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Abstract 

Concrete has certain limitations like its low ratio tensile-compressive strength and its low 

fracture energy, behaving as a quasi-brittle material. Hence, in the last decades a significant 

number of researchers have carried out a wide range of campaigns, models as well as 

modifications and combinations with other materials with the only aim of improving concrete 

tensile characteristics.  

Among the various alternatives proposed in literature, the incorporation of randomly 

distributed fibres into the concrete matrix has enabled to reach residual load-bearing 

capacities that can be considered in the structural design. These structural fibres can be 

synthetic or made of steel. The presence of fibres improves the response of concrete under 

tensile and flexural stresses and can replace the use of rebars to reinforce concrete. Fibres 

suppose not only an increase of toughness but also they can control the development and 

propagation of cracks and therefore enhance its durability.  

This study aimed to characterize a high-performance self-compacting concrete reinforced 

with the latest generation steel fibres and the combination of these with polyolefin fibres 

through a series of fracture tests. Three-point bending tests followed EN-14651 and permitted 

assessing the post-cracking behaviour and, thus, the structural contributions of these types of 

fibres. The significance of this research relies in the optimization of several fibre cocktails 

that combined three steel fibres types and polyolefin fibres. The results showed that it is 

possible to achieve a fibre combination that can take advantage of the best performance of 

each fibre type.  
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1 Introduction 

From several variations of the shapes, sizes and materials it is possible to achieve 

enhancements in the behaviour of fibre reinforced concrete and to meet a wide range of 

requirements. In addition, it is possible to find a combination of fibres that can be optimized 

as a function of the requirements and final usage of fibre reinforced concrete. Given the new 

advances in steel and polymer fibres, their possibilities as well as new possible combinations 

were still pending in literature. This is the case of polyolefin fibres or steel fibres with 

improved mechanical properties (OL) or new shapes (5D). In this study, 3D, 5D, OL and 

polyolefin fibres have been used as a reinforcement of a self-compacting concrete matrix. 

Additionally, 5D and OL fibres were combined keeping constant the fibre dosage in 70 kg/m³. 

With the same aim, another mixture combining 5D, OL and polyolefin fibres in the same 

volume proportions was manufactured keeping constant the total volume fraction of fibres. 

The significance of this research relies on the assessment of the fresh and hardened state 

properties of the mixtures with the most advanced steel fibres and the two mixtures reinforced 

with the fibre cocktails. This is of special relevance in what regards to residual tensile 

strengths that are the values used for the structural design of concrete elements in Ultimate 

Limit State (ULS). 

2 Experimental program, results and main conclusion 

In this study, three types of steel fibres and one of polyolefin were used: 5D steel fibres 

(considered latest generation technology because they combine an optimized shape of the 

pins, a great wire ductility and high fibres tensile strength), OL fibres (which are 

characterized by high performance and by their high resistance to cracking that make them 

ideal for optimal ductility) and 3D fibres (the most common fibres mainly because of their 

great performance and the savings in the cost they offer for the most common applications). 

The mix proportioning, shown in Table 1, was carefully studied in order to reach self-

compacting properties even with dosages of fibres of 0.89% in volume or 70 kg/m³ in weight 

of steel fibres.  
Table 1. Mix proportioning 

 

Concrete mixture 

Material 5D OL 5D-OL 3D 5D-OL-POLY 

Water 198.9 kg/m³ 198.9 kg/m³ 198.9 kg/m³ 198.9 kg/m³ 198.9 kg/m³ 

Cement 425 kg/m³ 425 kg/m³ 425 kg/m³ 425 kg/m³ 425 kg/m³ 

Limestone filler 210 kg/m³ 210 kg/m³ 210 kg/m³ 210 kg/m³ 210 kg/m³ 

Sand 947 kg/m³ 947 kg/m³ 947 kg/m³ 947 kg/m³ 947 kg/m³ 

Gravel 291.6 kg/m³ 291.6 kg/m³ 291.6 kg/m³ 291.6 kg/m³ 291.6 kg/m³ 

Finer gravel 194.4 kg/m³ 194.4 kg/m³ 194.4 kg/m³ 194.4 kg/m³ 194.4 kg/m³ 

Superplasticizer  5.91 kg/m³ 5.91 kg/m³ 5.91 kg/m³ 5.91 kg/m³ 5.91 kg/m³ 

5D fibres 
0.890 % - % 0.445 % - % 0.297 % 

70 kg/m³ - kg/m³ 35 kg/m³ - kg/m³ 23,3 kg/m³ 

3D fibres 
- % - % - % 0.890 % - % 

- kg/m³ - kg/m³ - kg/m³ 70 kg/m³ - kg/m³ 

OL fibres 
- % 0.890 % 0.445 % - % 0.297 % 

- kg/m³ 70 kg/m³ 35 kg/m³ - kg/m³ 23,3 kg/m³ 

Polyolefin 

fibres 

- % - % 
 

% - % 0.297 % 

- kg/m³ - kg/m³   kg/m³ - kg/m³ 3,2 kg/m³ 
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The fresh properties and the main mechanical properties -compressive strength, indirect 

tensile strength and elasticity modulus- were assessed with the standard tests. In order to 

assess the flexural tensile strength, fracture tests following EN 14651 were carried out on 

three prismatic specimens of each type of concrete. These tests are the most representative in 

terms of structural contributions of the fibres given that Structural Codes use these results to 

establish the requirements and to find the values for structural design. Figure 1 and Figure 2 

show the curves load vs. crack mouth opening displacement (CMOD) of the two concrete 

mixtures with a combination of fibres.  

                                     

        Figure 1. LOAD-CMOD curves of 5D-OL specimens                  Figure 2.  LOAD-CMOD curves of 5D-OL-POLY specimens            

3 Concluding notes 

 At crack openings of 5 mm, the combination 5D-OL fibres showed the highest 

residual performance. 

 The maximum value of peak load was obtained with the concrete reinforced with 3D 

fibres (around 42 kN) while the concretes reinforced with OL fibres and with the 

combination of 5D-OL-POLY were the ones that reached peak loads around 25 kN. 

 If we compare the use of 5D and OL fibres separately or combined in equal 

proportions, it was observed that together they optimize their behaviour as concrete 

reinforcement.  

 The combination of 5D and OL steel fibres with polyolefin showed an outstanding 

stable residual branch with almost bilinear behaviour. 
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