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Abstract

Nonlinear dampers are well known retrofitting system for the building structure, to mitigate seismic hazard. In past, among different type of
nonlinear dampers, metallic yield dampers gain significant attention due to its high energy dissipation capacity. However, it has been observed
while yield damper reduces floor displacement, but increases floor acceleration and leaves large residual displacement at the end of ground
motion. Present study focuses on the application of shape memory alloy (SMA) dampers as an alternative to the yield damper, for retrofitting
of building structure under seismic loading. Thus, response analyses are performed for nonlinear building structure without and with yield
damper or SMA damper, under a large number of ground motion. Vibration control efficiency of yield and SMA damper are estimated in
terms of the absolute maximum values of the floor acceleration, interstory drift ratio, and residual displacement. Response parameters are
estimated over wide range of parameters of damper, building structure, and ground motion. Parametric study results revealed that yield damper
provides very less acceleration control efficiency and some of cases it become more than uncontrolled structure. In contrast SMA damper
slightly improves the acceleration control than yield damper (almost 14 %). In Comparison to the yield damper, SMA damper reduces the
interstory drift ratio by 38 % and residual floor displacement by 47 %. Therefore, SMA damper provides major advantage in floor displacement

reduction over yield damper, and acts as better re-centring device for seismic retrofitting application
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1. Introduction

Construction of sustainable and resilient building
structures is an important issue in structural engineering.
Specifically, modern cities are coming up with closely spaced
high rise buildings structures, putting them at risk of
catastrophic and cascading failure in case of intense seismic
event. In past, during major earthquakes (such as Mexico City
1985, Loma Prieta 1989, and Northridge 1994), substantial
damage and failure of building structures has been reported
[1-3]. This leads to the development of a very widely
accepted idea of vibration control or retrofitting the building
structures using dampers and subsequently it has been
frequently used in the civil engineering structures. Seismic
response of structures could be controlled in four ways such
as active, semi-active, passive or hybrid control systems.
Active or semi-active control system needs direct
participation of energy source, whereas passive damper
doesn’t prerequisite the same and as well as they are mostly
inexpensive. In past studies, many researchers reported that
among different type of passive dampers, metallic yield
damper (made of steel, aluminium, copper etc.) provide more
stable hysteresis behaviour and dissipate large amount of
input seismic energy [4]. It has been found that, optimal
configuration and placement of metallic damper effectively
reduces the seismic response of structure [5]. However, the
metallic yield damper results a large residual deformation

after an earthquake. Hence, study recommended to provide
some clearance at this damper location [6], however, the
solution to the residual deformation is more pronounced in
case of post-earthquake scenario. Other studies proposed
many different types of recentering devices to minimize
interstory drift, however they leave permanent deformation.
Thus, the post-seismic event residual drifts in yield damper
increase the building retrofitting cost.

To overcome this, a novel material shape memory
alloy (SMA) can be used because of the characteristics of
pseudo-elasticity [7]. Pseudo-elastic property is the ability of
SMA to regain its original shape due to the microscopic
orientation of the molecules, under the thermo-mechanical
loading. Many in-depth studies are conducted to explore this
material in the structural engineering field [7-9]. SMA
(specifically NiTi) can recover a large inelastic strain (up to
8% strain) by the phase transformation process. Graesser-
Cozzarelli proposed a SMA material model for the seismic
retrofitting application [8] and subsequently explore the
phase transformation (PT) process in the SMA. PT can be
temperature induced i.e. shape memory effect (SME) or stress
induced super-elasticity (SE). There are mainly two phases in
SMA i.e., austenite and martensite. Due to thermo-
mechanical loading at room temperature, SMA material
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transform from the austenite to martensite phase and upon
unloading comes back to its original shape via complete
martensite austenite PT.

Double X type SMA damper is studied for post-
earthquake serviceability in bridge pier [10]. The restoring
and energy dissipating behavior of SMA are verified in this
study. Similar behavior of SMA is examined by reinforcing
NiTi wires in a steel braced frame [11]. SMA wires-based
dampers has been studied for vulnerability reduction in the
braced frames [12]. Except SMA wires and bars, SMA rings
are also utilized as damper device and the symmetry of single
and dual rings have been also studied [13]. Cyclic tension
compression tests on recentering SMA damper are performed
and validated via newly proposed and improved Graesser-
Cozzarelli model of SMA [14]. Martensitic hardening is an
important phenomenon and frequently occurs when structure
is subjected to extreme loadings with a high amplitude.
Hence, to incorporate this aspect, the modified Wilde SMA
material model (an extra back stress expression) is used by
the above researcher. For tension-only SMA devices,
degradation and loss of super-elasticity has been observed.
Thus, to enhance its efficiency, novel SMA damper is
proposed where two group of SMA bars are used to work
together, one being in compression and other at tension
simultaneously [7]. Similar behaviour of SMA dampers
under compression and buckling are studied by different
researcher [15,16]. Another study proposes a reusable
hysteretic damper via adjusting various design parameters,
which can withstand strong earthquake motions [17]. Among
various parameters, the training effect of SMA has been also
explored in previous study [18]. Whereas other research [19]
suggest pre-tensioning the SMA rods could provide greater
dissipation of input energy and better re-centring capability.
Though many design methods are proposed for improving
buckling of SMA damper [14], one study suggested that, the
SMA dual rings under bending with compression or tension
can be more promising for vibration reduction [13].

As it can be found, the aforementioned studies are
more based on simpler model on SMA where the thermo-
mechanical properties are not incorporated. The damping
behavior of SMA is operated through its energy dissipation
capacity, as described in previous study [9]. Other studies
used thermo-mechanical material model of SMA [20,21] and
suggested that, the energy dissipation (i.e. area under
hysteresis curve) directly depends on temperature and strain
rate. These two parameters can be captured by using the
thermomechanical model. Moreover, most of the literatures
discussed the design parameters of SMA damper to achieve
better hysteresis and recentering behavior. Similarly, the
yield dampers are discussed for optimum placement and
design parameters for better response control. However,
comparative study on yield and SMA damper performance
under varying parameters of damper, structure, and seismic
excitation is scant. Hence this study is motivated to put
forward the comparison of both the dampers as seismic
retrofitting devices and their efficiency for vibration control
of nonlinear building structure under seismic loading. To
capture the material model non-linearity of building structure
and yield damper, parametric Bouc-wen model has been used
[22]. For material model of SMA damper, a 1-D thermo-
mechanical constitutive relation is used, which capture the
temperature and strain rate effect of SMA [23]. Nonlinear
time history analyses are carried out to determine the floor

acceleration and displacement responses of the damped
retrofitted building, and compare with uncontrolled building.
Parametric study is performed for varying normalized
strength of damper, time period of the building structure, and
peak ground acceleration (PGA).

2. Material Modeling of Building and Dampers

This section discusses the material modelling details
of the building, yield dampers and SMA dampers. In the
present study, building is modelled to capture nonlinearity
and dampers are also modelled using the nonlinear material
models as discussed below.

2.1 Material Modeling of Building and Yield Damper

Mechanical model of yield damper has been shown
in Fig. 1 (a), and corresponding hysteresis loop of yield
damper is provided in Fig. 1 (b). In this present study, to
represent nonlinear force-deformation hysteresis behavior of
steel building frame and yield damper, parametric Bouc-Wen
model is used. Fig. 1 (b) show the bi-liner force-displacement
curve to depict the hysteresis behavior of the building and
yield damper, as modeled via Bouc-Wen material model [22].
These hysteresis loops dissipate a significant part of input
energy and the material model successfully simulates the
non-linear force deformation characteristics of steel material
and is expressed in Eq. 1 and 2.

F,(x,Z) = (kq+ ask)x+ (1 —a,)F,,Z (1)

s (6 . y . -1 B .

2= ()i () mzizr - (D)azr o
Here, F, is the restoring force, k, is the liner stiffness of the
yield damper, k, represents the initial elastic stiffness, a, is
the post to pre yield stiffness ratio (i.e., rigidity ratio), F,, and
q, are the yield strength and displacement, x and x are the
relative displacement and velocity, and variable Z is the non-
dimensional parameter, represents the hysteretic behavior of
metallic material. Parameters &, y, § and 1 controls the shape
and transition (elastic to plastic) of the hysteresis loop.
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Fig. 1: (a) Mechanical model of yield damper and (b) Bouc-
Wen hysteresis model for the building and yield damper.
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2.2 Material Modeling of Superelastic SMA Damper

Fig. 2 (a) provides the mechanical model of SMA
damper, and here two SMA wires are connected at front and
back side of the sliding surface. Fig. 2 (b) shows flag shaped
force-deformation behaviour of super-elastic SMA, as
modelled via the thermo-mechanical constitutive relation
[21,23]. Also Fig. 2 (b) shows that, the SMA’s hysteresis loop
is big enough for significant energy dissipation, as well as it
has almost no residual displacement after the unloading. Two
important characteristics of SMA are shape memory effect
(SME) and super-elasticity (SE) which are controlled via
thermo-mechanically induced phase transformation process,
from austenite to martensite phase and vice versa. SMA stays
in austenite phase above the austenite finish temperature (A f)
and upon loading austenite transform into martensite. During
unloading, martensite transforms back to austenite, resulting
dissipation of energy through the flag-shaped hysteresis loop
and leaving no residual deformation. This shows the re-
centring ability of the superelastic SMA. However, below Af
temperature, after the unloading, SMA leaves large residual
deformation, which can be recovered by heating above A.

In this study Helm and Haupt SMA material model is
adapted to simulate the material modelling of SMA damper.
This model can capture the thermo-mechanical behaviour of
SMA considering SME and SE effect. Further, the model has
been experimentally verified to depict all the essential
characteristics of the SMA material. Following the previous
studies [21,24], the 1-D force-deformation material model of
SMA is expressed as

Fo= (kax) + (22) [ = x) + Go2) 7= T0)] - )

4u+k

Here, F; is the restoring force in the SMA spring, k, is the
liner stiffness of the SMA damper, F,; and g, are the phase
transformation strength and displacement of SMA, k is the
bulk or compression modulus (=43, 000 MPa), u is the shear
modulus (19800 MPa); a is the linear thermal expansion
coefficient (1.063x10° 1/K); x and x;, are the applied
displacement and developed inelastic displacement, Ly is
length of SMA spring, and T is the temperature of SMA and
T, is the ambient temperature.
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Fig. 2: (a) Mechanical model of the SMA damper and (b)
force-deformation hysteresis model of the SMA damper.

3. Analysis and Simulation Process

Details of the analysis and simulation process are
discussed in this section. It covers the formulation of equation
of motion of the nonlinear building-damper system and the
ground motion details.

3.1 Numerical Modeling

In this study, for the numerical simulation, a 2-D
seven story steel frames building idealized as nonlinear shear
buildings is adopted. Material non-linearity in the building
model has been incorporated through the parametric Bouc-
Wen model. To study the response control efficiency of yield
or SMA dampers, they are connected at every floor, starting
from first floor to seventh floor. Since, the yield dampers and
SMA dampers dissipate significant part of seismic energy,
thus they behave nonlinearly and accordingly modelled via
parametric Bouc-wen material model for the yield damper
and thermo-mechanical material model for the SMA damper.
Fig. 3 (a) and (b) shows the idealized model of the building
retrofitted with yield damper and SMA damper, respectively.

Considering building and damper to be nonlinear, on
the basis of force equilibrium, following equation of motions
are derived for the building with yield damper (Eq. 5) and
SMA damper (Eq. 6) system, respectively

[M]{x} + [C1{k} + [K + Kg + K] (x} + [Fo]{z}
+ [thd]{zyd} = —[M]{T'}ﬂg

[M]I{£} + [CI{x} + [K + Ky + Koal{x} + [Frl{z}
+ [Frsal{xin} + [Frsal{r} (6)
M 1

Here [M], [C] and [K] are the mass, damping and stiffness
matrix of the nonlinear building, respectively; [K;] is the
linear elastic stiffness of the damper; [Kyd] and [K,,] are the
elastic stiffness part of the yield damper and SMA damper,
respectively; [Fj,]is the non-liner hysteresis force of the
building column; [thd] and [Fg4] are non-linear hysteresis
force matrix of the yield damper and SMA damper, [Frg4] is
the developed force in SMA damper due to the temperature
variation. The column vector of displacement, velocity and
acceleration at each floor level of the non-linear building are
represented as {x}, {x} and {¥}; {z} vector represents
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|| | Ground motion ll ' Ground motion

Fig. 3: (a) Idealized model of building structures connected
with (a) yield damper and (b) super-elastic SMA damper.
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the hysteresis DOFs of the building; {Zyd} is the hysteresis
DOFs of the yield damper; {x;,, } is the inelastic displacement
DOFs of the SMA dampers; {r} is the influence coefficient
vector; and ii, is input ground motion.

Response of the building with or without dampers
(yield or SMA) under ground motion is obtained by solving
the nonlinear system of equations. The nonlinear equation of
motion of building or building-damper system is solved via
step-by-step iterative process, i.e. Newmark-beta (average
acceleration) integration method. At every time step and
every iteration process, fourth order Runge Kutta method has
been used to predict the nonlinear force in building column
and yield or SMA dampers. As the building and dampers both
are modelled to go into nonlinear regime, and therefore the
equation of motions with the nonlinear material models are
solved iteratively considering a very small-time step i.e. At =
0.0001 second. At every time step, multiple iterations are
performed to get most accurate results and iterations have
been continued until the difference between two consecutive
iterative solutions become less than a tolerance limit (5, =
107%). Note that, all these values and process of simulation
steps are adopted from relevant previous studies [21,24,25].

3.2 Ground motion selection

Response output of any nonlinear dynamic analysis
of building structure strongly depends on the characteristic of
the input ground motion. Some of the very recent studies
already demonstrated that the traditional control system loses
its control efficiency under strong ground motions, due to the
presence of long-period and high-amplitude velocity pulses.

Thus, coincident of the time period of velocity pulses and the
controlled buildings, it can trigger the resonance phenomena,
which ultimately can cause substantially damage to building
structure. Therefore, in this present study, a total of 25 ground
motions are selected for numerical simulation, considering
both near-fault and far-fault types. During the selection of
ground motion, consideration has been put to capture a wide
range of variations in PGAs (0.07g to 1.50g), PGVs (0.05 m/s
to 1.25 m/s), and the dominant frequency contents (0.18 s to
1.72 s), which primarily depicts response behaviour of the
building structure. Fig. 4 shows the spectral acceleration of
the selected ground motions under varying time period of
structure and 2% damping ratio.

4. Results and Discussion

This section provides the results of nonlinear time
history of only building and retrofitted building (via yield and
SMA dampers). At first the response analysis is performed to
establish the control efficiency of yield damper and SMA
damper, followed by parametric studies. For the simulation
process, default value of different parameters are adopted as,
for the building time period = 0.625 s (floor mass = 300 kg
and stiffness = 795 kN/m) damping ratio = 3.0 %, normalized
yield strength of building column = 6.0, post-to-pre yielding
stiffness ratio = 2.0 %, and hysteresis loop parameters for the
building columné = 1.0,y = = 0.5, andn = 10.0; for
yield damper stiffness ratio = 0.15, normalized yield strength
= 0.05 with the yield displacement = 0.0025 m, post-to-pre
yielding stiffness ratio 0.05, and hysteresis loop parameters
6 =10,y =B = 0.5,and n = 1.0; finally, for SMA damper
stiffness ratio = 0.15, normalized transformation strength of
SMA = 0.05 with the transformation displacement = 0.0035
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Fig. 4: Spectral acceleration of selected ground motions

m, length of SMA wire = 0.35 m, and ambient temperature =
300 K. In this study, values of different parameters are
adopted from previous studies [24,25].

The parameters of both the dampers and the damper location
are adopted in such a way that they will produce minimum
peak floor interstory drift ratio and residual displacement.
Thus, the dampers are connected in all the floors of the
building structure. Here for simulation purpose, a seven-
storey nonlinear steel building frame represented is adopted
and modelled as shear building. At first the nonlinear shear
building is analysed in uncontrolled state and then via yield
or SMA damper retrofitted condition. In retrofitted state of
the building, yield or SMA damper are connected at every
floor level.

Fig. 5 shows the nonlinear time history analysis
results for uncontrolled and yield or SMA damper retrofitted
buildings, under Imperial Valley earthquake (10/15/1979
station and component ElCentro array #5, 230). Fig. 5 (a) and
(b) shows the response of the top floor acceleration and top
floor interstory drift of the building structure. It can be
observed that, compare to the uncontrolled building, yield
and SMA damper retrofitted building shows reduction in the
top floor peak acceleration by 9.5 % and 23.4 %, respectively.
Similarly, the top floor interstory drift reduction in retrofitted
building is 8.1 % for yield damper supplemented case, and
157 % for SMA damper supplemented case. A very
important observation is the large residual displacement
reduction efficiency of the SMA damper over yield damper.
Due to the re-centring capability of SMA material, at the end
of ground motion, SMA damper retrofitted building leaves
almost no or very less residual displacement. In comparison
to the uncontrolled building, yield damper and SMA damper
reduces the residual displacement by 18.1 % and 43.5 %,
respectively. Fig. 5 (c) shows the bi-linear hysteresis loop of
the nonlinear building column. For uncontrolled and yield
damper retrofitted building shows a permanent deformation
at the end of earthquake. But, due to the shape recovery
property of SMA material, in case of the SMA retrofitted
building, it shows complete recovery of floor displacement,
after the ground motion. Force displacement hysteresis loop
for the yield damper (bi-linear) and the super-elastic SMA
damper (flagged shape) are shown in Fig. 5 (d). Here also
hysteresis loop of yield damper shows the large residual
displacement, whereas super-elastic SMA damper shows
almost no or negligible amount of residual displacement. Fig.
5 (e) shows the evolution of stress induced martensite phase
fraction in SMA damper, and this is primarily responsible for
the complete shape recovery of SMA material.
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Fig. 6 demonstrate the effect of damper strength
(i.e., yield strength of steel damper and phase transformation
strength of SMA damper) on different responses parameters,
such as the peak floor acceleration, peak floor interstory drift
ratio, and peak floor residual displacement. Fig. 6 (a) shows
the variation of the peak floor acceleration with respect to the
normalized strength of the dampers. It is found that, with the
increase in the normalized strength (normalized with respect
to the weight of each floor of the building) of damper, top
floor acceleration increases for both yield and SMA damper.
This is due to the increase in rigidity of structure which leads
to the stiffening of building structure, and thereby it causing
more acceleration. Also, it can be observed that, the increase
in peak floor acceleration is more pronounced for the yield
damper retrofitted building than the SMA damper case. In
comparison to yield damper, SMA damper reduces peak floor
acceleration by maximum 28.4 %. Next, Fig. 6 (b) describes
the effect of the change in normalized strength on the peak
floor interstory drift ratio. It can be observed from Fig. 6 (b)
that, the interstory story drift ratio reducing largely for yield
damper, whereas in case of SMA damper the trend stays
almost constant. Compare to the yield damper, SMA damper
enhances maximum 37.2 % the floor displacement control
efficiency. Fig. 6 (c) shows that, the reduction in the peak
floor residual displacement is maximum 49.8 % more for
SMA damper assisted building than yield damper. Here also,
it can be observed that, variation in the peak floor residual
displacement is much more for the yield damper retrofitted
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building than the SMA damper. Such a rather remarkable re-
centring capacity of the SMA damper is due to the shape
recovery property of super-elastic SMA, which is otherwise
absent in yield damper. Another important observation is that,
to obtain the similar level of peak floor displacement and
residual floor displacement control efficiency, yield damper
needs very high value of normalized strength than SMA
damper, and this ultimately increases the floor acceleration.
Thus, the SMA damper not only provides a better control
efficiency than yield damper, at the same time SMA damper
needs lesser amount of strength (i.e. less material), than the
yield damper. Therefore, it can be concluded that, SMA
damper provides of high level of response control efficiency
at the low level of strength. Hence, due to this dual advantage,
it expands the applicability of SMA damper over the yield
damper, as seismic vibration control/ retrofitting device.

The effect of time period of the building is studied
in Fig. 7. Due to increase in time period of building, the peak
floor accelerations for all three systems (only building, yield
damper retrofitter building, and the SMA damper retrofitted
building) shows a decreasing trend, as depicted in Fig. 7 (a).
SMA damper retrofitted building shows a maximum of 37.7
% reduction in peak floor acceleration than the yield damper
retrofitted building. Also, at the lower time period of building
structure, both the damper reduces peak floor acceleration at
much faster rate than higher time period. But, after certain
critical value of building time period, both the damper loses
floor acceleration reduction capacity. However, compare to



Kashyap et al. / ASPS Conference Proceedings 1:

Building with
yield damper

1633-1640 (2022)

_ Building with 0.10——7—

'SMA damper| 1

0.08

0.06

0.04

0.02

Peak Floo Acceleration (g)

Peak Interstory Drift Ratio (%)

0.00
0.00 0.06 0.12 0.18 0.24 0.30
Normalized Strength of Damper

0.00
0.00 0.06 0.12 0.18 0.24 0.30
Normalized Strength of Damper

0.00 0.06 0.12 0.18 0.24 0.30
Normalized Strength of Damper

—— E o005
4 £ o004
i s
B 0
41 £ o0
1 =
4 £ on
[~
- = 0.01F -
® 4 2 L (c) ]
" 1 " _§ 0.00 X 1 " 1 1 1 " 1
o,

Fig. 6: Effect of variation of the normalized strength of yield and SMA damper on the (a) peak floor acceleration, (b) peak floor

interstory drift ratio, and (c) peak floor residual displacement.

A—A—4A Only building
Building with
0.60 —— yield damper H = 0.20—
o~ A Building with |{ s |
= 0.48) SMA damper ,é 0.16+
E o -
]
= 036 - ‘S 0.12F
S L ] _ X
<« )
5 024 4 £ oost
wn
= L i = 5
&= e
= 0.12f - = 0.04}
S i
&~ - 1 s -
R PR REE T T ~ Ll

1

0.12 ———r——————

0.10

0.07

0.00
0.25 050 0.75 1.00 1.25 1.50
Building Time Period (s)

0.00
0.25 0.50 0.75 1.00 1.25 1.50
Building Time Period (s)

Peak Floor Residual Displacement (m)

0.00
0.25 0.50 0.75 1.00 1.25
Building Time Period (s)

1.50

Fig.7: Effect of variation of the fundamental mode time period of building structure on the (a) peak floor acceleration, (b) peak floor

interstory drift ratio, and (c) peak floor residual displacement.

A—A—aA Only building
Building with
0.60 —— yield damper — =~ 0.50—
o~ X __ Building with [ ] S E (b)
E 0.48- SMA damper i ,é 0.40F
< 036 - ‘S 030
g I ] = i
< :*
5 024 -1 £ 0.20F
©w
2 L . = L
-
= 0.12f - 0.10F
b g () i~
a~ - 1 s -
R RPN RPU R [-v

A

0.20 —————————

0.16

0.12

0.08

0.04

0.00
0.00 030 0.60 0.90 1.20 1.50
Peak Ground Acceleration (g)

0.00—"—
0.00 030 0.60 0.90
Peak Ground Acceleration (g)

Peak Floor Residual Displacement (m)

0.00
0.00 0.30 0.60 0.90 1.20 1.50
Peak Ground Acceleration (g)

1.20 1.50

Fig. 8: Effect of variation of the peak ground acceleration on the (a) peak floor acceleration, (b) peak floor interstory drift ratio, and

(c) peak floor residual displacement.

the yield damper, SMA damper provides higher acceleration
control efficiency for a wider range of building time period.
Fig. 7 (b) shows that, with increasing time period of building,
the peak floor interstory drift ratio increases. Further, it can
be seen that, when the time period of building is less, SMA
damper is more promising, as well as effective than the yield
damper. However, at higher time period of the building, yield
damper provides comparable level of control efficiency as
SMA damper. In comparison to yield damper, SMA damper
provides 40.4 % more interstory drift ratio reduction in the
retrofitted building. It can be found from Fig. 7 (c) that, due
to the recentering capability, super-elastic SMA damper is
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able to reduce more (almost 54.1 %) peak residual floor
displacement than yield damper. Here also, at lower value of
building time period, variation in the peak residual floor
displacement is more than that of the higher time period, and
at higher time period yield damper reduces more residual
displacement than the SMA damper.

In this study, it has been considered that structure
and damper will show nonlinear force-deformation behaviour
during the ground motion. This will provide large amount of
hysteretic damping and dissipate significant part of seismic
energy. Under such condition structural damping will not
play significant role in seismic energy dissipation and thus,
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the variation in structure damping does not have any effect on
dampers performance. This has been already demonstrated in
other study on SMA damper [25].

Fig. 8 shows the scaling effect of the peak ground
acceleration (PGA) on the response parameters i.e. on peak
floor acceleration, peak interstory drift ratio, and peak floor
residual displacement. With increasing value of PGA, all the
response parameters show increasing trend. Variation of peak
floor acceleration with PGA is shown in the Fig. 8 (a). Here
yield damper retrofitted building does not provide any
reduction in peak value of floor acceleration, whereas the
SMA damper retrofitted building shows noticeable amount of
reduction in the peak floor acceleration value. Compare to the
yield damper, SMA damper provides up to maximum 30.4 %
higher peak floor acceleration reduction. Fig. 8 (b) provides
the variation of peak interstory drift ratio with respect to the
PGA of the earthquake motions. In contrast to yield damper,
SMA damper provided maximum 43.4% more reduction in
the peak interstory drift ratio. Fig. 8 (c) shows the variation
of peak residual floor displacement variation, where SMA
damper provide higher control efficiency than yield damper,
specifically at higher value of PGA. As can be observed from
Fig. 8 (c) that, the SMA damper reduces up to maximum 52.4
% peak residual floor displacement than that of yield damper.
An important observation is that, at lower value of PGA, both
the damper provides sufficient reduction in all the response
parameters. However, at higher value of PGA, yield damper
loses its acceleration and displacement control efficiency and
provides almost same value of peak floor acceleration and
interstory drift ratio as the non-retrofitted building. Whereas,
with increasing PGA, SMA damper increases the response
control efficiency. Such an interesting phenomena is only
observed in case of the super-elastic SMA damper because of
the rate dependent behaviour of the SMA material, which is
otherwise absent in yield damper material i.e. steel. It has
been reported in other studies that, the hysteresis loop size
(i.e. hysteresis energy dissipation capacity) of SMA increases
with increasing loading/ strain rate [24]. Due to the scaling of
ground motion, at high value of PGA, large amount of load
comes to the damper, within a short time duration i.e. damper
experiences higher magnitude of loading rate at the high
value of PGA. Therefor due to the passive nature of yield
damper, it is not able to dissipate sufficient part of imparted
seismic energy. Thus, yield damper loses control efficiency,
and this ultimately get reflected in terms of the high value of
responses. On the other hand, with increasing PGA, loading
rate increase and thus SMA damper provides higher seismic
energy dissipation which ultimately causes reduction in the
response parameters. Therefore, as compared to the yield
damper, SMA damper can be used as retrofitting device for
wide range of earthquakes. Thus, from all the above results it
is clear that, compare to the yield damper, the SMA damper
provided superior control efficiency and viable for wide
range of application.

5. Conclusion

Present study compares the performance of SMA
damper with the yield damper as the passive seismic vibration
control device, in building structure. Responses are estimated
using nonlinear dynamic response analysis, under 25 set of
ground motions obtained from past near-fault and far-field
earthquakes. Response analysis results show lesser floor
responses (acceleration and displacement) for yield and SMA
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damper retrofitted building than the uncontrolled building.
Further it has been observed that, for the selected ground
motion, SMA dampers prove superior control efficiency over
yield damper, via significantly reducing the floor acceleration
and displacements of the nonlinear building. Also, compare
to the yield damper, SMA damper significantly reduces the
residual floor displacement, at the end of earthquake.

Performance of the dampers are evaluated under
varying parameters like normalized strength of dampers, time
period of the building structure, peak ground acceleration of
the earthquake. Parametrical study results show that, compare
to the yield damper, the SMA damper reduces floor peak
acceleration by 14 % and interstory drift ratio by 38 % for the
nonlinear building. Another extraordinary potential of SMA
damper is that it’s recentering capability, which is otherwise
absent in case of yield damper. Compare to the yield damper,
SMA damper reduces residual displacement by 47 %, and
leaves almost very negligible permanent displacement in
building. Parametric study results reveal that, for the similar
level of control efficiency SMA damper requires much lower
value of strength than the yield damper and at the same time
provide sufficiently good acceleration and displacement
reduction at low value of damper strength. This reduces the
requirement of large volume of material, which ultimately
increases the applicability of SMA damper over the yield
damper. Further SMA damper provides very good control
efficiency at high intensity (i.e. PGA) of seismic loading,
whereas yield damper loses its control efficiency under the
higher PGA ground motions. Thus, taken-together all the
aforementioned results it can be stated that, SMA damper
provides superior control efficiency over the yield damper,
and therefore behaves much better seismic retrofitting device
for building structure.
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