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Abstract

There are increasing cases of monitoring the structural response of structures using multiple sensors. However, owing to cost and
management problems, limited sensors are installed in the structure. Thus, few structural responses are collected, which hinders analyzing the
behavior of the structure. Therefore, a technique to predict responses at a location where sensors are not installed to a reliable level using
limited sensors is necessary. In this study, a numerical study is conducted to predict the seismic response of low-rise buildings using limited
information. It is assumed that the available response information is only the acceleration responses of the first and top floors. Using both
information, the first natural frequency of the structure can be obtained. The acceleration information on the first floor is used as the ground
motion information. To minimize the error on the acceleration history response of the top floor and the first natural frequency error of the
target structure, the method for predicting the mass and stiftness information of a structure using the genetic algorithm is presented. However,
the constraints are not considered. To determine the range of design variables that mean the search space, the parameter prediction method
based on artificial neural networks is proposed. To verify the proposed method, a five-story structure is used as an example.
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Table 1 Values of design variables(mass, stiffness) of a target structure

Mass M1 M2 M3 M4 M5

Value 0.0538 0.0488 0.0579 0.0523 0.0594
Stiffness K1 K2 K3 K4 K5

Value 139.33 77.14 170.45 98.63 136.76
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Table 2 Comparison of mass ratios(expected value/exact value)

Design variables(mass)

Design Ml M2 | M3 M4 | M5
GA Solution 127 | 115 | 101 | 087 | 1.09
ANN Solution | 122 | 120 | 091 | 086 | 093
ANN+GA 125 | 117 | 09 | 087 | 1.01
GA Pareto 119 | 115 | 096 | 091 | 101

Table 3 Comparison of stiffness ratios(expected value/exact value)

Design variables(stiffness)

Design

K1 K2 K3 K4 K5

GA Solution 1.47 0.42 1.86 1.06 0.80

ANN Solution 0.82 0.66 1.32 1.44 0.98

ANN+GA 1.14 0.54 1.59 1.25 0.89

GA Pareto 1.34 0.42 1.84 1.14 0.74

Table 4 Comparison of frequency ratios
Desien Mode

csig st | 2nd | 3rd | 4th | Sth

GA Solution 1.00 1.00 1.02 0.92 0.89

ANN Solution 1.00 1.01 1.04 1.00 0.93

ANN+GA 1.03 1.03 1.02 0.97 0.90

GA Pareto 1.00 1.02 1.02 0.91 0.90
StEHMTAXZES| =28 X33 F4=(2020.8) 275
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Table 5 Comparison of MAC

Design Mode
g Ist | 2nd | 3rd | 4th | 5t
GA Solution 0.99 0.94 0.71 0.74 0.52
ANN Solution 0.99 0.95 0.82 0.27 0.19
ANN+GA 0.99 0.98 0.80 0.52 0.38
GA Pareto 0.99 0.95 0.72 0.74 0.51
Table 6 Comparison of RMSE
GA Solution 3.72
ANN Solution 8.81
ANN+GA 32.27
GA Pareto 12.93
1st mode 2nd mode 3rd mode 4th mode 5th mode
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5 5 5 L 5 5
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