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Abstract 
Base isolation (BI) is a technique that has been used around the world to protect the building structures from the damaging effects 

of earthquake. The installation of isolator in building at base level significantly increases the time period of the structure, which 
means it reduces the possibility of resonance of the structure giving rise to better seismic performance of the building. The study is 

performed to compare the effectiveness of base isolation in plan irregular and vertical irregular multi-storied RC frame building. 

For this study, 15 storied R.C frame building is considered and Time History analysis is carried out using ETABS 2013 software. 

The Lead Rubber Bearing (LRB) is designed as per UBC 97 code and the same was used for analysis of base isolation system. The 

results obtained from the analysis were time period and base shear. Time period for the base isolated structures are higher than 

that of the fixed base structure. Due to the presence of isolator, Base shear is significantly reduced in each direction (X and Y 

direction) as compared to fixed base building. It has been found that when compared to plan irregular base isolated building the 

vertical irregular building gives better performance in high seismic prone area by using isolators at the base of the building. 
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1. INTRODUCTION 

Earth quake is a shaking of the ground caused by movement 

of the tectonic plates relative to each other, both in direction 

and magnitude. A large part of the world people lives in area 

of seismic hazard at risk from earthquake of varying 

harshness and varying frequency of existence. Earthquake 

cause significant loss of life and destruction to property 

every year [9]. During past earthquake most of the irregular 

buildings collapsed due to the non-uniform distribution of 
the load compared to regular buildings. 

 

Several seismic construction designs and technologies have 

been developed over the years in efforts to reduce the effect 

of earthquakes on structures, bridges and potentially 

susceptible contents. Seismic isolation is relatively recent 

and growing technology of this kind. 

 

The isolation system decouples the structure from the 

horizontal components of the ground motion and reduces the 

possibility of resonance.  This decoupling is achieved by 

increasing the flexibility of the system, together with 
appropriate damping by providing isolator at the basement 

level of the structure [9]. 

 

Table-1: List of some significant earthquake in India 

Date Location Magnitude 

1819 Jun 16 Kutch, Gujarat 8.0 

1897 Jun 12 Shillong plateau 8.7 

1905 Apr 04 Kangra, H.P 8.0 

1934 Jan 15 Bihar-Nepal border 8.3 

1950 Aug 15 ArunachalPradesh-China 8.5 

border 

1991 Oct 20 Utterkashi,UP Hills 6.6 

1993 Sep 30 Latur-Osmanabad, MH 6.3 

1999 Mar 22 Chamoli Dist.UP 6.8 

2001 Jan 26 Bhuj, Gujarat 7.7 

 

The Indian subcontinent has a history of devastating earth 

quakes. The shaking memories of high intensity earthquakes 

of Bhuj and lathur are still alive in our minds. Even now 

there are frequent occurrences of earthquakes in the 

Kashmir and Himalayan region. The major reason for the 

high frequency and intensity of the earthquakes is that the 

Indian plate is driving into Asia at a rate of approximately 
47 mm/year. Geographical data of India shows that almost 

54% of the land is susceptible to earthquakes. A World 

Bank & United Nations report shows estimates that around 

200 million city occupiers in India will be exposed to storms 

and earthquakes by 2050 [8]. 

 

1.1 Objectives of the Work 

To compare the response of the building such as Time 

period and Base shear for 15 storied RC plan and vertical 

irregular buildings with and without base isolation by 

considering the time history analysis using Bhuj earthquake 

data. 

 

2. MODELING AND ANALYSIS 

This study includes modeling and analysis of the models 
using standard ETABS software version 2013. Materials 

properties and section properties are defined and assigned. 

Reinforced concrete frame elements are modelled as beam 
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and column element. Slab is modelled as area element. 

Modal analysis and time history analysis are performed on 

models. 

 

2.1 Description of Building 

In present work, 3D RC 15 storied plan irregular and 

vertical irregular buildings situated in zone V, are taken for 
the study. Total 4 buildings have been considered for the 

comparison. 

 

2.1.1 Models Considered for Analysis 

G+14 storied building 

Model 1A:  Plan irregular RC building with fixed base. 

Model 1B: Plan irregular RC building with Lead Rubber 

Bearing. 

Model 2A:  Vertical irregular RC building with fixed base. 

Model 2B:  Vertical irregular RC building with Lead 

Rubber Bearing. 

 

 
Fig-1: Plan view of Plan irregular building 

 

 
Fig-2: 3D view of plan irregular BI building 

 
Fig-3: Plan view of vertical irregular building 

 

 
Fig-4: Elevation of vertical irregular BI Building 

 

Table-2 Building details 

Grade of Concrete M25 for beam 

Grade of Concrete M30 for column 

Grade of Steel Fe500 

Story height 3.2 m 

Beam size 300 × 450 mm 

Column size 400 × 700 mm 

Slab thickness 150 mm 

Wall thickness 230 mm 

Parapet height 1 m 

Live load on the floor 3 kN/m2 

Live load on roof 1.5 kN/m2 
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2.2 Properties of LRB used for Analysis 

By considering the maximum gravity service load coming 

on the column at the base of structure, the Lead Rubber 

Bearing has been designed. 

 

Table-3: Isolator properties 

Properties 

Plan 

irregular 

building 

Vertical 

irregular 

building 

Axial load on column 

(P) kN 
7750 7810 

Eff. Vertical stiffness 

(kv) kN/m 
1660250.23 1673103.78 

Damping (ᶓ) 0.10 0.10 

Eff. Horizontal 

Stiffness (kh) kN/m 
4590.82 5030.07 

Pre yield stiffness 

(ku) kN/m 
38696.08 42398.49 

PYSR (Kd/Ku) 0.10 0.10 

Yield force of lead 

plug (Qd) kN 
149.30 163.59 

 

3. RESULTS AND DISCUSSION 

In this study, the comparison of fixed and base isolated 

building is done. The totally four models are analyzed and 

the parameters like time period and base shear are compared 

using Bhuj earthquake data. 
 

3.1 Time Period 

 
Fig-5: Time period for different models 

 

From fig.5 it is observed that, time period decreases with 

increase in mode number. As result of the increased 

flexibility of the system, time period of the structure is also 

increases. 

 

 

 

 

Table-4: Time period for different models in X and Y 

direction 

Model

s 

Time period (S) 

X-X direction Y-Y direction 

1A 2.97 3.09 

1B 3.82 3.94 

2A 2.49 2.83 

2B 3.38 3.68 

 

 
Fig-6: Mode period for different models along X and Y 

direction 

 

From figure 6 it is absorbed that, time period in model 1B is 

increased by 22% in X direction and 21% in Y direction 

compared to model 1A.  Similarly in model 2B is increased 

by 27% in X direction and 23% in Y direction compared to 

model 2A. 

 

3.2 Base Shear 

The table shows maximum base shear along X and Y 

direction. 

 

Table-5: Maximum base shear (kN) along X and Y 

direction for different models 

Models 
Base shear (kN) 

X-direction Y-direction 

1A 3629.20 2793.13 

1B 1988.94 1921.50 

2A 5739.24 3596. 05 

2B 2312.51 2362.89 
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Fig-7: Base shear (kN) along X and Y-direction 

 

From figure 7 is clear that, base shear in model 1B is 

decreased by 45% in X direction and 31% in Y direction 

compared to model 1A.  Similarly in model 2B is decreased 

by 60% in X direction and 34% in Y direction compared to 

model 2A. 

 

4. CONCLUSION 

 By the analysis it is observed that base isolation 

increases the flexibility at the base level of the 

building. 

 Time period of the structure increases by the use of 
lead rubber bearing which helps in less transfer of 

lateral forces at the time of earthquake. 

 The increase in time period of the structure is found to 

be more in vertical irregular base isolated building 

compared to plan irregular base isolated building. 

 The base isolation has high efficiency in decreasing the 

base shear compared to fixed base building. 

 Reduction in base shear is more in vertical irregular 

base isolated building compared to plan irregular base 

isolated building. 

 From the study it shows that, the vertical irregular 

building gives better performance by the use of 
isolators at the base of the building as compared to 

plan irregular building at higher seismic prone area. 
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