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ABSTRACT: Several experimental measurements of reinforced concrete slab – subsoil interaction are 
compared with numerical analysis of shallow foundation by means of FEM.  At the Faculty of Civil 
Engineering VSB – Technical University of Ostrava testing device was constructed so that the phenomena of 
soil – foundation interaction could be experimentally investigated and compared with numerical models. The 
experimental model was designed as a cutout of prestressed foundation slab-on-ground and the static load 
test was conceived as a simulation of local loading of a square shape column. During the static load test, 
measurements focused on observation of horizontal deformations, tension inside the slab and on the contact 
surface between foundation structure and subsoil. The described static load test was part of a series of 
experiments realized at the Faculty of Civil Engineering, VSB –Technical university of Ostrava. 
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1. INTRODUCTION 
 

This article presents experimental static load test 
of post-tensioned concrete foundation model. This 
test was part of a series of experiments focused on 
problematic of interaction between concrete 
structures and subsoil and was realized at the 
Faculty of Civil Engineering, VSB – Technical 
university of Ostrava. 

Subsoil-structure interaction problematic is 
international research theme and many research 
teams around the world produce research activity 
on this scope [1]-[6]. Interaction between concrete 
structure and subsoil is one of the main research 
directions at the Faculty of Civil Engineering, 
VSB – Technical university of Ostrava [7]-[12]. 

Actually, research is focused on post-tensioned 
concrete foundation slabs and industrial floors. For 
experimental static load test was concreted model 
of post-tensioned foundation slab and static load 
test was conceived as a simulation of loading by 
square shape column. The experiment served to a 
better understanding and possible improvement of 
these technologies from the perspective of subsoil 
interaction. This problematic is actual for areas 
with earthquake activity, undermining areas and 
areas with difficult foundation behavior [24], [25]. 

 
Fig. 1 The schematic plan of experimental 

model dimensions and prestressing 
threadbars positions 
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2. DESTCRIPTION OF THE PRESTRESSED 
CONCRETE FLOOR MODEL  
 

The experimental model was designed as a 
cutout of prestressed concrete foundation slab. 
Schematic plan of experimental model is displayed 
on Fig. 1. The basic dimensions of experimental 
model were 2000 x 2000 x 150 mm. The concrete 
type C35/45 XF1 was used for concreting. The 
experimental model was post tensioned by six 
fully threaded prestressing threadbars – displayed 
on Fig. 2.   

 

 
Fig. 2 The steel formwork with ducts for 

prestressing bars 
 
The materials of threadbars were from low 

relaxation steel with designation Y 1050 and 
diameters of these threadbars were 18 mm. The 
prestress force for each threadbar was 100 kN.  

The presstresing system with hollow hydraulic 
cylinder is displayed on Fig. 3.  

 

 
Fig. 3 The presstresing system with hollow 

hydraulic cylinder 
 
Thredbars were anchored by domed nuts and 

recessed anchor plates. Positions of threadbars 
were designed and realized as a centric post-
tensioning system. The model was laid on 
homogenous clay subsoil with gravel bed layer. 
The sliding joint was placed between contact 

surface of concrete foundation slab model and 
gravel bed layer. For this experiment was used 
developed sliding joint construction from parallel 
research direction at the Faculty of Civil 
Engineering, VSB – Technical university of 
Ostrava [13],[14]. 

 
3. DESCRIPTION OF TESTING DEVICES 
AND MEASUREMENTS 
 

The outdoor testing device for experimental 
measurements of foundation slabs on the subsoil 
“STAND” consists of two frames. Crossbeams 
enable variability of the press machine location. 
The frames are anchored with screws into the steel 
grate based in the reinforced concrete strip 
foundations. The construction is anchored with 4 
m long micropiles. The highest possible vertical 
load is 1 MN [17]. The experimental static loading 
test on a prestressed concrete foundation slab 
model was the assembly of a set of measurements. 
Measurement gauges completed the experimental 
measurement line [7], [8]. Described experiment 
was short-term static load test without influence of 
concrete and subsoil creep [18], [19]. Measured 
data will serve for comparison with results 
obtained by numerical FEM modeling of soil – 
prestressed foundation slab interaction by [20]-
[23]. The complete assembly for static load test is 
displayed on Fig. 4. 

 
The experimental measurement line: 

 
 3 geotechnical pressure cells for measurement 

of the stress on the interface of the slab and 
subsoil. Displayed on Fig. 5. 

 Built-in pressure sensor for measurement of the 
vertical load. 

 4 strain gauges for measurement on the surface 
of the slab – tension of concrete. 

 4 strain gauges for measurement inside the 
experimental slab – tension of concrete. 
Displayed on Fig. 6. 

 14 potentiometric position sensors for 
measurement of vertical deformations 
(subsidence). Displayed on Fig. 7. 

 8 temperature sensors for measurement of 
temperature inside and on the surface.  

 Recording station for potentiometric sensors 
 Recording station for geotechnical pressure 

cells 
 Leveling device for stiffness control of outdoor 

testing device “STAND”.  
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Fig. 4 The presstresing system with hollow 

hydraulic cylinder 
 

 
Fig. 5 Installation of geotechnical pressure 

cells for measurement of the stress on the interface 
of the slab and subsoil. 

 

 
Fig. 6 Strain measurement gauges inside the 

experimental slab 

 
Fig. 7 Potentiometric position sensors for 

measurement of vertical deformations  
and built-in pressure sensor for 
measurement of the vertical load 

 
4. DESCRIPTION OF EXPERIMENTAL 
MEASUREMENT PROCESS 
 

The vertical load was caused by the high 
tonnage hydraulic cylinder. The loaded equipment 
was placed between the experimental model and 
the steel extension fixed on the testing device for 
experimental measurements of foundation slabs on 
the subsoil “STAND” The hydraulic system was 
equipped with the pressure sensor. Potentiometric 
position sensors were installed on the surface of 
concrete foundation model.  These gauges were 
connected to the same sensor station with 
automatic scanning and recording. Shape and size 
of load area simulated square shape column. 
Dimensions of load area were 200 x 200 mm. 
Fixed interval of loading process - 75kN / 30 min 
was chosen for this experimental testing. After 
each loading process a 30 minutes long relaxation 
step continue. Loading process and relaxation step 
make together one loading step. 
 
5. MEASUREMENT OF VERTICAL 
DEFORMATION – SUBSIDENCE 

 
Vertical deformations were measured by the set 

of 16 potentiometers. Potentiometers were 
connected to the recording sensor station. The 
station was programmed to automatic scanning 
and recording measured values. Time interval for 
record of deformation measurement was 10 
seconds. Schematic plan of sensors is displayed on 
Fig. 8. Subsidence results of potentiometric 
position sensors – deformations at particular points 
are displayed on Fig.13. 
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Measured data were processed to graphs of 
vertical deformation development - subsidence. 
The development of subsidence in the edge area of 
experimental model is represented by cross-
sections A-A´ and C-C´ - displayed on Fig. 9 and 
Fig. 11. From the graphs of edge area are 
noticeable the lifting in corners of the experimental 
model. The development of subsidence in the 
central area of experimental model is represented 
by cross-sections B-B´ and D-D´ - displayed on 
Fig. 10 and Fig. 12. These graphs displayed 
centralized subsidence in the central part of 
experimental model. The creation and progression 
of punching share is also noticeable from graphs of 
lines B-B´ and D-D´. 
 

 
Fig.8  Schematic plan of potentiometric  

position sensors 
 

 
Fig. 9 Subsidence of prestressed concrete 

foundation model- cross-section A-A´ 
  (line A-A´ on Fig.8) 

 

 
Fig. 10 Subsidence of prestressed concrete 
 foundation model- cross-section B-B´ 
  (line B-B´ on Fig.8) 

 

 
Fig. 11 Subsidence of prestressed concrete 

foundation model- cross-section C-C´ 
  (line C-C´ on Fig.8) 

 

 
Fig. 12 Subsidence of prestressed concrete 

foundation model- cross-section D-D´ 
  (line D-D´ on Fig.8) 
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Fig. 13 Results of potentiometric position sensors 

– deformations at particular points 
 
6. CONTROL OF COMPRESSIVE 
STRENGTH CHARACTERISTICS OF 
TESTED CONCRETE 
 

Compressive strength characteristics of the 
tested concrete were verified in according 
European Standard EN 206:2013. Three pieces of 
test cubes were taken during the concreting. These 
cubes, with dimensions 150 x 150 x 150 mm, were 
allowed to the mature for 28 days. Cube samples 
were used for the strength characteristic 
verification in Compressive strength characteristics 
of the tested concrete were verified in according 
CSN EN 12390 - 3. Tested concrete was classified 
as C35/45. Tests of compressive strength 
characteristics were realized in the laboratory of 
Faculty of Civil Engineering in Ostrava. 
 
7. EXPERIMENTAL EVALUATION OF 
THE POST-TENSIONED CONCRETE SLAB 
CONTACT SURFACE 
 

The location of the test pattern inside the testing 
device for experimental device “STAND” and the 
use of available handling techniques enabled to lift 
the test slab.  
 

 
Fig. 14 The course of cracks on the contact 

surface of experimental post-tensioned 
slab 

 

Threadbars were used for anchorage for 
stretching hanging straps. A pair of chain hoists 
was hung on the “STAND” beams. The 
experimental pattern was lifted and allowed the 
course of cracks evaluation right on concrete slab 
surface that was in contact with the subsoil. The 
crack cross is highlighted with red color on Fig.14. 
Punching shear damage are displayed on Fig. 15 
and Fig. 16. Next cracks were localized near 
anchors of middle prestressing threadbars – 
displayed on Fig.17. 
 

 
Fig. 15 Punching shear damage on the upper 

surface of  experimental post-tensioned 
slab 

 

 
Fig. 16 Detail of punching shear damage  
 

 
Fig. 17 Cracks near anchors of middle 

prestressing threadbar 
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8. STAND EXPERIMENTAL DEVICE – 
STIFFNESS CONTROL 
 

During the course of the experiment, it was 
necessary to check the experimental device 
stiffness. 

The test stand was equipped with a leveling 
target and, the leveling device was targeted at this 
mark during the test. Thanks to this measure, the 
beam deflection, to which was connected a 
hydraulic press, could be continuously controlled. 
Position of leveling device is displayed on Fig. 18. 

 

 
Fig. 18 Position of leveling device 
 
9. CREATION OF THREE DIMENSIONAL 
FEM MODEL 

 
The concrete slab was modelled as a two-

dimensional structure using a SHELL 181shell 
element. Uniform thickness was set to 150 mm for 
the shell elements. The subsoil was modelled with 
a SOLID 45 three-dimensional solid element. A 
regular finite element mesh was generated on both 
the plate and the subsoil. The dimensions of 
elements representing the modelled area of subsoil 
were 0.1 x 0.1 x 0.1m. The area of the plate was 
meshed using elements with a size of 0.1 x 0.1m. 

A nonhomogeneous half-space was used for the 
analysis of the interaction between the loaded pre-
stressed slab and the subsoil. The concentration of 
vertical stress in the axis of the foundation differs 
from the homogeneous half-space and the static 
Young’s modulus varies smoothly with depth. This 
material model can describe the deformation 
behavior of heterogeneous substances such as soil 
more accurately.  

The contact area between the concrete slab and 
the subsoil can typically transfer only compressive 
force and the transfer of compressive force 
depends on whether the two surfaces are in contact 
or not. The solution is an iterative process and the 
calculation automatically includes changing-status 
nonlinearity. The contact is realized using the 
contact element pair TARGE170 – CONTA173. 

The friction between the concrete slab and the 
subsoil in the contact area is neglected. The self-
weight of the subsoil and the pre-stressed floor 
slab are also neglected in the calculation. 

Vertical load, which was generated by a 
hydraulic press, was divided into nodes situated in 
the 200 x 200mm loading area. The load in the 
point of failure was approximately 525 kN. 
Loading of 100 kN from pre-stressed bars was 
placed in quarters of all edges of the plate. 

 

 
Fig. 19 Regular finite element mesh generated on 

both the plate and the subsoil 
 

 
Fig. 20 Distribution of normal stress σz, vertical 

section through the subsoil model [Pa] 
 
10. CONCLUSION 
 

Experimental prestressed concrete foundation 
slab model resist the loads exerted after seven load 
cycles and induced maximal load level 525 kN. 
First significant cracks were detected after fourth 
loading step Cracks were located near anchors of 
middle threadbars. After sixth loading step were 
detected first signs of punching shear. Experiment 
was ended in moment, when the model was 
strongly damaged by punching shear. Experiment 
displayed important informations about influence 
of prestressing to punching shear resistance. 
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Measured data will serve for comparison with 
results obtained by numerical FEM modeling of 
soil – prestressed foundation slab interaction. 
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