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Abstract.

This article is all about using the MR damper with an external lever system for mitigation torsional and transitional

lateral displacements by using of PID control algorithm. The torsional modes are so destructive and can be varied during an
earthquake therefore, using a semi-active control system mostly recommended for them. In this paper the corner lateral
displacement of each floor obtains and then it equivalents in a solid member and it connects to an MR damper, which relies to a
rigid structure to reduce the response. An MR damper is a semi-active control system, which can absorb a lot of energy by
injecting current to it. This amount of current is very low and needs low power supply, but it increases the amount of damper
force, rather than inactive systems like viscous dampers. This paper will show the appropriate algorithm for current injection into
MR damper when the eccentricity of the load is changed by using of Bouc-Wen and Bingham’s methods and illustrates the

coincidence of them.
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1. Introduction

Due to an earthquake, so many buildings suffered severe
damages, which were attributed to the torsional effect
caused by eccentricity of load. Due to this type of torsional
moments are generated, which are imposed by means of
additional lateral forces developed at the resisting structural
elements of the buildings (Stathi et al. 2015). The effect of
torsion is being considered in seismic codes by the
provision of design eccentricity of load where the static to
dynamic eccentricity ratio is a parameter (Kamatchi et al.
2015). The reinforcement of torsional behavior structure
against seismic and wind forces is the main purpose in
structural designing (Nawy 2008, Saari et al. 2004).
Therefore, the lateral bearing system in structure which has
significant importance and the most considerable matter for
the lateral displacement control (Park et al. 2007,
Ellingwood et al. 2001). Damping is one of the main
parameters, which control the performance of structures
when they are subjected to seismic load. By adding
supplemental viscous dampers, the energy input is
absorbed, not only by the structure itself, but also by the
supplemental dampers (Serror et al. 2014). Equip a building
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with conventional lateral bearing systems may count for our
needs, and they are able to bear against lateral forces such
as wind and earthquake loads (Paulay 2002, Fintel 1974).
Controlling these lateral forces gained through the shear
wall for reinforced concrete structures and by the bracing
for steel structures (Elgaaly 1998, Pall et al. 1996, Tong et
al. 2005). One of the most common kinds of these systems
is dual ones with moment resisting frame (M.R.F.) plus
shear wall or steel bracing (Pettinga and Priestley 2005).
The buildings with various shaped plans which built as a
unit; huge forces may accrue at the intersection of the arms
(Tande and Patil 2013). The steel bracing system is one of
the operational members, which can be used for buildings.
The Steel bracing decreases the flexure and shear
deformation and the story drifts (Kevadkar and Kodag
2013). The asymmetric shape of the structure results in a
coupling of the transitional and rotational modes in building
and movement of the foundation due to an earthquake. The
torsional modes are one of the main damages, which caused
during the earthquakes. The Michoacan Earthquake in
Mexico, 1985, illustrated the importance of torsional
deflections (Rosenblueth and Meli 1985, Crisafulli et al.
2004). Crisafulli (2004) conducted a huge investigation in
the asymmetric structures, which analyzed by using static
linear analysis and applying usual torsional provisions. The
Crisafulli’s researches confirmed conclusions and illustrated
that the application of these provisions originates an
increase of the lateral resistance of the structure, with
uncertain effectiveness in the inelastic range to control the
torsional modes. Another criterion to show the torsional
mode is based on the using of eccentricities of load to
equate the maximum drift, which obtained from dynamic
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and static analyses (Tso and Moghaddam 1998, Calderoni et
al. 2002). The development of softwares for analyzing and
designing of structures allow performing an exact response
from dynamic analysis (Crisafulli et al. 2004). The
parameters of PID controller are found by using of a
numerical algorithm, which considering time delay,
maximum allowed control force and time domain analyses
of shear buildings under different earthquake excitations
(Nigdeli 2014).

The MR damper just looks like a simple viscous
damper, but inside of it is filled with a special fluid that
contains small polarizable particles. This device can provide
reliability for uncontrolled systems and requires low power
supply than active control devices. The semi-active control
device is a trustworthy system with a higher reliability. The
fluid inside the MR damper can be transitioned from semi-
solid to be liquid by magnetic field, which produced by the
copper coil surrounding the piston. The liquid‘s yield
strength relates to the applied current (Nawy 2008, Saari
2004, Park et al. 2007). There are different kinds of semi-
active control devices such as, dampers with controllable
fluid, dampers with variable orifice and friction. These
devices have been more attractive because they are so
reliable and operated by low power. The semi-active control
system is defined as a device that has constant mechanical
energy but its dynamic properties can be varied. This semi-
active control system is adaptable and expected to be
effective for structural response reduction. Therefore, unlike
its active ones, this system does not require huge power. So,
these systems are inherently stable, which result in
appropriate performances for structural response reduction
(Dyke et al. 1996, 1997). The possibility of using this
system as a vibrationally control system performed by
different controller algorithm in buildings and many
researchers have studied the behavior of structures with MR
dampers (Tsang et al. 2006). Most of these studies could not
be applicable to real size of structures because they are
using small-scale MR dampers. Spencer et al., performed
an investigation about this system based on Bouc-Wen
hysteresis model. This hysteric model was used for
demonstrate the performance of this device (Dyke et al.
19964, b, c, d). After that, he developed his model by using
this device to control a multi-story structure (Dyke and
Spencer 1997) and also a large-scale 20-tons MR damper is
being tested in the university of Notre Dame (Spencer et al.
1997b, Carlson and Spencer 1996b).

2. The stiffness and mass matrices of a torsion-
shear building

The centers of stiffness and mass are identified as C.R.
and C.M. These matrices can be calculated based on the C.R.
and C.M. points. The easiest way is to consider the C.M.
point, so, the stiffness matrix determines based on the
distance between the C.R. and C.M., but the mass matrix
remains diagonal. For one, two and three-story buildings, the
stiffness and mass matrices in a building with rigid floor(s)
eventually obtained, as show in Egs. (1)-(3). The diagonal
mass matrices for one, two and three-story buildings with
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torsional behavior obtain from Egs. (4)-(6). The mass and
stiffness matrices can be expanded for n-floor building.
(Legzian and Hosseini 2011)
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3. An external lever system to equivalent the corner
lateral displacements

Using an MR damper in each floor of structure is not a
cost-effective option, so in this article an external lever
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system adopts to equivalent the corner lateral displacement.
This system contains three levers, which connect to a solid
member, and it connects to an MR damper with three
levers. Finally, this controller device connects to a rigid
structure. By using of this system, it is possible to
equivalent the corner lateral displacement of each floor to a
certain point. The general scheme of this system shows in
Figs. 1-3. The main advantage of this system is decreasing
the number of MR dampers for tall buildings by connecting
every three floors with external levers to an MR damper.

4. MR damper models
4.1 Bingham plasticity model

This model is based on a parallel plate, which developed
by Spencer et al. In the Bingham plasticity model,
controlled and uncontrolled forces are generated. These
forces obtained from Eqgs. (7), (8), which in these equations
Feontrolles 1S @ controlled force and Fyncontrolled 1S @N
uncontrolled force; w is the width of the rectangular plate;
L is the effective axial pole length; h is the width of empty
space between these plates; vy is the velocity and Ap is the
cross-sectional area of piston (Tsang et al. 2006). Yang
spent vast researches about the relation between controlled
force and the intensity of the current. The relation between
these forces and the intensity of current is presented in Eq.
(9) (Yang 2001)

parameters of the hysteresis loop. According to the Yang’s
researches, some of these parameters can be obtained from
Egs. (13)-(15) (Yang 2001). Therefore, controlled and
uncontrolled forces according to Bouc-Wen hysteresis
method are obtained from Eqgs. (16), (17)
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4.2 The Bouc-Wen hysteresis model

The Bingham model is easy and useful for modeling an
MR damper but it is not sufficient for illustrates the
dynamic behavior of this device. Spencer et al. presented a
new model for demonstrate the application of this device
based on Bouc-Wen hysteresis model. In Bouc-Wen model,
the total force of a damper is given by Eq. (10), which y
and z are obtained from Egs. (11), (12) (Tsang et al.
2006), Where y is the inner displacement of this device; x is
the displacement of MR damper; z is the evolutionary
variable, which illustrates the hysteric property; c; and cq
are the viscous damping at low and high velocities; k; and
ko are the accumulator stiffness and the stiffness at high
velocities; X, is the initial displacement; «a is the
evolutionary coefficient; and A, n, g and y are the shape

c,(i)=-9363108i ¥ 15334183i * + 48788640i —2791630  (15)
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Fig. 2 Lever system and MR damper
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Fig. 3 Lever system and MR damper

Yang spent vast researches about the relation between
controlled forces and intensity of the current in Bouc-Wen
method. The relation between these parameters are
presented in Eq. (18) (Yang 2001)

. 1 o (t)
i (t) =—In(1— —controlled X7 18
© 15 ( 1.5x10° ) 18)

5. PID and Fuzzy logic algorithms
5.1 The PID algorithm

Generally, the proportional and Derivative controller
caused to the steady state error, so the proportional-integral
controller is used with the differentiator controller. This
controller is called proportional-integral-derivative. The
general form of PID controller is illustrated at Fig. (4) and
the equation of this controller is shown at Eq. (19).There are
deferent kind of methods for calculating the PID parameters
such as, Ziegler-Nichols, Cohen Coon and etc. In this article
the first method is used and the equations of this method are
presented at Egs. (20), (21) (Nigdeli 2014)
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5.2 The fuzzy logic algorithm

The fuzzy logic controller is an approach to computing
based on “degrees of truth” rather than the usual “true or
false”. This idea was first advanced by Dr. Lotfi Zadeh of
the University of California at Berkeley in the 1960s. Dr.
Zadeh was working on the problem of computer
understanding of natural language. The natural language is
not easily translated into the absolute terms of true or false.
Whether everything is ultimately describable in binary
terms is a philosophical question worth pursuing, but in
practice much data needed to feed a computer in some state
in between and so, frequently, are the results of computing.
One of the most common algorithms for controlling the
structural response with using of MR damper is fuzzy
algorithm. A sample of membership functions for fuzzy
logic controller is presented in Fig. (5).

6. Numerical example
6.1 The structural properties

Here a three-floors building is considered with the

D1 11
D2 Iz
D3 13
D4 14
D5 15
D6 18
D7 17

D1 D2 D3 D4 D5 D6 D7

2999994\

0.0

1.5

3.0

4.5

6.0

7.5

9.0

10.5 12.0

Y
A : oulpul

-

Fig. 4 The PID algorithm
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Fig. 5 The sample of input and output membership functions
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dimension of 44 by 44 meters and eight earthquake records
(Coalinga, Duzce, Imperial Valley, Kobe, San Fernando,
Loma Prieta, Northridge and Wesmorland) are selected for
this study. The transitional stiffness along x and y axis for the
first, second and third floors are 3000 t/m, 2700 t/m and 2400
t/m and rotational stiffness is 95100 t.m. The total mass of
each floor is 1360t and rotational mass is 18200 t.m?. The
stiffness and mass matrices by assuming centrality of the
center of mass for the calculations are according to Egs. (22),
(23).

6.2 The relation between an eccentricity and corner
lateral displacement and damper forces

In this part, the damper forces and corner lateral
displacements are presented for time-varying eccentricities.
According to Figs. 6, 7 for all eight records of earthquake,
by increasing an eccentricity of load, the average corner
lateral displacement increases. The displacement can be
increased from 6.1 centimeters for non eccentricity to 16.6
centimeters for maximum eccentricity in x direction and
6.15 centimeters to 17.1 centimeters in y axis. The
performances, which consider for this structure are
Immediate Occupancy(lO), Collapse Prevention(CP), Life
Safety(LS), Damage Control Range(DCR) and Limited
Safety Range(LSR). According to Figs. 8-10 by increasing
the performance of structure and eccentricity, the damper
forces increase. The amount of damper forces increase from
5.6 tons for non-eccentricity to 149 tons for maximum ones
in x direction and 4.5 to 140 tons in y direction. The
response for Loma Prieta and Northridge records show
higher values. In Figs. 11, 12 the relation between an
eccentricity and damper forces for all performances are
illustrated for Northridge earthquake. In these diagrams
when the corner lateral displacement are less than the target
displacement for any performance, the damper force is
equal to zero. The comparison between controlled and
uncontrolled response of structure for the 1.8 meters
eccentricity value with Elcentro record shows at Fig. 13,
which illustrates that using MR damper for mitigation the
structural response is so effective
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Fig. 6 The relation between an eccentricity and
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Disp-Ecc- direstion-All Resord earthquake. In Bouc-Wen’s method it increases initially
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Bingham’s method it just increases. Therefore, in Bouc-
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6.3 Comparison between Bingham and Bouc-Wen'’s
methods

The damper forces in these methods are so close, infact : : " Ecom)

in some cases they are coincident, but the intensity of Fig. 12 The relation between an eccentricity and

current is completely different. Figs. 13-18 show the damper force for Northridge earthquake for all
comparison between the average damper forces and the performances along y axis-PID controller
intensity of current of these methods for all eight records of
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Fig. 18 The relation between an eccentricity and
average current for 8 records of earthquake for CP
performance-PID controller

Wen’s method, the main reason of this phenomenon is that
by increasing an eccentricity of load the uncontrolled forces
increase and controlled forces decrease. In these diagrams
when the corner lateral displacement is less than the target
displacement for any performances, the intensity of current
is equal to zero. The required power supply for both
methods is very low, but its influence for reduction the
structural response is significant.

7. Conclusions

This article was all about controlling the corner lateral
displacement of structure with an external lever system by
using of MR damper with PID control algorithm. In this
paper, the Bingham and Bouc-Wen’s methods were utilized,
and the results illustrated that the value of controlled force
for each method was so close together, but the intensities of
the current algorithms were completely different from each
other. The amount of power supply for this system is very
low, but it can decrease the corner lateral displacement,
significantly. This system can be used for particular
structure like as nuclear power plant, governmental and
military structures and etc., and it must have enough space
around the structure to locate levers, MR dampers and rigid
structure. So, using this method for controlling the corner
lateral displacement of structure for both torsional and
transitional deflection of building can be very useful and the
safety of structure will be guaranteed, because an
eccentricity can be changed during an earthquake.
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