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GENERAL IDEA

SOLVE LINEAR ELASTICITY WITH DISCONTINUOUS

BAsis FUNCTIONS

WHAT ARE OUR GOALS?

m Fast simulation of material failure: crack nucleation and growth
m Linear Elasticity

pil(x, t) = f(x u(x 1), Vu(x, t), Viu(x t),- -, t) + b(x, t)
~ pAu(x, t) + (A + p)Vdivu(x, t) + b(x, t)

m Explicit time integration
m Partition of Unity 0 < ¢; < 1, suff. smooth, locally supported,

Dierpi=1.
B Given some enrichment 7" and I” C [ find coefficients ¢, d (higher
order terms v € V) such that

ta) =>_ @i(cf1+ V) + > df (em")
icl icln
B Resulting mass matrix and linear system from weak form (higher
order terms v} left out for ease of notation)
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GENERAL IDEA

PERIDYNAMICS

WHERE DO WE GET DISCONTINUOUS BASIS FUNCTIONS FROM?

m Nonlocal equation of motion
pu(x, t) = / 7‘((u(>~<7 DERTCED) S S t) dx + b(x, t)
Q(x)

m No gradients, discontinuities occur naturally
m Discretization: fix x;, calculate u ~ u(x;, t,)

Pl = S F( (4 = 7)oy 25— %) Vs + b tn)
JEN;

DAMAGE EVERYWHERE LOCALIZED DAMAGE




FENERAL IDEA

MESHFREE MULTISCALE ALGORITHM

HOwW DO WE PUT TOGETHER OUR PARTS?

From global solution u(-, t,) find
patches where microscale information
necessary.

On these patches use u(-, t,) to seed
x; and run local particle simulation to
get x;, ul Tt

From x;, u7+1 reconstruct vector field
7"t with gradients.

Use basis

1
{‘Pi}iel U {(‘P:TI"-‘F )}i61"+1g/ tO SO|Ve
global problem yielding u(-, tp+1).

COUPLING

m vertical: shape functions for global problem from local solution

B horizontal: initial and boundary conditions for local problem from
global solution



SOME CIFIC CURRENT CHOICES

MOVING LEAST SQUARES

How DO WE OBTAIN GRADIENTS FROM PERIDYNAMICS?

m Add Weights W; in least squares
functional

n"(x) :==q,(0)  q, :=argmin Jy(p)
pEP

K(p) = 3 W) (uf = plos = )?

m Adjacency information from
Peridynamics at time t,:

AT 1 Bond between x;, x;
710 Broken bond between Xiy Xj

m Take W,"j(X,') =1, Wi j <1 IocaIIy
supported
W) == Wi ]
{j:A‘!',j:O}

(1 — w;i ()

B in spirit similar to
visibility criteria



ENT CHOICES

APPROXIMATION EXAMPLES

WHAT CAN WE DO WITH THE MODIFIED WEIGHTS?

approximation error
pe)



CONFIGURATIONS

SETUP

Symmetric loads applied in left corners

4 x 4 bilinear Lagrange elements, 50
dof

400 Peridynamics particles throughout
whole domain

Automated choice of enriched dof

Condition of mass matrix without
enrichment 9

20 GFEM timesteps with 20 x 5
Peridynamics timesteps

No global boundary conditions, new
initial conditions for each Peridynamics
run from previous GFEM solution

A 2D EXAMPLE




AMPLE

SOME SHAPE FUNCTIONS
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A 2D EXAMPLE

LINEAR SYSTEM IN LAST TIMESTEP

ENRICHED x NODES NUMBERS

Soe i m 11 additional enriched dof, total 61 dof
m Condition number of mass matrix ~ 25
SPARSENESS OF MASS MATRIX
ENRICHED y NODES
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A 2D EXAMPLE

SOLUTIONS

m Solution encompasses
discontinuity

“H‘J'; T
| x

T0.598

m Solution differs from pure
Peridynamics solution

m Automatic choice of enriched
nodes chooses only local
enrichment

DIFFERENCE
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AND OUTLOOK

SUMMARY

TAKE AWAY

B Resolve fine-scaled features only where really necessary

m Use vector field reconstruction of solution from particle method as
enrichment function

CONCLUSIONS

m Particle methods on macroscale too expensive

m Enriching everywhere even more so

Modified Moving Least Squares captures discontinuities (with
adjacency information)

m Quadrature needs improvement

m Enriching everywhere leads to very badly conditioned system
m Scaling of new Shape Functions very important
]

Partial monotonicity of energies
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