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Abstract

Recentlybuilt for the Bus-HOV lane on the C-58 Motorway, the Viaduct consistsof an elevatedstructure the piersof which arelocatedin the
spacebetweerthetwo decksof anexistingviaduct.

Thenewdeckconsistf a spatialsteeltubularstructurethatsupportsa concreteplatform,on which the carriagewayuns.

Unknownfor this type of structure the designof the constructiorsysteminvolved erectingthe piersanddeck100%without the supportof the
existingviaductdeckswhich wereonly occasionallyusedfor auxiliary aid jobs, controlandinspectionsothattraf ¢ wasnot cut off atanytime.
© 2017Asociacbn Cient co-T écnicadel Hormigon EstructuralACHE). Publishedby ElsevierEspdia,S.L.U. All rightsreserved.
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Resumen

El viaductorecientementeonstruidgparael carril Bus-Vaoenla autopistaC-58 estaconstituidopor unaestructuraelevadacuyaspilas sesitdan
enel espaciaccomprendidaentrelos dostablerosde un viaductoexistente.

El tablerodel nuevoviaductoestéformadopor unaestructuranetalicaespaciate tubosquesoportaunaplataformade hormigénsobrela que
discurrela calzada.

El sistemaconstructivodesarrolladoinédito paraestetipo de estructurahaconsistidoenel montajedel 100%de pilasy tablerosin contarcon
el apoyode elementogleobrasobrelos tablerosdel viaductoexistenteguetansolohansidoutilizadosocasionalmentparalaboresauxiliaresde
ayuda,controle inspecciondetal formaqueenninginmomentosehaprecisadaortarel tra co devehiculos.
© 2017Asociacbn Cienf co-T écnicadel Hormigon EstructuralACHE). Publicadapor ElsevierEspdia, S.L.U. Todoslos derechoseservados.
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1. Introduction (Barcelona) and the Avenida Meridiana of Barcelona, by
creatinga Bus-HOV lane(High Occupancyvehicles).

TheC-58Motorway,for accesso Barcelondrom theNorth- The extensionconsistedof a new carriagewaywith two

west,accumulatesneof the heaviestraf ¢ peaksin Catalonia
(150,000vehiclesa dayin 2011), often causingtraf ¢ to col-
lapse.

In orderto reducetraf c congestionin peakhours,it was
plannedo extendtheMotorwayonthestretchbetweerRipollet
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3.50m wide lanesand hard shouldersmeasuringl.50m. The
projecthadto solvea complexproblemcausedy the dif cul-
ties stemmingfrom the existingspaceboxingin the Motorway
andrunningalongtwo parallelviaducts,eachwith threelanes
of traf c.

The solution that was adoptedconsistedof building a new
viaductforming a singularprojectdueto its location,the deck
of which runsparallelat a level abovethe carriagewayof both
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Figurel. View of thedeck.

viaducts(Fig. 1) andwith piersthatemergerom theintermedi-
atespacebetweerthedecks(Fig. 2).

The deck,which runsoverthe carriageway®f the existing
Motorway,wasdesignedvith shapeshatmeetthe appropriate
aesthetiaequirementdor its integrationinto the environment
andwhich providethe observemwith themaximumsensatiorof
transparency.

Building thedeck,whichrunsparallelabovethecarriageway
of bothviaductsrequireddesigninga specialprocedurewhich
imposeda condition which consistedof dispensingwith any
type of lifting deviceoverthe existingdecksof the Motorway
becausef thedenseraf c.

Broadly speaking.the procedureconsistedof building the
structuralelementsof the deckandthe upperpart of the piers
onthegroundandthenproceedingo assembléheminto their

nal positionusingspeciallaunchingsystemssupportedy the
structureitself, asit wasbeingconstructed.

sl

Figure2. Pierof theBus-HOVviaduct.

2. Bus-HOV viaduct characteristics
2.1. Generaldimensions

The viaduct has a total length of 693m and comprises
16 spans,with the following successiorof spansmeasured
betweerthe axesof thepiers(Figs.3 and4).

44.10S 4x 34.00S 45.00S 2x 52508 45.00S 34.00
$§ 45008 43205 52.305 52705 5350S 37.00m

Thedeckhasatotal width of 11.50m.

2.2. Piers

Everypiercomprisesconcreteshaftwith aconstanexterior
section,which hasanupperextensionin the shapeof a capital,
suitablefor providing supportfor the decks(Fig. 5). Thereis a

Figure3. Generaliew.



J.A.LlombartJaqued Hormigony Acero2017;68(282):el...e15 e3

Figure4. Aerial view.

total of four supportdeviceson the crowning,two for eachof
theadjacentecks.

The lower partof the shaftis solid, built in situ andhollow
atthetop, whichis prefabricated.

All the piersaresitedin the spacebetweerthe decksof the
existingviaduct,the minimum horizontaldistanceof which is
3.60m; thisis lessthanthe transversesizeof the capitalof the
pier (4.44m), wherethe decksupportsarelocated.

Sucha circumstanceaddedto the restrictionswhen using
the existing viaduct for supportingthe auxiliary construction
meanswasthereasorbehinddesigninga specialprocedurdor
mountingthe pierscompletelyfrom the ground,irrespectiveof
theexistingstructure.

2.3. Deck

The deckof the viaductconsistsof a total of 16 spanswith
isostaticsustentationEach spanis formed by a spatialtubu-
lar structure the upperpart of which hasa concreteplatform,
comprising prefabricatedslabs joined togetherby meansof
subsequentoncretingand structurallyconnectedo the metal
latticeworkforming a mixed steel- concretestructure.

The metallatticeworkis formedby two uppersemi-tubular
chordsto providea at surfaceon the top for supportingthe

deckslabs(Figs.6 and7). A singletubeformsthelower chord.
The main diagonalswhich are alsotubular, are placedas per
the“Warren” scheme.

Themainjoints of thetubularstructureweredesignedothat
nointernaltransversetiffenersvererequiredthusavoidingnot
only somedif culties in carryingouttheweldingontheinside,
butalsotheneedto maketie-insin themaintubesonbothsides
of eachjoint. Fig. 8 showsdetailsof the main and secondary
joints of theupperchord,whereconnectingplatesareplaced.

Building the metal structurein the workshopwas carried
outby following rigorousgeometriccontrolfor the correctfor-
mation of the joints wherethe main diagonalsmeetthe tubes
forming theupperandlower chords(Fig. 9).

Specialattentionwaspaidto thecuttingprocedureoutlining
their peculiarshape(Fig. 10) andto preparingthe edgesat the
endsof thetubesformingthediagonalssothatthey t perfectly
with the surfaceof the tubesof the mainchords[1], thusguar-
anteeinguniform thicknessof theweld bead<o be appliedand
adjustingthe “g” value of the spacingforeseenin the project
(Fig. 11).

Thelatticeworkwasdesignedothatthetubeaxesof eachof
thejoints convergeat a point of union, therebyasthereareno
eccentricitiesvhenapplyingaxialloadstransmittecby thebars,
no secondanbendingstressoccurs.Bearingthis conditionin
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Figure5. Transversaectionof theassemblyforming the Bus-HOV Viaduct.
mind, togethemwith theconsideratiof thetubediameterform- The upper platform of the deckis madeof prefabricated

ing ajoint, the sizeof the“g” spacingis determinedor every  slabs(Fig. 12), the length of which coincideswith the width
caseformingafundamentaparametethatdependslirectlyon  of the deck.Theseare equippedwith nichesfor connectionto
the ef ciency of the structuralcapacityof the joints for stress  themetalstructure Therearespace®n bothsidesof eachslab
transmissiorn2—-6]. for subsequentling with aspecialmortarafterplacement.
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Figure6. Deck. Transverseection.
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Figure7. Metallatticework.Diagram.

The slabreinforcementvasarrangedn parallelto the lon-
gitudinal axis of the deckand protrudedto form the structural
unionbetweertheadjacenprefabricategrieceqFig. 13). They
are 12mm in diameterand adoptthe shapeof a closedloop
with anarrangemerguchthatthedistancebetweerthebaraxes
havea minimal overlap (20mm) so asto optimize the stress
transmissiorconditions[7].

Structuralcontinuity is establishedetweenthe contiguous
deckslabs havingconsideredt suitableto install threeexpan-
sion joints betweenthe nal endsof the deck of the viaduct
in order to useonly neoprenebearingswith the appropriate
thicknessand thus avoid placing specialsupportdevicesat a
higher cost. The maximumdistancebetweenexpansiorjoints
is 180m andforms a stretchof deckwith a constantslabin
which the magnitudeof the maximumhorizontalmovementat
theendsis compatiblewith thetransverselistortioncapacityof
theelastomeridearings.

Theendf eachdeckrestonthepiersby mean®f 2neoprene
padsmeasurin@g00x 400mmwith atotalthicknesf 196mm.
The size of the neopreneblocksis identicalin all the viaduct
supportdevices.

Adoptingamixedstructurefor thedeck,with themetalfrac-
tion formedby a spatialtubularstructure providedtheaesthetic
qualities that are appropriatefor giving a pleasantimage to
motorway usersdriving along the viaduct, locatedat a lower
level. Themagnitudeof thewholedepthof the deckof the Bus-
HOV Viaduct(4.35m), very muchmorethanwhatwould have
beenappropriatéf thedeckhadbeemmadeof webgirders,does
not disruptthe sensatiorof lightness.Howeverit providesan
addedadvantagéo thestructurabrder,dueto thegreatstiffness
asaresultof bendingandtorsion.

The working conditionsand performanceof the structural
materialsforming the deck were favourable,thanksto the
schemeausedandwereonly penalizedby a partial lossof ef -
ciency in the unionsin the joints, which is characteristicof
tubularstructureswith no stiffeners,aswell asdueto theeffect
of fatigue[8], which s negligiblein this case.

The amountof structuralsteel placedon site represented
225kg per squaremetreof deckin the widestspang53.50m)
and175kg/sgmin thosemeasuring33.20m.

3. Construction
3.1. Piers

Thepierswerebuilt in two stages:rstly, by pouringconcrete
in situ using climbing formwork until reachinga heightunder
thetop ange of the existing deck. The remainingfraction of
the pier was prefabricatedon solid ground and then put into
placewith the useof a crane(Fig. 14). This procedurewas
designedecausét wasimpossibleto build the piersusingthe
conventionakystemwhich would not havebeenpossibledue
tothephysicalproximity of thetwo decksof thecurrentviaduct.

To materialize¢heunionbetweerthetwo partsforming each
pier andto makeit possibleto mountthe assemblyquickly,
besideghenormalreinforcemenbf theconcretepiece,agroup
comprisingl4 threadedarsmeasurindbOmm diametercross-
ing the areaof the union and forming a single reinforcement
wereinstalledto withstandthe stressduringthe servicestagen
the intermediatesectionbetweenthe fraction built in situ and
theprefabricategiece.

Thesaidbarswerebuilt into theconcreteatthebottomof the
pier, constructedn situ andthey protrudeat thetop (Fig. 15).

On the upperfraction of pier, formed by the prefabricated
piece, the bars are placedinside some metal ducts that are
groutedoncetheprefabricategpiecehasbeenplacedin its nal
position.Couplersareusedto maketheunionbetweerthebars
of thetwo parts.

Fig. 16 showsthe stagesand details of the procedurefor
mountingthe upperprefabricategart.

Descriptionof the assemblystagesof the upperfraction of
thepier:

1. Placingof compressiomutsandmetalplatesto supportthe
4 barslocatedon the cornersof the pier, belowthe couplers.

Placingof only couplersontheremainingbars.

The bars belongingto the prefabricatedpiece, placed
inside the metal ducts, are fastenedo the crowning using
the relevantretentionnuts. The 4 cornerbarshavea longer
salientlength,on thelower part,comparedo the others.

Elevationby craneof the upperprefabricatedraction of
the pier, turning the pieceaccordingto the verticalaxisand
positionedt ontothelower fraction.

2. Controlleddescenbf theupperprefabricateghieceandcon-
nectionof 4 cornerbarsusingtherelevantcouplers.

3. Thepositionof theuppermrefabricategiecesuspendetiom
thecraneis maintained.

Descenbf theremainingbarsby turningtheretentiomuts
locatedon theupperpartof the prefabricategiece.

Connectiorof the saidbarsby meansof therelevantcou-
plers.

4. Slowdescenbf theupperprefabricateghieceuntil achieving

contactwith the metalplatesof the 4 cornerbars.

Veri cation of the verticality and contract adjustment
of the 4 platesby turning the compressiomuts. Onceveri-
ed, thebarsareadjustedy tighteningthenutsof thecorner
barsplacedon the upperfacingof the prefabricategiece.
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Figure8. Metallatticeworkof the spanmeasuring2.70m. Elevationandplanviews plus detailsof thejoints.

Fromthenon,theunitis stableandreleasedromthecrane.

Theprefabricateghiecestill restsexclusivelyontheplates
of the4 cornerbarsandis anchoredo the upperpart. There
areno stability problemsin the compressettactionof the4
cornerbarsthatsupportheweightof theprefabricategiece
dueto the shortlengthof buckling (35cm).

The aboveassemblyoperationsvere carriedout at night
for safetyreasonsThe maximumtime recordedon site for

assemblingeachprefabricatecpiecewas lessthanan hour
anda half.

Oncethe prefabricategiecewasmounted thefollowing
stagesvereto completethe structuralconnectiorby means
of theoperationglescribedbelow:

5. Placingtheformworkin the connectiorarea.

Pouringgroutand lling theintermediatespacebetween
theconnectiorpieces.
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Figure9. Jointon oneof the endsof thelower chordof thelatticework.

Figure10. Cutsandpreparatiorof theedgeof thetubesformingthediagonals
of thelatticework.

Oncethegrouthadcured themetalductsof theupperpart
are lled with injectedmortar.
6. Oncethemortarinjectedntothemetalductsis curedthebars
of the pier crowningarecut andthe existingpocketformers
aresealedush to theupperfacing.

Oncetheaforementionedvork hasbeencompletedthepiers
arereadyfor the nextstagesf mountingthe deck(Fig. 17).

Figurell. Diagramof thejoint with “g” spacingandzeroeccentricity(e=0).

Figure12. Prefabricatedieckslabs.

3.2. Deck

3.2.1. Launchinggantry

Mounting the structural elementsforming the deck was
performedby using a conventionallaunchinggantry initially
designedor theassemblyf decksusingprefabricated¢oncrete
girders.It hadto be appropriatelyadaptedor useonthis site.

Oneof the modi cations consistedf reinforcingthe struc-
ture of the launchgirdersto supportthe stressproducedfrom
their own weight during the auto-launchingnanoeuvreof the
longestspan(53.50m), with thecantileveredrontend(Fig. 18),
the size of which is greaterthanwhatis normally achievedn
decksmadefrom prefabricatedconcretagirders.

3.2.2. Auxiliary structures

Thelaunchinggirderis tted with somesquarametalpieces,
weldedto thelower partwhich servesastracklanesastheyrest
on the upperwheelsof the motorizedmetaltrolleys. They can
movein a longitudinal direction. The trolleys move alongthe
girder-laneof latticeworkplacedn aperpendiculadirectionfor
thelateraldisplacemenof thewhole unit.

Figure13. Diagramof thejoint in the prefabricatedlabs.
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Figure14. Assemblyof the upperfractionof oneof thepiers.

Figure 15. Upperpart of the fraction of pier built in situ. You canseethe 50mm diametervertically protrudingbarsplacedprior to the operationfor mounting
the upperprefabricatecpiece.Compressiomutson the cornerbarsandbearingpadsare placedbelow the couplers.Only stressbar couplerswere placedon the
remainingbars.
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Figurel7. Viaductpiers,installedbeforebuilding the deck.

Thereis a markeddifferencebetweerthe normalprocedure
for launchingprefabricatecconcretegirdersandthe oneused
for placingmetallatticeworkformingthedecksof theBus-HOV
Viaduct. During the longitudinal displacemenimanoeuvrethe
concretayirdersaresuspendeftom thebridgecraneandmoved
alongthe intermediatespacebetweenthe two hugegirdersin
latticework of the launchinggantry, without there being any
interferenceasthey moveabovethe girders-lanesrrangedor
thelateraldisplacemenof the unit.

Giventhelargeexteriorsizeof thetransversesectionof the
latticeworkpieceg6.00mwideand4.00m deep)andin addition
bearingin mind the existing curvatureof someof them, the

spacebetweenthe two girdersis insuf cient and thereforeit
isimpossibleéo manoeuvrghelongitudinaldisplacemeninto a
similarpositionto thatof theprefabricate@oncretegirders.The
latticework suspendedrom the bridge cranemustnecessarily
be placedat alower level duringthelongitudinaldisplacement
manoeuvra@ndpassbelowthegirder-lanein theareawherethe
deckhasalreadybeenbuilt.

A portico-shapedtructurewasmountedto provide support
for the girder-laneat the adequaténeight.lts lintel wasformed
by thegirder-laneitself. (Fig. 19). Theporticowasclosedatthe
lower part usinga jamb connectionpiecein orderto transmit
vertical loadsto intermediatepointslocatedon the axesof the

Figure18. Launchinggirdermeasuringl20m long, with cantileveredront end.
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Figure19. Rearstructureassembledn the built deck.Diagramof latticeworkin launchingpositionandrealview.
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Figure21. Fasteningf theauxiliary metalstructureto the concretepier.

semicirculampro les forming theupperchordof thelatticework
of the constructeddeck.Horizontalarmsstemin a perpendic-
ular directionfrom the lower jamb connectionpiece.They are

anchoredttheendto thedeckslabandusedo providestability

to thewholestructure.

The girder-laneis mountedon a metal structurethat rests
eccentricallyon a limited spaceof the upperheadon eachpier
in thefront partof theareawhereeachdeckin beingbuilt. This
isin orderto leavefreespacdor supportinghedecklatticework
pendingplacemen{Fig. 20).

Thefront auxiliary structureis rigidly joinedto theconcrete
pier using an adjustablefasteningsystem(Fig. 21), equipped
with prestresseldars Thereis noneedo createanyvoidsto sup-
portthemor anyadditionaholes theexistencef whichalterthe
appearancandaestheticsContactbetweerthe metalstructure
andthe concretepier is achievedthroughsomebumperstted
with sphericahingesanda regulationscrewspindle(Fig. 22).

In order to proceedwith the assemblyeachmetal struc-
ture was put into position on the pier by crane.Contactof

Figure22. Bumperstted with sphericahingesandregulationscrewspindle.

all the bumperswas ensuredto the concretepier by tighten-
ing the screws The barswerethentensedso that the structure
remainedperfectly solid with the pier without any clearance
and readyto provide the appropriatesupportfor the launch-
ing gantryusedfor the deckassemblyThe tensileforce of the
barswasdeterminedsothatat no time during the construction
stageswhenthe structurewasoperative anydetachmentould
takeplacebetweernthe bumpersandthe concretesurfaceof the
pier.

3.2.3. Mountingthedeck

The spatialtubularstructureof eachdeckwashbuilt entirely
in aworkshopin aninvertedposition(Fig. 23).

After undertakinghegeometriaccontrolandweld monitoring
operationsthestructurewasinvertedandtransportedo thesite
for placementn its nal position.

Fig. 24 representshe stagedor placingalatticegirderonce
it arrived at the building site. The manoeuvresre indicated

Figure23. Mountingthe decklatticeworkatthe workshop.
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Figure24. Manoeuvredor placingdecklatticeworkinto its nal position.
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Figure25. Placingalatticegirderintoits nal positionusingthelaunchinggantry.

Figure26. Mountingthe prefabricatedlabswith thelaunchinggantry.

schematicallyduring the longitudinal displacementof the
latticeworken route alongthe supportof the launchinggantry
where it was necessaryto changeits rear hanging position,
due to the fact that the latticework was placed below the
girder-laneplockingthe passagef thehangingelementsvhen
suspended.

All the operationsfor mountingthe deck were carried out
overnightandthe motorwaytraf ¢ wasmaintainedatall times,
althoughonly the outer lanesof the deck were usedfor the
passagef vehicleseavingthe othersavailablefor useby staff
andauxiliary siteelementgFig. 25).

Oncethemanoeuvre$or placingthelatticeworkconcluded,
thelaunchinggantryitself wasmountedntotheupperplatform
of the deck,formedby prefabricatedlabs(Fig. 26) tted with
recessefor connectiorto the metalstructure.

4. Conclusions

Choosingthe specialcon guration of the BUS-HOV lane
Viaduct of Barcelonawasmotivatedby the needto extendthe
C-58 Motorway, togetherwith thelimited spaceavailable. The
newly built viaducthasnot requiredany complementarypccu-
pationof theexistingmotorway.

The projectundertakerhasthe specialfeatureof singularity
due to its location, with piers that rise out of the interme-
diate spaceof the decks of the existing viaduct. The deck
shapesformedby the spatialstructure respondo the aesthetic
requirementandto their integrationwith the environmentAn
innovativebuilding systemwas designedso that vehicle traf-
¢ was maintainedthroughoutthe time the projectwas built.
Finally, it is worth noting thatthe projectwascarriedout very
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quickly, duetotheadvantagéhatpracticallythewholedeckwas

built onthegroundandthenassembledsingspecialelements.

5. Execution

Propertyowners:TABASA.

Project and technical assistanceagiven to the contractors:

EIPSA.

ContractordTemporaryConsortium]:U.T.E. OHL — COP-
CISA.
InaugurationOctober2012.
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