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CARTODATA PROJECT CARTODATA : CARTES DE RISQUE DU PATRIMOINE Atelier : Utilisation et de Grilles de Vulnerabilite adaptes pour une meileure gestion des risques naturales CEPAM – Valbonne – Sophia Antipolis 27-28 fevreier et 1 mars 2007



Application of the methodology used in Molise after 2002 earthquake for the consolidation of the monumental goods : - Church of S.Pietro in Vincoli - Castellino of Biferno (Molise,Italy), - Cathedral of Tende (Paca-France), Cathedral of Porto – Portugal Alberto Lemme – Surintendence Molise Giandomencio Cifani and Aurelio Petracca – CNR-ITC



IN ITALY THE METHODOLOGY IS APPLIED ON MANY TYPOLOGIES OF MONUMENTAL GOODS



CARTODATA PROJECT : POSSIBILITY OF APPLICATION OF THE METHODOLOGY TO THE PORTUGUESE AND FRENCH MONUMENTAL GOODS :



PORTO and TENDE CATHEDRALS



FROM THE EXPERIENCE OF THE ITALIAN EARTHQUAKES Monumental goods : always high vulnerability and strongly damages !



Umbria 1997



Molise 2002 Molise 2002



Athen 1999



Turchia 1999



Molise 2002



SISMA MOLISE 2002: MONUMENTAL GOODS AND EARTHQUAKE FROM THE EMERGENCY TO THE RECONSTRUCTION After the seismic crisis of 2002 that has struck the Regions Molise and Puglia (magnitude 5,4) has been effected by the Dipartment of Civil Protection the survey of the damage of the monumental buildings of the Province of Campobasso. The surveies have been effected by teams called NOPSA (Nucleuses Operational Artistic Historical Patrimony) usually composed by an engineer a technical of the Superintendence and from a Fireman. Altogether they have been surveied over 550 monumental goods of which around 440 churches (350 in Molise). The survey of the damage, effected on signaling, it is initiated in the epicenter zone (zone 1 - Imcs 6-8,5), after it has been extended to the adjacent zone (zone 2 Imcs=5,5) and then to all the municipality of the province of Campobasso (zone 3 Imcs =5) and to some municipality of the Isernia province (zone 4 Imcses 400 euro/mq)



S.Pietro in Vincoli Castellino sul Biferno Id = 0,74 Iv = 0,64



2 – Middle damaged with high vulnerability : to perform the interventions in the order of the sequence A.1 (200 – 400 euros/mq



S.Nicola – Bonefro Id = 0,28 Iv = 0,50



3 – Low damage and high vulnerability : to perform the interventions in the order of the sequence A1 in according to the economic disponibility. This is the most numerous group (≤ 120 euros/mq)



S.Pietro Apostolo S.Martino in Pensilis Id = 0,05 Iv = 0,53



PHASE A : inside of the sequence A1 are individualized the interventions for the emergency. This has allowed to propose a practical methodology of application and to avoid expensive support



Preliminary analisys : S.PIETRO IN VINCOLI CHURCH : CASTELLINO OF THE BIFERNO RIVER – MOLISE - ITALY



VALUATION OF THE SEISMIC DAMAGE AND VULNERABILITY : DAMAGE ANALISYS PRINCIPAL DAMAGE MECHANISM : ACTIVATED AND POSSIBLE



DAMAGE LEVEL



1 - Turnover of the facade and of the perimetral walls



Strongly



2 - Turnover of the top of the facade



Strongly



3 - Mechanism in the plan of the facade and of the perimetral walls



Strongly and Medium



4 - Transverse and longitudinal seismic response



Strongly



5 - Vaulted, Dome and arcs



Strongly and Collapse



6 – Cover



Strongly



7 - Tower and cell-bell



Strongly



1-2



1 5



1



7



DAMAGE INDEX Id = 0,546 (seismic damage Imcs 7) + 0,158 (morfological amplification) = 0,704



VALUATION OF THE SEISMIC VULNERABILITY PRESENCE OF INDICATORS OF SEISMIC PROTECTION Adjacent attached bodies External buttresses to the arcs Stocky Piers in cell bell Chains in the tower Presence of indicators of vulnerability Pushing elements in cover Windows in the lateral wall near the facade Top Sail of the facade Thin vaulted Great windows in the facade
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VULNERABILITY AND SECURITY INDEX : Before intervention: Iv = 0,67; PGA (Peak Ground Acceleration) = 0,12 ; Is = 0,39 After intervention: Iv = 0,17; PGA = 0,35 a/g – Is = 1,1



Phase C – S.Pietro in Vincoli - Castellino on the Biferno Variation of the costs of intervention with the vulnerability for the sequences A1 and A2 X axis : interventios , Y axis : costs/mq * 100 and index vulnerability Single intervention



Interventions sequence A1



Sequence A1



Costs



Variation index V



Variation % index V



Incremental reduction of Vul



Incremental reduction of V %



Single interventi on - euro



Sequence n.1 euro



INITIAL VULNERABILITY



0,67



0



0,67



0



0



0



1- Longitudinal chains



0,57



0,15



0,57



0,15



5.296



5.296



2 – Trasverse chains



0,53



0,21



0,48



0,28



4.350



9.000



3 - Chains at the tower and the cell belll



0,62



0,07



0,43



0,35



10.848



20.000



4 – Cover



0,54



0,19



0,33



0,51



56.678



77.000



5 – Cover – stringcoirse in steel



0,53



0,21



0,25



0,62



26.083



103.000



6 – Consolidation vaulted



0,54



0,19



0,21



0,68



120.624



220.000



7 – Consolidation masnories



0,57



0,15



0,21



0,68



204.462



428.000



Singolo intervento Interventions sequence A2



Sequence A2



Costs



Variation index V



Variation % index V



Incremental reduction of Vul



Incremental reduction of V %



Single interventi on - euro



Sequence n.2 Euro



INITIAL VULNERABILITY



0,67



0



0,67



0



0



0



7 – Consolidation masnories



0,57



0,14



0,57



0,14



204.462



204.462



6 – Consilidation vaulted and arcs



0,54



0,19



0,44



0,34



120.604



325.086



5 – Cover – stringcourse in steel



0,53



0,21



0,42



0,37



26.963



351.169



4 – Cover



0,54



0,19



0,32



0,52



56.678



407.847



3 – Chains at the tower and the cell bell



0,62



0,07



0,27



0,59



10.848



418.695



2 – Trasverse Chains



0,53



0,21



0,26



0,61



4.350



423.045



1 – Longitudinal Chains



0,57



0,15



0,20



0,69



5.296



428.341



Phase C – S.Pietro in Vincoli - Castellino on the Biferno Variation of the costs of intervention with the vulnerability for the sequences A1 and A2 X axis : interventios , Y axis : costs/mq * 100 and index vulnerability
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-0,5 A-IV INCR



A-COSTO INCR/100.000



B-IV INCR



B-COSTO INCR/100.000



Poli. (B-COSTO INCR/100.000)



Poli. (A-COSTO INCR/100.000)



S.PIETRO IN VINCOLI : CONSOLIDATION OF THE VAULTS



S.PIETRO IN VINCOLI :INTERVENTION IN THE ROOF WITH STEEL TRUSS AND CONNECTION-RING BY REINFORCED masonry



SEZIONE A - A - 1:100



Cordolo elastico (mattoni e cls)da eseguire nella parte sottostante le capriate per una fascia di circa 80 cm.



3.25



4.65



5.65



4.78



5.45



9.45



10.35



Consolidamento capriate lesionate



TOWER AND CELL- BELL : DISASSEMBLY AND REBUILDING



TENDE CATHEDRAL : JANUARY 1990



TENDE CATHEDRAL : PRELIMINARY ANALISYS



VALUATION OF THE SEISMIC VULNERABILITY



2



POSSIBLE COLLAPSE MECHANISM 1 - Turnover of : facade and apse 2 - Top of the facade projections 3 - Mechanism in the plan of : facade, perimetral walls and apse 4 - transverse and longitudinal seismic response 5 - Vaulted, dome and arcs 6 - Cover 7 - Tower, cell-bell 8 - Cell bell projections
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3



7- 8



3



4 6



VALUATION OF THE SEISMIC DAMAGE AND VULNERABILITY :



DAMAGE ANALYSIS



PRINCIPAL DAMAGE MECHANISM : ACTIVATED AND POSSIBLE 1 – Crack in the vaults for pushing and concentrated loads 2 – Internal pushing masonry 3 – Overturnig of the attic-masonry 4 - Overturnig of the apse and of the angle 5 – Cracks for cut in the perimetral masonry and in the arcs 6 – Unthreading of the wood beam



2 5 4 4 6



1



DAMAGE INDEX Id = 23 ; Id (Imcs=7) = 0,48 (seismic damage) + 0,135 (morfological amplification) = 0,62



VALUATION OF THE SEISMIC VULNERABILITY SOME INDICATORS OF SEISMIC PROTECTION 1 - Presence of longitudinal and trasverse chains 2 - External bodies connected to the church 3 - Stocky Piers in cell bell 4 – Presence of good masonry in the corners



VULNERABILITY AND SECURITY INDEX : Before intervention Iv = 0,528; PGA (Peak Ground Acceleration) = 0,17; Is = 0,62 After intervention Iv = 0,25; PGA = 0,30 a/g ; Is = 1,1



VALUATION OF THE SEISMIC VULNERABILITY SOME INDICATORS OF VULNERABILITY 1 - Great window in the facade 2 - Vaulted and arcs; concentrated loads 3 - Slim projection on the facade and on the cell bell 4 - Presence of windows in the tower and heavy cover on the cell bell 5 - Pushing cover on the facade and perimetral walls



1



4



4



VULNERABILITY AND SECURITY INDEX : Before intervention Iv = 0,528; PGA (Peak Ground Acceleration) = 0,17; Is = 0,62 After intervention Iv = 0,25; PGA = 0,30 a/g ; Is = 1,1



2



VALUATION OF THE SEISMIC VULNERABILITY SOME INDICATORS OF VULNERABILITY 1 – Concentrated loads on the vaults 2 - Pushing beams



2



1



1 VULNERABILITY AND SECURITY INDEX : Before intervention Iv = 0,528; PGA (Peak Ground Acceleration) = 0,17; Is = 0,62 After intervention Iv = 0,25; PGA = 0,30 a/g ; Is = 1,1



SOME INTERVENTIONS RECOMMENDED



1



1 - Reinforcement of the rose-window in the facade with a steel loom and/or with composite materials 2 - Connection of the cover structure to the masonry and elimination of the push 3 – Trasverse and longitudinal chains in : apse, tower, cell bell, perimetral walls 4 - Consolidation of vaults and arcs with composite materials and antiexpulsive-tired 5 - Reinforcemente of the connetions of the projection 6 – Connection of the tympanum to the cover



4



5 2



2 Perfora



4



2 VULNERABILITY AND SECURITY INDEX : Before intervention Iv = 0,528; PGA (Peak Ground Acceleration) = 0,17; Is = 0,62 After intervention Iv = 0,25; PGA = 0,30 a/g ; Is = 1,1



6



CATHEDRAL OF PORTO– Preliminary analysis



VALUATION OF THE SEISMIC DAMAGE AND VULNERABILITY : PRINCIPAL DAMAGE MECHANISM : ACTIVATED AND POSSIBLE



Damage Level : 0 to 5 (collapse)



1 – Cracks in the vaults for pushing



Moderate : 2



2 – pushing masonry



Moderate : 2



3 – Inclination of the projections



Medium



DAMAGE ANALYSIS



1 1



3 2-3 2-3 2-3



DAMAGE INDEX Id = 235 ; Id (Imcs=7) = 0,53 (seismic damage + 0,08 (morfological amplification) = 0,62



VALUATION OF THE SEISMIC DAMAGE AND VULNERABILITY : PRINCIPAL DAMAGE MECHANISM : ACTIVATED AND POSSIBLE



Damage Level : 0 to 5 (collapse)



4 – different failure in the foundation – Pushing to the dome



Medium



DAMAGE ANALYSIS



4



6 5



DAMAGE INDEX Id = 0,235 ; Id (Imcs=7) = 0,53 (seismic damage + 0,08 (morfological amplification) = 0,62



VALUATION OF THE SEISMIC VULNERABILITY



1



Some indicators of vulnerability 1 - Great window in the top of the facade 2 – Pushing and heavy vaults 3 - Mechanism in the plan of the perimetral walls and of the apse 4 - Presence of slim projection on the facade and on the cell bell 5 - Asimmetric adiacent attached bodies



4 2 3 2



VALUATION OF THE SEISMIC VULNERABILITY SOME INDICATORS OF SEISMIC PROTECTION



3



1 - External buttresses to the facade 2 - Presence of good masonry 3 - Chains in the tower



1



2



VULNERABILITY AND SECURITY INDEX : Before intervention Iv = 0,61; PGA (Peak Ground Acceleration) = 0,15; Is = 0,53 After intervention Iv = 0,21; PGA = 0,32 a/g ; Is = 1,2



VALUATION OF THE SEISMIC VULNERABILITY SOME RECOMMENDED INTERVENTIONS 1 - Reinforcement of the rose-window in the facade with steel loom or composite materials 2 - Trasverse and Longitudinal Chains with steel and / or composite materials 3 - Reinforcement of the connections beetwen projection and masonry 4 - Consolidation of vaults, arcs, and masonry with antiexpulsive-tired and/or composite materials perimetric steel- loom to the dome Inspessimento della muratura con mattoni pieni



Collegamento con saldatura delle barre di controvento, ai puntoni della capriata



2



5



Diatoni



Catena in acciaio da 30 mm Catena in acciaio da 30 mm



4 2 4



2



VULNERABILITY AND SECURITY INDEX : Before intervention Iv = 0,61; PGA (Peak Ground Acceleration) = 0,15; Is = 0,53 After intervention Iv = 0,21; PGA = 0,32 a/g ; Is = 1,2
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SEISMIC RISK ANALISYS



CASTELLINO



PORTO



TENDE
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Damage index for Imcs = 7



PGA before and after the intervention 1,4 1,2 1



Index sucurity Before and after the intervention
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The Extraordinary Plan 2003 ANALYSIS DAMAGE-VULNERABILITY AND ECONOMIC REQUIREMENT



The Extraordinary Plan 2003 REDUCTION OF THE VULNERABILITY FOLLOWED OF THE INTERVENTIONS OF SEISMIC IMPROVEMENT



CONTROL OF THE MECHANISMS OUT OF THE PLAN AND RATIONALIZATION OF THE COVER: LOOM AGAINST OVERTURNING CONNECTED TO MASONRIES BY LONGITUDINAL AND TRANSVERSE CHAINS



Inspessimento della muratura con mattoni pieni



Collegamento con saldatura delle barre di controvento, ai puntoni della capriata



Diatoni



Catena in acciaio da 30 mm Catena in acciaio da 30 mm



CONTROL OF THE MECHANISMS OUT OF THE PLAN



CONTROL OF THE MECHANISMS OUT OF THE PLAN AND RATIONALIZATION OF THE BEHAVIOR OF THE COVER



Sezione trasversale



Sezione longitudinale Catene trasversali



477



477



477



Catene trasversali



1100



477 110
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Nuova struttura di copertura



Nuova struttura di copertura



Catena longitudinale 1478



Catena longitudinale



1070



1090



ena longitudinale



460



750



606



735



Consolidamento arc con FRP



+0.20



Consolidamento archi con FRP



+0.40



0



1



2
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+0.00



m etri 7 CM 18 CM



-0.20



sezione del profilato



CONSOLIDATION OF THE VAULTS WITH COMPOSITE MATERIALS (CARBON, GLASS, RESINS..): illustration of the working phases



SUBSTITUTION OF THE CELL BELL AND THE CUSP IN CONCRETE WITH A STRUCTURE IN STEEL



SUBSTITUTION OF THE CELL BELL AND THE CUSP IN CONCRETE WITH A STRUCTURE IN STEEL



MASONRIES CONSOLIDATIONS



transverse tie-rod in steel or composite materials



RESTAURATIONS OF FRESCOS AND PAINTINGS



CRITERIONS FOR THE PLANNING OF THE INTERVENTIONS OF SEISMIC IMPROVEMENT AT THE MONUMENTAL GOODS Lines Drives earthquake Molise 2002



www.regione.molise.it/sis - beni monumentali - vulnerabilità



www.regione.molise.it/sis - pubblicazioni Mail : [email protected]
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Dopés à la caféine : un risque de dépendance. • Les suppléments de protéines. • Les suppléments de vitamines. • Le danger de la nicotine et de l'alcool.
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Nous sommes évidemment heureux de ces très bons résultats qui sont le fruit du travail de toutes ... adapté au marché d'aujourd'hui et pas à celui d'hier.
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