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Simulation Models
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Are We Solving the Equations Right? (Verification) Are We Solving the Right Equations? (Validation)
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A Efficiency: Model Order Reduction (Lecture 2) A Data-Driven (Machine Learning) (Lecture 3)
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Model Order Reduction (MOR)r Parameterizedbystems

Genericparameterizedhechanicaproblem
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Proper Orthogonal Decomposition (POD)
High-dimensionaimodel Karhunen1946;Loevel955;Sirovich1987; Jolliffe 2002
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Fracture in Engineering Problems

Simulating damage initiation and subsequent global structural failure is one of the
most active topics

Concrete Cracks Hepatic surgery
(H.Courtecuissel. Allard, Kerfridenet al. 2014)

However, a primary challenge of applying MOR for fracture is how to represent the
local nature of discontinuities and singularities in the low-dimensional subspaces

Existingmethods
A Hybrid methods fuliorder/Reducedrder based on domain decompositi@allandet al. 2011;

Kerfridenet al. 2012, 2013)
A Locakglobal methodNiroomandiet al. 2012)

goal physicspreservingROM



ProposedVORfor FractureMechanics

Solutiondecomposition
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u": smooth lution

& : nonsmooth lution

Integrated Singular Boundary Function Method (ISBFM)
[Olson et al.1991;Georgiou et al.199q
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FineScale Fracture Model

A Linear elastic fracture mechanics (LEFM) X, Q
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A Reproducing Kernel Particle Method (RKPM)
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correction kernel

V Naturally capture jump across crack

Liu, Jun, Zhang, Int. Numer Meth.Engng 1995
Chen, Pan, Wu, LiltGomput Methods Appl. MeclEngrg 1996
BelytschkoKrongauz Organ et alComput Methods Appl. Meclengrg 1996



NeaFktip Enrichment Basis Function

The enrichment basis functions derived from Wi | | is@dutiod @/Villiam 1952 are
composed of symmetric and anti-symmetric components to the crack surface
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StandardGalerkinWeak From

Galerkin weak form
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ISBFMGalerkinWeak From

Integrated Singular Boundary Function Method (ISBFM)
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U Non-smooth enrichment function
simply appear on boundariesvay
from the crack tip

U Avoid taking highorder domain
quadrature while capturing the
singularity

U Sparsecouplingsubmatrix
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Convergencdestfor Problemwith Singularity
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A Optimal convergence is restored
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Loaded line crack model

IR R Model seting
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Error measurement:




Comparison of Standard and ISBFM Galerkin Methods

~

NE: nunber of nonsmooth enrichment basis

ISBFM-Galerkinmethod improves more th@nmorders of accuracwhile using much
less quadrature poinis fine-scale modeling.

Computational burden reduction



