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ABSTRACT: With the increase in the population of cities and the lack of spaces for construction,
the creation of diverse uses, architecture and beauty of structures, the need for irregular structures is
increasing. One way to reduce the construction hazards is to use vibration control tools in them. In the
present study, the performance of a magnetic damper with a fuzzy controller to reduce the vibrations
of an irregular hard structure under near and near earthquakes has been investigated. In the present
study, the performance of a magnetic damper with the fuzzy controller to reduce the vibrations of an
irregular stiftness structure under near and far field earthquakes has been investigated. The capacity of
the introduced magnetic damper is equal to 1000kN, which is installed in the first floor between the floor
level and the ceiling level of the first floor. The fuzzy system is designed based on the relative speed of
the two ends of the damper to determine the relative speed of the amount of voltage and, consequently the
control force that enters the structure. Three different types of irregularities in height, including hardness
irregularities with a coefficient of 60%, are used in a 10-story structure and are modeled in the OpenSees
software. These irregularities have been investigated in three different elevation locations including the
lower half of the structure height (floors 1 to 5), the lowest floor (1st floor) and the middle floor of the
structure (5th floor). Based on the numerical analyzes performed for these structures under the excitation
of near and far field earthquakes, the residual displacement is reduced by an average of 23.15% and
45.64%, respectively. In addition to the improvement of criteria such as maximum displacement, base
shear and moment in both types of earthquakes, the most improvement occurred in the irregular structure
of the first floor and the least for the middle floor. In addition to improving criteria such as maximum
displacement, base shear, and moment in both types of earthquakes, the most improvement occurred for
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the irregular structure on the first floor and the least for the irregular structure in the middle floor.

1- Introduction

The seismic design regulations always lead to regular
constructions and the avoidance of any irregularities in
structures. Still, nowadays, irregular constructions are
inevitable for various reasons such as beauty, architecture
and economy. Between different stages of analysis and
design of a structure against incoming loads, decision-
making about configuration, geometric characteristics of
the structure such as dimensions in plan and height, the
role of structural and non-structural components can lead to
nonlinear deformation of the load and cause local or global
destructions. The behavior of multi-story structures under
strong earthquakes depends on the configuration of the
structure. Irregularities in plan and in height are the main
causes of the rupture of structures during an earthquake.
The type, intensity as well as irregular position is important
issues that should be considered in the designs.

One of the most challenging goals among researchers
and engineers is to control and reduce the vibrations of
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structures. As the damage to structures, loss of life and
property following the recent earthquakes, the importance of
controlling the vibrations of structures against earthquakes
becomes more apparent. One way to reduce vibrations and
potential hazards of structural damage is to use vibration
control tools. One of these tools is MR magnetic dampers,
which have intrinsic properties such as very fast response
time, phase reversibility, immutability to environmental
conditions and easy controllability, have been studied by
many researchers [1-4].

In the present study, magnetic dampers will be used to
reduce the vibrations of irregular structures in stiffness. One
of the ambiguous points of previous studies is not paying
attention to the characteristics of the studied structures
in vibration control, because if there is the irregularity in
the structure and its vibration control in one level of the
structure, it can cause local stresses in other parts of the
structure [5-8]. It can also behave differently in far and
near field earthquakes separately because each of these
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loads is fundamentally different. On the other hand, fuzzy
controllers, designed by experts in any field to make the
necessary decisions at the moment, can be challenging
for structures that behave more complexly than regular
structures. Therefore, in order to eliminate the shortcomings
in the studies conducted in this field, various variables such
as the type of earthquake, irregularity of stiffness in different
floors and the performance of the controller will be studied.

2- Studied structures

In order to evaluate the performance of the MR damper
and the control system, a 10-storey structure with a floor
height of 3m and width of 5m in each direction has been
used [9]. The lateral system of the structure is defined in both
directions, a special steel bending frame and a roof system
of two-sided concrete slab type with a rigid diaphragm. The
structure is designed for an area with a high relative seismic
risk and a site with type II soil. The amount of extensive
dead load is equal to 700 kg/m? and the live load of the floors
is equal to 200 kg/m?. To model irregularity in height, by
applying changes in regular structure, irregular structures in
height are modeled with different states of non-geometric
irregularity. For this purpose, in a class of structure where
an irregularity in height is to occur, the stiffness value is
changed by applying an irregularity coefficient according to
Equation (1). In order to keep the other variables constant
and merely to study irregularly, the main characteristics of a
regular and irregular structure, including the first mode cycle
time, stiffness, and shear base of the yield point, are kept
constant.

_K
KA

IF (1)

where [F the coefficient of irregularity, K, the stiffness
of the irregular floor and K, the stiffness of the adjacent
upper floor.

3- MR damper modeling and fuzzy control system

This model consists of a Bouc-Wen element and a viscous
damper that operate in parallel [10]. The specifications of the
MR damper and fuzzy controller are such that it is not possible
to model it directly by OpenSees software; Therefore, the
force corresponding to this damper is calculated by MATLAB
software and at each step, the level at which the damper is
located is entered in the OpenSees software. This connection
is created between OpenSees and MATLAB softwares
through the TCP-IP method.

4- Earthquake records applied to structures

In this study, in order to evaluate the performance
of MR damper and controlling algorithm in reducing
structural responses, 7 far-field earthquakes and 7 near-field
earthquakes have been used for excitation. Before analyzing
the time history, the regulations require that the excitation
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would be scaled. In the present study, the scale of maximum
earthquake acceleration has been performed and incremental
dynamic analysis has been performed. The maximum values
of earthquake acceleration are from 0.1 g to 1.0 g. In order
to evaluate the performance of MR dampers in reducing
the vibrations of response and acceleration of the roof floor
and base shear and bending moment of the structure in two
controlled modes with MR dampers and uncontrolled are
examined. For this purpose, 8 evaluation criteria, 4 of which
are related to the maximum answers and the other 4 are
related to the mean squared of the answers.

5- Conclusions

In the present study, MR magnetic dampers were used
to control the vibrations of irregular structures in stiffness.
To evaluate the performance of this control system on
irregular structures in stiffness, a regular structure and three
irregular structures that are similar in terms of the period
of the first mode, stiffness and base shear yield are used as
reference structures. Irregular structures are developed by
reducing stiffness in different floors of regular structures.
These irregularities have been applied to the first to fifth
floors, the first floor and the fifth floor. These structures
were subjected to 7 far-filed earthquakes and 7 near-field
earthquakes in order to separately examine the performance
of the controlled structure. The magnetic damper used by the
fuzzy controller, which determines the required voltage by
receiving the relative velocity input by the sensors, controls
the performance of the structures under consideration.

To evaluate the performance of the control system, the
results of the residual displacements in the structures under
different earthquakes were examined. The results of this
study showed that the use of MR dampers, decreases residual
displacement in different classes of regular structures, irregular
structures with reduced stiffness in floors 1 to 5, irregular
structures with reduced stiffness in floors 1 and irregular
structures with reduced stiffness in floors 5, 21.19%, 17.85%,
38.34% and 15.24%, respectively, in the input excitation
of far-field earthquakes, and 42.83%, 48.29%, 51.24% and
40.18%, respectively, in the input excitation of near-field
earthquakes. Other defined criteria also showed that this
control system, regardless of the irregularity in the structure,
can significantly reduce the maximum displacement, base
shear and bending moment of the structures.
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Fig. 3. Bouc-Wen model forMR Damper Modelling
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Table 1. Parameter used for MR damper modeling
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Fig. 4. Behavior of MR damper simulated in the present study
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Table 3. Linguistic variables for inputs
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Table 5. Characteristics of far-field earthquakes
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<10\ Kobe, Japan Nishi-Akashi v
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Table 6. Characteristics of near-field earthquakes
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Table 7. Performance criteria definition

criteria
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Fig. 8. Residual displacement of the floors in regular structures under far-field earthquakes
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Fig.9. Residual displacement of the floors in irregular structures under far-field earthquakes with
reduced stiffness of 1* to 5™ floor
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Fig 10. Residual displacement of the floors in irregular structures under far-field earthquakes with
reduced stiffness of 1* floor
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Fig. 11. Residual displacement of the floors in irregular structures under far-field earthquakes with
reduced stiffness of 5" floor
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Fig. 12. Residual displacement of the floors in regular structures under near-field earthquakes
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Fig. 13. Residual displacement of the floors in irregular structures under near-field earthquakes with reduced
stiffness of 1* to 5 floor
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Fig.14. Residual displacement of the floors in irregular structures under near-field earthquakes with reduced
stiffness of 1*floor

Yoy



10 — 10 10 , 10 10 10 :

8 : gf 8 ! 8 8 8 '
= 6 6f 6 ; 6 6 6 .
‘9 If \\ :' A
S ) 4 4t [/ 4 4 4 .

2t/ 2 o2 2 2 2{/”

0L 0 ' 0 0 0 0

0 05 1 -01 -005 0 01 02 01 0 01 -0.04 01 0 01 0 0.05

Residual displacement(m)

|- - - - Uncontrolled

MR-FLC

Sud5 059> LA Cod O alb > JSuw Wl U plaiol ol 45 Bl Olib 15 suile BU Ko pnti IO JSUS

Fig. 15. Residual displacement of the floors in irregular structures under near-field earthquakes with reduced
stiffness of 5" floor
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Table 8. Performance criteria of the proposed control systems for regular structures under far-field earthquakes

PGA ()
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

J| 0.9248 0.8925 0.8738 0.8864 0.8983 0.9067 0.8922 0.8795 0.8899 0.8990
J, 1.0196 1.0091 1.0024  0.9950 0.9964 0.9937 9978 1.0003 09974 0.9925
J, 0.2417 0.2703 0.3123 0.3276 0.3504 0.3797 04016 04189 0.4279 0.4158
J, 0.2738 0.3131 0.3447 0.3603 0.3836 0.3982 0.4121 0.4298 0.4372 0.4573
J; 0.8642 0.8217 0.7635 0.7729 0.8092 0.8194 0.8061 0.8029 0.8187 0.8217
Js 1.0100 0.9819 0.9565 0.9651 0.9805 0.9863 0.9903 0.9926 0.9950 0.9973
J, 0.1836  0.1952 0.2117 0.2391 0.2703 0.2947 03104 0.3188 0.3232 0.3255
Jq 0.2140 0.2327 0.2463 0.2741 0.3048 0.3274 0.3469 0.3624 0.3852 0.4111
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Table 9. Performance criteria of the proposed control systems for irregular structures with reduced stiffness in 1% to

5™ floors under far-field earthquakes

PGA ()
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
J, 09127 0.8744 0.8546 0.8488 0.9052 0.9187 09326 0.9042 0.8881 0.8889
J, 1.0369 1.0222 1.0107 1.0060 1.0107 1.0122 1.0100 1.0100 1.0103 1.0112
J, 0.2554  0.2988 0.3331 0.3755 0.3961 0.4137 0.4397 0.4495 0.4500 0.4595
J, 0.2436 0.2914 0.3281 0.3638 0.4013 0.4223 04313 0.4410 0.4444 0.4559
Js 0.8733  0.8104 0.7361 0.7316 0.7832  0.8051 0.8293 0.8274 0.8244 0.8140
Js 1.0237  0.9881 0.9552  0.9590 09695 0.9785 0.9852 0.9906 0.9942 0.9976
J; 0.2183 0.2236 0.2327 0.2594 0.2836 0.3042 0.3194 0.3307 0.3419 0.3488
Jq 0.1876  0.2098 0.2230 0.2518 0.2833 0.3079 0.3345 0.3519 0.3724 0.3964

393 059> A Codd Y b (0 (SBuw il L olikoli a5lw 13 (J 55 e 2,Sdos iy Ve Jous

Table 10. Performance criteria of the proposed control systems for irregular structures with reduced stiffness

in the 1* floor under far-field earthquakes

PGA ()
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
J, 0.8599 0.8150 0.8394 0.8556 0.8698 0.5034 0.8534 0.8372 0.8471 0.8646
J, 1.0507 1.0391 1.0250 1.0238 1.0205 1.0129 1.0130 1.0133 1.0114 1.0090
J, 0.3064 03152 0.3535 0.3841 0.4215 0.4328 0.4405 0.4468 0.4578 0.4482
J, 0.1841 0.2339 0.2774 0.3057 0.3381 0.3572 0.3661 0.3754 0.3920 0.4103
Js 0.9067 0.8291 0.7416 0.7466 0.7645 0.7759 0.7620 0.7557 0.7563 0.7764
Js 1.0748 1.0249 09834 0.9887 09937 09946 09976 1.0119 1.0020 1.0043
J; 0.2954 0.2811 0.2706 0.2898 0.3164 0.3370 0.3529 0.3635 0.3677 0.3715
Jg 0.1406 0.1690 0.1851 0.2171 0.2505 0.2783 0.3025 0.3211 0.3368 0.3633
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Table 11. Performance criteria of the proposed control systems for irregular structures with reduced stiffness in the
5™ floor under far-field earthquakes

PGA ()
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
J| 0.9324 09010 0.8892 0.9009 09095 0.9208 0.9103 0.8957 0.9007 0.9074
J, 1.0147 1.0048 09975 09887 09897 0.9876 0.9886 0.9909 0.9915 0.9903
J; 0.2229 0.2528 0.2950 0.3208 0.3472 0.3745 0.3986 0.4207 0.4258 0.4195
J, 0.2838 0.3299 0.3695 0.3833 0.4049 0.4290 0.4379 0.4451 0.4583 0.4820
J 0.8732 0.8320 0.7745 0.7887 0.8287 0.8481 0.8347 0.8252 0.8349 0.8266
Js 1.0103 09840 09639 0.9694 09811 0.9863 0.9907 0.9939 0.9963 0.9977
J, 0.1612 0.1773 0.1985 0.2254 0.2566 0.2817 0.2990 0.3100 0.3137 0.3170
Jy 0.2318 0.2467 0.2587 0.2862 03166 0.3401 0.3602 0.3768 0.3994 0.4291
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Table 12. Performance criteria of the proposed control systems for regular structures under near-field earthquakes

PGA ()
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0

J| 0.8996 0.8835 0.8760 0.9045 0.9060 0.8786 0.8832 0.8919 0.8994 0.9042
J, 0.9869 0.9924 1.0013 0.9835 09864 0.9944 0.9958 0.9961 0.9976  0.9989
J, 0.2530 0.3781 0.4185 0.4299 0.4095 0.4023 0.3908 0.3940 0.4013 0.4162
J, 0.3158 0.4041 0.4569 0.5487 0.6119 0.6426 0.6643 0.6845 0.6991 0.7098
J 0.8949 0.8584 09048 0.8791 0.8545 0.7862 0.7736 0.7832 0.7909 0.8108
Js 0.9988 09873 09982 1.0052 1.0015 1.0019 1.0028 1.0034 1.0059 1.0099
J, 0.1939 0.2660 0.3064 0.3343 0.3416 0.3425 0.3384 0.3370 0.3357 0.3355
Jy 0.2531 0.3364 04139 04776 0.4944 0.5149 0.5502 0.6047 0.6489 0.6837
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Table 13. Performance criteria of the proposed control systems for irregular structures with reduced stiffness in
1**to 5™ floors under near-field earthquakes

PGA ()
0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0
J, 0.9001 0.8625 0.8512 0.8845 0.9096 0.8719 0.8794 0.8837 0.8925 0.9063
J, 0.9966 09814 1.0137 09947 0.9859 0.9844 0.9846 0.9890 0.9987 1.0112
J, 0.2736  0.3949 0.4632 0.4864 0.4530 0.4154 04100 04101 04117 0.4117
J, 0.2968 0.3977 04682 0.5722 0.6171 0.6350 0.6498 0.6709 0.6882 0.7012
J 0.8887 0.8296 0.8577 0.8245 0.8271 0.7987 0.7681 0.7533  0.7775 0.8102
Js 0.9816 09511 09750 0.9976 1.0036 1.0031 1.0012 1.0039 1.0076 1.0115
J, 0.2374 0.2950 0.3304 0.3552 0.3585 0.3506 0.3500 0.3504 0.3538 0.3541
Jq 0.2390 0.3246 0.4001 0.4620 0.4935 0.5152 0.5519 0.5917 0.6423 0.6833
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Table 14. Performance criteria of the proposed control systems for irregular structures with
reduced stiffness in the 1* floor under near-field earthquakes

PGA (2)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
J, 0.8681 0.8236  0.8237 0.8786  0.8785 0.8497 0.8549 0.8645 0.8731 0.8830
J, 0.9984 1.0051 1.0128 0.9941 0.9938 0.9985 0.9986 0.9975 1.0058 1.0206
J, 0.3087 0.4276 0.4745 0.4932 0.4584 0.4369 0.4156 0.4033 0.4065 0.4150
J, 0.2444 0.3564 0.4233 05175 0.5732  0.6116 0.6363 0.6556  0.6725 0.6858
Js 0.8400 0.7919 0.8636 0.8401 0.8198 0.7497 0.7072 0.7120 0.7316 0.7671
Je 1.0084 0.9903 0.9966 1.0077 1.0037 1.0048 1.0052 1.0058 1.0093 1.0161
J, 0.2804 0.3288 0.3647 0.3895 0.3869 0.3808 0.3748 0.3739 0.3723 0.3712
A 0.1808 0.2935 0.3720 0.4405 0.4669 0.4860 0.5142 0.5487 0.5966 0.6395
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Table 15. Performance criteria of the proposed control systems for irregular structures with reduced stiffness in the 5

floor under near-field earthquakes

PGA ()
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
J 0.9053 0.8894 0.8807 0.8962 09136 0.8864 0.8902 0.8980 0.9068 0.9179
J, 0.9878 0.9910 1.0013 098380 0.9927 0.9909 0.9941 0.9956 1.0008 1.0044
J, 0.2347 0.3616  0.4098 0.4263 0.3948 0.3879 0.3790 0.3853 0.4012 0.4156
J, 0.3275 0.4184 0.4702 0.5677 0.6244 0.6517 0.6738 0.6927 0.7088 0.7179
J 0.9016 0.8670 0.8902 0.8660 0.8543 0.8068 0.7812 0.7946  0.8059 0.8410
Js 1.0016  0.9924 0.9970 1.0054 1.0025 1.0015 1.0027 1.0036 1.0064 1.0114
J, 0.1789  0.2579 0.2953 03247 03314 0.3312 0.3286 0.3281 0.3291  0.3303
Jy 0.2692 03557 0.4291 0.4894 0.5042 0.5279 0.5639 0.6205 0.6617 0.6914
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