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Abstract 

In this research, in order to solve the difference between the values of the active force of 

the damper ATMD  in the case of using equations of motion and experiments, it is 

suggested to use z-number in fuzzy logic. The obtained results indicate that considering 

z-number causes significant changes in the output results of the active force so that it is 

closer to the real values. On the other hand, these results show that the existing equations 

of motion are not accurate enough and need to be modified and add coefficients. These 

results are consistent with previous articles and have been confirmed in other articles as 

well. Finally, it is suggested to the designers of this field to use the proposed process in 

order to increase the accuracy in active force calculations. 
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.

Introduction 

Engineering structures such as buildings and towers may shake violently or even collapse [1] and [2] when 

they are subjected to strong earthquake or wind stimulation. The design of structures resistant to seismic 

damage such as earthquakes or wind is always considered by structural designers and it is at this point that control 

science shows itself with the progress of research in the field of strengthening structures, control systems as one 

of the Effective ways to reduce vibrations and protect structural members against earthquake force have been 

introduced. These systems are divided into four main categories based on the use of energy sources, including: 

passive control systems [3] and [4]; semi-active [5] and [6]; They are classified as active [7] and compound [10]. 

One of the most important established methods in controlling vibrations on structures is the use of mass dampers 

(MDs, which are also referred to as energy absorbers (TMD), passive type of adjustable mass dampers; it can be 

called which has a mass, a spring and a damper which is added to the main structure and vibrates with it. The 

control system provides energy and these actuators introduce forces into the structure in accordance with the 

predefined states [8]. The external force by the actuator improves its performance [10]. Active adjustable mass 

dampers (ATMD) can be defined as a system that adds an active control mechanism (sensor; controller and 

actuator) to the system (TMD). ) in order to increase its use in variable frequencies (Figure 1) [11]. Linear 

dynamics of variable control force with time is used [12] . 

There are several practical examples of ATMDs, such as Shinjuku Park Tower (227 m) in Tokyo, Japan, 

Incheon International Airport Control Tower (100.4 m) in Incheon, Korea, Air Traffic Control Tower (57 m) in 

Edinburgh, UK, and Shanghai World Financial Center (492 m) in Shanghai, China (Figure 2) [13]. 
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Fig 1. General component of structure with an active tuned mass dampers (ATMD) system[1]. 

 

Fig 2. Taipei 101 with a sphere-shaped tuned mass damper [1] 

 

As stated, the damper ATMD is an active damper. In this damper, while creating vibration in the structure, 

information from external stimulation, including ground acceleration and the state of the structure, including the 

displacement, speed and acceleration of different parts, is sent to the main processing core by the receivers[14]. 

The processing core of the control system by analyzing the above information determines the best response to 

reduce the forces and change the shape caused by the stimulation created in the structure[15]. In this case, using 

different methods and tools such as active variable mass and stiffness, appropriate control force is applied to the 

structure. In this way, the active control system makes the necessary changes in the dynamic characteristics of the 

structure by using external energy during an earthquake. This process shows that in order to use and correctly 

choose these dampers, it is necessary to calculate the active force of the damper[16]. When choosing these 

dampers, structural designers use equations based on which the amount of active force of the damper is calculated. 

The equations used by the designers are based on displacement values and the relative speed of the last floor of 

the structure, which are obtained through the motion equations governing the structure. But previous researches 

have shown that the values of speed and relative displacement obtained in the equations are not the same as the 

experimental values. While designers cannot repeat the laboratory process for every structure. Therefore, in the 

current research, the idea of using Z-Numbers is presented. We know that every decision is based on information. 

To be useful, information must be reliable. Basically, the concept of z number is related to reliability. Each z-

number consists of an ordered pair as 𝑧 = (𝐴̃ , 𝑅̃). The first component 𝐴̃  is a limit on the values that the true 

uncertain variable X is allowed to take, and the second component 𝑅̃ is the reliability value of the first component. 

Compared to classical fuzzy numbers, z-numbers have a greater ability to describe human knowledge, in other 

words, they can simultaneously describe limitations and reliability [17]. According to the characteristics of 

numbers z-number, various researches have been conducted in the field of their use. The paper [31] presented a 
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study on the development of the theory and application of Z numbers since its inception in 2011. It reviews the 

formalization of Z-number-based mathematical operators, the role of Z-numbers in word computation, decision 

making and trust modeling, the application of Z-numbers to real-world problems such as multi-sensor data fusion, 

dynamic controller design, security analysis and natural language understanding, a brief comparison With similar 

conceptual paradigms, and some potential areas of future research, this paradigm currently has at least four 

extensions to its definition. Multidimensional Z-numbers, parametric Z-numbers, hesitant-non-deterministic Z-

numbers, and Z*-numbers. Z numbers have also been used in conjunction with rough sets and granular 

calculations to handle increased uncertainty.The paper [32] proposed a multi-criteria decision making method 

based on Dempster-Shafer (DS) theory and generalized Z numbers. To do this, inspired by the concept of fuzzy 

fuzzy linguistic set of terms, he expanded the Z number into a generalized form that is more in line with human 

expressive habits. After that, he built a bridge between Z-number knowledge and DS evidence theory to unify Z-

valuations. Article [33] is the basis for choosing online media that public administration uses when communicating 

with citizens. The proposed method is based on multi-circle decision-making using fuzzy analytic hierarchy 

process (Fuzzy AHP) - Z-number model - fuzzy multi-document boundary approximation area comparison (Fuzzy 

MABAC), which eliminates the traditional visual ranking of PR services. The paper [34] presented Z-number 

based fuzzy logic control for tracking the path of differential wheeled mobile robots. The approach of this research 

avoids the complexity of coding error gradients. Experiments in this research using physics-based simulations and 

real-world experiments based on the Pioneer 3DX robot architecture show the superior performance and feasibility 

of the proposed controller in terms of accuracy, robustness, and smoothness compared to other well-known related 

frameworks such as fuzzy logic type 1, fuzzy logic Type 2 and fuzzy logic with PID turned on. The article [35] 

presented a model for choosing a location for a brigade command post during combat operations. Considering 

that this is a very complex model that can be addressed from different aspects, this article is limited only to the 

criteria related to the construction or layout of the command post, respectively, the engineering aspect. The 

selection process is done using the FUCOM – Z-number – MABAC hybrid model. The paper [36] proposed a 

simple computational method for Z-score ranking for multi-criteria decision-making (MCDM) problems. And a 

comprehensive probability degree of Z numbers is defined, as inspired by the concept of probability degree of 

interval numbers. The superiority relations of Z numbers are also discussed based on the proposed method. Then, 

a weight acquisition algorithm is presented according to the degree of possibility of Z numbers. The paper [37] 

proposes a combined preference-based MADM method with spherical fuzzy numbers (Z)-SZFNs to solve the 

fuzzy information problem of green product design. SZFNs are designed to extract the internal hidden information 

of traditional Z numbers and feature the capability constraints. The reliability of Z-numbers and the advantages 

of spherical language sets are defined in this study The effectiveness and robustness of this proposed method are 

adopted. Comparative analysis, sensitivity analysis and comprehensive discussion are carried out in this research. 

The results confirm that this proposed method has improved performance and provides resources for designers. 

According to this feature of z-numbers, in this article, a corrective method to solve the problem has been presented 

with the help of z-numbers. For this purpose, in the first part of the research, a fuzzy logic system is presented and 

the results are evaluated as a case study, and the process of converting the fuzzy logic control system to the z 

fuzzy logic control system is expressed. In the second part, the basic concepts needed are discussed .In the third 

section, the correction method is fully explained.In the fourth part of the research, the research findings are shown . 

And in the fifth section, the final result is stated. 

2. Basic concepts and Definitions 

Definition 2.1 

The fuzzy set A on the global set X is defined as relation (9) [24] 

(9                                                                                     ) 𝐴 = {(𝑥, 𝜇𝐴(𝑥))|𝑥 ∈ 𝑋} 

In this relationship 𝜇𝐴: 𝑋 → [0 , 1], the membership function of the set, 𝜇𝐴(𝑥), 𝐴 is the degree of membership and 

expresses the degree of belonging of x∈X in the set A . 

Definition 2.2 
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A z-number consists of a pair of fuzzy numbers in the form 𝑧 = (𝐴̃ , 𝑅̃), so that the first factor (𝐴̃   ) is a limit on 

the non-deterministic real value of X and the factor (𝑅̃   ) is also a measure of The reliability rate is without the 

first factor. The numbers 𝐴̃   and 𝑅̃ also represent two fuzzy numbers. For example, if 𝐴̃   is a trapezoidal fuzzy 

number and 𝑅̃ is a parabolic fuzzy number, these numbers can be shown as in figure (2) [2]. 

 

Fig2: An example of a Z number 

 

Definition 2.3 

Fuzzy expectation of a fuzzy set is defined by equation (10). This concept is different from the expected value in 

probabilistic environments [24]   

(10                                                                      ) 𝐸𝐴(𝑥) = ∫ 𝑥𝜇𝐴(𝑥)𝑑𝑥
 

𝑥
 

In this regard, A: is a fuzzy set and 𝜇𝐴: 𝑋 → [0 , 1] is the membership function of the set A . 

3. Convert z-numbers to classical fuzzy numbers 

Direct calculations using z-numbers are difficult and long calculations and have limiting conditions [18], 

therefore, to use these numbers, first they are converted to classical fuzzy numbers and then calculations are 

performed using fuzzy numbers. This process makes calculations easier [24] 

If 𝑧 = (𝐴̃ , 𝑅̃) is a z-number and the fuzzy numbers 𝐴̃   and 𝑅̃ are 

 Ã = {(𝑥, 𝑢𝐴(𝑥))|𝑥 ∈ 𝑋[0,1]} and  𝑅̃ = {(𝑥, 𝑢𝐴(𝑥))|𝑥 ∈ 𝑋}are defined, in these relationships 𝜇𝐴̃ is a trapezoidal 

membership function and 𝑢𝑅̃(𝑥) is a triangular membership function. Otherwise, to convert the z-number into a 

classical fuzzy number, the following steps are performed : 

1.First, the second component of the z-number (reliability value) is converted into a numerical state (Relation 11( 

(11                                                               ) α =
∫𝑥𝜇𝑘(𝑥)𝑑𝑥

∫𝜇𝑘(𝑥)𝑑𝑥
 

2.The weight of the second component (reliability value) is combined with the first component (restriction). The 

weighted number z will be in the form 

 𝑍̃𝛼 = {(𝑥, 𝜇𝐴𝛼(𝑥))|𝜇𝐴𝛼(𝑥) = 𝛼𝜇𝐴𝛼(𝑥), 𝑥 ∈ [0,1]} (Relation 12 and 13 ( 

 (12                                                                                      ) 𝐸𝐴𝛼(𝑥) = 𝛼𝐸𝐴̃(𝑥) , 𝑥 ∈ 𝑋    

(13                                                                            ) 𝑠. 𝑡  𝜇𝐴̃𝛼(𝑥) = 𝛼𝜇𝐴̃(𝑥) , 𝑥 ∈ 𝑋 

3.Now, the unusual fuzzy number (weight limit) is converted to the usual fuzzy numbers (Relation 14 and 15). 

The obtained fuzzy set can be expressed as 𝑍̃ˊ = {(𝑥, 𝜇𝑔ˊ(𝑥))|𝜇𝑔ˊ(𝑥) = 𝜋𝐴̃ (
𝑥

√𝛼
) , 𝑥 ∈ [0,1]}    showed and it is 

expressed through equation (16) that 𝑍̃ˊ has the same fuzzy expectation as 𝑍̃𝛼 .   

 (14                                                                           ) 𝐸𝑍̃ˊ(𝑥) = 𝛼𝐸𝐴̃(𝑥) ,    𝑥 ∈  √𝛼𝑋 
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15                                                                    ) 𝑠. 𝑡.  𝜇𝑧 ˊ(𝑥) = 𝜇𝐴̃ (
𝑥

√𝑎
) , 𝑥 ∈ √𝛼𝑋 

From relation 4 and 6, relation (8) can be concluded .   

(16)                                                                                                𝐸𝑍̃ˊ(𝑥) = 𝐸𝐴̃(𝑥) 

4.Theoretical 

4.1.Equation of motion of the system without dampers 

In this article, an eleven-story concrete building, which is part of medium-sized concrete buildings in terms of 

structural system, is modeled. The characteristics of the modeled structure include: the mass and hardness of each 

floor are shown in Table 4[29]  . 

(3 )  

𝑏𝑜 = 𝜉𝑗 ×
2

𝜔𝑖 + 𝜔𝑗
 

𝑑𝑜 = 𝜉𝑗 ×
2𝜔𝑖 × 𝜔𝑗

𝜔𝑖 + 𝜔𝑗
 

In this way, having the mass, stiffness and damping matrices of the structure, the equation of motion for a structure 

under seismic acceleration can be  𝑢̈𝑔(𝑡) Without a control system, it should be written as follows  .   

(4 )  

[𝑀𝑇]{𝑢̈} + [𝐶𝑇]{𝑢̇} + [𝐾𝑇]{𝑢} = −[𝑀𝑇]{𝑟𝑇}𝑢̈𝑔(𝑡) 

that in the above relationship 𝑢̈ ،𝑢̇، 𝑢 respectively are the relative displacement vector and the relative speed and 

acceleration of each floor and rT is a vector with dimensions (n×1) which is considered as degrees of freedom in 

the direction of earthquake acceleration [3] 

4.2. Equation of motion of the structure with active adjustable mass damper 

In this article, an ATMD active mass damper is installed on the last floor of this structure . 

(5 

𝑘 =

[
 
 
 
𝑘1 + 𝑘2  …                 0
−𝑘2          ⋱                 ⋮
⋮               𝑘𝑖𝑗    ⋱    −𝑘𝑛

0 …         −𝑘𝑛              𝑘𝑛 ]
 
 
 
 

𝑚 = [

𝑚1 … 0   
⋮ 𝑚2  

0  ⋱
0 0 …

0
0
⋮

𝑚𝑛

] 

 Then, according to equation 6, the damping matrix is determined from the combination of the mass and stiffness 

matrix of the structure, and the coefficients 𝑎0, 𝑏0 for the first and second modes of the structure are obtained by 

considering the damping 𝜉𝑖𝑗 = %5    according to equation 3. 

(6 )  

[𝑐] = 𝑎𝜊[𝑀] + 𝑏𝜊[𝑘] 

The active mass damper consists of a mass, a spring, damping and an active control force, which is applied to the 

structure based on the control algorithm and its physical characteristics, including the mass of the damper (𝑀𝑡), 

stiffness (𝐾𝑡) and coefficients (𝐶𝑡) is determined with the help of relations 7 . 

 (7 )  
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𝑐𝑡 = 2ξ × √𝑘𝑡𝑚𝑡 

𝐾𝑡 = 𝑀𝑡 × (𝛽 × 𝑤Ι)
2 

𝑀𝑡 = 𝑚𝜊 × 𝑀𝑏𝑢𝑖𝑙𝑑𝑖𝑛𝑔 

In the relations mentioned above, 𝑚𝜊 is the ratio of the mass of the mass damper to the mass of the whole structure, 

and ξ is the damping percentage of the mass damper. To obtain the optimal values of the ATMD system parameters 

in Figure 5, the ratio of the displacement of the last floor in the controlled state to the uncontrolled state per 

𝑚𝜊 =  %3 , the percentage values of damping ξ={20%, ..., 2%, 1% } and the value of adjustment factor β={1/2, 

1/1, 1, 0.9} are compared under the selected earthquake record and the parameter is The obtained optimal values 

are the same as those by Posinali et al. [29]. For optimization, an active control system is presented, which shows 

the accuracy of the research results up to this stage. After determining the optimal parameters, the mass, stiffness 

and damping values of the mass damper are added to the mass, stiffness and damping matrix of the entire structure, 

based on these values, the equation of motion for a multi-degree of freedom system under seismic acceleration 

and control force {f } is in the form of relation 8 . 

(8 )  

[𝑀𝑇
∗]{𝑢̈} + [𝐶𝑇

∗]{𝑢̇} + [𝑘𝑇
∗ ]{𝑢} = 

−[𝑀𝑇
∗]{𝑟𝑇

∗}𝑢̈𝑔(𝑡) + [𝐷]{𝑓} 

In the above relationship, 𝑘𝑇
∗  𝑎𝑛𝑑 𝑀𝑇

∗  are the mass and stiffness matrix of the structure equipped with a mass 

damper, and the parameters 𝑢̈, 𝑢̇ are respectively the relative displacement vector, relative velocity and 

acceleration of each floor with dimensions is (𝑛 + 𝑚) × 1. and {𝑟𝑇
∗} is a vector with dimensions  (𝑛 + 𝑚) × 1, 

which is like degrees of freedom in the direction of earthquake acceleration, where m represents the number of 

active mass dampers and n is the number of floors, and the matrix [D] is a vector that places It shows the 

application of external force by the active mass damper to the structure . 

 

5.Materials and methods 

As stated, the aim of the present research is to obtain the amount of the active force of the damper Z-Numbers 

using Z-Numbers in order to reduce calculation errors. For this purpose, a fuzzy inference system is provided, 

based on two inputs of relative velocity and relative displacement of the last floor, the amount of active force of 

the damper is obtained. with the difference that the system is checked in two modes. In the first case, the data of 

relative speed and relative displacement are obtained from the equations, and the second case is the data of relative 

speed and relative displacement obtained from the test of the structure. According to the obtained results, the data 

of relative speed and relative displacement are not the same in two cases. Therefore, the obtained active force 

values are not the same. For this purpose, the Z-Numbers are used in the current research to resolve this difference. 

and it is applied as a coefficient in the conditions of fuzzy logic. To determine the Z-Numbers, instead of experts' 

opinion, dividing and averaging the data obtained from experiments and equations has been used, so that the entire 

process of calculating the Z-Numbers has been done with this The difference is that the experimental data is 

considered as the opinion of experts. And the process of fuzzification and dephasing of calculations has been done 

in such a way that it can be used as a coefficient in fuzzy logic conditions. In this research, an 11-story concrete 

structure with mass and stiffness values according to Table 1 is considered. Also, the values of other parameters 

of the structure and damper are fixed and optimal according to Table 2. 

 

Table 1. Mass and hardness values of the structure 

stories Mass (ton) Stiffness (kN/m) 

1.  215 4680 

2.  201 4760 
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3.  201 4680 

4.  200 4500 

5.  201 4500 

6.  201 4500 

7.  201 4500 

8.  203 4370 

9.  203 4370 

10.  203 4370 

11.  176 3120 

Table 2 values of other parameters of structure and damper[1] 

parameter scale 

𝜉 0.7 

𝛽 1.2 

M0 0.3 

𝜉𝑖𝑗 %5 

ao 0.125 

bo 0.35 

Number  ATMD 1 

 

It should be noted that in the current study, the characteristics of seismic acceleration Northridge have been 

considered. The duration of this earthquake was approximately 10 to 20 seconds, and its maximum ground 

acceleration was 1.82 g, the highest recorded in an urban area in North America. The characteristics of this 

earthquake are shown in Table 3. 

Table 3 Seismic acceleration characteristics Northridge 

DATA Magnitude (Ms) Station 

number 

Component 

(deg) 

PGA 

(cm/s^2) 

Scale 

factor 

0.1/17/94 6.8 24278 360 504.2 1.073 

 

In figure 3 and a and b respectively, the output graph of the relative displacement obtained from the equations and 

the laboratory is shown. Also, Figure 4 show speed obtained from the equations and the laboratory, respectively. 

 

 
 

(a) (b) 

Fig 3 a and b are respectively the output graph of the relative displacement obtained from the equations and the 

laboratory 
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Fig 4. The speed obtained from the equations and the laboratory 

 

5.1. Calculation of Z-NUMBER values 

As mentioned, Z-NUMBER consists of two fuzzy components as z=(A,R). So that A is a trapezoidal fuzzy number 

and represents the values obtained from the results of solving the equations in the previous step. and R is a 

triangular fuzzy number that predicts the probability of occurrence of A as determined by experts. Considering 

that in the current research, instead of experts' opinions, the results of the laboratory were used, therefore, to 

determine the fuzzy value of R, it was done in such a way that an initial value of the obtained data in the relative 

speed or relative displacement in the obtained data was used. It is considered from solving the equations of the 

previous step, and then the fuzzy value of that number is calculated according to the laboratory data, which shows 

the value of R. It is also shown in the diagram below(Figure 5). In the next step, this number can be converted 

into a classic fuzzy number using the described method. For this, we do steps in order. The first step was to convert 

the reliability of the laboratory results into a failure number by using equation 11. In the second step, the reliability 

weight was added to the limit or using equation 12. In the third step, the weighted number Z is converted into a 

normal fuzzy number with the approach mentioned above. Finally, by converting the number into a trapezoidal 

fuzzy number, you can use classical fuzzy topics. In other words, the new values obtained represent the values of 

relative speed or relative displacement after applying Z-NUMBER values. Therefore, it is necessary to calculate 

the amount of active force again using the governing equations of the structure (with damper) and new relative 

velocity and relative displacement values. In the next step, by using the changes applied in the fuzzy logic 

conditions, the fuzzy logic system should be designed that by entering the values of the relative speed or the 

relative displacement obtained from the data of the manual solution of the equations, the value of the active force 

after applying Z- Calculated NUMBER. that after the stated calculations and the implementation of the described 

process, the conditions of the new fuzzy logic were determined. 

 

FIG5:The process of determining the values of A, R 

In other words, the new values obtained represent the values of relative speed or relative displacement after 

applying Z-NUMBER values. Therefore, it is necessary to calculate the amount of active force again using the 
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governing equations of the structure (with damper) and new relative velocity and relative displacement values. In 

the next step, by using the changes applied in the fuzzy logic conditions, the fuzzy logic system should be designed 

that by entering the values of the relative speed or the relative displacement obtained from the data of the manual 

solution of the equations, the value of the active force after applying Z- Calculated NUMBER. that after the stated 

calculations and the implementation of the described process, the conditions of the new fuzzy logic were 

determined. 

6.Results(Fuzzy logic system implementation and application Z-Numbers)  

Considering that in this section, the values of relative displacement and relative speed of the last floor of the 

structure have been obtained in two computational and experimental methods, in the following, these data are 

used as input to the fuzzy logic and the value of the active force of the damper ATMD is obtained. 

In this research, for the input membership functions, the change of location and speed of the last floor is 

considered, which has 5 linguistic variables, respectively, including large negative (LN), small negative (N), zero 

(Z), small positive (P), large positive (LP) and for the output membership functions of the active force of the mass 

damper, which has 7 linguistic variables, which respectively include large negative (NL), medium negative (NM), 

small negative (NS), zero (ZR), and small positive (PS). Medium Positive (PM), Large Positive (PL). Also, the 

obtained z-number values are according to Figure 6(c), which has the ranges of very low( VL), low (L), medium 

(M), high (H), very high (VH) 

Fuzzy rules are written to determine the active control force that is the output of the system using input and output 

variables. Each of these rules is shown in Table 4. Mamdani fuzzy system has been used in this research to 

determine the active force of the mass damper. As mentioned earlier, this control system includes two input 

membership functions and one output membership function, all of which are in the range of -1 to 1, so to determine 

the active control force, the values of these input and output functions must be scaled to values by scale 

coefficients. become real. The determined coefficients are considered according to Table 5. 

Table 4. Fuzzy control rules 

Velocity 

Displacement  LN N Z P LP 

LP NS NS NM NL NL 

P NS NM NM NM NL 

Z PS ZR ZR ZR NS 

N PL PM PM PM PS 

LN PL PL PM PS PS 

 

Table 5. Scale coefficients of fuzzy control functions (Mamdani) 

parameter Scale factor 

relative displacement 2.5 

relative Velocity 0.5 

active power (output) 0.05*( modeled building weight) 

 

After calculating the values of z-number  and applying them to the fuzzy conditions, the result is obtained as 

shown in Table 6. 

Table 6. Fuzzy control rules after applying z-number 

Velocity 

Displacement  LN N Z P LP 

LP NS/0.33 NS/0.62 NM/0.42 NL/0.68 NL/0.57 
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P NS/0.81 NM/0.64 NM/0.69 NM/0.74 NL/0.74 

Z PS/0.71 ZR/0.64 ZR/0.57 ZR/0.91 NS/0.66 

N PL/0.92 PM/0.65 PM/0.47 PM/0.64 PS/0.74 

LN PL/0.32 PL/0.41 PM/0.36 PS/0.19 PS/0.21 

 

 

 

 

 

Fig. 6. (a) Membership functions of input variables (displacement and velocity). (b) Membership functions of 

output variable (Active control force).(c) The z-number intervals are obtained. 

Finally, for the desired structure, the output of the active force of the damper is obtained in two cases without 

using z-number  and using z-number according to Figure 7 and 8. 
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Fig. 7 Active force of the structure without consideration z-number 

 

Fig. 8 active force of the structure considering z-number 

Conclusion 

Fuzzy computing can formulate probabilities and learning, and is accepted as a logical system with a well-defined 

theoretical framework that itself has no ambiguity or uncertainty. Fuzzy computing is aimed at human inference. 

This theory simulates the process by formulating the uncertainties and intuitive issues that are extracted from the 

expression of skills and the way of learning. In this research, a modified method for determining the active force 

of AMTD damper using z numbers is presented. The obtained results show that the value of the active force of 

the AMTD damper obtained from the laboratory inputs of the structure is about 5% different from the value of 

the active force of the AMTD damper obtained by solving the equations of motion of the structures, which 

indicates that the existing equations of motion are not sufficiently accurate and need to modify or add coefficients. 

These results are consistent with previous papers and have been confirmed in other papers as well. To solve this 

problem, in this research, the z-number approach was used to calculate the active force of the AMTD damper. In 

addition to having the advantages of the fuzzy inference system, it also solves the problem of uncertainty in fuzzy 

numbers by using z numbers. The results show an 8% difference in the active force of the damper in the z-number 

fuzzy system with the active force obtained from the laboratory inputs. In addition to the novelty of using the 

direct relationships of z numbers to calculate the active force of the damper, this research also has a practical 

aspect. 
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