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Abstract 
 

This paper present the results of an experimental study concerning the rheological 

effect, and hence the flowability, of the concrete on the orientation of steel fibers. The 

impact on the mechanical properties of a very fluid ordinary concrete (low yield stress) 

and a plastic high-performance concrete (high yield stress) is then analysed. 

The results show that the workability of concrete and hence its flowability has an 

important influence on the orientation of the fibers. The flexural strength of an ordinary 

concrete is significantly improved when the fibers are oriented in the direction of the 

tensile stresses. On the contrary, for high performance concrete, an inadequate 

orientation of fibers occurred, leading to a poor contribution of the fibers to the flexural 

behaviour of the tested specimens despite the relatively higher compression strength of 

this concrete material. 

 

 

1. INTRODUCTION 
 

Fiber concrete is a material which has known many developments and numerous studies 

have been carried out on this material during the last three decades in order to overcome 

the tension weakness of the concrete material in general. The tendency of this tension 

weakness by comparison to the compression strength is maintained in high performance 

concrete. In effect, the weakness in tension is even accentuated in this relatively new 

concrete material since with a four times increase in the compression strength, going 

from 20 MPa to 80 MPa, the tensile strength improves by less than twice, going from 

3MPa to 5 MPa only. Furthermore, with the increase in the compression strength, the 
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concrete material becomes brittle and relatively less ductile. The brittle behaviour of 

high performance concrete can be overcome by the addition of steel fibers at the 

concrete mix. The fibers play the role of reinforcement which compensate for the 

brittleness of concrete by stitching the micro-cracks and the macro-cracks and taking up 

the subsequent tensile strains acting on concrete.  

 

Reinforcing high performance concrete with steel fibers seems then an efficient mean 

that confers to the hardened material a relatively better ductility, particularly that the 

steel fibers develop a better bond with the dense and compact hardened cement matrix 

of high performance concrete. 

 

The advantages of fibers, which could be considered as a special type of aggregate that 

disturb the granular skeleton, are numerous: 

 The fibers restrain the crack openings, playing the role of energy absorber, 

 The fibers take up internal stresses through their tension resistance and hence 
ensure the transfer the loads provided a good bond exists between the fibers and 

the hardened cement matrix, 

 The parameters that guaranty better structural properties for the fibers are the 
nature of fibers, their quantity, their orientation and the flowability of the fresh 

concrete [1]. 

The orientation of the fibers inside the matrix is affected by a number of parameters, 

essentially: 

 The geometry of fibers and their interaction effects (fibers-aggregates-formwork), 

 The flowability of concrete, 

 The means of pouring and compacting of concrete, 

 The geometry of the concrete shafts (free surface, two or three sides) and their 
dimension. 

 

From our point of view, the parameters rheology of the flowing material, particularly 

the yield stress, and the membrane effect generated by the geometry of the formwork 

are those that influence the most the orientation of the fibers within the fresh concrete. 

The orientation of fibers is, in turn, the parameter that influences the most the ductility 

of fiber‟s concretes. 

The present work aims at showing experimentally the interdependency of the behaviour 

al aspects rheology - orientation – ductility. 

 

 

2. EXPERIMENTAL PROGRAMME 
 

2.1. Characterization of the fibers orientation in a fluid with a yield stress model 

 

The mix proportion of fibers is a parameter that can be mastered with ease when 

formulation a fiber concrete; on the contrary, the „orientation‟ factor is difficult to 

control and hence predict. Indeed, most design cases of fiber‟s reinforced concrete are 

base on a hypothesis stipulating that the fibers are homogeneously distributed inside the 

concrete material but hazardously orientated [2]. Base on this hypothesis, the proportion 

of fibers to be used should be important, though, in some cases the complex geometry to 

be achieved in addition to other factors limit such proportion.  In this sense, the 

knowledge of the orientation of fibers would be an important parameter for the 
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optimisation of the quantity of fibers that should be used in the concrete mix. This 

would ensure a better design of the concrete structures. 

 

At the Present time, efficient methods can be found in the literature on the 

characterization of fiber‟s orientation in concrete. In this sense, good results have 

obtained by the use of X-rays techniques coupled with an image analysis [3], or by 

electric resistivity measurements [4]. These methods are however difficult to use in 

practice and necessitate a complex analysis. 

 

A method founded on the use of a model fluid having a translucent threshold is exposed 

in this work for the characterisation of the fibers orientation. This consisted of a 

Carbopol based fluid which is a polymer type, frequently used in the pharmaceutical 

and cosmetic industries (hair gel and others). 

 

The fabrication of the Carbopol suspensions consists of two stages: the dispersion of the 

polymer powders and then the neutralisation of the obtained solution. The second stage 

is that of the thickening of the fluid becoming a gel. The Carbopol powder would be 

incorporated progressively in distilled water and agitated regularly to ensure a better 

dispersion and complete wetting of polymer particles. The obtained solution would then 

be neutralised by NaOH soda at a proportion of 1.8 % under agitation, taking great care 

to eliminate the air bubbles. Then the mixture would be left to settle for two days. 

 

The carbopol 940 suspensions used in this study does not present neither a thixotropic 

character nor an irreversible evolution, as shown by the superposition of the graphs 

concerning the increase and decrease of the shear rates (Figure 1) obtained with the help 

of a rheometer having a plane-plane geometry. The studied suspensions have flowing 

thresholds between 27 Pa and 70 Pa. The results for concentrations of 0.15 % and 0.3 % 

are presented below in table 1. 

 

Table1: Yield stress of the model fluid depending on the polymer proportion 

 

Concentration in Carbopol 940 0.15 % 0.3 % 

Yield stress  27 Pa 70 Pa 

 

Once the solution is ready, steel fibers with hooked ends are added in proportion of 

0.5%. The fibers have a constant length of 35 mm and a slenderness of 65. The fibred 

liquid is made to flow through a funnel (a fountain flow). 

 

Two types of flow are then studied: 

 A free surface flow or radial flow as in Figures 2 & 4. 

 A flow confined by two linear membranes, called channel flow as in Figures 3 & 5.  
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Figure 1: Flow graphs of the Carbopol 940 at different concentrations 

 

The preliminary observations show that for a yield stress equal to 27 Pa, the orientation 

of fibers, in the case of free surface flow, is mainly perpendicular to the flow direction 

and radial orientation of fibers is observed (Figure 2). 

 

In the case of a flow canal, the orientation of fibers perpendicular to the flow direction 

is disturbed by the confining effect side membranes. The membrane effect depends on 

the width of the flow channel (Figure 3). The reorientation of the fibers in the 

longitudinal direction increases as the width of the beam tends towards the size of a 

fiber. 

 

In the case of a channel flow, the orientation of fibers perpendicular to the flow 

direction is disturbed by the confining effect of the side membranes. The membrane 

effect depends on the width of the flow channel (Figure 3). The reorientation of the 

fibers in the longitudinal direction increases as the width of the beam tends towards the 

size of a fiber. 

 

For a yield stress equal to 70 Pa, the orientation of fibers is hazardous and accompanied 

by fibers‟ gathering and by the formation of fibers‟ balls (balling-up effect) near the 

flow centre (Figures 4 & 5). It should be noted that the vibration forces up the fluid flow 

and at the same time makes it rotate so that the fibers reorient naturally perpendicularly 

to the forced flow direction. 

 

 

 

Figure 2: Fountain flow in a Carbopol 

mixed at 0,15% ( 0 = 27 Pa) 

 

Figure 3: Channel flow in a Carbopol 

mixed at  0,15% ( 0 = 27 Pa) 
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Figure 4: Fountain flow in a Carbopol 

mixed at 0,3% ( 0 = 70 Pa) 

 

Figure 5: Channel flow in a Carbopol  

mixed at 0,3% ( 0 = 70 Pa) 
 

2.2. Application to concrete 

 

The rheology, and hence the flowability, of fiber concrete is a major concern of many 

users. In effect, the ease of placing of fiber concrete has a direct impact on the 

orientation of fibers inside the structure of the material, and consequently on their 

structural efficiency once the hardened concrete is loaded. 

 

The distribution of fibers is modified according to the rheology and hence to the 

flowability of the cement matrix as seen previously. In a fluid concrete, that is a 

concrete having a lower yield stress, the fibers have a great mobility within the cement 

matrix and can move and orientate easily under the effect of a light external vibration. 

On the contrary, in a stiff concrete, that is a concrete having a higher yield stress, there 

is a risk of formation of fiber balls; this limits the movement of fibers and may even 

block them. A homogeneous repartition of fibers becomes impossible to achieve in this 

case. The direct consequence of this anisotropy is the reduction of the number of fibers 

crossing a given section. 

 

To further study the effect of the rheology, and hence the flowability, on the orientation 

of fibers inside the concrete structure, an ordinary fluid concrete and a plastic high 

performance concrete have been fabricated. The slump values and the empirical shear 

stresses calculated according to expression (1) [5] are summarized in table 2. Hooked 

ends steel fibers having 35 mm in length and 65 in slenderness (L/d) were used. 

 

)S5,25(
5,17

0                   (1) 

 

S refers to the slump (cm) and  the volume density of concrete (kg/m3). 

 

Table 2: Properties of the fresh concretes used 

 

 FRC 35-0.5 FRHPC 35-0.5 

Slump (cm) 25 10 

Yield stress (Pa) 68 2125 
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Notations: FRC : Fibers Reinforced Concrete; FRHPC : Fibers Reinforced High 

Performance Concrete, OC : Ordinary Concrete, HPC: High Performance Concrete. The 

figure “35-0.5” refers to fibers having 35 mm in length and a mix volume fraction of 

0.5%. 

Flexural tests were carried out at 28 days of age. A counting of fibers was made on 

concrete sections of the specimens failed in flexure. An orientation coefficient  as 

proposed by [6] was then calculated according to the expression (2) below: 

 

bf

f

AV

A
N                           (2) 

 

 : Coefficient of orientation of fibers; Ab : transverse section of concrete. Af : Section 

of a fiber;  Vf : volume fraction of fibers ;  N : number of fibers crossing a given section. 

 

The orientation coefficients as a function of the slumps are represented in Figure 6 

below. In the case of fluid ordinary concrete, the fibers have a preferred orientation with 

a value of 0.57 for the coefficient . On the contrary, for fiber reinforced high 

performance concrete (FRHPC),  = 0.16, translating that the fibers are rather gathered 

as clusters and badly dispersed in the internal concrete structure. This supports the 

observations made on the model fluid. 
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Figure 6: orientation factors as a function of the concrete slump 

3. INFLUENCE OF THE FIBERS’ ORIENTATION ON BOTH THE 

COMPRESSION AND THE FLEXURAL STRENGTHS 

 

3.1. Compression test 

 

The compression tests are performed on three cylindrical specimens (11x22 cm) for 

each series of concrete. The standard deviations are 0.3, 0.6, 0.8, and 2.4% for 

specimens of OC, FRC 35-0.5, HPC and FRHPC 35-0.5 respectively. 

According to the literature, the presence of fibers reduces slightly the compression 

strength [7] or at least does not affect it. In the present study, the presence of fibers in 

concrete have reduced the compression strength by around 8 % for the ordinary 

concrete FRC and 5% for high performance concrete FRHPC as in Figure 7. In effect, 

the fibers are more efficient when subject to tension; they then prevent the propagation 

of the cracking. In compression crushing, their role is reduced and could even be a 

negative one through local stress concentration pre-initiating crushing in the hardened 

cement paste. They may also induce supplementary defects in the cement matrix 



 

 82 

through insufficient compactness. Their mechanical role, and hence their beneficial use, 

is activated only after the appearance of cracking, particularly at the post-peak stage. 

 

The pre-peak behaviour in compression is then identical to that in concrete without 

fibers. On the contrary, the presence of fibers greatly improves the post-peak behaviour 

and reduces descending slope of the stress-strain curve by softening the material when 

approaching failure as seen in Figure 8. This observation is even more pronounced in 

the case of high performance concrete.  
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Figure 7 : Values of stress in compression 

for concretes with and without fibers 

 

Figure 8 : Stress-strain curve in compression 

for concretes with and without fibers 

 

3.2. Flexure test 

 

In flexure, the fibers are efficient when they are oriented in the direction of the tensile 

stresses. Such efficiency is even more important for high performance concrete since 

the bond between the fibers and the paste matrix is of a better quality [8]. The flexure 

test consists of a four-point loading up to failure of a prismatic specimen having 

15x15x70 cm in dimensions. The results concerning the load at first cracking, the 

ultimate load together with the corresponding mid-span deflection are given in table 3. 

 

 

 

Table 3: Loads at first cracking, loads at ultimate and corresponding mid-span in the 

flexure tests 

 

 OC FRC 35-0.5 HPC FRHPC 35-0.5 

orientation coefficient / 0,57 / 0,16 

Load at first flexure crack (curve F- ) kN / 16 / 14,40 

Load at first flexure crack (Caméra) kN 13,56 15,34 16,85 14,23 

Ultimate load kN 13,56 27,75 16,85 15,43 

Deflection at first crack (curve F-  ) mm 0,0856 0,1139 0,0472 0,0718 

Deflection at first crack (Caméra)mm 0,0856 0,1040 0,0472 0,0660 

Deflection at peak (mm) 0,0856 3,331 0,0472 0,847 
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Well oriented fibers 

 

Badly oriented fibers 

  

 

Figure 9: Fibers‟ distribution 

through a section FRC 35-0.5 

 

Figure 10: Fibers‟ 

distribution through a section 

FRHPC 35-0.5 

 

Figure 11: Apparition of 

first crack 

 

It can be noticed that the rheology effect, particularly the yield stress, is very important. 

For the fluid concrete (ordinary concrete), the distribution of fibers is more 

homogeneous and well oriented in the direction of the tensile stresses created by flexure 

(Figure 9). On the contrary, in the plastic concrete (high performance concrete), the 

fibers orientation is random and their distribution is imperfect as illustrated in Figure 

10. The efficiency of fibers is clearly evident in the case of a fluid concrete (the ultimate 

load has increased twice) by comparison to that in high performance concrete where 

fibers are almost inefficient. It should be noted that the compression strength does not 

have a great effect in flexure tests and that the tensile strength does not increase in 

proportion with the compression one, leaving the tensile strength of high performance 

concrete just slightly higher than that of ordinary concrete. To sum up, it could be said 

that the orientation of fibers and the rheology influence significantly the strength in 

flexure of beams. 

 

Concerning behaviour of bending, it is, indeed, not only the increase in the ultimate 

flexural strength, but also the ductile behaviour that makes the use of fiber concrete 

worthy and structurally interesting. A cracked concrete continues to support further 

increase in loading without aggravating the crack width through fiber crack stitching 

and through the deformation of the fibers. At ultimate, failure is very ductile and soft 

since most of the energy is absorbed by the deformed fibers. 

 

To compare the energy absorbed by the two types of concrete, the ductility indexes have 

been calculated according to ASTM standards, namely ASTM C1018 [10]. The ductility 

indexes I5, I10, I20, I30, I50, I100 represent the energy consumed for different values of 

deflection calculated as the ratio of the area generated by the load-deflection curve 

corresponding to 3, 5.5, 10.5, 15.5, 25.5 and 55.5 times the deflection corresponding to 

the first cracking. 

 

For example an index In is the ratio of the energy consumed by a given deflection n over 

the energy consumed at first cracking. The witness specimens do not contain fibers and 

hence failed immediately after first cracking. Consequently, the ductility index for these 

concretes is equal to 1. 

 

The first cracking is defined in the load-deflection curve as the point where the first 

deviation from linearity occurs. Ductility indexes are thus dependent on the error in 

detecting first cracking. In the present study, the use of a measuring system based on 

image analysis obtained by a digital recoding camera has enabled the detection of first 

Crack 
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cracking with a relative precision (see Figure 11) and hence has allowed to correct any 

eventual errors in calculating the ductility indexes. Ductility indexes I5 and I10 

calculated according to ASTM standards do not describe accurately the behaviour in 

flexure. It is better to consider higher ductility indexes corresponding to higher 

deflections, such as I50 and I100 for a complete description of the structural behaviour in 

flexure. 

 

The ductility was in general higher for ordinary concrete as shown in Figures 12 and 13, 

this shows the important effect of the fibers‟ orientation by comparison to the effect of 

the compression strength of concrete.  
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Figure 12: Load-deflection curve for  

FRC 35-0.5 and FRHPC 35-0.5 

 

Figure 13: Ductility indexes for the types 

of concrete FRC 35-0.5 et FRHPC 35-0.5 

 

 

4. CONCLUSIONS 

 

- The use of a model fluid (Carbopol 940) containing fibers was found to be adaptable 

for the prediction of the fibers‟ orientation in concrete; such prediction is however, 

dependent on the yield stress of the fluid material. The orientation is very sensitive to 

the threshold and the conditions of confining of the flow (membrane effect). A low 

threshold orients the fibers in the perpendicular direction of the flow. 

 

- The rheology, and hence the flowability, of concrete has an important infl uence on the 

efficiency of the fibers to absorb tensile stresses. The present tests have shown that for a 

fluid concrete having a slump of 25 cm, the ultimate load in flexure has improved by 

105%. On the contrary, for a high performance concrete having a slump of 10 cm, no 

improvement was observed. 

-When using ASTM standards for ductility evaluation, it is recommended to use 

ductility indexes corresponding to higher deflection (I50 or I100) since those 

corresponding to smaller deflections (I5 and I10) do not a give a rational indication on 

the ductility. 
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