
Sandia is a multiprogram laboratory operated by Sandia Corporation, a Lockheed Martin Company, 

for the United States Department of Energy under contract DE-AC04-94AL85000. 

Stewart Silling 
 

Multiphysics Simulation Technologies Department 

 

Sandia National Laboratories 

Albuquerque, New Mexico, USA 

 

 
SES2011 

Evanston, IL 

 
October 12, 2011 

 

SAND2011-4675C  

Coarse Graining in Peridynamics 

SAND2011-7510C



frame 2 

Purpose of peridynamics 

• To unify the mechanics of continuous and discontinuous media within a single, 

consistent set of equations. 

 

Continuous body Continuous body  

with a defect 
Discrete particles 

• Why do this? 

• Avoid coupling dissimilar mathematical systems (A to C). 

• Model complex fracture patterns. 

• Communicate across length scales. 

 

Complex crack path in a composite 
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Peridynamics basics: 

Horizon and family 
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States 

SS, Askari, Epton, Wecker, & Xu, Peridynamic States and Constitutive Modeling, J. Elast (2007) 
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Vector states take the place of tensors 
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Summary of nonlinear, state based PD 

Force state at x, t 
Constitutive model 



frame 7 

Elastic materials 
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Linearized peridynamics  

SS, Linearized theory of peridynamic states, J. Elast. (2010) 
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EMU (and LAMMPS) numerical method 

• Integral is replaced by a finite sum: resulting method is meshless and Lagrangian. 

Method is also available in Sierra (D. Littlewood) 

Discretized model in the 

reference configuration 

• Looks a lot like MD! 

• LAMMPS implementation by M. Parks & . Seleson 
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Multiscale PD using coarse-graining  

• Start with a detailed description (level 0). 

• Choose a coarsened subset (level 1). 

• Model the system using only the coarsened DOFs…  

• Forces on level 1 DOFs depend only on their own displacements. 

• These forces should be the same as you would get from the full detailed model. 

• The level 0 DOFs no longer appear explicitly. 

Small-scale MD model 

Blue: Level 0 

Red: Level 1 
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Coarse-graining: 

Reduce the number of degrees of freedom 
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Each level’s displacements are determined  

by the next higher level   
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Each level has the same mathematical structure  
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Example: Composite with a crack 

Fiber (red) 

Matrix (purple) 

Crack (green) 
Stiff bond 

Soft bond 
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3 levels of coarsening 

0 

2 

1 

3 
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Composite bar with defect: 

Coarsened micromodulus 

Level 0 Level 1 

Level 2 Level 3 
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Composite bar with defect:  

Displacements 

Level 0 Level 1 

Level 2 Level 3 
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Remarks  
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Coarse graining in dynamics: 

Strong nonlocality in time  
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Discussion  

• Method accomplishes the following: 

• Two-way coupling between length scales (coarsening + refinement). 

• Forces on higher level DOFs exactly reproduce the original level 0 model. 

• Effects at smaller length scales are incorporated into larger length scales. 

 

• Limitations: 

• Many issues remain regarding how to make the method efficient. 

• Need to re-linearize for evolving damage or other nonlinearities. 

SS, A coasening method for linear peridynamics, Int. J. Multiscale Computation Engineering (to appear). 


