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Abstract— The paper investigates the effectiveness of different configurations of fluid viscous dampers (FVDs) in reducing 
the torsional response of structures subjected to earthquakes. For this purpose, a ten storey RC frame structure is analysed by 
considering bi-directional components of previous earthquake records to obtain its torsional behaviour. The structure is 
retrofitted with FVDs in diagonal, toggle brace and chevron configurations and its response is studied. The effect of angle of 
incidence of accelerograms on the structure is also considered in this study. From the study, it is observed that the angle of 
incidence of earthquakes influences the torsional response of structures considerably. Results indicate that FVDs in toggle 
brace configuration can suppress the torsional response of structures significantly. 
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I. INTRODUCTION 
 
Torsional effects may significantly modify the 
seismic response of buildings and have caused severe 
damage or collapse of structures in several past 
earthquakes. Rotational components of ground 
motion are known to cause accidental torsion. The 
revisions of older seismic codes have resulted in 
improved design methods of buildings, thus making 
them less vulnerable to earthquakes. But, buildings 
which are constructed without the consideration of 
recent seismic codal provisions are prone to the 
effects of earthquakes. Hence, in order to strengthen 
such buildings various seismic retrofitting techniques 
are adopted. Fluid viscous dampers (FVDs) are a type 
of passive energy dissipating devices that are now 
widely used in structures for retrofitting. The use of 
FVDs, results in the reduction of seismic demand of 
an existing building. FVDs can be added to a 
structure without significant modifications to it. Force 
in FVD varies with velocity only as a result 
maximum damping effect is achieved when the 
lateral movement of the structure is at its maximum 
velocity [1]. A typical FVD as shown in Fig 1 
consists of stainless steel piston rod that travels 
through chambers. During ground motions, the piston 
rod is stroked causing the fluid to flow across the 
piston head.The high pressure drop across the orifice 
produces a pressure differential across the piston 
head, which creates the damping force. This 
mechanism is used for achieving the necessary 
damping action. Force in a FVD as given by FEMA 
(Federal Emergency Management Agency) 273 [2] is 

Where, F = Force in dampers, C0 = Damping 
coefficient for the device, α = Velocity exponent for 
the device (for linear FVD, α = 1),  = Relative 

velocity between each end of the device and sgn is 
the signum function that defines the sign of the 
relative velocity term. 
Several researchers have investigated the influence of 
the incident angle of earthquakes. According to IS 
1893 (Part 1): 2002, the earthquake motions are 
generally considered along the principal axes of the 
building [3]. Studies have shown that the application 
of ground motions along the principal directions 
might not result in the maximum response. Hence, 
determination of critical angle of incidence becomes 
important in the seismic design of structures. Poursha 
and Khoshnoudian [4] determined the critical angle 
of seismic excitation and the maximum responses 
under single and dual components of earthquakes 
respectively using both linear and nonlinear analyses. 
The authors suggested the simultaneous use of two 
components in dynamic analysis of buildings.They 
concluded that the response of a structure under bi-
directional components is more than the response 
under unidirectional component in both linear and 
non-linear cases. 
 

 
Fig. 1: Fluid Viscous Damper 

(http://www.taylordevices.com/images/fvd_alt1.gif) 
 
In this study, an attempt has been made to determine 
the effectiveness of different damper configurations 
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of FVDs in reducing torsion. Also, the simultaneous 
effect of two horizontal components of ground 
motions with varying angle of incidence on the 
torsional response of buildings is studied.  
 
II. METHODOLOGY 
 
A ten storey RC frame building is considered in this 
study. The plan of the structure is shown in Fig 2. 
The structure is modelled using SAP 2000® 
evaluation version. The dimensions of the plan are 14 
m × 18 m with the height of each storey being 3.5 m. 
Concrete of grade M 40 is considered. Beams and 
columns are of cross sections 230 mm × 600 mm and 
800 mm × 800 mm respectively. Unit weight of RCC 
is taken as 25 kN/m3. Live load of 2 kN/m2 is 
applied to all floors except the roof. Roof live load is 
1 kN/m2. Dead load on all floors except roof is 1 
kN/m2. Dead load on the roof is 2 kN/m2.All slabs 
are 150mm thick. Slabs are considered as rigid 
diaphragms. Supports at the base are fixed. Frame 
elements are used to model beams and columns. Link 
elements are used to model the FVDs. In order to 
achieve pure damping, the effective stiffness of FVDs 
is set to zero. Linear time history analysis is first 
carried out considering the bare structure and 
torsional responses are obtained. The structure is then 
retrofitted with different configurations of FVDs and 
analysed. The torsional responses are computed in 
terms of the rotation of diaphragms. Fig 3 shows the 
elevations of the retrofitted structure with different 
damper configurations. Dampers are provided in the 
external frame on each floor in both directions. 

 
Fig. 2: Plan of the structure 

 

 
Fig. 3: Elevation of the structure retrofitted with FVDs 

Linear time history analysis is performed by 
considering two horizontal components of three 
different earthquake records. Components of 
Northridge, Kobe and Imperial Valley earthquakes 
are chosen for this study. The ground motions are 
scaled accordingly to make it compatible with type 2 
soil conditions mentioned in IS 1893 Part I -2002. Fig 
4, 5, & 6 show the accelerograms of the earthquake 
after scaling. Table 1 shows the details of the 
earthquake records. The three accelerograms pairs are 
applied along the building main axes (assumed here 
to be X and Y axes) and then the angle of incidence is 
varied from 00 to 1800 in steps of 100. 
 

Table 1: Details of the earthquake records 

 
 

 
Fig. 4: Accelerograms of Northridge earthquake 

 

 
Fig. 5: Accelerograms of Kobe earthquake 

 

 
Fig. 6: Accelerograms of Imperial Valley earthquake 
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Damping coefficients along both directions for 
varying damping ratios (15%, 20% and 25%) is 
calculated based on the methodology given by 
Filiatrault and Christopoulos [5]. A lateral stiffness 
distribution for the structure is obtained. Stiffness 
values of all storeys is normalised with respect to the 
top storey. The structure is assumed to have an 
inherent damping (ξI) of 5% of critical damping. 
FVDs are assumed to provide remaining damping 
(ξV) usually around 30% of critical damping. Thus, 
the overall damping is given by equation 2. 
 
Damped time period (Td ) is given by equation 3. 

 
 
Where T = Time period of the bare structure in 
seconds 
Linear springs are then introduced in each floor at 
specified FVD locations with trial stiffness k0tr and 
distributed according to the lateral stiffness 
distribution. The time period Ttr is obtained by Eigen 
value analysis. If the trial time period Ttr matches 
with damped time period Td , then k0= k0tr;that 
particular spring stiffness distribution is used to 
calculate damping co-efficient (CL) for different 
FVDs.  

 
If the trial time period Ttr does not match with the 
damped time period Td, then different spring stiffness 
is assumed and the entire procedure is repeated until 
Ttr matches period Td. 
 
III. RESULTS AND DISCUSSIONS 
 
Linear time history analysis is carried out for the bare 
and retrofitted structure. For the analysis, two 
components of three different earthquakes viz. 
Northridge, Kobe and Imperial Valley are considered. 
The response obtained for the structure with FVD is 
then compared with the response of un-damped 
structure. Fig 7, 8 & 9 shows the variation of rotation 
of diaphragm with the change in angle of incidence 
for the structure retrofitted with diagonal, toggle 
brace and chevron damper systems with a damping 
ratio of 20% for Northridge, Kobe and Imperial 
Valley earthquakes respectively. Peak values are 
observed at 400, 1700 and 900 for Northridge, Kobe 
and Imperial Valley earthquakes respectively for the 
bare structure. It is also seen in the figure that the 
maximum response does not necessarily occur at 

00.Hence determination of the critical angle of 
incidence becomes crucial in seismic analysis. 
 

 
Fig. 7: Angle of incidence v/s rotation of diaphragm for the 

retrofitted structure for Northridge earthquake 
 

 
Fig. 8: Angle of incidence v/s rotation of diaphragm 

for the retrofitted structure for Kobe earthquake 
 
Similar plots are obtained for 15% and 25% damping 
ratios. From the graphs, it is evident that the 
introduction of FVDs reduces the torsional response 
of the structure significantly. Also, it is clearly seen 
that toggle brace configuration gives better results in 
terms of reducing torsion when compared to diagonal 
and chevron type of damper systems. A maximum of 
99.96% reduction in torsion is achieved upon the 
introduction of toggle brace FVDs to the structure for 
Northridge earthquake. 
 

 
Fig. 9: Angle of incidence v/s rotation of diaphragm for the 

retrofitted structure for Imperial Valley earthquake 
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CONCLUSIONS 
 
From the above discussions, it is seen that FVDs can 
be effectively used in reducing the torsional response 
of structures. Toggle brace configuration is found to 
be quite effective in suppressing torsion when 
compared to diagonal and chevron damper systems. 
The variation of the angle of incidence of 
bidirectional seismic excitations is shown to influence 
the torsional response of the structure. Fig. 8: Angle 
of incidence v/s rotation of diaphragm for the 
retrofitted structure for Kobe earthquake Similar plots 
are obtained for 15% and 25% damping ratios. From 
the graphs, it is evident that the introduction of FVDs 
reduces the torsional response of the structure 
significantly. Also, it is clearly seen that toggle brace 
configuration gives better results in terms of reducing 
torsion when compared to diagonal and chevron type 
of damper systems. A maximum of 99.96% reduction 
in torsion is achieved upon the introduction of toggle 
brace FVDs to the structure for Northridge 
earthquake. 
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