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Abstract— Bridges span horizontally with their two ends 

restricted, hence the dynamic properties of bridges vary 
depending on the structure. Nonlinear static techniques, such 
as displacement-based processes, have been consistently 
enhanced and improved in recent years as a supplement, if 
not a replacement, to dynamic time history analysis. The 
work addresses the topic of overpressure analysis of torsion-
sensitive bridges by using a straight crossing bridge with two 
equal spans whose basic mode is exclusively torsional as a 
case study. This chapter provides a summary of the many 
parameters that define the computational models, basic 
assumptions, and bridge shape used in this work. Loads and 
load combinations on the bridge are investigated, and the 
bridge is modelled in SAP 2000 for linear static, modal, and 
seismic (response spectrum) analysis to determine the 
maximum bending moments and dynamic properties of the 
bridge. MPA is utilized in this work to investigate the 
nonlinear behaviour of bridges with varying pier spans.. 
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1. INTRODUCTION 

 The modern transportation system has a great influence on 
the national economy, and bridges are an important part of 
all types of modern transportation systems. Different types of 
bridges have simple geometry, yet they attract the attention 
of structural designers by having different types of geometry 
and type of their structures. Bridges have been observed to 
perform very poorly due to lack of attention in structural 
details. A number of bridges were designed around the world 
in a period when bridge codes contained no provisions for 
seismic loads, or when such provisions were insufficient by 
current standards. San Fernando earthquake (1971), Loma 
Prieta earthquake (1989), Northridge earthquake (1994), 
Hanshin-Awaji Kobe earthquake (1995) and Tohoku (Japan) 
earthquake (2011) are few earthquakes that caused drastic 
damage a significant number of bridges due to lack of design 
considerations for seismic resisting forces.   

The Bhuj earthquake in India was considered the deadliest 
earthquake ever. Recently, the Nepal earthquake damaged 
several poorly built and weak masonry structures. 

A large number of bridges are designed and built without 
considering seismic forces. In addition, the linear elastic 
procedures used for bridge analysis remain effective when 
the structure behaves within the elastic limits. If the response 
of the structure is beyond the elastic limit, the elastic 
procedure is not sufficient to assess the structures. This leads 
to overestimation of the structures, thereby attracting more 
seismic forces. Currently, there are no comprehensive 
guidelines to assist the practicing structural engineer in 
evaluating existing bridges and their retrofits. In order to 
solve this problem, the objective of this study is to perform a 
seismic evaluation for RC bridges with short and long piers 
using nonlinear analysis (pushover). 

2.   PROBLEM STATEMENT  

A parametric study of the bridges will be performed by 
changing the height of the piers and the length of the span in 
different bridge models. A total of 6 T Beam Bridge models 
will be modeled considering the number of lanes, roadway 
widths, span length, pier ceiling, abutments, etc. The total 
length of the bridge is 45 meters. All Bridge models have 2 
lanes (total width 10 m with 7.5 m carriageway). The board 
thickness is considered to be 300 mm. Concrete grade – M40 
and steel grade – Fe415. 

Table 1 Bridge Configuration 

Bridge 

Models  

Type of 

Bridge  

Height of 

Piers (m)  

Span 

Length (m)  

B-1  Long pier  16,16  15,15,15  

B-2  Long pier  16,16  10,25,10  

B-3  Short pier  8,8  15,15,15  

B-4  Short pier  8,8  10,25,10  
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 Seismic Zone – Zone 4 (Seismic Coeff. Factor = 0.24)  

 Poisson’s ratio – 0.2  

 Type of soil – Medium  

 Importance Factor – 1  

 Response Reduction Factor – 5  

 Damping of Structure – 5% 

 Clear width of roadway = 7.5mSpan of the bridge 

=16m 

 Average thickness of the wearing coat = 80mmGrade 

of concrete= M25 

 Grade of steel =Fe415 

3. MODELING AND RESULTS 
 

 
 

Fig. 1. Model B1 
 

 
 

Fig. 2. Model B2 
 

 
 

Fig. 3. Model B3 

 
 

Fig. 4. Model B4 
 

A. Time Period 
 

Table 2. Time Period (SPAN 15, 15, 15) 
 

SPAN 15, 15, 15 

Mode Long bridge pier (B1) Short bridge pier (B3) 

1 0.439 0.296 

2 0.376 0.261 

3 0.287 0.203 

4 0.266 0.188 

5 0.265 0.187 

6 0.22 0.155 

 

 
 

Graph. 1. Time Period: Span 15, 15, 15 
 

As we can see in the above chart, it shows approximately 
span time period of 15, 15, 15 for long bridge pillar (B1), 
short bridge pillar (B2). The maximum time period shows for 
the long bridge pier (B1) and the minimum results for the 
short pier. 
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Table 3. Time Period (SPAN 10, 25, 10) 
 

SPAN 10, 25, 10 

Mode Long bridge pier (B1) Short bridge pier (B3) 

1 0.547 0.529 

2 0.334 0.334 

3 0.2 0.195 

4 0.15 0.15 

5 0.131 0.129 

6 0.119 0.118 

 

 
 

Graph. 2. Time Period: Span 10, 25, 10 
 

As we can see in the above chart, it shows approximately 
span time period 10, 25, 10 for long bridge pillar (B2), short 
bridge pillar (B4). Almost all bridges report results for the 
same time period. 
 
B. Pushover 
 

 
 

Fig 5 Frame hinge property data 
 

 
 

Fig 6 Model B1: Push-over curve 
 

 
 

Fig 7 Model B2: Push-over curve 
 

 
 

Fig 8 Model B3: Push-over curve 
 

 
 

Fig 9 Model B4: Push-over curve 
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Table 4. Performance Point 
 

Performance Point 

SPAN 15, 15, 15 SPAN 10, 25, 10 

Long bridge 
pier (B1) 

Short bridge 
pier (B3) 

Long bridge 
pier (B2) 

Short bridge 
pier (B4) 

7305 7293 7002 6976 

 

 
 

Graph. 3. Performance Point 

4. CONCLUSION 

A parametric study of bridges performed by varying pier 
height and span length in various bridge models. A total of 6 
T Beam Bridge models with bearing and design of the bridge 
and bearings are analysed. A total of six models of the bridge 
model are considered with equal and unequal spans and pier 
heights and analyse these modes in FEM software SAP2000 
for various seismic analysis methods such as response 
spectrum, time history analysis, etc. to investigate and 
measure the performance of the bridge. bridge with different 
span and pier condition, the analysis concluded that short 
pier height models are economical than unequal and long 
pier model in comparison, but compared to unequal pier 
models, they have equivalent results with short pier model, 
so bridge with unequal span and pier conditions are 
recommended for seismic design purposes, all final 
conclusions are made from the following results. 
 

 In the seismic coefficient method, the time period 

and the natural frequency of the bridge are 

compared, compared to the time period results for 

equal and unequal spans, the long span piers having 

a longer period than the Short and Irregular piers, 

the differences in the time period of the Short and 

Irregular piers are around 15-20%. 

 
 In the Push-over analysis method, the bridge's 

sliding capacity is compared with the results of the 

sliding capacities of the piers. The sliding capacity is 
greater than all other models, the difference is 
around 15-20%.  
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