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ABSTRACT

Recently, tle use of OptidaFibre Sensors (OF3)tilising Brillouin satteing effect for reading
distributed neasurenents of terperature and strains has been added. Moreover for the stra
readings, a few of techral devices were proposddr connectingthe optical fibre sensdo the
structure, in order to d@bin better redts in terns of accuacy of measurerants.

Recently, sveral authors have shown that, byans ofdistributed exprimental strain readings, i
is easy the safety onitoring and assessnt of larg structures as bridgepipes,tall buildings,
dars and tunnels. Moreover, the great utility ofstmew sensors were demonstrated by the aut
for detectionof defects rising in large structures)d accuracy and reliability ofeasurerants wee
discussed. In foregoing papers some of the asthonislked the mechanitaespmse of optical
fibre, when this is efredded in a bearing supptamlike elenent, where OFSs are treated in t
framework of elastic Bnctionally Graded Material Cylinders GMCs), under symmetrical loa
conditions. In this framwork they obtained the pplete set of the so bad no-decaying solutions
which pregnt axial $rain in the sysem core-jacke not varying with the rdius, and hence equal !
the value assued in the supporting eleemt. Laboatory tests carried out on alumum large rods
in extension, and on wires for cables for susieal bridges, equipped with bedded-type optic
fibre sensts showed th optimal accuracyof the distributed strains carriedut by this new OF
sensor. These results allow to facing a fewnefv applications, aomg which one of the ost
important is represented by thenitoring and iéntification of defects occurring in large structur
such as trusses, suspension, dieatayed bridges. Nagly, the problemof the identification of
defects occuring in the wires cortguting the cables for suspendedcable stayed bridges is one
the unsolved concern of theoglen maintenance and omitoring biidge technology. As atter of
fact, nost part of these bridgesiffers the corrosive action and tth@mege due to both natural ar
pullution agents present in the athsphere. As abady shown in several technical papers, sev
aggressive agents are able of strongly reduciegtiffness of the suspension cable system he
corrosion processes are very fast being ablegfificant reductions af stiffness alsn a few of
months. The stiffness of the cablis usually due by that of tharsds of wires. The reduction ¢
cable stiffness is usuly related to effects of corrsion of wires elated to their cres ction
reduction, as well as to the decrease of the Youadums E due to chepal agents that odify
the neterial. In the present paper the problefdetection of corrosion or other dage effect,
acting on wiresdr cables suspensionr cable-tyed bridgeswill be addressed by g strucurd
analisys mathods coupled with the resulh$ on field experimerall tests on cables.

The proposed identification procedure is basedaoprogramof on-field test's , in which the
distributed strains areeasued on all the cables byeans of Ofical Fibre sensors. Eachone
the planned statical testsust be developed in the samonditions of tenperature, without any
noise effect (wind, vibration,..and requests the application oktload distribtion g over the
bridge beam. The paper shows ttie strictural problemcan be slwed theorécally by means of a
modified Finite Elerent strategy, based on a lineasteyn of equations exprerg the stationarity
conditions of Total Potential Energy, inegence of the initialable stiffnesses .
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After the occurrece of corrogon or other darage effects able of significantly reducing the ca
stiffnesses, the expgmental disributed @blés grain readirgs can b uilised in the sane equation
system wheae the actual unknown cable stiffnesses left as unknown paraters to deterine.
The outlined inverse procedure, logking the cables degrees of freedoto the values copatible
with the measured cale’s strans, allows to okdtining both the actual reduced values of the c:
stiffnesses and the free part of the degrees ofiémeAs an exarple, a cas study of identification
of corroding effects appeag in a cable stayed bridgtucture is also presented.

Keywords: structural denage, defectidentification, non-destructivetests, inverse structur
problens, optical fibre sensor, stributed strain, rod structuresuspension bridge, cable-sta
bridge, Brillouin Scattering Effect.
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