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Structural design is a process of determining an optimal solution by repeating hypotheses and verification pro-
cesses with numerous design variables. To acquire a more appropriate solution, a mathematical model for struc-
tural design is proposed to find the optimal solution. While many studies have proposed the minimum weight
design for steel frames, a mathematical model should be considered in the manufacturing and installation pro-
cess in order to solve practical issues. In this study, a multi-objective model was proposed to consider not only
the cost of materials, but also processing and welding costs. A penalty function was also used to reflect the con-
structability and on-site applicability of the structure. A genetic algorithmwas used to determine the optimal so-
lution, and the results of the optimal design analysis were compared and analyzed based on a three-story
numerical example. Analysis of the numerical example resulted in offering a smaller number of types ofmaterials
whose size and arrangement allowed for easier construction, compared to that of the optimal design that only
considered weight. Furthermore, the welding cost allowed for the optimum design with improved on-site con-
structability was also considered.
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1. Introduction

A tendency for a structure to bedeeply related to an architectural de-
sign has been increasing because the complex and advanced structural
analysis can be easily and quickly carried out through the effective use
of high-performance computers. With many factors interacting with
each other in the design, such as consideration of environmental issues
and a long-term plan for longer life of building, the role of structural de-
signers has become more complex and also important.

The structural design, which plays an important role in the design
process, generally includes the accumulation of three actions, a creative
action to propose several structural systems for a variety of architectural
plans and required performance, analysis action of mechanical proper-
ties and various indices for the structural system, and a determination
action to select a structural system. Also included are a number of repet-
itive processes in which trial and error between assumptions at each
stage is done toward the selection of final solutions, thanks to the enor-
mous effort of engineers.

On the other hand, most steel structures are composed of standard-
ized members produced at a factory. By using computers to do the re-
petitive trial and error in the structural design, the research for
proposal of structural design solution becomes popular and has been

carried out intensively in recent years. The aim is to find out the limit
value of an objective function constructed based on theweight and stiff-
ness of the members. However, it is not only difficult to mathematically
treat those discrete variables but also inevitable to accept the enor-
mously large calculation load as the number of design variables
increases.

Since a new technique of genetic algorithm based on natural genet-
ics which can handle discrete variables with ease has emerged [1] and
spread [2], a number of papers have been published on structural opti-
mization of space structures, trusses and steel structures using this
method in the literature [3,4,5,6,7,8]. Also, there is little research focus-
ing on the connections between beams and columns not only consider-
ing their structural performance as semi-rigid instead of rigid but also
reducing the total cost of a structure in the steel frame structure field
[9,10,11,12,13]. Moreover, in multi-objective optimization, genetic al-
gorithms have been used as tools to solve problems [14], and separative
objective functions including structure conditions, safety and cumula-
tive life cycle maintenance cost, have been treated over the last decade
[15,16].

Although a number of studies show that their own proposed
methods are relevant in order to obtain the optimal solution in each ob-
jective function, and themethodsmake best use of the characteristics of
optimization techniques and high-performance computers, the re-
search is not sufficiently focused on practical structural design and the
methods are not available for practical use directly on site.

Journal of Constructional Steel Research 135 (2017) 292–301

⁎ Corresponding author.
E-mail address: leeseung@koreatech.ac.kr (S.-J. Lee).

http://dx.doi.org/10.1016/j.jcsr.2017.03.020
0143-974X/© 2017 Elsevier Ltd. All rights reserved.

Contents lists available at ScienceDirect

Journal of Constructional Steel Research

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcsr.2017.03.020&domain=pdf
http://dx.doi.org/10.1016/j.jcsr.2017.03.020
mailto:leeseung@koreatech.ac.kr
Journal logo
http://dx.doi.org/10.1016/j.jcsr.2017.03.020
http://www.sciencedirect.com/science/journal/0143974X


In this paper, a structural design support scheme is proposed to con-
centrate on the essential design processes by saving time, while leaving
a number of repetitive processes in trial and error between assumptions
at each stage to a computer, for the solution selection with the use of
single and multi-objective genetic algorithm [17]. In addition, through
various applications to steel frame structure models such as rigid-
frame, X-type braced frame and K-type braced frame, it has been clearly
shown that one can obtain other alternative design solutions at lower
cost and proper drift angle in the proposed structural system [17,18].

The proposed design support scheme is here extended and its valid-
ity confirmed considering not only the manufacturing cost in the pro-
cess for making steel members, the welding cost for connecting
beams and columns as well as steel cost which is considered until
now in the scheme, but also the penalty function which is given to the
optimization problem in order to ensure the constructability of the
beam-column connection for amore practical use of the design support
scheme.

2. Optimization method

2.1. Structural design support scheme

A genetic algorithm is an optimization method based mainly on the
concept of natural selection and evolutionary process, and it provides an
effective method for the resolution of a nonlinear or combination

problem. This algorithm repeats optimization operations, such as repro-
duction, crossover andmutation. It can search for a global optimal solu-
tion, and find better solutions in a short time, when the optimization
problem treats especially discrete variables.

As shown in Fig. 1, the authors proposed a structural design support
scheme that produces optimal structure solutions in the cost minimiza-
tion of a single objective as well as in both of the cost minimization and
safety maximization as a multi-objective optimization. Optimization
calculations are carried out with a distributed genetic algorithm
(DGA) as proposed by Tanese [19] for single objective optimization,
and a strength pareto evolutionary algorithm 2 (SPEA2) is proposed
by Zitzler et al. [20] for multi-objective optimization. In this paper, the
cost minimization will be first carried out for the proposed structural
design support scheme.

2.2. Optimization problem formulation

The optimization problem defined as a cost minimization problem
for steel structures satisfying not only the Japanese code of allowable
stress design but also the given constraint conditions can be expressed
as follows:

minimize C xð Þ;
subject to gi≤0;

ð1Þ

Fig. 1. Flowchart for structural design optimization.

293S.-W. Jin et al. / Journal of Constructional Steel Research 135 (2017) 292–301



Download English Version:

https://daneshyari.com/en/article/4923455

Download Persian Version:

https://daneshyari.com/article/4923455

Daneshyari.com

https://daneshyari.com/en/article/4923455
https://daneshyari.com/article/4923455
https://daneshyari.com

