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e v: S — S? normal vector field

Vv: TS - TS v

e First approach: Find x € H(divdiv) s.t. for all ¢ € H(divdiv)

/HZ:O’O’XZ/VTVZO'C/X
T T

= —/ v div (o) dx+0
.
e Affine geometry

e V,v=0onT

e jump over edges
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e Piola transformation

Fa F =V, J=/det(FTF)

(S

uo®d = P[i] =
e Preserve normal-normal continuity

1
cod = ﬁF6FT

)

N



TECHNISCHE
Transformation of H(divdiv) functions M NIESTAL

WIEN

e Piola transformation

uo® = P[d] = =Fa F =V3®, J=| cof(F)|

(S

e Preserve normal-normal continuity

1
cod = ﬁF6FT

)

/\



WIEN

TECHNISCHE
Transformation of H(divdiv) functions M URIVEREITAT

e Piola transformation

uo® = P[d] = F=V3®, J=|cof(F)

g\'—‘

e Preserve normal-normal continuity

1
O’Oq):ﬁFa'FT

o

~



TECHNISCHE

Deformed surfaces UNIVERSITAT

WIEN

e Solving on simple reference domain

e Avoid meshing complicated geometries



TECHNISCH_E
Deformed surfaces UNIVERSITAT

WIEN

e Solving on simple reference domain

e Avoid meshing complicated geometries

1
/n:odx:/ﬁF/%FT:Fc?FTd)?
S sJ



WIEN

TECHNISCH_E
Deformed surfaces UNIVERSITAT

e Solving on simple reference domain

e Avoid meshing complicated geometries

1
/n:odx:/ﬁF/%FT:Fc?FTd)?
S sJ

cof(F)D

/Tudiv(a)dx:/fJW

‘ div(c) o ® d&



TECHNISCH_E
Deformed surfaces UNIVERSITAT

WIEN

e Solving on simple reference domain

e Avoid meshing complicated geometries

1
/n:odx:/ﬁF/%FT:Fc?FTd)?
S sJ

/ vdiv(o) dx = / Judiv(e) o d dX
T 7



TECHNISCH_E
Deformed surfaces UNIVERSITAT

WIEN

e Solving on simple reference domain

e Avoid meshing complicated geometries

1

/n:odx:/ﬁF/%FT:Fc?FTd)?
S sJ

/udiv(o)dx:/JDdiv(U)0¢dQ
T T

/{I/}“Veldl,/y,ds:/ J"”"{ﬁ}.ae,(F&FT)W,dg
or T Jor P o




WIEN

TECHNISCH_E
Deformed surfaces UNIVERSITAT

e Solving on simple reference domain

e Avoid meshing complicated geometries

1

/n:odx:/ﬁF/%FT:Fc?FTd)?
S sJ

/udiv(o)dx:/JDdiv(U)0¢dQ
T T

/{I/}“Veldl,/y,ds:/ J"”"{ﬁ}.ae,(F&FT)W,dg
or T Jor P o

COf(FL)ﬁL + COf(FR)ﬁR
H COf(FL)ﬁ[_ + COf(FR)ﬁR||

{r} =



WIEN

TECHNISCH_E
Deformed surfaces UNIVERSITAT

e Solving on simple reference domain

e Avoid meshing complicated geometries

1

/n:odx:/ﬁF/%FT:Fc?FTd)?
S sJ

/udiv(o)dx:/JDdiv(U)0¢dQ
T T

/{I/}“Veldl,/y,ds:/ J"”"{ﬁ}.ae,(F&FT)W,dg
or T Jor P o

cof(FL)Dr + cof(Fgr)Pr _ F?
H COf(FL)ﬁ[_ + COf(FR)ﬁR|| ’

{r} =



WIEN

TECHNISCH_E
Deformed surfaces UNIVERSITAT

e Solving on simple reference domain

e Avoid meshing complicated geometries

1

/n:odx:/ﬁF/%FT:Fc?FTd)?
S sJ

/udiv(o)dx:/JDdiv(J)0¢dQ
T T

/{I/}“Veldl,/y,ds:/ J"”"{ﬁ}.ae,(F&FT)W,dg
or T Jor P o

cof(FL)Dr + cof(Fgr)Pr _ F?
H COf(FL)ﬁ[_ + COf(FR)ﬁR|| ’

{r} =



TECHNISCHE

Deformed surfaces UNIVERSITAT

WIEN

Transformation
Let cod = %F&FT and ® = id + u. Then

/JVdIV Joddgk =— / 7i(V(P®D); — H;) : 6 d&,

where H; .= V?u;.



TECHNISCHE

Deformed surfaces UNIVERSITAT

WIEN

Transformation
Let cod = %F&FT and ® = id + u. Then

/Judlv Joddgk =— / 7i(V(P®D); — H;) : 6 d&,

where H; .= V?u;.

Curvature on deformed surface
! 1
/§ FF/%FTF&FT dg = ET:/T 5 Z (V0 @ D) — H;) : 6 dR

J
+ [ B o) FOF T )ous, d8
o1



TECHNISCHE

Deformed surfaces UNIVERSITAT

WIEN

Transformation
Let cod = %F&FT and ® = id + u. Then

/Judlv Joddgk =— / 7i(V(P®D); — H;) : 6 d&,

where H; .= V?u;.

Curvature on deformed surface

1 1
/gFF%FTFc?FT dﬁ—;/?JZD,-(T(f/ ® D) — H;) : 6 d&

J|
+ [ B o) FOF T )ous, d8
aT



TECHNISCHE
UNIVERSITAT

2.752001
30900001 5.96es01 2750001

=

0029002

1.9%%0000

Toiem

=
VAVAVALYAVAY

o.3300-m

=

()]
0
b
S
-
I
>
S
S
o
=
o
=
<
X
Wi




Nonlinear shells




TECHNISCHE
Shell energy Uwh]lll—:\:\lERSITAT

W(u) = | Ex-(u)llfs + £]|7(u) — rrll3



TECHNISCHE
Shell energy Uwh]lll—:\:\lERSITAT

W(u) = | Ex-(u)llfs + £]|7(u) — rrll3

e Membrane energy



TECHNISCHE
Shell energy Uwh]lll—:\:\lERSITAT

W(u) = | Ex-(u)llfs + £]|7(u) — rrll3

e Membrane energy T
e Bending energy



TECHNISCHE
Shell energy Uwh]lll—:\:\lERSITAT

R «— —
W(u) = [|E ()l + ?|3(u) — kel
e Membrane energy T
e Bending energy
—



TECHNISCHE
Momentum m UNIVERSITAT

WIEN

e Assumption: kg = 0, neglect F, J

Llu,p ) = [ Eer(u)lifs + (1]



TECHNISCHE
Momentum m UNIVERSITAT

WIEN

e Assumption: kg = 0, neglect F, J

e Use Lagrange multiplier o

L(u,,0) = | Err(u)llfs + ElIRIR + (7, 0)12 — G(u.0)



TECHNISCHE
Momentum m UNIVERSITAT

WIEN

e Assumption: kg = 0, neglect F, J

e Use Lagrange multiplier o

L(u,,0) = |Err(0)llfs + 2[|]17 + (R, 0) 12 — G(u, 0)

ZL(u, ko) =282Mi+ 0 =0



TECHNISCHE
Momentum m UNIVERSITAT

WIEN

e Assumption: kg = 0, neglect F, J

e Use Lagrange multiplier o

L(u,,0) = |Err(0)llfs + 2[|]17 + (R, 0) 12 — G(u, 0)

0
o7 L(uh.0) =20 Mi + o =0
=R ! !

v — g

' 2t2



TECHNISCHE
Momentum m UNIVERSITAT

WIEN

e Assumption: kg = 0, neglect F, J

e Use Lagrange multiplier o

L(u,,0) = |Err(0)llfs + 2[|]17 + (R, 0) 12 — G(u, 0)

0

o7 L(uh.0) =20 Mi + o =0
N 1

#fv,ifﬁ/w g

e Lagrange parameter has physical meaning of momentum
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Shell problem
Find u € [H'(5)]? and & € H(divdiv, ) for the saddle point problem

1
W(w,0) = | Exr(@)}s = 5e5llol + G(u,0)
with

G(u,0) = Z/ o Hzdg — / AP} - Det0p,, dS.
e ot

e Saddle point problem, indefinite matrix

e Hybridization techniques possible
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Hellan-Herrmann-Johnson
Find u € H}(Q) and o € H(divdiv, Q) for the saddle point problem

W(u,0) = —*”0'”24- Z/Vudlv dx—/ (Vu)roy,r ds

TeT o

—/f-udx
Q

Linearization

If the undeformed configuration is a flat plane and Jf
f works orthogonal on it, the HHJ-method is the
linearization of the bending energy of our method.

-
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e {7} needs information of two elements the same time

e DG, fixpoint iteration
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1

m (P{D}"De) + Ber)

e Use averaged normal vector {7}" from last step

Only element wise information needed, but fixpoint iteration

B has physical meaning of correction rotation

e Add correction terms to avoid iterations
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Final algorithm for one loadstep

For given u” compute
{7}" = Av(u").

Then find u € [HY(5)]9, o € H(divdiv, )% and 8 € H(div, 5)?™ for
saddle point problem

1
Wioy(8,0,8) = 1Enr(0) s — gezlloliss + Gope(u,0,5)
with

Goye(u, 0, B) :Z/fa : Hy d%
T

N

S.

1 —\n= L
_ afW(P{V} ’/e/""ﬂye’)a”e’”é’d
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