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ABSTRACT: This paper describes the reconstruction intervention after the L’Aquila 
earthquake of April 6, 2009. Approximately 4,500 apartments were built in 8 months, all 
in buildings isolated by friction pendulum bearings (more than 7,000 devices were 
employed). The main aspects related to the logic developed to operate in such a tight time 
are briefly addressed, with particular reference to structural choices and response of the 
isolated buildings. 

1 THE IDEA 

What is the time difference that distinguishes a temporary or provisionally home from a permanent or 
final? It is not easy to respond to this question, if it is considered the seemingly enduring eternity of 
what is built with the objective to last for months, or for a maximum of few years.  

On the other hand, in Italy it is possible to refer to the technical code of 2008 (NTC 2008), in which 
the nominal lifetime of a structure is defined as the number of years in which the structure can be used 
for the purpose it was built for, it is indicated in a table and it needs to be specified in the design 
documents. 

It is interesting to note that the code only indicates a maximum for provisional works (10 years) and 
two minima for ordinary and important works (50 and 100 years respectively). If one sticks to these 
data, it should be concluded that all the provisional works that were constructed in the aftermath of the 
earthquakes that took place in the last sixty years should actually be considered permanent, since they 
had a lifetime longer than 10 years (ignoring the fact that apparently between 10 and 50 years works 
can neither be called provisional, nor permanent). 

If then the provisional does not exist from a durational point of view, it would be useful to wonder 
whether it makes sense that it would exist looking at energy consumption, sustainable environment or 
pollution. It would also be useful to wonder whether buildings could be constructed with 
environmental characteristics and safety level similar to that required for permanent ones on a 
temporary basis and with cost per unit similar to provisional ones. If this should be the case, it would 
be logical to propose to build provisional houses with characteristics of the permanent ones.  

A first complete conceptual proposal, with 3D-rendering and preliminary calculations was submitted 
on April 16th, together with several comments. It was made the hypothesis of delivering the buildings 
for 3,000 inhabitants within 5 months, guaranteeing seismic safety by means of an isolation system at 
the level of an urban block, and proposing elevate standards of living, technology and environment 
protection. The pursuit of these objectives, apparently impossible, was based on the construction of 
large isolated plates and the subsequent assembling of pre-fabricated three-storey living units. The 
need for the project to be as much as possible independent from local soil conditions and from the 
unknown construction technology (many different ones would have been necessary to meet the 
deadlines) became immediately clear. To this end it was stated the need of urgently identifying the 
possible building technologies compatible with the timing programme and the technical constraints, of 
selecting technical and commercial partners and of exploring the production capacity of the market. 
The time programme was defining in four weeks the date to open the construction sites, i.e. to start 
construction by mid-May, to deliver houses to 3,000 inhabitants by September.  
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The economic analyses indicated an estimated cost of 120 million euro, VAT excluded, with a 20% 
uncertainty rate and without considering furniture, purchase of the terrain and photovoltaic 
installations.  

In preliminary calculations it was assumed to use friction pendulum devices (Almazan 2002, Calvi 2004, 
Christopoulos 2006, Priestley 2002, Tsai 1997, Wang 1998, Zayas 1990), with a radius of curvature of 4m, 
a vibration period of 4s, a displacement capacity of about 300 mm, a friction coefficient between 3 and 
5% and an equivalent viscous damping between 20 and 25%. The alternative of using rubber isolators 
was also taken into consideration, but appeared in this specific case to be less competitive, considering 
the relatively low axial forces and the large horizontal displacement demands.   

In the days immediately following, several aspects that would have permanently defined the project 
were discussed and clarified:  

• The reduction of each one of the isolated plates to about 20 by 60 m, suitable to sustain three-
storey buildings with each floor surface of about 600 m2, with a capacity of about 80 inhabi-
tants in 25 to 30 apartments. Plates of this dimension should allow an adequate flexibility in 
relation to the plane altitude conditions of the areas to use (at that moment unknown) and the 
construction technologies, also unknown.  

• The definition of 150 as the approximate number of plates to construct and therefore of about 
12,000 inhabitants to settle in.  

• The division of the intervention in numerous small villages, consisting of 4 to 20 plates and 
hence a number of inhabitants between 300 and 1600.  

• The definition of a serial timesheet in which a group of 30 plates should be finished about 15 
days after the previous group, which implied a forecast of delivery the apartments in 5 
tranches for 2,400 inhabitants a time, with deadlines spread out between 30 September and 30 
November.  

• The decision of managing the entire project directly, without intervention of a general contrac-
tor, setting up a non-profit technical structure that responds directly to the Civil Protection 
Department (DPC). It was thought that this way it would be possible to save substantial eco-
nomical resources, mainly on general additional costs and to have a more accurate control on 
deadlines and quality of the project. 

2 THE ORGANIZATION 

The definition of an operational, management and outsourcing structure, of personnel roles, activities 
and their interaction, time programme and milestones required several days of intensive work and was 
completed and formalised by May 8. The way the project is managed is very innovative with respect 
to the schemes that are normally adopted, and not only in Italy. In fact a single–purpose consortium 
was created (named ForCASE), formed by Eucentre (a non-profit foundation, centre of competence 
for seismic risk of the DPC, with a nature of ‘public company’ in Europe) and two construction 
companies. The two companies agreed to operate in this context as non-profit entities and not to 
participate in any other reconstruction activity in Abruzzo. Their role would have been that of a 
technical office, and therefore to facilitate the consortium to act on behalf of the DPC as a general 
contractor, with the capacity of managing directly supplies purchasing, of coordinating activities on 
the construction site, of arranging and verify all accounting matters.   

Obviously, the consortium had as well the main task of carrying out all designing and construction 
management activities, under the responsibility and coordination of the author of this article. 
Coherently with what has been briefly described, the operational diagram shows five main areas of 
actions: two being related to design activities, two to management and accountancy activities and one 
to project coordination.  

In order to obtain maximum efficiency, in terms of time and costs, and to ensure quality control, three 
different operational modalities for contracting and execution of the work were identified: 
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• For the activities of preparation of the construction site and infrastructure works, it was de-
cided to mainly use local contraction companies 

• For the foundation and isolation systems, it was opted to act directly as a general contractor 
acquiring materials and supplies, such as concrete, welded wire meshes, steel columns, isola-
tion devices, formwork positioning, concrete casting, etc. 

• For the construction of the housing structures it was decided to launch a call for bids that in-
cluded final design and global construction, allowing the use any building technologies com-
patible with the needs and available time, and selecting the proposals with the highest quality 
and the lowest cost.  

The economic quantification of the costs for the management of all activities was estimated on the  
base of the pure cost of the staff assigned to this temporary job, on a monthly cost, in general between 
3,000 and 12,000 euro (these are costs for the consortium, not net salaries), and on a sum to cover cost 
of accommodation and travel, that could in any case never exceed 3,000 euro per person per month. 

As all the activities would be executed within the non-profit framework that characterizes the Eucentre 
Foundation and the ForCASE consortium, the estimations were considered as a maximum not to be 
exceeded, while the real costs would be subjected to accountability checks.  

The DPC would directly execute, in cooperation with the consortium, all the activities related to: 

• Definition of civil protection ordinances, possibly needed for the completion of the project 
• Finalisation and publication of call for bids 
• Stipulation of contracts 
• External checking and control  
• Relations with institutions and obtainment of permissions 
• Identification of the intervention construction sites, expropriations of lands and related activi-

ties 

3 STRUCTURAL DESIGN 

3.1 Preliminary considerations 

The structural design of the buildings constitutes the fundamental element that allowed the 
development of the entire project and is extremely simple in its basic logic: two reinforced concrete 
plates, separated by columns  and isolators, the lower one being in contact with soil and the upper one 
with the building. The plates were designed without knowing the local soil properties, nor the weight 
and plan distribution and structure of the buildings. Therefore for both aspects conservative 
assumptions were used, to be verified later. In a few cases, some potentially selected construction 
location had to be discarded because the soil properties appeared to be unsuitable. 

It should be noted that the two plates are characterized by similar flexural actions induced by gravity, 
if it is assumed a uniform distribution of the building load and of the soil reaction. Preliminary 
evaluations, based on a column span of 6 m in both directions (convenient for parking arrangements), 
lead to a required thickness of both plates of 500 mm.  

The weight of each building, with three floors of about 600 m2 each, was estimated in a maximum of 
21 MN, with a consequent total maximum weight of slab, dead loads and building details of between 
30 and 40 MN (or an average weight per column of about 1 MN).  

The first vibration period of the building can be estimated between Ts = 0.25 and Ts = 0.45 s, using the 
equation: 
 75.0HCT SS ≅  (1) 

in which H is the height of the building and Cs is 0,05 for wall structures, 0.075 for reinforced 
concrete frames, 0.085 for steel frames. It is however well known that equations of this sort tend to 
underestimate the real vibration period resulted from a secant stiffness to yield, that for the examined 
buildings could arrive at values between 0.8 and 0.9 s (Crowley 2004, Priestley 2007). 
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Based on these considerations, the design period of vibration of the isolation system was selected in 
the range of 4 s.  

It was also preliminary observed that even an extreme temperature variation of ±30 °C, leads to 
variations in length of about 8.5 mm on each side of the axe of symmetry, that would not induce 
excessive horizontal loads into the columns.  

3.2 Seismic action 

Seismic action and in particular spectral demands in acceleration and displacement are discussed in 
detail elsewhere (Crowley 2009). Here it is however important to note that the fundamental parameter 
to be assessed for a proper design of the isolation system is the maximum displacement demand at a 
period of about 4 s. The spectra derived from the registrations of April 6th show generally 
displacement demand of less than 120 mm, with one exception, the AQK registration, in which spectra 
values are close to 250 mm. The code spectra for events with return periods of 1000 years, to be used 
for the design of the isolation system, have values of about 300 mm for medium dense soil and 400 
mm for soft soil E. These values can be significantly reduced in presence of energy dissipation, as a 
function of an appropriate equivalent damping, according to the η factor:  

 
ξ

η
+
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where ξ is the equivalent viscous damping value, that could be in the order of 10-15% for rubber 
bearings and of 20% for friction sliders. The values obtained from the reduction coefficients are 
between 0.6 and 0.7, with consequent estimations of displacement demands of about 250 mm for soft 
soil.  

For the non-linear analyses the code spectrum for vertical actions has also been considered, while for 
the building phases it was defined as a ‘construction event’ consistent with what indicated in 
addendum A of Eurocode 8, part 2 (CEN 2006). Such an event appeared to be consistent with 
registrations corresponding to a magnitude of 4.0, and was thus considered reasonable. While the 
demand in terms of acceleration was significant (in the order of ag = 0.10 on stiff soil), the 
displacement demand was negligible.  

Eight sets of spectrum compatible accelerograms have been used for non-linear analyses, derived from 
registrations made in L’Aquila (3 records), and during the events of Imperial Valley in 1979, Loma 
Prieta in 1989, Northridge in 1994, Kobe in 1995 and Taiwan in 1999 (one for each of these events).  

      
Figure 1. Acceleration and displacement spectra of an event with a 1000 year return-period in L’Aquila, 
according to the Italian code (NTC 2008), medium (B, black line) and soft (E, red) soil, damping 5% 
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Figure 2. Comparison of several spectra recorded on April 6th on medium soil (red lines), code spectra for an 
event with a 1000 year return-period (NTC 2008, black line) and results of a recent research project (AAVV 
2007, green line) 

3.3  Isolation system 

The design and the verification of the isolation system was carried out considering the possibility of 
adopting two different configurations, characterised by different devices, one based on the use of 12 
elastomeric isolators, together with 28 multi-directional sliding pot-bearings and the other on the use 
of 40 isolators sliding on spherical surfaces, universally known as friction pendulum (FPS, Zayas and 
Low 1990). 

Both choices are compatible with the project requirements, in different ways. Actually, the smaller 
dissipation capacity of the system with elastomeric isolators (estimated to be equivalent to 12% 
damping) with respect to the one with FPS isolators (estimated damping 20%,) requires a larger 
displacement capacity; in the order of 300 to 360 mm for the elastomeric isolators, versus 260 mm for 
the FPS, depending on the soil properties. 

Obviously other combinations may be possible, also related to the various displacement demands for 
isolators placed in different positions (because of the eccentricity of the loaded mass, even only 
accidental, the demand at the perimeter is larger than that closer to the slab central area). It was 
therefore allowed to bidders to propose different solutions, provided that they were respectful of 
design performances and input. The result of the call for bids, in which FPS systems were preferred, 
should not be considered as a general demonstration of superiority with respect to elastomeric devices, 
but rather as a consequence of the specific conditions of this project, characterised by relatively large 
horizontal displacement demands, low vertical forces on the devices and relatively low horizontal 
stiffness (as discussed, vibration periods of the order of 4 seconds were assumed). This was the reason 
why elastomeric isolators had to be coupled with pot bearings: the use of rubber bearings alone would 
have resulted in stiffness values incompatible with the requirements of the project.  

In the case of the FPS devices, the force corresponding to a displaced position is defined by the 
following equation:  
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In which Mg is the axial action (M is the mass and g the acceleration of gravity), R = 4 m the radius of 
the spherical surface, µ = 3% is the friction coefficient and d the displacement of the isolator.  

The least favourable conditions for the verification of displacement capacity of the isolation system 
versus the corresponding demand are likely to be those of a rigid and heavy superstructure, i.e. those 
of a large participating mass and deformations concentrated in the isolation system. With a 
configuration of this sort, the system global characteristics (40 pieces) resulted to be ass follows. 

• Effective stiffness, secant to the design displacement: 
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 mkNKeff /14615=   (4) 
• Corresponding period of vibration of the isolation system (note that in general heavier struc-

tures are also stiffer, therefore characterised by lower vibration periods):   
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• Corresponding equivalent damping: 
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Figure 3. Theoretical force – displacement response of a system of 40 isolators and heavy superstructure (left) 
and response of a single device considering axial force variation due to vertical acceleration and global 
interaction response (right, Zayas and Low 1990, Calvi et al. 2004) 

 

 
Figure 4. Examples of displacement histories for an elastomeric isolator (left) and for a FPS isolator (right), 
subjected to events with a 1000 year return period derived from 3 registrations in L’Aquila, compared with 
capacity circles of 360 mm (left) and 260 mm (right). 



7 

 
Figure 5. Positioning of a device and sections of single and double surface sliding devices 

3.4 Verification of slabs and columns 

The foundation and isolation plates have been subjected to numerous finite element analyses, that 
allowed to calculate the maximum bending and shear demand levels for several load combinations, to 
design the reinforcement, generally made by welded wire meshes to favour a fast positioning, and to 
verify the resulting action combinations with appropriate strength domains.  

Local verifications for loads concentration at the column ends were also performed on both slabs, 
considering the consequences of the substitution of a bearing as well. This operation was needed in 
hundreds of case during construction, when the isolators were not ye available at the time of casting 
the upper slabs.  

The columns have been designed and verified considering either the case of reinforced concrete and of 
steel, again to allow the use of various technologies and thus reducing the operation time. For the same 
reason steel columns were in general preferred, even if more expensive, using concrete only when no 
steel elements were ready to be mounted. 

 
Figure 6.  Example of bending stresses in the foundation plate, for gravity loads (top, moments around the two 
axes of symmetry in kNm/m) and for seismic loads (centre: maximum values, and bottom: minimum values) 
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Figure 7. Example of bending action on the isolated plate during bearing substitution at different locations 

 
Figure 8. Reinforcement in a foundation plate with concrete columns and steel columns with isolators on a 
casted plate 

3.5 Prescription for building design 

As already mentioned, the final design of the home buildings was left to the bidders, to allow the use 
of any building technology. However, the specifications to which the projects would have anyway to 
conform needed to be defined as to assure an appropriate safety level to the global structural system.  

The seismic demand was defined in terms of design acceleration of the building masses, calculated 
with reference to the maximum value of the ratio between base shear and weight of the building, 
obtained in the worst loading conditions, corresponding to those of a stiff building (T = 0.19 sec) with 
the lowest mass (1500 t). 

For analyses performed with accelerograms compatible with the design spectrum at a collapse limit 
state (SLC, return period ≈ 1000 years), the base shear always resulted less than 0.11 times the weight 
of the building. It was therefore prescribed to assume a design acceleration equal to 0.1 g to verify the 
buildings at a life safety limit state (SLV, return period ≈ 500 years).  

For the same conditions, the average inter storey drift resulted in the range of 0.1 %, a value that 
certainly allows a full use of the buildings even after a high intensity event.  

Together with these extremely simple design data, a series of prescriptions on the characteristics of the 
buildings needed to be defined, in order keep them within the parameters assumed for the analyses and 
therefore avoiding unexpected responses and jeopardizing the verification of plates, foundations and 
isolation system. A summary of these prescriptions follows. 

1. The load resulting from the building structures shall not induce in any element of the slab – 
foundation system local actions larger than those resulting from a uniformly distributed live 
load equal to 50 kN/m2 (i.e. excluding the slab self weight). 

2. The load distribution on the plates shall exclude concentrations potentially resulting in local 
collapses. 
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3. The maximum vertical action on a single bearing should be less than 2800 kN, either for the 
seismic load combination and for the gravity combination at the ultimate limit state, including 
the weight of the plate.   

4. Bearings shall not be subjected to tensile forces in any load case.  
5. The main period of vibration of the building (considered fixed at the base) shall not exceed 0.5 

seconds.  
6. The eccentricity between centre of mass of the building and centre of mass of the plate shall 

be less than 5% of the total length of the plate (57 m) in the longitudinal direction, and less 
than 10% of the length of the plate (21 m) in the transversal direction. 

7. The maximum seismic mass of the building alone (i.e. without considering the weight and 
loads of the slab), calculated including self weight, dead load and the fraction of live load to 
be considered for seismic verification shall be less than 2100 t.  

8. The buildings shall be designed in accordance with the technical code. It is accepted to repre-
sent the horizontal load equivalent to the seismic action by means of a static force vector, to be 
applied to the building floors, according to equations given in the code, assuming a design ac-
celeration Sd (T1) of 0.1 g. 

4 CONSTRUCTION OF THE PLATES 

As previously discussed, for the production of the plates, the ForCASE consortium has directly taken 
the role of general contractor, with calls for bids for excavations, supply of concrete (initially about 
200.000 m3, with peaks in delivery of more than 5.000 m3 per day, self compacting and aerated), 
supply of welded wire meshes (initially about 260.000 kN, in general with diameter 14 mm at 100 
mm), supply of steel columns (initially 180.000 ton, diameter 800 mm), supply of isolators (initially 
6.000 pieces, including assistance to positioning) and supply of casting forms (initially for about 
336.000 m2) and on-site assistance for reinforcement positioning and pouring of concrete. All 
quantities were later significantly increased, since the number of buildings passed from 150 to 184. 

The prices per unit obtained through bidding have been the following: 

• Self-compacting concrete 82,55 €/mc 
• Welded wire mesh 0,49 €/kg 
• Steel columns 2,09 €/kg 
• Isolators 1.427 €/piece 
• Forms and on-site assistance 91,7 €/m2 

5 CONSTRUCTION OF THE BUILDINGS 

A public call for bids was launched for the construction of the buildings; including final design. The 
150 buildings to be built were grouped in 30 lots, each one of 5 buildings, allowing a bidder to present 
a proposal for a maximum of 10 lots.  

Depending on the final ranking of the offers, it might have been possible to have from a minimum of 3 
contractors (in case the first 3 would each propose 10 lots) to a maximum number of 30 contractors (in 
case each one would have proposed 1 lot). The basic price for any lot of 5 buildings (about 160 
covered parking spots, 3.000 m2 of outside pavement and 9.000 m2 internal living area) was fixed at 
11 million euro. The evaluation of the proposals was essentially based on the proposed improvement 
of the minimum performance characteristics foreseen by the existing norms (that already represents a 
high standard). The maximum time allowed for completing each building from the availability of the 
upper plate was fixed at 80 days, a proposed reduction was also considered in the evaluation, together 
with a reduction of the proposed price. Following the presentation of the 58 proposals and an accurate 
review, 16 contractors were selected, with a total average amount per lot of about 10,500,000 euro, 
which means an offered price reduction of about 5%. 

On a total of 150 buildings, timber structures were proposed for 75 (50%), concrete structures for 45 
(30%) and steel structures for 30 (20%). 
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6 WORK MANAGEMENT, QUALITY CONTROL, SAFETY MEASURES 

The extremely limited time available for the completion of the project required an extreme level of 
control and programming, with a continuous flow of information between engineering work 
management and construction companies and daily reports and checks. A coordination and 
management system was therefore set up, focusing on the definition of priorities and of the main 
activities consequently required and on the identification of potentially critical elements and work 
phases that could threaten the fulfilment of the programmed time schedule.  As previously discussed, 
the work activities and their management and control were organised in five sectors, corresponding to 
production of the plates, buildings (including interior design and furniture), mechanical and electrical 
installations, infrastructures roads and green areas. For each technical sector a technical coordination 
structure was defined with a responsible for programming, coordination with the construction 
companies and management of works. The general timeline of the works was accordingly subdivided 
into the same five sectors. Daily updates on the work progress and comparison with the time planning 
guaranteed that each sector was closely monitored in terms of work progress, as well providing all 
technical personnel with a an overview of the general picture, fundamental to manage the coordination 
between different sectors. The graphical visualization of the daily progress of the works resulted to be 
particularly useful for a rapid interpretation of the complexity of the data that needed to be managed. 
An idea of the large quantities of materials and labour that needed to be managed, can be obtained by 
considering the example of the foundation and isolation system, that on a daily basis needed an 
average concrete supply of the order of 5,000 m3, welded meshes and reinforcing bars for about 
10,000 kN, about 200 steel columns (with a diameter of 800 mm), to be provided in general in 20 
different construction sites.  The efficiency of the team that was set up to program and coordinate the 
activities, allowed such a proper and precise forecasting of the work progress that all construction sites 
proceeded always on time and actually all works were completed ahead of time, despite of the 
difficulties inherent in the number of workers (more than 8,000 in some phases) and in the complex 
interaction between different work activities. An example of the time schedule programmed for the 
construction of the two slabs systems, with foundation and isolation, can be summarised as follows: 

• Site preparation 2 days 
• Excavation 2 days 
• Positioning of reinforcement (foundation slab) 2 days 
• Concrete casting (foundation slab) 2 days 
• Positioning of columns 1 day 
• Positioning of the isolating devices 1 day 
• Formwork and positioning of reinforcement for the upper slab 3 days 
• Concrete casting (upper slab) 1 day 
• Removal of the formwork 3 days 
Total time for the construction of foundation and isolation plates 17 days 

 
Figure 9: Examples of completed works 

Finally, the great efficiency of the team in charge of controlling all aspects of safety in the work 
process should be noted. The detailed and continuous checks allowed the completion of hundreds of 
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millions of euro worth of work in a few months without any notable accident and with the appreciation 
of all external controlling institutions, from those aimed to assure workers health to the unions.  

 

7 COSTS 

The total cost of the project is split in the table below, considering the different category of work and 
giving the average cost per building, per apartment and per square meter of living space. The total cost 
of 655 million euro refers to a total of 164 buildings, while 150 were foreseen at the starting of the 
project and 184 were actually built at the end. Applying a criterion of linear proportion it can be 
inferred that the original 150 buildings would have cost 599 million euro, which is in line with the 700 
million that were initially estimated, since the sums indicated do not include the cost for land 
expropriation and V.A.T. The cost of the double slab foundation system is compensated to a 
significant extent by the value of the covered parking spots, each one of them have the size of a large 
garage box (6 by 3 meter). The number boxes exceed that of the apartments. It is thus reasonable to 
assume that the real cost of the foundation system is actually a fraction of that indicated in about 
30.000 € per apartment. If a fraction of 30% would be assigned to the foundation itself, the cost per 
square meter of the living space should result to be less than 1,400 euro, including foundations: a 
reasonable value, especially considering the compressed time of construction, that was made possible 
by a continuous work over the 24 hours, with three turns of 8 hours each, day and night and 
considering as well the very high quality of the buildings for aspects related to energy consumption, 
environment and detailing quality. 

Table 1. Summary of costs. 

 
It is interesting to note that the seismic isolation cost only about 1,5% of the total, or rather just a bit 
over 2% when only the building cost is considered. 

The modest cost of general and technical activities has to be noted, made possible by the way the 
project was managed, extensively discussed in the previous sections. The real share of the technical 
costs of the ForCASE consortium (design, management, security, etc) has been around 8 million euro, 
i.e. not much more than 1% of the total cost.  

The costs of the furniture includes everything, from TV sets to bed sheets. 
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8 TESTS AND VERIFICATIONS ON THE ISOLATION SYSTEM 

About 400 isolating devices were tested in the laboratory, at real scale, real velocity levels and various 
axial load levels, dynamically controlled. 
Significant variation of the friction coefficient were evident, as a function of the axial force and of the 
velocity. For what concerns axial force, the dynamic friction coefficient varied from about 2.5% to 
about 5% for one producer, and from about 5% to about 12% for the other one. The static friction co-
efficient was in the range of twice the dynamic value in the first case and only slightly large than the 
dynamic one in the second case. 
In addition, eleven buildings were dynamically tested on site, moving the upper plate with respect to 
the lower one using two hydraulic actuators. Displacements of 150 – 200 mm were imposed at speeds 
of about 150 – 200 mm/s, depending on the weight of the building.  
The available data are extraordinary, and cannot even be summarised here. However, it is interesting 
to note that the larger than expected friction coefficient increase the equivalent damping of the isola-
tion system, consequently significantly reducing the displacement demand. On the opposite, it is clear 
that the maximum base shear at the building level results to be larger than expected and depends es-
sentially on the static friction coefficient, since during the response a relative movement at the device 
level takes place only when the local shear force exceeds the limiting friction capacity.  

9 CONCLUSIONS ON STRUCTURAL PERFORMANCES 

Thousands non linear analyses of the buildings, performed using the actual experimental data, allowed 
to estimate the maximum base shear that could be attained in each case, in general lower than 20 % of 
the weight of the building. Such value was always acceptable considering a low damage performance 
level, consistent with the full use of the buildings after the design 500 years return period event. The 
small change in the base shear for larger events and the very small interstorey drift demand, together 
with the displacement capacity of the isolating system, largely in excess of any reasonable demand, 
make the buildings essentially insensitive to any potential earthquake.    
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