
Many validation studies have been done
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• First issue of the new Journal of Peridynamics and Nonlocal Modeling had a review article by Diehl 
on published validation to date:

Peridynamics background 



Peridynamics converges as the horizon → 0
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• Linear peridynamics converges to Navier equations of linear elasticity.
• Linear or nonlinear material models converge to a stress-strain relation.
• Problems with nonconvex elastic peridynamic models can converge to 

nonlinear elasticity with Griffith cracks.
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Example: Fracture in a brittle plate with a 
lot of defects
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VIDEO
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Example: Fragmentation due to impact
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• Brittle cylinder vs. rigid plate at 1km/s.

Colors show damage
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Example: Microstructure evolution

18

• Plate with ends fixed. Global strain 𝜖0 is in the unstable part of the material 
model.

• Complex microstructure appears at first, then simplifies.
• Driving force is the energy stuck in a phase boundary.

Bond strain 𝑠

Bond force 
density 𝑓

𝜖0

Initial strain 𝜖0

VIDEO

Colors show bond strain
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Example: Microstructure evolution
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Colors show bond strain
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Straightforward case for nonlocality: 
When there really are long-range forces
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F. Bobaru, Modelling and Simulation in Materials Science and Engineering 15, no. 5 (2007): 397.

• Fracture of nanofiber network held together by Van der Waals forces.

Is nonlocality real?



Smoothing the smallest scale degrees of 
freedom results in nonlocality
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• Try to approximate known, small-scale response (e.g. molecular motion) by a 
continuous variable, yet retain realistic behavior.

• How to make the connection?
• One approach: Smooth out the small-scale degrees of freedom.
• Example:

• Heterogeneous infinite bar.

Is nonlocality real?



Define a smoothed displacement field
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𝜖−𝜖 𝑧

𝑤(𝑧)

Is nonlocality real?



Evolution equation for smoothed DOFs
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𝑝

𝑢(𝑥)

𝑥 𝑞

Is nonlocality real?



Evolution equation is nonlocal
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𝑥 𝑞

𝑓(𝑞, 𝑥) 𝑓(𝑥, 𝑞)

Is nonlocality real?



Need a material model in terms of the 
smoothed DOFs
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Is nonlocality real?


