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- Pixel (Voxel) level deterministic mechanics model
- Pixel (Voxel) level uncertainty quantification
- Pixel (Voxel) level probabilistic solver

= Demonstration examples for Adjoint Lattice
Particle Method (ALPM)
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Introduction — extreme dimension in UNIVERSITY
probabilistic computational materials
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High fidel_ity U Obse_:rved r_anc!omn_ess from %idelity uncertainty
computational model multimodality imaging quantification

= High fidelity model is preferred and sometime required

= The highest resolution is determined by image pixels/voxels

= Pixel/voxel level model for both mechanic model and UQ

= [ssue: extreme dimension, especially for probabilistic analysis
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Pixel/Voxel level computational UNIVERSITY
mechanics model - nonlocal LPM 1
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H. Chen, and Y. Liu. International Journal of Solids and Structures.



Pixel/Voxel level computational RS
mechanics model - nonlocal LPM 2

The potential of a particle in terms  The potential of a particle in terms of the
of the spring elongation: strain components:
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I=1

Neeu number of unit cells  N; number of neighbors for unit cell I  I§ half length of a original spring of unit cell I
nfbthe ith component of unit normal vector of unit cell I in the b direction  ¢&;; the strain matrix component

The potential is conservative, thus the material stiffness matrix can be obtained as :
1 0%Upqre;
continuum —> particle

Ciikt = =
Lkl V1 a&‘l’jaé'kl
V1 the volume of unit cell for the first nearest neighbors

Uparticle

H. Chen, and Y. Liu. International Journal of Solids and Structures. 5
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Pixel/Voxel level computational
mechanics model - nonlocal LPM 3

Analytical solution for model parameters
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mechanics model - nonlocal LPM 4

Solution algorithm - atomic finite element method (AFEM) [ 2. 00 1800 180, 180, 160.]
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Lin, E., H. Chen and Y. Liu, Finite Elements in Analysis and Design.



Pixel/Voxel level computational ARIZONA STATE
mechanics model - model verification

2. Elasto-plastic deformation 3. Crack branching under tension

1. Poisson’ s ratio verification
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Pixel/Voxel level computational LINIVERSITY
mechanics model - demonstration

1. Deformation (Bi-continuous case) 2. Fracture (Particulate reinforcement)
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Pixel/Voxel level uncertainty quantification Axzousmar:
— UQ from two sources

Pixel level UQ
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