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ABSTRACT: During the last two decades an extensive experimental and theoretical research activity 
has been carried out at European scale with the aim to investigate the seismic behaviour of precast 
structures. The attention has been addressed to frame systems for one-storey industrial buildings and 
multi-storey low-rise commercial buildings that have a very large diffusion in most European countries. The  
research campaigns accompanied the drafting and the publication of Eurocode 8 on Design of structures 
for earthquake resistance, leading to an organic set of specific principles and rules. Presently the research 
is still going on, again with a “co-normative” aim for next up-dating and revision of the same Eurocode. 

 The paper goes through this activity, describing the most important tests performed on full scale 
prototypes in the laboratories of Lisbon, Milan, Ljubljana, Athens, Istanbul and in the Joint Research 
Centre of the European Commission of Ispra. The results obtained are presented showing the state of the 
art and the innovative contributions that give to precast construction full reliability also in seismic regions. 

1 INTRODUCTION 

The activity started in 1994 when a first draft of Eurocode 8 has been submitted to the competent CEN 
Committee with a very heavy penalisation of precast structures for one-storey industrial buildings 
accused of a very bad seismic behaviour. This could be the death of this type of buildings. And it was 
in contrast with the national very good experiences. 

 

 

 
 

Figure 1: Assobeton 1994/96 - 20 cyclic + 8 PsD tests         Figure 2: F-d cycles without and with P/∆ eff3ects 

 Pressed for by prof. Tassios, who was at that time the responsible of the specific chapter of 
Eurocode 8, a campaign of cyclic and pseudodynamic tests on precast columns in pocket foundations 
has been performed at the European Laboratory for structural assessment ELSA of Ispra (Fig. 1). The 
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research was supported by the Italian association of prefabrication industry Assobeton. The principal 
behaviour parameters have been deduced for different reinforcement ratios and axial actions (Fig. 2). 
These tests gave of course the required demonstration that precast columns behave very well (Saisi et 
al. 1998), like the corresponding cast-in-situ ones, but also better because there are no bar splices and 
no danger of stirrup packaging. 

 The test results have been also used to calibrate a numerical model simulating the cyclic degrading 
stiffness of columns under their non linear dynamic behaviour. With this model a number of analyses 
have been made to compare the seismic behaviour of typical precast structures with hinged beams and 
the corresponding cast-in-situ monolithic ones. Through a full probabilistic approach these analyses 
demonstrated the substantial equivalence of the two types of structures (Biondini et al. 2002).  

 Following these results, the heavy accusation has been withdrawn, but in that first edition of 
Eurocode 8 precast structures remained penalised with respect to cast-in-situ structures because of the 
lack of experimental evidences about the behaviour of the overall structural system. So the 
investigation went on with  subsequent researches involving other European associatons. 

2 ECOLEADER PROJECT 

Taking profit of the European Ecoleader programme for the free of charges use of large testing 
facilities, a new project  of  has been launched. Again at ELSA Laboratory two full scale prototypes of 
one-storey structures, one precast with hinged beam-to-column connections (Fig. 3a) and one cast-in-
situ with monolithic joints (Fig. 3b), have been subjected to pseudodynamic tests under the same 
accelerogram. They were designed for the same base shear resistance. 

 

 

(a) 

 

(b) 

Figure 3: Ecoleader PsD tests 2002/03 – full scale prototypes: (a) precast, (b) cast-in-situ  

 

 

 

(a) 

 

(b) 

Figure 4:Vibration curves: (a) precast structure, (b) cast-in-situ structure 
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 This time the research was supported by the 3 associations ANDECE of Spain, ANIPC of Portugal 
and “Progetto Ulisse” (AITEC+ATECAP+ASSOBETON) of Italy, while the research providers were 
Politecnico di Milano and University of Ljubljana. 

 The results of the experimentation gave the clear demonstration that the two solutions have the 
same seismic capacity (Biondini et al. 2004). In Figure 4 the responses of the two prototypes are 
shown in terms of vibration curves for a direct comparison. Practically the same maximum  
accelerations have been reached and the same amount of energy has been dissipated. 

 These results have been taken to the competent CEN Technical committee that, on 2004 in 
Vienna under the presidency of prof. Fardis, approved the final version of Eurocoode 8 with the full 
equalization between precast and cast-in-situ frame systems. It has been a very important result for 
prefabrication industry. 

3 GROWTH PROGRAMME 

 In the meantime BIBM, the international association of prefabrication industry, had expressed its 
interest on the research, so that an other wider testing campaign has been launched within the 
European Growth programme. “Precast structures EC8” concerned in general the seismic behaviour of 
precast concrete structures for industrial buildings with respect to Eurocode 8 and was supported by 
ten partners from Italy, Portugal, Slovenia, Greece and China: 

 1 Politecnico di Milano (coord.) 6 National technical Univ. of Athens 
 2 Magnetti Building, Italy 7 Proet, Greece 
 3 Gecofin, Italy 8 University of Ljubljana 
 4 Lab. National de Eng. civil, Lisbon 9 Joint Research Centre of Ispra 
 5 Civibral, Portugal 10 Tongji University of Shanghai 

. 

 

(a) 

 

(b) 

Figure 5: Precast structures EC8 2003/06 – full scale prototypes of precast structures 

 Only two images of the full scale prototypes tested at ELSA Laboratory with the pseudodynamic 
procedure are here shown (Fig. 5). But also in Lisbon, Athens and Shanghai important tests have been 
performed. The role of cladding panels has been investigated together with the effectiveness of the 
diaphragm action. The quoted psd tests are reported in Biondini et al 2008. A more exhaustive 
interpretation of results is presented in Biondini et al. 2009.  

 Through the very large crop of results, the research pointed out the importance of the connections 
on the overall behaviour of the structures. We realised that this was a problem still pending with a 
general lack of knowledge. 
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4 SAFECAST PROJECT 

 Safecast project is at present the last of the research campaign. It started on 2009 with the 
participation of 16 partners coming from Portugal, Spain, Italy, Slovenia, Greece and Turkey: 

 Associaions Research providers Users (producers) 
 1.  Assobetin (I – coordinator) 6.  EC DG JRC – Elsa Lab. 14. DLC (I) 
 2.  Andece (E) 7.  Politecnico di Milano 15. Rphorsa (E) 
 3.  Anipb (P) 8.  Nat. Techn. Univ. of Athens 16. Halfen (D) 
 4.  Sevips (GR) 9.  Istanbul Techn. University 
 5.  Tpca (TR) 10. LNEC of Lisbon 
  11. Univ. of Ljubljana 
  12. Labor (I) 
  13. Lugea (I) 

More than 4 million € is the scheduled cost, partly supported by the European Commission. 

 The seismic behaviour of the 7 Classes of connections is investigated: 

1 reciprocal between floor elements 
2 between floor elements and beams 
3 between beams and columns 
4 between columns and foundations 
5 between cladding panels and structure 
6 between column segments 
7 reciprocal between cladding panels 

For any type of connection of all the classes the experimental qualification has been determined with 
the main parameters of seismic behaviour, that is: 

 Strength with the maximum transmitted force 
 Ductility as the ultimate deformation after yielding 
 Dissipation as the energy disclosed through the cycles 
 Deformation at the ultimate failure limit 
 Decay as the cyclic strength decrease 
 Damage shown after loading. 
 

   

Figure 6: Beam-to-column joint    Figure 7: Beam-to-column joint    Figure 8: Column-to-found. joint  
NTUA Lab. – Athens                          ITU Lab – Istambul                              POLIMI – Milan 

 A large number of cyclic and dynamic tests have been performed on sub-assemblies of structural 
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elements connected at their joints. In Fig. 6 one can see a beam-to-column connection placed on the 
shaking table of the Technical University of Athens. In Fig. 7 one can see a different type of beam-to-
column connection placed in an overturned position in the laboratory of the Istanbul Technical 
University. In Fig. 8 one can see the prototype of a column-to-foundation connection installed in the 
testing plant of the Politecnico di Milano. 

 In Fig. 9 one can see a frame modulus placed in the Laboratory of civil engineering of Lisbon and 
finally in Fig. 10 one can see the laboratory of the University of Ljubliana where additional tests on 
beam-to-column connections have been made. 

  

Fig. 9: Frame modulus                                                       Fig. 10: Beam-to-column joint 
LNEC Lab. – Lisbon                                                        ULJ Lab - Ljubliana 

More than one hundred of such tests have been performed in all in the quoted laboratories providing a 
large data-base that is now used for interpretations and for the deduction of the specific design rules. 

5 FULL SCALE 3 STOREYS PROTOTYPE 

 The most important series of tests has been performed between June and August 2011 at ELSA 
Laboratory of Ispra. In Figure 11 one can see the full scale prototype of three storeys structure 
installed against the reaction wall of that laboratory at an advanced stage of erection, while Figure 12 
shows the same prototype completed with all its components. The dimensions are about 16 by 16 m in 
plan and more than 10 m in elevation. It is the bigger prototype ever tested in that laboratory and one 
of the biggest ever tested in the world. From the experimentation a complete information has been 
obtained about the seismic behaviour of this type of structures in terms of reliability of the analysis, of 
displacement control and effectiveness of connections system (Biondini et al. 2011). 

  

Figure 11: Three storey prototype in erection                 Figure 12: Three storey prototype completed 
ELSA Lab. – Ispra                                                        ELSA Lab. – Ispra 
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 The actuators were applied to the floors through a distribution steel beam anchored to the precast 
elements. A maximum force of 2000 kN at each floor could be applied with a maximum displacement 
of ±500 mm.  Pseudodynamic tests have been performed using the recorded accelerogram of 
Tolmezzo (Friuli earthquake 1976), modified to match the response spectrum defined by Eurocode 8 
for a ground type B. This spectrum, with a peak ground acceleration of 0,30g, had been actually used 
for the proportioning of the structure following a force approach with a dynamic modal analysis. The 
seismic action has been applied in the direction of the beams. 

 The high cost of the prototype required that we obtained the maximum profit from the 
experimentation. So a pretty long series of tests has been scheduled, changing subsequently the 
arrangement of the connections system. First a sequence of two tests at 0,15g and 0,30g on the dual 
wall-frame system with the structure connected to the two lateral bracing walls. Then the bracing walls 
have been uncoupled and the structure reduced to a pure frame system. A second sequence of two tests 
at 0,15g and 0,30g has been performed on this frame system with all hinged beam-to-column 
connections. A third sequence of one test at 0,30g has been performed after restraining the top floor 
joints transformed into moment-resisting connections. A fourth sequence of two tests at 0,30g and 
0,45g has been performed with the joints of all the floors transformed into moment resisting 
connections. This series of tests is summarised  hereunder: 

1. structure with bracing walls (2 PsD tests) 
 uncoupling of the walls 
2. frame with hinged connections (2 PsD tests) 
3. moment-resisting connections at the top (1 PsD test) 
4. moment-resisting connections everywhere (2 PsD tests) 
 approaching collapse 
5. incremental procedure of cyclic tests 

 Peak ground accelerations of 0,30g or 0,45g could be the intensity for the no-collapse limit state of 
a high seismicity zone. But all these pseudodynamic tests didn’t lead to heavy damages. To approach 
the ultimate capacity of the structure, a final “funeral” sequence of cyclic tests has been performed, 
controlling the top displacement of the structure and binding the floor forces to an inverted triangular 
distribution. The cycles have been repeated at increasing amplitudes of ±210 mm and ±300 mm. 

 Unfortunately, at the reverse half cycle of the larger amplitude, the fastenings of the distribution 
beam of the upper floor broke early. The test has been stopped leaving the structure without fatal 
damages: the funeral had to be postponed. Actually the very final cyclic test has been performed 
applying the actions only at the first and second floor and controlling the displacement of the second 
floor at ±360 mm. 

 Figures from 13 to 18 contain the graphic representation of the responses for the different 
structural arrangements quoted above. For any pseudodynamic test the vibratory curve (time-
displacement) at 0,30g for the three storeys stands beside the corresponding cyclic diagram 
(displacement-force) at the top storey. The magnitude order of displacements can be appreciated. For 
the pure frame system they largely exceed 1 % of the heights. For the higher peak ground 
accelerations the yielding limit has just overcome, showing that there are still large ductility resources. 
The limiting parameter is then the high deformability of these structures. Numerical non-linear 
dynamic simulations showed that they can withstand much higher accelerations before collapse. The 
diagrams show also the effectiveness the moment-resisting supports in limiting the displacements. 

 Fig. 19 shows the results of the incremental procedure of cyclic tests for the two steps controlled 
by the top (third floor) displacement taken from ±210 mm to ±300 mm. One can appreciate the 
increasing amount of energy disclosed through the cycles that extend beyond the yielding limit. 
Finally Fig. 20 shows the similar diagram for the last cyclic test controlled by the displacement of the 
second floor taken at ±360 mm. Limited damages occurred at this stage. The sensation was that large 
reserves of structural stability still remained, as predicted by the numerical simulations. But of course, 
for safety reasons, the incremental procedure has been stopped at this step. 
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Figure 13: Dual wall-frame system – vibratory curve                                Figure 14: Force-displacement cycles 

 

  

Figure 15: Pure frame system – vibratory curve                                     Figure 16: Force-displacement cycles 

 

  

Figure 17: Moment-resisting joints everywhere – vibratory curve                Figure 18: Force-displacement cycles 
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Figure19: Cyclic test – first two steps                                               Figure 20: Cyclic test – final step 

6 CONCLUSIONS 

 Through the long series of researches presented in this paper the high seismic capacity of the 
structural system of concern has been experimentally confirmed as a whole and in all its components. 
Specific indications have been obtained to adjust and improve the connection details. A specific 
booklet “Design rules for connections of precast structures” has been drafted.  

 But, further these specific information, some important general indications on seismic design have 
been experimentally highlighted such as the one referred to the reliability of structural analysis. 

 The calculations, performed to design the prototype of three storey structure with reference to the 
capacity of the testing plant in terms of applied forces and displacements, showed that the elastic 
dynamic modal analysis, based on the standard response spectrum, is not able to predict with sufficient 
accuracy the actual response of the structure. The map of forces and displacements can be much 
different. The elastic dynamic modal analysis remains a conventional approach of relatively simple 
application. Only the non linear dynamic analysis is able to predict with good accuracy the structural 
response to a given accelerogram. Non linear dynamic analysis could be for the future the approach 
for the verification of structures under seismic action, as suggested by the last fib Model Code. 
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