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Abstract 

Seismic waves which are formed during an earthquake carries enormous force that transfers 

to the base of the structures in different directions. Due to this, the building structure 

undergoes drastic changes in existing stresses and strains. Mechanisms that are responsible 

for the damages in structures during an earthquake are acceleration of floors and inter story 

drift. The traditional ways of resisting the foresaid force are shear walls, moment resisting 

frames and braced frames etc.  It is documented frequently that; the traditional methods are 

not completely effective to absorb the earthquake force. Therefore, Seismic isolation concept 

is an effective rehabilitation strategy that is in practice now and gives favorable results. In 

this work, 6 x 3 Bay with 14 Stories (G +13) RCC building structure incorporated with Lead 

Rubber Bearing (flexible base isolation) and fixed base have been modeled and analyzed for 

earthquake force along with other active forces using FEM program. The structural 

quantities, time history investigations and response spectrum examinations have been 



compared for both base isolation and fixed base models. It is found that the technique 

adopted decreases the seismic response considerably compared to conventional (fixed base) 

structures which intern controls the damages in building. Bases shear and floor accelerations 

have been reduced but displacements increased in isolated base when compared with fixed 

base. 

 

Keywords: Base isolation, Seismic, base shear, story acceleration, story drift, time history 

response spectrum. 

 

1. INTRODUCTION 

In every incident of an earthquake, the breakdown of buildings such as apartments, public 

buildings, historic buildings and hospital etc. resulting in to extensive deaths of people and 

indemnities to the built structures. The effect on public infrastructures like bridges, dam, 

roads, water and power supply structures will also destroy completely [1, 2]. It is known from 

the past earthquakes that about 90 -94 per cent of deaths of people due to the breakdown of 

non-earthquake-resistant structures. The building codes and regulations for earthquake 

(earthquake-resistant building techniques) that are mandatory to consider during the stage of 

structural designs in seismic-prone zones in the country [3]. All new constructions are strictly 

following the building codes and other regulations now. But large no. of buildings those have 

built earlier times in India have not been given the due consideration to building codes 

specially for earthquake loads. The codes concerning to earthquake loads are continually 

revised in the successive revisions of the codes. These codes will systematically calculate the 

appropriate forces in different directions and applies on the structures so that a zone based 

Seismic force will be included during the analysis of the reinforced concrete framed 

structures [4]. In this conventional seismic design actually checks the stability of a framed 



structures for strong earthquake shaking but it allows minor damages in few elements such as 

glass frontages and specific structural elements in the building. These types of damages 

sometimes create the structure non-serviceable in post-earthquake times such as hospital 

buildings. It is therefore necessary to develop new techniques that offer/absorb seismic force 

and structure should remain undamaged even in high intensity earthquake strike [5, 6].  

 

1.1.Base isolation (BI) 

The classic method of seismic force control in building design is to increase the resistance of 

the structures against seismic force by employing braces and shear walls within the structure, 

these techniques increases the moment resistance of the overall structure. These classic 

methods often give rise to varied amounts of floor accelerations in traditional design practices 

and inter-story drifts in flexible structures. It is found that building substances and non-

structural constituents undergo substantial impairment during seismic instances, but the 

external appearances appears as if unbroken. This will be utmost important when these 

internal contents are most important/costlier than the building itself.[6, 7]. For example, an 

industry which produces the high precision products, normally contain very costly 

equipments within the building structure. Also basic facilities such as fire stations, hospitals 

and telecommunication centers where heavy and valuable machineries involved within the 

building structure which are required to be operational immediately after the earthquake. It is 

possible to minimize the mechanisms that are responsible for the breakdown of the building 

by the use of base isolation (BI) technique, it is known as passive control mechanism that is 

designed at the interface of the ground and structural base which can filter the forces caused 

during the earthquake which transmits from the ground.  [8, 9]. The base isolation technique 

has drawn the interest of Engineers and Architects of all developed nations throughout the 

world. 



 

To control the conduction of possibly destructive seismic ground movement into the structure 

is attained by the embedment of flexibility at the interface of the building with the ground 

that permit the required drive of the structure in horizontal course and also incorporating the 

damping rudiments which normally restrict the largeness triggered by the earthquake similar 

to a shock absorber. Presently, this expertise has established as practical and profitable 

substitute to the pre-existing conventional methods of strengthening of buildings for 

earthquake [10]. Presently base isolation has received growing attention at all the 

compartments of civil engineering structures. There are many buildings constructed all over 

the world have adopted this seismic isolation technology in their process of earthquake 

design.  Base isolation technology lowers the extent of magnitude/occurrences of earthquake 

shock that transfer to the building. This allows both spring and energy absorption  

features[11].   Fig 1 represent the movements change of building isolator and with isolator 

integration. 

  

 

Fig 1: Structural Behaviors in base isolations (a) Classical structure (b) structure in base 

isolation. 

2. METHODOLOGY USED TO OBTAIN REQURED DATA 



In this work an attempt has been made to find the displacement, acceleration, base shear and 

story drift using response spectrum and time history examinations using finite element 

program ETABS has been used in this study as it is sophisticated and easy to use for all 

building system for all non-linear actions. The above study has been made on 14 story 

building, with and without base isolation for zone-5, soil-2 with Bhuj earthquake data. Lead 

rubber bearing has been modeled in the program to compare the performances of base 

isolators with fixed base. 

 

2.1.Governing equation of motion 

The governing equations connected to the motion of an inaccessible building structure in the 

form of matrix is given in the subsequent section. This theory is purely grounded on two 

bulky building models as represented in the Fig 2. 

 

 

Fig 2 SDOF base isolated system. 

 

[ 𝑀 𝑚𝑠𝑚𝑠 𝑚𝑠] {�̈�𝑏�̈�𝑠 } + [𝐶𝑏 00 𝐶𝑠] {�̈�𝑏�̈�𝑠} +[[𝑘𝑏 00 𝑘𝑠]] {𝑋𝑏𝑋𝑠} = -[ 𝑀 𝑚𝑠𝑚𝑠 𝑚𝑠] {10} �̈�𝑔          (1) 

 

In the above form M represents total mass of the structure, m s is mass of the super structure cs 

and  ks are damping and stiffness the structure respectively. Similarly, Mb, cb and kb are the 

respective parameters of the base isolator. 



For the nonlinear domain, reinstating force is given as follows 

 

                                   [𝑀]{�̈�} + [𝐶]{�̇�} + [𝑓𝑠 (𝑋, �̇�)] =  {𝐹(𝑡)}                            (2) 

 

The pictorial representation of the reinstating force that is defined in the nonlinear domain is 

presented in the Fig 3 and Fig 4.                                                    𝐹𝑏 =  𝑘𝑏𝑥𝑏 + 𝑄(𝑘𝑖 , 𝑥𝑏, �̇�𝑏)                                         (3) 

 

 

Fig 3 Bilinear Force-deformation character 

Mass, stiffness and damping matrices are represented as [M], [K] and [C] respectively for the 

structure under consideration. The deformation and velocities of the isolation system have 

been represented as xb ẋb. Also Ku, KD and Qd are initial stiffness, post yield stiffness and y 

intercept respectively for the base isolation system. The solution for the above equations can 

be obtained using numerical method. 

2.2.Description and modeling of building 

Table 1: modeling and building 

Building Data 

Bays Vertical Height Other Link Number Story Sizes of 



designation 

(LxW) 

stories of 

bottom 

storey, m 

storey 

height, 

m 

element, 

m 

of lines in 

a Bay 

 

width, 

m 

 

elements, 

m 

6x3 

14 Story 

(G +13) 

3 3 0.5 

X-7 

Y-4 

X-6 

Y-5 

and 2 

Beam-           

0.7 x 0.4 

Column-          

0.5 x 0.5 

Slab 

thickness       

=    0.15 

 

 

 

Fig 4 An aerial perspective view of the base isolated building. 



  

 

 

Table 2: Material properties 

Material properties 

Concrete 

Concrete strength,   fck 25000 kN/m2 

Density of concrete,   γ 25 kN/m3 

Youngs modulus of concrete, Ef (5000*√fck) = 25X106 kN/m2 

Poison’s Ratio, μ 0.2 

Steel 

Yield Strength of Steel, fy
  415000 kN/m2    

Isolator characteristic -Lead rubber bearing  

Direct Active Stiffness,  3500000 KN/m, 

Direct Active Stiffness,  1866.67KN/m, 

Non-linear Effective Stiffness,  5833.33 KN/m, 

Yield force (Strength) (F),  186.67 KN. 

Post yield Stiffness Ratio = 0.1 

Damping, % = 0 

Live load on the slab   =    3 kN/m2 



 

 

Fig 5 Flow diagram of the methodology 

 

3. RESULTS 

 

 

Fig 6 Variations of Max. Displacement in two directions 

Fig 5 and Fig 6 shows that the displacement growth in time history examination is about 40% 

when relate to response spectrum examination in zone-5 and soil 2 for the fixed/ secured base 

structure. It is observed that 22% variation is observed when compared with response 

spectrum analysis for the same zone and soil for rubber isolator. It can also be seen that the 

displacement increase in rubber isolator was observed to be 37% compared with 



fixed/secured base in Response spectrum examination and it is nearly 20% for fixed base in 

time history examination this is due to the enhanced flexibility of whole structure which 

intern further increases the displacements as it favors the existing isolation. It is also to be 

noted that displacement values got from the time history examination are higher than that of 

response spectrum examination. 

The Fig 7 shows the story drift variation with respect to the structure base conditions, it is 

seen from the figure that there is increase in story drift in the analysis of time history is about 

38% when compared to response spectrum examination for the foresaid soil and zone for 

fixed base up to third story, and it is about 19% in comparison with response spectrum 

examination for the same zone and soil. For Rubber isolator, there is increase in story drift 

about 45% when compared to fixed base in the analysis of response spectrum and the same is 

30% in time history examination. It confirms that the superstructure of a base isolation 

structure shows almost as same as rigid structures superstructure. The increased story drift is 

due to the change in dimension of structure in mutually perpendicular direction [11] 

 

 

Fig 7 Variation of Max. Storey drift in X and Y directions for the bare frame 

It is observed in the Fig 8 that the increased story acceleration is about 27% in fixed base 

when compared in time history examination for the selected zone and soil. For rubber isolator 



it is 29% in response spectrum examination on the same zone and soil. It can also be noted 

that the decline in story floor acceleration in rubber isolation structure compared to 

fixed/secured base in the analysis of response spectrum and nearly similar observation were 

observed in secured base in time history examination, this confirms that stiffness and mass 

decreases with increase in story acceleration.  

From the Fig 9, it is observed that response spectrum examination showed about 38% 

increase in base shear for fixed base structure for the given zone and soil. The same is 20% in 

rubber isolator base structure. The decline in base shear in rubber base was about 39% when 

compared to fixed base in response spectrum examination. The same is 53% in fixed base 

structure in time history examination, this intern displays the effectiveness of the rubber 

isolation. Which confirms that the base isolation filters the earthquake force effectively and 

ensures the favorable results. 

.  

Fig 8 Variation of storey acceleration two directions 

 



 

Figure 9 Variation of base shear in two directions 

4. CONCLUSIONS 

1. The analysis confirms that base-isolation technique improves the performance considerably 

with regard to seismic response in terms of story-drift and floor acceleration in place of fixed 

base structure which intern controls the damages that can cause to building when high 

intensity earthquake strikes the structure. 

2. It is found that storey acceleration and bases shear decreases but displacements increase in 

base-isolated building in place of secured-base building. 

3. The observed values of increase in base shear, floor acceleration, storey drift and movement 

in time history examination were more compared to response-spectrum examination. 

4. It is observed that with increase in floor height the movement/displacement increases 

considerably for secured-base and base-isolated building. 

5. It is found that with the increase in floor height the floor accelerations increase considerably 

for fixed-base building but for base-isolated building it was just a marginal increase. 

6. Movements/displacements and storey drifts upsurges in base-isolated structures when 

compared with fixed-base structure. 
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