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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS 

 The NEA Committee on the Safety of Nuclear Installations (CSNI) is an 

international committee made up of senior scientists and engineers, with broad 

responsibilities for safety technology and research programmes, and representatives from 

regulatory authorities.  It was set up in 1973 to develop and co-ordinate the activities of the 

NEA concerning the technical aspects of the design, construction and operation of nuclear 

installations insofar as they affect the safety of such installations. The Committee’s purpose is 

to foster international co-operation in nuclear safety amongst the OECD member countries. 

CSNI’s main tasks are to exchange technical information and to promote collaboration 

between research, development, engineering and regulation organisations; to review the state 

of knowledge on selected topics of nuclear safety technology and safety assessments, 

including operating experience; to initiate and conduct programmes to overcome 

discrepancies, develop improvements and reach consensus on technical issues; to promote co-

ordination of work, including the establishment of joint undertakings. 
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COMPARISON OF NATURAL AND SRTIFICIAL TIME HISTORIES 

FOR SEISMIC NON-LINEAR ANALYSES OF STRUCTURES 

E. Viallet (corresponding author) - G. Heinfling - S. Goubet - C. Duval 

EDF/SEPTEN - France 

Due to increased potentialities of computers, it is nowadays possible to perform dynamic non-

linear computation of structures to evaluate their ultimate behavior under seismic loads using refined 

finite element models. Nevertheless, one key parameter for such complex computations is the input 

load (i.e. input time histories) which may lead to important discrepancies in the results and therefore 

difficulties to deal with for engineering purpose (variability, number of time histories to use …). In 

this situation, the opportunity to use artificial time histories or not for such analyses is a still open 

question.

The objective of this study is to give some elements concerning the potential effectiveness of 

artificial time histories to reproduce structural damages lead by real earthquakes. 

For this purpose, a simplified model (Single Degree Of Freedom: SDOF) governed by a non-

linear low (Takeda’s law) is used and it’s parameters are adjusted to represent the non-linear behavior 

of typical reinforced concrete (RC) structures. A previous study showed that this model was accurate 

enough to simulate the damage (expressed in terms of ductility) of RC structures. 

The study is carried out based on the following steps: 

Step 1: Selection of typical types of earthquakes (low magnitude – near field earthquake and high 

magnitude – far field earthquake) in terms of magnitude M and focal distance D 

Step 2: Selection of a set of natural time histories (30 approximately) among a European strong 

motion data base (ESMDB) with characteristics close to selected magnitude and distance 

Step 3: Calculation of ground response spectrum and other ground motion parameters (ground 

velocity, ground displacement, duration, Arias Intensity, Cumulative Absolute Velocity …) using 

Magnitude–Distance regression laws determined on the ESMDB (previous study) for selected M 

and D 

Step 4: Generation of a set of artificial time histories (30) based on previous parameters (step 3) 

Step 5: Computation of the non-linear seismic response of the SDOF model for the different sets 

of artificial and natural time histories. 

The results are expressed in term of ductility (ratio between maximum non-linear displacement of 

the SDOF model over its elastic yield displacement). They are compared considering individual results 

and for more statistical values (i.e. average and standard deviation) for each set of time histories. 
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The results show a very good agreement between natural and artificial time histories computations. 

Therefore, it is possible to conclude that artificial time histories may be representative of real 

earthquakes if they are generated base on ground response spectrum and other ground motion 

parameters (ground velocity, ground displacement, duration …) which should also be representative of 

real earthquakes. 

Finally, some recommendations about the number of time histories to be used for such dynamic 

non-linear analyses and a way to deal with variability are proposed. 














































































