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A high performance concrete project currently under way at the Structural Concrete Labora-
tory (IS-BETON - EPFL) aims at examining new concepts and design approaches to design 
statically efficient and economically viable structures using ultra high performance concrete. 

The scientific approach chosen is primarily to understand and characterize the behavior of 
UHPC by means of various laboratory experiences on material specimens and structural ele-
ments. On this basis, physical models will be subsequently developed to describe the observed 
behavior. Finally, design concepts will be examined, with a focus on potentially efficient struc-
tures.  

 
Several studies have been made to establish a basis for developing design concepts: 
 
The material characteristics were investigated by a wide experimental program studying the 

tensile, compressive and bending behaviors (Figure 1). In addition, tests for the bond behavior 
of UHPC with reinforcement bars and fibers were carried out [1]. 

 

        
Figure 1: Material testing  
 
Experimental results for bar reinforced structural members in compression and tension (Fig-

ure 2) have shown the particularities and advantages of UHPC compared to ordinary reinforced 
concrete [2].  

 

     
Figure 2: Testing on reinforced structural members in tension and compression 
 



In a detailed study, the tensile behavior of bar reinforced and non reinforced structural mem-
bers has been investigated [3]. To take into consideration the local effects of the crack opening, 
the tensile behavior of the material was characterized through two different series of tests. Un-
notched specimens are used to study the uniformly distributed behavior until the crack opening 
occurs. The local effects of the crack opening are investigated on notched specimens (Figure 3).  

 

          
Figure 3: Material test on unnotched and notched specimens, reinforced tension member and 

crack pattern 
 
The experimental work has shown that the strength of reinforced UHPC members is com-

posed by the strength of the reinforcement bars and a contribution from the UHPC. The contri-
bution of the UHPC to the stiffness of the element (tension stiffening) is very high. The crack 
pattern shows a small crack spacing and only very little crack opening. 

 
In a recent project, conducted in cooperation with an industrial partner, full scale columns 

were tested (Figure 4). The possibilities of application of UHPC in buildings were investigated 
and basic theoretical considerations about the structural behavior have been carried out [4]. 
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Figure 4: Testing of columns in UHPC 
 
Based on the presented studies, the following conclusions were drawn: 
 



• Due to the fibers and their contribution to the behavior in tension, UHPC shows a dif-
ferent tensile behavior than ordinary concrete.  

• Major tensile stresses should be carried by reinforcement bars or pre-stressed steel to 
guarantee a reliable and efficient tension bearing.  

• The strain hardening effect caused by the fibers leads to a well distributed multi crack-
ing. This eliminates the need of minimal reinforcement for crack distribution.  

• A good bond between the reinforcement and the matrix leads to a short development 
length. This should make connection of precast elements very easy.  

• Shear reinforcement and reinforcement for the punching zones are not needed for minor 
shear stresses because of the high tensile strength respectively the high shear strength. 

 
This means that structures can be designed only with UHPC and pre-stressing cables or pas-

sive reinforcement carrying the major tensile stresses. No other reinforcement is needed. 
 
One possible application of UHPC in tension is its utilization as a tendon in underspanned 

girders [5]. Due to the high compressive strength of the UHPC, a high pre-stress ratio with a 
high pre-stress force can be used. This tendon has a very high cracking limit and will remain 
very stiff after cracking due to the fiber reinforcement. The small crack spacing and the small 
crack opening should also make this tendon very durable. 

 

 
Figure 5: Tensile members for underspanned structures, possible replacement of a metallic tie 

by a UHPC pre-stressed member [5] 
 

 

REFERENCES 

 
[1] Jungwirth J., Muttoni A., Versuche an Bauteilen aus ultrahochfesten Beton – Teil 1 Mate-

rial, EPFL-IS-BETON, Lausanne, 2004 
[2] Jungwirth J., Muttoni A., Versuche an Bauteilen aus ultrahochfesten Beton – Teil 2 Bau-

teile, EPFL-IS-BETON, Lausanne, 2004 
[3] Jungwirth, J., Structural Behavior of Tension Members in Ultra High Performance Con-

crete,  International Symposium on UHPC 2004, Kassel, 2004 
[4] Stirnimann D., Jungwirth J., Muttoni A., Bruchverhalten von Stützen aus ultrahochfestem 

Beton, Projekt 00.02, Bericht 00.02.R5, EPFL-IS-BETON, Lausanne, 2004 
[5] Muttoni A., Innovationen im Brückenbau am Beispiel der unterspannten Tragwerke, Inter-

nationales Brückensymposium, Darmstadt, 2003 
 


	STRUCTURAL USE OF ULTRA-HIGH PERFORMANCE FIBER REINFORCED CO
	REFERENCES


<<
  /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
  /SyntheticBoldness 1.00
  /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 [595.000 842.000]
>> setpagedevice


