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ABSTRACT ARTICLE INFO
Damages of natural disasters such as earthquakes has led engineering Receive Date: 08 June 2020
sciences to research and expand the use of earthquake-resistant systems. Revise Date: 25 October 2020

Semi-active control systems have been considered due to their ability to Accept Date: 14 November 2021
change the mechanical properties of their system and the use of limited

energy sources. On the other hand, taking advantage of soft computing ~ <€ywords: Structural control
and fuzzy inference systems due to the compensation for existing  Semi-active control
uncertainties, considerably helps to reduce structure’s responses during fuzzy logic
earthquakes. In this paper, a method for controlling a three-story ~ LQG controller
nonlinear benchmark structure equipped with an MR magnetic damper is ~ Genetic algorithm
presented. The required voltage of the damper is obtained from the design

of a LQG linear control system with a fuzzy inference system. In this

system, the linear control force of LQG and the force of the previous step

of the damper enter the Takaki-Sugeno fuzzy system and the desired

voltage of the damper is obtained. In order to optimize the controller

performance, the rules of the fuzzy inference system are taught by a

genetic algorithm. Modeling of the damper is based on the Bouc-wen

model. The results of the evaluation criteria and time history charts show

the high efficiency of the proposed controller in reducing seismic

responses against other proposed systems.
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Population type: double vector Population size: 75

Elite count: 2 Migration direction: both

Generation: 50 Fitness limit: 0

Creation function: feasible population Selection function: Stochastic uniform
Crossover factor: 0.8 Mutation factor: 0.2

Crossover function: scattered Mutation function: Adaptive feasible
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bi 4di Ti bi di Ti

mfl -3.7134 0.7662 -0.56371 mfl4 3.4031 -1.4617 0.5249
mf2 3.3605 -3.7478 1.7461 mf15 1.4191 2.7654 0.7594
mf3 3.7403 -0.0703 -0.6263 mf16 -3.4860 -3.5133 0.9004
mf4 -0.6506 0.6372 0.9021 mf17 2.8105 -2.0687 1.5096
mf5 2.0788 -1.8200 1.4616 mf18 0.9253 -0.1680 1.2508
mf6 1.1529 -1.9311 1.3624 mf19 3.0152 3.4123 1.9763
mf7 -3.2199 -2.2351 -0.4417 mf20 3.1346 -2.3937 1.8075
mf8 -0.4369 -1.5966 1.9993 mf21 2.7499 -3.6917 1.6156
mf9 1.5925 -0.6391 1.7569 mf22 -2.2337 -0.5505 -0.6211
mf10 1.6221 -1.4492 0.5303 mf23 1.8422 -0.4246 0.1076
mfll -0.6703 -0.6428 -1.1406 mf24 -1.7513 1.5281 1.6070
mf12 3.2386 1.6055 0.1971 mf25 -2.7232 3.1868 1.3965
mfl13 -0.7563 -3.5762 1.8666
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Best: 0.592335 Mean: 0.600909
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Interstory drift ratio Level acceleration Base shear
d;(t . .
maxg; ld®1 i]( ) max; | X,i(t)] max; | 35 mX,;(t)|
J.=max i Jo=max Eicentro {5 max— J3=max gicentro Yo mae———
1 Engntro Smax Hachinohe ai Hachinohe Fb
Hachlnohe Northridge Northridge
Northridge Kobe Kobe
Kobe
Normed interstory drift Normed Level acceleration Normed base shear
[d; ()] .. .
X | il( | Jmmax {maxt,i“xai(t)”} I =max {maXi“ZimXai(t)”}
_ i 5 ElCentro Y™ 1. maxn 6 ElCentro Y™ 1= maxn______
J47max Engntro ||8max ” Hachinohe ”Xai ” Hachinohe ” Fbmax ”
Hachinohe Northridge Northridge
Northridge Kobe Kobe
Kobe
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Elcentro Hachinohe Northridge Kobe
AVG

Controller 0.5 1 15 0.5 1 15 0.5 1 0.5 1
NNPC 0562 0.763 0.848 0.681 0.800 0.816 0.675 0949 0.839 0.651 0.758

LQG (active) 0544 0.740 0.845 0636 0.768 0.794 0826 1.035 0.819 0.854 0.790

J1 CcocC 0.457 0704 0.833 0541 0.697 0.706 0.714 0950 0.881 0.752 0.728
GFSL 0.327 0557 0.767 0170 0299 0441 0470 0831 0.873 0.598 0.533
GAFLC+LQG 0.313 0454 0.641 0211 0319 0406 0435 0.793 0799 0.864 0.524

NNPC 0.647 0806 1.079 0.785 0929 0939 0914 1139 0826 0.691 0.876

LQG (active) 0.598 0.781 0939 0.658 0.798 0.844 0.851 0.869 0.829 0.833 0.800

J2 CcocC 0.820 0.829 0938 0.812 0909 0.957 0862 0.890 0.871 1.002 0.889
GFSL 0.610 0908 1.148 0585 0.448 0.848 0.842 1.017 1.045 0.746 0.820
GAFLC+LQG 0595 0.752 1.010 0568 049 0.735 0.855 1045 1080 0.795 0.793

NNPC 0.580 0.969 0974 0588 0.804 0.962 0912 1.054 0.905 1.045 0.879

LQG (active) 0.507 0.881 0914 0553 0.779 0.925 0.831 0819 0.851 0.966 0.803

J3 CoC 0.583 1.043 1062 0574 0797 0.923 0910 0.943 0.994 1.006 0.883
GFSL 0.622 0835 1079 0549 0634 0851 0.750 1.049 1116 1.028 0.851
GAFLC+LQG 0519 0.799 0961 0397 0.627 0801 0.693 0982 1035 1064 0.788

NNPC 0.583 0.644 0648 0421 0489 0.786 0450 0515 0.641 0.400 0.558

LQG (active) 0570 0.615 0551 0417 0503 0.787 0.725 0.697 0535 0.680 0.608

J4 CoC 0469 0565 0554 0250 0363 0.702 0523 0.738 0.613 0.749 0.553
GFSL 0.187 0.288 0.369 0.102 0.124 0.170 0.110 0950 0.846 0.278 0.342
GAFLC+LQG 0.229 0.294 0.281 0.099 0.127 0.167 0193 0818 0.794 0.604 0.360

NNPC 0.609 0.705 0.690 0.447 0508 0.587 0.635 0.673 0592 0.670 0.612

LQG (active) 0.544 0.661 0.658 0.397 0.496 0585 0.620 0.648 0.587 0.663 0.586

J5 CoC 0.558 0.673 0.659 0395 0410 0509 0.617 0.632 0.567 0.660 0.568
GFSL 1520 0.850 0.672 1165 0.624 0527 1334 0804 0.739 0.699 0.894
GAFLC+LQG 0549 0562 0574 0345 0333 0361 1187 1422 0498 0.629 0.646

NNPC 0.595 0.697 0.672 0447 0512 0594 0.696 0.694 0581 0.689 0.618

LQG (active) 0.528 0.646 0.634 0.394 0.493 0585 0.672 0.664 0559 0.653 0.583

J6 CcocC 0.538 0.664 0645 0324 0417 0523 0.68 0.675 0567 0.675 0.571
GFSL 0.712 0.718 0.723 0464 0432 0466 0.746 0722 0.618 0.759 0.636
GAFLC+LQG 0.605 0.615 0615 0375 0365 0.398 1408 1606 0543 0.706 0.724
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