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Abstract— Horizontally curved girder bridges are used in mordan infrastructural system. The curve in the 

bridges permission for a smooth traffic flow, which generate better road travel. However, some of the 

disadvantages of horizontally curved bridges are that they are more difficult to analyze, design, and sometimes 

construct in comparison to conventional straight bridges. Behavior of the bridge Different from the straight 

bridges as several parameters such like skew angle Different radius of curvature and cross section of the I 

Girder etc, are included in the analysis of bridge. In this paper, the numerous models for curved I girders are 

analyzed using CSI Bridge software for different parameters such as span length, radius of curvature. 

Consideration of the IRC class A loading and IRC 70 R loading and dead load is primary forces. The resultant 

Shear force, Moment about horizontal axis and the Tensional moments of the various curved I girders are 

compared. 
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I.   INTRODUCTION  

 In recent years the complexity of the highway system has increased. As, such the number of horizontally 

curved bridges has grown in order to accommodate higher volumes of traffic within geographical constraints. 

The horizontally curved alignments for the highway bridges are becoming more common and it is necessary 

to construct the structures curved in plan. 

Skewed and curved I girder bridges plays important role play in highway intersection and interchanges, and 

population is high in urban area where lack of space and required the use of curve geometries. The behavior 

of the bridge is different and it is depend upon such parameters like as skew angle and radius of curvature. 

 

Review of skewed bridges 

Several research efforts using analytical as well as experimental approaches to understand the actual behavior of 

skewed bridges when subjected to static and dynamic loads. Ansuman [16] in the skew bridge makes analysis 

and design of bridges decks intricate.With increase in the skew angle, the stresses in the girder different 

considerably from those ina straight girder bridge. The increase in value over average value raging from 0 to 50 

% for skew angle of 20 to 50˚. The reaction are negative for the skew angle is greater than 50˚.Critical value for 

the vertical deflection and bending moment with in service skewed bridge. Skew angle are increase the torsional 

moment, shear force and bending moment are increases. Huo and Zhang [17] studied the distribution factors of 

reactions at the piers are higher than those for near the same piers. The increase in reaction distribution factor at 

the piers in the interior beam lines is more significant than that in shear distribution factor when the skew angle 

is greater than 30°. 
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Review of curved bridges 

 

Gupta P.K. [19] conducted parametric study on behavior of box girder using finite element method with 

SAP2000 .It is found that the rectangular section is superior to other section. Yong-Lin Pi[15]The behavior 

differs markedly from the inelastic flexural-torsional buckling behavior of a straight beam. Brett A. 

McElwain[]The purpose of the present study was to gather field response data from three in-service, curved, 

steel I-girder bridges to determine behavior when subjected to a test truck and normal truck traffic. Barr P.J [12] 

the different boundary conditions provided the researches a unique opportunity to evaluate the impact that these 

changes had on the bridges behavior. 

 

 

Review of skew and curved bridge 

 

Thomas Wilson[14] the results of this study indicate that excluding the vertical ground motion component from 

analyses may impose a larger margin of risk than previously perceived. This is particularly the case for 

moderate to high seismic regions where shorter bridges may resonate with predominant frequencies of vertical 

ground motion. 

Deng et.al[13] studied thermal behavior, it carried parametric study to investigate the influence of curvature and 

skew angle on the stresses induced in the girders and found the impact of having two fixed piers on the design 

of these curved and skewed bridges. 

 

This paper presents simple 3-D finite-element analysis on a series of two-span skewed and curved RCC I girder 

bridges. The bridges had different skew angle varies (30˚, 60˚ )along with  radius 60m. The purpose of this study 

intended to scrutinize the effect of skew angle and radius of curvature on the performance of skewed and curved 

rectangular box girder bridges. 

 

 

II.  FINITE ELEMENT MODELING AND ANALYSIS 

 

Structural component 

 

The bridges examine in this study  in skew angle 30˚and60˚ and radius of curvature (60 m,80m), however each 

bridge is constructed with the same structural components. The bridge superstructure consist of RCC I girder 

having width of top and bottom flange is 1.68m  and total depth of I girder is 2.8 m. The thickness of flanges 

and webs are 0.560 m and 0.840m respectively. The modulus of elasticity of concrete for deck and girder 

concrete were taken as 27.38 MPa and 33.54 MPa  respectively. Fig. 1 shows typical cross section of 

rectangular box Girder Bridge. 
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Figure 1 Typical cross section of I girder bridges 

 

 

Loading condition 

The live load used in the parametric study as per IRC: 6-2014 standards truck load IRC-70Rand IRC class A. 

For partially loaded lane, nose to tail spacing between two successive vehicles considered as 30 m for IRC-70R 

loading. The wheel load applied closed to the curbs at a distance of 1.2 m from inside edge of the curb. The 

results are obtained in this study for load combination such as dead load+ IRC-70R and Dead load + IRC Class 

A. Fig. 2 a typical finite element modeling of a  skewed and curved RCC I girder bridges. 

 

 
Figure 2 Modeling of Skewed and curved I Girder Bridge 

 

 

 

III. RESULTS AND DISCUSSION 
 

In this parametric study bridges were analyse with various configuration for radius of curvature and skew angle, 

keeping constant span length. In each run, the maximum Shear Forced , torsional moment and moment about 

horizontal axis. These obtained results of bridges for various skew angles i.e.  30˚ ,and  60˚ for different radius of 

curvature. 

 

Combine the effect of skew angle and Different radius of curvature on Shear force of bridges 

After the conducting the parametric study the Shear forced of bridges were recorded. Fig 3 ,4  shows the effect 

of skew angle and radius of curvature on the shear force of these bridges. 
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Figure 3.shear forced diagram for 60m radius 

 

 
Figure 4.shear forced diagram for 80m radius 

 

 

Combine the effect of skew angle and different radius of curvature torsional moment of bridges. 
 

During this sensitive parametric study, positive and negative Torsional moment were recorded various skew 

angle andradius of curvature for this bridges. 
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Figure5. Torsional moment for 60m radius 

 
Figure 6.Torsional moment for 80m Radius 

 

Combine the effect of skew angle and different radius of curvature Moment about Horizontal axis of 

bridges. 

During this sensitive parametric study, positive and negative Moment about horizontal axis were recorded 

various skew angle and radius of curvature for this bridges. 
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Figure 7.Moment about horizontal axis for 60m radius 

 

 
Figure 8. moment about horizontal axis for 80m Radius 

 

IV. CONCLUSION 

 
The analysis of skewed and curved I girder models is carried out in CSI BRIDGE software by varying skew 

angle and radius of curvature for constant span length. The analysis performed for I Girder Bridge using simple 

finite-element models subjected to IRC Class A loading and IRC 70 R truckload and dead load as primary 

forces. During this parametric study, the shear forced, bending moment, torsion moment were computed. After 

the examinations of these results, the following conclusions are made 

For 60m Radius Maximum Shear force of M 60-30 is decrease by the 77.95% then the Maximum Shear force M 

60-60. For 60m Radius Maximum Torsional Moment of  M 60-30 is  increase by 32.76% then the  Maximum  

Torsional Moment of  M  60-60.  For  60m Radius Maximum  Moment about horizontal about axis of  M 60-30 

is increase by  51.12% then the Maximum  Moment About horizontal about axis of  M 60-60.For 80m Radius 

Maximum Shear force of M 80-30 is decrease by the 2.99% then the Maximum Shear force  M 80-60. For 80m 
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Radius Maximum Torsional Moment of M 80-30 is  increase by 33.29% then the  Maximum  Torsional 

Moment of  M  80-60. For 80m Radius Maximum Moment about horizontal about axis of  M 80-30 is increase 

by  30.4% then the Maximum  Moment About horizontal about axis of  M 80-60. 
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