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 Gruppo Nazionale per la Difesa dai Terremoti

Brief Report 

SAVE - Updated Tools for the Seismic Vulnerability Evaluation of the Italian Real Estate and of Urban Systems 
Coordinators: Mauro Dolce (UNIBAS), Giulio Zuccaro (UNINA)

Introduction

The SAVE Project come up from two exigencies:

· The need for vulnerability maps at different territorial scales, ranging from the entire national territory to the “Regione” and municipality territories, relevant to different building types, such as residential, public and monumental buildings as well as to urban systems;

· The need to compare, integrate and, at least, harmonise the various approaches now available for the seismic vulnerability evaluations of different objects, as well as to set up new evaluation methods for some peculiar building types and for urban systems, which take into account the data actually available and that are actually applicable to such data.

The availability of extensive databases, most of which obtained from the “Lavori Socialmente Utili” – LSU (Socially Useful Works) projects, promoted by the Department of Civil Protection (DPC) and relevant to public buildings, residential buildings, monumental buildings, lifelines, some other relevant to post-earthquake investigations, has made it possible to achieve some ambitious objectives, such as:
· Realising updated maps of seismic vulnerability and risk of the Italian dwelling building stock, of the public buildings inventoried by the Lavori Socialmente Utili (LSU) project in Southern Italy and by other initiatives, of the monumental buildings of some areas of great environmental and monumental value (parks), of some small urban systems. 

· Completing and rationalising the most important existing data-bases, particularly those relevant to the LSU projects. 

· Comparing and improving methods suitable for the above data bases to evaluate the vulnerability of different structural types (ordinary dwelling buildings, public buildings, monumental and historical buildings and churches) and systems (road network, water supply, urban systems). 

· Developing models for the evaluation of indirect losses and socio-economical consequences of  earthquakes

The SAVE Project nominally started on September 2002. The activities of the project depended, in a great extent, on the full availability of the original LSU data and of the research funds allocated for SAVE. Both these prerequisites were missing for a while, due to different reasons. The original LSU data, which were only partially available in an electronic database, were delivered with much delay to the project coordinators. The research funds were delivered to the project responsible only at the end of 2002; therefore expensive activities were started with some delay.

In the meanwhile, an earthquake struck Molise and Puglia on 31.10 and 01-11.2002. This earthquake represented an excellent test for some inspection procedure and vulnerability assessment, whose improvement is one of the main objectives of SAVE, and for the increase of the existing damage/vulnerability database of buildings. 

For all the above reasons the activities were developed according to a different scheduling with respect to the original working programme. A series of activities for the set up of tools for the inspection, vulnerability assessment and analysis of data relevant to the Molise earthquake were carried out. At the same time the already available electronic data bases of LSU were partially re-processed. Finally, the collection of a large set of data was carried out and processed to get the final products of the project. 
The Consulting of the project Prof. Robin Spence (Cambridge University, UK) has been updated in progress on the activities by individual meeting with the scientific responsible of the tasks; finally, in June 2004, he has been invited to a general meeting at the INGV centre in Rome to evaluate a preliminary version of the final results of SAVE. The Prof.Spence report has been enclosed to the present report.
Report of the activities
The SAVE Project has been organised in four tasks, according to the contents of the four main LSU databases, relevant, respectively, to ordinary dwelling buildings, public buildings, monumental buildings, urban and lifeline systems.
As can be seen, the activities of the four tasks have little interaction, according to the scope of the project, the objects dealt with in each task, the different territorial scales and the different levels of detail. Actually, one of the main objectives, as said above, was a better exploitation of the available databases, to get vulnerability evaluations and maps of different categories of building and urban systems, in order to improve existing evaluations or to get new ones relevant to categories for which no such evaluations existed yet. Obviously, this represents an important step ahead in the knowledge of the seismic risk at different level of detail and it is preparatory for an integrated seismic risk evaluation at different scales (national territory, regional territory, municipalities), which, however, was not in the scope of the present project. 
The general coordination activities, therefore, were limited to a monitoring of the achievement of the intermediate and final objectives of the single tasks, and on the exchanges of information on the procedures set up for each category of “object”, looking at the possibility of applying procedures conceived for a category of objects (e.g. public buildings) to one or more other categories (e.g. dwelling buildings). With this aim, 5 general coordination meetings were convened between October 2002 and June 2004, while several sub-group meetings were convened for the coordination of the activities of the RU’s operating within each task. The common knowledge base of the group members, however, favoured the exchange of opinion on the work in progress for the different tasks, which improved the value of the final products of the project. The activities for each task and the relevant products are herein illustrated. The products are made up of results and procedures, which can be directly exploited by the Dept. of Civil Protection. The results are reported in databases and in GIS or, simply, on vulnerability maps, that can be directly utilised to set up and realise seismic mitigation policy for the entire national territory (task 1) or for those large areas, particularly in Southern Italy, to which the databases are relevant. The procedures, set up within the project and experimented on significant case-studies, belong to two categories. Some procedures are relevant to the data collection, especially after earthquakes, providing significant improvements coming from the direct experiences and the site testing carried out in Molise by the RU’s. Other procedures have been set up to improve the vulnerability evaluation of the different categories of construction and systems considered in the projects (dwelling, public, monumental buildings, urban systems and lifelines). They both can be utilised in the future to improve the damage and vulnerability data collection of the above categories or to evaluate their vulnerability from the available databases.  
The results of the SAVE project will be more comprehensively illustrated in 4 task reports and in some monographies on specific elaborations and methods requiring more room for their illustration. 
Task 1. 
Inventory and Vulnerability of the Residential Building Stock in Italy, Seismic Risk Maps and Socio-Economic Losses
Scientist Responsible:  Giulio Zuccaro (UNINA)

Improvement of the Damage and Vulnerability Analyses Tools

As said in the introduction the Molise earthquake has suggested to change the working programme to take advantage from a detailed survey of the damage and by a prompt test on the field of some new tools of vulnerability evaluation in progress at the time. In November 2002 a team of researchers coordinated by Prof. Dolce and Prof. Masi (University of Basilicata) and by Prof. Zuccaro of the Naples’ University surveyed San Giuliano collecting data on structural characteristics and damage of buildings. The main goal was the interpretation of a strong non-homogeneity in the damage distribution, with high concentration of damage along the main road of the village. The data were collected by using a modified AeDES form and the new MEDEA form. The data collection has been performed on all the buildings of San Giuliano. The objective was to compare different parameters involved in the vulnerability evaluations and/or in the structural safety judgements and modelled by different data collecting techniques on the same complete, homogeneous and reliable set of data. The analysis of the data collected has shown: the high seismic vulnerability of the buildings in San Giuliano; the disastrous effects of the use of non structural materials; the importance of the construction techniques employed for modification and extension; the high variation of the damage and vulnerability in the different areas of San Giuliano; the significant role of the site effects in the damage distribution; the value of MEDEA in creating a uniform understanding of the state and condition of the buildings in the post-event phase.
A complete report has been produced with all the detail of the studies on San Giuliano event settlement. A GIS of San Giuliano has been produced in order to show the different analyses of the studies.
The RU GNDT-AQ has performed a specific investigation having the same goals and using the same survey forms on the municipalities of Casalnuovo Monterotaro (Foggia) and of Ripabottoni, which experienced both a 7 MCS shake. These territories have been carefully studied in the emergency phase and particular attention has been paid to the organization of the census data of the seismic safety of the buildings (AEDES form). The data are now complete of geographic reference. The analyses performed on the data base and on the GIS have given interesting results, both for the safety evaluation procedure and for the vulnerability and damage correlation.

The New MEDEA Approach 

The correlations between damage, structural types and collapse mechanisms have confirmed the relationship assumed by the MEDEA approach. The out of plan overturning mechanisms have resulted to be the most vulnerable ones. These mechanisms have been mainly observed in the weakest class “A”. However the same mechanisms were the most dangerous even for class “B” or “C”. On the other hand the most frequent collapse mechanism, mainly observed on buildings with low level of damage, is the in-plan shear mechanism, due to the low quality of masonry. (See diagram 1). A specific Safety Index has been introduced in order to help the safety assignment in the post event phase by using MEDEA form and a new procedure based on the identification of the prevalent mechanism and its state of progression toward the collapse by the assignment of some points has been set. By comparison between the safety index and the real safety check performed by the Civil Protection team, a first attempt to the limit value of the Safety Index for building safety has been fixed and probabilities distribution of safety for buildings with a global level of EMS damage class are found (see diagram 2a).
Vulnerability of Ordinary Buildings

The European Macro seismic Scale (E.M.S.), assigns the vulnerability classes predominantly on the basis of vertical structure; it represents in its own right a function of the distribution of damage or Damage Probability Matrix (DPM). From the research carried out by units in Padova, Genoa and Naples on the old DPM (created by the GNDT 1998-2000 project), new matrices were created, these were found compatible (within an acceptable range) with the implicit probability matrix in the EMS scale. The problem with the assignment of vulnerability in the EMS is that it is uncertain. Starting from the vertical typology, the uncertainty is such as to have a heavy influence on the risk and scenario assessment. The objective of this sub-task was therefore to define the typological characteristics of the buildings that might influence the assignment of vulnerability. Each database available from past earthquake survey has been examined for all the vertical typologies considered and the assignment of each one to a typical behaviour according to the EMS, using a synthetic parameter of damage (SPD), is done. SPD is basically a barycentric abscissa of the complete damage distribution. In this all vertical typologies with similar behaviours are grouped. We then analyse the variation of SPD with earthquake intensity for each characteristic.  This is carried out for each database. With this aim the data of past events available have been studied, and a set of parameters that can give either a positive or a negative influence on the seismic response of the buildings have been defined: horizontal structure, roof structure, presence of isolated columns in masonry buildings, presence of horizontal ties, presence of vertical ties, age, date and type of the latest significant intervention, state of repair, pre-existing damage, year of seismic classification by the municipality, number of floors, maximum height, regularity of elevation, regularity in plan, regularity of exterior infill panels, position in the urban fabric (freestanding, terraced, or in a dense block), site topography. In order to evaluate the influence of each parameter on the behavior of the buildings, and therefore on the assignment to the vulnerability classes, the single databases were analyzed one by one. For each intensity and for each class, originally assigned by only the vertical structure, the positive and negative increment derived by the SPD evaluation is computed and the average of these influences is then found for all the different levels of earthquake intensity.
In order to quantify the influence of each factor a correlation between vulnerability class and vulnerability index was required. Therefore a comparison was made between the two types of seismic damage assessment (GNDT 1st and 2nd level) from the data of the ‘80 Irpinia earthquake in the municipality of S.Giorgio (NA).
As a result, a correlation was found between the A, B, C, D classes (first level) and the vulnerability index (second level).

Comparing the S.Giorgio results to parallel analyses of Genova and Padova RU  a good agreement has been found, therefore a reference index value to every vulnerability class has been assumed according to Lagomarsino (GE RU) and Bernardini studies. The percentages of influence of each parameter are then transformed into negative or positive points on the vulnerability index. We can then tabulate the starting values of the vulnerability index corresponding to the A,B,C,D classes (based solely on the vertical structures) and adjust the values of the index. This is done simply by adding or subtracting the points that the single parameter represents in each case derived by a weighted average on the influence of each parameter. Finally, this summation of points allows us to assign the new class typology (A,B,C,D). A particular attention has been paied to r.c. structures.
The complexity of the vulnerability evaluation of the r.c. buildings is basically related to the importance of the constructive details and to the design criteria at the age of construction. Within a previous study supported by the DCP, the r.c. building designs per different ages and regions have been studied, performing extensive parametric non linear analyses. The results obtained have been compared with a quick procedure developed in the Task 2 (see product 13) in order to test the reliability of it to the ordinary buildings.

Revision and Updating of the Italian Building Inventory
The completion of the computerization of the inventory data-base of buildings of Mid-Southern Italy collected in the LSU/96 and LSU bis projects has been carried out for a limited number of municipalities, because of the above mentioned difficulties on the accessibility to the original data. Moreover the GNDT-AQ RU has elaborated only few Municipalities having the characteristic of completeness and geo referenziation required by the application in progress. On the other hand the LSU data processed by a private service in charge from the Civil Protection to create a GIS of all the LSU data have been supplied by the SSN and used if the selection criteria were respected. Moreover the integration and harmonization activities for the data bases, already available in Italy and not yet utilized as a whole, have been carried out. The criteria for the Municipalities selection are: 
· Existence of the aero-photogrammetric pairs at a suitable scale

· Inhabitants 


(8 classes)

· % dwellings before 1919 
(3 classes)

· % dwellings in c.a. 

(3 classes)

· High rate of  municipality-pop / total - pop
· The best distribution on the Italian Territory according the high seismicity

· Complete data set of the municipality available.
The main data base of the structural types of 78 Italian Municipalities developed by the Centro di Ricerca LUPT of the University of Naples in two previous projects supported by SSN (35 Communes) and by GNDT-CNR (43 Communes) has been merged with the data of:

· 17 (out of 18 available) Municipalities in the Vesuvian area, collected by the Centro di Ricerca LUPT within a previous project supported by GNDT-OV-INGV; (Torre del Greco was been already studied in the SSN project);

· 3 Municipalities in the Pollino area put at disposal by DiSGG, blanket coverage;

· 3 Municipalities in the Campi Flegeri caldera. the collection of the data have been carried out within another project supported by GNV-INGV, blanket coverage; 
· 4 Municipalities in the Vesuvian ash fall warning Yellow Area. The collection of the data have been carried out within another project supported by GNV-INGV, aerophotogrametric method;

· 12 Municipalities (out of 18 available) in the Matese area collected by GNDT-AQ;

· 16 Municipalities (out of 33 available) collected by LSU project and computerised by GEODATA;

· 11 Municipalities (out of 79 available) collected by LSU project and computerised by GNDT-AQ;

· 3 Municipalities in the Pollino earthquake Area;

· 1 Municipality: the city of Catania, collected within the Catania project supported by GNDT-CNR;

· 1 Municipalities in the Molise earthquake area: San Giuliano collected by LUPT and UniBas;

Summarising:

· 78 Municipalities from the previous project

· 71 Municipalities merged in this project

· TOTAL of 149 Municipalities of which basically the structural characteristics for vulnerability class distribution assignment are available; 

The contacts with ISTAT has clarified that the building data of the census 2001 are not jet available therefore the project referees to the 1991 census. 

Finally the working group has upgraded the characterization study of the structural types in the Italian urban settlements, derived from previous research experiences of LUPT-GNDT-SSN, through the merging between the data-base available and the compilation of the guided interview protocol performed by a new procedure of interview via web site, finally a compilation of a multimedia catalogue of data, maps, photos and texts has been produced.
ISTAT Data Calibration Procedure

1. N. of Dwellings – N. of Buildings correlation.

The ISTAT data base of the census 1999 is referred to the number of the dwellings. The next census (available by the end of this year) will include even structural information on the buildings. Therefore in this project the first step is to define a reliable ratio n. of dwellings/n. of buildings to convert the ISTAT data set in buildings. The phases of the procedure are 

· The ISTAT data are grouped for each Municipality in 24 classes: 6 classes of Age, 2 classes of number of storey and 2 classes of structural typology (masonry and r.c.). 
· The same criterion is used to group the data of the Municipalities of the sample surveyed.

· The averages dwellings/buildings for each of the 24 classes are found.

· N groups of Municipalities homogeneous by population, geographic location, percentage ratio between Masonry and r.c. buildings and typological characterization are defined.

· The averages found for the homogeneous groups of Municipalities previously defined are applied to the whole ISTAT data base determining the number of buildings for each Municipality.
2. Vulnerability class assignment
The Vulnerability class assignment of the ISTAT data is done using the same classification described in the previous point of this list.

· The structural distribution in each of the 24 ISTAT classes is determined for each municipality of the sample surveyed.
· The average distributions for the N groups of homogeneous Municipalities are found.

· The 24 distribution that characterise the group of which  the single Municipality is part are applied to each Municipality.

· Summing the 24 column by each vulnerability class one gets the distribution of vulnerability class of the municipality. 
3. A Parameter to evaluate the vulnerability at Municipality scale.

· Combining for each municipality the distribution of the vulnerability classes with the DPM previously found (i.e. considering intensity VIII), one can find the value of SPD expected for each vulnerability class. The sum of all the SPD can be considered a vulnerability index at municipality scale.

Casualties

This part of task 1 is addressed to the evaluation of human losses (victims, injuries, homeless) for the residential building, assessed as a function of structural damage to the buildings, the occupants and a corrective coefficient expressing the range of factors influencing the total mortality (i.e. time and type of collapse, number of floors, building typology, seismic intensity, etc.). To this aim, probabilities of victims and injuries, given a certain level of structural damage, have been defined, based on exiting studies and world statistics, re-evaluated according to the data of Friuli (1976) and Irpinia (1980) earthquakes. The convolution with the damage probability matrices allows to obtain, for each vulnerability classes, the probability to observe victims and injuries, given the seismic intensity. Moreover, in order to estimate the number of the objects exposed, two different hypothesis have been performed, connected respectively to a condition of maximum risk (building occupied by the maximum number of persons) and a condition of medium risk (building occupied by an average of the residents, estimated on typical curves of presence distribution over the day in residential buildings). Of course, the evaluation of the risk as annual probability of victims and injuries, namely the expected annual number of victims and injuries (maximum and medium), could be evaluated on the basis of the available hazard data, that provided the annual occurrence of seismic intensity per Municipality.

Therefore the results of the analyses of this sub-task could be summarized as follows:

· definition of probability of victims and injuries, given the structural damage, the vulnerability class and the seismic intensity;

· maximum and medium number of occupancies in the buildings per vulnerability class;

· expected annual number of victims and injuries (maximum and medium), on the basis of the available hazard data.

Finally, the evaluation of the homeless has been performed as a function of the residents in unsafe building, according to a defined unsafe probability, given a certain level of structural damage (calibrated on statistical elaboration of data referred to the last seismic events in Italy, Umbria-Marche 97, Pollino 98, Molise 02).
Vulnerability and Risk Maps

Seismic Vulnerability and Risk Maps at National scale of the building heritage at municipality detail have been produced. To this aim the most updated and reliable hazard analysis available has been used.
First Evaluation of Indirect Losses
The evaluation of the economic impact of an earthquake is based on two different methods to consider: an indirect method which is based on the idea that the elements (positive and negative) of the economic impact cause a change in gross local product which can be evaluated by specific economic indicators; a direct method which is based on analytic data concerning profits related to funds and losses related to damages and casualties, etc.. These two methods have been tested on a pilot area involved in a recent seismic event (Umbria-Marche in 1997) which has been analysed through the evaluation of a “disaster index” processed by SSN (National Seismic Survey) of DPC.
The indirect method has been developed identifying indirect economic indicators (correlated with gross local product), evaluated in both pre and post seismic event years, and working out a statistical model to check the interdependence between the performance of an economic sector and the disaster index. The first results underline a meaningful correlation between the change of trend’s intensity of the indicators before and after the seismic event and the disaster index.

About the direct method, the collecting of the data is in progress and is focused on: light and heavy private rebuilding, public works, cultural property, economic activities, rural infrastructures, hydro geologic balances.

Products

Product No.1: Inventory of the structural building typology distribution of the Italian Estate. 
Outline: The complete database of the structural building typologies of the Italian buildings heritage based on the 1999 ISTAT census and calibrated by statistical elaborations on the sample of 149 Municipalities.

Final Version:  Report describing the activity of collection, selection and elaboration of the data and a CD with the structural typology distribution at national scale. 

Usefulness for Civil Protection: Reliable evaluation of the typological characteristic of the Italian building heritage essential for any kind of estimation (economic, damages to the buildings, number of victims, etc.) in order to programme mitigation measures of risk reduction.

Product No.2: Procedure for a structural characterization interview via web

Outline: A procedure to extend the information of the structural characterization of the towns as a whole has been prepared and it is now possible to get the information directly by the local technician of the municipalities by an interview via web.

Final Version:  CD containing the procedure for the collection of the data received via web that create automatically a data base and the procedure to evaluate a quality index of the typological characteristics of the municipality.

Usefulness for Civil Protection: To reduce the cost and the time of the collection of this kind of data essential to regionalise the risk evaluations.

 Product No.3: Multimedia Atlas
Outline: A multimedia CD that will contain all the data elaborations and the references on a considerable number of parameters concurring to describe the urban settlement under the aspect of the structural characterization by using previous research experience carried on by GNDT-LUPT-SSN.

Final version: Anthology in iper-textual format, subdivided by research projects that reassemble data and sources of different origins (maps, photos, survey forms, etc).

Usefulness for Civil Protection: To build up a multimedia anthology that represents a quick reference of the SAVE project and of the previous research experience on the issue of the municipality characterization.

Product No.4: Vulnerability functions Improvement 
Outline: The vulnerability evaluation techniques have been improved. A method to assign the buildings to the vulnerability EMS98 classes has been found, based on the definition of the typological factor influencing the seismic response and tested on the damage data base.

The implicit DPM of the EMS ’98 have been compared with other vulnerability functions in order to check the feasibility of their application at national scale. The vulnerability index at urban scale.

Final Version:  Report describing the analysis activity, diagrams of the elaborations, structure of the model for the new vulnerability class assignment method and description of the vulnerability index at urban scale.

Usefulness for Civil Protection: Refinement of the techniques of vulnerability evaluation, essential in the seismic risk estimation in Civil Protection planning activity.

Product No.5: Improvement of the Damage and Vulnerability Analyses Tools
 (AEDES - MEDEA).

Outline: Improvement of the AeDES form and introduction of the new MEDEA tool. An innovative technique of performing damage survey to evaluate the safety of damaged structures and a new vulnerability classification based on the relation between the collapse mechanism, type of damages and vulnerability factors. The test of these new tools has been carried out during the emergency phase of the San Giuliano earthquake.

Final Version: Final report on San Giuliano earthquake including results on the vulnerability analyses showed by diagrams, graphs and thematic maps of the elaborations derived by a GIS ad-hoc developed.

Usefulness for Civil Protection: To improve the safety evaluation in post-event phase and improve the quick assignment of vulnerability to programme mitigation activities

Product No.6: Improvement of Vulnerability evaluation of reinforced concrete buildings by differentiation for building classes.
Outline: The results of parametric numerical simulation analyses on R/C building structures obtained in a previous work for DPC are compared with the vulnerability evaluation method set up for task 2 (see product 13), in order to assess its general validity and its application to dwelling buildings.
Final Version: Validation for dwelling buildings of the detailed vulnerability evaluation procedure set up in task 2 .
Usefulness for Civil Protection: Improving the vulnerability estimation of R/C buildings with the application of procedures at different levels of detail. 
Product No.7: Vulnerability Maps at National scale. 
Outline: Realization of seismic vulnerability maps of the building heritage at national scale. 
Final Version: Thematic maps of vulnerability expressed for each single intensity and by synthetic damage index.

Usefulness for Civil Protection: Knowledge of the structural vulnerability at national scale to prepare vulnerability reduction programmes. 
Product No.8: Risk Maps at national scale.

Outline: Realization of seismic risk maps of the dwelling building heritage at national scale detailed at municipality level. 

The hazard maps used are the most recent available and compatible with the detail of this research.

Final Version: Thematic seismic risk maps of the structural damage in Arcview format.

Usefulness for Civil Protection: Knowledge of the seismic risk at national scale in order to introduce mitigation measures for the reduction of the damage and of the victims.
Product No.9: First evaluation of socio-economic losses.

Outline: An update model of casualties evaluation, able to provide the number of victims, injuries and homeless based on the probability derived in the previous events to observe social damage as a consequence of structural damages.
An original economic model to evaluate the in direct cost of an earthquake has been developed by using economic indexes connected with the behaviour of the production in the event area. A study case has been considered: Umbria Marche ’97.

Final Version: Risk maps expressed in terms of the medium and maximum number of victims, injuries and homeless. Report describing the economic model of in direct cost of the event. Results of the Umbria Marche case.

Usefulness for Civil Protection: Planning of the Civil protection activities: mitigation of the victims, best allocation of the resources, indirect cost of the possible event for cost benefit analyses.
Task 2. 
Inventory and Vulnerability of the Public and Strategic Buildings of Southern Italy

Scientist Responsible:  Mauro Dolce (UNIBAS)

The programmed activities of TASK 2 can be summarised as follows:  a) analysis and validation of the existing LSU database; b) Identification of the peculiar characteristics of the structural types of school and public health buildings and improvement of the vulnerability evaluations of masonry buildings as drawn from the LSU census database; c) collection of detailed data on a limited sample of school buildings for detailed vulnerability evaluation; d) set up of «analytical» detailed vulnerability evaluation tools for school and other types of buildings; e) comparison of results of vulnerability evaluations at different levels of detail obtained with different tools. All these activities have been carried out in the two years of the project. 
The vulnerability census of public, strategic and special buildings was carried out in seven “Regioni” of Southern Italy: Abruzzo, Basilicata, Calabria, Campania, Molise, Pu​glia (“provincia” of Foggia) and Eastern Sicily. The data of 42000 buildings were col​lected by using the GNDT 1st and 2nd level inspection forms and reported in an elec​tronic database. Buildings were classified according to their utilization in: Instruct​ion (49,6%), Civil (26,8%), Public health (9,7%), Military (4,7%), Mo​bi​lity and Tra​spor​tation (3,8%), Technological (2,6%), Religious (1,8%, excluding churches). 37,9% of the buildings has masonry structure, 59,4% R/C structure, 1,9% steel structure. All ma​sonry buildings have been surveyed with both 1st and 2nd level forms, while R/C build​ings have been surveyed with the 1st level form. For the ob​jectives of the research project a check of the database has been made, from which the presence of incomplete or incorrect data relevant to about 1.5% of the build​ings resulted. These have been checked with the original forms and, eventually, corrected.

As far as the improvement of the knowledge of the structural characteristics and the vulnerability is concerned, specific analyses have been made on the whole sample and on sub-sample relevant to single “regione” and “provincia”. The work  has started from the school category, which includes 20890 buildings. 7.379 (35,3%), 13.041 (62,3%) and 384 (1,9%) buildings have masonry, R/C and steel structure, respectively. Masonry buildings have been analysed in greater detail, due to their higher vulnerability and the more detailed information available (2nd level form). 

About 80% of masonry school buildings have less than 4 stories (23% one story, 29% two, 28% three). More than 50% has a volume less than 2500 m3 and about 10% more than 10000 m3. 90% was built before 1970 and 28.5% before 1945. The first level form contains the description of the types of vertical and horizontal structures. A first characterisation has been made by elaborating these pieces of information. The presence of some prevailing vertical structures, differently distributed in the territory (see map). Type G masonry (“tufo” blocks or cut stones – 37.9%), type L (brickwork  - 24.8%) and C (roughly squared stones – 12.7%) are the most frequent in the whole sample. In the different “regioni” quantitative differences as well as the significant presence of peculiar types are observed, due to the local history and traditions. Similar information has been drawn for public health buildings in general and hospital buildings in particular. 
The data relevant to school buildings (7375 with masonry, 13041 with R/C structure), to public health in general (1329 with masonry, 2703 with R/C structure) and those relevant to hospitals (412 with masonry, 1256 with R/C structure) have been analysed, looking at the metrical, typological and vulnerability characteristics, also evaluating some significant correlations. The results of the big amount of elaborations, for masonry and R/C structure and for different territorial districts (“Regione” and “Provincia”) and, in case of schools, also for instruction level (nursery, primary, secondary and high schools, university), have been reported as charts and tables, accompanied by comments and evaluations which provide a deep knowledge of the investigated public building stock. It is then possible to identify the prevailing building and structural types and the ones with greater vulnerability. Actually, the information on the building characteristics drawn from the database has been used also to group buildings into vulnerability classes, according to two different criteria, whose one is the definition of the EMS classes. From the 2nd level form of masonry buildings a vulnerability index Iv, defined in a 0-100 range, has been evaluated, by summing up the scores associated to 11 para​me​ters affecting the seismic behaviour. The whole sample of schools has an average vulner​ability score equal to 21.5, with a queue towards the upper bound and a maximum value equal to 80. 229 buildings with Iv>50 are found (3% circa). Differences in the index average of sub-​sam​ples relevant to single “regioni” and “province” exist. The correlat​ion bet​ween Iv and the EMS classes has also been analysed (see diagrams). Analogous results are obtained for public health buildings.
Further elabo​rations have been carried out to improve the evaluation of the vulnerability index, by both re-examining the additive vulnerability model utilised and by improving the 2nd level with the 1st level information, e. g. to account for past seismic retrofits. The new vulnerability model focuses the attention on only three, out of eleven, parameters of the 2nd level form, namely parameters 1 (type and organisation of the structural system), 5 (type of horizontal structure) and 9 (type of roof), which mainly affect the collapse mechanism. For most of the public buildings these parameters result to be such that the in-plane shear mechanisms are favoured with respect to the out-of-plane flexural ones. Therefore an algorithm has been set up in order to evaluate the shear resistance and then the collapse seismic coefficient C, based on the data available on the masonry shear strength (parameter 3). The overall shear resistance is also modified, taking into account some other vulnerability factors, such as the structural irregularities (drawn from parameters 6, 7 and 8) and the interstory height, through reduction coefficients.
The activity of finding documentations and detailed information on a limited sample of school buildings for more accurate vulnerability analyses has been made easier by the great attention towards the vulnerability of school buildings after the collapse of the S.Giuliano school (31.10.2002). Detailed information could be found on more than 100 school buildings of all levels (nursery, primary, secondary and high schools). Inspections and geometrical surveys have been carried out on all these buildings, as well as material testing (compression tests on concrete cores, rebound and ultrasonic tests on concrete, tests on masonry) on many of them. The design, construction and final check documentations have been found, whenever possible. Finally information on interventions and transformations carried out during their life as well as on damage produced by past earthquakes has been collected. They have been analysed by the two new procedures described below, for the evaluation of their seismic resistance in terms of the PGA determining the structural collapse. The availability of detailed information and documentation on a big number of school buildings made it opportune and necessary to re-modulate the working programme, taking also account of the 30% reduction of the funds allocated for SAVE. Therefore the detailed analyses on hospital buildings (about 20 buildings in the original programme) have not been carried out.
Two new procedures, named VC for R/C buildings and VM for masonry buildings) for the quantitative measure of vulnerability, have been set up, in order to fully exploit the available pieces of information. Starting from the observation of the prevailing structural characteristics, story collapse mechanisms are identified for which it is possible to make simplified calculations. As far as ma​son​ry buildings are concerned, their structural characteristics, particularly the presence of R/C–tile slabs, makes it possible to exclude the possibility of out-of-plane collapse of the walls. Therefore seismic resistance depends only on the in-plane strength of walls. As far as R/C buildings are concerned, the positive contribution of masonry infill panels, whenever effective, is taken into account. Both procedures are implemented in an electronic sheet and have been improved through the application to the real cases under examination.
The results of the vulnerability evaluation procedure for R/C buildings, being the most critical one, have been compared to experimental or numerical results drawn from other accurate vulnerability approaches or more accurate structural analysis procedures, such as the results relevant to about 20 buildings processed with the Japanese procedure for vulnerability evaluation, to 5 three- and four-stories R/C structural models tested up to collapse on shaking table, to an extensive parametric analysis on three-dimensional R/C frame models designed for gravity loads (see product 6 of task 1), the results of detailed push-over analyses on some school buildings.
As far as the comparison of different vulnerability evaluations is concerned, an important occasion to verify both the potential of the AEDES form (for usability and damage of buildings), mainly conceived for ordinary dwelling buildings, and the vulnerability evaluation drawn from the LSU database has been obtained from the analysis of the data collected on the school buildings in Molise, after the earthquake. Information on both structural types and damage are reported on these inspection forms, which permit to evaluate the rele​vant correlations. 290 school building data, i.e. all the school buildings in the earthquake struck area, have been processed.  
The illustration of the task products is reported below.

Product No.10: Statistical Analysis of the typological and vulnerability characteristics of the school and public health buildings
Outline: The LSU database concerning school and public health buildings, has been reviewed and systematically processed in order to obtain a statistical description of the main structural characteristics of the buildings.

Final Version: Descriptive report, diagrams and summary maps of the school and public health buildings  inventoried in the LSU Project. 

Usefulness for Civil Protection: Deep knowledge of the structural characteristics of the public (school and public health) building stock of Southern Italy, for single “regioni” and single “province”, useful  for the prevention activities.
Product No.11: New procedure for the vulnerability and risk evaluation of masonry buildings inventoried using the 2nd level GNDT inspection form
Outline: The vulnerability evaluation model of masonry buildings based on the 2nd level GNDT inspection form used in the LSU Project has been significantly improved, in order to take into account the specific collapse modes that can occur considering the structural characteristics that can be drawn from the 2nd level form data.
Final Version: Vulnerability evaluation algorithm for masonry buildings inventoried with the 2nd level GNDT inspection form
Usefulness for Civil Protection: The procedure is suitable for the 2nd level form data and the re-processing of the LSU data provides a vulnerability map and a classification of the vulnerability of masonry public buildings.

Product No.12: New procedure for a detailed evaluation of the vulnerability and seismic risk of masonry public buildings (particularly schools)

Outline: The procedure provides an estimate of the seismic vulnerability and risk of buildings whose collapse occurs according to an in-plane shear mechanism, based on the knowledge of the geometry of the structural elements and on an experimental evaluation of the material strength. This category of buildings is very numerous in the public building stock, particularly in schools. The evaluation obtained with the new procedure is by far more reliable than the estimates carried out with the classical approaches based on type classification or vulnerability indices, and is therefore more suitable for single building evaluations. This method has been tested on a sample of school buildings.  
Final Version: User-friendly pre-programmed electronic sheet (EXCEL). 
Usefulness for Civil Protection: The method can be used by DPC and by the local authorities to carry the prevention activities according to the Ord. 3274, in order to get a risk classification of public buildings based on an intermediate approach between level 0 and level 1-2, suitable for single buildings. This can be of great importance, considering that the high cost of very accurate evaluations and that the level 0 provide too rough estimate to assess priorities.
Product No.13: New procedure for a detailed evaluation of the vulnerability and seismic risk of reinforced concrete public buildings (particularly schools) 

Outline: The procedure provides an estimate of the seismic vulnerability and risk of R/C buildings whose collapse occurs according to a storey mechanism, based on the knowledge of the external geometry and of the reinforcement details of the structural elements and on an experimental evaluation of the material strength. This category of buildings is very numerous in the public building stock, being most of them designed for vertical loads only. The evaluation obtained with the new procedure is by far more reliable than the estimates carried out with the classical approaches based on type classification or vulnerability indices, and is therefore more suitable for single building evaluations. This method has been tested on a large sample of school buildings and its results compared with those of numerical simulation analyses of typical structural configurations (see product No. 6).  
Final Version: User-friendly pre-programmed electronic sheet (EXCEL). 
Usefulness for Civil Protection: See product No. 12
Product No.14: Seismic risk maps of school and public health buildings with structural masonry inventoried with the 2nd level GNDT form
Outline: Map and seismic risk classification of the public health buildings with structural masonry, inventoried with the 2nd level GNDT form and processed with the new set up procedure (s. product No. 10) (maps including all inventoried buildings were produced within the LSU project with the vulnerability index approach).

Final Version: Risk maps and database with the risk classification.

Usefulness for Civil Protection: The risk maps can be utilised by Civil Protection for seismic prevention, to assess reduction levels of risk that are compatible with the prevention programmes and the relevant fund allocations. 
Task 3. 
Inventory and vulnerability of the monumental buildings of the national and regional parks of Southern Italy

Scientist Responsible:  Sergio Lagomarsino (UNIGE)

In order to define a homogeneous methodology for seismic risk scenarios of monumental buildings, a method has been developed in order to make use of the various information available, both regarding the building vulnerability and the seismic hazard. At the same time, a tool has been produced, which is able to guarantee an increasing level of knowledge in the scenario analysis, according to three levels (Level 0; Level 1; Level 2), in function, not of the approach (macroseismic or mechanical), but in relation to the accuracy and the meaningfulness of the collected data. 

In order to carry out a vulnerability survey more and more detailed, it has been defined, for the churches, a new release of the survey form for the seismic damage and the vulnerability. This method has been applied in the assessment of more than 120 churches, damaged by the 2002 earthquake that shocked the Molise and Apulia regions. Moreover, also the religious buildings in Alessandria province (Piedmont) were surveyed after the 11th April 2003 earthquake. The results of these activities have been recently published:

· Curti E., Fornaio D., Lemme A., Podestà S., “Rilievo del danno al patrimonio monumentale delle regioni Molise e Puglia danneggiate dalla crisi sismica iniziata il 31.10.2002”, Proc. of the National Congress “Monumenti e terremoti” Aquila, 2003, in Italian;

· Lagomarsino S., Lemme A., Podestà S., “Rilievo del danno al patrimonio monumentale dopo il terremoto del 2002 in Molise e Puglia” Ingegneria Sismica, in press, in Italian;
· Lagomarsino S., Podestà S., Resemini S., 2004. “Observational and mechanical models for the vulnerability assessment of monumental buildings”, Proc. of the 13th WCEE, Canada, accepted to the publication.
· Lagomarsino S., Podestà S., Cifani G., Lemme A. “The 31st October 2002 earthquake in Molise (Italy): a new methodology for the damage and seismic vulnerability survey of churches”, Proc. of the 13th WCEE, Canada, accepted to the publication.

Synthetically, in the following table the twofold approach is exemplified. It permits, through the data available, to define a risk scenario conceptually coherent with the method adopted for the hazard analysis. The two approaches, macroseismic and mechanical, are based respectively on the definition of a vulnerability index and of a capacity curve which are refined on the single building in function of the level of analysis that is adopted.

Level 0: both the vulnerability index and the capacity curve are simply obtained from the typological identification of the monument (church, monastery, palace, tower, etc). No modifiers are present and, therefore, the risk scenario can be obtained on the data catalogued after a census (i.e. LSU-Parchi [check-list]; Carta del Rischio [Central Institute for the Restoration]; etc.)

Level 1: for both the approaches, some behaviour modifiers are introduced. These new data are connected to structural information. In such point of view, the survey must be aimed to find those data that play a fundamental role in the appraisal of the seismic response of the various typologies of monumental masonry buildings, through structured forms as, for example, those proposed in the Traiano Project (Framework Project 2000-2002 of the GNDT). Likewise to the macroseismic approach, also the capacity curves have been modified taking into account some parameters detected during the Level I survey: structural regularity, state of maintenance, material quality, etc.

Level 2: both the approaches are proposed for the monumental typology of the churches, exemplifying, however, the possibility to extend the level of improvement also for other typologies.

The macroseismic approach is always based on a vulnerability index that is formulated in such case on the detailed survey of the single church. The analysis for macroelements and damage mechanisms, over a more precise survey of each single parts of the church, allows us to study vulnerability information (vulnerability indicators) and constructive details (a-seismic devices) of each single macroelements. This approach permits to convey a judgment, although qualitative, of the different collapse mechanisms, which can affect the various macroelements.

The mechanical approach is based, similarly, on the definition of a set of capacity curves, able to forecast the structural response of the various macroelements regarding different seismic actions (in-plane or out-of-plane actions). The proposed mechanical models are simple in relation to the territorial features of this type of analysis. The solution adopted is connected to the limit analysis of the equilibrium (cinematic approach), simulating the masonry as rigid body not resistant to tensile stress. In agreement with the recent developments of OPCM 3274/2003, for two macroelements (facade and triumphal arch) the methods to calculate the capacity curve are proposed, able to simulate the influence on the effectiveness of a-seismic devices or the high vulnerability for the presence of intrinsic vulnerability indicators.

Both methods need of a specific survey of vulnerability that adopts the methodology carried out into this Project, and applied after the Molise and the Piedmont earthquakes, as previously cited.

Finally, it is worth noticing that a more detailed analysis (level 3) represents a detailed structural analysis that should be correlated directly to the seismic improvement design of the monumental building. The high number of demanded details loses the feature of a vulnerability analysis, because it is difficult to implement for a territorial analysis.

Product No.15: Methodology for the seismic vulnerability analysis of monuments 

Outline: On the base of the acquired experiences, (in literature or other GNDT Project, and of models developed SAVE Project), a new methodological system for the analysis of vulnerability of monuments has been defined, subdividing into a twofold approach (macroseismic and mechanical) and level of improvement (three different levels).

Final Version: Monograph that illustrates the methodology, as a set of different models, to use on the base of the type of hazard scenario and of the data available or achievable through special filing. Usefulness for Civil Protection: The methodology can be applied with data of various detail, achieving comparable results; it is, therefore, particularly effective in order to operate on a wide canvas, with database of different detail.

Product No.16: Analysis of the vulnerability and the expected damage for the monumental assets of the Natural Parks of Southern Italy

Outline: From the survey carried out from the L.S.U. – Parchi Project, the vulnerability of over 15000 monuments was estimated, using a model developed in the SAVE Project, able to define a vulnerability index. Using the hazard maps available, the losses have been estimated.

Final Version: Tables of the vulnerability indices and of the expected damage for over 15000 monuments in Southern Italy; relative maps to territorial scale.

Usefulness for Civil Protection: The list of monuments and their vulnerability represents a preliminary tools of planning, useful for the financial resource allocation of and the scheduling of mitigation interventions of the seismic risk to territorial scale.

Product No.17: Form for the survey of seismic vulnerability and damage of the churches (macroseismic model)

Outline: After the 2002 earthquake, that damaged the Molise and Apulia region, an accurate survey of the seismic damage of the churches (over 200) was carried out. During these activities a far-reaching redefinition of the form, used after the Umbria and The Marches earthquakes (1997), was performed. 

The new form permits to describe better the damage and to evaluate the seismic vulnerability, through a tool usable in churches of different typology and geographic area.

Final Version: Survey form and software to file the data collected, with the elaboration of the damage and vulnerability index. 

Usefulness for Civil Protection: tools helpful both during the emergency phase, for the damage survey of the churches (already experimented in many occasions), and in a preventive phase, for the knowledge of the seismic vulnerability of the churches in a particular area.
Product No.18: Statistical elaboration of data surveyed by the Ministry of Fine Arts

Outline: On the occasion of the SAVE Project, numerous survey data of monuments damaged by the Irpinia earthquake (1980) and Umbria and The Marches (1997) have been acquired.

The data do not only refer to the churches, typology for which detailed information is already available, but also to other typologies of monuments. The statistical analysis of this data has allowed us to validate the vulnerability models developed and/or proposed in this Project.

Final Version: Elaboration of DPM (Damage Probability Matrices) and suggestions of indices for various typologies of monumental assets.

Usefulness for Civil Protection: Validation of the vulnerability models, on the base of the observed vulnerability.

Product No.19: Simplify mechanical models for the vulnerability analysis of the macroelements 

Outline: The collapse of the monumental structures develops, generally, through mechanisms that involve distinct parts of a construction, called macroelements (facade, triumphal arch, bell cell, towering elements, etc). In these cases, it is possible to evaluate the seismic response using simplify mechanical models, bases on the limit analysis of the equilibrium. Therefore it has been developed a procedure that concurs to model and to estimate the expected damage for some typologies of macroelements.

Final Version: vulnerability model (procedure for the evaluation of the capacity curve, for the definition of the limit damage states, the response to input spectral, and fragility curves). Illustrative application to different macroelements.

Usefulness for Civil Protection: more detailed vulnerability model, applicable to a sample of monuments or in a confined area, after a specific vulnerability survey, with acquisition of some geometrical data.

Task 4. 
Inventory and Vulnerability of Urban Systems

Scientist Responsible:  Alberto Cherubini

Task 4 makes use of data and results of the Infrastructure and Urban Vulnerability LSU Census, carried out in Southern Italy between 1996 and 2000 by the Department of Civil Protection with the scientific support of GNDT. 67 small and medium importance towns were selected on the basis of some parameters drawn from the 1991 Italian Census (ISTAT ‘91), 23922 inspection forms were compiled, relevant to primary urbanization lifelines (water, gas, power and telephone supply system, etc.), railway and road network (only concerning towns), systems and subsystems affecting urban vulnerability.
The first deliverable of the SAVE Project is related to the development of a vulnerability model of two important urban lifelines: road network in the historical towns and primary water supply systems.

One approach makes use of logical-mathematical procedures applied to the branch-node components of the network. The inadequacy, from functional reduction to collapse of a component, due to a seismic event, results in the partial or total loss of serviceability of the network. This approach is aimed at limiting the analysis to some components. The road and emergency systems have been taken into consideration, finalizing the analysis at the evaluation of the system’s effectiveness in emergency situations. Possible interruptions of road branches due to the damage of buildings close to the communication ways, among other causes, are considered. On the basis of the interruption probability of the network’s single branches, a reliability analysis of the network is developed, taking into account that, even if the single interruptions are independent events, the interruptions of the possible routes between two pre-established nodes are not independent, because of the presence of the same branches in different routes. Furthermore, a simulation of the network’s behaviour is carried out through Montecarlo analysis. In this application, correlations in the branches’ behaviour (e.g., same landslide on different branches or building that collapses on some branches) are not included.
Another approach makes use of “expert” evaluation procedures, through quantitative indicators, by direct estimation or rules of association of the vulnerability of the single network components. The networks’ available data have been changed into statistical data and linked to some main reference parameters, through appropriate weight matrices: a vulnerability score for each database element (branch and node of the network, or entire centre) is defined, based on the concept of loss or possible damage, of direct or indirect type, in the emergency or in the long term. In determining weights and direct or indirect loss, an influence is exerted by parameters referable to utilization, geometrical and physical-structural characteristics, whereas an identifiable parameter class is created, which is the typical data of the network. The vulnerability results are referred to these data. The attribution of the weights requires a previous normalization of the data, referred to the expected highest values. The vulnerability, referred to the single parameter of each class and for each element (branch, node and entire centre), is thus obtained by the combination of the values, weighted according to the class they belong to. The examination of the distributions of the vulnerability values allows the comparison of the values belonging to each parameter class, for different types and complexity of the examined centres, with consecutive calibrations of the vulnerability assigned to the same parameters. At the end, elements, nodes and branches of a particular municipality, and their functionality, individually and as a network, have been analysed, in order to provide a reply to the utilization and management needs of the network and its main elements (e.g. schools, hospitals, communication ways, emergency accesses, first aid structures) in case of catastrophic events, obtaining the critical routes and the network’s residual capacity after the event.
The two approaches have been calibrated according to a sample centre of medium size, assuming a uniform seismic setting in the network. In particular the following objective-functions have been considered:

· accessibility of each primary school from the Firemen Barracks,

· accessibility of the Hospital from each primary school,

· accessibility of each school from the main access ways.

For each objective-function the probability of disconnection between the relative network points has been determined, conditionally to two seismic scenarios: I=VII-IX MCS e I=IX-X MCS. Finally, using the probabilistic hazard of the area and a Poissonian model, the probability of interruption in 50 years has been estimated.

The second deliverable is a review of the methods of evaluation of vulnerability of urban systems, aimed at estimating the so-called Urban Vulnerability. The global approach utilised is based on synthetic parameters, describing the physical structure of the town, and on correlation tables between systems (e.g. transport, school, Public Health system, etc.) and their efficiency after a seismic event.

As it results from many studies in the literature, in a centre it is possible to identify different significant parameters related to the expected losses, which, however, can be assembled into the following vulnerability classes:

· vulnerability of “objects”, e.g. buildings or infrastructures, involving damage and direct losses;

· vulnerability of the morphological typology and the urban asset, that contributes, as negative factor, to the direct and human losses;

· vulnerability of the organizational structure, services (public and private) and economic activities in the urban centre, that involves macro-economic indirect losses, especially in the emergency phase.

In addition to that, the “exposure” contributes to the global risk of the centre, involving casualties, homeless population, as well as the “value” of the centre. This latter characteristic is defined by parameters related to historic, historic-artistic relevance, cultural and tradition identity, by the presence of historic-architectural emergencies which involves tourism. The loss of its “value” can result in the loss of interest for a centre, which can be irreparable after a strong event.

Starting from the identified risk components, expressed through numerical indices, to characterize the risk of each urban centre, damage/loss-intensity relationships are obtained from the analysis of losses or damage observed in some historic centres after seismic events of different intensity: the events in Irpinia (XI/1980), in Central Italy (V/1984), in Umbria-Marche (IX/1997).

The calibration of the damage/loss-intensity relationships contributes to the definition of the seismic risk model of the urban centre, in order to develop scenarios of expected risk but also to identify mitigation actions, especially for the non structural component of the risk.

The illustration of the task products is reported below.
Products No.20: Vulnerability of road and hydraulic networks in Urban Centres.
Outline: The census forms of the networks in the urban centres (Project LSU-Infrastructures), based on the direct survey of the characteristics of branches and nodes of each network, have been processed using a vulnerability evaluation model based on the utilization, geometric and physical-mechanical characteristics of the parameters that describe branches and nodes.

Final version: model to evaluate the vulnerability of branches and nodes, as well as the vulnerability of the entire network. The procedure is calibrated for the road and hydraulic networks of a medium size centre (up to 10.000 inhabitants), following a different evaluation procedure, based on a Montecarlo’s like probabilistic approach.

Usefulness for Civil Protection: Prediction of the seismic response of important networks in small and medium size Urban Centres (up to 10.000 inhabitants) in, for the preparation of risk scenarios and for the emergency phase management.

Product No.21: Statistical analysis of networks of Urban Centres. 

Outline: A significant sample of the Urban Centres, for which the LSU networks’ vulnerability census is available, has been suitably chosen, based on seismicity, population, density, altitude, etc.. A statistical analysis of the identified networks in the different centres has been carried out, based on evaluation criteria of the vulnerability defined in the previous product, in order to estimate the average characteristics of the observed centre.

Final version: A set of statistical evaluation criteria is provided, with a computerized program providing different comparisons among the vulnerability characteristics of the networks’ branches and node in the centres.

Usefulness for Civil Protection: Evaluation for an area of interest of the reaction capacity of the urban centre networks, in relation to the characteristics of the territory.

Product No.22: Overall vulnerability (urban vulnerability) of Urban Centres

Outline: On the basis of the census data (Project LSU, carried out by GNDT in the years 1996-2001) relative to the form “historic centre”, has been carried out an analysis of the vulnerability characteristics of the Centre; to which it has been associated a vulnerability model, based on physical and non parameters, and calibrated on centres damaged by recent seismic events. 

Final version: Model that automatically evaluates the overall vulnerability of the urban centre vulnerability deduced from the form parameters.

Usefulness for Civil Protection: Response evaluation, in terms of expected damage after a seismic event, of the structure and the organization of small and medium size centres (up to 100.000 inhabitants), which can be used as an innovative and useful element for the formulation of risk settings and for the emergency phase.

Product No.23: GIS representation of the global vulnerability characteristics of an Urban Centre 
Outline:, For a sample Centre, the characteristics of the physical vulnerability of “objects”, such as water and road networks, dwelling as well as public and strategic buildings, are represented in a GIS. Related to these “objects”, vulnerability maps of areas included in the same Centre, iso-vulnerability maps are obtained as well as the safe routes in the emergency-phase.

Final version: For an Urban Centre sample, the GIS with the “described objects”, an interrogation program for the selection of the Centre “subset” area to evaluate and to map its vulnerability, as well as a routine for the research of secure routes, between two selected points, in the emergency-phase are provided. 
Usefulness for Civil Protection: Immediate and direct evaluation, from a Civil Protection operator, of a series of problems in the emergency-phase, concerning the choice of less-vulnerability areas, secure routes and, in general, the physical response of “objects” vulnerable through maps of areas in the Centres.

Product No.24: Risk model of a Urban Centre 
Outline: The identification of the expected damage and losses in an Urban Centre is a very difficult problem, as physical, functional, economical, organizational, administrative parameters, in addition to the “exposure” and “value” components, contribute to define its overall risk. An attempt to reduce this complex problem to a simple model is carried out, based on a logical-mathematical approach. 

Final version: Tentative model of total losses and damage of Urban Centres, reducing to the system behavioural variables that often have random character, is provided. Among other parameters, the loss of the historic and historic-artistic “value”, characterizing the seismic losses of several Italian centres, is emphasised. 

Usefulness for Civil Protection: Evaluation of the overall risk in Urban Centres, connected to the vulnerability analyses of the previous products; damage and loss scenarios in the emergency phase; structural and non structural countermeasures to avoid the loss of general reaction capacity of an Urban Centre.

Conclusion

The general objective of the SAVE project of sensibly improving the tools for the seismic vulnerability assessment of different categories of constructions (dwelling, public, monumental buildings), of lifelines (road networks, water supply systems) and of small-medium urban system has been certainly achieved. The databases currently available, with special reference to the LSU project data, have been thoroughly exploited and new vulnerability maps are now available at different scale for the different categories of elements and systems at risk. Innovative approaches have been set up especially suitable for the type of data available, on which they have been calibrated. This guarantees that they are not just an academic exercise but provide concrete results readily available for immediate application in setting up risk mitigation policies. 

New viewpoints of the seismic risk, involving socio-economic aspects, artistic and social values, have been introduced in the risk and scenario analyses, trying to find well-grounded approaches to sensible problems, often ignored for the difficulties of dealing with them. 
Vulnerability at different levels of accuracy have been especially dealt with for school and hospital buildings as well as for monumental buildings, due to the need of having evaluations at different scale, from general statistics of building stocks at national and regional level, to seismic resistance and risk evaluation of single building. New detailed vulnerability tools have then been implemented and extensively tested.

The big work carried out and the positive results obtained do not, however, exhaust the problems of having ever and ever better tools for seismic vulnerability  and risk evaluation. The short time at disposal, the lack of complete computerised databases, the budget reduction implied the contraction of some activities, which will deserve more attention in the future. Moreover, the further step of evaluating the seismic risk using updated hazard evaluations and maps of the Italian territory, possibly considering local effects, is the appropriate completion of the present work. 
Scientific Production

As the activities actually started at the end of 2002, papers have been presented and published prevalently in conference proceedings. Four task reports will be delivered by the end of the year, summarising the results of each task, with some additional monographies illustrating results of statistical analyses and post-earthquake inspection activities. Finally several papers on various aspects of each task will be proposed for publication on international scientific reviews at the end of the project. The list of the papers published until now is reported below. 
1. M. Dolce, A. Masi, C. Samela, G. Santarsiero, M. Vona, G. Zuccaro, F. Cacace, F. Papa, 2004. Esame delle caratteristiche tipologiche e del danneggiamento del patrimonio edilizio di San Giuliano di Puglia, Proc. of 11th Italian Conference on Earthquake Engineering, January 2004, Genova.
2. M. Dolce, A. Masi, C. Moroni, D. Liberatore, M. Laterza, F. Ponzo, A. Cacosso, G. D’Alessandro, M. Faggella, R. Gigliotti, G. Perillo, L. Samela, G. Santarsiero, G. Spera, P. Suanno, M. Vona, 2004. Valutazione della vulnerabilità sismica di edifici scolastici della Provincia di Potenza, Proc. of 11th Italian Conference on Earthquake Engineering, January 2004, Genova. 
3. M. Dolce, 2004. Seismic Safety of Italian Schools, Proceedings of OECD (PEB) “ad hoc Experts’ Group Meeting on Earthquake Safety in Schools”, Paris, 9 to 11 February 2004.

4. P. Augliera,  M. Dolce, G. Franceschina, M. Frapiccini, M. R. Gallipoli, P. Harabaglia, L. Luzi, A. Masi, S. Marzorati, M. Mucciarelli, L. Samela, 2004. Site Response in the Epicentral Area of the 31/10/2002 Earthquake (Molise, Italy): Comparison between Damage Data, Microtremors, Weak- and Strong-Motions, Proc. XIII WCEE, Vancouver, August 1-6 2004.

5. N. Augenti, E. Cosenza, M. Dolce, G. Manfredi, A. Masi, L. Samela, 2004. Performance of School Buildings during the Molise Earthquake of October 31, 2002, accepted for publication on Earthquake Spectra.

6. Papa F., Zuccaro G..– “A model for seismic safety evaluation of structures through collapse mechanism analysis.” – Atti del XI Convegno Nazionale “L’Ingegneria Sismica in Italia” Genova, gennaio 2004.
7. Zuccaro G., Papa F., “A method of Seismic Vulnerability and Exposure Assessment at National Scale – The Italian Case”, Atti della 12th European Conference on Earthquake Engineering,  Londra, Settembre 2002.

8. A. Cherubini, 2004. Parametri per analisi di rischio sismico dei Centri Storici, Presented at the conference “Rischio Sismico, Territorio e Centri Storici", Sanremo, 02-03/07/04.
9. Lagomarsino S., Podestà S., Resemini S., 2004. “Observational and mechanical models for the vulnerability assessment of monumental buildings”, Proc. of the 13th WCEE, Canada, accepted to the publication.

10. Lagomarsino S., Podestà S., Cifani G., Lemme A., 2004. “The 31st October 2002 earthquake in Molise (Italy): a new methodology for the damage and seismic vulnerability survey of churches”, Proc. of the 13th WCEE, Canada, accepted to the publication.
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	Distribution of buildings in the A,B,C EMS 98 classes, for each damage level 
	Percentage of buildings per damage level within each vulnerabilità class 


	Casalnuovo Monterotaro (FG) 

ISTAT code 071013 

Inhabitants (‘91) = 2370 

Houses 1410 (’91) 

Seismic zone S=9 (2nd category)

No. of masonry buildings: about  1.000

No. of R/C buildings: about  100
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	Data of the historical centre collected with Aedes


FIGURES RELEVANT TO TASK 2
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	Vertical structural type per “regione”
	Prevailing vertical structural type 
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	Minimum, mean, maximum and SD of the vulnerability index of masonry buildings
	Mean values and CoV of the vulnerabilità index of masonry building for EMS classes


	[image: image19.emf]0

20

40

60

80

100

R/C Masonry other

% buildings/total


	[image: image20.emf]0

10

20

30

40

50

<1000 1-2 E+032-5 E+03 >5 E+03

volume (m3)

% buildings/total


	[image: image21.wmf]MEDEA Mechanisms and observed Mechanisms

1

Storey shear mechanism

In plan mechanism

2

Storey shear mechanism

(upper storeys) 

-

In plan mech. 

3

Whole wall overturning 

Out of plan mechanism


	[image: image22.jpg]




	Characteristics of the buildings of the high schools of the “Provincia” of Potenza (whole population).
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	31.10.02 Molise earthquake - school sample: distribution of vulnerability classes and damage
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	Improved vulnerability evaluation for masonry school buildings – mechanism 2: Frequency distribution of ‘C’ 
	Improved vulnerability evaluation for masonry school buildings – mechanism 2: Frequency distribution of  modified ‘C’


FIGURES RELEVANT TO TASK 3

	
	Macroseismic approach
	Mechanical approach
	Type of data

	Level 0
	Vulnerabilità index
	Capacity curve


	Typological individuation:

LSU-Parchi census [check-list], 

Carta del Rischio [ICR]

	Level 1
	Vulnerabilità index


	Capacity curve


	Typological individuation and behaviour modifiers

Traiano Project form



	Level 2

(churches)
	Vulnerabilità index:

Macroelement analysis


	Capacity curve

Macroelement analysis
	Detailed survey of each buildings

Churches Form (Molise and Piedmont)


FIGURES RELEVANT TO TASK 4

	PARAMETERS
	ROAD NETWORK
	HYDRAULIC NETWORK
	GENERIC NETWORK

	A

General and identificative data
	 Sheet number

Surveying  team

Administration 

…
	Identification code

Administration 

Information source

…                             (
	Identification code
Administration 
…

	B

Utilization characteristics
	Kind/num.  of  access

Served area

Transit limits
…
	Kind/num.  of  users
Control system

Served area

…                             (
	Use typology
Served area

…

	C

Geometrical characteristics
	Lenght
Width 
Status
…
	Diameter

Pumping plants

Ponding buildings

…                             (
	Dimensions
Status
…

	D

Physical-structural properties
	Gallery, bridge, etc.

Finitures

Contiguous buildings

…
	Upkeep 

Junction typology

Laying  ground

…                             (
	Finitures
Upkeep 
…


DISTRIBUTION of the parameters  B, C, D used for the ROAD NETWORK
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DISTRIBUTION of the parameters  B, C, D used for the HYDRAULIC NETWORK
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MEDEA Mechanisms and observed Mechanisms
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Storey shear mechanism

 In plan mechanism
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Storey shear mechanism

 (upper storeys) - In plan mech. 	
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Whole wall overturning 

Out of plan mechanism






































