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To apply topology optimization to the field of structural engineering through high-rise building design
Use a combined approach with both continuum and discrete elements to create practical designs
Address the importance of achieving a balance between engineering and architecture for efficient, sustainable design

Historical examples of structures by architects with strong 
and innovative engineering concepts

Gaudi used physical models to calculate sophisticated structures 
(Sagradia Familia Cathedral, Barcelona, Spain - still under construc-
tion)
Fuller’s philosophical ideas about holistic design, synergetics, and ge-
ometry led to innovative structures (Montreal Biosphere, Montreal, 
Canada, 1967)
Candela created thin-shell concrete structures, which are efficient 
and beautiful (Los manantiales, Xochimilco, Mexico, 1958)
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Goal: overcome dichotomy between architectural aesthetics 
and engineering efficiency using topology optimization

Incomplete bracing systems form 
with continuum only models
Optimal designs give thick “columns” 
with unrealistic bending stiffness
Material concentrations along edges 
are very dense (web-flange behavior)
Difficult to identify the working 
points in such designs

Minimum compliance criteria
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Topology optimization using a combined approach can be a valuable tool to bridge 
the gap between engineering and architecture in the design industry. Moreover, re-
sulting designs will be more efficient and sustainable, by optimizing the material 
consumption.

3. Topology Optimization Framework

Using topology optimization, a computational framework that can pro-
vide architects and engineers with ample freedom to explore novel designs
while still satisfying principles from structural engineering and mechanics is
introduced in this section. This software platform, as described in Stromberg
et al. [65], can be the basis for a tool that enables effective two-way communi-
cation between engineers and architects. It also has the theoretical capabili-
ties (associated with topology optimization) to be used in other fields such as
automotive, aerospace structures, microelectromechanical systems (MEMS),
etc.

3.1. Theoretical Background

In topology optimization, we seek the optimal layout of material for a
given design domain in terms of an objective function. Though the objective
function can range from tip displacement, period and buckling, compliance is
chosen in this work due to its numerical advantages with stability of the opti-
mization problem. In terms of the material density, ρ, and the displacements,
u, the minimum compliance problem for topology optimization is stated as
follows:

min
ρ,u

c(ρ,u) (1)

s.t. K(ρ)u = f∫

Ω

ρ dV ≤ Vs

ρ(x) ∈ [0, 1]∀x ∈ Ω

Here, c is the compliance, K(ρ) is the global stiffness matrix which is a
function of the material densities, u is the vector of nodal displacements,
and f is the vector of nodal forces of the finite element model. The volume
constraint, Vs, is the maximum permissible volume for the final design of
the structure, which is determined by the given volume fraction. The final
design, or topology of the solution, is illustrated by the values of material
density, ρ at each point: ρ = 0 represents a void in the design space whereas
ρ = 1 is solid material.

By means of relaxation, the well known ill-posedness of the topology
optimization problem, or lack of a solution in the continuum setting [70, 71,
72, 73], can be overcome. Thus, a continuous variation of density in the
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Other criteria
Deflection (P-Δ)
Buckling load
Natural frequency


