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This research proposes an innovative process to locate devices in elevation using 

structural results in uncontrolled and controlled (passive and active) states, considering 

Soil-Structure Interaction (SSI) effects, especially for soft soil. Also, a Proportional 

Integral Derivative (PID) controller with active single and multiple control devices is 

used for tall buildings under earthquakes. In addition, the simultaneous and non-

simultaneous tuning of the design parameters are examined. The results of applying PID 

with a Multiple Active Tuned Mass Damper (MATMD) compared with the Single-

Active Tuned Mass Damper (SATMD) show that the proposed process of locating the 

control devices reduces responses significantly. It also reduces the computational efforts 

of the optimization noticeably. The results of the non-simultaneous tuning of design 

parameters in all states also indicate an increase in the instability potential of the structure 

compared with simultaneous tuning. On the other hand, the reduction of the Root Mean 

Square (RMS) of the responses compared with the uncontrolled state confirms the 

effective performance of the system during earthquakes. Therefore, this research helps 

researchers gain a new design vision of how to locate control devices in tall buildings 

without optimization calculations and how to set parameters in the presence of SSI 

effects.   

 

I. Introduction 

Control strategies for tall buildings have received 

more attention in recent years. The growth of high-rise 

construction, efforts to reduce costs and alleviate implications 

for people's lives, are among the most important reasons for 

this attention. The tuned mass damper (TMD) is one of the 

conventional devices for controlling tall buildings by reducing 

the dynamic responses of the structure [1-5]. The single 

passive tuned mass damper (SPTMD) has many benefits but 

also some drawbacks. For instance, its performance is 

restricted to a specific frequency band. A common solution to 

overcome this problem is using a single active tuned mass 

damper (SATMD) [5]. Furthermore, to determine the best 

control force to be applied to the system without increasing the 

risk of instability, it is necessary to use a reliable control device 

and a reliable control algorithm. So far, researchers have 

focused on various types of controllers in their previous 

studies. Some classical controllers used in the control of 
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structures, especially for tall structures, include LQG [6,7], 

LQR [5,8,9], H2 and 𝐻∞ [10-12].  The controller PID [4,16,17] 

and its variants like fractional order PID [18-20] are a classic 

controller that is almost the most widely used controller in the 

industry. The accuracy, stability, ease of implementation, 

versatility, and real-time control capabilities are the PID 

advantages in structural control. In addition, fuzzy logic 

controller (FLC) [13,14,44,48] and its compounds like neuro-

fuzzy logic (NFLC) [15] have been widely used in structural 

control topics. The advantages of fuzzy logic controllers in 

structural control include flexibility, ease of implementation, 

robustness, and interpretability, and their disadvantages of 

fuzzy logic controller include dependence on human expertise, 

difficulty in tuning, limited accuracy and computational 

complexity [46]. 

Past studies have also applied multiple passive-tuned mass 

dampers (MPTMD) to enhance the performance of high-rise 

structures against excitations by significantly reducing their 

dynamic responses and their potential instability [21,22]. In 

addition, determining the best location of MPTMD in the plan 

and elevation and finding the best ways to adjust its parameters 

have been examined [23,24]. Similar to SPTMD, the 

performance of MPTMD is restricted to a small range of 

applied frequencies. Therefore, the development of the 

multiple active tuned mass damper device (MATMD) has been 

suggested as a solution to this restriction. Structures equipped 

with MATMD show lower response than those equipped with 

SATMD, providing the best method for locating the device and 

the best mass value of each TMD have also been considered 

[21]. The reduction of the responses may result in a 

compromise among the displacement, acceleration, or even the 

relative drift ratio of the floors. An analysis of prior studies 

reveals that the conventional method for the best placement of 

multi-devices is generally the placement based on the mode 

shapes. [21,24,25]. Optimization methods are also used to find 

the optimal location in elevation [45]. At the same time, this 

method has a high computational cost for high-rise structures. 

Also, the optimal placement of TMDs in the plan has been 

investigated using optimization methods [47], which shows 

that the frequency content of the earthquake affects the optimal 

position of the installation of the control device. The results of 

using two ATMD on an 11-story structure also show that the 

distributed MATMD with equal mass is better than MATMD 

with unequal mass and single active TMD in reduction of 

responses [24]. TMD and controller settings are typically 

based on the first mode shape; It almost always guarantees a 

reduction in the maximum displacement of the roof but does 

not ensure a significant reduction in other responses. Also, the 

results are reasonable when most of the parameters are 

designed with real conditions. For example, since the soil-

structure interaction (SSI) effect is one of the most important 

design factors, neglecting it, particularly in the case of soft soil, 

may increase the structure's potential for instability 

[4,5,26,27]. Additionally, the simultaneous or non-

simultaneous-tuning of the parameters of the control device 

and the controller can also be one of them [14].  

Also, the conditions of other items that impact the system can 

be considered as follows: locating the control device, changing 

the structure responses in elevation after applying the control, 

and examining the effectiveness of the control algorithm 

regarding the design goals.  

To the best knowledge of the authors, no comprehensive 

research has so far been done on seismic control of high-rise 

buildings equipped with MPTMD or MATMD, in which the 

following criteria were considered together: the modes shapes, 

SSI effects, the placement of the devices based on the 

outcomes of the responses after the control of the structure by 

a single device, and the simultaneous and non-simultaneous 

tuning of design parameters. 

Therefore, in this research, while examining the seismic effects 

of SPTMD and SATMD control devices and simultaneous and 

non-synchronous adjustment of design parameters, MPTMD 

and MATMD devices have been used considering SSI effects 

on a 40-story tall building. Also, an innovative process, is 

proposed for locating, the devices at the height of the structure. 

The well-known PID controller has also been used to 

determine the applying control signal. Then, the parameters of 

the devices and controller have been optimized using single 

and multi-objective particle swarm optimization (PSO) 

algorithms. Finally, the structural dynamic responses in 

various states and under the application of important 

earthquake events have been presented and evaluated.  

The remainder of the paper is structured as follows. Section II 

presents the main structural model and the system's dynamic 

equations. The PID controller and its adjustment parameters 

are introduced in Section III. Then, Section IV describes, the 

PSO optimization algorithm. Section V presents the tuning 

results of the parameters based on artificial earthquakes. 

Finally Section VI discusses the analysis and evaluation of 

numerical results of applying real earthquakes to the structure, 

and Section VII provides some concluding points. 

 

II. Structural Model  

An N-story shear structure equipped with an SPTMD SATMD 

MPTMD or MATMD, located on the top and one other floor 

and subjected to an earthquake acceleration ( )
g

x t , is assumed. 

Equipping the structure with one or two control devices 

considering the SSI effects added 3 or 4 degrees-of-freedom to 
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the primary structural system. In the structural system 

equipped with passive or active devices, the equation of the 

motion of the system can be expressed as Eq. (1) and. (2), 

respectively[4]: 

(1) ( ) ( ) ( ) ( )+ + = −
*

g
x t x t x t x tMM C K  

(2) ( ) ( ) ( ) ( ) ( )+ + = − +
*

g
x t x t x t x t u tMM C K D  

in which  M, C, and K are the (N+3)× (N+3) mass, damping, 

and stiffness matrices of the whole system for SPTMD and 

SATMD and (N+4)×(N+4) for MPTMD and MATMD [4,24]; 

Also,  
1 2

T

1 0 01
( ) ( ), ( ), ..., ( ), ( ), ( ), ( ), ( )

−
=

dN N
xx xt t tx x x xt t t t t  represents 

the (N+3)× 1 displacement of the whole system for a single 

device and  
1

T

11 2 2 0 0
( ) ( ), ( ), ..., ( ), ( ), ( ), ( ), ( ), ( )

−
=

N N d d
x t t t tx x x x x xt t t t tx , 

represents the (N+4)× 1 displacement for two devices installed 

on the various floors, where ( )
j

x t  (j=1,..., N) are the 

displacement of the jth floor of the structure. 

1 2 0 0
( ) ( ), ( ), ( )−

d d
x xt t t tx refer to the TMDs stroke, 

displacement, and foundation rotation, respectively. In 

addition,  
T

*

1 2 1 1 0 1 1 1 1
, , ..., , , ,,

− = =
= +  +  +

N N

N N d j j d j j j d N
m m m m m m M m m z m zM   

or  
T

*

1 2 1 1 2 0 1 1 2 1 1 1
, . ,, . ., , , ,,

− = = 
= +  + +  ++

N N

N N d d j j d d j j j d N d
m m m m m m m M m m m z m z m zM  

are the (N+3)× 1 and (N+4)× 1 acceleration mass vector for 

the earthquake for a system equipped with 1 and 2 control 

devices respectively, D is the (N+3)× 1 or (N+4)× 1 location 

vector of the control force, and u(t) is the control force applied 

by SATMD or MATMD to the main structure. Besides, α is 

the corresponding floor number on which the second device is 

installed. Using the Lagrangian equation, the mass matrices of 

the whole system are obtained as follows: 

      

( )
0 1 1 2 1 1 2

2 2 2

0 1 1 2
.

= = 

= 

= +  +  +

+

+ +

 + ++

 
 
 
  

N N

j j d d j j j d N d

N

j j j j d N d

m m

m m m m m z m z m z

Sym I I m z m z m

m z

z

M
 

(3) 

 where   ( )
1 2 1 1 2
, , ..., , , ,

−
=

N N d d
m diag m m m m m m  is the 

(N+2)× (N+2) mass matrix and 

   
1

T

21 2 1
, , ..., , , ,

−
=

N N d d
m m m m m m m  is the (N+2) ×1 mass 

vector of the structure equipped with MPTMD or MATMD 

without SSI effects. Also,    
T

1 2 1
, , ..., , , ,

−
=

N NN
z z z z z z z

is the (N+2) ×1 elevation vector of floors. The mass, mass 

moment of inertia, and evaluation of the jth floor of the 

structure are  represented by
j

m ,
j

I , and
j

z  (j=1,..., N), 

respectively. Moreover, 
0

m ,
0

I , and 
1 2
,

d d
m m  are the mass 

and mass moment of inertia of the foundation, and mass of 

TMDs which are installed on different floors, respectively. To 

reach M, [m], and vectors  m and z for a system equipped 

with SPTMD and SATMD, it is enough to vanish 𝑚𝑑2 and 𝑧𝛼 

from the above matrices and vectors. The damping and 

stiffness matrices of the whole system are given by: 

     

 

 

0 0

0 0

0 0

=

 
 
 
 
 

T T

s

r

k

k

k

K  (5) 

where  c and  k are the (N+2)× (N+2) damping and 

stiffness matrices of the structure equipped with MPTMD or 

MATMD without SSI effects. cs and cr are the rocking 

damping and swaying damping of the foundation, and kr and 

ks refer to the rocking and swaying stiffness of the foundation. 

As before, to reach the  matrices C and K for a system equipped 

with SPTMD or SATMD, the components related to device 

number such as kd2 and cd2 should be removed from the 

matrices presented above. Also, matrices  c and  k  are 

achieved as follows:  

] ] ][ [ [

] ][ [

[ ]
  

 

−

−

+

=

 
 
 
 

N N N N N n

n N n n

st d

d

d

d

c c c

c c

c  (6) 

]] ] [[ [

]] [[

[ ]


 

+ −

−

=

 
 
 
  

N nN NN N

n N n n

dd

d d

st
kk k

kk

k  (7) 

where [cst] and [kst] are the main structure mass, damping, and 

stiffness matrices without SSI effects, respectively. 

Furthermore [cd] and [kd] are the damping and stiffness 

corresponding to the n-number of TMDs to be employed  in the 

main structure. Also, the main structural system's Rayleigh 

proportional damping is used to calculate the damping matrix. 

 

III. PID Controller 

The PID controller has been employed in numerous 

engineering studies and is particularly useful for controlling 

tall buildings. The main benefits of this controller are its ease 

of use in adjusting gains and efficiency in controlling structural 

vibrations. [4,15,28,29]. A block diagram of the standard-form 

(4) 

     

 

 

0 0

0 0

0 0

=

 
 
 
 
 

T T

s

r

c

c

c

C  
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PID controller is illustrated in Fig. 1. 

 

 
Fig. 1: The block diagram of a standard-form PID 

controller 

 

According to Fig. 1, the PID controller in the time domain has 

an error input e(t) and is defined as e(t)= r(t)- y(t) so that r(t) is 

the reference input and its value is considered equal to zero in 

structure control issues. In addition, y(t) is the actual output 

value of the system. The measured error signal is the input of 

three separate units that create the error multiplier 

(proportional part), the error rate of change (differential part), 

and the error sum (integral part). 

To determine the amount of applied control force in time t, all 

three components are added together and weighted by the PID 

control parameters (GP, GI, and GD). So, the following is how 

the PID control force can be achieved [4,28].  

where t denotes the length of the control process and Gp, GI, 

and GD are the proportional, integral, and derivative terms, 

respectively. 

 

IV. PSO Algorithm 

PSO is a population-based stochastic optimization algorithm 

proposed based on the behavior of swarms in nature such as 

birds and fish [30]. The PSO algorithm has been used by 

researchers in the field of vibration control, especially in 

structural engineering [4,31-36,43]. The advantages of PSO 

over other optimization algorithms, including the genetic 

algorithm (GA) and the ant colony algorithm (ACO), include 

the small number of tuning parameters, ease of application, 

rapid convergence, and relatively low computational effort 

[4,31,34-40].  

The status of a particle in the search space can be characterized 

by two factors: position and velocity. Considering a d- 

dimensional search space, the position and the velocity of the 

ith particle can be represented by the vectors 𝑥𝑖 =

(𝑥𝑖1,𝑥𝑖2, … ,𝑥𝑖𝑑) and 𝑣𝑖 = (𝑣𝑖1,𝑣𝑖2, … ,𝑣𝑖𝑑), respectively.  Each 

particle has its own best position (pbest) 𝑝𝑖 = (𝑝𝑖1,𝑝𝑖2, … ,𝑝𝑖𝑑) 

corresponding to the personal best objective value obtained so 

far at time 𝑡. The global best particle is also represented as 𝑔, 

which denotes  the best position found so far at time 𝑡 in the 

whole swarm. The new velocity of each particle and the 

position of the ith particle are then updated using  Eq. (9) and 

(10), respectively [42].  

𝑣𝑖𝑗(𝑡 + 1) = 𝑤𝑣𝑖𝑗(𝑡) + 𝑐1𝑟1[𝑝𝑖𝑗 − 𝑥𝑖𝑗(𝑡)] …. 

+𝑐2𝑟2[𝑔𝑗 − 𝑥𝑖𝑗(𝑡)],     𝑗 = 1, 2, … , d 

(9) 

𝑥𝑖𝑗(𝑡 + 1) = 𝑥𝑖𝑗(𝑡) + 𝑣𝑖𝑗(𝑡 + 1),     𝑗 = 1, 2, … , d (10) 

where the acceleration coefficients, denoted by the constants 

𝒄𝟏 and 𝒄𝟐 , are frequently set to 2.0 based on prior knowledge. 

Moreover, w is the inertia weight factor, which is frequently in 

the range [0.1, 0.9] and can be obtained using the updated 

following equation to improve convergence: 𝒓𝟏and 𝒓𝟐 are two 

independent random numbers uniformly distributed in the 

range [0, 1].  

𝑤 = 𝑤𝑚𝑎𝑥 − 𝑛𝑖 (
𝑤𝑚𝑎𝑥 − 𝑤𝑚𝑖𝑛

𝑛𝑚𝑎𝑥

) (11) 

in which 𝒘𝒎𝒂𝒙  and 𝒘𝒎𝒊𝒏  denote maximum and minimum 

weights. Also, 𝒏𝒊 and 𝒏𝒎𝒂𝒙 are the current generation number, 

and the maximum number of generations, respectively [41]. 

  

V.  Numerical Studies 

A well-known 40-story benchmark structure has been chosen 

to investigate how well a tall building performs against 

earthquakes when equipped with one or more control devices, 

such as SPTMD, SATMD, MPTMD, or MATMD [1,4]. 

Because studying SSI effects is more crucial in soft soils than 

other soils, this state was selected as a construction soil for all 

designs. The specifications of the main structure are shown in 

Table 1. Table 2 presents the soft soil parameters. 

 

A. Proposed placement of TMDs 

Previous studies have optimally located the control device 

using mode shapes. In the present research, with an innovative 

process and according to [4], other items were included in the 

design process as follows: the results of uncontrolled state and 

controlled state by SPTMD and SATMD considering SSI 

effects. 

The first eight modes are shown in Fig. 2. Also, the normalized 

maximum deformation of the modes and the corresponding 

floors are presented in Table 3. Based on [4], Fig. 3 displays 

the diagram of the relative displacement, acceleration, and drift 

ratio of the structure floors under a filtered white noise 

artificial earthquake for various states in which w/o control, 

PTMD, and PID1US show, the uncontrolled state, controlled 

state by a single passive TMD and single ATMD in non-

simultaneous tuning, respectively. As was already mentioned, 

the single device is installed on the top floor. It is evident from 

Fig. 2 and Table 3, that the top story is where the structure's 

maximum displacement occurs. It confirms the 40th floor's 

uPID(t)=GPe(t)+GI ∫ e(t)dt+GD
de(t)

dt

t

0

 (8) 
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selection as the best location to limit the maximum 

displacement of the structure. This conclusion is confirmed in 

Fig. 3,  containing before and after controlling. Furthermore, 

for the uncontrolled and SPTMD states, the maximum 

acceleration has occurred on the 24th floor. On the other hand, 

it is the 25th floor for the SATMD state. Additionally, the 

highest value of the relative drift ratio of the floors is related 

to the 33rd floor for the uncontrolled and SATMD, the 32nd 

floor for the SPTMD. 

 

TABLE 1 

STRUCTURAL PARAMETERS [1,4] 

Number of stories 40 

Story height 4 m 

Breadth and depth of the structure 40 m 

Story mass, mass moment of inertia mj=9.80e5 kg, Ij=1.31e8 kg.m2 

Story stiffness*  k1= 2.13 e9 N/m, k40=9,98e8 N/m 

Foundation radius, mass, moment of inertia R0=20m, m0=1.96e6kg, I0=1.96e8kg.m2 

* The stiffness of each story is linearly decreased as the evaluation of the structure 

 

TABLE 2 

THE SOFT SOIL PARAMETERS [1,4] 

Rocking 
stiffness 

𝐾𝑟(𝑁. 𝑚) 

Swaying 
stiffness 

𝐾𝑠(𝑁 𝑚⁄ ) 

Rocking 
damping 

𝐶𝑟(𝑁. 𝑠. 𝑚) 

Swaying 
damping 

(𝑁. 𝑠 𝑚)⁄  

Shear 
modulus 

𝐺𝑠(𝑁 𝑚2)⁄  

Shear wave 
velocity 

𝑉𝑠(𝑚 𝑠⁄ )  

Soil 
density 

𝜌(𝑘𝑔 𝑚3)⁄  

Poisson's 
ratio 

(𝜈𝑠) 

 

Soil 

type 

7.53×1011 1.91×109 2.26×1010 2.19×108 1.80×107 100 1800 0.49 Soft 

 

 

normalized mode shapes thto the 8 stThe 1 2. .Fig 

 

TABLE 3 

THE RESULTS OF THE MODE SHAPES ANALYSIS 

8 7 6 5 4 3 2 1 Mode number 
1.03 1 1 1 1 1 1 1 Maximum Deformation(normalized)* 
36 40 40 40 40 40 40 40 Corresponding floor 

*Max. floor deformation normalized by 40th-story deformation  
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Fig. 3. The maximum responses of a structure subjected to an artificial earthquake [5] 

 

 

According to all the aforementioned factors, it can be proposed 

that the 40th floor is the fixed best location for one of the 

control devices. To locate the second device, we should accept 

the possible compromise between reducing displacement-

acceleration and displacement-relative drift which leads to two 

possible scenarios, henceforth named case 40-33 and case 40-

25. The numbers after the case refer to the location of devices 

on floors. Fig. 4 shows the suggested location for the structure 

equipped with a single control device (SPTMD or SATMD) 

and multiple devices (MPTMD or MATMD). 

 

B. Optimal TMD and PID parameters 

Different states of controller and control device parameter 

optimization using the PSO algorithm have been examined. 

The evaluation of the effects of using one or more control 

devices(passive or active) and the effect of simultaneous and 

non-simultaneous tuning of TMDs and PID parameters are 

among them. In this study, the meaning of non-simultaneous 

tuning is that first, using the optimization algorithm, the 

optimal tuning of the parameters TMD and then the optimal 

tuning of the PID controller parameters is done. On the other 

hand, simultaneous tuning means tuning the devices and 

controller parameters at the same time under an artificial 

earthquake. The first optimization problem involves finding 

the best TMD parameters for two states of TMD placement. 

The first state includes SPTMD and SATMD, and the second 

includes MPTMD and MATMD. The optimal design of TMD 

parameters for multi-control devices, including frequency 

ratios, 𝑓1, 𝑓2, and damping ratios, 𝜉𝑇1, 𝜉𝑇2, with various mass 

ratios of TMD is as follows: 

{
𝐹𝑖𝑛𝑑         𝑥 = {𝑓1, 𝜉𝑇1 , 𝑓2, 𝜉𝑇2 }                           

 minimize               F =  ( 𝑂𝑓1 , 𝑂𝑓2 )       
 (12) 

 
             (c)     (b)                                (a) 

Fig. 4. The proposed location for installing various control devices on the elevation of the structure: (a) single 

device, (b) multi-device-case40-33, (c) multi-device-case40-25 
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Also, assuming that Ms is the mass of the original structure, the 

optimum TMDs mass, damping, and stiffness of TMDs are 

calculated as follows:  

 

 

(13) {

𝑀𝑡𝑚𝑑1 = 𝛾1𝑀𝑠

𝑎𝑛𝑑
𝑀𝑡𝑚𝑑2 = 𝛾2𝑀𝑠

                        , {

𝐶𝑡𝑚𝑑1 = 2𝑀𝑡𝑚𝑑1𝜉𝑇1𝑓1𝜔𝑠

𝑎𝑛𝑑
𝐶𝑡𝑚𝑑2 = 2𝑀𝑡𝑚𝑑2𝜉𝑇2𝑓2𝜔𝑠

               , 𝑎𝑛𝑑   {
𝐾𝑡𝑚𝑑1 = 𝑀𝑡𝑚𝑑1𝑓1

2𝜔𝑠
2

𝑎𝑛𝑑
𝐾𝑡𝑚𝑑2 = 𝑀𝑡𝑚𝑑2𝑓2

2𝜔𝑠
2
 

 

where, 𝛾1 and 𝛾2  are preselected mass ratios of TMDs. The 

second optimization problem entails designing a PID 

controller to adjust the control force for SATMD and MATMD 

as follows, respectively: 

in which, GP1, GI1, GD1, GP2, GI2, GD2 are the parameters related 

to two controllers corresponding to control devices installed in 

different floors. The total weight of the structure is represented 

by WS. Also,  the search spaces of 𝑓i, 𝜉𝑇i  , GPi, GIi, GDi 

parameters for the upper and lower bands are limited, based 

on previous experience, to [0.5, 1.4], [0.01,0.2], [9e4,12e4], 

[1.7e8,2.2e8], [0,2e3], respectively. 

In Eq. 12-14, only subscript 1 is considered for the state of 

SPTMD or SATMD and the rest of them are ignored. For 

SPTMD Eq. 12-13, and for SATMD, Eq. 12-14 are considered 

a single-objective optimization. In Eq. 12 and 14, only of1 is 

considered the single-objective function. 

In other words, for MPTMD Eq. 12-13 and for MATMD, Eq. 

12-13 and 15 are considered a multi-objective optimization. 

The population size for single-objective and multi-objective 

optimization is 50 and 100, respectively; In addition, the 

prescribed number of iterations is considered equal to 20 for 

both states. 

As mentioned in Section 5.1, cases 40-25 and 40-33 have been 

proposed to investigate the effects of control device placement. 

In Eq. 12 and 15, the two-objective function includes 

minimizing the maximum displacement of the roof floor (𝑂𝑓1) 

and the maximum acceleration of the 25th floor (𝑂𝑓2) 

corresponding to case 40-25. Similarly, for case 40-33, the 

multi-objective function includes minimizing the roof 

displacement(𝑂𝑓1) and relative drift ratio (𝑂𝑓2) of 33rd floor.  

For the mass ratio of TMDs, three scenarios are proposed. The 

main constraint for determining the mass of TMDs is 

2

1

0.05
=

=

 =
i

i

TMDi
sM M . It has been proposed to compare with 

the single device state. The recommended mass ratios for the 

TMD installed on the 40th floor are three values of 𝛾1=4, 3, and 

2.5%. For the device installed on the 25th or 33rd floor, the 

corresponding values of 𝛾2=1, 2, and 2.5% are suggested. In 

other words, the combination of mass ratios of 4%-1%, 3%-

2%, and 2.5%-2.5% has been selected for the 𝛾1 and 𝛾2 values, 

respectively. 

For generalizing settings and avoiding several time-consuming 

analyses, an artificial earthquake has been applied for tuning 

control parameters. The filtered white noise is used as the 

artificial earthquake. It is generated by passing a Gaussian 

white noise process through a filter model [4]. The well-known 

Kanai-Tajimi filter with the following spectral density 

function is applied for this purpose [4,16]. 

𝑠(𝜔) = 𝑆0 [
𝜔g

4 + 4𝜉g
2𝜔g

2𝜔2

(𝜔2 − 𝜔g
2)2 + 4𝜉g

2𝜔g
2𝜔2

] ,    

𝑆0 =
0.03𝜉g

𝜋𝜔g(4𝜉g
2 + 1)

 

(15) 

 where 𝑆0 , 𝜉g , and 𝜔g  are the constant spectral density, the 

ground damping, and frequency, respectively. In this paper, 

𝜉g = 0.3 and 𝜔g = 37.3 𝑟𝑎𝑑/𝑠 have been used for numerical 

simulations. The filtered white noise is shown in Fig. 5. The 

Optimum TMD and PID parameters for SPTMD and SATMD 

and the non-simultaneous  tuning state are inserted in Table 4 

[4]. Also, the results of the simultaneous tuning of them are 

inserted in this table. The best results of optimal design for 

MATMD, MPTMD, and PID parameters are presented in 

Tables 5 and 6; They have been extracted based on the Pareto 

diagram, considering a compromise between the responses. In 

addition, the optimal parameters with various proposed 

placements and different mass ratios have been inserted. In 

Table 5, the optimal PID parameters are obtained in the 

continuation of fixing the optimal TMD parameters. In 

contrast, all parameters presented in Table 6 have been 

optimized simultaneously. 

{

𝐹𝑖𝑛𝑑    x = {𝐺𝑃1 , 𝐺𝐼1 , 𝐺𝐷1}                           
minimize                        F =( O𝑓1  )                     

𝑆𝑢𝑏𝑗𝑒𝑐𝑡𝑒𝑑 𝑡𝑜  𝑚ax‖𝑢𝑃𝐼𝐷1(𝑡)‖ ≤ 0.05 Ws              
 (14) 

{

𝐹𝑖𝑛𝑑    x = {𝐺𝑃1 , 𝐺𝐼1 , 𝐺𝐷1, 𝐺𝑃2 , 𝐺𝐼2 , 𝐺𝐷2}                           
minimize                        F =( O𝑓1 , O𝑓2 )                     

𝑆𝑢𝑏𝑗𝑒𝑐𝑡𝑒𝑑 𝑡𝑜  𝑚ax‖𝑢𝑃𝐼𝐷𝑖(𝑡)‖ ≤ 0.05 Ws   i = 1 , 2           
 (15) 
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Fig. 5. The filtered white noise artificial earthquake 

 

TABLE 4 

 OPTIMUM TMD AND PID PARAMETERS FOR SOFT SOIL [4] 

PID parameters TMD parameters 
Tuning type 

DG IG PG damping ratio (𝜉𝑇) frequency ratio (𝑓) 

0.00 1.94×108 1.10×105 0.20 1.26 Non-simultaneous  [4] 

1.06×103 1.79×108 1.11×105 0.08 1.22 Simultaneous 

 

TABLE 5 

 OPTIMUM TMD AND PID PARAMETERS FOR SOFT SOIL (NON-SIMULTANEOUS  TUNING) 

PID parameters TMD parameters TMD mass 

 ratio 

TMD location 

(story) 
Case 

DG IG PG damping ratio (𝝃𝑻) frequency ratio (𝒇) 

0.0 1.7 e+08 1.0 e+05 0.1996 1.3967 4% 40 

40-33 

0.0 1.7 e+08 1.0 e+05 0.1956 0.7303 1% 33 

1.6788e+03 1.7 e+08 1.0 e+05 0.1965 1.3806 3% 40 

978.5679 1.7 e+08 1.0 e+05 0.1972 0.9555 2% 33 

705.4445 1.7 e+08 1.0 e+05 0.1902 1.3796 2.5% 40 

511.3972 1.7 e+08 1.0 e+05 0.0940 1.0049 2.5% 33 

1.7150e+03 1.7341e+08 1.0243e+05 0.1905 1.400 4% 40 

40-25 

1.6726e+03 1.7043e+08 1.0492e+05 0.0100 0.6137 1% 25 

518.8052 1.7275e+08 1.1410e+05 0.1992 1.3902 3% 40 

1.7085e+03 1.7552e+08 1.0131e+05 0.1969 0.6230 2% 25 

240.7838 1.7 e+08 1.0 e+05 0.2000 1.400 2.5% 40 

673.5438 1.7 e+08 1.0 e+05 0.1854 0.6000 2.5% 25 

 

TABLE 6 

OPTIMUM TMD AND PID PARAMETERS FOR SOFT SOIL (SIMULTANEOUS TUNING) 

PID parameters   
TMD mass 

ratio 

TMD location 

(story) 
Case 

DG IG PG 
damping ratio 

(𝝃𝑻) 

frequency 

ratio (𝒇) 

1.1308e+05 1.8569e+08 727.6826 0.0887 1.2298 4% 40 

40-33 

1.1072e+05 1.8142e+08 1.2826e+03 0.0274 0.7466 1% 33 

0.0 1.8990e+08 1.0 e+05 0.0912 1.1903 3% 40 

1.1679e+03 2.0825e+08 1.0 e+05 0.1121 0.7810 2% 33 

1.0364e+05 2.1962e+08 1.9240e+03 0.2000 1.4000 2.5% 40 

1.2 e+05 1.7217e+08 2.0 e+03 0.1891 0.6262 2.5% 33 

1.1998e+05 1.9321e+08 1.0457e+03 0.1849 1.4000 4% 40 

40-25 

1.0 e+05 1.9691e+08 781.6318 0.0494 0.6031 1% 25 

1.1064e+05 1.7097e+08 470.4099 0.1880 0.6621 3% 40 

1.1762e+05 1.7 e+08 1.7688e+03 0.2000 1.4000 2% 25 

1.0 e+05 1.7409e+08 276.8684 0.2000 0.6382 2.5% 40 

1.0278e+05 1.9258e+08 1.9685e+03 0.2000 1.4000 2.5% 25 
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VI. Results and Discussion 

The findings of [4] are utilized to assess the effectiveness of 

the proposed change. The evaluation of the suggestions, such 

as locating control devices in the elevation, how to choose the 

best design parameters, simultaneous and non-simultaneous  

settings of devices and controller parameters, and the TMDs 

mass various ratios, was explored. Table 8 presents the 

comparative results under artificial earthquake for all proposed 

cases. Fig. 6 illustrates the results of a filtered white noise 

earthquake application for case 40-33 and different mass 

ratios. All figures depict uncontrolled (w/o control), the 

structure equipped with an SPTMD (PTMD1), an SATMD and 

PID controller with non-simultaneous settings (PID1US), an 

SATMD and PID controller with simultaneous settings 

(PID1S), MPTMD with two TMDs (PTMD2), MATMD with 

two devices PID controller with non-simultaneous  settings 

(PID2US), and finally MATMD with two devices and PID 

controller with simultaneous settings (PID2S), respectively. In 

Fig. 6, subcase 4-1 is related to the mass ratio of the TMD 

device, which is located on the 40th and 33rd floors, 

respectively. Similarly, subcases 3-2 and 2.5-2.5 are also 

defined. Table 8 shows the maximum displacement response 

when using the SATMD. Simultaneous tuning is improved by 

7.1% compared with the non-simultaneous state. At the same 

time, there is little change in the maximum acceleration and 

maximum drift ratio of the floors. Furthermore, there are no 

appreciable differences in responses when MPTMD is used 

instead of SPTMD. 

As well, the results of the non-simultaneous tuning of 

MATMD and PID controller show a decrease of up to 14.3% 

compared with the uncontrolled state, whereas, compared with 

the SATMD with non-simultaneous tuning, an increase of up 

to 183.7% can be seen in responses. Of course, in the case of 

the maximum acceleration of the floors, the results of the 

answers are almost unchanged. On the other hand, the results 

of the simultaneous settings show a reduction of the maximum 

displacement up to 67.7% compared with the uncontrolled 

case. This decrease is 19.9% compared with SATMD with 

non-simultaneous tuning, which is related to case 40-33 with a 

mass ratio of 4%-1%. Also, the improvement of the response 

of the maximum acceleration and the maximum drift ratio is 

25.4% and 40.4% compared with the uncontrolled case. This 

decrement is 15.3% and 16.4% compared with SATMD with 

non-simultaneous  adjustment, which belongs to case 40-25 

with a mass ratio of 4%-1%. The results show that the 

decrement of the maximum acceleration occurs in all states. At 

the same time, by considering a trade-off between the 

reduction of the maximum responses, the best result may 

belong to case 40-25 or case 40-33 and the mass ratio of 4%-

1%. The corresponding percent is up to 19.9%, 15.3%, and 

16.4% compared with SATMD, respectively. 

Compared to [4], the general evaluation of the results 

demonstrates significant improvement in responses all over the 

cases, including structures equipped with SATMD and 

MATMD with simultaneous tuning. In addition, it shows that 

the proposed placements of devices were successful compared 

with the control primary objectives.  

The optimal settings were evaluated by two famous Kobe and 

Northridge (Newhall station) earthquakes. they were reported 

by [4], and their characteristics are given in Table 7. From now 

on, the earthquake is referred to as Northridge (Newhall 

station) abbreviated as Newhall. Also, the data of these 

earthquakes have been extracted from the PEER Ground 

Motion Database. Tables 9 and 10 report the results of these 

earthquakes. Additionally, Fig. 7 displays the results of 

dynamic responses to the Kobe earthquake. For the 

simultaneous settings of SATMD and PID compared with non-

simultaneous settings [4], the results of applying the Kobe-

1995 and Northridge-1994 earthquakes show a reduction of 

6.4% and 14.4% in the maximum displacement, respectively. 

Furthermore, the maximum acceleration for Kobe was almost 

unchanged and for Newhall, an increase of 8.5% was seen. An 

increase of 17.5% for Kobe and 16.1% for Newhall occurred 

in the maximum floor drift. 

The examination of the results of the application of MPTMD 

on the structure for all cases shows insignificant changes 

compared with the SPTMD state. This general conclusion is 

true for two earthquakes and all maximum responses. Also, the 

analysis of the results of the responses of the structure 

equipped with MATMD with the non-simultaneous  tuning 

reveals decreases of up to 19% and up to 39.4% for the results 

of the Kobe and Newhall earthquake compared with the 

uncontrolled state in the maximum displacement, respectively. 

The maximum acceleration and maximum drift for all cases 

are almost lower than those in the uncontrolled state, except 

for Kobe and maximum acceleration for case 40-25. 

TABLE 7 

THE CHARACTERISTICS OF EARTHQUAKES 

Earthquake 

Name 
Year Magnitude 

Station 

Name 
PGA(g) 

Kobe 1995 6.9 KJMA 0.82 

Northridge 1994 6.69 Newhall 0.59 

 

Almost all responses mentioned above are incremental 

compared with the SATMD with non-simultaneous settings. 

Only in Kobe and case 40-25, did the responses improve 

significantly. 

The best results for Kobe are related to the maximum 
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displacement of MATMD with simultaneous setting, 

which belongs to case 40-33 with a mass ratio of 3%-

2%. Also, a reduction of 53.7% and 26.5% were 

reported compared with the uncontrolled state and 

SATMD with non-simultaneous tuning, respectively. 

In this regard, the maximum decrement for the 

maximum acceleration and the maximum drift ratio of 

floors belongs to case 40-33 which are, 11.3% and 

16.7% compared with the uncontrolled state and 5.9%, 

and 4.8% compared with the SATMD and non-

simultaneous  setting, respective. In contrast, the same 

increment is reported for case 40-25 so that the 

maximum acceleration increase by up to 8.4%.

TABLE 8  

RESULTS FOR ALL CONTROL CASES UNDER THE ARTIFICIAL EARTHQUAKE 

Simultaneous tuning Non-simultaneous  tuning 

Subcase Control case MAX. Drift 

ratio 

MAX. 

Acc(m/s2) 

MAX. 

Disp(m) 

MAX. Drift 

ratio 

MAX. 

Acc(m/s2) 

MAX. 

Disp(m) 

- - - 0.017 17.57 1.33 - Uncontrolled 

- - - 0.014(15.8%) 17.02(3.1%) 0.91(31.7%) - 
SPTMD 

[4] 

- - - 0.012(28.6%) 15.43(12.18%) 0.58(56.7%) - 

SATMD (Un- 

simultaneous) 

[4] 

0.012 

(28.7%, 

0.0%) 

15.46 

(12.0%, 

-0.2%) 

0.54 

(59.7%,7.1%)* 
- - - - 

SATMD 

(Simultaneous) 

 

- - - 
0.014 

(17.0%) 
17.03(3.1%) 

0.91 

(31.5%) 
4-1 

MPTMD 

(case 40-33) 
- - - 

0.014 

(15.8%) 
17.25(1.8%) 

0.92 

(30.8%) 
3-2 

- - - 
0.015 

(14.0%) 
17.38(1.8%) 

0.93 

(30.4%) 
2.5-2.5 

- - - 
0.015 

(11.7%) 
16.80(4.4%) 

0.91 

(31.3%) 
4-1 

MPTMD 

(case 40-25) 
- - - 

0.015 

(12.3%) 
17.10(2.6%) 

0.93 

(30.4%) 
3-2 

- - - 
0.015 

(10.5%) 
17.16(2.3%) 

0.93 

(30.0%) 
2.5-2.5 

0.012 

(26.9%, 

-2.5%) 

13.88 

(21.0%, 

10.2%) 

0.43 

(67.7%, 

19.9%) 

0.016 

(3.5%, 

-35.2%) 

16.04 

(8.7%, 

-3.7%) 

1.52 

(-14.2%, 

-183.7%) 

4-1 

MATMD 

(case 40-33) 

0.012 

(28.7%, 

0.0%) 

13.92 

(20.8%, 

10.0%) 

0.46 

(65.5%, 

14.2%) 

0.016 

(4.1%, 

-34.4%) 

15.92 

(9.4%, 

-2.9%) 

1.48 

(-10.9%, 

-175.5%) 

3-2 

0.012 

(28.7%, 

0.0%) 

13.67 

(22.1%, 

11.6%) 

0.44 

(67.2%, 

18.6%) 

0.016 

(4.15, 

-34.4%) 

15.92 

(9.4%, 

-3.0%) 

1.518 

(-13.6%, 

-182.1%) 

2.5-2.5 

0.010 

(40.4%, 

16.4%) 

13.10 

(25.4%, 

15.3%) 

0.53 

(60.4%, 

1.7%) 

0.015 

(9.9%, 

-26.2%) 

15.37 

(12.5%, 

0.6%) 

1.148 

(14.3%, 

-113.0%) 

4-1 

MATMD 

(case 40-25) 

0.012 

(27.5%, 

-1.6%) 

14.02 

(20.2%, 

9.4%) 

0.55 

(59.0%, 

-1.9%) 

0.016 

(9.4%, 

-27.0%) 

15.51 

(11.7%, 

-0.3%) 

1.148 

(14.2%, 

-113.1%) 

3-2 

0.013 

(26.3%, 

-3.3%) 

14.24 

(18.9%, 

7.9%) 

0.55 

(58.8%, 

-2.4%) 

0.017 

(1.2%, 

-38.5%) 

15.59 

(11.35, 

-0.8%) 

1.26 (5.6%, 

-134.4%) 
2.5-2.5 

Note: *The values shown by black ink and red ink inside brackets, represent the reduction percentage of the maximum structural responses compared with 

the uncontrolled case and the structure equipped with SATMD and non-simultaneous  tuning related to [4 ], respectively. 
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(a) 

 
(b) 

 

(c) 

Fig. 6. Results of case 40-33 under the artificial earthquake: (a) Subcase 4-1, (b) Subcase 3-2, (c) Subcase 2.5-2.5 
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TABLE 9 

RESULTS FOR ALL CASES UNDER THE KOBE EARTHQUAKE CONSIDERING SSI 

Simultaneous tuning Non-simultaneous  tuning 

Subcase Control case MAX. Drift 

ratio 

MAX. 

Acc(m/s2) 

MAX. 

Disp(m) 

MAX. Drift 

ratio 

MAX. 

Acc(m/s2) 

MAX. 

Disp(m) 

- - - 0.007 9.51 0.52 - Uncontrolled 

- - - 
0.0067 

(6.9%) 
9.20 (3.3%) 

0.47 

(8.2%) 
- 

SPTMD 

[4] 

- - - 
0.0063 

(12.5%) 
8.97 (5.8%) 0.33 (%) - 

SATMD (Non-

simultaneous ) [4] 

0.0074 

(-2.8%,17.5%) 

8.93 

(6.1%,3.3%) 

0.30 

(41.0%,6.4%)* 
- - - - 

SATMD 

(Simultaneous 

- - - 
0.0067 

(6.9%) 
9.20(3.3%) 

0.48 

(7.8%) 
4-1 

MPTMD 

(case 40-33) 
- - - 

0.0068 

(5.6%) 
9.25(2.8%) 

0.48 

(7.2%) 
3-2 

- - - 
0.0069 

(4.2%) 
9.29(2.3%) 

0.48 

(6.9%) 
2.5-2.5 

- - - 
0.0067 

(6.9%) 
9.21(3.2%) 

0.48 

(7.6%) 
4-1 

MPTMD 

(case 40-25) 
- - - 

0.0068 

(5.6%) 
9.26(2.7%) 

0.48 

(7.0%) 
3-2 

- - - 
0.0069 

(4.2%) 
9.29(2.3%) 

0.48 

(6.6%) 
2.5-2.5 

0.006 

(16.7%, 

4.8%) 

8.55 

(10.2%, 

4.6%) 

0.25 

(51.5%, 

23.0%) 

0.0052 

(27.8%, 

17.5%) 

8.30 

(12.7%, 

7.4%) 

0.42 

19.0%, 

-28.6%) 

4-1 

MATMD 

(case 40-33) 

0.007 

(16.7%, 

-3.2%) 

8.63 

(9.2%, 

3.7%) 

0.24 

(53.7%, 

26.5%) 

0.0052 

(27.8%, 

17.5%) 

8.30 

(12.7%, 

7.4%) 

0.42 

(18.8%, 

--29.0%) 

3-2 

0.006 

(15.3%, 

3.2%) 

8.44 

(11.3%, 

5.9%) 

0.24 

(52.9%, 

25.2%) 

0.0052 

(27.8%, 

17.5%) 

8.30 

(12.8%, 

7.4%) 

0.42 

(18.6%, 

-29.3%) 

2.5-2.5 

0.008 

(-12.5%, 

-28.6%) 

10.19 

(-7.2%, 

-13.7%) 

0.29 

(44.4%, 

11.7%) 

0.0067 

(6.9%, 

-6.0%) 

10.15 

(-6.7%, 

-11.7%) 

0.57 

(-9.4%, 

-73.8%) 

4-1 

MATMD 

(case 40-25) 

0.006 

(16.7%, 

4.8%) 

10.20 

(-7.2%, 

-13.8%) 

0.33 

(35.9%, 

-1.8%) 

0.0068 

(5.6%, 

-7.9%) 

10.18 

(-7.0%, 

-13.5%) 

0.57 

(-9.3%, 

-73.6%) 

3-2 

0.006 

(15.3%, 

-3.2%) 

10.31 

(-8.4%, 

-15.0%) 

0.34 

(34.7%, 

-3.6%) 

0.0067 

(6.9%, 

-6.3%) 

10.16 

(-6.8, 

-13.3%) 

0.56 (-

8.8%, 

-72.8%) 

2.5-2.5 

 

However, the maximum drift ratio of the floors decreases by 

15.3% and 16.7% for the mass ratio of 2.5%-2.5% and 3%-2% 

compared with the uncontrolled state. 

Also, the best performance for the Newhall earthquake and all 

three essential responses is related to the structure equipped 

with MATMD and case 40-33 with simultaneous adjustment 

so that the maximum reduction was up to 66.7% for the 

maximum displacement, up to 14.1% for the maximum 

acceleration, and up to 26.5% for drift ratio compared with the 

uncontrolled state. It is noteworthy that this conclusion does 

not mean that case 40-25 did not improve the responses. For 

example, a reduction of up to 16.7% in the maximum 

displacement compared with SATMD with non-simultaneous 

tuning is observed for it. On the other hand, the responses were 

evaluated considering a trade-off between them. The selection 

criteria are based on the reduction of responses compared with 

the SATMD and non-simultaneous tuning. It shows that for the 

Kobe earthquake, maybe the best candidates for response 

improvement are related to MATMD with simultaneous tuning 

and case 40-33. The first selection may be the mass ratio of 

2.5%-2.5% with a reduction of 25.2%, 5.9%, and 3.2% for 

three main maximum responses, respectively. The second 

choice is the mass ratio of 3%-2%, which entails a reduction 

of 26.5%, 3.7%, and 3.2% in the main maximum responses. 
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Similarly, for the Newhall earthquake, if considering a trade-

off between responses, the best selection is the structure 

equipped with MATMD with simultaneous tuning related to 

case 40-33. As with the Kobe earthquake, the mass ratio of 

2.5%-2.5% and 3%-2% are the best suggestions, and the 

highest reduction is generally 26.5%, 5.9%, and 4.8% for the 

main responses, respectively. 

 

TABLE 10 

 RESULTS FOR ALL CASES UNDER THE NEWHALL EARTHQUAKE CONSIDERING SSI 

Simultaneous tuning Non-simultaneous tuning 

Subcase Control case 
MAX. Drift ratio MAX. Acc MAX. Disp 

MAX. Drift 

ratio 
MAX. Acc 

MAX. 

Disp 

- - - 0.008 10.19 0.82 - Uncontrolled 

- - - 
0.008 

(4.8%) 

9.99 

(2.0%) 

0.76 

(7.9%) 
- 

SPTMD 

[4] 

- - - 
0.0062 

(25.3%) 

8.86 

(13.1%) 

0.38 

(53.4%) 
- 

SATMD (Non-

simultaneous ) 

[4] 

0.007 

(13.2%, -16.1%) 

9.61 

(5.7%, -8.5%) 

0.33 

(60.0%,14.4%)* 
- - - - 

SATMD 

(Simultaneous) 

- - - 
0.008 

(6.0%) 
9.98(2.0%) 

0.76 

(7.2%) 
4-1 

MPTMD 

(case 40-33) 
- - - 

0.008 

(3.6%) 
10.02(1.6%) 

0.76 

(7.9%) 
3-2 

- - - 
0.008 

(2.4%) 
10.05(1.4%) 

0.75 

(9.0%) 
2.5-2.5 

- - - 
0.008 

(6.0%) 
10.00(1.9%) 

0.77 

(6.1%) 
4-1 

MPTMD 

(case 40-25) 
- - - 

0.008 

(4.8%) 
10.04(1.4%) 

0.77 

(6.2%) 
3-2 

- - - 
0.008 

(4.8%) 
10.06(1.2%) 

0.77 

(6.3%) 
2.5-2.5 

0.006 

(26.5%, 

1.6%) 

8.83 

(13.4%, 

0.3%) 

0.30 

(63.0%, 

20.7%) 

0.007 

(9.6%, 

-21.0%) 

9.51 

(6.6%, 

-7.4%) 

0.52 

(37.1%, 

-35.0%) 

4-1 

MATMD 

(case 40-33) 

0.006 

(22.9%, 

-3.2%) 

8.93 

(12.4%, 

-0.8%) 

0.27 

(66.7%, 

28.6%) 

0.007 

(9.6%, 

-21.0%) 

9.52 

(6.6%, 

-7.4%) 

0.52 

(36.7%, 

-35.7%) 

3-2 

0.006 

(25.3%, 

0.0%) 

8.75 

(14.1%, 

1.2%) 

0.29 

(65.1%, 

25.3%) 

0.007 

(9.6%, 

-21.0%) 

9.52 

(6.6%, 

-7.5%) 

0.52 

(36.3%, 

-36.5%) 

2.5-2.5 

0.008 

(6.0%, 

-25.8%) 

9.24 

(9.3%, 

-4.3%) 

0.33 

(61.1%,16.7%) 

0.007 

(19.3%, 

-7.5%) 

9.87 

(3.1%, 

-10.3%) 

0.51 

(38.7%, 

-23.9%) 

4-1 

MATMD 

(case 40-25) 

0.007 

(20.5%, 

-6.4%) 

9.25 

(9.2%, 

-4.4%) 

0.33 (59.8%, 

13.7%) 

0.007 

(19.3%, 

-8.1%) 

9.87 

(3.2%, 

-11.4%) 

0.50 

(39.4%, 

-30.0%) 

3-2 

0.007 

(20.5%, 

-6.4%) 

9.21 

(9.6%, 

-4.02%) 

0.33 

(59.9%, 

13.9%) 

0.007 

(19.3%, 

-8.1%) 

9.85 

(3.3, 

-11.2%) 

0.50 

(39.2%, 

-30.0%) 

2.5-2.5 

 

It is also important to evaluate the responses during the time 

history of an earthquake. One of the criteria to examine is the 

root mean square (RMS) presented in Eq. 16 for displacement 

responses. This equation can be generalized for acceleration 

and drift ratio responses. 

𝑥𝑅𝑀𝑆 = √
𝑥1

2 + 𝑥2
2 + ⋯ + 𝑥𝑛

2

𝑛
 (16) 

where x and n are the displacement response at time t and the 

number of input earthquakes, respectively. RMSs of the three 

main responses are shown in Figs. 8 and 9 for the Kobe and 
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Newhall earthquakes, respectively. The average RMS of the 

responses of floors is also presented as another indicator in 

Figs. 10 and 11.  

 

 

(a) 

 
(b) 

 

(c) 

Fig. 7. Results for case 40-33 under the Kobe earthquake: (a) Subcase 4-1, (b) Subcase 3-2, (c) Subcase 2.5-2.5 
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Fig. 8. Results of RMS for all stories under the Kobe earthquake 

 

 
Fig. 9. Results of RMS for all stories under the Newhall earthquake 

 

For the Newhall earthquake, the lowest maximum RMS of 

displacement and acceleration of the floors are related to 

MATMD and case 40-33 for which the values of 0.09 and 1.20 

were gained, respectively. It belongs to the mass ratio of 4%-

1%. In addition, the minimum RMS for the relative drift is 

0.0014, related to SATMD with non-simultaneous tuning. 

Also, for the Kobe earthquake, the best RMS for displacement 

and relative drift ratio are 0.065 and 0.0013, respectively. It 

belongs to SATMD with non-simultaneous tuning. In addition, 

for acceleration, case 40-33 and the mass ratio of 4%-1% are 

reported to have the best RMS of 1.514. Also, the lowest 

average RMS value of the response for the Kobe earthquake is 

related to SATMD with simultaneous tuning. Of course, the 

results of other active control states and different mass ratios 

are also very close to this value. On the contrary, the lowest 

average RMS is related to case 33-40, and the mass ratio 4%-

1% for the Newhall earthquake and for three main responses. 

VII. Conclusions 

In this research, an innovative application-modification 

process was suggested. According to this, a new method was 

presented to find the TMDs' elevation placement position as a 

control device, could imrove responses and significantly 

reduces the volume of calculations, especially for the 
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optimization process. In this regard, a few items were 

examined as follows: the effects of simultaneous and non-

simultaneous designed parameters of PID and devices 

controller, various devices containing SPTMD, SATMD, 

MATMD, MPTMD, and different mass ratios. According to 

this proposed method, the mode shapes of the structure and the 

maximum responses in uncontrolled states were examined; In 

addition, the responses of the structure equipped with SPTMD 

and SATMD were considered taking SSI into account. Based 

on that, two placement scenarios were proposed. A 40-story 

tall benchmark structure located on soft soil was selected. For 

generalizing settings, a filtered white noise was applied as an 

artificial earthquake to the main structure, and design 

parameters were optimized using the PSO algorithm. to 

evaluate of the optimum settings, two famous Kobe-1995 and 

Northridge-1994 earthquakes were used and the results were 

presented.

 

 
Fig. 10. Results of the mean of RMS of stories under the Kobe earthquake 

 

 
Fig. 11. Results of the mean of RMS of stories under the Newhall earthquake 

 

The results of the application of the simultaneous tuning compared to non-simultaneous showed a significant decrease 



257                Simultaneous optimal design of PID and … / shahi, et al 

 

in the responses, especially, for the structure equipped with 

SATMD and MATMD taking SSI into account. It can increase 

the potential for structural instability. Also, two different 

scenarios were suggested to evaluate placement control 

devices. The results of using MPTMD instead of SPTMD were 

almost unchanged, provided that the total mass of TMDs was 

limited to 5% of the total mass of the structure. Further, the 

application of MATMD with PID controller and simultaneous 

tuning led to a significant improvement in the responses. These 

responses contained the maximum displacement, maximum 

acceleration, and maximum drift ratio. Also, to examine the 

effectiveness, the results were compared with the state of 

SATMD and PID controller with non-simultaneous tuning. In 

addition, the RMS of the floors and the average RMS of the 

total floors were investigated. Its criterion was used to evaluate 

the performance of the system in reducing the responses during 

the time history. The results confirmed the higher effectiveness 

of the controller and MATMD with the proposed elevation 

placement in improving responses; The general evaluation of 

the results showed that MATMD with simultaneous tuning in 

case 40-33 had the best application. Also, these results 

confirmed the superiority of MATMD and the proposed 

placements compared with SATMD [4]. Furthermore, the 

proposed method reduced requirement costs, especially for the 

optimization process. At last, the results will help designers 

and researchers to gain a new design vision to find the optimal 

placement of control devices in tall buildings. 
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