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MESHFREE MULTISCALE METHODS

Fast simulation of localized material failure for macroscale material

samples through

m efficient (Generalized) Finite Elements for global linear elasticity

problem and

m the use of solution from a local particle simulation

m as enrichment to construct discontinuous shape functions for the

global problem.

DISCONTINUOUS APPROXIMATION OF PERIDYNAMICS

m (Modified) Moving Least Squares approximation of displacements

from impact simulation (not yet used as enrichment)

m upper left: coordinates x; + u;' from Peridynamics, color coding

shows ||uf'||
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m lower left: coordinates x; + 17"(x;) from MLS approximation

I(u) = n" of Peridynamics data x;, uf’, A
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approximation error
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SETUP

m Symmetric constant loads applied in left corners

m 4 x 4 bilinear Lagrange elements, 50 dof ¢;

m 400 Peridynamics particles throughout whole

domain

m P; = span{1l}, Automated choice of enriched dof

m 20 GFEM timesteps with 20 x 5 Peridynamics
timesteps

m No global boundary conditions
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FOR SOLIDS

Sa Wu, Marc Alexander Schweitzer

DAMAGE EVERYWHERE

m Enrichments and particle simulation needed everywhere

m No speedup expected

PERIDYNAMICS SIMULATION WITH PARTICLES
m Nonlocal equation of motion

pu(x, t) = /Q(x) f ((u(x, ) = u(X, ) oo X — x) dx + b(x, t)

m No gradients, discontinuities occur naturally

m Discretization: fix x;, calculate uf ~ u(x;, t,)

m Example: Peridynamics simulation of brittle impact

u'tt =ouf —uf!

Z f ((m —> U}n — Ulm) ’(—oo,n] , Xj — Xi) Vi,j —+ b(Xi7 tn)

JEN;

m Explicitly track bonds and bond failure between particles

1 f (m%u!“—u{")‘ ,x-—xi) 0
AT = ( ) (o) a

0

vector field approximation 1"+

Data x;, ui"+1
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m Enrichments and particle simulation needed only locally
m Speedup depending on localization of damage expected

m Example: Peridynamics simulation of petaling
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Use global solution u(-,t,) to to

~

choose domain |J;cpn+1 supp(ei) 2 xi

and initial and boundary conditions

n

(e.g. ul
Peridynamics run(s)

u(x;, t,), ...) for local

(At)?
0

LINEAR ELASTICITY WITH GENERALIZED FINITE ELEMENTS
m Local equation of motion

pu(x,t) = pAu(x, t) + (A + p)Vdivu(x, t) + b(x, t)
= (L;u(-, t)) (x) + b(x, t)
m Partition of Unity 0 < ; < 1,/ € | € N, suff. smooth, locally
supported, > ., i = L.

|
m Local approximation spaces P; (polynomial(s)), Ei""'1 D ()
(enrichments) on supp(y;)

i ¢ 1"t

span {77
0

m Global shape functions for timestep t,.1

U{ew:perPtu [ {(em™)}

iel

n+1
Erl =

e+l

m Discretization: find coefficients (c”l)l_el and (d?+1)i€|n+1 such that

l,-

MOVING LEAST SQUARES

m Scattered data x;,u

" (x) =

3 (p) = D W (x) (™ — plox — )

m W't are normal Moving Least Squares weights W; (some kernels)

modified to take A:j'"l into account

m Take wi;(xi) = 1,w;; <1 locally supported
W{""l(x) :

n+1

q;(0)

approximation with

u(x, tni1) = > @ilx) | D cp(x) | + Y dit (oin™h) (x)

n+1 . iel pEP;

gy :=argmin J7(p)
peP

ic|"tl

RO (Lou(- 1)) (x) + b(x. )

;2u(x, ty) — u(X, t,_1) +

(Discontinuous) enrichment 1"+ for

= Wi(x)

11

AT =0}

(1 — wj,i(x))

construction of new shape functions

@in™t1 for global elasticity problem

Timestepping from u(-, t,) to u(-, t,11):
From global solution u(:, t,) find patches supp(¢;),

necessary.

On ;1 supp(¢pi) use u(-, t,) to seed x; and find initial and boundary conditions to

Run local particle simulation to get x;, u;’
n+1

From x;, u,

Use basis | .., {@ip: p € Pi} U {(gom"“) }i€|n+1 to solve global problem yielding u(-, t,.1).

reconstruct vector field "1 with gradients.

FINAL PERIDYNAMICS CONFIGURATION
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A first 2D Example

FINAL ENRICHED NODES SPARSENESS OF FINAL GFEM MASS MATRIX
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SOME RESULTING SHAPE FUNCTIONS
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