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Introduction: We propose a multicriteria approach to the optimization of trusses. Stress and 
cross sectional areas of bars are considered as independent variables. This is a distinguishing 
point of this method compared to [1,2]. Using two independent variables makes the 
equilibrium equations become nonlinear. The problem is solved by the Optimization Toolbox 
of Matlab. In this paper, we will consider the nine-bar truss of [3] as an example. 
Minimum volume of trusses at elastic state 

The minimum strain energy combined with the equilibrium equations provide enough 
equations to determine the stress in either statically determinate or indeterminate trusses. 
Therefore the truss optimization problem at the elastic state can be written as follows:  
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where: , ,i i it l s  are the cross sectional area, length and stress of thi − bar, respectively ,αij is 
the angle between thi −  bar connected to thj −  node with x-axis; jyjx ff ,  are applied loads 
acting on thj −  node; E  is the Young's modulus, as  is the allowable stress of material. 
The above problem (1) is considered as a multicriteria optimization problem [5]. 
Minimum volume of trusses at plastic limit state 

In this case, the limit load is the quantity which we need to determinate. Therefore, instead of 
using the condition of minV , we use another weak condition in constraints: volume of 
material of trusses is less than a given source of material 0V . The problem is formulated as: 
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where µ  is the load factor.  

Minimum volume of trusses at shakedown state 

In case of a truss subjected to a load domain with NV vertices, the load vector can be 
described as a linear combination, and the problem is formulated as: 
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where r
is  is the residual stress; is  is the elastic stress in the i-th bar correspondent with type 

of β-th loading, ( ),max maxi i L
s s= , ( ),min mini i Ls s= .  
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