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1 INTRODUCTION 

New seismic risk regulations throughout the world have increased the seismic input level 
requirements, according to the feedback from numerous seismic events. This evolution demands to 
determine the safety margins and eventually the design weaknesses, for the existing structures and 
buildings. The energy production engineering is specifically involved, due to the risk for environment 
and populations induced by industrial installations. The engineering practice has to be enhanced in 
order to get by numerical simulations predictions that are more precise. We need seismic assessment 
methods, in adequacy with the state of the art and risk adapted, for each kind of structures or 
equipments. Indeed, we can encounter several applications to be related with the concern of modelling 
of divided media with non-linear dynamics: 

• The sliding-rocking behaviour of nuclear fuel elements in spent fuel storage pools, the one 
of graphite blocks in High Temperature Reactors [1]; the pounding between adjacent 
buildings during earthquake events, see for instance [3]; 

• The interaction of divided media such as rock-fill with concrete mask of embankment 
dams, see for instance [8], or masonries, [5], with reinforced concrete slabs and columns in 
a building… 

The frictional impact conditions at the interface of the structures induce non-smooth non-linear 
dynamics responses. It appears that the vibration behaviour in linear and more generally non-linear 
mechanics, see for instance [4], interacts with their rigid-body overall frictional impact interactions. 
Such analyses require several improvements and research activities: 

• in the experimental range, in order to provide validation evidence for numerical methods 
and to show the sensitivity to physical parameters, 

• in numerics, to enhance robustness and performance of direct transient non-linear 
dynamics simulations (integration schemes, interaction between continuous media and 
divided multi-bodies). 

According to the case, we can prefer using continuous finite element software alone to perform 
direct non-linear dynamics simulations, by explicit integration schemes, or by implicit ones, if we 
have to face only few frictional contact interactions and if other non-linearities have to be treated in 
the problem (elastoplasticity, damage…). Conversely, if we deal with complex divided media and 
structures, the only way is to couple general-purpose finite element software with software devoted to 
the surface interaction between solids. 

 

  
Figure 1. Experiments carried out on rocking blocks at Commissariat à l’Énergie Atomique, EMSI lab. 

The aim of this paper is (1) to present a general review on industrial seismic applications, and (2) to 
show some limits of the usual finite element computations of sliding-rocking structures, using 
Code_Aster, [11], by reference to experimental results obtained recently by Commissariat à l’Énergie 
Atomique (CEA, France), by A.Le Maoult, C.Feau and co-workers, on sliding-rocking blocks, see 
Figure 1, with several loading conditions: free release, sinusoidal sweep-up/down and earthquake 
motions. 
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2 RESULTS AND DISCUSSION 

The first step consists in comparing several modelling assumptions and time integration methods 
available in Code_Aster, [11], on the single rocking-sliding block experiment. Though specific time-
integration algorithms were proposed in the literature, like an energy-momentum conserving method, 
see for instance [6], we decided to compare usual time-integration methods, like Newmark’s one, first 
order θ -integration scheme, HHT [2], with corresponding displacement or velocity formulations, 
according to several frictional-contact methods with implicit integration, lagrangian discrete or 
continuous ones, see [13], available in that software. Yet, the different governing times scales are 
involved with a large magnitude as gravity and earthquake-driven motions (for metric solids at human 
scale) and the waves inside the solids induced by collisions. That is why such kinds of simulation are 
CPU-time consuming and not adapted to numerous interacting solids dynamical problems. As a matter 
of fact, we have discriminated numerical methods according to the multiple impact times, kinetic 
energy transfers, bouncing patterns… However, the efficiency of simulation of actual industrial 
applications is linked to the need of coupling finite element and interacting solids software, these 
results providing useful data to the necessary assessment of future methodologies. 

3 CONCLUSION 

Enhanced numerical methods are mandatory to deal with many non-smooth dynamical problems 
and give the required accurate prediction in earthquake engineering. Some experiments with numerical 
interpretations have been carried out aiming to define their validity range. 

As observed by many practitioners and researchers, the high sensitivity of the behaviour of such 
divided structures to numerous physical parameters (surface state, material characteristics, third 
body…) requires to perform probabilistic studies and to evaluate the uncertainties propagation, for 
instance by Monte Carlo simulations, or more efficiently through meta-models. This is the last 
argument to enhance simulation tools in the domain of non-smooth dynamics. 
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