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Abstract— An earthquake is the result of a sudden release of 

energy in the Earth’s crust that creates seismic waves. This 

results in enormous seismic vibrations that travel through 

bedrock. As the energy of the earthquake travels in waves 

through the ground, certain frequencies of vibration retain 

more energy than others depending on the mechanical 

properties of the surrounding soil. Every building has a 

fundamental frequency (usually between 5 and 0.833 Hertz) 

that often falls within the range of seismic frequencies. 

Conventional seismic design attempts to make buildings that 

do not collapse under strong earthquake shaking, but may 

sustain damage to non-structural elements and to some 

structural members in the building. This research investigated 

seismic response of building structures with fixed base and 

isolated base with and without effect of infill wall. Lead 

rubber bearings for base isolation is considered in this study. 

Response spectrum method is used for creating model and 

nonlinear analysis is carried out. Structure with seismic zone 

variation is created. 
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I. INTRODUCTION 

Conventional seismic design attempts to make buildings that 

do not collapse under strong earthquake shaking, but may 

sustain damage to non-structural elements and to some 

structural members in the building. Non-structural 

components may consist of furniture, equipment, partitions, 

curtain wall systems, piping, electrical equipment and many 

other items. There are mainly three main categories: 

architectural components, mechanical and electrical 

equipments, and building contents. Non-structural 

components are sensitive to large floor accelerations, 

velocities, and displacements. When a building is subjected 

to an earthquake ground motion, the building induces motion, 

resulting in floor accelerations higher than the ground 

acceleration. Hence, it is present need and also a duty of civil 

engineers to innovate earthquake resisting design approach to 

reduce such type of structural damages. Special techniques 

are required to design buildings such that they remain 

practically undamaged even in a severe earthquake. There are 

two basic technologies used to protect buildings from 

damaging earthquake effects: 

A. Base Isolation Devices 

The idea behind base isolation is to detach (isolate) the 

building from the ground in such a way that earthquake 

motions are not transmitted up through the building, or at 

least greatly reduced. 

B. Seismic Dampers 

Seismic dampers are special devices introduced in the 

building to absorb the energy provided by the ground motion 

to the building (much like the way shock absorbers in motor 

vehicles absorb the impacts due to undulations of the road). 

II. CONCEPT 

An earthquake is the result of a sudden release of energy in 

the Earth’s crust that creates seismic waves. This results in 

enormous seismic vibrations that travel through bedrock. As 

the energy of the earthquake travels in waves through the 

ground, certain frequencies of vibration retain more energy 

than others depending on the mechanical properties of the 

surrounding soil. Every building has a fundamental frequency 

(usually between 5 and 0.833 Hertz) that often falls within the 

range of seismic frequencies. During a seismic event floor 

accelerations and inter-storey drifts are caused in a structure. 

The basic dilemma in providing superior seismic resistance 

of a building is the difficulty in minimizing inter-storey drift 

and floor accelerations simultaneously. Large inter-storey 

drifts also causes damage to non-structural components. 

Inter-storey drifts can be minimized by stiffening the 

structure, but this leads to amplification of the ground motion, 

which leads to high floor acceleration, causing damage to 

structural components. Inter-storey drifts can be minimized 

by stiffening the structure, but this leads to amplification of 

the ground motion, which leads to high floor acceleration, 

causing damage to structural components. Making the system 

more flexible can reduce floor acceleration, but this leads to 

large inter-storey drifts. The only practical way of reducing 

inter-storey drift and floor acceleration simultaneously is to 

use base isolation, which provides the necessary flexibility, 

with the displacements concentrated at the isolation level. 

Figure 1.Shows the general configuration of a base isolated 

building. It primarily comprises of an isolation bearing 

installed between the foundation and the superstructure 

equipped with an energy damping device. Many isolation 

device provides energy damping on themselves and 

eliminates the need of any passive damping device. 

III. BEHAVIOUR OF BASE ISOLATED SYSTEM VS FIXED 

ISOLATED SYSTEM 

As an earthquake shakes the soil laterally, the foundation 

moves with the soil and the seismic waves are transferred 

throughout the structure over time. If the earthquake has 

 
Fig. 1: Configuration of Base-Isolated building 
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 Natural frequencies with high energy that match the 

natural frequencies of the building, it will cause the building 

to oscillate violently in harmony with the earthquake 

frequency. However, if the natural frequency of the building 

can be changed to a frequency that does not coincide with that 

of earthquakes, the building is less likely to fail. This is 

exactly what a base isolator does. The base isolator reduces 

the stiffness of the structure and thereby lowers its natural 

frequency. In this condition, the building's superstructure will 

respond to the vibrations as a rigid unit instead of resonating 

with the vibrations. Simply 

 
Fig. 2: Fixed Base System on Earthquake 

 
Fig. 3: Isolated Base System on Earthquake Put, the 

Building's Foundation Moves with the Ground & the Base 

Isolator 

 
Fig 4.Time-Response Curve during Ground Accelerations 

 
Fig. 5: Seismograph of Base Isolated Systems vs. Ground 

Motions 

 Flexes to reduce the ground motion from affecting 

the superstructure. Lateral displacements caused are 

concentrated at isolation interface limiting the inter-storey 

drifts. 

 Seismic isolation is characterized by flexibility and 

energy absorption capability. The flexibility alone is 

insufficient to defeat away a major portion of the earthquake 

energy so that inelastic action does not occur. 

 However, Structures are normally not isolated from 

vertical earthquake motions. Vertical ground motions are 

smaller in magnitude than horizontal motions. 

A. Design Consideration for Base Isolated Structure 

A number of factors need to be considered by an engineer, 

architect or owner to decide on seismic isolation for a project: 

 The evaluation of seismic hazard, which includes local 

geology, proximity to faults, soil conditions, 

characteristics of possible earthquakes such as period 

and severity. 

 Performance levels for different intensities of 

earthquakes need to be evaluated. Since the isolators 

carry large vertical loads and deform to significant lateral 

displacement, the components of the structure above and 

below the isolator need to be designed appropriately. 

 Plane of isolation may be chosen based on the practical 

aspects of installation and relative strengths of super and 

sub structure components. 

 The structure should be free to move in any direction up 

the maximum specified displacement. Typically a 

seismic moat is provided around the structure to allow 

this movement. 

 To maintain the functional purpose of the structure after 

a seismic event, all the utilities, electrical connections 

and waste pipelines should be designed to accommodate 

the maximum seismic displacement. 

 The main connections between the building and the 

ground, such as stairs, entryways and elevators need to 

be unconnected across the isolation plane. 

 Seismic isolation provides immediate occupancy 

performance level following strong events. 

 Costs and benefits of different approaches may be 

evaluated in determining the incorporation of seismic 

isolation. 
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B. Design Parameter for Base Isolated System 

Design of base isolated buildings is not yet included in any 

Indian standard code for regulations on construction works. 

2000 National Earthquake Hazards Reduction Program 

(NEHRP, United States) & 2000 International Building Code 

(IBC) are some of the codes which provides general 

guidelines given for design of base isolation systems. 

1) General Philosophy Followed by the Codes. 

 No specific isolation systems are described. 

 All isolation systems must : 

 Remain stable at the required displacement 

 Provide increasing resistance with increasing 

displacement. 

 Have non-degrading properties under repeated cyclic 

loading. 

2) Design objectives of 2000 NEHRP and 2000 IBC Base 

Isolation Provisions. 

 Minor and Moderate Earthquakes. 

 No damage to structural elements. 

 No damage to non-structural components 

 No damage to building contents. 

 Major Earthquakes 

 No failure of isolation system 

 No significant damage to structural elements 

 No extensive damage to structural components 

 No major disruption to facility function 

 Life safety. 

C. Lead Rubber Bearings 

The function of the rubber steel laminated portion of the 

bearing is to carry the weight of the structure. This bearing 

consists of alternate horizontal layers of steel and rubber. 

Steel provides the vertical stiffness to isolation system and is 

rigid under service loads. Whereas, lead core provides energy 

dissipation and resists excessive displacement under high 

lateral loads. The lead cylinder extends throughout the full 

depth of the bearing. Lead plug must fit tightly in the 

elastomeric bearings, and this is achieved by making the lead 

plug slightly larger than the hole and 

 
Fig. 6: Lead Rubber Bearings 

 Forcing it in. The lead core is designed to deform 

plastically, thereby providing energy dissipation and to 

increase damping. However, addition of damping may 

increase the contribution of secondary modes on the structure 

response. This may decrease the efficiency of the isolation 

system. Hence, lead-plug rubber isolators are used with 

enough number of elastomeric or low damping natural rubber 

bearings to achieve the required superstructure response. 

Figure 8 shows the force-displacement hysteresis loop for 

lead rubber bearings 

 
Fig. 7: Model showing section of Lead Rubber Bearing 

system. 

 
Fig. 8: Force-displacement curve for Lead Rubber Bearing 

 
Fig. 9: Actual Photograph of Installed Lead Rubber Bearing 

System 

D. Advantages & Limitations 

1) Advantages 

 
Fig. 10: Time Period of base Isolated & Non Base Isolated 

on Soft & Stiff Soil 
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 A base isolation effectively protects structures against 

extreme earthquake without sacrificing performance 

during the move frequent, moderate seismic events. 

 One major advantage of this technology is that it can also 

be applied for the seismic retrofitting of the existing 

structures such as historic buildings, Museums etc. 

 Similarly, even though structure may be having high 

strength and could be capable of resisting earthquake. 

 This system is a savior when it comes to safety and 

prevention of infrastructure of the nation such as 

hospitals, bridges, nuclear power plants etc. This system 

has proven its necessity when structure is situated in 

seismic zone. 

2) Limitations 

 Base isolation enables the reduction in earthquake-

induced forces by lengthening the period of vibration of 

the structure. 

 However, Base isolation is not suitable for all buildings. 

Most suitable candidates for base-isolation are low to 

medium-rise buildings rested on hard soil underneath; 

high-rise buildings or buildings rested on soft soil are not 

suitable for base isolation. 

 Period of vibration in building increases with increasing 

height. Taller buildings reach a limit at which the natural 

period is long enough to attract low earthquake forces 

without isolation. Therefore, seismic isolation is most 

applicable to low and medium rise buildings and 

becomes less effective for tall ones. 

 The cut off mainly depends on structural systems or type 

of framing system. Cost involved in constructing a new 

building is higher than the cost of conventional 

earthquake resistant structural system. 

 Seismic isolation bearings are expensive. 

 Due to these economic considerations, even in developed 

countries these devices have so far been used for 

important buildings only. To enable its use for common 

buildings, some low cost devices have to be developed. 

 Soft soil ground condition isn‟t suitable for base-isolated 

structures. 

IV. PUSHOVER ANALYSIS 

Pushover analysis is a nonlinear static analysis for a steel 

framed structure subjected to lateral loading. The gravity 

loads are applied, and then lateral loading is applied – first in 

X direction starting at the end of the gravity push, and next in 

Y-direction again starting at the end of the gravity push 

(Valles et al., 1996; CSI, 2000). The concept of plastic hinge 

is extremely important in the nonlinear analysis. The 

pushover analysis may be carried out using force control or 

deformation control. 

A. Purpose of doing Pushover Analysis 

 The pushover is expected to provide information on 

many response. The following are the examples of such 

response characteristics: 

 The realistic force demands on potentially brittle 

elements, such as axial force demands on columns, force 

demands on brace connections, moment demands on 

beam to column connections, shear force demands in 

reinforced concrete beams, etc. 

 Estimates of the deformations demands for elements that 

have to form in elastically in order to dissipate the energy 

imparted to the structure. 

 Consequences of the strength deterioration of individual 

elements on behavior of the structural system. 

 Identification of the critical regions in which the 

deformation demands are expected to be high and that 

have to become the focus through detailing. 

 Identification of the strength discontinuous in plan 

elevation that will lead to changes in the dynamic 

characteristics in elastic range. 

 Estimates of the inter storey drifts that account for 

strength or stiffness discontinuities and that may be used 

to control the damages and to evaluate P-Delta effects. 

 Verification of the completeness and adequacy of load 

path, considering all the elements of the structural 

systems, all the connections, and stiff non-structural 

elements of significant strength, and the foundation 

system. 

V. OBJECTIVE 

The main aim of this exercise is to increase the general 

knowledge and proficiency in nonlinear analysis (pushover 

analysis) of existing structures using structural analysis 

software. The expectation is that the results will provide 

enough information about structural vulnerabilities under 

earthquake actions and necessary retrofitting measures can be 

taken to increase seismic resistance. An earthquake can be 

measured in terms of magnitude and intensity. 

 India is divided into different seismic zones. As per 

IS 1893:2016 Code India is divided from Zone 1 to Zone 5. 

But as per IS 1893:2016 Code it has been divided from Zone 

2 to Zone 5. Zone 1 has been discarded. 

The important factors that affect the magnitude of earthquake 

forces are 

 Seismic zone factor, Z 

 Importance factor, I 

 Response reduction factor, R 

 Structural response factor, (Sa/g) 

 Seismic weight of the floors 

VI. METHODOLOGY 

A. Earthquake Load as per IS: 1893 (Part I):2016 

The earthquake load is considered as per IS: 1893 (Part 

I):2016, for medium soil with importance factor 1 and 

Reduction factor for SMRF structure as 3. 

 Seismic zone factor Z for Zone III = 0.16 

 Scale factor = (Z/2)*(I/R)*g 

 The seismic load is calculated as per IS 1893(Part 

1):2016.The building is analysed in two principal horizontal 

directions. 

 Fundamental time period of building are calculated 

as per IS 1893(Part 1):2016 by using response spectrum 

method. 

 Seismic coefficient Ah =(Sa/g)*(Z/2)*(I/R) 

 Base shear VB =Ah*W 

 For medium soil sites 

 Sa/g =1+15*T T≤0.10 
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 =2.5 0.10≤T≤0.55 

 =1.36/T 0.55 ≤T≤4.00 

 =0.34 T>4.00 

B. Modelling in SAP2000 

1) Problem Statement 

The building considered in the present report is G+8 storied 

R.C.C framed building of symmetrical rectangular plan 

configuration. Complete analysis is carried out for dead load, 

live load & seismic load using SAP2000. Further pushover 

analysis is carried to check safety against collapses of all 

models. 

2) Modeling 

The main aim of the modeling is to study the change in 

building responses (mainly deflection and storey drift) due to 

lead rubber base isolation technique as per IS 1893:2016. The 

building is analyzed in stages as follows, 

a) Bare frame and fixed base: It is simple structure with 

fixed base support and is configured as per the problem. 

b) Frame with infill wall and fixed base: It is the 

modification over the first model. 

Strut direction along X along Y 

length of strut D = √(H²+L²) 

(m) 

4517.7427

99 

4011.2342

24 

λ = (Emtsin2θ/4EcIch)¼ 0.00081 0.00066 

Width of strut W = 

0.175(λH)⁰ ῾⁴ D 

(mm) 

978.96461

7 

368.01528

43 

thickness of strut (mm) 230 230 

A= w*t (mm²) 
225161.86

19 

84643.515

39 

Stiffness of strut = AE/l 

KN/m 
95941 40621 

Table 1: Stiffness Calculation of Equivalent Diagonal Strut 

c) Bare frame and LRB base: It is the modification over the 

first model. Lead rubber bearing(LRB) is used in 

support as base isolation technique. 

d) Infill wall frame and LRB base: Infill wall as a diagonal 

strut is introduced in the frame as per the Indian Standard 

code specifications and lead rubber bearing (LRB) is 

used in support as base isolation technique. 

Required stiffness Keff 32434.995 KN/m 

Bearing horizontal stiffness 2299.2091 KN/m 

Vertical stiffness 2939849.8 KN/m 

Yield Force 375.99804 KN 

Stiffness ratio 0.1  

Damping 0.05  

Damping Coefficient C 59069.68 KN-s/m 

Table 2: Summery of LRB parameters 

Results of Loading and Analysis and Hinge Formation is 

obtained, but not showed in this paper. 

VII. RESULTS & DISCUSSIONS 

Detailed Response spectrum analysis is done using the 

software SAP 2000 based on the codes IS 1893-2016 for all 

seismic zones. Two-dimensional Nonlinear Static Pushover 

Analysis was performed to evaluate load deformation 

characteristics of bare frame and infill wall frame with fixed 

base and lead rubber isolated base and examine the 

differences in strength capacity. 

 Figure 11, Figure 12, Figure 13 and Figure 14 shows 

base shear Vs. monitored displacement for Bare frame and 

infill wall frame with fixed base and Lead rubber isolated 

base in Zone II, III, IV, V due to Push X 

 Figure 15, Figure 16, Figure 17 and Figure 18 shows 

base shear Vs. monitored displacement for Bare frame and 

infill wall frame with fixed base and Lead rubber isolated 

base in Zone II, III, IV, V due to Push Y 

 
Fig. 11: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push X –Zone II 

 
Fig. 12: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push X –Zone III 

 
Fig. 13: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push X –Zone IV 
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Fig. 14: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push X –Zone V 

 
Fig. 15: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push Y –Zone II 

 
Fig. 16: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push Y –Zone III 

 
Fig. 17: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push Y –Zone IV 

 

 
Fig. 18: Pushover Capacity Curve Base shear Vs. Monitored 

Displacement - Push Y –Zone V 

 
Fig. 19: Comparison of base shear in X- direction- Zone II 

 
Fig. 20: Comparison of base shear in Y- direction- Zone II 

 
Fig. 21: Comparison of base shear in X- direction- Zone III 
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Fig. 22: Comparison of base shear in Y- direction Zone III 

Zone II X- Direction Y- Direction 

Type of Model 

Resp

onse 

Spect

rum 

Meth

od 

Push

over 

Anal

ysis 

Resp

onse 

Spect

rum 

Meth

od 

Push

over 

Anal

ysis 

Bare frame and fixed 

base 

451.6

63 

2100.

55 

343.6

2 

1232.

137 

Frame with infill wall 

and fixed base 

897.5

91 

2101.

17 

802.5

33 

1203.

864 

Bare frame and LRB 

base 

148.0

9 

3402.

01 

114.6

62 

1643.

718 

Infill wall frame and 

LRB base 

191.9

26 

1020.

81 

202.9

68 

595.3

5 

Table 2: 

Zone III X- Direction Y- Direction 

Type of Model 

Resp

onse 

Spect

rum 

Meth

od 

Push

over 

Anal

ysis 

Resp

onse 

Spect

rum 

Meth

od 

Push

over 

Anal

ysis 

Bare frame and fixed 

base 

722.6

62 

2100.

613 

549.7

92 

1232.

14 

Frame with infill wall 

and fixed base 

1434.

777 

2101.

168 

1284.

05 

1203.

86 

Bare frame and LRB 

base 

236.9

43 

1018.

886 

183.4

59 

594.0

35 

Infill wall frame and 

LRB base 

306.7

89 

1020.

811 

324.7

49 

595.3

5 

Table 3: 

 
Fig. 23: Comparison of Base Shear in X- Direction- Zone IV 

 
Fig. 24: Comparison of Base Shear in Y- Direction- Zone IV 

 
Fig. 25: Comparison of Base Shear in X- Direction- Zone V 

 
Fig. 26: Comparison of Base Shear in Y- Direction- Zone V 

 
Fig. 27: Comparison of Shear at Performance Point in X- 

Direction- Zone II 
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Fig. 28: Comparison of Shear at Performance point in Y- 

Direction- Zone II 

 
Fig. 29: Comparison of Shear at Performance Point in X- 

Direction- Zone III 

 
Fig. 30: Comparison of Shear at Performance Point in Y- 

Direction- Zone III 

 
Fig. 31 Comparison of Shear at Performance Point in X- 

Direction- Zone IV 

 

 
Fig. 32: Comparison of Shear at Performance Point in Y- 

Direction- Zone IV 

 
Fig. 33: Comparison of Shear at Performance Point in X- 

Direction- Zone V 

 
Fig. 34: Comparison of Shear at Performance Point in Y- 

Direction- Zone V 

A. Joint Displacement 

 
Fig. 35: Comparison of Joint Displacement in X Direction – 

Zone II 
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Fig. 36: Comparison of Joint Displacement in Y Direction – 

Zone II 

 
Fig. 37: Comparison of Joint Displacement in X Direction – 

Zone III 

 
Fig. 38: Comparison of Joint Displacement in Y Direction – 

Zone III 

 
Fig. 39: Comparison of Joint Displacement in X Direction – 

Zone IV 

 

 
Fig. 40: Comparison of Joint Displacement in Y Direction – 

Zone IV 

 
Fig. 41: Comparison of Joint Displacement in X Direction – 

Zone V 

 
Fig. 42: Comparison of Joint Displacement in Y Direction – 

Zone V 

VIII. CONCLUSION 

Following conclusions are made from study are: 

1) Comparison of base shear value by response spectrum 

method and pushover analysis is done in which pushover 

analysis shows higher values due to hinge formation 

mechanism in Zone II & III while it is lower in Zone IV 

& V. 

2) Comparison of lateral displacement by response 

spectrum method and pushover analysis is done in which 

pushover analysis shows lower values due to hinge 

formation mechanism. 

3) Shear at performance point is lower than base shear due 

to response spectra method in fixed base model shows 

failure against ductility and collapse and needs 

retrofitting. 

4) Shear at performance point is greater than base shear due 

to response spectra method in LRB isolated base model 

shows safety against ductility and collapse. 
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5) Base force versus targeted displacement curves are 

plotted for all zones in both X and Y directions, infill 

wall frame with LRB base frame crosses more target 

displacement than other models. 

IX. FUTURE SCOPE 

1) Irregular buildings with different position of shear wall 

and bracing can be analyzed. 

2) Comparison of Time history method and response 

spectrum method can be done. 

3) Analysis can be carried out on sloping ground. 

4) Methods of retrofitting can be suggested. 

5) Column beam capacity ratio can be analyzed. 

6) Analysis can be doing with different height conditions. 
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