
Numerical fracture experiments using 
nonlinear nonlocal models

 Joint work with 
Dr. Robert Lipton

Austin
July 30, 2019

Prashant K. Jha
Department of Mathematics

Louisiana State University



➢ Nonlinear peridynamic model

➢ Well-posedness of nonlocal model

➢ Numerical results

➢ Ongoing and future work

Austin
July 30, 2019

Overview of the talk
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Nonlinear peridynamic model 1



Equation of motion 2
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Well-posedness of nonlinear peridynamic model 3

[1] R. Lipton (2016) Cohesive dynamics and brittle fracture. Journal of Elasticity, 124(2), pp.143-191.

[2] P.K. Jha and R. Lipton (2018) Numerical analysis of nonlocal fracture models in Holder space. SIAM Journal on Numerical Analysis, 56(2), pp.906-941.

[3] P.K. Jha and R. Lipton (2019) Numerical convergence of finite difference approximations for state based peridynamic fracture models. Computer 

Methods in Applied Mechanics and Engineering, 351(1), 184 – 225.

[4] P.K. Jha and R. Lipton (2018) Finite element approximation of nonlocal fracture models. arXiv preprint arXiv:1710.07661. Under review in Discrete 

and Continuous Dynamical Systems Series B.
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Finite difference approximation 4
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Convergence of finite difference approximation 5

[1] P.K. Jha and R. Lipton (2018) Numerical analysis of nonlocal fracture models in Holder space. SIAM Journal on Numerical Analysis, 56(2), pp.906-941.

[2] P.K. Jha and R. Lipton (2019) Numerical convergence of finite difference approximations for state based peridynamic fracture models. Computer 

Methods in Applied Mechanics and Engineering, 351(1), 184 – 225.
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Setting up peridynamic model 6

[1] R. Lipton (2016) Cohesive dynamics and brittle fracture. Journal of Elasticity, 124(2), pp.143-191.
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Mode I crack propagation: Setup 7
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[1] R. Lipton & P.K. Jha (2019). The relation of nonlocal cohesive models to classic dynamic fracture models: The single edge notch in tension. In 

preparation. 



Localization of fracture zone 8
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Localization of fracture zone 9
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Crack tip location and velocity 10
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Energy into crack 11

Austin
July 30, 2019

[1] R. Lipton & P.K. Jha (2019). The relation of nonlocal cohesive models to classic dynamic fracture models: The single edge notch in tension. In 

preparation. 



Energy into crack 12
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Mix mode crack propagation 13

(e) Experiment result [2]
[1] R. Lipton, R. Lehoucq, & P.K. Jha (2019) Complex fracture nucleation and evolution with nonlocal elastodynamics. Journal of Peridynamics and 

Nonlocal Modeling. April 2019.

[2] M. R. Ayatollahi & M. R. M. Aliha (2009). Analysis of a new specimen for mixed mode fracture tests on brittle materials. Engineering Fracture 

Mechanics, 76(11), 1563-1573.

[3] E. Madenci et al (2018). A state-based peridynamic analysis in a finite element framework. Engineering Fracture Mechanics, 195, pp.104-128.
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Crack-void interaction 14

(a) Setup (units in mm)

[1] P.K. Jha, P. Diehl & R. Lipton. Nodal finite element approximation of nonlocal fracture models. In preparation.

[2] S. Dai,C. Augarde, C. Du & D. Chen (2015). A fully automatic polygon scaled boundary finite element method for modelling crack propagation. 

Engineering Fracture Mechanics, 133, 163-178.

(b) Damage profile (c) Magnitude of symmetric gradient 
of displacement

(d) Numerical experiment results 
using FEM, Boundary element 
method [2]
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Wave reflection effect on crack velocity 15
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Wave reflection effect on crack velocity 16
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Ongoing and future works 17

[1] R. Lipton & P.K. Jha (2019). The relation of nonlocal cohesive models to classic dynamic fracture models: The single edge notch in tension. In 

preparation. 
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Thank you!
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