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Tendon

•••• TheTheTheThe mainmainmainmain tendonstendonstendonstendons ofofofof hollowhollowhollowhollow corecorecorecore slabsslabsslabsslabs areareareare

composedcomposedcomposedcomposed ofofofof steelsteelsteelsteel wireswireswireswires ((((1111)))) orororor strandsstrandsstrandsstrands ((((2222))))::::

((((1111))))

((((2222))))

•••• ThisThisThisThis tendontendontendontendon isisisis positionedpositionedpositionedpositioned underneathunderneathunderneathunderneath thethethethe

verticalverticalverticalvertical webs,webs,webs,webs, wherewherewherewhere thethethethe sectionsectionsectionsection ofofofof concreteconcreteconcreteconcrete

allowsallowsallowsallows optimumoptimumoptimumoptimum coveringcoveringcoveringcovering ofofofof thethethethe steelsteelsteelsteel
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Concrete cover

•••• TheTheTheThe minimumminimumminimumminimum concreteconcreteconcreteconcrete covercovercovercover ccccminminminmin totototo thethethethe nearestnearestnearestnearest

concreteconcreteconcreteconcrete surfacesurfacesurfacesurface andandandand thethethethe nearestnearestnearestnearest edgeedgeedgeedge ofofofof aaaa corecorecorecore

shallshallshallshall bebebebe atatatat leastleastleastleast::::

� Only with respect to the exposed face, in accordance

with EN 1992-1-1 for durability (ccccmin,durmin,durmin,durmin,dur)

� For preventing longitudinal cracking due to bursting and

splitting

�CCCCmin,bmin,bmin,bmin,b ==== 1111,,,,5555 ØØØØ if the distance between centres of the strands is

≥ 3 Ø

�CCCCmin,bmin,bmin,bmin,b ==== 2222,,,,5555 ØØØØ if the distance between centres of the strands is

< 2,5 Ø

Where Ø is the strand or wire diameter 4



Clear spacing

•••• TheTheTheThe clearclearclearclear spacingspacingspacingspacing betweenbetweenbetweenbetween prestressingprestressingprestressingprestressing strandsstrandsstrandsstrands

shallshallshallshall bebebebe alalalal leastleastleastleast::::

� Horizontally ih :

� Vertically iv :

Where dg is the maximum size of aggregate 5



Summary of the structural tendon 
position
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General on transfer of prestressing

•••• TheTheTheThe strandsstrandsstrandsstrands (or(or(or(or wires)wires)wires)wires) areareareare strainedstrainedstrainedstrained totototo aaaa forceforceforceforce

PPPPmaxmaxmaxmax priorpriorpriorprior totototo castingcastingcastingcasting.... TheyTheyTheyThey undergoundergoundergoundergo anananan elongationelongationelongationelongation

andandandand theirtheirtheirtheir diameterdiameterdiameterdiameter decreasesdecreasesdecreasesdecreases A<A<A<A<ApApApAp;;;;
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General on transfer of prestressing

•••• WhenWhenWhenWhen releasedreleasedreleasedreleased afterafterafterafter thethethethe concreteconcreteconcreteconcrete isisisis sufficientlysufficientlysufficientlysufficiently

hardened,hardened,hardened,hardened, thethethethe strandsstrandsstrandsstrands exerciseexerciseexerciseexercise thethethethe forceforceforceforce PPPPmaxmaxmaxmax onononon

thethethethe slabslabslabslab throughthroughthroughthrough thethethethe steelsteelsteelsteel----concreteconcreteconcreteconcrete bondbondbondbond
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General on transfer of prestressing
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General on transfer of prestressing

•••• TheTheTheThe differencedifferencedifferencedifference PPPPmaxmaxmaxmax –––– PPPPmomomomo ==== ΔPΔPΔPΔPiiii (immediate(immediate(immediate(immediate losseslosseslosseslosses

duedueduedue totototo elasticelasticelasticelastic deformationdeformationdeformationdeformation ofofofof concrete,concrete,concrete,concrete, relaxationrelaxationrelaxationrelaxation ofofofof

thethethethe strandstrandstrandstrand............))))

•••• Indeed,Indeed,Indeed,Indeed, afterafterafterafter sawingsawingsawingsawing thethethethe slab,slab,slab,slab, thethethethe tendontendontendontendon trytrytrytry totototo

returnreturnreturnreturn totototo itsitsitsits initialinitialinitialinitial statestatestatestate (section(section(section(section ApApApAp withwithwithwith σσσσ ==== 0000)))).... ButButButBut

thethethethe concreteconcreteconcreteconcrete----steelsteelsteelsteel bondbondbondbond isisisis opposedopposedopposedopposed totototo thisthisthisthis

shorteningshorteningshorteningshortening.... FrictionFrictionFrictionFriction (by(by(by(by Poisson’sPoisson’sPoisson’sPoisson’s effect)effect)effect)effect) andandandand

chemicalchemicalchemicalchemical bondbondbondbond isisisis opposedopposedopposedopposed totototo thethethethe slippageslippageslippageslippage ofofofof thethethethe

cablecablecablecable fromfromfromfrom thethethethe edgeedgeedgeedge ofofofof thethethethe slabslabslabslab totototo aaaa lengthlengthlengthlength calledcalledcalledcalled lptlptlptlpt

(transfer(transfer(transfer(transfer length)length)length)length)
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General on transfer of prestressing

•••• InInInIn thisthisthisthis transmissiontransmissiontransmissiontransmission zone,zone,zone,zone, prestressingprestressingprestressingprestressing developsdevelopsdevelopsdevelops fromfromfromfrom zerozerozerozero totototo

100100100100%%%% followingfollowingfollowingfollowing aaaa parabolicparabolicparabolicparabolic lawlawlawlaw whichwhichwhichwhich forforforfor conveniency’sconveniency’sconveniency’sconveniency’s andandandand

safety’ssafety’ssafety’ssafety’s sakesakesakesake cancancancan bebebebe assimilatedassimilatedassimilatedassimilated totototo aaaa linearlinearlinearlinear growthgrowthgrowthgrowth havinghavinghavinghaving aaaa

lengthlengthlengthlength lptlptlptlpt
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General on transfer of prestressing

•••• TheTheTheThe reductionreductionreductionreduction ofofofof stressstressstressstress inininin thethethethe steelsteelsteelsteel duedueduedue totototo thethethethe

relaxationrelaxationrelaxationrelaxation underunderunderunder tensiontensiontensiontension andandandand duedueduedue totototo creepcreepcreepcreep andandandand

shrinkageshrinkageshrinkageshrinkage ofofofof thethethethe concreteconcreteconcreteconcrete underunderunderunder permanentpermanentpermanentpermanent loadsloadsloadsloads

leadsleadsleadsleads totototo aaaa finalfinalfinalfinal stressstressstressstress inininin thethethethe tendontendontendontendon σσσσpmpmpmpm∞ ::::

PPPPmmmm∞–––– PPPPmomomomo = ΔP= ΔP= ΔP= ΔP
∞

•••• 2222 differentdifferentdifferentdifferent bondbondbondbond situationssituationssituationssituations shouldshouldshouldshould bebebebe consideredconsideredconsideredconsidered

duedueduedue totototo thethethethe transversetransversetransversetransverse deformationdeformationdeformationdeformation ofofofof thethethethe tendontendontendontendon::::

� AAAA pushpushpushpush----inininin alongalongalongalong lptlptlptlpt where the tendon become thicker at

release

� AAAA pullpullpullpull----outoutoutout which refers to the anchorage when the steel

stress is increased due to loading
12



General on transfer of prestressing
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Transfer of prestressing in Model Code

••••ThisThisThisThis resultsresultsresultsresults inininin aaaa bilinearbilinearbilinearbilinear diagramdiagramdiagramdiagram forforforfor thethethethe embedmentembedmentembedmentembedment

lengthlengthlengthlength thatthatthatthat isisisis requiredrequiredrequiredrequired totototo developdevelopdevelopdevelop thethethethe designdesigndesigndesign steelsteelsteelsteel

stressstressstressstress ffffptdptdptdptd (same(same(same(same asasasas ECECECEC2222)))) ::::
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Comparison Model Code – EC2
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Design bond strength

•••• WhereasWhereasWhereasWhereas ECECECEC2222 determinesdeterminesdeterminesdetermines directlydirectlydirectlydirectly thethethethe transmissiontransmissiontransmissiontransmission

length,length,length,length, MCMCMCMC 2010201020102010 startsstartsstartsstarts withwithwithwith aaaa basicbasicbasicbasic anchorageanchorageanchorageanchorage

lengthlengthlengthlength

•••• TheTheTheThe designdesigndesigndesign valuevaluevaluevalue ofofofof thethethethe bondbondbondbond strengthstrengthstrengthstrength forforforfor

prestressingprestressingprestressingprestressing tendontendontendontendon isisisis::::

ffffbpdbpdbpdbpd====ηp1p1p1p1ηp2p2p2p2 ffffctdctdctdctd

Where :

� fctd = fctk(t)/ γc is the lower design concrete tensile

stenght; forforforfor thethethethe transmissiontransmissiontransmissiontransmission lengthlengthlengthlength atatatat thethethethe timetimetimetime ofofofof

release,release,release,release, forforforfor thethethethe anchorageanchorageanchorageanchorage lengthlengthlengthlength atatatat 28282828 daysdaysdaysdays
16



Design bond strength

� ηp1 takes into account the type of prestressing tendon:

�ηp1 = 1.4 for indented and crimped wires

�ηp1 = 1.2 for 7-wire strands

� ηp2 takes into account the position of the tendon:

� ηp2 = 1.0 for all tendons with an inclination of 45-90° with

respect to the horizontal during concreting

�ηp2 = 1.0 for all horizontal tendons which are up to 25 cm from

the bottom or at least 30 cm below the top of the concrete

section during concreting

�ηp2 = 0.7 for all other cases

17



Basic anchorage length

•••• TheTheTheThe basicbasicbasicbasic anchorageanchorageanchorageanchorage lengthlengthlengthlength definesdefinesdefinesdefines thethethethe lengthlengthlengthlength

requiredrequiredrequiredrequired totototo developdevelopdevelopdevelop thethethethe fullfullfullfull strengthstrengthstrengthstrength inininin anananan

UNTENSIONEDUNTENSIONEDUNTENSIONEDUNTENSIONED tendontendontendontendon::::

���====
���

∅�

	�
�

	���

Where:

� fptd = fptk/γs is the steel design tendon strength

� Asp = area of the cross section of the tendon 

� Ø is the nominal diameter of the tendon 

�
���

∅�
= 
Ø

�
for circular cross section (=0.25∅) and 

�Ø

��
for 7-

wire strands (≈0.19∅)
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Transmission length

•••• TheTheTheThe transmissiontransmissiontransmissiontransmission lengthlengthlengthlength ofofofof aaaa pretensionedpretensionedpretensionedpretensioned

tendontendontendontendon isisisis::::

���� � ������������
���

����
Where:

� ��� is the steel stress just afterafterafterafter releasereleasereleaserelease

� ��� considers the type of release:

���� = 1 for gradual release

����= 1.25 for sudden release
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Transmission length

� αp2 considers the action effect to be verified

�αp2 = 1 for calculation of anchorage length when

moment and shear capacity is considered (and for

lbpt0.95)

�αp2 = 0.5 for verification of transverse stress in

anchorage zone (and for lbpt0.05)

� αp3 considers the influence of bond situation

�αp3 = 0.5 for strands

�αp3 = 0.7 for indented or crimped wires

20



Design anchorage length

•••• TheTheTheThe designdesigndesigndesign anchorageanchorageanchorageanchorage lengthlengthlengthlength ofofofof aaaa pretensionedpretensionedpretensionedpretensioned

tendontendontendontendon isisisis::::

���� � 	 ���� " ���
��� # ��$%

����
Where:

� ��� is the tendon stress under design load (��� &fptd)

� ��$% is the tendon stress due to prestress after all

losses
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Design anchorage length
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Example – Data 

� Slab type: HC 265

� Concrete strength at transfer of prestress:

fck = 35 MPa; fctk0,05 = 2.25 MPa

� Concrete strength in service:  

fck = 50 MPa; fctk0,05 = 2.85 MPa

� Partial security factor: γc = 1,35 (Annex A EC2) 23



Example – Data 

•••• PrestressingPrestressingPrestressingPrestressing::::

� 8 ø ⅜’ strands (Ø= 9,3 mm)

� Steel characteristic ultimate stress: 

fpk,EC2 = 1860 Mpa (= fptk,MC)  

� Steel design ultimate stress: 

σpd,EC2 = fpk / γs = 1860/1,15 = 1617 Mpa (= fptd,MC)   

� Steel stress at transfer: σpm0,EC2 = 1080 Mpa (σpi,MC)

� Steel stress in service: σpm∞,EC2 = 872 MPa (σpcs,MC)

24



Example according to EC2 

••••TransferTransferTransferTransfer lengthlengthlengthlength ofofofof prestressprestressprestressprestress::::

� fctd = αct · fctk / γc = 1.0 x 2.25 / 1.35 = 1.67 Mpa

� fbpt = ηp1 η1 fctd = 3.2 x 0.7 x 1.67 = 3.73 Mpa

� lpt = α1 α2 φ σpm0 / fbpt = 1.0 x 0.19 x 9.3 x 1080 / 3.73 =

512 mm

lpt1 = 0.8 lpt = 409 mm 

lpt2 = 1.2 lpt = 614 mm
25



Example according to EC2 

•••• AnchorageAnchorageAnchorageAnchorage lengthlengthlengthlength::::

� fctd = fctk / γc = 2.85 / 1.35 = 2.11 Mpa

� fbpd = ηp2 η1 fctd = 1.2 x 0.7 x 2.11 = 1.77 Mpa

� lbpd= lpt2 + α2 φ (σpd - σpm ∞
)/ fbpd = 613 + 0.19 x 9.3

(1617 – 872) / 1.77 = 1356 mm

lbpd= 1356 mm
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Example according to MC

•••• BasicBasicBasicBasic anchorageanchorageanchorageanchorage lengthlengthlengthlength atatatat releasereleasereleaserelease::::

� fbpd = ηp1 ηp2 fctd = 1.2 x 0.7 x 2.25/1.35 = 1.4 Mpa

� lbp =
���

∅�

	�
�

	���
= 0.19 ∅

	�
�

	���
= 0.19 x 9.3 x 1617/1.4 = 2040

mm

•••• TransmissionTransmissionTransmissionTransmission lengthlengthlengthlength::::

� lbpt0,05 = lbp ���������
'�(

	�
�
	= 2040 x 1 x 0.5 x 0.5 x

1080/1617 = 340 mm

� lbpt0,95 = lbp ���������
'�(

	�
�
	= 2040 x 1 x 1 x 0.5 x

1080/1617 = 681 mm 27



Example according to MC

•••• DesignDesignDesignDesign anchorageanchorageanchorageanchorage lengthlengthlengthlength inininin serviceserviceserviceservice ::::

� fbpd = ηp1 ηp2 fctd = 1.2 x 0.7 x 2. 85/1.35 = 1.77 Mpa

� lbp =
���

∅�

	�
�

	���
= 0.19 ∅

	�
�

	���
= 0.19 x 9.3 x 1617/1.77 = 1611mm

� lbpd � 	����),+, " ���
'��-'�.�

	�
�
= 681 + 1611 x (1617 – 872)/1617 

= 1423 mm 
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Example comparison EC2 – MC 

29

EC2

lpt1 = 409 mm

lpt2 = 614 mm 

lbpd = 1356 mm 

Model Code 

lpt0,05 = 340 mm 

lpt0,95 = 681 mm 

lbpd = 1422 mm 



Stresses in the transmission zone 

•••• IfIfIfIf thethethethe slabslabslabslab sectionsectionsectionsection isisisis withoutwithoutwithoutwithout bendingbendingbendingbending crackscrackscrackscracks

alongalongalongalong llllbpdbpdbpdbpd,,,, nononono anchorageanchorageanchorageanchorage checkcheckcheckcheck isisisis necessarynecessarynecessarynecessary

•••• InInInIn thethethethe transmissiontransmissiontransmissiontransmission zonezonezonezone (x<(x<(x<(x<llllptptptpt),),),), 3333 typestypestypestypes ofofofof

tensilestensilestensilestensiles stressesstressesstressesstresses shouldshouldshouldshould bebebebe distinguisheddistinguisheddistinguisheddistinguished::::

�SplittingSplittingSplittingSplitting

�SpallingSpallingSpallingSpalling

�BurstingBurstingBurstingBursting
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Splitting

•••• TheTheTheThe transfertransfertransfertransfer ofofofof forcesforcesforcesforces betweenbetweenbetweenbetween thethethethe tendontendontendontendon andandandand thethethethe

concreteconcreteconcreteconcrete involvesinvolvesinvolvesinvolves stressesstressesstressesstresses parallelparallelparallelparallel totototo thethethethe axisaxisaxisaxis ofofofof thethethethe

tendontendontendontendon (bond)(bond)(bond)(bond) butbutbutbut alsoalsoalsoalso perpendicularperpendicularperpendicularperpendicular.... ThesesThesesThesesTheses

compressivecompressivecompressivecompressive stressesstressesstressesstresses areareareare radialradialradialradial andandandand generategenerategenerategenerate

circumferentialcircumferentialcircumferentialcircumferential tensiltensiltensiltensil stressesstressesstressesstresses (like(like(like(like aaaa barrel)barrel)barrel)barrel)::::
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Bursting

•••• TheTheTheThe applicationapplicationapplicationapplication ofofofof anananan externalexternalexternalexternal pointpointpointpoint loadloadloadload atatatat thethethethe

endendendend ofofofof thethethethe slabslabslabslab leadsleadsleadsleads totototo thesethesethesethese principalprincipalprincipalprincipal stressstressstressstress

trajectoriestrajectoriestrajectoriestrajectories::::

••••TheTheTheThe phenomenonphenomenonphenomenonphenomenon isisisis identicalidenticalidenticalidentical inininin thethethethe casecasecasecase ofofofof

prestressingprestressingprestressingprestressing withwithwithwith thethethethe differencedifferencedifferencedifference thatthatthatthat thethethethe loadloadloadload isisisis

appliedappliedappliedapplied graduallygraduallygraduallygradually onononon llllptptptpt
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Spalling

•••• TheseTheseTheseThese stressesstressesstressesstresses areareareare alsoalsoalsoalso causedcausedcausedcaused bybybyby thethethethe developmentdevelopmentdevelopmentdevelopment

ofofofof prestressingprestressingprestressingprestressing inininin thethethethe concreteconcreteconcreteconcrete ofofofof thethethethe slabslabslabslab endendendend wherewherewherewhere

onlyonlyonlyonly thethethethe lowerlowerlowerlower partpartpartpart beginsbeginsbeginsbegins totototo bebebebe prestressedprestressedprestressedprestressed::::

••••TheseTheseTheseThese verticalverticalverticalvertical tensiletensiletensiletensile forceforceforceforce leadleadleadlead totototo horizontalhorizontalhorizontalhorizontal crackscrackscrackscracks

whichwhichwhichwhich areareareare commonlycommonlycommonlycommonly knownknownknownknown asasasas «««« crocodilecrocodilecrocodilecrocodile mouthsmouthsmouthsmouths »»»» 33



Checking in the transmission zone 

•••• SplittingSplittingSplittingSplitting andandandand burstingburstingburstingbursting areareareare avoidedavoidedavoidedavoided bybybyby maintainingmaintainingmaintainingmaintaining

thethethethe distancedistancedistancedistance betweenbetweenbetweenbetween strandsstrandsstrandsstrands andandandand covercovercovercover

requirementsrequirementsrequirementsrequirements indicatedindicatedindicatedindicated atatatat thethethethe beginningbeginningbeginningbeginning ((((ccccminminminmin andandandand

iiiihhhh/i/i/i/ivvvv))))

•••• ForForForFor spalling,spalling,spalling,spalling, ENENENEN1168116811681168 givesgivesgivesgives thethethethe criterioncriterioncriterioncriterion totototo bebebebe

respectedrespectedrespectedrespected σσσσspspspsp ≤≤≤≤ ffffctctctct andandandand thethethethe equationequationequationequation forforforfor thethethethe

calculationcalculationcalculationcalculation ofofofof thethethethe spallingspallingspallingspalling stressstressstressstress σσσσspspspsp ::::
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Slippage of strands into slab end 

� The slippage is directly related to the anchorage of

tendons

� As prestress transfert is of mayor importance for

structural behavior of HC slab, slippage should be

measure

� But this slippage must remain within acceptable limits

� The theorical slippage Δlo can be calculated according to

EN13369:

∆�)� 0.4����).+,
��3

4�

� The maximum allowable slippage of a single strand shall

not exceed 1.3 Δlo (and mean value of all strands ≤Δlo) 36



Slippage of strands into slab end 
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Δlo higher

than

permissible



Protruding strands

InInInIn thethethethe 1970197019701970’s,’s,’s,’s, FranceFranceFranceFrance hashashashas developeddevelopeddevelopeddeveloped HCHCHCHC slabslabslabslab withwithwithwith

protrudingprotrudingprotrudingprotruding strandsstrandsstrandsstrands totototo avoidavoidavoidavoid totototo repositioningrepositioningrepositioningrepositioning ofofofof

projectingprojectingprojectingprojecting stirrupsstirrupsstirrupsstirrups inininin castcastcastcast inininin----situsitusitusitu orororor totototo enableenableenableenable thethethethe

continuitycontinuitycontinuitycontinuity ofofofof verticalverticalverticalvertical wallwallwallwall reinforcementreinforcementreinforcementreinforcement::::
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Protruding strands

TheTheTheThe lengthlengthlengthlength ofofofof thethethethe HCHCHCHC unitsunitsunitsunits isisisis realisedrealisedrealisedrealised duringduringduringduring

manufacture,manufacture,manufacture,manufacture, bybybyby manualmanualmanualmanual orororor semisemisemisemi----automaticautomaticautomaticautomatic removalremovalremovalremoval

ofofofof aaaa stripstripstripstrip ofofofof freshfreshfreshfresh concreteconcreteconcreteconcrete withwithwithwith aaaa widthwidthwidthwidth ofofofof 2222 timestimestimestimes

thethethethe requiredrequiredrequiredrequired tendon’stendon’stendon’stendon’s protrudingprotrudingprotrudingprotruding lenghtlenghtlenghtlenght ::::
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Protruding strands

•••• TheTheTheThe transmissiontransmissiontransmissiontransmission zonezonezonezone (x<(x<(x<(x<llllptptptpt)))) isisisis unchangedunchangedunchangedunchanged fromfromfromfrom

thethethethe endendendend ofofofof thethethethe slabslabslabslab betweenbetweenbetweenbetween aaaa traditionaltraditionaltraditionaltraditional systemsystemsystemsystem

andandandand aaaa systemsystemsystemsystem withwithwithwith protrudingprotrudingprotrudingprotruding strandsstrandsstrandsstrands ;;;;

•••• TheTheTheThe designdesigndesigndesign anchorageanchorageanchorageanchorage lengthlengthlengthlength llllbpdbpdbpdbpd isisisis unchangedunchangedunchangedunchanged ifififif

thethethethe sectionsectionsectionsection isisisis uncrackeduncrackeduncrackeduncracked ;;;;

•••• OnOnOnOn thethethethe otherotherotherother hand,hand,hand,hand, thethethethe protrudingprotrudingprotrudingprotruding strandsstrandsstrandsstrands givegivegivegive

thethethethe slabslabslabslab aaaa longerlongerlongerlonger basicbasicbasicbasic anchorageanchorageanchorageanchorage lengthlengthlengthlength (since(since(since(since itititit isisisis

measuredmeasuredmeasuredmeasured fromfromfromfrom thethethethe endendendend ofofofof protrudingprotrudingprotrudingprotruding strand)strand)strand)strand)

usefulusefulusefuluseful whenwhenwhenwhen thethethethe slabslabslabslab isisisis crackedcrackedcrackedcracked alongalongalongalong llllptptptpt orororor llllbpdbpdbpdbpd
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Protruding strands

StressesStressesStressesStresses inininin thethethethe anchorageanchorageanchorageanchorage zonezonezonezone ofofofof slabsslabsslabsslabs withwithwithwith

protrudingprotrudingprotrudingprotruding strandsstrandsstrandsstrands (according(according(according(according NFNFNFNF DTUDTUDTUDTU 23232323....2222))))::::
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