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MULTISCALE MODELLING OF THE SEISMIC RESPONSE OF PRECAST BUILDINGSTitle: 

The failure of some framed precast structures in strong earthquakes has alerted about the need of improving the 

seismic behavior of that class of structures. Considerable research has been carried out to this end from different 

engineering approaches, considering both, the experimental and the theoretical branches. From the numerical point 

of view, sundry challenges appear in simulating the dynamic response of precast structures due to the fact that, 

frequently, they present low level of structural damping, important second order effects and non monolithic joints, 

among other characteristics. These particularities can complicate considerably the numerical models.

By one hand, the damping characteristics and the changes of configuration of the structure during the vibration can 

be simulated using a geometric nonlinear beam model equipped with appropriated constitutive laws. By the other 

hand, it is well known that the seismic response of precast structures is strongly conditioned by the mechanical 

characteristics of their connecting joints, which are critical zones where high energy dissipation demand is 

expected to appear. In the standard beam models, the joints connecting different elements are supposed to be 

monolithic and, therefore, they should not be a good candidate for simulating precast structures. 

In this work, a two scale approach has been used for considering the connecting joints of precast structures: The 

frame scale is described by a fully geometric and constitutive model for beams is considered for simulating the 

structural members of framed precast structures subjected to seismic loading. The equations of motion of the 

system are expressed in terms of cross sectional forces and generalized strains and the dynamic problem is solved 

using the displacement based method in a finite element framework. Material points on the cross sections can be 

considered as composed by several materials, each of them with its own constitutive law in order to simulate 

reinforced concrete frames. The joint scale is provided by a fully 3D finite element analysis is performed on a 

detailed model of the joints. The coupling between the beam and the joint models is carried out enforcing the 

kinematics assumptions assigned to the beam cross sections on specific regions of the 3D model.  

Special attention is paid to the development of a method defining the global damage state of precast reinforced 

concrete structures based on a scalar damage index capable of describing the residual strength of the buildings. 

Finally, several numerical tests included to validate the ability of the model to reproduce the nonlinear response of 

precast buildings subjected to earthquake loading.
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