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Abstract

The prevailing Italian and Greek methodologies for seismic risk assessment are used herein to construct loss scenarios for the building s
of a small city (Potenza, Southern Italy). The inventory of buildings of interest is obtained from a survey carried out after the 1990 earthquake tl
struck Potenza and its hinterland, subsequently updated in 1999. About 12,000 buildings were surveyed in Potenza, using the Italian first |
survey form for damage and vulnerability evaluation. In the Italian methodology, a hybrid technique is set up to evaluate vulnerability, combinir
an analysis of building typologies with expert judgement. The probabilistic distribution of damage is evaluated by assigning Damage Probabil
Matrices (DPMs) from the literature. Besides the vulnerability classes A, B and C of the MSK-scale, the class D of the anti-seismic building
is considered and the relevant DPM is defined. Damage and economic loss scenarios relevant to dwelling buildings are constructed for tl
reference earthquakes. Next, the hybrid methodology for seismic vulnerability assessment of reinforced concrete (R/C) and masonry buildi
developed at the University of Thessaloniki (Greece) is applied to the same building stock. The methodology combines available statistical dat
damage collected after past earthquakes with a systematic nonlinear analysis of various “model buildings”, representative of severaiyvulnerab
classes. Similarities, as well as discrepancies, between the two methods are discussed in the light of the obtained results, and possible sourc
the discrepancies are suggested.
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1. Introduction provide a complete picture of what happens when such an
earthquake occurs. Combined with GIS technology they are
The last decade or so has witnessed a growing interest ialso powerful tools to check and visualise the effects of any
assessing the seismic vulnerability of European cities and thesk mitigation strategy.
associated risk; not surprisingly this interest was stronger in Earthquake damage scenarios can be referred to different
Southern Europe where the largest part of the seismic activitginds of damage and losses. Consequently, preparing a
in this continent takes place. As a result, a fair number ofscenario requires contributions from a wide range of topics
earthquake damage (loss) scenario studies appeared over taisd disciplines, spanning from Seismology and Geology to
period §,5,10,14,15,19,25 wherein some of the most advanced Structural and Geotechnical Engineering, from Urban Planning
techniques have been applied to a number of European cities (8hd Transport Engineering to Social and Economical Sciences.
parts thereof). Whereas risk analysis refers to all the possiblgowever, it often happens that each specialist interacts very
arriving earthquakes, estimating the probability of losses ovelittle (if at all) with the other specialists. Furthermore, each
a specified period of time, scenario studies refer to a givegountry has its own specifics for the numerous aspects involved
earthquake (maximum credible, standard design, frequent) alty seismic problems, such as: characteristics of structures,
seismological features of the territories, socio-economical
Trresponding author. Tel.: +30 31 995 743; fax: +30 31 995 614. conditions, _et_c. Even in I.Eu.rOpe’ where common cultural
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common language among researchers from different countriesillages was carried out by local engineers and architects,
to exchange data and, finally, to set up common approaches tmder the co-ordination of the Regione Basilicata, with the
risk mitigation. co-operation of the Civil Protection Department and the
To this purpose, earthquake damage scenarios relevant to thalian National Group for the Protection against Earthquakes
case study of Potenza, a small city in Southern Italy, have begi@NDT). 21 villages, where intensity was estimated between
prepared using different methodologies that can be consideréd and VII (MCS) in the post-event macroseismic survey, were
as the prevailing ones utilised in Italy and in Greece. The mairully surveyed. The surveyors used the first level GNDT90
objectives of this study, part of which was developed in theinspection forn?. for damage and vulnerability evaluation.
framework of the EU-funded ENSeRVES Projet§], are: About 50,000 buildings were surveyed, 12,000 of which were in

« to compare vulnerability and damage assessment procedurj:égtenza' In addition to damage data, geometrical and qualitative
for residential buildings in the two countries; characteristics were collected, such as height, configuration

e to identify similarities and differences in databases on" plan and elevation, age, type of vertical a-nc.j ho.rlzontal
damage from past earthquakes; structures, type of foundation and of roof, retrofitting (if any),
' state of preservation, etcdl4.

e t0 suggest possible improvements in vulnerability assess- hat | dated with d |
ment procedures for buildings through the integration of dif- !N 1999 that inventory was updated with data relevant to

ferent approaches (statistical, mechanical, expert-heuristi€/C buildings built after 1990. The update was carried out
etc.). by the DISGG of the University of Basilicata, on the basis

_ . . o _ of the technical documentation provided by the Municipality
It is pointed out here that in the remaining of this paperof pPotenza. In this case too, the data were collected using

reference_:_ to the ‘ltalian’ and ‘Greek’ methodologies for the first level GNDT90 inspection form. About 300 buildings
vulnerability assessment, should by no means be construggere surveyed, with about 1500,000° rtotal volume. The
as implying that these are the only methods used in eithegmallest R/C structures, mainly situated in rural zones, were
country; other methods have also been suggested and useg considered.
particularly in Italy. Having said this, the methodology based  \ore details on the characteristics of the building stock
on damage probability matrices is by far the most commonly,ained from the two surveys can be found in Dolce etia, [
used in scenario studies, t_Joth in Sou_thern Europe and in m.o§t7], where the database obtained merging the two surveys has
of the remaining world, while the particular DPMs used hereinyaen examined to obtain a complete description of the Potenza
are certainly the ones predominantly used in either country. building stock.
d Earthqua:jkte;l damag'etsgenarlos .rellevant only to b:nl;l;ng . The property status, as well the use, of buildings is mostly

amageAan i e.asTc.cht;lhe econon:}c os;ses atLe prekser; edin HH@ate (about 95%), only a small percentage of buildings being
Paper. As '53 yﬁ'ﬁa n ebprepdara lon ]? eart. gquake 3ma_98ublic property. Surprisingly high percentage (about 50%) of
scenarios 13, i€y are based on nformation regarding: buildings used for production activities, as classified in the 1990
() th.e che}ract.enstms of grounq shaking n the area undegurvey was notedlf]. What really happens, in many cases
con§|derat|on, I-€. the consideration of a maximum probablle 95 that they are very small structures separated from the main
maximum credible earthquake based on the results of Se'smbcuilding and used as agricultural warehouses or garages
hazard studies; (ii) the description of the seismic vulnerability In this paper, only the largest (private and public) builaings
of the buildings of interest, i.e. the probability of damage , ONY

to given building types for a given ground shaking; (iii) atrre tcornS|deiLe(i, rleav||tri1r? Oi;:t t:eims/,mna:llfst ;ureg Taggggy
the inventory of the buildings of interest, i.e. location ang>ructures, thus resulting a entory ot abou

characteristics of buildings. buildings. . . , )

The composition of the building stock is very different,
depending on whether the number or the volume of the
buildings is considered. In terms atimber of buildings, the

The preparation of the earthquake damage scenarios is baseiPI€ 1S moostly made of masonry (62%) rather than R/C
on a comprehensive inventory of buildings, obtained from atructures (36%). On the contrary, in terms/ofume there is a

survey carried out after the 1990 earthquake that struck PotenS{ N9 Prevalence of R/C (66%) over masonry structures (33%).
and its hinterland, whose local magnitude wds = 5.2 [3]. It has to be noted that a very limited number of steel and mixed

The maximum intensity felt in nearby villages was VIl on (masonry and .R/C) buildings is present in the building stock
the MCS scalé. Following the earthquake, a survey in 41 of .Pc')tenza. With rggard to the s'tructural type, most masonry
buildings have vertical load bearing elements made up of not
hewn (rubble stone) masonry, called “sacco”, whereas most
1The MCS scale is a 12-point scale stil in use in Italy, mainly by R/C buildings are frame structures.
seismologists. Set up by Mercalli, Cancani and Sieberg in 1912, it is rather

different from the MM and EMS scales. The following relationship can be
established among MCS and EMS (or MSK) valu2g[

2. Typological analysis of the building stock

2 The first level GNDT90 inspection form is a vulnerability and damage
survey tool widely used in lItaly. The form contains data on building
identification, dimensions, age, conditions, vertical and horizontal structural
hence, for example VIl on the EMS is equivalent to VII-VIII on the MCS. type and roof type, damage to structural and non-structural elements.

Ivcs = 117 lgys — 0.76
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