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Abstract: A simplified and practical approach for 
nonlinear seismic analysis of bridges is proposed. Effciency 
and effectiveness of the proposed model is 
discussed.Assessment is carried of inelastic structural 
behaviour under seismic loads. Study of postel
nonlinear analysis to control and evaluate the damage to 
the structure is done. 
Have obtained an accurate prediction of the nonlinear 
response of a bridge structure. Study ofthe plot of response 
spectrum curves is done.Collection and extraction of da
of earthquakes is done. Design and analys
history analysis for a T-beam bridge in MIDAS civil is 
performed. The response spectrum curves for a T
bridge for Bhuj earthquake data is obtained. Extraction of 
results is done from the SeismoMatch software and 
proposed anidealised design spectra for Bhuj
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I. INTRODUCTION 
The subject of nonlinear seismic analysis and response of 
bridges drew increasing attention in the early 1970's. Since 
then, research in this particular area has significantly 
progressed with the research funding given by the 
following major agencies and organizations

Nonlinear modeling of structural systems subjected to 
severe earthquakes is considered to be one of the most 
realistic approaches in the analysis and design of common 
structures. Considerable progress has been made in the past 
two decades in developing techniques to model the
nonlinear behavior of building structures. Many factors 
have contributed to the rapid development of inelastic 
models for bridges. Among these are: considerable interest 
in the behaviour of buildings subjected to strong 
earthquakes, unsatisfactory seismic performance of many 
building components, the availability of test data on 
building components subjected to earthquake type loading, 
etc. 

In recent years, non linear bridge analysis has gained 
momentum because of the need to assess inelastic 
structural behaviour under seismic loads. 

Concept of response spectrum 
During an earthquake, a single-degree-of-
system's maximum response is plotted as a function of its 
natural vibration period Tn or frequency for a given 
damping value (wn or fn). This can be represented in terms 
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of-freedom (SDF) 
system's maximum response is plotted as a function of its 
natural vibration period Tn or frequency for a given 

n be represented in terms 

of distance travelled, velocity, or acceleration. A constant 
damping ratio x is assigned to each of the figures, and 
many charts with varying x values are provided to illustrate 
the range of damping values encountered in actual 
buildings. It is a simple way to describe the peak reaction 
of all linear systems with one degree of freedom at a 
particular point component of seismic ground motion.

Deformation response spectrum 
It shows the greatest displacement an SDF structure 
experiences during an earthquake as a function of its 
natural vibration period for a given damping level, as a 
graph. The deformation response spectrum provides all of 
the data necessary to compute the pe
deformation SD = Umax and internal forces.

Fig1: Deformation response spectrum for three SDOF 
systems 

Pseudo velocity response spectrum 
During an earthquake, an SDF structure's pseudo
response spectrum is shown against its 
velocity PSV and natural period Tn. 

 

Fig 2: (a) deformation, (b) pseudo acceleration, (c) pseudo 
velocity for El Centro ground motion  

Pseudo acceleration response spectrum
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Pseudo acceleration response spectrum A depiction of 
pseudo spectral acceleration PSA and natural period Tn that 
an SDF structure experiences during an earthquake for a 
particular degree of damping is known as a pseudo 
acceleration response spectrum. 

 
Combined D-V-A response spectrum
The information in each of the aforementioned response 
spectra is the same. Algebraic techniques can be used to 
derive the other two spectra once one is known. 
A.S.Veletsos and N.M.Newmark produced this sort of 
integrated plot presenting all three spectral characteristics 
for earthquake response spectra for the first time in 1960.

Because all three spectral variables are connected by, the 
integration is achievable. 

𝐴

𝜔𝑛
= 𝑉 = 𝜔𝑛𝐷 𝑜𝑟 

𝑇𝑛

2𝜋
𝐴 = 𝑉 =

The four-way logarithmic scales must be built to show 
D,V, and A simultaneously. V and Tn use conventional 
logarithmic scales on both the vertical and horizontal axes. 

Similar but not identical to the vertical scale are the two 
logarithmic scales for D and A, which slope at +45 and 
degrees from the Tn axis. After this graph has bee
the three response spectra can be combined into one plot. It 
is possible to determine the D and A values for a specific 
natural time Tn by using diagonal scales 

An extensive natural period and damping range should be 
included in the response spectrum for all possible 
structures. 

 

Fig 3: Combined D-V-A response spectrum for El Centro 
ground motion 

 

II. LITERATURE REVIEW 
1) 1) Y.Chen(1993), “An effective and efficient approach 

for nonlinear seismic analysis of bridges”

A simplified ad practical approach for nonlinear seismic 
analysis of highway bridges is proposed. (two span 
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Similar but not identical to the vertical scale are the two 
logarithmic scales for D and A, which slope at +45 and -45 
degrees from the Tn axis. After this graph has been created, 
the three response spectra can be combined into one plot. It 
is possible to determine the D and A values for a specific 

An extensive natural period and damping range should be 
ctrum for all possible 

 
A response spectrum for El Centro 

Y.Chen(1993), “An effective and efficient approach 
for nonlinear seismic analysis of bridges” 

A simplified ad practical approach for nonlinear seismic 
analysis of highway bridges is proposed. (two span 

continuous bridge with four prestressed concrete box 
girders). Efficiency and effectiveness of the proposed 
model is discussed in detail.The effects
interaction, analysis methods, and bridge skews on bridge 
responses are also carefully examined.The results obtained 
from the simplified model are compared to those of refined 
models. 

2) 2) M.Saiidi et al, “A nonlinear model for static and 
dynamic transverse load analysis of reinforced concrete 
highway bridges” 
An analytical model(FORTRAN IV, CDC
incorporating these component models is presented.The 
computer implementation and the techniques used to 
develop and store element stiffness matrices are 
described.The properties of a real bridge(Rose creek 
bridge) are used to illustrate static and dynamic analysis 
features of the computer model. 

3) 3) M.A.Crisfield, “Numerical methods for the nonlinear 
analysis of bridges” 

The application of numerical methods to the non
analysis of steel (application of finite element method to 
collapsed strength of steel plates and stiffened plating, 
contributing to BS5400 Part 4).Concrete(transport and road 
research lab tested half scale model of con
slab bridge).masonry bridges (Bargower bridge, 
longitudinal cracking between arch ring and spandrel walls) 
is described.The main emphasis is placed on the finite 
element method but simpler 'mechanism'or 'plastic' 
methods are also considered. 

4) 4) Gian Michele Calvi et al, “displacement
seismic design of bridges” 

The paper provides summary of displacement based 
seismic design method as applied to bridge structures.A 
brief introduction is done on problems on traditional force 
based design followed by discussion of seismic input for 
displacement based design.SDOF and MDOF bridges were 
considered to show displacement based analysis.( yield 
displacement, design displacement, viscous damping).

5) 5) Kevin R Mackie et al, “Implementation of nonlinea
elements for seismic response analysis of bridges”

Benchmark models of 3D cantilever steel and RC columns 
are taken sectional analysis, element formulations, 
analytical numerical results are obtainedusing CSibridge 
and OpenSees.Benchmark bridges are cons
standard bridge(OSB) 1 .Two span bridge with single two 
column bent at the center, post tensioned concrete box 
girder with 5 cells.OSB 2 – Two span bridge with single 
column bent at the center, post tensioned concrete box 
girder with 3 cells.standard abutments with elastomeric 
bearings. 

 

6) 6) SudannaBorjigin et al, “Nonlinear dynamic response 
analysis of vehiclebridge interactive system under 
strong earthquakes” 

This paper proposed a seismic response analysis framework 
incorporating vehicle–bridge interactions (VBI) with 
nonlinear dynamic analysis. 

 

2 

continuous bridge with four prestressed concrete box 
Efficiency and effectiveness of the proposed 

model is discussed in detail.The effects of soil-structure 
interaction, analysis methods, and bridge skews on bridge 
responses are also carefully examined.The results obtained 
from the simplified model are compared to those of refined 
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are taken sectional analysis, element formulations, 
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This paper proposed a seismic response analysis framework 
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The proposed method integrates a commercial FEA 
package, ABAQUS, into the authors’ in-house VBI-solving 
programs developed using MATLAB. 

 

7)  Daniel Cantero  et al, “Evolution of bridge frequencies 
and modes of vibration during truck”  

This paper reports an experimental campaign that aims at 
measuring the evolution of bridge modal properties during 
the passage of a vehicle. 

It investigates not only frequency shifts due to various 
vehicle positions, but also changes in the shape of the 
modes of vibration.  

Two different bridges were instrumented and loaded by 
traversing trucks or trucks momentarily stationed on the 
bridge.  

The measurements were analysed by means of an output-
only technique and a novel use of the continuous wavelet 
transform, which is presented here for the first time.  

The analysis reveals the presence of additional frequencies, 
significant shifts in frequencies and changes in the modes 
of vibration.  

These phenomena are theoretically investigated with the 
support of a simplified numerical model. This paper offers 
an interpretation of vehicle-bridge interaction of two 
particular case studies.  

The results clearly show that the modal properties of the 
vehicle and bridge do change with varying vehicle position.  

 

8) Chunwei Zhang et al, “Non linear dynamic behavior of 
simply supported RC beam subjected to combined 
impact-blast loading”  

 

Despite many studies existed in the literature on the 
investigation of reinforced concrete (RC) structures under 
impact or blast loads separately, this paper numerically 
evaluates the nonlinear dynamic responses and failure 
behaviors of simply-supported reinforced concrete (RC) 
beams subjected to the combination of impact and blast 
loads using LS-DYNA.  

The effects of the middle-rate impact loading stresses on 
the blast responses of RC beams are studied by considering 
different combined loading scenarios varied by the 
sequence of applying loads and the time lag between the 
initiations of these loads.   

 

9) Bhumika B Mehta, “response spectrum of linear elastic 
system for 2001 bhuj earthquake”, M.E.Civil–Casad, 
C.G Road, 2005, Ahmedabad, India. 

In this thesis the author has given a complete analysis of 
the response spectrum, the concept, the numerical 
evaluation, deformation, velocity and acceleration response 
spectrum, procedure to construct response spectrum of the 
earthquake, peak structural response from the response 
spectrum, procedure to construct tripartite plot, factors 
affecting response spectrum, response spectrum 
characteristics, applications of response spectrum, 

procedure to construct design spectrum for longitudinal, 
transverse, and vertical component.  

 

10) A. Benavent-Climent,F. Lopez-Almansa, D.A. 
Bravo-Gonza´lez, “Design energy input spectra 
for moderate-to-high seismicity regions based on 
Colombian earthquakes”, University of 
Catalonia, Architecture Structures Department, 
2010, pp 1129-1148. 

Energy input spectra can help with the seismic design of 
structures in moderate-to-high seismicity zones. These 
design inputs were created using the bilinear envelope of 
individual spectra obtained for 144 ground motions 
observed in Colombia. To account for the increase in input 
energy produced by plastification of the structure, the 
spectra in the short period area employ a unique formula 
derived from extensive nonlinear research. The proposed 
energy input design spectra are compared to those indicated 
for Japan, Spain, Iran, and Greece, as well as the seismic 
code requirements in Colombia. 

 

III. OBJECTIVES 

 Assessment of inelastic structural behaviour under 
seismic loads. 

 To study the common seismic design philosophies for 
bridges to allow certain degree of damage without 
collapse. 

 Study of postelastic nonlinear analysis to control and 
evaluate the damage to the structure. 

 To make the structure safe and economical. 

 To obtain an accurate prediction of the nonlinear 
response of a bridge structure. 

 To study the plot of response spectrum curves. 

 Collection and extraction of various data’s of Indian 
earthquakes. 

 Design and analyse the time history analysis for a T-
beam bridge in MIDAS Civil. 

 Getting the response spectrum curves for a T-beam 
bridge for various earthquake data. 

 Extraction of results from the SeismoMatch software 
and proposing aidealised design spectra forBhuj in 
India. 
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IV. MOTIVATIONTOWARDS THE 
RESEARCH 
 

 The increasing rate of seismic activities around the globe 
and making the structure to withstand those by allowing 
certain damage without collapse. 

 Interest in the study of structural behaviour of, material and 
geometric inelastic properties under seismic loads.

 To study the steel nonlinearity, concrete nonlinearity, 
seismic response of modification devices like dampers, 
connection flexibility. 
 

V. METHODOLOGY 
 

FLOW CHART OF THE PROPOSED WORK

VI. ANALYTICAL PROBLEM 
 

Considering a two-span continuous bridge made of four 
prestressed concrete box girders, as shown in Figure. The 
superstructure system (girders) is connected with the 
substructure system (abutments and pier) through 
elastomeric bearing pads As a common brid
expansion joints were assumed at the abutments, which 
permit the bridge to move only in the longitudinal 
direction. The girders are not completely free to displace 
longitudinally at the expansion joints, and the friction 
bearing pads should be accounted. 

MOTIVATIONTOWARDS THE 

The increasing rate of seismic activities around the globe 
and making the structure to withstand those by allowing 

behaviour of, material and 
geometric inelastic properties under seismic loads. 

To study the steel nonlinearity, concrete nonlinearity, 
seismic response of modification devices like dampers, 

ORK 

 

 

span continuous bridge made of four 
prestressed concrete box girders, as shown in Figure. The 
superstructure system (girders) is connected with the 
substructure system (abutments and pier) through 
elastomeric bearing pads As a common bridge practice, 
expansion joints were assumed at the abutments, which 
permit the bridge to move only in the longitudinal 
direction. The girders are not completely free to displace 
longitudinally at the expansion joints, and the friction 

Fig 4: Bridge system (elevation) 

The governing equations should be taken according to the 
D’alemberts principle. The loading cases should be 
according to the Indian standard codes which include, 
Provision for general features of design IRC : 
for loads and stress IRC : 6 - Section II, for Working stress 
method IRC : 21 and IS : 456, for Limit state method IRC : 
112 and IS : 456, for Dead load IS : 875 
load IS : 875 - Part II, for Wind load IS : 875 
Snow load IS : 875 - Part IV, for Special load and load 
combination IS : 875 - Part V, and for Seismic load IS : 
1893. Actually, these codes are mainly used for the design 
purpose of Reinforced concrete road bridges.

Fig 5: Modelling for the bridge 

 

Fig 6. Modelling for the pier 

 

The girders were modeled as a 'superbeam," which 
represents the actual superstructure system and is located 
along the bridge center line.  Beam elements were used for 
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The governing equations should be taken according to the 
D’alemberts principle. The loading cases should be 
according to the Indian standard codes which include, 
Provision for general features of design IRC : 5 - Section I, 

Section II, for Working stress 
method IRC : 21 and IS : 456, for Limit state method IRC : 
112 and IS : 456, for Dead load IS : 875 - Part I, for Live 

Part II, for Wind load IS : 875 - Part III, for 
Part IV, for Special load and load 
Part V, and for Seismic load IS : 

1893. Actually, these codes are mainly used for the design 
purpose of Reinforced concrete road bridges. 

 

 

'superbeam," which 
represents the actual superstructure system and is located 
along the bridge center line.  Beam elements were used for 
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both the superbeam and pier frame. In the proposed 
simplified model, no detailed modeling was given for the 
bridge deck, barriers and diaphragms. However, their 
weights were accounted for as a uniformly distributed load 
acting over the superbeam. The abutment walls and 
footings were modeled as "special masses" since they are 
much stiffer than the adjacent structural components. To 
ensure the structural integrity and behavior, 'rigid links" 
were provided between the pier cap and pier columns, and 
between pier columns and pier footings. 

 

Each stiffness coeffcient is essentially an equivalent spring 
constant, and corresponds to a vibration mode. Values of 
the soil spring constants depend on several factors, 
including the frequency of dynamic loading, footing type, 
footing dimensions, geological condition, and soil 
properties.The behavior of the elastomeric bearing pads at 
the abutments was described by the compressive elements 
(Kbz) and frictional/shear elements (Kby). 
sliding/translational modes,,Kzz (z being the vertical 
direction); rotation modes, Krx and Kry; one twisting 
mode, Krz; and sliding coupling modes, Kyrc and Kcry.

 

 

VII. TIME HISTORY RECORD AND 
SCALING 
 

VII.I Steps for construction of response spectrum 
curves in Midas civil 
1.Collecting data of Indian earthquakes from strong motion 
center.  

2.Converting the data to the ground acceleration values and 
suitable format and analysing on seismosignal software.

 

Fig 7. Time series plot in seismosignal 

3.Importing data from seismosignal to MIDAS civil or 
OriginPro software.  

4.Generating deformation, pseudo acceleration, pseudo 
velocity, and tripartite plot. 

nd pier frame. In the proposed 
simplified model, no detailed modeling was given for the 
bridge deck, barriers and diaphragms. However, their 
weights were accounted for as a uniformly distributed load 
acting over the superbeam. The abutment walls and 

gs were modeled as "special masses" since they are 
much stiffer than the adjacent structural components. To 
ensure the structural integrity and behavior, 'rigid links" 
were provided between the pier cap and pier columns, and 

Each stiffness coeffcient is essentially an equivalent spring 
constant, and corresponds to a vibration mode. Values of 
the soil spring constants depend on several factors, 
including the frequency of dynamic loading, footing type, 

ns, geological condition, and soil 
properties.The behavior of the elastomeric bearing pads at 
the abutments was described by the compressive elements 
(Kbz) and frictional/shear elements (Kby). 
sliding/translational modes,,Kzz (z being the vertical 

n); rotation modes, Krx and Kry; one twisting 
mode, Krz; and sliding coupling modes, Kyrc and Kcry. 

TIME HISTORY RECORD AND 

Steps for construction of response spectrum 

1.Collecting data of Indian earthquakes from strong motion 

2.Converting the data to the ground acceleration values and 
suitable format and analysing on seismosignal software. 

 

ignal to MIDAS civil or 

4.Generating deformation, pseudo acceleration, pseudo 

Fig 8. Response spectrum curve in Midas civil

5. Design of T-beam bridge on MIDAS civil.

6. Performing time history analysis for the bridge.

Fig 9. T-beam bridge model in Midas civil

7.Getting response spectrum curves for Bhuj earthquake 
data after time history analysis of T beam bridge

Fig 10. Time series of Bhuj earthquake data in Midas civil 
for Tbeam bridge 
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data after time history analysis of T beam bridge 
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Fig 11. Pseudo acceleration plot of Bhuj earthquake data 
for Tbeam bridge in Midas civil 

Fig 12. Pseudo velocity plot of bhuj earthquake data for 
Tbeam bridge in Midas civil 

Fig 13. Combined DVA plot of bhuj earthquake data for 
Tbeam bridge in Midas civil 

 

 
huj earthquake data 

 
. Pseudo velocity plot of bhuj earthquake data for 

 
. Combined DVA plot of bhuj earthquake data for 

VII.IIProposal and plot of response spectrum 
curve for bridges  
The data of Bhuj earthquake is opted from the strong 
motion center website and then it is converted by 
seismosignal software into time and acceleration values.
Then this data is converted from 𝑚/𝑠

Microsoft excel. The data is then incorporated into 
seismomatch software and matched with the code spectrum 
by varying ground type and zone factors. 
The ground type is kept constant and the zones are varied

Graph 1. Time vs Acceleration (Ground type A)
Peak values of code spectrum in increasing order (ground 
type A, zone II- 0.19g, zone III- 0.3g, zone IV
zone V- 0.63g) 
Peak values of matched accelerogram spectrum in 
increasing order ((ground type A, zone II 
0.36g, zone IV- 0.55g, zone V- 0.85g) 

Graph 2. Time vs Acceleration (Ground type B)

 

 

Peak values of code spectrum in increasing order (ground 
type B, zone II- 0.19g, zone III- 0.3g, zone IV
zone V- 0.63g) 
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IProposal and plot of response spectrum 

earthquake is opted from the strong 
motion center website and then it is converted by 
seismosignal software into time and acceleration values. 

𝑠  to g value by 
Microsoft excel. The data is then incorporated into 
seismomatch software and matched with the code spectrum 

 
The ground type is kept constant and the zones are varied 

 
(Ground type A) 

Peak values of code spectrum in increasing order (ground 
0.3g, zone IV- 0.425g, 

Peak values of matched accelerogram spectrum in 
increasing order ((ground type A, zone II - 0.21g, zone III- 

 
Graph 2. Time vs Acceleration (Ground type B) 

Peak values of code spectrum in increasing order (ground 
0.3g, zone IV- 0.425g, 
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Peak values of matched accelerogram spectrum in 
increasing order (ground type B, zone II - 0.21g, zone III- 
0.36g, zone IV- 0.55g, zone V- 0.85g) 

 
Graph 3. Time vs Acceleration (Ground type C) 
Peak values of code spectrum in increasing order (ground 
type C, zone II- 0.19g, zone III- 0.3g, zone IV- 0.45g, zone 
V- 0.68g) 
Peak values of matched accelerogram spectrum in 
increasing order (ground type C, zone II - 0.21g, zone III- 
0.36g, zone IV- 0.55g, zone V- 0.82g) 
In this graphs we can clearly see that the peak values of the 
code spectrum as well as the peak values of matched 
accelerogram spectrum are similar. But the characteristic of 
graphs changes. The width of the code spectrum changes as 
soil type changes. 
 
The ground type is varied and the zone factors are constant 
 
 

 

 

 

 

 

 

 

 

 
Graph 4. Time vs Acceleration (zone II) 

 
Graph 5. Time vs Acceleration (zone III) 
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Graph 6. Time vs Acceleration (zone IV) 

 
          Graph 7. Time vs Acceleration (zone V) 

 

In this graphs we can clearly see that the peak values of the 
code spectrum (zone II- 0.19g, zone III- 0.3g, zone IV- 
0.45g, zone V-0.68g) as well as the peak values of matched 
accelerogram spectrum (zone II- 0.23g, zone III- 0.38g, 
zone IV- 0.55g, zone V- 0.84g) changes. The characteristic 
of graphs remain same. Due to change in ground type the 
width of the code spectrum goes on increasing from 0.4 to 
0.7 secs. 
 
 

VIII. RESULTS AND DISCUSSION 
We could perform time history analysis in Midas Civil for 
a T-beam bridge and get the pseudo acceleration, pseudo 

velocity and combined DVA plot of response spectrum 
curves for various earthquake data. 

We generated response spectrum curves in SeismoMatch 
software and then plotting it in OriginPro software for Bhuj 
earthquakes and then combined, first by keeping ground 
type constant and varying the zone factors and then vice 
versa according to the code spectrum in IS 1893 :2016 part 
3. 

It was observed that when the ground type was kept 
constant and zone factors were varied, 

The peak values in graphs remained same but 
characteristics of graphs was changing.  

Then the zone factor was kept constant and ground type 
was varied, in that case we found that, the peak values of 
the graphs changed but the characteristics of graphs always 
remained same for all.So the design response spectrum for 
Bhuj earthquake was plotted. 

 

IX. CONCLUSION 
 

The proposed simplified analysis model/approach is an 
efficient and effective tool for performing a nonlinear 
seismic analysis for a bridge system. It is computationally 
convenient and very desirable in terms of bridge practice. 

We can conclude that it is possible to plot pseudo 
acceleration, pseudo velocity, displacement and combined 
DVA response spectrum curves in Midas civil for any 
bridge model by successfully doing time history analysis of 
the particular model unlike SeismoMatch software. 

 The response spectrum curves for Bhuj earthquake can be 
analysed in SeismoMatch software and plotted in 
OriginPro, they can be analysed and matched for different 
ground types, different zone factors, response reduction 
factor, importance class, peak ground acceleration (PGA) 
values, importance class and damping ratios. The design 
response spectrum curve for Indian earthquake can be 
plotted. 

It can be concluded that the combination of various 
earthquake data to obtain the response spectrum plot cannot 
be done in Midas Civil, wheras it can be done in 
SeismoMatch software. 
In Seismomatch software we can match the response 
spectrum curves with the code response spectrum curves 
unlike that in Midas Civil.  
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