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ABSTRACT 

This Research paper is   limited  to  study of two  two major elements.of metro bridge , pier  and box girder .In the 

first part of this study, the performance assessment on designed pier by Force Based Design and Direct 

Displacement Based Design is carried out. The design of the pier is done by both force based design method and 

direct displacement based design method.In the second part, parametric study on behavior of box girder bridges is 

carried out by using finite element method. The numerical analysis of finite element model is validated with model 

of Gupta  The parameter considered to present the behavior of Single Cell Box Girder, Double Cell Box Girder and 

Triple Cell Box Girder bridges are radius of curvature, span length and span length to the radius of curvature ratio. 

These parameters are used to evaluate the response parameter of box girder bridges namely longitudinal stresses at 

the top and bottom,shear, torsion, moment, deflection and fundamental frequency of three types of box girder 

bridges. 

Keywords: Analysis ,direct displacement method, staad pro, sap2000, fininte method, forced based method 

 
1. INTRODUCTION 

In this Paper  An elevated metro system has 2 major elements pier and box girder. A typical elevated metro bridge 

model is Viaduct or box girder of a metro bridge requires pier to support the each span of the bridge and station 

structures. 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. A typical pier considered for the present study is shown in 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 torsional 

and warping rigidity of box girder is due to the closed section of box girder. The box section also possesses high 

bending stiffness and there is an efficient use of the entire cross section. An elevated metro structural system has the 

advantage that it is more economic than an underground metro system and the construction time is much shorter. 

 

1.1 METHODOLOGY 

Force Based Design Method (FBD) is the conventional method to design the metro bridge pier. In Force based 

design method, the fundamental time period of the structure is estimated from member elastic stiff nesses, 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. The design of a pier by force based seismic design method is carried out as per IS 

1893: 2002 Code. 

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. 
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1.2MODELING AND ANALYSIS 

The geometry of pier considered for the present study is based on the design basis report of the Bangalore Metro 

Rail Corporation (BMRC) Limited. The piers considered for the analysis are located in the elevated metro station 

structure. The effective height of the considered piers is 13.8 m. The piers are located in Seismic Zone II, as per IS 

1893 (Part 1): 2002. The modeling and seismic analysis is carried out using the finite element software STAAD Pro. 

The typical pier models considered for the present study are shown in figure 3.1.  

   

 
The direct displacement based seismic design method proposed by Priestley et al. (2007) and IRS CBC 1997 Code is 

used to design of Pier Type B and the results are shown in Table 3.4. The performance level considered for the study  

The parametric study is carried to know the effect of displacement ductility on base shear for different Performance 

levels and the results are shown in Figure 3.2. The figure shows that as the displacement ductility level increases the 

base shear of the pier decreases and also the difference between different performance levels is about 40 %. 
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PERFORMANCE ASSESSMENT 

The performance assessment is finished to check the performance of designed pier by ForceBased Design 

Methodology and Direct Displacement Based Design Method. For this purpose,Non-linear static analysis is 

conducted for the designed pier using Seismo Struct Software and the results are shown in Table 3.5. The section 

thought of is 1.5 m x 0.7 m. Performance Parameters behavior factor (R´), structure ductility (μ’) and maximum 

structural drift (Δ’ max) area unit found for each cases.The behavior factor (R´) is the ratio of the strength needed to 

keep the structure elastic. To the inelastic design strength of the structure. The behavior factor, R´, therefore 

accounts for the inherent ductility, over the strength of a structure and difference in the level of stresses thought of in 

its design. FEMA 273 (1997), IBC (2003) suggests the R factor in force-based Seismic design procedures. It’s 

typically expressed within the following types of taking into account The above 3 components, 

R=Rµ × Rs × Y 

Where, Rμ is the ductility dependent component also known as the ductility reduction issue, RS is the over-strength 

factor and Y is termed the allowable stress factor. With reference to Figure 3.3, in which the actual force–

displacement response curve is perfect by a bilinear Elastic–perfectly plastic response curve, the behavior issue 

parameters may be defined as where, Ve, Vy, Vs and Vw correspond to the structure’s elastic response strength, the 

idealized  Yield strength, the primary important yield strength and the allowable stress design strength. The structure 

ductility, μ’, is defined in as maximum structural drift (Δ´max) and theDisplacement corresponding to the perfect 

yield strength (Δy) In Force Based Design, a force reduction factor (R) of 2.5 is used, and the design base shear Is 

estimated to be 891kN in the FBD. The performance parameters of the section designed Using FBD shows that the 

be heavier factor R is found to be about 2.74. The same pier is designed using a DDBD method for target 

displacement ductility and drift, the performance Parameters structural ductility and structural drift are found out for 

these cases. It shows that the achieved performance parameters are higher than assumed in the design stage in both 

Cases of DDBD. Though the FBD may not always guarantee the performance parameter required, in the present 

case the pier achieves the target demand. In the case of DDBD, 

The design considers the target displacement ductility and drift at the design stage, and the present study shows that 

in each the examples the DDBD method achieves the behavior factors more than targeted Values. These conclusions 

can be considered only for the selected pier. For General conclusions large number of case studies is needed and it is 

treated as a scope of future work 
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Performance Assessment of designed Pier 

 

 

 

4. CONCLUSIONS  
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 behavior factors more than targeted Values.Analysis and design of the elevated Metro Bridge as 

per IRC codes (here IRC 70R loading) can be easily done by STAAD.Pro. In connection with STAAD.beava. 

Mechanism is well understood.The maximum resultant nodal displacement is for node 1529; 0...015mm in x, -

51.203mm in y and -.287mm in x.The maximum resultant beam end displacement is for beam 1930 and node 1529 

equivalent to 51.204. 

5. ACKNOWLEDGEMENT 
My greatest thank is to the almighty and my parents who are indirectly the main reason where I am here today. Then 

I take this opportunity of thanking Mr. Ajay Singh, HOD Civil Engineering Department and my supervisor Ms. 

Swati Dhiman, Assistant professor Roorkee Institute of Technology, Roorkee, for their indispensable guidance, 

great support, perpetual inspiration and constant attention offered over the entire period while preparing the thesis. I 

want to thank them for giving me the golden chance to present the thesis and supporting and giving help whenever 

required. As a supervisor I want to thank her for her technical understanding and skills due to which I am able to 

complete this work. Her wealthy knowledge and support have encouraged me to do things that seem to be very 

difficult in the beginning but as the time pass and I started doing my research and this work got accomplished 

6. REFERENCES  

1. Abdelfattah, F. A. (1997). Shear lag in steel box girders. Alexandria Eng. J., Alexandria Univ., Egypt, 36 (1), 

1110–1118. 

2. Armstrong, W. L. and Landon, J. A. (1973). Dynamic testing of curved box Beam Bridge. Fed. Hwy. Res. and 

Devel. Rep. No. 73-1, Federal Highway Administration, Washington, D.C. 

3. Balendra, T. and Shanmugam, N. E. (1985). Vibrational characteristics of multicellular structures. J. Struct. 

Engrg. , ASCE, 111 (7), 1449-1459. 

. Bazant, Z. P., and El Nimeiri, M. (1974). Stiffness method for curved box girders at initial stress. J. Struct. Div., 

100 (10), 2071–2090. 



Vol-7 Issue-3 2021               IJARIIE-ISSN(O)-2395-4396 
  

14579 www.ijariie.com 2246 

5. Buchanan, J. D., Yoo, C. H., and Heins, C. P. (1974). Field study of a curved box-girder bridge. Civ. Engrg. Rep. 

No. 59, University of Maryland, College Park, Md. 

6. Chang, S. T., and Zheng, F. Z. (1987). Negative shear lag in cantilever box girder with constant depth. J. Struct. 

Eng., 113 (1), 20–35. 

7. Chapman, J. C. , Dowling, P. J. , Lim, P. T. K. , and Billington, C. J. (1971). The structural behavior of steel and 

concrete box girder bridges. Struct. Eng., 49 (3), 111–120. 

8. Cheung, M. S., and Megnounif, A. (1991). Parametric study of design variations on the vibration modes of box-

girder bridges. Can. J. Civ. Engrg., Ottawa, 18(5), 789-798. 

9. Cheung, M. S., and Mirza, M. S. (1986). A study of the response of composite concrete deck-steel box-girder 

bridges. Proc., 3rd Int. Conf. on Computational and Experimental Measurements, Pergamum, Oxford, 549-565. 

10. Cheung, M. S., Chan, M. Y. T., and Beauchamp, T. C. (1982). Impact factors for composite steel box-girder 

bridges. Proc., Int. Assn. for Bridges and Struck. Engrg. IABSE Colloquium, Zurich, 841-848. 

 

 

 

 

 

 

 

 


