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Position Aware Linear Solid (PALS)

QOutline

Review the practical issue/problem of surface effects
Introduce (PALS) & compare linear peridynamic solid (LPS)
Selecting/creating/evaluating influence functions

Matching deformations: dilatation, deviatoric

Examples: compute dilatation, energy density for simple shear
What do the PALS influence functions look like?

Summary, closing commments, and path forward
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What is the Dreaded Surface Effect?

Example: Isotropic-Ordinary Model

Stress versus Strain

Axial Displacement  zw

Stored Elastic Energy
" — 2

ring Stress (GF

Enginee

The following related aspects contribute to the above mismatch.
@ Geometric surface effects

@ Nonlocal model (dilatation on surface) and model properties
@ Discretization error
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Ordinary peridynamic models

Dreaded Surface Effect

Causes relate to material points near surface

% Mathematical models assume all points are in the bulk

+ Points near surface are missing bonds
* Missing bonds imply and induce incorrect material properties
+ In the bulk mathematical models are consistent

% Isotropic ordinary materials have a dilatation defect at the surface

Surface

In the bulk
e by Missing bonds
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Ordinary peridynamic models

Dreaded Surface Effect

Model Problem

9 Simple shear (more later)

v
i+ Dilatation Energy Density: with/without including dilatation

Proposed Corrections
9 DSF: Position aware scalar correction (March 2013)

% PALS: Today’s presentation
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Isotropic ordinary elastic models
Compare LPS with PALS
Kinematics

e=¥|-X| e=e-2IX| Bond:§ =¥ -x=X()
Linear peridynamic solid (LPS) model

1, o 3

15
m=olx|e|X], a=-—k
m

PALS model

1
W=§K92+u(6§)o§, 0= (wlX|)ee
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Selecting influence functions
Compare LPS with PALS

Linear peridynamic solid model
% o is given and used for every point in mesh
PALS model
% m, o are computed for each point in mesh
9 Initial influence functions wy, 6y given
9 Select @, ¢ as best approximations to wy,0p subject to kinematic

gk
constraints: matching deformations ek (&) = ‘gg ‘é

H(@,A16) = ;(w ) e A4 (@|X| ok — Tr(HYY)

I MO‘

. 1 6
J(o, ) = 5(0—c0)e (o —0p) - Z [(ce") e ek — |dev symm H*|?]
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Matching deformations

Probe operator ¢*(&)

Dilatation

Let probe A be denoted by A=XX =YY =277

XX 0070 0 0][00 0

000l ]O0OYo| |00 0

0 00 [0 0 0] [00 2z
P e pe

Let bond & components be denoted by {a,b,c}

. Ad? ,  Ab? 5 Ac?
= — e = — e = —
] ] 4

e
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Matching deformations

Probe operator ¢*(&)

Deviatoric

Let probe A be denoted by A=XY =XZ=YZ

0 XY O 0 0 Xz 0 0 O
Xy 0 O 0 0 O 0 0 YZ
0 0 O XZ 0 0 0 Y7 O
H4 [.}g ‘,6

Let bond & components be denoted by {a,b,c}

4 2abA s 2acA 6 2bcA
= e = ——- e =
< S| S|
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Model problem: simple shear
PALS versus LPS: expectation dilatation 6 =0

Simple shear

u=7y; v=0; w=0; y=10x10"°

Dilatation
LPS PALS
5.0t3e-07—E4&7 fyoae-m—Em
%2577 é
B §
—5.08e—077t4677 3.83e-1 3E ’
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Model problem: simple shear
PALS versus LPS

Simple shear

u=7y; v=0; w=0; y=10x10"°

Wy =1u¥; u=6.923x10""; W, ~.34615

PALS
0.34615-
' :
i
y M 034615k
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Model problem: simple shear

PALS versus LPS

Estimated shear stress
Oy R force densityxh

12.0
11.0f
10.0}
u':c_> 9.0
x 80| /\/\
2 70
‘% 6.0
Simple shear unit cube h = % g 5.0 Remlm;:pze;zzﬂ
Shear stress Oy = 17 = 6.923 x 10° 4.0 o f/;':
u=gy; v=0;, w=0; y=1.0x10" 30
B =6.923x 10" 28502 03 05 07 08 10

Cube axial coordinate

() sendia Natonal Laboratories John Mitchell

o



Model problem: simple shear bar

PALS versus LPS: Applied deformation
Dimension: 1 x 1 x5
Mesh resolution: n, X ny X n; = ny X ny X 5ny
Shear stress 0y, = Uy = 6.923 x 10°
u=0; v=0;, w=%y; =1.0x10"°

fo =5 % Oy, = 3.4615 x 10°
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Model problem: simple shear bar

PALS versus LPS: Applied deformation

Estimated stress along top surface; Resultant force

12.0 12.0
11.0 — 11.0
10.0 Reaction force: f, | 10.0 Reaction force: f,
© Expected: 3.4615e+ 06 © Expected: 3.4615e+ 06
1 1
o 90 PALS: 3.6109e+ 06 o 90 PALS: 3.5915e+ 06
x 80 LPS: 3.9429e+ 06 x 80 LPS: 3.8805e+ 06
a a v o
o 7.0 o 7.0
? 6.0 Resolution = 7x7x35 ? 6.0 Resolution = 9x9x45
@© = Expected [ = Expected
_ch 5.0 e—e PALS _ch 5.0 e—e PALS
? 40 o LPS 2 40 o LPS
3.0 3.0
2. : : : : 2. : : : :
8.0 1.0 20 3.0 4.0 5.0 8.0 1.0 20 3.0 4.0 5.0
Bar axial coordinate Bar axial coordinate
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Model problem: simple shear bar

PALS versus LPS: Applied deformation

Estimated stress along top surface; Resultant force

12.0 12.0

11.0 — 11.0

10.0 Reaction force: f, | 10.0 Reaction force: f,
© Expected: 3.4615e+ 06 © Expected: 3.4615e+ 06
o 90 PALS: 3.5791e+ 06 o 90 PALS: 3.5704e+ 06
x 80 LPS: 3.8408e+ 06 x 80 LPS: 3.8135e+ 06
a % d a
4 7.0 ° 7.0
? 6.0 Resolution = 11x11x55 ? 6.0 Resolution = 13x13x65 .
@© = Expected [ = Expected
_ch 5.0 e—e PALS _ch 5.0 e—e PALS
@ 4.0 —e |PS @ 4.0 —e |PS

3.0 3.0

2. : : : : 2. : : : :

8.0 1.0 2.0 3.0 4.0 5.0 8.0 1.0 2.0 3.0 4.0 5.0
Bar axial coordinate Bar axial coordinate
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Mesh Refinement Study

Horizon is tied to mesh element size h: 6 = 3 h

Model problem: tensile test N: number of cells thickness
N=2 N=3 N=7

= 10.0 u

g

3 50

g

’ag) 6.0 —— Elastic Modulus

g -_ N 0.1860

gi bl 0.1240

w 4.0 —_ N

0.0744
0.0531

-0 1 2 3 4 5 6 7
Engineering Strain (m/m)

e Convergence with smaller mesh size

e Convergence slow but apparent

e Solution jumps across green line S EEE |
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What do the PALS influence functions look like?

Horizon

o
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PALS dilatation influence function: FACE

Smooth
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PALS dilatation influence function

Mesh
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PALS dilatation influence function
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Position Aware Linear Solid (PALS)

Summary
% Reviewed the practical issue/problem of surface effects
% Introduced novel Position Aware Linear Solid model (PALS)
9 PALS dilatation and energy density correct in pure shear
% Using PALS may require some form of stabilization

9 PALS forces may have some non-physical forms; zig/zag
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Position Aware Linear Solid (PALS)

Closing Comments and Path Forward

Comments
9~ Surface effects remain an important problem to be addressed
9 Some indication that the appropriate scaling of moduli at the
surface depends upon the displacement field (even for small
displacements)
Path Forward

3~ Augmented PALS (APALS) model

* Augmented functional which includes energy density

% Couples Lagrange multipliers with displacements

* May address both stability and non-physical forces (zig-zag)
* Additional and unwanted complexity
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