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t t3 R
W(u) = 21| Exr(W)llfa + 52 IFTV (v 0 6) = VoIl
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Shell problem (Hybridization)
Find u € [HY(5)]3, o € H(divdiv, $)% and a € I(5) for

t 6
L(u,0) = 5| Er ()l = lloly + Gu,0,0) = (f, u),

with
B ) = Z[U:(HU+(1—ﬁ-u)Vﬁ)d£
TeT T
1 .
= 30 [l R) = (oL 2R (0 + ) B8
EEéh E
—|—/A(\/;HO'[;/;H ds.
E
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VK = 1K(Th) N CO(5h)

¥y = {o € N(Th)lyml [opa] = 0}

[] A. PECHSTEIN AND J. SCHOBERL:
The TDNNS method for
Reissner-Mindlin plates, J. Numer.
Math. (2017) 137, pp. 713-740.
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Hellan—Herrmann—Johnson
Find u € H(Q) and o € H(divdiv, Q) for the saddle point

problem

1
E(u,o-):—§||a'||2+ > /TVu-div(a) dx—/aT(Vu)Taqus
TeTh

—(f, u).

[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 u € H(Q) and o € H(divdiv, Q) for the saddle point
problem

L’(u,a):—%||0'||2+ 3 /TVu-div(a) dx—/ (Vt), 0 ds

TeT oT
_ <f7 U>.

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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/A(<(VL, vr) = <UD, PRr))o s {v}

E

| (@) = <00}, 1o
oT

)= PL({v}")
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Final algorithm

For given u" compute
{v}" = Av(u").
Then find u € [H'(8)]? and o € H(divdiv, §) for
= LE )3y - Lol + G f
Liopr(,0) = SIE ()0~ Sllol3yms + Guyole o) — (F, a),
with

Goyr(u,0) =Y /f_a:(H,,+(1—z?-u)Vﬁ)d>A<
TeTh

—/A(Q(PTLC({I/}”)AN) — <({7}, 1))opp dS.
oT
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e Normal-normal continuous moment o

e Preserve kinks l

e Variation of L(u, o) in direction do

/(<(VL7 vRr) — <(P1, PR))6opp d§ = 0
E

= <I(VL, I/R) — <{(QL, ﬁR) =0
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1
osl o E=12x10°
8 V:0
£ 061
s L=12
= 04p W =1
021 t=0.1
0 M = 50%

deflection
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NGSolve

deflection
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e g prer= ey 25100000 ey "2 elaeron 2 b = 26100000
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e t =0.04
P =50
E = 6.825 x 107
vr=20.3
SR R =10

AVAVA YAYA
RIS

h 2 1 0.5 0.25
pl | 4.1218 3.8811 3.8560 3.8735
p3 | 3.8319 3.8781 3.8796 3.8796 02

P/Prax

4
22
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Hemispherical Shell WEEN

1|7 pLA j

——pl B
0.8 i
h 2 1 0.5 0.25 Q:go,ﬁf i
pl | 41218 3.8811 3.8560 3.8735 = ¢ |
p3 | 3.8319 3.8781 3.8796 3.8796 02f )
o i
0 1 2 3 )

4
22
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e P=6x10°
E=21x10"
v=20.3
t=0.1
L=10
W =2
H=1

e Membrane stress X, at point A

pl p3
8x6  —0.7620 x 108 —1.0929 x 108
32x15 —1.0777 x 108  —1.0933 x 108
64x30 —1.0989 x 108 —1.0933 x 108
ref —1.08 x 108 23
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Kirchhoff-Love shell element

Moment tensor

Kinks without extra treatment

Generalization of HHJ to shells

Possible extension to Reissner—Mindlin shells

Thank you for your attention!
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