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1.Introduction

Permanent goals: 

higher buildings …



…. and higher monuments 
and ornaments

Contents of the talk
2. The Euler tallest column

3. The Shangai bionic tower

Leonhard Euler (1707-1783)

Cervera & Pioz

March 2002



Exposition in terms of “the universal triology” 
in Applied Mathematics

“real” problem

Mathemátical 
Modelling

Mathematical  
and 

Numerical Analysis

Optimization 
and 

Control

Validation

J.L. Lions



2.1. Modelling:  similar points in Art
2. The Euler tallest column



Leonardo da Vinci (1452-1519)

Ignace-Gaston Pardies

1673

Galileo Galilei (1562-1642), 

1638,

Pionering studies

Jacques Bernoulli (1654-1705),
1690



Jean Bernoulli (1667-1748):

On the curvature of extensible strings
(1691, ..., 1742)

Euler, 1727

Modulus of extension

(Young’s modulus)







2.2. On the mathematical analysis





Different shapes

Validation: return to the modelling. Non uniform material behaviour.

3d Elasticity theory



Remarks on the dynamics (J.J. Stoker 1950)



Catastrophe Theory, E. C. Zeeman: 
Selected papers 1972-1977

Psicology: the mechanism of aggression

rage

fear



2.3. Optimization and Control

The best column “elastica”: M. Vitruvio ( I b. C.) De Architecura
25b. C.,  L.B. Alberti (1404-1472) 1450, Euler 1744,  J. Lagrange 
(1736-1813) 1773,...

The tallest column

2 1/ 3(9.(1.8663) )
4c
EIH
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E = Young modulus densityρ =



Considerations on the mass distribution

Brazier fracture

A first reinforcement solution



Composite media
A second reinforcement solution



Homogeneization theory

Quasifractal section 
(NASA)



Application to buildings

3. The Shangai bionic tower

The Sears Tower in Chicago, 1974

Lost, Chicago, 1920



wind 
studies



dynamics



Design optimization



Sismic Control



The (project)
Shangai bionic tower

Natural inspirations



Ecological and social 
goals





Alsgar Tower, Barcelona 2004

Jean Nouvel



The positive part of dreams 

and science-fiction

Thanks for your 
attention
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