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Presentation topics

- Continuous partition of unity with Ck-GFEM

- Defining an approximation subspace

- Enrichment patterns and convergence rates
- Quality assessment through global measures
- Configurational forces method

- Quality assessment through local measures

- Smoothness, enrichments and conditioning

- Some improvements beyond...
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C” partition of unity — convex clouds

- No shape restrictions

- no coordinate mapping

- flat-top property

- simple numerical integration

- blending

Edwards, C* finite element basis functions, Report 45,
Institute for Computational Engineering and Sciences — The University of Texas at Austin, 2006



C* partition of unity — convex clouds

No restriction of patch shape
Free of coordinate mapping!
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Some improvements

peyond Duarte, Kim and Quaresma, Arbitrarily smooth generalized finite element approximations. Computer

Methods in Applied Mechanics and Engineering, 196 (2006)

Barcellos, Mendonca and Duarte, A Ck continuous generalized finite element formulation applied to
laminated Kirchhoff plate model. Computational Mechanics, 44 (2009)
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Defining the degree of an approximation

for C% PoU (conventional tent

b = p+1 FEM shape function)
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f | ’ b = degree of reproducible polynomial
p = degree of polynomial enrichment
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Mendonga, Barcellos and Torres, Robust Ck/CO generalized FEM approximations for higher-order
conformity requirements: application to Reddy’'s HSDT model for anisotropic laminated plates.

enrichments Composite Structures, 96 (2013)
conditioning

Srnoothness,

Some improvements Mendonga, Barcellos and Torres, Analysis of anisotropic Mindlin plate model by continuous and non-
peyond... continuous GFEM. Finite Element in Analysis and Design, 47 (2011)




Enrichment pattern X convergence rates

Topologic enrichement
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Smoothness number of cells in each direction
enrichrner

conditioning

 improveme Béchet, Minnebo, Moés and Burgardt, Improved implementation and robustness study of the XFEM for
stress analysis around cracks. International Journal for numerical method in engineering, 64 (2005)

sSome
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Laborde, Pommier, Renard and Salaun, High-order extended finite element method for cracked
domains. International Journal for numerical method in engineering, 64 (2005)
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Geometric enrichment pattern

M1

M2
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Convergence in terms of global values

relative error in strain energy
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Local measure using configurational forces

x-component of Eshelby stress tensor configurational forces
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Glaser and Steinmann, On material forces within the extended finite element method. Proceedings of
the sixth European Solid Mechanics Conference (2006)

Hausler, Lindhorst and Horst, Combination of the material force concept and the extended finite
12 element method for mixed mode crack growth simulations. International Journal for Numerical Methods
in Engineering, 85 (2011)




Variational balance of material linear momentum
Y (u) =W (u) [-L"(u) o (u) Eshelby tensor

X ={% %, Sy Sy} W= 1ole
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Geometric enrichment
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Convergence in J-integral

relative error in J - integral
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Topologic enrichment pattern

M1 M2
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Energy
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relative error in strain energy
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Convergence rates for A-refinement

enrichment pattern PolU b= b= b=3
egeometric R1 C'(Q) 0,33 0,91 1,42
C=(0) 0,33 0,91 1,43
eeometric R2 cU(Q) 0,24 0,74 1,07
C*(Q) 0,34 0,90 0,88
topologic cY(Q) 0,05 0,04 0,02
C=(Q) 0,29 0,26 0,28
theoretical category A 0.50 1,00 1,50

theoretical category B




Condition number Nc
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Eigenvalues distribution X enrichment

- Geometric patern;
- Uniform p-enrichment
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Eigenvalues distribution X enrichment

Topologic enrichment

1.0E+12 = &= M1, CO, cloud
—&—M1, Ck, cloud
1.0E+11 == M2, CO, cloud
—a— M2, Ck, cloud
1.0E+10 -~ M3, CO, cloud

Continueus: pastition

URIty Wity CX=GISENV]

—8— M3, Ck, cloud
M4, CO, cloud
—o—M4, CK, cloud

1.0E+9

IDEfiningG an:

:lfJfJfQ/J pleltle)n]

conditioning number

oL J\UD:\\

suUres

Smoothness,
enrichments and
conditioning

mprovement

number of occurrences

AN TATAN
[T

1.0E+0
1.0E-3 1.0E+0 1.0E+3

eigenvalue magnitude order




Contunueus partitien o

Uity with C=-GEEM

B)=illiple) =ln)
2PPIEXIMELON

SR A E
JUDJQC!Ci

ErIfCIErt Oeltisrns

anc convergencs raigs

Quzlity aissessmerit
througn glooal

rmezsures

Configurational forces

rmetnod

Quality assessrent
through local
rmeasures
Srnoothness,
enrichments and
conditioning

Some improvements
beyond...

23

Exact error dispersion (u, — u)
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Geometric
enrichment

R2



Concluding remarks

- Continuous stress fields around singularity provide
better severity crack parameters

- Polynomial enrichments together with branch
functions may adaptively improve the stress fields

- Continuity may conduct to better computation of nodal
Eshelby forces
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