
1 Challenge the future 

Mitigation of earthquake induced 
liquefaction under pavements via 
electrokinetic soil stabilization 
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EQ induced liquefaction 

• Prior to earthquake the pore pressure is low 

• Earthquake causes pore pressure to increase: undrained 

conditions 

• Effective stresses are reduced: loss of shear strength 

• Loose soil particles: liquefaction occurs 
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Traditional soil stabilization 
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Electrokinetic soil stabilization (EKSS) 
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Governing equation for mass transport 

The equation governing the concentration distribution (neglecting any reactions) is:  

𝜕𝑐

𝜕𝑡
= −𝛻 ∙ 𝑁𝑑+𝑁𝑚+𝑁𝑒  

𝑁𝑑: Mass flux generated by diffusion  

𝑁𝑚: Mass flux generated by electromigration (migration)  

𝑁𝑒: Mass flux generated by electroosmotic advection 
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Diffusion 

𝑡 = 𝑡0 𝑡 = 𝑡2,  𝑡2 > 𝑡1 𝑡 = 𝑡1, 𝑡1 > 𝑡0 
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Electromigration (migration) 
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Electroosmotic advection 
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Governing equation for mass transport 

𝜕𝑐

𝜕𝑡
= −𝛻 ∙ 𝑁𝑑+𝑁𝑚+𝑁𝑒    → 

𝝏𝒄

𝝏𝒕
=

𝑫𝟎𝜽 

𝝉𝟐
∆𝒄 + 𝒛𝒄𝑭

𝜽 

𝝉𝟐

𝑫𝟎

𝑹𝑻
𝜵𝒄 ∙ 𝜵𝑽 −

𝜺𝒇𝜻

𝝉𝜼
𝜵𝑽 ∙ 𝜵𝒄 

𝐷0: Diffusion coefficient 

𝜃: Volumetric soil water content  

𝜏: Tortuosity 

𝑧𝑐: Charge number/ Valence 

𝐹: Faraday constant  

𝑇: Absolute temperature [K] 

V: Electric potential 

𝑅: Universal/ Ideal gas constant 

𝑡: Time 

𝑐: Molar concentration 

𝜀𝑓: Permittivity of the fluid 

𝜁: Zeta potential 

𝜂: Dynamic viscosity 
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Numerical application 

Soil 150 mm 

t=0 

t = 15 days 

t = 2 months 

1000 mm 


