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Aspirations : 

Å Protection of high-risk large 
structures 

Å No ñDeviceò is needed 

Å Vertical component 
damping 

Å Simplification of design 
process 

Å Damping of multiple 
frequencies 

Å Reduction of Stresses and 
Displacements in attached 
Piping systems 

Motivation  
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Bandgap behavior  

Å Elastic waves 
cannot propagate 

 

Å Infinite array of 
unit cells 

Locally  Resonant Metamaterial  
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Locally  Resonant Metamaterial  
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Bandgap behavior  

Å Elastic waves cannot 
propagate through the 
Material 

Å Wave attenuation 
when reaching the 
steady state 

Å Uncoupled finite 
material 

Å Reduction of the 
Stresses and 
Displacements at the 
top 
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Coupled  Structure  
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Experimental evaluation  
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Tank 

Metafoundation 

Experimental evaluation  of  piping  strains  

Å Hybrid Simulation 

Å Tank-foundation system as 
Numerical Substructure 

Å Piping Set-up as Physical 
substructure 

Å Critical Elbow Strains 
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Hot Topics  

16-Apr-18 Page 7 

Table of  Content  

Å Animations 

Å Problem Formulation ï Fuel 
Storage Tanks 

Å Periodic Foundation and 
Floquet-Bloch Theorem 

Å Optimization Procedure ï 
Governing Equations 

Å Time history analysis ï 
Evaluation on real records 

Å Experimental Evaluation 

Å Conclusions ï Future 
developments 

Å Acknowledgements 

 

 

 

 

Next    Prev. 



Å Variable liquid level ->  variable impulsive frequencies 

Å Danger of Domino-Effect 

Petrochemical Plants  
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SOME SOLUTIONS  

Isolation of new tanks  

Rubber bearings with interposed 
bi-directional carbon fibre fabric 

(a) and twisted bi-directional 
glass fibre fabric (b) 

490x490x150 mm rubber bearing 
with 24 fibre layers and shear 

modulus 0.45 or 1.02 MPa 

Numerical Analysis 
on a liquid storage 

tank [1]  

[1] A. Mordini, A. Strauss, An innovative earthquake isolation system using fibre reinforced rubber bearings, Engineering Structures 30 (2008) 

Main properties of the investigated tank 

Complicate configuration of the 
bottom load carrying system 

Modal Analysis 

Without isolation With isolation 

Sloshing Mass 
Frequency [Hz.]  

0.18 0.18 

Impulsive Mass 
Frequency [Hz.] 

4.74 0.64 
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