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1. Introduction

Problem
Multi-physics phenomena causing 
damage in aerospace structures
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Current solution
Design with high safety margins,

with consequent increase of costs

Proposed solution
Development of a reliable numerical 

tool to improve safety and limit 
financial losses
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2. Research background

Equation of motion of point x
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Peridynamics is a nonlocal continuum theory with an integral formulation capable of modeling 
discontinuities in the displacement field, such as crack initiation and evolution of any type.

Reference and deformed configuration of a peridynamic 
body B: each point x interacts with the points x’ in its 

neighborhood Hx through the bonds.

: horizon

: density : displacement vector field

: body force vector

: relative position vector (bond)

: relative displacement vector

: pairwise force density

: neighborhood
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2. Research background
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Disadvantages
1. Issues on mechanical properties near

the boundary (surface effect) and on
the imposition of boundary conditions

2. Accurate quadrature is required

3. Higher computational cost than classical
continuum models

Simulation of a crack propagation in a pre-notched 
specimen modeled with Peridynamics.

Main advantages
1. Introduction of the concept of structural

damage for a material point

2. No ad-hoc criteria to model crack
initiation and propagation

Admission to the thesis evaluation procedure



3. Project objectives

1. Development of an innovative method to mitigate
boundary problems due to peridynamic nonlocality.

2. Improvement of currently used algorithms to
compute quadrature weights.

3. Coupling of Peridynamics with local models to
reduce the overall computational cost.

4. Solution to complex multi-physics problems with
the improved peridynamic framework.
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4.1 Mitigation of boundary problems
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Stiffness fluctuation 
(surface effect) near the 

boundary due to the 
incomplete neighborhoods.

The Surface Node Method (SNM) is 
proposed in order to mitigate the 

surface effect and impose local 
boundary conditions in Peridynamics.

Peridynamic body without 
boundary corrections.
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4.1 Mitigation of boundary problems
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Linear Taylor-based extrapolation to 
impose local constraints.
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Force flux (peridynamic stress) equation at 
the surface nodes to impose local loads.

Discretized 1D model with the 
addition of the surface nodes: 
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3D static example.

Errors of the solution with the proposed method.Errors of the solution without correction.
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1D dynamic example.
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4.1 Mitigation of boundary problems
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Discretization of the neighborhood 
(2D model for image clarity).
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An algorithm to accurately 
compute quadrature weights in 3D 
peridynamic models is developed. Normalized volume 

of the neighborhood.

Normalized 
weighted volume.

4.2 New algorithm for quadrature
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Peridynamics is coupled with Carrera Unified Formulation (CUF), a local theory based 
on the Finite Element Method (FEM) able to reproduce arbitrary kinematic models, 

to reduce the overall computational cost.

Numerical results, in good agreement with 
the results of a refined 3D FEM model.

4.3 Coupling with local models

Admission to the thesis evaluation procedure

Coupled model.



4.4 Modeling of ZrC oxidation

Zirconium carbide (ZrC) oxidation at high temperature:
• Oxygen diffusion within ZrC and oxidation
• Volumetric expansion due to oxidation
• Crack initiation and propagation
• Flow of oxygen within the cracks
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Oxidation of a cube made of zirconium carbide.
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4.4 Modeling of ZrC oxidation

Stability condition for classical diffusion equation:
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Sudden exposure to oxygen is modeled as a 
discontinuity in the initial conditions:

Stability condition for peridynamic diffusion equation 
without considering the influence of boundary conditions:

New stability condition for peridynamic diffusion 
equation:

: m-ratio : kernel function : micro-diffusivity



4.4 Modeling of ZrC oxidation

Experimental observations of ZrC oxidation
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6. Final remarks and future work
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1. An innovative method to mitigate boundary issues in peridynamic models
has been implemented for static and dynamic problems.

2. A new algorithm to compute 3D quadrature weights in peridynamic
models has been developed, resulting in a considerable gain in accuracy
and convergence rate.

3. Peridynamics has been coupled with CUF to reduce the overall
computational cost. The spurious forces arising at the interfaces have
been decreased by improving the coupling technique.

4. The multi-physics problem of the ZrC oxidation has been modeled within
the improved peridynamic framework. In future work we will investigate
the oxidation-induced damage by coupling the diffusion-based model
with a mechanical solver simulating fracture.
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