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Deformation gradient
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Green strain tensor
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Elasticity
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[§ C. WEISCHEDEL: A discrete geometric view on
shear-deformable shell models, PhD thesis, Universitat
Gottingen (2012).
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[§ C. WEISCHEDEL: A discrete geometric view on
shear-deformable shell models, PhD thesis, Universitat
Gottingen (2012).
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First (linear) shells in NGSolve!

New NGSolve WebGUI!
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e Measure jump of normal vector
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e Measure jump of normal vector
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e Obtain Lagrangian
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Shell problem

Find u € [HY(S)]® and & € H(divdiv, §) for the saddle point
problem

t, 1 6
£(,0) = 35 (ol + tgia) — bagtslfig = 5131 + G(u,0)
— <f7 U>,

with

G(u,0) = Z /fa D Uzja dX — Z /E_[[u3ﬂ]]0'ﬂﬂ ds.
TeTh Ecé,
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t 6
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TeT T
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E
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H(divdiv) := {o € [L?(Q)]9%? | div(div(e)) € H1(Q)}

sym

Mf = {o € [nk(n)]g’yf,,d |n"on is continuous over elements}

[} A. PECHSTEIN AND J. SCHOBERL: The TDNNS method for
Reissner-Mindlin plates, J. Numer. Math. (2017) 137, pp.
713-740.
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[1 M. ComobrI: The Hellan-Herrmann-Johnson method: some
new error estimates and postprocessing, Math. Comp. 52

(1989) pp. 17-29.
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Hellan—Herrmann—Johnson
Find w € HY(Q) and o € H(divdiv, Q) for the saddle point

problem
1 2
L(w,o) =— §||0'H + Z Wiag @ 0 dx — W0y dS
e,/ T aT
— <f7 W>'
Linearization

If the undeformed configuration is a flat plane and f works
orthogonal on it, the HHJ method is the linearization of the
bending energy of our method.
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e Variation of L(u, o) in direction do
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Final algorithm

For given u" compute

{v}" = Av(u").

Then find u € [H'(8)]? and o € H(divdiv, §) for

t 6
Liwyn(,0) = SNErr ()i = 101341 + oyl @) = (F,u),

with

Gpyn(u,0) = Z

>
5—

oc:(H,+(1—-7-v)VD)dx

~

_/A(Q(P?{l/}n.ﬂ)<I({I>}./A[))Uﬂﬁd§.
oT
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Hellan—Herrmann—Johnson method for plates and nonlinear shells
in NGSolve!

NGSolve
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@ T. REGGE: General relativity without coordinates, // Nuovo
Cimento (1955-1965), 19 (1961), pp. 558-571.
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e Metric tensor

@ T. REGGE: General relativity without coordinates, I/ Nuovo
Cimento (1955-1965), 19 (1961), pp. 558-571.
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e Metric tensor

e tangential-tangential continuous

@ T. REGGE: General relativity without coordinates, I/ Nuovo
Cimento (1955-1965), 19 (1961), pp. 558-571.
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Regf == {o € [nk(m]g’;nd | tTot is continuous over elements}

[ S. H. CHRISTIANSEN: On the linearization of Regge calculus,
Numerische Mathematik 119, 4 (2011), pp. 613-640.
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Regf == {o € [nk(m]g’;nd | tTot is continuous over elements}

[§ L. Li: Regge Finite Elements with Applications in Solid
Mechanics and Relativity, PhD thesis, University of Minnesota

(2018).

26



TECHNISCHE
Regge elements UNNERSITT

Regf == {o € [nk(m]g’;nd | tTot is continuous over elements}

H(curlcurl) :=={o € [L2(Q)]gde |curl (curl )T e [H71(Q)]9 <"}

m
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1
?HI'IszTT”%/’
1
Isym(P-V7u)|| = 15 (tajs + Ugja) = bas s

e Reduced integration for quadrilateral meshes
e Regge interpolant for triangles
e R cRegf, Q c[Reg)]”

1
SRR+ (Q.R - E.o)
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Lo . I - [C(Q)]*? — Regy
() : [Regp]” x Regy — R Ny
(V, ) = V(p) o=y Vi(o)e;
i=0

e Edge functionals

wEani O / Orere9E,i dS, {qE7,-} basis of nk(Eag)
Eap

e Element functionals

Vri:io— / o qr;dx, {qr,} basis of [M=1(7) ﬁyx,,?
T
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1
?HI’/k%ETT”%VI

1
Isym(P>V-u) [ = 15 (tajs + tpja) = bapusllia

e Reduced integration for quadrilateral meshes
e Regge interpolant for triangles
e R € [Regf]?, Q € [Regf]* 9

1 2
§||RHM +(Q,R—E.;)
u continuous (pw smooth), F, t-continuous, E ., tt-continuous
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1 k
pHI’RETT”%\/I

1
Isym(P+V-) [ = 15 (tajs + Usja) = bapusllia

e Reduced integration for quadrilateral meshes
e Regge interpolant for triangles
o R e [Reg]®, Q € [Regf]"*

1
SR+ (@R E..)
New feature: InterpolationCF. Lukas Kogler
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Application of interpolation operator: MITC elements!

NGSolve
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o Koiter shell element

e Moment tensor

e Generalization of HHJ to shells

e Kinks without extra treatment

e Membrane locking & Regge calculus

e Regge interpolant to overcome locking

e Extension to Naghdi shells

Thank You for Your attention!
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