work [26]. This
model allows for the characterisation of the cyclic creep behaviour of the PSAs by consider-
ing the maximum strain value for each cycle and retrieving a creep curve for the tested cyclic
condition. The use of this tool allowed for a better comparison between both machines and
a discussion about the validity of the developed cyclic machine for the characterisation of
the cyclic creep behaviour of the adhesives and the conditions under study.

6. Experimental Results and Discussion

The experimental results for the three conditions mentioned are presented next, com-
paring the cyclic creep curves obtained in the servo-hydraulic machine and the cyclic creep
machine under validation, as well as some preliminary results for the testing at higher
temperature. It is worth noting that high values of dispersion were observed in the results,
which has also been reported in the literature [5,27,28], for other research involving the
study of creep behaviour of PSAs. Therefore, the shape of the curve and, thus, the character-
istic creep behaviour of the adhesive is more relevant to validate the cyclic creep machine
rather than the time to failure or strain. The behaviour observed in both machines must be
similar, which should translate into similar shapes of the curves obtained, although there
may be slight variations in the strain to failure and large variations in the time to failure.

6.1. Adhesive A at 30% Load Level and RT

The results from cyclic creep testing of Adhesive A at 30% load level and RT are shown
in Figures 11 and 12, with the first plot presenting the tests performed in the servo-hydraulic
machine (the apparatus used as reference) and the second presenting the tests in the cyclic
creep machine under validation.
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Figure 11. Cyclic creep results for Adhesive A at 30% load level and RT in servo-hydraulic machine,
where each colour represents a different test.

Figure 12. Cyclic creep results for Adhesive A at 30% load level and RT in cyclic creep machine,
where each colour represents a different test.

From the curves presented in Figures 11 and 12, similar failure strain values can
be observed, whose values vary between about 0.30 and 0.40. However, as mentioned
before, this adhesive presents large experimental dispersion under creep and, therefore
the time to failures vary substantially. Additionally, after a big testing campaign, it was
possible to conclude that Adhesive A is very sensitive to defects and air entrapment and a
good repeatability in time to failure was harder to achieve. In what concerns the shape of
the curve, there was good agreement, as every curve obtained from experimental testing
presented a similar trend, being possible to capture the almost constant amplitude of the
deformation throughout the entire curve, except for the tertiary phase, which seems to be a
characteristic of this adhesive, for the load level and frequency under testing. This is visible
in every curve shown in Figures 11 and 12.

By selecting the shortest curve from each plot due (with similar failure time), a compar-
ison of the results can be carried out more clearly, where it is visible that the top and bottom
parts of the curves are almost parallel due to the near constant amplitude throughout the
duration of the test (Figure 13). The almost constant amplitude of the strain values, indicate
that this adhesive can recover almost all of the deformation, until the tertiary phase where
failure occurs. This would be a cyclic creep property of the material and thus the test setup
needs to be able to capture this characteristic behaviour.
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Figure 13. Cyclic creep curves for Adhesive A at 30% load level and RT: (left) servo-hydraulic and
(right) cyclic creep machine.

Since this condition corresponds to 30% of the adhesive strength under quasi-static
loading, it was expected that the creep curve should present a stable secondary phase. This
corresponds to a very low value for the strain rate and the capacity for the material to
withstand this load without damage initiation and propagation, which corresponds to the
tertiary phase of the curve. It is possible to observe in Figure 14 that both testing machines
performed as expected, generating curves with a very stable secondary phase.

Figure 14. Cyclic creep curves retrieved from the model for testing with both machines of Adhesive A.

By analysing the results, it can be concluded that the proposed setup achieved the
desired results for the tested condition, with the results presenting a good level of agreement.
In this way, the setup together with the model used to generate the creep curves could be
used to analyse the cyclic creep behaviour in further testing.

6.2. Adhesive B at 60% Load Level and RT

The experimental cyclic creep curves from Adhesive B at 60% load level and RT are
shown in Figure 15 for the servo-hydraulic machine (three tests), and Figure 16 for the
cyclic creep machine under validation (four tests).

Figure 15. Cyclic creep results for Adhesive B at 60% load level and RT in servo-hydraulic machine,
where each colour represents a different test.
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Figure 16. Cyclic creep results for Adhesive B at 60% load level and RT in cyclic creep machine,
where each colour represents a different test.

In the plots above, the failure strain is more consistent in comparison to Adhesive A,
assuming values of approximately 1.1 to 1.2. Also, this material presents higher values of
deformation when compared to Adhesive A since it is an acrylic foam adhesive, unlike
Adhesive A which is a stiffer transfer tape, and due to the increased thickness. Similar to
Adhesive A, the experimental tests also returned some dispersion for the time to failures,
although Adhesive B performed in a more consistent way. Regarding the shape of the
curve, the amplitude increased with time since the primary stage, showing a different
behaviour when compared to Adhesive A, which presented a constant amplitude through
the test. As for the Adhesive A, this is a characteristic behaviour of the material, being a
cyclic creep property, that can be used to characterise the adhesive. This behaviour can be
detected in all of the tests depicted in Figures 15 and 16. Selecting one curve from each
plot above with similar time to failures, the resemblances between the curves are easily
observed (Figure 17). These results enhance the capability of the developed setup to be
used to characterise the cyclic creep behaviour of PSAs under cyclic creep loading.

Figure 17. Cyclic creep curves for Adhesive B at 60% load level and RT: (left) servo-hydraulic and
(right) cyclic creep machine.

Since Adhesive B was tested at a higher load level when compared to Adhesive A,
the shape of the creep curve should present some different characteristics. When loaded
with 60% of static strength of the adhesive, it was expected that the values of the strain
rate during the secondary phase should be higher than those encountered for lower load
levels, resulting in a less stable phase with a higher slope. Consequently, there is a bigger
contribution of primary and secondary phases in these conditions, with a less developed
secondary phase. Figure 18 shows the results of testing in both machines for the condition
tested with Adhesive B.
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Figure 18. Cyclic creep curves retrieved from the model for testing with both machines of Adhesive B.

The obtained results using the developed machine together with the cyclic creep
model indicate that the setup is able to generate valid curves for the tested condition with
Adhesive B. The applied load level should result in curves with shapes as presented in
Figure 18. Additionally, the resulted curves present a very good agreement, suggesting that
the setup is also suitable to test higher load level conditions.

6.3. Adhesive B at 30% Load Level and 55 ◦C

Since the developed cyclic machine was able to perform as expected with the results
being validated with a reference machine, the tests for condition 3 were only performed
with the new apparatus. The preliminary tests for high temperature were also conducted
with aluminium substrates, since PMMA was unable to withstand the higher temperature,
and the results of two tests can be observed in Figure 19.

Figure 19. Cyclic creep results for Adhesive B at 30% load level and 55 ◦C in cyclic creep machine:
cyclic test (left) and the respective creep curve (right).

From Figure 19 on the left, it is possible to observe that the two tests presented
good repeatability both for strain to failure and failure time. As expected, there are some
variations in the failure time since it is a frequent characteristic of creep testing in PSAs.
However, this variation is acceptable from the repeatability point of view, with very
consistent values for the strain to failure, varying between approximately 1.26 and 1.34.
Figure 19 on the right depicts the creep curves that can be retrieved from the cyclic creep
model when fed with the experimental results from the cyclic machine. In this image, it is
also clear that both tests present almost coincident curves, with the failure time being the
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only changing variable. Since this is not induced by the apparatus, as previously validated,
the suitability of the machine for this condition can also be assumed.

6.4. Comparison between Two Conditions for Adhesive B

Figure 20 shows the comparison between one test for each condition 2 and 3. The
blue line represents the condition with 60% load level at RT and the red line represents the
condition with 30% load level at 55 ◦C. This final comparison was performed to determine
if the shape and trends obtained in the creep curves were consistent with what is described
in the literature.

Figure 20. Comparison of the creep curves between condition 2 and condition 3.

By observing Figure 20, it becomes evident that the shape, the strain to failure, and the
failure time are all affected by the change in the testing conditions. Regarding the shape of
the curve, an increase in the development of the secondary phase for the 30% load level
can be seen, which is in accordance with a more favourable stress state, presenting a slower
progression of the strain levels. This behaviour also explains the difference in the failure
time, which is 5.3 times higher for the lower load level. Finally, the increase of the strain
to failure is explained by the temperature at which the test was performed. By increasing
the temperature, the material becomes softer and there is a higher mobility of the polymer
chains, which induces higher deformations before failure.

The creep curves obtained for the different conditions indicate that the machine is
valid and, together with the model, can be used to characterise the cyclic creep behaviour
of PSAs.

7. Conclusions

In this paper, a cyclic creep machine was designed to characterise the cyclic creep
behaviour of SLJs bonded with PSAs. The aim was to develop a machine that would be
easy to assemble, low-cost and compact, allowing for an easy assemble of multiple stations
and enhancing the test capability. However, PSAs have unique characteristics, due to their
viscoelastic properties that enable big deformations and even for small size specimens the
machine needs to be suitable for big displacements.

In order to validate the design, creep tests were carried out for two different adhesives
and load levels, and the results were compared with those obtained with a servo-hydraulic
machine adapted for cyclic creep tests. Tests were carried out on both adhesives at RT:
Adhesive A at 30% load level and Adhesive B at 60% load level.
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• The shape of the cyclic curves seems to be characteristic of each adhesive and has
been captured by the new design, with results similar to those obtained with the
reference machine;

• When the characteristic creep curves of the adhesive are compared for the condition
under analysis, both the experimental data from Adhesive A and Adhesive B generate
very similar curves between the two apparatus.

Following validation of the new apparatus, additional preliminary tests were con-
ducted to test the device at higher temperature. The results for 30% load level and 55 ◦C on
Adhesive B allowed to add some conclusions:

• The tests presented similar failure times with a very small variation in the failure
strain. Moreover, the creep curves generated with the experimental data presented
very similar shapes and values, yielding a very good agreement;

• When comparing the two conditions conducted using Adhesive B, there was a signif-
icant increase in failure time, as well as a more developed secondary phase for the
condition with a lower load level;

• Finally, an increase in strain to failure was also observed for the higher temperature
condition, which is compatible with a greater molecular mobility of the polymer chains.

The results in the present study indicate that the developed cyclic creep machine
can be used to characterise the cyclic creep behaviour of PSAs. The machine’s structures
have proved capable of withstanding the loads and temperatures applied, and both the
potentiometer and the actuator have obtained accurate data that has been validated with
reference results. Among the possibilities of this new design is the fact that it makes it
possible to vary the level of load applied to the joint, the temperature at which it is tested,
and especially the frequency with which the load cycles occur. In this paper, the study of
the influence of frequency was not included, so it would be interesting as a future work for
a complete characterisation of these materials when loaded in cyclic conditions.
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