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1. Introduction

With increasing demand for large scale and complex structural models, optimum design has become a
challenging and important issue in structural engineering and meta-heuristic algorithms have become
powerful tools for optimal design of structures. Charged System Search (CSS) is one of the meta-heuristics,
inspired by the governing laws of electrical physics and the Newtonian mechanics, Kaveh and Talatahari
(2010). CSS based optimum design of structures needs adjustments for variable based and problem based
constraints. The first adjustment guarantees to select from predefined cross sections and as a result, all
specifications of sections will be ready to run the analysis and the second one helps to find the optimum
design in fewer steps.

This is ideal to find a unique optimum design in a complicated discrete value large-scale structural
problem. Most of the time the researches perform multiple runs and report the average of the results (Camp,
2007). CSS, like other meta-heuristic algorithms, do not guarantee to find the optimum design in a single run
and sometimes multiple reiterations and modifications are needed to find the best answer. In other words for
some optimization problems the exploration and exploitations controllers should be modified to find a stable
answer for the problem. This characteristic of the optimum design problem motivated the authors to find a
way to obtain reliable optimum results without modification of the control factors by a scaling and fitting
procedure. Therefore the particles move effectively in the feasible region and there is no need to adjust the
exploration factor separately.

In this paper optimum design of steel frames is performed. For this purpose a modified charged system
search (CSS) algorithm, so-called Scaled charged system search (SCSS), is developed that has more reliable
results compared to the standard CSS algorithm. The performance of the new algorithm is illustrated by some
benchmark structural problems.

2. Methodology
Optimum design of a frame structure with m members and ng groups of members can be formulated as:

Find X = [xq1,X3, .., Xng]

L . 1
to minimize 0bj(X) = X2, (p; - 4;(X). ;) X Pen(X) (0
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Where X represents the vector of design variables, which includes cross section area of members in each
group. Obj (X) is the objective function, which consists of the weight of the structure multiplied by a penalty
function, Pen (X), to convert a constrained structural optimization problem into an unconstrained one. p;, [;
and A; are the material density, length and cross section area of each structural member, respectively.

Because of the complicated nature of this problem, mathematical methods of optimization rarely are used
in practical structural optimization problems and heuristic, metaheuristic or evolutionary methods are used
widely.

In electrical physics, the electric charge generates the electric field and can affect other electrically
charged objects. The electric field surrounding a charged particle is specified by the laws of Coulomb and
Gauss. Utilizing these principles, the CSS algorithm defines a number of solution candidates each one is called
charged particle (CP) and is treated as a charged sphere. Each CP can exert an electrical force on the other
agents (CPs). These forces can change the position of other CPs according to the Newton’s second law of
motion. Finally, considering the Newtonian mechanics, the new positions of CPs are determined.

With the purpose of solving the infeasible moves of particles in CSS, a modified algorithm, named Scaled
Charged System Search (SCSS) is proposed here. This method contains a mapping function and if any of the
entries of a design variable exceeds the limits; the whole vector will be adjusted by scaling and fitting the
entries.

In order to show the efficiency of provided algorithm two benchmark structural optimization problem is
investigated in this paper. An eight-story one-bay frame is considered as the first example. This frame is
introduced by Khot et al. (1976) and is originally optimized with Optimality Criteria. This problem was
optimized using GA by Camp et al. (1998).

Kaveh and Shojaee (2007), Kaveh and Malakouti Rad (2010), and Kaveh and Abbasgholiha (2011)
optimized this frame by several algorithms. This example is a well-known benchmark problem in frame
optimization (Gandomi and Yang, 2011). The second design example is a 10-story unbraced steel frame. This
problem have been studied by Hasangebi et al. (2010) to evaluate the performance of several meta-heuristic
search techniques. The examples are implemented by FORTRAN and in order to use the benefit of
multithread processing, OMP instructions are utilized in solving the stiffness equation by blocked Cholesky
Factorization.

3. Results and discussion
3.1. Eight-story one-bay frame

The results of 100 optimizations using standard CSS integrated with Fly-Back mechanism without HS
based adjustment and SCSS are illustrated in Figs. 1 and 2 respectively, and a comparison between them is
presented in Table 1. Although SCSS needs more computational time and a higher number of iterations are
needed, but by comparing Fig. 3 with Fig. 4 and the standard deviation of objective function evaluation within
100 runs as in Table 1, it is clear that SCSS has more uniform results than CSS. This means that in a practical
optimization, where time is limited and it is not possible to repeat the optimization procedure, SCSS has a
higher chance to obtain the optimum value of the objective function.
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Fig. 1. Objective function evaluation in 100 runs of CSS with Fly-back Mechanism
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Fig. 2. Objective function evaluation in 100 runs of SCSS

Table 1. Comparison of two methods

Min value of Average of Average Average
— L Standard >
objective objective deviation number of computational
function (1b) functions (Ib) Iterations time (s)
CSS 7494.335 8869.918 649.492 2696 159.4
SCSS 7165.149 7604.508 168.086 5992 323.82

3.2. 568-memmber unbraced space steel frame

The comparison between the best results obtained from present study and previously published result
shows that SCSS reached a better weight than the ESs.

4. Conclusions

In discrete optimum design problems, CSS needs to be tuned to produce feasible particles and to explore
the design space. Sometimes this algorithm should be repeated to achieve better results. The proposed
"Scaling and Fitting" procedure, makes the tuning automatically and produces more uniform results than the
standard CSS. Standard deviations of the repeated optimizations with SCSS are lower than those of CSS and
this method guarantees to find optimum results by fewer iterations and modifications. Although the SCSS
needs more computational time in a single run, but in practical large scale optimum structural design
problems, where the time is limited and no more modification of control factors is possible, the SCSS has
more chance to find the optimum design in one single run or in limited number of runs.
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