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3. SOIL STRUCTURE INTERACTION
MODELLING AND ANALYSIS



CONTENTS

Session 3. SOIL STRUCTURE INTERACTION

1. Soil Structure Interaction

2. SSI: Applications

3. GTS NX Analysis Capabilities: Pile Raft Foundation

4. Project accomplishments

5. Problem Statement



• What is SSI ?

− Interaction of Stiffness and Deformation between 

Structure and Soil

− Necessary for Adequate Assessment of Stresses 

and Forces in the Supporting Structure

• Why SSI ?

Supporting Soil, 

− Generates Loading and 

− Provides Resistance to Loading

Force on Deck and Pier depends on, 

− Location of the foundation

− Flexibility of foundation

− Supporting Soil Behaviour

Soil Structure Interaction



Soil Structure Interaction Methods

1. Substructure Method

Also known as Indirect or Superposition Method.

Soil and Structure Interaction is analyzed by separating them into two separate structural 

systems:

1) Free Field Analysis: The reaction / response of the soil is determined 

    (mainly where the structure will be)

2) Structural Analysis: The soil can be modeled as spring damper system(impedance) 

     with that response. The detailed structure is designed with the idealization of soil 

     as independent damper spring

Example: Winkler Springs, Springs from Empirical Equations, etc



Soil Structure Interaction Methods

2. Direct Method

Soil and Structure- Single System

Seismic/ Other forces defined at the outer boundary of the single unified model

Responses of the soil and the structure- determined simultaneously

Numerical methods: Continuum Methods FEM, FDM
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SSI: Applications

• Considering the WHOLE Super Structure in Continuum modelling

Regular Approach Best Approach

Only load from the buildings is 

Considered

The building along with foundation is considered.

 Hence Differential Displacement can be easily 

estimated which in real results in cracks in the building.



SSI: Applications

• Effect of Tunnelling on Adjacent Structures



SSI: Applications

• Design Optimization Studies- using Interoperable Midas Programs

Force-Displacement Curves

Structural

 FEM Model

Structure Modeled 

along with Soil

Reactions



SSI: Applications

• Design Optimization- Manual

Step-1:

Foundation and Soil Modeling

Step-2:

Load Table Import/Export Option.

(Load imported into GTS NX via excel sheet from 

any Structural tool)
Step-3:

Export the Stiffnesses back to Structural 

tool
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Pile Modelling Techniques

3D Solid + 3D Pile + Plane Interface
3D Solid + 1D Pile (Beam) + Pile Interface



Interactions



Pile Interface

Important To Create a 3D model For These Foundations As Pile Group Effect is 

Ignored In 2D Models. 

Friction Piles

End Bearing Piles

Easy Inputs For Modelling Pile Behaviour 

Based On Design Needs



Advanced Loading Features

• Directly add point loads, moments, surface loads etc. to 
the model

• Create Load Combinations

• Import Load Data from Excel

Loads acting  at column locations on Raft 



• Contours

• Graphs

• Animations

• Tables

• Cutting Plane

• Sections Diagrams

• Reports

• Result Tag/Probing

Post Processing Features

Results extracted as Tables and Graphs

Extracted results/graphs directly exported to excel

Sectional View: Clipping Line/Plane

Result Extraction as Image, Animation, Video Excel, pdf, 

Word formats



Post Processing Features

Load-Settlement Curves Extraction Structural Forces Results for Piles and Raft

Result Contours in Sectional View

Pile: Axial Force, 

Shear Force and 

Bending Moment 

Results



Post Processing Features

Pile Raft Foundation Modelling with imported Superstructure
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Pile Dimensions:

Diameter 0.5m

Length 10m

c/c Spacing 2m

Raft Dimensions:

Section 4mx4m

Thickness 0.75m

Superstructure Loading on the Raft

Non-Linear Static Construction Stage Analysis

6m

30m

30m

3m

12m

4m
4m



LET’S START MODELLING
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