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Abstract: 

Cross linked poly ethylene used in high voltage cables insolation, has been 
studied to define its mechanical behavior.  

Time dependent deformation tests (stress relaxation) in three different strain 
levels and normal compressive and tensile tests were carried out. Result 
obtained from relaxation tests is compared to four basic visco elastic 
material models. The permanent deformation of specimens after relaxation 
test was measured and shows that higher strain level relaxation tests have 
higher permanent deformation. Modified two units Maxwell and Four 
element models correlate well to XLPE during relaxation tests. Higher 
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Key word: XLPE, stress relaxation, compressive, tensile, visco elastic 
models, Young modulus stress. 



2 
 

 

  



3 
 

Acknowledgment:  

 

This master Thesis has carried out at the Department of Mechanical 
Engineering, Blekinge Institute of Technology Karlskrona, Sweden, under 
the supervision of Dr. Sharon Kao-Walter and it has initiated at February 
2013.  

I would like to express my gratitude to my supervisor, Dr. Sharon Kao-
Walter at the department of mechanical engineering of Blekinge institute of 
technology, for her guidance support and helpful comments during this 
work.  

From ABB company Lic. Eng Armando Leon-Guarena and Dr. 
Eric Rébillard who gave me this opportunity to have this thesis and involve 
in industrial research, this project wouldn’t have not been possible without 
their encouragement and helpful and valuable advises. And thanks to Mr. 
Md Shafiqul Islam and Mr. Rahul reddy katangoori as Lab assistant at BTH 
for their helps. 

Finally I would like to thanks my family, friends for their support and help.  

Karlskrona, Sweden, January 2014 

Faranak Pirnia 

 

 

  



4 
 

Contents 

1. Notation ................................................................................................. 6 

2. Introduction ........................................................................................... 8 

2.1 Purpose ........................................................................................... 8 

2.2 Objectives ....................................................................................... 8 

2.3 Previous work ................................................................................. 8 

3. Mechanical behavior of XLPE ............................................................ 10 

3.1 Stress relaxation and creep test ..................................................... 10 

3.2 Visco elastic models ..................................................................... 11 

3.2.1 Basic elements: Spring & dashpot ........................................ 12 

3.2.2 Maxwell Model ..................................................................... 13 

3.2.3 Kelvin Voigt Model .............................................................. 14 

3.2.4 Standard linear solid model ................................................... 15 

3.2.5 Four element model ............................................................... 16 

3.2.6 Modified Two Unit Maxwell Model ..................................... 16 

4. Experimental work .............................................................................. 18 

4.1 Experimental equipment ............................................................... 19 

4.2 Specimens and Test methods ........................................................ 20 

4.2.1 Tensile: .................................................................................. 20 

4.2.2 Compressive .......................................................................... 23 

4.3 Test results and analysis ............................................................... 24 

4.3.1 Tensile tests ........................................................................... 24 

4.3.2 Compressive tests .................................................................. 28 

4.4 After test ....................................................................................... 32 

5. Analytical model fitting ...................................................................... 34 

5.1 Comparison of Theoretical and Experimental Results ................. 34 



5 
 

5.2 Three dimensional curve fitting ................................................... 39 

6. Conclusion .......................................................................................... 41 

7. Future work ......................................................................................... 42 

8. Refrences: ........................................................................................... 43 

9. Appendix A–Experimental Work ....................................................... 45 

 

  



6 
 

1. Notation 

A constants  

b1 Width at end   [ mm] 

b2 Width at narrow portion [ mm] 

E Young’s modulus [ Mpa] 

F Force [ N] 

h Thickness [ mm] 

K Spring stiffness [N.m-1] 

l1 Length of narrow parallel – sided portion [ mm] 

l3 Overall length [ mm] 

L Initial distance between grips [ mm] 

L0 Gauge length [ mm] 

r1 Small radius [ mm] 

r2 Large radius [ mm] 

σ   stress [ Mpa] 

 Strain   

T  Time   

η Viscosity coefficient   

ASTM American Society for Testing and 

Materials 
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ISO International Organization for 

Standardization 

 

XLPE Cross-linked polyethylene  
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2. Introduction 

2.1 Purpose 

High voltage cables are used for electric power transmission at high 
voltage. Cross linked poly ethylene is used as insolation material. 

During installation, a high voltage cable will be exposed to large tensile 
force in combination with large radial compressive force. The cable's 
XLPE-insulation is one of the most critical components due to its relative 
low mechanical strength. Therefore, it is significantly important to 
investigate its mechanical behavior, including its time dependency 
behavior. 

2.2 Objectives  

The aim of present master dissertation is to investigate and implement by 
experimental analysis of XLPE when subjected under compression and 
tensile force and its time dependent deformation.  

After releasing compression and tensile forces, to be able estimate if XLPE 
could relax and/or get elastically and permanently deformed. Then develop 
visco elastic material model and comparison to the result from XLPE 
relaxation tests experiments.  

 

2.3 Previous work  

The study of time dependent deformation of poly ethylene presented in 
Olasz and Gudmundson [1] is very relevant to this thesis since XPLE 
polymer was the subject in the study. Tensile relaxation and pressure-
volume-temperature experiments were performed to find material 
properties of XLPE. Tensile stress Relaxation tests consist in different 
temperature and different crystallite of XLPE. In some result bulk modulus 
was much larger than the relaxation modulus. Bulk modulus below the 
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melting point is independent of crystallinity and above the melting point 
independent of the cross-linking degree. Stress relaxation property of 
material is dependent on temperature and crystallinity. Four parameters 
based on a power law was most relevant viscoelastic material model which 
is temperature and crystallinity dependent.  

In Sezer, Ataoglu, Gulluoglu & Kadioglu [2], creep behavior of high-
density polyethylene used in plastic pipe manufacturing, is analyzed by low 
compressive creep tests; the result is compared analytically with Burgers 
Model. The study shows that there is good correlation between 
experimental results and Burgers Model. 

Also Chevali, Dean, Janowski [3] , high-density polyethylene long fiber 
thermo-plastic (LFT) tested and studied for Flexural creep behavior and for 
material model a four parameter empirical model used in  short fiber 
thermoplastics.  
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3. Mechanical behavior of XLPE 

This chapter gives short explanation of stress relaxation and creep. And 
then describe four chosen visco elastic models. 

 

3.1 Stress relaxation and creep test 

A stress relaxation test is a type of tests applied on viscoelastic material. to 
study their relaxation behavior in constant strain. Creep tests are used to 
study material deformation under constant stress. In this thesis stress 
relaxation tests is chosen to study mechanical properties of XLPE. And for 
stress relaxation test part there is some viscoelastic models existed to 
displayed variation of stress by time.  

 
Figure  3.1. Relaxation test in viscoelastic material, a) Applied strain, b) 

stress as functions of time. 
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Figure  3.2 . Creep test in viscoelastic material. a) Applied stress and b) 

induced strain as functions of time over a short period.  

 

3.2 Visco elastic models  

Deformation of different materials can be categorized in to three groups, 
elastic, plastic and viscous deformation, polymer materials shows visco 
elastic behavior and time independent deformation in room temperature. 
Visco elastic materials carry both elastic and viscous behavior. [6] 

There are several materials models presenting visco elastic materials 
behavior under uniaxial load for the elastic behavior, a spring is applied in 
model for the elastic behavior of the material. A dash pot applied in model 
for the viscous behavior of the material. [5] 

In this thesis four visco elastic material models has been chosen and 
function of time dependent stress will be compared to the experiment result 
in following chapters.    
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3.2.1 Basic elements: Spring & dashpot  

 
Figure  3.3. Viscous and elastic parameters for mechanical material model. 

 

Spring is used for presenting purely elastic properties of material with 
stiffness E; according to Hook’s law stress is proportional to strain. [5] 

 (3.1) 

And dash-pot for viscosity of material, dashpot is a cylinder piston filled 
with a viscous material, according to Newton’s law,  is viscosity 
Coefficient. 

  (3.2) 

When a visco elastic material faces tensile uniaxial load, the elastic part of 
the element extends with load and the viscous part dampers the deformation 
during passage of time. The viscous part will extend till load stop. After the 
load is released the elastic part shrinks to initial form but viscous property 
causes permanent deformation.  

Viscoelastic deformation is presented by constitutive models by combining 
spring and dashpot in different ways; in this research 5 of them.  
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3.2.2 Maxwell Model 

This model is one of basic models when spring and dashpot connect each 
other in series. Figure  3.4 demonstrate model and shows how behave during 
creep and relaxation test.  

 

 
Figure  3.4. a) Maxwell model b) creep test c) relaxation test. [5] 

 

Total stress and strain for Maxwell model can be defined as following [7] : 

 (3.3) 

 (3.4) 

In above equations S is abbreviation of spring and D is abbreviation of 
dashpot.  

 (3.5) 

Since in dashpot there is derivative of strain respect to time, there is 
derivative of total strain respect to time.  

 (3.6) 

In relaxation tests since strain in constant there is change of stress during 
stress relaxation as function of time as below equation  

 (3.7) 
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3.2.3 Kelvin Voigt Model 

While Maxwell model is good at predicting stress relaxation, it is poor at 
creep test. In reverse, Kelvin Voigt model is good at predicting creep but 
not at stress relaxation test.  

In this visco elastic material model spring and dashpot are connected in 
parallel.  

 
Figure  3.5. a) Kelvin Voigt Model b) creep test c) relaxation test. [5] 

 

Therefore total strain and stress equation can be: [4]  

 (3.8) 

 (3.9) 

 (3.10) 

 

In stress relaxation tests when strain level in constant then,  , and in 
kelvin model it is impossible relaxation test accrue. This model is not going 
to study in this research, because in relaxation test of this model the 
equivalent initial stress should be infinitely high.  
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3.2.4 Standard linear solid model 

In this model one Maxwell model and a spring are in parallel, which has 
both kelvin and Maxwell model’s characteristic.  

 

 
Figure  3.6. Standard linear solid model. [4] 

 

Stress and strain of this model can be show as  

 

 (3.11) 

 (3.12) 

 (3.13) 

 (3.14) 

 (3.15) 

 (3.16) 

  



16 
 

3.2.5 Four element model  

 

 This mode is like two Maxwell models connected to each other in parallel 
according Figure  3.7  

 
Figure  3.7 . Four element model. [8] 

Strain of each Maxwell is equal and total stress will be sum of each 
Maxwell units. [8] 

 (3.17) 

 (3.18) 

  

 

3.2.6 Modified Two Unit Maxwell Model  

This model is like two Maxwell models and a spring in parallel connection 
or a four element models and a spring in parallel, and also a standard linear 
solid model in parallel with a Maxwell. As shown in Figure  3.8 .   
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Figure  3.8. Modified Two Unit Maxwell Model.[8]  

 
Total Strain and stress of this model can be demonstrate as below [8] 

 (3.19) 

 (3.20) 

  . 
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4. Experimental work 

Four types of tests have been performed, as shown in Figure  4.1 depending 
on the type of force applied. They are divided in to two groups, 
compression and tension. In each group three normal tests were made to 
obtain properties of the material. For stress relaxation, three different strain 
levels were selected. Two repetitions were made at each strain level. In 
total 18 experiments were executed.   

 

 

Figure  4.1. Tests category. 
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4.1 Experimental equipment 

 

All tests were performed in BTH machine lab. MTS Qtest 100 was used as 
tensile and compressive measurement equipment in all experiments.   

MTSworks 4 as software for recording test data from MTS Qtest. For 
different applied load on tests three load cells were used 100 N, 2.5 KN, 
and 100 KN. 

For compressive test 2.5 KN and 100KN load cells used, smaller load cells 
have higher accuracy. The maximum load in compressive experiments was 
2500 in 26% strain level, in tensile tests 2.5 KN, 100 N is used, maximum 
force in these tests was 115 N, again in these test lower load cells are 
preferable because of higher loads , higher ones used.  

For tensile tests two grips can be used pneumatic and Wedge action grips. 

As grip in these tensile tests pneumatic grip has used, and the pressure was 
almost maximum to avoid slippage, on the other hand it shouldn’t be so 
high since XLPE is soft material and can deform specimen. In compressive 
tests instead of grips compression platens is used.  
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Figure  4.2. Experimental setup. 

 

4.2 Specimens and Test methods 

4.2.1 Tensile: 

For tensile tests specimen’s dimensions and the applied test method used is 
standard ISO 527-1 [9] and ISO 527-2 [10] plastics –determination of 
tensile properties- general principles and test conditions for moulding and 
extrusion plastics. 

 

Cross head  

 

Load cell  

 

 Upper grip 

 

Specimen  

 

Lower grip 
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Figure  4.3 . Tensile specimens dimension. [8] 

 

Table  4.1. Dimensions of tensile test specimens [8]. 

Notation  Name Dimension 

l3 Overall length 75 mm 

b2 Width at end 12.5  1 
mm 

l1 
Length of narrow parallel – sided 

portion 25  1 mm  

b1 Width at narrow portion 4 0.5  mm 

r1 Small radius 8  1 mm 

r2 Large radius 12.5  1 
mm 

L Initial distance between grips 50  2 mm 

L0 Gauge length 20  0.5 
mm 

h Thickness 2  0.2 mm 
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4.2.1.1 Normal tensile test method:  

As its shown in Figure  4.3 Initial distance between grips is 50  2 mm and 
Gauge length is 20  0.5 mm.  
To have higher accuracy and avoid slippage during tensile test, grip 
separation transformed to be equal gauge length. Therefore grip separation 
became same as gauge length 20  0.5 mm.  

Since each specimen could have slight difference in dimensions, before 
each tests its dimension was measured by digital caliper. Then the grip 
distance was marked and the specimen numbered.  

Grip separation before and after tests and specimens dimension after tests 
was measured by digital caliper.  

Sand paper was used to reduce slippage between grips and specimen. The 
MTS machine was calibrated to set force to zero.to make specimen stress 
free before running the test. Test Speed of grip separation was 10 mm/min 

these test speed has been chose since recommended in standards 
and suggested from company suitable of material type and specific force 
will apply on real project close to this speed. Data acquisition was 100 Hz,  

Temperature in all tests was room temperature: 18.8 , 20.2 and 20.9  C 
according to standard ASTM D618-08 standard for testing room 
temperature should be in the range of 20 to 30  C. And standard laboratory 
atmosphere have temperature of 23  C   C. 

For running test after calibration upper grip goes up till fracture.   

All data collected by MTSwork 4, three normal tensile tests has applied, 
result is shown in Figure  4.6  

 
Figure  4.4 . Tensile specimens after normal tensile test till failure. 
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4.2.1.2 Tensile Stress relaxation test  

In tensile stress relaxation tests one factor that should be considered is 
strain levels, according to ASTM2990 “standard test method for tensile, 
compressive and Flexural creep and creep rupture of plastics” for linear 
viscoelastic materials should select minimum three strain level for each 
interested temperature. For XLPE according to result of normal tests to be 
in elastic region 5%, 10% and 15% strain level were chosen. These strain 
levels are all in linear part below yield point which almost happens in 
XLPE at 20 strain level.  

Holding time in certain elongation is 3 hour = 10800 Sec  

Speed was same as normal tensile test: 10 mm/min 

Data acquisition: 500 Hz,  

Temperature: 19.3   

Before starting test All dimensions of specimens measured, and gauge 
length and numbering marked on specimen, machine should be calibrated 
to be stress less before running the test, after defining the required strain 
level, test can be run and extend specimen till required strain level  and 
stop, extension will be hold for three hour.  Data of time, force and 
extension recorded in relaxation part. 

For each strain level two tests were made in total 6 tests were executed for 
tensile stress relaxation. Results of these 6 tests will display in Test results 
and analysis part. 

 

4.2.2 Compressive 

Dimension of Compressive test specimen is according to standard ASTM 
D695-10 [11], in which specimens are cylinder with 12.7 mm diameter, and 
50.8 mm length.  Due to buckling in few first tests as shown in Figure  4.5 
left picture, length of specimens was shortened therefore dimension of 
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cylinders reformed to the 12.7 mm diameter and 22  0.5 mm length right 
picture in Figure  4.5 .  [11] 

 

                    
Figure  4.5. a) Longer specimen with buckling, and b) shorter test specimen 

without buckling. 

                 

Procedure of normal compressive tests and relaxation test are same as 
tensile just the difference is in compressive instead of pneumatic grips 
compressive plate used. In normal compressive tests specimens compressed 
maximum till 26% strain level, since for compressive it needs much more 
load to reach higher strain level.  

 

4.3 Test results and analysis  

4.3.1 Tensile tests  

Test’s data collect by MTSworks 4 software. Its definable which data is 
needed, three groups of data were selected, Force, extension and time. By 
Matlab and specimen’s dimension, plot of stress and strain is obtain in 
Figure  4.6 

a 
b 
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Figure  4.6. Three normal tensile tests. 

 
Figure  4.7. Yielding point in normal tensile tests. 
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Table  4.2 . Yielding and break point in three normal tensile tests. 

Test 
Yielding 

Strength [Mpa] 
Yielding  

Strain [%] 
Elongation to 

break [%] 

1 7.9 23 710 

2 7.4 23.9 590 

3 9.6 21.2 428 
Mean 8.3 22.7 576 

 

Yielding point is a point which after that material starts to deform 
plastically. Therefore it’s essential to define this point in tests’ result.  

Since in relaxation tests constant strain level should be below yielding point 
in elastic deformation area, therefor 5, 40, and 15 % strain level were 
chosen which they are below yielding strain.  

In Figure  4.8 and Figure  4.9  are tensile relaxation tests, straight horizontal 
lines in these plots are demonstrate 3 hour holding time.  

 
Figure  4.8. Extension vs. Load in tensile stress relaxation tests. 
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Figure  4.9. Stress vs. Strain of tensile stress relaxation tests. 

In Figure  4.10 and Figure  4.11 Young modulus and Stress versus time is 
plotted, as its visible material shows its stress relaxation property during the 
holding time in constant strain level. And behave its visco elasticity 
property.  

 
Figure  4.10. Young modulus vs. time in tensile stress relaxation tests. 
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Figure  4.11. Stress vs. time in tensile stress relaxation tests. 

 

4.3.2 Compressive tests 

Compressive tensile tests results plotted by Matlab, following figures show 
these obtained results.   

 
Figure  4.12. Stress vs. Strain in Normal compressive tests. 
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Figure  4.13. Extension vs. Load in Normal compressive tests. 

 

Compressive stress relaxation tests result can be plotted in following 
figures 

 
Figure  4.14. Stress vs. Strain in compressive stress relaxation tests. 
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Figure  4.15. Displacement vs. Load in tensile stress relaxation tests. 

 
Figure  4.16. Stress vs. time in compressive stress relaxation tests. 
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Figure  4.17 . Young modulus vs. time in compressive stress relaxation tests. 

 

From Figure  4.16 and Figure  4.17  relaxation in compressive tests occur 
same as in tensile relaxation test, material shows time dependent 
deformation in constant strain level.  

In Table  4.3 exhibit range of reduction in calculated young modulus during 
tensile and compressive stress relaxation tests. According Table  4.1 in both 
tensile and compressive in higher strain level there is more reduction in 
young modulus, and also in tensile tests reduction in larger.  
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Table  4.3. Young modulus reduction during stress relaxation test. 

 

4.4 After test  

To define permanent deformation of specimen, specimens dimension 
measured until three hour after relaxation tests. The measurements were 
carried out by using a Vernier caliper. In these times: 1, 5, 10, 15,20,30,45 
minutes, 1, 1:30, 2, 2.30, 3 Hour, and also the day after.  

In tensile tests since gauge length is small and slippage it wasn’t very 
accurate, but in compressive since there is cylinder specimens its 
deformation was accurate and measuring its after test was also accurate, 
therefore here compressive relaxation tests after tests deformation is stated 
in Table  4.4 
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Table  4.4 .Measured dimension after compressive relaxation test.  

 
When cylinder specimen face to compressive force its length will reduce 
and its diameter will expand. Table  4.4 shows for each strain level, 
reduction of length as percentage of initial length and increase of diameter 
as percentage of initial diameter. The results show that the higher the 
applied strain level, the larger is the permanent deformation. 
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5. Analytical model fitting  

As mentioned in theoretical part four visco elastic material models has been 
chosen for this research, in this chapter one of experimental relaxation 
result of Stress vs. time selected, and try to fit those four material models to 
selected experimental result, furthermore observe which model correlate 
better with experimental results and have exact equation of models by curve 
fitting.  

 

5.1 Comparison of Theoretical and Experimental 
Results 

As visco elastic material model, first model is modified two unit Maxwell. 
By using Matlab and changing equation parameters the curve shown in 
Figure  5.1 is the best one that can fit experimental results. It fits well to the 
experimental result, and can be used as an XLPE material model, the 
equation for modified two units Maxwell is displayed as below.  

 

Modified two units Maxwell 

+365  (5.1) 
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Figure  5.1. fitted Modified two units Maxwell model and experimental 

result. 

Also it should be mention that in Figure  5.1two lower curves are first and 
second exponential function which their sum is Modified two units 
Maxwell’s curve.  

 

Standard linear solid model: 

Same method mentioned for modified two unit Maxwell has applied for this 
visco elastic material model in Matlab to fit experimental results as well as 
possible, Figure  5.2 shows that this material model hasn’t fitted well to 
selected experimental result. Therefore it’s not suitable to use standard 
linear solid model as XLPE material model. And equation of best fitted this 
model is display below.  

  (5.2) 
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Figure  5.2. Fitted Standard linear solid model and experimental result. 

 

Matlab has option for curve fitting first base curve were loaded which other 
equation will fit to it; one of relaxation test stress vs. time result selected. 
Then by choosing desired equation which here is visco elastic material 
models equation, Matlab curve fitting option gives best fitted of that 
equation.  
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Figure  5.3. Curve fitted Maxwell, four element model and power low to 
experimental result.  

 

In  

Figure  5.3 dark blue curve is experimental relaxation result, other blue 
linear line is Maxwell, as it mention in above figure Maxwell hasn’t fit the 
result and can’t be good model for XLPE.  

Brown curve demonstrate four element model fitting to experiment result, it 
hasn’t fitted very well but also it’s not very far, four element model can be 
considered as XLPE model.  

There is power law function option in Matlab curve fitting, and by applying 
power law which is red curve in this figure, it provide best fitted result 
since it fits exactly to experimental result. In following there is equation of 
discussed models and power law.  
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Maxwell model equation: 

 (5.3) 

Four element unit model equation: 

 (5.4) 

Power law:  

 (5.5) 

+ 5.874 (5.6) 

 

5.2 Three dimensional curve fitting 

For three dimensional curves fitting of experimental results, three results 
from three different strain levels is selected and Matlab calculated 3D curve 
fitting, and its equation. This curve and its equation can be convenient for 
approximate equation of result on beyond tested strain level, such as at 
13%. In Figure  5.4 X, Y and Z axis is time, stress and strain. 

 
Figure  5.4 . Three dimensional curve fitting of experimental result. X, Y 

and Z axis is time, stress and strain 
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Equation for 3D curve  

f(x,y) = p00 + p10x + p01y + p20x2 + p11xy +  (5.7) 

 p02y2 + p30x3 + p21x2y+ p12xy2 + p40x4 + 

 p31x3y + p22x2y2 + p50x5 + p41x4y + p32x3y2 

 

Where: 

p00 = 0.06977   

p10 = -0.0001318   

p01 = 98.34   

p20 = 7.285e-008   

p11 = -0.006002   

p02 = -218.9   

p30 = -1.652e-011   

p21 = 1.083e-006   

p12 = 0.01721   

p40 = 1.631e-015   

p31 = -9.242e-011   

p22 = -2.241e-006   

p50 = -5.826e-020   

p41 = 2.915e-015   

p32 = 9.977e-011   
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6. Conclusion  

 XLPE as it considered, shows visco elastic behavior and has time 
dependent deformation in room temperature.  

 Higher strain level relaxation tests have larger reduction in stress 
and young modulus during stress relaxation test.  

 Higher strain level relaxation tests cause higher permanent 
deformation on specimen after test.  

 Tensile relaxation tests have larger reduction in young modulus 
comparing to compressive relaxation test result.   

 Modified two unit Maxwell and Four element visco elastic material 
models correlate to XLPE material.  

 Power law can give most accurate equation of material during 
relaxation test.  
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7. Future work  

 

To achieve higher accuracy in experiment results: 

• Using extensometer for tensile conditions, doing test with more 
strain levels and repetitions. 

• Evaluate influence of different room temperature, room humidity, 
applied test speed, holding time. 

Other tests can be applied on XLPE: 

• Creep, creep rupture, fatigue tests, cyclic compressive and tensile 
tests, also combining using tensile and compressive test in same 
cyclic test. Shear tests, Axial / Torsional Testing, Fracture 
Toughness Testing: Planar Biaxial Testing: Flexural Testing in 
three-point or four-point configurations. 

FEM Analyzing: 

• By Using COMSOL or ABAQUS software. 
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9. Appendix A–Experimental Work  

 
Table  9.1 tensile relaxation test 

Tests Initial load (F(0) in N) load at 5400 s (F(5400) 
in N) 

1st    5% Strain Level  0.010 18.068 

2nd   5% Strain Level  0.001 19.101 

1st  10% Strain Level  0.001 30.900 

2nd 10% Strain Level  0.016 33.911 

1st  15% Strain Level  0.002 37.021 

2nd    5% Strain Level  0.001 36.867 

 
Table  9.2 Compressive relaxation test 

Tests Initial load (F(0) in N) load at 5400 s (F(5400) 
in N) 

1st    5% Strain Level  -0.460 -466.280 

2nd   5% Strain Level  -0.423 -482.312 

1st  10% Strain Level  -0.249 -839.276 

2nd 10% Strain Level  -0.373 -849.028 

1st  15% Strain Level  -0.299 -1076.577 

2nd  15% Strain Level  0.945 -1111.415 
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