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 The Evolutionary Structural Optimization 
(ESO) technique, originally proposed in 1992 
by Mike Xie and co-workers,  was based on 
the simple concept of gradually removing 
unnecessary or inefficient material from a 
structure to achieve an optimum design

 The ESO method can be easily implemented 
and linked with existing structural analysis 
and CAD software packages (e.g. Abaqus,  
Ansys, Nastran, Strand7, Rhinoceros)



A hanging object under gravity Finite Element Mesh
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ESO has been successfully applied to a wide 
range of engineering optimization and 
architectural design problems, including: 

 maximizing stiffness
 minimizing displacement
 maximizing natural frequency
 maximizing buckling load
 minimizing temperature in heat transfer
 minimizing contact stresses, etc. 



Elements with the highest compressive 
stresses will be deleted from the structure 
step-by-step







F





Elements with the highest tensile stresses will 
be deleted from the structure step-by-step



Sagrada Familia Church Façade 
Barcelona, Spain

Antonio Gaudi’s hanging 
chain model



Finite Element Model of Initial 
Design

Sagrada Familia Church Façade 
Barcelona, Spain





ESO process Actual structure 
in Barcelona







 Inefficient material is removed from the 
structure and, at the same time, material 
is added to where it is most needed

 Algorithm is more robust and efficient



A 3D beam with a solid deck at the top and a gap in the middle

Initial design for the above structure











Objective: To maximize the 
fundamental frequency ω1

Constraint: Volume of the final 
structure to be 15% of the whole 
design domain 

Optimal design with the highest 
possible fundamental frequency



Side

Initial building under wind load

Perspective

C= 3.7x105 Nm
ω1= 5.2rad/s
dtop =416mm

Objective: 
To maximize the overall 
stiffness of the building

Constraints:
(i)  Volume of bracing 

to be 30% of the 
design domain

(ii) Displacement at top    
less than 68mm 

(iii) Fundamental 
frequency greater 
than 12 rad/s

Optimized bracing

SidePerspective

C= 1.1x105 Nm 
ω1= 12.01rad/s 
dtop =67.9mm



CFD simulation 3D printing of optimized design



 Structures with repetitive geometrical 
patterns

 Cost-saving of mass production of 
identical components

 Simplifying assembly process
 Distinctive aesthetic appeal

(c) Building by Norman Foster(b) Bridge by Santiago Calatrava(a) Building in Melbourne



 The sensitivity of a representative cell is determined by averaging 
the strain energies of corresponding elements of all cells.

 The corresponding elements in all cells will be deleted or added 
simultaneously.   

Examples of translational periodicity and rotational periodicity
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BESO Optimal Designs

24 cell

17 cell BMW17 cell

Cadillac24 cell

Real Wheels













 To design a series of pedestrian bridges 
for a major metropolitan freeway in 
Australia

 Simple sculptural gestures providing 
visual interest for the freeway and 
surrounding environment





(a) Two end planes fixed

(b) Pin and roller at bottom corners







































3D printing 
in wax 3D

Direct 3D printing
in stainless steel

Cast node 
in stainless steel 
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