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Selected Topics in Optimal Design

Michell Problem (1904)

(mathematical framework: G. Bouchitté & G. Buttazzo (2001))
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Optimal Vault Problem

(Rozvany & Prager (1979))

Transmissible
loads
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Avoiding:
• bending,
• tension.
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Michell potential
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Theorem

Solution  of (OVP) always exists.

0?

Is  a vault?
0Namely, is there ( ) such thatz C 

spt ?zG 

Optimal Vault Problem – relaxed formulation

(pure tension setting)
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Optimal Vault Problem – relaxed formulation
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Recasting optimal 3D vault from optimal 2D membrane



?F

Optimal membrane problem2D

KB, G. Bouchitté (2022) 
Arch. Ration. Mech. Anal.

Optimal vault problem

Transmissible
loads

?

Avoiding:
• bending,
• tension.

3D

F

KB (2022) 
Comput. Math. Appl.
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The Pair of Mutually Dual Problems

• moderate deflections:

• perfect susceptibility to wrinkling:

Membrane Model

Optimal Design of Membranes
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 Dual of Michell problem: Optimal Design of Membranes
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Topic #2: Optimal Design of MembranesOptimal Design of Membranes – approx. via systems of strings
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Maximizing the Monge-Kantorovich metric
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In-plane displacement

Metric tensor

Distance
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wd maximizes the MK cost of
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Optimal Membrane Problem – simulations
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Optimal Membrane Problem – simulations
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The link between: optimal 3D vault & optimal 2D membrane

Lemma
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Lemma

2 Z

Construction of the Optimal Vault
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Defining 2D objects:
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Defining the elevation function
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Assumption: ,u wsolutions are Lipschitz continuous.
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Optimal membrane

Approximation of opt. memb.

Numerical Approximation of Optimal Vaults

Optimal form

2D

2D

3DUnprojection

Unprojection 3D

Approximation of opt. vault
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NUMERICAL

ANALYTICAL



Optimal membrane

Approximation of opt. memb.

Numerical Approximation of Optimal Vaults

Optimal form

2D

2D

3D

NUMERICAL

ANALYTICAL

Unprojection

Unprojection 3D

Approximation of opt. vault
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Approximiation of Optimal Vaults – simulations
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Approximiation of Optimal Vaults – simulations
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Approximiation of Optimal Vaults – simulations
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Approximiation of Optimal Vaults – simulations
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Approximiation of Optimal Vaults – simulations



KB: On optimality of surface structures. Benasque, August 23rd 2022

Open problems

#1 How to prove the vault’s optimality when (u,w) are not Lipschitz continuous?
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#2 Are there solutions             of the relaxed problem that do not constitute vaults?( , )F
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? (no link to the 
membrane problem)

#4, #5, #6,… Open problems concerning the Optimal Membrane Problem itself.
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