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The incoming restoration work of Duomo di Milano cathedral main spire requires a structural health
monitoring. A weight of 90 t due to scaffoldings was applied to the dome and a complex monitoring sys-
tem was designed in order to measure the deformation of the church and its spire. The paper gives a
presentation of the different methods used to investigate the different structural components including:
optical leveling, robotic total stations, accelerometers, strain gauges, optical plumbs, clinometre, and
extensometre. In particular for the analysis of structural elements at higher risk of collapse, fiber optic
sensors were selected, based on FBG (Fiber Bragg Grating) technology. Strain of the lower part of the
vaulting-rigs inside the octagonal doom is the measurement of interest. As the expected signals are very
small and the thermal disturbances very significant, a thermal characterization of two types of commer-
cial strain gauges was carried out in laboratory with a thermal chamber. A block of the same marble
used for the cathedral was tested. This allowed to find a relationship to be used later to compensate for
any thermal effects. Finally, some sensors are placed at critical points to record real time deformation
measurements. A central control unit will host an alarm system and GUI to show all results.*

Bxodswux pabombi soccmaHoeneHue KagedparnbHoeo cobopa MunaHa cobopa OCHOBHbLIX WU
mpebyem cmpyKkmypHO20 MOHUMOpuUHaa 30opoebsi. Becom 90 m u3-3a cmpoumeribHbiX fiecos bbina
MPUMEeHeHa K KyroJsy U cucmeMbl KOMIJIEKCHO20 MOHUMOpPUHeaa bbii1 pa3pabomaH 051 usmepeHusi Oe-
opmayuu uepkseu u ee wnunb. Cmames 0aem npedcmasrieHue pasiudyHbIX Memoo08, UCob3yeMbiX
05151 uccredosaHuUsi pasfiudHbIX CMPYKMYPHbIX KOMIMOHEHMO8, BK/104asi: OMMUYeCcKoe 8bipasHUB8aHUe,
pobomusuposaHHble maxeoMempsbl, akcesiepoMempbl, MmeH300amyuku, onmudeckue plumbs,
clinometre u extensometre. B yacmHocmu, 0515 aHanu3a cmpyKmypHbIX 371IeMeHMo8 Ha bosiee 8bICOKUU
PUCK Kpaxa, 80JIOKOHHO-ornmuyeckue Oam4yuku b6binu omobpaHbl Ha ocHoge FBG (Fiber 6pszzoeckoli
pewemku) mexHosoauu. LLimamm HuxHel Yyacmu ce0008-yCmaHO80K 8HYMpU 80CbMUY20s1bHOU euberib
usmepeHusi uHmepec. Kak oxudaemcsi cueHarbl O4eHb Marslbl U MEersioeble HapyWeHUs1 OYeHb 3Haqu-
meribHble, menmoebie xapakmepucmuku 08yX murnog KOMMepYecKux meH3o0amyuku 6bin rnpogedeH 8
nabopamopuu ¢ mennosou Kamepbl. briok xe Mpamopa, ucrosib3oeaHHo20 05151 cobopa bbina rnposepe-
Ha. ®mo noseonusno Halimu cesi3b bydem ucronb3oeambcs 8 OanbHelweMm Orisi KOMIeHcayuu robbix
mernnosbix aghghekmos. HakoHeu, Hekomopble damyuku MOMEeWarkmcsi 8 KpUmu4yeckux moykax Ons
3anucu U3MepeHuUsi 8 peaslbHOM 8peMeHu Oeghopmauyuu. LleHmparnbHbil 650K yrnpasneHusi npoudem
cucmemMbl cugHanu3ayuu u epagudeckull uHmepgbelic 0715 MpocMompa 8Cex pe3yibmamos.

* MNepeBoA TEKCTa OCYLLUECTBIEH C MOMOLLbIO MporpamMbl Google-nepeBoauymk.

KnroueBble crnosa:

Duomo di Milano, Fiber Bragg Grating (FBG), Structural Health Monitoring, Alarm System

Lyomo du MunaHo, Fiber bpaczosckue pewemku (BBEP), cmpykmypHbie HabrirodeHusi 3a COCMOSIHUEM
30opoebsi, CuesHanuszayus

CopepxaHue.
1. Introducing / BeedeHue
2. Periodical monitoring / [Mepuoduyeckuti KOHMpPOIb
2.1 Analysis of vertical movements / AHanus eepmukarnbHbix 08UXeHUl
2.2 Analysis of horizontal movements / Ananu3 20pu3oHmarnbsHbIX 08UXeHUU
2.3. Detection of slope variations / ObHapyxeHue ckiloHe sapuayuu
2.4. Convergence analysis between the pillars of the dome cladding / KoHeepzeHyus aHanus mexdy cmonbamu Kyrona
MoKpbimue
2.5. Monitoring the tie-beam of the dome cladding with vibrating wire strain gauges / KoHmponb 3a eancmyk-nydyeegol
Kyrosia 060/104KU ¢ 8ubpayUOHHbIMU damyuKamu fPo8OSTOYHbIX
2.6. Crack aperture variation / Crack duaghpazmbl usmeHeHust
3. Continuous monitoring / Mo+HumopuHe
3.1 Fiber optic sensors / BoriokoHHO-onmu4eckue 0am4uku
3.2 Accelerometer and inclinometer sensors / Axcenepomemp u damyuku UHKITUHOMEempP
3.3. Control of the distance between the main spire and scaffolding / Konmpornb paccmosiHus Mexoy 0CHO8HbIMU WUb
U cmpoumeribHbIX 11ecos
3.4. Cable extensometers / SkcmeH3omempbl KabenbHbil
4. System for data acquisiton and algerting / Cucmema 0ns daHHbIX acquisiton u ornoseweHus

10415 MOHUTOPWUHIT OCHOBHBbIX wnuns DUOMO DI MILANO dopma 1.3 cTp. 1m3 2



5. Conclusions / Bbigo0bi
References / Ccbinku

10415 MOHUTOPWUHIT OCHOBHBbIX wnuns DUOMO DI MILANO dopma 1.3 CcTp. 213 2



