
 

 ISSN PRINT 2345-0533, ISSN ONLINE 2538-8479, KAUNAS, LITHUANIA 119 

Wind-induced vibration control for buildings equipped 
with non-linear fluid viscous dampers 

Marco A. Santos-Santiago1, Sonia E. Ruiz2, Federico Valenzuela-Beltrán3 
1, 2Instituto de Ingeniería, Universidad Nacional Autónoma de México, Ciudad de México, México  
3Facultad de Ingeniería, Universidad Autónoma de Sinaloa, Culiacán, Sinaloa, México 
1Corresponding author 
E-mail: 1MSantosS@iingen.unam.mx, 2SRuizG@iingen.unam.mx, 3FValenzuelaB@iingen.unam.mx 
Received 15 October 2018; accepted 31 October 2018 
DOI https://doi.org/10.21595/vp.2018.20315 

Copyright © 2018 Marco A. Santos-Santiago, et al. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Abstract. A study regarding the effectiveness of non-linear fluid viscous dampers in controlling 
the wind-induced vibration on buildings is presented. For this purpose, a 28-story building with a 
large area exposed to wind is designed in two different ways: a) conventionally (without 
supplemental damping), and b) using non-linear fluid viscous dissipating devices. The building is 
subjected to 10 groups of simulated wind velocities, where each group is composed of 28 wind 
signals, which are correlated on the building’s height. Results show that the damping system 
reduces the floor acceleration by 6.5 and 10.3 times with respect to that of the conventional 
building, for wind speeds associated with return periods of 10-years and 50-years, respectively. 
For the case of the building with energy dissipating devices, the floor accelerations result lower 
than the perception thresholds specified in the literature. 
Keywords: viscous dampers, wind signals, wind-sensitive buildings, buildings vibration control. 

1. Introduction 

The structural design of medium and high-rise buildings in Mexico City is dominated normally 
by the effect of lateral forces caused by earthquakes; however, for tall buildings with a very large 
exposed area or with particular geometric shapes, the wind action could become significant from 
the point of view of the design of non-structural components and the comfort of its occupants.  

Recent studies [1, 2] show that excessive vibrations induced by intense winds could cause 
discomfort and even interrupt the occupant’s activities. On the other hand, it is known that the 
floor acceleration is related to the perception control of these motions. The same investigations 
address the study of maximum thresholds of floor acceleration to avoid the perceptions of the 
wind induced motions. These are established as a function of the vibration frequency and of the 
type of occupancy of the structural system. 

There are different alternatives to improve the performance of structures subjected to wind 
actions. For example, the use of tuned mass dampers, which modify the structural response [3-6]; 
and of energy dissipating devices (EDD), which increase the damping of the structural system 
[7, 8]. This study deals with the use of non-linear fluid viscous dampers as a vibrations control 
system. The structural design is carried out considering the seismic actions, and then, wind-
induced vibrations effects are evaluated. Nowadays, there are guidelines for the seismic design of 
structural systems equipped with energy dissipating devices [9-11]. A detailed review of some of 
the most important design codes can be found in [12]. 

2. Methodology 

The methodology followed here is described briefly in the subsequent steps: 
1) Structural design. The building is designed in a conventional way (CB), and alternatively, 

with energy dissipating devices (EDB); the design is carried out considering both seismic and 
wind actions.  

2) Dynamic loads. A set of wind velocity signals is simulated according to a power spectral 
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density function that represents the distribution of the wind energy on the height of the building, 
and to a mean wind speed profile, which considers the topographic local conditions and the ground 
surface roughness. 

3) Time history dynamic analysis. Both versions of the building (with and, alternatively, 
without EDD) are analyzed, using the set of signals obtained in step 2. The acceleration response 
is estimated, and then it is compared with the tolerable limits specified in reference [2]. The 
perception thresholds are associated with the following values of acceleration: 

a) Not perceptible, for floor accelerations smaller than 5 mili-g, 
b) Perceptible, for floor accelerations from 5 mili-g to 10 mili-g, 
c) Strongly perceptible, for floor accelerations from 10 to 25 mili-g. 

3. Illustration of the methodology 

The two versions of the building under study are composed of composite steel and concrete 
moment-resisting frames. The first version of the building was designed in a conventional way in 
accordance with the specifications of the Mexican Complementary Technical Norms for Seismic 
Design (NTCDS-2017). Figs. 1 and 2 show the plan of the building, the elevation on axis 1, and 
the elevation on axis A, respectively. The second version of the building has the same geometric 
characteristics as the first version, but it is equipped with 56 non-linear fluid viscous dampers in 
the axis A and E. For the design of the second version of the building, Guidelines of the 
NTCDS-2017 and some from Chapter 18 of ASCE/SEI 7/16 [11] were followed. 

 
Fig. 1. Plan of the building 

 
a) 

 
b) 

Fig. 2. Elevation on Axis 1 and Axis A 
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3.1. Structural design 

Seismic actions. 
For the structural design, a pseudo-acceleration design spectrum corresponding to the 

intermediate soil of Mexico City (with a dominant period 𝑇௦ ൌ 1 s) was considered. The following 
parameters were taken into account (from NTCDS-2017): 

For the conventional building: 
• A seismic behavior factor 𝑄 ൌ 2 as well as an over-strength factor 𝑅 ൌ 2 (it can be shown 

that the combination of both factors is similar to the response modification coefficient, 𝑅 , 
specified in ASCE/SEI 7-16). 

• Permissible inter-story drift of 0.015 for the collapse prevention limit state, and of 0.004 for 
the serviceability limit state. 

For the building equipped with energy dissipating devices: 
• A preliminary design was performed using a damping reduction factor 𝛽 ൌ 0.52 [10, 13], 

which is equivalent to reduce the seismic design spectrum by 22 % of critical damping. 
• The final structural design was verified using non-linear time history analyses. 
Wind Actions. 
The basic parameters used for wind design, according to NTCDS-2017 and Manual of Civil 

Structures-Wind Design (MCS-2008) [14], are the following: 
• Basic design wind speed, 𝑉ோ ൌ 31 m/s (associated with a return period = 50 years). 
• Basic design wind speed corresponding to the serviceability limit state 𝑉ோௌ ൌ  20 m/s 

(associated with a return period = 10 years). Topographic effect type = 3 (flatland). 
• Exposure category type R4 (ground surface roughness corresponding to buildings taller than 

20 m). 
• The dynamic amplification factor is calculated according to the Complementary Technical 

Norms for Wind Design of the Mexico City Building Code (NTCDV-2017). 

3.2. Wind velocity signals 

Wind velocity signals were simulated with the software SVTpro [15] which uses an 
Autoregressive Moving Average Model (ARMA) [16]. The software correlates the wind velocity 
signal along the building height. Ten sets of wind speed signals were developed for the analysis; 
each set is composed by 28 wind speeds time histories with 600 seconds duration. The mean wind 
velocity profile of the site and the Kaimal power spectral density function (PSD) according to 
MCS-2008 [14] are used to simulate the wind velocity signals. Fig. 3(a) shows the Kaimal PSD, 
while in Fig. 3(b) is depicted the wind velocity profile, as well as two generated velocity signals, 
at 10 m and 114 m from the ground. It is noted that these two velocity signals correspond to one 
of the simulations. 

 
a) Normalized Kaimal  
power spectral density 

 
b) Wind speed profile CDMX  

and two signals correlated with the height  
Fig. 3. Wind velocity signals considering correlation on the height of the building 



WIND-INDUCED VIBRATION CONTROL FOR BUILDINGS EQUIPPED WITH NON-LINEAR FLUID VISCOUS DAMPERS.  
MARCO A. SANTOS-SANTIAGO, SONIA E. RUIZ, FEDERICO VALENZUELA-BELTRÁN 

122 VIBROENGINEERING PROCEDIA. DECEMBER 2018, VOLUME 21  

3.3. Time history analysis 

The motion equation for a structural system equipped with a non-linear fluid viscous damping 
system subjected to lateral forces due to wind is as follows:  𝑀𝑥ሷ ൅ 𝐶𝑥ሶ ൅ 𝐾𝑥 ൅ 𝐶஽|𝑥ሶ |ఈ೔𝑠𝑔𝑛ሺ𝑥ሶ ሻ ൌ െ0.5𝐶௉௜𝐴௜𝑉௜,௝ሺ𝑡ሻଶ, (1) 

where: 𝑀, 𝐶 , 𝐾 are the mass, inherent damping and stiffness matrices, respectively. 𝐶஽  is the 
damping constant vector in which 𝐶஽௜ is the damping constant of the devices at the 𝑖th story; 𝛼௜ is 
the damping exponent of the devices at the 𝑖th story. 𝐶௉௜, 𝐴௜ are the pressure coefficient and the 
area exposed to wind, respectively. 𝑉௜,௝ is the wind velocity matrix associated with the 𝑖th story 
and the 𝑗th intensity duration (s). 

The numerical integration of Eq. (1) is carried out using the Etabs [17] software. The following 
assumptions were considered in the modeling: a) the damping system is explicitly modeled via 
“link” type elements with a damping constant 𝐶 ൌ 980.6 kN (s/mm)α and 𝛼 ൌ 0.5; b) the inherent 
damping of the structural system is modeled through a Rayleigh damping matrix, with 1 % in all 
its modes [14]; and c) the wind velocity signals were transformed to force histories and were 
applied at the center of mass of each story diaphragm. 

4. Results  

The results presented in Figs. 4 to 7 correspond to the direction 𝑌 which has greater exposure 
to the wind effects. Figs. 4 and 5 show the acceleration response of the 28th story of both versions 
of the building for two wind velocities associated with return periods of 10 and 50 years, 
respectively. The associated not perceptible and perceptible acceleration thresholds are shown 
with dotted lines.  

 
Fig. 4. Floor acceleration in the 28th story, third 

simulation. Return period 𝑇௥ ൌ 10 years 
Fig. 5. Floor acceleration in the 28th story, third 

simulation. Return period 𝑇௥ ൌ 50 years 

It can be observed in Fig. 4 that for low return periods, the wind generates dragging forces that 
cause a high response in terms of acceleration, for the CB building. The acceleration values exceed 
the not perceptible threshold (dotted line) and there are several cycles where the motion is 
perceptible, which can generate discomfort in the occupants. On the other hand, the EDB building 
effectively controls the floor acceleration through the damping system and remains below 5 mili-g 
(the not perceptible acceleration threshold); besides, it can be seen that the response peaks are 
damped to a greater extent. This is due to the fact that the velocity response of the structural system 
is also high and generates greater amplitude in the cycles of the damping system. In a similar way, 
Fig. 5 shows the acceleration response of the CB and EDB buildings for winds associated with a 
return period of 50 years. It is important to highlight that the CB building exceeds the threshold 
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of 10 mili-g; which indicates that the motion is strongly perceptible and could interrupt the 
activities inside the building, such as: reading or writing, and consequently, cause discomfort in 
the occupants [2]. The EDB building remains at acceleration values below 5 mili-g. 

Figs. 6 and 7 show the maximum accelerations profile for the 10 simulations (thin continuous 
line) and the average of the response in terms of the floor acceleration of each story (thick 
continuous line). The not perceptible and perceptible acceleration thresholds are depicted with 
dotted lines. For wind speeds with small return periods (10 years), the average floor acceleration 
of the CB building exceeds the not perceptible threshold in the 8 upper stories, while for the EDB 
building the average floor acceleration remains below 1.5 mili-g. Therefore, the damping system 
could be placed only in the upper stories and evaluate its effects, however, this may have an 
unfavorable effect on the control of the seismic response. For low frequent wind velocities 
(𝑇௥ ൌ 50 years) the average floor acceleration for the CB building exceeds 10 mili-g from the 
fourth to the upper stories, while for the EDB building they remain under 5 mili-g for all stories.  

 
a) CB building 

 
b) EDB building 

Fig. 6. Floor acceleration profile for wind speed corresponding to 𝑇௥ ൌ 10 years 

 
a) CB building 

 
b) EDB building 

Fig. 7. Floor acceleration profile for wind speed corresponding to 𝑇௥ ൌ 50 years 

5. Conclusions 

It is concluded that the damping system has a favorable effect on the control of the floor 
acceleration and it is useful to effectively reduce the perception that could experience the 
occupants of the building under intense wind velocities. The maximum floor acceleration response 
of the EDB building was 6.5 and 10.3 times lower than that of the CB building, for wind velocities 
associated with return periods of 10 years and 50 years, respectively.  
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