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Abstract 

Application of Electromagnetic induction (EMI) based passively controlled and some local response governed MR dampers in controlling the 
isolator displacement in base-isolated Irregular building have been studied and compared with the Lyapunov controller. The Irregular building is 
hybrid isolated with elastomeric rubber bearings and a variety of sliding isolators subjected to strong near field earthquakes acting bi-
directionally in horizontal plane. The shear type base-isolated Irregular building is modelled as three-dimensional linear elastic structure having 
three degrees-of-freedom at each floor level. Time domain dynamic analysis of the building has been carried out using constant-average 
acceleration Newmark-Beta method and non-linear isolation forces has been taken care by fourth-order Runge-Kutta method. It is observed that 
the EMI based passive controller performs better than the Lyapunov controller though it reduces less base displacement but gives lower 
structural response among all the controllers. Local response governed Hyperbolic and Aly’s controller require only velocity and displacement at 
controller locations sound simpler in application as compared to Lyapunov controller especially to civil engineering structures like Irregular 
building. The Hyperbolic controller restrains base displacement comparable to the Lyapunov controller but gives less base shear and story drifts 
to Irregular building. Variable frequency pendulum isolator (VFPI) and variable curvature friction pendulum system (VCFPS) sliding isolators 
perform better with MR damper control in comparison to conventional friction pendulum system (FPS) in base–isolated Irregular building. 
 
Keywords:  Base isolation; Semiactive control; Smart passive control; MR dampers; Sliding isolators; Irregular building  
 

1. Introduction 

A large number of approaches and technologies to 
attenuate seismic response of buildings have been developed 
over the years. The motif of seismic control techniques is to 
improve performance of structural and non-structural 
components of such buildings. Base isolation has been 
proved as an efficient technique to protect the structures 
against earthquakes. The flexible layer of base isolation 
decouples the superstructure from the shaking ground so 
that it behaves almost like a rigid body with low inter-story 
drifts and floor accelerations. Besides the benefits in the 
improvement of seismic response of superstructure, large 
base displacement at isolation level is the worry of such 
structures especially when they are subjected to near field 
earthquakes [1-3]. During the last two decades, an ever-
increasing database of recorded ground motions have 
demonstrated that the kinematics characteristics of the 
ground motion near the faults of major earthquakes contain 
large displacement pulses, say one or two pulses from 0.5 m 
to more than 1.5 m with peak velocity of 0.5 m/sec or 
higher. Their period is usually in the range of 1 to 3 sec, but 
it can be as long as 6 sec. Such distinct pulses do not exist in 
ground motions recorded at locations away from the near-
fault region, i.e., El Centro, 1940 earthquake ground motion. 

These near-field earthquakes proved highly catastrophic so 
base isolation technique independently may prove 
insufficient thus application to additional control devices is 
absolutely necessary. 

These additional control devices reduce large base 
displacement, but in addition there is fall in super structural 
performance especially in inter-storey drifts and floor 
accelerations. The additional control devices can be based 
on passive, active and semiactive control. Passive control 
devices like passive viscous or friction dampers though do 
not require external power but due to their constant 
characteristic response to highly varying earthquake loading 
limit their performance, thus they may fail to achieve 
desired level of control. Active control devices require huge 
source of power supply for their electro-hydraulic or 
electromechanical actuator which may not available 
constantly in the event of catastrophe. On one hand the 
occurrence of earthquakes in the designed life of structures 
may not be quite frequent and on other hand the stability and 
robustness of active controllers are yet to be established thus 
employment and maintenance of such control devices can be 
unfeasible. In such situations application of semiactive 
control devices is suitable solution as they are not only 
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robust and reliable as passive controllers but devoid of ills 
of active controllers also.  

Semiactive control devices are basically passive devices 
in which their constant characteristic properties can be 
effectively controlled by some control mechanisms and 
small amount of power. These devices are not only 
adequately efficient as active control devices but also highly 
reliable and robust. Several semiactive systems based on 
variable stiffness, damping and friction devices have been 
investigated and demonstrated to be effective by many 
researchers. Some variable damping and variable friction 
devices have been implemented on base isolated buildings 
for reducing base displacements and superstructure 
responses [4-11]. 

Use of Magnetorheological (MR) fluid dampers in 
semiactive control systems is quite popular recently and 
several researchers have shown that it has been found 
effective in reducing the response of base isolated structures 
[12-16]. MR dampers have simple mechanical system, high 
dynamic range, low power requirement, large force capacity 
and robustness. MR dampers utilize MR fluid to produce 
controllable damping force in which the magnitude of 
damping force is a nonlinear function of voltage and 
velocity across the damper. The control over the damper 
force is achieved by changing the voltage input to the 
damper. Several nonlinear hysteretic models [17-19] have 
been proposed to describe the force–velocity relationship of 
the MR damper. These analytical models which describe the 
behaviour of the damper are very complicated in modelling 
and controller design. It has also been observed that the 
nonlinear dampers may result in increased floor 
accelerations and shears in base isolated buildings in certain 
earthquakes. MR Dampers have been used in conjunction 
with a host of model based control algorithms e.g. Lyapunov 
control [20-21], Bang-bang control [22], Clipped Optimal 
control [23-24] , Modulated homogeneous friction control 
[6] and some non-model based intelligent control like Fuzzy 
and Neuro-fuzzy control laws [25-26] . A majority of the 
control algorithms developed result in on–off switching 
laws. Though these algorithms are effective in reducing base 
displacements, in many cases the benefits are achieved at 
the cost of increase in floor accelerations and inter-storey 
drifts. The increase in the super-storey accelerations and 
inter-storey drifts are a result of the abrupt switching; 
smooth switching algorithms alleviate the problem to a large 
extent. Also, all these control algorithms require feedback 
control system consisting of a controller, sensors, and a 
power supply. Thus, this semiactive system is usually not 
only relatively expensive as compared to passive system but 
also not easy to implement and maintain for large-scale 
structures such as high-rise buildings and long-span bridges.  

To resolve the difficulties of handling such immense 
sensor data, the need is to have such control strategies which 
depend either on local responses or can passively control 
MR damper. In this paper a study has been carried out to 
evaluate the effectiveness of such simple and passive 
controller laws which either control the MR damper 
passively or regulate control through displacement and 
velocity of the damper. One such smart passive control 
system that consists of an MR damper and an 
electromagnetic induction (EMI) part was proposed by Cho 

et al. [27]. In the smart passive system, the damping 
characteristics of a damper can be changed by the EMI part 
consisting of a permanent magnet and a coil according to 
Faraday’s law of EMI. Another Hyperbolic control law [28] 
in which control over damping is exercised through a 
Hyperbolic passive function controlling input voltage using 
velocity of the damper. The simplicity of the Hyperbolic law 
is it requires single local response and gives efficient control 
over damping.  Aly’s algorithm [29] is also one such control 
law which requires the two local responses i.e. displacement 
and velocity at damper location and it has been observed 
that this controller effectively control inter-story drifts and 
absolute floor accelerations. 

The present study investigate the effectiveness of  
simple control laws based on local responses and passively 
controlled MR damper in comparison to Lyapunov control 
for seismic response of base-isolated Irregular  building 
which is isolated primarily with sliding isolators like 
Friction pendulum system (FPS), Variable frequency 
pendulum isolator (VFPI) and Variable curvature friction 
pendulum system (VCFPS). The specific aims of the study 
are (i) to study the comparative performances of EMI, 
Hyperbolic law and Aly’s controller with Lyapunov 
controller for seismic control of base-isolated bench mark 
building and (ii) to compare the performances of FPS, VFPI 
and VCFPS sliding isolators with MR damper based 
semiactive control in base-isolated Irregular building. 

2. Smart base-isolated irregular building isolated with 
sliding isolators 

The asymmetric base-isolated Irregular building is eight-
storied steel-braced framed, 82.4m long and 54.3m wide 
[30]. The bearing level plan of the L-shaped asymmetric 
building is shown in Figure 1(a). The isolation system  

 
Fig.1(a) Bearing Level Plan of Irregular Building 
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consists total 92 isolators out of which 61 are sliding 
isolators which can be FPS or VFPI or VCFPS and 31are 
linear elastomeric rubber bearings (ERB). In additional 16 
MR dampers (8 in x direction and 8 in y direction) located at 
isolation level to check base displacement as shown in the 
Figure 1 (a).  

The isolators are connected between these drop panels 
and the footings below. The superstructure is modelled as a 
three-dimensional linear elastic shear structure. Floor slabs 
and the base mat are assumed to be rigid in plane. The 
superstructure and the base are modelled using three multi 
degrees of freedom (DOF) per floor at the center of mass. 
The combined model of the superstructure (24 DOF) and 
isolation system (3 DOF) consists of total 27 DOF. The 
superstructure damping ratio is assumed to be 5 percent in 
all fixed-base modes. 

The three-dimensional dynamic analysis of the base-
isolated Irregular building is carried out considering 
superstructure condensed linear-elastic, as for base-isolated 
buildings superstructures can be considered remain elastic. 
The non-linear isolation bearing is modelled explicitly using 
the discrete biaxial Bouc–Wen model and the forces in the 
bearings are transformed to the center of mass of the base 
using a rigid base slab assumption. All the isolation bearings 
are modelled individually or globally by equivalent lumped 
elements at the center of mass of the base. The fundamental 
period of isolation system consisting ERBs and sliding 
isolators is 3 sec. The characteristic damping ratio (ζ) of 
ERB is kept 0.05. The coefficient of friction () for all the 
sliding isolator has been taken as 0.06.  

Varying curvature sliding isolators have variable radius 
of curvature of sliding surface in comparison to fixed radius 
of curvature of FPS, which reduces on increasing isolator 
displacement so as to soften the restoring force component 
and eventually the isolator force. The reduction in isolator 
force leads to improve the floor accelerations, inter-story 
drifts, and related structural response. VFPI [31-32] and 
VCFPS [33-34] are the two varying curvature sliding 
isolators developed in the recent past. It has been found that 
the VFPI and VCFPS performed comparatively better in the 
near fault area as far as the structural response is concerned 
except, they give large isolator displacement. The 
characteristic of VFPI has been chosen as the initial time 
period (Ti) and frequency variation factor (fvf) are equal to 
2 sec and 1 respectively. Similarly, the initial time period 
(Ti) and the distance from centre the slider can be brought 
back (r0) are equal to 2 sec and 0.8 m respectively for 
VCFPS. The details regarding the dynamic equation of base-
isolated Irregular building and VFPI and VCFPS can be 
obtained from the above cited references. 

3. Mechanical model of the MR Damper 

Electrorheological (ER) and Magnetorheological (MR) 
fluids are controllable fluids which have ability to reversibly 
change from a free-flowing, linear viscous fluid to a semi-
solid with controllable yield strength in milliseconds when 
exposed to an electric or magnetic field. The developments 
of theses fluids gave birth to ER and MR Dampers which 
proved effective devices work on the principles of 
semiactive control. The configuration of a 20-ton MR 

damper developed by Lord® is shown schematically in 
Figure 2.  

 
As the damper piston moves, the MR fluid is forced 

through an annular orifice can offer an attractive 
compromise between the (the ‘MR valve’), which is 
exposed to a magnetic field generated by a coil. MR fluids 
are the magnetic analogs of electrorheological fluids and 
typically consist of micron-sized, magnetically polarizable 
particles dispersed in a carrier medium such as mineral or 
silicone oil. When a magnetic field is applied to the fluids, 
particle chains form, and the fluid becomes a semi-solid and 
exhibits visco-plastic behaviour similar to that of ER fluids.  
The formation of particle chains that increase the resistance 
to fluid enables the development of a controllable damping 
force as shown in Figure 3 (a).  

 
A typical force-displacement and force–velocity 

relationship for an MR damper under different magnetic 
fields are shown in Figure 3 (b) and 3 (c). Various 
applications of MR dampers damper have been considered, 
such as the seismic control of bridges and tall buildings etc. 

 

 
  Fig.2 20 Ton MR Damper 
 

 
Fig.3(a) Formation of Plastic Chain 
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Fig. 3(b) and 3(c) Force-Displacement and Force-

Velocity Relationship 
 

 The MR dampers show dynamically non-linear 
force-velocity behaviour, hence more accurate dynamic 
model of MR dampers is necessary. Also modelling of the 
control devices is essential for the adequate prediction of the 
behaviour of the controlled system. Several models have 
been proposed to describe the behaviour of MR dampers. 
These include the phenomenological model based on the 
Bouc-Wen hysteresis model proposed by Spencer et al., 
[35], neural network model developed by Chang and 
Roschke [36], viscoelastic-plastic model [37], fuzzy model 
[38], polynomial model [39]. Among these MR models, 
Modified Bouc-Wen model proposed by Spencer et al. [35] 
can accurately describe the behaviour of the MR dampers 
thus for the present study it has been used which is 
described in the following relationship between force and 
velocity  

       1 1 0( )df c y k x x  
       (1) 

                                   

   1n n

d d dz x y z z x y z A x y           
(2) 

                                  

   0 0
0 1

1
( )d dy z c x k x y

c c
   


 

     (3) 
where z is an evolutionary variable that accounts for the 

history dependence of the response; dx
is the damper 

displacement; dx
is the velocity across the damper; k1 is the 

accumulator stiffness; c1 is viscous damping at lower 
velocity in the model to produce the roll-off; c0 is viscous 
damping at larger velocity; k0 is the stiffness at large 

velocity; and 0x
 is the initial displacement of spring; and , 

β, γ, n and A are the shape or characteristic parameters of 
the model. The model parameters   , c0 and c1 depend on 
the voltage to the current driver as follows 

  a bu   
     (4) 

                      1 1 1a bc c c u 
                        (5) 

                      0 0 0a bc c c u 
     (6) 

while the filtered voltage u determined by the applied 
voltage v to the control circuit is as follows 

                       ( )u u v 
                  (7) 

where η is a constant in Equation (7) is necessary to 
model the dynamics involved in reaching rheological 
equilibrium and in driving the electromagnet in the MR 
damper. The optimized parameters for the dynamic model 
those were determined to best fit the data based on the 
experimental results of a 20-ton MR fluid damper [40] and 
used in the present study. The optimized parameters for the 
dynamic model those were determined to best fit the data 
based on the experimental results of a 20 ton MR fluid 
damper and used in the present study are as follows: 

a =46.2 kN/m; b =41.2 kN/m/v; 0ac
=110 kN-s/m; 

0bc
=114.3 kN-s/m/v; 1ac

=8359.2 kN-s/m; 1bc
=7482.9 kN-

s/m/v; 0k
=0.002  kN/m; 1k

=0.0097 kN/m; γ=164 m-2; 
β=164 m-2; A =1107.2 and n=2. 

 
4. Semiactive control strategies for MR Dampers 
 
A variety of approaches have been used in the proposed 
study for the control of MR dampers. In developing these 
control laws, the control voltage is restricted in the range of 
0-10 volts. 
 
4.1 Lyapunov Stability Theory Based Control Algorithm 
 
This approach requires the use of a Lyapunov function. 
Even though numbers of Lyapunov functions are available, 
but here Lyapunov’s direct approach is used. In which a 
positive definite matrix P is found with selected positive 
semi-definite matrix QP and system matrix A by using the 
following Lyapunov equation [41]. 

                       T
PA P PA Q                 (8) 

The control law that determines the current sent to ith MR 
damper as follows 

                      max (( ) )T
i i div V H z PB f               (9) 

where Vmax is the maximum voltage; H (.) is the Heaviside 
step function; fdi is measured force at the ith MR damper and 
Bi is the ith column of system matrix B of the structure. This 
algorithm, better perform when measurements of the 
responses of the full structure are used which means that it 
requires large number of sensors. 
 
4.2 Electromagnetic Induction (EMI) Based Passive 
Control of MR Damper  
 
Generally, MR damper-based control systems are governed 
by the feedback control which requires number of sensors, 
controllers and power supply units and when number of MR 
dampers increases, the control system become quite 
complex and costly as well. To avoid such problems Cho et 
al., [27] proposed EMI based smart passive control system 
can be a better answer. The smart passive system contains 
an MR damper and an EMI system. The EMI system 
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comprises a permanent magnet and solenoid coils attached 
to MR damper as shown in Figure 4 (b). According to the 
Faraday law of induction [42-44], the EMI system changes 
the kinetic energy of the reciprocation motion of the MR 
damper to electric energy for the MR damper and then the 
electric energy is used to change the damping characteristics 
of an MR damper by forming magnetic field in the damper.  
Thus, the MR damper with EMI system is a passive system 
that does not require any power at all. Furthermore, the 
induced electric energy is proportional to external loads like 
earthquakes, which means that the smart passive system is 
adaptable to external loads by itself without any controller 
or corresponding sensors. General passive systems lack this 
adaptability whereas the MR damper with EMI system is an 
intelligent passive system to overcome shortcomings of 
general passive systems. These are important benefits of 
using the smart passive system. 
 The electromotive force (i.e. EMF) produced by 
motion of a structure can be expressed by the Faraday’s law 
of induction as 

                                       

B
emf

d dx dx
kN kNBw k

dt dt dt
 
                        (10) 

where ε is the induced EMF that has unit of volt (v), k is the 
energy loss coefficient factor, B is the magnetic flux density 
that has unit of Tesla (T=Wb/m2), N is the number of turns 
of the coil, w is the width of the magnet, and x is the 
displacement of the coil. Here, the energy loss coefficient 
factor, k, is caused by the difference between the theoretical 
values obtained by Faraday’s law and the real experiments 
due to differences of coil length corresponding to the 
number of turns, the magnitude of the permanent magnet 

between N and S poles, and emfk is known as appropriate 

gain of  the EMI and  so on.  As per Equation (10) faster 
movement of MR damper produce higher EMF and vice-
versa. This induced EMF is carried to an electromagnet in 
the piston head and generates magnetic field around the 
electromagnet that changes the damping characteristics of 
the MR fluid (refer Figure 4 (b)).  
 

 
Fig. 4(a) &4(b) MR Damper 

 
 

In real cases, because the external loads such as earthquakes 
and winds cause the reciprocal motion of the MR damper, 
the solenoid coil of the EMI device moves back and forth 
for inducing EMF, which generates the adaptable power and 
adjusts to the vibration of structures by itself without any 
controller or corresponding sensors.  
 
4.3 Hyperbolic Control Algorithm  
 
Pozo et al., [28] proposed a voltage control law for the MR 
damper which requires only local velocity where the damper 
is connected.  The controller which give smooth command 
voltage is a Hyperbolic function of the local velocity ( )x  

and expressed as  
                                                       

 
sec ( ) tan ( )sgn( )

1c

h x h x x
u

x



  


                     (11) 

The above controller can very easily produce the force 
velocity relationship of the MR damper. The simplicity of 
the above expression suggests the possibility of a purely 
passive implementation can be possible if the appropriate 
control to feed the command voltage is made available. 
 
4.4 Aly’s Control Algorithm 
 
A new voltage control law which also requires only local 
responses is proposed by Aly [29]. The local responses are 
the relative displacement (x) and velocity ( )x  of the 

location where the MR damper is connected and which is 
expressed as 

                          

max

max

max

max

( ) 1 ( ) 1

( ) 1 ( ) 1

( ) 1 ( ) 1i

V if sign x and sign x

V if sign x and sign x
v

V if sign x and sign x

V Othervise





 
        






            (12) 

where the values of the constants α, β, and γ should be 
chosen between 0 and 1 so as to have better hysteresis loop 
of the MR damper. 
 
5. NUMERICAL STUDY 
 
The time domain dynamic analysis has been conducted on 
the computational model of base-isolated Irregular building 
to investigate the comparative performances of the different 
control laws based on local responses and passive controlled 
MR damper with Lyapunov controller. Also, various 
isolation systems comprising FPS or VFPI and VCFPS 
isolators with MR dampers in controlling the seismic 
response of the base-isolated Irregular building have also 
been compared. The Irregular building is acted upon by 
seven strong earthquake ground motions acting bi-
directionally in the horizontal directions ignoring vertical 
component of ground motions. The historical earthquakes 
which are used in the study, are the 1994 Northridge 
Newhall Station (360 as Fault-Normal and 90 as Fault-
Parallel); 1994 Northridge Sylmar Station (360 as Fault-
Normal and 90 as Fault-Parallel); 1940 Imperial Valley-El 
Centro Array # 9 (180 as Fault-Normal component and 270 
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as Fault-Parallel component); 1994 Northridge Rinaldi 
Station (228 as Fault-Normal and 318 as Fault-Parallel); 
1995 Kobe-JMA Station (KJM 000 component as Fault-
Normal and KJM 90 component as Fault-Parallel), 1999 
Taiwan Jiji TCU 068 station (N as Fault-Normal and W as 
Fault-Parallel) and 1995 Erzincan (Turkey) (NS as Fault-
Normal and EW as Fault-Parallel). The Modified earthquake 
time histories of above earthquakes with time step 0.001 sec 
for 30 sec are used for the present study. All the earthquake 
ground motions are applied bi-directionally to the building, 
in which the fault normal component is applied in x-
direction and fault parallel component is applied in y-
direction. 

The present study is focused on time history 
responses and peak performance criteria of absolute floor 
acceleration, base displacement, base shear and story drift of 
base isolated Irregular building for comparing the 
performances of control laws and isolation systems. The 
peak performance criteria, are J1 = Peak base shear of base-
isolated Irregular  building/corresponding value of non-
isolated Irregular  building; J2 = Peak story shear of base-
isolated Irregular  building/corresponding value of non-
isolated Irregular  building; J3 = Peak base displacement of 
base-isolated Irregular  building; J4= Peak story drift of 
base-isolated Irregular  building/corresponding value of 
non-isolated Irregular  building; J5 = Peak absolute 
acceleration of base-isolated Irregular  
building/corresponding value of non-isolated Irregular  
building; J6 = Peak Control force at the centre of base mat of 
base-isolated Irregular  building/total weight of the Irregular  
building; J7 = Root mean square (RMS) base displacement 
of base-isolated Irregular  building ; J8 = Root mean square 
(RMS) absolute acceleration of base-isolated Irregular  
building/corresponding value of non-isolated Irregular  
building; J9 =Total energy absorbed by the semiactive 
dampers/ input energy and J10 =Maximum cumulative 
control force/ maximum cumulative isolator force. For 
evaluating the above performance evaluation criteria, the 
structural response quantities are normalized by their 
corresponding non-isolated/ fixed base values in comparison 
to isolated values as in case of the base-isolated Irregular  
building, because the present study aims to evaluate the 
relative performance of different isolation systems primarily 
besides the comparative effectiveness of different control 
laws of MR dampers.  
 The numerical study carried out on hybridly base-
isolated building which has 31 ERB and remaining 61 are 
either FPS or VFPI or VCFPS in the isolation systems. MR 
dampers are positioned at eight different locations both in x 
and y directions as shown in Figure 1 to check the large base 
displacement. The MR dampers are controlled by Lyapunov 
controller, smart passive control using EMI, Hyperbolic 
control and Aly’s controller. Besides applications of MR 
damper with above controllers, the passive off and the 
passive on cases in which constant command voltage 0 and 
10 volts have been observed for the purpose of comparison. 
The constants of different control laws are chosen so as to 
have adequate reduction in base displacement without 
inordinate increase in floor accelerations and story drifts. 

The emfk  for EMI based control has been take equal to 5 

and α, β, and γ for Aly’s control have been chosen as 1, 0.5 

and 0.5 respectively. Although it is suggested that selection 
of constants should be chosen optimally for a particular 
system so as to have effective performance of the controller. 
 The absolute floor acceleration is the important 
structural response parameter to manifest the efficiency of 
seismic control system applied to any building. Figure 5 
shows the time history responses of top floor absolute 
accelerations in x direction of FPS isolated (31ERB+61 
FPS) Irregular building subjected to the Northridge Sylmar 
earthquake for different controllers. A small table associated 
with the Figure 5 gives the peak values of top floor absolute 
accelerations for the different controllers and for the 
uncontrolled (without MR dampers) case as well.  

 
It shows that in comparison to Lyapunov controller, EMI 
based passive control gives lower acceleration response 
among the entire controllers. Hyperbolic controller performs 
at par with Lyapunov controller whereas the Aly’s controller 
gives much higher acceleration response among the entire 
controllers. Figure 6 and 7 show the similar top floor 
absolute acceleration with VFPI and VCFPS isolated 
Irregular building and it has been observed that these 
isolation systems give little higher floor acceleration than 
FPS isolation for all the controllers.  
 

 
Fig.5 Peak values of top floor absolute accelerations for 

the different controllers and for the uncontrolled 
(without MR dampers) 
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Fig.6 Top floor absolute acceleration with VFPI 
 
 

 
Fig.7 Top floor absolute acceleration with VCFPS 

 
 

It is because their uncontrolled accelerations are also higher 
from them and since the more reduction in base 
displacement gives increase in the floor acceleration. Table 
1 which gives the peak normalized absolute floor 
acceleration for all the seven earthquakes and for controlled 
and uncontrolled cases.  
 
 
 
 
 

Table-1 Peak normalized absolute floor acceleration 

 
 
The grey shaded area gives the values for the uncontrolled 
case when building is only isolated and no MR dampers or 
other devices to control the base displacement are employed. 
The yellow shaded area gives the comparative view of 
values for the different controllers. The bold red and blue 
values are maximum and minimum values for the 
corresponding earthquake respectively among the 
controllers. It is observed that the most of the maximum 
values are associated with Aly’s controller and the smart 
passive EMI based control gives minimum values for all the 
earthquakes. It is noted that Aly’s controllers give about 10 
to 80 percent higher values of peak floor accelerations than 
EMI control. It has also been noted that the values of 
normalized peak absolute floor accelerations are 
comparatively higher for FPS for all the controlled cases in 
comparison to VFPI and VCFPS (refer Table 1). It is 
because of the disadvantage of higher isolation force offered 
by FPS which worsens the structural response. From the 
above observations it can be concluded that EMI based 
passive control and Hyperbolic control are better controller 
than Lyapunov and Aly’s controller and VFPI and VCFPS 
give better acceleration response with MR Dampers in 
comparison to FPS. 
 The application of MR dampers to the base-isolated 
Irregular building is primary to control large base 
displacement due to near-field earthquakes. The time history 
plots of base displacement of Irregular  building for different 
isolation cases and controllers comparing the individual 
responses with uncontrolled case have been shown in 
Figures 8, 9 and 10.  Figure 8 shows the time history plots of 
FPS isolated Irregular  building with MR dampers for 
different controllers and it is noted that Lyapunov controller 
better restricts the base displacement in comparison to 
others.  
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Fig-8 Time history plots of FPS isolated Irregular 

building 
 

Figure 9 and 10 give base displacement plots for VFPI and 
VCFPS and it has been observed that Lyapunov controller 
also perform better for them.  
 

 
Fig.9 Base displacement plots for VFPI 

 

 
Fig.10 Base displacement plots for VCFPS 

 
It has also learnt that VFPI and VCFPS isolation systems 
give more base displacement than FPS isolation system with 
MR dampers. Although the reduction of base displacement 
due to MR dampers in FPS is around 30 percent where as in 
VFPI and VCFPS it is in the range of 33 to 36 percent thus 
MR dampers work better with VFPI and VCFPS. Table 2 
which give the peak base displacements of Irregular 
building for different isolation systems and controllers of 
MR dampers, show that Aly’s controller gives 20 to 35 
percent higher reduction around in base displacement among 
the four controllers in comparison to their respective 
maximum values. Lyapunov and Hyperbolic also perform 
better but next to Aly’s controller (refer Table 2).  

 
Table- 2 Peak base displacements of Irregular building 
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Fig.11 Time history plots for the similar combinations as 

above for base shear 
 
EMI based passive control gives the least control on peak 
base displacement among the controllers. Although the 
reduction is somewhat 10 percent less in EMI controller 
than Lyapunov but at the same time it gives better 
performance in floor accelerations and also its unique 
capability of smart passive control, put it at advantage over 
Lyapunov controller. Hyperbolic controller exercises almost 
comparable control over base displacement reduction with 
Lyapunov controller but lower floor acceleration response 
than him as observed earlier, prove it better than Lyapunov 
controller. Aly’s controller is observed not as effective as 
the other controllers as it gives higher floor accelerations 
though gives better control in base displacement reduction.  
  The base shear and the story drift are the other two 
structural response parameters which affect the seismic 
performance of a building to great extent. Larger base shear 
and story drift values not only lead damage of the structural 
and non-structural components but also may cause the 
complete failure of the entire structure. The time history 
plots for the similar combinations as above for base shear 
have shown in Figure 11, 12 and 13.  
Figure 11 shows that EMI controller gives least base shear 
among the entire controllers and Hyperbolic controller also 
gives less base shear than Lyapunov controller for base-
isolated Irregular building for all the isolation systems. From 
Figures 12 and 13 which show the time history plots for the 
similar cases for VFPI and VCFPS isolated Irregular 
building, it is observed that the base shear is 4 to 8 percent 
less than FPS isolated building for almost all the controllers. 

 
Fig.12 Time history plots for the similar cases for VFPI 

 

 
Fig. 13 Time history plots for the similar cases for 

VCFPS 
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Table 3 gives the values of normalized peak base shear for 
different isolation and controlled and uncontrolled cases.  

Table-3 Normalized peak base shear 

 
It is learnt that EMI control performs comparatively better 
than Lyapunov controller as the increase in peak base shear 
is 3 to 25 percent lower than Lyapunov controller. 
Hyperbolic controller also seems to be effective than the 
Lyapunov controller as values of normalized peak base 
shear is lower than it but higher than EMI controller. Aly’s 
controller gives most of the maximum values for the peak 
base shear. The time history plots of story drifts for FPS, 
VFPI and VCFPS isolated Irregular building for above said 
cases have been shown in Figure 14, 15 and 16 respectively 
and on comparing it is noted that EMI controller gives least 
values among the entire controllers.  
 

 
Fig.14 Time history plots of story drifts for FPS 

 
Fig.15 Time history plots of story drifts for VFPI 

 

 
Fig.16 Time history plots of story drifts for VCFPS 

 
Hyperbolic and Lyapunov controller perform almost at par 
in controlling story drifts. The normalized peak story drifts 
for all the discussed earlier cases have been given in Table 4 
which shows that EMI control restricts 5 to 23 percent more 
peak story drift in comparison to Lyapunov controller for all 
the cases.  

 
 
 
 
 
 



Sharma and Soni. / ASPS Conference Proceedings 1: 673-685 (2022) 

683 

Table.4 Normalized peak story drifts 

 
 

From the above observations it can be concluded that EMI 
and Hyperbolic controller work better than Lyapunov 
controller and VFPI and VCFPS isolation systems function 
better with MR dampers in comparison to FPS isolation as 
far as structural response are concerned. 
 Controller force and total energy absorbed by the 
controllers are the two parameters which also play an 
important part in selecting the semiactive control device and 
the control algorithm. From Table 5 which shows the 
controller force for all the above-mentioned cases of 
controllers and isolation systems, it is observed that EMI 
control gives 5 to 60 percent less peak control force than the 
Lyapunov controller.  

 
Table.5 Controller force for all the above-mentioned 

cases of controllers and isolation systems 

 
This means that the EMI based control is more efficient than 
other controllers though it does not require any power to 
realize these control forces. Hyperbolic controller also 
operates at lesser control forces than the Lyapunov 
controller. The total energy absorbed by the MR dampers is 
given in Table 6.  

 
 
 
 
 
 
 

Table.6 Total energy absorbed by the MR dampers 

 
 
It is observed that as the Lyapunov controlled MR dampers 
perform at higher forces consume more energy than EMI 
controlled MR dampers.  
 In summary, it can be concluded that the EMI 
based passive controller and local response controlled the 
Hyperbolic controller overall perform efficiently than the 
Lyapunov controller in base-isolated Irregular building with 
all types of isolation systems. VFPI and VCFPS isolation 
systems perform much better than FPS isolation system with 
MR damper control in base-isolated Irregular building. 
  
6. CONCLUSIONS 

Application of some passively controlled and local response 
governed control algorithms of MR dampers are compared 
with Lyapunov controller in base-isolated Irregular building. 
The Irregular building is subjected to strong near field 
earthquakes bi-directionally acting in the horizontal 
direction. The comparisons for different sliding-based 
isolation systems for controlled Irregular building have also 
been made.  On the basis of observed trends of the results, 
following conclusions are made. 

1. EMI based passive control and local response 
governed control algorithms are found comparable 
to Lyapunov controller in controlling the response 
of base-isolated Irregular building through MR 
dampers. 

2. Smart passive control through EMI found 
reasonably efficient than Lyapunov controller 
though it restricts lesser base displacement but 
gives lower superstructure response. 

3. Local response governed Hyperbolic controller also 
performed well as it controls base displacement 
comparable with Lyapunov controller but gives 
lower base shear and floor accelerations. 

4. Aly’s controller found not as useful as the other 
two controllers as it gives higher structural 
response with less reduction in base displacement. 

5. VFPI and VCFPS isolation systems function 
efficiently with MR damper as compared to FPS 
isolation system. They produce not only give lower 
structural response but also give higher reduction in 
base displacement under controlled condition in 
base-isolated Irregular building.  
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