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ABSTRACT 

In this paper it is proposed to present a comparison between the resisting capacity obtained 

for a selected “pilotis” building structure: i) at the date of its construction, ie without 

earthquake-resistant design (S0); ii) if it had been designed based according with the RSA and 

REBAP published in the 80s of XXth century (S1) or iii) if in future should be designed in 

accordance with EC8 and EC2 (S2). For the assessment of the building resisting capacity and 

for the design of each structural element the work was developed based in the original project 

details and drawings complemented, in some particular cases, by the results of "in situ" non-

destructive testing of materials. Finally are presented some considerations about the costs, to 

updated prices, which may have been associated to the initial project and the corresponding 

costs obtained for each one of the designs based, respectively, in RSA and in EC8. 
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INTRODUCTION 

Considering the large number of existing buildings supported by "pilotis" and located in 

higher seismicity zones in Portuguese territory, has been growing the interest in assessing the 

behavior of such structures when subjected to moderate or high seismic actions. This type of 

structures, without earthquake-resistant design, can easily lead to collapse phenomena at 

certain levels resulting from reduced structural rigidity. In most cases not even the 

introduction of filling masonry walls, which are responsible for the introduction of additional 

structural rigidity, avoid the formation of “soft storey” mechanisms. The use of automatic 

calculation programs supplemented with earthquake-resistant regulations, including the 

Portuguese Regulamento de Segurança e Ações para Edifícios e Pontes (RSA) (RSA, 1983), 

the Portuguese Regulamento de Estruturas de Betão Armado e Pré-Esforçado (REBAP) 

(REBAP, 1983) and the recent Eurocodes, among which stands out Eurocode 8 (EC8) (EN-

1998, 2004) and Eurocode 2 (EC2) (EN-1992, 2004), make possible to proceed to the 

evaluation of the resisting capacity of existing buildings and / or to be built. The above 

mentioned regulations allow the design of building structure considering the recommended 

and set in each of the periods comprised by the regulations.  

 

RESULTS AND CONCLUSIONS 

The building was modeled using SEISMOSTRUCT (SEISMOSTRUCT, s/d) considering 

three hypothesis: i) without seismic design (S0); ii) designed in accordance with RSA (S1); 

iii) designed in accordance with EC8 (S2). Modal analysis, which allowed the dynamic 



Symposium-5: Economy, Management and Technology in Construction 

 

 

-1312- 

characterization of the structure (Table 1), followed by pushover analyzes were carried out, 

obtaining the corresponding resistant strength curves for both directions (Fig 1 to Fig. 3).  

Table 1 - Frequencies and masses 

Mode F [Hz] 
Acumulated mass [%] 

x y z 

1 1.073 99.88% 0.00% 0.00% 

2 1.653 99.88% 91.86% 0.00% 

3 1.799 99.88% 91.91% 0.00% 

4 4.717 99.88% 99.92% 0.00% 

5 6.667 99.88% 99.92% 0.01% 

6 6.993 99.99% 99.92% 0.01% 

7 9.346 99.99% 99.92% 87.12% 

8 12.048 99.99% 99.92% 87.12% 

9 14.286 99.99% 99.92% 87.20% 
 

 

Fig. 2- Capacity curves for “pilotis” building without 

seismic design (S0) 

 
Fig. 1 - Capacity curves for “pilotis” building 

designed in accordance with RSA (S1) 

 
Fig. 3 - Capacity curves for “pilotis” building designed 

in accordance with EC2 and EC8 (S2) 

The building without seismic design (S0) verifies all EC8 recommended Limit States (Type 1 

action) if it vibrates fundamentally in the transverse direction. In the longitudinal direction, 

the building does not check any of the Limit States, so it can be said that this will most likely 

collapse. The building designed in accordance with RSA (S1) checks all Limit States in both 

directions, which allows concluding the regulation causes an oversized structure. In fact, it is 

observed that the resizing of buildings without earthquake-resistant design for the seismic 

actions of the RSA improves significantly the behavior of the structures. Despite the current 

regulations, corresponding to EC2 and EC8 (S2), allow a considerable reduction in the 

reinforcement bars, with the consequent increase in ductility for the same level of strength 

generated by the seismic action, the building is still in a situation of oversize corresponding to 

about 50% of the reinforcement required to verify, for example, the imminent collapse state. 
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