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Abstract:The fundamental frequency of vibration of 
bridge deck is a key parameter that represents the dynamic 
characteristics and the condition of the super structure. 
Comparative study of natural period equations from 
different countries like Indian, Japan, America and New 
Zealand codes has done. The mathematical formula has 
been proposed for the natural period of short span bridges 
using single degree of freedom system, and validation of 
that formula is done using the same. Graphs have been 
plotted for natural time period by varying different 
parameters of the bridge structures using derived equation. 
The dynamic analysis of short span bridge is done for the 
calculation of natural period. Those results have been 
examined with finet element analysis software- Midas 
civil.  
 

I. INTRODUCTION 
 

A bridge is a structure built to span a physical 
obstacle (such as a body of water, valley, road, or rail) 
without blocking the way underneath. It is constructed for 
the purpose of providing passage over the obstacle, which 
is usually something that is otherwise difficult or 
impossible to cross. There are many different designs of 
bridges, each serving a particular purpose and applicable 
to different situations. Designs of bridges vary depending 
on factors such as: the function of the bridge, the nature of 
the terrain where the bridge is constructed and anchored, 
and the material used to make it and the funds available to 
build it. 

The dynamic analysis of a bridge is one of the most 
important structural analyses. Because it ignores the 
effects of time and examines the state of equilibrium of 
forces in an item or system, static analysis is a state that 
does not vary through time. In static analysis issues, the 
magnitude of a given load determines the shear force, 
moment, and deformation inside the part. Dynamic 
analysis is concerned with the study of the functioning of 
things or systems throughout time, including changes 
(considering time or frequency). 

Static and dynamic loads are the most common 
forms of load applied to structures. The bulk of civil 
engineering structures, on the other hand, are built 
assuming that all applied loads are static. The influence of 
dynamic loads is not taken into account since the structure 

is rarely subjected to dynamic loads; moreover, including 
it in the analysis makes the solution more difficult and 
time-consuming. This tendency to ignore dynamic forces 
can occasionally lead to tragedy, especially in the case of 
an earthquake.The method of constructing structures 
capable of withstanding dynamic stresses, particularly 
earthquake-induced loads, is gaining popularity these 
days. This is necessary because, in the current situation, 
when earthquakes occur regularly, the dynamic force 
cannot be overlooked. 

II. LITERATURE REVIEW 
 

1. ROBERT K et al, “Dynamic Behavior of Simple-
Span Highway Bridges”, 1962.  
The findings of an analytical research on the dynamic 
behaviour of simple-span highway bridges crossed by 
heavy vehicles are presented in this article. The 
elements that determine the dynamic response of such 
bridges are examined, as well as the impact of a few of 
them. The vehicle's speed, axle spacing, dynamic 
characteristics of the bridge and the vehicle when the 
vehicle enters the span, and the unevenness of the 
bridge surface are all elements taken into account. In 
field studies, the majority of these variables were 
discovered to be responsible for substantial dynamic 
impacts in highway bridges. This research involves 
using "representative" bridges and cars to evaluate the 
effects of the characteristics listed above by changing 
one at a time. The bridge is modelled as a single-axle 
sprung load unit, whereas the vehicle is modelled as a 
two-axle sprung load unit. The impacts of the bridge's 
torsional oscillations and the vehicle's rolling along its 
longitudinal axis cannot be taken into consideration 
since the system is assumed to have no width. One of 
the study's unique aspects is the depiction of the vehicle 
as a two-axle loadThe idealised system is investigated 
under the premise that the instantaneous deflection 
configuration of the beam's neutral axis is proportionate 
to the equivalent static configuration created by the 
vehicle's weight and the bridge's own weight. In effect, 
this assumption reduces the beam to a single-degree-of-
freedom system, simplifying the issue analysis. 
 

2. Jagmohan L et al. DYNAMIC RESPONSE 
ANALYSIS OF SLAB TYPE BRIDGES, 1995. 
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A bridge beneath a moving vehicle is a complicated 
phenomenon due to the interplay between the bridge 
and the vehicle reaction. As a result of the complexity, 
identifying the relevant factors that influence the 
response is challenging; thus, understanding of such 
parameters is critical for establishing rational design 
processes.The bridge is idealised as a rectangular 
isotropic or orthotropic plate in this research, and the 
vehicle is modelled as a single sprung mass travelling 
over the deck. Finite elements are used to discretize the 
plate, and numerical integration is used to solve the 
nonlinear equations of motion in their incremental 
form. The aspect ratio, the speed parameter, the 
frequency ratio, and the mass ratio are the governing 
parameters for an isotropic plate model, while the 
governing parameters for an orthotropic plate model are 
X and e, which are characteristics that depend on the 
geometry and natural properties of the plate, as well as 
the speed parameter, the frequency ratio, and the mass 
ratio. Finally, we may draw conclusions based on the 
findings. It's well acknowledged that the models omit 
key factors that are known to influence reaction, such as 
road roughness and vehicle design. In terms of the 
study's controlling parameters, are valid, and the 
influence of other elements not mentioned can be 
investigated through further refining of the models 
given. Aspect ratio, speed parameter IX, and frequency 
ratio are the defining factors that determine the reaction 
of a bridge structure approximated by an isotropic plate. 
 

3. S. MARCHESIELLO et al, “DYNAMICS OF 
MULTI-SPAN CONTINUOUS STRAIGHT 
BRIDGES SUBJECT TO MULTI-DEGREES OF 
FREEDOM MOVING VEHICLE EXCITATION”, 
Italy, 1999.  
The study takes an analytical approach to the problem 
of dynamic interaction between vehicles and bridges. 
Researchers have refined the models of both the bridge 
and the vehicle in recent years, starting with early 
experiments based on a simply supported beam 
interacting with a lumped mass travelling at constant 
speed. The bridge is treated as a multi-span continuous 
isotropic plate on this basis; its response to external 
loads is specified using the mode superposition concept, 
which takes into consideration both flexural and 
torsional mode forms, which are often overlooked in 
the literature. The Rayleigh - Ritz technique is used to 
determine the modes of the plate, which is 
proportionately damped. The vehicle's design includes a 
seven-degree-of-freedom mechanism that moves at a 
steady speed over an isotropic rough bridge surface. 
The numerical examples provided are for a three-span 
bridge. The theoretical modes, established using the 
Rayleigh-Ritz method, were found to be in good 
agreement with a FE model, indicating that the 
analytical results may be trusted. The approach 
presented and applied takes into account both the 
structure's flexural and torsional modes, as well as the 

road's roughness, and, in theory, permits any vehicle 
model to be introduced. The good results obtained 
piqued the authors' interest, and future work should 
include: the problem of interaction in the presence of 
orthotropic plates, line support stiffnesses, more 
sophisticated bridge models, including shear 
deformation and rotary inertia effects as in reference, 
curved or skew bridges, the simultaneous presence of 
more than one vehicle on the bridge, more sophisticated 
models of the bridge, more sophisticated models of the 
bridge, more sophisticated models of the bridge, more 
sophisticated models of the bridge, more sophisticated 
models.  
 

4. X. Q. ZHU et al, “DYNAMIC LOAD ON 
CONTINUOUS MULTI-LANE BRIDGE DECK 
FROM MOVING VEHICLES”,2002. 
Vehicles travelling at a constant speed on top of a 
multi-lane continuous bridge deck are studied for 
dynamic loads. A multi-span continuous orthotropic 
rectangular plate with line stiff intermediate supports is 
used to simulate the bridge. The orthotropic plate 
theory and modal superposition approach are used to 
investigate the dynamic behaviour of the bridge deck 
under single and multiple cars travelling in separate 
lanes. The dynamic loading is examined in terms of the 
bridge deck's dynamic impact factor. The fluctuation of 
the dynamic impact factor and wheel load distribution 
factor on the bridge deck was studied using numerical 
simulations, and the following results were reached. 

1. The impact factor is heavily influenced by the 
transverse vehicle position. The impact factors in the 
beams that are further away from the moving vehicle's 
path are greater than those in the beams that are closer. 
The reactions and wheel load distribution factor, on the 
other hand, are bigger at places near to the moving 
vehicle. 

2. The high dynamic impact factors found in this study 
equate to a low bridge deck reaction and, as a result, a 
low stress level. As a result, these impact variables 
should be used with caution, as they are only relevant 
when they are connected to the design scenario.  

3. Multiple vehicle impact factors are less than those assoc
iated with a single vehicle. 

4. The roughness of the road surface has a greater 
influence on the impact factors than the vehicle's speed. 
 

5. A. Rezaiguia et al,“Semi-analytical determination of 
natural frequencies and mode shapes of multi-span 
bridge decks”,2009.  
The natural frequencies and mode forms of a multispan, 
orthotropic highway bridge deck are presented in this 
study using an unique semi-analytical method. The 
function describing the mode forms of the bridge deck 
is treated as the product of two admissible functions in 
this method. The mode forms of a continuous simply 
supported beam are used to define the longitudinal 
mode shapes of the bridge deck. The other combines 
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the mode forms of a free beam with the boundary 
conditions of a free plate to account for intermodal 
coupling, which is often overlooked due to the added 
complexity. This decomposition yields an extremely 
complicated differential equation with just space 
coordinates. An average meaning integration is used to 
address this problem. The achieved results are within 
2% of previously reported results, with the added 
benefit of a far more straightforward implementation. 
The natural frequencies and mode shapes of structures 
must be determined using an analytical, semi-analytical, 
or numerical technique. The natural frequencies and 
mode shapes of a multi-span, continuous, orthotropic 
bridge deck are determined using a novel 
semianalytical technique presented in this work. The 
proposed technique is based on the modal method, 
which varies from previous approaches in the way it 
decomposes the acceptable functions that define the 
mode forms. This approach is simple to use and 
eliminates the need for time-consuming mathematical 
calculations. The first 16 modes of previously published 
completely analytical findings and a finite element 
technique analysis are compared in this work to the 
application of the semi-analytic methodology to a three-
span, orthotropic highway bridge deck. In all situations, 
the simpler solution matches to within 2%, with the 
added benefit of intermodal coupling. The method may 
also be used to bridges with more than three spans. 
 

6. M. Guebailia, “Solution of the free vibration 
equation of a multi span bridge deck by local 
estimation method”, INSA of Lyon, France, 2013.  
The study of the dynamic behaviour of highway bridges 
induced by the passage of mobile vehicles is a hot issue 
that piques the attention of many academics from many 
areas. They discussed highway bridge modelling using 
the equation of motion of a multi-span orthotropic thin 
plate in this paper. Propose that the free vibration 
equation be solved by separating variables, resulting in 
an equation of motion with changing coefficients based 
on longitudinal position, with coefficients estimated at 
anti nodes of the beam's mode forms. We can get 
accurate estimates of natural frequencies and mode 
shapes of the bridge using the suggested technique. 
This new approach is more efficient than prior ways 
since it is analytical and does not require several 
integrations, like the Rayleigh–Ritz method does. The 
recommended approach produces results that are 
extremely close to those produced numerically using 
ANSYS software; the difference is less than 2.5 
percent. The observed findings are mostly in accord 
with previously published results for bending modes, 
but the divergence becomes significant for second-order 
mode shapes. The discrepancy may be explained by the 
fact that earlier research took into account beam 
boundary conditions, whereas we employed plate and 
beam boundary conditions in our study. In comparison 
to FEM findings, the suggested approach corresponds 

well for both natural frequencies and mode shapes for 
symmetrical and unsymmetrical bridges. The suggested 
technique is based on earlier work that involved 
computing the averaged wave number in order to solve 
the free vibration equation for the bridge. For the point 
XOpt along the bridge, we discovered a local estimate 
wave number that corresponded to the maximum 
amplitude of the longitudinal beam mode forms. This 
novel technique substantially reduces computation time 
while producing highly good results that are equivalent 
to those found in the literature and those obtained using 
ANSYS software's numerical simulation. The two 
analytical techniques for resolving the bridge's free 
vibration equation are shown in practise. 
 

7. Ahmed et al,“Theoretical Modal Analysis of Freely 
and Simply Supported RC Slabs”, 2014. 
The dynamic behaviour of reinforced concrete (RC) 
slabs is the subject of this article. As a result, two 
distinct forms of boundary conditions were used in the 
theoretical modal analysis. The most significant 
dynamic analysis approach is modal analysis. When 
there is no external force on the structure, the analysis 
will be modal. The impact of freely and simply 
supported boundary conditions on the frequencies and 
mode shapes of RC square slabs are investigated in this 
article using this approach. To identify the natural 
frequencies and mode shapes of the slabs, ANSYS 
software was used to create a finite element model. 
After that, the numerical analysis (finite element 
analysis) findings will be compared to the precise 
answer. Prior to doing actual modal analysis, the major 
objective of the research project is to anticipate how 
boundary circumstances alter the behaviour of slab 
structures. When compared to slabs with freely 
supported boundary conditions, the results show that 
just supporting the boundary condition has a clear 
impact on increasing natural frequencies and changing 
the form of the mode. As a result, such support 
circumstances have a direct impact on the slabs' 
dynamic behaviour. As a result, it is recommended that 
in experimental modal analysis, the free-free boundary 
condition be used to accurately reflect the structure's 
characteristics. The impact of poorly defined supports is 
disrupted by utilising free-free boundary conditions. It's 
worth noting that the analytical and numerical natural 
frequencies of freely supported and simply supported 
RC slabs were compared in this work. Analytical 
compression was found between freely and simply 
supported RC slabs, with percentage differences 
ranging from 30.71 to 64.51. The numerical 
compression of freely and simply supported RC slabs 
was calculated with a percentage difference of 29.04 to 
63.67. When compared to the freely supported 
boundary condition, the results show that merely 
supporting the boundary condition has a clear impact on 
increasing natural frequencies and changing the form of 
the mode of slabs. As a result, such support 
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circumstances have a direct impact on the slabs' 
dynamic behaviour. 

8. Farnoush Karimi, “Assessment of the fundamental 
natural frequency of bridge decks”, Switzerland, 
2019. 
In this paper, the variation of the fundamental natural 
frequency of the first bending mode of typical bridge 
superstructures in terms of each of the aforementioned 
parameters was assessed, taking into account some 
important and infuencing parameters on the 
fundamental natural frequencies of bridges, such as 
bridge span length, number of spans, bridge width, 
number of girders, and height of girders. The bulk of 
research efforts aimed at investigating the dynamic 
behaviour of bridges, whether using numerical 
modelling or ambient vibration techniques, have 
included estimating the fundamental natural frequencies 
of bridge decks with various geometric features. 
Because the dynamic response of bridges is one of the 
most significant characteristics determining bridge 
safety and service life, numerous researchers have spent 
the last two decades researching various techniques of 
dynamic testing of bridges and girders. Determining the 
fundamental natural frequency of bridge superstructures 
in relation to various geometric parameters of the 
superstructure has been an integral part of a class of 
relevant research projects aimed at obtaining an 
accurate and simple estimation with results comparable 
to those obtained using traditional numerical modelling 
techniques or dynamic test methods. The findings of the 
numerical analysis and dynamic testing were employed. 
The first bending natural frequency of bridge decks has 
been found to be inversely linked to span length and 
directly related to the number of spans and bridge 
width. Other assumed factors such as the height and 
number of girders have an indirect influence on the 
number of spans and bridge width, but have no 
independent effect on the bending natural frequency of 
the bridge deck. 
 

9. T. Nagayama, “Bridge Natural Frequency 
Estimation by Extracting the Common Vibration 
Component From the Responses of Two Vehicles”, 
University of Illinois, 2015. 
Using two cars, this study presents a novel frequency 
estimate technique. The central concept is that bridge 
vibration, which is a common vibration component 
among numerous vehicle responses, is recovered via 
signal processing and cross-spectrum estimation. To 
test the algorithm's performance under various 
situations, numerical evaluations using a vehicle-bridge 
interaction (VBI) model are carried out. The viability of 
such indirect frequency detection has been proven by 
numerical simulations. After that, an experimental 
investigation involving the synchronized-sensing of two 
cars is carried out. The bridge's initial natural frequency 
has been discovered at various traffic speeds, indicating 
the effectiveness of the suggested method. The 

vibration responses of two cars are used to estimate the 
natural frequency of the bridge in an indirect manner. 
Two cars travel across the bridge in this method. 
Individual power spectra and cross-spectrum are 
computed from acceleration responses recorded during 
vehicle passing. This technique is shown to be possible 
through a numerical investigation at a relatively modest 
driving speed. The field measurement yielded a similar 
result, demonstrating the strategy's viability. 
 

III. OBJECTIVES 

 

 Comparative study of various codal provisions for 
natural period from foreign and Indian codes. 

 Mathematical model for natural period of bridges using 
SDOF and systems. 

 Comparing natural period bridges using software and 
mathematical solution. 

 

 
IV. NATURAL PERIOD 

 
It is important to analyse the time period of a structure 

in order to understand the performance of the bridges 
under seismic effects and the influence of lateral loads on 
a structure. Before assessing the time period of a structure, 
it is important to identify the importance of the time 
period. The time period is crucial in calculating lateral 
loads and, as a result, in seismic evaluation of a structure. 
The length of time is determined by the mass (m) and 
stiffness (s) (k). The behavior of bridges under lateral 
loads may be studied using a time period that is only 
dependent on stiffness and massIt's tough to pinpoint the 
specific time frame. The determination of time period is 
required for the construction of earthquake-resistant 
structures that appear to be both safe and cost-effective. 
 

According to IS regulations, the overall height of the 
bridges and the size of the abutments are related by a time 
period formula. The design of earthquake-resistant 
constructions is heavily influenced by the passage of time. 
The basic period of vibration is determined by considering 
the entire height of the structures, according to regulations 
such as Indian Standard (IS), United States (US), New 
Zealand, and Japan Road Association, and according to 
recommendations offered in numerous investigations. For 
the construction of earthquake-resistant structures, a 
variety of design codes are available. Many regulations 
provide simple relationships that connect the height of 
constructions to the fundamental time period. These 
equations are for force-based design, which can anticipate 
the base shear force by estimating the time period. 

Natural Period Tn of a structure is the time taken by it 
to undergo one complete cycle of oscillation. It is a 
characteristic of a structure that is determined by its mass 
(m) and stiffness (k). These three values are linked by the 
fact that they are measured in seconds (s). 
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T =
k

m
 

The Natural Frequency fn is the reciprocal (1/Tn) of a 
building's natural period, and its unit is Hertz (Hz).

1 IRC: 6-2016 
The objective of the standard specification and code of 
practice is to establish a common procedure for the design 
and construction of road bridges in India. This code serves 
both design and construction engineer. These are the two 
approaches for calculating seismic reactions, wh
based on the structure's complexity and input ground 
motion. 

 For the most majority of bridges, the elastic 
acceleration technique is sufficient. The first basic 
mode of vibration is computed using this approach, and 
the associated acceleration is read from the graph 
below. (IRC:6-2016) 

 Elastic Response Spectrum Approach: This method is 
appropriate for more complicated structural systems in 
which a dynamic study of the structure is done to 
determine the first and higher modes of vibration, as 
well as the forces for each mode, using the response 
spectrum curve. 

Fig: 1 RESPONSE SPECTRA 

Type 1 – Rock and Hard soil, having N above 30
Type 2 – Medium soils, having N between 10 and 30
Type 3 – All soils other than SP with less than 10
N – Standard Penetration Value. 

2 AASHTO (AMERICAN ASSOCIATION OF 
STATE HIGHWAY AND TRANSPORTATION 
OFFICIALS) 

The American Association of State Highway and 
Transportation Officials (AASHTO) is a standards setting 
body which publishes specifications, test
guidelines that are used in highway
construction throughout the United States. 

 SINGLE-MODE SPECTRAL METHOD:
The basic mode of vibration in either the longitudinal or 
transverse direction must be the basis for the single
approach of spectral analysis. The longitudinal and 
transverse axes of the bridge construction correspond with 
the basic modes of vibration in the horizontal plane for 
regular bridges. By applying a consistent horizontal force 

The Natural Frequency fn is the reciprocal (1/Tn) of a 
building's natural period, and its unit is Hertz (Hz). 

ndard specification and code of 
practice is to establish a common procedure for the design 
and construction of road bridges in India. This code serves 
both design and construction engineer. These are the two 
approaches for calculating seismic reactions, which vary 
based on the structure's complexity and input ground 

For the most majority of bridges, the elastic 
acceleration technique is sufficient. The first basic 
mode of vibration is computed using this approach, and 

read from the graph 

Elastic Response Spectrum Approach: This method is 
appropriate for more complicated structural systems in 
which a dynamic study of the structure is done to 
determine the first and higher modes of vibration, as 

s the forces for each mode, using the response 

 

 

Rock and Hard soil, having N above 30 
Medium soils, having N between 10 and 30 
All soils other than SP with less than 10 

AASHTO (AMERICAN ASSOCIATION OF 
STATE HIGHWAY AND TRANSPORTATION 

American Association of State Highway and 
) is a standards setting 

body which publishes specifications, test protocols and 
ighway design and 

MODE SPECTRAL METHOD: 
The basic mode of vibration in either the longitudinal or 
transverse direction must be the basis for the single-mode 
approach of spectral analysis. The longitudinal and 
transverse axes of the bridge construction correspond with 

in the horizontal plane for 
regular bridges. By applying a consistent horizontal force 

to the structure and computing the resulting deformed 
shape, this mode shape may be discovered. The natural 
period may be determined by equating the basic mode 
shape's maximal potential and kinetic energies. The elastic 
seismic response coefficient, Csm, may be used to 
calculate the amplitude of the displaced form.

T = 2Π
γ

Po ∗ g ∗ α
 

 
 
 
Where, 
 g = acceleration of gravity (ft/sec

Po = a uniform load arbitrarily set equal to 1
(kip/ft) 
 

 UNIFORM LOAD METHOD: 
The uniform load technique must be based on the basic 
mode of vibration of the base structure in either the 
longitudinal or transverse directions. The period of this 
mode of vibration will be the same as a single mass
oscillator with the same period. The greatest displacement 
that occurs when an arbitrary uniform lateral load is 
applied to the bridge is used to compute the stiffness of 
this equivalent spring. The equivalent uniform seismic 
load from which seismic force effects are determined will 
be calculated using the elastic seismic response coefficient 
Csm. 

Tm =
W

g ∗ K
 

3 NZ TRANSPORT AGENCY 
The NZ Transport agency gives guidelines to meet that 

objective, for the design and evaluation of bridges 
carrying road and or pedestrian traffic, for the design of 
other highway structures such as retaining walls and 
culverts and for the design of earthworks such as slopes, 
embankments and cuttings. 

In this NZ Transport agency’s bridge manual the 
natural period of bridges only depend on the soil 
classification only. 
4 JAPAN ROAD ASSOCIATION 
(DESIGN SPECIFICATION OF HIGHWAY 
BRIDGES- PART V. SEISMIC DESIGN)
The natural period of a design vibration unit that consists 
of one substructure and a superstructure part supported by 
it must be computed using the equation below.

T = 2.01√δ 
Where,  
 T : Natural period of the design vibration units
 δ : Displacement 
 

V. MATHEMATICAL MODEL FOR 
NATURAL TIME PERIOD OF BRIDGES 
USING SDOF SYSTEM 

 
 

to the structure and computing the resulting deformed 
shape, this mode shape may be discovered. The natural 
period may be determined by equating the basic mode 

maximal potential and kinetic energies. The elastic 
seismic response coefficient, Csm, may be used to 
calculate the amplitude of the displaced form. 

= acceleration of gravity (ft/sec2) 
= a uniform load arbitrarily set equal to 1.0 

The uniform load technique must be based on the basic 
mode of vibration of the base structure in either the 
longitudinal or transverse directions. The period of this 
mode of vibration will be the same as a single mass-spring 

. The greatest displacement 
that occurs when an arbitrary uniform lateral load is 
applied to the bridge is used to compute the stiffness of 
this equivalent spring. The equivalent uniform seismic 
load from which seismic force effects are determined will 

calculated using the elastic seismic response coefficient 

The NZ Transport agency gives guidelines to meet that 
objective, for the design and evaluation of bridges 
carrying road and or pedestrian traffic, for the design of 
other highway structures such as retaining walls and 
culverts and for the design of earthworks such as slopes, 

In this NZ Transport agency’s bridge manual the 
natural period of bridges only depend on the soil 

(DESIGN SPECIFICATION OF HIGHWAY 
PART V. SEISMIC DESIGN) 

The natural period of a design vibration unit that consists 
of one substructure and a superstructure part supported by 
it must be computed using the equation below. 

T : Natural period of the design vibration units 

MATHEMATICAL MODEL FOR 
NATURAL TIME PERIOD OF BRIDGES 
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T =
h ∗ π

∗ ∗ ∗ ∗

∗

 

 
Where,  
 
 T = Natural period of the structure
 h = Height of the column 
 m= Number of columns in X direction
 n = Number of columns in Z direction
 E = Elastic modulus of concrete 
 I  = Moment of inertia 
 M= Mass of the super structure 
 
1 Validation of the derived equation 

Problem 1 
Bridge span length: 375ft 
Number of columns in X direction: 2 
Number of columns in Z direction: 3 
C/s area of bridge: 123ft2 

Unit weight of concrete: 150lb/ft3 

Height of column: 25ft 
Moment of inertia: 13ft4 

Elastic modulus of concrete: 3000ksi 

Fig: 2 Bridge view from X direction
 

Fig: 3 Bridge view from Z direction

 

Solution from TIME PERIOD

Text book 0.58 Sec 

Derived equation 0.58 Sec 

 
Problem 2 
Bridge span length: 36.6m 
Number of columns in X direction: 1 
Number of columns in Z direction: 1 
C/s area of bridge: 3.57m2 

Unit weight of concrete: 2400kg/m3 

Height of column: 9.14m 

T = Natural period of the structure 

Number of columns in X direction 
n = Number of columns in Z direction 

 
Fig: 2 Bridge view from X direction 

 
from Z direction 

TIME PERIOD 

Moment of inertia: 0.1036m4 

Elastic modulus of concrete: 20700MPa 

Fig: 4 Bridge schematic diagram (a) view from X direction, (b) 
view from Z direction 

 

Solution from TIME PERIOD

Text book 0.606 Sec

Derived equation 0.606 Sec

It is shown that above mentioned time period values 
calculated using derived equation matches with the text 
book solutions. 

 
2 GRAPHS 
a) TIME PERIOD OF BRIDGE WITH HEIGHT AND 

SPAN VARIATION 
Bridge details: 
 Moment of inertia of column- 
 Elastic modulus of concrete- 207000MPa
 Unit weight of concrete- 2400kg
 Width of slab- 3.75m 
Heights of column in X axis and time period in Y axis 
graphs are plotted. 

 

 
Fig: 4 Bridge schematic diagram (a) view from X direction, (b) 

TIME PERIOD 

0.606 Sec 

0.606 Sec 

It is shown that above mentioned time period values 
calculated using derived equation matches with the text 

TIME PERIOD OF BRIDGE WITH HEIGHT AND 

 0.1036m4  

207000MPa 
2400kg 

Heights of column in X axis and time period in Y axis 
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From all the above plotted the graphs it can be seen that 
the natural period goes on increasing with the increasing 
in height of the structure. 
 
b) TIME PERIOD OF BRIDGE WITH SPAN 

LENGTH VARIATION 
Bridge details: 

Moment of inertia of column- 0.1036m
 Elastic modulus of concrete- 207000MPa
 Unit weight of concrete- 2400kg 
 Width of slab- 3.75m 

Span lengths in X axis and time period in Y axis 
graphs are plotted. 

From all the above plotted the graphs it can be seen that 
the natural period goes on increasing with the increasing 
in span length of the structure. 

 

c) TIME PERIOD OF BRIDGE WITH 
LENGTH VARIATION AND TWO COLUMNS IN 
Z DIRECTION 

Bridge details: 
Moment of inertia of column- 0.1036m

 Elastic modulus of concrete- 207000MPa
 Unit weight of concrete- 2400kg 
 Width of slab- 7.5m 

Span lengths in X axis and time period in Y axis 
graphs are plotted. 

From all the above plotted the graphs it can be seen that 
increasing with the increasing 

TIME PERIOD OF BRIDGE WITH SPAN 

0.1036m4  

207000MPa 
 

Span lengths in X axis and time period in Y axis 

 

 

From all the above plotted the graphs it can be seen that 
the natural period goes on increasing with the increasing 

TIME PERIOD OF BRIDGE WITH SPAN 
LENGTH VARIATION AND TWO COLUMNS IN 

0.1036m4  

207000MPa 
 

Span lengths in X axis and time period in Y axis 

From all the above plotted the graphs it can be seen that 
the natural period goes on increasing with the increasing 
in span length of the structure. 
d) TIME PERIOD OF BRIDGE WITH NUMBER OF 

COLUMNS VARIATION 
Bridge details: 

Moment of inertia of column- 
 Elastic modulus of concrete- 207000MPa
 Unit weight of concrete- 2400kg
 Width of slab- 3.75m 
 Span length- 200m 
Numbers of columns in X axis and time period in Y axis 
graphs are plotted. 
 

From the above plotted the graph it can be
natural period goes on decreasing with the increasing in 
number of columns of the structure. 

 

 

From all the above plotted the graphs it can be seen that 
the natural period goes on increasing with the increasing 

TIME PERIOD OF BRIDGE WITH NUMBER OF 

 0.1036m4  

207000MPa 
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Numbers of columns in X axis and time period in Y axis 

 

From the above plotted the graph it can be seen that the 
natural period goes on decreasing with the increasing in 
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Ⅵ.ANALYTICAL METHOD FOR NATURAL 
PERIOD OF BRIDGES 

a) MIDAS CIVIL 
MIDAS: Management of Information for Design and 
Analysis of Systems. 

Midas Civil is a MIDAS IT developed finite 
element analysis programme for bridge structural analysis 
and design. Midas Civil combines extensive pre and post 
processing capabilities with a lightning-
make bridge modelling and analysis simple, rapid, and 
efficient. It has a user friendly interface and optimal 
design solution tools that can account for building phases 
and characteristics that change over time. 
Midas Civil Advanced is a superset of the standard 
version of Midas Civil. It has bridge-specific wizards to 
help engineers working on sophisticated bridge types 
including segmental, cable-stayed, and suspension bridges 
save time modelling. Midas Civil can do both linear and 
nonlinear structural analyses.  

The post-processor may generate load 
combinations automatically in line with design 
requirements. Changing the display type can result in a 
variety of graphic outputs. All of the findings, including 
mode shapes, time histories of displacements and member 
forces, dynamic analysis results, and static analysis 
results, may be animated. Midas Civil also generates 
findings that are compatible with MS Excel, allowing the 
user to go through all of the analysis and design results in 
order. 

b) Models designed using Midascivil 

1. Design properties: 

 Length: 5m 
 Width: 0.5m 
 Height: 0.5m  

Fig: 5 Simple beam model 
 

2. Design properties: 
 Deck Length: 10m 
 Deck Width: 10.6m 
 Height: 1.03m 
 

H= 1.03m 
B= 2.65m 

ANALYTICAL METHOD FOR NATURAL 

Management of Information for Design and 

MIDAS IT developed finite 
element analysis programme for bridge structural analysis 
and design. Midas Civil combines extensive pre and post 

-fast solver to 
make bridge modelling and analysis simple, rapid, and 

ent. It has a user friendly interface and optimal 
design solution tools that can account for building phases 

Midas Civil Advanced is a superset of the standard 
specific wizards to 

help engineers working on sophisticated bridge types 
stayed, and suspension bridges 

do both linear and 

processor may generate load 
combinations automatically in line with design 
requirements. Changing the display type can result in a 
variety of graphic outputs. All of the findings, including 

shapes, time histories of displacements and member 
forces, dynamic analysis results, and static analysis 
results, may be animated. Midas Civil also generates 
findings that are compatible with MS Excel, allowing the 

d design results in 

 

Tf= 0.3m 
Tw= 0.325m, are T beam dimensions.

Fig: 6 Simple T-Beam slab
3. Design properties: 
 Deck Length: 60m 
 Deck Width: 9.6m 
 Column Height: 12.6m 
 Column Diameter: 1.2m 
 Pier Cap: 1.5m * 1.5m 
Type 1Type 2 
 
H= 1.5m    H= 2.75m 
B= 2.4m    B= 2.4m 
Tf= 0.215m   Tf= 0.215m
Tw= 0.3m   Tw= 0.45m

Fig: 7 Bridge model 
 
c) Dynamic analysis using Midas civil 

Fig: 8 Deformed Bridge model
Dynamic analysis is done for bridge given in fig 7 and the 
results are obtained. 
 
EIGENVALUE ANALYSIS 

, are T beam dimensions. 

 
Beam slab 

 

0.215m 
Tw= 0.45m 

 
 

 

 
Deformed Bridge model 

Dynamic analysis is done for bridge given in fig 7 and the 
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Structures have natural vibration characteristics depending 
on their shape, material, and boundary conditions. Natural 
vibration characteristics refer to a free vibration state that 
does not receive any external forces. The analysis method 
to find these characteristics is called mode analysis, 
eigenvalue analysis, or free vibration analysis. Through 
the eigenvalue analysis, it is possible to know the natural 
frequency of the structure and the corresponding eigen
mode. The natural frequency represents the de
quickly it repeats per unit time, and the eigen
to a shape that can be freely deformed under a given 
constraint. 

Fig: 9 Eigen value analysis of Bridge model
 
Mathematical calculation: 

Moment of inertia: 0.10178m4 

Number of columns in X direction: 4
Number of columns in Z direction: 2
Elastic Modulus of concrete:  25000MPa
Unit Weight of concrete:  2500kg/m
Area of the superstructure: 5.083m

 

Using all the above values in derived equation 5.5 using 
excel sheet, 
 

Solution from TIME PERIOD

MIDAS CIVIL 0.503 Sec

Derived equation 0.5 Sec

 
 

ⅶCONCLUSION 

Several conclusions can be drawn on the basis of results 
obtained from this study of simplified models of the 
bridge. Comparative study of the codal provision shows 
that all the equations for natural period includes sine 
function. Plotted graph shows the natural period of the 
bridge structure increases with the increasing values of 
height of column and span length. However it decreases 
with the increase in number of columns. The derived 
equation using SDOF system can be used to determine the 
natural period of bridges having n number of spans. The 
dynamic analysis of short span bridge is done for the 
calculation of natural period using Midas Civil. Sinc
natural period values matches with the mathematical 

Structures have natural vibration characteristics depending 
on their shape, material, and boundary conditions. Natural 
vibration characteristics refer to a free vibration state that 
does not receive any external forces. The analysis method 

aracteristics is called mode analysis, 
eigenvalue analysis, or free vibration analysis. Through 
the eigenvalue analysis, it is possible to know the natural 
frequency of the structure and the corresponding eigen-
mode. The natural frequency represents the degree of how 
quickly it repeats per unit time, and the eigen-mode refers 

ormed under a given 

 
Eigen value analysis of Bridge model 

in X direction: 4 
Number of columns in Z direction: 2 
Elastic Modulus of concrete:  25000MPa 
Unit Weight of concrete:  2500kg/m3 

Area of the superstructure: 5.083m2 

Using all the above values in derived equation 5.5 using 

PERIOD 

0.503 Sec 

0.5 Sec 

Several conclusions can be drawn on the basis of results 
obtained from this study of simplified models of the 

provision shows 
that all the equations for natural period includes sine 

Plotted graph shows the natural period of the 
bridge structure increases with the increasing values of 
height of column and span length. However it decreases 

se in number of columns. The derived 
equation using SDOF system can be used to determine the 
natural period of bridges having n number of spans. The 
dynamic analysis of short span bridge is done for the 
calculation of natural period using Midas Civil. Since the 
natural period values matches with the mathematical 

solution, it shows that method of SDOF system can be 
reliable. 
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