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ABSTRACT 

The soil-structure interaction is the crucial part of the stability of all buildings. Understanding this problematic has 

a huge impact on a structure design. An experimental testing is an opportunity for better understanding of the soil- 

foundation behaviour. Faculty of Civil Engineering of Ostrava in the Czech Republic made series of test of flat slabs for 

this purpose. This article focuses on two fibre-reinforced slabs C25/30 with dimension 2000 x 2000 x 150 mm with the 

fibre content of 25kg/m
3
. Both slabs were located on the same subsoil and loaded by the force load in the steps until the 

maximum bearing capacity reached. First slab was loaded by the centric force but the second one was loaded with a 

400 mm eccentricity. Deformation of the top surface of the slab were measured in several points during the test. 

Deformation of both slabs were compared in the middle cross-section. 
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INTRODUCTION 
Properly made foundation with respect to the 

underlying subsoil has an important role to the overall 

stability of the building. Therefore, interaction between the 

soil and the structure is an important issue, which many 

scientists around the world focuses the attention on. 

Examining this problem leads to a deeper understanding of 

the behaviour of the subsoil in the contact with the 

foundation and facilitates the design of the foundation 

structures.  

There are many approaches since it is very 

complex phenomenon. First approach is experimental 

testing which is also topic of this paper. Scientists all over 

the wold create special testing devices to test the concrete 

with the soil interaction. Small size tests can be performed 

in the laboratory under optimal conditions. However, this 

task is difficult to perform in the laboratory due to its size. 

For this reason it could be performed as in-situ test with 

additional laboratory tests. Disadvantages of such tests are 

variable conditions such as temperature or humidity, 

which can significantly affect test results. Experiment 

testing is most often used to investigate the stresses in the 

contact between the soil and the foundation, the bearing 

capacity of the slab, slab punching behaviour and the 

stresses in the soil tests (Hrubesova et al. 2018), (Ricker & 

Siburg 2016), (Siburg & Hegger 2014), (Halvonik, & Fillo 

2013), (Halvonik, Hanzel & Majtanova 2017), (Halvonik 

& Majtanova 2018), (Hegger et al. 2007), (Hegger, Sherif 

& Ricker 2014), (Kotsovou, Kotsovos & Vougioukas 

2016), (Sucharda et al.  2018). 

With the expansion of computer technologies 

large amount of numerical modelling approaches are being 

developed. Numerical models become more complex and 

sophisticated and their development and improvement 

continues to these days (Cajka & Labudkova 2014), 

Ganasan, Lim & Wijeyesekera 2016), (Ibrahim 

&Metwally 2014), (Hrubesova et al. 2015), (Labudkova & 

Cajka 2016), (Musmar, Shatnawi, & Shatarat 2017).  

For the most accurate results combination of the both 

mentioned approaches are appropriate (Aboutalebi et al. 

2014), (Cajka 2014), (Cajka, Labudkova & Mynarcik 

2016). In the both cases, it is important to perform these 

procedures on small scale tests while keeping the most 

similar conditions with one variable to eliminate a large 

number of unknowns in order to be able detect the effect 

of this variable on overall deformations and stresses and 

apply them to large scale problems in the future. 

Faculty of Civil Engineering in Ostrava focuses 

on this problematic for many years now.  Different types 

of flat slabs made of concrete, reinforced concrete, pre-

stressed reinforced concrete and fibre-concrete has been 

testing during the last years (Cajka 2014), (Cajka, 

Labudkova & Mynarcik 2016), (Cajka & Labudkova 

2014), (Sucharda et al. 2017). Tests of fibre-concrete with 

different amount of fibres has been performed in these 

days. Comparison of centric and eccentric fibre-reinforce 

concrete slab is the scope of this paper.  

 

EXPERIMENTAL TESTING 

 

Testing device 

Whereas the problematic of interaction between 

the soil and the structure has been examined in the Faculty 

of Civil Engineering of Ostrava for a longer period of 

time, the special testing equipment named Stand was 

constructed outside the premises of faculty.  

Testing equipment consists of massive steel 

frame anchored by micropiles to the underground. Steel 

frame serves as support for hydraulic press which allows 

loading of the slab. The basic principle is clear from the 

Figure-1, detail see (Cajka, Krivy &Sekanina 2011). 
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Figure-1. Scheme of testing device. 

 

 
 

Figure-2. Testing of centric slab. 

 

 
 

Figure-3. Testing of eccentric slab. 

 

 

 

Course of the test 
Concrete slab is concreted in the middle of the 

testing area with dimensions of 2000 x 2000 x 150 mm. 

The test itself is performed after 28 days during one day 

period. Using a hydraulic press anchored by system of 

steel attachment to the steel frame the loading force is 

transmitted to the tested slab trough the transmitting area 

of 400 x 400 mm. Deformations are measured on the top 

surface of the slab with potentiometers distributed as 

shown in the Figure-4 for centric loaded slab (Figure-2). 

Distribution of sensors on eccentric loaded slab (Figure-3) 

is shown in Figure-5. The load force is introduced by 

75 kN until the maximum bearing capacity is reached or to 

maximum of 1000 kN which is maximum force the Stand 

can develop (Figure-8, Figure-11). Time between the 

individual steps is set to 30 minutes. With this set up, the 

soil has some opportunity to creep. Creep is very 

important process under the real foundation. The longer 

time would be more accurate but this time was selected 

with regard to feasibility of the test in one day and that the 

creep of the gravel subsoil is more significant in the at the 

beginning and with time this phenomenon is less 

significant. 

 

 
 

Figure-4. Distribution of sensors on centric loaded slab. 
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Figure-5. Distribution of sensors on eccentric loaded slab. 

 

Subsoil of the testing area 

The slab was located in the middle of the tested 

area to prevents affecting the results by the foundations 

strips. The subsoil is classified as sandy clay loam - F4. 

The static load test was performed before the slab testing. 

This in-situ test determines the bearing capacity of the soil 

and describes how the soil reacts to the repeatable loading 

and unloading. Two cycles of the test were performed and 

the values of deformation modules were computed 

(Edef1 = 16.6 MPa; Edef2 = 32.6 MPa).  

 

Centric vs. eccentric slab theory 

We differentiate between three types of concrete 

foundations by the load placement - centric loaded, 

eccentric loaded with small eccentricity and eccentric 

loaded with large eccentricity. Boundary between the 

small and large eccentricity is defined by the core section 

(the kern) (Figure-6). If the force location is placed in this 

area that means that it is case of small eccentricity. If the 

load location is outside of this area than it is large 

eccentricity. Our location of the load is 400 x 400 mm 

large and it lays directly on the core section.  

Main difference between these variants are in the 

distribution of stress under foundation (Figure-7). In case 

of centric force, we are simply considering uniform 

distribution under the rigid foundation. In case of small 

eccentricity, the whole area in exposed to pressure and the 

stress distribution has shape of trapezoid. In the large 

eccentricity there is tensile stress that cannot be transferred 

by the soil. The only part of the area exposed to the 

pressure is called effective area. The triangular stress 

distribution is simplified as rectangular too.  

 

 
 

Figure-6. The core section (the kern) on the slab. 

 

 
 

Figure-7. Distribution of stress under the rigid foundation: 

centric (left); small eccentricity (middle); large 

eccentricity (right). 

 

RESULTS 

Two fibre-reinforced slabs with 25kg/m
3
 amount 

of fibres are observed in this paper. First slab is centric 

loaded fibre reinforced slab marked as D19_G10. Second 

one is marked as D20_G11 and this slab is loaded 

eccentrically with 400 mm eccentricity in one direction. In 

addition to the eccentric location of the loading area, other 

inputs were left as similar as possible. 

Deformation of top surface of both slabs has been 

monitored by 24 sensors as described before. The result is 

deformation of the individual sensors over time as we can 

see in the Figure-9 for the centric slab and in the Figure-12 

for eccentric slab. Distribution of sensors has been 

mentioned before (Figure-4, Figure-5). 

From the measured data, following tables has 

been plotted trough the centre cross-section of the slab 

(Table-1, Table-2) since the greatest deformation of the 

slab is located here. It means section 3-9-26-42 from the 

Figures 4 and 5. Results from this table has been plotted 

into graphs (Figure-10, Figure-13). Deformation curve of 

the beam on the elastic subsoil is described by 4
th

 order 

differential equation. Deflection curve should be 

interpolated by the polynomial curve of 4
th

 degree. But 

since we have only 4 values in this cross section usage of 

this equation is not possible. Therefore 3
rd

 order 

polynomial curve has been used to interpolate values and 

plot graphs.  
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Table-1. Deformation of D19_G10 centric slab. 
 

Applied 

force [kN] 

Deformation [mm] 

sensor 03 sensor 09 sensor 26 sensor 42 

77.4 0.41 0.63 0.66 0.48 

157.2 0.85 1.5 1.54 0.93 

227.6 1.6 3.85 3.79 1.01 

299.2 1.48 6.32 6.3 0.82 

377.2 0.72 10.48 11.27 -1.37 

445.8 -0.6 15.13 16.13 -3.84 

499.2 -10.4 26.72 24.36 -13.06 

 

Table-2. Deformation of D20_G11 eccentric slab. 
 

Applied 

force [kN] 

Deformation [mm] 

sensor 03 sensor 09 sensor 26 sensor 42 

71.4 0.11 0.61 0.96 1.43 

148 0.27 1.69 2.66 3.58 

225.8 -0.57 3.07 5.25 6.6 

308 -1.86 4.38 8.02 8.93 

373.8 -5.19 5.08 10.83 10.86 

451.6 -12.16 6.59 17.06 13.6 

477.6 -20.37 6.23 21.84 12.71 

 

 
 

        Figure-8. Exerted force in time D19_G10 centric slab. 
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 Figure-9. Exerted deformation in time D19_G10 centric slab. 

 

 
 

                          Figure-10. Deformation trough centre cross-section D19_G10 centric slab. 

 

 
 

Figure-11. Exerted force in time D20_G11 eccentric slab. 
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Figure-12. Exerted deformation in time D20_G11 eccentric slab. 

 

 
 

                     Figure-13. Deformation trough centre cross-sectionD20_G11 eccentric slab. 

 

DISCUSSIONS 

Based on the mentioned centric and eccentric 

theory (Figure-6, Figure-7) the centric slab should not be 

lifted at all and should be pressed in over the entire 

surface. Also the lifting of the eccentric slab should be 

minimal since the loads distribution area lies on the core 

section of the slab.  

It should be noted that assumption of this theory 

counts with perfectly rigid slab which presumes with total 

rotation but not deformation. The stress distribution under 

the foundation is linear based on Euler-Bernoulli-Navier 

theorem which says that under loading the cross-section of 

the beam remains straight before and after loading. In 

general, the deformation of the slab is mathematically 

described by the Kirchhoff or Mindlin theorem. From the 

results it obvious that the centre line of the tested slabs 

were deformed so the assumption of the rigid foundation is 

not met and the behaviour of the slabs can be described as 

flexible (Figure-14), (Figure-15). The stress distribution 

under the flexible foundation is non-linear. On the flexible 

slab smaller eccentricity is required to generate tensile 

stresses in the slab. The edges of the slab lifted because 

the subsoil can only compress but not elongate. For this 

reason, simplifying assumptions cannot be used and it is 

eligible to solve this problem as a contact task. 

The maximum measured deformation of the 

centric slab is 26.72 mm and for eccentric slab it is 

21.84 mm. The maximum bearing capacity of the centric 

slab is 499.2 kN and of the eccentric slab it is 477.6 kN. 

As we can see from the results, the force at which the 

failure occurs is larger for the centric loaded slab. That 

corresponds to the eccentric slab theory. As we mentioned 

before generation of tensile stresses in the soil occurs on a 

smaller eccentricity in this case. We can compute the 

effective area of the slab by using the equation (1). That 

means that the effective area of the eccentric loaded slab is 

smaller than on the centric loaded slab. And since the 

effective area of the slab is smaller the transferred load 

must be also smaller.  
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𝐴𝑒𝑓𝑓 = 𝐴 − 2 ⋅ 𝑒                                                              (1) 

 

A = Foundation area 

Aeff = Effective area of foundation 𝑒 = Eccentricity 

 

 
 

Figure-14. Lifted edge on D20_G11 eccentric slab. 

 

 
 

Figure-15. Lifted corners on D19_G10 centric slab. 

 

CONCLUSIONS 

The special testing equipment named Stand 

(Cajka, Krivy & Sekanina 2011) was used to make loading 

test of two fibre-reinforced slabs with the amount of steel 

fibres of 25kg/m
3
. One slab was centric loaded other 

eccentric with maximal eccentricity which falls into the 

kern.  

The assumption of the core section placement 

applies only on the rigid concrete foundation which not 

corresponds with the tested slab since it exhibits flexible 

behaviour. In this case, the magnitude of the eccentricity 

required to form the tensile stresses is much lower than in 

the case of a rigid base. The subsoil is not able to transfer 

this tensile stress. For this reason the load on the eccentric 

slab is distributed by smaller effective area than on the 

centric slab. Therefore, the eccentrically loaded slab 

transfers less load.  

On the centric slab the load is transmitted in the 

form of a compressive stress trough the slab but on the 

edges the tensile stress has occurred. Since the soil cannot 

transfer tensile stress the edges of the slab lifted. In case of 

eccentric slab it occurred as the lifting of the unloaded 

edge.  
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