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1. Introduction 
 
The goal of this research was to test independently of commercial interests those steel and 
synthetic fibres being distributed in Hungary. Our aim was to establish an overall picture of 
the fibres and with the help of this research allow engineers to be able to select the most 
suitable fibre for their work, whether it be an industrial floor, precast element or even a 
tramline. 
 
The word synthetic fibre mainly refers to micro fibre in Hungary; however there are micro 
and macro synthetic fibres present as well on the market. For the purposes of the avoidance 
of doubt, we refer to each of the types of fibres as follows: 
- micro fibres, which have no effect on the structure from a static calculation point of view; 
such fibres being effective only at the fresh concrete stage to control early micro cracks, and 
- macro fibres, which like steel fibres have a consideration for the purpose of static 
calculation. 
 
We also researched fibrillated and mono micro fibres and ribbed, twisted and waved macro 
fibres. We made concrete beams without fibres and steel fibre reinforced beams with two 
different dosages as well, for comparison purposes. 
 
2. Testing specimens 
2.1. Geometry 
 
The test beam specimens measured 600 mm long with a section of 150 x 150 mm. The 
beams were notched on the bottom to a thickness of 3 mm and 25 mm depth, the loading 
was applied above the notch. 
 
Test specimens were made at the concrete laboratory of MAPEI on 5-7 of September, 2012. 
 
Signs of the specimens: 
ETALON  yy.mm.dd     number of the specimen 
STEEL1-2  (date of the made of the specimen) 
MACRO1-5 
MICRO1-2 
 
2.2. Concrete 
 
Fibre reinforced concrete in Hungary is mostly used for industrial floors, so we choose a 
concrete that is suitable for that purpose. 
 
Concrete type: C30/37-XC4-XD2-XF1-XA1-XV2(H)-24-F3-CEM 42,5 industrial floor 
 
The exact mix properties can be found in Annex A. 
 
2.3. Fibres 
The name of the fibres, photos and documents are set out in the results section. The 
geometry of the fibre, shape, material and the notes during the mixing (i.g. any mixing 
problems) are also stated. 
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3. Test method 
 
The testing method is as stated in picture 1. 
 

    
 

picture 1: testing method recommended by RILEM 
 
We made the test according to the following guideline: 
RILEM TC 162-TDF : Test and design methods for steel fibre reinforced concrete 
(Vandewalle, L., et al., 2002). 
 
3.1. Re3 
 
The most suitable design recommendation for designing industrial floors is the TR34 – 
Concrete industrial ground floors (The Concrete Society UK, 2003). The use of the Re3 
number for designing FRC floors is defined in the Japanese guideline JSCE SF-4 (Japanese 
Society of Civil Engineers, 1985). The Re3 number is the average of the residual stress and 
the flexural strength divided in percentage (picture 2): 
 

( )%
c

a
3e F

FR =  

 
picture 2: the calculation of the residual stress (JSCE SF-4) 
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3.2. Load-deflection and load-CMOD diagrams 
 
Most of the guidelines use the load-deflection diagram to define the stress-strain diagram, but 
there are also some that prefer the load-CMOD (Crack Mouth Opening Displacement). This 
value is directly measured on the crack opening, whist the stress-strain diagram could be defined 
more accurately. 
 
We measured both results during the research. 
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4. Results 
4.1. Concrete beam 
4.1.1. Load-deflection diagram 
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4.1.2. Load-CMOD diagram 
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4.1.3. Photos  
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4.2. Steel fibre reinforced beams – 50 mm hooked end steel fibre, dosage 20 kg 
 
Details of the fibre 
 
type:    end hooked steel fibre 
section:   circle 
length:    50 mm 
diameter:   1,1 mm 
weight:   30,36 gram / 100 
number in 1 kg:  3293 db 
 
dosage:   20 kg/m3 
volume%:   0,2586 m3/m3 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
 

 



9/53 

 1521 Budapest, M�egyetem rakpart 3.  K épület II. 42.                                     Tel: 463-1317    Fax: 463-1773 

4.2.1. Load-deflection diagrams 
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4.2.2. Load-CMOD diagrams 
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4.2.3. Photos 
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4.3. Steel fibre reinforced beams – 60 mm hooked end steel fibre, dosage 20 kg  
 
Details of the fibre 
 
type:    end hooked steel fibre 
section:   circle 
length:    60 mm 
diameter:   0,9 mm 
weight:   27,5 gram/ 100 
number in 1 kg:  3636 db 
 
dosage:   20 kg/m3 
volume%:   0,2476 m3/m3 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.3.1. Load-deflection diagrams 
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4.3.2. Load-CMOD diagrams 
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4.3.3. Photos 
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120905_033: fibres concentration at the edge 
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4.4. Steel fibre reinforced beams – 50 mm hooked end steel fibre, dosage 40 kg  
details at 4.2 
 
4.4.1. Load-deflection diagrams 
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4.4.2. Load-CMOD diagrams 
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4.4.3. Photos 
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120905_042: fibre concentration at the upper part of the beam 
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4.5. Steel fibre reinforced beams – 60 mm hooked end steel fibre, dosage 40 kg  
details at 4.3. 
 
4.5.1. Load-deflection diagram 
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4.5.2. Load-CMOD diagram 
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4.5.3. Photos 
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120905_051: fibres balling 
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4.6. MAKRO1 – dosage 5 kg 
 
Details of the fibre 
 
type:    embossed surface polypropylene fibre 
section:   oval 
length:    48 mm 
diameter:   1,3 x 0,5 mm 
weight:   1,66 gram / 100 db 
number in 1 kg:  60241 db 
 
dosage:   5 kg/m3 
volume%:   0,8674 m3/m3 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.6.1. Load-deflection diagram 
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4.6.2. Load-CMOD diagram 
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4.6.3. Photos 
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4.7. MAKRO2 – dosage 5 kg 
 
Details of the fibre 
 
type:    twisted macro and fibrillated micro fibre 
section:   twisted mono 
length:    50 mm 
diameter:   - 
weight:   - 
number in 1 kg:  - 
 
dosage:   5 kg/m3 
volume%:   - 
 
Notes 
 
The fibre at the dosage above was hard to mix, the addition of plasticizer didn’t help to solve 
this problem. An alternative mix design is needed for this type of fibre. 
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4.7.1. Load-deflection diagram 
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4.7.2. Load-CMOD diagram 
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4.7.3. Photos 
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4.8. MAKRO3 – dosage 5 kg 
 
Details of the fibre 
 
type:    waved polypropylene fibre 
section:   rounded rectangle 
length:    45 mm 
diameter:   1,3x0,7 mm 
weight:   3,1 gram / 100 db 
number in 1 kg:  32258 db 
 
dosage:   5 kg/m3 
volume%:   0,6604 m3/m3 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.8.1. Load-deflection diagram 
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4.8.2. Load-CMOD diagram 
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4.8.3. Photos 
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4.9. MAKRO4 – dosage 5 kg 
 
Details of the fibre 
 
type:    waved polypropylene fibre 
section:   rounded rectangle 
length:    40 mm 
diameter:   0,9x1,2 mm 
weight:   3,2 gram / 100 db 
number in 1 kg:  31250 db 
 
dosage:   5 kg/m3 
volume%:   0,675 m3/m3 
 
Notes 
 
The fibre of the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.9.1. Load-deflection diagram 
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4.9.2. Load-CMOD diagram 
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4.9.3. Photos 
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4.10. MAKRO5 – dosage 5 kg 
 
Details of the fibre 
 
type:    waved polypropylene fibre 
section:   rounded rectangle 
length:    48 mm 
diameter:   0,8x1,1 mm 
weight:   2,02 gram / 100 db 
number in 1 kg:  49505 db 
 
dosage:   5 kg/m3 
volume%:   1,0455 m3/m3 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.10.1. Load-deflection diagram 
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4.10.2. Load-CMOD diagram 
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4.10.3. Photos 
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4.11. MAKRO6 – dosage 5 kg 
 
Details of the fibre 
 
type:    waved polypropylene fibre 
section:   rounded rectangle 
length:    24 mm 
diameter:   0,7x1,2 mm 
weight:   1,14 gram / 100 db 
number in 1 kg:  87719 db 
 
dosage:   5 kg/m3 
volume%:   0,8842 m3/m3 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.11.1. Load-deflection diagram 
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4.11.2. Load-CMOD diagram 

ST24_120906_041_042_043

0

2000

4000

6000

8000

10000

12000

14000

0 1 2 3 4

CMOD [mm]

S
ta

nd
ar

d 
fo

rc
e 

[N
]

 



37/53 

 1521 Budapest, M�egyetem rakpart 3.  K épület II. 42.                                     Tel: 463-1317    Fax: 463-1773 

4.11.3. Photos 
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4.12. MIKRO1 (fibrillated) – dosage 1 kg 
 
Details of the fibre 
 
type:    fibrillated 
section:   flat 
length:    19 mm 
diameter:   - 
weight:   - 
number in 1 kg:  - 
 
dosage:   1 kg/m3 
volume%:   - 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.12.1. Load-deflection diagram 
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4.12.2. Load-CMOD diagram 
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4.12.3. Photos 
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4.13. MIKRO2 (fibrillated) – dosage 1 kg 
 
Details of the fibre 
 
type:    fibrillated 
section:   flat 
length:    19 mm 
diameter:   - 
weight:   - 
number in 1 kg:  - 
 
dosage:   1 kg/m3 
volume%:   - 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.13.1. Load-deflection diagram 
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4.13.2. Load-CMOD diagram 
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4.13.3. Photos 
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4.14. MIKRO3 (mono) – dosage 1 kg 
 
Details of the fibre 
 
type:    mono fibre 
section:   circle 
length:    10 mm 
diameter:   - 
weight:   - 
number in 1 kg:  - 
 
dosage:   1 kg/m3 
volume%:   - 
 
Notes 
 
The fibre at the dosage above mixed well, the fresh fibre reinforced concrete was 
homogenous and easy to compact. 
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4.14.1. Load-deflection diagram 
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4.14.2. Load-CMOD diagram 
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4.14.3. Photos 
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5. Conclusions 
5.1. Minimal fibre dosage 
 
There are two main criterion in the guidelines for the minimal dosage of fibre: 
- necessary dosage by geometry 
- necessary dosage by the residual stress. 
 
The necessary dosage by geometry is based on the proviso that the fibres must be 
overlapping each other, i.e. no section could be formed without crossing fibres present. 
 
It is important to highlight here, that the crack will appear at the notched, weakened section 
for the 3 point bending test, so only the fibres that are crossing this section are significant. 
The Austrian guideline (Richtlinie Faserbeton, 2008) and others recommend a 4 point 
bending test where the moment is constant between the loading points, so the weakest 
section will crack first. Both of them have advantages and disadvantages, but the CMOD 
could be measured only using the 3 point bending test. 
 
The mixing properties of the fibres are also important. If the test is to be representative, there 
needs to be a homogenous mix of fibres within the whole of the beam so as to ensure the 
correct fibre crossing at the notched section. 
 
The residual stress is characterized by the Re3 number, so the guidelines give the minimum 
values of this. TR34 gives a minimum 30% of Re3 number, and any FRC that has a lower 
value than this should be considered as plain concrete. 
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picture 4: summarized results of the beam tests 
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We took all the FRC beam results into one diagram (picture 4). It is important to say, that we 
used the average for this purpose, but for classification the standard deviation should be 
considered. 
The blue dashed line shows the average of the plain concrete flexural strength, the red 
dashed line shows 30% of this. The fibres that have results above this red line are suitable 
for industrial floors. The following fibres didn’t meet this criterion: MACRO4, MACRO6 
and MICRO fibres. 
 
5.2. Effects of the micro fibres 
 
There isn’t any common use of the world micro and macro in Hungary, and many engineers 
and end users don’t even know the difference between the two types. For this reason, most 
people overestimate the effect of the micro fibre, or underestimate the effects of macro. 
 
The micro, e.g. fibrillated and mono fibres have no effect on the residual strength, the Re3 
number is well below 30% (see picture 4), so the benefits they provide are strictly limited to 
limiting early age cracks due to plastic shrinkage. We didn’t do any further research for this, 
as it is difficult to quantify, although the Austrian guideline gives a method for this. 
 
However, having stated the foregoing and following the train of thought that all the macro 
cracks start off as micro ones, it might be thought that the use of micro fibres might increase 
the flexural strength of FRC, by force of reducing the number of initial micro cracks in the 
concrete. But this theoretical assumption is not supported by the experimental results, and 
indeed the micro fibres make the peak load lower when compared to plain concrete beams. 
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picture 5: the peak loads of the concrete and FRC beams 
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The results of the picture 5 could give rise to further research, but we can draw the 
conclusion: micro fibres could be used for structures where the aesthetic appearance of the 
concrete surface is important, and where the static load won’t be significant in the future. 
However, this is not recommended in industrial floors, where the concrete structure is 
preliminary designed for static loads, and the aesthetic appearance is only secondary. 
 
5.3. What kind of fibre do we choose? 
 
The characterisation and differentiation of FRC is preliminary according to its Re3 number. 
For shotcrete the EFNARC or similar panel tests could give a result in Joules. Either method 
is adequate for comparison purposes. 
 
Another characterisation of the dosage of the fibre is its weight in 1 m3 concrete. While the 
steel weight is more or less the same, we can find significant differences between the weight 
of synthetic materials. Therefore, comparing steel and synthetic fibres on this basis is not 
helpful. A more correct comparison is the volume%, the number of the fibres or the overall 
length in 1 m3 concrete. 
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picture 6: the volume% of the fibres 
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picture 7: number of the fibres 
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picture 8: overall length of the fibres 

 
 
These comparative diagrams clearly show that while the same dosage (5 kg/m3) of macro 
fibre is added to all types, the volume%, fibre count, overall length values were different. 
All these diagrams, for both the measured values clearly show that fibres are not comparable 
by weight alone, i.e. one type of fibre cannot be replaced with the other without 
material testing! 
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Annex A 
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