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ABSTRACT

This paper illustrates the design criteria that guided the architectural and structural designs of
the base isolated buildings of the new Emergency Management Centre of Foligno (Umbria).
A specia attention was paid to the architectural shapes and structural configurations. They
have been selected in order to maximize the effectiveness of the seismic protection that can
be achieved through the Base Isolation approach. The high potentiality of the Base Isolation
option is also illustrated showing its capacity to solve the design problems that arose when,
at the end of afirst structural design phase, the new Italian seismic code attributed Foligno to
ahigher level of seismic risk. The construction works of the buildings are now in progress.

1. INTRODUCTION

The local Government of the Umbria Region have financed the design and construction
of the new building complex of the "Emergency Management Centre", located in awide area
neighbouring of Foligno. The Centre will be the operative basis of the national "Seismic
Management Service" for the activities in Central Italy. The buildings will be provided with
Base Isolation systems.

The building complex extends in a large area of about 35 hectares. A technical staff of
the Umbria Region planned the arrangement of this area, including in it the following
building sections (Figure 1):

(1) Central operative building (the dome building);

(2) Administration;

(3) Training and meeting hall;

(4) Fireman barracks (quarters and parking);

(5) Red Cross (provisional quarters and storehouse);

(6) Car-park;

(7) Corpsof foresters;

(8) Servicecentre;

(9) Protection of the cultural values;

(10) Storehouse;

(11) Water provision.



The buildings from (1) to (9) and their complementary units have been designed
providing them with Base Isolation systems. Only the buildings (10) and (11) have fixed-
base structure, because they had been built before the decision to enhance the seismic
protection of the Centre by the Base | solation option.
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Figure1l General view of the Emergency Management Centre In the Foligno town

The construction of the building (4) has been completed, The construction works of
the buildings (1), (2), (3), (7) and (8) are in progress. The structural designs of the
buildings (5) and (6) have been completed; their construction will start at the end of
the present year.

2. DESCRIPTION OF THE MAIN BUILDINGS

The most significant structural characteristics of the main buildings of the Centre are
illustrated in the following points. Particular attention is paid to emphasize the
performances that can be achieved by an appropriate use of the Base Isolation
approach.

2.1. Thedome building of the oper ative centre

The dome building (1) is the operative heart of the Centre. The shape of this structure
represents a typical sample of a favourable arrangement that improve the Base Isolation



performance. The shape of the building has been conceived to enhance the compactness of
the structure and to achieve the optimum criteria for the distributions of masses and stiffness
have been applied. The structural configuration is a circular false-dome with a diameter of
31 meters. A set of 10 reinforced concrete semi-arches, supported by 10 boundary HDRB
isolators @=1000 mm, are the main structural elements. The radial semi-arches stand from a
peripheral ring situated at the first floor and sustain, at their top, a suspended prestressed
cylindrical core containing lifts and stairs (Figure 2). A rigid peripheral shell system
connects this ring to the rubber isolators situated at the base of the building, upon the soil.
Three levels of floor dabs join the arches to the central core to form a compact boxed
structure. Since the central core is a suspended element, the whole structure is supported
only by 10 peripheral isolators, so that the torsion stiffness is maximized. This unusual but
consistent configuration has made also possible to satisfy the architectural requirement to
leave an open pedestrian first storey, avoiding the use of the "pilotis’ scheme, too dangerous
inaselsmic zone.
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Figure 2 General layout of the dome building and surrounding structures.

The structure has been designed to overcome without damage the "maximum credible
earthquake", that was defined as the event having an average return period of about 1000
years. The final design parameters are shown in Table 1. Although a severe seismic demand



was assumed, high values of the Capacity/Demand ratios have been reached for al the
structural elements, because the architectural needs have conditioned the dimensioning of the
main structural elements more than the results of the numerical calculations, while the
minimum reinforcement ratios required by the design codes have been complied with.

Fiaure 3 Renderina of the dome buildina.

In order to emphasize the design flexibility that can be achieved using the Base I solation
approach, it is to underline that afirst set of the executive structural drawings, together with
those of the buildings (2) and (3), had been carried out considering a seismic area 2 and
assuming the recommended basic value of PGA=0.25g, corresponding to a return period
R=475 year. In addition a safety factor g=1.4, required by the particular use of the building,
was also applied to enhance the seismic return period to R 1000 years.

Table1l Seismic isolation data of the dome building (final design)

INPUT DATA

PGA (peak ground acceleration) 0.499
h-reduction factor for 10% dissipating capacity of theisolation devices | 0.816
Response acceleration at the isolated period 0.182g
RESPONSE OF THE BASE-ISOLATED STRUCTURE

Lateral isolated period for lateral displacements of 200+405 mm 2.62s
Maximum design displacement of the isolation devices 405 mm
g-reduction factor for the required ultimate resistance of the structure 1.38
Minimum C/D ratio of the structural elements at the ULS 201

To exemplify the following problem we can refer to the dome building, where the
isolation system in this design phase consisted of 10 HDRB @=800 mm, medium stiff rubber
compound (shear modulus G=0.8 N/mm?), which generated a natural period of 2.1 seconds.
The design had been performed before the new Italian code (Ordinanza 3274/03) was issued,



using provisional restrictive recommendations. When this design phase was entirely
concluded, the new Italian code was edited. More advanced design procedures have been
defined, but the seismic intensity of the Foligno's area was revised and the site was classified
at the higher level 1. Therefore, aso the structural design had to be revised, taking into
account the new final value of 0.499g required for the PGA corresponding to the same return
period of about 1000 years and the same building destination (g=1.4).

Thanks to the design flexibility of the Base Isolation approach, since a well designed
base isolated structure oscillates like a rigid body above the isolating interface, it was
possible to modify only the isolation system to make the same designed structure consistent
with the new seismic requirements. Larger, higher and more flexible devices were designed
(10 HDRB @=1000 mm, G=0.4 N/mm?) in order to increase the natural period from 2.1 to
2.62 seconds. In this way, the same previous shear demand at the base of the building was
kept. Consequently, the maximum horizontal displacement that the isolators should undergo
grew from 281 to 405 mm, but this made possible to preserve the previous structural project.
This result also means that it is possible to design the base isolation systems more with
reference to the actual resistance of the upper structure, than to the intensity of the seismic
input. Then the common idea that the structure is designed to oppose a given seismic input
can be inverted in a suitably way. This is an important aspect of the seismic design that
enhance the interest for the Base Isolation approach when to be used in the retrofitting
design of existent buildings.

2.2. The two buildings around the dome

The building (2) is a smple two storey structure made by radial reinforced concrete walls
and tiff elements in the transverse direction. The building (3) consists of two different
elements. a three storey office and an adjacent conference hall (Figure 4). Owing to their
different structural systems and dimensions, they are characterized by different lateral
performances under the seismic actions. In order to reduce the structural gap between them,
they have been designed upon the same ground floor slab which is supported by a single
isolation system. So, the dimension of the structural gap does not depend on the
deformations of the isolation devices.
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Figure4 Plant and transverse sections of the two sections of the building (3).



The buildings (2) and (3) are connected at the first floor level by a light telescopic
flyover (Figure 2) which makes the large relative deformations possible.

2.3. Thefireman barracks

This is the first building, among those provided with a Base Isolation system, which has
been completed (Figure 5). The shape and architectural configuration were previoudy
defined when the Umbria Region decided to provide the buildings of the "Emergency
Management Centre" with Base Isolation protection systems. It was designed by the
architects of the Ministry. The morphology and distribution reproduce the same typology of
other similar constructions which include in the same element both quarters, meeting rooms
and parking.

Figure5 View of the firemen barracks during the construction.

The building is shaped as a long rectangular element, about 72 m long and 17 m large.
Nearly 2/3 of the length contains the lodgings and meeting rooms of the firemen; in the other
section there is the parking-place of the cars which are used for the help interventions
(Figure 6). In the architectural design a planar modular net with large dimensions (7.20x7.20
m) had been assumed. The weight of these cars is very high (16 kN/m?). Therefore, it was
not a suitable solution to isolate the pavement of the parking, because this arrangement
should require a floor structure subjected to unusual stresses, instead of pavement resting on
the soil.

Since the challenge consisted on the respect of the architectural morphology, the option
of two separate structural sections was avoided. On the other hand, the architectural design
included the continuous structure of a large triangular reinforced concrete roof element.
Then, it was possible to assign it the task of a rigid structural element along all the
longitudinal dimension of the building. This element forms an effective transverse
connection between the two sections of the building in which the position of the
isolation/bearing devices is different. In the first section the devices are placed in the usual
position, under the floor of the lodging area; on the contrary, they have been placed at the
bottom of the columns of the parking section (Figure 6).



Figure6 Longitudinal section of the barracks an aview of the isolatorsin the parking block.

2.4. Other buildings

The Red Cross building (5) includes an office block and a warehouse. The architectural and
structural designs have been completed. The construction works will start in this year. The
Figure 9 shows the transverse section and the location of the devices which isolate the
prestressed concrete ceiling.

Figure 9 Transverse section of the Red Cross building
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