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ABSTRACT 
 

Performance of bridges with elastic pad bearing is weak in earthquakes. On 2004 Sumatra earth quake Chengappa bridge in 

Andaman suffered from dislocation of bridge. This study examines the structural performance of Chengappa bridge with and 

without dampers. In first model examine the seismic effect of linear bridge with and without damper. In second model seismic 

effect of double curved bridge is examined with and without damper. Finite element models were developed, time history analysis 

and dynamic analysis performed using ANSYS to assess the structural performance of these bridge. The dimensions of the bridge 

used for the analysis taken same as the Chengappa bridge for both linear and non-linear effects. Structure was analyzed under 

GM3 earthquake loading. Time period, deck displacement, base shear and acceleration investigated 
 

Keywords― Linear and non-linear, Time history analysis, Dynamic analysis, Finite element model, Ground motion3. 

1. INTRODUCTION 

In Andaman Island the longest bridge is Chengappa bridge. This bridge connects middle Andaman Island to North Andaman Island 

along the Andaman trunk route. In Andaman many earthquakes have visited in past. The earthquake on 26 June 1941 which 

significantly affect the region. It causes extensive damage in the region. The Port Blair also affected by this earthquake. A dozen of 

earthquake occurred in the region since 1973.  

 

In 2004 Chengappa bridge suffered from Sumatra earthquake which made damage to the bridge. Chengappa bridge is 208 m long 

RC bridge simply supported over 12 piers. The bridge deck is 9.3 m wide and individual span of 20.61 m length having a expansion 

joint of 52 mm. It consists of 200 mm thick RC slab supported over 1.38 m deep RC I girders at 2.3 m spacing. Diameter of pier 

cap is 1.5 m. Pier beam is 1.8 m wide and .8 m deep. Pier cap is placed at the top of the beam. Foundation consists of 4 piles of .8 

mm diameter and they are inserted in the rock at least 3 m to get full fixity to pile. The elastomeric pad bearing having a dimension 

of 500 mm x 320 mm and 52 mm thick. Shear modulus of 1 Mpa. 

 

In 2004 Sumatra earthquake MSK intensity scale reported that seventh span dislocated by 700 mm horizontally and 220 mm 

vertically. Third, fourth, eighth, ninth, tenth, eleventh span moved 20-150 mm horizontally. It was found that elastomeric pad bearing 

placed such that 500 mm perpendicular to longitudinal direction of bridge. The bearing instability will occur when displacement 

exceed 250 mm from pad. Here time history analysis and dynamic analysis of linear and non-linear bridge is done.  

 

2. FINITE ELEMENT MODELING 

2.1 General 

For analysis of the bridge finite element models were developed using ANSYS 19.0. Beam 188 is used for the model except RC 

slab. It has six or seven degree of freedom. Shell 181 is used for RC slab. It has six degree of freedom and rotate about x, y and z 

axis. 

 

2.2 Scope 

The work is limited to modelling and analysis of linear bridge with and without damper and non-linear bridge with and without 

damper. The present study attempted to examine how the curvature in bridge affects the seismic response. For this study bridge with 

double curvature is evaluated. After investigating the collapse seismic retrofitting method is also proposed to overcome and limit 

the failure. 
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2.3 Geometry 

Chengappa bridge is 208 m long RC bridge simply supported over 12 piers. The bridge deck is 9.3 m wide and individual span of 

20.61 m length having a expansion joint of 52 mm. It consist of 200 mm thick RC slab supported over 1.38 m deep RC I girders at 

2.3 m spacing. Diameter of pier cap is 1.5 m. Pier beam is 1.8 m wide and .8 m deep. Pier cap is placed at the top of the beam. 

Foundation consist of 4 piles of .8 mm diameter and they are inserted in the rock at least 3 m to get full fixity to pile. 

For double curvature bridge, it has a rise of 10 m and 970 m radius. 

 
Fig -1: Geometry of linear and non-linear bridge 

 

2.4 Meshing 

Meshing divides the whole component into a finite number of small elements as per requirement. Size of the element must be as 

small as possible to achieve accuracy. In this analysis, fine mesh was adopted to achieve maximum accuracy in results. Solid models 

are converted into a finite element model after meshing. 

 
Fig-2: Finite element model 

 

 2.5 Loading and boundary condition 

Bridges modelled with fixed end condition. Piles and end of deck are fixed. Seismic load of GM3 is taken from PEER ground motion 

data base. This load is applied to the structure for the study. 

  
Fig-3: Boundary condition 

http://www.ijariit.com/


International Journal of Advance Research, Ideas and Innovations in Technology 

© 2021, www.IJARIIT.com All Rights Reserved                                                                                             Page| 464 

 
Fig 4: Earthquake loading 

 

2.5 Properties of damper 

Fluid viscous dampers, or seismic dampers as they are sometimes referred to, are hydraulic devices that, when stroked, dissipate the 

energy placed on a structure by seismic events, wind buffering or thermal motion. The concept is simple – the viscous dampers 

convert the kinetic energy of the structural movement into heat and then dissipate that energy into the air, thereby obeying the laws 

of physics through the conservation of energy. It has damping coefficient of 810 KN-s/M, velocity exponent of .3 and stiffness 

595238.0953.KN/m. Damper is provided above six piers on the centre of bridge. One pier consist of four piers and a total number 

of twenty four piers are provided. 

 

3. RESULT AND DISCUSSION 

3.1 Linear bridge 

 Bridge is subjected to GM3 loading. Table 2 shows the values of deck displacement, base shear, accelaration with          and without 

damper 

 

Table-1: Comparison of time period, deck displacement, base shear and acceleration. 

 
  

 
Fig-5: Comparison of deck displacement 
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Fig-6: Comparison of base shear 

 

If the deck is displaced from the bearing pad to a distance of 250 mm or more it is said to be collapse. From the results it is clear that 

deck displacement reduced to 203.8 mm. Using damper the bridge can withstand larger earthquakes. 

 

3.2 Curved bridge 

GM3 seismic load is subjected to the bridge. The curvature had a rise of 10 m and radius of 970 m. Table 3            shows the 

comparison of deck displacement, base shear, accelaration with and without damper. 

 

Table-2: Comparison of time period, deck displacement, base shear, accelaration 

 
 

 
Fig-7: Comparison of deck displacement 

 

 
Fig-8: Comparison of base shear 
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From the results it is clear that due to the curve shape the structure is safe or can withstand seismic load without using damper. After 

using damper again the deck displacement reduces. So it is more safe while using damper. 

 

4. CONCLUSION 
In linear bridge the deck displacement reduced to 203.8 mm from 267.8 mm while using damper. This value is below threshold 

limit of 250 mm. Hence the bridge is safe to withstand earthquake. Also the base shear and acceleration reduced while using damper 

in straight bridge. 

 

In curved bridge the value of deck displacement reduced to 140.58 mm without using damper, it is because of the curve shape. Also 

while using damper the displacement again reduced to 125.93 mm. So curved bridge have less damage than straight bridge. 

In curved bridge the base shear and acceleration found to be more while using damper than without damper. Acceleration is more 

in abutment than the centre because of the presence of dampers. It can controlled by providing dampers on abutment. 
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