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Abstract  
This paper presents methods of identifying the deployment of steel fibers in concrete. The 
paper presents an analysis of cross-sections of beams made of Steel Fiber Reinforced High 
Performance Self-Compacting Concrete (SFRHPSCC). The analysis was performed by two 
methods, using our own computer program (destructive method), and computed 
tomography (non-destructive method). In the research there were used steel fibres KE 
20/1.7 and SW 35/1.0. The studies showed the characteristic dispersion of steel fibres in 
the moulded concrete elements, and the usefulness of the methods for diagnostic research. 
Thanks to these, some essential features of the scattering of fibres in a matrix of concrete 
were confirmed. These proposed research methods enable one to determine partially 
(destructive method) or fully (non-destructive method) the distribution of steel fibres in the 
tested concrete.  There were no formation of fibre clusters in the test content of the steel 
fibers in concrete and there was no ‘wall effect’, following the formation of the model 
elements. The tests confirmed the correct formation of concrete, maintaining the uniformity 
of steel fibre distribution. 

Keywords:  steel fibre; high-performance self-compacting concrete; fibre orientation; 
rheology; workability; Bingham model; X-ray Computed Tomography 
 

1. Introduction 
The effect of steel fibres content on the self-compatibility of concrete mixture as well 
as on the mechanical properties of hardened concrete has already been investigated. 
Previous studies on SFRHPSCC have not provided systematic, validated experimental data 
to enable their design for their assumed mechanical parameters as well as the distribution 
and orientation of the dispersed reinforcement [1,2,3]. This causes the discrepancy between 
the projected and obtained mechanical parameters of the modified concretes [4,5]. It is 
important to determine the degree of variation of the assumed mechanical properties of 
SFRHPSCC due to the location and orientation of the dispersed reinforcement [6,7]. These 
research results should form the basis for development of the design method for 
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SFRHPSCC applied to selected molded components. The presented research is a basis for 
identifying the behavior of fibres with different geometrical parameters in the matrix of 
self-compacting concrete, taking into account the assumed differentiated states of stress.  
In view of the diversity of the currently used steel fibres and high impact the formation 
methods have on the homogeneity of the mixture, forming SFRHPSCC of the assumed 
mechanical properties is difficult, which creates the desire for additional research 
[8,9,14,15,16]. Results of previous studies of self-compacting fiber concrete indicate that 
their self-thickening and physical-mechanical properties are mainly determined by the 
geometric parameters of fibres and their volume ratio in concrete mix. However,  
in previous publications, there has been no assessment of the impact on methods of 
forming SFRHPSCC have on their physical-mechanical properties, which in the case of 
these concretes is a substantial problem. Currently, fibre reinforcement is treated as an 
additive to concrete which improves its properties, but not as structural reinforcement 
(there are already examples of completed construction). In this approach, a uniform 
distribution of reinforcement can be considered safe, but not optimal [10,11,13]. In the 
future we expect development of concrete structures reinforced only by fibres. The 
formation effect on the orientation and uniformity of distribution of fibres must be 
considered in designing of such structures. This study provides the first systematic data 
that can be used for this purpose. 

2. Research significance 
The main aim of this study was to determine the distribution and orientation of 
reinforcement in SFRHPSCC. This will allow the design of concrete structures with 
anticipated deployment of the dispersed reinforcement, specific to the structural elements 
and method of its formation. The core of the problem is to determine how in various 
structures the deployment of the dispersed reinforcement is dependent on the laying of the 
mixture, taking into account its rheological properties, the volume ratio and geometric 
parameters of the steel fibres. The research results can be used to improve the accuracy of 
modeling the mechanical properties of selected elements of structures with dispersed 
reinforcement. This will allow better optimization of the use of fibres in a matrix of 
concrete, which in some cases is a good alternative to traditional reinforcement, identifying 
and reducing the technological limitations. This research project results may be the starting 
point for further, more advanced research, including complex concrete structural elements, 
or leading to proposals for fibre directionality factors to be applied in procedures and 
standards. 

3. Experimental procedure 
3.1. Rheological properties of cement binder’s mixture and their measurement 
Laboratory studies have shown and it has commonly accepted that rheological behavior of 
concrete may be sufficiently described by the Bingham model according to equation: 

               γηττ plo &⋅+=                                           (1) 

where: τ (Pa) is the shear stress at shear rate γ (1/s) and τo (Pa) and ηpl (Pas) are the yield 
stress and plastic viscosity, respectively. Yield stress determines the value of shear stress 



FIBRE CONCRETE 2013  
September 12–13, 2013, Prague, Czech Republic 

_________________________________________________________________________ 

 3 

 

necessary for initiating flow. When the shear stress (τ) surpasses the yield stress, the flow 
of the mixture occurs and the resistance of the flow depends on plastic viscosity; the bigger 
the plastic viscosity of the mixture, the slower it can flow. 

Rheological parameters of fresh concrete, can be measured using Two Point Workability 
Test (TPWT), by applying a given shear rate and measuring the resulting shear stress [12]. 
In the TPWT the rheological parameters of fresh concrete are measured by applying 
a given shear rate and measuring the resulting shear stress (Fig. 1).  

  
Fig. 1: BT-2 concrete rheometer and procedure to determine g and h values 

 

The rheological parameters are determined by regression analysis according to the relation: 

T = g + N h                (2) 

Where: T is the shear resistance of a sample measured at rotation rate N and g (Nmm) and 
h (Nmms) are constants corresponding respectively to yield value τo and plastic viscosity 
ηpl. By suitable calibration of the rheometer, it is possible to express g and h in 
fundamental units. 

3.2. Specimens 

The uniformity of distribution of steel fibers has been studied in SFRHPSCC formed into 
beams with dimensions of 600x150x150 mm (Fig. 2).  

  
Fig. 2: Slump-flow test and forming SFRHPSCC beam C4 600x150x150 mm 
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Tests of concretes were made by digital image analysis (destructive method - Fig. 3) and 
computed tomography (non-destructive method - Fig. 4).  

  

Fig. 3: Phases of micro-section preparation and a specimen prepared for analysis 

 

Fig. 4: The CT scanner applied for this research was equipped with 64 rows of detectors,  
and the thickness of a series of reconstructed native CT scan was 0.625 mm 

In order to smooth the image analysis of concrete with distributed steel fibres, we 
developed a program whose mission is to find the cut fibers and to describe their position 
in the sample. This developed program was used to evaluate the homogeneity of 
distribution of steel fibers in self-thickening concrete. 

The paper also presents the results of the computer tomography. The CT scanner applied 
for this research was equipped with 64 rows of detectors, and the thickness of a series of 
reconstructed native CT scan was 0.625 mm, i.e. the width of a single detector. The 
penetration factor in the study was an X-ray beam. The dimension of the surface of each 
layer of concrete was 150x150 mm. For each beam the result consisted of a native series 
written in DICOM format with at least 950 images, and reconstructed series with at least 
1500 images taking into account the interval in the range 50 ÷ 80% of the thickness of the 
native layer. Parameters of acquisition were not less than: 140kvP lamp voltage, 400 mAs. 
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3.3. Materials 

The composition of the investigated compounds of HPSCC is shown in Table 1.  

Tab. 1: Composition of SFRHPSCC mixture kg/m3 

Component     Symbol Content 

CEM I 42,5 R C 490,0 

Sand 0–2 mm                                               S 756,0 

Basalt 2–8 mm B 944,4 

Silica fume SF 49,0 

Water W 226,4 

Steel fibres – kg/m3 (% by volume) F 100 – 180 (1.25 – 2.25) 

Superplasicizer Glenium ACE 48 (3.5 % m.c.)            SP 17,0 

Stabilizer RheoMatrix (0.4 % m.c.) ST 1,6 

W/(C+SF) - 0,42 

Slump-flow (SF) - SF3 

  
They were considered in the study two types of steel fibres (Table 2) for different volume 
ratios (Table 3).  

 

Tab. 2: Characteristics of steel fibres using in research 

Designations: 1) thickness 0.50±10%; 2) width (mm); 

 

 

 

 

 

 

Name Length 
(mm) 

Diameter 
(mm) Cross-section Shape Tensile strength 

(N/mm2) 

KE 20/1.7 20±10% 1,70±10% rectangular 1)  770±15% 

SW 35/1.0  35±10% 2.30±2.95 2) part of circle   800±15% 
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Tab. 3: The characteristics of steel fibres and their percentage in the mixture 

Mixture 
Content of fibres, % by volume 

KE 20/1,7 SW 35/1.0 

C0 - - 

C1 1.25 - 

C2 2.25 - 

C3 - 1.25 

C4 - 2.25 

 

The self-compacting criterion was met by all tested concretes, according to prepared 
mixing procedure (Fig. 5).  

 
 

S,B C    SF 0.7W+F 0.2W+SP 0.1W+ST 

 

 

 

 

0 1 2 3 4 5 6 7 

Time, min 

Fig.: 5 Mixing procedure for SFRHPSCC 
 

The detailed results are presented for compounds with the fiber content 1.25 and 2.25% (90 
and 180 kg/m3). In Table 4 the results for investigated SFRHPSCC mixtures are presented. 
The ability of self compaction was verified by measurements of time and flow diameter 
using the Abrams cone as well as basing on the values of rheological parameters by 
rheological procedure. The compressive strength was measured after the 28 day storage. 
For effective analysis of scattered fibres reinforced concrete the computer program has 
been used; the accuracy of results depends only upon the resolution of analyzed image. 
The program finds the intersections of fibres on the surface and their orientation. Some 
steps can be distinguished when the program operates. At first, the area of analyzed part of 
the image is delineated. In this stage the virtual table of colors is created in which the 
contents of particular meshes correspond with the colors. 
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Tab.: 4 The properties of fresh and hardened SFRHPSCC mixtures 

Mixture 

Workability 

ƒc,cube 28 [MPa] Slump-flow Rheological parameters 

T500 [s] SF [mm] g [Nmm] h [Nmmmin] 

C0 3 750 88 1 457 90 

C1 4 700 105 3 008 105 

C2 5 650 362 3 146 110 

C3 2 740 160 2 802 95 

C4 3 690 421 1 596 100 

 

The next step of image recognition consists in elimination of those meshes which represent 
the values under the assumed limit. After this operation the table of colors transforms into 
the logic table which contains only the values 0 or 1; it means that in the mesh there is a 
part of analyzed fibers or there is no fibers. Because the transfer from the real color scale to 
the grey color scale leads always to the loss of some information, the next step consists in 
filling and rounding the contours of fibers. The new table, determining the number of 
fibres and some other data is formed. In the next step the program eliminates too small or 
too large areas which could be positively identified as fibre cross sections. Finally the 
results of image analysis are highlighted. The values determining the amount of fibres 
present in every square area are generated. 

4. Experimental results and discussion 
The results, presented below are based on investigation of the whole concrete element  
(Fig. 3), consisting of 9 sections. The full report generated by the computer program is 
very large, so only a local analysis of 1 micro-section is presented here. Fig. 6 shows a 
pictorial presentation of the results of a fibre count in a selected cross-section of concrete 
C2 divided into 16 x 16 squares. On this basis we determine the real distribution of fibres 
per unit of area in the sample cross-section.  
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Mean value: 0.35 
Standard deviation: 0.52 
Number of fibres in a cross-section: 91 
Real size of the mesh field: 0.93 cm 

Minimum Maksimum 

 

Minimal amount of 
fibres: 0 

Maximal amount of 
fibres: 3 

 

Fig. 6: Example of a concrete C2 cross-section for the division 16 x 16 and analysis of the 
number of fibres 

Fig. 7 is a pictorial presentation of the results of the fibre count in a selected cross-section 
of concrete C2 with a division mesh 1 x 16 (rows). On this basis we can determine the 
summary distribution of fibres in horizontal cross-sections of the concrete sample, 
describing their local and global 3-dimensional concentration in a horizontal direction.  

 

Mean value: 5.68 
Standard deviation: 2.80 
Number of fibres in a cross-section: 91  

Real size of the mesh field: 0.93 cm 

Minimum Maksimum 

 

Minimal amount of 
fibres: 1 

Maximal amount of 
fibres: 13 

 

Fig. 7: Example of a concrete C2 cross-section for the division 16 x 16 and analysis of the 
number of fibres, data from the rows 

Fig. 8 is the pictorial presentation of the results of the fibre count in a selected cross-
section of concrete C2 with a division mesh 1 x 16 (columns). On this basis we can 
determine the summary distribution of fibres in vertical cross-sections of the concrete 
sample, describing their local and global 3-dimensional concentration in a vertical 
direction. 



FIBRE CONCRETE 2013  
September 12–13, 2013, Prague, Czech Republic 

_________________________________________________________________________ 

 9 

 

 

Mean value: 5.68 
Standard deviation: 3.64 
Number of fibres in a cross-section: 91  
Real size of the mesh field: 0.93 cm 

Minimum Maksimum 

 

Minimal amount of 
fibres: 1 

Maximal amount of 
fibres: 11 

 

Fig. 8: Example of a concrete C2 cross-section for the division 16 x 16 and analysis of  
the number of fibres, data from the columns 

The application of global scale to a substantial extent decreases the transparency of result 
presentation, because depending on the degree of divisions, the number of fibres in a 
sampled field fluctuated from 0 to 53. The global results are obtained by generating 
diagrams illustrating the number of fibres in cross-sections and in the whole concrete 
structural element. Figures 9-11 show the results for the selected three of nine sections of 
the test element made of C3 fibre concrete, mesh 32 x 32. On the basis of deployment of 
fibres in a sample, one can tell what the general trends of their dispersion are. 

    

Mean value: 0.46 
Standard deviation: 0.47 
Number of fibres in a cross-section: 478  
Real height of the mesh field: 0.46 cm 
Real width of the mesh field: 0.46 cm 
 
Minimum 

 

Maksimum 

 

Minimal amount of 
fibres: 1 

Maximal amount of 
fibres: 4 

 

Fig. 9: Cross-section 200 mm of concrete C3 for the division 32 x 32 and analysis of the 
number of fibres  
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Mean value: 0.33 
Standard deviation: 0.43 
Number of fibres in a cross-section: 338  
Real height of the mesh field: 0.46 cm  
Real width of the mesh field: 0.46 cm 

 

Minimum Maksimum 

 

Minimal amount of 
fibres: 1 

Maximal amount of 
fibres: 3 

 

Fig. 10: Cross-section 400 mm of concrete C3 for the division 32 x 32 and analysis of the 
number of fibres  

 

Mean value: 0.32 
Standard deviation: 0.36 
Number of fibres in a cross-section: 330  
Real height of the mesh field: 0.46 cm  
Real width of the mesh field: 0.46 cm 
 
Minimum Maksimum 

 

Minimal amount of 
fibres: 1 

Maximal amount of 
fibres: 3 

 

Fig. 11: Cross-section 500 mm of concrete C3 for the division 32 x 32 and analysis of the 
number of fibres  

The results of the computer tomography studies are presented in Figures 12 - 15. 2D 
sections of concrete beams for the sections of C4: 100 mm, 200 mm, 400 mm and 550 mm 
from the edge of the concrete are shown in Figures 12. It should be noted that the 
characteristic rounding of edges of individual sections of images result from the scanning 
method, not from the internal structure of the concrete. The selected sections of the 
concrete in question prove generally to have an even distribution of fibres in the volume of 
the test concrete. There are no large clumps of fibres in a matrix of concrete. Visually it 
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could be considered a parallel arrangement of fibers to the direction of flow of the addition 
to the mixture in the process of formation. There are only a few fibres arranged 
perpendicularly to the direction of formation. 

  

Fig. 12: 2D sections of concrete beams for the sections of C4: 100 mm, 200 mm from the 
edge of concrete 

Rheological parameters and X-ray 2D sections of SFRHPSCC beams for different kind of 
fibres and volume are presented in Figures 13. In general, increasing fibre content causes 
linear increase of yield value g of SFRHPSCC. Nature and range of influence of fibres 
content on plastic viscosity h of SFRHPSCC also depends on the matrix properties and on 
the fibre length. A 3D cross-section of the concrete beam section C2 for 400-500 mm from 
the edge of the concrete is shown in Figures 14 and 15. 3D image confirms the trend of the 
directional orientation of fibers in a matrix of concrete. The fibres are generally evenly 
distributed in concrete, with the exception of selected sections of the edge of the 
concrete.On the basis of computed tomography, uneven distribution of steel fibres in 
concrete volume samples was proved. Whereas, no high concentrations of fibres in 
concrete matrix were detected. Also, the parallel distribution of fibres was confirmed, in 
accordance with the direction of movement of the mixture during casting, especially in the 
case of SW35 fibres. Only few fibres were perpendicularly oriented to this direction. The 
radial arrangement of fibres in the vicinity of the corners of bars cross-section is associated 
with the slower movement of the mixture close to the mould walls. This is due to higher 
frictional resistance occurring in those areas. The tests have shown that computed 
tomography gives the possibility of the distribution of steel fibres in the entire volume of 
concrete examination, and also in small, selected areas. Such analysis allows to obtain two-
dimensional (2D) and three dimensional (3D) images of fibres distribution. Obtained 
results may present the basis for the development of designing methods of self-compacting 
fibres reinforced concrete, including the form of structural elements. The key problem is to 
determine changes in distribution of dispersed reinforcement in various structures, 
depending on used technology of mixture casting and its rheological properties, and also 
the volume and geometrical forms of steel fibres. Obtained results may also be used for 
modelling of the properties of selected structural elements. 
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Fig. 13: Rheological parameters and X-ray 2D sections of SFRHPSCC beams for different 

kind of fibres and volume  
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Fig. 14: X-ray 3D sections of concrete beams C2 for the sections of 400 ÷ 500 mm from 
the edge of concrete 

 

Fig. 15: X-ray 3D area sections of concrete beams C2 for the sections of 450 mm from the 
edge of concrete 
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5. Conclusions  
On the basis of our own studies, using our own method and software to analyze the 
distribution of fibres in concrete, as well as the tomography examinations, the results were 
obtained within the selected field of research. 

The developed computer program allows the analysis of the distribution of individual 
fibres in samples, both in the global and local systems. It also allows the identification of 
trends in the distribution of fibres, depending on the direction of concrete mix formation, 
proximity of the walls of molds and up - down orientation of the form. The computed 
tomography shows the inner space of concrete with steel fibers in 2D and 3D formats 
without any limitations. 

Both of the applied methods of identifying the deployment of fibre in the concrete 
SFRHPSCC fibres revealed no tendency for the fibres to stick to the walls of the form, no 
effects of the wall. It has been observed that there were fewer steel fibres in the immediate 
proximity of the form walls. 

The number of fibers positioned in most cases parallel to the longitudinal walls of the form 
leads to the conclusion that such behavior results from the direction of concrete dispersing 
in the form. The presented method and software is the introduction to research on the 
relationship between the distribution of fibers in concrete elements and the strength 
parameters. 

Confirmed was the orientation of fibres consistent with the direction of the formation of a 
mixture SFRHPSCC. Proved as well was the uniform distribution of fibers in the tested 
concrete.  There was no evidence of fibers too closely placed to each other and the 
formation of so-called "hedgehogs". 
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