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

On optimality of surface structures

Karol Bołbotowski

Warsaw University of Technology
Faculty of Civil Engineering
Department of Stuctural Mechanics and Computer Aided Engineering

Centro de Ciencias de Benasque Pedro Pascual

Workshop: IX Partial differential equations, optimal design and numerics, Aug 21st – Sep 2nd 2022

The work in 
collaboration with:

Guy Bouchitté
Université de Toulon
Laboratoire IMATH
Institut de Mathématiques de Toulon



Selected Topics in Optimal Design

Michell Problem (1904)

(mathematical framework: G. Bouchitté & G. Buttazzo (2001))
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(Rozvany & Prager (1979))
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Michell potential
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Optimal Vault Problem – relaxed formulation

(pure tension setting)
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 depends on Poisson ratio H 

0.3  0.7  0.95 

0.0  0.3   0.95  

Arch
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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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Topic #2: Optimal Design of MembranesOptimal Design of Membranes – approx. via systems of strings
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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
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Lemma

2 Z

Construction of the Optimal Vault
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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

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



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

Approximiation of Optimal Vaults – simulations



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

Approximiation of Optimal Vaults – simulations



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

Approximiation of Optimal Vaults – simulations



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

Approximiation of Optimal Vaults – simulations



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

Approximiation of Optimal Vaults – simulations
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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

#3 What about potentials different than ?( ) max ( )i
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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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