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Abstract. With the continuous increase in the number of irregular buildings, ensuring the safety 
of building structures has become the primary concern. The study used finite element analysis to 
estimate the natural frequency of vibration of irregular building structures, and further designed a 
fuzzy control algorithm combined with magnetorheological dampers to improve their seismic 
performance. The research results showed that the longitudinal and transverse natural frequencies 
of Model 1 were 10.44 Hz and 10.51 Hz, respectively, while those of Model 2 were 10.31 Hz and 
9.89 Hz, respectively. Using the fuzzy control method, the peak displacement of the building 
structure was reduced to 11.64 cm, and the peak acceleration was 7.9 m/s2. Comparing the open-
plus-closed-loop control with open-loop control methods, it was found that although the 
fluctuation amplitude of the open-loop control method was relatively large, its control effect was 
poor, while the open-plus-closed-loop control methods had good overall control effect, with the 
peak acceleration of 8.26 m/s2 in the open-loop control. The study provides an accurate method 
for estimating the natural vibration frequency of irregular building structures and demonstrates 
the effectiveness of the designed fuzzy control algorithm in controlling building vibration. 
Keywords: natural frequency, finite element analysis method, fuzzy control, open-plus-closed-
loop control, magneto rheological damper. 

1. Introduction 

With the acceleration of global urbanization, high-rise buildings have gradually become the 
main structure of cities, not only because they have high land use efficiency and economic 
benefits, but also because their internal vertical and horizontal transportation systems can 
significantly reduce the communication costs between the internal areas of buildings. This 
development trend has played an important role in alleviating the scarcity of urban land and 
reducing construction costs. However, with the continuous growth of urban population, high-rise 
buildings often become densely populated areas, which may lead to huge casualties and economic 
losses in earthquake disasters. Therefore, the safety of high-rise buildings has become a crucial 
issue. Due to the fact that earthquake disasters mainly rely on the destruction of the ground and 
engineering structures, selecting appropriate geographical locations can avoid ground damage 
caused by earthquakes. Therefore, the key measure to prevent earthquake disasters is to enhance 
the structural strength of urban buildings to enhance their seismic resistance. The damage of 
engineering structures caused by earthquakes mainly depends on physical vibration and resonance 
structural damage. Although increasing the strength of building structures can to some extent 
avoid physical damage caused by vibrations, structural damage caused by resonance cannot be 
avoided through this method. If the natural vibration frequency of a building structure can be 
accurately calculated and its vibration frequency and amplitude can be controlled, the damage 
caused by seismic resonance of the building structure can be greatly reduced. The research 
innovatively utilizes fuzzy control (FC) algorithms to estimate the vibration frequency of building 
structures, and based on this, controls the vibration of building structures, thereby reducing the 
damage of earthquakes to irregular building structures in high-rise buildings. This has important 
practical significance for improving the safety of high-rise buildings in cities and reducing the 
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impact of earthquake disasters on personnel and property. The research will be conducted from 
four parts. The first part is the current status of research on the natural frequency of building 
structure vibration. The second part is the research on the theory of Magnetic rheological damper 
(MRD) FC and the research on the MRD FC system of multi-layer buildings. The third part is the 
simulation experiment verification of control methods. The fourth part is a general overview of 
the research. 

2. Related works 

The vibration natural frequency (VNF) of materials has a great impact on the various 
properties of the structure. To study the impact of the VNF of irregular single-walled carbon 
nanotubes on the initial stress, Selim and El-Safty [3] deduced a new equation of motion and 
frequency equation, and used this equation to analyze the stress characteristics of single-walled 
carbon nanotubes. The results showed that the equations of motion could better reflect the 
vibration characteristics of single-walled carbon nanotubes. The frequency equation showed that 
the natural frequency (NF) of single-walled carbon nanotubes decreased with the increase of 
surface irregularity and initial stress parameters. To accurately evaluate the safety performance of 
stairs, Edlund and Ramakrishnan [4] established a coupled electromechanical system analysis 
model to analyze the NF of stairs under human flow, and collected the energy generated by stair 
vibration caused by human flow. The results showed that this model could estimate the VNF of 
stair and achieve the collection of vibration energy. To analyze the influence of different 
influencing factors on the NF of functionally graded materials under different boundary 
conditions, Moheimani and Dalir [5] used classical elastic theory at the nanoscale to study 
functionally graded materials. The results showed that at the nanoscale, non-localized effects have 
a significant impact on the NF of functionally graded materials. To adjust the performance of 
glassy carbon fiber composites, Singh et al. [6] proposed experimental and numerical technology 
methods, and measured the NF of composites using ABAQUS software. The outcomes denoted 
that the amount of glassy carbon fibers and the stacking mode would have a greater impact on the 
NF of composites. 

Sun and Yuan [7] proposed a finite element analysis (FEA) model to analyze the free vibration 
problem of elastic free membranes. This model linearized the free vibration problem of elastic 
membranes into a linear equivalent problem and introduced local mesh refinement. The findings 
showed that this model could generate mode functions with the required accuracy of eigenvalues. 
Gomes and Donadel [8] developed a heuristic algorithm based control algorithm to complete the 
high acceleration life experiment of electric vibration screening and the vibration acceleration 
experiment of high acceleration stress screening. The algorithm designed two control systems, one 
based on fuzzy logic and the other based on traditional PID control. The outcomes showed that 
both control systems were used in the constant scanning experiment of acceleration and stress 
level control. All demonstrated excellent stability and accuracy. Yang et al. [9] proposed to use 
linear control theory to design an MRD controller and applied MRD to a segment assembly 
machine, replacing passive shock absorbers. They also used a fuzzy model to analyze the segment 
installer model. In this model, a fuzzy controller was used for disturbance observation, and the 
results showed that under MRD control, the acceleration of the segment assembly machine was 
reduced by 59.6 %. Azizi et al. [10] proposed an improved whale algorithm to optimize the fuzzy 
controller of nonlinear steel structure buildings under seismic excitation to improve the significant 
reduction of structural control response in high-rise buildings. The results showed that the 
improved method could effectively improve the control response of high-rise buildings. 

In summary, although these studies focus on micro scale or local components, the obtained 
vibration characteristic information has guiding significance for understanding the vibration 
behavior of the overall structure. Through analyzing material properties, influencing factors, and 
using experimental and numerical techniques, it provides certain guidance for the design and 
optimization of larger scale buildings. Therefore, the study used the FEA method to analyze the 
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VNF of irregular buildings, and there were also many seismic control methods for irregular 
building structures. The control system based on fuzzy logic is an excellent control system that 
can interact with other control systems. Therefore, the study proposed to use fuzzy logic control 
systems to improve the seismic performance of irregular building structures. 

3. Calculation and control of VNF of building structure based on FC algorithm 

The main content of this chapter is the estimation method for irregular building structures and 
the study of MRD FC system for multi-story buildings. It is divided into two sections. The first 
section is the estimation method for the VNF of irregular building structures, and the second 
section is the control research for the VNF of irregular building structures. 

3.1. Estimation of VNF of irregular building structure based on FEA model 

The VNF refers to the frequency at which a system vibrates without external forces. At this 
time, the vibration of the system is called free vibration. If the forced vibration frequency of the 
system under external forces is the same or close to the free vibration frequency of the system, it 
will lead to a significant increase in the vibration amplitude of the system, which is a resonance 
phenomenon. The occurrence of this phenomenon will cause great damage to the building 
structure. To make the NF of a building structure avoid the excitation source frequency, it is 
necessary to calculate the NF of the building structure, which is usually calculated in a mass spring 
system. When a building structure undergoes free vibration, there is no loss in the overall structural 
system. The sum of the kinetic and potential energy of the system is a constant, which can be 
expressed by Eq. (1): 𝑉 + 𝑇 = 𝑐, (1)

where, 𝑉 means the kinetic energy of the system; 𝑇 denotes the potential energy of the system; 𝑐 
refers to a constant. At this point, the vibration system of the building structure can be considered 
as a mass spring system, in which the potential energy conforms to Eq. (2): 𝑇 = 12𝐾𝑥ଶ, (2)

where, 𝐾 stands for the elastic coefficient of the spring, and 𝑥 means the deformation of the 
spring, that is, the displacement of the building structure. The kinetic energy of the building 
structure at this time conforms to Eq. (3): 𝑉 = 12𝑀𝑥ሶ ଶ, (3)

where, 𝑀 denotes the structural mass of the system, and 𝑥ሶ  indicates the speed. When the building 
structure is in a balanced position of vibration, the potential energy of the system is the smallest, 
0, and the kinetic energy of the system is the largest, which can be expressed by Eq. (4): 𝑉୫ୟ୶ = 12𝑀𝜔௡ଶ𝐴ଶ, (4)

where, 𝜔௡ represents the natural circular frequency of the system, and 𝐴 denotes the amplitude of 
the system. When the system is at its maximum amplitude, the kinetic energy of the system is the 
smallest, 0, and the potential energy of the system is the largest, which can be represented by 
Eq. (5): 
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𝑇୫ୟ୶ = 12𝐾𝐴ଶ. (5)

Due to the overall energy conservation of the system, there exists Eq. (6): 12𝑀𝜔௡ଶ𝐴ଶ = 12𝐾𝐴ଶ. (6)

Therefore, the NF 𝑓 of the structure conforms to Eq. (7) [11-12]: 

𝑓 = 12𝜋ඨ𝐾𝑀. (7)

To calculate the NF of a building structure using a FEA model, it is necessary to first model 
the building structure, study the use of Ansys software to complete three-dimensional FEA 
modeling of irregular buildings, and calculate the NF of the building structure. The calculation is 
shown in Fig. 1 [13-15]. 

 
Fig. 1. Calculation of VNF of building mechanism using Ansys software 

The calculation of the VNF of irregular building structure using Ansys software requires first 
constructing a three-dimensional modeling of the building structure. After completing the 
modeling, it is necessary to assign values to the beam and plate elements in the model. After 
assigning values to the beams and plates, it is also necessary to search for line elements 
corresponding to each bone material and beam pillar, and assign attributes to these line elements. 
After assigning attributes to the line elements, the FEA model can be meshed, when dividing the 
grid, the parts with larger areas and regular shapes will be divided into grids according to the 
specified size and shape. The parts with smaller areas or irregular shapes will be divided into 
secondary grids for subsequent calculations. If the problem of dividing irregular areas is not solved 
by secondary divisions, manual division can be used to complete the grid division. After the grid 
division is completed, weight attributes of each unit in the building structure need to be assigned. 
After the weight attribute is assigned, the material density of the building structure needs to be 
adjusted to make the overall state of the building structure coincide with the actual situation. 
Finally, after the boundary conditions are applied to the 3D model, the finite meta modeling of the 
irregular building structure can be completed. After the finite meta modeling is completed, the 
VNF of the building model can be extracted by using the modal analysis of Ansys. 

3.2. VNF control of irregular building structure based on FC system 

FC system is a structural form of digital control system, consisting of five parts: the first, 
second, third, fourth and fifth parts are fuzzy controller, interface, executing mechanism, 
controlled object and sensor, respectively. Among these five parts, the first part is the core of the 
FC system, and the structure of the FC system and fuzzy controller is shown in Fig. 2 [7, 16]. 
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a) Fuzzy control system 

 
b) Fuzzy control systestructurem 

Fig. 2. FC system and fuzzy controller structure 

In a FC system, the result of fuzzy inference is a membership function. To serve as the control 
signal of the controller, it is necessary to select the most suitable and accurate value to represent 
the result of fuzzy inference. Usually, the maximum membership function method is used to 
determine the result of fuzzy inference, and each result of fuzzy inference corresponds to a 
membership function, as shown in Eq. (8): 𝑢଴ = max𝜇஺ሺ𝑢ሻ, 𝑢 ∈ 𝑈, (8)

where, 𝑢଴ denotes the fuzzy inference result, and 𝜇஺ሺ𝑢ሻ indicates the membership function of set 𝐴. If there are multiple fuzzy inference results corresponding to the maximum membership 
function at the same time, the mean of these fuzzy inference results is taken as the final fuzzy 
inference result, as shown in Eq. (9): 

𝑢଴ = 1𝐽 ෍𝑢௝௃
௝ୀଵ ,     𝑢௝ = max௨∈௎ ൫𝜇஺ሺ𝑢ሻ൯,     𝐽 = |ሼ𝑢ሽ|, (9)

where, 𝐽 stands for the amount of inference results corresponding to the maximum membership 
degree. The FC algorithm needs to be combined with MRD to directly apply to the control of VNF 
of irregular building structures. Therefore, a FC system based on MRD has been proposed. MRD 
is to put small soft magnetic particles into the non-magnetic fluid, so that the liquid changes from 
Newtonian fluid to plastic solid under the action of magnetic field. In this process, the device will 
output the damping force of magnetorheological fluid. Because the device has a fast response 
speed, and can also output the damping force continuously, the device is widely used. The 
movement mode of magnetorheological fluid in MRD is expressed in Fig. 3 [17-19]. 

 
Fig. 3. Schematic diagram of magnetorheological fluid movement 

When the magnetorheological fluid is in a stable shear field, the constitutive relationship of 
the magnetorheological fluid can be expressed by Eq. (10): 
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𝜏 = 𝜏௬ሺ𝐻ሻsgnሺ𝛾ሶሻ + 𝜂𝛾ሶ , (10)

where, 𝜏 refers to shear stress; 𝜂 represents zero field viscosity; 𝜏௬ሺ𝐻ሻ means yield stress of 
magnetorheological fluid; 𝛾ሶ  indicates shear strain rate. When the magnetic particles in the 
magnetorheological fluid do not reach magnetization saturation, the theoretical yield stress of the 
magnetorheological fluid can be expressed by Eq. (11): 𝜏௬ሺ𝐻ሻ = √6𝜙𝜇଴𝑀௦ଵ/ଶ𝐻଴ଶ/ଷ, (11)

where, 𝜙 refers to the volume content of the particles; 𝑀௦ denotes the saturation magnetization 
strength of the particles; 𝜇଴ stands for the actual permeability; 𝐻଴ indicates the applied magnetic 
field strength. MRD can be divided into shear type dampers, valve type dampers, and shear valve 
type dampers. The output of shear valve type MRD can be regarded as the sum of shear type 
damping force and valve type damping force, which can be represented by Eq. (12): 

𝐹 = ቈ3𝜋𝜂𝐿ሺ𝐷ଶ − 𝑑ଶሻ4𝐷ℎଷ + 𝐿𝜋𝐷𝜂ℎ ቉ 𝑣 + ቈ3𝜋𝐿ሺ𝐷ଶ − 𝑑ଶሻℎ + 𝐿𝜋𝐷቉ 𝑟௬sgnሺ𝑣ሻ, (12)

where, 𝐹 means the damping force of the shear valve type MRD; 𝜂 denotes the apparent density 
of the magnetorheological fluid; 𝐿 indicates the effective length of the piston; 𝐷 expresses the 
piston diameter; 𝑑 denotes the magnetorheological fluid channel diameter; ℎ expresses the gap; 𝑟௬ means the magnetic core radius; sgnሺ𝑣ሻ denotes the direction of piston movement. In shear 
valve type MRD, the piston diameter is much larger than the gap. Therefore, the damping force 
of shear valve type MRD can be calculated using the calculation formula of valve type MRD, as 
shown in Eq. (13): 

𝐹௦௩ = 3𝜂𝐿ሾ𝜋ሺ𝐷ଶ − 𝑑ଶሻሿଶ4𝐷ℎଷ 𝑣 + 3𝐿𝜋ሺ𝐷ଶ − 𝑑ଶሻ4ℎ 𝜏௬sgnሺ𝑣ሻ, (13)

where, 𝐹௦௩ means the damping force of valve type MRD. According to Eq. (13), the damping force 
of shear valve type MRD is composed of passive viscous damping force and variable Coulomb 
damping force. The ratio of variable Coulomb damping force to passive viscous damping force is 
the adjustable multiple 𝛽௩ of MRD damping force, as calculated in Eq. (14): 

𝛽௩ = 𝐷ℎଶ𝜏௬𝜂ሺ𝐷ଶ − 𝑑ଶሻ𝑣. (14)

From the above formula, there is a contradiction between increasing the damping force output 
and the adjustable multiple. Therefore, Eq. (13) can be rewritten as Eq. (15): 𝑓ௗ = 𝑐ௗ𝑥ሶௗ + 𝑓ௗ௬sgnሺ𝑥ሶௗሻ, (15)

where, 𝑥ሶௗ means the relative velocity of MRD; 𝑐ௗ denotes the viscous damping coefficient; 𝑓ௗ௬ 
represents the adjustable Coulombic resistance of MRD. The vibration control of irregular 
building structures requires the installation of controllers between structural layers to achieve the 
seismic effect of the building structure. The study compared the seismic effect of FC algorithm 
and linear quadratic regulator (LQR) control algorithm, and the specific structure is shown in 
Fig. 4. 

Fig. 4 shows the MRD FC system designed for the study. For the vibration of building 
structures, there are two main sources of excitation that need to be considered. The first is that 
earthquakes generate waves that propagate through the ground and exert dynamic effects on the 
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building. Secondly, the vibration caused by traffic could come from passing vehicles, trains, or 
other transportation facilities. These vibrations can be transmitted to nearby buildings through the 
ground or other means. In this system, the horizontal and lateral degrees of freedom of the building 
structure are retained, while the rotational degrees of freedom of the building structure are ignored. 
The horizontal stiffness of the floor slab is set to infinity. At this point, only the effect of vertical 
earthquakes on the building structure needs to be considered to compare the seismic control effect 
of control algorithms on the building structure. In addition to the FC mentioned above, the control 
of building structural models also needs to consider decentralized control strategies [20, 21]. 
Therefore, a fuzzy decentralized control system is studied and designed, as shown in Fig. 5. 

 
Fig. 4. Vibration control system for irregular building structures 

1u

2u

 
a) Building model 

 
b) Substruction division 

Fig. 5. Architectural model and subsystem division 

The model adopts three decentralized strategies. The first strategy divides the model into three 
subsystems, the second strategy divides the model into five subsystems, and the third strategy 
completely divides the model. Each layer is equipped with a fuzzy controller, and each layer of 
each decentralized strategy is equipped with an actuator to compare the control effect of the 
decentralized strategy. When actuators acted between floors, it will affect the working conditions 
of the upper and lower actuators, resulting in FC not meeting the expected requirements for 
displacement and acceleration control of building structures. Therefore, it is necessary to consider 
the control effect of MRD when used in multi-story buildings. The study supported MRD on the 
negative first and second floors of the building structure, allowing it to be directly supported on 
the ground, observing the vibration control effect of the building structure, and recording the 
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impact of different input quantities on the control effect. At this time, the control system of the 
structure can be divided into open-loop control system, closed-loop control system, and open-
closed-loop control system, as shown in Fig. 6. 

 
a) Open loop 

 
b) Closed loop 

 
c) Open-closed loop 

Fig. 6. Vibration control system 

The control behavior of an open-loop control system is preset in advance, and the response of 
the structure is not considered during the control process. The output end will not have an impact 
on the control results of the system [22, 23]. The open-loop control system had a simple structure, 
low cost, but significant errors. A closed-loop control system uses sensors to obtain the response 
status of the structure, calculate the deviation between the actual and expected response of the 
structure, and adjust the structural condition based on the calculation results to make the actual 
response status of the structure closer to the expected result. At this time, the control system does 
not consider the magnitude of external forces. The open-closed-loop control system not only 
considers the structural response, but also needs to consider the magnitude of external forces. It 
utilizes the advantages of the open-loop control system to improve the closed-loop control system. 
To improve the control accuracy of the control system, a feedforward control structure can also 
be used as a feedback control supplement to the control system, forming a composite control 
system. 

4. Analysis of simulation results 

The main content of this chapter is the analysis of simulation experimental data results, which 
is divided into two sections. The first section is the estimation results of the VNF of irregular 
building, and the second section is the effectiveness analysis of the seismic control system of 
irregular buildings. 

4.1. Estimation results of VNF of irregular building structure 

The study utilized Ansys software to complete FEA modeling of irregular building structures. 
The structural elements of the model included longitudinal and transverse columns, beams, slabs, 
etc., with materials such as steel and concrete, and boundary conditions of constraints and loading. 
Then the experiment compared the influence of different grid division sizes on the natural 
frequency of building structure vibration, and the results are shown in Fig. 7. 

Fig. 7(a) shows the variation trend of the longitudinal frequency (LF), transverse frequency 
(TF), and number of units of Model 1 with grid size. As the grid size continued to increased, the 
amount of cells in the FEA model continued to decrease, while the LF and TF both increased. The 
LF increased significantly, with a cell size of 0.85, the lowest amount of cells being 32270, the 
highest LF being 10.44 Hz, and the highest TF being 10.51Hz. Fig. 7(b) shows the variation trend 
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of the LF, TF, and amount of cells of Model 2 with grid size. The data variation trend of Model 2 
was similar to that of Model 1, but the LF of Model 2 was higher than the TF, which was opposite 
to Model 1. When the grid size was 0.85, the number of cells was the lowest, 17680, the LF was 
the highest, 10.31 Hz, and the TF was the highest, 9.89 Hz. 
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b) Model 2 

Fig. 7. Trend of model data variation with grid size 

4.2. Simulation results analysis of MRD FC system 

LQR is a commonly used vehicle lateral control algorithm. To verify the performance of the 
FC algorithm proposed in the study, the value of interlayer peak displacement (PD) response of 
the two algorithms under the influence of El Centro wave and Kobe wave was studied and 
compared. The results are expressed in Fig. 8. 

Fig. 8(a) shows the comparison of the inter story PD response of two control algorithms under 
the influence of El Centro waves. When the building had 5 floors, the inter story PD response of 
both control algorithms reached the minimum, that of LQR and FC algorithm were 2.0 cm and 
2.2 cm, respectively. When the building had 20 floors, the inter story PD response of both control 
algorithms reached the maximum. At this point, that of the LQR and fuzzy algorithm were 8.3 cm 
and 6.8 cm, respectively. Fig. 8(b) shows the comparison of inter story PD response between two 
control algorithms under the influence of Kobe waves. When the building had 17 floors, the inter 
story PD response of the building structure was the smallest. At this time, that of the fuzzy and 
LQR control algorithm were 2.3 cm and 3.6 cm, respectively. By comparing these values, when 
the number of building floors increased from 5 to 20, whether using LQR control algorithm or FC 
algorithm, the PD response between floors significantly increased. In addition to the PD response 
between layers, the study also compared the peak acceleration (PA) response of two algorithms 
under the influence of two seismic waves, as shown in Fig. 9. 
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Fig. 8. Interstory PD response 
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Fig. 9. PA response 

Fig. 9(a) shows the comparison of the PA response of two algorithms under the influence of 
El Centro waves. When the building had 11 floors, the LQR control algorithm could make the PA 
response lower than that of the FC algorithm. At this time, that of the LQR and FC algorithm were 
6.8 m/s2 and 7.1 m/s2, respectively. Fig. 9(b) shows the comparison of the PA response of two 
algorithms under the influence of Kobe waves. When the building was four floors, that of the LQR 
control algorithm was 25 m/s2. The FC algorithm could effectively reduce the PA response of the 
building structure. Regardless of the amount of building floors, the PA response of the FC 
algorithm was always lower than that of the uncontrolled situation and the LQR control algorithm. 
After comparing the PD response and PA response between the two algorithms, the study also 
compared the control forces of the two algorithms under the influence of two seismic waves, as 
shown in Fig. 10. 
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Fig. 10. Comparison of control forces between two algorithms 
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Fig. 10(a) shows the comparison of control forces between two algorithms under the influence 
of El Centro waves. The control forces of the two control algorithms were basically the same. The 
difference in control forces between the two algorithms was significant when the building had 8 
floors and 20 floors. When the building had 8 floors, the control force of the fuzzy and LQR 
control algorithm were 5.0×106 N and 3.8×106 N, respectively. When the building had 20 floors, 
the control force of the fuzzy and LQR control algorithm were 7.8×106 N and 5.1×106 N, 
respectively. Fig. 10(b) shows the comparison of control forces between the two algorithms under 
the influence of Kobe waves. Regardless of the number of building floors, the control forces of 
the two algorithms were basically the same, with no significant difference. After determining the 
control effect of FC algorithm in building structures, simulation experiments were conducted on 
multi-layer MRD support between floors, and the results are shown in Fig. 11. 

 
a) Displacement response peak 

 
b) Peak acceleration response 

Fig. 11. PD and PA response of MRD FC algorithm supported between layers 

Fig. 11(a) shows the PD response. In a 6-story building structure, the difference in PD response 
between the two control algorithms was the largest. At this time, the PD response of the FC and 
LQR algorithms were 11.65 cm and 14.20 cm, respectively. Fig. 11(b) shows the PA response. 
The FC algorithm could effectively reduce the PA of building structures, while the LQR algorithm 
had poor control effect on the PA of building structures with large fluctuations. The FC algorithm 
could stably reduce the PA of building structures. The study also compared the PD and PA 
response under different control methods when MRD was supported on the ground, as shown in 
Fig. 12. 

 
a) Displacement response peak 

 
b) Peak acceleration response 

Fig. 12. PD and PA response of different control methods supported on the ground 

Fig. 12(a) shows a comparison of the PD response of different control methods. All three 
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control methods could effectively reduce the PD response of the building structure, among which 
the closed-loop control method had the best control over the PD response. Under this control 
method, the PD response of the building structure was the lowest. When the building had 6 floors, 
the PD response of the building structure under this control method was 14.85 cm. Fig. 12(b) 
shows the comparison of the PA response of different control methods. The control effect of the 
open-loop control method was the worst. The overall difference in the control effect of the 
open-loop control method, i.e. the closed-loop control method, was small, and the local difference 
was large. All three control methods could reduce the PA response of the building structure. 

5. Conclusions 

To accurately estimate the fixed vibration frequency of irregular buildings and improve their 
seismic performance, a FEA model for calculating the fixed vibration frequency of irregular 
buildings was proposed, and a FC algorithm was proposed to control the vibration of irregular 
building structures to improve their seismic resistance. The results indicated that the FEA model 
could more intuitively and accurately calculate the LF and TF of irregular building structures. The 
LF of Model 1 was 10.44 Hz, and the TF was 10.51 Hz; the LF of Model 2 was 10.31 Hz, and the 
TF was 9.89 Hz. The FC algorithm had a good control effect on the displacement and acceleration 
of building structures. When the building had 6 floors, the PD response of the FC algorithm was 
11.65 cm and the PC response was 7.9 m/s2, while the PD response of the LQR algorithm was 
12.31 cm and the PC response was 8.2 m/s2. The closed-loop control method had the minimum 
PD. When the building had 6 floors, the PD of closed-loop control was 14.86 cm, while the PC of 
open-loop control method was the lowest. When the building had 6 floors, the PC of open-loop 
control was 8.13 m/s2. This study used FEA method to estimate the natural vibration frequency of 
irregular building structures, and proposed a FC algorithm to improve the seismic performance of 
irregular buildings. A high cost irregular building vibration control strategy has been proposed, 
which cannot be applied on a large scale to improve the seismic performance of irregular 
buildings. This can further reduce the cost of improving the seismic resistance of irregular 
buildings. 
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