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The impact of earthquakes in large urban areas is, almost exclusively, studied by empirical 
approaches that consider empirical, ergodic or partially non-ergodic models to predict the 
earthquake peak ground motion field, combined with empirical fragility curves providing the 
likelihood of prescribed damage levels of buildings as a function of the ground motion intensity. 

Although such empirical approaches present the obvious advantage of the rapidity of execution of 
the estimates and of a proper formulation within a probabilistic framework, there are several 
limitations that, if not considered, may prevent a realistic evaluation. As regards the ground motion 
empirical models, they may not be well constrained in those conditions where the availability of 
strong motion records is sparse, such as for large magnitude and short distant earthquakes, together 
with complex geological conditions. As for fragility curves, they are generally calibrated on ground 
shaking scenarios which are not site- or region-specific, thus providing potentially biased 
estimates, especially if the selected intensity measures may not possess the required efficiency and 
sufficiency features. 

In this contribution, we provide a framework for studying the scenarios of earthquake impacts in 
urban areas through physically-based earthquake ground motion simulations fully coupled with 
simplified non-linear mechanical models representative of the capacity curves of buildings. In this 
way, a continuous thread is followed that connects the process of earthquake source, the wave 
propagation through the Earth’s layers, the soil-structure interaction in the presence of large groups 
of buildings and the non-linear structural response. This computational framework has been 
recently implemented in the SPEED code (https://speed.mox.polimi.it/), developed at Politecnico 
di Milano. 

An application example is shown in this contribution, with reference to the physics-based 
simulation of small local earthquakes in Mexico City, including the source modelling, the seismic 
wave propagation within a 3D numerical representation of the Mexico City basin, and the site-city 
interaction effects with non-linear models of high-rise groups of buildings in the downtown area. 


