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Abstract 

Self-compacting fibre reinforced concrete (SCFRC) combines the benefits of SCC in the 

fresh state with an enhanced postcracking performance in the hardened state thanks to the 

fibres. 

The main properties of SCFRC in the fresh state will be affected by the fibres. The 

beneficial effect of the fibres in the hardened state (i.e. postcracking resistance) will, among 

other factors, depend on their orientation in the cracked section. One could suppose that fibres 

orient along the flow due to the effect of the walls and the velocity profile in the concrete 

flow. 

To investigate the influence of hooked-end fibres on the fresh and hardened behaviour of 

SCFRC, a research program is started at the Reyntjens Laboratory, Department of Civil 

Engineering, K.U.Leuven. The following parameters are investigated: length of the fibre, flow 

distance of the concrete and type of concrete (SCFRC and traditionally vibrated fibre 

reinforced concrete (TFRC)). 

Both the fresh properties of SCFRC and the mechanical characteristics in the hardened 

state (bending test according to EN 14651:2005, orientation analysis by X-ray detection and 

fibre counting) are determined. 

1. INTRODUCTION 

The postcracking mechanical behaviour of fibre reinforced concrete is particularly 

influenced by the fibre distribution and the fibre orientation. 

In traditionally vibrated fibre reinforced concrete (TFRC) these characteristics are 

significantly dependent on the compaction procedure of the fresh concrete (vibration needles, 

vibration table, …). With the development of self-compacting concrete (SCC) in the early 

eighties, the use of vibration energy for compaction has become obsolete. However, the main 

properties of SCC in the fresh state, i.e. filling ability, passing ability and segregation 

resistance, will be affected by the presence of the fibres. Dependent on the type and content of 

the fibres and the mix composition of the SCFRC, the following main observations were 

found in literature: the slump flow decreases, the bar spacing necessary to avoid blocking 

increases and segregation of the fibres may occur [1-2]. 
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One could suppose that in self-compacting fibre reinforced concrete (SCFRC) fibres orient 

along the flow due to the wall-effect and the velocity profile in the concrete. If the flow 

direction is parallel to the tensile stresses a better postcracking response with respect to 

traditionally vibrated fibre concrete is expected. 

To investigate the fresh and hardened characteristics (mechanical properties, orientation 

and distribution of fibres) of SCFRC and to relate them to those of traditionally vibrated fibre 

reinforced concrete (TFRC), a research program is set up at the Reyntjens Laboratory, 

Department of Civil Engineering, K.U.Leuven. The following parameters are investigated: 

fibre length, concrete flow distance and concrete type (SCFRC and TFRC). 

2. RESEARCH PROGRAMME 

As mentioned before, the aim of the test program, executed at the Department of Civil 

Engineering of the K.U.Leuven, was to investigate the influence of the flow behaviour of 

SCFRC on its mechanical properties and on the orientation and distribution of the fibres. 

The fresh concrete behaviour was determined by performing the following tests: slump-

flow (spread S, time T50) [3], J-ring (spread SJ, blocking step BJ) [3], sieve stability (sieved 

portion π) [3], fresh concrete density ρ and air content [EN 12350-7:2000]. For the J-ring test, 

the spacing between the rods was set at minimum 1.5 times the fibre length. 

To measure the postcracking tensile strength, 3-point bending tests according to EN 

14651:2005 were executed. The test set-up is shown in Figure 1. 

 

Figure 1: 3-point bending test set-up according to EN 14651:2005 

The test specimen is a beam of 600 mm length and a cross-section with a width and depth 

of 150 mm. The span of the test specimen equals 500 mm. At midspan, the specimen is 

notched. The depth of the notch is 25 mm. 

Since one of the investigated parameters is the flow distance of the concrete, SCFRC test 

specimens were cut out of a mother beam which was cast as shown in Figures 2 to 4. The 

length of the mother beam equals 2050 mm, respectively the width and depth 150 mm. 

The first 250 mm of the mother beam is not used for testing. Due to the change of flow 

direction (vertical → horizontal) at the end of the chute, a turbulent flow is expected there. 

The different specimens along the flow direction are numbered as mentioned in Figure 2. 

For each fibre type 6 mother beams in SCFRC were cast. Besides, also 6 test specimens in 

TFRC were made, along the procedure mentioned in EN 14651:2005. 
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The compressive strength (fcm,cube) is measured on cubes with side = 150 mm. Three types 

of hooked-end steel fibres are applied, as mentioned in Table 1. They all have the same aspect 

ratio. The main difference between them is their length. 

 

Figure 2: Casting set-up of the beam 

 

Figure 3: Mould of the mother beam and chute 

    

Figure 4: Flow of the concrete in the mother beam 
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Table 1: Steel fibre types 

Type 
Form of 

delivery 

Aspect 

ratio 

Length 

(mm) 

Tensile strength 

(MPa) 

RL65/25SN Non-collated 65 25 1700 

RC65/40BN collated 65 40 1050 

RC65/60BN collated 65 60 1000 

The fibre content was kept constant for the different mixes, i.e. 30 kg/m³. The concrete 

compositions of the SCFRC and TFRC mixes are mentioned in Table 2. The mixes of both 

types of concrete are designed so that they have the same compressive strength class. For each 

type of concrete the only variable was the amount of superplasticizer: the longer the fibre, the 

greater the amount of superplasticizer in order to reach the same workability level. After 

casting, the specimens were cured at 20°C and > 95% R.H. for about four weeks. 

Table 2: Concrete composition (kg/m³) 

Composition 
SCFRC SCFRC TFRC TFRC 

F25 F40/F60 F25 F40/F60 

Gravel 4/14 497 497 857 857 

Sand 0/5 1073 1073 923 923 

CEM I 52.5 N 300 300 400 400 

Calcitec 2001 S 300 300 - - 

Water 170 170 170 170 

Superplasticizer “Glenium 51” 6.5 7.0 4.2 5.0 

Fibres 30 30 30 30 

3. TEST RESULTS 

3.1 Fresh concrete properties and compressive strength 

The properties of the fresh SCFRC mixes, evaluated according to [3], are given in Table 3. 

Table 3: Properties of the fresh SCFRC mixes 

Test 
SCFRC SCFRC SCFRC 

F25 F40 F60 

Slump-flow: Spread S (mm) 775 810 775 

 Time T50 (s) 9.4 5.9 7.1 

J-ring: Spacing between rods (mm) 62 62 88 

 Spread SJ (mm) 760 815 760 

 Blocking step BJ (mm) 7 9 6 

Sieve stability: Sieved portion π (%) 8 12 10 

Fresh concrete density ρ (kg/m³) 2353 2340 2323 

Air content (%) 1.6 1.7 1.7 
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3.2 Compressive strength 

The average cube compressive strength of the different series can be found in Table 4. The 

average compressive strength of SCFRC is equal to 58.9 MPa, while the average compressive 

strength of TFRC is somewhat higher, i.e. 64 MPa. However, the difference is rather small. 

Table 4: Concrete compressive strength fcm,cube (MPa) 

Series fcm,cube 

SCFRC F25 (1-3) 61.0 

SCFRC F40 (1-3) 57.3 

SCFRC F60 (1-3) 58.3 

TFRC F25 (1-3) 67.1 

TFRC F40 (1-3) 65.6 

TFRC F60 (1-3) 59.2 

3.3 Postcracking tensile behaviour 

Each fibre concrete series consists of 6 prisms for the bending test. The average value and 

the standard deviation (absolute - relative) of the bending test results of all series are 

mentioned in Table 5. ffct,L is the limit of proportionality while fR,1 and fR,4 are the residual 

strength at CMOD = 0.5 mm and CMOD = 3.5 mm respectively. 

Table 5: Overview of postcracking test results 

Series ffct,L (MPa) fR,1 (MPa) fR,4 (MPa) 

SCFRC F25-1 6.30 (0.34 - 5.43) 
(*)

 7.50 (0.39 - 5.16) 6.08 (0.32 - 5.26) 

SCFRC F25-2 6.20 (0.35 - 5.57) 7.48 (0.65 - 8.73) 6.11 (0.44 - 7.18) 

SCFRC F25-3 5.74 (0.20 - 3.46) 6.83 (0.51 - 7.50) 5.43 (0.40 - 7.37) 

SCFRC F40-1 5.75 (0.36 - 6.29) 7.53 (0.44 - 5.91) 2.59 (0.43 - 16.43) 

SCFRC F40-2 5.68 (0.51 - 9.01) 5.93 (0.44 - 7.45) 2.19 (0.75 - 34.05) 

SCFRC F40-3 5.30 (0.45 - 8.57) 6.76 (0.62 - 9.18) 2.13 (0.11 - 4.96) 

SCFRC F60-1 6.01 (0.35 - 5.75) 5.96 (0.58 - 9.72) 4.89 (0.53 - 10.80) 

SCFRC F60-2 6.08 (0.28 - 4.58) 7.03 (0.63 - 8.92) 6.37 (0.42 - 6.58) 

SCFRC F60-3 5.55 (0.53 - 9.55) 7.59 (0.81 - 10.76) 6.61 (0.40 - 6.09) 

TFRC F25 5.87 (0.28 - 4.80) 4.81 (0.18 - 3.73) 3.86 (0.25 - 6.55) 

TFRC F40 5.48 (0.22 - 4.03) 2.14 (0.23 - 10.92) 1.70 (0.24 - 14.31) 

TFRC F60 6.04 (0.45 - 7.47) 5.31 (0.73 - 13.68) 5.07 (0.88 - 17.29) 
(*)

 value (MPa) (absolute standard deviation (MPa) – relative standard deviation (%)) 

The average load-CMOD curves of the series with steel fibre types RL65/25SN (F25) and 

RC65/60BN (F60) are shown in Figure 5 and Figure 6 respectively. The detailed results of all 

series are given elsewhere [4]. 
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The relative standard deviation of the SCFRC series with short fibres (F25) is slightly 

higher than that of the corresponding traditionally fibre reinforced mix. The opposite has been 

found for the long fibres (F60). 

The postcracking behaviour of the SCFRC mixes is better than of the corresponding TFRC 

mix although the opposite was found for the compressive strength. This is probably due to the 

alignment of the fibres along the flow direction in SCFRC. The postcracking mechanical 

behaviour of the different beams (1 to 3) along the flow is almost the same. One exception is 

SCFRC F60-1: the postcracking strength of this series of beams is lower than that of the 

corresponding series 2 and 3. This will be further discussed in 3.4. 
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Figure 5: Average load-CMOD curves for the different series of SCFRC F25 
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Figure 6: Average load-CMOD curves for the different series of SCFRC F60 
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3.4 Fibre orientation and fibre distribution 

To analyse the fibre distribution and orientation in the interior of the specimen, two 

methods were used: (1) the specimen is cut at the place of the notch and the fibres are counted 

manually (Figure 7) and (2) by means of X-ray detection (Figure 8). The slice, used for the X-

ray detection, was cut at the centre of the specimen (Figure 9). 

    

Figure 7: Counting of the fibres 

    

Figure 8: Set-up of the X-ray 

 

Figure 9: Position of the slice in the test specimen, used for the X-ray 

Figures 10 to 12 show the X-ray images of the slices of specimens SCFRC F60-1 to 

SCFRC F60-3. Already in the left prism (1, see Figure 10) the fibres are well aligned. The 
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same phenomenon has also been found for the other fibre types. This is probably due to the 

fact that the fibres are already aligned due to the flow in the chute. 

Figure 13 shows the X-ray image of the slice of specimen TFRC F60. From this figure, it 

can be seen that the fibres are random distributed and not aligned. 

 

Figure 10: X-ray of SCFRC F60-1 

 

Figure 11: X-ray of SCFRC F60-2 

 

Figure 12: X-ray of SCFRC F60-3 
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Figure 13: X-ray of TFRC F60 

For quantitative assessment of the fibre alignment, the total number of fibres in the cross-

section at the place of the notch was determined. The more fibres that can be counted in a 

cross-section the better fibres are aligned: if the fibres are perpendicular to the cross-section 

more fibres can be counted than if the fibres are parallel to the cross-section. The average 

value of the number of fibres for F25 and F60 are shown in Table 6. 

Table 6: Fibre counting 

Series Number 

SCFRC F25-1 393 

SCFRC F25-2 405 

SCFRC F25-3 386 

SCFRC F60-1 77 

SCFRC F60-2 99 

SCFRC F60-3 99 

TFRC F25 240 

TFRC F60 89 

From Table 6, the same conclusion can be made as from the X-ray detection: (1) the 

alignment of the fibres doesn’t increase with the flow distance, except for SCFRC F60-1, and 

(2) the fibres are more randomly distributed in the TFRC mix, especially for the F25 fibres. 

4. CONCLUSIONS 

From the research program executed at the Department of Civil Engineering of the 

K.U.Leuven the following conclusions can be drawn: 

− in SCFRC, fibres align along the flow of the fresh concrete; 

− better fibre alignment leads to a higher postcracking strength; 

− after a certain flow distance, the fibre alignment doesn’t change anymore; 

− the influence of the fibre length on the fibre alignment is negligible; 

− the postcracking strength of SCFRC is higher than of the corresponding TFRC. 
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