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ABSTRACT 
A metro system is a railway transport system in an 

urban area with a high capacity. An elevated metro 

system is more preferred type of metro system due to 

ease of construction and also it makes urban areas more 

accessible without any construction difficulty. The 

present study focuses on two major elements, pier and 

box girder, of an elevated metro structural system. 

Conventionally the pier of a metro bridge is designed 

using a force based approach. Force based methods do 

not explicitly check the displacement capacity during the 

design. The codes are now moving towards a 

performance-based (displacement-based) design 

approach. The design of the pier is done by both force 

based seismic design method and direct displacement 

based seismic design method in the first part of the 

study. In the second part, a parametric study on 

behavior of box girder bridges is carried out by using 

finite element method. The finite element model is 

validated with model of Gupta et al. (2010). 
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I.  INTRODUCTION    
 

A metro system is an electric passenger railway transport 

system in an urban area with a high capacity, frequency and 

the grade separation from other traffic. The grade separation 

allows the metro to move freely, with fewer interruptions 

and at higher overall speeds. Metro systems are typically 

located in underground tunnels, elevated viaducts above 

street level or grade separated at ground level. 

An elevated metro system has two major components pier 

and box girder. Piers are constructed in various cross 

sectional shapes like cylindrical, elliptical, square, 

rectangular and other forms. The piers considered for the 

present study are in rectangular cross section and it is 

located under station structure. Box girders are used 

extensively in the construction of an elevated metro rail 

bridge and the use of horizontally curved in plan box girder 

bridges in modern metro rail systems is quite suitable in 

resisting torsional and warping effects induced by 

curvatures. The box section also possesses high bending 

stiffness and there is an efficient use of the complete cross 

section. 

 

 

 

 

II. OBJECTIVE OF THE STUDY 
 

 To study the performance of a pier designed by Force 

Based Design Method (FBD) and Direct Displacement 

Based Design (DDBD) Metho 

 

 To study the parametric behaviour of a Curved Box 

Girder Bridges  

 

III. DESIGN OF PIER 
 

the present study focus on the application of displacement 

based approaches to pier design, a brief introduction of the 

two methods, force-based and displacement based design is 

summarized in the following sections. 

 

3.1 FORCE BASED DESIGN METHOD 

 
In Force based design method, the fundamental time period 

of the structure is estimated from member elastic stiffness’s, 
which is estimated based on the assumed geometry of the 

section. The appropriate force reduction factor (R) 

corresponding to the assessed ductility capacity of the 

structural system and material is selected in the force based 

design and applied to the base shear of the structure. 

 

3.2 DIRECT DISPLACEMENT BASED DESIGN 

METHOD 

The direct displacement based seismic design (DDBD) is 

proposed by Priestley et al. (2007) is used in the present 

study to design a metro bridge pier. The design philosophy 

of DDBD is based on the determination of the optimum 

structural strength to achieve a given performance limit 

state, related to a defined level of damage, under a specified 

level of seismic intensity., Priestley et al. (2007). The pier 

designed by DDBD method gives the uniform risk factor for 

the whole structure. 

 

IV. BOX GIRDER BRIDGES 

 

In the past three decades, the finite element method of 

analysis has rapidly become popular and effective technique 

for the analysis of box girder bridges. So many researchers 

conducted studies on Box girder bridges by using finite 

element method. Khaled et al. (2001, 2002) have conducted 

detailed literature review on analysis of box girder bridges. 

Based on Khaled et al. (2001, 2002), the following literature 

review has been done and presented. 

Samaan et al. (2007) presented a dynamic analysis of curved 

continuous multiple box girder bridges, using the finite 

element method, to evaluate their natural frequencies and 
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mode shapes and experimental tests are conducted on two 

continuous twin-box girder bridge models of different 

curvatures to substantiate the finite-element model.  

Gupta et al. (2010) conducted a detailed study of box girder 

bridge cross-sections namely Rectangular, Trapezoidal and 

Circular and also presented a parametric study for 

deflections, longitudinal and transverse bending stresses and 

shear lag for all cross-sections. 

 

 

V. CONCLUSION  

 

The performance assessment of selected designed pier 

showed that,  

 Force Based Design Method may not always guarantee 

the performance parameter required and in the present 

case the pier just achieved the target required.  

 In case of Direct Displacement Based Design Method, 

selected pier achieved the behaviour factors more than 

targeted Values.  

 

The parametric study on behaviour of box girder bridges 

showed that,  

 As the radius of curvature increases, responses 

parameter longitudinal stresses at the top and bottom, 

shear, torsion, moment and deflection are decreases for 

three types of box girder bridges and it shows not much 

variation for fundamental frequency of three types of 

box girder bridges due to the constant span length.  

 As the span length increases, responses parameter 

longitudinal stresses at the top and bottom, shear, 

torsion, moment and deflection are increases for three 

types of box girder bridges and fundamental frequency 

decreases for three types of box girder bridges.  
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