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ABSTRACT: Traditional approaches for the seismic retrofit of existing buildings 

consider the following assumptions: (a) the building is not damaged after a minor 

earthquake, (b) the building is reparable after a moderate earthquake, and (c) the building 

will not have collapsed after a severe earthquake. In recent times, following several 

destructive earthquakes which have occurred in the past decades, the general public or 

building owners are no longer satisfied with the above performance objectives. In the last 

twenty years, several experimental investigations have been carried out by a research unit 

based at the University of Basilicata (UNIBAS), Potenza, Italy, in order to test the 

effectiveness of several innovative retrofitting techniques such as: (i) seismic isolation, 

(ii) energy dissipating bracing systems, (iii) an Active Confinement of Manufactured 

materials (CAM) strengthening system consisting of a three-dimensional tie system for 

the upgrading of existing structures and (iiib) Dis-CAM system (which is the CAM 

system with added energy dissipation). Different anti-seismic devices, based on currently 

available technologies or innovative systems also have been considered. In this paper an 

overview of recent developments, from both numerical simulations and experimental 

investigations performed by UNIBAS within several research projects, to their practical 

applications is reported. 

1 INTRODUCTION 

Structures designed to support only gravity loading can sustain significant damage during a seismic 

event. Although these types of structure may posses a certain amount of horizontal resistance, which 

could be sufficient during a low to moderate event, the lack of adequate structural detailing and 

consideration of specific seismic design regulations leads to their inevitable collapse during a violent 

event, in turn creating great loss of both lives and money. As a consequence the augmentation of the 

seismic resistance of existing structures represents a subject of great importance worldwide This 

subject is of particular importance in Italy due to the elevated vulnerability of Italy’s large number of 

heritage structures which are of great historical, architectural, artistic and social importance. 

Conventional seismic retrofit provides increased capacity through additional strength and/or ductility 

of the structural elements distributed throughout the building. Modern techniques for passive seismic 

protection use discrete devices to reduce the seismic demand, thus concentrating the energy absorption 

and dissipation in these devices, as opposed to the general structural elements (Skinner 1993, Song 

1997, Naeim 1999, Constantinou et al. 2001). Several experimental studies have been performed in 

Italy and around the world, on structures both of scaled and of real proportions. In general these 

techniques have demonstrated their effectiveness in reducing seismic effects on existing structures. 

Techniques based on the dissipation of energy through the introduction into an existing frame bay of a 

dissipative bracing system, represents a good retrofit method for framed structures in heavily built up 

areas (i.e. small space between adjacent structures). An alternative approach consists of the insertion 

of base isolation systems to the existing framed structure. Seismic isolation essentially consists of the 
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decoupling of the ground motion from that of the structure by introducing a discontinuity which 

results in the division of the structure into two parts. Another technique developed by the UNIBAS 

research group is the Active Confinement of Manufactured materials (CAM) strengthening system 

(Ponzo, 2009), consisting of three-dimensional pre-stressed ties which confine the reinforced concrete 

members or masonry walls. The Dis-CAM system is when additional dissipating elements, in 

particular through the uses of yielding steel angles, are coupled with the CAM system. All of these 

innovative techniques, which are applicable under certain conditions, display excellent potential for 

seismic retrofit. In this paper a summary of recent developments by the research group at UNIBAS, 

from the experimental investigations and numerical simulations within several research projects and a 

brief review of their consequent practical applications in Italy is presented. 

2 EXPERIMENTAL INVESTIGATIONS 

In the following sections, some important aspects observed during the numerous experimental and 

numerical investigations performed by the Department of Structures, Geotechnics and applied 

Geology (DiSGG) of the University of Basilicata are presented. Different structural specimens, 

principally in reinforced concrete and masonry, full and reduced in scale, both 2 and 3 dimensional 

and with or without infill panels have been investigated. The case study structures relating to these 

studies were based upon structures designed considering only vertical load or seismic loading less than 

that applied in the structural testing. Following initial design, different retrofit solutions have been 

adopted based on quasi-elastic or dynamic non-linear behaviour. The effectiveness of the retrofit 

system was measured based on the comparison between the global response of the system before and 

after retrofit. In the analysis of the test results particular interest was paid to the interstorey drift due to 

its correlation to the potential damage of both structural and non-structural elements. Diverse test 

methods were used: (i) shaking table tests (single or multi DOF) (ii) pseudo-dynamic tests and (iii) 

release testing. In following subsections the experimental outcomes are only briefly mentioned. Major 

details are reported in the reference papers. 

2.1 MANSIDE Project 

Within the MANSIDE (Memory Alloys for New Seismic Isolation DEvices) project, seven identical 

specimens, three of which contained infill panels, were tested (Dolce 2005). Three ways in which the 

structure would resist seismic load were considered: (i) relying only on its existing ductile capacity, 

(ii) placement of base isolation (rubber isolator) and (iii) the addition of dissipative braces. The 2d R/C 

specimen, scaled to 1:3.3 and designed according to Eurocode 8; considered to have nominal ductility, 

be in a zone of low seismicity (Peak Ground Acceleration (PGA) = 0.15g), medium soil (Type b), is 

shown in Errore. L'origine riferimento non è stata trovata..1. The shaking table tests were 

performed at the Technical University of Athens and the seismic input used was an artificial 

accelerogram following the shape of the EC8 (EC8-1 2004) elastic design spectrum. The PGA was 

incrementally increased until structural collapse (for config. i) or the operational limits of the shaking 

table (config. ii and iii). In general terms, the shaking table tests proved the great effectiveness of all 

the passive control devices in enhancing the seismic behaviour of the structural system and, 

particularly, in protecting structural and non structural members from damage. As matter of fact, under 

strong earthquakes, the better control of force by Shape Memory Alloy devices plays a major role in 

limiting the maximum interstory drifts. (Dolce 2005) 

2.2 POP Project 

An analogous conclusion was drawn regarding the effectiveness of the application of dissipative 

braces and base isolation through an experiment campaign within the POP project, developed at the 

University of Basilicata, through a series of dynamic and pseudo-dynamic tests (Dolce 2003, Ponzo 

2005). The tests were performed on two, four storey, 3D r/c frames scaled to 1:2.5 and 1:4 (Figure 

2.1). The frames were designed only for gravity loading according to the superseded 1971 Italian 

design code. During the test programme three different base isolation systems were used. These were 

based on the coupling of sliding bearing (low friction PTFE) with re-centering and/or dissipation 

devices (elastomeric, steel plates and Shape Memory Alloys) as shown in Figure 2.2. Both pseudo-
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dynamic and shaking table tests were performed firstly with (i) base isolation, followed by (ii) the 

model without intervention and finally (iii) Energy dissipating Bracing. Testing was performed using 

an artificial accelerogram following the shape of the EC8 (EC8-1 2004) elastic design spectrum, As 

with the MANSIDE testing the PGA was incrementally increased until a value of 0.35g was reached. 

Examination of the maximum interstorey drifts showed that when no intervention was made 

deformations tended to concentrate in the third storey, while those having intervention (systems (i) and 

(iii)) displayed a uniform deformation distribution of deformation up the building. In case (ii) a soft 

storey mechanism occurred at the third floor due to the reduction of the column cross section, a typical 

construction detail adopted in tall buildings. Even though in case (i) the structure already possess a 

high natural period, the base isolation was the most effective in reducing damage by causing a 

significant  reduction in interstorey drift (3-6 times smaller than (ii)). 
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Figure 1 MANSIDE Project: 1) Experimental r/c model, 2-D, scaled 1:3.3 
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Figure 2!POP Project: 1) Experimental r/c models used in a) dynamic and b) pseudodynamic test and 2) Arrangement of 

the isolation system at the base of the model 

2.3 ILVA-IDEM Project 

The test structure of the ILVA-IDEM Project, was an old R/C building, built in the seventies in the 

now disused industrial area of Bagnoli, Naples (Dolce et al. 2006). The building originally had two 

storeys, with one span in the transverse direction and twelve spans in the longitudinal direction. The 

structure was made of two longitudinal bearing frames, with no intermediate transverse frames, which 

is typical in gravity load only designed structures. Another characteristic of this kind of structure is the 

small cross section of columns and their poor reinforcement, both longitudinally and, particularly, 

transverse. The interstorey height was about 3.0 m for both stories. The span length was 5.60 m in the 

transverse direction, and varied between 2.80 and 3.80 m in the longitudinal direction. To avoid any 

interaction with the structural elements, all internal and external infill masonry panels were removed. 

This structure was subdivided into 6 similar modules, one of which was put at the disposal of the 

UNIBAS research group. The tests were carried out on module N.5, shown in Figure 3. The module 
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was strengthened with a Shape Memory Alloy (SMA) bracing system in the transverse (weak) 

direction, while steel ties aimed to avoid possible column shear failure at the connections (see Fig. 3). 

The model was twice pulled to two different release start positions, 71.3 mm and 70.6 mm. The key 

parameter measured was the top displacement and acceleration of the structure. The principle effect of 

the bracings was its reduction of the building period and the increased decay of the roof maximum 

displacement, while steel ties avoid possibly column shear failure at the connections (see Fig. 3). The 

value of the peak roof acceleration reached during the tests was 0.42g and 0.27g, with and without the 

braces respectively. 

 

 

 

Steel ties 

SMA Braces 

  

Figure 3 ILVA-IDEM Project: Test Building Structure (module N. 5) without infill panels, transverse section of 

the frame with the bracing system and arrangement with installed SMA brace. 

2.4 TREMA and SICURO Project 

The TREMA and SICURO projects were two integrated research projects performed in the ENEA-

Casaccia laboratory, Rome, dealing with the seismic upgrading and retrofit of vulnerable masonry and 

R/C buildings designed for gravity loads only. 

Numerous shaking table tests which studied the performance of two identical masonry models scaled 

to 1:1.5 were considered within the TREMA project (Dolce et al. 2009). The prototype structure was 

constructed considering a two storey structural cell and made of irregular stone and mortar of poor 

quality. This is characteristic of typical existing masonry structures of the Italian Central and Southern 

Apennine zone (Figure 4.1). The plan dimensions of the structure were 3.5m x 3m with in interstorey 

height of 2.1m and a wall thickness of 0.25m. The floors were made of wooden flooring boards placed 

on timber joists, while openings such as doors and windows were supported by timber architraves. The 

two models were tested: (i) without any intervention, (ii) base isolated and (iii) with the CAM system, 

under seismic excitation recorded during the Colfiorito (Umbria-Marche 1997) earthquake of 

incrementally increasing intensity contemporarily in both directions (east-west and north-south). The 

seismic isolation system consisted of 4 rubber units with a viscous nucleus of type ADRI (Added 

Damping Rubber Isolator) [Dolce et al. 2006a], and four sliding bearings of stainless-PTFE as in 

Figure 4.2.  

The third intervention used, the Active Confinement of Manufactured materials (CAM) system 

belongs to the strengthening category of “horizontal and vertical ties”, as defined by recent Italian 

seismic codes (OPCM 2003, NTC 2008). The steel ribbons (stainless for durability) can be considered 

as tie rods opposing both the deformation and disconnection of the building elements (Figure 4.3a). 

The inelastic deformation of ribbons and their ability to compact highly damaged elements can 

produce a significant increase in the ductility capacity of the structure. The ribbon loops are closed by 

applying a controlled pre-stress providing a favourable pre-compression to the masonry (or the r/c, as 

shown later). The effectiveness of the CAM system has been previously tested through an extensive 

experimental program in the DiSGG structural laboratory on masonry panels made with different 

materials and techniques. Comparison of the experimental results highlighted the effectiveness of both 

the seismic isolation technique as well as of the CAM strengthening system (Figure 4.3.a, b and c). 

The obtained results showed that the CAM strengthened structure was five times stronger than its 

unreinforced counterpart. Furthermore, the beneficial effects of the base isolation in reducing the 

maximum roof accelerations and drift was evident compared to the both the model without 

intervention and that with the CAM system.  
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Within the SICURO and TREMA projects (Dolce 2006), extensive experimental investigation in two 

phases has also been carried out on three identical 3D, 1:4 scale r/c frame models having typical 

construction details of 70’s buildings Both the undamaged and damaged/repaired conditions have been 

investigated. The models had three stories, two and single bay in each direction, with and without 

masonry infills (Figure 5). In the 1st phase, a series of tests (with the excitation of the Umbria-Marche 

earthquake) was performed on the models, firstly as base isolated structures (resulting in very light 

damage to infill panels), then without intervention and finally with a Bracing System. 
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Figure 4!TREMA Project 1) Masonry model scaled to 1:1.5, 2) base Isolation system 3) a) CAM system and b), 

c) and d) Damage suffered by model without intervention. 

 

Figure 5 SICURO and TREMA Projects a) R/C 1:4 scaled Model, 

Without intervention heavy damage up to near collapse was imposed to two of the models while 

the third model was tested until complete collapse occurred at the third story. These tests were 

performed considering the same systems of base isolation as applied during the POP project, while the 

Bracing system was based on SMA-wires. During the tests the isolated model was subjected to very 

large values of shaking table acceleration of up to 2g, however only minor damage occurred and only 

to the non-structural elements. Due to the presence of the infill frames the model without intervention 

managed to sustain a maximum acceleration of 1g before a limit state of collapse was reached. In the 

second phase of the research, all the frames were repaired (with the third storey being rebuilt in the 

collapsed case) and upgraded, using three different retrofit systems (Figure 6): (i) Carbon-FRP 

wrapping, to strengthen beam-column joints, (ii) seismic isolation with ADRI devices and (iii) the 

DIS-CAM system, to strengthen and improve the energy dissipation capacity. The DIS-CAM system 

is derived from the CAM system mentioned above, which was conceived for R/C structures just to 

increase the confinement and shear strength of the elements. In order to improve the energy dissipation 

capacity of the frame, energy dissipating mild steel L-shaped elements are added to the confining 

ribbon loops (Figure 7.2).  
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The increase of damping of the isolation system with the ADRI devices (essentially of viscous 

type) turned out to be effective particularly for near-fault earthquakes in reducing excessive horizontal 

and vertical displacements. The FRP’s strengthening was not aimed at increasing the lateral strength 

but, rather, at increasing ductility in the critical structural parts (beam-column joints). Although this 

objective was obtained as the model could undergo large interstory drifts without collapsing an 

important, perhaps obvious, observation was made regarding the need to extend the confinement of 

columns well beyond the supposed length of the plastic hinges. The DIS-CAM system turned out to be 

very flexible in the choice of the design objective. This is because it can be used only to increase the 

ductility of structural elements, or if desired, improve dramatically the strength and the energy 

dissipation capability of the structure, by fully complying with capacity design principles and, thus, 

predetermining the best collapse mechanism with strong columns and weak beams. The effectiveness 

of the Dis-CAM system in drastically reducing seismic displacements of masonry structures was also 

verified within an extensive experimental shaking table test program, performed jointly with the 

University of Palermo, on a 1:6 scaled masonry model reproducing the tambour of the S. Nicolò’s 

church in Catania (Di Croce et al. 2010). The model, having a circular shape, 2900 mm external 

diameter and 180 mm thick walls, was built with squared tuff stone and lime mortar (Figure 7.1). The 

structure was recognised to have high vulnerability because of the presence of 8 slender panels and 8 

large openings.  
 

Model 1 
 
 
 
 
 
 

 
 
Model 2 

 
 

 
 
 
 
 

 
Model 3 

 
 

 
 
 

 
 
 

Figure 6 SICURO and TREMA Projects a) R/C 1:4 scaled Model, b). Damage state of the models after first 

series of seismic tests and upgrading for the second series of tests; 

The upgrading of the system was performed using the Dis-CAM system with the energy dissipation 

provided by special shaped dampers welded to the angle plate at the corners exploiting a rocking - 

damper mechanism. The simulations were performed using both horizontal components of the 

Umbria-Marche earthquake, gradually increasing the base acceleration up to the model’s collapse. The 

DIS-CAM system showed its excellent retrofitting capability in terms of drift reduction, allowing for a 

PGA approximately twice of the other analysed solutions. This effect is mainly due to the high 

dissipating capacity of the DIS-CAM, more evident for high values of PGA. 

2.5 JETPACS Project 

An extensive research project called JETPACS (Joint Experimental Testing on Passive and semi 
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Active Control Systems), has been recently completed in the Structural Laboratory of the University 

of Basilicata (Ponzo et al. 2009). The experimental model was a 1:1.5 scaled 3D steel frame, derived 

from a 2-storey, 1-bay prototype building (Figure 8). During shaking table testing a total of seven 

different passive or semi-active energy dissipating devices based on currently available technologies 

(i.e. viscous and hysteretic damping) or innovative systems (i.e. shape-memory-alloy wires, magneto-

rheological fluids) have been alternatively installed on the model. The intensity of the seven selected 

natural earthquakes, expressed as a percentage of the reference PGA, was gradually increased (10%, 

25%, 50%, 75%, 100% and 125%) until the drift limit was reached. The experimental results 

demonstrated the feasibility of the all the different energy dissipating bracing systems and their 

effectiveness in controlling seismic vibration. Analysis of the test results displayed the ability of the 

systems to ensure the maximum drift remains below that of design and the capability of each 

dissipative device to sustain a large number of inelastic cycles. 

          
Figure 7  1) Masonry Tambour experimental model retrofitted with the DIS-CAM system, 2) Components of the 

DIS-CAM for R/C frame seismic upgrading system and detail of a dissipating element 
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Figure 8 JETPACS Project: 1) Experimental steel Model,  scaled to 1:1.5, 2) lateral view of Test Apparatus 

3 PRACTICAL APPLICATIONS  

Recently considerable progress has been made both in the development of passive control techniques 

and antisiemic devices and through their inclusion in the current Italian seismic code (NTC 2008). In 

Italy, after a long period of stagnancy during the 1990’s, a large increase of the application of base 

isolation and energy dissipation systems in practice has occurred for bridges and buildings (with over 

250 cases in Italy). This increase is connected to the release of the provisional code (OPCM 2003) and 

the new Italian Construction code (NTC 2008) and is continuing to grow. Among the isolation 

dissipative system more often used are: (i) elastomeric bearing, (ii) sliding bearing and (iii) auxiliary 

dissipative devices based on the hysteretic properties of metals, on the viscous properties of specific 

fluids, or on the recentering properties of shape memory alloys. Furthermore, recent simplified design 

procedures based on equivalent linear analysis have also been developed (Ponzo et al. 2010, Dolce et 

al. 2010). The application of these systems has not only been in high importance structures (hospitals, 

fire stations, etc.) or buildings of valued contents (schools, museums, etc.) but also in residential 

housing. The global adoption of specific rules (NTC 2008) for the use of these techniques has 

convinced design engineers and construction practitioners to better consider the above methods of 

seismic protection. The retrofit of structures with these systems is both an important and a difficult 

issue from a practical point of view. 

1) 2) 
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4 CONCLUSIONS 

All of the above experimental projects have lead to the increase of the knowledge base of how these 

vulnerable structures can be seismically upgraded through the use of these innovative techniques. 

These techniques allow retrofit to be performed in an economical manner assuring a high level of 

protection also for the secondary elements and structural contents. Together with the release of design 

procedures and the inclusion of these techniques in current seismic codes and guidelines the principle 

objective of each project through the diffusion of information and their real world application has been 

achieved. 
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