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PROPERTIES OF FIBRE CONCRETE

Jan Vodička, Jitka Vašková

Abstract

Application of fibre concrete in the building industry is becoming more common. Fibre
concrete is not only beneficial from the economic viewpoint in some structures, it can be
even  essential  for  design  of  the  structure.  This  holds  also  for  those  cases  when fibre
concrete is used in structures with common rebars or prestressed structures. Verification of
fibre concrete properties which are considered in design is not unified so far regarding the
size  of  specimen,  test  configuration  and  processing  of  the  test  results.  There  is  no
conformity is designation of the strength classes, as it is common with the plain concrete.
This contribution aims at unification of testing methods for fibre concrete and unification
of designation.
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Introduction

Fibre concrete with suitable fibres (steel or synthetic) should be enlisted among structural
materials.  Fibre  concrete  can  be  used  in  plain  concrete  structures,  reinforced  concrete
structures or even in prestressed structural members. All types of those structures may not
be  suitable  for  application  of  fibre  concrete,  which  is  decided  with  regard  to  special
structural requirements, production technology and economic potentials.

Application of fibre concrete in any case depends on a substantial knowledge of its
properties and their testing with suitable evaluation.  It is true that the current state is not
satisfactory. Diversity in types of tests, their configuration and diversity in test specimens
can only confirm this concern. It is hard to compare results obtained from different tests, or
even to derive some fibre concrete characteristics applicable in design of fibre concrete
structures. The reason for all this inconsistence may come from the fact that fibre concrete
is  still  a  rather  new  structural  material.  This  holds  despite  all  the  knowledge  from
applications which were realized over the few past decades. Moreover, it is necessary to
take into account the fact  that fibre concrete,  as  a composite with cementitious matrix
which  is  reinforced  with  the  fibres,  exhibits  much  more  complex  behaviour  than  a
composite  with cementitious matrix without  fibre,  the plain concrete.  That  means it  is
necessary to  establish a  suitable testing method for  evaluation of  fibre concrete which
would show various characteristics of fibre concrete. A list of destructive testing methods is
given in this paper, whose results should be reflected in designation of fibre concrete. The
strength specification of fibre concrete cannot be described by mere compressive strength.
It  is  necessary  to  account  for  the  tensile  strength  the  post-crack  behaviour.  Other
characteristics may be necessary in the future, which can be delivered upon demand.
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Destructive testing methods for fibre concrete

Compressive strength

Compressive  strength  test  is  performed  on  test  cubes  or  cylinders.  Concrete  class  is
therefore given by two characteristic values of strength (e.g. C25/30). The ratio of these
two values for plain concrete test cubes and cylinders is set by αc =  fc,cyl  / fc,cub = 0.8. This
ratio also account for the fact that the cube specimens are loaded perpendicularly to the
placed layers of concrete while the cylindrical specimens are loaded along the direction of
compaction  (Fig. 1). 
           a)                                                                     b)

Fig. 1   Position of test specimens in compressive strength test: a) cube  b) cylinder

It is assumed that the cylindrical compressive strength can describe behaviour of concrete
in the structures better. The effect of composition of concrete is neglected. The inaccuracy
in the value of αc is even more pronounced in fibre concrete when effect of materials, form
and amount of fibres needs to be taken into account. On the other hand, it has been learned
from experiments that the effect of fibre on compressive strength measured on the cubic
test  specimens  made  of  fibre  concrete  with  commonly  used  amount  of  fibres  can  be
assumed as αc = 0.8. Therefore, consideration of the compressive strength similar to that of
plain concrete in design is safe. Moreover, the effect of organized distribution of fibre and
tendency to sink of fibres during compaction is less in the cube test specimens.  

Tensile strength

The tensile strength is much more important for behaviour of fibre concrete, which is most
prominent  in  fibre  concrete  structural  members  without  conventional  steel  bar
reinforcement,  where  it  decides  their  load  bearing  capacity.  Dispersed  steel  fibres  can
affect  significantly  not  only  the  initiation of  cracks  but  also  to  provide  some residual
resistance of the structural member and ductility. Tensile strength at crack initiation can be
considered in design. This strength characteristic should be declared in the class of fibre
concrete, taken as the guaranteed tensile strength after cracking.

The recommended designation of the strength class of fibre concrete should contain,
beside  the  compressive  strength,  both  tensile  strengths,  i.e.  the  characteristic  tensile
strength at crack initiation and the equivalent tensile strength:  
                           FC ffk,cube / fftk,sp / fftk,eq ,     např.  FC 20 / 3.8 / 1.6
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The fibres  influence  the  tensile  strength more significantly  than the  compressive
strength.  Therefore,  it  is  impossible  to  used  the  simplified  relations  (neglecting  the
aggregate  particle  shape)  for  estimation  of  the  tensile  strength  from the  value  of  the
compressive  strength,  as  it  is  in  case  of  plain  concrete.  The  tensile  strength  of  fibre
concrete,  especially  of  steel  fibre  reinforced  concrete,  then  needs  to  be  obtained
experimentally on suitable test specimens. Such experiments provided guaranteed values
of  strengths  which  are  necessary  for  classification  of  the  material  for  design  of  fibre
concrete structures. These are the tensile strength at  crack initiation and the equivalent
tensile strength after cracking, which is used for calculation of load bearing capacity.

The  uniaxial  tensile  strength  is  difficult  to  measure,  therefore,  alternative  test
configuration are used, such as the splitting tensile strength test (Fig. 2) and the bending
test (Fig. 3).

Fig. 2   Splitting tensile strength test configuration

The relation between the strengths has to be obtained from experiments. The ratios of
the strengths are defined as follows: for splitting tensile strength α t,sp = f t,ax  / f t,sp  and for
flexural tensile strength  α t,  fl =  f t,ax /  f t,fl, where  ft,ax  is the uniaxial tensile strength. The
following ratios are known α t,sp  ≅ 0.85 and α t,fl  ≅  0.55 for plain concrete, however, these
values may differ  for  fibre concrete,  especially for steel  fibre reinforced concrete.  The
following  value,  α t,sp   ≅ 0,85,  can adopted  and considered safe  for  conversion of  the
splitting tensile strength to uniaxial tensile strength of fibre concrete, which is obtained on
cubic specimens.

Three configurations are used for bending tests (Fig. 3). The configuration affects the
measured value of  αt,fl  as the measured value of  f t,fl  varies according to the configuration
used. In case of plain concrete these differences are small, but for fibre concrete these may
be more pronounced (Table 1).The advantage of the four-point bending test (Fig. 3a) is that
the critical cross-section is not know in advance. However, with higher volume of fibres
the shear crack may occur at the outer thirds of the beam, which prohibit measuring the
true strength f t,fl,A .

The three-point bending (Fig. 3b) defines the critical cross-section in advance and
thus the measured strength, ft,fl,B, is higher. In order to reduce the difference in the results
the critical  cross-section is reduced with a notch of the depth of  h/4 (Fig. 3c) and the
strength  ft,fl,C is often smaller than  f t,fl,A. Table 1 shows results obtained for plain concrete
and fibre concrete with the synthetic Forta Ferro fibre (4.8 kg / m3 (SSFC)).

3

Loading 
plane

Finished 
surface



FIBRE CONCRETE 2007
Prague, 12th – 13th September 2007

a)                                                                        b)

c)
                                                                                           Fig. 3 Bending test configuration
                                    a) four-point bending test
                 b) three-point bending test
                 c) three point bending of beam with

     notch

Tab. 1  Comparison of ultimate forces  Fu and tensile strengths  ft,fl  ,  ft,eq   obtain in bending
tests (configuration A is in Fig 3a, configuration C is in Fig. 3c)

Fu [kN] ft,fl [MPa] Feq [kN] ft,eq [MPa]
Test 

config. C A C A C A C A

PC 9.57 24.92 7.66 7.48 0 0 0 0
SSFC 8.50 20.60 6.18 6.80 3.56 10.52 1.08 0.97

Conclusions

This contribution shows those types of testing methods which should become the basis for
evaluation of  fibre  concrete  these  days.  The tensile  strength  at  crack initiation can be
obtained from the splitting tensile strength test. The four-point bending test configuration is
recommended for evaluation of flexural tensile strength. The three-point bending with the
notched beam should be avoided due to unclear stress distribution around the notch.

The recommended tests can be conducted at any laboratory with standard equipment
and  the  evaluation  of  the  resulting  strengths  can  help  to  classify  the  fibre  concrete.
Unification in experimental evaluation of fibre concrete is essential for any progress in
design of fibre concrete structures. Thus the presented work helps to broaden the range of
application of fibre concrete as a standard building material.

Acknowledgements

This  outcome  has  been  achieved  with  the  financial  support  of  the  Czech  Science
Foundation, grant no. 103/07/1275. The results obtained in the Czech Science Foundation
projects no. 103/06/0685 and 103/06/1559 were exploited.

4

 

l/2 l/2 

l = 3h

F 

h

 h 

 l = 3h 

F 

h

F 
h h 

¾ h 

¼ h 

l/2 l/2 

l = 3h 

F 

h



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


