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=
qhe= skyline= of= senice= is= still= nowadays= characteriòed= by= a= high= density= of= slender= bellJtowersI=
corresponding=to=a=huge=number=of=churches=that=marked=the=built=environment=of= the=ancient= townI=
constituting=both=religious=and=administrative=referencesK=
ft=is=the=character=itself=of=such=structures=that=enforces=a=particular=attention=to=the=stability=and=safety=
the=time=duringI=also=if=the=astonishing=event=of=the=sudden=collapse=of=ptK=jarco=bellJtower=in=NVM4=is=
by= now= nearly= forgottenK= jore= than= VM= bellJtower= has= been= classifiedI= on= the= basis= of= a= research=
conducted=by=the=“`ultural=eeritage=and=iandscape”=lffice=of=seniceI=collecting=a= lot=of=historicalI=
geometrical=and=qualitative=information=about=these=buildingsK=
qhe=problem=was=then=to=find=a=reasonable=method=to=compare=each=other=these=structuresI=in=order=to=
fix=a=vulnerability=scale=helpful=also=for=establishing=the=priority=choice=of=intervention=on=a=territorial=
scaleI= in= the= spirit= of= the= “duideJiines= for= seismic= risk= evaluation= and= reduction= on= the= cultural=
heritage”I=according=to=ftalian=Building=`odeK=
tith= the= help= of= a= dfp= based= on= the= survey= previously= madeI= some= global= limit= states= have= been=
defined= on= the= basis= of= a= limited= number= of= geometrical= or= mechanical= parameters= Equalitatively=
obtained= by= visual= inspection= or= building= character= surveyFI= in= order= to= highlight= possible= critical=
situations=of=the=whole=towerK==
qhe= evaluation= of= different= “vulnerability= indexes”I= homogeneous= and= comparable= among= themI=
allowed=for= each= tower= to=outline=the=higher= risk=factor=and=to=set=up=an=overall=rating=of=bellJtower=
structures= examinedI= comparing= in= this= way=also=obàects= that= are=heterogeneous=by= shapeI= materials=
and=building=historyK=
=
heywords:= pafety=indexI=Masonry=bell-towersI=nuality=assessment=
=
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=
NKNK The skyline of senice 
qhe=skyline=of=senice=is= still=nowadays=characteriòed=by=a=high=density=of=slender=bellJtowersI=many=
of=which=are=frighteningly=leaningI=corresponding=to=some=of=the=huge=number=of=churches=that=marked=
the=built=environment=of=the=ancient=townI=constituting=both=religious=and=administrative=referencesK=
ft=is=the=character=itself=of=such=structures=that=enforces=a=particular=attention=to=the=stability=and=safety=
the=time=duringI=also=if=the=astonishing=event= of=the=sudden=collapse=of=ptK=jarco=bellJtower= in=NVM4=
Ebut=quickly=rebuilt= in=NVNOF= is=by=now= nearly= forgottenK=jore=recentlyI= the=sudden=collapse=of= the=
mavia=`ivic=qower=in=NVUVI=without=any=apparent=warning=signsI=awake=scientists=and=public=opinion=
to=face=the=problems=of=safety=of=ancient=towers=xNzI=and=also=some=bellJtowers=in=senice=gained=new=
attention=from=authoritiesI=like=that=of=ptK=ptephan=or=that=of=the=“crari”=church=xOzK=
But= starting= in= OMMRI= the= `ultural= eeritage= and= iandscape= lffice= EpBAmF= for= senice= and= iagoon=
committed=an=extensive=survey=on=the=nearly=VM=bellJtowers=of=the=townI=in=order=to=collect=some=basic=
information= on= the= state=of= health= of= such=buildingsK= collowing= this= surveyI= a= new= oesearch= for= the=
bvaluation=of=the=ptructural=ptability=of=senice’s=Bell-qowers=was=developed= in=the=framework=of=an=
agreement=between=the=frAs=rniversity=of=senice=and=the=cited=`ultural=eeritage=lffice=for=senice4K==
=
NKOK A preliminary survey of the bell-towers 
qhe =first =task =of =the =research =was =to =analyòe =and =organiòe =the =data =collected =in =the =previous =survey =
realiòed=by=the=`ultural=eeritage=lfficeRI=by=transferring=them=on=a=geoJreferenced=support= EdfpF=in=
order=to=make=the=data=inspection=easierK=qhe=data=collected=in=the=purvey=and=`ontrol=of=bell=towers=of=
senice=constituted=a=very=important=source=for=the=study=of=these=buildingsW=the=survey=was=addressed=
to= the=whole=complex=of=bell=towers= in=senice=and=surroundingsI=covering=around=VM=buildingsI=and=
focuses=on=different=aspectsW=

– dimensional=dataI=from=geometrical=surveys;=
– constructive=and=morphological=characteriòation;=
– material=deterioration;=
– structural=damage;=
– historical=information=from=archive=documentsK=

=

=
cigK O A=dfp=screenshot=with=a=general=map=of=senice=and=the=location=of=the=classified=bellJtowers=

=
NK3K The dfp database support 
fn= order= to= understand= and= explain= the= different= damages= observed= on= the= bellJtowersI= beside= the=
geometrical= data= EheightI= side= siòeI= thickness= of= the= wallsI= openingsI…F= is= very= useful= to= cross=
morphological=information=Elike=belfry=shapeI=roofI=internal=floorsI=but=also=masonry=qualityF=with=data=
================================================
4=qhe=research=was=coordinated=by=cK=aoglioni=EfrAsF=and=AK=iionello=EpBAmJseFI=with=the=participation=of=dK=jirabellaJ

oobertiI= jK= BondanelliI= iK= crancoI= fK= `avaggioniI= AK= pquassinaI= cK= qrovò= and= the= contribution= also=of= iK= partorelliI= dK=
lttaviani=and=aK=`ianciaruloK=qhe=results=were=published=in=xPz=

R=qhis=study=was=promoted=and=realiòed=by=fK=`avaggioni=and=AK=iionello=EpBAmJseFI=with=the=collaboration=of=jKcurlanettoI=
fKllivieriI=jKooncuòòiI=AKsendrame=and=of=the=firm=oiArte=sKrKlK=for=topographic=serveysK=
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related= to= damage= EcracksI= deformationsF= taking= into= account= constructive= aspects= EmodificationsI=
superstructuresF=and=previous=repairsK=
qhe=largest=part=of=available=information=was=selectedI=and=adapted=to=the=structure=of=a=relational=dataJ
base;=other=data=were=integratedI= like=load=and=slendernessI=attaining=nearly=OMM= items=for=each=of= the=
VM=recordsW=the=dataJbase=was=then=published=onJlineSK=qhis=tool=made=easier=the=information=analysisI=
from=time= to= time= allowing=data= extraction= for= qualitativeI= numerical= or= synthetic= readingsI= making=
possibleI= in= subsequent= elaborationsI= to= obtain= more= complex= information= starting= from= the= same=
collected=dataK=
=
OK Teb srikboABfifTv fkabu bsAirATflk 
=
After= this= preliminary= extensive= surveyI= a= further= step= was= requestedW= to= establish= a= firstI= rough=
hierarchy= in= the= risk= of= collapse= of= this= vast= collection= of= monuments= Edifferent= by= ageI= heightI=
positionI= subsoil…F= allowing= to= focus= a= second= step= of= the= research= only= on= some= of= themI= those=
presenting=more=critical=conditionsK==
fn=any=caseI=in=order=to=formulate=some=mechanical=estimation=of=a=“vulnerability=index”I=in=the=spirit=
of= level= N= assessment= from= “duideJiines= for= seismic= risk= evaluation= and= reduction= on= the= cultural=
heritage”= x4zI= some= mechanical= parameters= had= to= be= evaluate= only= on= the= basis= of= the= qualitative=
observations=already=collectedI= integrated=by=direct=observation=of=some=selected=typical=casesK=ln=the=
other =handI =some =typical =failure =mechanisms =have =to =be =selectedI =in =order =to =fix =an =overall =scale =of =
riskI=finding=some=appropriateI=nonJdimensionalI=indexes=that=can=be=compared=each=otherI=first=for=the=
single=towerI=determining=the=most=probable=mechanismI=and=then=for=the=global=population=of=towersI=
allowing=to=fix=a=priority=scale=for=a=deeper=research=and=possibly=for=strengthening=interventionsK=
qhe=idea= was= to=define=an=“index= of=risk”I= instead=of= the=traditional=“safety= factor”I=with=the=aim=of=
underlining=the=“estimate”=character=of=the=resultI=avoiding=unrealistic=feelings=of=safety=vsK=dangerK=po=
the= different= indexes= f are= obtained= calculating= the= ratio= between= the= quantity= AI= representing= the=
action=–=static=or=geometrical=–=that=lead=to=the=failureI=and=the=quantity=oI=representing=the=resistance=
that=the=structure=oppose=to=the=failureI=obtaining==f = ALo =Ethat=usually=has=to=be=<=NW=none=of=the=bell=
towers=is=fallingI=actuallyFK=
=
OKN Mechanical parameters 
qhe= more= critical= aspect= was= at= this= point= to= “translate”= the= qualitative= observations= collected= by= the=
survey=in=numerical=parametersI=characteriòing=the=resistance=term=in=the=formulasK=eere=some=arbitrary=
hypothesis=have=to=be=made;=the=more=complete=are=the=available=observationsI=the=more=reliable=will=be=
the=results= of= the=analysisK= ln=the=contraryI= the=survey=gave=a= very=precise=information=of= geometrical=
parametersI= like= heightI= base=dimensionsI= thicknessI= and=also=outJofJplumb= of= the= towerI= allowing= for=
a=reasonable=evaluation=of=the=global=mechanismsI=to=be=preferred=for=this=reason=to=local=onesK=
=
2KNKNK= Masonry=nuality=definition=
qhe= preliminary= evaluation= process= is= based= on= a= first= inspectionI= aimed= to= outline= the= qualitative=
parameters=that=will=be=considered=the=more=meaningful=for=describing=the=consistency=and=efficiency=
of= the= masonryW= the= choice= of= a= specific= weight= for= each= parameter= is= conventionalI= and= must= be=
carefully=checked=against=the=reference=population=so=that=the=obtained=score=can=be=easily=motivated=
and=decoded=in=its=formation=process=xRzK=
Among=othersI= the=parameter= related=to=masonry=quality=appears= to=be=crucial=for= the=risk=evaluationK=
qhe= estimate= was= based= on= the= assumption= that= a= masonry= made= by= homogeneous= brick= of= first=
utiliòationI= with= regular= and= accurate= bondingI= is= more= efficient= and= less= vulnerable;= and= the= more=
vulnerable=is=a=masonry=made=by=reused=heterogeneous=bricksI=with=irregular=bonding;=also=the=amount=
of=substitutions=and=reJbonding=executed=in=the=past=are=consideredI=as=they=are=nearly=absent=or=limited=
in= the= more= efficient= masonry= and= prevailing= in= the= lower= quality= masonryK= qhe= observed= cases=
combined=those=aspectsI=and=the=proposed=score=allowed=to=determinate=R=increasing=classes=of=qualityK=
=
2KNK2K= `hoice=of=the=mechanical=parameters=
qhe=chosen=approach=make=a=strict=correspondence=among=the=five=classes=of=masonry=quality=obtained=
from=the=survey=and=some=arbitraryJselected=numerical=valuesI=assigned=in=the=range=allowed=by=the=
================================================
S=qhe=fnformation=pystem=was=designed=and=realiòed=by=cK=qrovò=and=aK=`ianciarulo=using=cile=jaker=perver=NMK=
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recent=ftalian=Building=`ode=xSz=parK=NNKNMKPKNKO=for=the=characteristic=strength=fjk=and=parK=NNKNMKPK4=
for= elastic= modulus= bj= of= masonryK= qhen= the= design= strength= fjdI= used= in= calculations= is= obtained=
adopting=a=material=factor=gj=PIMM=for=ordinary=bond=masonryI=using=the=coefficient= gj=OIRM=only=for=
very=well=bonded=and=homogeneous=masonryI=corresponding=respectively=to=the=“execution=classes”=O=
and=N=of=the=Building=`odeI=artK=4KRKSKNK=
=

Table N 
 

class 
bM 

xkLmmOz=
fMI k 

xkLmmOz=
fMI d xkLmmOz=

gj=PIMM= gj=OIRM=
N= NRMM= NIR= MIRMM= MISMM=
O= OMMM= OIM= MISSS= MIUMM=
P= ORMM= OIR= MIUPP= NIMMM=
4= PMMM= PIM= NIMMM= NIOMM=
R= PRMM= PIR= NINSS= NI4MM=

=
OKO Choice of some “limit states” 
fn=the=definition=of=the=critical=situations=the=term=of=limit=states=was=preferredI=referring=both=to=some=
states= of= stress= or= deformation= of= the= structure= in= the= elastic= domainI= and= to= some= ultimate= failure=
mechanisms=Eequilibrium=lossesF=that=can=involve=the=tower=as=a=wholeK=crom=the=“action”=sideI=static=
action=depending=from=the=self=weight=were=preferredI=that=strongly=characteriòe=the=global=behaviour=
of =the =towers =on =the =long =termW =all =occasional =action =Elike =wind =effect =or =seismic =actionF =are =to =be =
related=to=this=fundamental=componentK=
fn=the=following=the=limit=states=here=reported=are=describedW=

– blastic=iimit=ptate=of=maximum=compressionLdecompressionI=
– fnstability=iimit=ptate=of=flexural=deformability=of=the=tower=or=of=soil=comprimibiltyI=
– rltimate=iimit=ptate=of=overturning=by=rigid=rotation=on=the=baseK=
=

2K2KNK= blastic=iimit=ptate=of=maximum=compressionLdecompression=
qhe=maximum=and=minimum=stresses= are=calculated= on=the=base=sectionI= considering= that= the=tower=
behave= as= a= ptKsenant= solid= fully= bonded= at= the= base= subàected= to= combined= compressionLbending=
stresses=on=both=principal=axesI=with=the=normal=sections=that=keep=herself=plane=after=deformation=and=
stresses=proportional=to=the=deformationsK=
crom= the= kavier= formulaI= assuming= positive= the= compression= stresses= and= being= x xM k e= × I= and=

y yM k e= × respectively=the=bending=moments=along=principal=x=and=y=axes=of =the=section=due=to=the=
eccentricity= ex= I =ey= of= the= normal= force= kI= the= maximum=and= minimum= stressesI=smax= and=sminI= are=
calculated=asW=
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being=A=the=area=of=the=base=hollow=cross=sectionI=fx=and=fy=the=moments=of=inertia=along=principal=axes=
x=and=yI=dx=and=dy=the=maximum=distances=from=x=and=y=axes=of=the=external=borders=of=the=sectionK=
cor =practical =reasonsI =assuming =a =square =hollow =base =section =of =side =aext= external= and= aint= internalI=
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putting=smin==M=in=EeqK=NFI=we=obtain=the=maximum=ElimitF=value=for=the=eccentricity=of=the=normal=force=
at=the=base= limE Fx ye e+ ;=soI=whatever=the=normal=force=kI=the=term=in=square=brackets=vanish=whenW=
=
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kotice= that= the= kernel= limit= for= the=hollow=section=calculated=above= is= grater= than= that= for= the=solid=
sectionI=aLSK=
qhe= noJtension= elastic= limit= state= can= be= represented= by= the= no-tension= or= eccentricity= index= ie=
comparing=the=calculated=limit=value=of=the=eccentricity=with=the=actual=EmeasuredF=value= actE Fx ye e+ W=
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qhe=corresponding=maximum=value=of=compression=can=be=calculated=as=
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ff= it= happens= that= for= min Ms = =we=find= max ammO k
As s= > I= then=the=elastic=stress= limit=state= is=better=

referred=to=the=maximum=compression=stressK=po=the=stress=index=is=can=be=evaluatedI= defining=also=a=
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2K2K2K== iimit=ptate=of=bulerian=fnstability=–=`ritical=clexural=eeight=
qhe=tower= is= considered=as=a= heavy=deformable=barI= of= length= hI=standing=vertical=and=fully=clamped==
at= the= baseI= with= an= uniform= bending= stiffness= of= bfI= subàected= to= an= uniform= vertical= load= q=
Ecorresponding=to=the=dead=load=per=unit=heightFK=qhe=critical=bulerian=load=ncr=is=obtained=asW=
=

OTKUPTcr cr
bfn q h
h

= = I===or=better=== PTKUPTcr
bfq
h

= =

=
qhe=value=of=ncr=for=distributed=load=is=PKNTS=higher=than=the=critical=value=mcrKfor=concentrated=load=at=
the=topK =But =for =the=stability =of =the=towerI =better =than=referring=to=the=critical= load=qcrI= that= represent=
a=limit=value=of=the=self=weight=Ethat=actually=can=not=be=variableFI=it=would=be=better=to=find=a=critical=
height=hcr=of=a= towerI= having= the=same=bending=stiffness=bf=and=same=weight=per=unit= length=q===gA=
Ewhere= g= is= the=specific= weight= of= masonryFI= beyond= which= the= vertical= straight= configuration= is= no=
more=stableI=as=proposed=by=xTzK=qhis=critical=height=can=be=obtained=asW=
=

 P P
crIb NKVUS NKVUSbf bfh q Ag= ´ = ´  = E4F=

=
po=it=is=easy=to=set=a=geometrical=elastic=stability=index=ib=asW=
=
 ib===h=L=hcrIb=<=N== ERF=
=
2K2KPK== iimit=ptate=of=blastic=fnstability=–=rigid-body=rotation=at=the=base=
qhis=is=also=a=geometrical=problemW=the=stability=of=the=tower=is=verified=against=a=possible=rotation=as=
a=rigid= body= of= the= whole= tower= around= the= foundationI= assuming= an= elastically= deformable= soil= Eof=
tinkler=typeF=of=constant=ktI=the=rotational=constant=at=the=base=is=m===ktffoundI=being=ffound=the=second=
order=inertia=moment=of=the=foundation=base;=the=critical=height=of=the=tower=can=be=calculated=asW=
=

= t found
It

O NK4N4Ocr
m k fh q Ag= = === ESF=

=

being=the=critical=loadW= O
cr

mn
h

= I====or=better==== O

O
cr
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=
po=it=is=easy=to=set=a=geometrical=foundation=stability=index=it=asW=
=
 it===h=L=hcrIt=<=N== =ETF=
=
A=difficulty=of=this=stability=evaluation=is=that=the=dimension=of=the=foundationI=as=well=as=the=subsoil=
tinkler= constant=ktI= are=very= often= unknown= or= uncertainK= cor= the= foundation= we= assumed= a= small=
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increase=of= the=base=side=of=NKO–NK4I= giving=an= increase= in= the=moment= of= inertia= of=OKMT–PKUSK=qhe=
subsoil=reaction=constant=kt=for=senice=was=assumed=equal=to=ORMM=kkLmPK=
joreoverI= we= observe= that= it= is= possible= to= calculate= the= stability= limit= for= a= deformable= heavy=bar=
elastically=pinned=at=the=baseI=combining=in=this=way=the=two=results=aboveI=but=the=critical=height=can=
not =be =obtained =in =a =closed =form=xUz; =so =one =possibility =is =for =example =to =combine =the =two =indexes =
already=obtained=EeqK=RF=and=EeqK=TFI=resulting=it=[=ib=I=asW==
=
= ( )inst t bN= +i i i = =EUF=

=

=
=

cigK 3=`omparison=of=calculated=stability=indexes=
=

2K2KQK= rltimate=iimit=ptate=of=overturning=by=rigid=rotation=on=the=baseK=
iimit= analysis= of= leaning= masonry= towers= was= proposed= first= by= gK=eeyman= xVz= on= NVVOI= under= the=
hypothesis= of= material= with= òero= tension= and= infinite= compression= strengthI= avoiding= sliding=
mechanisms=for=overcoming=friction=limits;=the=tower=is=considered=subàected=to=uniformly=distributed=
horiòontal= forcesI= proportional= to= the= self= weight= by= a= factor= lI =that =could =represent =in =a =first =
approximation= a= seismic= loadK= eeyman= solution= can= be= slightly= modified= Esee= xNMzF= introducing=
a=limited=compression=strength=fmu=for=the=masonryI=so=that=the=ultimate=limit=multiplier=lu=for=a=tower=
with=hollow=section=of=external=side=b=constant=along=the=height=h=is=obtained=by=the=formulaW=
=
= λu===EbLhF×EN=– γ=h=Lf=muF== EVF=
=
here=appears=the=“geometric=slenderness”=λg===bLhI=and=the=actual=slope=λa=equals=to=the=ratio=between=
maximum= measured= outJofJplumb= emax= and= the=height= of= measurement= heK =An =index =of =risk =for =the =
overturning=mechanism=can=be=calculated=asW=
=
 iov===λa=L=λu= ENMF=

=
OK3K A comprehensive “vulnerability index” 
lnce=the=various=indexes=are=setJupI=a=decision=has=to=be=taken=on=what=index=has=to=be=considered=the=
more=reliable=or=on=how=to=combineI=if=it=makes=senseI=the=indexes=already=obtained=in=order=to=be=able=
to=set=up=a=sort=of=global=risk=scaleW=an=example=of=combination=is=EeqK=UF=for=the=two=stability=indexesK=
As=a=first=gross=analysisI=the=stress=index=is and=the=stability=indexes=ib=and=it=are=all=referred=to=elastic=
limit=statesI=but=the=overturning=index=iov=is=instead=referred=to=an=ultimate=limit=stateI=so=is=better=not=to=
mix=it=with=the=others;=our=proposal=was=then=to=obtain=a=modified=stress=index=isImod=in=order=to=take=in=
account=the=instability=riskI=that=we=can=obtain=asW=
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where=the=stress=index=is=is=defined=in=EeqK=PF=and=the=combined=stability=index=iinst=is=defined=in=EeqK=UF;=
we=introduced=a=correction=factor=a===MK4K=
qhe=control=stress=index=of=EeqK=NNF=was=then=adopted=as=the=starting=value=for=a=more=detailed=analysis=
of =the=real =state =of =risk=of =each=bellJtowerI =with=the=aim=of =taking=in=account =some=different =specific =
factor=of=riskI=typical=of=construction=arrangements=Elike=for=example=the=alignment=of=windows=on=one=
sideI=or=a=door=opening=at=the=baseF=or=caused=by=previous=damage=Elike=passing=cracks=near=the=corners=
or=in=the=middle=of=one=sideI=or=diffused=cracking=near=the=baseF;=or=else=also=some=factors=reducing=the=
riskI=like=the=presence=of=efficient=ties=disposed=along=the=height=of=the=towerK=All=these=factors=were=
separately=analyòed=and=classifiedI=assuming=detailed=scores=for=each=factorI=the=weighted=combination=
of=which=conduced=to=the=final=estimate=of=riskK=qhe=methodology=is=well=illustrated=in=xNNzK=
 
3K AkAivpfp lc Teb obpriTp 
=
As=we=can=observe=in=cigK=RI=the=vulnerability=index=defined=above=EeqK=NNF=can=result=greater=than=NI=
due=also=to=the=growing=effect=of=the=instability=index=at=the=denominator;=when=this=happensI=it=has=to=
be=interpreted=as=an=alarming=signalI=that=requires=a=more=detailed=analysisK=
Anyway= it’s= to= be=rememberedI= in=particularI= that= in= the=analysis= made= the= geometrical= dimensions=
come =from=a =surveyI =but =material =properties =come =from=an =estimateI =so =that =the =results =are =strongly =
dependent=from=this=initial=approximationK=
fn=our=simulationI=V=bellJtowers=over=RU=attain=a=risk=index=greater=or=equal=to=NI=and=R=have=a=value=
greater= than= NKOR;= one= in= particular= attains= a= value= of= nearly= NKUI= that= certainly= means= a= very= high=
vulnerabilityK==
lftenI= but= not= alwaysI= this= is= due= to= a= mean= stress= index= [= NI= that= means= a= static= stress= very= high=
compared=to=the=material=characteristics=observed=Eand=to=the=assumed=allowable=stressFI=increased=by=
the=sensitivity=to=risk=of=instabilityW=this=seems=anyway=to=give=a=meaningful=parameterK=
=

=
=

cigK 4 crequency=distribution=of=control=stress=index=
=
qhe=statistical=distribution=of=the=values=is=highly=asymmetric=Ethe=mean=value=is=MISV=and=the=median=
is=MKSNFI=with=a=peak=value=around=MKR=and=the=tail=on=the=upper=sideI=suggesting=a=particular=attention=to=
be=addressed=to=the=more=vulnerable=elementsK=
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cigK R `omparison=of=calculated=stress=indexes=shown=in=decreasing=order=
 

4K ClkCirpflkp 
=
aespite=some=arbitrary=assumptionI=the=proposed=methodology=appears=to=give=an=appropriate=answer=
to=the=basic=question=of=finding=a=reliable=criterion=for=assessing=the=state=of=risk=of=the=population=of=
bellJtowers=in=seniceI= in=the=spirit=suggested=by=some=recent=code=documents;=moreoverI=it=is=always=
possible=to=adàust=the=initial=material=parameter=scale=by=means=of=direct=masonry=testsI=if=allowableI=
obtaining=more=affordable=resultsK= qhese=rough=estimationsI= based= on=simplified= mechanical=modelsI=
are=anyway= to=be=corrected=by= further= examination=of= the=conditions= that= in=practice=can= increase=or=
decrease=the=risk=indexI=and=these=aspect=were=developed=in=a=subsequent=step=of=the=research;=in=any=
case=the=proposed=approach=remains=the=basis=of=the=final=methodologyK=
=
AhkltibadbMbkTp 
=
qhe=support=of=the=`ultural=eeritage=and=iandscape=lffice=of=senice=is=gratefully=acknowledgedI=and=
in=particular= the=collaboration=of= engK= AK=iionello=with=the=help= of=archK= fK=`avaggioni;= the=research=
was=coordinated=by=profK=cW=aoglioni=of= the=frAs=rniversity=of=seniceI= who=constantly=stimulated=
the=researchK=qhe=help=of=iK=cranco=in=data=elaboration=has=been=crucialK=
=
=
obcbobkCbp 
=
xNz Binda=iKI=edK=EOMMUFK=iearning=from=cailureK=iong-term=Behaviour=of=eeavy=Masonry=ptructuresK=

tfq=mressI=pouthamptonI=rhK=
xOz iionello=AKI=edK=EOMMUFK=fl=campanile=di=panta=jaria=dloriosa=dei=crari=in=seneòia=–=conoscenòaI=

consolidamento=e=restauroK=jilanoI=fqK=
xPz iionello=AKI=edK=EOMNNF=qecniche=costruttiveI=dissesti=e=consolidamenti=dei=campanili=di=seneòiaK=

seneòiaI=fqK=
x4z airettiva=mK`KjK=NO=ottobre=OMMT=per=la=valutaòione=e=riduòione=del=rischio=sismico=del=patrimonio=

culturale= tutelato= con=riferimento=alle=norme= tecniche=per= le=costruòioniK= dKrK= nKO4I=OVLNLOMMUI=
supplK=ordK=nK=ORI=oomeI=fqK=

xRz jirabella= ooberti= dKI= pquassina= AKI= qrovò=cK= EOMNNFK= mrocedimento= di= valutaòione=preliminare=
delle=caratteristiche=murarie=e=dei=parametri=meccaniciK= fn=iionello=AK=EedKF=qecniche=costruttiveI=
dissesti=e=consolidamenti=dei=campanili=di=seneòiaK=seneòiaI=fqW=T4JUMK=

xSz aKjK=N4LNLOMMUW=korme=tecniche=per=le=`ostruòioniK=dKrK=nKOVI=4LOLOMMUI=oomeI=fqK=
xTz BelluòòiI=lK=ENVSNF=pcienòa=delle=`ostruòioniK=BolognaI=fqW=solK=P=parKUPRK=
xUz Belluòòi=lK=ENVSNF=pcienòa=delle=`ostruòioniK=BolognaI=fqW=solK=P=exK=OMPTK=
xVz eeyman=gK=ENVVOF=ieaning=towersK=MechanicaI=nK=OT=EPFW=NRPJNRVK=
xNMz iaudiero= cKI= qosi= AKI= qullini= kK= EOMMPFK= qorri= pendenti= in= muratura= di= mattoniW= il= campanile=

di=pKBenedetto= a= cerraraK= fnW= Binda= iK= EedKF= aanneggiamentoI= conservaòione= e= manutenòione=
di=strutture=murarie=e=ligneeI=proceedings=of=the=workshopI=molytechnic=of=jilanI=jilanI=fqK=

xNNz qrovò=cKI=aoglioni=cKI=cranco=iKI=pquassina=AK=EOMNNFK=pcheda=di=valutaòione=di=pericolosità=dei=
campaniliK= fn=iionello=AK= EedKF= qecniche= costruttiveI= dissesti= e= consolidamenti= dei= campanili= di=
seneòiaK=seneòiaI=fqW=URJVNK=


