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a b s t r a c t

In this paper, a performance-based optimal seismic design of frame structures is presented using the ant

colony optimization (ACO) method. This discrete metaheuristic algorithm leads to a significant improve-

ment in consistency and computational efficiency compared to other evolutionary methods. A nonlinear

analysis is utilized to arrive at the structural response at various seismic performance levels, employ-

ing a simple computer-based method for push-over analysis which accounts for first-order elastic and

second-order geometric stiffness properties. Two examples are presented to illustrate the capabilities of

ACO in designing lightweight frames, satisfyingmultiple performance levels of seismic design constraints

for steel moment frame buildings, and a comparison is made with a standard genetic algorithm (GA) im-

plementation to show the superiority of ACO for the discussed optimization problem.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Since the material cost is one of the major factors in the con-
struction of a building, it is preferable to reduce it by minimizing
the weight or volume of the structural system [1]. For this pur-
pose, choosing an appropriate optimization method is an impor-
tant issue. Ant colony optimization (ACO) is a multi-agent and
randomized search technique in which, in each cycle, a number
of search space points are examined [2–4]. ACO has widely been
applied to various engineering problems in recent years, such as
water distribution system optimization [5], optimal soil hydraulic
parameters [6], ground water design optimization problems [7],
and structural optimization problems [8–12], among many oth-
ers. The random selection and the information obtained in each
cycle are used to choose new points in subsequent cycles. Thus
ACO does not need the derivative of any function to be obtained.
ACO also includes discrete design variables, multiple loading cases
and open format for constraint statements. Similar to genetic algo-
rithms, ACO does not require an explicit relationship between the
objective function and constraints. Instead, the objective function
for a set of design variables can be penalized to reflect any violation
of the design constraints [8]. Although many constraint-handling
techniques are available for ACO [13], the penalty functionmethod
has been themost popular constraint-handling techniquedue to its
simple principle and the ease of implementation.
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In recent years, several studies regarding the application of
second-order analysis methods to the optimum design of steel
frame structures by use of genetic algorithms have been con-
ducted. Pezeshk et al. [14] performed the optimal design of plane
steel frames using genetic algorithms together with a geometrica-
lly nonlinear analysis. The optimal design results were compared
to those obtained by linear elastic analysis and the AISC-LRFD
elastic analysis methods. Saka and Kameshki [15] utilized an op-
timum design of plane steel frames with semi-rigid connections
using a genetic algorithm and a geometrically nonlinear analysis.
Foley and Schinler [16] presented an automated design algorithm
for partially restrained and fully restrained steel frames. The al-
gorithm was implemented using an object-oriented evolutionary
algorithm and the distributed plasticity (plastic zone) model for
consideration of both member material nonlinearity and connec-
tion nonlinearity in the frame analysis. Xu and co-workers [17]
used a multi-criteria optimization method for the performance-
based seismic design of steel building frameworks under equiv-
alent static seismic loading. Recently, Kaveh and Jahanshahi [18]
utilized ant colony systems to optimize the process of finding the
collapse load factor of frame structures.

In this paper the seismic design of steel frames is performed
considering four performance levels using the ant colony opti-
mization (ACO) method and a genetic algorithm (GA). A nonlinear
analysis is required to obtain the structural response at various
performance levels. A discrete optimization method is proposed
incorporating the ant colony algorithm or the genetic algorithm
and the refined plastic hinge analysis method that estimates the
nonlinear behavior of the entire structural system and members
effectively compared to the plastic zone analysis method from the
viewpoint of numerical modeling and analytical process. In the
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