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 Explore some extremely complex phenomena in the field of Engineering 

 

 Study those in a rigorous way  

 

 & just as importantly 
 

 look for ways to communicate the results: 

 Aid on understanding the subject area 

 Ensure the outcomes would be of assistance in the practice 

Introduction  

 Engineering Research to … 



 Structural Engineering Research : Ensuring Predictable is 
Acceptable 

Actions 

Structure 
& 

Material 

Response Acceptable 
? 

i.  Safety  
ii.  Applicability  
iii. Cost  
iv. Environmental 
v. Social  
vi.  … 
 
 



 Acceptability of the Response  

Italy, 2009 



 Response Prediction  

Simplified 
Response  
Modelling  

Detailed 
Response 
Modelling 

ACCURACY & GENERALITY 

EFFICIENCY 

 Simplified 

 

 Detailed 



 Soil-Structure Interaction 

Coupled Systems:  

 

 
 Systems driven by the interaction of functionally distinct components (sub-domains) 
 

 
 Due to interaction, the sub-domains cannot be solved separately from the other 
 

B A 



Soil-Structure / Fluid-Structure / Soil-Fluid-Structure  

Interaction 



Soil-Structure / Fluid-Structure / Soil-Fluid-Structure  

Interaction 



http://ontario-wind-resistance.org 

http://betterplan.squarespace.com 



 Coupled Soil-Structure Interaction Response Modelling: 

Monolithic or  
Direct or 
Simultaneous  

Partitioned  

Or  

Domain 

Decomposition 

Field Elimination 



           

(Federal Emergency Management Agency, 2009),  



 Vibration and Buckling of Piles on lateral and rotational 
support            



 Vibration and Buckling of beams on lateral and rotational 
support 
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 Vibration and Buckling of beams on lateral and rotational support 
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 Coupled Soil-Structure Interaction Response Modelling: 

Monolithic or  
Direct or 
Simultaneous  

Partitioned  

Or  

Domain 

Decomposition 

Field Elimination 



 Coupled Soil-Structure Interaction Response Modelling: 

Simplified 
Response  
Modelling  

Detailed 
Response 
Modelling 

ACCURACY & GENERALITY 

EFFICIENCY 



 

 Advanced Simulation Environment for SSI.  

 

 computational methods for coupled modelling of SSI. 

 

 SSI coupled modelling Applications 

 Coupled Soil-Structure Interaction – Partitioned Approach: 



. Simulation Environment 

Structural 

Solver 
Soil 

Solver 
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Coupling Formulation – Partitioning Strategy 

Structure sub-domain: 

Soil sub-domain: 
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Coupling Formulation –  Algorithm 
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Coupling Formulation –  Algorithm 



Iterative Coupling Algorithms Formulation 
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Iterative Coupling Algorithms Formulation 
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1-Interface Relaxation Approach 

2- Reduced Order Method 
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. 

No Method Implementation 
Convergence 

Rate 
Nonlinear 
Problems  

Modular Use 
of Softwares 

1 
Condensed  Tangent 
Stiffness 

* 

Difficult 

******* 

Excellent  - 

2 
Mixed  Reduced 
Order 

**** 

Fair 

****** 

Excellent   

3 Reduced Order  
**** 

Fair 

*** 

Good   

4 Secant  
*** 

Fair 

***** 

Good(linear) -  

5 Adaptive Relaxation  
******** 

Easy 

** 

Poor -  

6 Constant Relaxation  
******** 

Easy 

* 

Poor -  

Iterative Coupling Algorithms Comparison 



 Settlement Analysis of Multi-storey Five-bay Steel Frame 
. 



 Settlement Analysis of Multi-storey Five-bay Steel Frame 
. 



 Settlement Analysis of Multi-storey Five-bay Steel Frame 
. 

Field Elimination – Winkler 

Foundation  

Detailed – Partitioned Approach 



 Building Response to an Adjacent Un-braced Excavation 
. 



 Building Response to an Adjacent Un-braced Excavation 
. 



 Building Response to an Adjacent Un-braced Excavation 
. 

Before Excavation  

After  Excavation  



 Nonlinear Steel Sheet Pile Retaining wall modelling
. 



 Nonlinear Steel Sheet Pile Retaining wall modelling
. 



 Explore some extremely complex phenomena in the field of Engineering 

 

 Study those in a rigorous way  

 

& just as importantly 
 

 look for ways to communicate the results 

 

 Aid on understanding the subject area 

 Ensure the outcomes would be of assistance in the practice 

 Engineering Research 



Thank You! 


