
IJSRD - International Journal for Scientific Research & Development| Vol. 7, Issue 11, 2020 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 413 

Performance Analysis of RCC Structure Installed with Damping System 

using Response Spectrum Analysis 

V. G. Pechfule1 Dr. A. R. Deshmukh2 K. M. Patil3 

1PG Student 2,3Assistant Professor 
1,2,3Department of Civil Engineering 

1,2,3Rajarshi Shahu College of Engineering, Pune, India 

Abstract— There are many such devices developed in 

Structural Engineering which serves the purpose of Structural 

Safety such devices are dampers, base isolators, bracings, 

springs etc. Another such device recently developed is NSD 

(Negative Stiffness Device). The NSD is a device that 

produces a force which is in the same direction as the imposed 

displacement thus the name “negative stiffness.” This new 

study was done to know the efficiency of using NSD for 

controlling vibration of RCC structure in comparison with 

other existing damping systems. Response spectrum analysis 

and designing is done using Etabs software. Comparison is 

done for models of fixed base, base isolation, fluid viscous 

damper and negative stiffness damper. Four models each with 

different dampers are prepared for analysis and design of G + 

14 storey building for that M25 concrete grade and Fe 415 

steel grades are taken. Dampers are designed and applied to 

the structures. The Comparison of storey acceleration, storey 

forces, storey displacement and time period are done. 

Keywords: Seismic effect, negative stiffness damper (NSD), 
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I. INTRODUCTION 

For choosing a specified type of vibration control device a 

number of factors and structural conditions are responsible 

which makes the selection choosy or shifts our priority to 

some other control device (including operating cost and 

capital cost). Some other factors which can change our 

selections are compactness, efficiency of the device, 

maintenance cost and techniques required and safety, etc. 

True negative stiffness means that a force is introduced to 

assist motion, not to oppose it. The device uses a passive 

mechanical system to generate the negative stiffness and it 

does not need any external power supply. The concept of 

negative stiffness was first introduced in the pioneering 

publication of Molyneaux 1957 in several proposals for 

vibration isolation systems. The reason that this technology 

has been restricted to small mass applications is due to the 

requirement for large forces to develop the necessary 

negative stiffness. The application of negative-stiffness 

concept to massive structures, like buildings and bridges, 

requires modification of the existing mechanisms to reduce 

the demand for preload force and to “package” the negative 

stiffness device in a system that does not impose any 

additional loads on the structure, other than those needed for 

achieving the goal of seismic protection. 

II. LITERATURE 

A. A. Sarlis et al. [1] this research presents the experimental 

study on a three-story fixed-base structure (3SFS), acting as 

a single-degree-of-freedom (SDOF) system (because of 

bracing in the top two stories), that demonstrates the concept 

of apparent weakening in elastic structural systems. 

D. T. R. Pasalaet al. [2] this paper reports the 

development and operation of the NSD and presents 

analytical and computational tools that describe the behavior 

of the device. 

Shameena Khannavar et al. [3] Stated that base 

isolation is techniquehas been used to protect the structures 

from the damaging effects of earthquake. Due to the presence 

of isolators the inter storey drift, storey accelerations and 

storey shear is greatly reduced and storey displacement is 

increased in both X and Y directions compared to fixed base 

structures. 

Ying Zhou, Peng Chen et al. [4] This research 

investigates the effect of viscous dampers on a base-isolated 

16-storey reinforced concrete (RC) framed structure with 

friction pendulum bearings (FPBs) through shaking table 

tests and numerical simulations. 

III. MODELLING - MODEL CONFIGURATIONS 

Following model configuration is used to differentiate 

buildings with different conditions. Those are Non-Isolated 

Structure, Base Isolated Structure and Structure with 

Dampers. 

Model A-N = Non Isolated Structure (NIS). 

Model B-B = Base Isolated Structure (BIS). 

Model C- 

D 
= Structure with Dampers. 

Model D- 

NSD 
= 

Structure with Negative Stiffness 

Dampers (NSD). 
 

Plan Dimension = 12mx12m  

Bay Size = 4mx4m 

No. of Floors = G+14 

Height of Storey = 3m 

Beam Dimension = 230mmx450mm 

Column Dimension   

*Ground to Story 7 = 600mmx600mm 

*Story 7 to Story 11` = 550mmx550mm 

*Story 11 to Story 15 = 500mmx500mm 

Building – B-B: Input values for analysis on Etabs installed 

with Base Isolation building 

1) Rotational Inertia = 0.05197 kN/m 

2) 
For U1 Effective 

Stiffness 
= 2093031 kN/m 

3) 
For U2 & U3 Effective 

Stiffness 
= 2093.03 kN-m 

4) 
For U2 & U3 Effective 

Damping 
= 0.05 % 

5) 
For U2 & U3 Distance 

from End J 
= 0.00318 M 

6) For U2 & U3 Stiffness = 19286.4 kN/m 

7) 
For U2 & U3 Yield 

Strength 
= 61.7998 Kn 



Performance Analysis of RCC Structure Installed with Damping System using Response Spectrum Analysis 

 (IJSRD/Vol. 7/Issue 11/2020/109) 

 

 All rights reserved by www.ijsrd.com 414 

 
Fig. 1: View of the Base isolated building 

Building – C-D: Input values for analysis on Etabs installed 

with Fluid Viscous Damper 

Following is the table which gives the properties of 

Fluid Viscous Dampers (FVD) to be used depending upon the 

type of structure, height of the structure and other such 

structural parameters. 

 

 

 

 

 

 

 

 

 

Force 

(kN) 

Taylor 

Devices 

Model 

Number 

Spherical 

Bearing 

Bore 

Diameter 

(mm) 

Mid - 

Stroke 

Length 

(mm) 

Stroke 

(mm) 

Clevis 

Thickness 

(mm) 

Maximum 

Clevis 

Width 

(mm) 

Clevis 

Depth 

(mm) 

Bearing 

Thickness 

(mm) 

Maximum 

Cylinder 

Diameter 

(mm) 

Weight 

(kg) 

250 17120 38.10 787 ±75 43 100 83 33 114 44 

500 17130 50.80 997 ±100 55 127 102 44 150 98 

750 17140 57.15 1016 ±100 59 155 129 50 184 168 

1000 17150 69.85 1048 ±100 71 185 150 61 210 254 

1500 17160 76.20 1105 ±100 77 205 162 67 241 306 

2000 17170 88.90 1346 ±125 91 230 191 78 286 500 

3000 17180 101.60 1441 ±125 117 290 203 89 350 800 

4000 17190 127.00 1645 ±125 142 325 273 111 425 1088 

6500 17200 152.40 1752 ±125 154 350 305 121 515 1930 

8000 17210 177.80 1867 ±125 178 415 317 135 565 2625 

Table 1: Different Fluid Viscous Dampers 

In the present case, Fluid Viscous Damper (FVD) of 

Force 250 kN with weight of 44 kg has been selected as it is 

a low-rise structure. 

 
Fig. 2 View of the damping structure 

Building – D-NSD: Input values for analysis on Etabs 

installed with Negative Stiffness Damper 

Quantity Symbol Value Units 

Distance from Spring Pin to 

Fixed Pin. 
l1 25.4 Cm 

Distance from Lever Pin to 

Fixed Pin. 
l2 12.7 Cm 

Spring Length. lp 76.2 Cm 

Spring Rate. ks 1.4 
kN/c

m 

Preload. Pin 16.5 
kN/c

m 

Double hinged Column 

Height. 
H 124.5 Cm 

Lever Length. llv 67.3 Cm 

NSD Engagement 

Displacement. 
u'y 1.65 Cm 

Spring S1 Stiffness (GSA). ks1 4.9 
kN/c

m 

Spring S2 Stiffness (GSA). ks2 0.3 
kN/c

m 

Spring S2 Preload (GSA). pis2 8.1 kN 

Table 2: Prototype Negative Stiffness Device Properties 

Following is the link element formed from the force 

– displacement relation modelled in ETABS 2013. 
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Fig. 3: Multi Linear Elastic Link Element 

 
Fig. 4: View of the NSD Structure. 

A. Concrete Properties 

Grade of Concrete = M25 

Density of Concrete = 25kN/m3 

Poisons Ratio = 0.2 

Modulus of elasticity = 5.5x106 

Coefficient of thermal expansion = 25000Mpa 

B. Steel Properties 

Grade of Steel = Fe415 

Modulus of elasticity = 200Gpa 

C. Loads 

Dead Load on Beam = 12.75kN/m 

Live Load on floor = 3.0kN/m2 

Love Load on roof = 1.5kN/m2 

Parapet Wall Load = 5 kN/m 

D. Earthquake Loads 

Seismic Zone = V 

Zone Factor = 0.36 

Soil Type = II 

Importance Factor = 1 

Structural System = SMRF 

Response Reduction Factor = 5 

IV. RESULTS AND DISCUSSION 

 
Fig. 5: Graph showing variation of acceleration (mm/s2) at 

different storey levels 

 The storey acceleration for a base isolated structure is 

lesser compared to non-isolated structure. 

 It was observed that the acceleration at the top storey 

reduces by 43% when compared to non-isolated structure 

and by 38 % when compared to structure damping. 

 It was observed that the acceleration at the top storey for 

NSD structure reduces by 17% when compared to base 

isolated structure and by 65 % when compared to non-

isolated structure. 

 
Fig 6: Graph showing storey shear forces (kN) 

 The Storey Force at the top level is reduced by 15% in 

case of NSD Structure when compared to base isolated 

structure and also reduced by 39% when compared to 

non-isolated structure. 

 It was observed that the storey forces due to static as well 

as dynamic are lesser in NSD structure compared to other 

structures. 

 
Fig. 7: Graph showing displacement (mm) at different storey 

levels 
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 When fluid viscous damper was introduced it was 

observed that the displacement of the structure increased 

when compared to non-isolated structure but it was found 

to be lesser than that of base isolated structure. 

 When negative stiffness damper was introduced in the 

structure due to increase in the natural period 

displacement of the structure also increased. 

 However, it was observed the displacement of the NSD 

structure was less when compared to base isolated 

structure.  

 
Fig. 8: Graph showing Period (sec) Vs Modes 

 It was observed that the natural period shifted from 

acceleration zone towards displacement zone in case of 

base isolated structure. 

 It was observed that on the introduction of negative 

stiffness damper the natural period increased by 1.3 times 

the non-isolated structure but lesser when compared to 

base isolated structure. 

V. COMPARISON OF RESULTS 

1) Due to the base isolation effect there is large change in 

the natural period of the structure such that it shifts the 

period from acceleration zone to displacement zone 

hence making the structure flexible. 

2) It is observed that fixed base building has higher values 

for story displacement at top of building whereas the 

base isolated building has lower value of story 

displacements at top of the building.  

3) Structure with fluid viscous damper is better than base 

isolated structure in terms of displacement and period of 

the structure. Damper structure was not efficient to 

reduce the response of the structure in terms of 

acceleration and shear forces which suggest that the 

selected FVD with force of 250kN is not sufficient. 

4) Since fluid viscous damper was only installed at the 

ground level, there was lesser reduction in earthquake 

response of structure which suggests that we should go 

for higher floor levels. 

5) On introduction of NSD in the structure initially it 

increases the stiffness but later on it reduces the stiffness 

and hence the displacement of the structure increases. By 

introducing NSD in the structure the displacement may 

go beyond the limiting value which can be overcome by 

increasing the damping. 

6) It can be concluded that based on the response reduction 

of structure in terms of acceleration and storey forces 

negative stiffness damper structure might be suitable 

technique as response control system. 

VI. CONCLUSION 

Present study gives results of performance analysis of RCC 

structure with base isolators, viscouse damper and NSD. 

It can be concluded that based on the response 

reduction of structure in terms of acceleration and storey 

forces negative stiffness damper structure might be suitable 

technique as response control system. 
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