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Crash of a car against a deformable barrier, from Daimler Chrysler AG.



DC3: Contact Mechanics
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Final Goal (3 years): Solve 2 and 3 dimensional contact mechanics problems with IBRA-type 
discretizations and immersed methods (like the Shifted Boundary Method – SBM)

Three-dimensional ironing problem with rotating indenter.
From Thomas Cichosz. 

Roadmap: 

✔ Study Isogeometric Analysis

✔ Solve simple 1D truss model in IGA + SBM

� Study the basis of Numerical Contact Mechanics

✔ Solve 1D contact model in IGA and IGA+SBM

� Understand available CM application in Kratos

� Study multipatch coupling

❑ Create a 2D contact model (plane stress) in Kratos

❑ . . .

https://www.ibb.uni-stuttgart.de/en/research/completed/contact-modelling/


First steps in IGA: from simple truss to 1D contact  
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Governing equations

 

 

 

 

Static
Linear Elastic 



Testing: MANIFACTURED SOLUTIONS

5

 

  

   

 

 
 

 

 

Distributed load (internal forcing)

Concentrated load (Neumann Condition)

Imposed Displacement (Dirichlet Condition)



First steps in IGA: Shifted Boundary Method (SBM)
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Physical space Parameter space
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Physical space Parameter space
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STANDARD IGA

IGA + SBM

Perfect fitPerfect fit

Un-fitUn-fit

� SBM: Modified condition at shifted boundary trough Taylor Expansion



SBM NEUMANN

First steps in IGA: Shifted Boundary Method (SBM)
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Physical space Parameter space
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Neumann BC requires higher derivatives for the same approximation error!



COMPARISON STANDARD IGA AND IGA+SBM
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Standard IGA Convergence Error

 



COMPARISON STANDARD IGA AND IGA+SBM
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Standard IGA Convergence Error
IGA + SBM (Dirichlet)
Convergence Error

 



COMPARISON STANDARD IGA AND IGA+SBM
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Standard IGA Convergence Error

IGA + SBM (Dirichlet)
Convergence Error

IGA + SBM (Complete)
Convergence Error
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Project title: Application of IBRA-type discretizations in implicit contact mechanics

Image source: 
https://me.bilkent.edu.tr/7-research/21-projects/348-isogeometric-computational-contact-mechanics-rta3/

Extra:
Material/geometric nonlinearities
Thermal problem
Adhesion/lubrification,… (additional 
interface conditions)

 

 

 

 

Governing equations
 (object 1,2,…,N)

Normal Contact Constraints

 Frictional Contact Constraints 
(Coulomb)

Contact Mechanics: Brief Overview
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Problem: 1D contact between trusses

 
 

 

 

Governing equations
 (object 1,2,…,N)

Normal Contact Constraints

Contact Mechanics: Brief Overview



Contact Mechanics: Brief Overview
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Constraint enforcement: Lagrange and Penalty methods for the frictionless model

General formulation

Lagrange formulation Penalty formulation

Hyp. Linear Elasticity  

 
 

  



IGA + SBM: Contact Discretization
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Physical space Parameter space 1
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Parameter space 1

STANDARD IGA

IGA + SBM

� SBM: Modified condition at shifted boundary trough Taylor Expansion

 

Parameter space 2
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Parameter space 2

  

 

  

  

  



Testing: MANIFACTURED SOLUTIONS
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Distributed load (internal forcing)

Concentrated load (Neumann Condition  if not contact boundary)

Imposed Displacement (Dirichlet Condition)

 

Contact condition

 

 

 



True sol 3 knot spans

20 knot spans 50 knot spans

COMPARISON STANDARD IGA AND IGA+SBM
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STANDARD IGA- 
CONVERGENCE



COMPARISON STANDARD IGA AND IGA+SBM
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Standard IGA IGA + SBM (Lagrange) IGA + SBM (Penalty)



DC3 – Close term development plan
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Application of IBRA-type discretizations in implicit contact mechanics

Supervisors: Riccardo Rossi, Alejandro Cornejo Velazquez

Upcoming steps
• Understand available CM application in Kratos

• Develop an IGA contact mechanics application in 
2D

• Extend the analysis with the Shifted Boundary 
Method
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