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Extended Abstract

The presentation reports most of the achievements in the field of experimentation in civil engineering, in the ELSA*1 laboratory, which the main activity is the development of the Pseudo Dynamic (PSD) Method, essential tool, to contribute to European Standards for risk mitigation in construction (EUROCODES)
The European Laboratory for Structural Assessment (ELSA), shown in the Figure 1, is the largest facility in Europe for testing structures under severe dynamic loading. An important dynamic load on a structure, imply irreversible strains of it, described by un-linear behaviour of the material and of the structure itself, which in most of the cases, cannot be accurately calculated by analytical or numerical methods. 
One of the solutions of this problem is to simulate the event with the real structure on a shaking table. The solution is then purely experimental. Unfortunately the method is actually not adapted to reproduce important loads on large structures, and even in the case of smaller structures the simulation of the events is not sufficiently accurate, due to the shaking tables performances and errors, to be considered as an available solution. This last problem was highlighted recently in the European project NEFOREEE*3.
The second solution given here by the PSD method, found already in the seventies by Japanese researchers, and applied mainly in the US and Japan countries, obtained a large development in Europe with the built of the largest reaction wall, in ELSA laboratory in Italy.
The Pseudo Dynamic testing (shown in Figure 2) is a hybrid method, in which the solution is given by the numeric resolution of the motion equation of the structure, where one of the terms is unknown, namely the stiffness of the structure in different geometric points. This last is dependant of the story of the event (seismic or other) and then of the time. The unknown variable (the stiffness) is measured during the test by the record of the restoring forces of the structure anchored to a strong reaction wall by hydraulic actuators.
With the PSD method, which associates spatial and time discretization it is therefore possible to access to all the equation variables at each step of time of the event. It is also possible to test only the part of the structure with unknown behaviour, the other parts being modeled numerically. This procedure is currently called PSD method with Sub-Structuring.

In this paper the main advantages and inconvenients of the method are illustrated with practical examples on different types of full scale structures tested in ELSA. 
The evolution of the PSD testing is also described and the application of the method for the structural control is illustrated by different examples.

Finally a comparison of the dynamic characteristics obtained by elastic dynamic tests (and or shaking table) and PSD tests are shown briefly, on examples of structures (particularly for the NEFOREEE project).
 The views in the figures below help to understand the main type of experimentation carried out in the ELSA Laboratory. 
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Figure.2: Illustration of the Pseudo Dynamic method





Figure.1: ELSA laboratory with an active control test on a portion of bridge and a PSD test on a concrete structure in front of the reaction wall








*1 European Laboratory for Structural Assessment. European Commission’s Joint Research Centre


*2 Hybrid for experimental and numerical method together.


*3 NEFOREEE  European Project: New Fields of Research in Earthquake Engineering Experimentation








