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Abstract 

Larger and more flexible towers connected by a sky-bridge are being design and constructed. Greater internal force of 

the sky-bridge under earthquake will be caused and the constructional detail will be very difficult to deal with, if the 

sky-bridge is connected with the towers rigidly.  While the flexible connection, which is composed of passive control 

devices can overcome these problems to a certain extent. Seismic isolation bearings are always used to connect the sky-

bridge and towers, and additional dampers are installed to dissipate energy by providing supplemental damping under 

earthquake. Reasonable design of flexible connection element parameters has become a key issue, but the relevant 

theoretical research is relatively lacking. The concept of Shared Tuned Mass Damper (STMD) for twin towers linked by 

a sky-bridge with flexible joints is proposed. Analytical expressions of the transform functions and the random 

earthquake responses of the flexible connected structures are derived using the 3-single-degree-of-freedom(3DOF) 

model system subjected to stationary white noise. Seismic reduction mechanism of the STMD is revealed by the 

comparing analysis between structures with STMD and structures connected by viscous-elastic damper(VED). The 

effect of the non-dimensional parameters, such as the frequency ratio of the two primary structures, the mass ratio, the 

tuning frequency ratio of the sky-bridge, and the damping ratio of the passive control devices on the structural seismic 

response is investigated. The optimum parameter analysis is investigated using the principle of minimizing 

displacements of both towers, and the optimal parameter formula is given by curve fitting technique. Application of the 

equations for MDOF structures is achieved by reducing two MDOF-connected structures to equivalent SDOF structures 

using the equivalent mass method. Numerical analysis is conducted to verify the control effectiveness of the connected 

MDOF system under El-centro earthquake ground motion. Results show that earthquake responses of the towers can be 

effectively reduced if parameters of the flexible connected elements are selected appropriately under a certain sky-

bridge mass. And a remarkable seismic reduction effect can be achieved if the towers have similar dynamic properties. 

The proposed formula can be used for the determination of optimum parameter of the flexible connected elements 

rapidly and accurately during the preliminary design stage. 

Keywords: flexible connection, connected structure, Shared tuned mass damper, seismic reduction, parameter analysis 
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1. Introduction 

 Twin-tower buildings linked by a sky corridor are widely adopted owing to their advantages in terms 

of magnificent shape, convenient communication, and ability to provide an escape channel during fire 

emergency. However, a twin-tower building presents great challenges on structural seismic designs. A higher 

internal force in the corridors under an earthquake will occur, and the constructional details are very difficult 

to address if the sky corridor is rigidly connected to the towers[1-3]. On the other hand, a flexible connection 

(passive control devices) can overcome these disadvantages to a certain extent. Seismic isolation bearings are 

always used to connect the sky corridor and towers, and additional dampers are installed to dissipate the 

energy by providing supplemental damping during earthquakes[4-6]. Various passive-control strategies are 

applied to structures connected by a sky corridor. In Marina Bay Sands (Singapore), multi-directional 

bearings are installed at the bridge spans between towers, which allow the natural and individual movement 

of each tower under wind or earthquake [7]. Xu et al. [8] investigated the seismic performance of adjacent 

structures connected using an isolated sky corridor. To reduce and control the torsion vibration of two 

adjacent tall buildings with different heights, buckling restrained braces (BRB) are used as diagonal web 

members at the middle of connecting main truss. The numerical analysis and shaking table model tests show 

that seismic energy is effectively dissipated by BRBs[9, 10]. Rational design of flexibly connected element 

parameters has become a key issue. However, the relevant theoretical research is relatively rare, and most 

research has focused on non-conjoined adjacent structures lined by a variety of dampers[11-15].  

 Lee et al. [6] revealed that a sky-corridor could effectively decrease the dynamic responses of coupled 

tall buildings by increasing its damping ratio, and significant control effect could be achieved using 

additional viscous dampers. Tse and Song [16] analyzed the effects of link parameters on the modal properties, 

and the wind-induced responses of the system by modeling each building as a cantilever beam. The 

analytical solution and results could be used for quickly evaluating the modal properties of the linked 

building systems and to optimally design the link during the preliminary design stage. Broad-band damper, 

which is a buckling-restrained hysteresis damper connected in series with a laminated VED, was used to 

connect the sky-corridor to reduce the dynamic responses of the towers caused by seasonal winds and large 

earthquakes. A parametric seismic response analysis was conducted by adopting a lumped mass model [5]. 

Abdullah et al. [17] proposed the concept of shared tuned mass damper (STMD) for adjacent structures to 

reduce both the structure vibration and probability of pounding. The stiffness and damping properties of the 

STMD are designed using a performance function. 

 The STMD concept for adjacent buildings connected by a sky-corridor that uses isolation and energy 

dissipation system is proposed in the present study. A sky-corridor with flexible connections functions as a 

tuned mass damper system for the main structures. However, the problem of tuning the STMD stiffness and 

damping parameters becomes an issue. The present study aims to derive the analytical formulas for optimum 

tuning frequency and damping parameters of the STMD. Adjacent towers connected by VED are used for 

comparative study. A three-degrees-of-freedom (3DOF) model is adopted to derive the analytical 

expressions for the optimum damping and stiffness parameters of the STMD system. Application of the 

equations for MDOF structures is achieved by reducing two MDOF-connected structures to equivalent 

SDOF ones using the equivalent mass method [18]. Numerical analysis is conducted to verify the control 

effectiveness of the connected MDOF system subjected to the El centro earthquake ground motion. The 

analytical solution and results can be used for quickly designing the connection during in the preliminary 

design stage.  

2. Simplified analysis model 

2.1 Assumptions 

 Fig.1 shows an example of a typical twin-tower connected building system and the related simplified 

3DOF model. The isolation bearings are installed between the sky corridor and top of the towers. According 
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to Reference [19], the adjacent towers can be simplified as an SDOF structure, which is characterized by 

mass 
im , stiffness 

ik  and damping 
ic . The natural frequency and viscous damping ratios of the towers are 

i i iω k m=  and i i i i2 mξ c k= , respectively. The sky-corridor is connected to the towers using a 

viscous dashpot and a linear spring, which are installed in parallel. The STMD consists of mass 
dm , stiffness 

dk  and damping 
dc . Let d d dω k m=  and d d d d2 mξ c k=  denote the natural frequency and damping 

ratios of the STMD, respectively.  

  

Fig.1 Sketch of a connected building system and simplified 3DOF system 

 

2.2 Governing equations of the problem 

 The equations that describe the dynamic behavior of the mass shown in Fig.1 are as follows: 

 1 1 1 1 1 1 d1 1 d d1 1 d 1 g+ + = ( ) ( )m u c u k u c u u k u u m x− − − − −  (1) 

 2 2 2 2 2 2 d2 2 d d2 2 d 2 g+ + = ( ) ( )m u c u k u c u u k u u m x− − − − −  (2) 

 d d d1 d2 d d1 d2 d d1 1 d2 2 d1 1 d2 2 d g( + ) ( + ) -m u c c u k k u c u c u k u k u m x+ + = + + +  (3) 

where u , u  and u  are the displacement, velocity, and acceleration, respectively, of the masses and gx  is 

the ground acceleration. The aforementioned dynamic equations can be expressed in a matrix form as: 

 n g( )+ ( )+ ( )= - (t)t t t xMX CX KX MI  (4) 

where 

 

11 1 d1 d1 1 d1 d1

2 2 d2 d2 2 d2 d2 2

3 d1 d2 d1 d2 d1 d2 d1 d2

0 0 + 0 - + 0 -

0 0 ;  0 + - ; 0 + - ;

0 0 - - - -

T

d

um c c c k k k

m c c c k k k x u

m c c c c k k k k u

      
      

= = = =
      
      + +       

M C K  (5) 

 

2.3 Random seismic responses  

 The ground motion acceleration is assumed to be , and the displacement responses of both the STMD 

systems are expressed as follows: 
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g g g

i i i

1 u1 2 u2 d ud( ) ( )e ;  ( ) ( )e ;  ( ) ( )eωt ωt ωt

x x xu H ω S ω u H ω S ω u H ω S ω= = =  (6) 

where 
g
( )xS ω  is the power spectral density of the ground acceleration. 

u1H , 
u2H , and 

udH  are the complex 

frequency response functions of the STMD system, which can be obtained by Fourier transformation of a 

unit impulse response function. By Eq. (6) into Eq. (4), the complex frequency response functions of the 

displacement of the connected structures can be derived. Using the non-dimensional parameters  

 d d2
d s d

1 1 1 1

= = = =
m ωωω

μ γ γ
m ω ω ω

f ；； ；  (7) 

The complex frequency response functions of the displacement of the connected structures can be simplified 

as  

 

4 3 2

14 13 12 11 10
u1

1

4 3 2

24 23 22 21 20
u2

1

4 3 2

d4 d3 d2 d1 d0

2

1

2

ud

1

1

2

1

( i ) ( i )
( )=

( i ) ( i )
( )=

( i ) ( i )
( )=

A ω A ω A ω A ω A
H ω

D

A ω A ω A ω A ω A
H ω

D

A ω A ω A ω

ω

ω

ω

A ω A
H ω

D

+ + + +

+ + + +

+ + + +

 (8) 

 ( ) ( ) ( ) ( ) ( ) ( )
6 5 4 3 2 1

1 6 5 4 3 2 1 0=D N iω N iω N iω N iω N iω N iω N+ + + + + +  (9) 

where 
dμ , f , 

sγ  and 
dγ  are the non-dimensional mass ratio, input frequency, tower frequency ratio and 

tuning frequency, respectively. ( 1,2, ; 0 ~ 4)ijA i d j= =  represents the coefficient of the frequency response 

function polynomial numerator and ( 0 ~ 6)jN j =  represents the coefficient of the frequency response 

function polynomial denominator. 

 The random seismic responses of the towers are investigated using the stationary white noise model of 

ground acceleration as the excitation.  

 
1

222

0[ (t)]= (i ) ( ) ( i )
gu x uE u H ω S ω dω S H ω dω

+ +

− −
=   (10) 

The integral part of Equation (10) can be converted into 

 
1

2
6

6 6

( i )
( i )

( i ) (-i )
u

g ω
H ω dω dω

h ω h ω

+ +

− −
=   (11) 

where 

 
( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )

10 8 6 4 2

6 0 1 2 3 4 5

6 5 4 3 2 1

6 0 1 2 3 4 5 6

( )

( )

h iω b iω b iω b iω b iω b iω b

g iω a iω a iω a iω a iω a iω a iω a

= + + + + +

= + + + + + +
 (12) 

The expressions for coefficients 
m  (m 0 ~ 6)a = and 

n  (n 0 ~ 5)b =  are functions of structural parameters 

i.e., 
sγ , 

1ξ , 
dμ  and 

dγ . According to Reference [20], the contour integral in the Eq. (11) can be solved in the 

following manner: 
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 6
6

6 6

( i )
2

(i ) (-i )

g ω
dω πI

h ω h ω

+

−
=  (13) 

Where 
6I  is the algebraic expression of coefficients 

m  (m 0 ~ 6)a =  and 
n  (n 0 ~ 5)b = , which is not listed 

here due to the length of an article. According to the aforementioned method, the integral calculation is 

transformed into an algebraic operation to obtain the analytical value of the variance of the structural random 

seismic response. 

3. Optimum parametric analysis 

3.1 Definition of the objective function of optimization 

 The non-dimensional variance of tower displacement response 
uβ  can be expressed as  

 
2

2c
u u2

0

[ (t)] 1
( i )

[ (t)] 2

E u
β H ω dω

E u π

+

−
= =   (16) 

where 
2[ (t)]cE u  represents the random displacement response of the towers connected using passive control 

devices such as a flexibly connected sky corridor or stiffness and damping elements. 
2

0[ (t)]E u  represents 

the random displacement response of the corresponding uncoupled towers. 

Parameter optimization involves seismic analysis of the two towers, which belongs to a problem of 

minimizing the maximum random variance of the displacement responses of the two towers. The objective 

function of the optimization is defined as 

 ( )
1 2,opt min max ,u u uf β β =

 
 (17) 

 

3.2 Elaboration of the STMD system mechanism  

 The control effectiveness of adjacent towers connected using sky corridor (STMD) and VED are 

compared, as shown in Fig.4. The control effectiveness of the two systems highly depends on the natural 

frequency ratio of the adjacent towers. When the natural frequencies of the two towers are quite different, the 

control effectiveness of the VED model is significant, which is better than that of STMD system. The control 

effectiveness of the VED system decreases as the natural frequency of the two towers gradually approaches 

each other. When the two towers have the same natural frequency (
sγ  = 1), the objective optimization 

function of the VED system i.e., ,optuf , is equal to one. For the STMD system, the objective optimization 

function first decreases and then gradually increases with the increase in the natural frequency ratio. When 

the two towers have the same natural frequency, an optimal control effect is achieved. The control 

effectiveness of the STMD system significantly depends on the mass ratio, and the control effectiveness 

improves with the increase in the mass ratio. When the mass ratios of the sky corridor are 0.01, 0.05, and 0.1, 

the tower displacements with the STMD system decrease by 17%, 35%, and 44%, respectively. 
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Fig.4 Comparison of the seismic reduction effects between the STMD and VED models 

 Table 1 lists the non-dimensional displacement variance of the towers and sky-corridor under white 

noise excitation. When the frequencies of the two towers are significantly different, the STMD displacement 

is not very large. The STMD displacement variance increases as the difference in the natural frequency 

between two towers is gradually narrowed, which indicates that the earthquake energy of the towers is 

absorbed by the vibration of the sky corridor, and the energy is dissipated by the damper of the flexible 

connecting elements.  

Table 1 – Non-dimensional displacement variances of the towers and corridor 

sγ  0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 

Tower A 0.26 0.25 0.23 0.20 0.22 0.24 0.26 0.26 0.27 

Tower B 0.77 0.49 0.31 0.20 0.17 0.14 0.12 0.10 0.08 

STMD 1.90 2.65 3.76 4.06 2.89 1.73 1.08 0.73 0.50 

 

3.3 Optimum parameters analysis 

 When the effect of structural damping is considering, deriving the closed-form expressions of the 

optimum parameters of the STMD is difficult.. Therefore, a numerical search technique is applied to 

determine the optimum parameters by minimizing the non-dimensional variance of tower displacement 

response ( )
1 2

max ,u uβ β .  

 The explicit expressions for the optimum STMD parameters are determined by deploying a curve-

fitting scheme over the numerical values of the optimum STMD parameters. The numerical-search results 

show that the optimum parameters significantly depend on 
sγ  and 

dμ . These expressions are selected, which 

are functions of these two parameters. After several trial and error processes, the following expressions are 

obtained for the optimum STMD parameters. 

 

( )

2 2 3

0 1 s 2 s 0 1 s 2 s 3 s
d,opt d2 2 3

0 1 s 2 s 0 1 s 2 s 3 s

s d        1.4  0.005 0.20.7

a a a b b b b

a a a b b b b

N N γ N γ N N γ N γ N γ
γ μ

D D γ D γ D D γ D γ D γ

γ μ

+ + + + +

+ + + + +

  

= +

；

 (20) 
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( )

2 2 2
20 1 s 2 s 0 1 s 2 s 0 1 s 2 s

d,opt d d2 2 2

0 1 s 2 s 0 1 s 2 s 0 1 s 2 s

s d0        1.4  0.005 0.7 .2

a a a b b b c c c

a a a b b b c c c

N N γ N γ N N γ N γ N N γ N γ
ξ μ μ

D D γ D γ D D γ D γ D D γ D γ

γ μ

= + +



+ + + + + +

+ + + + + +

  ；

 (21) 

 

( )

2

0 1 2

2

0 1 2
, 2 2

20 1 2 0 1 2

2 2

0 1 2 0 1 2

s d                     

1

0.    1.4  0.005 0.7 2

a a s a s

a a s a s
u opt

b b s b s c c s c s
d d

b b s b s c c s c s

N N γ N γ

D D γ D γ
f

N N γ N γ N N γ N γ
μ μ

D D γ D γ D D γ D γ

γ μ

=

+ −

+ +

+ +

+ + + +

+ + + +

   ；

 (22) 

The values of coefficients ijN  and ijD  (i = a, b, c; j = 0–3) in Equations (20) – (22) are listed in Table 2 – 4, 

respectively. 

Table 2 – Coefficient of  fitting formula 

Constant term 0aN  
1aN  

2aN  
0aD  

1aD  
2aD  - - 

0.289 −0.663 0.618 0.701 −1.352 1.000 - - 

Coefficient of 

primary term 
0bN  

1bN  
2bN  

3bN  
0bD  

1bD  
2bD  

3bD  

0.202 −0.739 0.890 −0.359 −0.554 2.067 −2.497 1.000 

Table 3 – Coefficient of  fitting formula 

Constant term 0aN  
1aN  

2aN  
0aD  

1aD  
2aD  

0.978 -1.943 0.980 0.973 -1.201 1.000 

Coefficient of 

primary term 
0bN  

1bN  
2bN  

0bD  
1bD  

2bD  

-0.122 0.288 -0.119 0.995 -1.935 1.000 

Quadratic 

coefficient 
0cN  

1cN  
2cN  

0cD  
1cD  

2cD  

0.502 -1.057 0.501 0.999 -1.967 1.000 

Table 4 – Coefficient of  fitting formula 

Molecular 

Constant Term 
0aN  

1aN  
2aN  

0aD  
1aD  

2aD  

1.002 -1.988 1.000 0.738 -0.932 0.722 

Denominator 

constant term 
0bN  

1bN  
2bN  

0bD  
1bD  

2bD  

1.002 -1.985 1.000 0.576 -0.574 0.556 

Denominator 

primary 

coefficient 

0cN  
1cN  

2cN  
0cD  

1cD  
2cD  

1.001 -1.966 1.000 0.394 -0.691 0.392 

 To verify the accuracy of the optimal parameter fitting formulas, different values of parameter 
sγ  are 

again selected to search the optimum parameters. Fig.5 shows the optimum parameters versus mass ratio 
dμ  

plotted for five different values of 
sγ . The result shows that the optimal parameters determined by the 

numerical analysis are in good agreement with those of the fitting formula. The values of d,optγ  gradually 

decrease with the increase in the mass ratio and gradually increase with the increase in the natural frequency 
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ratio. An almost linear increase in 
d,optξ  is observed with the increase in the mass ratio when the values of 

the natural frequency ratio deviate from one. Meanwhile, the values of d,optξ  increase in a quadradic-curve 

manner when the adjacent towers have similar natural frequencies ( i.e., 
sγ  = 1 and 1.1). The 

u,optf  values 

gradually decrease with the increase in the mass ratio. With the increase in 
sγ , the 

u,optf  values first decrease 

and then gradually increase. Minimum values of u,optf  are obtained when 
sγ  is equal to one.  

 The maximum errors for any value of the optimum STMD parameters, namely, 
d,optγ and 

d,optξ , are 

observed to be 0.49% and 0.44%, respectively. However, for the 
u,optf  values, the maximum error is found 

to be approximately 2.67%. The error between the fitting formula and calculation result is minimal, which 

shows that the fitting formula has high accuracy, and thus, it can be used for the optimum parameter design 

of flexible connecting elements. 
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 γs=1.3 numerical results   γs=1.3 fitting formula

 

（c）  

Fig.5. Verification of the optimal parameter fitting formula. (a) Tunning frequency ratio . (b) 

Damping ratio  (c) Objective function of optimization  

 The range of two key parameters 
sγ  and 

dμ  in the fitting formula are from 0.7 to 1.4 and from 0 to 0.2, 

respectively. Through the aforementioned results, if the basic structural parameters, i.e., natural frequency 

and structural damping ratio are specific values, the mass, tuning frequency and damping ratios can be 

determined according to the target seismic reduction. Then the stiffness and damping of the flexible 
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connecting elements can be determined. This result will facilitate selection of the parameters for the 

connecting elements in the initial design stage of adjacent towers connected using a sky corridor.  

4. Applications 

 To demonstrate the proposed method for connecting adjacent structures, two design examples are 

presented. In the first example, the first natural frequency of the two towers (Towers 1 and 2) are close to 

each other, whereas in the second example, the first natural frequencies depart from each other. Three towers 

are used in total, and the parameters of each tower are listed in Table 5. All towers are classically damped, 

and the damping ratio of each tower is assumed to be 0.02.  

Table 5 – Building model parameters 

Tower 
Number 

of floors 

Damping ratio 

(%) 

Floor 

mass 
Floor stiffness 

Natural 

frequency 

1 10 2 1.02×106 1.5×109 0.912 

2 10 2 1.40×106 2.5×109 1.005 

3 10 2 1.60×106 4.6×109 1.277 

 To utilize the closed-form equations, we first reduce the structures to their equivalent SDOF models 

using the equivalent mass method [15]. The parameters are used to determine the stiffness and damping 

properties between the sky-corridor and two towers in each example, as listed in Table 6. 

Table 6 – Building model parameters 

Examples Connected towers 
Frequency 

ratio  
Mass ratio   (N/m) (N·s/m) 

1 1– 2 0.9 0.1 6.91×106 3.31×105 

2 2– 3 1.4 0.1 8.82×106 7.08×105 

 To evaluate the effectiveness of the method, the normalized maximum displacement and shear force 

(
maxx  and 

maxQ , respectively), normalized maximum inter-story drift (
maxθ ) are presented. The normalized 

displacement responses are determined as follows: 

 
max,

max,

max

i

i

x
x

x
=  (24) 

 
max,

max,

max

i

i

θ
θ

θ
=  (25) 

where x  and θ  represent the displacement response and inter-story drift of the structure, respectively. The 

normalized shear force responses are calculated in a similar manner. Note that in Equations (23) – (25), 

subscript i represents any given floor (i) of the structure. The values given by these equations are normalized 

so that the maximum uncontrolled displacement is unity. 

4.1 Two towers with similar natural frequencies 

 Towers 1 and 2 are two 10-story structures flexibly connected by a sky corridor at the top floor. The 

towers have similar natural frequencies. The time domain responses of the roof displacement of the two 

towers are shown in Fig.6. 
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Fig.6. Roof displacement response under the El Centro earthquake 

 Fig.7 shows a decrease in the overall normalized maximum inter-story drift responses. The largest 

reduction in the inter-story drift for Tower 1 is found to be 21.39% at the fifth floor. For Tower 2, the largest 

reduction in the inter-story drift of Tower 2 is 26.49% at the fourth floor. Whereas Fig.8 shows the same 

result for the normalized maximum shear force response. The largest percentage reduction in the maximum 

acceleration response of tower 1 is 21.39%, whereas that of Tower 2 is 24.15%. 

  

Fig.7 Normalized maximum inter-story drift Fig.8 Normalized maximum shear force response 

4.2 Two towers with different natural frequencies 

 Towers 1 and 3 are two 10-story structures. The fundamental frequencies of these two towers are 

0.912 and 1.277 Hz, respectively. The time-domain responses of the roof displacement the two towers are 

shown in Figures 9. 

 
Fig.9 Roof displacement response under the El Centro earthquake 

2g-0053 The 17th World Conference on Earthquake Engineering

© The 17th World Conference on Earthquake Engineering - 2g-0053 -



17th World Conference on Earthquake Engineering, 17WCEE 

Sendai, Japan - September 13th to 18th 2020 

  

11 

 Fig.10 shows a decrease in the overall normalized maximum inter-story drift. The largest reduction in 

inter-story drift for Tower 1 is found to be 12.41% at the first floor. Generally, the maximum inter-story drift 

of Tower 3 is reduced except that the maximum inter-story drift of the first floor increases by approximately 

23.73% relative to the uncoupled case. The maximum shear force responses of the towers are shown in 

Fig.11. Reductions in the maximum shear force responses are observed at all levels of the two towers. The 

largest percentage reduction in the maximum shear force for Tower 1 is 12.41%, whereas that for Tower 3 is 

17.38%. 

  
Fig.10 Normalized maximum inter-story drift Fig.11 Normalized maximum shear force response 

6. Conclusions 

 The STMD concept for adjacent towers connected by an isolated sky corridor is proposed in this paper. 

The passive control mechanism of the STMD system is investigated by deriving the analytical expression of 

the random seismic responses of the connected towers. The optimum parameters of the STMD are 

determined using a numerical search technique, and the explicit expressions for these parameters are 

obtained using a curve-fitting technique. The accuracy of the design formulas is verified by comparisons 

with the test results using a numerical optimization scheme. The effectiveness of the design formulas is 

evaluated using numerical examples.  

 The system consisting of sky-corridor mass and flexible connecting elements has a tuning effect on the 

towers. The results show that better seismic reduction effect can be achieved if the connected towers have 

similar dynamic properties. The seismic reduction effect of the STMD system depends on the mass, tuning 

frequency and damping ratios of the system. With the increase in the mass ratio of the STMD, a better 

displacement control effect can be achieved, and the corresponding optimal tuning frequency ratio increases 

while the optimal damping ratio decreases.  

 The inter-story drift responses of the connected towers are generally reduced compared with those of 

the uncoupled towers. For the towers with similar natural frequencies, the maximum inter-story drift of 

Towers 1 and 2 are reduced 21.39% and 24.69%, respectively. Meanwhile, for the towers with different 

natural frequencies, the maximum inter-story drift of Tower 1 is reduced by 12.41% while that of Tower 3 is 

increased by 23.39%.  

 The design formula simplifies the design process and offers flexibility to control the performance of 

both structures when the adjacent structures are connected by sky-corridor that uses stiffness and damping 

elements. 
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