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Abstract— This project, on Earth Quake resistance design, 

reports a brief study on free vibration dynamic analysis for 

determining vibration parameters such as natural 

frequencies and mode shape for hostel building at 

CHAITANYA College. Finite element analysis software 

package ANSYS 9.0 has been used for analyzing vibration 

parameters for the proposed building. Based on the obtained 

results of natural frequency of the building, equivalent base-

shear is calculated from the code IS 1983:2002 (part-1). 

Finally the building has been designed including the 

obtained base-shear Using STAAD Pro. In the present 

analysis of G+3 building under various seismic response 

system and designed system and designed (slabs, columns 

and footings) using ANSYS 9.0 
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I. INTRODUCTION 

An earthquake is a sudden, rapid shaking of the Earth 

caused by the breaking and shifting of rock beneath the 

Earth's surface. Ground shaking from earthquakes can 

collapse buildings and buildings; disrupt gas, electric, and 

phone services; and sometimes trigger landslides, 

avalanches, and huge destructive ocean waves (tsunamis). 

Designing Earthquake Resistant Structures is 

indispensable. Every year, earthquakes take the lives of 

thousands of people, and destroy property worth billions. 

The major effect on building deterioration due to faults in 

design or in construction stage also may cause damage in the 

building structures. At the same time, the external factors 

such as wind effect, seismic effect, flood, accident and others 

can contribute to the damage of these structures. 

It is imperative that structures are designed to resist 

earthquake forces, in order to reduce the loss of structural and 

human life. Structural design plays an important role. Here, we 

will discuss different techniques used in designing Earthquake 

Resistant structures.  

A. Importance of the Problem 

Earthquakes are devastating in terms of both loss of human life 

and catastrophic failure of structures. The dynamic response of 

building to earthquake ground motion is the most important 

cause of earthquake-induced damage to buildings. 

 
Before the Earth Quake        After the Earth Quake 

Fig. 1.1: Damaged building picture in Bhuj Earthquake.  

The scope of this study is limited to the 

determination of the structural dynamic properties such as 

natural frequencies and mode shapes. The ANSYS 9.0V 

package program is used as a tool of this finite element 

analysis. 

II. METHODS FOR EARTHQUAKE RESISTANT DESIGN 

The following are the two methods for Earthquake Resistant 

Design 

1) Pseudo static method  

2) Modal Analysis  

A. Pseudo static method: 

In all the methods of analyzing multistory buildings 

recommended in the Code, the structure is treated as discrete 

system having concentrated masses at floor levels which 

include half that of columns and walls above and below the 

floor. In addition, the appropriate amount of live load at this 

floor is also lumped with it. It is also assumed that the 

structure is flexible and will deflect with respect to the 

position of the foundation. The lumped mass system reduces 

to the solution of a system of second-order differential 

equation. These equations are formed by distribution of 

mass and stiffness in a structure, together with its damping 

characteristics and the dynamic characteristics of the ground 

motion. 

B. Modal Analysis: 

The goal of modal analysis in structural mechanics is to 

determine the natural mode shapes and frequencies of an 

object or structure during free vibration. It is common to use 

the finite element method (FEM) to perform this analysis 

because, like other calculations using the FEM, the object 

being analyzed can have arbitrary shape and the results of 

the calculations are acceptable. The types of equations which 

arise from modal analysis are those seen in Eigen systems. 

The physical interpretation of the Eigen values and 

eigenvectors which come from 

C. Dynamic analysis 

1) Introduction: 

The dynamic response of a structure is dependent on a number 

of factors which include the main dynamic parameters of the 

building structure, the frequency, No. of frames and Height of 

structure 

2) Dynamic Analysis: 

When a structure has a loading which varies with time, it is 

reasonable to assume its response will also vary with time. In 

such cases, a dynamic analysis may have to be performed 

which reflects both the varying load and response. If however, 

the frequency of loading is low compared with the natural 

frequency of the structure, then the response given by static 

analysis under the instantaneous load may suffice. This 

assumption is normally applied when the frequency is less 
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than one third of the lowest natural frequency. If the applied 

load varies rapidly, then a variety of solution techniques may 

be employed which take into account inertial effects due to 

mass and damping effects. 

3) Basic Concept of Dynamic Analysis: 

Sir Isaac Newton (1642-1727) postulated the laws of 

motion that form the basis of structural dynamics. 

Newton stated the quantity of motion of a body as the 

product of its mass times its velocity which designated as 

momentum. If a force acts upon a body, the rate of 

change of the quantity of motion of the body is equal to 

the applied force. 

d (mv)/dt=f 

That is, in which both the momentum (mv) and 

the driving force (f ) are functions of time. This is known 

as Newton's Second Law. In the basis structural 

dynamics which the mass (m) system is constant, such 

systems, 

F = m (dv) / dt = ma 

Where the driving force (f), the velocity (v) and 

the acceleration (a) are functions of time. The above 

equation is the familiar with "force equals mass time 

acceleration" equation. The mass must be constant for 

its validity. The most general dynamic analysis will 

solve the equation of motion which gives the time 

dependent response of every node point in the 

structure by including inertial forces and damping 

forces in the equation. Inertial forces are the product of 

mass times acceleration and damping forces are the 

product of damping coefficient times velocity. The 

general equation of motion therefore, 

[M] {‘x’}+[C] {x’}+[K]{x}= {F} 

where in matrix form [M]represents the structural 

mass, the nodal acceleration vector{‘x’},[C] the Structural 

damping matrix, {x’} the node velocity. Vector the 

stricture stiffness matrix, {x} the node displacement 

vector and {F} is the applied time varying nodal load 

vector. This equation is a set of differential equations in 

matrix form for the dynamic response of a structure 

modeled with a finite number of degree of freedom.  

4) Vibration of Structures 

Vibrations are time-dependent displacement of a particle, 

or a system of particles, with respect to an equilibrium 

position. If these displacements are repetitive and their 

repetition is executed at equal intervals of time with 

respect to an equilibrium position, the resulting motion is 

said to be periodic. The time (t) required for the motion 

to be repeated is called the period. The frequency of 

vibration (fn) is the number of cycles per unit of time 

(Fertis, 1973). The relationship between the time (t), 

and the frequency (fn) can be represented by the 

equation below, 

fn = 1/t 

5) Damped System  

If the system contains some form of energy dissipation 

then it is said to be damped. If no external forces applied 

to input energy into the system then the damping will 

cause the amplitude of the displacements to die away with 

time. All real systems contain some form of damping. 

6) Free Vibration: 

Free vibration is the dynamic motion which results from 

specified initial condition. It occurs in a system in the absence 

of any external excitation as a result of a kinetic energy or 

potential energy initially present in the system. These 

vibrations are oscillations about one of the system's static 

equilibrium positions. Free vibrations may also be initiated as 

the result of an initial kinetic energy. The impact imparts an 

initial kinetic energy to the block and starts the system in 

motion. Free vibrations begin with a continual transfer of 

kinetic energy to potential energy and vice versa. 

 
Fig. 2.5: Free Vibrations by Importing an initial kinetic 

energy to the back 

For all the systems considered, the form of the 

equation of motion is the same as for the simple spring-mass 

system, 

m {x} + K{x} = 0  (1) 

The solution of this equation can be used to 

predict the behavior of the system considered. Equation (1) 

represents simple harmonic motion and thus its solution may 

be written in the form 

x = A COS ωnt + B Sin ωnt 

Substituting ‘x’ in equation (1) then, 

m (-ωn
2ACOS z - (ωn

2 BSin ωnt) +K A(COS ωnt+ BSin(ωnt) 

-ωn
2m+k=0 

ωn
2 = ωn

2 =√𝐾/𝑚 

This constant n W (rad/sec) is the natural 

frequency of the system. The displacement is the sum of 

two sinusoidal functions which vary at a frequency n W. 

The amplitude of these functions is determined by the 

initial conditions.  

If at time t = 0, the mass has displacement i x 

and velocity i x& then 

A =xi and B =xi/ ωn 

And the displacement at any time is given by 

x = xi COS G) ωnt + {x·}/ ωn Sin ωnt 

This may be written in terms of a single sinusoidal function 

X= A' sin (ωnt + α) 

Where 

A'= x i
2+( x i/ ωn) 

And tan  α = x i  x(ωn /  x i) 

A' is the amplitude of the vibration and the 

phase angle. The displacement of the mass will vary as 

shown in Figure 

ωn T = 2𝜋 

T = 2𝜋/ωn 

T represents the period of the vibrations and the 

number of periods per second is called the frequency/in 

hertz or cycles per second. Thus 

f = 1/T = ωn/2Π 

= l/2π√𝐾/𝑚 
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7) Sinusoidal Vibration 

8) Natural Frequency: 

The frequency at which resonance occurs, that is when the 

stiffness and the inertia forces cancel are called the natural 

frequency or the resonance frequency of the system. If an un 

damped system is excited at its natural frequency then the 

amplitude of oscillations will grow linearly with time so that 

the response can become very large. 

9) Mode Shapes: 

A mode of vibration is characterized by a modal frequency 

and a mode shape, and is numbered according to the 

number of half waves in the vibrate below ion. The 

figures show different modes of any structure. 

 
Fig. 2.7: Different Mode Shapes 

D. Finite Element Analysis: 

Finite element analysis is an effective method of 

determining the dynamic performance of structures for 

three reasons which are saving in design time, cost 

effective in construction and increase the safety of the 

structure. Previously, it is necessary to used advanced 

mathematical methods in analysis large structures, such 

as bridges, tall buildings and other. Finite element 

methods free designer's from the need to concentrate on 

mathematical calculation and allow them to spend more 

time on accurate representation of the intended structure 

and review of the calculated performance. 

E. The Fundamentals of Structural Finite Element 

Analysis: 

The finite element method is an approximate analysis 

technique which basically consists of dividing a structure 

into a number of parts, called elements. These are 

connected to each other at their nodes as shown in 

Figure  

 
Fig 3.2.Descritization of Beam and Plate Element 

Each node may have one or more degree of 

freedom (DOFs) which are defined as independent 

displacements (translation and rotations) used to 

describe the movement of each node. The number and 

type of elements should be selected so that the deformed 

shaped of the structure can be adequately represented. 

F. The Stiffness MATRIX: 

The behavior of individual elements is described by 

element stiffness matrices which are square matrices of 

order equal to the number of nodes in the elements 

multiplied by the number of degrees of freedom at each 

node. The elements of the element stiffness matrices are 

functions of the geometric and material properties of the 

elements. Once formed, the individual element stiffness 

matrices are compiled into a stiffness matrix for the 

whole structure in a process called assembly. The 

resulting stiffness matrix is a square matrix of order equal 

to the number of degrees of freedom in the entire structure 

and is represented by [K]. 

The static equilibrium of the structure may now 

be described by the well known matrix equation, 

[K] {x}={f}  

For dynamic analyses, inertia and damping forces must 

be included and the governing matrix equation of motion 

is given by, 

[M] {.x.}(t)}+[C]{x} (t)}+ [K] {x} (t)}= {f (t)} 

G. The Mass MATRIX: 

The mass matrix [M] may be formulated to be 

'consistent' or 'lumped' A consistent formulation 

approximates a continuous distribution of mass 

throughout the elements by using their shape functions. 

A lumped formulation assumes the mass to be 

concentrated at the nodes and its mass matrix contains 

only diagonal elements, which is more computationally 

efficient. 

H. The Damping MATRIX: 

Various formulations exist for definition of damping 

matrix[C] .However; selection of the appropriate damping 

matrix formulation is normally based on convenience of 

application. 

a i [M] +a2[K]= [C]. 

III. METHODOLOGY 

A. Introduction 

Finite element models typically provide dynamic performance 

predictions that exhibit relatively large frequency differences 

when compared with the experimental frequencies. The models 

also predict differences in the modes response. These 

differences come not only from the modeling errors, but also 

from parameter errors due to structural damage and 

uncertainties in material and geometric properties. 

B. Finite Element Modeling 

Before analyzing the building structures, the ANSYS finite 

element code was attempted on several problems such as 

beam problem, truss, frame and others. The analysis was done 

in both on static and dynamic to observe differences 

between these two analyses. Simple building models were 

employed in preliminary modeling to provide a framework. 
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The building model at this stage is similar to the real building 

in terms of the dimensions and material properties such as the 

elastic Young's modulus (E), moment of inertia (I), span 

length (L), cross-sectional area (A), and mass density (p) 

together with appropriate boundary conditions and loads. 

C. Modal Analysis in ANSYS 

Modal analysis is needed to determine the natural 

frequencies and mode shapes of free vibration. A shifted 

Block Lanczos method (Grimes et al., 1994) in ANSYS is 

chosen to extract the eigen value and eigenvector pairs. 

Modal analysis in ANSYS is a simple extension of linear 

analysis. The finite element model is created as normal 

within PREP7 and saved prior to enter the solution 

phase (/SOLUTION). The analysis type is selected by 

using the MODOPT command. In this case study, two 

buildings are analyzed by using Block Lanczos method 

and the solution is executed using SOLVE command. 

After the completion of the solution (/FINI), the 

solution is re-entered (/SOLUTION) and the expansion 

pass is started (EXPASS, ON) where the number of 

modes to be expanded is entered (MXPAND, number). 

Expansion is executed using the SOLVE command. 

Post processing is performed in the usual manner 

however each frequency is stored using the SET 

command. Figure 4.3 showed the flow chart of modal 

analysis in ANSYS program. 

 
Fig 4.3: Flow chart of Modal analysis in ANSYS program 

D. Finite Element Discrimination 

In constructing a finite element mesh for a dynamic 

analysis there are a range of aspects of the problem that 

have to be considered. The stiffness distribution is 

important in static analysis whereas for dynamic analysis, 

the mass distribution is the most important. 

The mesh should be chosen to allow the lowest 

stiffness areas of the structure to be modelled accurately. 

If the stiffness is distributed reasonably uniformly 

throughout the structure then a uniform mesh is required. 

E. Loading and Boundary Conditions 

Structural Finite Element Analysis displacement 

boundary conditions are the limitations on movement of 

the structure at places such as anchor locations. The 

boundary conditions in a finite element model must 

limit translation and rotation. One of the major 

problems associated with a dynamic analysis is the 

modelling of boundary condition. 

F. Analysis Type 

Modal Analysis is the analysis procedure employed to 

this study. It is used to determine the natural frequencies 

and corresponding modes of free vibration for the 

structure. For this analysis, master degree of freedom 

and the number of mode to expand must be specified. 

The basic equation solved in a typical undamped modal 

analysis is the classical Eigen value problem as shown 

below: 

[K ]{Φi}=ωi
2  (M) Φi 

[K]    = stiffness matrix 

{Φi   = mode shape vector (eigenvector) of mode i 

(Φi)   = natural frequency of mode i  

(ωi)   = is the Eigen value) 

[M]   = mass matrix 

G. Units 

ANSYS program allows the use of any unit provided it is 

used consistently to avoid the errors. Getting the mass and 

mass density into the correct units is particularly important 

when performing any form of vibration analysis. In this 

analysis, SI units are used for material and sectional properties 

as shown in Table below. 

Description SI units 

All Dimensions and Sectional properties M 

Young's Modulus N/m2 

Mass density Kg/m2 

Pressure Loading N/m 

Gravitational Loading m/s2 

 

SET TIME/FREQ 
LOAD 

STEP 

SUB 

STEP 
CUMULATIVE 

1 0.61270 1 1 1 

2 0.64152 1 2 2 

3 0.63168 1 3 3 

4 0.72282 1 4 4 

5 0.83918 1 5 5 

H. Obtained Results of Natural Frequencies for the Hostel 

Building 

IV. ANALYSIS & DESIGN USING STAAD PRO. 

A. Steps to be followed for Input Programime: 

1) Joint coordinates 

2) Member incidences 

3) Material properties 

4) Load cases 

5) Load combinations 

6) Perform analysis 

7) Specify code i.e. IS 13920-1993 

B. Load Combinations as per IRC 13920-1893 

LOAD CASE COMBINATION OF LOADS 

LOAD CASE 1 DEAD LOAD 

LOAD CASE 2 LIVE LOAD 

LOAD CASE 3 SEISMIC LOAD 

LOAD CASE 4 1.5 (LIVE + DEAD) 
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LOAD CASE 5 1.2 (LIVE + DEAD + SEISMIC) 

LOAD CASE 6 1.2 (LIVE + DEAD - SEISMIC) 

LOAD CASE 7 1.5 (LIVE + DEAD) 

LOAD CASE 8 1.5 (LIVE - DEAD) 

LOAD CASE 9 0.9 (LIVE)+1.5 (DEAD) 

LOAD CASE 10 0.9 (LIVE)-1.5 (DEAD) 

 
Fig. 5.3: First mode shape of building 

 
Fig. 5.4: Fiftth Mode Shape of the Building 

 
Fig. 5.5: First Displacement Shape of the Building 
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Fig. 5.6: Fifth Displacement shape of the Building 

 
5.7 Cross Section for Plan of the Building : at 1-1 and 2-2 

 
5.8 Shear Force Diagram for Section 1-1 

 
5.9 Bending Moment Diagram for Section 1-1 

 
5.10 Shear Force Diagram for Section 2-2 

 
5.11 Bending Moment Diagram for Section 2-2 

V. DESIGN PROCESS 

Based on the results obtained during analysis, the maximum 

moments are found to be for the beam number 38 and 39 in 

Section 1-1 of Hostel Building. Hence the same beam is 

considered for the design purpose. 
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VI. CONCLUSION 

Importance of the earthquake resistant design is briefly 

described. Earthquake resistant design for hostel 

building is considered as a project-work. 

Different methods for Earthquake resistant design 

such as pseudo static method and modal analysis are 

explained including introduction to dynamic analysis.  Free 

vibration dynamic analysis is carried out for 

determining vibration parameters such as natural 

frequencies and mode shapes for s hostel building  

Finite element analysis software package 

ANSYS 9.0 is used for analyzing vibration parameters for 

the proposed building. Based on the obtained results of 

natural frequency of the building, equivalent base-shear is 

calculated from the code IS 1893:2002 (Part 1). Finally the 

building has been analyzed and designed by including the 

base-shear using STAAD Pro. 

It is concluded that the proposed building is 

designed once again by considering additional loading such 

as seismic-loading and hence it is Earthquake resistant. 

Moreover, the results obtained in the project can be 

utilized for constructing new and similar type of buildings 

for Earthquake resistant design. 
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