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Industrial context 

EDF is responsible for numerous 

reinforced concrete structures (dams, 

cooling towers, containment buildingsé) 

 

Ensuring the safety of power plants 

Evolution of the safety criteria 

Extension of the operating life 

 

Anticipating the maintenance works 

Minimizing hazards 

Reducing maintenance costs 

  

Key role of modelling tools 
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Industrial context 

Nuclear plant containment buildings 

 

Simple or double walled prestressed 

reinforced concrete shell 

 

Dual role 

Protecting the reactor core from external 

aggression 

Preventing the escape of radioactive 

materials into the environment 
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Industrial context 

Focus on French nuclear power plants of type 

P4, Pô4 and N4 (1350ï1400 MWe) 

 

Double concrete shell without metal liner 

 

Safety criterion : at 5.3 bars, the leakage must 

be less than 1.125 % of the contained gas 

mass during 24h 

 

Leaktightness measured experimentally 

every 10 years 

 

Major issue for the extension of the operating 

life 
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Industrial context 
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Industrial context 
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Research context 

Different ways of modelling reinforcements and tendons 

 

3D modelling 

High computational cost 

Not suitable for industrial applications 
 

 

Bar and beam elements 

Spurious 1D-3D interaction  [Lorentz 05]    

High stress concentrations 

 

Smeared reinforcements [Cervenka 09] 

Blurred representation 

Need for a mathematical basis 
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Outline of the talk 

1. Asymptotic models representing 

the reinforcements and tendons 

 

2. Implementation and validation  

 

3. Simulation of an experimental test 
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Asymptotic analysis 

The reference model 
 

Stiff fibers periodically distributed 

on a surface in a matrix 

Reinforcing bars 

Prestressing tendons 

 

Elastic behaviour of the fibers 

and the matrix 

 

Possible decohesion between 

the fibers and the matrix 
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Asymptotic analysis 

The asymptotic approach 
 

Study of the limit behavior of models 

 

Classical examples 

Homogenization of microstructures 

Boundary layers for fluids 

Convergence of the numerical schemes 

 

Study of inhomogeneities located on a surface 

Study of thin homogeneous layers  [Sanchez-Palencia 70, Caillerie 90, Licht 97é] 

Study of heterogeneities periodically distributed  [Nguetseng 85, Abdelmoula 99] 
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Asymptotic analysis 

Identification of the parameters 
 

Main parameters of the problem 

 

 

Dimensionless ratios 
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Asymptotic analysis (I) 

Limit of small fibers 
  

Adherent interface between 

the fibers and the matrix 
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Asymptotic analysis (I) 

Separation of scales 

 

 

 

 

 

 

Martin David - Multi-scale approach of the behavior of RC structures - 19/06/2012 

Ἵ= Ἵ + –Ἵ + –2Ἵ + Ễ

= + – + –2 + Ễ
 

Ἵ= Ἶ + –Ἶ + –2Ἶ + Ễ

= + – + –2 + Ễ
 Real problem 

Macro-scale 

Micro-scale 

(ὀ) 

(ὀᴂ,ὁ) 



14 

Asymptotic analysis (I) 

Influence of the fibers at order 0 
 

Transmission conditions 

 

 

 

 

 

 

No jump of displacement and stress 

across the interface 

 

Necessary to go to next order 
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« Taylorôs theorem » 


