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SOME BASICS ONSOME BASICS ON
FIBREFIBRE--REINFORCEDREINFORCED COMPOSITE MATERIALSCOMPOSITE MATERIALS

�� Paradox of solid Paradox of solid materialsmaterials ((ZwickyZwicky, 1923), 1923)

�� Paradox of Paradox of fibrefibre dimensionsdimensions (Griffith, ca. 1920)(Griffith, ca. 1920)

�� Paradox of Paradox of lengthlength of of fibresfibres

�� Paradox of 2Paradox of 2--phase phase compositescomposites ((SlayterSlayter, 1962), 1962)
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Requirements for an optimum performance of Requirements for an optimum performance of 
the compositethe composite

E E fibrefibre >> E E matrixmatrix

εε rupture,rupture, matrix  matrix  >> εε rupture,rupture, fibre      fibre      

R R max,max, fibrefibre >> R R max,max, matrixmatrix



CFK CFK useuse in in aircraftaircraft industryindustry in % of in % of structurestructure

TYPES OF FIBRESTYPES OF FIBRES



NaturalNatural fibresfibres
ManMan--mademade fibresfibres

�� MetallMetall
�� SyntheticSynthetic polymer polymer fibresfibres PPPP

PEPE
PVAPVA
AcrylicAcrylic polymerspolymers
……..

�� CarbonCarbon
�� GlassGlass
�� Mineral Mineral fibresfibres aspestosaspestos

basaltbasalt
�� NaturalNatural plant plant fibresfibres cottoncotton

linenlinen
sisalsisal
……....

�� Wood Wood fibresfibres
�� AnimalAnimal fibresfibres

Steel Steel wirewire fibresfibres
SlitSlit sheetsheet steelsteel fibresfibres
MillMill cutcut fibresfibres
MeltMelt extractextract fibresfibres
CorrugatedCorrugated fibresfibres

FibreFibre formform

StraightStraight
HookedHooked endsends
EnlargedEnlarged endsends
CottugatedCottugated
CrimpedCrimped
embossedembossed

CrossCross--sectionsection

RoundRound
RectangularRectangular
CrescentCrescent

GluedGlued to to bundlesbundles

LowLow carboncarbon, high , high carboncarbon steelsteel, , galvanizedgalvanized, , stainlessstainless steelsteel

Steel Steel fibresfibres





Polymer Polymer micromicro fibresfibres

MultifilamentMultifilament, , monofilamentmonofilament, , 
roundround cross cross sectionsection, , extrudingextruding procedureprocedure

FibrillatedFibrillated, , cutcut fromfrom sheetssheets, , rectangularrectangular

Glass Glass fibresfibres

ARAR--glassglass

StructuralStructural synteticsyntetic fibresfibres

High High strengthstrength, high , high modulusmodulus syntheticsynthetic macromacro fibresfibres





AspectAspect ratioratio
LengthLength to to diameterdiameter ratioratio

TheThe higherhigher thethe aspectaspect ratioratio, , thethe betterbetter thethe performanceperformance

CriticalCritical fibrefibre lengthlength ((failurefailure mode: mode: extractionextraction –– fibrefibre rupturerupture))

Performance Performance dependsdepends on on 
DosageDosage
FibreFibre parametersparameters ((AspectAspect ratioratio, , tensiletensile strenghtsstrenghts, , anchorageanchorage, , 
bondbond performanceperformance, , elongationelongation at at rupturerupture))

HomogeneousHomogeneous distributiondistribution -- fibrefibre ballingballing

Kuraray



strainstrain
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TypicalTypical stressstress--strainstrain relations relations forfor steelsteel, , glassglass and PPand PP

OrientationOrientation of of SingleSingle FibresFibres

APPLICATION OF FIBRESAPPLICATION OF FIBRES



Textile Textile reinforcementreinforcement

BidirectionalBidirectional MultidirectionalMultidirectional



CFK CFK ––
reinforcementreinforcement barsbars

prestressedprestressed CFKCFK-- elementselements
Bild Sika

Bild V-Rod, Trancels

ApplicationApplication areasareas forfor fibrefibre reinforcedreinforced concreteconcrete

�� reductionreduction of of earlyearly shrinkageshrinkage crackscracks

�� reductionreduction of of spallingspalling in in casecase of of firefire

�� structuralstructural useuse, , reinforcementreinforcement, , „„toughnesstoughness““



SpecificSpecific characteristicscharacteristics of FRCof FRC

Common Common fibrefibre contentcontent < 1 < 1 Vol.Vol.--%% steelsteel, < 2 , < 2 Vol.Vol.--%% polymerpolymer

CoarseCoarse aggregatesaggregates

CementCement pastepaste ((graingrain sizesize, , viscosityviscosity, , alkalityalkality))

BrittleBrittle matrixmatrix in in tensiontension

TESTING OF FIBRE REINFORCED CONCRETE (FRC)TESTING OF FIBRE REINFORCED CONCRETE (FRC)



PullPull--outout test of test of singlesingle fibrefibre

EnergyEnergy absorbtionabsorbtion capacitycapacity of FRC of FRC slabsslabs



Panel testPanel test





Gegenüberstellung der Platten-Biege Versuche für SFBA und 
SB nach 30 Stunden
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Gegenüberstellung der Platten-Biege Versuche für SFBA und 
SB nach 30 Stunden
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⇒⇒ CalculationCalculation of of thethe absorbedabsorbed energyenergy as a as a functionfunction of of thethe slabslab deflectiondeflection

deflection
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ResultsResults of of slabslab specimenspecimen teststests withwith 20 to 60 kg/m20 to 60 kg/m³³
of of steelsteel fibresfibres (SFBA) and (SFBA) and withwith meshmesh reinforcementreinforcement (SB)(SB)

FlexuralFlexural strengthstrength ((toughnesstoughness test)test)

BeamBeam testtest





0,05 mm0,05 mm

Definition of Definition of firstfirst crackcrack

DeflectionDeflection

PPfpffpf
PPfpfp

¼¼ PPfpffpf

³³//44 PPfpffpf
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Post Post crackcrack behaviourbehaviour of FRC of FRC 
in in beambeam bendingbending testtest

DeflectionDeflection in mmin mm
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ResultsResults of of beambeam teststests withwith 20 to 60 kg/m20 to 60 kg/m³³
of of steelsteel fibresfibres and and withwith bar bar reinforcementreinforcement, age 10 , age 10 hourshours

0

5

10

15

20

25

30

35

0 0,5 1 1,5 2 2,5 3 3,5

Durchbiegung (mm )

K
ra

ft
 (

K
N

)

SFBA 20

SFBA 40

SFBA 60

SB

0

5

10

15

20

25

30

35

0 0,5 1 1,5 2 2,5 3 3,5

Durchbiegung (mm )

K
ra

ft
 (

K
N

)

SFBA 20

SFBA 40

SFBA 60

SB

ResultsResults of of beambeam teststests withwith 20 to 60 kg/m20 to 60 kg/m³³
of of steelsteel fibresfibres and and withwith bar bar reinforcementreinforcement, age 72 , age 72 hourshours





statisticstatistic

Design: Design: 

Design Design valuesvalues regardingregarding ÖÖVBB VBB guidelineguideline FRC, 2002FRC, 2002

test test resultresult designdesign valuevalue



POST TENSIONING BEHAVIOURPOST TENSIONING BEHAVIOUR

�� Development of  a mortar or concrete with Development of  a mortar or concrete with 
multiplemultiple--crack pattern in bending testcrack pattern in bending test

CrackCrack patternpattern



ToughnessToughness teststests

�� Age of the samples       Age of the samples       
14 days14 days

�� Water storage Water storage 



Toughness testsToughness tests

Test procedure Test procedure 

�� Measuring yoke is fixed on concrete Measuring yoke is fixed on concrete 
beam (150 x 50 x 700 mm)beam (150 x 50 x 700 mm)

�� Level the sample axial under the Level the sample axial under the 
force dischargesforce discharges

–– Distance between supporting Distance between supporting 
rollers  = 600 mmrollers  = 600 mm

–– Distance between the single Distance between the single 

forceforce discharges = 200 mmdischarges = 200 mm

1 crack

2 cracks

4 cracks

IdentificationIdentification of of crackscracks in in loadload--deflectiondeflection curvecurve
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CementCement--infiltrationinfiltration--methodemethode: up to 70 : up to 70 crackscracks
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EffectEffect on on thethe postpost--crackcrack--behaviorbehavior byby usingusing compoundscompounds of of 
reinforcingreinforcing meshmesh and and fibresfibres

mix 23mix 23
5 5 sheetssheets glassglass fibrefibre meshmesh
2 2 crackscracks

mix 24mix 24
5 5 sheetssheets glassglass fibrefibre meshmesh
2 2 Vol%Vol% PVAPVA--fibresfibres
7 7 visiblevisible crackscracks
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MixMix design of selected mixesdesign of selected mixes

material 150x50x700 150x50x700 150x50x700

mix 16 mix 41 mix 42

OPC 1.0 1.0 1.0

PFA 0.3 0.3 0.3

dried silika sand 0.8 0.8 0.8

fibres 0.02 0.02

reinforcing mesh 1 sheet 1 sheet

water 0.45 0.45 0.45

plasticiser 0.0075 0.0075

stabilizer 0.0005 0.0005

ToughnessToughness teststests

Samples 150 x 50 x 700 with reinforcing mesh and fibresSamples 150 x 50 x 700 with reinforcing mesh and fibres
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Mix 41 - 1 sheet reinforcing
mesh - 3 cracks

Mix 42 - 1 sheet reinforcing
mesh and fibres - 10 cracks

Mix 16 - only fibres- 3 cracks



MixMix design of selected mixesdesign of selected mixes

material 150x150x700 150x150x700

mix 2* mix 43

OPC 1.0 1.0

PFA 0.3 0.3

dried silika sand 0.8

granite fines sand 0.8

fibres 0.02 0.02

reinforcing mesh 2 sheet

water 0.45 0.45

plasticiser 0.0075 0.0075

stabilizer 0.0005 0.0005

ToughnessToughness teststests

Samples 150 x 150 x 700 mm with PVA mesh and PVA fibresSamples 150 x 150 x 700 mm with PVA mesh and PVA fibres
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 Mix 2* - only fibres - 1 crack -

150x150x700 mm

Mix 43 - fibres and 2 sheets
reinforcing mesh -   6 cracks -
150x150x700 mm



mix 2, mix 2, highthight of of beambeam 50 mm50 mm mix 2, mix 2, highthight of of beamsbeams 150 mm150 mm

44

TensileTensile stress (stress (equivalentequivalent))

44

88
N/mmN/mm²²

deflectiondeflection deflectiondeflection

44

ArchArch effecteffect

FibreFibre elongationelongation trebledtrebled
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ADVANTAGE OF MULTIPLE CRACKINGADVANTAGE OF MULTIPLE CRACKING
OR POSTOR POST--TENSIONING BEHAVIOURTENSIONING BEHAVIOUR

StabelStabel plasticplastic hingeshinges
DenseDense structuresstructures –– pollutantspollutants

–– WaterWater







FLEXURAL CREEP OF FRC WITHFLEXURAL CREEP OF FRC WITH

STRUCTURAL POLYMER FIBRESSTRUCTURAL POLYMER FIBRES

FibresFibres testedtested

DurusDurus KrampeHarexKrampeHarex StruxStrux FortaForta



Mix Mix designdesign

370 kg/m370 kg/m³³ CEM II ACEM II A--S / 42.5 RS / 42.5 R
1747 kg/m1747 kg/m³³ Donau Donau sandsand and and gravelgravel 0/160/16
w / c  = 0.5w / c  = 0.5
ViscocreteViscocrete 1020X1020X

Dos.Dos. FibresFibres Dos.  HRWRDos.  HRWR SpreadSpread

4.5 kg/m4.5 kg/m³³ StruxStrux 90/4090/40 0.38 %0.38 % 440 mm440 mm

30.0 kg/m30.0 kg/m³³
SteelSteel--FibreFibre

FX 50/1.00FX 50/1.00
0.25 %0.25 % 460 mm460 mm

4.5 kg/m4.5 kg/m³³
DurusDurus PMW PMW 

50/100050/1000--K1,2x1,0RK1,2x1,0R
0.25 %0.25 % 450 mm450 mm

4.5 kg/m4.5 kg/m³³ FortaForta PF 54/300PF 54/300--K1K1 0.65 %0.65 % 450 mm450 mm

FibreFibre dosagedosage and and freshfresh concreteconcrete propertiesproperties



1.75 mm                 3.0 mm           DEFLECTION1.75 mm                 3.0 mm           DEFLECTION

STRESSSTRESS

Order of test Order of test procedureprocedure

toughnesstoughness test test –– creepcreep test test –– toughnesstoughness testtest

First First loadingloading
((deformationdeformation controlledcontrolled))

Second Second loadingloading
((deformationdeformation controlledcontrolled))

CreepCreep testtest

loadload controlledcontrolled

time time dependentdependent deformationdeformation



ToughnessToughness TestTest

Deflection [mm]

F
o

rc
e
 [

k
N

]

0.5        1         1.5          2         2.5         3  mm   0.5        1         1.5          2         2.5         3  mm   deflectiondeflection

5.3 N/mm5.3 N/mm²²

stressstress

2.6 N/mm2.6 N/mm²²

2.0 N/mm2.0 N/mm²²

1.3 N/mm1.3 N/mm²²

0.3 N/mm0.3 N/mm²²

StruxStrux

FX 50FX 50

FortaForta

DurusDurus

StressStress-- DeflectionDeflection-- DiagramDiagram



Second Second ToughnessToughness Test (Test (withoutwithout creepingcreeping))
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deflection

FIBREFIBRE
DeflectionDeflection duringduring

loadload relievingrelieving
DeflectionDeflection duringduring

loadload reapplicationreapplication

StruxStrux 0.55 mm0.55 mm 0.55 mm0.55 mm

FX 50FX 50 0.150.15 mmmm 0.150.15 mmmm

FortaForta 0.55 mm0.55 mm 0.50 mm0.50 mm

DurusDurus 0.55 mm0.55 mm 0.50 mm0.50 mm

DeformationsDeformations duringduring deloadingdeloading and and reloadingreloading



Creep



FlexuralFlexural creepcreep of of fibrefibre--reinforcedreinforced concreteconcrete

TestTest--FrameFrame





TheThe „„CreepCreep--ParkPark““

LoadLoad StagesStages in in thethe CreepCreep--TestTest

1.1. StageStage 0.47 x P 0.47 x P 1,75 1,75 

2.2. StageStage 0.60 x P 0.60 x P 1,751,75

3.3. StageStage 0.71 x P 0.71 x P 1,751,75

4.4. StageStage 0.85 x P 0.85 x P 1,751,75

DurationDuration: 3 : 3 monthmonth eacheach



CreepCreep StageStage 1; 1; fibrefibre CC

CreepCreep

StageStage 1 + 21 + 2



All All testedtested fibresfibres, , steelsteel and polymer and polymer 

StageStage 1 + 21 + 2

TestingTesting crackcrack formationformation
duedue to to dryingdrying shrinkageshrinkage

YOUNGYOUNG FIBREFIBRE--REINFORCED CONCRETEREINFORCED CONCRETE



WORKABILITYWORKABILITY

FIRE: FIRE: 
PreventingPreventing explosive explosive spallingspalling



Fibre reinforced concreteFibreFibre reinforcedreinforced concreteconcrete

IMPACT LOADIMPACT LOAD

HEALTH AND ENVIRONMENTHEALTH AND ENVIRONMENT



NOTHING IS MORE SUCCESSFUL THAN SUCCESS !NOTHING IS MORE SUCCESSFUL THAN SUCCESS !

THANK YOU FOR YOUR ATTENTION !THANK YOU FOR YOUR ATTENTION !


