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Action and Reaction

×Structuralfoundations(Soil-footinginteraction)

×Floatingstructures(Fluid-solid interaction)

×Laminatedor compositematerials(Solid-solid interaction)

× Indentation(Impactinteraction)

×Crackandfatigueproblems(Stressinteraction)

×Earthmassesandgeologicalstructures(Thermal/Convectiveinteraction)
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Various Categories of Interaction
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Types of Interactions

· Multiple bodies of same or 

different elastic characteristics

· Contact region ïSmooth, rough, 

advancing, receding, or stationary
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Interaction between 

elastic bodies

Interaction between elastic 

medium and rigid body

Interaction between 

deformable bodies

H
e

rt
z
 (

1
8

8
2

)

· One body indents into the other at 

the contact region
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· Both the bodies deform mutually 

while maintaining compatibility

Soil-Structure Interaction (SSI)
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Modelling of SSI Problems
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Modeling of SSI

Continuum 
Approach

Physical modelling of soil

Detailed
Computationally 

Expensive

Discrete 
Approach

Replacing  of soil using 
lumped or distributed springs

Simplified
Computationally 

Inexpensive
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Seismic Soil Structure Interaction (SSSI)
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Fault Rupture

Murty , 2005 Stewart et al., 1998

Site Response 

Kinematic and Inertial Interaction

×Motion at points A and B are

practicallysame

×No deformationat basedueto

shearor overturningmoments

×Motion canbeapplieddirectly

at thebaseof structure
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Structure embedded in 

rocky bed

Wolf (1985)

Structure embedded in soil overlying a rocky bed

×Free-field response

Á Motion in absence

of structure

Á Amplification of 

motion depending 

on the frequency 

content of medium

×Masslessrigid base is

introduced

Á Averaged rigid body

horizontal and rocking

motions

Á Consider only the 

stiffness of rigid body

Kinematic Interaction

×Accelerations develop in 

the structure due to 

kinematic interaction

Á Resultinto inertial forces

Á Overturning moment and 

shear forces modify 

ground motion

Inertial Interaction

Rigid

Flexible
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Evidence of SSSI
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18 segment collapse of the Hanshin 

expressway, Kobe earthquake (1995)

25% 

increase

Mylonakis et al. (2000)

Flexibility of the foundation imparted 

more acceleration in the superstructure

Analyses Approaches to SSI Problems
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Single Step Method
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×uff is the free field response

appliedto modelboundaries

×Capableof conductingnonlinear

analysis

×Dampingmatrix notwell dealt

×Large-sized model domain 

required Dutta (2000)

Multistep Method

Kinematic 

interaction

Inertial 

interaction
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×uKI is the relative displacement 

at the DOFs Ą referred as 

Foundation Input Motion 

(FIM) ×uII is the displacement due to 

inertial interactions
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Analyses Approaches to SSI Problems

·Substructure Method �±A three-stepprocedure

×Determinationof freefield (FF) responseof thesite

×Applicationof FF motionat foundationbaseto obtainFIM

×Applicationof FIM to conductinertial interactionanalysis

Á Replacingsoil with lumpedelementswhosecoefficientsareobtainedfrom impedancefunctions

·Other popular and commonly usedcontinuum-basedmethods

×Finite ElementMethod(FEM)

×BoundaryElementMethod(BEM)

×ScaledBoundaryFinite ElementMethod(SBFEM)
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Modelling of Soil Domain �±Simplified Modelling Approach
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Lumped Spring Model

×Equivalent springs for available DOFs

Dutta et al.(2009)

Distributed Spring Model

× �6�R�L�O���S�U�H�V�V�X�U�H���µ�S�¶���D�W���D���S�R�L�Q�W���L�V���U�H�O�D�W�H�G���W�R���Y�H�U�W�L�F�D�O��
�G�H�I�O�H�F�W�L�R�Q���µ�\�¶���D�Q�G���V�X�E�J�U�D�G�H���P�R�G�X�O�X�V���R�I���V�R�L�O���µ�N�¶��

Dutta et al.(2009)

Elastoplastic model

×Transition from elastic strain to plastic strain

×Application of yield criteriaDutta et al.(2009)


