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ABSTRACT 

Project on structural analysis of multi-storey building using appropriate methods of structural analysis 

and software (E-TABS). ETABS stands for extended three-dimensional analysis of building systems. 

The main purpose of this software is to design multistoried building in a systematic process. There are 

different methods in ETABS like response spectra method, time history analysis, pushover analysis 

etc., to overcome the difficulties in earthquake analysis, response spectrum is the most popular tool in 

the seismic analysis of structures. The response of a building can be defined as a combination of many 

special modes. A response spectrum is simply a plot of the peak or steady state response of a series of 

accelerator of varying natural frequency that are forced into motion by same base vibration or shake. If 

the input used in calculating a response spectrum is state periodic, then the steady state result is 

recorded.  Damping must be present or else the response will be infinite some level of damping is 

generally assumed, but a value will be obtained even with no damping. Dynamic analysis using the 

response spectrum method shall calculate peak modal response for sufficient modes to capture at least 

90% of the participating mass of the building in each of two orthogonal principal horizontal directions 

of the buildings. In this study G+9 multi-storied residential building is analyzed in zones II and IV with 

lateral loading effect of earthquake using response spectrum method. This project is analyzed as per IS 

CODES-IS 1893-PART 2:2002, IS 456-2000. From the analysis storey displacements, storey drifts, 

storey shear, storey stiffness and base reactions values are evaluated for comparison. 

1.0 INTRODUCTION 

The word building is both a noun and a verb: the structure itself and the act of making it. As a noun, a 

building is 'a structure that has a roof and walls and stands more or less permanently in one 

place'; "there was a three-storey building on the corner"; "it was an imposing edifice". In the broadest 

interpretation a fence or wall is a building. However, the word structure is used more broadly 

than building including natural and man-made formations and does not necessarily have walls. 

Structure is more likely to be used for a fence. Sturgis' Dictionary included that "[building] differs 

from architecture in excluding all idea of artistic treatment; and it differs from construction in the idea 

of excluding scientific or highly skilful treatment. “As a verb, building is the act of construction. 

Structural height in technical usage is the height to the highest architectural detail on building from 

street-level. Depending on how they are classified, spires and masts may or may not be included in this 

height. Spires and masts used as antennas are not generally included. The definition of a low-rise vs. a 

high-rise building is a matter of debate, but generally three storeys or less is considered low-rise. 

Earthquakes: 

An earthquake can be defined as the shaking or trembling of the ground caused by a sudden release of 

energy inside the earth, usually associated with faulting or breaking of rocks. The general mode of 

occurrence of an earthquake is a simple sliding of a block of rock mass over another along a plane. The 

point inside the earth from where seismic waves initiate is called the focus or hypocenter and its 

vertical projection on the earth's surface is called the epicenter Most earthquakes are caused by 

geological or tectonic causes, and are referred as tectonic earthquakes.  

 
Figure 1.1: Earthquake epicenter, focus (or hypocenter) and the fault plane 
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Seismology occupies an important position in the field of Geophysics and in Earth Sciences in general. 

It comprises a wide range of studies of the earth's structure ranging from thousands of kilometers below 

the surface, to a detailed mapping of very shallow structure to help locate minerals and ore deposits. 

Incidentally, this is the most important tool used by the oil industry to detect petroleum deposits inside 

the earth.  

Seismic Zoning Map of India 

 
Figure 1.2 seismic map of India 

The Geological Survey of India (G. S. I.) first published the seismic zoning map of the country in the 

year 1935. With numerous modifications made afterwards, this map was initially based on the amount 

of damage suffered by the different regions of India because of earthquakes.  

Types of Seismic waves: 

Body waves: There are two types of body waves as described below 

P waves (Primary waves): The first type of body wave is the P wave or Primary wave (figure 2). This 

is the fastest kind of seismic wave that travels with a velocity of about 6 km/s. The P wave can move 

through solid rock and fluids, like water or the water filled layers of the Earth. It pushes and pulls the 

medium that it moves through, since it is longitudinal in nature like the sound waves 

S waves (Secondary waves): 

The second type of body wave is the S wave or Secondary wave (figure 2), which travels slower than 

the P wave, with a velocity of about 3.5 km/s. The S wave is transverse in nature like the light waves, 

and cannot move through a liquid medium. 

Surface waves: These are the waves that travel along the earth's surface and are the most damaging 

ones, having the largest amplitudes. These are of two types as described below. 

Love Waves: The first kind of surface wave is the Love wave, named after A.E.H. Love, a British 

mathematician who worked out the mathematical formulation for this type of wave in 1911. It is the 

fastest surface wave and moves the ground from side-to-side (figure 3). It is a little slower than the S 

wave and hence arrives after the P and S waves. 

Rayleigh Waves: The other type of surface wave is the Rayleigh wave, named after Lord Rayleigh, 

who mathematically demonstrated the existence of such waves in 1885. This wave rolls along the 

ground like a wave rolls across a lake or an ocean. Hence, it moves the ground up and down and side-to 

side in the same direction as that of the wave propagation (figure 3). Most of the ground shaking during 

an earthquake is due to the Rayleigh waves, which can be the largest waves. 

 
Figure 1.3: Schematic diagram showing the propagation of surface waves 
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Objectives of the Study 

 To prepare the 3D model of the G+9 structure by using the E-TABS Software to perform analysis 

of the structure by using response spectra method. 

 To analyze the structure under static and dynamic loads such as dead load, live load and 

earthquake load. 

 To evaluate the structure responses in two seismic zones namely II and IV.  

2.0 LITERATURE REVIEW 

Abhay Guleria [1] In this paper, the case study mainly emphasizes on structural behavior of multi- 

story building for different plan configurations like rectangular, C, L and I-shape. Modeling of 15- 

story R.C.C. framed building is done on the ETABS software for analysis. Post analysis of the 

structure, maximum shear forces, bending moments and maximum story displacement are computed 

and then compared for all the analyzed cases.  Balaji.U. A, Mr. Selvarasan M.E. B [2] In this work a 

residential of G+13 multi-story building is studied for earthquake loads using ETABS software. 

Assuming that material property is linear static and dynamic analysis is performed. These non-linear 

analyses are carried out by considering severe seismic zones and the behavior is assessed by taking 

types II soil condition. Different response like, displacements, base shear are plotted. Mahesh N. Patil, 

Yogesh [3] In this paper, the earthquake response of symmetric multistoried building is studied by 

manual calculation and with the help of ETABS 9.7.1 software. The method includes seismic 

coefficient method as recommended by IS 1893:2002. The responses obtained by manual analysis as 

well as by soft computing are compared. This paper provides complete guide line for manual as well as 

software analysis of seismic coefficient method. Keerthi gowda B. S. [4] suggested that earthquakes in 

different parts of the world demonstrated the hazardous consequences and vulnerability of inadequate 

structures. The buildings with floating column have a typical feature in the modern multistory 

construction in urban India. The floating column means a vertical element which at its lower-level rests 

on a beam. The seismic inertia forces generated at its floor levels in a building need to be brought down 

along the height to the ground and any deviation or discontinuity in this load transfer path results in 

poor performance. Ms. Priyanka D. Motghare [5] this paper pertains of analytical studies carried out to 

evaluate the performance of RCC frame under different position of floating columns. Building with a 

column that hangs or floats on beams at an intermediate storey and do not go all the way to the 

foundation, have discontinuities in the load transfer. The analysis had been carried out on a five storey 

RCC frame structure which has been analyzed. Analysis was carried out considering different positions 

of floating column by using STAAD pro. Sharma R. K [6] studied that in urban India floating column 

building was a typical feature in the modern multistorey construction. Buildings with floating column 

were adopted either for architectural aspect or when more free space was required in the ground floor. 

Such features were highly undesirable in seismically active areas The study was carried out to find 

whether the floating column structures were safe or unsafe when built in seismically prone areas, and 

has also found out commercial aspects of floating column building either it was economical or 

uneconomical. Ms. Waykule S.B. [7] in recent times, multi-storey buildings in urban cities were 

required to have column free space due to shortage of space, population and also for aesthetic and 

functional requirements. For this, buildings were provided with floating columns at one or more storey. 

These floating columns were highly disadvantageous in a building built in seismically active areas. The 

earthquake forces that were developed at different floor levels in a building need to be carried down 

along the height to the ground by the shortest path.  B. Gireesh [8] Studied the structural and seismic 

analysis of G+7 structure using the Stadd.Pro software. In this study the design was based on the 

following Indian standard codes: IS 1893 (Part 1) – 2007, for the design of base shear. IS 1893:2002 

for the earthquake resistant criteria which stated the different analysis criteria based on Zone of area, 

the height of building and Importance of the building.  

3.0 METHODOLOGY 

Earthquake analysis of a structure can be performed either static analysis or dynamic analysis. The 

main parameters of the seismic analysis of structures are load carrying capacity, ductility, stiffness, 

damping and mass. IS 1893-2002 code is used to carry out seismic analysis of multi-storyed building. 

In this study the buildings are modeled and analyzed using response spectrum analysis. 

Earthquake analysis 

The analysis of a structure can be performed by four different methods. They are 

 Linear static analysis (Equivalent static method) 

 Non-linear static analysis (Push over analysis) 

 Square root of sum of squares method (SRSS) 
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Equivalent static method 

This is the simplest method to perform earthquake analysis and to achieve reasonable results. It is 

prescribed in any relevant code for earthquake analysis and is widely used especially for buildings and 

other common structures meeting certain regularity conditions. The method is also called the lateral 

Forces Method as the effects of an earthquake are assumed to be the same as the ones resulting from 

the statically transverse loadings. Each code presents its own procedure to compute and to distribute 

the static equivalent forces in order to achieve the earthquake effects on the structure.  

Non-linear static analysis 

Nonlinear static analysis, commonly referred to as pushover analysis, is a method for determining the 

ultimate load and deflection capability of a structure.  Local nonlinear structure effects, such as flexural 

hinges at the member joints, are modeled and the structure is deformed or "pushed" until enough hinges 

form to develop a collapse mechanism or until the plastic deformation limit is reached at the hinges. 

 
Figure 3.1 Push over deformation 

It represents a direct evaluation of overall structural response, not only on an element-by-element basis 

but also allows evaluation of inelastic deformations the most relevant response quantity in the case of 

inelastic response. Allows evaluation of the plastic mechanism and redundancy of the structure.  

Square root of sum of squares method (SRSS) 

In the SRSS method, the maximum response is obtained by square root of sum of square of response in 

each mode of vibration. This method does not take into account any coupling of the modes, but rather 

as sums that the response of the modes is all statistically independent. Modal damping does not affect 

the results. However, this method yields poor results where frequencies of major contributing modes 

are very close together. 

Codal provisions 

Dynamic analysis should be performed to obtain the design seismic force, and its distribution to 

different levels along the height of the building and to various lateral load resisting elements, for the 

following buildings. 

 Regular buildings those are greater than 40 m in height in zone IV, V and those are greater than 90 

m height in zones II and III. 

 In irregular buildings all framed buildings higher than 12 m in zone IV and V, and those are 

greater than 40 m in height in zone II and III. 

Dynamic analysis may be performed either by time history method or by the response spectrum 

method. However, in either method, the design base shear vb shall be compared with a base shear Vb 

calculated using a fundamental period Ta. When vb is less than Vb all the response quantities shall be 

multiplied by Vb /vb. The values of damping for a building may be taken as 2 and 5 percent of the 

critical, for the purpose of dynamic analysis of steel and reinforced concrete buildings, respectively.  

MODELLING AND ANALYSIS 

This chapter deals with the modeling and analysis of the structure under various loads. The finite 

element package ETABS V16.2.1 has been used for the analysis. A three-dimensional model of the 

structure has been created to undertake static and dynamic analysis. The model ideally represents the 
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complete three dimensions (3D) characterizes of the building, including its mass distribution, strength, 

stiffness deformability.  

 

 

 

Table 3.1 Description of the Building data 

1 Details of the building 

i) Structure OMRF 

ii) Number of stories G+9 

iii) Type of building Regular and Symmetrical in plan  

iv) Plan area 20 m x 16 m 

v) Height of the building 27 m 

vi) Storey height- Bottom story 

                        Typical story 

3.0 m 

3.0 m 

vi) Support Fixed 

viii) Seismic zones  II, IV  

2 Material properties 

i) Grade of concrete M30 

ii) Grade of steel  Fe415 

iii) Density of reinforced concrete 25 kN/m
3
 

iv) Young’s modulus of M30 concrete, Ec 27386127.87 kN/m
2
 

v) Young’s modulus steel, Es 2 x 10
8
kN/m

2
 

4 Seismic Properties 

i) 
Zones   

II, IV 0.1, 0.24 

ii) Importance factor (I) 1 

iii) Response reduction factor (R) 5% 

iv) Soil type II 

v) Damping ratio 0.05 

 

 
Figure 3.2 Plan of the building 
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Figure 3.3 Elevation of the building 

 

 
Figure 3.4 3D view of the building 

4.0 RESULTS AND DISCUSSION 

In this chapter analysis results of G+9 multi-storeyed building is presented. The analysis is done in 

ETABS using response spectrum method. The building is analyzed in zones II and IV. The results 

evaluated are storey displacement, storey drifts, storey shears, storey stiffness and base reactions. 

Table 4.1 Storey displacements of G+9 in zone II 

Story Elevation 

m 

Location For EQ X For EQ Y 

X-Dir (mm) Y-Dir (mm) X-Dir (mm) Y-Dir (mm) 

Story9 27 Top 3.131E-02 2.646E-03 7.536E-05 4.264E-03 

Story8 24 Top 1.293E-02 1.982E-03 2.6E-04 7.875E-03 

Story7 21 Top 1.089E-02 1.421E-03 2.139E-04 7.267E-03 

Story6 18 Top 8.824E-03 1.018E-03 1.771E-04 5.77E-03 

Story5 15 Top 6.775E-03 8.171E-04 1.482E-04 4.392E-03 

Story4 12 Top 4.836E-03 6.105E-04 1.211E-04 3.159E-03 

Story3 9 Top 3.098E-03 4.059E-04 9.408E-05 2.092E-03 

Story2 6 Top 1.721E-03 2.435E-04 7.705E-05 1.208E-03 

Story1 3 Top 6.904E-04 1.906E-04 5.753E-05 5.194E-04 

Base 0 Top 0 0 0 0 
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Figure 4.1 Maximum storey displacements of structure for EQ X in zone II 

 

 

Figure 4.2 Maximum storey displacements of structure for EQ Y in zone II 

Table 4.2 Storey drifts of G+9 in zone II 

Story Elevation 

m 

Location For EQ X For EQ Y 

X-Dir  Y-Dir  X-Dir  Y-Dir  

Story9 27 Top 0.000007 2.595E-07 3.724E-08 1.377E-07 

Story8 24 Top 0.000001 1.868E-07 1.851E-08 3.58E-07 

Story7 21 Top 0.000001 1.465E-07 1.416E-08 4.989E-07 

Story6 18 Top 0.000001 1.198E-07 1.244E-08 4.591E-07 

Story5 15 Top 0.000001 1.017E-07 1.216E-08 4.11E-07 

Story4 12 Top 0.000001 8.123E-08 1.287E-08 3.559E-07 

Story3 9 Top 4.819E-07 6.521E-08 1.179E-08 2.972E-07 

Story2 6 Top 3.553E-07 5.708E-08 1.497E-08 2.299E-07 

Story1 3 Top 2.301E-07 6.355E-08 1.918E-08 1.728E-07 

Base 0 Top 0 0 0 0 

 

 

Figure 4.3 Maximum storey drifts of structure for EQ X in zone II 
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Figure 4.4 Maximum storey drifts of structure for EQ Y in zone II 

Analysis results of G+9 building in zone IV 

Table 4.3 Storey displacements of G+9 in zone IV 

Story Elevation 

m 

Location For EQ X For EQ Y 

X-Dir (mm) Y-Dir (mm) X-Dir (mm) Y-Dir (mm) 

Story9 27 Top 0.1 6.351E-03 1.809E-04 1.023E-02 

Story8 24 Top 3.102E-02 4.756E-03 6.24E-04 1.89E-02 

Story7 21 Top 2.615E-02 3.411E-03 5.134E-04 1.744E-02 

Story6 18 Top 2.118E-02 2.443E-03 4.251E-04 1.385E-02 

Story5 15 Top 1.626E-02 1.961E-03 3.558E-04 1.054E-02 

Story4 12 Top 1.161E-02 1.465E-03 2.907E-04 7.582E-03 

Story3 9 Top 7.434E-03 9.743E-04 2.258E-04 5.02E-03 

Story2 6 Top 4.13E-03 5.845E-04 1.849E-04 2.898E-03 

Story1 3 Top 1.657E-03 4.575E-04 1.381E-04 1.247E-03 

Base 0 Top 0 0 0 0 

 

 

Figure 4.5 Maximum storey displacements of structure for EQ X in zone IV 

 

 
Figure 4.6 Maximum storey displacements of structure for EQ Y in zone IV 
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Table 4.4 Storey drifts of G+9 in zone IV 

Story Elevation 

m 

Location For EQ X For EQ Y 

X-Dir  Y-Dir  X-Dir  Y-Dir  

Story9 27 Top 0.000017 0.000001 8.937E-08 3.306E-07 

Story8 24 Top 0.000002 4.482E-07 4.443E-08 0.000001 

Story7 21 Top 0.000002 3.516E-07 3.398E-08 0.000001 

Story6 18 Top 0.000002 2.874E-07 2.987E-08 0.000001 

Story5 15 Top 0.000002 2.442E-07 2.919E-08 0.000001 

Story4 12 Top 0.000001 1.949E-07 3.09E-08 0.000001 

Story3 9 Top 0.000001 1.565E-07 2.828E-08 0.000001 

Story2 6 Top 0.000001 1.37E-07 3.592E-08 0.000001 

Story1 3 Top 0.000001 1.525E-07 4.603E-08 4.148E-07 

Base 0 Top 0 0 0 0 

 

 

Figure 4.7 Maximum storey drifts of structure for EQ X in zone IV 

 

Figure 4.8 Maximum storey drifts of structure for EQ Y in zone IV 

CONCLUSIONS 

From the analysis results storey displacements, storey drifts, storey shears, lateral loads, storey stiffness 

and base reactions are compared in zones II and IV. By comparing the results, the conclusions drawn 

are as follows 

 As the zone increases the storey displacements are also increased. 

 As the storey displacements and storey drifts in X-direction increases with respect to Y-direction 

in both zones. 

 Storey displacements in zone IV are 70% more than displacements in zone II. 

 Storey drifts in zone IV are 60% more than storey drifts in zone II. 

 Storey shears in zone IV are 55% more than storey shears in zone II. 

 Storey shears of zones II and IV are same in both X and Y directions. 

 In both zones the storey stiffness values of the structure are same and safe. 

 Base shears of zone IV are more than the base shears of zone II. 
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 Lateral loads on structure in zone II are 40% lesser than lateral loads on structure in zone IV. 

Future Scope 

 Now-a-days residential apartments are constructed with different shapes for aesthetic view. The 

effect of earthquake on those different shaped buildings will be different. So we can analyse the 

effect of earthquake on those different types of buildings. 

 We can also analyze the buildings by introducing different seismic effect reducing elements like 

shear walls, bracings, outrigger and belt truss systems etc. 
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