[image: image26.png]


 Gruppo Nazionale per la Difesa dai Terremoti

Brief Report 

VIA – Reduction of seismic risk of infrastructural systems and physical environment 
Coordinator: Prof. Gian Michele Calvi 
Introduction
The challenge of VIA project was to approach the seismic risk evaluation on wider scale, first testing and improving the existing methods to evaluate the vulnerability of the most common infrastructures and those of the physical environment, further analysing the relation between vulnerability, hazard and the probability of exceeding the limits states (risk analysis) and finally applying these techniques to a test area producing damage scenarios to evaluate retrofitting interventions demand and the related problems of civil rescue. The research developed in the three years project has produced new or improved existing techniques to face vulnerability and risk assessment problems, software tools has been implemented to support online application. Developed techniques have been implemented in computer software tools and extensively used to study a test area included in the provinces of Avellino and Benevento in Campania - South Italy which has experienced several seismic attacks in the past for a final validation. Two units of the research group were involved in the hazard evaluation including aspect related to non synchronous input and site effect, the remaining part of the group has focused on the vulnerability and finally on risk evaluation of the area. The infrastructural systems considered are: road and electrical networks, industrial plants, dams and retaining walls. A geographic information system (GIS) was finally developed and published on the web, users can manage the huge amount of data related to the test area and simulate damage scenarios caused by seismic events which intensity and geographical position can be inserted online by web interface. Techniques and concepts developed during the project are also described in reports and guidelines prepared by each R.U. for each infrastructural typology considered.
Description of activities
The activities carried out during the three years duration focused on three different aspects: data collection, vulnerability techniques and tools assessment development, risk analysis, GIS development and validation of techniques and tools on the test area.
The first phase of the project has concerned the state of art analysis and the collection of data of the infrastructural systems sited in the test area. During the firsts project meetings it was decided which systems should have been included in the study, the accuracy required to pursue the objectives of the projects and the approach followed (deterministic or probabilistic). The initial phase was followed by on site inspections of selected systems, in site data collection to complete the available data deriving from design report or previous investigation and experimental tests to better identify the geometrical and mechanical properties. In parallel to this activities others research units started with the vulnerability analysis of each infrastructural system considered implementing and testing techniques and finally developing software tools to be used in the following phase. Due to the heterogeneous level of knowledge of the problems it has been decided to follow for more complex problems such as dams and retaining walls deterministic approaches, while mixed deterministic and probabilistic techniques has been followed for bridges, electrical network industrial plants and physical environment. Experimental tests were also been carried out to investigate on the reliability of some risk reduction techniques such as composite wrapping of columns in bridge and r.c. frame and isolating devices in electrical components. Finally the tools implemented have been connected to the WEB-GIS interface and used to simulated damages scenarios of the test area. The WEB-GIS collects all the results produced in hazard and vulnerability fields and allows web-users to simulate damage scenario by choosing interactively on the screen the geographical position of the epicentre and the magnitude of the events. The Web-GIS works as a container of objects, software tools developed by the other R.U., and can perform a simplified evaluation of the reached limits state. Those interested in civil rescue can find deterministic and probabilistic analysis of the road network branches and pollution distribution on the interested area derived from industrial plants collapse.
Task1 – Seismic Input

Objectives. The aim of this task in the framework of the V.I.A. project was the computation of the seismic input required by the other tasks. This task had to define the seismic hazard in the testing zone, in particular for the locations of the chosen infrastructures. The second aim concerned the development of new methods to refine some aspects of the seismic hazard assessment such as, for example, the study of the out of phase motion on extended structures.

The original approach proposed in this task, at the beginning of the project, in order to compute the seismic input was a study integrating both deterministic and probabilistic approaches. The deterministic approach was solved using synthetic modelling techniques in order to propose acceleration time records for scenario studies or dynamic analysis. In the other hand, the probabilistic analysis was more convenient for the mapping of the seismic hazard over a given area and for the integration of the seismic activity in space and time.

Each approach had their proper challenges. The deterministic approach had a consolidated theoretical background. However, in order to obtain satisfying synthetic accelerograms for the engineer’s studies, it needed a realistic Green’s function estimation in order to provide realistic signal duration and a correct energy spreading over the signal. The problem for the probabilistic analysis was the development of a new software able to compute each particular type of seismic input requested by the other tasks.

Because lots of the seismic input at the end requested by the engineers had a probabilistic nature, early in the project (during the first year), it was decided to focus the efforts on the second approach. The time record requests were then satisfied using signals extracted from international databases, based on a study of the design earthquake associated to the probabilistic analysis.

Thus the first activity of the task was to create an original software for the computation of the probabilistic seismic hazard analysis (PSHA). The reason to implement a proprietary code was the desire to be able to control each step of the computation, in order to easily upgrade or to refine the core of the code. The results of the simulation compared to other commercial software proved the reliability of computer code (European group called  performed this benchmark). Moreover it has also shown the important impact of the software on the results (Figure 1). Thus it is dangerous to use PSHA software as a black box.

This new PSHA code allowed us to compute many different types of seismic input. The basic computation was the hazard curve associated to a geographic location. This curve is the exceeding frequency in function of the peak ground acceleration (PGA). For a given period of interest (generally 50 years for standard construction), it is then possible to compute the acceleration having 10% of chance to be exceeded. Computing this value for all the area allows to create hazard map. However, often the interesting parameter for the engineer was not only the PGA but the whole response spectra. In this case, we have modified the code in order to compute uniform hazard spectrum using attenuation laws for response spectrum ordinates.

A particular effort has been made for the deaggregation analysis. The deaggregation analysis is the computation of the magnitude-distance couple which has contributed the most to the hazard level for a given location and a given period of interest. Usually the deaggregation is represented by a histogram with very large bins. On the contrary, we have shown the importance to compute the deaggregation with a very high precision in order to make a correct estimation of the design earthquake. These estimates are then used to extract from databases real accelerograms. All these seismic input have been estimated for the other tasks. The representative earthquake chosen for the scenario study was based on the historical Irpinia earthquake of 1688.

The most innovative research we have conducted is the introduction of a priori information about the seismic source into PSHA. Particularly, we focused on the focal mechanism, using the radiation pattern properties. The first study was looking only at a given faulting style (strike slip, normal fault, thrust fault) integrated over the strike, i.e. without taking into account the orientation of the faults. The a priori information is introduced in PSHA applying a corrective coefficient to the attenuation law. The nature of this coefficient and the reformulation of PSHA main equation we introduced allow us to deaggregate also the focal mechanism. In other words, the deaggregation technique gives not only the distance-magnitude associated to the most influent earthquake but also its focal mechanism. For example, applying this technique in Campania, we showed that the design earthquake for Naples is located in the Apennines and has a strike slip focal mechanism, even if the occurrence of such an event is rarer than a normal fault event (Irpinia earthquake style).

This method allows then to refine PSHA based on quite general information such as the faulting style associated to a given seismic zone. This information can be generic and defined for example like 80% of normal faults and 20 % of strike slip faults. However, it is possible also to associate to a given faulting style in a particular region a rough direction of alignment of the fault. In this case, it is also possible to include this information into PSHA. The approach becomes more complicated because the introduction of the strike breaks the circular symmetry around the site of interest. The deaggregation in this case has a more complex pattern when it is represented in a map (geographical deaggregation).

The last original argument studied by the Task 1 was the out of phase motion effect in reference to the distance between two successive pillars or points of anchoring for structures such as bridges, highways, etc. This argument is very complex and an exhaustive treatment was beyond the scope of this project. Thus we have simplified the problem in order to give basic evaluation of the out of phase motion in function of few parameters. The first step was to define a quantitative expression for measuring the asynchronism of the motion. We found an expression depending of few parameters. However, the computation of the function has no analytical expression and needs to be numerically estimated. In order to test this formulation, we have created synthetic 2D seismic section on simple geometries and compared the theoretical asynchronism of our formulation with the one obtained on the seismic section (Figure 2). The influence of 2D variations creates large variations of the asynchronism. Thus this new simple formulation is promising but the complexity of the problem requires a long study.
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	Figure 1. Bias effect of a mislocation from a seismic line source at 20 km away. A 100 m error generates up to 4 % of bias for large.
	Figure 2. Out of phase motion created by a small valley with alluvium. The black wiggle.


Products. Guidelines for the use of PSHA software. These recommendations are important for any operator in this field using common probabilistic software to estimate the seismic hazard. Guidelines for the estimation of the design earthquake. The estimation of the design earthquake is fundamental for the engineers because it is the bridge between the deterministic and the probabilistic approaches. The selection of time series for dynamic studies needs a very accurate study on the design earthquake.

Methodology to introduce a priori information on the seismic source into PSHA. This very flexible proposition allows taking into account the focal mechanism associated to a given seismic zone. Slight modifications permits also to take into account source parameters such as hypocenter depth, source directivity etc. Formulation of a simple out of phase motion indicator. This formulation is easy to operate and works well on simple velocity model.

Task 2 - Vulnerability of Physical Environment

Objectives. The goal of Task 2 in the Research Project was to evaluate the “Vulnerability of the Physical Environment”, i.e. the sensibility to the risk of large ground deformations or collapse, during or after the seismic motion. The most critical phenomena are slope instability, liquefaction of saturated cohesion less deposits, the immediate or delayed subsidence of coarse or fine grained soils, respectively. For such phenomena it was originally aimed to implement the most suitable methodologies for cataloguing, surveying, prediction of relevant ground motion, modelling of soil response, vulnerability analysis and zonation, risk assessment and reduction.

After a first analysis of the whole test area, it appeared that, among the large ground deformation phenomena, the outstanding expected risk was that of the instability of the natural slopes. Therefore, it was decided to focus on the analysis and zonation of the risk of landslides, induced or re-activated by seismic events expected in the most exposed territory in the test area. This corresponds to the zone, about 80 km2 wide (Fig. 1a), which spans around the Sabato river valley, between Benevento and Altavilla Irpina, along the railway and the State Road SS88, about 12 km long. In this zone, several landslides impending over the road were already detected ().

A four-level methodology of zonation and analysis of the seismic was set up and applied to the test area. The levels are characterised by an increasing detail in terms of hazard definition, scale of geological surveys and geotechnical characterisation, methods of vulnerability analysis, significance of the representative risk variables (Silvestri et al., 2004). 

Summarising, Level I zonation is developed with reference to historic data and empirical correlations; Level II zonation refers to pseudo-static analyses and correlations between critical accelerations and expected displacements. At Level III, probabilistic and/or simplified dynamic analysis methods are used to predict the ground deformation at the most vulnerable sites. The Level IV site-specific advanced dynamic analyses allow to obtain predictions of stress-strain variables in the ground mass and, eventually, in the structures and stabilising works interacting with it.

In the three-year period of the research project, the objectives were fully attained for the risk assessment at Levels I to III, developing the applications to the test area and carrying out the relevant implementation in the GIS, in continuous co-operation with Task 3. Also, indications for guidelines to the risk reduction works have been collected, and will be annexed to the extended final report.
Products. At Level I zonation, the empirical literature correlations between magnitude and activation distance (Keefer & Wilson, 1989) were preliminary assessed for different types of landslide mechanisms based on historical data form the national catalogues CEDIT (for the deformation phenomena) and NT4.1 (for the seismic events). A concise parameter of Relative Historic Risk, RHR, was defined, for the production of GIS maps at the regional scale (see example in Fig. 1b) relevant to the different types of likely mechanisms (fall, sliding, flow).

For the upper levels (II and III), several geological and geomorphological field surveys were carried out in the test area by the sub-contractor unit of University of Sannio, with the supporting study of the existing official mapping, aerial photos and  ortophotomaps. The entire work allowed to draw geological and geomorphological digital maps, at scales varying from 1:25.000 to 1:10.000 (Level II), and up to 1:2.000 (Level III). The different homogeneous geo-lithological formations were characterised with typical depths of the water table (zw) and of the likely sliding surface (z). All the  existing landslides were surveyed and catalogued with a datasheet format specifically prepared for this project. The geotechnical characterisation of the different geomaterials was based on existing data, mainly collected from the 11 town administrations in the test area. The database consisted of 190 boreholes, 4 down-hole and 125 seismic surface tests, along with 42 identification and 98 direct shear tests on samples taken from 70 of the aforesaid boreholes. The stratigraphic profiles were grouped into sets of layerings, comparable in terms of lithological series and order of magnitude of thickness. They were statistically processed, to individuate 41 homogeneous sub-zones, each one associated to a typical layering. Thus, synthetic maps were produced of the physical-mechanical parameters (unit weight (, strength parameters c( and (() required for the pseudo-static stability analyses (Silvestri et al., 2004).

The evaluation of Level II vulnerability was carried out with the infinite slope model, which requires the knowledge of the above subsoil parameters (z, zw, (, c(, (() and the local slope (, directly derived form the DTM. Maps were drawn of synthetic vulnerability parameters, such as the static safety factor (forced to unity for the existing slides) and the critical acceleration kc (Fig. 2a).

Consistently with the other Tasks, the risk zonation in the test area was carried out assuming two different deterministic scenarios, one corresponding to the Sannio earthquake of 1688, the other to the recent event of Irpinia 1980. For both of them, maps of the expected peak ground acceleration, k, were generated by multiplying the site amplification factor S (assumed based on EC8 criteria) for the ag value on rigid outcrop, computed with the attenuation law by Sabetta & Pugliese (1987).

Combining the maps of hazard (distribution of k) and vulnerability (distribution of kc), the maps of risk at Level II were generated, in terms of expected co-seismic displacements, D, computed through several empirical correlation (Fig. 2b).

The results were compared in terms of histograms synthesizing the risk distribution along the infrastructure for the scenarios considered (Fig. 2c). Such representation is a first tool for the planning of both the emergency and the provisions for the risk reduction. In fact, the ground displacements due to a landslide triggered or re-activated by the assumed seismic event, if associated to a damage grade for the roadway, allow to locally evaluate and quantify the expected impact for the scenario considered. In the lack of existing reference rules, threshold displacement values might be figured of the order of 2 to 5 cm for a repairable damage, and of 5 to 10 cm for the serviceability limit. Values higher than 10 cm and 50 cm might respectively induce to expect the near collapse and collapse conditions of the road structure. For the first scenario considered (Sannio 1688), the data in Fig. 2c show that about 11% of the road length is susceptible of collapse; 3% will undergo deformations high enough to cause the road interruption; about 2% will suffer a repairable damage, and 84% will experience a negligible damage. Similar computations and comparable results were obtained for the Irpinia 1980 scenario; also, an interactive procedure (SISDRA) was implemented to generate risk maps, allowing to simulate variable scenarios, and to update or modify the subsoil properties.

The Level III analyses were carried out at one of them most vulnerable sites in the test area, identified as the Masseria Botticelli landslide (circled in Fig. 1a), which traverses SS88. The movement is a translational sliding in weathered fine-grained soils (Fig.3a), triggered and re-activated by rainfalls. Some remedial measures were set up by ANAS (slope reshaping, retaining walls and a drainage well), but no technical documents were retrieved about them. A series of back analyses with the Janbu limit equilibrium method allowed to estimate the mobilised friction angle (’, with groundwater depths varying from zero to 15m (Aiello et al., 2004a,b). The application of the Sarma’s method allowed to express the critical acceleration kc as a function of zw, for (’ varying in the considered range (Fig. 3b).

A probabilistic approach was then followed to estimate the displacement, based on a site-specific seismic hazard analysis. Through a de-aggregation procedure, the INGV research unit generated a hazard curve, expressing the exceeding probability, P, of the expected peak ground acceleration for a reference period of 50 years; the curve ordinates were multiplied by the site amplification factor, to obtain the expected values of the amplified acceleration k (Fig. 4a). Thereafter, it was assumed a current limit equilibrium state corresponding to an unit static safety factor, a zero critical acceleration and indefinitely high displacements expected. By taking increasing values of zw, the corresponding critical seismic coefficients kc were computed. In this way, through the empirical displacement correlations used for Level II, the k:P curve could be transformed into a sort of “fragility curve” of the landslide, expressing the probability of exceeding of a displacement value, for each given value of zw (Fig. 4a). Such a plot can be helpful for the assessment of the effectiveness of drainage measures for the mitigation of the seismic risk.

Finally, in the same test site, simplified dynamic analyses by the Newmark model lead to the estimation of a “landslide fragility curve” less conservative than those predicted by the correlations between displacements and peak ground acceleration, but in a much better agreement with those referring to the Arias Intensity (Fig. 4b).

This specific site is definitively very stimulating for likely future deeper experimental studies, and advanced dynamic analyses (Level IV).
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	Figure 3. a) DTM of the test area.; (b) Level I: map of the Relative Historic Risk RHR.
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	Figure 4. Level II: map of the critical acceleration, kc (a); displacements (b); synthetic histograms (c).
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	Figure 5. Level III: geological section of Masseria Botticelli landslide (a); kc  versus (’ and zw (b).
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	Figure 6. Probability curves of k and D (a); comparison between correlations and dynamic analysis (b).


Task 3 - Realization of a Web Gis
Objectives. The activity which was foreseen at the time of the presentation of the Project for the task 3 were the realization of a GIS characterized by the following functionalities:

a) the acquisition and management of:

- 
cartographic data of knowledge of the territory, which constitutes the basis for geo-referencing;

- 
the viability of major communication road networks;

- 
high voltage power lines;

- 
single points of specific relevance: large industrial complexes and dams;

b) the acquisition of data coming out of the network of permanent GPS stations (ASI), or from mobile stations;

c) the acquisition and management of specialist maps (map of the seismic danger on a national scale, geological maps, thematic maps, etc.);
d) the cataloguing of descriptive data about features and infra-structural systems, as in a);
e) the acquisition of seismic input data (magnitude and coordinates of the epicentre);
f) the calculation of effects on the site (PGA) in relation to any point in the territory and in particular for sites which contain infrastructures as in a), in function of the data from e);
g) the transmission of the data about the site to the programs which then evaluate vulnerability and risk at the other research units in the project;

h) the acquisition of results of the programs’ elaborations of valuation of vulnerability, see g), and representation of the scenario.

Specifically, other than performing the typical functions of a GIS, which are to supply representations and information about the territory being investigated, the GIS was supposed to have  functions giving information for a  correct intervention in order to manage a post-earthquake emergencies. 

This problem had to be approached  in the following way: at the moment in which the characteristics of a seismic event, magnitude and coordinates of the epicentre, become available the application of the GIS allows the generation, in real time, of a series of maps and tabulations relating to the foreseen damage to the existing infrastructure in the area of interest.

The effect of the simulated seismic event on the infrastructures must be determined in relation to their vulnerability with the aim to  represent the scenario that derives from the hypothetical seismic event.

According to this program the activity completed by  the task 3 have been the following.

a) Activities of the first year.

· definition of the conceptual model of the GIS;
· definition of the test area;
· acquisition of the geographic and thematic data of the territory for the test area;
· choice and acquisition of hardware instruments for the creation of the prototype GIS;
· choice and acquisition of software;
· setup of GIS and first elaborations.

By the end of the first year a large quantity of descriptive data had been acquired (basic national cartography, thematic maps on landslides and risk area , digital ortophoto, etc.).

Furthermore, upon the completion of financial investigation of the activity of the entire research group, the opportunity emerged to move from the creation of a consultable stand alone GIS, as foreseen by the project, to the creation of a Web GIS, that is a GIS accessible via Internet.

The creation of a Web GIS  allowed all of the research units to consult GIS data via Internet and to test  the possibility to transfer the result of the research to the Department  of the Protezione Civile for a practical use.

b) Activities of the second year.

· insertion of new cartographic data concerning the territory in the GIS;
· insertion of vector data relating to infrastructure and its connected descriptive data;
· acquisition and putting into function the hardware structure for the creation of a Web server;
· creation of a Map server in the ESRI environment;
· implementation of data management functionality for infrastructure data on the Map Server; 

· development of functionality for the simulation of earthquake effects according to the deterministic approach;
· creation of the Web GIS Java based software; 

· study of the optimisation of raster image management and net transmission time using Image Web Server software from Earth Resource Mapping.

c) Activities of the third year.

· The data set managed by the Web GIS has been increased with many data such as:

· geological vector  maps;
· cross section of landslides;
· data concerning soil drillings;
· data concerning the infrastructures of the test site; 

· data concerning the classification of all the landslides of the test area.
b) New functionalities have been entered in the Web GIS software and some  improvement in the interface have been realized.

c) The hardware was completely renewed with a new and must powerful server and a new firewall device 

d) A new prototype has been developed using the GML format for the cartographic data and an SVG viewer has been developed
Products.  The main product consists of the Web GIS prototype,  ESRI software based, which has been realized and which works with the data of the polygon test Avellino_Benevento.

This Web GIS can be replicated by the Department of Protezione Civile or other public bodies involved in the environment control and management  as it has been successfully tested along the second and third years of the project using a relevant amount of data and performing all the foreseeing functionalities. The Web GIS is very well documented   as far as the way in which it must be implemented both for the hardware and software aspects; besides the complete set of data of the area test, which includes cartographic information, infrastructures data, geological data an so on,  allows to have a complete panoramic view of the data which need for reach the goal of the system, that is to depict  the effect of a simulated seismic event on the infrastructures of a given region. It is possible to have a complete view of this product visiting the web site http://GEO-SURVEY.UNIPV.IT/WEBSITE/PROGETTOVIA/ The help on line allows to test all the functionalities of the Web GIS and particularly the results of a simulated seismic event on the bridges which are monitored in the test area. 

An other product consists of the GIS realized in ArcInfo environment  which offers a good sample of the way of organizing and managing the data which the Web GIS must allows distribute via Internet. The third product  concerns the realization of  the Web GIS Java based software by means of which a probabilistic approach has been realized and which was not included in the foreseen activities. This Web GIS can not  be exported in a external contest but it has been very useful for a comparison among the deterministic and probabilistic approach  to the problem of  foreseen damage to the existing infrastructure in the area of interest.

	[image: image12.jpg]ara s

tubazioni
, servatol
& sottosistemi
impiato
D

Fs
geologia
DTM 10m
oM AOm

carta dollo
pendenzo

carta
delforientam

caria
dolfiluminazi

quadro Carte
dissesti Auto
di Bacino.

Carta 1
quadro Cartz
dissosti

O fenomeni
franosi
Carta2
quadro Cartz
carta
geolitologica
Carta3

quadro Carte

501816 e






	Figure 7. Simulated seismic event: graphic display.
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	Figure 8. Simulated seismic event: table display.


Task 4 - Vulnerability of road network 

Objectives. The scope of Task 4 consists in the development of a probabilistic procedure for seismic safety evaluation of a road network and in the illustration of its applicability through a simplified application to the test area. 

Complementary to such general scope are a number of sub-scopes, which are:

· the improvement of mechanical models for the evaluation of the vulnerability of structures, of road embankments and of earth retain structures;

· the census of the civil and geotechnical structures located in the test area;

· the preparation of inspection forms containing the parameters which are necessary for carrying out both the determinist and the probabilistic analyses;

· the performance of experimental tests on RC structural elements that have not been designed for seismic load, and the post-test numerical modelling.

Products. Deterministic procedure for the evaluation of the vulnerability of RC bridges. The procedure starts with the definitions of the limit-states such as: transit allowed to all vehicles, transit allowed to emergency vehicles only, transit not allowed. Each limit-state is associated to a pre-defined value of a mechanical parameter such as: displacement, ductility demand at the top of the piers, curvature demand at the base section of the piers, etc. etc.

The bridge response to the increment of the horizontal loads is numerically evaluated. The value of ground acceleration that causes the attainment of a limit state is derived by means of a displacement response spectrum specifically developed for the limit state under investigation.

This procedure have been implemented in a computer code and applied to the main bridges among those located in the test area.

Probabilistic procedure for the seismic risk of complex structures. A method has been developed for the evaluation of the seismic fragility function of realistic structural systems. The method is based on a preliminary, limited, simulation involving non linear dynamic analyses performed to establish the probabilistic characterisation of the demands on the structure, followed by the solution of a system reliability problem with correlated demands and capacities. The results compare favourably well with the fragility obtained by plain Monte Carlo simulation, while the associated computational effort is orders of magnitude lower. 

The effects of the spatial variability of the ground motion on bridge structures. The probabilistic method mentioned above has been applied to study the effects of the spatial variability of the ground motion on the response of bridge structures. 

Since nature and amount of non-synchronism vary within ample limits a statistical approach is adopted. A parametric study is carried out on a representative set of bridges subjected to carefully selected combinations of the factors inducing spatial variability. 

The investigation has shown that the phenomenon affects considerably the response and, hence, the level of protection of these structures. Attention has been focused on a parameter to be used in the conventional, synchronous design procedure, which has been calibrated to correct the statistically unfavourable effects on ductility demands observed from the parametric investigation. 

Probabilistic procedure to assess the functional capability of a road network after an earthquake

A network analysis for a scenario seismic event is performed for a region of southern Italy characterised by a large number of small to medium municipalities quite close to each other and served by a dense network of roads. Among the many functions of the road network, whose links may fail after an earthquake due to the collapse of the bridges within them, the one selected for the present study is that of allowing rescue operations to be carried out on the schools that fail. For this to be possible, connection must be maintained between collapsed schools and survived rescue centres and hospitals. Required elements for the study are the fragilities of the bridges, of the schools, the hospitals and the rescue centres. 

Deterministic seismic vulnerability of masonry bridges. The study of the collapse mechanisms of masonry bridges has been organised in a number of successive steps of increasing refinement. To date the achievements include the development of simplified models for the evaluation of bearing capacity of single components and simple arrangements, as well as elastic response spectrum analyses for the determination of seismic demands on a selected existing bridge used for reference.

It has also been designed a form to be used in detailed survey of geometrical, mechanical and deterioration characteristics of existing masonry bridges.

Traffic loads investigation and network robustness analysis on the test area. A pilot study has been carried out consisting of the examination of a large portion of the existing national road network, and then used to establish a traffic model. The study has required the design of a monitoring system, the specification of survey techniques, the gathering and elaboration of the collected data.

A “robustness” analysis of the test area in term of the “residual mean accessibility” of the network has been carried out, assuming that an arch is out-of-working as a consequence of the seismic event 

Deterministic seismic vulnerability of road embankments and earth retaining structures. Theoretically based and experimentally based procedures have been applied to the study of a test road, which measures 10 km.

In particular, the following activities have been performed:

· Census of road embankments and earth retaining structures;

· Soil investigation boreholes and SPT tests;

· Dynamic dilatometer test for the evaluation of the soil shear stiffness;

· Non-linear dynamic analyses for the assessment of road embankments;

· Pseudo-dynamic analyses for the assessment of earth retaining structures.

Task5 - Vulnerability of electrical networks
Objectives. The aim of the activity of the Task 5 was concerned the analysis of the mechanical behaviour of components of an electrical high-voltage station, of their vulnerability and systems for reducing it. On this subject a series of activity has been carried out with respect to following scheme, whose different points represent just the objective reached during the research program developed by the research unit UniRm3.

1) 
Data collection of the high and medium voltage electrical network necessary as input data of the seismic risk evaluation procedure of the net.
2) 
A wide state-of-the-art bibliographic search (world view) on the electrical networks and the methodologies already proposed and/or adopted for its reduction.
3) 
Characterization of the most suitable devices for the seismic protection of the electrical equipment present in the electrical substations.
4) 
Experimental activity for the mechanical characterization of the some seismic vulnerable electrical equipment.
5) 
Experimental activity for the characterization of the cycle behaviour of steel cable dampers (Wire-Rope) for the base isolation of electrical equipment.
6) 
Fragility analysis of electrical equipment with/without base isolation system.
7) 
Evaluation of seismic risk of an electrical network for scenario earthquakes, for the network in the actual state, and evaluation of the seismic risk under the hypothesis of base isolation of the most vulnerable elements. 

Products. With reference to the above indicated points, the activity carried out during the project together with the description of the achieved results is now described:

1) Data Collection: The gathering of data relative to the Italian high and medium voltage (>150 kV) electric network necessary as input data of the seismic risk evaluation procedure has been performed in co-operation with TERNA (National Electric Transmission Network) of the ENEL group and GRTN (Manager of National Transmission Network). The collected data are relative to Southern Italy with reference to the high voltage (220-380 kV) network, while for the medium voltage (60-150 kV) network reference has been made to an area having approximately the dimensions of the Campania region centred around the town of S. Giorgio del Sannio and therefore including the sample area selected for VIA.
2) State-of-the-art: wide state-of-the-art bibliographic search (world view) has been completed on the evaluation of seismic risk of electric networks and the methodologies adopted or also only proposed for its reduction. Within this search particular attention has been dedicated to the gathering of data, available from ENEL and in the literature, relative to the fragility curves of the components of transformation substations, divided by types and classes.
3) Identification of the seismic protection devices: The wire-rope dampers are be selected as the most suitable for the seismic protection of electrical equipment present in the substations on the basis of the previous experiences found in literature.
4) Experimental analysis on the isolators (Wire-Rope): In the Laboratory of the University of Roma Tre experimental tests for characterizing the cyclic behaviour of steel cable dampers (Wire-Rope) have been carried out. The typical stress to which the wire-rope have been subjected are shown in fig.1. The tests have been carried out on three different typologies. Some examples of the cyclical behaviour of isolators subjected to displacement histories with different amplitude and frequency, in the three principal directions, are shown In figure 2. A common characteristic to all the cycles is the stability and independency of the frequency excitation.
5) Experimental activity on electrical equipment: A wide experimental activity regarding static imposed displacement tests on electrical equipment of the substation of Valmontone (Italy) has been conducted in the Laboratory of University of Roma Tre. These elements, that is electrical insulators and TA current transformers, have been provided by ENEL-TERNA. The purpose of the tests was to carry out the stiffness and the ultimate resistance of the single component, together with the evaluation of the mechanical compliance of the element joints, necessary information for the next phase in which fragility analyses of the electrical component are due. For example in fig.3 is shown the apparatus for the test on an electrical insulator together with its static response, whereas in fig. 4 are shown two typical failure mechanisms of electrical insulators.
6) Fragility analysis of the electrical equipment: The experimental results have been used for the calibration of finite element models necessary for the simulation of the seismic behaviour of the electrical equipment previously considered and for the evaluation of their fragility curves. Particular attention has been paid on modelling the deformability of the element joints, whose behaviour change in a drastic way the dynamic response of the apparatus. On the base of the experimental results, some elements (380 kV vertical circuit switchers, support insulator columns of 420 kV circuit breakers, 420 kV current transformers), particularly vulnerable to seismic action, have been modelled. Their fragility curves have been built as a function of the spectral ordinate of the accelerograms. The same elements have been examined in the case they are seismically protected by the proposed base isolation system realized using Wire-Ropes.

List of Products

1) Report on experimental tests carried out on the electrical equipment.
2) Report on the identification of the mechanical model parameters of the tested equipment.
3) Report on the experimental test about the Wire-Rope isolators.
4) Report on the identification of the mechanical model of the isolators.
5) Report on the evaluation of the fragility of the electrical equipment.
6) Report on the seismic behaviour of the electrical equipment protected by the base isolation system.
7) Report and files containing the gathering of data of the Italian national electrical network necessary for the risk evaluation.
8) ASK x HELP software for the evaluation of the seismic risk of the electrical network and relative user manual.
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	Figure 9.  Typical stress typology applied to Wire-Rope isolators.
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	Figure 10. Examples of experimental cycles of Wire-Rope and comparison with the proposed model.
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	Figure 11.  Test set up for an electrical insulator and its static cycle response.
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	Figure 12. Two typical failure mechanisms of electrical insulators.


Task 6 - Industrial systems vulnerability

Objectives.
1. Database of critical components in petrochemical facilities.
2. Review of models and computation software for industrial accidents analysis.
3. Definition of parameters for simplified seismic risk evaluation of industrial facilities.
4. Guidelines for analysis of seismic risk in industrial facilities and consequence analysis.
5. Guidelines for analysis and reduction of seismic risk of steel tanks for oil storage.
6. Classification of the most common precast structures typologies existing in Italy.
7. Guidelines for the evaluation of the vulnerability of the existing and under designed long span precast structures.

Regarding the petrochemical facilities, research program requires definition of standard layouts of petrochemical facilities and analysis of seismic behaviour for critical components. The data for empirical fragility analysis of on grade steel tanks must be available. Moreover, specific analysis models for nonlinear response of steel tanks including sliding must be developed. Once the seismic vulnerability of facilities have been evaluated, analysis of consequences of industrial accidents (i.e. fires or explosions)  following seismic collapse has to be performed. Atmospheric dispersion or explosion of toxic material has to be modelled along with the thermal radiation pattern.

Risk analysis will require development of specific computation models Exposition analysis will consist of overlapping of injury or death probabilities with territorial maps around the facility area. Main result of the study will consist of specific methodologies for vulnerability analysis of tanks and seismic risk of the considered plant.

A review of existing data has been carried out in order to define mechanical and geometrical properties of the members, type and characteristics of reinforcement and devices used for connections and mutual restraints of components. To this aim a large number of companies that operate from a long time all over Italian country have been interviewed for data acquisition. Common structural solutions and techniques have been identified, so that a group of structures that can be addressed as representative of classes of industrial buildings has been collected.

Some precast industrial buildings, properly identified as representative of class of structures built in the reference period, are analysed. Elastic analyses are carried out by SAP2000 program in order to estimate the building internal forces and the modal shapes, using a space model of each building. On the same buildings non linear “push over” analyses are performed in order to determine the bi-linear capacity curves; such curves are calculated considering the same energy at the mechanism point. Spectral analyses are also carried out for the vulnerability evaluation.

Products. The following results have been achieved:

1) Investigation of chemical and petrochemical facilities exposed to seismic hazard in Italy. Seismic hazard maps refer to latest seismic survey territorial classification. Italian risk potential has been evaluated by crossing seismic hazard data with the catalogue of the facilities considered as “hazardous” by the European regulation (“Seveso bis”) and provided by Italian Environmental Department, data are up to date until October 2003.  Results are in form of a database of hazardous facilities including type, location information and seismic hazard of the area.

2) Investigated plant layout. Form investigation described at point (1) has resulted that the most common plant located in seismic area are the oil storage facilities. Since was not possible to retrieve information about a real study case due to industrial secret, a fictitious plant has been design at “state of the art” in terms of chemical industry standard for layout of these facilities. Structural components has been designed accordingly.

3) QpsRA. For the designed plant a methodology for Quantitative probabilistic Seismic Risk Analysis has been developed. It integrates conventional industrial risk analysis with seismic risk (fragility) analysis of structures. Mechanical models, limit states and uncertainties have been evaluated end developed for the purpose.  Two different approaches have been used:

(1) Analytical method, based on numerical simulation allows to focus on seismic governing seismic behaviour of structures. Results are the developed methodology giving the seismic fragility for categories of thanks. Fragility surfaces for the elephant foot buckling are also given.

(2) Empirical method is easier to implement than analytical fragility development. It requires availability of post-event observations data which have been collected for steel tanks within the project. Statistical analysis of data resulted in fragility tables for steel tanks for oil storage.

Once the fragility has been developed in both analytical and empirical way seismic risk of structures has been obtained by integrating over seismic hazard information provided by task 1. Seismic risk has been integrated subsequently in the consequence analysis of industrial accidents triggered by seismic failure of tanks. Fires, vapour cloud explosions and toxic dispersion have been modelled and simulated for the plant considered.  Results are injury and death probability maps in the plant area and surroundings (Figure 1.)

A classification of the existing precast structures can be based on the layout of the main horizontal members: full web main beam (I, Y, (, T shapes with constant or variable depth), reticular main beam, arch (1. arch with tie, pin connected to the columns; 2. rigid frame, with arch shaped beam; 3. arch without tie, fixed restrained). The adopted structural systems were: straight elements, frames parts (1.frames with 3 hinges, 2.“lambda” system) and one piece frames (span < 12m). Concerning the materials the steel is characterised by seven wire strands and high strength bar (fsy > 700 MPa) and the concrete by fck > 35 MPa. The mild reinforcement has fsy > 320 MPa and the concrete fck > 25 MPa.

The column-foundation connections are characterised by pin connections, which emulate the solutions adopted for steel constructions or by pre cast socket footings for fixed connections, which are currently used. The beam-roof elements connections are strongly dependent by the structure used for the roof. In the case of flat or double slope roofs, they are characterised by bolted L shaped metallic plates; in the case of shed elements, by pins jutting out of the beam or tongues coming out of the shed. The beam-column connections can be classified on the base of the support elements (when used): 1. reinforced mortar bearing (thickness > 1.5 - 2.0 cm), 2. rubber or synthetic resin bearing, 3. two metallic plates anchored in the concrete, 4. hard lead plate between two metallic sheets.

Spectral analyses, carried out on some reference buildings considering an EC8 soil type C and PGA=0.21g, show that, if the effectiveness of connections can be assured, the availability is always larger than the demand.

The performed study shows that the modelling and the analysis of the seismic behaviour of precast structures are very complex and it is not easy to obtain satisfying results by using static analyses, even though non linear. Indeed, the structural response depends on interaction phenomena sometimes governed by friction type forces, which involve the vertical seismic actions. Non linear dynamic analyses performed considering the failure of the beam-column connection would represent a more efficient tool. Furthermore, particular attention is to be devoted to the degradation of the material mechanical characteristics, to the connections between the roof elements and to the deformability of this one. Finally, due to the presence of large span beams and to the lack of beams connecting the footings in foundation, it would be opportune to introduce in the analysis the soil asynchronous excitation.
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	Figure 13. Injury probability in 50 years in the considered plants.


Task 7 - Vulnerability of earth dams

Products. Task 7, with the topic “Vulnerability of Earth Dams,” was developed by searching and analysing the main approaches available in the literature for modelling the seismic response of earth dams, outlining the pro and cons of each method with respect to the level of sophistication in the seismic input definition and in the geotechnical characterization required for soil materials. A sample dam was therefore selected and approaches of varying complexity were applied to it. 

The project was divided into several stages. All of the planned tasks were carried out and additional ones performed, even if the latter were not foreseen in the project.

With respect to the planned task items, the main deformation and failures mechanisms observed in earth dams after strong earthquakes were classified, described and analysed by outlining the limit states to be accounted for during seismic safety assessments. Furthermore, the main approaches available in literature for modelling the seismic response of earth dams were described and critically reviewed, outlining the pro and cons of each method with respect to the selected limit states. 

Considerable effort was devoted to identify an earth dam that would be representative of dam type and geometry and that would possess well-documented experimental data both in monitoring quantities and material physical-mechanical properties. The dam closest to meeting all of these qualifications is the Ponte Fontanelle Dam on the Camastra River (usually called “Camastra Dam”), near the city of Potenza. The dam site was classified as a non-seismic site when the dam was constructed, and has been only subsequently reclassified as a second-category seismic zone. It is an unfortunately all-too-familiar case of a dam whose design does not account for seismic loads and which should therefore be seismically re-classified at present. The dam is of the zoned type with an internal clay core.

Research activity on the sample dam started from the reconstruction of the “dam loading history” in order to characterize the boundary conditions necessary for the simulation of embankment construction, impounding stages and earthquakes. Experimental data of laboratory tests on dam soils and of in situ monitoring from the time of dam construction to present (monitored quantities are internal settlements, pore water pressures, vertical total stress, boundary displacements) were digitised and represented graphically in order to carry out a preliminary empirical interpretation of the dam’s behaviour. It is worth noting that the dam did not show appreciable variations in its monitored quantities following the Irpinia earthquake (M = 6.8, distance from epicentre 80 km) and has thus effectively undergone an experimental trial of a medium-intensity seismic event.

The research activity was also focused on evaluating the possible use of accelerometric measurements on earth dams, since the suitable organization and interpretation of these measurements may help to detect important aspects of the dam behaviour. As a result, within the project, the static monitoring instrumentation of the sample dam was integrated with a network of five accelerometers, three of which are on the dam embankment (at the dam top, at mid height and base of the downstream shell) and two of which are at each of the rocky formations constituting  the dam’s foundation. During the last two years of the project, 12 weak-motion events have been recorded at the dam site and suitably interpreted. Figure 14, for instance, shows the response spectra of the all recorded events in correspondence to the dam top.

The mechanical characterization of the dam materials was achieved using the results of lab tests performed during dam construction as well as the results of in situ tests carried out during the project duration. Considerable effort was devoted to the experimental characterization of the soil stiffness at small strains since this parameter strongly influences not only the stress-strain response of the dam soils but also the change in frequency and amplitude content of the seismic signals inside the dam body. In situ tests were performed since it was not possible sampling most of the dam materials (coarse grained soils) and because their grain size distribution does not allow lab tests to be carried out. This approach also provides maximum generality and hence applicability of the model. Soil stiffness at small strain was obtained by means of SASW (Figure 15) and Down-hole tests. The stiffness at medium strains and the undrained shear strength of the dam core were determined by dilatomer tests performed along 4 verticals starting from the dam top. It is worth noting that the adopted apparatus, the seismic dilatometer, is an innovative tool used to characterize soil stiffness in the medium strain range: for a fixed depth this instrument can perform both a traditional dilatometer test and a Down-hole test so that it directly provides stiffness values at different strain levels.

A seismological study was carried out as part of Task 1 to define the seismic risk of the zone and to provide the input signals (in the form of accelerograms) at levels of bedrock formation at the dam foundation.

The loading history of the dam (construction, impounding and operation), the seismic actions in correspondence to the bedrock formation and the detailed geotechnical characterization of the dam materials were used as input data to perform numerical predictions of the dam’s seismic behaviour. A coupled dynamic approach was adopted,  a methodology described in the literature as a very promising tool in modelling the seismic response of earth dams. The measurements of settlements, pore water pressure and vertical total stress together with the recorded accelerations of weak motion events at the dam site were used as feedback to assess the reliability of the model’s predictions. The procedure adopted to compare predictions to field data and the final results achieved are indeed original.

The implementation of feedback highlighted the reliability of the numerical predictions and enabled the determination of a cause-effect relationship between a set of constitutive parameters and a set of measurements. In particular, constitutive parameters regulating soil stiffness at medium and large strains influence the predictions of settlements, pore pressure and total stress during construction and impounding stages. Measurements of these quantities may therefore be used to adjust the model parameters by a back-analysis procedure. The constitutive parameters linked to soil stiffness at small strains regulate the predictions of accelerations inside the dam body due to weak-motion events (those recorded by the seismic stations). Therefore, the available accelerometric measurements may be used to control, modify or set up the parameters controlling in the constitutive model the initial stiffness of the dam soils.

The input motions deduced from the seismological study were used to predict the dam behaviour due to strong earthquakes.

The numerical predictions were obtained by performing these types of analyses:
· Coupled dynamic analysis of the sample dam under the static loading history and the reference input motions provided by the seismological study (Figure 16)

· Pseudostatic analysis of the dam by adopting the seismic coefficient according to the Italian Law currently in force

· Pseudostatic analysis of the dam by adopting the equivalent seismic coefficient derived by dynamic analysis of the dam with the reference input motions

· Pseudostatic analysis of the dam by adopting the stress distribution within the dam computed by coupled dynamic analyses 

· Pseudo-dynamic analysis with the Newmark method, adopting as input motions both the acceleration time histories provided by the seismological study and the acceleration time histories computed by dynamic analyses. 

Since there are no recordings of strong motion events to evaluate the feedback of the numerical predictions, it was only possible to compare results from different approaches. The main observation that can be drawn is that it is not possible to create a hierarchy of methods when dealing with the seismic vulnerability of earth dams; rather it seems more reasonable to consider all selected approaches in light of their mutually integral nature.

Within Task 7, the foreseen goals have been reached along with additional activities not envisaged in the original project scope.

The end products and the achieved results can summarized as follow:
1. Report on typical damage pattern suffered by earth dams during strong earthquakes and available approaches to study the seismic behaviour of the earth dams
2. Report on case study of sample dam (description, collection and interpretation of available data from experimental test and monitoring, execution and interpretation of geophysical investigations design and installation of a seismic monitoring network accelerometric recordings and their interpretation characterization of dam soil mechanical properties, prediction of the seismic behaviour, simplified and advanced approaches) 

3. vulnerability of earth dams: main observations and guidelines
The document contains a wide-ranging description of the problems relative to the seismic vulnerability of earth dams and of the methods suitable to assess the seismic safety of these structures. The role of each approach is outlined and an application example of the whole methodology is provided as the final product. The document may be very useful in developing new regulations on the topic of seismic safety of earth dams or in serving as guidelines in the application of existing regulations.
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	Figure 14. Response spectra (5% of structural damping) of the events recorded in correspondence to the Camastra Dam top by the installed accelerometric station.
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	Figure 15. Shear wave velocity versus depth from SASW investigation at the Camastra Dam site.
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	Figure 16. Predicted  permanent settlements of the Camastra Dam crest versus peak acceleration of the reference earthquakes.


Conclusions
The GIS developed summarize the efforts of the research group done in to the VIA project. The software tools implemented allows web-user to evaluate the damage scenarios for selected seismic events on the base of the developed techniques implemented in the tools running on lower level. This can be considered an innovative aspect since it possible to run infrastructural evaluation on  line running procedure with data selected by the users. Guidelines on innovative risk analysis techniques for bridges, electrical network, dams and industrial plants have been also produce. Despite many aspects in the present project have been treated for the test area, the results obtained could be easily extended to other contests and bigger areas.
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