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Abstract: In general the structure within elastic range have quiet high displacement & forces. There by requiring linear 
methods for analysis. The bridge being a special type of structure requires higher load carrying capacity due to introduction 
of ductility in design requiring the design for lesser forces as compared to the forces obtained in elastic range. Pushover 
analysis (Non linear analysis)  is an effective tool to evaluate the expected non-linear behavior and consequent failure pattern 
in different components of the bridge. The present study, deals with nonlinear pushover analysis at a specific bridge structure 
with elastic foundation in urban area. The procedure recommended in ATC 40 (Capacity Spectrum method) is adopted for 
analysis under various seismic demand. The hinge formation for expected performance level are recorded. The response 
parameter like base shear & roof displacement are studied. Performance point for bridge under consideration is determined. 
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I. INTRODUCTION 
 
A bridge is an important component of the road 
transportation network. Its performance during and 
even after an earthquake event is quite crucial for 
socio-economic considerations. Bridge often provides 
a vital link to earthquake ravaged areas as seen in the 
Bhuj earthquake and hence have vital post-disaster 
operations. Therefore, critical bridge must remain 
functional even after the seismic event is over to 
provide relief as well as for security and defense 
purpose. Bridge consists of various components such 
as superstructure, substructure, foundation and the 
performance of the substructure, which is the link 
between ground and superstructure, influences the 
most towards performance of the bridge during an 
earthquake. Much of the substructure damage in past 
earthquake has occurred at columns (Godse, 2013). 
Substructure may be of single or multiple column 
bents, reinforced concrete walls. The individual 
column may extend below the ground surface as a 
pile or caissons foundation or may be supported on a 
pile cap or spread footing. Therefore, the inclusion of 
influence of soil termed as soil-structure interaction is 
desirable to carryout seismic performance study of 
bridges. The seismic performance of structure can be 
studied (Dameron and sobhash, 1999) using 
simplified methods (response spectrum), time series 
method or non-linear static analysis. Non-linear static 
analysis is effective technique to study seismic 
response of structure like bridges. 
In the present study, the performance of bridges in 
urban area under high seismicity typical multi bent 
structures like flyover has been studied. The seismic 
region of greater impact i.e seismic zone IV and V 
(IRC:6 and IS:1893) have been considered. Soil-
structure interaction (SSI) has also been considered. 
The hinge formation for expected performance level 

is recorded. The response parameters like base shear 
and roof displacement are studied. Evaluation of 
performance point (Sa, Sd) for the given structure is 
considered as per capacity-demand methodology. 
Structural analysis has been carried out using 
software SAP2000 in the present study. This would 
help assessing an existing bridge or for performance 
based design of bridge 
 
II. CAPACITY SPECTRUM METHOD 
 
The Capacity Spectrum Method (CSM), a 
performance-based seismic analysis technique, can be 
used for a variety of purposes such as rapid 
evaluation of a large inventory of buildings, design 
verification for new construction of individual 
buildings, evaluation of an existing structure to 
identify damage states, and correlation of damage 
states of buildings to various amplitudes of ground 
motion. The procedure compares the capacity of the 
structure (in the form of a pushover curve) with the 
demands on the structure (in the form of response 
spectra). The graphical intersection of the two curves 
approximates the response of the structure. In order to 
account for non-linear inelastic behavior of the 
structural system, effective viscous damping values 
are applied to linear-elastic response spectra similar 
to inelastic response spectra. The purpose of 
Performance-Based Seismic Design (PBSD) is to 
give a realistic assessment of how a structure will 
perform when subjected to either particular or 
generalized earthquake ground motion. While the 
code design provides a pseudo-capacity to resist a 
prescribed lateral force, this force level is 
substantially less than that to which a building may 
be subjected during a postulated major earthquake. It 
is assumed that the structure will be able to withstand 
the major earthquake ground motion by components 
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yielding into the inelastic range, absorbing energy, 
and acting in a ductile manner as well as by a 
multitude of other actions and effects not explicitly 
considered in code applications. Although the code 
requires special ductile detailing, it does not provide a 
means to determine how the structure will actually 
perform under severe earthquake conditions. This is 
the role of PBSD. 
 
The basic assumption in Capacity Spectrum Method 
is also the same as the previous one. 
That is, the maximum inelastic deformation of a 
nonlinear SDOF system can be approximated from 
the maximum deformation of a linear elastic SDOF 
system with an equivalent period and damping. This 
procedure uses the estimates of ductility to calculate 
effective period and damping. This procedure uses 
the pushover curve in an acceleration displacement 
response spectrum (ADRS) format. This can be 
obtained through simple conversion using the 
dynamic properties of the system. The pushover 
curve in an ADRS format is termed a ‘capacity 
spectrum’ for the structure. The seismic ground 
motion is represented by a response spectrum in the 
same ADRS format and it is termed as demand 
spectrum (Fig. 1). 

 
Fig. 1: Schematic representation of Capacity Spectrum Method 

(ATC 40) 
 

The equivalent period (Teq) is computed from the 
initial period of vibration (Ti) of the nonlinear system 
and displacement ductility ratio (µ). Similarly, the 
equivalent damping ratio(βeq) is computed from 
initial damping ratio (ATC 40 suggests an initial 
elastic viscous damping ratio of 0.05 for reinforced 
concrete building) and the displacement ductility 
ratio(µ). ATC 40 provides the following equations to 
calculate equivalent time period (Teq) and equivalent 
damping (βeq). 

T = T
µ

1 + αμ − α 

β = β + k
2
π

(µ − 1)(1− α)
πμ(1 + αμ − α)

= 0.05 + k
2
π

(µ − 1)(1− α)
πμ(1 + αμ − α) 

 
where α is the post-yield stiffness ratio and κ is an 
adjustment factor to approximately account for 
changes in hysteretic behavior in reinforced concrete 
structures. 
 
The equivalent period in Eq. 1is based on a lateral 
stiffness of the equivalent system that is equal to the 
secant stiffness at the target displacement. This 
equation does not depend on the degrading 
characteristics of the hysteretic behavior of the 
system. It only depends on the displacement ductility 
ratio (µ) and the post-yield stiffness ratio (α) of the 
inelastic system. ATC 40 provides reduction factors 
to reduce spectral ordinates in the constant 
acceleration region and constant velocity region as a 
function of the effective damping ratio. The spectral 
reduction factors are given by: 
 

SR =
3.21− 0.68 ln(100β )

2.12  

SR =
2.31− 0.41 ln(100β )

1.65  
where βeqis the equivalent damping ratio, SRA is the 
spectral reduction factor to be applied to the constant 
acceleration region, and SRV is the spectral reduction 
factor to be applied to the constant velocity region 
(descending branch) in the linear elastic spectrum. 
Since the equivalent period and equivalent damping 
are both functions of the displacement ductility ratio, 
it is required to have prior knowledge of displacement 
ductility ratio. However, this is not known at the time 
of evaluating a structure. Therefore, iteration is 
required to determine target displacement. 
 
A. Performance Level 
Performance Level is defined as the expected 
behavior of the structure in the design earthquake in 
terms of limiting levels of damage to the structural 
and nonstructural components The limiting condition 
is described by the physical damage within the 
structure, the threat to life safety of the structure’s 
occupants created by the damage, and the post 
earthquake serviceability of the structure. Under 
incrementally increasing loads some elements may 
yield sequentially. Consequently, at each event, the 
structures experiences a stiffness change as shown in 
Figure 2, where IO,LS and CP stand for immediate 
occupancy, life safety and collapse prevention 
respectively. 
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Fig.2: Performance levels described by pushover analysis 

 
Immediate occupancy: 
This corresponds to the most widely used criteria for 
essential facilities. The structure’s spaces and systems 
are expected to be reasonably usable. 
Life safety: 
This level is intended to achieve a damage state that 
presents an extremely low probability of threat to life 
safety, either from structural damage or from falling 
or tipping of nonstructural component  
Collapse Prevention: 
This damage state addresses only the main structure 
frame or vertical load carrying system and requires 
only stability under vertical loads.  
 
B. Study of typical bridge 
Bridge geometry 
The bridge is located at the Badnera highway. It is a 
proposed construction of two lane over bridge of span 
24 m c/c at a chainage of 122447.5 m of Narkhed-
Amravati new broad gauge line of Maharashtra state 
Highway (MSH) no.6.The bridge length is 312 m and 
consists of 13 spans. The superstructure is composed 
of pre-tensioned concrete beams. Each span includes 
8 girders spaced at 2.23m. The deck slab width is 
17.2m and cap beam is of thickness 1m.The columns 
are spaced at 7.8m centerline to centerline. Each 
column is of diameter of 2.6m.The columns are 
extended approximately 8 m into the ground to act as 
piles. The columns and crossbeam were cast 
monolithically adding considerable rigidity to each 
bent. Bridge geometry is shown in Fig 3 and fig 4. 

 
Fig. 3: Schematic diagram in longitudinal direction 

 
Fig. 4: Cross-sectional details of the bridge 

 
Seismic loading 
To perform analysis of structure, the next step after 
modeling is applying loads. Design response 
spectrum should be available in order to perform 
pushover analysis. This bridge is to be built  in a 
seismic zone with an acceleration coefficient of PGA 
= 0.3g.A 5%- damped response spectrum for 
accelerations is shown in Fig5. 

 

 
Period (Seconds) 

Fig 5: 5% damped response spectrum 
 
III. RESULTS AND PARAMETRIC STUDY 
 
A. Effect of pushover direction: 
The predominant direction of excitation during an 
earthquake would have a low probability of being 
aligned with either pushover direction investigated 
here. Therefore, any dependencies on pushover 
direction could be very important in the response, and 
potentially to the survivability, of a wall pier 
supported bridge subjected to an earthquake. In 
general, the types of failures encountered were 
directly related to the direction of pushover, with wall 
bending and ductility failures more prevalent in the 
longitudinal direction and bearing failures more 
prevalent in the transverse direction. Pushover 
direction also affected the ultimate load attained 
during the analysis. It is shown in Fig 6. Bridges 
pushed in the longitudinal direction, on average, 
attained a higher ultimate load than those pushed in 
the transverse direction. 
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Fig 6: Capacity Curve. 

 
B. Performance point: 
Performance point is calculated. The location of 
performance point for bridge is shown in fig 7. Based 
on Pushover curve: performance point Base shear, 
displacement (V, D) as 141.34,0.234, performance  
 
point Spectral acceleration, spectral displacement 
(Sa,Sd) as 0.068g, 0.232m, performance point, 
Effective time period, effective damping(Teff, Beff) 
as 3.546, 0.235. respectively. Hence it is observed 
that the target displacement of performance point is 
234mm. 

 
Fig.7:Location of Performance Point 

 
Target displacements were calculated for different 
performance level as per the procedures discussed. 
Table 1 presents the target displacement values 
calculated . 

 
Table 1: Target displacement values at different level. 

 
 
IO = Immediate Occupancy; LS = Life Safety; CP = 
Collapse Prevention 
The results obtained from Pushover Analysis shows 
that the bridge collapses before reaching the Target 
Displacement. As the bridge could not achieve the 
target displacement in any of the pushover cases it 
can be concluded that the bridge is not safe for any 

performance limit state under the seismic demand 
corresponding Zone V. 
 
CONCLUSION: 
 
Bridges extends horizontally with its two ends 
restrained and that makes the dynamic characteristics 
of bridges different from buildings.  
i) By analyzing the structure using capacity 

spectrum pushover analysis, it was concluded 
that: Pushover direction has a large impact on 
the types of failures encountered and the 
ultimate load attained. 

ii)  Wall bending and ductility failures were more 
prevalent in the longitudinal direction and 
bearing failures were more prevalent in the 
transverse direction.  

iii) The ultimate load attained was greater in the 
longitudinal pushover cases.  

iv) Here the performance of the bridge, according 
Analysis is not acceptable. Therefore it 
requires retrofitting. 

v) Hinges are distributed over the entire length of 
the bridge. However, Under longitudinal push 
over, the exterior columns were observed to be 
weak as hinges were formed first. 
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