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Abstract. Foam concrete (FC), as a mixture of cement, water, additives and technical foam, is 
well known for more than 30 years. It is building material with good mechanical properties, low 
thermal conductivity, simple and even high technological treatment. Foam concrete contains 
closed void pores, what allows achieving low bulk density and spare of raw materials. Thanks 
to its properties, it is usable as a replacement of conventional subbase layers of the industrial 
floors, the transport areas or as a part of the foundation structures of the buildings. Paper presents 
the preparation of the testing field (physical model) which was created for experimental 
investigation of the foam concrete subbase layer of the industrial floor in a real scale.  

1.  Introduction 
Foam concrete (FC), as a mixture of cement, water, additives and technical foam, is in principle well 
known for more than 30 years. It is building material with good mechanical properties, low thermal 
conductivity, simple and even high technological treatment. Foam concrete contains closed void pores, 
what allows to achieve low bulk density and spare of input materials, [1]. Thanks to its properties, it is 
usable as a replacement of conventional sub-base layers of the industrial floors, the transport areas or as 
a part of the foundation structures of the buildings. Mixture for the foam concrete can be prepared for 
various bulk densities. Today, we deal with bulk densities 300, 400, 500, 600 and 700 kg.m-3, [2-4].  
 

According to the bulk density, the foam concrete is designated FC 300, FC 400, FC 500, FC 600 and 
FC 700. For application in the industrial floors, the foam concrete layer is equipped with non-woven 
separation geotextile at the bottom of the FC layer. 

Physical modelling represents verified and reliable method for observation of behaviour of the 
examined structure. Together with computational simulation, it represents the powerful tool not only for 
the research but also for designing of these structures, [4, 5].  

Series of observations of the real scale physical model in the testing field are proposed to verify the 
functionality of the sub-base layer of the foam concrete in the industrial floor structure. Experiments are 
prepared and realized in cooperation of University of Žilina (UNIZA) and the company iwtech Ltd, [6], 
figure 1. 
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2.  Testing field 
Testing field represents the subbase of real industrial floor structure on the subgrade. Testing field is 
located in outer environment closed to laboratory of faculty of Civil Engineering (Uniza), where other 
special monitoring of structures are provided side-by-side, egg. permanent temperature and moisture 
content monitoring in railway track subbase layers, [7-9]. Observation can be performed at defined 
boundary conditions what allows to obtain relevant outputs. 

 

Figure 1. Testing field – concreting of FC reinforced layer 
 
Configuration of the subsoil and the embankment is showed on figure 2. Subsoil of the testing field 

consists of antropogenous clay of intermediate plasticity and stiff consistency (table 1). Embankment 
was made from compacted fill of different fractions, with the separation and filtration geotextile covered 
on the subsoil. The thickness of floor subbase layers was selected in four variants, in order to have 
different subgrade stiffness under the foam concrete layer (table 2). Sections A. and B. represents the 
subgrade with higher bearing capacity and the sections C. and D. the subgrade with lower bearing 
capacity. This division allows to investigate the response of the foam concrete constructed on the 
subgrade with different stiffness.  

Geotextile Filtek 200 of weight 200 g.m-2 was used as separation and filtration layer on the surface 
of subgrade. Additionally, the basalt reinforcing mesh type ORLITECH MESH [12] with aperture 
dimensions of 100 × 100 mm was placed in the sections B. and C. (figure 2). Foam concrete is then pour 
out on this compound. Testing field then consists of four segments with different stiffness properties 
(A., B., C. and D.). 

 
Table 1. Strain modulus EV2 for the clayey subsoil 

Section 
Average strain modulus  
EV2 [MN.m-2] 

A, B 5 

C, D 5 

 
Table 2. Strain modulus EV2 for the embankment on the subsoil 

Section 
Average strain modulus  
EV2 [MN.m-2] 

A, B 29 

C, D 16 
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Figure 2. Testing field layout for the embankment and the subsoil 
(Dimensions in mm) 

3.  Experimental procedure 
Beside the laboratory tests of mechanical properties of the foam concrete, physical modelling in the test 
field to observe the behaviour of the foam concrete in the floor structure will be a part of the research 
activities. Aim is to verify the outputs of the analytical methods and computer simulations. Collected 
data will serve as a base for understanding the foam concrete layer behaviour in the industrial floor what 
allows to realize effective design of the subbase layers from the foam concrete to achieve the safety and 
the serviceability of created floor using all of the benefits of the foam concrete.  

3.1. Verification of response of the foam concrete subbase layer  
The response is investigated using PLT apparatus. Plate Load Test represents one of the most widely 
used method for sub-base layer quality control of communications, traffic areas or floor structures. 
Surcharge effect on the tested layer is simulated during the test. Several characteristics describing 
deformation properties of the finished sub-base layer, such as modulus of subgrade reaction, modulus 
of elasticity or strain modulus, can be derived from outputs in form of relationship between the load and 
the plate settlement. Plate load tests (PLT), according to the scheme in the figure 3, will be carried out 
on the first layer of the foam concrete FC 500 of thickness of 120 mm after 28 days to determine the 
strain modulus EV2, the reaction modulus k and the modulus of elasticity E.  
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After testing, first layer of the foam concrete will be covered with second layer of thickness of 100 
mm. Plate load tests will be also carried out on this layer after 28 days. After realization of the third 
layer of the thickness of 100 mm, the final thickness of the foam concrete will be 320 mm. Plate load 
tests will be also carried out on this final layer after 28 days. Performed tests will be helpful to understand 
the behaviour of the subbase layer from the foam concrete with different thickness, reinforcement and 
subgrade stiffness. 

 
3.2. Measured quantities  
Experimental measurement on the testing field consist of the plate load tests (PLT) which allow 
obtaining several quantities characterizing the deformation properties of the sub-base of the industrial 
floor. These quantities are used to set the criterions for the safe and economical design of the industrial 
floor. Besides, these criterions are also used for quality assessment during the construction. The 
characteristics of the sub-base layer from the foam concrete FC 500, such as modulus of subgrade 
reaction k, modulus of elasticity E and strain modulus EV2, will be determined. 

 

 

Figure 3. Testing field layout for the measurement, (dimensions in mm) 
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Reaction modulus of the sub-base k is determined according to the following equation using large 
loading plate with diameter of 762 mm in terms of the German standard DIN 18134, [11]:  

s

p
k    (MN.m-3),                                                             (1) 

where:  p       is contact stress under the loading plate (MN.m-2), 
 s loading plate settlement (= 1.25 × 10-3 m). 

Measurements on the testing field was performed by using the plate with the diameter of 300 mm in 
order to reduce the required stress acting on the test framework, so the values of the modulus of subgrade 
reaction should be reduced according to the Stratton theory, using the following equation: 

32
300

762 .

k
k   (MN.m-3),                                                             (2) 

Static modulus of elasticity E is calculated by using the results of the plate load test as:  

     
es

rp
E


 21

2


(MN.m-2),                                              (3) 

 
where  ν       is Poisson's ratio of the tested layer (= 0.2 for the foam concrete FC 500), 

 p contact stress under the loading plate (MN.m-2), 
 r loading plate diameter (m), 
 se average elastic plate settlement (m). 

Static strain modulus Ev is calculated using the output of the plate load test in terms of the German 
standard DIN 18134:  

s

p
r.Ev 


 51   (MN.m-2),                                                     (4) 

where  r        is loading plate diameter (m), 
Δp     stress interval in which the modulus is determined (MN.m-2), 

 Δs average plate settlement for given contact stress interval (m). 

Beside the modulus values, the ratio of the modulus values from both load cycles designated as  is 
important indicator of the quality of the tested layer: 

1

2

v

v

E

E
   (-),                                                                            (5) 

where  EV2    is strain modulus from second load cycle (MN.m-2), 
EV1     strain modulus from first load cycle (MN.m-2). 

The ratio should not exceed the given value defined in dependence on the load of the layer and the 
importance of the structure and usually is selected from interval 2.0 to 2.5. 

4.  Results 
The benefit of the layer of the foam concrete FC 500 is significant at all observed quantities, where 
increase of the values is visible. The layer of the foam concrete FC 500 even with small thickness allows 
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to achieve larger increase of the values of the deformation characteristics in comparison to the 
conventional subbase layers (figure 4 to 6).   

The ratio of the strain modulus  from both load cycles is also important parameter. The value of the 
ratio reached 1.0 to 1.3 what meets the criteria for the sub-base layers of the industrial floors set to 2.0. 

Utilization of the reinforcing mesh ORLITECH MESH [12] not only increases the values of the 
deformation parameters but also improves the homogeneity of the finished layer what was confirmed 
by the smaller dispersion of the measured values of the observed parameters. 

The layer of the foam concrete FC 500 with thickness of 12 cm reinforced with the basalt reinforcing 
mesh ORLITECH MESH realized on the subgrade with the strain modulus  
29 MN.m-2 allows to achieve the final strain modulus EV2 = 80 MN.m-2. The layer of the foam concrete 
FC 500 with thickness of 22 cm reinforced with the basalt reinforcing mesh ORLITECH MESH realized 
on the subgrade with the strain modulus 16 MN.m-2 allows to achieve the final strain modulus EV2 = 102 
MN.m-2. Such a layers can be already used as a final sub-base layer under the floor slab.  

 

 

Figure 4. Measured values of the modulus of subgrade reaction k 

 

Figure 5. Measured values of the modulus of elasticity E 
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Figure 6. Measured values of the strain modulus EV2 

5.  Conclusions 
The current possibilities of foam concrete are not only in its traditional uses in building construction, 
but also in transport constructions and special engineering constructions or geotechnical applications or 
special remediation works. Foam concrete produced by the technology of iwtech Ltd, allows to produce 
variety of bulk density of FC with different strength and thermal parameters, [13, 14]. Similar research 
and testing is being carried out in Poland [4, 5, 15], Switzerland and many other countries. The most 
reliable results can be achieved on physical models or real models of structures, which allow to calibrate 
numerical analyses at design stages, [16-20], 

The presented physical models of subbase structure from FC, realized in the testing field, was used 
for calibration of the numerical and analytical models for design and verification of the industrial floors. 
Same boundary conditions are set for the foam concrete layer, which allows the direct comparison of 
both conventional fill and foam concrete subbase layers. Physical modelling in real scale is suitable to 
obtain relevant outputs, which are necessary to propose appropriate implementation of the foam concrete 
material to the industrial floor structure. 

Combination of the physical modelling and computer simulation allows to create effective tool for 
design of the industrial floors with subbase layer from the foam concrete. The transfer of the knowledge 
to the practical application and the realization of the floor structures with use all of the benefits of the 
foam concrete, which will be next research. The aim is to create safe, economic and effective design of 
the floor structure. 

Acknowledgments 
Authors would like to thanks to colleagues and technical staff for assistance at physical model 
preparation. This work was supported by the Scientific Grant Agency of the Ministry of Education of 
the Slovak Republic, Grant VEGA No. 1/0926/16. 

References 
[1] M. Decký, M. Drusa, K. Zgútová, M. Blaško, M. Hájek, W. Scherfel: Foam concrete as new 

material in road constructions, In: Procedia Engineering. ISSN 1877-7058. Vol. 161 (2016), 
[2] M. Hájek, M. Decký, M. Drusa, L. Orininová: Elasticity modulus and flexural strength assessment 

of foam concrete layer of Poroflow, In: IOP conference series: Earth and environmental 
science, ISSN 1755-1307. - Vol. 44 (2016). 

[3] M. Drusa, L. Fedorowicz, M. Kadela, W. Scherfel: Application of geotechnical models in the 
description of composite foamed concrete used in contact layer with the subsoil. In: 

120 mm

220 mm

0

20

40

60

80

100

120

140

160

29 29 16 16

63

80

56

38

118

141

102

83

T
hi

ck
ne

ss
 o

f t
he

 f
oa

m
co

nc
re

te

St
ra

in
m

od
ul

u
s 

E
V2

on
th

e
fo

am
co

nc
re

te
  (

M
N

.m
-2

)

Strain modulus EV2 on the subgrade (MN.m-2)



8

1234567890

World Multidisciplinary Earth Sciences Symposium (WMESS 2017) IOP Publishing

IOP Conf. Series: Earth and Environmental Science 95 (2017) 022049    doi   :10.1088/1755-1315/95/2/022049

 
 
 
 
 
 

proceedings of 10 Geotechnical conference, “Geotechnical problems of engineering 
constructions”, Bratislava 30-31. May 2011,  ISBN 978-80-227-3504-9.  

[4] M. Kadela, and M. Kozłowski, “Foamed Concrete Layer as Sub-Structure of Industrial Concrete 
Floor”, Procedia Engineering, WMCAUS 2016, vol. 161, pp. 468-476, 2016, ISSN 1877-7058 

[5] M. Kozłowski, M. Kadela and M. Gwóźdź–Lasoń, “Numerical fracture analysis of foamed 
concrete beam using XFEM method,” Applies Mechanics and Materials, Switzerland, Vol. 
837, pp. 183‐186, ISSN: 1662-7482, doi: 10.4028 /www.scientific.net/AMM.837.183/ 2016. 

[6] M. Decký, M. Drusa, W. Scherfel, M. Hájek, M. Blaško, P. Macošínec: „Objektivizácia 
mechanických vlastností penobetónu Poroflow 17-5 vo vzťahu k navrhovaniu vozoviek”, 
Objectivization of the mechanical properties of Poroflow 17-5 in relation to the design of 
roads, in Silniční obzor 77, 7-8/2016, ISSN 0322-7154, in Slovak. 

[7] L. Ižvolt, P. Dobeš, M. Mečár, Calibration of TDR test probes for measuring moisture changes in 
the construction layers of the railway line, Procedia Engineering 161, pp. 1057–1063, 2016. 

[8] Decký, M., Remišová, E., Mečár, M., Bartuška, L.,  Lizbetinc, J., Drevený, I.:  In situ 
Determination of Load Bearing Capacity of Soils on the Airfields. In:  Journal Procedia Earth 
and Planetary Science, p. 11-18, doi:10.1016/j.proeps.2015.08.004, ISSN 1878-5220.  

[9] L. Ižvolt, P. Dobeš, M. Pitoňák, “Some experience and preliminary conclusions from the 
experimental monitoring of the temperature regime of subgrade structure,” Computer in 
railways XIV : railway engineering design and optimization., vol. 135, 2014. 

[10] M. Brodnan, F. Bahleda, P.  Kotes - Analysis of Mechanical Properties of Concrete of Frozen and 
Unfrozen Specimens, XXIII R-S-P Seminar, Theoretical Foundation Of Civil Engineering 
(23RSP) (Tfoce 2014), Procedia Engineering Volume: 91, pp. 435-440, DOI: 
10.1016/j.proeng.2014.12.017.  

[11] DIN 18134:2012-04, Soil – Testing procedures and testing equipment – Plate load test, 2012. 
[12] http://www.orlimex.cz/kompozity/, access: 06/2017 
[13] L. Ižvolt, P. Dobeš, M. Mečár, “Contribution to the methodology of the determination of the 

thermal conductivity coefficients λ of materials applied in the railway subbase structure,” 
Communications: Scientific letters of the University of Žilina., vol. 15, pp. 9–17, 2013 

[14] Decký, M., Drusa, M., Pepucha, Ľ., Zgútová, K.: Earth Structures of Transport Constructions. 
Harlow: Pearson, 2013, p. 180, ISBN 978-1-78399-925-5. 

[15] M. Kadela, “Model of multiple-layer pavement structure-subsoil system”, Bulletin of the Polish 
Academia of Sciences. Technical Sciences, vol. 64 (4), pp. 751-762, 2016. 

[16] W. Brzakala, A. Herbut, J. Rybak, 2014: Recommendations for ground vibrations survey in 
course of geotechnical works. In: 14th International Multidisciplinary Scientific 
GeoConference SGEM 2014, Albena, Bulgaria, 17-26 June, 2014. Vol. 2, Hydrogeology, 
engineering geology and geotechnics. Sofia : STEF92 Technology, 2014. pp. 747-754, 
http://dx.doi.org/10.5593/sgem2014B12 

[17] J. Rybak, A.G. Tamrazyan, “Calibration of rapid impulse compaction on the basis of vibration 
velocity control”, 16th Int. Multidisciplinary Scientific GeoConference SGEM 2016, Albena, 
Book 1, Vol. 2. Hydrogeology, Engineering Geology and Geotechnics, pp. 715-722, 2016 

[18] M. Hájek, M. Decký, W. Scherfel.: Objectification of Modulus Elasticity of Foam Concrete 
Poroflow 17-5 on The Sub-Base Layer, Journal CEE Vol. 12, Issue 1/2016, 55-62 DOI: 
10.1515/cee-2016-0008 De Gruyter open 

[19]  Zgútová, K., Decký, M., Šrámek, J., Drevený, I.:  Using of Alternative Methods at Earthworks 
Quality Control. Original Research Article. In:  Journal Procedia Earth and Planetary Science, 
p. 263-270,  doi:10.1016/j.proeps.2015.08.064 

[20] M. Kozłowski, M. Kadela, and A. Kukiełka, “Fracture Energy of Foamed Concrete Based on 
Three-Point Bending Test on Notched Beams”, Procedia Engineering, Proc. 7th Scientific-
Technical Conference on Material Problems in Civil Engineering MATBUD'2015, vol. 108, 
pp. 349-354, 2015, ISSN 1877-7058. 

 


