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Abstract  

Tall buildings are structures of great slenderness, which pose new challenges to their design due to 
their lightness and flexibility. Lateral forces acting on the building, particularly the effect of wind or 
earthquakes produces oscillatory effects, which are critical for the design of these structures. 
 
With the technological development of recent years, seismic protection systems, such as viscous 
dampers, are increasingly chosen as a structural solution for this type of building. These systems are 
versatile in their use, easy to integrate into existing structural solutions and easily adapted to the 
requirements of the designer. Viscous dampers are designed using parameters related to their size, 
and to the viscosity of the fluid considered. The designer, as a starting point, arbitrarily chooses the 
location of the dampers. Recent studies propose calculation methodologies to estimate some of the 
necessary parameters nevertheless, these have only been applied to theoretical cases. 
 
This paper, intends to evaluate the applicability of two of these methodologies to a real case study. 
Firstly, a methodology is applied to the case study, to estimate the equivalent damping coefficient.  
Secondly, a methodology to optimize the distribution of energy dissipation systems is applied to the 
same case study. 

 

Keywords Tall Buildings, Seismic Load, Seismic Protective Systems, Passive Energy Dissipation, 

Viscous Fluid Damper 

1  INTRODUCTION  

The high population density of major cities 

creates a demand for innovative space 

solutions. The construction and use of tall 

buildings as a solution has become increasingly 

popular. These buildings are particularly 

constrained by their slenderness, light weight 

and high flexibility when considering lateral force 

resistance. Actions that induce vibration, such as 

earthquakes, become critical when considering 

the design of these structures. During 

earthquakes, vibration of the structure is 

reduced due to the material damping of the 

structure. It is possible to increase the damping 

of the structure by means of external systems 

such as viscous damping systems.  

 

2  VISCOUS DAMPERS 

Viscous dampers dissipate kinetic energy from 

the vibration of the structure in the form of heat. 

Figure 1 shows a typical viscous damper. 

 

Figure 1 - Typical constitution of a viscous damper 

As the piston rod moves, it forces a compressible 

fluid through orifices throughout the piston head 

at high velocity, converting most of the pressure 

energy into kinetic energy. The kinetic energy is 
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then lost through turbulence as the fluid expands 

on the other side of the piston head. The 

difference between the two sides of the piston 

head produces a large resisting force, which is 

as follows: 

 𝐹 = 𝐶 |𝑣|𝛼  𝑠𝑖𝑔𝑛(𝑣) (1) 

Where:  

𝐹 is the resisting force 

𝐶 is an arbitrary constant characteristic of the 
dampers dimensions 

𝑣 is the end-to-end velocity 

𝛼 is an arbitrary constant characteristic of the 
fluid’s viscosity 

 

Figure 2 shows the significant influence that the 

𝛼 parameter has over the force-velocity. For 𝛼 

values less than unity, the force experiences a 

sharp growth at low velocities, tending to a 

maximum limit value. In the particular case 

where 𝛼 takes the unit value, the force-velocity 

ratio in the damper is linear. 

The damping introduced by a given damper in 

the system is measured by its ability to dissipate 

energy in each cycle (Guerreiro, 2003). The 

energy dissipated per cycle is given by the inner 

area of the force-strain cycle. Thus, the energy 

dissipated per cycle is given by the expression: 

 
𝜉 =

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒

2𝜋𝐹𝑚𝑎𝑥𝑑𝑚𝑎𝑥
 (2) 

The influence of the 𝛼 parameter on the force-

strain relationship is illustrated in Figure 3 in 

which, for the same conditions and 

characteristics of the damper, the shape of the 

cycle is conditioned by the value of 𝛼 maintaining 

the maximum values. It becomes clear that the 

maximum power dissipation capacity occurs for 

dampers with low values of 𝛼 (less than unity). 

 

Figure 3 - Influence of the parameter 𝛼 on the force-
strain ratio 

The maximum force values are conditioned by 

the parameter C. This does not change the form 

of the force-deformation cycle but only the 

maximum force that occurs in the damper 

(Figure 4). 

 

Figure 4 - Influence of the parameter C on the force-
strain ratio 

3  EQUIVALENT DAMPING COEFFICIENT 

The methodology described in Gonçalves (2017) 

proposes a calculation method for the estimation 

of the damping coefficient that a set of dampers 

throughout the height, must guarantee in order 

to achieve a certain reduction of the response. 

This methodology assumes that the dampers 

are uniformly distributed throughout the height 

and assumes the unity value for the fluid 

viscosity constant (𝛼 = 1). Thus, it will be used 

only as an initial estimate of the coefficient’s 

value. 

The objective of this methodology is to compare 

the maximum displacement of the non-damped 

structure (at the top), with the same value for the 

damped structure, given an intended reduction 

of the structure response (η). 
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The proposed methodology uses an equivalent 

single degree of freedom (SDOF) oscillator 

representative of the building’s modal response 

and relates the maximum displacement of this 

oscillator with the relative displacement between 

each end of the dampers (Figure 5). 

 

Figure 5 - Illustration of the proposed methodology 

(Gonçalves, 2017) 

The procedure, as described by Gonçalves 

(2017), follows these steps: 

1. Define the structures response reduction, in 

comparison with the 5% damping response 

(1 − 𝜂)  

2. Determine the equivalent damping ratio on a 

SDOF (𝜉𝑒𝑞)  

3. Normalize the displacements of the first 

vibration mode configuration (𝜙𝑡𝑜𝑝 = 1,0)  

4. Define the equivalent single degree of 

freedom oscillator  

5. Calculate the equivalent damping coefficient 

on a SDOF (𝐶𝑒𝑞)  

6. Calculate the damper’s relative 

displacement on each floor (∆𝑟𝑒𝑙,𝑖)  

7. Calculate the damping coefficient (𝐶𝑑𝑎𝑚𝑝𝑒𝑟) 

4  OPTIMAL PLACEMENT OF DAMPERS IN 

TALL BUIDINGS 

To evaluate the optimal distribution of dampers 

throughout the structure, the methodology 

described in Brás (2015) is considered. It should 

be noted that the unity value for the fluid viscosity 

constant (𝛼 = 1) is assumed, as in the 

methodology presented above. It is also 

assumed that the dampers are similar 

throughout its distribution.  

The methodology is based on the determination 

of the Power Spectrum Density function of the 

response in relative velocities between stories. 

This step assumes the definition of the relative 

velocity transfer function and the definition of the 

power spectrum of the action.  

The procedure, as described by Brás (2015), 

follows these steps: 

1. Define the Power Spectrum Density of the 

action (Sa) 

2. Define the transfer function (H(W))  

3. Calculate the Power Spectrum Density of 

the velocity (Sv) 

4. Calculate the energy estimation, equal to the 

expected value of the square of the 

interstorey velocity (Ef) 

5. Sort the values of Ef  

6. Choose the optimal locations for the 

dampers (Figure 6) 

 

Figure 6 - Example of dissipated energy by storey and 
an optimal solution using five dampers (Brás, 2015) 

5  CASE STUDY 

To study the application of the methodologies 

described above in a tall building, a structure 

was modelled using the finite element analysis 

software SAP 2000 (CSI, 2018). 

The model is based on the "Banco de la Nacion" 

building in Lima (Peru) considering, as starting 

point, the same structural concept, slab 

thicknesses, beam dimensions, and others.  

 

Figure 7 - Modelled building on SAP2000 software in 
plan and 3D 

The modelled building has 37 stories of constant 

height (4m) with a total height of 148m. The plan 

view has a regular rectangular geometry with the 
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smallest dimension according to Y (ly = 27.95 m) 

and the largest dimension according to X (lx = 

43.40 m), both constant in height (Figure 7). It is 

a mixed structure consisting of frames and walls, 

comprising 16 frames in the outline of the 

building, and resistant walls in the inner core. 

The structure is made of reinforced concrete, 

and it is structured in seven different phases. 

For the dynamic analysis of the structure 10 

artificial accelerograms were used, generated 

according to EC8 (CEN, 2004) representing the 

seismic action. The average of the maximum 

effects of these accelerograms was used to 

define the load combination to apply in the model 

to best represent the "generic case" (Reis, 

2015). 

According to ASCE Standard 7-10, the structure 

must withstand 75% of the seismic effects, 

without the use of any external dissipation 

system. This requirement aims at preventing the 

excessive dependency of damping systems on 

the structural design accounting for the effects of 

seismic events. 

In accordance with clause 18.2.2.1 (ASCE/SEI, 

2010) for structures that contain damping 

systems, seismic base shear used for design of 

the seismic force-resisting system shall not be 

less than Vmin: 

 𝑉𝑚𝑖𝑛 = 0,75 𝑉 (3) 

Where 𝑉 is the seismic base shear in the 

direction of interest. 

Considering this condition, all vertical elements 

of the structure have been geometrically 

reduced in order to guarantee the resistance of 

only 75% of the seismic action. This reduction 

has been done in accordance with EC8 (CEN, 

2004), clause 5.4.3.2.2 which defines the limits 

for the reinforcement ratio: 

 1% ≤ ρ =
Areasteel

Areaconcrete
≤ 4% (4) 

A dynamic analysis has been undertaken to the 

reduced model. The dynamic characteristics of 

the first three modes are presented in Table 1. 

The configuration of the first three modes of 

vibration of the structure are illustrated in Figure 

8. 

 

Table 1 - Frequency and mass participation factors for 
the first three modes of vibration 

Mode 
Frequency 

(Hz) 

Mass Participation Factors 

U1 (%) U2 (%) R3 (%) 

1 0,201 0,00% 55,23% 0,00% 
2 0,332 12,56% 0,00% 54,79% 
3 0,337 46,64% 0,00% 14,69% 

 

 

Figure 8 - Configuration of the first three modes of 
vibration 

Note that the deformations U1 and U2 represent 

the translation along the X and Y axis 

respectively, and the deformation R3 represents 

the rotation along the Z axis. 

6  APPLICATION OF THE METHODOLOGY 

TO DETERMINE THE EQUIVALENT 

DAMPING COEFFICIENT 

Firstlly, in accordance with Gonçalves (2017), 

the desired reduction is defined. As previously 

stated, the structure must withstand a minimum 

of 75% of the seismic action without the 

contribute of the dampers or other external 

dissipation systems. Thus, it makes sense that 

the objective of this work is to reduce the 

response of the structure by 25% in order to 

resist the remaining seismic action; being 1-η = 

0.25. The second step is to determine the 

equivalent damping ratio on SDOF, given by: 

 𝜉𝑒𝑞 = (
10

𝜂2
− 5) − 𝜉𝑖 = 10,78 (5) 

The dynamic characteristics of the model are 

determined, namely the period and frequency for 

all modes of vibration of the structure. The 

results for the first three modes associated with 

each of the main deformations are presented in 

Table 2. 

Table 2 - Dynamic characteristic values for the first 
three modes of vibration 

Mode 1st 2nd 3rd 

Frequency, f (Hz) 0,201 0,332 0,337 

Frequency, p (rad/s) 1.264 2.086 2.117 

Main deformation U2 R3 U1 

 

1st

M

2nd 

M

3rd 

M
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The horizontal displacements of each storey (φi), 

associated to the deformed configuration of the 

first vibration modes for each respective 

deformation considered are normalised. This 

normalization is made assuming that the 

displacement at the top is unitary (φtop = 1). 

The dampers were modeled throughout the 

height, in the central span, as shown in Figure 9 

    
Frame 

A-B 
Frame 

C-D 
Frame 

E-F 
Frame 

G-H 
Figure 9 - Initial layout of dampers throughout the 
height of the structure 

In accordance with the methodology described, 

it will be defined an equivalent SDOF oscillator 

per each deformation direction considered (X 

and Y), based on the modal response of the case 

study. The equivalent mass of the SDOF is 

obtained using the normalised displacements, 

where the dampers in the AB and the EF frame 

work in the X direction and dampers in the CD 

and the GH frame work in the Y direction.  

 𝑚𝑒𝑞 = ∑ 𝑚𝑖  𝜙𝑖 (6) 

It is now possible to obtain all the remaining 

caracteristics of the SDOF (Table 3). 

Table 3 - Dynamic characteristic values of the 
equivalent SDOF oscillator per main deformation 

Deformation U1 U2 

𝒎𝒆𝒒 (𝒕𝒐𝒏) 22903,95 21556,96 

𝚪 =
∑ 𝒎𝒊 𝝓𝒊

∑ 𝒎𝒊 𝝓𝒊
𝟐
 1,625 1,609 

∆𝒆𝒒 (𝒎) 0,615 0,621 

 

Having defined the equivalent SDOF oscillator, it 

is possible to calculate its equivalent damping 

coefficient (Ceq). 

Table 4 - Equivalent damping coefficient per main 
deformation 

Deformation U1 U2 

𝑪𝒆𝒒 65655,71 36915,89 

 

In order to estimate the damping coefficient to be 

applied throughout the height of the structure, it 

is necessary to calculate the sum of the square 

of damper’s relative displacement on each 

storey (Table 5). 

Table 5 - Sum of the square of the damper's relative 
displacement on each storey per main deformation 

Deformation U1 U2 

∑ 𝜟𝒓𝒆𝒍
𝟐  (𝒎𝟐)  0,0282 0,0278 

 

Finally, the damping coefficient estimate to be 

applied to each damper throughout the height of 

the structure, per main deformation is 

determined (Table 6). 

Table 6 - Damping coefficient per main deformation 

Deformation U1 U2 

𝑪𝒅𝒊𝒔𝒔  881779,3 513358,1 

 

The estimated damping coefficient is applied to 

each one of the dampers evenly throughout the 

height.  

 

Figure 10 - Maximum displacement per storey and 
corresponding reduction for deformation U1 
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Figure 11 - Maximum displacement per storey and 
corresponding reduction for deformation U2 

Figure 10 and Figure 11 illustrate the maximum 

displacement observed for the deformation U1 

and U2 respectively throughout the height for the 

situations without dampers (before) and using 

the initial estimate (initial). The reduction of the 

maximum response at the top of the building 

corresponds to 45% for the X direction and for 

the Y direction. 

The results obtained exceed the desired 

reduction. According to Gonçalves (2017), the 

effect of the wall-type behaviour is negative for 

the participation of the dampers as the frames 

have a rigid body rotation movement. This rigid 

body movement does not develop any axial 

deformation in the dampers. It would be 

expected that this effect was somehow visible, 

since the case study is a combination of frames 

and walls. 

The obtained result is largely due to the torsion 

component of each mode. This component 

causes the participation of the dampers in the 

orthogonal directions in the energy dissipation of 

the structure. This way, all the frames are active 

for any direction of action. This phenomenon 

justifies direction U1 having a greater reduction 

than direction U2 since U1 has a greater 

participation of torsional effects. 

7  ADJUSTMENT PROCEDURE 

As described in the introduction, this 

methodology only intends to estimate an initial 

value for the damping coefficient. In order to 

achieve the intended reduction and proceed, it s 

required an ajustment procedure. This 

procedure will be based on iterations and is 

divided into four different phases.  

The first phase will adjust the equivalent 

damping coefficient to the intended reduction of 

25% using a value of 𝛼 = 1 (Table 7).  

Table 7 - Initial and final results of iteration phase 1 

Deformation U1 U2 

𝑪𝒆𝒒 (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 65655,71 36915,89 

%deformation (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 27,32% 29,91% 

𝑪𝒆𝒒 (𝒇𝒊𝒏𝒂𝒍) 8410,00 5646,75 

%deformation (𝒇𝒊𝒏𝒂𝒍) 75,01% 75,00% 

 

A second phase will adjust the device’s damping 

coefficient to the intended reduction using 𝛼 = 1. 

This phase’s starting point is based on the 

results of the first adjustment phase (Table 8). 

Table 8 - Initial and final results of iteration phase 2 

Deformation U1 U2 

𝑪𝒅𝒊𝒔𝒔 (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 112949,26 77383,52 

%deformation (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 67,41% 84,07% 

𝑪𝒅𝒊𝒔𝒔 (𝒇𝒊𝒏𝒂𝒍) 51800,87 157801,59 

%deformation (𝒇𝒊𝒏𝒂𝒍) 75,01% 75,00% 

 

A third phase will adjust the equivalent damping 

coefficient to the intended one using a value of 

𝛼 = 0.2. Once again this phase’s starting point is 

based on the results of the previous adjustment 

phase (Table 9). 

Table 9 - Initial and final results of iteration phase 3 

Deformation U1 U2 

𝑪𝒆𝒒 (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 3857,00 11514,93 

%deformation (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 86,74% 59,01% 

𝑪𝒆𝒒 (𝒇𝒊𝒏𝒂𝒍) 950,00 1911,00 

%deformation (𝒇𝒊𝒏𝒂𝒍) 86,74% 59,03% 

 

In the final phase of the adjustment procedure 

obtained the device’s damping coefficient 

corresponding to the intended reduction of 25% 

using a value of 𝛼 = 0.2 (Table 10).  

Table 10 - Initial and final results of iteration phase 4 

Deformation U1 U2 

𝑪𝒅𝒊𝒔𝒔 (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 12758,83 26188,498 

%deformation (𝒊𝒏𝒊𝒕𝒊𝒂𝒍) 44,34% 29,22% 

𝑪𝒅𝒊𝒔𝒔 (𝒇𝒊𝒏𝒂𝒍) 1588,214 2918,348 

%deformation (𝒇𝒊𝒏𝒂𝒍) 75,10% 75,17% 

 

8  APPLICATION OF THE METHODOLOGY 

TO DEFINE THE OPTIMAL PLACEMENT OF 

DAMPERS 

In this sub-chapter we present the results 

obtained from the application of the methodology 

described by Brás (2015), which intends to 

evaluate the optimal distribution of viscous 

dampers throughout the height of a structure. As 

a starting point we have the results from the 
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previous procedure adjusted for a smaller 

number of dampers (17 dampers). Table 11 and 

Table 12 show the parameters and modes that 

were used. 

Table 11 - Initial parameters to be applied during the 
optimization methodology 

Deformation U1 U2 

𝑪𝒆𝒒  118 213 

𝑪𝒅𝒊𝒔𝒔 (𝟏𝟕 𝒅𝒂𝒎𝒑𝒆𝒓𝒔) 3456,70 6351,70 

𝜶 0,2 0,2 

 

Table 12 - Modes and frequencies (rad / s) of vibration 
considered for the calculation of transfer functions 

U1 U2 

Mode Frequency Mode Frequency 

3 2,117 1 1,264 

6 6,689 4 4,893 

9 13,096 8 10,725 

14 14,128 20 14,132 

19 14,132 - - 

 

The relative velocity transfer functions of each 

storey are defined and shown in Figure 12 and 

in Figure 13 for the case study of directions U1 

and U2 respectively.  

 

Figure 12 - Relative velocity transfer functions of each 
storey for direction U1 (log scale) 

 

Figure 13 - Relative velocity transfer functions of each 
storey for direction U2 (log scale) 

Figure 14 and Figure 16 show the power spectra 

of the building-by-storey response defined in 

Brás (2015), with details for the initial peak 

values obtained for directions U1 and U2 

respectively, shown in Figure 15 and Figure 17. 

 

Figure 14 - Response power spectra for direction U1 

 

Figure 15 - Response power spectra for direction U1 
(first peak) 

 

Figure 16 - Response power spectra for direction U2 
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Figure 17 - Response power spectra for direction U2 
(first peak) 

It is possible to observe that the maximum 

values of the transfer functions and of the power 

spectrum happen for the respective values of 

vibration frequencies of the structure. 

Figure 18 shows the dissipated energy graphs 

for each floor resulting from the application of the 

methodology in the X and Y directions. 

 

Figure 18 – Dissipated energy on each storey in the X 
and Y directions 

According to Brás (2015), it is expected the 

maximum value of the energy dissipated per 

storey, for the frame-type buildings to occur 

close to the base, and decreasing throughout the 

height. For wall-type buildings, the maximum 

value occurs near the top. 

In this case study, it is verified the frame effect is 

predominant in the X direction, and the 

maximum energy value occurs in the first half of 

the structure. This observation is due to not only 

the higher number of frames aligned in the X 

direction but also the reduced area of walls 

aligned in the same direction. As mentioned 

above the participation of torsion also has a 

relevant effect. The walls participate less in the 

torsional effect, being near the centre, when 

compared with the frames that are at a greater 

distance. It is possible to conclude that the 

frames in the Y direction participate in the 

deformation U1 through the torsional effect. The 

walls in the Y direction, however, participate less 

in the U1 displacement, since they are close to 

the centre of rotation. 

Considering Figure 18, the dampers were 

allocated to stories 21 to 37 for the frames 

aligned with the Y direction and to the stories 5 

to 18 and 35 to 38 for the frames aligned with the 

X direction, as shown in Figure 19 and Figure 20. 

 

 

Figure 19 - Optimal layout for dampers in Y direction 

 

Figure 20 - Optimal layout for dampers in X direction 

The results of this distribution are shown in Table 

13. 

Table 13 – Final reduction values resultant of the 
application of the methodology 

Deformation U1 U2 

Reduction (top) 74,33% 82,64% 
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Figure 21 - Comparison between maximum 
displacements throughout height for the "no-

dampers" and the "optimal" situations for U1 (top) 
and U2 (bottom) 

9  CONCLUSIONS 

Through the modeling of the case study and the 

respective dynamic analysis it is observed that 

the real case considers geometric irregularities 

that translate into different displacements and 

deformations when compared to the theoretical 

case. These irregularities play a crucial role in 

the evaluation of the results since, by means of 

torsional deformation, they introduce 

unpredictable contributions. 

The calculation methodology proposed by 

Gonçalves (2017) concludes that the type and 

behavior of the structure defines the field of 

application of the dampers. According to 

Gonçalves (2017) the methodology is more 

effective for structures with a predominantly 

frame-type behavior, than for structures with a 

predominance of wall-like behavior. This is 

justified by the fact that elements with wall-like 

behavior show a rigid body rotation movement 

which does not develop any axial deformation in 

the dampers. 

Applying this methodology to the case study, a 

reduction greater than intended was observed 

(45% for deformation U1 and U2). Since it is a 

mixed frame and walls structure it would be 

expected that the maximum displacement 

reduction would be lower than desired (25%).  

The result obtained is mainly due to the torsional 

component of each mode. This component 

increases the significance of the participation of 

the damping devices aligned in the orthogonal 

directions when compared to that of the imposed 

action, contrary to what was assumed in its 

design phase.  

It is possible to conclude then that the efficacy of 

the method is associated with the existence of 

torsion effects in the first modes of translation. 

The lower the participation of torsion effects, the 

more precise the result of the application of the 

method. 

It is also possible to conclude that the dampers 

have a relevant contribution to the control of 

torsional effects in the structure. 

According to Brás (2015), the optimal distribution 

on damping devices depends not only of the 

relative displacement value of its extremities, but 

also on the modal participation factor of the 

mode for which this relative displacement value 

applies. 
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Brás (2015) concludes that the profile of the 

optimal distribution of dampers depends of a set 

of three factors: (i) the frequencies with the 

highest energy content in terms of local 

seismicity; (ii) the vibration modes of the 

structure with the highest modal participation 

factor; (iii) and higher vibration modes, located in 

zones of inflection of the deformed of the 

respective mode. 

In the present work, the choice of modes to be 

considered took into account the mass 

participation of the respective modes, using the 

first four modes with predominant movement in 

the considered direction. 

According to Brás (2015) applying the proposed 

methodology to structures with a predominantly 

frame-like behavior produces profiles of optimal 

distribution with dampers in the lower floors of 

the structure, whereas when applied to 

structures with predominantly wall-like behavior, 

optimum distribution profiles place the dampers 

in the highest positions of the building. It is also 

concluded on this study (Brás, 2015) that 

viscous type dampers have a more effective 

applicability in frame-like structures than in wall-

like structures. 

It is the conclusion of this work that applying this 

methodology to the case study, it is possible to 

verify that the type of behavior identified 

depends on the direction considered. In the case 

study, a profile is obtained similar to that 

expected for structures of the frame type, when 

considering the action acting in direction X. This 

observation can be explained by the fact that 

there are more frames aligned in the X direction, 

and a reduced value of wall area aligned in the 

same direction. It is possible to observe that the 

curve of the measure of energy dissipated for the 

imposed action according to X has an irregular 

progress due to contributions of other factors, 

such as the effect of the torsional rotation. The 

walls, being near the center, participate less in 

the torsional effect than the frames that are at a 

greater distance. 

When considering the imposed action in 

direction Y the dissipated energy measurement 

curve is very similar to the predicted curve for 

structures with a wall-like behavior. It has a fairly 

regular profile, which is justified by the fact that 

there are fewer frames in this direction, and a 

strong presence of walls aligned in the Y 

direction. For the Y direction, the participation of 

the torsional effect is greatly reduced. 

In spite of the previous considerations, it is 

observed that the proposed methodology was 

more effective for the Y direction. Therefore it is 

concluded that, for both proposed 

methodologies, the less biased the deformation 

of the modes, the greater the effectiveness of the 

methods. 
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