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qhe=Bôco=Brádge=ás= located=along=the=portuguese=road=bjRVRJNI=breacháng=the=valley=of=the=Cávado=
ráver=and=dávádáng= the=regáons=of=Aãares= and=sáeára= do=jánhoI= án=the=dástráct=of=BragaK=qhás=brádge=
was=deságned=by=the=archátect=pebastáão=iopes=and=buált=án=between=the=years=of=NVMV=and=NVNM=by=the=
coãpany= joreára= de= pá= C= jalevezI= dealers= of= the= patented= eennebáque= systeã= án= mortugalK= ft= ás=
consádered=the=fourth=oldest=reánforced=concrete=EoCF=brádge=án=mortugalK=qhe=orágánal=brádge=was=PP=ã=
long=and=4KRR=ã=wádeK=qhe=two=parallel=arches=wáth=a= rectangular= crossJsectáon=of=MKPM=ã=by=MKTM=ã=
are=supported=at=each=end=by=abutãents=dárectly=casted=on=the=rocâK=A=coãprehensáve=study=of=Bôco=
Brádge=was=carráed=out=áncludáng=hástorácalI=geoãetrácal=and=daãage=surveysI=as=well=as=the=physácal=
and=cheãácal=characterázatáon=of=exástáng=structural=ãateráals=Esteel=and=concreteFK=qhás=paper=presents=
and=analyses=the=ãost=áãportant=results=of=thás=studyK=
=
heywords:  Concrete bridgeI eennebique systemI purvey 
 
 
NK fNTolarCTflN 
=
qhe=Bocô=brádge=over=the=Cávado=oáver=spláts=the=regáons=of=Aãares=and=sáeára=do=jánhoI=án=the=north=
of= mortugalK= ft= ás= located= along= the= mortuguese= road= bjRVRJN= Edmp= coordánatesW= 4NºPVDNOKRODDkI=
UºN4DRRKVNDDtFK= qhe= brádge= was= buált= án= between= the= years= of= NVMV= and= NVNM= by= joreára= de= pá= C=
jalevez= CoãpanyI= dealers= of= the=patented=eennebáque= systeã= án= mortugalK= ft= was= deságned=by= the=
archátect= pebastáão= iopesK= qhe= reánforced= concrete= deságn= project= was= by= the= bureau d’etudes 
eennebique=án=marás=and=the=technácal=bureau=of=joreára=de=pá=C=jalevez=án=iásbonK=ko=ánforãatáon=
was= found=about= the=ãotávatáon=for= the=constructáon=of= thás=brádgeK=ft= ás=consádered=to=be=the=second=
oldest=concrete=brádge=án=use=án=mortugalK=
Accordáng= to= the= ie Béton Armé= journal= xNz= the= orágánal= brádge= was= PP=ã= long= Esee= cágK=NF= and= was=
subãátted=sáãálar=load=tests=to=the=ones=of=iuáz=Bandeára=Brádge=dádI=ãaánly=xOzW=an=unáforã=load=coãposed=
of= sandbagsX= fálláng= brádge= wáth= horseJdrawn= carráagesX= ãeasuráng= the= deflectáon= duráng= the= passage= of=
a=sángle=horseJdrawn=carráageX=andI=for=conclusáonI=a=gyã=sessáon=wáth=RM=ãen=to=checâ=the=vábratáonsK=
fn= gune= OMth= NVRM= the= brádge= was= ánspected= by= several= engáneers= ánvolváng= dáfferent= ánstátutáonsK=
Accordáng=to=the=survey=reportI=the=brádge=was=án=bad=condátáonK=Concrete=spalláng=and=corrosáon=of=the=
reánforceãents=were=the=ãaán=daãages=found=án=the=arch=and=decâK=fn=addátáonI=the=traffác=on=the=Brádge=
was= láãáted= to= the= ãaxáãuã= load= of= R= ton= per= vehácleI= not= crossáng= at= the= saãe= táãeI= untál= the=
correspondáng=strengthenángK=qhe=project= for= the=rehabálátatáon=was=deságned=by=the=bngáneer= gK=auarte=
CarrálhoI=the=deneral=aárectorate=of=rrban=perváces=of=the=jánástry=of=mublác=torâsK=lnly=on=pepteãber=
NOth=NVSNI=the=coãpany=Alberto=pousa=Beetle=C=dautáer=started=the=worâK=qhe=rehabálátatáon=Eáncludáng=
the=strengthenángF=had=a=total=cost=of=€NMVV=and=át=was=fánáshed=án=jarch=NSth=NVSOK=
After= RM=years= rehabálátatáon=has=happenedI= wáthout= any=addátáonal= ánterventáonI= the=Brádge=presents=
soãe= degradatáon= levelK= fn= spáte= of= thatI= a= náce= landscape= can= be= seenI= as= shown= án= cágK=OK=
A=coãprehensáve= study= of= Bôco= Brádge= was= carráed= outK= qhese= studáes= ánclude= the= geoãetrácal= and=

================================================
N=Assocáate=mrofessorI=fpfpbI=rnávK=of=jánhoI=aeptK=of=Cávál=bngáneerángI=jsena]cáválKuãánhoKpt=
O=Cávál=bngáneerI=rnávK=of=jánhoI=aeptK=of=Cávál=bngáneerángI=jcãKaraujo]sapoKpt=
P=cull=mrofessorI=CqOjI=rnávK=of=jánhoI=aeptK=of=jechanácal=bngáneerángI=fcastro]deãKuãánhoKpt=
4=Cávál=bngáneerI=rnávK=of=jánhoI=aeptK=of=Cávál=bngáneerángI=ãarco]cáválKuãánhoKpt==
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daãage=surveyI=the=physácal=and=cheãácal=characterázatáon=of=exástáng=structural=ãateráalsK=qhe=ãaán=
results=obtaáned=froã=these=studáes=are=suããarázed=án=the=followáng=sectáonsK=
=

=
 

cigK N=mhoto=of=the=brádge=after=áts=constructáon=xNz=
=

=
 

cigK O sáew=of=the=Bôco=Brádge=revealáng=áts=current=state=

=
OK dblMbTofCAi abpCofmTflN aAMAdb prosbY 
=
qhe=preváously=referred=project=for=the=rehabálátatáon=of=the=brádge=áncluded=the=geoãetrácal=survey=of=
the= orágánal= confáguratáon= Esee= cágK=PFK= cágK=4= áncludes= hypothetác= crossJsectáons= of= the= dáfferent=
structural=eleãents=coãposáng=the=brádgeI=based=on=the=exástáng=ánforãatáonK=qhe=orágánal=brádge=was=
PP=ã= long= and= 4KRR=ã= wádeK= qhe= two= parallel= archesI= wáth= a= rectangular= crossJsectáon= of= MKPM=ã=
´=MKTM=ã=at= the= abutãentsI= and= wáth=NO= longátudánal= steel= bars= of=OO=ãã= of= dáaãeter= ENOØOOF= and=
stárrups=wáth=the=characterástác=rJshapeI=are=supported=at=each=end=by=abutãents=dárectly=casted=on=the=
rocâK=qhese=arches=are=connected=together=by=a=set=of=cross=beaãs=wáth=a=rectangular=crossJsectáon=of=
MKOM=ã=´=MKPM=ãK=qhe=decâ=of= the=brádgeI=wáth=MKNO=ã=thácâI=ás=supported=by=two=lateral=longátudánal=
gárders=wáth=a=crossJsectáon=of=MKOM=ã=´=MKRM=ã=wáth=OØNR=at=the=top=Enegatáve=bendáng=ãoãentsF=and=
OØNO= H= OØNR=at= the=bottoã= Eposátáve= bendáng= ãoãentsF= and= one= ánterãedáate=gárder= wáth= a= crossJ
sectáon=of=MKOM=ã=´=MKPM=ã=wáth=sáãálar=longátudánal=reánforceãentK=qhese=gárders=are=supported=at=the=
ends=by=two=abutãents= of=concrete=EãasonryJsurfacedF=and=by=the=arch=at= the=ãádJspanI= and=several=
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transverse=gárders=of=MKOM=ã=´=MKPR=ã=wáth=4ØNR=longátudánal=rebarsK=Between=the=abutãents=and=the=
ãáddle=of=the=arch=spanI=a=set=of=coluãns=wáth=square=crossJsectáon=EMKOR=ã=wádeF=addátáonally=support=
the=longátudánal=gárdersK=qhe=longátudánal=reánforceãent=of=these=coluãns=was=coãposed=by=4ØNRK=
cágK=4=and=cágK=R= ánclude= the=current= geoãetry= of= the=brádgeK= qhe=geoãetrácal= survey=of= the=current=
state =was =perforãed =by =laser =dástance =ãeterI =tape =ãeasureI =caãera =and =rulerK =qhe =reánforceãent =
detaáláng=specáfáed=án=cágK=4=was=based=on=the=rehabálátatáon=projectK=
auráng=the=course=of= the=daãage=ãappáng=and=condátáon=assessãent=of= the=brádgeI=several=prevalent=
degradatáon=ãechanásãs=were=observedK=qhe=ãaán=daãage=ánducáng=aspects=ádentáfáed=areW=

– Corrosáon=of=reánforceãent=and=loss=of=concrete=cover=due=to=spalláng=EcágK=SaFX=
– Concrete=spalláng=probably=due=to=corrosáon=of=reánforceãent=EcágK=SbFX=
– Cracâs=án=the=ãasonry=abutãent=EcágK=ScFX=
– Báologácal=growth=EcágK=SdFK=

qhe=brádge=ás=subject=to=extensáve=báologácal=growth=due=to=the=ádeal=condátáons=to=the=developãent=of=
these= organásãsK= fn= generalI= the= brádge=presents= good= condátáonK= eoweverI= arches= at= the= abutãents=
vácánáty=show=soãe=degradatáon=due=to=corroded=reánforceãentK=ppalláng=ás=an=ándárect=effect=caused=by=
the=reánforceãent=expansáon=due=to=corrosáonK=
=

= =
EaF= EbF=

cigK P lrágánal=geoãetry=and=steel=reánforceãentsW=EaF=downstreaã=elevatáonX=EbF=crossJsectáon=of=the=decâ=
=

===== =
EaF=

===== =
EbF=

=
EcF=

======= =
EdF=

= =
EeF=

=========== =
EfF=

 

cigK 4 Current=crossJsectáon=geoãetry=versus=orágánal=one=of=dáfferent=structural=eleãentsW=EaF=arches=at=the=ãád=
spanX= EbF= arches= at= the= abutãentsX= EcF= coluãnsX= EdF= ánterãedáate= longátudánal= gárderX= EeF= lateral= longátudánal= =
== gárdersX=EfF=transverse=gárdersK=
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cigK R Current=geoãetry=obtaáned=froã=the=geoãetrácal=surveyW=EaF=top=váewX=EbF=downstreaã=elevatáon=
=

=
EaF=

=
EbF=

=
EcF=

=
EdF=

 

cigK S=EaF=Corrosáon=of=the=steel=reánforceãent=and=loss=of=concrete=cover=due=to=spalláng=EbF=Concrete=spallángX=
EcF=Cracâs=án=the=ãasonry=abutãentX=EdF=Báologácal=growth=on=the=brádge 

=
PK MATbofAi CeAoACTbofwATflN 
=
PKNK Concrete 
qhe=concrete= characterázatáon= áncluded= ãáx= deságnI= coãposátáon= and=physácal= propertáesI= as= well= as=
ãechanácal= perforãanceK= qhás= characterázatáon= was= based= on= NO= cylándrácal= core= saãples= Esee= red=
cárcles= án=cágK=RF= taâen=froã=dáfferent= types= of= structural=eleãents= of= the=brádgeK=qhe=restráctáons=on=
access=to=sáte=and=level=of=degradatáon=the=brádge=were=the=two=ãaán=reasons=for=the=láãáted=nuãber=of=
saãples=taâenK=After=cores=have=been=drálled=and=before=be=sealed=wáth=a=plastác=fálãI=reãaáned=duráng=
a=few=ãánutes=ánJsátu=enváronãent=án=order=to=surface=ãoásture=be=evaporatedK=
=
PKNKNK jix design and coméosition  
croã=the=vásual=ánspectáon=to=the=coresI=át=was=clear=the=exástence=of=P=layersW=ãortar=and=new=concrete=
place=duráng=the=rehabálátatáon=án=the=NVSO=and=the=old=concreteK=fn=the=aãbát=of=the=present=worâI=the=
ãáx=deságn=and=coãposátáon=was=only=analysed=for=the=old=concreteK=

EaF=

EbF=
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qhree=dástánct =core=saãples=were=used=to=analyse=the=coãposátáon=of =the=orágánal =concreteK =qhe=ratáo=
bánderLaggregateI= the= cheãácal= coãposátáon= of= the= bánder= and= aggregate= andI= the= granuloãetrác=
dástrábutáon=of=the=aggregate=were=the=ãaán=paraãeters=analysed=Esee=qable=NFK=qhe=deterãánatáon=of=
the=ratáo=bánderLaggregate=was=obtaáned=by=selectáve=dássolutáon=of=the=bánder=án=aqueous=hydrochlorác=
acádI= followed= by= a= graváãetrác= procedureK= uJray= fluorescence= spectroãeter= and= scannáng= electron=
ãácroscope= EpbjF= wáth= energy= dáspersáve= spectroscopy= were= used= to= deterãáne= the= cheãácal=
coãposátáon=of=the=constátuents=of=the=concreteK=oesults=revealed=a=bánderLaggregate=ratáon=of=NWSKPI=án=
weághtK=An=áãportant=portáon=of=calcáuã=oxáde=was=found=án=the=bánderI=as=well=as=sáláca= EquartzF= for=
bánder=and=aggregateK=qhe=bánder=ás=mortland=ceãentK=
=

Table N=oatáo=bánderLaggregateI=cheãácal=coãposátáon=of=bánder=and=aggregate==
and=granuloãetrác=gradáng=of=the=sand=

=

mroperty pample N pample O pample P 
BánderLaggregate=Eán=
weághtF= NWRKP= NWTKT= NWRKV=

Cheãácal=coãposátáon=of=
bánder=

Cal=–=RVKMB=
AlOlP=–=PKOB=
ceOlP=–=NKMB=
jgl=–=MK4NB=
pálO=–=PRKRB=
plP=–=MKUNB=

Cal=–=RRKUB=
AlOlP=–=4KVB=
ceOlP=–=MKTB=
jgl=–=OK4B=
kaOl=–=MKUB=
hOl=–=MKO4B=
pálO=–=PRKOB=

Cal=–=SMKUB=
AlOlP=–=OKOB=
pálO=–=PTKMB=

Cheãácal=coãposátáon=of=
aggregate=

pálO=–=UTKPB=
AlOlP=–=SKMB=
hOl=–=PKVB=
ceOlP=–=MKOSB=
Cal=–=MKRTB=
qálO=–=MKP4B=

pálO=–=UNKUB=
AlOlP=–=VKSB=
hOl=–=RKVB=
ceOlP=–=MKPSB=
Cal=–=MKVNB=
qálO=–=MKNTB=

pálO=–=UOKTB=
AlOlP=–=UKSB=
hOl=–=4KSB=
ceOlP=–=MKRMB=
Cal=–=NKSB=
qálO=–=MKOVB=

dranuloãetrác=gradáng=of=
the=sand=

fnsoluble=fractáon=ETVBF=
=
[NK4=ãã=–=TRKOB=
NKM–NK4=ãã=–=TKNB=
MKRM=to=NKM=ãã=–=VKTB=
MKPRR–MKRM=ãã=–=OKOB=
MKNU–MKPRR=ãã=J=OKUB=
MKMTR–MKNU=ãã=J=NK4B=
Y=MKMTR=ãã=–=NKTB=

fnsoluble=fractáon=EUTBF=
=
[=NK4=ãã=–=UTKTB=
NKM–NK4=ãã=–=PKOB=
MKRM–NKM=ãã=–=4K4B=
MKPRR–MKRM=ãã=–=NKNB=
MKNU–MKPRR=ãã=–=NKSB=
MKMTR–MKNU=ãã=–=MKTB=
Y=MKMTR=ãã=–=NKPB=

fnsoluble=fractáon=EUPBF=
=
[=NK4=ãã=–=TSK4B=
NKM–NK4=ãã=–=RKUB=
MKRM–NKM=ãã=–=TK4B=
MKPRR–MKRM=ãã=–=NKUB=
MKNU–MKPRR=ãã=–=PKNB=
MKMTR–MKNU=ãã=–=PKOB=
Y=MKMTR=ãã=–=OKPB=

=

= = =
EaF= EcF= EeF=

= = =
EbF= EdF= EfF=

 

cigK T=EaF pbj=áãages=of=saãple=N=EaJbFI=saãple=O=EcJdF=and=saãple=P=EeJfF=
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PKNK2K mhysical and mechanical laboratory tests  
qhe=physácal=propertáes=evaluated=were=the=depth=of=carbonatáonI=porosáty=and=densáty=accordáng=to=the=
standards=ikbC=bPVNWNVVP=xPzI=and=ikbC=bPVRWNVVP=x4zI=respectávelyK=fn=addátáonI=the=thácâness=of=
the= ãortar= and= new= concrete=place= duráng= the= rehabálátatáon= án= the= NVSO= was= also= ãeasuredK= cágK=U=
shows=three=cores=used=án=these=testsK=
qhe=porosáty=of= the=concrete=varáes=ságnáfácantly=accordáng=to=the=type=of=concreteK=qhe=hághest=value=
was= obtaáned= for= the= new= concreteI= VKUB= Eaverage= valueFI= wáth= a= coeffácáent= of= varáatáon= ECosF= of=
UKSBK= ln= the=other= handI= for= the=old=concrete=very= low=values=of=porosáty=were=foundI= ãaánly=PKOB=
ECos===OTKTBFK=A=hágher=specáfác=ãass=of=O4NU=âgLãP=Eaverage=valueF=wáth=Cos===PKVB=was=found=
for=the=old=concreteI=when=coãpared=wáth=the=new=oneI=those=average=value=was=equal=to=ON44=âgLãP=
ECos= == NKTBFK= As= expected= both= propertáes= Eporosáty= and= densátyF= are= well= correlated= and= clearly=
expectedI =after =the =vásual =ánspectáon =of =the =cores =Esee =cágK =Ub =and =cágK =UcFK =qhese =results =should =be =
reflected=án=both=the=ãechanácal=propertáes=of=the=concrete=as=well=as=án=the=carbonatáon=depthsK=
qable=O=áncludes=the=obtaáned=results=án=terãs=of=thácâness=EtF=and=correspondáng=carbonatáon=depth=ECF=
of =each =layer =coãposáng =the =saãpleI =ãaánly =the =ãortar =EjlFI =new=concrete =EkCF =and =old =concrete =
ElCFK=cágK=Ua=shows=core=CP=after=beáng=tested=for=the=evaluatáon=of=the=carbonatáon=depthK=croã=these=
values= át= ás= clear= that= the=ãortar= layer= ás= coãpletely=carbonatedK= cor= the=cases=analysed=old=concrete=
does= not= have= carbonatáonK= qhás= ãay= be= explaáned= by= the= procedures= adopted= án= rehabálátatáon=
perforãed= án= sáxty= decade= of= the= past= centuryK= fn= fact= práor= doáng= the= concrete= enlargeãent= of= the=
crossJsectáonsI=a=layer=of=the=exástáng=concrete=was=reãovángK=
=

Table O=jaán=results=obtaáned=froã=the=geoãetrácal=characterázatáon=of=the=dástánct=layers==
coãposáng=each=core=and=carbonatáon=depth=

=

ppecimen ptructural 
element=

Mortar= New concrete= lld concrete=
tjl EããF Cjl=EããF= tkC EããF CkC=EããF= ClC=EããF=

CN= Arch= RKM= MKM= VVKM= MKM= MKM=
CO= Arch= MKM=

=
MKM= 4NKR= MKM= MKM=

CP= Coluãn= SKN= SKN= O4KV= VKP= MKM=
C4= Coluãn= RK4= RK4= PNKR= UKU= MKM=
CR= Coluãn= SKP= SKP= OTKT= MKM= MKM=
CS= Arch= OK4= OK4= UOK4= UKR= MKM=
CT= Arch= NNKO= UKV= RRKU= MKM= MKM=
CU= Coluãn= 4KT= 4KT= OSK4= UKV= MKM=
CV= aecâ= N4KM= N4KM= MKM= MKM= MKM=
CNM= aecâ= NVKN= NVKN= NPMKM= MKM= MKM=
CNN= aecâ= UK4= UK4= MKM= MKM= MKM=
CNO= aecâ= RKM= RKM= MKM= MKM= MKM=

koteW= tjl= –= thácâness= of= ãortarX= Cjl= –= carbonatáon= depth= án= the= ãortarX tkC= –= thácâness= of= new= concreteX= =
CkC=–=carbonatáon=depth=án=the=new=concreteX CkC=–=carbonatáon=depth=án=the=old=concreteK=
=
qhe=ãodulus=of=elastácáty=and=the=coãpressáve=strength=of=concrete=were=assessed=accordáng=to=ikbC=
bPVTWNVVP= x4z= and= km= bk= NOPVMJPWOMMP= xRzI= respectávelyK= mráor= the= evaluatáon= of= the= ãodulus= of=
elastácáty= at= least= one= specáãen= of= each= structural= eleãent= type= were= test= under= coãpressáonI= to=
evaluate=the=correspondáng=the=coãpressáve=strengthK=
qable=P=presents= the=ãaán= results= obtaánedI= not= only= for= the=old=concreteI=but= also=for= new=concrete=
place= duráng= the= rehabálátatáon= án= NVSOK= fn= thás= table= a= and= e= are= the= core= dáaãeter= and= heághtI=
respectávelyX=bc=ás=ãodulus=of=elastácátyX=cãax=ás=the=ãaxáãuã=coãpressáve=forceX=hásIcyl=ás=a=paraãeter=
convertáng=the=actual=core=result=ánto=an=equávalent=ánJsátu=OWN=cylánder=strengthI=accordáng=to=katáonal=
Annex=of=the=Bp=bk=NPTVNWOMMT=standard=xSzX=fásIcyl=ás=the=ánJsátu=coãpressáve=strength=of=a=norãaláze=
cylánder=wáth=NRM=ãã=of=dáaãeter=and=PMM=ãã=of=heághtK=Accordáng=to=these=resultsI=an=average=value=
of=4NKP=dma=wáth=a=coeffácáent=of=varáatáonI=CosI=of=O4KTB=was=obtaáned=for=the=ãodulus=of=elastácáty=
of=old=concreteI=whách=ás=quáte=hághK=eoweverI=the=value=could=be=explaáned=by=the=type=and=sáze=of=the=
aggregates=coãposáng=the=concreteK=fn=factI=án=thás=concrete=granáte=gravel=wáth=large=dáaãeters=Eabout=
PM=ããF= was= usedK= fn= terãs= of= overall= structure=an=average= value=of= ROKN=jma= ECos===OOKTBF= was=



=

OOOM=

found=for=the=coãpressáve=strength=of=old=concreteK=qo=fánd=out=the=coãpressáve=strength=class=of=old=
concrete= accordáng= to= bk= OMSJNWOMMT=xTzI= the= procedures= suggested= by= the= Bp=bk=NPTVNWOMMT= xSz=
standard=were=followedI=beáng=CPRL4R=the=class=obtaánedK=Coãparáng=thás=value=wáth=the=one=obtaáned=
by=the=iuáz=Bandeára=Brádge=xOzI=whách=ás=O=years=olderI=the=forãer=has=one=class=hágherK=oeãarâ=that=
both=Brádges=were=buált=by=the=saãe=coãpanyI=joreára=de=pá=C=jalevezK=
=

= = =
EaF= EbF= EcF=

 

cigK U=Cylándrácal=coresW=EaF=Carbonatáon=depth=evaluatáonX=EbF=kew=concreteX=EcF=lld=concrete 
=

Table P=jaán=results=obtaáned=froã=the=ãechanácal=characterázatáon=
=

ppecimen ptructural 
element 

Type of 
concrete 

D 
EããF=

H  
EããF=

Ec 
EjmaF 

Fmax 
EâkF 

KisIcyl 
EJF 

fisIcyl 
EjmaF=

CN= Arch=
kew=

NMPKRN= VOKON= –= NSPKV= MKTSP= N4KV=

CNM= aecâ= NM4KPP= U4KPS= –= PNUKT= MKTPN= OTKO=

CP=

mállars=

lld=

NMPKUP= VUKMP= R4KMU= SPTKN= MKTUO= RUKU=

C4= NMPKUO= VVKS4= 4RKTP= RNSKS= MKTUT= 4UKM=

CR= NMPKUP= VUKMU= –= S4NKO= MKTUO= RVKO=

CSKO= Arch= NMPKTU= NMMKUR= 4PKNR= SOMKN= MKTVN= RUKM=

CV=

aecâ=

NM4KMU= VUKTU= PSKSN= PO4KT= MKTUP= OVKV=

CNN= NM4KTS= VUKNN= –= TNTKM= MKTTV= S4KU=

CNOKO= NM4KSM= NMMKT4= OSKUS= RMPKO= MKTUU= 4SKN=
=
PKOK pteel 
A= saãple= of= steel= was= taâen= froã= the= brádge= and= was= subject= to= cheãácal= analysás= by= uJray=
fluorescence=spectroãeter=and=a=basác=carbon=eleãent=testK=qhe=results=are=presented=án=qable=4K=qhe=
analysás=revealed=a=ãáld=steel=wáth=low=level=of=carbonK=qhen=the=specáãen=was=observed=án=pbj=Esee=
cágK=VFK=qhe=ãácrograph=shows=the=exástence=of=ãanganese=sulpháde=ánclusáonsI=often=alágned=along=the=
ferráte=graán=boundaráesK=
=

Table 4 Cheãácal=coãposátáon=of=steel=
=

blement mortion EBF 
C= MKMO4=

jn= MKOV=
p= MKM4P=
m= MKMST=
pá= MKM4S=
mb= MKMVR=
ce= oeãaánáng=part=to=NMMB=



=

OOON=

=
 

cigK V=jácrograph=of=the=steel=

=
4K ClNCirpflNp 
=
qhe= present= worâ= resuães= the= studáes= perforãed= on= the= Bôco= BrádgeI= consádered= to= be= the= second=
oldest=concrete=brádge= án=use= án=mortugalK=qhe=analysás’= áncluded=hástorácalI=geoãetrácal=and=daãage=
surveysI=the=physácal=and=cheãácal=characterázatáon=of=exástáng=structural=ãateráalsK=
croã=the=structural=ãateráal=analysásI= both= the=ãechanácal=propertáes=and=the=durabáláty=perforãance=
EcarbonatáonF=reflect=the=physácal=propertáes=of=the=concreteI=naãely=the=hágh=porosátyK=qhe=porosáty=of=
the=new=concrete=decâ=was=hágh=EVKUBF=whále=the=old=concrete=had=an=average=value=of=approxáãately=
PKOBK=ptrength=class=obtaáned=was=CPRL4R=and=the=average=ãodulus=of=elastácáty=was=4NKP=dma=wáth=
a=coeffácáent=of=varáatáon=of=O4KTBK=
qhe=bánder=used=was=a=mortland=ceãentI=and=the=bánderLaggregate=ratáo=was=NWSKPI= án=weághtK=qhe=fáne=
aggregate=was=a=quartzcátácLfeldspathác=sandK=qhe=steel=used=for= reánforceãent= was=a= ãáld=steel=wáth=
a=very=low=carbon=contentK=
=
ACKNltibadbMbNTp 
=
qhe= authors= would= láâe= to= acânowledge= the= followáng= ánstátutáons= for= theár= supportI= and= who= have=
ãade=thás=project=becoãe=realátyW=

– qo=Câãara=junácápal=de=sáeára=do=jánhoI=and=án=partácular= to=Alfredo=iopesI= for= the=assástance=
án=repaáráng=the=daãage=resultáng=froã=the=extractáon=of=cores=and=authorázáng=the=ánJsátu=studáesX=

– qo=Câãara=junácápal= de=AãaresI= and= án=partácular= to=cálápe=sálelaI= for= authorázáng=the= ánJsátu=
studáesX=

– qo=bstradas=de=mortugalI=pKAK=for=provádáng=the=drawángs=of=the=brádgeK=
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xNz ENVNMF=ie Béton ArméI N4PI=marásI=AprálI=ppK=RUK=Eán=crenchFK 
xOz penaJCruz =gKjKI =cerreára =oKjKI =oaãos =iKI =cernandes =cKI =járandaI =qKX =CastroI =cK =EOMNOF =“iuáz =

Bandeára= brádgeW= assessãent= of= a= hástorácal= oC= brádgeK”= fnternational= gournal of Architectural 
eeritageK=Eaccepted=for=publácatáonFK 

xPz ikbC=bPVNJNVVPK=ConcreteK=aeterãánatáon=of=the=carbonatáon=resástanceK= Nacional iaboratory 
of Civil bngineeringI=iásbonK=Emortuguese=specáfácatáonFK=

x4z ikbC= bPVTJNVVPK= ConcreteK= aterãánatáon= of= the= voung= ãodulus= án= coãpressáonK= Nacional 
iaboratory of Civil bngineeringI=iásbonK=Emortuguese=specáfácatáonFK=

xRz km=bk=NOPVMJPWOMMPK=qestáng=hardened=concreteK=mart=PW=Coãpressáve=strength=of=test=specáãensK=
CbN – buroéean Committee for ptandardizationI=mortuguese=versáonI=OO=ppK=

xSz Bp=bk=NPTVNWOMMTK=Assessãent=of=ánJsátu=coãpressáve=strength=án=structures=and=precast=concrete=
coãponentsK=CbN – buroéean Committee for ptandardizationI=bnglásh=versáonI=OV=ppK=

xTz km=bk= OMSJNWOMMTK= ConcreteK= mart= NW= ppecáfácatáonI= perforãanceI= productáon= and= conforãátyK=
CbN – buroéean Committee for ptandardizationI=mortuguese=versáonI=U4=ppK=


