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Abstract— For the purpose of the parametric study, the five 

box girder bridges are modelled in SAP2000. The span 

length, cross-section and material property remains 

unchanged. The only parameter that changes is the radius of 

curvature. The cross section of the superstructure of the box 

girder bridge consists of single cell box. The curvature of the 

bridges varies only in horizontal direction. All the models are 

subjected to self-weight and moving load of IRC class a 

tracked vehicle. A static analysis for dead load and moving 

load, and a modal analysis are performed. The longitudinal 

stress at top and bottom of cross sections, bending moment, 

torsion, deflection and fundamental frequency are recorded. 

The responses of a box girder bridge curved in plan are 

compared with that of a straight bridge. The ratio of responses 

is expressed in terms of a parameter. From the responses it is 

found that; the parameters like torsion, bending moment, and 

deflection is increasing as curvature of the bridges increase. 

For the purpose of the parametric study, five box girder 

bridge models with constant span length and varying 

curvature. In order to validate the finite element modeling 

method, an example of box Girder Bridge is selected from 

literature to conduct a validation study. The example box 

girder is modelled and analysed in SAP 2000 and the 

responses are found to be fairly matching with the results 

reported in literature. 
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I. INTRODUCTION 

Bhopal metropolis, the silicon valley of India, has 

experienced phenomenal growth in population in the last two 

decades. To meet the traffic demands, Metro Rail Transport 

has been started. Some part of the metro rail is elevated one, 

known as viaduct. The viaduct has trapezoidal box girders of 

single cell. There are different structural elements for a 

typical box girder bridge. Box girders, have gained wide 

acceptance in freeway and bridge systems due to their 

structural efficiency, better stability, serviceability, economy 

of construction and pleasing aesthetics. Analysis and design 

of box-girder bridges are very complex because of its three 

dimensional behaviors consisting of torsion, distortion and 

bending in longitudinal and transverse directions. A typical 

box girder bridge constructed in Bhopal Metro Rail Project is 

shown in Figure. 

 
Fig. 1.1: Viaduct for metro rail 

II. LITERATURE REVIEW 

To provide a detailed review of literature related to Box 

Girder Metro Bridge in its entirety is too immense to address 

in this paper. 

[Shimada and Kuranashi (2016)] Research prior to 

the mid-sixties on the behavior of curved girders was 

generally limited to theoretical work on the linear elastic 

static behavior of isolated curved members and based on 

strength of materials assumptions, namely, that the cross 

section does not distort, that Hooke's law applies, and that 

small deflection theory applies.  

[Sisodiya,et.al (2010)] presented finite element 

analyses for single box girder skew bridges that were curved 

in plan. The bridge that could be analyzed by this method may 

be of varying width, curved in any shape, not just a circular 

shape and with any support conditions. They used rectangular 

elements for the webs and parallelogram or triangular 

elements for top and bottom flanges. This approximation 

would require a large number of elements to achieve a 

satisfactory solution. Such an approach is impractical, 

especially for highly curved box bridges. 

[Chapman,et al (2007)] conducted a finite element 

analysis on steel and concrete box girder bridges with 

different cross section shapes to investigate the effect of 

intermediate diaphragms on the warping and distortional 

stresses. They showed that curved steel boxes even with 

symmetrical load components gave rise to distortional 

stresses, and showed that the use of sloping webs resulted in 

an increase in distortional stresses. 

[Galuta and Cheung (2004)] developed a hybrid 

analytical solution that combines the boundary element 

method with the finite-element method to analyze box-girder 

bridges. The finite-element method was used to model the 

webs and bottom flange of the bridge, while the boundary 

element method was employed to model the deck. The 
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bending moments and vertical deflection were found to be in 

good agreement when compared with the finite strip solution. 

[Saint-Venant (2012)] established the curved beam 

theory for the case of a solid curved bar loaded in a direction 

normal to the plane of curvature. In general, curved beam 

theory cannot be applied to curved box girders bridges, 

because it cannot account for warping, distortion, and 

bending deformations of the individual wall elements of the 

box.  

[Mavaddat and Mirza (2010)] utilized Maisel’s 

formulations to develop computer programs to analyze 

straight concrete box beams with one, two, or three cells and 

side cantilevers over a simple span or two spans with 

symmetric midspan loadings. The structure was idealized as 

a beam, and the normal and shear stresses were calculated 

using the simple bending theory and Saint- Venant’s theory 

of torsion. Then, the secondary stresses arising from torsional 

and distortional warping and shear lag were calculated. 

III. METHODOLOGY 

Five box girder bridge models are considered with constant 

span length and varying curvature. In order to validate the 

finite element modelling method, an example of box Girder 

Bridge is selected from literature to conduct a validation 

study. The example of box girder is modeled and analyzed in 

SAP 2000 and the responses are found to be fairly matching. 

For the purpose of the parametric study, the five box girder 

bridges are modeled in SAP2000. The span length, cross-

section and material property remains unchanged. The only 

parameter that changes is the radius of curvature in plan. The 

cross section of the superstructure of the box girder bridge 

consists of single cell box. All the models are subjected to 

self-weight and moving load of IRC class a tracked vehicle. 

A static analysis for dead load and moving load, and a modal 

analysis are performed. The longitudinal stress at top and 

bottom of cross sections, bending moment, torsion, deflection 

and fundamental frequency are recorded. The responses of a 

box girder curved in plan and straight are compared. The ratio 

of responses is expressed in terms of a parameter. 

IV. FINITE ELEMENT MODEL 

To validate the finite element model of bridge deck in SAP-

2000 a numerical example reported by Gupta et.al (2010) has 

been considered. SAP is a commercially available, general-

purpose finite element-modeling package for numerically 

solving a wide variety of civil engineering problems. These 

problems include static/dynamic analysis. The program 

employs the matrix displacement method of analysis based 

on finite element idealization. The shell element has both 

bending and membrane capabilities. Both in-plane and 

normal loads are permitted. The element has six degrees of 

freedom at each node: translations in the nodal x, y, and z 

directions and rotations about the nodal x, y, and z-axes. 

It has given an initial value solution of the static 

equilibrium differential equation of thin walled box beam, 

considering both shear lag and shear deformation. Figure 

shows the the cross section of the simply supported box beam 

bridge model used for the validation study. It is subjected to 

two equal concentrated load (P=2x800N) at the two webs of 

mid span. 

 
Fig. 2: Cross-section of simply supported rectangular box 

beam 

Length of Span is considered as 800mm, Modulus 

of elasticity (E) as 2.842GPa and Modulus of rigidity (G) as 

1.015GPa. The model is Modelled in SAP refer Figure. The 

rectangular box girder is modelled with Bridge Wizard 

having Shell elements. The boundary condition is taken is 

simply supported. It is assigned with point loads along the 

negative Z direction. Static analysis is conducted for the 

model. 

Material Properties Values 

weight /unit volume 25000 N/m3 

Young's modulus (E) 
32500 e6 

N/m2 

Poisson's ratio (υ) 0.15 

Shear Modulus (G) 
1.413 e 10 

N/m2 

Coefficient of thermal expansion (A) 1.17 e -5/0C 

Specific compressive strength of 

concrete (fc') 
45 e6 N/m2 

Table 1: Material properties 

Parameters Notation (m) 

Length span L 66 

Depth box girder H 2.31 

Width of top flange btf 9.6 

Thickness of top flange tf 0.381 

Width web bw 0.381 

Width bottom flange bbf 4 

Thickness bottom flange tbf 0.381 

Width box top side bboxts 5.445 

Cantilever length top 

flange 
Lcant 2.080 

Depth webs Hbox 1.547 

Table 2: Cross-sectional dimensions 

Dead of the box girder bridge per metre is calculated as, 

Dead load box girder per meter  

Ac*ρ c*g = 156.34 KN/m 

where, 

Ac = cross-sectional area; refer table 3.4, 

ρc = density of concrete; 2500 Kg/m3. 

g = acceleration due to gravity; 9.81m/s2. 

Parameters 

Hand 

calculation 

using Tung 

and 

Fountain 

SAP2000 %error 

Torsion 887t-m 924t-m 4 
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Bending. 

Moment 
72110KNm 

60000KN-

m 
20 

Table 3: Comparison of Torsion and bending moment due to 

self-weight 

V. CONCLUSIONS 

The major conclusions are listed below: 

 The vertical displacement of simply supported curved 

box girder bridges at mid-span is related to horizontal 

radius of curvature. The deflection is taken along the 

width of the box girder. When the radius is below 210m, 

displacement increases more rapidly, but, when the 

radius is more than 210 m, displacement curve gradually 

tends to level, the characteristics is the same as straight 

bridge. 

 Under IRC Class A loading, it shows that; when the 

radius of curvature increased from 205m to 210m, the 

maximum mid span deflection along the transverse 

direction increases by 14%. For the radius of curvature 

increased to 220m, the maximum deflection increases by 

almost 12.5%. Also for the radius of curvature is 

increased from 220m to 306m, the maximum deflection 

is increases by 11.11%. 

 The mid span vertical displacement along the width of 

box girder showed that the deflection on the right side of 

girder is more than left side of girder (centre of curvature 

is on right). 

 Under IRC Class A loading, it shows that; when the 

radius of curvature increased from 205m to 210m, the 

maximum mid span deflection along the span is 

decreased by 7.7%. As the radius of curvature is 

increased to 220m, the maximum deflection is decreased 

by almost 16.67%. Also, when the radius of curvature is 

increased from 220m to 306m, the maximum deflection 

is found to be decreased by 75%, which behaves more 

like a straight bridge. 

 As the span to radius of curvature increases the value of 

α (for all cases) increases. The range of α is in between 1 

to 6 except for the torsion. This means that the forces or 

deflections in the curved bridge can be obtained by 

multiplying the straight bridge with the corresponding 

values of α. 

 Under dead load; it is recorded that, there is a 33% 

decrease in maximum torsion is observed when the 

radius of curvature is increased from 205m to 210m, 

210m to 220m and 220m to 306m. 

 Under dead load, the bending moment decreases by 

almost 29% as the radius of curvature decreases from 

205m to 210m, 210m to 220m, and 220m to 306m. 

 Under IRC Class A loading, the bending moment 

decreases by almost 18.75% as the radius of curvature 

decreases from 205m to 210m, 210m to 220m, and 220m 

to 306m 

 As the curvature increases the bending moment values 

also increases. 
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