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The Shifted Boundary Method (SBM)
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* Proposed recently by Professor Scovazzi

« Within the family of approximate boundary methods

» Does not try to reconstruct the embedded interface in the cut
elements

Impose modified Dirichlet boundary conditions at the shifted
boundary
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computations. Part I: Poisson and Stokes problems
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The Shifted Boundary Method (SBM)

—— Skin Boundary I'
—— Shifted Boundary T'

» Impose modified Dirichlet boundary
conditions at the shifted boundary

In order to preserve a 2nd order
convergence we have to take into account
the gradient term:

x |

Taylor expansion:

~

u(x) = w(&) + Vulz - (z — Z) +o(|(z - £)*|)

|
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For the moment
everything is considered
in the parameter space

In the future, the true

boundary will be
considered in the
physical and will need to

be mapped to the

parameter space.
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SBM in IGA

Knot insertion

Knot insertion:

as h tends to zero, the surrogate boundary

tends to coincide with the true one.
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SBM in IGA

Degree elevation 0=4

25 Gauss Points are taken for each knot span
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SBM in IGA

Results: Convergence Studies

Poisson problem:
All the convergence studies are performed on

_ 1€S alt —Au=f on 2
a 2D Poisson problem with Dirichlet BCs.
We have an internal hole defined through an U =up onI'p = 0N
SB method. Therefore:
P>  Manufactured solution:
» External body-fitted Dirichlet BCs. u(:r; y) — sin(x) smh(y)
* Internal SB Dirichlet conditions. d
Penalty-Free weak af (up , wy) = (Vuy, Vuwy )a, — (Vup -7, wp)p, + (Skup, , Vwy, - ),
formulation for imposing =
Dirichlet BCs: In(wn) = (f, wn)g, +(Up, Vwy -7 )5, .

A penalty-free Shifted Boundary Method of arbitrary order

G W J. Haydel Collins®, Alexei Lozinski®*, Guglielmo Scovazzi®*

A7 Design for 1GA-type 2Department of Civil and Environmental Engineering, Duke University, Durham, North Carolina 27708, USA
& discretization workflows b Université de Franche-Comté, CNRS, LmB, F-25000 Besancon, France




SBM in IGA

Results: External Boundary

Comparisonp=1,2, '
3 with EXTERNAL
surrogate boundary 7
with three shapes: N\
= CIRCLE
0.50 1 1.50 1 N
0.25 1 1.25 I~
SQUARE " ]
3 Design for 1GA-type DIAMOND
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SBM in IGA
Results: Optimal Boundary

Comparisonp =1, 2, s
3, 4 with OPTIMAL
surrogate boundary

. . 0.75 1
with three shapes:
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SBM in IGA

Results: Body-Fitted vs External & Optimal

Comparison using p = 1, 2, 3 of the
DIAMOND case (which has not any

particular symmetry).

In the following cases:

 Body-Fitted
approach along the
surrogate boundary

* External Surrogate
Boundary

e Optimal Surrogate
Boundary

Design for 1GA-type
discretization workflows
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Err
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1076 - vel 2
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162 4 p = 1,2,3 DIAMOND, EXTERNAL

3 —a— p = 1,2,3 DIAMOND, OPTIMAL

= p = 1,2,3 DIAMOND, BODY-FITTED
4x10-2 6 x 102 10-1 2 x10-1 3x10-1




SBM in IGA

Results: Condition Number

Condition Number, Diamond

+

The condition number is a measure of the p = 1, EXTERNAL

matrix's sensitivity to numerical errors and its 10 | -+ p =1, OPTIMAL

stability in solving the linear system. E ‘ —4— D = 2, EXTERNAL
] " —— p = 2, OPTIMAL
Amax TR —4— p = 3, EXTERNAL
k(A) ) O é } —— p = 3, OPTIMAL
min E
S 7] |
= 10* 3
Cut-FEM approaches suffer the small c : 4
cut-cell problem which is caused by .8 L]
arbitrary small cut elements (huge g 10
condition numbers). =
O bk

SBM avoids integrating the cut elements.

101! 3
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SBM in IGA

Results: "Small active-support problem”

Why does the condition number explode when
we do degree elevation?

There might be cases where a basis function
has only a small portion of its support which is
active [Small active-support problem].

For instance, when p = 4 the support of each
basis function is 25 knot spans and might
happen that only 1/25 is active and its small
contribution causes instabilities.

(Still work in progress ...)

p75.  Design for 1GA-type
&  discretization workflows

Condition Number

Condition Number, Diamond
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SBM vs Trimming
Trimming

Trimming
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SBM vs Trimming

Comparison

Comparison between :
body-fitted, trimming and

SBM approaches. _—
The polynomial orderis p =

2 and we are using an

embedded square. W=

Ta—rr
-
-
s
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i
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i
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e
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) .
-

-
-

—
—_—

-
-
-

—
—

o
2 o
-

—-—- Second Order

—-—- Third Order

—@— L2, Timming_sharp_corners
@ L2, SBM approach

-@— L2, body-fitted
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Future Work

Optimize the
implementation of

the SBM
technique in IGA.

J

Design for 1GA-type
& discretization workflows

Pull request in the
master of Kratos.

Analysis of the
“small
active-support
problem”

Write a paper
SBM in IGA for a
Poisson problem

J
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