
Last years the use of steel fibre reinforced concrete (SFRC) 
increased significantly due to the acceptance of the mate-
rial as a structural one in various countries throughout the 
world. In fact, it was an essential step forward, which moti-
vated researchers to investigate possible application of 
SFRC in elements with high structural responsibility, as pile 
supported flat slabs for buildings (PSFSB). The implemen-
tation of this relatively new material for elements has con-
siderable advantages in comparison with traditional solu-
tions (reinforced concrete), such as optimization of re-
sources, reduction of execution time, reduction of environ-
mental impact and other social aspects. However, the use 
of SFRC for structural purposes is limited because there are 
still some aspects related to both service and ultimate limit 
states that are not suitably covered. For this purpose, a full-
scale test on a four-field self-compacting fibre reinforced 
concrete PSFSB (5.00 by 6.00 m spans) has been per-
formed within the context of an industrial-oriented re-
search. The construction system has been analyzed and the 
prototype has been loaded in different stages with perma-
nent and overloads in order to study both cracking and de-
formation responses and, eventually, led to failure. Results 
and outcomes of this industrial-oriented research are  
presented and discussed herein.  

Steel fibre reinforced concrete (SFRC) is among of the most 
essential innovations in the field of concrete technology. The 
composition of SFRC includes steel fibres as an additional 
component in comparison with the conventional concrete. 
However, the presence of this component has a considerable 
influence on concrete properties, such as residual tensile 
strength, durability, crack resistance, thermal characteristics 
and fire resistance.  
 
Until recently, the use of fibres in concrete mixes was oriented 
to non-structural purposes. However, during last decades the 
area of application of SFRC has been changed significantly 
due to publication of relevant design codes and recommen-
dations which approved the above-mentioned material as a 
structural one [1–3]. As a result, elements with high structural 
responsibility have been executed using SFRC and pile sup-
ported flat slabs for buildings are among them [4–6]. Several 
examples of buildings and prototypes where PSFSB have 
been performed are presented in Tab. 1 (Lmax: the maximum 
span, h: depth of the slab; Cf: steel fibre content in kg/m3). 
 
The provided information confirms that the executed SRFC 
slabs have the significant span-depth-ratio with minimal 
amount of traditional reinforcement. However, it is recom-
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Tab. 1: Several examples of buildings and prototypes where PSFSB have been tested

NB:  Yes1 – only presence of anti-progressive collapse bars [7];  
         Yes2 – only presence APC bars + traditional reinforcement in the areas with particularly high stresses

Fibre Type 
Length [mm] 

Diam.  
[mm] 

Cf  
[kg/m3] 

Lmax/h  
[m/m] 

Traditional  
Reinforcement 

Building / 
Prototype 

Country 
 

50 1,3 100 30 Yes1 Prototype Luxembourg 

37 0,5   90 6 Yes1 Prototype Portugal 

50 1,3 100 28 Yes1 Prototype Estonia 

– – 100 24 Yes1 Building Lithuania 

50 1,3 100 27 Yes1 Building Estonia 

50 1,3 100 27 Yes2 Building Spain 
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mended the installation of anti-progressive collapse rein-
forcement in order to guarantee the stability of the total struc-
ture in the case of collapse of one slab field due to overload-
ing or structural failure [8]. The APC bars should be placed in 
the bottom of the slab in alignment with the columns in both 
directions. Also, it should be highlighted that for this type of 
structures the steel fibre reinforced self-compacting concrete 
(SFRSCC) is required. The development of this type of con-
crete is quiet a challenging task due to the high content of 
steel fibres (up to 100 kg/m3) [9]. 
 
In the case of the first Spanish experience with elevated steel 
fibre reinforced self-compacting concrete slabs (ESFRSCCS), 
an economic study was realized in order to justify the possible 
cost savings in execution of the abovementioned structural 
elements in comparison with the performance of the tradi-
tional reinforced concrete slabs [6]. The provided analysis 
demonstrated the financial advantage of new technology: the 
cost savings were around 12 % with APC bars included.  
 
Although the benefits of SFRC application with structural pur-
poses, there are still aspects which require in-depth study. 
Among them, the effect of long-term loads on ESFRSCCS in 
terms of deformations and cracking. On the other hand, the 
design of SFRSCC mixes requires further study with the ob-
jective to enhance the structural performance of the material. 
In order to cover the above described aspects in more detail, 
construction company SACYR and the research group from 
Polytechnic University of Catalonia have been carrying out a 
research project for the past two years aimed at covering 
these aspects 
 

CONCRETE TECHNOLOGY

www.cpi-worldwide.com CPI – Concrete Plant International – 3 | 2019

� Stanislav Aidarov is a PhD candidate at UPC, Barcelona, Spain. 
He received his BS in Civil and Industrial Engineering from 
MSUCE (Moscow, Russia) in 2013 and a MS in Structural and Con-
struction Engineering from UPC in 2017.His main research work 
includes fibre reinforced concrete and analysis of its application 
in self-compacting concrete flat slabs in terms of design process, 
cost study, execution technology and quality control. 

stanislav.aidarov@upc.edu 
 
� Francisco Mena is a Postdoctoral researcher at UPC, Barcelona, 
Spain. He received his BS and PhD in Civil Engineering from UPC 
in 2011 and 2015, respectively. His research interests include 
fibre reinforced concretes, recycled aggregate concretes, sustain-
able construction and material characterization tests.  

francisco.mena@upc.edu 
 
� Albert de la Fuente is an Associate Professor at UPC, Barcelona, 
Spain. He received his BS, MS, and PhD in Civil Engineering from 
UPC in 2006, 2008 and 2011, respectively. His research interests 
include fibre reinforced concretes, non-linear analysis, optimiza-
tion of reinforced and prestressed concrete structures and multi - 
decision criteria methods for civil engineering and sustainability 
assessment. albert.de.la.fuente@upc.edu 

BUCKET CONVEYOR SYSTEMS 
CONCRETE DISTRIBUTION SYSTEMS

Mono rail system rotary bucket Bucket with double flap gate

Two rail system rotary bucket Bucket with double flap gate

Semi portal frame distributor Inclined host

Semi portal distributor Distributor

Phone: +49 (0) 75 84/92 09-0 
Fax: +49 (0) 75 84/92 09-20 
E-Mail: info@kuebat.de 
Internet: www.kuebat.de

KÜBAT 
Förderanlagen GmbH 
Max-Planck-Str. 14 
D-88361 Altshausen, GERMANY

Administration and 
production in Germany

WORLDWIDE 
COMPETENT

03a-Technology_036-049_en.qxp_Layout 1  03.05.19  15:45  Seite 37



The main objective of the presented paper is to describe the 
obtained results, which contains the execution of ESFRSCCS 
and the posterior analysis of the structure under different load 
types.  
 
Real scale prototype of ESFRSCCS 
 
Development of SFRSCC mix 
Extensive study of SFRSCC mixes preceded the execution of 
the real scale prototype of elevated slab. During the afore-
mentioned study, 15 concrete mixes with different fibre types 
were analyzed, varying the fibre content from 60 kg/m3 up to 
120 kg/m3. The obtained residual tensile strengths which cor-
respond to crack mouth open displacement (CMOD) equal 
to 0.5 (fR1) were in the range of 4.0 MPa to 14.0 MPa. The val-
ues of fR3 (CMOD equal to 2.5), were between 4.1 and 14.5 
MPa. It should be noted that the represented values refers to 
the mean ones. 
 
Thereafter, the design of the proposed ESFRSCCS was carried 
out by means of yield line method and non-linear numerical 
analysis. The report provided by ACI [10] was used for the an-
alytical solution, meanwhile the simulations were performed 
by means of the software “ABAQUS” using different constitu-
tive models provided by RILEM [1] and fib Model Code 2010 
[3]. 
 
Taking into account the design output and the results of the 
experimental campaign, it was decided to use 70 kg/m3 of 
steel fibres to the concrete mix for the prototype in question 
which is considerably less in comparison to the previous ex-
periences (Tab. 1) 
 
During the execution of ESFRSCCS, cylindrical, prismatic and 
cubic samples were cast using concrete from each truck 
mixer. Produced samples were transported to the Laboratory 
of Structure Technology Luis Agulló at UPC to be tested. 
 
As there could be some variation in mechanical properties of 
SFRSCC from different concrete mixers, 5 cylindrical Ø 150 x 
300 mm, 4 prismatic 150x150x600 mm and 4 cubic 150 mm 
samples were cast from each of the trucks. The tests proven a 
suitable homogeneity of the material. The mean value of the 

compressive strength at 28 days was equal to 44 MPa, while 
the residual tensile strengths fR1 and fR3 were equal to 7.2 and 
7.7 MPa, respectively. The results provided by three point 
bending test had the coefficient of variation around 20-25 %, 
which is common for this type of test [11,12]. The standard fRi-
CMOD curve for the tested prismatic samples is represented 
in Fig. 2. 
 
Construction of the flat slab and loading procedure 
The construction of the prototype was carried out in the cold-
est period of the year Barcelona. These climatic conditions 
coupled with autogenous shrinkage of concrete led to minor 
cracking at the upper surface of ESFRSCCS. The abovemen-
tioned cracks were controlled by fibres and did not affect on 
the structural capacity of the slab since the width were bellow 
0.1 mm.  
 
Taking into account North American standards [8,10] and pre-
vious experiences (Tab. 1), the APC reinforcement was in-
stalled: 3 Φ12 in the alignment of the columns in both direc-
tions. As could be noted in Figure 3a, there was no traditional 
reinforcement because steel fibres in the concrete mix pro-
vided sufficient flexural and punching shear strength accord-
ing to the analysis. 
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Fig. 1: a) Cast samples b) Laboratory of Structure Technology c) Three point bending test
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Fig. 2: Residual tensile strength – CMOD curve
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A suitable workability was achieved with no “fibre balling” and 
the rheological properties of the material did not differ sig-
nificantly in comparison to those observed in laboratory con-
ditions (Fig. 3b).  
 

After formwork removal, prisms were installed in order to 
monitor the deflections. Once the structure stabilized under 
self-weight, the loading process started. The main objective 
was to evaluate the response of the structure under long-term 
loads of considerable magnitude. For this purpose, the load 
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Fig. 3: a) APC reinforcement b) Pumping of SFRSCC c) Constructed ESFRSCCS
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Fig. 4 a) Loading process b) 2nd phase of loading c) 4th phase of loading

Fig. 5: Spans subjected to a total load of 16 kN/m2

a) b) c)

increment was provided by means of concrete cubes 0.5 x 0.5 
x 0.6 m (≈ 350 kg each one). However, it was decided to load 
the structure gradually, therefore the whole process was di-
vided into four steps. This approach permitted the estimation 
of both instantaneous and long-term deflections for different 
load magnitudes and distributions (Fig. 4). 
 
The time spans between load phases depended on the re-
sponse of the structure, i.e. the next phase could only be 
started when the deflections were stabilized. In addition, the 
crack patterns, which corresponded to certain load step, were 
evaluated. 
 
After the 4th phase, the total load (self-weight included) was 
equal to 9.6 kN/m2. The next step was to assess the mechan-
ical response of the structure when subjected to a factored 
uniformly distributed load (including self-weight, dead loads 
and overloads) of 14 kN/m2 according to the established 

loads and applied load partial safety factors.  For this purpose, 
water tanks were placed onto the slab and filled gradually 
with water. Firstly, two adjacent spans were loaded up reach-
ing the design load (14 kN/m2). However, the ESFRSCCS ex-
hibited still residual capacity to further increase this load. 
Thus, it was decided to entirely fill the installed tanks leading 
to a total load of 16 kN/m2. Even with the increased load, 
there was no loss of structural integrity, therefore, the slab was 
left with this load until the next day. The following morning, 
the increment of long-term deflection was equal to 10 mm, 
this proving both the ductility and load redistribution capac-
ity. 
 
The last load phase consisted in placing the water tanks onto 
the two untested spans and in repeating the test procedure. 
Despite of already having half of the structure damaged,  
the remaining spans also resisted a total load 16 kN/m2.  
The above-described process can be observed in Fig. 6. 

a) b)
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Fig. 6: Evolution of maximum deflection
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Structural response of the prototype: deflections and cracking 
 
The deformations of the structure were monitored by means 
of topography. Deflections were measured before and after 
every load step in order to evaluate the instantaneous defor-
mations. Regarding the long-term deflections, the measure-
ments were carried out three times per week. This procedure 
allowed establishing the load-deflection curve during the en-
tire period of test: 
 
The long-term deformation under 9.6 kN/m2 (Fig. 4c) should 
be highlighted – it compounds ≈ 40 % of the total deforma-
tions. From the 3th loading phase, the cracking pattern of the 

bottom surface was evaluated several times. The results are 
represented in Fig. 7. 
 
For better comprehension, the new cracks of the surface in 
comparison with the previous pattern are highlighted in red. 
The cracking pattern before testing to failure (Fig. 7d), is in 
line with those observed in previous experiences (with similar 
load types and geometric conditions) and corresponds to the 
one predicted by Johansen’s theory [13,14] for the same 
boundary conditions. 
Deflections from 9.6 to 16 kN/m2 load levels were recorded. 
Fig. 8 gathers the registered deflection-load relationships for 
the first half of the slab tested. 

CONCRETE TECHNOLOGY

CPI – Concrete Plant International – 3 | 2019 www.cpi-worldwide.com42

5000 5000

60
00

60
00

A

1 2 3

B

C

5000 5000

60
00

60
00

A

1 2 3

B

C

5000 5000

60
00

60
00

A

1 2 3

B

C

5000 5000

60
00

60
00

A

1 2 3

B

C

Fig. 7: Evolution of cracking pattern
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Fig. 8: Fragment of Time-Deflection and Time-Load Curves
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Once the test was finished, the prototype was unloaded and 
the cracking pattern of the upper surface could be assessed. 
The lower surface was also examined in order to have the final 
version of mentioned pattern (Fig. 9). 
 
Demolition of the slab and posterior analysis 
 
The prototype exhibited noticeable both ductility and struc-
tural capacities. Since there was no sufficient load to lead the 
structure to failure, the prototype was demolished as shown 
in Fig. 10. The next step of the study is to core cylindrical sam-
ples from the slab in order to analyze the distribution of steel 
fibres and to evaluate the fibre content in different zones of 
the element. These results will be of great importance to study 

the influence of fibre distribution on the performance of the 
structure. It is also essential to verify the obtained results with 
the design assumptions made.  
 
Conclusions 
 
Based on the obtained results, it can be stated that: 
• It is possible to achieve the required bending and 

punching capacity in pile supported flat slabs with con-
siderable span-depth-ratio using steel fibre reinforced 
concrete, without additional rebar reinforcement. 

• The tested full-scale prototype has showed high ductility 
and structural capacity even beyond the design loads for 
which it was designed.  
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Fig. 9: Cracking patterns after testing at: a) Upper surface b) Lower surface

Fig. 10: Demolition of the prototype

a) b)

a) b)

03a-Technology_036-049_en.qxp_Layout 1  03.05.19  15:45  Seite 44



Acknowledgments 
 
The authors wish to express their gratitude to the Spanish 
Ministry of Economy and Competitiveness for the financial 
support in the scope of the project eFIB. (RTC-2016-5263-5). 
This project has been carried out in collaboration with SACYR 
Ingeniería e Infraestructuras. � 
 
References 
 
[1] RILEM TC162-TDF, “RILEM TC162-TDF: Test and design methods  

for steel fibre reinforced concrete. Tensión-Deformation design  
method. Final Recomendation,” Materials and Structures, vol. 36,  
no. October. pp. 560–567, 2003. 

[2] Ministerio de Fomento, Instrucción de Hormigón Estructural  
(EHE-08). 2008. 

[3] P. Beverly and W. Convener, fib Model Code for Concrete Structures 
2010 The fib Model Code for Concrete Structures 2010 was pre-
pared by Special Activity Group 5, New Model Code. . 

[4] J. Barros, H. Salehian, M. Pires, and D. Gonçalves, “Design and test-
ing elevated steel fibre reinforced self-compacting concrete slabs,” 
Fibre Reinf. Concr., pp. 1–12, 2012. 

[5] U. Gossla, “Development of SFB Free Suspended Elevated Flat 
Slabs,” no. May, 2005. 

[6] A. Maturana Orellana, “Estudio teórico-experimental de la aplicabili-
dad del hormigón reforzado con fibras de acero a losas de forjado 
multidireccionales,” 2013. 

[7] D. Mitchell and W. D. Cook, “Preventing Progressive Collapse of Slab 
Structures,” J. Struct. Eng., vol. 110, no. 7, pp. 1513–1532, 1984. 

[8] Canadian Standards Association, Design of Concrete Structures 
CSA A23.3-04. 2004. 

[9] S. Grünewald and J. C. Walraven, “Parameter-study on the influence 
of steel fibers and coarse aggregate content on the fresh properties 
of self-compacting concrete,” Cem. Concr. Res., vol. 31, no. 12, pp. 
1793–1798, Dec. 2001. 

[10] ACI Committee 544. and American Concrete Institute., Report on 
the Design and Construction of Steel Fiber-Reinforced Concrete  
Elevated Slabs. American Concrete Institute, 2015. 

[11] C. Molins, A. Aguado, and S. Saludes, “Double punch test to control 
the energy dissipation in tension of FRC (Barcelona test),” Mater. 
Struct. Constr., vol. 42, no. 4, pp. 415–425, 2009. 

[12] D. Dupont and L. Vandewalle, “Comparison between the round 
plate test and the RILEM 3-point bending test,” 6th RILEM Symp. 
fibre-reinforced Concr. - BEFIB 2004, no. September, pp. 101–110, 
2004. 

[13] K. W. Johansen, Yield-line theory. Cement and Concrete Associa-
tion, 1962. 

[14] G. Kennedy and C. H. Goodchild, Practical Yield Line Design: An in-
troduction to the practical use of Yield Line Theory in the design of 
flat slabs, raft foundations and refurbishment. 2004. 

 

CONCRETE TECHNOLOGY

www.cpi-worldwide.com CPI – Concrete Plant International – 3 | 2019

03a-Technology_036-049_en.qxp_Layout 1  03.05.19  15:45  Seite 45


