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ABSTRACT: Adding fibre reinforcement to concrete has a beneficial effect on the structural integrity and durability, enables construction 
cost&time savings. Because of these advantages, fibre reinforced concrete is gaining an increasing interest in development and use both in novel 

structures, as well as for repair, rehabilitation and strengthening of the existing structures. In order to determine the properties of the fibre 
reinforced concrete, that are necessary for design according to current guidelines, standardized tests are performed – most often flexural (or 

bending) test, conducted on the prismatic samples. The paper presents the results and analysis of flexural strength tests of samples made of steel 
fibres reinforced concrete. This concrete has potential for use in elements of the structures which are under tensile stresses in exploitation.  
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1. INTRODUCTION
Plain concrete is known as quasi-brittle material that is strong in 
compression but with low tensile strain and strength capacities. 
Short and discrete fibres that are randomly but uniformly dispersed 
in cementitious matrix overcome this weakness, improve structural 
integrity and durability.
Contemporary fibres for concrete reinforcement are categorized in 
two main groups, natural (of plant or animal origin) and synthetic 
(steel, glass, carbon, polymeric etc) and the selection of the specific 
fibres for the application is governed by the expected effect to be 
obtained in every single case. The use of fibres in concrete structures 
for renewable energy harvesting is common in the cases where such 
concrete has to possess certain physical, mechanical properties, 
resilience and durability.

2. ADVANTAGES OF FIBRE REINFORCED CONCRETE (FRC)
The enhancement of the composite depends on factors such as fibre 
mechanical properties, quantity, shape and length. For the structural 
purposes, steel fibres are the most useful, and can complement the 
conventional reinforcement, but also, in some circumstances, be 
used as a main reinforcement.
The key contribution of fibres is enhanced post-cracking behaviour, 
improved resistance to impact and fatigue and substantial positive 
influence on the durability of concrete.
Fibre reinforcement can be used in the cases where conventional 
reinforcement cannot fit, providing the possibility of thinner and 
more complex concrete elements to be made. Fibres reduce the 
construction time, and labour costs, expanding the concretes’ 
versatility and making the FRC prominent material.

3. POSSIBILITY OF USING FRC IN RENEWABLE ENERGY
STRUCTURES
The addition of fibres can have considerable positive effect on 
concrete used in hydropower structures. Due to the good resistance 
to cavitation, abrasion and impact loads, steel fibre reinforced 
concrete (SFRC) is successfully used in repair of concrete surfaces 
damaged by the waterborne forces.
Development of increasingly larger wind turbines with higher 
capacity demands taller and stronger towers with larger 
foundations, leading to substantial consumption of the reinforced 
concrete, making the supporting structure costs more and more 
significant and considerably increasing the embodied carbon 
footprint. Concrete towers for wind turbines are usually designed as 
vertically prestressed tapering tubes made of prefabricated thin-
walled shell units. In order to reduce weight of tower as well as costs, 
the wall thickness has to be minimized. Rotor operation and waves 
present a significant source of periodic loading on wind turbine 
supporting structures, making them fatigue-prone. The use of steel 
fibres improves mechanical properties, possibly reducing the 
amount of bar reinforcement required, and increasing the fatigue 
resistance, without the need to thicken the section.

4. POST-CRACKING CHARACTERIZATION OF FRC
According to the European Standard EN 14651, design parameters 
are obtained based on three-point-bending test on notched prism. 
Deformation is expressed in terms of mid-span deflection or crack 
mouth opening displacement – CMOD. The tensile behaviour of the 
tested specimen is evaluated, based on the load-deformation curve. 
Design parameters – limit of proportionality (LOP) and residual 
flexural strength values are determined based on load values 
corresponding to the specified values of CMOD or deflection. 
Residual tensile strength values characterize the material behaviour 
at both limit states (ULS, SLS), so the ability to substitute 
conventional reinforcement (partially or completely) by fibres can 
be assessed.

5. CONCLUSIONS
Randomly oriented fibres that are uniformly distributed 
throughout the cementitious matrix that reinforce the concrete 
can, depending on the properties and dosage of fibres, 
overcome the concretes’ quasi-brittle deficiencies. Fibre 
reinforcement has a beneficial effect on the post-cracking 
performance, enhancing the concretes’ tensile behaviour. Usually, 
bending tests mentioned in the paper are conducted in order 
to determine the design parameters.
Harvesting wind and hydropower energy demands structures 
that are resistant to the aggressive and corrosive 
environment, and should withstand specific loads. SFRC has 
proven its resistance to cavitation, abrasion and impact loads, 
making it appropriate solution for the use in hydropower 
structures. Mechanical properties enhancement opens up the 
possibility of obtaining optimized design of fatigue-prone 
structures, reduction of concrete and conventional reinforcement 
consumption, which leads to minimization of embodied 
energy, and carbon footprint of wind turbine supporting 
structures.
The addition of fibre reinforcement to concrete improves 
its structural integrity and durability, while reducing the 
construction time, material and labour costs.

Figure 3 – Example of load-deflection curve obtained in the laboratory 
test according to EN 14651

Figure 1 – Steel fibres in fractured cross-section

Figure 2 – Arrangement of loading of test specimen and according to EN 
14651 and example of corresponding load-deflection curve




