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1. Introduction 

Engineering systems are often composed of prefabricated elements, parameters of which are 

listed in professional catalogues. In the case of structural design, the catalogue is in the form of a 

list of available rolled profiles. The minimum weight structural design consist then in assigning to 

all structural members elements from the catalogue, assuring fulfilments of imposed constraints.  

Such a process is known as Discrete Structural Optimization (DSO). The difficulties arising in DSO 

come from relatively large numbers of combinations between obtained from both numbers of 

structural members and available parameters. These numbers can reach values of  more than 10
10

. 

This makes impossible to find a minimum just from a direct enumeration.  

The first attempts to solve Discrete Structural Optimization were made in 1960s and 1970s. 

In the beginning of 1980s several stochastic approaches were applied in DSO. Most known are: 

Genetic Algorithm; Simulated Annealing; Evolutionary Optimization. Recently, other stochastic 

methods based on Particle Swarm optimization by Kitayama et al.[1] and Harmony Search by Lee 

et al. [2] has been applied to DSO. 

The concept of controlled discrete optimization was proposed in earlier authors papers. 

Gutkowski proposed a controlled mutation consisting in verification of stresses at each generation 

of the evolutionary optimization algorithm. Also, by Gutkowski et al.[3], a control of stresses was 

applied in an algorithm in which redundant material is removed in elements with least stresses. This 

approach was then applied by Guerlement et al. [4] DSO, taking in to account EC codes. 

In this study, the idea of removing redundant material is enhanced by combining the 

continuous and discrete solutions. At the end of the paper, several numerical examples, with 

numbers of combinations up to 30
8
 are presented and their effectiveness is validated. 

2. Formulation of the problem 

The structure under consideration is of a given topology and composed of jo elements, which 

are taken from a list of available parameters as: thickness of a metal sheet  h, cross section areas 

(CSA) A and/or moments of inertia I of a beam. Each j-th member having CSA Aj  is made of  linear 

elastic material. Small displacements and stresses within elastic range are assumed for the whole 

structure. The structure is subjected to q0 multiple static loads.  

The governing equations, and in the same time equality constraints, for the problem, 

applying Finite Element Method (FEM), are: 
 

 

 

 

Inequality constraints, are imposed on: 

• the largest and smallest values of listed parameters as  Amin  ≤  A ≤  Amax 

• the maximum stresses and displacements σ 0, u0 

3. The outline of the hybrid method 

A design of a structure (truss, frame, plates with reinforcements) has to be accomplished from 

a given catalogue of prefabricated elements, say rolled profiles. The design starts by finding the 

continuous structural optimization problem for the discussed structure, under given load and 

load under  - nt,displaceme- matrix, stiffness
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subjected to assumed constraints. Next, a catalogue, separately for each structural member is 

constructed. Two parameters from the catalogue are assigned to the member. One, larger than the 

continuous value and one smaller. Now, a discrete solution removing redundant material is 

obtained. The second  step consists in enlarging catalogues for all members to two larger, and two 

smaller values from the obtained discrete solution in the first step. Again, the discrete solution for 

such a set of values is obtained. The procedure of enlarging the catalogue is ended when in two 

successive steps the discrete solution are the same. 

4. Numerical examples 

In order to illustrate applicability of the method, a 25 transmission tower with 30
8
 combinations, 

was analyzed. After calculations, it was observed that presented algorithm requires 100 FEM 

analyses, while for the same structure Evolutionary Optimization needs 104 FEM analyses. 
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