GNDT SAVE Project

DRAFT Comments by Robin Spence following the project meeting on June 11th at INGV, Via Vigna Murata, Rome

Purpose

The aim of the meeting was to present preliminary results of all 4 SAVE Tasks for comment and discussion. A preliminary Final Report on SAVE is required in July 2004 and a Final Report by December 2004. 

The attached comments on each Task relate to the presentations made, with a view to meeting the timetable specified. Some general comments on the project as a whole are also given in conclusion.

Task 1 Inventory and vulnerability of the residential building stock in Italy, seismic risk maps and socio-economic losses.

Four separate sub-project presentations were made.

1.  Revision and updating of the inventory: Reported by G. Zuccaro.

Progress was reported on the amplification of the existing database – breakdown by structural types for 78 municipalities – with data from 17 Vesuvian and 3 Pollino municipalities; 3 in the Campi Flegrei area; 12 in the Matese area; 16+11 assembled by the LSU projects and others, a further 71 municipalities altogether. 

Comment: This is an impressive total, though it is patchy in its coverage of some parts of Italy

2. Vulnerability of ordinary buildings. Reported by G. Zuccaro.
The most important task is the identification of vulnerability classes to fit with the damage distributions defined in the EMS scale. A process has been developed to identify and quantify  the influence of positive and negative characteristics using increments to an established Vulnerability Index. through the investigation of databases of past damage. 

Comment: The approach produces promising results, and can clearly be used within areas in which damage has been recorded. As ever though, the difficulty of knowing whether this can be extended outside the surveyed areas (where masonry styles are different) ands into future earthquakes (when much upgrading work will have been carried out) remain difficulties, as does the issue of whether macroseismic intensity is an assignment independent of local building typologies (see eg Glaister and Pinho, Journal of Earthquake Engineering, Vol 7, 2003). The report must confront these difficulties and demonstrate that risk assessments based on macrosesimic intensity are still valid.

3. Improvement of damage and vulnerability analysis tool. Reported by G. Zuccaro. The Aedes and Medea approach to damage data assembly, as updated and modified in S. Giuliano di Puglia was presented. A new method to define safety for reoccupation of damaged buildings (agibilita) was presented. 

Comment: This represents the state of the art in earthquake damage data collection, and clearly showed effects of both construction techniques and site effects in the San Giuliano damage distributions

4.  Vulnerability and risk maps. Reported by F. Cacace
An approach has been developed to the production of vulnerability maps for the whole of the Italian territory, at a municipality level, based on correlations of the vulnerability parameters for those comuni where building type classification is known with ISTAT data available throughout Italy. This can of course be combined with already available hazard data to produce risk maps. 

Comment: Though laborious this work is relatively straightforward, and is well progressed. A difficulty is converting  ISTAT population data into numbers of buildings, and the uncertainty associated with this process needs to be carefully assessed.

5. Casualty estimation. Reported by F. Papa.
An analytical approach to the estimation of casualties has been developed derived from Coburn et al (1991). This leads to numbers of killed and injured according to the type of building and proportion of collapsed buildings. Some estimates of casualties based on partially damaged buildings also is proposed, and this is sensible; and a parameter is also used to define the occupancy rate at the time of the event, varying over 24 hours.

Comment:  It is crucial that both the lethality and injury rate and the occupancy rate used in this model are reassessed using Italian data, because the outcome may well differ markedly from the worldwide data being used. The assessment of the numbers of homeless is based on a sound approach, but again needs to be based on recent Italian data.

6. Evaluation of socio-economic impact. Reported by D. Del Cogliano
The analysis proposes to assess impacts under 7 headings, 3 postive and 4 negative;  two methods direct (using data from Prot Civile) and indirect (using recorded economic imdicators) are to be used. The latter approach has been developed using an examination of 14 towns affected by the 1997 Umbria-Marche event (chosen through a disaster index); and by evaluating the impact of the event on a selection from 1000 municipal indicators (from Sistema Starter) looking at pre and post-event values. Low correlation was observed between values of the indicators and the disaster index; a higher correlation with the change of direction of the indices. 

Comment: This is important work, but several aspects of the method may need refinement

· three periods (pre-event, transition/recovery, and post event) rather than the two in the model at present may need examining

· a longer time period is needed than that which has passed since 1997 is needed to truly evaluate the impact of an earthquake

· a range of events need to be studied, including those in other countries; important work in this field has been carried out both in the USA and Japan, and the authors need to show that they are fully conversant with this.

Task 2  Inventory and vulnerability of the public and strategic buildings of Southern Italy 

Reported by Mauro Dolce

The  project activities have been as follows. 

1. Analysis of the LSU database 

42,000 buildings inspected, using level 1 and level 2 forms; the most comprehensive collection of data carried out on public buildings anywhere; excellent detailed statistical analysis of structure types and expected vulnerability levels; important improvements are proposed for the evaluation of vulnerability of masonry using combined data from level 1 and level 2 forms to identify collapse mechanisms. 

2. Analysis of the Molise earthquake damage database; 

The Molise earthquake was an opportunity to verify improved vulnerability evaluation; 290 schools were damaged; damage levels were related to vulnerability class and age of construction. 

3. Collection of detailed data for schools and new procedures for vulnerability assessment through mechanical models

A much more detailed assessment of 130 schools in Potenza Province, based on measurements and materials testing; a new storey-resistance estimate based on concrete and masonry contributions developed and applied. This has been used to convert structural resistance to return period of collapse earthquake, as a guide to prioritising strengthening.  Further improvements are proposed to take account of structural irregularities, ductility, and spectral shape.

Comment:

These 3 project activities taken together  constitute important new work  deriving from the Molise earthquake experience and feeding directly into intervention priorities; much of this was not envisaged at the time of the project definition; it is unlikely that it will be fully completed by the end of the present project. It needs to go ahead and be published in full, for the benefit of school strengthening projects worldwide.   Methods using mechanical models are needed, but full building by building structural analysis is too expensive for initial screening, while existing vulnerability models are too uncertain, so this kind of approach is of great importance.

Task 3 Inventory and vulnerability of the monumental buildings of the national and regional parks of Southern Italy: 

Reported by S. Giovinazzi

The  project activity has concerned the parallel development of  both typological and mechanical vulnerability methods appropriate for monumental buildings, at three different levels of data availability.

The typological methods propose definition of a Vulnerability Index, which is then used to define the parameters of  a curve of mean damage grade as a function of EMS Intensity; from the mean damage grade, the distribution of damage among the 6 damage levels (0…5) uses the binomial distribution. At Level 0, the parameters are defined on the basis of the class of monument only. Vulnerability indices were given for each of over 17000 buildings surveyed by LSU. At Level 1, specific modifiers to the Vulnerability Index were given on the basis of a simplified survey form, giving key structural parameters. At level 2, a macro-element approach was developed, using a survey form derived from that developed for Umbria-Marche, and defining 28 macro-elements.

The mechanical methods involve the development of capacity curves appropriate to each level of data. Interesting work has been done to develop capacity curves for various types of overturning mechanisms, taking into account certain types of restraint (such as connection to side-walls and metal tie-rods).

Comment The approach represents a series of developments from work previously reported by the DSEG group in the RiskUE project and in Earthquake Spectra (2003). It was not clear from the presentation to what extent the theoretical work has been applied to the case study buildings (especially beyond churches) and to what extent it has been validated with damage data from the Molise earthquake. Also, the mechanical push-over analysis approach is really fairly meaningless on a typological basis – a significant amount of structural data is a necessary starting point, which in my view makes the use of this approach at Levels 0 and Level 1 inapproporiate. At Level 2 it is interesting; but if a spectral displacement approach  to damage assessment is intended,  more work is needed to develop an understanding of the relationship of overall damage to spectral displacement of the single-degree-of-freedom system and  the appropriate modifiers for the demand curve. 

Task 4 Inventory and vulnerability of urban systems

Reported by A. Cherubini

The tasks identified to be undertaken include

· Vulnerability of the roads and water supply networks

· Vulnerability of historic centres

· GIS representation of one or two samples

The task reported has involved the assembly of a database of information on urban systems, concentrating on roads and water supply, the choice of parameters to define vulnerability for each aspect, and the development of a weighting system. A system of forms has been developed to collect the data, data collected in a number of locations, and statistical distributions of vulnerability parameters made. An interesting network analysis for the road system of a town is being developed.

Comment

There is potentially much original work here, but it appears that only a fraction of what is intended has been so far completed. As it is increasingly realised that the response of urban systems is key to rescue and recovery after earthquake, this is a vital area in which more work needs to be concentrated. Reference to the work of TCLEE in the USA, which represents the state of the art in lifeline analysis (though in circumstances very different from those of Italy) needs to be made. 

General comments

The vulnerability work of the SAVE project, taken together, represents a significant step forward in the state of the art in earthquake vulnerability analysis, as a basis for loss estimation. Internationally Italy is in a key position because of the frequency of damaging earthquakes, and the high vulnerability of much of the building stock, and it is good to see that the damage databases are being assembled systematically and critically reviewed in this way. 

An important step forward in recent years has been the development of mechanical models based on assumed failure mechanisms. With the rapid change of the building stock (including much upgrading of older buildings), such methods become increasingly important components of a building stock vulnerability analysis. However, the validation of these models against actual field damage data is to date insufficient (because of the lack of field data), and the SAVE team is in a very good position to remain the leaders of such work internationally.

Much has been achieved, and more will certainly be done by December. But it is important that the sponsors of this work continue to fund work in this area for three reasons.

1. Maintaining the position of world leadership that Italy has achieved; and in particular continuing the analysis of vulnerability based on the outstanding inventory data available – which has been started but by no means exhausted in the SAVE project.

2. In order to be in a position to organise the systematic organised data-gathering from subsequent earthquakes immediately after their occurrence (as has been happening over the last 10 years)

3. Because, as the work in Task 2 shows, the assessment of vulnerability feeds directly into programmes of intervention and strengthening of public buildings (schools and hospitals etc), which are now starting in Italy and must continue for many years both in Italy and in many other countries.

For these reasons, it will be important for there to be a publication or publications, in English, following completion of this work, so that those working in this important field outside Italy can benefit form what has been done.

Robin Spence

Cambridge
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