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ABSTRACT 

Steel fibre inclusion into self-compacting concrete produces important benefits, mainly on the residual load-
bearing capacity. These improvements depend significantly on the dispersion and orientation of the fibres. This 
paper focuses on mechanical performance of flow-induced self-compacting steel fibre-reinforced concrete 
(SCSFRC) used for structure of hydraulic works. Two types of casting manners were used for preparation of 
SCSFRC beams. The first is casting at the middle of the mould and let the mixture to spread to both sides of the 
mould (Type I), and the second is casting from the one side of the mould and let the mixture flowing to the other 
side (Type II). Under four-point bending test, flexural behaviour of SCSFRC beams showed that in terms of first-
cracking strength both of beam types (Type I and Type II) resulted in the similar outcomes. However, the 
maximum strength of SCSFRC obtained from the beam type II was 12.5% higher than that from the beam type I. 
In addition, the Type II also outperformed the Type I in terms of post-cracking flexural behaviour. This fact was 
mainly due to the better fibre alignment in the Type II in comparison with the Type I, resulting better mechanical 
performance.  
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INTRODUCTION  

Self-compacting steel fibre-reinforced concrete (SCSFRC) is a relatively recent composite material that combines 
the benefits of self-compacting concrete (SCC) technology with the advantages of the steel fibre addition to a 
brittle cementitious matrix [1, 2]. It is a ductile material that, in its fresh state, flows into the interior of the 
formwork, filling it in a natural manner, passing through the obstacles, and flowing and consolidating under the 
action of its own weight. SCSFRC can mitigate two opposing weaknesses: poor workability in fibre-reinforced 
concrete and cracking resistance in plain concrete [3, 4]. This advancement allows SCSFRC likely to be 
implemented to structures of hydraulic works [5, 6]. Mechanical properties of SCSFRC are significantly driven 
by the dispersion and orientation of steel fibres, which are affected by a series of factors such as fresh-state 
properties after mixing; casting conditions into the formwork; flowability characteristics; vibration and wall-effect 
introduced by the formwork [7]. Among them, wall-effects introduced by the moulds, and the properties of 
SCSFRC in the fresh state, especially its flowability, are the most important ones [8].  

The steel fibres inclusion enhances the mechanical properties of SCSFRC, but since all fibres cannot be aligned 
in the direction of the applied stress, the effectiveness of the fibres is dependent of the loading conditions, mainly 
on the directions of the principal tensile stresses. In addition, the fibre efficiency depends on the orientation of the 
fibres towards the active crack plane. In SCSFRC, the variability in the post-cracking parameters observed in 
bending tests, and also in uniaxial direct tensile tests, can be justified by the dispersion and alignment of the fibres 
[9]. Therefore, a significant research effort has been done to achieve better mechanical performances for SCSFRC 
by conditioning the distribution and orientation of the fibres [10]. In fact, steel fibre can be used efficiently by 
taking advantages of SCC flowablity [11]. In this paper, the authors intend to examine the flow-induced fibre 
orientation of SCSFRC by observing the flexural performance of SCSFRC beams. These beams are prepared from 
two types of casting manner. The first is casting at the middle of the mould and let the mixture to spread to both 
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sides of the mould. And, the second is casting from the one side of the mould and let the mixture flowing to the 
other side. The SCSFRC beam flexural performance is evaluated by using four-point bending test. 

MATERIALS AND METHOD 

Materials used 

Portland blended cement PCB40 with commercial brand But Son, which is conforming to the European cement 
standard EN 197-1, was used in this study. In addition, silica fume with specific density of 2.2 g/cm3 was used as 
powder content in combination with cement in SCSFRC mix. Natural sand and crushed stone were used as fine 
and coarse aggregates respectively for SCSFRC mix. Yet, steel fibre used in this study is made of high strength 
steel. Also, it is copper-coated to enhance tensile performance. Superplasticizer (SP) used was a high-range water 
reducer admixture, which is a third generation polycarboxylate superplasticizer with a commercial brand VMAT-
PC01. In order to improve segregation resistance and cohesiveness of fresh concrete, viscosity modifying agent 
(VMA) was also involved into the production of SCSFRC mix. Water used was tap water. Details of the material 
used in this study in term of physical and mechanical characteristic of cement and silica fume, sieve analysis and 
characteristic of coarse and fine aggregates, as well as characteristic of steel fibre, superplasticizer, VMA, and 
water can be found in the previous publication [12]. 

Mix proportion, fresh properties and compressive strength of SCSFRC at different ages 

In this study, high strength SCSFRC mix corresponding to strength class of 60MPa at the age of 28 days was 
designed. The “VMA-type SCC” mix design method was considered, apart from the increase of powder content 
and the reduction of coarse aggregate content [14]. Silica fume dosage was 10% of cement content. The water to 
powder ratio was 0.37, besides the coarse to fine aggregate volume ratio was 1.65. Meanwhile, the content of 
fibres was specified as a percentage over the bulk volume of concrete, yet the fibre contribution was included into 
the grading of the solid fraction [13]. Steel fibre content was 50 kg per cubic meter. Some “trial-and-error” were 
involved, the final mix proportion of SCSFRC is provided in Figure 1 below.  

 

Figure 1. Mix proportion of SCSFRC; Units in kg 

After a relevant mixing procedure, SCSFRC was tested at fresh state in order to define slump-flow value and T500. 
Afterward, nine standard cube specimens (150x150x150 mm3) were prepared in order to determine compressive 
strength at different ages such as 3, 7, 28 days. Fresh properties and compressive strength at different ages of 
SCSFRC are provided in Table 1. It can be observed that the slump-flow value and T500 of SCSFRC mix in this 
study are in agreement with the guideline for SCC mix [14]. This implies that SCSFRC mix was properly 
proportioned. Compressive strength evolution of SCSFRC at hardened state coincides with the previous studies 
of the corresponding concrete strength class in the literature [15]. 
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Table 1. Fresh properties and compressive strength of SCSFRC 

Fresh properties Compressive strength, MPa 
Slump value, mm T500, s 3 days 7 days 28 days 

670±20 5 33.5 47.2 66.1 

Specimen preparation 

At the same time when the cube specimens were prepared, the fresh SCSFRC mix was poured into the mould size 
of 100x100x400 mm3 in two manners. The first is casting at the middle of the mould and let the mixture to spread 
to both sides of the mould, as shown in Figure 2 (Type I). The second is casting from the one side of the mould 
and let the mixture flowing to the other side, as it can be observed in Figure 3 (Type II). After casting SCSFRC 
into the moulds, the specimens were kept in the laboratory for 24 hours, then they were removed from the moulds 
and cured under the standard condition (T=20±2oC; W>95%) up to the testing date. At least, three identical 
specimens of each casting manner were produced for the experimental test. 

Experimental test procedure 

At the age of 28 days, apart from compression test on cubic specimens for determination of hardened properties 
of SCSFRC, the beam-typed specimens were subjected to four-point bending test in order to examine the flexural 
behaviour of SCSFRC. This test was carried out be mean of the hydraulic testing machine with the load cell of 
50kN. Moreover, several extensometers were attached onto the beam, as shown in Figure 4, in order to obtain 
deflection of beam during the test. All of the tests were conducted in as-cast direction up to the beam failure. Load 
application step was 1kN, at every step the testing machine was stopped in order to register the data from the 
extensometers. 

 

Figure 2. Casting of SCSFRC mix into the mould – Type I 
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Figure 3. Casting of SCSFRC mix into the mould – Type II 

 

Figure 4. Casting of SCSFRC mix into the large mould 
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RESULTS AND DISCUSSION 

The main results of the four-point bending tests on the beam-typed specimens are included in Table 2. Besides, 
the flexural behaviour of one representative of each type of casting manner is illustrated in Figure 5 for 
comparative study. From the experimental test, it indicates that all of the beams tested failed at the middle third, 
which is quite common for concrete beams under four-point bending test [10, 11]. Regarding first cracking 
strength of SCSFRC, it can be observed evidently that both types of casting manner yield a quite similar result of 
6.8-6.9 MPa. For the first type of casting manner (casting at the middle of the mould and let the mixture to spread 
to both sides of the mould), the maximum strength is 14% higher than first cracking strength. While for the second 
(casting from the one side of the mould and let the mixture flowing to the other side), first cracking strength is 
only about 79% of the maximum strength. Frankly speaking, the maximum strength obtained from the casting 
from one side of the mould and let the mixture flowing to the other side is 12.5% higher than that produced by 
casting at the middle of the mould and let the mixture to spread to both sides of the mould. With respect to flexural 
behaviour of SCSFRC according to two types of casting manner, Figure 5 shows the load versus deflection 
relationship of SCSFRC beams from two types of casting manner.  

It can be seen that after cracking the SCSFRC beam still sustained more load, but the load increase is much less 
than deflection growth. This causes the stiffness of the beam to reduce much more than the previous elastic stage 
or before cracking. This means that after cracking the component that carries the load is steel fibre. It plays an 
important role in bridging the crack that prevent the beam from an abrupt failure, which is an inherent phenomenon 
of high strength concrete [15]. The explanation for the outperformance of beam type II (casting from the one side 
of the mould other side) and let the mixture flowing to the) with beam type I (casting at the middle of the mould 
and let the mixture to spread to both sides of the mould) in terms of the maximum strength (Table 2) and post-
cracking behaviour (Figure 5) is mainly due to the flow-induced fibre orientation in the fresh SCSFRC. The fibre 
in the beam type II flowing from one side to another was aligned by the flowing direction due to the wall-effect 
and the velocity profile [1, 3]. While the fibre alignment may have not occurred in the beam type I, because the 
fresh SCSFRC was placed at the middle and the fibre might be aligned at both ends of the beam rather than at the 
middle third, where the beam receives the maximum bending moment. This points out that with the same amount 
of steel fibres, they were used more efficiently in beam Type II than the Type I. 

Table 2: First cracking and maximum strength of SCSFRC from two types of casting manner 

No 
First cracking strength  
(MPa)  

Maximum strength  
(MPa) 

Failure zone Individual value Mean value Individual value Mean value 
Beam type I 
1 6.85 

6.81 
7.81 

7.78 
Middle third 

2 6.94 7.75 Middle third 
3 6.63 7.79 Middle third 
Beam type II 
1 6.95 

6.91 
8.77 

8.75 
Middle third 

2 6.98 8.91 Middle third 
3 6.79 8.58 Middle third 
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Figure 5. Load versus deflection relationship of SCSFRC from two types of casting manner 

CONCLUSION 

Mechanical performance of flow-induced self-compacting steel fibre-reinforced concrete (SCSFRC) was studied 
in this paper. The SCSFRC beams were prepared from two types of casting manner. The first was casting at the 
middle of the mould and let the mixture to spread to both sides of the mould (Type I), and the second was casting 
from the one side of the mould and let the mixture flowing to the other side (Type II). The beams were subjected 
to four-point bending test. Flexural behaviour of SCSFRC beams showed that in terms of first-cracking strength 
both of beam types (Type I and Type II) yielded the similar results. However, the maximum strength of SCSFRC 
obtained from the beam type II was 12.5% higher than that from the beam type I. In addition, the Type II also 
outperformed the Type I in terms of post-cracking flexural behaviour. This fact was mainly due to the better fibre 
alignment in the Type II in comparison with the Type I, resulting better mechanical performance. This outcome 
should be taken into consideration for the structural design of SCSFRC. This performance of SCSFRC promises 
to be used appropriately for structure of hydraulic works 
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