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Abstract

Viscous dampers (VDs) are currently used an effective earthquake risk reduction measure. Due to the high cost of this type of dampers, 

an optimal damper layout across the stories will specifically improve the seismic response and reduce building costs. This paper 

introduces a new simple three-stage method to determine the optimal placement of VDs on different stories of reinforced concrete 

structures. In the first stage, the damping demand of each story was determined using the distribution pattern of earthquake forces by 

the equivalent static method and the story velocity obtained through time-history analysis. In the second stage, the number of dampers 

required for the structure was calculated, and the location and damping percentage of dampers were precisely determined through an 

iterative process in the third stage. An indicator representing all basic structural responses was used to evaluate the multiple choices for 

the damper layout. This process was evaluated for 4, 8 story concrete frames under a near-field earthquake. The results indicated the 

efficiency of the proposed method in determining the location and damping of VDs on different stories of the structure.
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1 Introduction
Based on the available seismic regulations, most densely 
populated areas in the world are located in regions with 
relatively high and very high seismic risks. It is there-
fore necessary to use proper energy dissipators in design-
ing new buildings or retrofitting existing buildings. Due 
to formation of local plastic hinges in various structural 
points during severe earthquakes, buildings experience 
large displacements leading to an increased ductility and 
energy dissipation capacity of the structure. The earth-
quake energy is therefore dissipated through local damages 
to the lateral resisting system of the structure. As a reason-
able approach, energy dissipators can be used to prevent 
local structural damages. Dampers are known as one of 
the most widely used tools for dissipating energy and ret-
rofitting various types of structures. Recently, scholars and 
engineers have come to this conclusion that dampers are 
good choices for reducing the seismic structural response 
against strong ground motions. In the meantime, VDs are 
widely used due to a very high energy dissipation capac-
ity, a fat hysteresis loop, and easy installation. VDs cause 
a significant increase in the equivalent structural damping 

while reducing the overall structural displacement. Hence, 
VDs could be a very good choice for retrofitting various 
types of structures. Sugano et al. [1] tested braced concrete 
frames retrofitted with masonry and concrete frames to 
evaluate the effect of the resisting system on the improved 
in-plane strength and ductility of frames. There has been 
recently a great interest in VDs for retrofitting buildings. 
Accordingly, numerous studies have been conducted on the 
effect of VDs on retrofitting of buildings. For instance, Uriz 
and Whittaker [2] used VDs for retrofitting a steel moment 
frame after the Northridge Earthquake. In another study, 
Carden et al. [3] found that VDs are able to cover a more 
effective hysteretic damping in near-fault earthquakes and 
thus can be used for structural isolation. Hwang et al. [4] 
studied the behavior of concrete buildings equipped with 
VDs and light reinforced concrete walls on the earthquake 
shaking table. According to their results, the use of damp-
ers in the knee bracing could be an effective retrofitting 
mechanism at small relative displacements. According to 
the results of this study, Hwang et al. [5, 6] used the VDs 
for retrofitting microelectronics factories. Moreover, new 
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design guidelines with a correct procedure for these energy 
dissipators were provided to improve the performance of 
VDs in medium- and high-rise buildings. Using the results 
obtained from the earthquake shaking table, Lin et al. [7] 
confirmed the high energy dissipation capacity of nonlin-
ear VDs in displacement-based designed buildings and ret-
rofitting existing buildings. Despite multiple advantages 
of VDs, it is not economically feasible to install this type 
of dampers at all heights. Consequently, numerous studies 
have been conducted on the optimal number of dampers 
at different heights. Takewaki  [8] proposed a method for 
determining the optimal placement of dampers by mini-
mizing the overall displacement of stories on the basis of 
the displacement transfer function based on the natural fre-
quency of the undamped structure. In fact, all these meth-
ods aim at determining the optimal placement and distri-
bution of dampers to reduce the structural displacement. 
A method was proposed for determining the optimal place-
ment and size of VDs using the genetic algorithm (GA), 
Kargahi and Ekwueme  [9]. The results of this method 
were comparable with those of other existing methods. 
Apostolakis and Dargush  [10] investigated the optimal 
design of moment frame systems equipped with damper 
and bracing assuming the sliding force of the damper as 
the optimization variable. The genetic algorithm (GA) was 
used to solve the optimization problem, and the seismic 
response of stories was evaluated using the square root of 
the sum of story acceleration. Shin and Singh [11] proposed 
a method for determining the optimal location of VDs in 
structures to provide a life safety structural performance 
level with a  minimum structural damage. The GA was 
used for optimization at three different danger levels. The 
results showed a significant reduction in the size of objec-
tive functions at all danger levels. George et al. [12] studied 
the nonlinear behavior of VD-equipped structures against 
near-field earthquakes. A simple effective method was pro-
posed for estimating the damping force using the nonlinear 
velocity. Landi [13] examined the effect of vertical distri-
bution of damping coefficients of nonlinear VDs on seis-
mic retrofitting of multi-story reinforced concrete frames. 
Two energy methods and simplified sequential searching 
algorithms were used for determining the optimal distribu-
tion, and the results were compared. The energy methods 
provided good results in terms of reduced costs, distribu-
tion efficiency, and ease of use in comparison with more 
effective, but more complex methods. Landi  [14] studied 
application of simplified probabilistic methods for seismic 
evaluation of nonlinear structures equipped with nonlinear 

VDs. This study aimed at investigating the correlation 
between the results obtained from the probabilistic method 
for structures with and without dampers. Banazadeh and 
Ghanbari [15] evaluated the seismic performance of steel 
moment frames equipped with nonlinear VDs with a same 
damping ratio. Their results showed the improved perfor-
mance of medium steel moment frames using nonlinear 
VDs, and a significant reduction in the damage probability 
of this type of structures in comparison with conventional 
moment frames. The moment frames with a moderate 
ductility outperformed the conventional moment frames 
in terms of damage performance. Naderpour et  al.  [16] 
evaluated and controlled concrete structures exposed to 
near-field earthquakes using mass dampers. Their results 
showed that adding mass dampers on the top story signifi-
cantly reduced the structural seismic responses depending 
on the earthquake intensity and seismic zone.

The literature shows the capability of VDs in seismic 
rehabilitation of steel structures. It is therefore necessary 
to evaluate the capability of this type of dampers in reha-
bilitating concrete frames because of slight ductility and 
in most cases the lack of ductility and limited capacity of 
concrete structures in absorbing the seismic energy. Given 
the high energy absorption capacity and other advantages 
of VDs, a solution should be proposed to use VDs for 
rehabilitation of concrete structures. Considering the rel-
atively high cost of this type of dampers, a method should 
be used for optimal placement of VDs on different sto-
ries to achieve the best nonlinear structural performance 
using the least number of VDs. In this study, the optimal 
location of VDs is determined based on a new pattern for 
the behavior of concrete structures equipped with damp-
ers under near-field earthquakes. Efforts were also made 
to determine and evaluate damper location using an index 
covering all basic structural responses. To this end, 2D 4, 
8, story moment frames designed at the DBE danger level 
based on the static base stress (V) were evaluated.

2 Viscous dampers
Viscous dampers (VDs) cause a significant improvement 
in the energy dissipation capacity of structures. VDs only 
cause damping without any change in the structural stiff-
ness (Fig. 1). As a result, the force–displacement diagram 
of a VD-equipped structure is similar to that for a bare 
structure. In contrast, the force–displacement relationship 
for other types of dampers is dependent on environmental 
conditions, earthquake load intensity, permanent defor-
mations, and bidirectional deformations.
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The resistant force generated in a VD is in an opposite 
phase to that induced by the structural stiffness. A vibrat-
ing structure may be considered to explain this phase dif-
ference. When the structure is in its original position, both 
the structural displacement and the related stiffness force 
equal zero. At the same time, the structure is moving from 
its original position with the maximum velocity, and the 
VD subsequently reacts with the maximum force Fig. 2. 
The velocity approaches zero as the structure moves fur-
ther away from its original position. Therefore, the damper 
reacts with a force of 0 when the structure experiences 
the maximum displacement and related spring force. 
Accordingly, both damping and stiffness resisting forces 
are considered equal in this study.

The energy dissipated by the damper at the ith story 
under the harmonic cycle and the main frequency is 
expressed as follows [17]:
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In Eq. (1), c represents viscous damping, T the natural 
period of the structure, ϕij the displacement of both ends 
of the damper, and θj denotes the deviation angle of the 
damper on the ith story.

Therefore, the effective damping of the structure (βeff) 
is expressed based on the ratio of the energy dissipated 
by the damper to that applied to the structure in a hyster-
etic cycle:
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In Eq. (2), θj represents the deviation angle of the 
damper on the ith story, ϕij the displacement of both ends 
of the damper in the first oscillation mode in the horizontal 
direction, and Mi shows the seismic weight of each story. 
The intrinsic damping of the structure (β) is considered to 
be 5%. Various VD arrangements are used in structures. 

VDs are connected to the structure in buildings using 
diagonal or chevron bracing. Due to limitations regard-
ing installation of dampers by above methods in buildings 
and considering their severe responses to ground motions 
under near-field earthquakes (with a relatively high fre-
quency), a new control system should be designed to over-
come these severe responses. In this study, various stories 
in the building structures are assumed to be connected to 
a free rigid wall outside the building using VDs Fig. 3.

Hence, Eq. (2) is rewritten as follows for the damper 
layout on stories:
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Fig. 1 Details of viscose damper

Fig. 2 The force of dampers on the structural floors

Fig. 3 Connect the viscose damper to the rigid wall
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VDs improve the structural damping without any 
change in the structural stiffness. This eventually leads 
to reduced acceleration of stories and the force exerted on 
both structural and non-structural elements. The presence 
of a free rigid solid does not cause any change in the struc-
tural stiffness, and damping can be distributed on various 
stories according to the story mass. A damage suspected 
in structural elements would lead to changes in structural 
characteristics including structural stiffness and structural 
frequency. Such variations would, in turn, result in the cre-
ation of a new strain energy level in the damaged structure. 

3 A new approach to damping distribution on stories
3.1 Damping distribution based on shear force and 
story velocity
In the equivalent static method, the earthquake-induced 
lateral force (V) is calculated from Eq. (4). The base shear 
in this method is selected in such a way that the maximum 
structural deformation would be consistent with that pre-
dicted at the intended danger level. If the structure behaves 
linearly under the applied forces, the forces obtained for 
the structural elements will be close to those predicted 
during the earthquake. However, if the structure enters the 
nonlinear phase, the forces calculated by this method will 
be less than those applied to the structure [17]:

V C C C S Wm a=
1 2

.	 (4)

In Eq. (4), C1 represents the correction factor for the 
non-vibrational displacements of the system, C2 the correc-
tion factor for the effect of reduced stiffness and strength 
of structural elements on the displacement induced by the 
cyclic deterioration, Cm the effective mass coefficient to 
apply the effect of higher modes, Sa the spectral acceler-
ation in the interval T, and W shows the effective seismic 
weight of the structure. The shear base distribution pat-
tern obtained from the equivalent static method (V) at the 
structure height is as follows:
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In Eq. (5), Fx is the lateral force at the level of the story x, 
Cyx the distribution coefficient of the lateral force at the 
structure height, hx the height of the story x, and wi shows 
the seismic weight of each story. The shear force in each 
story (Vi) is obtained by adding the lateral force of that 
story to that of upper stories.

Assuming linear VDs, the damping force is obtained 
from Eq. (6):
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In Eq. (6), fp and u, respectively represent the damping 
force and damper velocity. If the dampers are installed on 
all stories as shown in Fig. 4, the damping of each story is 
obtained from Eq. (7) by equating the shear force on each 
story (Vi) with Eq. (6):
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In Eq. (7), Vi and ui, respectively represent the shear 
force on the ith story and the relative velocity of both ends 
of the damper on the ith story, which is assumed equal to 
the velocity of the ith story (FDi = FSi). 

Accordingly, the damping coefficient of the VD rela-
tive to the shear force in each story can be expressed as 
follows Eq. (8):

Ci Vi� � .	 (8)

In Eq. (8), λ represents the coefficient of proportionality. 
Using the above equation, the overall damping coefficient 
as the sum of damping coefficients for all stories can be 
rewritten as follows Eq. (9):
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Fig. 4 Viscous damper placement in the floors
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By inserting Eq. (9) in Eq. (8), the damping coefficient 
of the VD on each story is obtained Eq. (10). 
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The damping distribution on the stories is similar to 
that of the lateral earthquake loading as shown in Fig. 5.

3.2 Problem formulation for determining the number 
and optimal placement of VDs across different stories 
The uniform deformation theory (UDT) can be a key factor 
in determining the optimal pattern of damping distribution 
in nonlinear damped structures to show the best behav-
ior against dynamic loads. On the other hand, all methods 
used for the optimal design of structures fail in the non-
linear range or need nonlinear dynamic analyses, and thus 
cannot be employed for this purpose. At the same time, 
some structural elements may not still reach the allow-
able ductility, and the full capacity of energy dissipators 
may not be employed. Accordingly, considering the UDT-
based iterative process to achieve an optimal structure, the 
energy dissipation elements should be arranged to achieve 
the minimum structural responses (e.g., drift, accelera-
tion, velocity,…). In other words, in those structural points 
where the responses are in the allowable range, damping 
decreases and is added to the other points. To this end, the 
changes should be applied gradually in the iterative pro-
cess to achieve a proper convergence. Structural damping 
distribution may be influenced by load distribution. Hence, 
the structural seismic performance can be improved by 
choosing a correct pattern for the optimal damper distribu-
tion. In general, the damper performance is influenced by 
multiple indicators such as the reduced absolute structural 

acceleration, reduced shear base, reduced relative displace-
ments, increased energy dissipation, reduced maximum 
strain energy, and the total area under the strain energy 
curve. The ratio of the damper-equipped frame to the orig-
inal moment frame is considered in all these dimension-
less indicators. VDs not only reduce the structural dis-
placements, but cause a decrease in the forces exerted to 
the structure and thereby acceleration of stories without 
any increase in the structural stiffness. As a result, to find 
the optimal layout, the major responses reduced by VDs 
should be considered individually or in combination. The 
following function is defined to consider the simultaneous 
effect of the most important responses (drift and accelera-
tion of stories) on the optimal distribution pattern:
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In Eq. (11), the sum of the weights α, β, γ, and δ equals 
unity, DriftDamped and DriftMRF, respectively show the 
maximum drifts of stories with and without a damper, 
and MaxAccDamped and MaxAccMRF, respectively repre-
sent the maximum accelerations of stories with and with-
out a damper. The index RPI includes the key structural 
response components during the earthquake and is able 
to evaluate the effect of VD layouts on different stories. 
On the other hand, the performance of this index can be 
improved by choosing appropriate weight coefficients for 
its different parameters.
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ResDriftDamped and ResDriftMRF obtained from Eq. (12), 
respectively represent the maximum residual drifts on the 
stories with and without the damper:

In Eq. (12), Di(TD) and Di–1(TD) respectively show the defor-
mation of the ith and (i–1)th stories during the earthquake. 
RMSAccDamped and RMSAccMRF obtained from Eq. (13), res- 
pectively represent the maximum accelerations of stories 
with and without the damper:
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Fig. 5 Damping distribution pattern based on static loading pattern
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In Eq. (13), Acci(tj) and N, respectively denote the abso-
lute acceleration of the ith story in the interval j and the 
number of time steps of the earthquake. In this study, the 
optimal placement of dampers across the stories is obtained 
based on an iterative process. The structural response 
in this iterative process should be in such a way that the 
index RPI approaches its minimum value. In other words, 
locating is performed to minimize the objective function. 
Eq. (11) shows the objective function for determining the 
optimal placement of VDs across the stories. Using this 
equation, the iterative process is defined to achieve the 
damping coefficients of dampers on various stories to 
obtain a reasonable seismic performance. Accordingly, the 
iterative process is formulated as follows:

Find C C C C
Minimize F imize RPI

T
n: , , ,

: ( ).

�� �
�
1 2



min
	 (14)

In Eq. (14), n represents the number of stories.

3.3 The procedure for determining damping and 
optimal location of dampers across different stories 
An iterative process based on the combination of various 
structural responses is used in this paper for determining 
the correct distribution of dampers to improve the struc-
tural performance and achieve an optimal layout.

a.	 The design of structures based on the DBE design 
earthquake and ACI 318-14 Code [18].

b.	 Determination of damping percentage of each story 
from Eq. (6).

c.	 Calculation of the overall damping demand by sum-
ming the damping obtained for different stories in the 
previous stage (Eq. 6).

d.	 The initial damping distribution at the story level from 
Eq. (9).

e.	 Determination of the number of dampers required 
using an iterative process in which the first damper 
with the damping percentage obtained in the Stage d 
is placed on the top story, and the index RPI is deter-
mined through the nonlinear time-history analy-
sis of the structure based on the recorded near-field 
earthquakes. If the index RPI exceeds beyond the 
intended range, the next damper is added to the next 
story, and this iterative process is repeated to achieve 
the minimum RPI.

f.	 Controlling the damping percentage added to the struc-
ture to not exceed that specified in the relevant codes.

g.	 The sensitivity analysis of the index RPI to the dis-
placement of dampers determined in the Stage f.

To this end, all possible damper layouts across the stories 
should be evaluated. For this purpose, the number of damp-
ers obtained in the Stage e is located randomly on various 
stories based on a continuous distribution. For each damper 
arrangement, the objective function, RPI, is determined 
through the nonlinear time-history analysis of the structure 
under different earthquake stimuli. The iterations stop if the 
index RPI and the damping percentage are placed in the 
allowable ranges. Otherwise, the iterative process algorithm 
is repeated to determine the optimal damping and layout of 
dampers. By repeating the above steps, the algorithm even-
tually converges, and the optimal distribution of dampers is 
obtained on different Stories. Fig. 6 shows the iterative pro-
cess flowchart for determining the location and damping per-
centage of dampers at the best structural performance level.

4 Numerical examples
To investigate the efficiency of the proposed method, the 
method mentioned in reference [19] as the standard inser-
tion method was used for comparison in this research. 
In this method, damping is distributed proportionate to 
the stiffness throughout the structure. Uniform damp-
ing might be the most appropriate method of insertion of 
damper, but maybe is not the most effective. Thus, this 
method allocates the total uniform damping to each floor 
equally as the share of each floor is equal to the ratio of the 
total damping Ct over the number of stories.

Fig. 6 Flowchart is the iterative process the positioning and optimal 
damping of the damper
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In this study, 4- and 8-story concrete moment frames 
were investigated. Residential buildings and Type III 
soil were considered in a high-seismic risk. The Iranian 
Seismic Code (Standard No. 2800) was used to determine 
the earthquake-induced forces [20]. The modulus of elas-
ticity (E) and density (ρ) for all concrete members were 
considered to be 26517.5 MPa and 2500 kg/m3, respec-
tively. The overall height of stories in all three frames 
was 3.6 m. The linear distributed dead and live loads of 
2000 and 600 kg/m were applied, respectively. C25 con-
crete was used in the beam and columns, and AIII rein-
forcement was employed. The optimal location of damp-
ers in the concrete frames was obtained with the help of 
Opensees and MATLAB. In all numerical examples, α, β, 
γ, and δ were equal to 1.3, 1.3, 1.6, and 1.6, respectively.

4.1 Accelerograms
The structural response to earthquakes is dependent on 
the specifications of accelerograms applied such as the fre-
quency content and maximum acceleration. On the other 
hand, the structural response may be affected by the soil 
type used for recording the accelerogram and the distance 
of the recording site from the fault. A set of near-fault 
earthquake accelerograms was used in this study. To this 
end, 10 earthquake records with different PGAs were 
used. Table 1 presents the accelerogram specifications.

4.2 The 4-story concrete frame
To evaluate the effect of VD layout on the structural per-
formance, a 4-story concrete frame was examiend as the 
first numerical example Fig. 7.

The velocity of stories was calculated through the non-
linear time-history analysis. Fig. 8 shows the initial damp-
ing distribution pattern across the stories determined from 
Eq. (10). At this stage, the number of stories on which the 

VDs should be installed is determined based on the result-
ing damping pattern. According to the results in Table 2, 
only one damper was determined by the algorithm as the 
numebr of energy dissipators required for the structure. 
In the next step, the optimal location and the damping 
demand are obtained through locating dampers across 
the stories with different damping levels. Table 2 shows 
the optimal location of dampers and required damping. 
As shown in Table 2, the algorithm achieved the best 
response by locating the damper on the 3rd story. Figs. 8 
to 10 show the results obtained from the damper layout 
determination by the algorithm.

According to the results, by locating the damper on 
the 3th story, the drift, acceleration of stories were sig-
nificantly reduced, and the index RPI reached 0.34 after 
4 iterations as shown in Fig. 10. By locating the damp-
ers and assigning the structural damping percentage, the 
structural damping increased by 31%, which is less than 
the allowable damping percentage of 35%.

Table 1 Near-field accelerometers used in structural analysis

NO Earthquake Year Magnitude PGA(g)

1 Turkey 2003 6.5 0.1

2 manjil 2003 4.4 0.13

3 ChiChi-chy065 2017 7.3 0.6

4 ChiChi-tap95-1 2017 4.4 0.15

5 Imperial valley 2005 6.5 0.24

6 Kobe-hik 1978 6.4 0.14

7 Northridge 1981 5.9 0.1

8 Imperial valley-outers 1981 5.9 0.26

9 Lomaprieta 1981 5.9 0.23

10 Tabas 1981 5.9 0.1

Fig. 7 4-story concrete frame

Table 2 The position and damping required of the structure

Story No Damping (KN.S/MM) 

1 0

2 0

3 26.00957

4 0

Fig. 8 Drift the floors with the damper on the third floor
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4.3 The 8-story concrete frame
An 8-story concrete moment frame Fig. 11 was exam-
ined to evalaue the effficieny of the proposed metod. The 
8-story frame was analyzed and designed under the DBE 
earthquake. According to FEMA356 Code, a maximum 
effective damping (βeff) of 35% was considered. 

An 8-story concrete moment frame Fig. 11 was examined 
to evalaue the effficieny of the proposed metod. The 8-story 
frame was analyzed and designed under the DBE earth-
quake. According to FEMA356  Code  [17], a  maximum 
effective damping (βeff) of 35% was considered. The damp-
ing obtained from the proposed method should not exceed 
this value. The damping coefficients of the damper on vari-
ous stories were calculated from Eq. (10), and the results are 
shown in Table 3. Using the proposed algorithm and based 
on the resulting damping, the number of stories requiring 
VDs to minimize the index RPI was specified. According to 
the output of the first stage, the structrue needs only three 
dampers to reduce the index RPI. The exact location and 
damping level should be therefore determined based on the 
number of dampers. The exact location and damping inten-
sity reported in Table 3 were obtained by implementing the 
second step of the algorithm through different placements 
of dampers. As seen in Table 3, the damper was located on 

the three upper stories based on the damping obtained from 
the static lateral load. Figs. 12 to 14, respectively show the 
drift, acceleration, and RPI of stories when the damper is 
placed on the three upper stories of the structure.

Fig. 10 RPI convergence

Fig. 11 8-story concrete frame

Table 3 The position and damping required of the structure

Story No Damping (KN.S/MM) 

1 0.0

2 0.0

3 0.0

4 0.0

5 0.0

6 45.478

7 47.868

8 48.875

Fig. 12 Drift the floors with the damper on the third floor

Fig. 9 Acceleration the floors with the damper on the third floor
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Fig. 14 shows the convergence of the index RPI. 
According to the results, the damping obtained from the 
static load pattern and the layout of dampers cause a signif-
icant reduction in the drift of stories. The results also show 
the superiority of the proposed method over other existing 
methods for determining the optimal damping layout and 
structural damping so that other methods obtain the opti-
mal layout and damping based on the uniform distribution 
pattern. The structral damping obtained from this layout 
equals 31%, which is in a reasonable range as compared to 
its allowable value.

5 Conclusions
A new approach was studied to determine the optimal 
number and layout of VDs. To this end, a three-stage 
method was used to determine the optimal number and 
layout of dampers. Accordingly, an index was introduced 
to consider the simultaneous effect of all basic structural 
responses based on the drift and acceleration of stories. 
Based on this index, the number of required dampers was 
first determined. The location and damping percentage 
of dampers were obtained in the second stage through 
an iterative process. The results showed that the proper 
damping distribution across the stories based on the static 
loading pattern causes significant changes in the struc-
tural responses so that the damping added to the structure 

does not exceed its allowable limit. The numerical anal-
ysis of three structures showed that dampers are usually 
located on the upper stories of the structure on the 1/3 to 
1/4 stories. On other hand, the effect of dampers installed 
on the upper stories in reducing the structural displace-
ment is greater than acceleration due to the negative effect 
of dynamic forces exerted to the structural system by 
dampers. Increasing the number of dampers negatively 
affects the acceleration and causes an increase in the accel- 
eration of stories.

The advantages of using this method are as follows: 
1.	 The simplicity of its usage in a way that could be pre-

sented in engineering levels. 
2.	 It provides an acceptable estimation of the damping 

required in the structure for the initial estimation.
3.	 It does not need nonlinear analyses that mostly are 

time-consuming; so, the algorithm is of an appro-
priate speed.

4.	 The important seismic parameters of the structure 
such as displacement, velocity and acceleration 
simultaneously involve in determining the location 
and level of damping of the dampers.

5.	 According to the conditions of the structure, the 
amount of the effect of the seismic parameters (dis-
placement, velocity and acceleration) is adjustable in 
an index called RPI.

Fig. 14 RPI convergenceFig. 13 Acceleration the floors with the damper on the third floor
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