
Vol.:(0123456789)1 3

Proceedings of the Indian National Science Academy (2024) 90:75–81 
https://doi.org/10.1007/s43538-023-00220-7

                     RESEARCH PAPER 

 A comparative analysis of�ant colony and�genetic algorithm 
optimization to�select optimal arrangement of�viscous damper in�steel 
frame 

                                                          Huijing �   Li   1  �·  Li �   Li   2  

 Received: 20 July 2023 / Accepted: 12 November 2023   / Published online: 19 December 2023
©   Indian National Science Academy      2023  

                     Abstract 
 Natural phenomena-based optimization methods have gained recognition in recent years due to their lack of heavy math-
ematical calculations, independence from primary selection points, and general optimization capabilities. In this study, two 
optimization methods inspired by nature have been used to determine the optimal arrangement of viscous dampers, namely 
genetic algorithms and ant communities. The purpose of this article is to investigate the e� ects of viscous dampers on the 
behavior of a two-dimensional steel frame. Due to the aim of this study being to investigate the seismic behavior of the 
structure, a dynamic analysis of time history has been performed. The dynamic frame analysis and optimization algorithms 
are implemented using the MATLAB programming language. It is shown in this study that dampers a� ect the behavior of 
the structure, that optimizing damper arrangement in” uences the “ nal response of the structure, and that the strength and 
weaknesses of each optimization method are demonstrated. 
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      Introduction 

 The optimization process is an important and decisive com-
ponent of the design of engineering structures. Using opti-
mization methods, designers will be able to produce better 
designs by reducing design time and costs. The majority 
of optimization problems in engineering are naturally more 
complex and di�  cult to solve using conventional optimiza-
tion methods such as mathematical programming methods 
(do Amaral et�al.  2022 ; Guo and Zhang  2022 ; Kaidi et�al. 
 2022 ). It is a crude method for solving optimization prob-
lems to consider all possible solutions, calculate their objec-
tive functions, and then select the best one. The complete 
counting method ultimately yields the exact answer to the 

problem; however, in practice, it is extremely di�  cult to “ nd 
the optimal solution for problems with large solution spaces. 
As a result of the problems associated with the complete 
counting method, it has always been emphasized to develop 
more e� ective and e�  cient methods. More attention has 
been paid in recent years to innovative methods derived from 
nature that have similarities to social and natural systems, 
which have produced excellent results in solving complex 
optimization problems (Kaveh and Eslamlou  2020 ; Bekda� 
et�al.  2019 ; Mei and Wang  2021 ). These methods, however, 
do not guarantee an optimal solution. The algorithm may 
stop at a local optimum, and a relatively accurate solution 
can only be obtained after spending considerable time on 
it. In addition, other types of methods can be used to solve 
these problems. These methods are known as meta-heuristic 
methods (Bekda� et�al.  2019 ). As a result of these algo-
rithms, good and optimal solutions can be obtained in a rea-
sonable amount of time (Eslami  2022 ). Among these meth-
ods, genetic algorithms (GAs) and ant communities may be 
mentioned. The use of di� erent optimization algorithms has 
been developed in various engineering problems in recent 
years (Esmaeili et�al.  2021 ; Azam et�al.  2022 ; Khajehzadeh 
et�al.  2022 ). 
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The ACO algorithm generally produces better results for the 
objective functions in general.                  

 In Figs.� 6 ,  7  and  8 , the maximum displacement of the roof 
and the base shear of the structure under the Kobe earth-
quake are compared for the optimal state and the state of the 
base model without dampers. According to these “ gures, the 
response in the optimal state has been reduced compared to 
the base state. Based on appropriate optimization methods, 
a speci“ c pattern and instruction can be identi“ ed for the 
optimal placement of dampers along the structure. A future 
study could consider a design earthquake or acceleration 
model imposed by the earth on the structure, similar to the 
work described in Asghari and Saharkhizan ( 2019 ), Kaveh 
et�al. ( 2017 ) and Sekulovic et�al. ( 2002 ). Other algorithms 
can also be used and their performance can be compared. 
In addition, other objective functions can be considered for 
optimization and, according to design requirements, reduced 

through the optimal placement of connections equipped with 
dampers.                         

    Conclusion 

 In this article, meta-heuristic algorithms are applied to 
determine the optimal location of viscous dampers in tall 
buildings in order to reduce seismic vibrations. According 
to the results, using an optimal distribution of dampers has 
a signi“ cant in” uence on the structure's response to various 
forces. Improper distribution of dampers will also result in 
a signi“ cant reduction in their e�  ciency and, as a conse-
quence, a waste of funds. The CAO algorithm starts search-
ing in a population of solutions when compared to genetic 

  Fig. 5       The cure of GA algorithm•s objective function convergence  

  Fig. 6       Shear response at the base of 3-story structure during the Kobe 
earthquake: two fundamental states and optimal damper placement 
using the ACO algorithm  

  Fig. 7       Shear response at the base of 5-story structure during the Kobe 
earthquake: two fundamental states and optimal damper placement 
using the ACO algorithm  

  Fig. 8       Shear response at the base of 10-story structure during the 
Kobe earthquake: two fundamental states and optimal damper place-
ment using the ACO algorithm  
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optimization algorithms. In this way, instead of “ nding the 
right point, the right ranges are identi“ ed in the space of var-
iables, and by selecting the routes based on their merit from 
all the space of variables, an intelligent search is planned, 
increasing the probability of “ nding the overall optimal point 
by planning an e� ective intelligent search. The probability 
of the GA being in the local optimum increases if it does not 
have such a wide search area. Therefore, the CAO algorithm 
is more e�  cient for the problem under consideration. 
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