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Wave-Structure-Foundation Interaction

Caisson

Wave Action

26.2.2013 | El Safti & Oumeraci | CFD-CSD model system | FZK, Feb. 2013, Hanover | Page 4

Soil Foundation
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Hydrodynamic Model
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� Modifying porousInterFoam with waves2Foam toolbox 

� Volume averaging of porous media

� Additional term for fluid compressibility
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� Several seepage models (e.g. Lin and Karunarathna, 2007)
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Breaking Wave Impact
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Coupling Procedure
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The Governing Equations (Fully Dyn.)

� Mixture momentum balance (equilibrium equation)

� Pore-fluid momentum balance
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� Pore-fluid mass balance
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Solver Algorithm

� Segregated algorithm

� Equations discretisation:

� Implicit terms

� Explicit terms

� For the fully dynamic formulation:
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� For the fully dynamic formulation:

� PISO algorithm (from CFD)

� Fluid momentum balance is 

solved unlike (u-p) approximation



Solver Features

� Displacement (Lagrangian) and pore 

fluid (Eulerian)

� Different zones of material models in 

the same domain

� Multi surface plasticity model for  
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� Multi surface plasticity model for  

modelling sand behaviour under 

cyclic loading

� Viscoelasticity – Damping

� Frictional contact model



1-D Consolidation
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Residual Pore Pressure 

26.2.2013 | El Safti & Oumeraci | CFD-CSD model system | FZK, Feb. 2013, Hanover | Page 15

dv,b

-

hs



Outline

� Motivation

� Hydrodynamic (CFD) model (waveVolAvgPorousInterFoam)

� Linking both models

� Hydro-geotechnical (CSD) Model (geotechFoam)

� Concluding remarks and outlook 

26.2.2013 | El Safti & Oumeraci | CFD-CSD model system | FZK, Feb. 2013, Hanover | Page 16

� Concluding remarks and outlook 



Concluding Remarks

� Using the PISO algorithm for fluid (velocity-pressure) coupling

� Introducing the new fluid compressibility term to the fluid continuity equation 

enhances results for breaking wave impact

� The model is very sensitive to changes in air content in (pore) fluid (i.e. change 

in pore fluid bulk modulus)
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in pore fluid bulk modulus)

� The u-p approximation is significantly faster than the fully dynamic formulation

� In the fully dynamic formulation, the accumulation/dissipation of pore pressure 

is affected by the excess to hydrostatic pore pressure ratio. The effect is less if 

convection is neglected and when the fluid bulk modulus increases

� The formulation allows introduction of different soil constitutive models. 



Outlook

� Applications of the currently developed model (e.g. caisson breakwaters, 

gravity foundations of offshore wind farms)

� Introduce two-way coupling: more general and applies to flexible structures

� Introducing strong coupling (same set of governing equations) suitable for 

highly deformable porous media (e.g. seabed, dikes, vegetation) 
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highly deformable porous media (e.g. seabed, dikes, vegetation) 

� Introducing an Eulerian treatment of the porous media skeleton and hence 

other processes can be accounted for (e.g. sediment transport) 
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