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Abstract -Base isolation has become an accepted and 
effective approach to proactively addressing the issues 
associated with earthquake loads. In particular, base isolation 
reduces floor accelerations and inter-storey drifts. This 
increases not only the safety of the structural and non-
structural components within the structure, but also allows 
the building to remain functional after a major seismic event. 
The performance of base isolation systems is determined 
predominantly by the linear and bilinear characteristics of the 
isolators. This paper compares the seismic performance of a 
base-isolated structure to a fixed-base building. A G+12 storey 
building model was developed and analysed using ETABS 19 
software, and employed Lead Rubber Bearings (LRB) to create 
a base-isolated structure. The analysis includes a comparison 
of various response parameters such as displacement, inter-
storey drift, storey shear, and storey acceleration. The LRB's 
isolator properties were modelled as linear, and a response 
spectrum analysis was conducted in accordance with IS 1893 
(Part 6): 2022. The conclusion provides a summary of the 
findings from the study and provides suggestions for future 
research related to the enhanced seismic performance of base 
isolation systems and the continued refinement to seismic 
isolation design technology. 
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1. INTRODUCTION 
 
In recent years, the rise of tall and slender high-rise 
buildings has made them increasingly vulnerable to lateral 
forces such as wind and earthquakes, requiring modern 
structural designs to focus on both strength and stability 
under these loads. Seismic design now emphasises 
understanding inelastic structural behaviour to ensure life 
safety and controlled energy dissipation during earthquakes. 
Among various seismic protection methods, base isolation 
has proven highly effective in minimising earthquake 
damage. Originating in the early 20th century and widely 
adopted since the 1980s in countries like Japan, the USA, and 
New Zealand, base isolation has also been implemented in 
India, first after the 1993 Killari earthquake and notably in 
the Bhuj Civil Hospital following the 2001 Bhuj earthquake. 

1.1 General Description of Base Isolation 

Systems 

In the last four decades, a significant amount of research 
work, both analytical and experimental, has been done to 
assess the effectiveness of base isolation systems to reduce 
dynamic seismic response. The deployment of base isolation 
makes the building more flexible, hence a large natural time 
period. This, in turn, reduces the spectral acceleration and 
hence lateral seismic force. However, to enhance flexibility, 
the lateral deflection is increased, which has to be kept within 
a permissible limit. Thus, there are certain requirements that 
base isolation devices should fulfil. 

1.2 Basic Principle of Base Isolation: 
 
In the case of seismic loading, the most popular way of 
quantifying the demand is by using the response spectrum. 
Response spectrum is a plot of spectral parameters 
(acceleration, velocity or displacement) versus the time 
period for some given level of damping. As such, the spectral 
parameters are seen to be some function (which we call the 
response spectrum) of the time period of the structure and 
the damping. The spectral parameters are used further to 
calculate the demand on the various components of the 
structure. Thus, it is concluded that the seismic demand on a 
structure is a function of its time period and damping. 
 

2. METHODOLOGY  
 
This research systematically evaluates the seismic 
performance of base-isolated structures using Lead Rubber 
Bearings (LRBs) and conventional fixed-base structures. 
Following a site investigation and literature review on base 
isolation and seismic design codes, identical structural 
models are developed for both systems to ensure a fair 
comparison. Using ETABS 19, the models are designed and 
analyzed through response spectrum analysis in accordance 
with relevant seismic codes. Key parameters such as 
fundamental time period, base shear, storey displacement, 
storey drift, and diaphragm acceleration are compared to 
assess differences in seismic response, deformation control, 
and overall structural performance. 

In conclusion, percentage changes in key parameters are 
calculated to compare the performance of LRB base-isolated 
and fixed-base systems. The results highlight improvements 
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in seismic resilience, structural safety, and occupant comfort, 
demonstrating the suitability of this approach for critical 
infrastructure such as hospitals and data centres. The 
methodology offers a rigorous and practical framework for 
seismic performance assessment. 

 

3. MODEL BUILDING  
 
This study analyses structural models defined by their 
geometry, material properties, element cross-sections, and 
loading conditions, following the provisions of IS 1893 (Part 
1): 2016, IS 875 (Part 3): 2015, and IS 16700: 2017. 
Parameters were selected to reflect recent advances in 
materials, modelling, and analysis techniques. The structural 
modelling and analysis were conducted using ETABS 2019, a 
finite element-based software well-suited for multi-storey 
buildings, offering integrated modelling, analysis, and design 
capabilities, along with clear graphical and tabulated output 
for interpretation and reporting. 

Fig. -1: Plan view of Building 
 

Fig-2: G+12 3D view of Building 

 
 

Table -1: Input Data Parameter 

Parameter Value 

Number of Stories 12 

Storey Height 3 m 

Plan Dimensions 36mts. X 60 mts. 

Grade of concrete M30 for beams and slabs 

M40 for columns and shear walls 

Longitudinal 

Reinforcement 
Fe550 

Confinement 

Reinforcement 
Fe415 

Seismic zone Zone V 

Importance Factor 1 

Response Reduction 

Factor 
Fix Base = 5 

Isolated Structure = 2 

Damping Ratio 5% 

Soil Type Type II (Medium) 

Structural System Dual System: Ductile RC structural walls 

with RC SMRFs 

Location of Isolation 

Layer 
At the base of structure 

Wind Coefficient 

Wind Speed Vb (m/s) 50 

Risk Coefficient (k1 

factor) 
1 

Terrain category (k2) 2 

Topography (k3 
factor) 

1 

Importance factor 
(k4) 

1 

Table -2: Types of loads 

Type of 

Load 

Location Intensity 

(kN/m²) 

Dead Load 

(FF) 
Typical Floor 1.5 

Roof 1.5 

Live Load Typical Floor 3 

Roof 3 

Seismic 
Load 

As per IS 

1893:2016 

- 
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Table -3: Members and sizes 

Structural 
Element 

Parameter Size 

 
Shear Wall 

Thickness 350 mm 

Length As per Plan 

Beam Width 300 mm 

Depth 600 mm 

Slab Thickness 150 mm 

Column Width 450 mm 

Depth 600 mm 

4. DESIGN OF A LINEAR ISOLATION SYSTEM 

A. Establish Dynamic Parameters 

 Determine seismic zone and zone factor: 

 Seismic Zone: V 

 Zone Factor(Z): 0.36 

 Seismic Weight on Isolation System(W): 36555 kN 
from ETABS 

 Identify soil type: 

 Type II – Medium Soil 

 Select the response reduction factor: 

 For Fixed Base Building: R = 5 

 For Isolated Building: R = 2 

 Choose the type of isolator: 

Lead Rubber Bearings: 

Lead Rubber Bearings (LRB) are rubber bearings made 

up of alternate layers of steel laminates and hot vulcanised 

rubber with a cylindrical central lead core. 

B. Set Target Period and Target Displacement: 

 For most base-isolated systems, set the building's 
period to 2-3 seconds. 

 Defining the Maximum Effective Natural Period (Teff, 

max) and Minimum Effective Natural Period (Teff, min) 
at 2.5 and 3. seconds, respectively. 

 
C. Obtain Effective Stiffness, Effective Damping, and 

Estimate Base Shear: 

 Calculate the effective stiffness of the isolator, as per 
CL. 6.1.4 of IS-1893: Part 6. 

 

 

Keff_max =                                           Keff_min= 

 (36555/9.81) *(2π/3)2                        (36555/9.81)*(2π/2.5)2  

Keff_max = 23.537 kN/mm          Keff_min = 16.345 kN/mm 

 

 Determine the effective damping required. 

 Assume Damping Ratio for the system, ζ = 10% 
(Generally considered between 10-20) 

 Hence the effective damping can be estimated as 
below, 

            C=2*0.1*√(36555*23.537/9.81) =     59.23 Kn-s/m 

 Estimate the base shear based on the effective stiffness 
and damping. 

 Design Earthquake Lateral Force for Design of 

the Components of Isolation System and of the 

Structural Elements below the base as per CL. 

6.1.5 of IS-1893: Part 6: 

Vb = 23.537* 1000*0.159 =3742.383 Kn 

 

 

Hence, 
                   Vs=3742.383/2=1871kn 
Total Seismic Weight on Isolation System WTotal =36555 Kn 
Total Stuffiness Required in Isolation System 
KTotal=23.53Kn/m 
Total Number of Isolators present in group n=36 
Total Seismic Weight: W =36555 kN 

∴ Stiffness Required for group, Kreq=Ktotal*WG1/WTOTAL 

   =23.53*36555/36555=23.53Kn/m 
∴ Stiffness Required per isolator,  
     KG1=Kreq/n=23.537/36=1.430 kN/mm        
 ∴ Damping Required per isolator,  
 
 

CG1=2*0.1*√(36555*23.537*1000/9.81*36) = 313 kN-
s/m 
 

5 . RESULT OF COMPARATIVE STUDY 

A detailed comparison of the seismic responses for response 

spectrum analysis of fixed-base versus isolated buildings is 

provided. This includes evaluating factors such as 

displacement, storey drift, acceleration, and force 

distribution: 

A. Storey Displacements 

Storey displacement refers to the horizontal movement or 

displacement of each floor (storey) of a building relative to 

its original position. This displacement is typically measured 

during seismic events or other dynamic loading conditions. 

Results are represented in tabular format as below, 
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Chart -1: Storey Displacements X Direction. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chart -2: Storey Displacements Y Direction. 

Chart -3: Storey Drift X Direction. 
 

 

Chart -4: Storey Shear X Direction. 
 

 

Chart 5: Storey Shear Y Direction. 
 

B. Modal Time Periods 
Modal time periods represent the natural periods of 
vibration of a structure in various modes. Each structure 
has multiple modes of vibration, and each mode has an 
associated time period and mode shape. These time 
periods are crucial in seismic analysis because they help 
predict how a structure will respond to different 
frequencies of earthquake ground motions. Modal time 
periods directly influence the spectral acceleration values 
derived from the response spectrum. Shorter periods 
(higher frequencies) typically lead to higher spectral 
accelerations, indicating higher forces that the structure 
needs to withstand. Conversely, longer periods (lower 
frequencies) often correspond to lower spectral 
accelerations. The Time periods of the fixed and Isolated 
structures are represented in the following 
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Table -4: Modal Time Period 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chart 6: Modal Time Periods Comparison 

6. CONCLUSIONS 

This study compares the seismic performance of fixed-base 
and Lead Rubber Bearing (LRB) base-isolated multi-storey 
buildings using IS 1893 (Part 6): 2022 and response 
spectrum analysis in ETABS 19. The results show 
significant improvements with base isolation, including 
reductions of 56–61% in top-storey displacement, 55–60% 
in storey drift, 50–65% in storey shear, and 38–41% in 
storey acceleration. The fundamental time period 
increased by about 110%, shifting the building’s response 
away from dominant ground motion frequencies. These 
outcomes highlight the effectiveness of LRB isolation in 
enhancing seismic resilience, energy dissipation, and 
occupant safety, making it a reliable solution for critical 
structures in high seismic zones. 
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Case 

 

Mode 

ISOLATED 

Period sec 

FIXED 

Period sec 

Modal 1 1.368 0.627 

Modal 2 1.288 0.436 

Modal 3 1.143 0.385 

Modal 4 0.319 0.168 

Modal 5 0.242 0.094 

Modal 6 0.202 0.094 

Modal 7 0.122 0.077 

Modal 8 0.068 0.044 

Modal 9 0.068 0.04 

Modal 10 0.064 0.039 

Modal 11 0.038 0.029 

Modal 12 0.033 0.023 

1 2 3 4 5 6 7 8 9 10 11 12

ISOLATED 1.4 1.3 1.1 0.3 0.2 0.2 0.1 0.1 0.1 0.1 0 0

FIXED 0.6 0.4 0.4 0.2 0.1 0.1 0.1 0 0 0 0 0
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