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Abstrrct
.Al20spsnsfivekmlongviaductontheAlghighwayCatania_PalerrnoinSicily(Italy)was
cmsidered for a rehabilitation project by the Italian National Road Administration. In

comideration of the great extensioú of the viaduct and in order to optimise the rehabilitation cost a

deailed visual suwey and in situ inspection campaign was canied out. Potential mapping,

carùonatiou and chloride profile determinations on concfete cores and conorete compression

smgrh determination on cóncreie cores were extensively used as diagnostic tecbniques. The great

amrit of obtained data allowed a statistical evaluation of structural members degladatíon.

P*ntial mapping was extensively used to evaluate corrosion ofpreshessing steel in beams' Four

affaat potentía'Í values distributions were obtained for the following beam alEas: heads of ttre

left 8nd right edge beams, heads ofthe intemal beams and central zone ofthe beams'
l,n spite oithe g-ooct concrete quality, a mean carbonation depth of 16 mm being evaluated on the

ucaros after 3o-years, extended clegradation ofthe beam heads was obsérved as a consequence of a

pmr detailing in beam desigu a:rd inadequate drainage systems'

l.Introduction

The A19 highway was bÌilt duîing the late 60's and the early 70's to cornect catania to Palermo

m<t it is lon! 193 krn. According to the building phitosóphy ofthe time several very long viaducts

, were plannei to be inserted along the route of the highlay. . _Cannatello viaduct is a 120 spans

i five hn long viaduct built along the course of the Imera Meridjonale river. Each span was made
using prestréssed concrete precast beams in a live T bearns girder configuration (Figure 1) and

- Uasù 
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circular pier (2.80 m in diameter) overlapped by a reinforced concrete pier cap

i ila-merUeaC type): The upper flanges of the beams, 33.94 m in length and 1'80 m heighl

i constitr:ted the ii- a"*. Beams were connected each other by a longitudinal cast in place joint

I and by means oftransversal Dywidag bars.

f LoogituOitrut pr"stressing reinforcement on beams consisted of 54 steel strands (0.6 inch diameter)

I mainlv located at the lower flange.
f Durine the vears the south to north carriageway was subjeoted to an unintentional salt spreading as

I a tesu-lt of an intense traffic of trucks bearing mineral salt ftom a surrounding mine to Palemro

f barbour. Due io the extended degradation of îhe stsuctures the viaduct was considered for a

I

I



rehabilitation project by the Italian National Road Administration. In consideration of the
extension and in order to optimise the rehabilitation cost a detailed visual survey and in
inspection campaign was carried out.

Figure l: Side view and transversal section scheme ofthe Cannatello viaduct

2. Visual inspection

Three main structural members were identified for the in situ visual inspection: piers, pier caps and
beams. Damage on structwal members were identified by means of a four level Damage Index-
(DI) calculated taking into account t)?e (cracks, rust spot, rebar corrosion, etc..) and extension ol

defects, their influence on member safety, and urgency of intervention. A DI of the span was then
calculated as a weight€d sum of structural members DIs [l]. From a statistical analyses of the
visual inspection data it resulted that about l90ó ofthe spans were classihed with a DI higher than
3 (Figure 2).
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Figure 2: A) Frequ€ncy and cumulative frequency plot for DI calculated for ihe 120 spans' B)

l;'"-"r" rt br + fà. a beam. C) Example of ÚI 4 for a pier cap' D) Example of DI 4 for a pier'

On beams the damages were conc€nhated at low€r flanges of th* team ends as a consequence of

il;.*ilG -d tthequate drainage system (Figure 2B)' A. similar problern was found on some

oier caos were expansion johts re;dted damaged or an inadequate deck waterproofing was

;;;:.,;;'G",*;é;À; '[; pier degradatioiis-conleming it was found that degradation

originated fiom a difibrent cause. Ihe gieat part of the clamages were in fact concenhated at the

piei bases (Figure 2D) as a consequencJof polluted water suction from ground watT ta.ble:

Oo tl"ìLìr íf tu" it*f inspection it was planned an in situ lesting campaign optimised to the

.ùf*ti* oi ""tcr"t degradation aul to the evaluation of the beam sùand ooÍosion status'
poteotiut -aooine. carbonaúon and chloride profile determinations on concrete cores and concrete

;;;;.;;;'iffifi 
-L-"r.i*ri* 

on concfete corcs were extensively used as diagnostic

tecbniques.Since-thegreatextensionoftheviaductinorderiolimitinspectioncostsitwas
Aecn"à to ìimit tn" t stiig to specific area section ofthe structue considered to be more critical or

more reDresentative of thJ degaclation status (DI 2 to 4)'



3. Concrete strenglh

Concrete strength was evaluated on concrete cores (100 mm nominal diameter) following BS
1881[2] and calculated as estimated in-situ cube strenglh (À). From a statistical analyses it
resulted that concrete strength values for piers and pier caps belong to two diff€r€nt distîibutions
as it is shovm in Figure 3. Mean calculated Yalue for pier was 32.40 MPa, whilst for pier caps it
was 39.45 MPa. If we consider as a reference a value of 30 MPa it is possible to note that for pias
abotst 52Vo of the determinations resulted lower Îhan i! while for pier caps such percenbge it
reduces io about l2%.
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Figure 3: Cumulative percentage frequency for concrete strengÎtr values ofpien and pier caps
evaluated on cores

A similar result was obtained for elastic modulus (E) values, where two diff€rent distributíon were

observed. E mean value for pier was 16,962 MPa whilst for pier caps E mean value was 23,743

MPa, that is about 8 4% nd lgyo of measured values were below 20,000 MPa for pien and for pier

caps respectively (Figure 4).
It shoúa be evidenced however that above mentioned distibution were influenced by the presence

of strongly deteriorated stuctural members. It was observed in fact the minimum values of

concrete-stength were related to the higher levels of concrete contamination by chloride and/or

sulphate or to the higher levels of carbonation.
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Figwe 4: cumulative pefcentage frequency for elastic modulus of concrete: piers and pier cap



4. Chloride and sulphate content and carbonation

4.1 Piers
Total chloride and sulphate concenhation profile was evaluated in concrete cored at a height of 0.5m from ground. On piers their content varied along the -rrt" oitl" viaduct @igure 5). Moreprecisely high contaminant contenr 

^was obs€rvea ror-*ose piers tràt?ounded directly on the riverbed. Chloride content values werc frequently higher than 0.i y"1*"igùt Uy "oo"."t"iut u aóA oiI 5 cm' In some case such varues were maintainea up to a deptl of i cn. Also surpbate contentwas particular high in critical piers witl values ranging betwe* f *Jt.S X 1*"ight by "";;;;j.In those case frequently an inversion between tfre iotJnA 1:_S crn Oeptnl *à t J otÉ_uf qO_i.,1
cm depth) values occuned as a "o":T*r,"" ofpollution oiginatintíom ground water capillary
:i:P_1lyd 

th- from water percolation on exiemal surfaóe. T,_Jt was confirmed by the lowercontamrnant content observed on concreúe cored at a height of2 m.
carbonation deptà, evaluated by means of phenolphthaÌ-ein test, ranged aom 40 and 50 '- withmn9r. vales gbtained in piers with the highà conraminant cinLnt congruently with rheconsidemtion that an higher contaminant contèot corresponds to u mgu waier content and alower carbon dioxide diffusivity.

Chlorlde and sutphato contont.nd clrbma0on
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Figwe6:ChlorideandsulphatecontenÎandcarbonationdepthonpiercaps(meanvalueson3cm
ooncrete depth)

4,2 Pier crps
ò'J,rtuliooiir"n"r ,"sulte.d quite high in pier caps (Ficot" 6J' and. values renained high also at a

ióit fri"t". o" ."te damaged frers ii was observed an inversion of contaminant content otr

i"it ii,gni. r"""*r; d"pd "f à-5 cm than on the surface)' A leaching effect by rvater

percolating ftom deck was supposed' Mean carbonation depth was about 30 mm' even if in somo

cases peaks as high as 60 mm were recorded'

43 Beams
ffir"1rilli"r,*, *"s evaluared in concrete corod from lower flange of the !."^T^ .*ii::Iffi::
;rT?:Jlil,:ru::il;iffi ;"-,h*"aìrJno-oe*"oo'p".p{1n,"T-:T.i1*i**'1i:
l;'"#":""J#ilili?iÈH;;;ril"-.i""-u.i*q"qbTlT':T-t^T"1T::"::iffiijrr'urer€ sduPrvr w^** "*- 

; i"tooi u"no,t (number 2' 3 and 4 beams) and concrete
1), concrete samples collected,ft--a ^ . , ^^-+--i-a1i^n ^rioinated ftomii;iì""ffiitiilli,iiài't;;diÉ"ú;;.-"..tù:T:i*i,T:i::*::"::trJf*1î::?J#"":l;il:l#ffi ;iiii#; frà àJ*g"v't"''. tg*-"1v -Y*1-ry,*""'1"H3Ì:
::f#i""*T,ffi il"Ti##;;tJ;J;;';rtí;ed::vthe.brrl:"1l:i.i^ j:fl :::';
frif"T;;'#;oi#:""*]'t; ;.t"'iJ; were in racl observed (Figure 7)' 15i1 ::3:;fi h"ii#;i,#;#;;#;Fd'?rjy,_b:T:1l:"*3.***:"Í$:*
lílJ"?"-"lrl"iilr""iiliii+,i,li!-ao.ò3weight%byconcretewereobse edrespectively).
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Figure 7: Cumulative percentage frequency of chloride content in the beams (means on 3 cm
concrete depth)

Considering îhe good concrete quahty (a mean carbonation depth of 16 mm was recorded on
concrete cores after 30 years) the exhemely high values of ohloride content measured on some
beams evidenced the critical state ofsome bridge spans.
These critical areas of the viaduct can be easily identified by plotting cbloride content versùs span
number as r€ported in Figure 8. Here contamination level of concrete cored from deck was also
reported. The high values reported for intemal beams on span 17 and on span 27 (arrows in figure
8) were connected io water percolation ftom a local damage ofthe deck in first case and, in he
second case, to water percolation from north to south carriageway that, at this point cross over the
south to north carriageway. High lwel of pollution observed in extemal beams of the spans
numbers 98 through 106 was supposed to be connected to the curvature of the carriageway which
could favourite loss of salt ftom trucks.

Chloride content on beams and decks

Figure 8: Chloride conteút in concrete (ffea;nJo , ". ooo"."t" Oepth) cored from beams and deck
versus span number.
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5. Potential maPPing
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Potential mapping was performed only on limited areas of the beams (1'6 x 3 m with 90 t

;ili úA uith" lo*". beu- flange bv mean of electrical.connrc:*-1:t-T::::,',:c

î;;;e;;;;À; t"-" consideration dolne fór concrete core location' inspection areas were p

."*,1" f..fgt anrl (as a reference) in the middle of the. beams' Iour hT:C:tTli-TÎt

thoefo.e ldenti-fieO' oòrth -d south exposition extemal beams' that is beam number I and 5

;;;;;.t (ti;"; supposed that sun€xposition could affectn-"lar||:11"1:-*Ti::3:iT
ffiffi;il. F; Jiff"iÀt Àrttitrti"À of the potential values,were recognized a1 evidenc{ in

i "-s *t"* cumulative percentase frequencv for each 
!:p1911-.,1:Yi*".d:,*T."Tti"ul::

.3i *r." "nÀ",*red by iery positive values(rlry concreto and passive steel) being 99% of the

i"i n -*o nlgrc. than 0 i ivs Cu/CuSO4 reference .electrcde) P:tili:", *i,t"-Y,11q"Y-i
iì"*. ii* ì.ls-o v) potential values were instead rocorded on areas located near bearings. For

:;;"1 ;"-;, ;"tn expositioo and oortb exposition, more than 307o-of the values were belov -

OiOO i (Z+ N ""a31.5 % respectively) ancl aimost ,167-o.of the values less than -{.350 V (for both

àirttiU*io".). So"n percentagè reducei to l4Yo zrid 5 '5 Vo rcspectively for intemal beams'

-{- Ed€r. Èrm Sorth
--o- Éd.r. E.m llorth
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Figure 9: Cumulative percerìtage ftequency ofpotential rnapping values

Furtherinformationaboutcorroslonstatusofprestfessingsteelcoulrlbeobtainedbyplotting-the
i"un ootentiut uotoes (mean on 90 readingg ófUe inspécted area along the route of the viaduct

H-ii# t"ó. ;#:;;';;; n-* ouo"pó."g rhere is a1 inversion bàtween "nortb exposition"

à*t;rnl uéam una ;souttr exposition" e*tÀal úe"m , rbe last one being initially char"*Y"9 !l
i"*"ir"i""r. An..tl, trencl is evident for all readings with a gradual decrease of mean values rn

the middle of the viaduct route, wnle ii is possibte io evidence two "hot spots" (span number 43

*à oumbo f l) "U.acterized by mean values less than -0'350 V'

6. Conclusion and consideration about the rehabilitation proiect

Inconsiderationoflhegreatextensionoftheviaductisextr.emelyimportanttousecorrectly
i"ì"""ìlà" 0"" i" "rder to'defile the extension of the rehabilitation intervention'
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f{6an ooténtlal wlliè.
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Figue 10: Mean potential values for the different four areas along the viaduct route

Results showed a general status of the structure particular severe. Degradation leYel was
particularly high though limited to specific areas'
Às far as the support structures are conceming we have to differentiate consideration about piers

and pier caps. For the former the main problern was connected to capillary suction ofground waier
particularly rich in chloride and sulphate salt. Pier caps, even if characterized by a concrete of
iigher quality îhan that used for piers, suffered of a high lwel ofdeterioration as a consequence of
wàter porcolation ftom defective expansionjoints and inadequate water drainage system. The same
problern affects the superstructure (beams and decks), but concentrates such a degradation to a
very limited area: the bearing area. In zuch a way shear beam behaviour was seriously
comprornised. If we consider that 16% of the inspected area of the extemal beams are seriously
damaged by corrosion and tlat the extension of damaged area is generally restricted to 1/3 of thc
total area we can assume that 48olo ofthe external beam needs to be structurally rehabilitated. The
typology of the bean (pr€cast prestressed) require a complex rehabilitation techniques that could
tate intó account the use of FRP and of extemal post-compression systerns. In consideration of
îhe great number ofbeams interested to the problem only an economical comparison to the cost of
the beam substitution could help to ptoperly define the technical choice to be undertaken.
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Civil inliastmcture facilities, such as industrial buildings, transportation. dam and navigation facilities. and
nuclear pow€r pla.nts, includg concrete structures rvhose perlormance and fimqtion are necessaD, for the
safety a.d protection ofoperating personnel and the general public. Aging ofthese structures may adversei;,
impact their ability to withstand future op€rating conditions, extreme environmental challenges or accidents.
and increase risk to public safety if not controlled. Methodologies for service life prediction of concrete
structures and to manage the e{ìects of aging cunently are under development in many fields of civil
engineering. Recenl improvem€nts have been made with rcspect to surveillance, inspectio tesring. and
maintenance techniques to help ensure continued safe, firnctional. and economical operation of concrete
structures. The state-of-the-af has progressed to the point that specific guidelines and technical criteria
required to me€t these objectives in existing and new concrete construction can be proposed.

The 2nd lntemational RILEM workshop on Life Prediction and Aging Management ofconcrere structufes was
held 5-6 May 2003 in Paris, France. lt brought togerher experts for the purpose ofdefming Ú'e curent state-of-
ù+an with r€sp€ct to modeling aging oi concrae sfuctures and pmviding recommendations (to the exlent
possible) for a unified apFoach to facility management. Pa*icipants included designen and engineers, facility
managen- researchers, and regulators. The workshop provided an intemational forum for hightighting recent
advances in the technolog/ underlying aging management and servic€ life prediction of conqete structures.
Approaches to service life prediction, performance nronitoring and aging management of industrial buildings,
bridges and other transportation struclules, dans. and navigation facilities were presented and criticaaly
appraised. The Workshop updaed paficipants on research, presented novel ideas and stategies fbr
management of aging of iníiastucture-related facilities, provided an opportunity for exchanging practical
experiences on implementation of aging managemenî policies, and initiated new approaches to aging
managem€nt. The Workhop sùongly emphasized the prdctical aspects and the links between research and real
applications. Thfty-seven pap€rs Íiom 20 countries were presenred at the workshop. The papen were selected
by memben ofthe scientific commiÍee. A sampling of specific topics that were discussed at the workshop
included:

t .
2 .
3 .
4.
5 .
6.
7.
8.
9 .

Durabil i!v of concrete structures
lvlodeling techniques for service lifc prcdicrion
Material selection and design considerations fòr durabilif,"-
Assessment methods and instrumentation systems
Maintenance arid repair approaches for sewice liiè extension
Probabilistic approaches to performance estimation
Aging management
Risk-info.med decision-maliing
Case historigs. pÈrfomance assessments of dcgraded stmctures,
ard economics ofsuccessful aging management
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