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Part I: Seismic waves  and seismic barriers 

Presidential Palace in Port-au-Prince, Haiti

Before Earthquake in January 2010 
/The Palace was retrofitted with seismic isolators in 2004/ 

Destruction of the Presidential 

Palace in January 2010, Mw=7.3 

The trunk crack in the basement slab in 

Fukushima I power plant, Japan 
March 2011, Mw=8.9-9.0 

震害案例



Part I: Seismic waves  and seismic barriers 

以設計規範的地震波分析結構反應 以真實地震波(考慮波長效應)分析結構反應

不同震波特性
存在分析差異
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不同地盤土壤考量之地震波波速
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地表加速度頻譜分布
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綜合考量地盤特性與地表加速度，可得真實地震波(考慮波長效應)進行結構反應分析



Part I: Seismic waves  and seismic barriers 
瞭解工址真實地震波(考慮波長效應)進行分析，進而可設計相應之震波屏障

最早的震波屏障技術應用案例(哈薩克)



Part I: Seismic waves  and seismic barriers 
震波屏障技術應用案例
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bulk waves, Rayleigh, Lamb, and Love waves
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Infilling Seismic Barriers with Acoustic Metamaterials
Resembling Broadband Phononic Crystals 

Geofoam

Concrete 

Metamaterial 11
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Airport Runways/Taxiways
Cairns, Australia 

Cost: 66,7 million USD 13

Seismic Barriers

Direction of Rayleigh Waves 



Skyscraper
Perth, Australia

Seismic barriers 
around the tower 
and seismic pads 
underneath the 
base Cost: 47 million USD 14



NPP Reactor Building

Cost: 53 million USD 

Protected by heterogeneous 
seismic pad made of composite 
metamaterials
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Part I: Seismic waves  and seismic barriers 
震波屏障技術應用分析



Part I: Seismic waves  and seismic barriers 
震波屏障技術應用分析



Part I: Seismic waves  and seismic barriers 
震波屏障技術基本概念



Protected from S- and R-waveswithout Protection
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Part II: Ultimate Vibration Insulation 
for earthquake engineering

Limitation of the existing materials for dampers

既有材料對隔震/阻尼器之限制

Application of the existing materials with high energy absorption is limited by

their low modulus and consequently low stiffness.

TPU: Thermoplastic Polyurethane Elastollan
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Theromoplastic Polymer                                Elastomeric Polymer
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Part II: Ultimate Vibration Insulation 
for earthquake engineering

Innovative solution to
Full potential of the materials for
vibration insolation

By exposing the same material to hydrostatic 

pressure one can improve its damping properties

by orders of magnitude.
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Characteristics of the prototype
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Theoretical Background Behavior of granular materials
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Concept of the Granulate Flow Analyzer (GFA) apparatus
9



High-pressure Apparatus CMS
Granular Friction Analyzer (GFA) Apparatus

I Emri, T Prodan. Experimental mechanics 2006; 46:429 (2006). 29
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for earthquake engineering

How to generate hydrostatic pressure? Stress distribution in an uniaxial loaded cylinder
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Optimized particles distribution for fluidlike hydrostatic pressure

Application in a Granular Damping Element
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Proof-of-concept Physics
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Higher energy absorption is achieved by pressurizing granular polymeric 
material(s) inside a closed flexible woven fiber tube.

1. Using hydrostatic pressure for material damping properties frequency adjustment

2. Improving granular material flow properties for their self-pressurization

GDE: Granular Damping Elements



GDE consists of a container, made of woven basalt, carbon or glass fibers, which is 
filled and pressurized with polymeric granular materials with multi-modal particles 
size-distribution. Due to the flow-like behavior of granulated polymers, the generated 
pressure within the container will be hydrostatic and will act on polymeric particles 
themselves, and consequently modify frequency dependence of their energy 
absorption properties.
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Proof-of-concept Measurements on a prototype
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Proof-of-Feasibility
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Potential applications of the granular damping element - I
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Potential applications of the granular damping element - II
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Potential applications of the granular damping element - III
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Summary
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