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Abstract 

A research project at Linnaeus University focuses on optimizing the 

adhesives joints between wood and glass, with the aim of obtain stiff 

components that can act as a load and stabilizing elements and still be 

transparent. But there is, however, still a lack of knowledge regarding the 

adhesive materials which need to be further investigated.  

This thesis focused on testing six different adhesives in relaxation and to 

determine the viscosity (η) and modulus of elastic (MOE, E). Viscosity and 

MOE are then used in combination in a standard linear solid model (SLS) 

describing the viscoelasticity mathematically. Figures and tables are used to 

present the results and the evaluation. The so determined parameters can be 

used in e.g. finite element models for the design of load bearing timber glass 

composites. 

 

Key words:  Adhesives material, Tension test, Stress, Strain, Viscoelastic, 
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1. Introduction 

In modern architecture, large facades of glass are often used to create open 

plans so the light can flow through the building. By making these large 

facades the structural engineer is challenged to find a good load-bearing and 

stabilizing structure that can carry the loads and be safe in use.  

By using a stiff adhesive joint between e.g. wood and glass a high-stiff 

component can be created. This makes it possible to have a good load-

bearing and stabilizing structure that is still transparent. (Blyberg, et al., 

2010) 

1.1 Background 

In previous research in the area, efforts were made to find an adhesive that 

could fulfill the purpose to result in a stiff structure to be used in a load-

bearing construction.  

Several research projects have focused on how to use timber and glass in 

load-bearing structures. In a previous research project at Linnaeus University 

the adhesives joints between these two materials were investigated with the 

aim of obtain stiff components that can act as a load and stabilizing elements 

and still be transparent, see (Louise Blyberg, 2010), (Blyberg, et al., 2010).  

There is, however, still a lack of knowledge regarding the adhesive materials 

which need to be further investigated. 

Measuring material parameters from tests on adhesives will hopefully make 

it easier to use finite element models to analyze how a structure will behave. 

This will give the architect and engineers new opportunities in terms of 

future building designs.   

1.2 Purpose and Aim 

The aim of this thesis was to collect material parameters from relaxation 

tests with different adhesives and then try to describe the material behavior 

for different time ranges. The experiments measured the material stiffness 

and viscosity. The purpose was to obtain parameters for finite element 

stimulations.  

The main aim can be split into two sub-goals: 

1) Find parameters for viscosity, η, and the modulus of elasticity (MOE), E, 

that can describe the adhesive materials. 

2) Provide a background and hints for future projects. 
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1.3 Hypothesis and Limitations 

The hypothesis was that the experiments with adhesives materials could 

provide the parameters. This data could then be used to describe the 

behavior with an analytical model e.g. the so-called standard linear solid 

model or similar. 

Tests were limited to six different adhesives. The specimens were tested one 

week (seven days) after being manufactured (molded) to make sure that they 

were properly cured and that the expected properties (according to the 

manufacturers) were obtained.  

In addition, tests on specimens which have been cured for two months 

(56 days) were tested. These tests should allow obtaining information of any 

possible influence of curing time and/or environmental effects of storing on 

the properties. Creep tests on have also been performed. Due to time 

limitations, these tests are not evaluated within this thesis.  

1.4 Reliability, validity and objectivity 

In order to obtain the highest possible reliability for this thesis nominally 

equal test were used. Due to the manufacturing variations and same test 

procedure the reliability is high.  

The validity is also high since the method to do tensile tests was done 

according to the standard ISO 527-2:2012. By studying previous work and 

from discussions with supervisors, small changes were made to get more 

accurate data and prevent past mistakes to happen.  

The evaluation of the test data was not very straightforward, and of course, 

in the process some simplifications and choices were done. However, from 

an objectivity point of view, this should not pose any problems since all 

procedures used are thoroughly described. Hence the sought parameters 

were obtained. In some cases unexpected results from the processing of the 

raw data were excluded. The reasons for this are also documented in the 

report. 
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2. Literature review 

Research on the subject has been reported in literature before, and the 

amount of previous research on the mechanical behavior of adhesives is 

enormous.  

Román (Román, 2005) performed research on three different adhesives. The 

first one was an epoxy (SD 330
®
), the second one a polyurethane (S-Force 

7851) and the third one an acrylate, SikaFast (5221). By choosing these 

three adhesives different properties were collected. The epoxy had high 

strength and stiffness but was brittle. The polyurethane adhesive was more 

flexible and formable. The acrylate had a higher displacement in traction 

than in compression. (Román, 2005) 

Blyberg et al. did experiments on three adhesives, a silicone (SikaSil SG-

20), an acrylate (SikaFast-5215) and a polyurethane (Prefere 6000). The 

adhesives were tested using specimens consisting of timber and glass glued 

together. The specimens where tested in tension perpendicular to the 

adhesive bond and in shear. The results showed that the acrylate had the 

highest strength and the polyurethane the lowest. The silicone was the 

weakest in shear. (Blyberg, et al., 2010) 

Former master students Miravalles and Dharmawan at Chalmers University 

of Technology, Gothenburg, did a master thesis about creep in adhesives. 

Two structural adhesives, adhesives with high shear strength and good 

durability were used with and without fiber reinforcement. The conclusion 

of the thesis was that it is hard to avoid air bubbles in the specimens despite 

careful manufacturing and using vibrations to fill the molds. Another 

outcome was that high stress values under constant load gave changed 

behavior. (Miravalles, et al., 2007) 
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3. Theory 

3.1 Basic mechanic definitions 

Here follows basic mechanic definitions that are relevant for this thesis. 

(Findley, et al., 1989) 

3.1.1 Stress 

The definition of stress is the average force divided by area, as  

  
 

 
 (1) 

     

Where   is the stress and is equal to the force   divided by the cross sectional 

area A. 

For the case of applying a tensile force to specimen, the length will increase 

and the width and thickness will decrease (assuming a positive Poisson’s 

ratio). Thus the applied force will act over an area that reduces with the 

increase of the applied load. Anytime during the test the true stress can be 

calculated by taking the force and divide it by the current cross-section area. 

(Engineering Quality Solutions)  

Engineering stress is the force divided by the initial area of the material, 

before it is put in tension. Figure 1 shows the relationship between true 

stress and engineering stress.  

 
Figure 1 Relationship between true stress and engineering stress 

http://mechanical-info.blogspot.se/2012/12/true-stress-and-

true-strain_25.html 



  
 

5 
Patrik Karlsson 

 
 

3.1.2 Strain 

Strain measures the deformation of a material in shear, compression or 

tension and can therefore be positive and negative. The true strain is 

represented by   (epsilon). The case of pure elongation (normal strain only) 

is shown in Figure 2.  

 
Figure 2 Illustration of original length (L), stretched length (l) and change in length ( L) 

The final elongation of a body, expressed as the engineering strain, can be 

calculated by: 

   
  

 
 
   

 
 

(2) 

 

Where    is the engineering strain and is a result of the stretched length   
minus original length   divided by original length  . 

 

For large deformation theory, true strain (logarithmic strain) is often used 

instead. It is defined from the infinitesimal change of strain in relation to the 

current length: 

   
  

 
 

(3) 

 

 

By integration over the length the total strain,    can be obtained. 

  ∫   
 

 

 ∫
  

 

 

 

          ∫   
    

 

 ∫
  

 

    

 

   
(4) 

 

where   is the stretched length and rewriting gives 

    (
 

 
)    (    )             (

    

 
)    (  

  

 
) 

(5) 

 

(Rees, 2006) 

3.2 Viscoelasticity 

When the relationship for stress and strain depends on time one speaks of 

viscoelasticity. (Lakes, 2009) When a load is applied to the material its 

molecules will rearrange and change places. This will store mechanical 

energy but when the load is removed this energy will force the material back 

to its initial shape. The energy that is lost is caused by internal material 

friction. (Rosen, et al., 2012). 
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a)  Stress-strain curve in 

linear elastic behavior 

b)  Stress-stain curve in 

viscoelastic material at ramp 

loading 

 

c) Illustration of energy lost 

(black area) because of 

internal friction in a 

viscoelastic material 

Figure 3 Viscoelastic energy lost 

Figure 3a shows that for a pure elastic material there is no loss of energy. 

But as Figure 3c shows, for a viscoelastic material, energy is lost when a 

load is applied and then removed because of the viscous effect.  

Viscoelasticity is a combination of ideal elastic and ideal viscous behavior, 

making it easy to describe this behavior in term of springs and dampers. The 

springs represent elastic behavior and dampers the viscous behavior. 

(Meyers, et al., 2009) 

3.2.1 Relaxation and creep 

If applying a constant deformation the stress in a viscoelastic material will 

decrease with time, see Figure 4. This phenomenon is known as relaxation 

and relaxation tests are often used to determine the relation between stress 

and the rate of viscoelastic strain when designing for long term (Berggren, 

2005).  

 
Figure 4 Strain and stress over time in a relaxation test 

A creep test is performed by applying a constant stress and measures the 

increased deformation over time (Berggren, 2005), see Figure 5. 

(𝜀) 

(𝜎) 

(𝜀) 

(𝜎) 

(𝜀) 

(𝜎) 
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Figure 5 Stress and strain over time in a creep test 

3.2.2 Maxwell model 

The simplest viscoelastic model contains a spring and damper in series, as 

Figure 6 below shows:  

 
Figure 6 Maxwell model 

The total deformation of a Maxwell’s model is calculated by adding the 

displacement from the spring (linear elastic contribution) and damper 

(viscoelastic contribution), Equation (6), where superscript e denotes the 

elastic contribution and superscript v the viscoelastic contribution. 

Equilibrium requires that stress is equal in both elements, Equation (7) 

        (6) 

        (7) 

The respective constitutive equations are 

   
 

 
 (           ) 

(8) 

 ̇  
 

 
(            ) (9) 

If Equation (6) and (8) are differentiated with respect to time we obtain: 

 ̇   ̇   ̇  (10) 

 ̇  
 ̇

 
 

(11) 

By inserting Equations (9) and (10) into Equation (11) we obtain  

𝐸 𝜂 
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 ̇  
 ̇

 
 
 

 
 (12) 

For a linear viscoelastic material the Maxwell model can be used only to 

represent relaxation in a material. The applied strain will initially elongate 

only the spring (the damper is infinitely stiff at t=0). Following this, the 

stress in the spring will make the damper to elongate and, since the total 

elongation is kept constant, the spring will contract. Thus, for     we have 

     and  ̇   . Equation (12) can then be written as: 

 ̇  
 

 
    

(13) 

The characteristic equation obtained is: 

  
 

 
           (

   

 
) (14) 

From the conditions at     , total strain      remains constant where 

   is the constant elongation that is acting on the material. According to 

Equation (12),        which gives      . Equation (14) will then have 

the solution: 

        (
   

 
) 

(15) 

At     the tension stress will be       . The elongation will be constant 

but the stress will decrease with time as shown in Figure 7. With time stress 

will relax to zero (Berggren, 2005). 

 
Figure 7 Relaxation curve according to Maxwell model 

The Maxwell model is not so good to use to describe creep, since it gives a 

constant increasing strain as a function of time. This is not characteristic of a 

viscoelastic material since it is expected that the creep will reach an 

asymptotic level after a certain time (Berggren, 2005).  
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3.2.3 Kelvin model 

The Kelvin Voigt model uses a spring and a damper in parallel, as Figure 8 

below shows:  

 

This model is used to predict creep behavior when there is a constant load. 

The total stress is the summation of the stress in each element. Strain is 

        together with Equation (8) and (9) above the stress will be: 

       ̇ (16) 

The damper will initially take the entire load. As the load carried by the 

damper results in an elongation of it, the spring will elongate 

correspondingly. The stress will thus with time transform from the damper 

to the spring. Creep deformation will increase with time, but as the stress 

carried by the damper diminishes with time, the rate of deformation will 

eventually become zero, and the total deformation will level out (Figure 9) 

(Berggren, 2005). 

 
Figure 9 Creep behavior according to Kelvin model 

The Kelvin model is not appropriate to model relaxation. The 

instantaneously applied deformation would result in an infinite stress in the 

damper (since  ̇   ̇   ̇   ). 

 

Figure 8 Kelvins model 

𝜂 

𝐸 
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3.2.4  Standard linear solid model (SLS) 

Reality is more complex than what can be modeled by the use of the simple 

Maxwell and Kelvin models. By adding more spring and dampers to the 

system a more complex behavior can be described.  

The standard linear solid model is also known as the Zener model and 

describes the behavior of viscoelastic materials by using two springs and a 

damper according to. Figure 10 below: 

 
Figure 10 Standard linear solid model 

For the SLS model, the following relations hold (Berggren, 2005):  

        (17) 

        (18) 

where   refers to the Maxwell part of the model and   to the spring. 

From Equation (12) for the Maxwell part of the model we can write:  

   
  
  
 ̇     ̇

  
(19) 

For the spring we have: 

      
  (20) 

Then, by inserting Equations (20) into Equation (18) 

        
   

         
  (21) 

 ̇   ̇     ̇
  (22) 

  

𝜂  

𝐸  

𝐸  
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Inserting Equations (21) and (22) into Equation (19) leads to  

(     
 )  

  
  
( ̇     ̇

 )     ̇
  

 

         
  
  
 ̇  

     
  

   ̇      
(23) 

 

By the initial conditions,      at    , the new equation will be: 

 

 ( )    (     ) (24) 

Since the elongation is constant      and  ̇    we obtain the linear 

differential equation: 

 

 ̇  
  
  
  

    
  

   (25) 

 

By the initial conditions  ( )    (     ) the solution will be: 

 

    [        (
    

  
)] (26) 

The sequence of events for a SLS model can be described by the following 

graph, Figure 11: 

 
Figure 11 Relaxation as function of time 

When    , the elongation will be    and the damper will be stiff and full 

elongation in the springs will evolve.  

Initial stress will be  ( )    (     ) but with time the Maxwell part will 

be completely relaxed because of the damper (  ). The remaining force will 

be transferred to the spring (  ) which will give a stress of        at t=∞ 

(Berggren, 2005). 
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3.2.5 Maxwell-Wiechert model 

A Maxwell-Wiechert model contains multiple Maxwell models in parallel, 

see Figure 12. 

 
Figure 12 Maxwell-Wiechert model 

Assuming that the material is exposed to a relaxation test and a Maxwell-

Wiechert model is used with n elements, the elongation depends on the 

spring stiffnesses    and viscoelastic parameters    of the dampers. Since all 

elements are in parallel the elongation is the same for every element. The 

applied stress is the sum of the stress in each element. With these conditions 

together with Equation (12) the constitutive relationships will look like 

(Berggren, 2005): 

 ̇  
 ̇ 
  
 
  
  
 
 ̇ 
  
 
  
  
   

 ̇ 
  
 
  
  
   

 ̇ 
  
 
  
  

 (27) 

                  (28) 

Integration of Equation (12) will give partial stresses  , which then can be 

inserted into Equation (18). With this, the total stress can be calculated as a 

function of time  . As shown in subchapter 3.2.4 the solution to this 

differential equation will be: 

          (
    

  
)             

    (     (
    

  
)       (

    

  
)         (

    

  
)

        (
    

  
))    ∑     (

    

  
)

 

   

 

(29) 

Plotting the expression above will give a curve similar to the one obtained 

for the Maxwell model, Figure 7, an exponentially decreasing curve. At time 

    the constant elongation will be      and the spring will be fully 

elongated which gives an initial stress     (             
  ). When time approaches infinity, stress approaches zero. Thus we have σ 

  0 for t   ∞.  
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4. Materials and methods 

4.1 Materials 

Six adhesives have been tested in total, their basic properties are given in 

Table 1.  

 
Table 1 Adhesives that have been tested 

Name Type of adhesive Applied 

1. SikaFast-5215 NT® Acrylate By machine 

2. SikaSil SG500® Silicon By machine 

3. 3M DP490® Epoxy By machine 

4. SikaDur-31 CF Normal® Epoxy Mixed and applied by hand 

5. SikaPower-4720® Epoxy By machine 

6. SikaDur-30® Epoxy Mixed and applied by hand 

 

The adhesives have according to the manufacturers the following 

characteristics: 

 

Acrylic based adhesives  

1. SikaFast-5215 NT® 

Fast-curing-two-part structural adhesive. After 15 minutes of curing the 

adhesive has gained 80% of its final strength.  

 

Silicon based adhesives 

2. SikaSil SG500® 

A high performance structural adhesive. After curing 240 minutes (4 h) 

the full strength is obtained.  

 

Epoxy based adhesives 

3. 3M DP490® 

Two-component epoxy adhesive. After 4-6 hours of curing the adhesive 

can handle strength but only after 7 days the full strength is obtained. 

 

4. SikaDur-31 CF Normal®  

Two part structural adhesive that is mixed (1:2) by hand. After 7 days of 

curing the full strength is obtained. 

  

5. SikaPower-4720® 

Two-component structural adhesive. After 24 hours it is full strength is 

obtained.  

 

6. SikaDur-30® 

Two-part structural adhesive was mixed (1:3) by hand. After 7 days 

curing the full strength is obtained.  
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4.2 Molding 

According to the manufactures prescriptions there were two adhesives that 

needed to be mixed by hand, SikaDur-31 CF Normal® and SikaDur-

30®.The other four adhesives were ready to use together with an air gun and 

a static mixer. 

4.2.1 Mixing by hand 

When mixing the adhesives by hand some basic tools were required, as 

Figure 13 shows.  

 

  
a) Basic tools b) Mixing the adhesives 

Figure 13 Mixing by hand 

SikaDur-30® was mixed at a ratio of 450:150 gram and SikaDur-

31® 400:200 grams as Figure 13b shows. The paste was mixed until it was 

homogeneous. After the first mixing the paste was put in a new container and 

mixed again to make sure that a homogenous paste was gained. The last step 

was then to put the paste into the molds using a mixer gun as Figure 13b 

shows. Excess paste was removed with a spatula so that a smooth surface and 

a thickness of 4 millimeters were obtained.  

Figure 14 Molding 

 
a)  Form to mold in 

 
b) Applied adhesive in form 
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4.2.2 Application with air gun 

The remaining four adhesives were applied with an air gun as Figure 15 

shows.  

 

 
Figure 15 Air gun 

4.2.3 Curing and storage 

All the specimens were left to be cured for 24 hours in the molding form and 

then removed. The specimens were then numbered from one to five and a 

protocol was filled out (Figure 16). The adhesives were then left to cure for 

7 days in total before they were tested. During this time the specimens were 

stored under room conditions. 

 

 
Figure 16 Specimen left for curing 

4.3 Testing 

A MTS 810 Test System® was used for the tests (Figure 17). The machine 

is used for static and dynamic materials and component testing. The grips 

are hydraulically controlled. The displacements were measured with two 
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MTS-extensometers and by the LVDT built into the machine. The 

extensometers gave more precise information since they were placed in the 

central narrow part of the specimen, thus showing the actual elongation in 

the area of interest. 

 
Figure 17 Test machine 

During the testing the results from the ongoing test were presented in three 

diagrams on the computer screen. A data file containing all measurements 

was produced for further evaluation.  

Before testing the specimens’ dimensions were measured with a micrometer 

slide caliper. The dimensions where then put into a text file. Each specimen 

was labeled with a unique number.  

Depending on the stiffness of the adhesives different loading rates were used 

when specifying the loading sequence in the control software of the MTS. 

Table 2 show a summary of the loading sequences used. 

 
Table 2 Loading schemes and rates 

Adhesive Number Age 

(d) 

Load rate 

(mm/min) 

Load level 

(N) 

SikaFast-5215 NT® R-531 – R-535 7 100 60 
SikaSil SG500® R-616 – R-620 7 10000 16 

3M DP490® R-546 – R-550 7 100 500 

SikaDur-31 CF® R-596 – R-600 7 100 30 

SikaPower4720® R-501 – R-504 7 100 200 

SikaDur-30® R-566 – R-570 7 100 30 
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Figure 18 Set-up of the relaxation tests 

The test was set-up as shown in Figure 18. The free length between the grips 

was 115 mm. The extensometers were placed in the middle of the narrow 

part of the specimen. The machine was then programmed to have a specific 

deformation rate and stop at a specific load level. After that the deformations 

were kept constant for 900-1000 seconds. Then the specimen was unload 

and replaced with a new specimen. Data was collected the whole time. 

4.4 Data analysis 

The information from the test files and the protocol, were inserted in to the 

software MatLab®. The MatLab®-script plotted diagrams for displacement 

and load versus time and strain and stress versus time, respectively. Also a 

zoom in for the first five second for these two diagrams was made.  

MatLab®-code was also used to calculate MOE   ,    and viscosity  . 

From picking min- and max values in the relation between stress and strain 

  was calculated (Figure 19). 

 
Figure 19 Stress and strain curve 
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5. Results 

The results from the tests are presented below for each adhesive. Note that 

only one specimen from each adhesive group is presented and the curing 

time has been 7 days for all.  

From the collected data it is easy to derive ultimate stress levels i.e. the 

highest stress that occurred in each specimen, and MOE. The collected data 

is 

 Time (sec) 

 Elongation (mm) between the grips 

 Force (N)  

 Extensometer data, displacement (mm) 

To get a better understanding different curves are plotted: 

 Load history (piston deformation and load versus time) 

 Strain and stress versus time  

With knowledge about the data above ultimate stress levels are determined 

and can be reviewed in section 5.2 - 5.7.  

5.1 Adjustments  

 The diagrams are adjusted to eliminate unnecessary information  

 To calculate the stress, only nominal cross section of the undeformed 

specimen is used. 

 An average of the two extensometers is used.  
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5.2 SikaFast-5215 NT® 

Figure 20a shows the load history for the specimen. The red line is the 

displacement and the blue line is the force depending on the time. Figure 

20b is a close-up for the first 5 seconds where the peak is easier to see. 

Figure 20c shows the strain (red line) and stress (blue line) curves that are 

dependent on time. Figure 20d is a close-up of the first 5 seconds.   

  
a) Load history. b) Detailed load history for the first 5 sec. 

  
c) Strain/stress vs. time diagram from 

extensometers. 

d) Detailed strain/stress vs. time for the first 5 

sec. 

Figure 20 Relaxation test for specimen R-532 

A linear behavior can be observed for the first seconds when the specimen is 

loaded. After 900 seconds the specimen looses ~80% of the originally 

applied force. The maximum stress is 1.75 MPa but after 900 seconds the 

stress has dropped to ~0.2 MPa. This means a drop of 1.55 MPa of the stress. 

However the displacement is constant, as expected in a relaxation test.   
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5.3 SikaSil SG500® 

Figure 21a shows the load history for the specimen. The red line is the 

displacement and the blue line is the force depending on the time. Figure 21b 

is a close-up for the first 5 seconds where the peak is easier to see. Figure 21c 

shows the strain (red line) and stress (blue line) curves that are dependent on 

time. Figure 21d is a close-up of the first 5 seconds.   

  
a) Load history. b) Detailed load history for the first 5 sec. 

  
c) Strain/stress vs. time diagram from 

extensometers.. 
d) Detailed strain/stress vs. time for the first 5 

sec. 
Figure 21 Relaxation test for specimen R-616 

A linear behavior can be observed in Figure 21a for the first seconds when 

the specimen is loaded. After 900 seconds the specimen looses 16% of the 

total force. The maximum stress is 0.33 MPa but after 900 seconds the stress 

has dropped to 0.26 MPa. However, the displacement and strain is constant, 

as expected in a relaxation test.   

  



  
 

21 
Patrik Karlsson 

 
 

5.4 3M DP490® 

Figure 22a shows the load history for the specimen. The red line is the 

displacement and the blue line is the force depending on the time. Figure 22b 

is a close-up for the first 5 seconds where the peak is easier to see. Figure 22c 

shows the strain (red line) and stress (blue line) curves that are dependent on 

time. Figure 22d is a close-up of the first 5 seconds.   

  
a) Load history. b) Detailed load history for the first 5 sec. 

  
c) Strain/stress vs. time diagram from 

extensometers.. 
d) Detailed strain/stress vs. time for the first 5 

sec. 
Figure 22 Relaxation test for specimen R-548 

A linear behavior can be observed in Figure 22a for the first seconds when 

the specimen is loaded. After 900 seconds the specimen looses 22% of the 

total force. The highest stress is 11.5 MPa but after 900 seconds the stress 

has dropped to ~8 MPa. However the displacement and strain is constant, as 

expected in a relaxation test.   
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5.5 SikaDur-31 CF Normal® 

Figure 23a shows the load history for the specimen. The red line is the 

displacement and the blue line is the force depending on the time. Figure 23b 

is a close-up for the first 5 seconds where the peak is easier to see. Figure 23c 

shows the strain (red line) and stress (blue line) curves that are dependent on 

time. Figure 23d is a close-up of the first 5 seconds.   

 
 

a) Load history. b) Detailed load history for the first 5 sec. 

  
c) Strain/stress vs. time diagram from 

extensometers.. 
d) Detailed strain/stress vs. time for the first 5 

sec. 
Figure 23 Relaxation test for specimen R-599 

A linear behavior can be observed in Figure 23a for the first seconds when 

the specimen is loaded. After 900 seconds the specimen looses 27% of the 

total force. The highest stress is 5.9 MPa in but after 900 seconds the stress 

has dropped to ~4 MPa. Figure 23b shows also a perfect displacement that 

goes up and then keeps constant for 900 seconds.  
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5.6 SikaPower 4720® 

Figure 24a shows the load history for the specimen. The red line is the 

displacement and the blue line is the force depending on the time. Figure 24b 

is a close-up for the first 5 seconds where the peak is easier to see. Figure 24c 

shows the strain (red line) and stress (blue line) curves that are dependent on 

time. Figure 24d is a close-up of the first 5 seconds.   

  
a) Load history. b) Detailed load history for the first 5 sec. 

  
c) Strain/stress vs. time diagram from 

extensometers.. 
d) Detailed strain/stress vs. time for the first 5 

sec. 
Figure 24 Relaxation test for specimen R-503 

A linear elastic behavior can be observed for the first seconds when the 

specimen is loaded. After 900 seconds the specimen looses 30% of the force. 

The highest stress is 6.8 MPa but after 900 seconds the stress has dropped to 

4.8 MPa. This means a drop of 2 MPa of the stress over  900 seconds.  
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5.7 SikaDur-30® 

Figure 25a shows the load history for the specimen. The red line is the 

displacement and the blue line is the force depending on the time. Figure 25b 

is a close-up for the first 5 seconds where the peak is easier to see. Figure 25c 

shows the strain (red line) and stress (blue line) curves that are dependent on 

time. Figure 25d is a close-up of the first 5 seconds.  

 
 

a) Load history. b) Detailed load history for the first 5 sec. 

  
c) Strain/stress vs. time diagram from 

extensometers.. 
d) Detailed strain/stress vs. time for the first 5 

sec. 
Figure 25 Relaxation test for specimen R-570 

A linear behavior can be observed for the first seconds when the specimen is 

loaded. After 900 seconds the specimen loses 28% of the force. The highest 

stress is 6.8 MPa but after 900 seconds it drops to 5.2 MPa. In Figure 25c the 

strain jumps up and down during the  900 seconds. Also a large slope can be 

seen in the Figure 25d for the strain. 
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6. Evaluation  

For the evaluation of the results a standard linear solid model (section 3.2.4) 

together with a Maxwell-Wiechert model (section 3.2.5) is used. Three 

Maxwell elements are chosen acting in parallel with a spring (Figure 26) 

which is recommended in (Simulia, 2013) for a test time spanning 1000 

seconds. When the specimen is loaded under a constant deformation the 

stress will decrease nonlinearly with respect to time and approach a plateau 

value.  

 

 
Figure 26 Maxwell-Wiechert model in combination with standard linear solid model 

By letting MatLab® do the curve fittings, parameters for the viscosity and 

MOE are easily produced. So for each specimen a unique set of η and E is 

obtained and used in the evaluation of the results. 

 

Using Microsoft Excel®, each specimen that is presented above (Section 5, 

Result) is compared with the rest of the specimen in the same set. By 

comparing the results from MatLab® and the modified Maxwell-Wiechert 

model equation the accuracy of the result can be compared easier.  

 

The following diagrams will show the full set of (usually) five specimens for 

each adhesive. The specimens in each set are represented with a unique 

number and color. The solid lines are test data that is evaluated and the 

dashed lines are the fitted solutions from MatLab®.  
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6.1 SikaFast-5215 NT® 

 
Figure 27 Stress from data file (solid line) and fitted stress (dashed line) for SikaFast-5215 NT® 

 
Figure 28 Detailed stress from data file (solid line) and fitted stress (dashed line) for SikaFast-

5215 NT® 

Figure 27 and Figure 28 show that the general fit for the full test period and 

the first five seconds is good. Table 3 shows the results from the curve fitting 

process.  

  
Table 3 Viscosity and MOE for SikaFast-5215 NT® 

 E0 

(MPa) 

Einf 

(MPa) 

E1 

(MPa) 

η1 

(Pa*s) 

E2 

(MPa) 

η2 

(Pa*s) 

E3 

(MPa) 

η3 

(Pa*s) 

R
2
 

R-531 529 102 176 126 148 1841 104 28808 1.00 

R-532 485 85 158 1010 146 1622 96 23335 1.00 

R-533 467 81 151 104 140 1567 94 25190 1.00 

R-534 442 75 150 103 137 1561 79 23652 1.00 

R-535 425 65 146 94 138 1393 76 16992 1.00 

 

Overall the tests results look very similar. Likewise, the curve fittings are 

good, due to a R
2
-value equal to one. If E0 and Einf  are compared, it shows 

that the stiffness drops by ~80%. The only strange behavior is for specimen 

R-531 at around 1.5 seconds. One explanation for this can be that there other 

machines connected to the same hydraulic system were operating at the 

same time which affected the oil-pressure. 
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6.2 SikaSil SG500® 

 

 
Figure 29 Stress from data file (solid line) and fitted stress (dashed line) 

 

 
Figure 30 Detailed stress from data file (solid line) and fitted stress (dashed line) 

Figure 29 and Figure 30 show that the general fit for the full test period and 

the first five seconds is good. Table 4 shows the results from the curve fitting 

process.  

 
Table 4 Viscosity and MOE for SikaSil SG500® 

 E0 

(MPa) 

Einf 

(MPa) 

E1 

(MPa) 

η1 

(Pa*s) 

E2 

(MPa) 

η2 

(Pa*s) 

E3 

(MPa) 

η3 

(Pa*s) 

R
2
 

R-616 3.15 2.44 0.34 0.10 0.24 1.51 0.12 29 1.00 

R-617 3.45 2.23 0.67 0.18 0.35 2.16 0.18 48 1.00 

R-618 3,44 2.39 0.54 0.17 0.33 2.15 0.18 44 1.00 

R-619 3.69 2.63 0.54 0.20 0.34 2.46 0.17 44 1.00 

R-620 3.84 2.74 0.55 0.19 0.36 2.43 0.19 45 1.00 

 

Overall the tests results look very similar. Likewise, the curve fittings are 

good, due to a R
2
-value equal to one. If E0 and Einf  are compared, it shows 

that the stiffness drops by ~20%.  
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6.3 3M DP490® 

 
Figure 31 Stress from data file (solid line) and fitted stress (dashed line) 

 
Figure 32 Detailed stress from data file (solid line) and fitted stress (dashed line) 

Figure 31 and Figure 32 show that the general fit for the full test period and 

the first five seconds is good. Table 5 shows the results from the curve fitting 

process.  

 
Table 5 Viscosity and MOE for 3M DP490® 

 E0 

(MPa) 

Einf 

(MPa) 

E1 

(MPa) 

η1 

(Pa*s) 

E2 

(MPa) 

η2 

(Pa*s) 

E3 

(MPa) 

η3 

(Pa*s) 

R
2
 

R-546 1697 1242 144 203 159 2992 150 87227 1.00 

R-547 1803 1291 172 282 168 4351 171 95305 1.00 

R-548 1746 1262 148 199 164 3010 171 90459 1.00 

R-549 1771 1292 147 164 176 3016 156 71345 1.00 

R-550 1776 1284 159 209 171 3292 161 71947 1.00 

 

Overall the tests results look very similar. Likewise, the curve fittings are 

good, due to a R
2
-value equal to one. If E0 and Einf  are compared, it shows 

that the stiffness drops by ~27%. The only strange behavior is for specimen 

R-546 and R-550. One explanation for this can be that there other machines 

connected to the same hydraulic system were operating at the same time 

which affected the oil-pressure. 
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6.4 SikaDur-31 CF Normal® 

 
Figure 33 Stress from data file (solid line) and fitted stress (dashed line) 

 
Figure 34 Detailed stress from data file (solid line) and fitted stress (dashed line) 

Figure 33 and Figure 34 show that the general fit for the full test period and 

the first five seconds is good. Table 6 shows the results from the curve fitting 

process.  

 
Table 6 Viscosity and MOE for SikaDur-31 CF Normal® 

 E0 

(MPa) 

Einf 

(MPa) 

E1 

(MPa) 

η1 

(Pa*s) 

E2 

(MPa) 

η2 

(Pa*s) 

E3 

(MPa) 

η3 

(Pa*s) 

R
2
 

R-596 7581 5596 1190 677 582 8266 212 56028 1.00 

R-597 7358 4293 1103 696 685 8969 1278 3293678 1.00 

R-598 6963 4318 1118 574 558 3694 969 4313457 1.00 

R-599 7561 5385 1102 585 645 6454 428 192945 1.00 

R-600 7009 4150 1193 560 520 4842 1146 2824590 1.00 

 

Overall the tests results look very similar. Likewise, the curve fittings are 

good, due to a R
2
-value equal to one. If E0 and Einf  are compared, it shows 

that the stiffness drops by ~36%.  
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6.5 SikaPower 4720® 

 
Figure 35 Stress from data file (solid line) and fitted stress (dashed line) 

 
Figure 36 Detailed stress from data file (solid line) and fitted stress (dashed line) 

Figure 35 and Figure 36 show that the general fit for the full test period and 

the first five seconds is good. Table 7 shows the results from the curve fitting 

process.  

 
Table 7 Viscosity and MOE for SikaPower 4720 

 E0 

(MPa) 

Einf 

(MPa) 

E1 

(MPa) 

η1 

(Pa*s) 

E2 

(MPa) 

η2 

(Pa*s) 

E3 

(MPa) 

η3 

(Pa*s) 

R
2
 

R-501 2641 1832 328 381 278 10242 202 935540 1.00 

R-503 2833 1995 233 105 295 2810 310 108550 1.00 

R-504 2700 1917 249 183 301 3640 233 89794 1.00 

Overall the tests results look very similar. Likewise, the curve fittings are 

good, due to a R
2
-value equal to one. If E0 and Einf  are compared, it shows 

that the stiffness drops by ~30%. There are some strange behavior for all 

three specimens. One explanation for this can be that there other machines 

connected to the same hydraulic system were operating at the same time 

which affected the oil-pressure. 
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6.6 SikaDur-30® 

 
Figure 37 Stress from data file (solid line) and fitted stress (dashed line) 

 
Figure 38 Detailed stress from data file (solid line) and fitted stress (dashed line) 

Figure 37 and Figure 38 show that the general fit for the full test period and 

the first five seconds is not so good. Table 8 shows the results from the curve 

fitting process.  

 
Table 8 Viscosity and MOE for SikaDur-30® 

 E0 

(MPa) 

Einf 

(MPa) 

E1 

(MPa) 

η1 

(Pa*s) 

E2 

(MPa) 

η2 

(Pa*s) 

E3 

(MPa) 

η3 

(Pa*s) 

R
2
 

R-566 9892 7566 1284 627.46 531.08 2.39E+16 511 2.3E+16 - 

R-567 100345 7850 527 238.79 724.48 329 933 1031 0.89 

R-568 9285 6348 1848 1676.64 335.03 2346 754 2.77E+16 - 

R-569 9381 7071 778 357.21 775.52 370 756 3966 0.97 

R-570 9855 7136 1874 1012.47 482.28 6426 363 1.63E+16 - 

Overall the tests results look very similar. Likewise, the curve fittings are 

quite good, due to a R
2
-value is quite close to one. If E0 and Einf  are 

compared, it shows that the stiffness drops by ~29%. The only strange 

behavior is for specimen R-567. No good explanation for this can be found. 
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7. Discussion 

By comparing the adhesives in evaluation (section 5) it can be seen that in 

the epoxy based adhesives 3M DP490® and SikaDur-30® have quite the 

same strain (  ) but SikaDur-30® still has five times bigger   .  There is the 

same loss, around 30%, in    to      for the silicone and the four epoxy 

adhesives. However, it is noticeable that acrylic based adhesive SikaFast-

5215 NT® looses around 70 % of MOE during the relaxation test. 

Furthermore, the comparison between modified Maxwell-Wiechert model 

and the test data shows that most of the curves fit nicely. However, SikaDur-

30® that stands out. Watching the test curves shows that the stress is 

increasing which it is not supposed to do since it is a relaxation test. In 

addition to the other adhesives the same testing procedure for all specimens 

is used. So other factors must have affected the results, but which factors 

needs to be further invested.  

It was difficult to mount the specimens into the machine since SikaDur-30® 

and SikaDur-31® are so brittle. One explanation for some errors can be that 

small fractures in the narrow part have developed and then affected the 

behavior in the narrow area. Also the extensometers had trouble to clamp on 

the SikaDur-30® and SikaDur-31® specimens since they were stiff and had 

a smooth surface. In addition, SikaSil SG500® was too soft which made it 

hard to clamp the extensometers.  

It is hard to know if there have been air bubbles in the cross section area 

since the specimen were not tested to failure, which might have affected the 

results. But as the literature review shows, it is hard to avoid air bubbles 

when the specimens are molded. But visible molding errors led to neglecting 

those specific specimens. 

Due to the time constraints of this project it has been hard to analyze all data 

that has been collected. As an example, creep tests for all six adhesives were 

done but lack of time resulted in these tests not being taken into account. 

Further evaluation of creep data needs to be done.  
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8. Conclusions and further research 

8.1 Conclusions 

After testing six different adhesives in relaxation some conclusions can be 

drawn. One of the main problems was to avoid air bubbles in the specimens. 

A complete elimination of these air bubbles is practically impossible both in 

the laboratory and in real applications. Likewise some problems mounting 

the specimens to the machine were discovered. The stiff adhesives SikaDur-

30® and SikaDur-31® were too brittle which led to that some of them 

broke. In addition, the SikaSil SG500® was too soft which made it hard to 

mount the extensometers.  

The results from the relaxation tests show that it is possible to find viscosity 

(η) parameters and modulus of elastic (E0 and Einf) for these six adhesives. 

Only adhesives with seven days curing have been evaluated, so further 

studies need to be considered in order to get more precise and accurate 

fitting.         

8.2 Further research  

Some of the main problems were earlier pointed out regarding testing and 

molding. But in further studies focus should be put on the molding 

procedure, just to reduce the air bubbles in the specimens.  

Changes of the temperature, curing time and moisture should also be taken 

into account to get more detailed properties of the adhesives both in 

relaxation and creep.  

Also an evaluation of the creep data needs to be done and compared with the 

result from relaxation test, just to see if the results between relaxation and 

creep are the same.  

This thesis has provided information regarding relaxation for six adhesives. 

The next step will be to take these results in to an FE model investigate e.g. 

the behavior of joints in load-bearing constructions.  
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