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Abstract: Foundation structures are usually exposed to dominant vertical load. In some cases there is also 
significant value of horizontal deformation load caused by horizontal terrain deformation on areas attached with 
underground mining or by horizontal deformation of foundation structure due to pre-stressing, creep, shrinkage, 
and temperature variation. The idea of sliding joints between subsoil and foundation structure, which eliminates 
the friction in footing bottom, made of asphalt belt has been analyzed at Faculty of Civil Engineering, VSB – 
Technical University of Ostrava in long term. The influence of vertical and horizontal load and the effect of 
temperature in temperature controlled room have been examined. Currently targeted heating of asphalt belt 
used in specimen of sliding joint was tested. In the paper there are test results of shear resistance of currently 
used asphalt belts, also with respect to temperature. Utilization of test results is also mentioned.  
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1 Introduction 
Underground mining always influence also 
landscape on surface.  If there are buildings on the 
surface they are affected with terrain deformation 
which comprises terrain inclination, curvature, shift 
and horizontal deformation. Ostrava – Karvina 
region is specific with underground mining very 
close to densely inhabited area. About 20 years ago 
there were mines even in the city of Ostrava. 
Recommendations and rules for design of building 
structures on areas affected with underground 
mining have been therefore analyzed in long term 
and are reflected also in Czech code [2].  

This paper is focused on deformation action 
caused by terrain horizontal deformation - 
expansion or compression. Through the friction 
between foundation structure and subsoil in footing 
bottom the foundation structure has to resist 
significant normal forces. The idea of sliding joint 
in footing bottom which eliminates the friction 
comes from the eighties of the last century. Bitumen 
asphalt belt was proposed and proven as suitable 
material for sliding joint. First experiments were 
carried out by Balcarek and Bradac [1] in 1980’s. A 
concrete block weighing 2208 kg was placed on the 
asphalt belt on an inclined plane, and the 
displacement was measured for different tilt angles, 
and consequently different shear force T, Fig. 1. On 
the basis of experimental data the shear stress as a 
function of deformation rate was derived, which can 
be listed in still valid Czech code [2].  

 
Fig. 1: Primary testing of sliding joint 

 
 
2 Renewed Testing 
Material characteristic of the bitumen belt has been 
changed significantly since the time of primary 
testing and this fact demanded new experiments. At 
VSB – Technical University of Ostrava unique 
equipment was designed for shear resistance 
measurement, Fig. 2. Renewed experiments for 
different types of bitumen belts started in 2008. 

In between concrete blocks with dimension  
300 x 300 x 100 mm 2 asphalt belt specimens are 
placed, Fig. 3. Specimens are exposed to vertical 
load and after one day delay, a horizontal load is 
also applied. Vertical load responds with load 
expected in footing bottom, horizontal load is 
between 0.5 kN and 2.0 kN so that the expected 
horizontal deformation responds with expected 
deformation load.  
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Displacement u of the middle concrete block is 
measured for 6 days, and sometimes also for more 
days. Within long term testing different types of 
asphalt belt were examined and the influence of 
vertical and horizontal load. Test results of different 
types of asphalt belt were presented in a few papers, 
e.g. [9, 10, 13, 14].   

 

 
Fig. 2: New testing equipment 

 

 
Fig. 3: Scheme of asphalt belt testing  

 
 
2.1 Temperature influence 
One of the important factors which affect the 
rheological shear resistance of slide joint is the 
temperature. For that reason laboratory testing was 
extended and rheological shear characteristics are 
tested by dependence on temperature in a 
temperature controlled room. The temperature limit 
is from -20°C to +40°C. The aim is to determine the 
slide joint shear resistance for temperatures 
expected in a footing bottom [11, 12].  

Important are both the temperature in the first 
days after concreting, and also the long-term 
temperature. The temperature in the first days after 
concreting is influenced not only with environment 
temperature but also with heat of hydration. Sliding 
joint shear resistance in the time after concreting is 
important for elimination of cracks in the footing 
bottom due to shrinkage and possible pre-stressing. 
Long-term temperatures are important for 

calculating the shear resistance of the sliding joint to 
eliminate the long-term horizontal deformation due 
to undermining or creep [6]. 

It was proved that higher temperature leads to 
higher deformation and related lower shear 
resistance, both for the group of oxidized and SBS 
modified asphalt belts [7].  
 
2.2 Target heating 
Favourable asphalt belt shear characteristics at 
higher temperature lead to idea of temporary target 
heating of slide joint, e.g. during the foundation pre-
stressing.  
Asphalt belt sliding joint is part of foundation 
structure and its target heating in time of increasing 
horizontal deformation, (in case of undermining 
after months or years after building commissioning), 
is complex problem. Arrangement of heating device 
has to resist significant vertical and horizontal press 
and also endure action during foundation execution.   

It was decided to examine SBS modified 
specimen with heating provided by power grid with 
electric resistance wire, in between two layers of 
asphalt belt. Safe low electrical voltage was used. 

Specimen arrangement has gone through 
development process. In the beginning the power 
grid was placed between plastic layers and adapted 
power grid was placed between two layers of 
asphalt belt, Fig. 4. Target heating was successful, 
but the implementation in footing bottom is 
complicated and the measurement of deformations 
was affected with plastic layer. 
 

 Fig. 4: Electric resistance wire between plastic 
layers 

 
In the next step electric power grid was 

implemented directly between two layers of asphalt 
belt, Fig. 5. In this paper the test results of target 
heating provided with this type of power grid are 
presented. 

Last step in power grid specimen preparation is 
the power grid prepared on plastic netting, Fig. 6.  
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Fig. 5: Electric resistance wire between two layers 

of asphalt belt 

 
Fig. 6: Electric resistance wire prepared on plastic 

netting 
 
3 Experiment Results 
 
3.1 Temperature influence 
In the Fig. 7 there are measured displacements for 
asphalt belt exposed to vertical load 500 kPa and 
horizontal load 2.0 kN.  

 

 
 

Fig. 7: Measured displacement, influence of 
temperature  

 

2.2 Target heating 
Specimens with power grid were exposed to vertical 
load 500 kPa. After one day delay also horizontal 
load 1.0 kN was applied, which causes the shear 
stress 5.6 kPa. Measuring equipment was placed in 
temperature controlled room with steady constant 
temperature 4°C. Horizontal deformation of middle 
concrete block was measured for over 100 days and 
in this period specimens were heated in four stages 
to the temperature 20°C.  

The deformation rate responded the specimen 
heating and increased as expected. In the Fig. 8 is 
visible increasing of deformation rate in first and 
second heating in time 2 days and 7 days, in the Fig. 
9 third and fourth heating in time 83 days and 
between 94 to 97 days. 

With respect to heating of the specimen there 
was danger of middle block slipping and 
devaluation of specimen and consequently also 
whole testing. To reduce the risk of slipping the test 
was carried out with higher value of vertical load 
and lower value of horizontal load. This fact in 
combination with environment temperature 4 °C 
result in small deformation velocity in the stage 
without heating, e.g. in time 10 to 80 days the 
deformation is nearly zero, Fig. 8, 9.  

 

  
Fig. 8: Measured displacement, first and second 

heating 
 

 
Fig. 9: Measured displacement, third and fourth 

heating 

Mateckova Pavlina, Smirakova Martina
International Journal of Theoretical and Applied Mechanics 

http://www.iaras.org/iaras/journals/ijtam

ISSN: 2367-8992 317 Volume 1, 2016



 

 

The deformation rate increased while the specimens 
were heated, i.e. shear resistance decreased. 
However, with repeated heating the deformation 
rate decreased.  
 
 
4 Sliding Joint Design 
 
4.1 Shear stress without sliding joint 
Horizontal deformation of the subsoil or the 
foundation structure brings forth the shear stress in 
foundation bottom, which causes the normal forces 
in foundation structure. Simple method for 
appointing the shear stress and consequently the 
normal force bring forth CSN 73 00 39 [2], Fig. 10. 
Shear stress is settled as a function of horizontal 
deformation ε, dimensions of the foundation 
structure and oedometric modulus of subsoil.  
 

 
Fig. 10:  Shear stress and normal force caused by 

friction in footing bottom 
 
4.1 Simple sliding joint design 
The shear resistance of bitumen asphalt belt is 
primarily dependent on deformation rate.  

As the measurement of shear resistance for 
particular deformation rate is problematic, it is 
necessary to appoint experimentally the deformation 
rate for different shear stresses.  

Using linear regression it is possible to appoint 
the shear resistance of a slide joint as a function of 
deformation rate, Fig. 11. Result function is 
dependent on type of asphalt belt, level of vertical 
load and expected temperature [4, 5, 15, 16].   

The experience from the experiments shows also 
influence of asphalt belt age at the time of sliding 
joint activation.  
 

 
Fig.11: Shear stress as a function of deformation 

rate 
 
4.2 Design in FEM analysis 
One of the possibilities of modelling the sliding 
joint in FEM analysis is to appoint horizontal soil 
parameter C1x and C1y analogically to vertical 
parameter C1z of one-parametrical model of subsoil, 
Fig. 12. Basic equations are listed (1), (2), more 
detailed description in [3, 7].   

wC zz .1=σ  (1) 
uC xx .1=τ , vC yy .1=τ       (2) 

 
  
 

 
Fig. 12: Vertical and horizontal parameters  

of subsoil 
 
 
4 Conclusion 
In the paper the idea of using the asphalt belt as 
sliding joint for elimination of friction between 
foundation structure and subsoil is introduced. It 
was proved that higher temperature decreases shear 
resistance and this finding lead to idea of temporary 
target heating of slide joint, e.g. during the 
foundation pre-stressing or in time when the subsoil 
deformation due to undermining is expected. 

It was decided to examine SBS modified 
specimen with heating provided by power grid with 
electric resistance wire, in between two layers of 
asphalt belt. Specimens were exposed to vertical 
load and also to shear stress through horizontal load 
for over 100 days and they were heated repeatedly 
in time 2 days, 7days, 83 days and 94 to 97 days. 
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The deformation rate increased while the specimens 
were heated, however, with repeated heating the 
deformation rate decreased.  

In the paper possible utilization of test results is 
mentioned.  

Though the bitumen sliding joint was 
successfully applied at a few buildings [8], sliding 
joints has not been widely used yet. The aim of 
experiments is to contribute to wider utilization of 
bitumen asphalt belt as sliding joints and thus enable 
to design more durable and sustainable building 
structures. 

 
 

Acknowledgement  
The paper has been supported by the project of 
“Conceptual development of science and research 
activities 2016” on the Faculty of Civil Engineering, 
VSB – Technical University of Ostrava 
 
 
References: 
[1] Balcarek, V., Bradac, J., Utilization of bitumen 

insulating stripes as sliding joints for buildings 
on undermined area. Civil Engineering 1982/ 2. 
(In Czech) 

[2] CSN 730039, Design of constructions on the 
mining subsidence areas. Czech code, UNMZ 
Prague. (In Czech) 

[3] Cajka, R., Analytical derivation of friction 
parameters for FEM calculation of the state of 
stress in foundation structures on undermined 
territories. Acta Montanistica Slovaca 18.4: 
254-261. WOS:000343184100006 

[4] Cajka, R. 2014. Numerical solution of 
temperature field for stress analysis of plate 
structures. Applied Mechanics and Materials 
470: 177-187.  DOI:10.4028/ 
www.scientific.net/AMM.470.177 

[5] Cajka, R., Mateckova, P., Janulikova, M.,  
Bitumen sliding joints for friction elimination 
in footing bottom. Applied Mechanics and 
Materials 188: 247-252. DOI: 10.4028/ 
www.scientific.net /AMM.188.247 

[6] Cajka, R., Fojtik, R., Development of 
temperature and stress during foundation slab 
concreting of National Supercomputer Centre 
IT4. Procedia Engineering 65: 230-235.  
DOI: 10.1016/j.proeng.2013.09.035 

[7] Cajka, R., Janulikova, M., Mateckova, P., 
Stara, M., Modelling of foundation structures 
with slide joints of temperature dependent 
characteristics. Proceedings of the Thirteenth 
International Conference on Civil, Structural 

and Environmental Engineering Computing, 
Crete, Greece.  DOI:10.4203/ccp.96.208 

[8] Cajka, R., Labudek, P., Burkovic, K., Cajka, 
M., Construction of a green golf club buildings 
on undermined area. 4th International 
Conference on Green Building, Materials and 
Civil Engineering. 

[9] Cajka, R., Manasek, P, Physical and finite 
element shear load response modelling of 
viscoelasticity materials. Proceedings of the 
Eighth International Conference on 
Computational Structures Technology. Gran 
Canaria, Spain. DOI:10.4203/ccp.83.240 

[10] Cajka, R., Manasek, P., Finite element analysis 
of a structure with a sliding joint affected by 
deformation loading. Proceedings of the 
Eleventh International Conference on Civil, 
Structural and Environmental Engineering 
Computing, St. Julians, Malta. 
DOI:10.4203/ccp.86.18 

[11] Cajka, R., Mateckova, P., Temperature 
distribution of slide joint in reinforced concrete 
foundation structures. 17th International 
Conference on Engineering Mechanics. 
Svratka, Czech Republic. 
 WOS: 000313492700017 

[12] Cajka, R., Mateckova, P., Fojtik R.,  
Calculation of temperature in sliding joint 
designed as a part of foundation structure. 
Transactions of the VSB–Technical University 
of Ostrava, Civil Engineering Series, 14(1): 1-
7. ISSN (Online) 1804-4824, ISSN (Print) 
1213-1962.  DOI: 10.2478/tvsb-2014-0004 

[13] Janulikova, M., Stara, M., Multi-layer 
rheological sliding joint in the foundation 
structures. Transactions of the VSB–Technical 
University of Ostrava, Civil Engineering 
Series, 13(2): 41-46. ISSN (Online) 1804-4824, 
ISSN (Print) 1213-1962, DOI: 10.2478/tvsb-
2013-0008 

[14] Janulikova, M., Comparison of the shear 
resistance in the sliding joint between asphalt 
belts and modern PVC foils. Applied 
Mechanics and Materials 501. 
DOI: 10.4028/www.scientific.net/AMM.501-
504.945 

[15] Janulikova, M., Stara, M., Mynarcik, P.,  
Sliding Joints from Traditional Asphalt 
Belts. Advanced Materials Research 1020. 
DOI: 10.4028/www.scientific.net/AMR.1020.3
35 

[16] Janulikova, M., The New Options to Reduce 
Shear Stress into Foundation 
Structure. Procedia Engineering 114: 514-521. 
DOI: 10.1016/j.proeng.2015.08.100 

Mateckova Pavlina, Smirakova Martina
International Journal of Theoretical and Applied Mechanics 

http://www.iaras.org/iaras/journals/ijtam

ISSN: 2367-8992 319 Volume 1, 2016

http://www.scientific.net/
http://dx.doi.org/10.2478/tvsb-2014-0004
http://dx.doi.org/10.2478/tvsb-2013-0008
http://dx.doi.org/10.2478/tvsb-2013-0008



