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Abstract 

This thesis work is part of an on-going project regarding load-bearing timber glass composites 

within the EU program WoodWisdom-Net. One major scope of that project is the adhesive 

material between the glass and timber parts. The underlying importance of the bonding material is 

related to the transfer of stress between the two materials – the influence of the adhesive stiffness 

and ductility on the possibility of obtaining uniform stress distributions. In this study, the 

mechanical properties of two different adhesives are investigated, an epoxy (3M DP490) and an 

acrylate (SikaFast 5215). The differences of the adhesives lay in dissimilar stiffness, strength and 

viscous behaviour. For long term loading it is important to understand the material’s behavior 

under a constant load and a permanent displacement within the structure can cause major 

consequences.  Therefore the main aim in this project is to identify the adhesives strength, 

deformation capacity and possible viscous (time dependent) effects. Because of the limitations of 

equipment and time, this study is restricted to only three different types of experiments. The three 

different types of tensile tests that have been conducted are: monotonic, cyclic and relaxation 

tests. 

The results of the experiments show that 3M DP490 has a higher strength and a smaller 

deformation capacity as compared to the SikaFast 5215. Thus, the SikaFast 5215 is more ductile. 

The 3M DP490 exhibits a lower loss of stress under constant strain (at relaxation). SikaFast 5215 

showed also a large dependency of strain level on the stress loss in relaxation. 

 

Keywords: Monotonic tension test, cyclic test, relaxation test, adhesive, 3M DP490, SikaFast 

5215, maximum strength, stress, strain, brittle, ductile, elastic, plastic, E-modulus  
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 Charles Chu, Kent Phung 

1 Introduction 

Modern architecture uses large glass surfaces as a main characteristic feature of the buildings. 

Glass is a multifunctional building material which is used partly for appearance, but also for 

functional reasons, e.g. enabling sunlight to enter the building. However, using glass as a load 

bearing material and for stabilizing a structure is still not very common and it is an on-going 

research (See e.g. Lastbärande komponenter av trä och glas, 2013).  

This master’s thesis project is part of a research project on load bearing timber glass composites, 

running at Linnaeus University. The main focus of this thesis lies on the adhesives’ ability to 

carry load in e.g. a timber glass composite beam (see Figure 1:1). Different experimental tests 

will be conducted and discussed.  

 

Figure 1:1 The picture illustrates a timber glass beam. 

1.1 Background 

There is an on-going research project (LBTGC – Load Bearing Timber Glass Composites) within 

the EU program WoodWisdom-Net. European countries involved within the project are Sweden, 

Germany, Austria, Slovenia and Turkey. The Swedish partners are Glafo – the Glass research 

Institute, also acting as Swedish coordinator – and Linnaeus University. As part of the previously 

performed tests, the university has already conducted tests on small scale specimens of timber-

glass adhesive joints. The adhesives are also tested separately to increase the knowledge about 

their behaviour and properties, thus hopefully being able to find appropriate adhesives to join 

timber and glass. In the end it is the aim of the on-going research to make it possible to create 

elements with high enough stiffness and strength to be used as load bearing and/or stabilizing 

components (Lastbärande komponenter av trä och glas, 2013). 

1.2 Purpose 

The main purpose of this project is to contribute with empirical data about different types of 

adhesives and their behaviour when subjected to different loading regimes. By having a more 

detailed knowledge about the properties of the adhesives also a more thorough understanding of 

the behaviour of load bearing components (such as e.g. the timber-glass composite beam of 

Figure 1:1) can be gained.  
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1.3 Aim 

The aim is to increase the knowledge about adhesives being used for timber-glass composites for 

structural applications. To reach these goals the following questions should be answered: 

 What are the maximum stress/strain levels for the adhesive/adhesives at the different 

loading rates? 

 How do the adhesives behave during cyclic loading, do they show an entirely elastic or 

elastic-plastic behaviour? 

 Is the influence of loading level or duration of load on the behaviour substantial? 

1.4 Limitations 

This project will only include testing of two different adhesives, 3M DP490 and SikaFast 5215 

and only three kinds of experiments – monotonic tension tests, cyclic loading tests and relaxation 

tests.  According to the Swedish standard SS-EN ISO 527-1:2012, the minimum number of equal 

specimens per test series is five (in order to minimize the effect of random errors such as material 

variability). Due to the time limit for this thesis work, the amount of specimens has been chosen 

to the minimum amount. 

Since the laboratory equipment used in the present study is used only for registering the 

displacement changes in the loading direction, the Poisson´s ratio will not be measured directly. 

1.5 Expected results and hypotheses  

The expectations on this project include providing experimental support to the university’s 

current research on glass timber composites. At the end of this project the university should be 

able to use the obtained results for a more accurate determination of properties for on-going 

research. 

SikaFast 5215 is able to sustain larger deformations without losing its strength compared to 3M 

DP490, since SikaFast 5215 has a higher elastic capability. (Michael Dorn, personal 

communication). 

1.5.1 Monotonic tension test 

In this procedure, we believe that the adhesives extend more at lower loading rates than at higher 

loading rates, because the adhesive quality depends on the organized molecular interactions. 

Elongation results in molecular bonds being rearranged, a process requiring some time, and at low 

rates there is more (sufficient) time for rearrangement contributing to elongation. In contrast, at 

high loading rate, molecular rearrangement cannot take place at the same rate, thus leading to 

smaller elongation. For lower loading rates, the effect of creep might be more visible (i.e. the 

effect of increasing deformation with time at constant load). (Michael Dorn, personal 

communication). 
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1.5.2 Cyclic loading 

Testing at low strain levels, in the elastic domain, when the load is released the specimen will 

return to its original state. In a subsequent, reloading the stress–strain behaviour will be the same 

as for the virgin material in the monotonic tension test. 

At higher strain levels, beyond the plasticity limit, when the load is released the specimen would 

behave as in the elastic domain, i.e. unloading is a purely elastic event. However, since the elastic 

limit has been reached, the specimens will not retake its original shape. When the force is once 

again introduced in reloading, the material curve (stress versus strain diagram) will follow the 

same path as during the unloading, and will after follow the same material curve as the virgin 

material in the monotonic tension test. 

It is assumed that the adhesive has the same type of behaviour in the plastic domain as other 

isotropic materials, e.g. steel. (Michael Dorn, personal communication) 

1.5.3 Relaxation 

In a relaxation test, i.e. a test where a constant deformation is maintained under a longer time and 

the resulting force is monitored, the force will reduce more for SikaFast 5215 than for 3M DP490 

depending on their differences in molecular structure (cross-linking, polymer chain lengths etc.). 

(Michael Dorn, Erik Serrano, personal communication) 

1.6 Reliability, validity and objectivity 

The amount of lab test is limited to three different types of tension tests as mentioned above. The 

experiments aim at capturing the basic, one-dimensional stress-strain behaviour. Thus, the 

validity of the results is limited to these situations and to these adhesive types only.  

These types of tests have been done in previous studies with different kind of adhesives. The 

general principles to determine plastics tensile properties are followed according to the Swedish 

standard SS-EN ISO 527-1:2012. 

The experiments will be conducted on a testing machine MTS 810 which can be equipped with 

load cells of 5–100 kN capacity. The MTS 810 is an appropriate machine for these kinds of 

tension test and is able to provide empirical data for the project  

The geometry of the specimens will not have an identical shape caused by human error, the curing 

time and the material properties will vary due to small differences in the moulding procedure. 

This will influence the variability of results. 

The registration of data is unreliable below 10N because of noise in the load signal. Additionally 

the gripping of the specimen in the testing machine squeezes the specimens. This in turn gives an 

expansion of the adhesive in the load direction which can result in a bent specimen between the 

grips. Also, at low levels, gaps between movable parts of the gripping can influence load 

readings. 
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2 Theory 

2.1 Stress  

If a test object made of an elasto-plastic material is subjected to uniaxial tension and then 

unloaded the following can be registered: When the stress is relatively low and the test object is 

released the specimen will regain its original size and shape, this is called elasticity. If the loading 

increases beyond a point where the stress is no longer proportional to the elongation and the test 

object is thereafter unloaded, the test object will no longer retake its original form – this is called 

plasticity. If the loading is increased even more it will eventually break (see Figure 2:1). 

The relation between elongation and stress can be illustrated in a diagram. This kind of diagram is 

normally used in tension tests.  

 

 

Figure 2:1. Stress–strain diagrams. 1. Ultimate strength. 2. Elasticity limit. 3. Breaking point. 

Stress is force per unit area, the idealized formulation for a 1-dimensional tensile test is: 

  
 

 
  

Where the force (F) is assumed to act over the cross sectional area (A) (see Figure 2:2).  This 

results in a tensile stress, σ. The stress can be expressed differently depending on where the value 

is in question. 
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Figure 2:2. Idealized tension with a uniformly distributed normal stress. 

2.1.1 Hooke´s law and strain measures 

At low stress levels it is often assumed that the material behaves linearly elastic, in a one 

dimensional case this behaviour can be described by Hooke’s law: 

       

where   is the normal stress. Thus the stress depends on the coefficient  , the modulus of 

elasticity, and the strain,  , which is dimensionless but often expressed in percent (%). The strain 

measures the relative elongation. 

Engineering strain is used in cases of small deformation theory, mostly used in mechanical and 

structural engineering. The engineering strain is defined as change in length    of the original 

length L (see also Figure 2:3): 

   
  

 
 
   

 
  

Where εe is the engineering strain and l is the stretched length. The engineering strain expresses 

the final elongation of the body. 

Logarithmic strain (true strain) is a strain measure often used for large deformation theory. It is 

defined in terms of the infinitesimal change of strain in relation to the current length:  

   
  

 
  

and by integrating this over the length in question we obtain the strain ε: 

  ∫   
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where l is the stretched length. This can therefore be rewritten as: 
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(http://en.wikipedia.org/wiki/Deformation_(mechanics)) 
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Figure 2:3. The picture illustrates original length (L), stretched length (l) and the change in 
length (∆L). 

2.1.2 Poisson’s ratio 

Poisson’s ratio is a dimensionless value which expresses how the material behaves when 

subjected to normal stress. When a material is elongated in one direction, the material will tend to 

contract in the other two directions which are perpendicular to the direction of elongation (see 

Figure 2:4). This is measured by the Poisson’s ratio   which is the ratio of contraction strain to 

elongation strain. (http://en.wikipedia.org/wiki/Poisson's_ratio) 

   

    
  

    
  

 

 

Figure 2:4. Material behavior in tension. 
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2.1.3 True stress  

When a tensile load is applied, the specimen will elongate in the loading direction and become 

thinner in the transverse directions (see Figure 2:5). Thus, the cross sectional area of the specimen 

depends on the load. If the material in question is very flexible, and can sustain large deformation, 

this effect can be considerable. In such cases, the tensile stress in the specimen should be 

evaluated by the applied force divided by the current cross-sectional area. This stress measure is 

known as true stress (Cauchy stress). (Erik Serrano, personal communication)de 

 

Figure 2:5 Nominal stress, σ1 (left) and the true stress, σ2 (right). 

2.2 Viscoelasticity 

Viscoelastic materials behave both viscously and elastically when deformed. The relationship 

between stress and strain is time dependent for viscoelastic materials. The material resists 

gradually the deformation by shear and tension stress and the effective stiffness is dependent on 

the loading rate. When the stress is removed the material returns to its original state over time. 

The viscosity in a viscoelastic material gives a strain rate time dependent, depicted in Figure 2:7 

where the viscous effect gives the curved shape, since elongation gradually increases with time as 

stress is applied. The energy lost (hysteresis) can be observed in Figure 2:8 as the area between 

the nominal elastic (see Figure 2:6) and nominal viscoelastic (see Figure 2:7) stress-strain curves. 

(http://en.wikipedia.org/wiki/Viscoelasticity) 

At the molecular level, when load is applied, the materials’ molecules rearrange and change 

position. This stores mechanical energy and when the applied load is removed this stored energy 

forces the material back to its original state (elastic behaviour). The energy lost is due to material 

internal friction. (Rosen, S. et al. 2012:277) 

Viscoelasticity can be described in terms of spring and damper systems where springs represent 

the elastic part and dampers represent the viscous part. The spring can store and release potential 

energy and the damper dissipates energy.  
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Figure 2:6. Stress-strain curve in elastic behaviour. 

 

Figure 2:7. Stress-strain curve in viscoelastic material at ramp loading. 

 

Figure 2:8. Illustration of energy lost due to internal friction in a viscoelastic material. 

2.2.1 Maxwell material 

James Clerk Maxell developed a model for viscoelastic behaviour in relaxation. This can be 

described in terms of a so-called Maxwell Element, a spring and a dashpot in series (Figure 2:10). 

The essentiality of this model is the nonlinear behaviour in relaxation. A common behaviour of 

viscoelastic materials in relaxation is the decrease of stress, gradually approaching a certain 

critical stress level (see Figure 2:9). By using the Maxwell element model it is possible to 

illustrate the principle of how the material will react to the applied stress/strain mimicking the 

conducted experiment. (http://en.wikipedia.org/wiki/Maxwell_material) 

http://en.wikipedia.org/wiki/Maxwell_material
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Figure 2:9. Common behaviour of a viscoelastic material in relaxation. 

 

Figure 2:10. Maxwell element model. 

To study a viscoelastic response in a stress-relaxation test, the sample will be subjected to a 

predefined strain (elongation). This elongation is applied instantaneously. The elongation is held 

constant and the stress as a function of time is monitored. In terms of the Maxwell model, the 

spring will initially respond by elongating to the amount corresponding to the predefined strain. 

When the spring has extended it will begin to contract to its original state while at the same time 

the dashpot will elongate. The contraction of the spring is resisted by the dashpot which will 

transfer stress as long the strain rate is non-zero. Hence the result of Figure 2:9 cannot be 

obtained with the simple Maxwell model, since the Maxwell model predicts a zero critical stress 

level. In the relaxation test where a certain strain level will be held constant, with time the spring 

will return to its original length but the dashpot would not and this additional displacement of the 

dashpot will represent the viscous effect. (Rosen, S. et al. 2012:277)   
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2.2.2 Kelvin Voigt 

The Kelvin–Voigt model can be represented by a dashpot and a spring connected in parallel as 

shown in Figure 2:11. A Kelvin-Voigt model is used when predicting creep behaviour (in a creep 

test the prescribed load is held constant). A prescribed load is (instantaneously) applied. This load 

is initially completely resisted by the damper, which will be infinitely stiff as the applied load rate 

is infinite. Over time, the dashpot will relax, and force is instead to a gradually transferred to the 

spring which will eventually elongate to an amount where the spring force is in equilibrium with 

the externally applied force. 

The Kelvin-Voigt model cannot be used to describe the behaviour in a relaxation case when the 

strain is held constant. (http://en.wikipedia.org/wiki/Kelvin%E2%80%93Voigt_material) 

 

 

Figure 2:11. Kelvin-Voigt element model. 

2.2.3 Standard linear solid model 

The Zener model, also known as the standard linear solid (SLS) model, is a method of using 

springs and dashpots to represent elastic and viscous components in a viscoelastic material. The 

Maxwell model does not describe creep behaviour in a realistic manner (deformation will 

continue infinitely at a constant rate for constant stress) and the Kelvin-Voigt model is 

insufficient when describing relaxation tests. The simplest model that can predict both phenomena 

is the SLS model, see Figure 2:12. This model is a combination of a Maxwell element and a 

Kelvin–Voigt model. The model reacts instantaneously to an applied force and the dashpot gives 

the time dependent behaviour. (http://en.wikipedia.org/wiki/Standard_Linear_Solid_model) 

  

Figure 2:12. SLS element model. 

2.3 Hysteresis 

Certain properties can be obtained in viscoelastic materials by measuring the hysteresis in a cyclic 

loading test. The area of the loop in the stress-strain curve is a measure of the energy loss due to 

material internal friction. The storage energy is the area under the center line that crosses the 

hysteresis loop, whereas the gradient of the center line characterizes the rigidity. The damping 

behaviour can be established by defining the quotient of the loss energy and the storage energy, 

see Figure 2:13. (Erhard, G. 2006:122-123) 
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Figure 2:13. Determination of characteristics for describing fatigue phenomena 
a) Elliptical hysteresis loop (linear viscoelastic behaviour) 
b) Hysteresis loop for nonlinear viscoelastic behaviour  

2.4 Spring and damper 
In analogy with Hooke´s law, the spring is defined in terms of a linear equation: 

                       

where K is the stiffness, also called elastic modulus, which is a constant, u is the elongation and F 

is the force in Newton.  

Similarly the relation for the damper representing the viscous behaviour is defined as: 

     
  

  
                 ̇ 

where η and C are the viscosity or the damping effects, which are constants, and  ̇ is the 

displacement rate, which could be dependent on time. See Figure 2:14. 

 

Figure 2:14. Dashpot (with coefficient C) and spring (with coefficient K) representing the 
damping  and elastic behavior, respectively. 

2.5 Viscoplasticity  

Viscoplasticity is a constitutive theory that describes the rate-dependent inelastic behaviour of 

different solid materials. A viscoplastic material not only shows permanent deformation after 

applied load, it also includes creep flow as a function of time.  

Figure 2:15 describes a schematic model of an elastic perfectly viscoplastic material known as the 

Bringham-Maxwell model. The spring represents the elastic response and the dashpot shows the 

rate-dependency whereas the sliding frictional element provides the plasticity property to the 

model. (http://en.wikipedia.org/wiki/Viscoplasticity) 
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Figure 2:15. The elastic-perfectly viscoplastic material. 

2.6 Relaxation 

Relaxation is what happens when a material is exposed to a constant deformation under a period 

of time while the stress in the material decreases, see Figure 2:16. Such tests characterize the 

viscosity and elasticity. A relaxation test can also be used to determine the relation between the 

stress and the rate of viscoplastic strain, which is important for considering long term loading in 

design. (http://en.wikipedia.org/wiki/Viscoelasticity) 

 

Figure 2:16. Stress and strain versus time in a stress relaxation test. 

  

2.7 Ductile versus brittle 

Steel usually falls under the category of ductile materials while e.g. glass is a brittle material. To 

get a better understanding of the two different properties a comparison is made in a stress-strain 

curve (see Figure 2:17). 

Ductile materials can withstand larger strains before rupture than brittle materials which rupture at 

much lower strains.  

As Figure 2:17 clearly illustrates, the ductile material has a clear yielding region, where strain 

increases with moderate stress increase over a large range of strain. 

These differences are of importance in structural design. Ductile materials exhibit large strains 

(deformation) before failure. On the contrary brittle materials fail suddenly and without much 

warning. Thus, ductile materials such as steel are a natural choice for structural members in 

buildings as there is a desire of considerable warning to be provided before a structure fails. 

The energy stored (elastically) and absorbed (due to plasticity) in the tensile test is simply the area 

under the stress strain curve. Clearly, by comparing the curves in Figure 2:17, we observe that 

ductile materials are capable of absorbing much larger quantities of energy before failure.  
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Finally, it should be emphasized that not all materials can be easily classified as either ductile or 

brittle. Material response also depends on the operating environment; many ductile materials 

become brittle as the temperature is decreased. With advances in metallurgy and composite 

technology, other materials are advanced combinations of ductile and brittle constituents. 

(http://en.wikipedia.org/wiki/Brittleness), (http://en.wikipedia.org/wiki/Ductility), 

(http://dolbow.cee.duke.edu/TENSILE/tutorial/node10.html). 

 

 

 

Figure 2:17 Ductile versus brittle, stress-strain curve. 

2.8 Strain hardening 

Strain hardening is also called work hardening or, for metals, cold working. Before hardening the 

material is more or less ductile. By stretching the material beyond its elastic limit (adding energy) 

the material exhibits an irreversible deformation. At a microscopic level the dislocations (always 

present to some degree) rearrange, creating a more homogeneous structure. This results in higher 

yield strength but makes the material more brittle. 

(http://en.wikipedia.org/wiki/Strengthening_mechanisms_of_materials). 
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3 Literature review 

Timber/Glass Adhesives Bonds Experimental testing and evaluation methods. 

Blyberg (Blyberg et al., 2010) conducted experiments with three different adhesives. The 

differences of adhesives lay in the deformability, stiffness and strength. A silicone with high 

deformability, a stiff polyurethane and an acrylate (SikaFast 5215) with the properties between 

silicone and polyurethane were tested. To analyse the load bearing properties and the ability to 

bond glass with wood the adhesives were applied between a glass and a wooden part. When the 

adhesive had cured, tension and shear tests were performed. 

The results showed that silicone was the weakest both in tension and shear strength while the 

acrylate (SikaFast 5215) had the largest strength both in tension and shear. The failure for acrylate 

occurred in adhesion to wood or in the wood material itself. The failure for the polyurethane 

adhesive tended to be in adhesion to the glass. For silicone, the failure occurred mainly within the 

adhesive and in some cases failure was also in adhesion to wood. (Blyberg et al, 2010) 

Experiments on Epoxy, Polyurethane and ADP Adhesives. 

Three kinds of adhesives were considered in a research program by Roman (Roman 2005). The 

objective was to determine the mechanical properties of an epoxy (SD 330), a polyurethane (S-

Force 7851) and an ADP adhesive (SikaFast 5221) through three different kinds of experiments. 

All chosen adhesives are designed for structural bonding. The SD 330 was chosen for its typical 

epoxy properties, such as high strength and stiffness but being brittle. S-Force 7851 is more 

flexible and ductile than epoxy. According to Roman, J. (2005) SikaFast 5221 is a very flexible 

and ductile material. In the tensile tests the results show that the EP behaved almost linearly and it 

was concluded that it is a brittle material while PU and ADP demonstrated more ductile 

behaviour. In the shear tests it was shown that both PU and ADP behaved bilinearly and had 

similar overall behaviour. (Roman, J. 2005) 
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4 Materials and methods  

4.1 Methodology 

To ensure that the results are as reliable as possible the choice of method has been under great 

deal of consideration. The experimental work has been standardized as much as possible. 

To begin with all the adhesives will be cured for a seven day period before testing. This means 

that all the specimens that are moulded during the same day will be tested exactly seven days 

later. 

Each test is performed five times with the same adhesive, thus eliminating the influence of 

random errors and securing a more accurate result. 

During the days before the start of the tests, a review of the testing equipment was performed, to 

ensure that the participants were familiar with the procedures and that the equipment worked 

properly. 

4.2 Materials 

The focus of this report is finding the properties of the two different adhesives (SikaFast 5215 / 

3M DP490) used in this research for the timber/glass-composites. These bonding agents are 

designed as a fastener between different kinds of materials. (Tekniskt datablad Version 10/2003 

2005-08-22SikaFast®-5215), (3M United Kingdom PLC 1996) 

4.3 SikaFast 5215   

SikaFast 5215 is designed to substitute mechanical fastenings in structural and semi-structural 

bonding. The adhesive is based on two-component ADP-technology (acrylic double 

performance). ADP adhesives are low in odor and have a rapid hardening property. It cures by 

polymerization when mixing the two components together. This property is good for fast 

production processes. 

Benefits with SikaFast 5215: 

 Rapid strength development after application. 

 Strong adhesion for a wide range of metals, plastics and glass. 

 Has the ability to dampen vibrations, high impact strength and good low-temperature 

characteristics. (Tekniskt datablad Version 10/2003 2005-08-22SikaFast®-5215) 
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4.4 3M DP490 

The 3M DP490 is designed for use where high strength is required and shows special benefits 

when constructing composites. The adhesive has strong adhesion to metals, plastics, glass and 

composites material. It is also highly resistant to heat and environmental changes. (3M United 

Kingdom PLC 1996) 

Benefits with 3M DP490: 

 Seals a wide range of different materials 

 Offers bonding and water proofness in one operation 

 Bonds large surfaces 

 Insulates the supports and provides galvanic attrition resistance 

 High performance adhesive / Long-lasting / Excellent temperature resistance (3M United 

Kingdom PLC 1996) 

 

4.5 Experimental procedure 

4.5.1 Moulding 

The adhesive is applied into a clean mould where it is cured (see Figure 4:1) for seven days in 

normal conditions (21-25
o
C and 40-60 % R.H).  

 

Figure 4:1 Adhesive injection (left), specimen mould (centre) and adhesive for curing (right). 

After seven days, a visual observation of irregularities (e.g. skew edges and air gaps) will be 

conducted. Ideal specimens are free from scratches, pits and sink marks. Excessive adhesive is 

removed before measuring the dimensions of the specimens with a micrometer slide calliper.  

The centre (see    in and h in Figure 4:2 and Figure 4:3) of the final shape of the specimen is 

considered acceptable for a difference of maximum 0,1mm in thickness. (Swedish standard SS-

EN ISO 527-1:2012) 
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Table 4:1 Nominal dimensions of tension test according to Swedish standard ISO 527-2:2012. 
See Figure 4:2. 

 Definition Dimension 

   Length of narrow parallel sided portion 60,0 ± 0,5 

   Distance between broad parallel sided portions 108 ± 1,6 

   Overall length ≥ 150 

R Radius 60,0 ± 0,5 

   Width at narrow portion 10,0 ± 0,2 

   Width at ends 20,0 ± 0,2 

H Thickness 4,0 ± 0,2 

   Gauge length 50,0 ± 0,5 

L Initial distance between grips 115 ± 1 

 

 

 

Figure 4:2. Specimen geometry according to Swedish standard ISO 527-2:2012. 
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Figure 4:3. Specimen geometry according to Swedish standard ISO 527-2:2012. 
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4.5.2 Gripping and extensometers 

Both grips are held by the hydraulic fixture. The upper grip is fixed and the lower grip is movable 

with a distance of 115 mm between grips. The specimens are mounted in place by the grips (see 

Figure 4:4). 

Measurements of displacement are registered by two MTS-extensometers, model-632.31F-24 and 

model-634.31F-25 (see Figure 4:5), and the piston movement (MTS-810 machine). The MTS-

extensometers have a gauge length of 50 mm and have a limitation of extension to 54mm. 

Consequently, the MTS-extensometers cannot register elongation throughout the complete 

experiment if this exceeds the elongation limit. For piston movement there are no such limitations 

but the elongation measured includes deformation taking place outside the length    (see Figure 

4:2 ) of the specimen. Therefore the MTS-extensometers are more accurate since they do not 

include the deformation change outside the narrow part of the test object.  

The MTS-extensometers are positioned at the centre (see Figure 4:5) of the specimen on each side 

to ensure accurate data, i.e. in order to avoid any influence of bending of the specimen. 

 

Figure 4:4. Specimen setup. 

 

Figure 4:5. Extensometers. 
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4.6 Monotonic tension test 

The specimens will be subjected to various loading rates under ambient conditions i.e. room 

temperature. The purpose with this experiment is to find the maximum stress and strain levels 

(see Table 4:2). 

Table 4:2. Loading rate for Monotonic tension test. 

Specimen Load rate 

(mm/min) 

SikaFast 5215 5 

SikaFast 5215 50 

3M DP490 5 

3M DP490 50 

 

4.7 Cyclic loading – identification of plastic behaviour 

The specimens will be loaded to a specific strain or elongation level and then the load will be 

released. After that the specimens will be reloaded again (see Figure 4:6) at the loading rate 

1mm/min. For each adhesive four different strain levels will be tested: two in the elastic domain 

and two in the plastic domain (see Table 4:3 and Table 4:4). In this way the behaviour at various 

load levels can be analyzed. 

 

Figure 4:6. Stress and strain curve for two load cycles. Each colour represents a different cycle. 

Table 4:3. Loading levels for cyclic loading test for SikaFast 5215. 

Specimen Load to 

force level 

Decrease to  

force level 

Reload to 

elongation 

 30 N 10 N 23mm 

SikaFast 60 N 10 N 15 mm 

5215 90 N 10 N 20 mm 

 120 N 10 N 30mm 
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Table 4:4. Loading levels for cyclic loading test for 3M DP490. 

Specimen Load to 

stress/ 

elongation 

level 

Decrease to force 

level 

Reload to 

elongation 

 300 N 10 N Breaking point 

3M DP409 800 N 10 N Breaking point 

 4 mm 10 N Breaking point 

 6 mm 10 N Breaking point 

 

4.8 Relaxation 

The idea behind performing a relaxation experiment is getting a better understanding of the 

behaviour of the adhesive under dead-load conditions.  

Therefore the test object will be subjected to an elongation speed of 1 mm/min (cross head speed) 

to a specified stress level and the reaction force is monitored during the test. At a prescribed stress 

or elongation level the applied displacement will be held for a predefined period of time or until 

the reaction force decreases to a certain stress level. The specimen will then once again be 

elongated to obtain a higher elongation level.  

Table 4:5 Loading levels for relaxation test 

Specimen Load to stress/ 

elongation level 

Number of 

Specimens 

Time duration 

or decrease to  

force level 

Reload to 

(elongation level) 

SikaFast 5215 130 N 1 1 h or 10 N 55 mm 

SikaFast 5215 130 N 2 30min or 10 N 55 mm 

SikaFast 5215 90 N 2  30min or 10 N 35 mm 

SikaFast 5215 40 N 4 1 h or 10 N 69 mm 

3M DP490 6 mm  2 1 h or 10 N Breaking point 

3M DP490 4 mm 2 1 h or 10 N Breaking point 

3M DP490 900 N 2 1 h or 10 N Breaking point 

3M DP490 600 N 2 1 h or 10 N Breaking point 

3M DP490 300 N 2 1 h or 10 N Breaking point 
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4.9 Evaluation of E-modulus 

The calculation of E-modulus has been done by first determining a specific point of evaluation on 

the curve (i.e. a set of data pairs (stress and strain)).  The points of evaluation are points in the 

beginning of the loading stage. Then the change of stress and strain for a number points before 

and after the point of evaluation has been calculated (change of stress    and change of strain 

  ). Then, by using Hook´s law (see page 5): 

 
  

  
          

the E-moduli have been calculated for minimum of ten points around the point of evaluation. The 

mean value of these is the results for Young´s modulus shown in tables in Chapters 5 and 6. 
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5 Results 

The results from the three different types of tests are presented in the corresponding categories 

(monotonic test, cyclic test and relaxation test) for each adhesive.  

From the collected data it is possible to derive ultimate stress levels and E-moduli. 

Data collected from the experiments include: 

 Time (sec) 

 Elongation between the grips (mm), global 

 Force (N) 

 Extensometer data from both extensometers: displacements (mm) 

To obtain better understanding of the retrieved data, a set of different types of curves and tables 

are made: 

 Stress versus time curves 

 Stress versus strain curves 

 Maximum stress tables 

 Strain level at breaking point tables 

 Permanent deformation tables 

 Minimum stress level during relaxation tables 

 Loss of stress during relaxation (     ) tables 

All the tables are taken from a master curve (a single average curve constructed from data from 

all the specimens) 

5.1 Adjustments 

 Some adjustments are made in the diagrams. This is to eliminate unnecessary information 

e.g. only use the values when the specimens is responding to the applied strain. 

 Adjustments have been made on 3M DP490 corresponding to the rupture of the 

specimens i.e. the curves are cropped at the instant when failure occurs. 

 For calculation of stress, only the nominal cross section area of the undeformed specimen 

has been used. 

 Poisson’s ratio has not been taken into account. 
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5.2 Results and analysis  

5.2.1 Monotonic tension test 3M DP490  

The average value of the two extensometers is used to measure the elongation, except for 

specimen 149 where an error occurred in one of the sensors. Each curve is adjusted so that the 

calculation of stress is based on the actual geometry of cross section, not the nominal geometry. 

The stress and strain is presented in Figure 5:1 and Figure 5:2. 

At loading rate 5 mm/min the 3M DP490 initially has a linear elastic behaviour. After reaching 

approximately 20 MPa stress, nonlinear behaviour is noticeable. When the maximum stress level 

has been reached the specimen slightly loses some of its stress transferring capability and transits 

into a distinct plastic behaviour at slightly diminishing stress. The adhesive ruptures at around 

5 % strain with a maximum stress level of around 31.9 MPa (see Figure 5:1). 

 

 

Figure 5:1. Stress versus strain, 3M DP490. Five specimens, 5 mm/min. 

When 3M DP490 reaches its maximum stress level at loading rate 50 mm/min rupture occurs in 

most cases much more abrupt as compared to loading at 5 mm/min.. The material behaves also 

less nonlinear before maximum stress and the plastic domain is limited as compared to loading 

rate 5 mm/min. Although slightly different, the behaviour verifies the tests at lower loading rate 

since its behaviour is comparable (see Figure 5:2).  

 

Figure 5:2 Stress versus strain, 3M DP490. Five specimens, 50 mm/min. 
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Table 5:1 shows the maximum stress and strain levels at breaking point for the master curve (an 

average curve of all the specimens) and Table 5:2 shows the tangent-moduli for different strain 

levels. 

The calculations of the tangent-moduli are done by 
  

  
         . 

Table 5:1. Average strength and break points, 3M DP490. 

Load rate 

(mm/min) 

Average 

maximum stress 

[MPa] 

Average break 

Point (strain 

[%]) 

5 31,9 5,3 

50 35,4 3,5 

 

Table 5:2 Tangent moduli (average of five tests) for 3M DP490 

Load rate 

5mm/min 

Strain 

level 

0,1% 0,2% 0,3% 0,4% 0,5% 

E-modulus [GPa] 1,75 1,72 1,67 1,64 1,63 

Load rate 50mm/min 

E-modulus [GPa] 1,85 1,80 1,76 1,72 1,69 

As shown in Table 5:1 the material´s stiffness depends on loading rate. At higher loading rate the 

maximum stress level is higher since the material has less time to relax. That is why the material 

at faster loading rates behaves more brittle and the failure occurs more sudden (shorter plastic 

domain). There is even no pronounced yield point instead there is a yield domain and this is 

typical for viscoelastic material. 

5.2.2 Cyclic loading test, 3M DP490 

Cyclic loading test allows loading to different levels of prescribed strain or force. For this 

experiment two stress levels below the yield strength (see Figure 5:3, Figure 5:4 and Figure 5:5) 

and two strains level above the yield strength (see Figure 5:6 and Figure 5:7) has been prescribed, 

in order to better define the behaviour of the material. 
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Figure 5:3 Cyclic loading tests low elastic load level, the cyclic loading has a very small 
influence on the stiffness. 

 

Figure 5:4. Enlargement of hysteresis loop from Figure 5:3. 

 

Figure 5:5. Cyclic loading tests at high elastic load level, the cyclic loading has a small influence 
on the stiffness. 
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Figure 5:6 Cyclic loading tests at small plastic strain, the cyclic loading has some influence on 
the stiffness. 

 

Figure 5:7 Cyclic loading tests at large plastic strain, the cyclic loading has a major influence on 
the stiffness. 

The outcome from the cyclic loading tests, Figure 5:6 and Figure 5:7, shows that the initial 

loading is equivalent to a monotonic tension test. In the beginning of the loading stage the curve 

is linear elastic. As the loading increases the material reaches its yield point and transits to a 

plastic behaviour. Similar to the monotonic tension test there is no pronounced yield point. The 

behaviour is very ductile. Furthermore, according to the curves, the overall strength of the 

adhesive remains the same. By comparing the maximum stress values, see Table 5:3, it is clear 

that cyclic testing at low strain levels gives approximately the same maximum stress as is 

obtained in the cyclic tests with cycling after maximum stress.  
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Table 5:3. Average strength, break points and permanent strain, 3M DP490. 

Adhesive Load to 

stress/elongation 

level 

Average for 

permanent 

strain ([%]) 

Average for 

maximum 

stress [MPa] 

Average for 

break point 

(strain [%]) 

 300 N 0,06 27,8 8,4 

3M 800 N 0,18 27,2 8,5 

DP490 4 mm 0,87 27,0 8,5 

 6 mm 2,40 26,8 8,5 

For cyclic loading below the yield strength, plastic strain which results in permanent deformation 

is smaller than for the case of cyclic loading above the yield strength (see Table 5:3). In reloading, 

the curves show similar behaviour as the virgin loading curve, but with an additional permanent 

off-set.  

When unloading beyond the yield strength the adhesive undergoes a larger energy loss (larger 

hysteresis loop) see Figure 5:6 and Figure 5:7 and simultaneously exhibits a more plastic 

behaviour than when unloading from a point before the yield point. Referring to Figure 2:15, 

which describes the viscoplastic ability that the material has: when a load is applied in the plastic 

domain the total deformation of the sliding frictional element will represent the deformation at the 

point where the spring is returned to its unloaded state. The dashpot which is the rate-dependent 

component will extend as a function of time due to the contracting spring. 

Table 5:4. Tangent moduli for load rate 1mm/min at elastic loading stage for cyclic test. 3M 
DP490 

Initial 

loading 

Strain 

level 

0,1% 0,3% 0,5% 

E-modulus [GPa] 1,58 1,49 1,42 

Table 5:5. Tangent moduli at reloading, 3M DP490 

Strain level 0,1% 0,3% 0,5% 

Reloading for cyclic 300N 

E-modulus [GPa] 1,68 1,56 1,48 

Reloading for cyclic 800N 

E-modulus [GPa] 1,66 1,49 1,39 

Reloading for cyclic 4mm 

E-modulus [GPa] 1,57 1,44 1,27 

Reloading for cyclic 6mm 

E-modulus [GPa] 1,44 1,16 1,01 

Table 5:4 displays the initial E-modulus for the master curve whereas Table 5:5 shows 

corresponding E-moduli at the same strain levels after unloading/reloading at higher load levels. 

For cyclic tests at lower reloading level only minor differences in slope compared to the initial 
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loading case is found. The further into the plastic domain when unloading occurs, the smaller 

value of E-modulus is observed.  

5.2.3 Relaxation test, 3M DP490 

When the predetermined deformation is reached the stress descends nonlinearly with respect to 

time and then gradually approaches a plateau value (critical stress level). This phenomenon can 

partly be predicted by a Maxwell element model (see Figure 2:10). When elongation is applied 

suddenly, the spring will react instantaneously. When the strain is then held constant, the spring 

will start retracting while the dashpot will elongate. The larger the imposed force is, the faster and 

more the spring will retract and the stored energy will drop which results in a decrease of 

retraction speed. In the Maxwell model the load eventually reaches a zero load level. Table 5:6 

indicates rather severe descending rates. At low imposed straining the drop is less distinct. At 

higher levels of straining, the stress is increased but the drop rate is similar. Test results are given 

in Figure 5:8-Figure 5:14.  

There are no distinct differences in breaking point for all the specimens (see Figure 5:12), neither 

for strain or stress. In reloading, the stiffness is similar to the virgin material stiffness. 

An air bubble was detected in specimen 193, this can be the reason why the breakpoint was lower 

than in the other specimens (see Figure 5:12).  

Table 5:6. Relaxation tests,                       

Loading 

level 

Average stress minimum 

level after one hour 

relaxation [MPa]      

Average stress 

[MPa] after 30 

min of relaxation 

Average one hour 

stress drop [MPa] 

      

One-hour drop 

in [%] 

               

6 mm  15,484 15,512 12,886 45,4% 

4 mm 14,516 16,325 11,876 45% 

900 N 14,293 15,239 7,384 34% 

600 N 10,709 11,522 4,647 30% 

300 N 5,836 6,054 1,255 18% 

 

Figure 5:8. Relaxation test at the lower load levels, 3M DP490.  
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Figure 5:9. Stress-time at 300 N and 600 N load levels, 3M DP490. 

 

Figure 5:10.Relaxation test at 900 N level, 3M DP490. 

 

Figure 5:11. Stress-time at 900 N level, 3M DP490. 



  

 

31 

 Charles Chu, Kent Phung 

 

Figure 5:12 Relaxation test at higher strain level, 3M DP490. 

 

Figure 5:13 Stress-time at 4 mm elongation level, 3M DP490. 

 

Figure 5:14 Stress-time at 6 mm elongation level, 3M DP490. 
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Figure 5:15. Model for description of length change of the cross section. 

In stress versus strain curves (see Figure 5:8, Figure 5:10 and Figure 5:12) under the relaxation 

period a small change of elongation can be observed. Note that in this experiment the 

measurement of displacement is done by the extensometers which are placed in the middle of the 

specimens. Due to the differences in cross section area along the test object, the model from 

Figure 5:15 can describe this phenomenon. Since the stress is higher in the central parts, the 

viscous flow is higher there and the central parts of the specimen will elongate while the ends of 

the specimen will contract 
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5.2.4 Cyclic loading test, SikaFast 5215 

Due to the ductile property of SikaFast 5215, the experiments are not stopped at failure point but 

a certain maximum deformation was chosen instead to see the material behaviour after reloading. 

The extensometer is used in loading to 30 N and 60 N, but since the range of the device is limited, 

global displacement is used for 90 N and 120 N loading.  

 

Figure 5:16. Low load level at elastic domain in cyclic tests.  

 

Figure 5:17. Enlargement of Figure 5:16 

The first unloading point is set at 30 N where all the specimens show similar behaviour. At the 

unloading point the specimens show viscoelastic behaviour with a permanent strain of a mean 

value 0,29 % (average value). Reloading occurs when the load reaches 10 N and all specimens 

initially show a higher stiffness compared to the stiffness of the virgin material. The material 

slowly returns to its original loading path where it will continue in the same manner until it 

eventually reaches its breaking point (due to limited time, tests until failure for SikaFast 5215 

were not carried out).  
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Figure 5:18. Loading level at upper elastic domain in cyclic tests. 

 

Figure 5:19. Enlargement of Figure 5:18 

At cyclic loading from 60 N load level, the curve indicates permanent strain of about 1,4%. The 

specimens show similar behaviour as the test with loading to 30N but have greater permanent 

deformations (see Figure 5:18). The curve returns to its original path after the hysteresis loop. 
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Figure 5:20. Low load level at plastic domain in cyclic tests. 

The third cyclic point, at 90 N, results in a mean value of 6% permanent strain at the reloading 

point. It is clearly shown that specimen 176 and 177 give similar results while specimens 178, 

179 and 180 are more alike. The values shown in Figure 5:20 are from the displacement between 

the grips holding the entire specimen (global).  

 

Figure 5:21. Upper load level at plastic domain in cyclic tests. 

The fourth cyclic point that is chosen is 120 N. At reloading point a mean value of 10,5 % 

permanent strain is calculated from the five specimens from the global displacement, see also 

Table 5:7. 



  

 

36 

 Charles Chu, Kent Phung 

Table 5:7. Average permanent strain, SikaFast 5215. 

Adhesive Load to 

stress/elongation 

level 

Average 

permanent strain 

[%] 

 

SikaFast 

5215 

30N 0,3 

60N 1,4 

90N 6,0 

120N 10,5 

Table 5:8 Tangent modulus derived from cyclic tests from 30N loading level, average curve. 

Initial loading Strain 

level 

0,2% 0,3% 0,5% 0,7% 0,9% 

E-modulus [MPa] 146 103 84 87 85 

Table 5:9 Maximum tangent modulus in reloading, values from average curve. 

Unload points      for reloading [MPa] 

30N 191 

60N 256 

90N 246 

120N 282 
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5.2.5 Relaxation test SikaFast 5215 

The range of the extensometer for these specimens was inadequate to measure elongation. Figures 

for stress versus strain are therefore based on the global deformation measurement, between the 

grips of the MTS machine. 

Figure 5:22 illustrates the results of the tensile tests at loading rate 1mm/min for 40N loading. All 

specimens at 40N loading rate have the same behaviour and show almost an identical drop rate in 

stress versus time curve see Figure 5:23. Reloading is done once the specimen reaches the load 

level of 10 N, which initially gives a slightly higher stiffness and a slow returns to the virgin 

material curve, which it will follow until failure (failure is not shown in the curves). 

Specimen 156 was excluded due to software malfunction during the test.  

 

Figure 5:22. Relaxation test at the lower load levels, SikaFast 5215. 

 

Figure 5:23. Stress-time at 40 N level, SikaFast 5215. 

The curves illustrate three different relaxation tests at 90 and 130 N load level. Figure 5:24 and 

Figure 5:25 show that the three specimens tested at 130 N level have the same drop rate but 

specimen 188 has a slightly lower stiffness and was able to withstand higher stress before the 

relaxation point, see Figure 5:24. The two specimens tested at unloading point 90 N have similar 

stiffness and differ only slightly from specimen 188. Overall, after reloading all the specimens 
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show similar behaviour strength in stiffness and seem to have the ability to recover their initial 

properties. 

 

 

Figure 5:24. Relaxation test at 90 and 130 N load levels, SikaFast 5215. 

 

Figure 5:25. Stress-time at 90 and 130 N load levels, SikaFast 5215. 
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Table 5:10. Relaxation tests, SikaFast 5215.                      

Load 

to 

Stress 

level 

Number 

of 

specimens 

Time duration 

or decreased 

to force level 

Average stress 

minimum 

level in 

relaxation 

     

Average 

stress [MPa] 

after 15 min 

of relaxation 

Average 

stress drop 

[MPa]       

Drop in [%] 

     
          

130 N 1 1 h 1,57 MPa - 1,68 52% 

130 N 2 30min 1,98 MPa 1,66 1,47 42% 

90 N 2  30min 1,06 MPa 2,95 1,27 54% 

40 N 4 10 N 0,25 MPa 0,35 0,74 75% 
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6 Discussion 

According to the Swedish standard the recommended thickness differences in the specimens is 

      mm (see Figure 4:3) which could not be accomplished for SikaFast 5215 due to the 

curing properties on the side that has direct contact with air. The deviations due to the shrinkage 

are similar for all SikaFast 5215 specimens and therefore the precision of the cross section area is, 

however accurate.  

Some of the specimens made from 3M DP490 had air bubbles in the cross section which 

influenced the result e.g. lower strength and premature rupture. Such anomalies could not be 

confirmed for SikaFast 5215 since the conducted tests were not run until rupture occurred.  

There have been some deviations from the Swedish standard SS-EN ISO 527-1:2012. The 

standard amount of specimens for each test was not retained. During the cyclic test for both 

adhesives different loading levels were set to gain a general idea of how the material behaves. The 

same decision was made for the relaxation tests. 

It is worth mentioning that after relaxation, some of the specimens showed a slight increase in 

strength (for the 3M DP490). Our conclusion is that the material has hardened similar to what 

happens in steel (cold working) due to molecular dislocation. This dislocation changes the 

interaction between the bonds. Furthermore dislocation requires higher shear stress. When 

evaluating the relaxation tests (SikaFast 5215) the time to unloading is different for the various 

load levels. This is so since we chose to use the same loading rate. In turn this means that at the 

time when relaxation starts, more viscous flow in the material has taken place for the higher load 

levels than for the lower load levels. This partly explains the lower measured load drop (in 

percentage) for the higher load levels. 

A comparison has been done between the two adhesives. As we assumed at the beginning of this 

work, it has been confirmed that the SikaFast 5215 has a greater ductile behaviour and that the 

3M DP490 has a significantly higher strength. With this as a main result we believe that the 3M 

DP490 is more suitable for glass–timber applications, also because of its better behaviour in terms 

of long term loading (less viscous effects). The downside would be its brittle properties, that of 

rupturing with less warning. This is in general not a favourable aspect in load carrying 

components. Generally speaking, on the one hand, the adhesive should be stiff and strong enough 

to withstand the loading without giving too large deformations, and it should also fail in a ductile 

manner. On the other hand a too stiff adhesive will create non-uniform stress distribution in the 

joints, and thus it is not possible to take advantage of the adhesive strength in large area joints due 

to stress concentrations. If properly accounted for, even the significant loss of strength of 

SikaFast 5215 due to dead load circumstances can be of benefit since an increased deformation 

capacity will result in more a uniform stress distribution. 

In Table 6:1 values of modulus of elasticity as evaluated from the initial parts of the stress-strain 

curves are presented. The nonlinearities are clearly more pronounced in the SikaFast 5215  

adhesive, and thus it is assumed that the viscous effects are more pronounced for that adhesive 

than for the 3M DP490. 
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Table 6:1 Modulus of elasticity at initial loading for both adhesives 

3M DP490 

Strain level 0,1% 0,3% 0,5% 

E-modulus [GPa] 1,58 1,49 1,42 

SikaFast 5215 

Strain level  0,2% 0,3% 0,5% 0,7% 0,9% 

E-modulus [MPa] 146 103 84 87 85 

 

 

Figure 5:12 shows that the max stress level of the adhesive 3M DP490 is higher when re-loading 

then initial loading in relaxation test. Our conclusion is the adhesives’ ability to harden. 

In the early stage of the project it was assumed that the adhesives would have a similar behaviour 

as compared to steel in the plastic domain since it is an isotropic material. The experimental 

results do not contradict this, since a clear stress plateau was found. To what extent the 

nonlinearities observed in the experiments are the results of viscoelastic or viscoplastic behaviour 

is, however, not possible to conclude. Both viscoelastic and viscoplastic behaviour can however 

be expected in many polymers and it is indeed likely that the large deformations capacity of the 

SikaFast 5215 adhesive, to a large extent, is due to plasticity. 
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7 Conclusions 

The aim of this project (see Chapter 1) is to gain knowledge about the two adhesives and find the 

answer to the following questions: 

1) What are the maximum stress/strain levels for the adhesive/adhesives at the different 

loading rates? 

The answer to this question can be found under section 5.2.1 Monotonic tension test 3M DP490;  

As shown in Table 5:1 the material´s stiffness depends on loading rate. At higher loading rate the 

maximum stress level is higher since the material has less time to relax. At the molecular level, 

the molecules’ rearrangement is less effective which results in less energy storage. That is why 

the material at faster loading rates behaves more brittle and the failure occurs more sudden 

(shorter plastic domain). This is typical for viscoelastic material behaviour where there are no 

pronounced yield points.  

2) How do the adhesive/adhesives behave during cyclic loading, do they show an entirely 

elastic or elastic/plastic behaviour? 

Both of the adhesives behave viscoelastic under the prescribed loading level below the yield 

strength. At higher loads the materials seem to have more distinct viscoplastic behaviour and this 

was more obvious for 3M DP490. 

3) Is the influence of loading level or duration of load on the possible plastic behaviour 

substantial? 

According to the obtained result from the relaxation test, a common behaviour of the materials is 

a rapid decrease of stress, followed by a gradual stress level approaching a critical stress level 

with time. 

The drop of stress in relaxation for 3M DP490 is higher at load levels after the yield point. This 

can be described by the simple Maxwell element model: the spring will reach its maximum 

energy storage at higher loading level. Under constant uniaxial strain the spring will contract and 

extend the dashpot with respect to time. Since the force in the spring is higher at a higher load 

level, the corresponding strain rate of the dashpot in elongation is also increased. 

For SikaFast 5215 an opposite behaviour was observed. This can be the result of the adhesives 

hardening during the relaxation. This phenomenon is similar to steel e.g. cold working. It should 

be mentioned that future research must be done to verify this. 
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