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Seismic Analysis of Integral Bridges Research 
Krishnendu Panikkavettil R, Gokul Raveendran K 

Abstract - Seismic analysis study is considered as a significant parameter especially in case of dams, bridges etc. Integral bridges with its 
uniqueness to provide structural integrity in the absence of expansion joints and aesthetically pleasing appearance is widely progressing in 
construction and hence calls for a detailed seismic analysis. As the damage caused during the earthquake is principally concentrated in 
areas where expansion joints are provided   So there has been an urge to build bridges devoid of these joints. Integral bridges are 
monolithically constructions where substructure and superstructure are connected with moment resisting connections. However, the main 
purpose of the study is to find out a new design methodology of the unique bridge structure and checking its validity analytically through 
ANSYS. The study hence focuses on the seismic performance of different span integral bridges by carrying out static analysis, modal 
analysis and response spectrum analysis in ANSYS2015. Further the effectiveness of bridge with respect to increase in span is studied. A 
simplified finite-element model of the East Logansport Bridge at West Virginia is used for the investigation. Static analysis modal analysis 
and response spectrum analysis is performed 
 
Index Terms— Integral bridge, seismic analysis.   

——————————      —————————— 

1 INTRODUCTION                                                                    
  conventional bridge is usually made up of a girder, 
simply supported by a pair of abutments via a pair of 
movable and fixed bearings. Numerous conventional 

bridges have been seriously damaged or have been completely 
collapsed during many previous earthquakes. It is proven that 
thermal and time-dependent effects lead to volumetric chang-
es in bridge super structures. The associated movements have 
historically been accommodated through the provision of ex-
pansion joints and bearings. Joints are susceptible to wear 
from traffic. Along with this issue, another undesirable out-
come is the unsafe driving surface conditions associated with 
roadway discontinuity at the joint. High costs of expansion 
bearings are not justified on regards of their potential for fail-
ure that is brought on by increased friction due to corrosion or 
loss of lubrication. Moreover, high costs are associated with 
manufacturing, installation, and repair and maintenance of 
expansion joints and bearings. There has been an urge to de-
velop a new type of bridge that is more earthquake resistant 
yet more cost-effective, here comes the significance of integral 
bridges(IB). Integral bridges are bridges where the super 
structure is continuous and connected monolithic-ally with the 
substructure with a moment resisting connection. They have 
superior seismic performance compared to the conventional 
bridges. Here superstructure and substructure move together 
to accommodate the require translation and rotation and act as 
a single structural unit. Integral bridges do not use any kind of 
expansion joints to allow for movement, and have been gain-
ing worldwide popularity as a viable alternative.  
 
2    METHODOLOGY                                                             
From the papers referred, a paper was selected to model the 
integral bridge East Logan Sport situated in West Virginia. 
The finite element software ANSYS 2015 was utilized. A 3D 
model of the above-mentioned bridge was created. The pre-
ciseness of the model was justified by validating the results 
given in the journal and that evaluated using the software. 
Advanced study was performed to acquire the design chart. 
Modal analysis was performed to find out the different mode 
shapes or possible modes of the failure. Response spectrum 

analysis was done to study about the dynamic stability of the 
bridge and the stresses and strains were analysed.  

Having found that the unique system could effectively re-
duce responses in bridges, the study further extends work to 
check whether the results are reliable on any other bridge for a 
different span. Response spectrum and modal analysis in 
ANSYS2015 gave authentic results during the progress of 
work and helped to reach the desired conclusions. A new 
technology oriented post-tensioned bridge system was con-
structed at East Logan-sport in West Virginia in late 1995 
known as East Logan-sport Bridge comprising of a 28.7 m 
clear span steel superstructure, with four 91-cm diameter gal-
vanized steel tubes, as shown in Figs. 1 and 2. Were created of 
13-mm thick steel plate. Each tube is of fabricated three seg-
ments of 6.1-m long attached with two segments approximate-
ly 5.3-m long. The superstructure is post tensioned with 
twelve 3.5-cm diameter poly-coated Dywidag rods, six for 
each couple of tubes. The deck incorporates precast concrete 

panels of 3.1-m long and 5.3-m wide, that simply recline on 
the steel tubes. 

FIG 1: ELEVATION AND DECK PLAN OF BRIDGE 
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FIG.2 : SECTION DETAILS OF THE BRIDGE DECK 

 
3   DESIGN METHODOLOGY OF THE SELECTED BRIDGE 
Since the distinctive bridge structure selected does not have 
any iterative design procedure of its own and the literature 
regarding the bridge system is sparse a new methodology has 
been adopted through meticulous survey of existing litera-
tures. The bridge deck was assumed to be a beam with fixed 
ends on both ends with the deck slab resting on four steel 
tubes of 13mm thickness. The thickness of the steel tubes was 
redesigned according to different span length. 
     The method of redesigning thickness was chosen because it 
was told in the journal that it was the moment of inertia of the 
steel tubes that increases the dynamic stability of the bridge. 
The post tensioning part in the bridge was not considered dur-
ing the design it was kept as it is since not much of its details 
are given. 
     Initially self-weight of the concrete part of the bridge deck 
was calculated. Then the self-weight of the steel tubes was 
calculated. The moment of inertia of the bridge deck cross sec-
tion was calculated. The deflections corresponding to the self-
weight of the structure was calculated, the self-weight was 
assumed to be uniformly distributed load and the correspond-
ing displacement was noted. The deflection due to the live 
load was also separately done and the total deflection was 
calculated. The manual designs were validated through 
ANSYS to check their accuracy. 

Initially centroid of the section was calculated using the 
formula shown below the section was transformed to concrete 
using modular ratio 

Ӯ    =  [A1Y1 + 4(A2Y2)]/(A1 +A2) 
Ӯ    =  Centroid of the entire section 
A1  =  Area of the concrete section 
A2  =  Area of the steel tub 

     Now with the knowledge of parallel axis theorem moment of 
inertia of the transformed section was found out 
Ixx =  BD3/12 +(A1r2) 
B =  Width of the concrete section 
D =  Depth of the cross section 

Since the steel tubes were assumed to be fixed steel beams. The 
deflections corresponding to live load and dead load are found 
out using the below mentioned formulae.IS800 has been used to 
obtain the deflection limit. 

Δ  = (W1L4/384EI)+( W2L3/192EI) 
W1 = self weight of the bridge 
W2 = weight of the truck 

E = modulus of elasticity 
I = moment of inertia of transformed section 
Deflection limit is calculated as a check to ensure the calculat-

ed deflection fall within the limit 
Δlimit    =L/325 

TABLE 1 
RESULTS OF MANUAL AND ANALYTICAL DESIGN  

 4   MODAL ANALYSIS 
Modal analysis calculates the frequency modes or natural fre-
quencies of s given system but not necessarily its full-time 
history response to a given input. The natural frequency of a 
system is dependent only on the stiffness of the structure and 
mass which participates with the structure including the self-
weight. It is not dependent on the load function. Hence it is 
good to know that the modal frequencies Modal analysis is the 
study of the dynamic properties of structures under vibration-
al excitation. Modal analysis is the field of measuring and ana-
lysing the dynamic response of structures. In structural engi-
neering, modal analysis uses the overall mass and stiffness of 
a structure to find the various periods at which it will natural-
ly resonate. These periods of vibration are very important to 
note in earthquake engineering, as it is imperative that a struc-
ture’s natural frequency should not match the frequency of 
expected earthquakes in that region. Modal analysis is im-
portant in structures such as bridges where the engineer 
should attempt to keep the natural frequencies away from the 
frequencies of other vibrational loads. Other natural excitation 
frequencies may exist and may excite a bridge’s natural 
modes. The goal of modal analysis in structural engineering is 
to determine the fundamental time period and mode shapes of 
a 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. Modal analysis of integral bridge modelled in 
ANSYS2015 yielded a natural frequency which decreased as 
the span length of the bridge increased. The below given fig-
ure are mode shapes of the bridge with respect to different 
span. 

Modal analysis was conducted in 5 different cases and it 
was observed that the bridge displays five transverse among 
six mode shapes obtained and a torsional mode too. The first 
mode shape in all the cases exhibits transverse mode. The oc-
currence of torsional mode is lower, this is mainly due to the 
rigidity of the structure. The first mode shape obtained is simi-
lar in all the cases and the natural frequency shows a decreas-
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ing trend as the span length increases, this phenomenon is 
shown in the graph depicted above. The difference in natural 
frequency from the validated 30.5m span and the remaining 
cases is mainly due to the embedding of the post tensioning 
rods in concrete to ensure structural integrity. 

 

FIG3:  FREQUENCY VARIATION WITH SPAN  

5 STATIC ANALYSIS 
A static analysis calculates the effects of steady loading conditions 
on a structure, while ignoring inertia and damping effects, such 
as those caused by time-varying loads. A static analysis can, 
however, include steady inertia loads (such as gravity and 
rotational velocity), and time-varying loads that can be 
approximated as static equivalent loads (such as the static 
equivalent wind and seismic loads commonly defined in many 
building codes) Static analysis is used to determine the 
displacements, stresses, strains, and forces in structures or 
components caused by loads that do not induce significant inertia 
and damping effects. Steady loading and response conditions are 
assumed; that is, the loads and the structure's response are 
assumed to vary slowly with respect to time. 

FIG 4: STATIC ANALYSIS CONDUCTED FOR 30.5M SPAN 

FIG.5 : STATIC ANALYSIS CONDUCTED FOR 35.5M SPAN 
 

FIG.6 : STATIC ANALYSIS CONDUCTED FOR 40.5M SPAN 

FIG.7 : STATIC ANALYSIS CONDUCTED FOR 45.5M SPAN 

FIG.8 :  STATIC ANALYSIS CONDUCTED FOR 50.5M SPAN 

FIG.9 :  STATIC ANALYSIS  CONDUCTED FOR 55.5M SPAN 
TABLE 2 

DEFORMATIONS FOR DIFFERENT SPAN 
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6   RESPONSE SPECTRUM ANALYSIS  
To perform the seismic analysis and design of a structure to be 
built at a particular location, the actual time history record is 
required. However, it is not possible to have such records at 
each location. Further, the seismic analysis of structures can-
not be carried out simply based on the peak value of the 
ground acceleration as the response of the structure depend 
upon the frequency content of ground motion and its own 
dynamic properties. To overcome the above difficulties, earth-
quake response spectrum is the most popular tool in the seis-
mic analysis of structures. There are computational ad-
vantages in using the response spectrum method of seismic 
analysis for prediction of displacements and member forces in 
structural systems. The method involves the calculation of 
only the maximum values of the displacements and member 
forces in each mode of vibration using smooth design spectra 
that are the average of several earthquake motions. This chap-
ter deals with response spectrum method and its application 
to various types of the structures. The codal provisions as per 
IS:1893 (Part 1)-2002 code for response spectrum analysis of 
multi-story building is also summarized. 4.2 Response Spectra 
Response spectra are curves plotted between maximum re-
sponse of SDOF system subjected to specified earthquake 
ground motion and its time period (or frequency). Response 
spectrum can be interpreted as the locus of maximum re-
sponse of a SDOF system for given damping ratio. Response 
spectra thus helps in obtaining the peak structural responses 
under linear range, which can be used for obtaining lateral 
forces developed in structure due to earthquake thus facili-
tates in earthquake-resistant design of structures. Usually re-
sponse of a SDOF system is determined by time domain or 
frequency domain analysis, and for a given time period of sys-
tem, maximum response is picked. This process is continued 
for all range of possible time periods of SDOF system. Final 
plot with system time period on x-axis and response quantity 
on y-axis is the required response spectra 103 pertaining to 
specified damping ratio and input ground motion. Same pro-
cess is carried out with different damping ratios to obtain 
overall response spectra. [NPTEL]. 

 

FIG.11 :RESPONSE SPECTRUM ANALYSIS CONDUCTED FOR 
30.5M        SPAN 

 

FIG. 12:RESPONSE SPECTRUM ANALYSIS CONDUCTED FOR 35.5M 

SPAN 

FIG. 13: RESPONSE SPECTRUM ANALYSIS CONDUCTED FOR 40.5M 
SPAN 

FIG. 14 : RESPONSE SPECTRUM ANALYSIS CONDUCTED FOR 
45.5M SPAN 

FIG.15 : RESPONSE SPECTRUM ANALYSIS CONDUCTED FOR 
50.5M SPAN 
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FIG.16: RESPONSE SPECTRUM ANALYSIS CONDUCTED FOR 55.5M 
SPAN 

 
TABLE 3 

RESULTS OF RESPONSE SPECTRUM ANALYSIS 

   Response spectrum analysis was performed for five different 
cases the results from response spectrum signifies that in all 
the five cases the maximum deformation is concentrated in the 
same place for all the cases. the deformation obtained by per-
forming response spectrum seems to vary significant as the 
length increases up to double the span. 
7   REVALIDATION PROCEDURE  
This procedure was adopted so as to test the correctness of the 
design chart obtained. Hence forth a random span length was 
chosen from the design chart and the corresponding defor-
mation was found out from the graph. For the convenience, a 
span of 42m was selected from the graph and its deformation 
was noted as 19mm.The bridge for the span was also manual-
ly designed and the obtained total deformation was found to 
be 18.279mm which is almost equal to that validated in 
ANSYS. 
   This procedure was adopted so as to test the correctness of 
the design chart obtained. Hence forth a random span length 
was chosen from the design chart and the corresponding de-
formation was found out from the graph. For the convenience, 
a span of 42m was selected from the graph and its defor-
mation was noted as 19mm.The bridge for the span was also 
manually designed and the obtained total deformation was 
found to be 18.279mm which is almost equal to that validated 
in ANSYS. 

 
FIG.17:  DESIGN CURVE FROM RESPONSE SPECTRUM ANALYSIS 

 
1.Find out the centroid of the section 
    Ӯ     =  [A1Y1 + 4m(A2Y2)]/(A1 +(4mA2)) 
    Ӯ     =  Centroid of the entire section 
   A1    =  Area of the concrete section 
   A2    =  Area of the steel tubes 
   m     =  modular ratio 
   A1    =   1642410 mm2 
   A2    =   53978.2014 mm2 
   Y1    =   148.5mm 
   Y2    =   752mm 
   Ӯ      =   865.175mm 
2.Find out the moment of inertia of the entire section 
Ixx      =BD3/12+(A1r12)+(((πxd14/64)-(πxd24/64))+mA2r22) 
   B      = Width of the concrete section 
   D      = Depth of the cross section  
   Ixx   = 12072945308+(1642410x513624.1833) +(3.05x1011) 
            = 1.182 x 1012 mm4 
 
3.Find out the self-weight of the section 
W1        = self weight of concrete and self-weight of steel 
              = 45.613 KN/m 
 
4.Find out the deflection 
  Δ         =  (W1L4/384EI )+( W2L3/192EI) 
 W1       =  self weight of the bridge deck 
              =  45.613KN/m 
              =  1368.39KN 
 W2       =  weight of the truck 
              =  267.62KN 
 E           =  modulus of elasticity 
 I            =  moment of inertia of the transformed section 
Δ            =  16.0004mm 
 
5.Deflection limit is calculated as a check to ensure the calcu-
lated deflection fall within the limit 
Δlimit     =  L/325 
               =  129.23mm 
 
6.To obtain the thickness of tube Δlimit/ Δ is calculated it 
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should be 8 and the corresponding value of thickness is ob-
tained from the design made manually 19.3mm is obtained. 
   Now the structure is modelled as a fixed beam in ANSYS. 
Later static analysis, modal analysis and response spectrum 
analysis was performed to check the correctness of the design 
methodology. The results are summarized in the table given 
below. 

TABLE 4 

REVALIDATION DETAILS 

 
   The below shown figure signifies that the deformation from 
manual design and ANSYS are almost same. The deck of the 
bridge is assumed to be as a fixed beam by providing fixed 
supports in the ends. The deformation pattern obtained in the 
randomly selected span is same as the previous cases. 

 
             FIG.17 :TOTAL DEFORMATION OF BRIDGE ANALYZED AS A 

BEAM 
Static analysis is performed for the bridge. Maximum defor-
mation was seen to be concentrated in the middle portion of 
the bridge. The bridge has deformed up to a value of 18. 
279mm.The deformation pattern is as shown in the below giv-
en figure. 

 
FIG.18 :TOTAL DEFORMATION OF BRIDGE AFTER DOING STATIC 

ANALYSIS 
   Modal analysis has been performed for this span and the six 
mode shapes were computed this is shown in the figures giv-
en below. The mode shapes are mainly of transverse mode and 
one torsional mode. The mode shapes are like the other span 
and the shape of the first mode shape is similar in all the cases 

which is a transverse mode.  The natural frequency of the 
bridge is found to be 3.9628Hz. 

 
FIG.19 : NATURAL FREQUENCY OF THE BRIDGE 

Response spectrum analysis was carried out to understand the 
behaviour of the bridge under the situation of an earthquake 
and to know about the maximum deformation the bridge can 
undergo during the ground shaking. 

 
FIG. 20 : TOTAL DEFORMATION OF THE BRIDGE AFTER DOING RE-

SPONSE SPECTRUM ANALYSIS 
8   RESULTS 
The investigations conducted on the seismic analysis of inte-
gral bridges has made a detailed study on integral bridge 
structures from the literature reviews. A 3D finite element 
model was successfully made for the static analysis, modal 
analysis and response spectrum analysis. 

 The exclusive bridge structure selected has several 
advantages over conventional bridge. 

o The bridge deck composed of steel tubes, 
post tensioning rods and concrete panels 
alone which increases the eases of construc-
tion. 

o As the concrete panels are simply placed on 
the steel tubes its easier for maintenance 

o Seat type concrete abutments used in the 
structure increases the seismic resistance of 
the bridge. 

 
 Having obtained knowledge about different layouts 

of an integral structure, the first part of the study was 
basically meant to find a design procedure for the se-
lected bridge. 

 The adopted design procedure can be extended to any 
length and its validity is checked by modelling he 
bridge as a fixed beam in ANSYS 

 Static analysis was performed to understand maxi-
mum possible deformation that the bridge can under-
go 

 Modal analysis is carried out to understand the natu-
ral frequency of the bridge for different spans, it is 
noteworthy that the findings in modal analysis are fa-
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vourable since the natural frequency seems to de-
crease as the span increases. 

 Large differences in deformations exist in the seismic 
response of IBs during response spectrum analysis in 
the last three cases this is mainly due to large increase 
in length of the bridge without any supports in be-
tween. 

 In IBs, the monolithic construction of the seat type 
abutments with the superstructure engages both 
abutments in resisting the seismic force in the longi-
tudinal direction. 

 The design chart made helps to extend the design of 
the bridge to any span length and the validity of the 
chart is also tested by ANSYS. 

9   FUTURE SCOPE 
Future scope of the study aims in varying post tensioning 
force and designing the post tensioning required different 
span length Since only sixty percent post tensioning is provid-
ed in all the five cases and the design of post tensioning has 
not been changed from the validated model further studies 
can be done to redesign the post tensioning tendons to consid-
erably reduce the deformation. 
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