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Abstract 

In the present paper, the impacts of viscous dampers on controlling the vibrations imposed on seismic vibrations are evaluated using 
descriptive method. To this end, library method and other researches related to viscous dampers and their impacts on controlling the 
external excitation such as earthquake have been used. ETABS software was used for modeling the structures. Also, nonlinear dynamic 
analysis was used for seismic analysis of the structures.  Based on the findings, using viscous dampers are effective to improve seismic 
parameters of structure and to decrease displacement, speed, base shear, and velocity. On the other hand, viscous fluid dampers can 
strengthen structure and its performance during severe earthquakes and can be applied in newly constructed structures. The impact of 
passive viscous damper on reducing seismic response of the structures is found significant at the confidence level of 90%.Reduction of 
energy of structure hysteresis because of the nonlinear behavior of members using dampers is proved to be significant at the confidence 
level of 80%.The results reveal that the lateral resistance of an EBF with short joint can be 4.5 to 9 times more than the lateral resistance 
of a MRF, that behavior coefficient of fifteen-story EBF considered 6.5-7.75, concluded that the length of the bray does not have an 
impact on the behavior coefficient of these frames. 
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Introduction: 

Among natural disasters, earthquake has been discussed more because of its unpredictable nature and how it 

damages human-made structures. It seems that the method that should be used in order to confront 

earthquake, is not predicting but retrofitting. The new perspective discussed in recent decades is to find a way 

to reduce, control or omit the energy imposed to the structure by the earthquake. Omitting the energy imposed 

to the structure, we can hinder damages to the main members of the structure. Among them, fluid viscous 

damper is one of the most practical tools used for controlling the structure responses (D.De Domenico. 2019).  

The main task of a structure is to endure the effective loads imposed on it and to transfer them to the foundation. 

The lateral forces imposed to the structure have a dynamic nature causing vibration in the structure. During the 

last 50 years, earthquakes have been divided into near-field and far-field classes based on the distance of their 

recorded place from the fault. However, this definition was later modified, and other factors besides distance 

were also regarded in this classification. Considering the destructive effects of some recent earthquakes such as 

Northridge (1994), Kobe (1995) and Taiwan (1999), the constructions of cities located near the active faults and 

investigation in this field should be regarded as important. Fluid viscous damper is the most commonly used tool 

for controlling structures’ responses. Fluid viscous dampers with different construction technologies are applied 

in order decrease the responses of structures to the seismic vibrations.  

During the recent years, controlling structure has turned into a scientific technology to protect structures against 

wind and earthquake loads. This way of coping with the lateral loads is classified into three main classes of 

passive control, semi-active control and active control based on the need of input energy. Using passive control 

tools is highly considered due to the lack of need for input energy, easy installation, simple performance, and 

low cost of repair and maintenance. In this case, fluid viscous damper can be mentioned which is one of the most 

common tools for controlling the behavior of structures applied in passive and semi-active forms in order to 

decrease the response of building structures, bridges, and etc. against seismic excitations(Constantinou, et al. 

1992). 
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Structures go through replacement because of the forces imposed by the earthquake. The most common 

method for controlling the -usually lateral- replacementof the locations in steel structures is using braces. A new 

type of frame bridging piece that recently has been used increasingly is called eccentrically braced frames 

(EBF).Because of non-elastic behaviors of link beams, EBFs have more plasticity compared to convergent 

brace.Also, just like convergent braces, this system has a good elastic rigidity. EBF combines and uses thetwo 

features of “proper lateral rigidity” and “high energy absorbance”( Constantinou, 1992).  

In this system, eccentric bracing causes the development of bending moments and shear forces at the beam 

area near the anchor. Therefore, the stresses of this part of the beam enter the inelastic area and cause the 

dissipation of the energy caused by the earthquake. This part of the beam is called joint. A joint acts like plastic-

fuse and absorbs a great amount of the energy caused by the earthquake. Because of depreciation of energy, 

implementing fluidviscous dampers in EBFs improves the seismic behavior of EBFs that are exposed to 

earthquakes of the near areas. Viscous damper with damping ratio of 10 to 30 percent has a desirable impact on 

the seismic behavior of EBFs. EBFs have been closely studied since 1970s. Popov et al  stated that EBFs have the 

criteria of seismic design ( stiffness and plasticity), compared to other lateral load-bearing systems like CBF or 

MRF. These frames show great stiffness in minor and average earthquakes, and have proper plasticity in severe 

earthquakes (Mahmoodi, 1969). 

The results of the research done by Lin et al.(2009) revealed that the behavior coefficient of EBFs is highly 

influenced by the length of the joint. Studies on relative and total replacement of the models also revealed that 

the length of the beam has an impact on its value(Lin et al. 2009). 

Mansoori (2009) figured out that EBF systems in steel structures have proper functioning in terms of energy 

absorbance and providing the proper stiffness. The function of these systems depends on the behavior of the 

joint. Geometric and mechanical features of the joint and its length are influential in seismic behaviors of these 

systems (Mansoori et al. 2009). 

Asfaret al. (2005) studied the retrofitting of steel structures using viscous dampers, and investigated on the 

impacts of earthquakes happening in the near areas. They found out the structures’ response is completely 

different in records near the fault and far from it(Asfar et al. 2009). 

Jiuhong et al.(2008) studied the impact of different lengths of joints on seismic performance of steel structures. 

Their studies revealed that the length of the joint has a great effect in the performance of the structures (Jiuhong 

et al. 2008). 

Xu et al.(2007) investigated the structures’ behavior under the pulse-like ground motions. They displayed that 

adding to the pulse-like ground movement period to natural period of the structure ratio, and also adding to the 

ground acceleration to yield strength ratio cause increase in nonlinear response and imposed damages (Xu et al. 

2007). 

Lee et al. (2004) designed structures based on the popular regulations and studied their behavior at the time of 

earthquakes in near areas. They displayed that the requirements imposed on flexible structures with long period 

or isolated structures are remarkably beyond their capacity (Lee et al. 2004). 

Lopez Garcia (2001) showed the frequency of big and heavy structures of nuclear power plant are between 4 to 

10 Hz. Also, studying the vulnerability of implemented components in each ceiling level under the response 

spectrum of the acceleration of each level revealed that earthquakes with high frequency can have impacts on 

the safety of equipment implemented in a structure. It displayed that earthquakes near the fault do not badly 

damage the equipment with natural high frequency (Lopez Garcia, 2001). 

El-Borgi et al.(2005) investigated on different methods of structure modeling regarding the records for two steel 

buildings (9 stories and 20 stories) with moment frame near the fault and far from it. The results revealed that 

the model assumed with a line in the middle of the members is softer and weaker than the other models. It was 
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suggested that for evaluating buildings with the connections, consider gravity frame in modeling before 

Northridge and damages structures (El-Borgi et al. 2005). 

Occhiuzzi (2009)studied the impact of earthquakes near faults on the pillars designed based on Caltrans v 1.3 

regulations. In these researches, it was figured out that under the records having directivity impacts persistent 

deformations remained in both pillars (Occhiuzzi et al. 2009).  

Performance of fluid viscous damper  

Ideal output force of a viscous damper is determined using the following equation.  

 

FD = C|u̇|∝ sgn(u̇)          (1) 

where FD is the damping force, C is damping index, u̇ is the relative velocity between two ends of the damper 

and  ∝ is a number between zero and one. ∝= 1 Damper is a linear viscous damper that have a damping force 

in accordance with its relative velocity. Dampers with ∝< 1are called nonlinear viscous dampers and are 

effective in minimizing the high velocity shocks. Figure 1 displays the force-velocity relations for three types of 

viscous dampers. In low velocities, ∝< 1    dampers have bigger damping forces compared to the other two 

types.  

 
Figure 1- Force-velocity relations of viscous dampers  

Figure 3  displays Hysteresis cycle of pure linear viscous behavior. In this condition, the cycle looks like a complete 

oval. When the frequency content of the earthquake is low, which is usually sufficient for covering seismic 

frequencies of first mood of structures, fluid viscous dampers do not display excessive rigidness.  Therefore, the 

application of above-mentioned dampers in structures is in the main natural period and does not affect the 

shape of the structure’s mood. In other words, natural frequency of the structure and the damper are the same 

which simplifies the designing process advantages for structures with additional dampers. if the returning force 

is produced in the damper the cycle’s form changes from 2-a to 2-b. in other words, its behavior changes from 

viscous to viscoelastic.  

While using these dampers in a structure, depreciatory viscous forces have different phase compared to other 

structural forces. So that when stages experience most displacements, viscous force is zero. Therefore, using 

viscous dampers in retrofitting buildings hinders stress damages of weak columns.  
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Figure 2- Hysteresis cycle of dampers with the behavior of linear and nonlinear viscous 

The proportion of effective damping of structures which have linear viscous dampers 

 

Consider a one-degree-of-freedom system equipped with a linear viscous damper that is influenced by the 

following sinusoidal displacement.  

u = u0 sin ωt         (2) 

Where u is the replacement of the system and the damper; u0  is the replacement range and ω is the frequency 

of excitation. The calculated response force equals:  

P = P0 sin (ωt + δ)        (3) 

Where P is the response force of the system and the damper; P0 is the force range; and δ is the angle of the 

phase. The energy depreciated by the dampers equal:  

WD = ∮FD du             (4) 

  Where FD is damping force that equals Cu̇; C is the damping coefficient; u̇ is the velocity of the system and the 

damper. Therefore:  

  

WD = ∮FD du = ∫ Cu̇2
2π/ω

0

  dt = Cu0
2ω2  ∫ cos2ωt d(ωt) = πC

2π/ω

0

u0
2ω          (5) 

With replacing ξd = C Ccr⁄  , we will have the following relation.  

 

 

WD =  πCu0
2ω = πξdCcru0

2ω = 2π ξd√Km  u0
2ω = 2πξdKu0

2
ω

ω0
= 2πξdWS

ω

ω0
     (6) 

 Ccr ،K  ،m  ،ω0 و   WS  respectively display critical damping coefficient, rigidness, mass, natural frequency and the 

strain energy of the system. Therefore, damping of the damper can be determined through the following 

relation.  

ξd =
WD

2πWS

ω

ω0
          (7) 

WDand WS  are shown in Figure 4. Under earthquake excitations, ω  equaledω0 , and the above relation is 

changed as follows.  

ξd =
WD

2πWS
            (8) 
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Figure 3-a 𝐖𝐃 absorbed energy in a harmonic movement cycle and maximum strain energy of a one-degree-

of-freedom system or a damper 

 

Considering the multiple-degree-of-freedom system shown in Figure 3, the effective damping of the entire 

system is determined using the following relation.  

ξeff = ξ0 + ξd          (9) 

 

 

 

 

 
Figure 4- Multiple-degrees-of-freedom of a structure equipped with viscous dampers 

 

Where ξ0 is the natural damping of the multiple-degrees-of-freedom system regardless of the dampers; and ξd 

is the viscous damping of the additional dampers. Expanding the theory of one-degree-of-freedom system, the 

following relation is used by FEMA273 for introduction.  
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ξd =
∑Wj

2πWk
            (10) 

Where ∑Wj is the overall energy depreciated by the jth damper of a system in a cycle; Wk is the elastic strain 

energy of the frame; Wk equals ∑FiΔi in which Fi is the story’s shear and Δi is the relative displacement of ith 

story. The following relation can determine the energy depreciated by the viscous damper.  

∑Wj = ∑πCjuj
2ω0 =

2π2

T
∑Cjuj

2              (11) 

Where uj is the relative axial displacement of the two ends of jth dampers.  

According to previous experiences, if the damping of a structure is increased, the impact of higher moods on the 

response of the structure is reduced. In conclusion, in simplified process of scientific applications solely the first 

mood of vibration of one-degree-of-freedom system is considered. Using modal strain energy method, absorbed 

energy and structure’s produced elastic strain energy can be written as the following relation. 

∑Wj =
2π2

T
∑Cjϕrj

2 cos 2 θj        (12) 

WK = ϕ1
T[K]ϕ1 = ϕ1

Tω2[m]ϕ1 = ∑ωimiϕi
2 =

4π2

T2
∑mi ϕi

2          (13) 

Where   [K] ،[m] and ϕ1are respectively rigidness matrix, concentrated mass matrix and vector of system’s first 

mood. ϕrj is the relative vertical displacement of jth damper correspondent to the vector of first mood. ϕi is the 

displacement of the first mood of ith story. θj is the angle of placement of jth damper. Replacing relation 10, 12 

and 13 in relation 9, the effective damping of the structure and the linear viscous damper are calculated using 

the following relation.  

ξeff = ξ0 +

2π2

T
∑Cjϕrj

2 cos 2 θj

2π
4π2

T2 ∑mi ϕi
2

= ξ0  +
T∑Cjϕrj

2 cos 2 θj

4π∑mi ϕi
2        (14) 

How C amounts are distributed in the entire structure is not explained in any of the designing codes. While 

designing, it is easier to distribute C equally among the stories. However, many empirical results revealed that 

the outputs of dampers in higher stories are less compared to dampers in the lower stories. A proper distributing 

method for C amounts is to consider the vertical forces of the dampers in accordance with shear of each story.  

Innovation of the present study  

The novelty in using Viscous Dampers regarded in this way that the use of High Capacity Fluid Viscous Dampers 

is one of the most significant advances of the past 50 years in the seismic protection field, mentioned that They 

are easy to implement and install, reducing the total cost of the structure. The extant paper attempts to analyze 

the impacts of viscous dampers on controlling the vibrations imposed on seismic vibrations. In the present study, 

the impacts of viscous dampers on controlling the vibrations imposed on seismic vibrations are determined using 

descriptive method (Vader, 2004). 

New buildings design regulations  

In the recent years, traditional methods of designing earthquake-resistant buildings have been reconsidered in 

many countries due to various reasons. The main idea of such reconsiderations is to focus on performance rather 

than resistance. During the last 70 years in which the methods of designing earthquake-resistant buildings were 

proposed by regulations, resistance and performance have been generally used in a similar sense. However, 

during the last 30 years, it was indicated that resistance cannot necessarily lead to increase of security of 

structures or decrease of damages has changed such attitude.( Whittaker et al. 2000).  

Moreover, these regulations lack the necessary mechanism for controlling buildings at different functional levels. 

Today, it has been widely accepted that seismic design is not a single stage with a constant and general criterion 



Nat. Volatiles & Essent. Oils, 2021; 8(5): 13114-13132 
 

13120 
 

for all security levels. Generally, preventing a structure collapse and human threats is considered as the minimum 

security level in all communities. But from a more general point of view, this security level is not enough for a 

region in which earthquake occurs. In traditional methods of seismic designs, all the mentioned considerations 

were focused on the amount of coefficients related to base shear design computation. For example, in Iranian 

regulation 2800, all the mentioned considerations are summarized in a ratio of 
I

R
  where I is the importance 

coefficient and R is its behavior coefficient. On the basis of innovation of study, it can state that to date large 

body of studies on dampers effect on seismic vibrations has been proposed, yet just few studies on impact of 

viscous dampers in controlling vibrations imposed of seismic vibrations have been carried out. Hence, it is 

essential to carry out necessary studies on effect of these dampers in controlling vibrations.  

The single earthquake level determined by design regulations cannot present actual image of seismic capacity 

and need various security levels through limited tools in order to modify and change them (I and r coefficients). 

The need of considering various objectives with different functional levels in designing buildings has led to many 

researches and advancements regarding the performance-based designing methods. Conceptually, 

performance-based designing provides the opportunity for selecting vast functional objectives for engineers and 

makes designers process the selected objectives and design the building based on an appropriate method to 

fulfill the selected objectives. 

 

Table 1- The comparison of new buildings design regulations and the current building reinforcing instructions 

(Tsai & Chen, 1994) 

Type of design  New buildings Current buildings  

Functional levels Life safety (except than cases that 

I>1) 

Multiple-level (e.g. the ability of 

immediate occupancy and life 

safety and collapse prevention) 

Earthquake levels  DBE 1 (MCE 2 for base isolation) DBE 1 and MCE 2  

Change of place and design 

forces 

Decreased (R coefficient) Not decreased  

Acceptance criteria Force limitations (resistance) Limitations of place changing 

(elastic) 

 

The impact of various viscous dampers on structures  

Fluid viscous damper 

Damper tuned liquid system is a passive control method regarding structures’ vibrations in which water 

fluctuations in a tank are used to control structure vibrations. In the beginning of the 20th century, fluid viscous 

dampers were used to control the vibrations caused by sea waves in ocean-going ships for the first time. Then, 

in the second half of the 20th century, they were used to control the vibrations caused by free fluctuations and 

movements with high period in satellite. From the middle of the 1980s, damper tuned liquid was used to control 

the vibrations of civil engineering structures. Damper tuned liquid is a passive control system applying 

hydrodynamic forces. 

In the damper, some tanks are installed at the up side of the structure. Also, the fluctuation and turbulence of 

the liquid inside the tanks dissipates the vibration energy imposed to the structure during earthquake or severs 

winds. The liquid turbulence changes the number of free liquid levels in the bottom walls of the tank and the 

pressure difference due to the difference in the number of free liquid levels in the bottom walls is appeared in 

the form of a shearing force at the bottom of the tank. In order to compare the performance of a structure with 
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a damper and without a damper, firstly, with respect to the natural frequency of structure vibrations and using 

the optimal design of damper, damper tuned liquid is designed for the so called structure. Then, the expected 

one degree of freedom model was used regardless of the liquid damper under the vibrations of various 

earthquakes and using Newmark’s numerical method of structure response. In the following, by putting some 

designed dampers on the investigated structure, one degree of freedom model was excited by the so called 

earthquakes at the presence of damper tuned liquid and like the previous one vibration response of the structure 

was obtained by using Newmark’s numerical method. Finally, the results of the two analyses were compared. 

 
Figure 5- Damper tuned liquid 

Fluid viscous damper  

Dissipating viscous fluid is a solution to increase energy loss of other lateral systems in a structure. In addition to 

moderating energy, a viscous fluid creates a dissipating pressure leading to power generation through pushing 

the fluid into the pores. These damping forces are created up to 90% out of the stage of place change production 

through deriving forces. It means damping forces cannot increase vibrating forces leading to the increase of 

structure deformation. Adding damping fluid to a structure can increase the dissipating property of a structure 

above 30% of its critical level which is even more in some case. It causes a major reduction in vibrating 

movements. Adding damping fluid to a structure also decreases the horizontal velocity of the story and increase 

lateral deformations up to 50% and sometimes even more than 50%. 

Figure    6  depicts the viscous damper fluid applied in structures. This fluid has a function similar to the function 

of impact holders in automobiles but is used at a higher force level. The dampers of structures are significantly 

larger than self-oriented dampers and are made of steel or other resistant materials ensuring a shell life of at 

least 4 years. Damper fluid is a kind of static, stable, non-flammable, and non-official silicon oil. 

 
Figure 6- The structure of Fluid viscous damper 

 

The efficacy of the design has been proved during difficult experiments and has been used for more than 40 

years in military and commercial sections. Dissipating ability is supplied through a liquid flowing over piston’s 
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head. The piston’s head is created due to the distance between internal wall of cylinder and external wall of 

piston’s head and makes a circular pore. 

Regarding the flow of fluid from the so called pore with a high speed, the performance of the fluid is similar to 

the performance of the damper impact. The properties of damper are determined by the shape of the piston’s 

head. In this type of dampers, the relation between force and speed can be formulized through the following 

equation: 

F=CVXPN 

Where: 

 F: external force (based on pound) 

V: relative speed of passing through damper  

C: a constant coefficient determined by the diameter of damper and the area of pore 

N: an exponential coefficient with the value between 0.3-1.95 

 The N value between 0.3-1 leads to the best structural efficacy. 

In 1969, viscoelastic damper was used in global trade Centre towers. Therefore, damper has been applied to 

decrease the vibrations due to the wind. Mahmoudi (1969) was of the first researchers investigated the effect 

of different factors in this type of damper. Afterwards, other researches such as Chen et al. studied the structure 

equipped with the damper under the impact of earthquake force. Additionally, other models predicting the 

viscoelastic behavior of damper have been studied including modal strain energy method, ATF/ADF model and 

GHM model. 

Elastic viscous damper  

As shown in Figure 7, viscoelastic dampers include steel and viscoelastic sheets. Viscoelastic dampers are 

composed of several steel sheets with elastic and viscous polymer viscoelastic sheets placed between them. 

Under the impact of displacement excitements, some part of energy is stored in the form of potential energy in 

viscoelastic substance and the other part is dissipated and disappeared. G1 storage module and G2 loss module 

explain the properties of the substance.   

 
Figure 7- A sample of viscoelastic dampers 

 

Viscoelastic dampers have been employed in very high structures in America to decrease the vibrations caused 

by wind. Decreasing the wind fluctuation is achieved through these dampers in the structures. These dampers 

are very effective in decreasing the risk of earthquakes in buildings. Many analytical models and numerical 
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methods have been used to simulate the behaviors of viscoelastic dampers. These materials are highly durable, 

chemically neutral and pollutant-resistant. They are used in dampers in the form of cutting layers with a smaller 

effective surface relative to the volume. Hence, each chemical process depends on distribution. For instance, 

moisture absorption will be very slow. Viscoelastic dampers are totally linear and can dissipate energy at low 

vibration levels. These dampers decrease the vibration due to the wind, traffic and weak earthquakes. Probably 

the only weak point of viscoelastic dampers is their different efficacy at different temperatures. Energy is 

dissipated with the increase of temperature. These dampers have been employed in San Francisco City Hall 

leading to a 30% decrease in lateral place change. 

Methodology  

The present study used a descriptive method to investigate the impacts of viscous dampers on controlling the 

vibrations imposed on seismic vibrations. To this end, all printed documents such as books, encyclopedias, 

dictionaries, magazines, newspapers, interviews, articles, internet databases, and etc. were used to gather the 

required data regarding the related foreign and domestic studies.  

ETABS software was used for modeling the structures. Also, nonlinear dynamic analysis was used for seismic 

analysis of the structures. 

Discussion and results  

Damper’s equation of motion  

To write the equation of viscous dampers’ motion, the damper model placed in parallel was considered (Figure 

8(a)). In the overall characteristics of the system, two degrees of freedom were considered for each damper. 

Here, supposing crossed stories, horizontal degree of freedom is transferred to the centre of the story mass and 

changed into a transferring degree of freedom and a spiral degree of freedom (Figure 8(b)). 

 
(a) (b) 

Figure 8- Damper model and the supposition of the crossed diaphragm of stories (Lee, Hong & Kim, 2002)  (a) 

transferring horizontal degree of freedom to the centre of the story mass, supposing the crossed diaphragm 

for the stories; (b) spring model-parallel damper for viscous damper 

 

For a damper j in x-z plate placed between stories of i-1 and at the distance of (𝑒𝑦𝑖)𝑖 from the center of the story 

mass i, lateral motion of the damper at ith story will be written based on transferring motion of the center of 

the story mass in the direction of x and/or (ux)i  and its spiral motion(uθ)ias follows: 

(1) (𝑢𝑗𝑥)𝑖 = (𝑒𝑦𝑗)𝑖
(𝑢𝜃)𝑖(𝑢𝑥)𝑖 

For a damper j in y-z plate placed between stories of i-1 and i at the distance of (ejx)i from the center of the 

story mass i will be written based on transferring motion in the direction of y and/or (uy)i  and its spiral motion 

(uθ)ias follows: 

(2) (𝑢𝑗𝑦)𝑖 = (𝑒𝑥𝑦)
𝑖
(𝑢𝜃)𝑖(𝑢𝑦)𝑖 
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Thus, with respect to the above definitions, hardness and damping matrix of viscous damper can be obtained as 

follows (Lee, Hong & Kim, 2002): 

[𝐾𝐷𝑗] =  𝐾𝑑𝑗

[
 
 
 
 

𝑐𝑜𝑠2𝛼 −𝑐𝑜𝑠2𝛼 (𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼 −(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

−𝑐𝑜𝑠2𝛼 𝑐𝑜𝑠2𝛼 −(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼 (𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼

−(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

−(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼

(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

(𝑒𝑦𝑖)𝑖−1
2 𝑐𝑜𝑠2𝛼 −(𝑒𝑦𝑖)(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼

−(𝑒𝑦𝑖)𝑖−1(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼 (𝑒𝑦𝑖)𝑖
2𝑐𝑜𝑠2𝛼 ]

 
 
 
 

 

 

[𝐶𝐷𝑗] =  𝑐𝑑𝑗

[
 
 
 
 

𝑐𝑜𝑠2𝛼 −𝑐𝑜𝑠2𝛼 (𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼 −(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

−𝑐𝑜𝑠2𝛼 𝑐𝑜𝑠2𝛼 −(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼 (𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼

−(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

−(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼

(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼

(𝑒𝑦𝑖)𝑖−1
2 𝑐𝑜𝑠2𝛼 −(𝑒𝑦𝑖)(𝑒𝑦𝑖)𝑖−1𝑐𝑜𝑠2𝛼

−(𝑒𝑦𝑖)𝑖−1(𝑒𝑦𝑖)𝑖𝑐𝑜𝑠2𝛼 (𝑒𝑦𝑖)𝑖
2𝑐𝑜𝑠2𝛼 ]

 
 
 
 

 

Having hardness and damping matrix of a damper, the following equation of motion is obtained (Lee, Hong & 

Kim, 2002): 

(3) [𝑀𝐷]{�̈�𝐷} + [𝐶𝐷]{�̇�} + [𝐾𝐷]{𝑢} = {𝐹𝐷} 

In this equation, mass matrix of damper can be ignored due to the small value of the damper mass. 

Adding the damper’s equation of motion to the equation of the structure’s motion   

Disregarding mass matrix of the damper which is very slight compared to mass matrix of the structure, its 

hardness and damping matrices are respectively added to hardness and damping matrices of the structure. To 

do so, the elements of damper’s hardness and damping matrices are added respectively to the corresponding 

elements of the structure’s hardness and damping matrices, (Figure 9).  

 
Figure 9- Adding damper’s hardness and damping matrices to structure’s hardness and damping 

matrices(Leeet al., 2002) 

 

Therefore, the structure’s hardness and damping matrices are obtained with the presence of passive viscous 

damper which are respectively called[K∗] and[C∗]. Having the above matrices, the structure’s equation of 

motion with the presence of the damper can be stated as follow: 

(4) [𝑀]{�̈�} + [𝐶∗]{�̇�} + [𝐾∗]{𝑢} = −[𝑀]{𝑟}�̈�𝑔(𝑡) 

Determining damping ration obtained from viscous damper’s attachment  

In multi-story building frames, under the proper conditions (elasticity, uniform distribution of damping in the 

height of the frame, clear effective damping and vibrating modes, and the dampers’ arrangement), the attached 

damping ration in mth mode can be determined using the following equation (Ramirez et al, 2003). 

(5) βvm = 
Tm

4π
.
∑ Cifi

2φri
2n

i=1

∑
Wi
g

n
i=1 φim

2
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Where  

Tm: The mth period of the building with attached viscous damper 

Wi: Weight of each story 

Ci: damping coefficient of each ith damper 

ϕm: mth vibrating mode 

fi: Damper’s arrangement coefficient (Which is fi = cos θ,considering the damper’s diagonal installation in the 

frame.) 

(φri = φim − φ(i−1)m) andβvm: the ratio of damping due to the attached damper in mth mode 

In equation (5), Ci  can be obtained by considering the ratio of various damping resulted from the attached 

damper but in accordance with the FEMA-356 regulations. In case of nonlinear dynamic analyses, the value of 

Tssis replaced with the value of Tm in equation (5) and its value equals toTss = Te√
ke

ks
. . Figure 10  shows the 

computation of the value of  Tss with respect to the FEMA-356 regulations.  

 
Figure 10- 𝐓𝐬𝐬 value computation (Ramirez et al, 2003) 

 

Table 2- Determining the value of B coefficient based on the structure’s damping ration 

 

Effective damping, βeff B3 B1 

<2% 0.8 0.8 

5% 1.0 1.0 

10% 1.3 1.2 

20% 1.8 1.5 

30% 2.3 1.7 

40% 2.7 1.9 

>50% 3.0 2.0 

 

To determine the value ofTss, structure’s pushover curve was drawn based on FEMA-356 seismic instructions. 

Considering how results are influenced by the pattern of selected loadings, uniform loading and spectral loading 

were used for drawing it. Then, the maximum amount of Tss resulted from the two types of loading distribution 

were determined based on the pushover curve and changing it into two lines based on FEMA-356 regulations. 
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Table 3- The impact of the length of joint on the stiffness of EBFs 

1 0.5 <0 0.5 >0 0 
𝑒

𝐿
 

The frame has the 

minimum level of 

stiffness. 

(Equal to MRF) 

The stiffness caused 

by the braces is low. 

Braces have a great 

impact on the 

stiffness of the 

frame. 

The frame has the 

maximum of 

stiffness. 

(CBF) 

Range of 

stiffness 

 

The main period of EBF is another factor influenced by the length of the joint. Considering this fact, we can hinder 

the accordance of the main period of the structure with the earthquake period of the area. The length of the 

joint has impacts on lateral stiffness of the structure and the resistance of EBFs. Reduction in the length of the 

joint causes increase in the resistance of EBF. The lateral resistance of an EBF with short joint can be 4/5 to 9 

times more than the lateral resistance of a MRF  . 

Table 4- Seismic parameters of five-story frame 

𝑅𝑤 𝑅𝑢 𝑅𝜇 𝜙 𝜇 𝑅𝑠 𝑅𝑠𝑜 
𝑉𝑠 

(KTON) 

𝑉𝑦 

(KTON) 

𝑇𝑒 

(sec) 
e/L 

4.35 3.11 2.60 0.73 2.03 1.19 1.04 0.362 0.376 1.07 0.15 

4.56 3.26 2.21 0.73 2.18 1.47 1.28 0.312 0.4 1.07 0.2 

5.25 3.75 2.54 0.81 2.25 1.48 1.28 0.265 0.340 0.74 0.25 

5.48 3.92 2.92 0.78 2.33 1.34 1.16 0.249 0.290 0.8 0.3 

 

Table 5- Seismic parameters of fifteen-story frame 

𝑅𝑤 𝑅𝑢 𝑅𝜇 𝜙 𝜇 𝑅𝑠 𝑅𝑠𝑜 
𝑉𝑠 

(ton) 

𝑉𝑦 

(ton) 

𝑇𝑒 

(sec) 
e/L 

6.66 4.56 3.35 0.91 2.14 1.36 1.18 0.573 0.679 1.88 0.15 

7.76 5.32 3.24 0.94 2.31 1.64 1.43 0.428 0.611 2.05 0.2 

6.45 4.41 2.55 0.89 3.38 1.73 1.50 0.610 0.917 1.79 0.25 

6.65 4.55 2.33 0.91 3.21 1.95 1.70 0.572 0.972 1.876 0.3 

According to the tables, behavior coefficient of fifteen-story EBF is about 6.5-7.75. This parameter is reduced 

with the decrease in the number of stories. For five-story frames, increase in the length of the joint causes a 

bigger behavior coefficient. However, in tall frames the biggest behavior coefficient occurs in average length of 
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the joint. About plasticity, it can be stated that in all the frames bigger ratio of e/L have more plasticity. However, 

the greatest level of plasticity occurs in fifteen-story frames. As shown in Figure 8, with increase in the length of 

the joint, the obtained behavior coefficients for all the stories are about the fixed value (approximately the 

behavior coefficient suggested by 2800 regulations . 

 
(b)                    (a) 

Figure 11- (a) Changing curve (b) Behavior coefficient. Plasticity for discussed frames 

 
(b)                                                                                     (a) 

Figure 12- Behavior coefficient corresponding to different lengths. (a): five story frames, (b): fifteen story 

frames 

 

Considering the above figures, the length of the bray does not have an impact on the behavior coefficient of 

these frames. Unlike the moment frames and some other systems, in these systems, the fixed e/L ratio of 

behavior coefficient does not change drastically.  
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(b)                                                        (a) 

Figure 13- Behavior coefficient corresponding to different lengths. (a): five story frames, (b): fifteen story 

frames 

 

According to the above figures, increase in e/L ratio causes increase in total dissipation of energy. However, the 

amount of increase is not the same for all the frames, and even in some cases it has the opposite effect. In 

general, extreme increase in the length of the joint causes decrease in dissipation of energy; and subsequently 

causes a sharp decline in lateral resistance of the structure; and then it brings about decrease in structure’s 

power for energy dissipation. It is obvious that more changes happen in frames with less number of stories. 

Generally, it can be concluded that the taller joints absorb more energy, though their length should not be taller 

than a specific amount. Otherwise the amount of absorbance will be reduced due to sharp decline in the 

stiffness.  

Using MATLAB software, a program has been written for calculating the lateral displacement and shears of 

structures with linear viscous dampers, with three frame 5-story, 8-story and 10-story modeling that are 

completely described in the following. The impact of dampers in reduction of lateral displacement and shear of 

the stories has been studied. 

Studied structures are located in areas that are highly prone to earthquakes; and the type of the soil is one 

according to 2800 standard. Residential frames are assumed to have average significance index.  

 
 

a- Frame of 5-story 3-span   

b-  
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B- Frame of 8-story 3-span 

 

 
 

C- Frame of 10-story 3-span 

Figure 14- Modelling details 

 

Calculating the mass matrix, rigidness of the frames, assuming the natural damping as 5% and viscous damping 

as 15% for the frames (a viscous damper is used in each story), and entering the data into the program, the 

following results have been obtained.  
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Figure   15 - a: Lateral displacement of 5-story frame 

 
Figure 15- b: Lateral displacement of 8-story frame  

 
Figure 15c: Lateral displacement of 10-story frame  

As observed in the diagram, lateral displacement of the stories in 5-story, 8-story and 10-story frames are 

respectively reduced 33%, 42% and 49% that shows viscous dampers have more impacts in higher structures.  

 

Conclusion  

The extant research studied the impact of viscous dampers in EBFs on the earthquakes in areas near the fault or 

far from it. There was a significant relation between passive viscous dampers and decrease in structures’ seismic 

response at the confidence level of 90%. Reduction of energy of structure hysteresis because of the nonlinear 
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behavior of members using dampers is proved to be significant at the confidence level of 80%. Therefore, these 

dampers can be used for retrofitting the present structures or making them Lightweight. The results reveal that 

benefiting from viscous dampers improves the seismic parameters of the structure and enables reduction of 

replacement, speed, floor acceleration and base shear. Considering the presented discussion, the following 

conclusions can be stated: Damping coefficient of viscous dampers depends highly on the frequency, and range 

of the imposed load. Also, it is necessary to calibrate the coefficient determined in damper test with respect to 

these factors as compared to the theoretical results. Considering the fact that viscoelastic dampers depend on 

the frequency of inlet excitations, using these dampers in the structure increases damping of high modes. From 

this perspective, using these dampers in high structures is superior to other energy absorption systems.  

Increasing damping can decrease the structure’s response to a specific extent in an appropriate way. Besides 

that, increasing damping cannot have any significant effect in the structures response. This specific extent 

depends on the characteristics of the structure, especially on its height in a way that the optimal values are 

decreased by increasing the height. Dampers containing fluid viscous damper of energy can strengthen buildings 

and their performance during severe earthquakes while they can be used in newly constructed or constructed 

structures. These dampers are good alternatives for base separation method due to their low cost, easy 

installation and implementation. Furthermore, The results reveal that the lateral resistance of an EBF with short 

joint can be 4.5 to 9 times more than the lateral resistance of a MRF, that behavior coefficient of fifteen-story 

EBF considered 6.5-7.75, concluded that the length of the bray does not have an impact on the behavior 

coefficient of these frames 
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