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Abstract.  The use of structural control devices to minimize structural response to seismic/dynamic excitations has 
attracted increased attention in recent years. The use of magnetorheological (MR) dampers as a control device have 
captured the attention of researchers in this field due to its flexibility, adaptability, easy control, and low power 
requirement compared to other control devices. However, little attention has been paid to the effect of configuration 
and number of dampers installed in a structure on responses reduction. This study assesses the control of a five-story 
structure using one and two MR dampers at different stories to determine the optimal damper positions and 
configurations based on performance indices. This paper also addresses the fail-safe current value to be applied to the 
MR damper at each floor in the event of feedback or control failure. The model is mathematically simulated in 
SIMULINK/MATLAB environment. Linear control strategies for current at 0 A, 0.5 A, 1 A, 1.5 A, 2 A, and 2.5 A are 
implemented for MR dampers, and the response of the structure to these control strategies for different configurations 
of dampers is compared with the uncontrolled structure. Based on the performance indices, it was concluded that the 
dampers should be positioned starting from the ground floor, then the 2nd floor followed by 1st and rest of the floors 
sequentially. The failsafe value of current for MR dampers located in lower floors (G+1) should be kept at a higher 
value compared to dampers at top floors for effective passive control of multi-story structures. 
 

Keywords:  configuration; linear control; MR damper; performance index; structural dynamics; structural 
response 
 
 
1. Introduction 

 
In recent years’ there has been an upsurge in research field of semi-active structural control to 

overcome structural limitations during a seismic event (Basu et al. 2014). Various control devices 
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have been developed and implemented till date such as passive, active and semi-active devices. 
The passive control system does not require any external power source and uses structural motion 
to dissipate kinetic energy or isolate the vibration so that the response can be controlled passive 
(He et al. 2016a, b, Aydin et al. 2019a, b, Cetin et al. 2019). In Active control, a large external 
source of energy is used to activate the control system by providing a control signal to an actuator 
(Hagood et al. 1990, Spencer and Nagarajaiah 2003, Stanway 2004, Korkmaz 2011, Preumont 
2011). In semi-active devices, external power is only used to change the device’s properties such 
as damping or stiffness, and not to generate a control force. Hence, the power requirement is very 
low (Poynor 2001, Çeşmeci and Engin 2010, Berasategui et al. 2014, Wani and Tantray 2020). 

From the semi-active control devices available in the market, Magnetorheological (MR) 
dampers are considered most reliable, for its flexibility and adaptability. As the cost of the MR 
dampers for an actual structure is substantial, therefore installing MR damper on each floor of 
structure is uneconomical. To achieve effective structural control, it is of paramount importance to 
determine the optimal position and configuration of limited number of semi active control devices. 
The performance-based model is a viable and effective optimization method. An algorithm for the 
placement procedure of MR damper is proposed such that the peak inter-story drifts, displacement 
and acceleration would be restricted to a quantified value (Lindberg and Longman 1984, Ibidapo-
Obe 1985, Dhingra and Lee 1994, Abdullah et al. 2001, Xu and Teng 2002, Cimellaro 2012). The 
performance-based procedure design takes into consideration the non-linear behavior of MR 
dampers for varying input current and the non-classical damping of the structure (Chen et al. 2010, 
2018, Chaudhury and Singh 2014, Zhou et al. 2018, Nabid et al. 2019). The performance level of 
the structure, which intern indicates the permissible damages to the structure, can be selected by 
the designer. Depending on the type of the structure in consideration, some performance indices 
require more stringent consideration and hence can take primary preference in performance-based 
design, which can be reduced by adding more energy dissipation devices than required (Singh and 
Moreschi 2002, Yanik 2020). 

As the cost of the MR dampers for an actual structure is substantial, therefore installing MR 
damper on each floor of structure is uneconomical. In order to achieve effective structural control, 
it is of paramount importance to determine the optimal position and configuration of a limited 
number of semi-active control devices. The performance-based model is a viable and fairly 
effective optimization method. An algorithm for the placement procedure of MR damper is 
proposed such that the peak inter-story drifts, displacement and acceleration would be restricted to 
a quantified value (Yoshida and Dyke 2005, Wani and Tantray 2021). The performance-based 
procedure design takes into consideration the non-linear behavior of MR dampers for varying 
input current and the non-classical damping of the structure (Wani and Tantray 2021). The 
performance level of the structure which intern indicates the permissible damages to the structure 
can be selected by the designer. Depending on type of the structure in consideration, some 
performance indices require more stringent consideration and hence can take primary preference in 
performance-based design which can be impeded by adding more energy dissipation devices than 
required. Previous studies involve empirical approach to determine the optimal placement and 
configuration of dampers (Qiu et al. 2007). Zhang et al. (2018) proposed an extended method 
based on sequential addition of dampers to obtain maximum reduction in inter-story drift. Search 
technique was adopted by Agrawal et al. (1998) to determine the prime placement of structural 
control devices. 
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Fig. 1 Bingham model for MR dampers
 
 

2. Mathematical model of MR damper 
 
Many mathematical models have been proposed to efficiently describe the behavior of MR 

damper (Jolly et al. 1999, De Vicente et al. 2011, Guan et al. 2011, Spaggiari 2012) for use in 
time history and random vibration analyses. One of the common models used is the Bingham 
model for MR dampers which is comprised of a viscous element and a frictional element (Hong et 
al. 2008). The schema Bingham of the model is illustrated in Fig. 1. The force generated by the 
MR dampers is given by Eq. (1) 

 𝐹(𝑡) = 𝑐଴𝑥ሶ(𝑡) + 𝑓௖ 𝑠𝑔𝑛 [𝑥ሶ(𝑡)] + 𝑓଴ (1)
 
Where c0 is the damping coefficient, 𝑥ሶ(t) is the velocity response of the damper to external 

excitation, c0 is the damping coefficient, 𝑓௖ is the frictional force depending upon the input 
current and field-dependent yield stress and 𝑓଴ is the force included to account for the nonzero 
mean observed in the measured force due to the presence of the accumulator. 

Also 𝑓௖ = 3𝐿ௗ𝐴௣𝜏௬ℎௗ      and     𝑐଴ = 12𝐿ௗ𝐴௣ଶ𝜋𝐷ℎௗଷ  

 
where hd is the gap between the piston and the cylinder, Ld is the length of the piston, Ap is the 
cross-sectional area of the piston, D is the inner diameter of the cylinder, hd is the gap between the 
piston and the cylinder, x(t) is the relative displacement of the piston to the cylinder, and τy is the 
function of the current Ic (applied magnetic field). The relation between τy and current Ic for MR 
damper was established as shown in Eq. (2). 

 𝜏௬ = 𝐴ଵ𝑒ିூ೎ + 𝐴ଶ ln(𝐼௖ + 𝑒) + 𝐴ଷ𝐼௖ (2)
 
Where e is a constant. A1, A2 and A3 are coefficients relative to the property of MR fluid in the 

MR damper. 
The MR damper to be used in this particular research is a 200 KN valve type damper where the 

input current can be varied from 0-3 A. The parameters of the damper are shown in Table 1. The 
damper is modeled using the above equations. In order to depict the behavior and energy 
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Table 1 Parameters of MR damper 
Stroke (mm) ±50 

External diameter (mm) 194 
Internal diameter (mm) 160 

Diameter of Piston (mm) 80 
Effective length of piston (mm) 250 

Damping Gap (mm) 2 
 
 
 

 

Fig. 2 Hysteresis curves of Force (N) vs time, Force (N) vs displacement and Force (N) vs velocity for 
MR damper subjected to sinusoidal excitation of amplitude 20 mm and frequency of 0.2 Hz 

 
 
 

dissipation characteristics of MR damper, it is subjected to sinusoidal excitation of varying 
amplitudes and frequency for different input current. Fig. 3 shows hysteresis curves of force vs 
time, force vs displacement and force vs velocity for MR damper subjected to sinusoidal excitation 
of amplitude 20 mm and frequency of 0.2 Hz. The input currents are taken as 0 A, 0.5 A, 1 A, 1.5 
A, 2 A and 2.7 A. 
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3. Mathematical model of Structure with MR damper 
 
The five-story steel structure in consideration in this study which is taken from the book 

published by Xu et al. (2016). The height of each column is 3.3 m and the length of each beam is 5 
m. The mathematical equation for the model of a structure with a control device subjected to a 
dynamic excitation is given in Eq. (3). 

 [𝑴]{𝑥ሷ(𝑡)} + [𝑪]{𝑥ሶ(𝑡)} + [𝑲]{𝑥(𝑡)} = {𝑃(𝑡)} + [𝑩]{𝑓(𝑡)} (3)
 

where {𝑥ሷ(𝑡)}, {𝑥ሶ(𝑡)} and {𝑥(𝑡)} are acceleration, velocity and displacement response vectors 
respectively. Also [M], [C] and [K] are mass, damping and stiffness square matrices for the 
structure. {P(t)} can be any external excitation i.e., earthquake or wind load. {f(t)} is the control 
force generated by the control device installed in the structure and [B] is its position matrix. The 
lumped mass matrix [M] for the structure in consideration is taken as 

 

𝑀 = ⎣⎢⎢⎢
⎡2.60 0 0 0 00 2.30 0 0 00 0 2.30 0 00 0 0 2.30 00 0 0 0 2.00⎦⎥⎥⎥

⎤ × 10ସ kg 

 
The structural stiffness matrix [K] is taken as 
 

𝐾 = ⎣⎢⎢⎢
⎡ 4.38 −2.32 0 0 0−2.32 4.64 −2.32 0 00 −2.32 4.64 −2.32 00 0 −2.32 4.64 −2.320 0 0 −2.32 2.32 ⎦⎥⎥⎥

⎤ × 10଻ N/m 

 
And damping matrix [C] is calculated in accordance with the most popular Rayleigh damping 

hypothesis. 

𝐶 = ⎣⎢⎢⎢
⎡ 2.15 −1.06 0 0 0−1.06 2.25 −1.06 0 00 −1.06 2.25 −1.06 00 0 −1.06 2.25 −1.060 0 0 −1.06 1.17 ⎦⎥⎥⎥

⎤ × 10ହ N − s/m 

 [𝐌]{𝑥ሷ(𝑡)} + [𝐂]{𝑥ሶ(𝑡)}  + [𝐊]{𝑥(𝑡)} = −[𝐌]{Γ}𝑥௚ሷ (𝑡) + [𝐁]{𝑓(𝑡)} (4)
 

where {Γ} = {1,1, … ,1}் is a column vector and 𝑥௚ሷ (t) is the acceleration of earthquake excitation. 
The above Eq. (5) can be rewritten as the state space equation as 

 ൛𝑍ሶ(𝑡)ൟ = [𝐀]{𝑍(𝑡)} − [𝐷଴]𝑃(𝑡) + {𝐿}[𝐺]{𝑓(𝑡)}{𝑌} = [𝐸଴][𝑍(𝑡)] (5)
 
Where {Y} is the output vector and {Z(t)} is the state vector of displacement and velocity: and [𝐴] = ൤ [0] [𝐼]−[𝑀]ିଵ [𝐾] −[𝑀]ିଵ [𝐶]൨ is the structural system matrix. [𝐷଴] = ൤ [0] [𝑀]ିଵ൨; [𝐺] 
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Fig. 3 Five storied framed structure
 
 ൤ [0] [𝑀]ିଵ𝐵൨ is the input matrix; {L} is the vector corresponding to the position of damper and [E0] 

= [[I]  [0]] is the output matrix to obtain the required structural responses, where [I] is the identity 
matrix and [0] is the null matrix. 

 
3.1 Model configuration 
 
The MR dampers are placed parallel to the floor for different configurations and numbers in 

Chevron brace arrangement. According to the configuration and position of dampers, models are 
categorized as M and N for 1 and 2 MR dampers installed as shown in Figs. 4(a) and 4(b), 
respectively. The structural response of each model subjected to 100-gal El-Centro excitations is 
obtained. {L} matrix for each model used in MATLAB/SIMULINK is stated in Table 1. 

 
3.2 Seismic ground motion considered 
 
A total of 10 seismic ground motions are used to determine the efficiency and performance of 

passive control devices employing multiple dampers is MATLAB/Simulink. The accelerograms in 
consideration are downloaded from the PEER ground motion database by the University of 
Berkeley (Peer 2013). The unscaled seismic records chosen involve (1) Imperial Valley (El Centro) 
caused by strike-slip mechanism, (2) Kobe_ABN earthquake with fault parallel component, (3) 
North California earthquake caused by the normal strike, (4) Northridge_ANA earthquake 

 
 

Table 2 Position of the damper in the model 
Position of the single damper Matrix {L} Position of two dampers Matrix {L} 

Ground floor {L}M1 = [1 0 0 0 0]T Both in ground floor {L}N1 = [2 0 0 0 0] T

Between ground and 1st floor {L}M2 = [0 1 0 0 0] T One ground and other in 1st {L}N2 = [1 1 0 0 0] T

Between 1st and 2nd floor {L}M3 = [0 0 1 0 0] T One ground and other in 2nd {L}N3 = [1 0 1 0 0] T

Between 2nd and 3rd floor {L}M4 = [0 0 0 1 0] T One ground and other in 3rd {L}N4 = [1 0 0 1 0] T

Between 3rd and 4th floor {L}M5 = [0 0 0 0 1] T   
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 M1 M2 M3 M4 M5  

(a)
 

 
 N1 N2 N3 N4  

(b)
Fig. 4 M-type models with 1 MR damper and N-type models with 2 MR damper 

 
 

(Castaic-Old Ridge Route) caused by reverse slip mechanism and (5) Friuli Italy-01 caused by a 
strike-slip mechanism. The details of the selected time history records are tabulated in Table 2. The 
records are chosen in such a way that they cover as wide intensity, frequency, and velocity range as 
possible. Another factor taken into consideration when selecting input excitation is that the 
maximum horizontal first-floor displacement does not exceed the damper stroke limit. 

 
3.3 Linear control strategy and Performance index 
 
Linear control of structure involves passive on and off condition of MR dampers for previously 

mentioned models. The maximum structural responses of 5th, 3rd and 1st floor for each model were 
subjected to different intensity of ground motions for the value of input current to the damper set at 
0 A, 0.5 A, 1 A, 1.5 A, 2 A and 2.5 A are obtained and tabulated under. Table 3 shows the 
maximum responses of uncontrolled structure, Tables 4-8 and Tables 9-12 show the maximum 
acceleration, displacement and inter-story drift responses for models M and N, respectively. 

The performance indices (PI) for models are considered corresponding to: (1) maximum 
reduction in floor displacement; (2) maximum reduction in floor acceleration; and (3) maximum 
reduction in inter-story drift. The performance indices for each model of M and N are obtained 
based on the minimum value obtained for the average square root of the sum of squares of all 
floors for each linear control strategy. 

 

𝑷𝑰ௗ௜௦௣௟ =  1𝑁 ඩ෍൫𝑢௜ଶ൯௜
ଵ ,     𝑷𝑰ௗ௜௦௣௟ =  1𝑁 ඩ෍൫𝑎௜ଶ൯௜

ଵ ,     and     𝑷𝑰ௗ௜௦௣௟ =  1𝑁 √෍(𝑑௜ଶ)௜
ଵ  
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Table 3 Seismic ground motion considered in this study 
S No. Earthquake record Year Recording station PGA (m/sec2) 

1 Kobe (Japan) 1995 Nishi 4.530 
2 Imperial valley (California) 1940 El-Centro array #9 3.104 
3 Northern Calif (USA) 1954 Ferndale City Hall 1.632 
4 Northridge (Los Angeles) 1994 Lake Hughes #12A 0.943 
5 Friuli (Italy) 1976 Cordeiro 0.687 
6 S Fern 1971 Hawaii, USA 0.981 
7 Chi Chi 1999 Taiwan 0.197 
8 Big Bear 1992 California, USA 0.343 
9 Dinar 1995 Turkey 0.392 

10 Kozani 1995 Greece 0.235 
 
 
Where 𝑢௜, 𝑎௜ and 𝑑௜ are maximum floor displacement, acceleration and interstory drift of ith 

floor where i vary from 1 to 5 and N = 5 
The process of obtaining optimal configuration of MR damper is illustrated below: 
 
For M type model: Single MR damper is first installed at the ground floor of the structure (M1) 

and subjected to different set of seismic excitations and passive on controller (0 A to 2.5 A). The 
MR damper is moved to 1st floor (M2) and structural response corresponding to different passive 
control and seismic excitations are obtained. Similarly, structural responses corresponding to 
different positions of MR damper from ground to top floor are compared to obtain the optimal 
position of a single MR damper. 

The optimal placement of MR damper and particular passive control (value of input current) 
are ascertained based on performance index i.e., maximum attenuation of Acceleration, 
displacement and inter-story drift responses. 

 
For N type model: 
As the optimal position for single MR damper is ascertained at the ground floor, for N-type 

models the position of 2nd MR damper is altered. Firstly, Both MR dampers are placed in the 
ground floor (N1) and the structure is subjected to different seismic excitations for varying input 
current (0 to 2.5 A). Next, the MR damper is moved to the first floor keeping the damper at ground 
floor fixed (N2) and response of structure to different seismic excitation are recorded. Similarly, 
response corresponding to configuration N3 and N4 are recorded. 

The optimal configuration of 2 MR dampers and their corresponding passive control settings 
are determined from comparing and contrasting the performance indices. 

 
 

Table 4 Maximum response of uncontrolled structure 
Floor Displacement (m) Acceleration (m/sec2) Inter-story drift (m) 

5th 0.050431 5.434501 0.004663 
3rd 0.037151 3.642371 0.010791 
1st 0.015601 1.758188 0.015601 
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Table 5 Maximum response for model M1 

Floor Current Displacement Acceleration Inter-story
drift Current Displacement Acceleration Inter-story

drift 
5th 

0 A 
0.044133 3.594585 0.004473

1.5 A
0.029534 2.991981 0.010434

3rd 0.035236 3.524865 0.010270 0.008689 3.017378 0.000005
1st 0.014727 1.639051 0.014727 0.008689 5.288276 0.008689
5th 

0.5 A 
0.034565 3.423428 0.005497

2 A 
0.029169 3.156805 0.004367

3rd 0.027149 3.28959 0.008213 0.023489 3.156805 0.007564
1st 0.010710 2.381966 0.010710 0.00835 6.288205 0.008350
5th 

1 A 
0.030508 3.102675 0.003407

2.5 A
0.02906 3.455334 0.002901

3rd 0.024022 3.03205 0.008377 0.023576 2.910298 0.008670
1st 0.009195 4.012927 0.009195 0.008071 7.035184 0.008071

 
 

Table 6 Maximum response for model M2 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.04451 3.652506 0.004480
1.5 A

0.040764 9.555597 0.003614
3rd 0.03560 3.58928 0.010316 0.033581 10.661 0.007980
1st 0.014999 1.756053 0.014999 0.017652 13.74868 0.017652
5th 

0.5 A 
0.038014 5.058185 0.005654

2 A 
0.042325 10.80794 0.006282

3rd 0.030689 5.348701 0.008696 0.034197 11.94713 0.007718
1st 0.013282 6.770942 0.013282 0.018741 15.69216 0.018741
5th 

1 A 
0.038009 7.908908 0.003293

2.5 A
0.043182 11.71749 0.004681

3rd 0.031844 8.852295 0.010413 0.034286 12.81908 0.008970
1st 0.013657 11.13317 0.013657 0.019463 17.19661 0.019463

 
 

Table 7 Maximum response for model M3 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.044711 3.686503 0.004419
1.5 A

0.04371 8.717255 0.003887
3rd 0.035923 3.600005 0.010378 0.035984 9.223246 0.007322
1st 0.015199 1.903009 0.015199 0.021376 8.872884 0.021376
5th 

0.5 A 
0.040091 5.047032 0.005970

2 A 
0.044441 10.10383 0.006022

3rd 0.032351 5.094975 0.008508 0.037126 10.30088 0.007164
1st 0.015318 3.809384 0.015318 0.022777 9.356945 0.022777
5th 

1 A 
0.042848 7.000867 0.004518

2.5 A
0.045022 11.1287 0.003782

3rd 0.034277 7.808685 0.008973 0.037958 10.99261 0.008818
1st 0.019447 6.907564 0.019447 0.02391 9.802641 0.023910
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Table 8 Maximum response for model M4 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.045141 3.673828 0.004434
1.5 A

0.056768 13.14853 0.010831
3rd 0.036323 3.64451 0.010507 0.035162 12.14968 0.005260
1st 0.015341 1.895989 0.015341 0.024679 10.48823 0.024679
5th 

0.5 A 
0.049008 7.568656 0.010458

2 A 
0.059305 14.94427 0.014209

3rd 0.032838 6.559034 0.008367 0.036438 13.77705 0.004694
1st 0.016086 5.044419 0.016086 0.027027 12.10161 0.027027
5th 

1 A 
0.053478 10.80567 0.010324

2.5 A
0.061339 16.38564 0.012154

3rd 0.033353 10.03143 0.007514 0.037627 15.28752 0.006216
1st 0.021506 8.364944 0.021506 0.029062 13.41214 0.029062

 
 

Table 9 Maximum response for model M5 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.045779 3.679545 0.004531
1.5 A

0.046401 15.91022 0.004733
3rd 0.036768 3.625397 0.010665 0.036986 7.587326 0.007345
1st 0.01547 1.804477 0.015470 0.022332 7.760309 0.022332
5th 

0.5 A 
0.04368 6.492348 0.006766

2 A 
0.048739 17.43878 0.007796

3rd 0.034692 3.94972 0.009966 0.038188 7.964507 0.007020
1st 0.014743 3.813978 0.014743 0.024125 8.86363 0.024125
5th 

1 A 
0.045783 13.20107 0.005253

2.5 A
0.050566 18.82691 0.006084

3rd 0.035768 6.818156 0.010094 0.038938 8.358515 0.008648
1st 0.01874 5.674711 0.018740 0.025372 9.599359 0.025372

 
 

Table 10 Maximum response for model N1 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.0397197 3.378909 0.004026
1.5 A

0.0265806 2.812462 0.009391
3rd 0.0317124 3.313373 0.009243 0.0078201 2.836335 0.000005
1st 0.0132543 1.540707 0.013254 0.0078201 4.970979 0.007820
5th 

0.5 A 
0.0311085 3.218022 0.004947

2 A 
0.0262521 2.967396 0.003930

3rd 0.0244341 3.092214 0.007391 0.0211401 2.967396 0.006807
1st 0.0096390 2.239048 0.009639 0.007515 5.910912 0.007515
5th 

1 A 
0.0274572 2.916514 0.003067

2.5 A
0.026154 3.248013 0.002610

3rd 0.0216198 2.850127 0.007539 0.0212184 2.735680 0.007803
1st 0.0082755 3.772151 0.008276 0.0072639 6.613072 0.007264
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Table 11 Maximum response for model N2 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.042499 3.478208 0.004317
1.5 A

0.022932 3.861192 0.002754
3rd 0.033911 3.464131 0.009860 0.017448 6.078634 0.005157
1st 0.01422 1.631603 0.014220 0.007149 4.73572 0.007149
5th 

0.5 A 
0.031226 3.245809 0.005028

2 A 
0.025469 4.786031 0.004887

3rd 0.024395 3.336926 0.007153 0.018229 7.198000 0.005291
1st 0.010076 2.385708 0.010076 0.007637 5.365226 0.007637
5th 

1 A 
0.026059 3.421847 0.003221

2.5 A
0.025741 5.150111 0.002953

3rd 0.019894 4.713008 0.006676 0.020111 7.886781 0.006458
1st 0.00817 3.576999 0.008170 0.008877 6.085215 0.008877

 
 

Table 12 Maximum response for model N3 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.042712 3.520941 0.004290
1.5 A

0.016618 2.078615 0.002149
3rd 0.034179 3.469345 0.009917 0.012337 6.573406 0.003758
1st 0.014375 1.65239 0.014375 0.004832 5.270321 0.004832
5th 

0.5 A 
0.029543 2.913993 0.004594

2 A 
0.013512 1.933564 0.002661

3rd 0.023426 3.876173 0.00692 0.009525 7.499001 0.002839
1st 0.00957 2.397314 0.009570 0.003843 6.194682 0.003843
5th 

1 A 
0.021364 2.362193 0.002538

2.5 A
0.011307 1.991223 0.001173

3rd 0.016517 5.423101 0.005569 0.009083 8.605639 0.003173
1st 0.006728 3.982309 0.006728 0.003465 7.047275 0.003465

 
 

Table 13 Maximum response for model N4 

Floor Current Displacement Acceleration Inter-story Current Displacement Acceleration Inter-story

5th 
0 A 

0.043059 3.543355 0.004292
1.5 A

0.021832 2.429627 0.001328
3rd 0.034523 3.548953 0.010029 0.019202 8.535859 0.006340
1st 0.014496 1.654527 0.014496 0.006538 5.228568 0.006538
5th 

0.5 A 
0.030734 3.265234 0.004327

2 A 
0.0197 2.236319 0.001975

3rd 0.02533 5.404789 0.007638 0.017932 10.09289 0.006182
1st 0.010042 2.399432 0.010042 0.00556 6.305119 0.005560
5th 

1 A 
0.025306 2.639537 0.002069

2.5 A
0.0197 2.236319 0.000997

3rd 0.021449 7.315524 0.007599 0.017932 10.09289 0.006867
1st 0.007957 4.069022 0.007957 0.00556 6.305119 0.005560
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4. Results and discussions 
 
The performance of framed structure subjected to 10 different earthquake motions for various 

configuration and input currents are assessed and optimal placement of single damper and 
sequential placement of another damper are obtained. For brevity, only the average response of all 
considered ground motions is demonstrated in this section. 

 
For Model Type M: 
The maximum responses of displacement and acceleration for Model-M (where only one MR 

damper is placed) are compared in Fig. 5. It is inferred from all the performance indices that 
damper located in the ground story is best in effectively reducing the overall response of a 
structure subjected to earthquake excitation. The reduction of inter-story drift for damper placed in 
ground floor is about 38% and reduction in acceleration response is about 20%. In case of 
placement of damper at top story the reduction in inter-story drift is only mere 6% and there is a 
considerable increase in the acceleration response. Therefore, model configuration M1 indicates 
the optimal placement of a single damper provided in a multi-story structure. Also corresponding 
to model M1 the fail-safe value for current in case of a feedback failure should be set between 1A - 
1.5 A for effective passive control. 

 
For Model Type N: 
The peak displacement and acceleration responses for Model-N (where two MR dampers are 

utilized) are compared in Fig. 6. The reduction of inter-story drift for model N3 is about 75% and 
reduction in acceleration response is about 48%. However, the reduction in acceleration response 
in model N2 is maximum of 62% but the corresponding drift reduction is not comparable to model 
N3. Therefore, the configuration of model N3 is best placement of two MR damper provided in the 
structure. For two damper configurations, the minimum fail safe value for input current of MR 
damper at the ground floor should be set at 1 A and that of MR damper in the 2nd floor should be 
set at 0.5 A to obtain maximum reduction in overall response of a structure. 

 
 

(a) (b)

Fig. 5 Peak (a) displacement; and (b) acceleration response of M-type models for all passive strategies
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(a) (b)

Fig. 6 Peak (a) displacement and (b) acceleration response of N-type models for all passive strategies
 
 
 

5. Conclusions 
 
This present study is done to investigate the influence of the number, placement and input 

current of MR dampers on response attenuation of a five-story framed structure subjected to 10 
different ground motions ground motion. Also, the response obtained from passive controlled 
models are compared with the response of uncontrolled structure. The novelty of the study is 
determination of optimal configuration of MR damper and corresponding passive condition 
(constant input current) that should be available to the damper as a fail-safe condition This 
investigation has led to the following deductions: 

 
(1) The number and placement of MR dampers along the structure's height have a significant 

impact on the structural response. For all stories in this building, the placement of two 
dampers resulted in higher performance than a single damper. 

(2) When only single damper is used it should be placed in the ground story in order to obtain 
maximum reduction in displacement, acceleration and overall drift reduction. A minimum 
fail-safe value for input current for single damper configuration should be between I/4 and 
I/2 (I is the maximum input current) as there isn’t much reduction in displacement and 
inter-story drift but much increase in the absolute floor acceleration for higher values of 
input current. 

(3) When two dampers are used the best configuration to reduce the floor displacement and 
inter-story drift is to place one damper in the ground floor and other in the 2nd floor (Model 
N3) and maximum reduction in absolute floor acceleration is obtained for Model N2. For 
two damper configurations the minimum fail safe value for input current of MR damper at 
the ground floor should be set at I/2 and that of MR damper in the 2nd floor should be set at 
I/4 to obtain maximum reduction in overall response of a structure. 

(4) The distribution of more than two MR dampers in a structure should be performed by 
placing one damper in each story starting from the ground floor then the 2nd followed by 1st 
and rest of the floors sequentially 
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