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ABSTRACT:  

 

Objective of the study is to understand the impact of skew on design of bridge. A 

study would be made for varying span configurations of concrete bridges, slab bridges 

and slab on girder bridges, for different skew angles. Skew angles of 0 degree (straight 

bridge), 15, 30, 45 & 60 degrees respectively. The bridge configuration i.e. spans and 

particularly width would be considered realistically keeping in view the no of lanes and 

footpath. The loading would be considered as per IRC-6. A comparison would be made 

between the results for different skew bridges for a same span. An attempt would be 

made to formulate an equation though which skew effect on design could be ascertained. 

This parametric study would be performed by finite element modeling of bridges in 

STAAD. Plate elements would be used for defining slab, while line elements would be 

used for defining girders. Literature review on concrete skew bridges would also be 

presented 

 

 

INTRODUCTION 

          SKEW BRIDGES are generally used 

in cross roadways, railways, waterways   

which are not perpendicular to the bridges at 

the intersection. Skew bridge is defined as  

the line of skew (or) arch which is not right 

angles to the abutments.   Skew bridges are 

characterized by their skew angle.  

                  Skew bridges allow a large 

variety of solutions in roadway alignments. 

This contributes to a small environmental 

impact for new road construction projects. It 

can also be needed due to geographical 

constraints such as mountainous terrains. 

However, the force flow in skew bridges is 

much more complicated than in right-angle 

bridges. Analytical calculations alone do not 

provide sufficient accuracy for structural 

design. Numerical analysis needs to be 

performed, in which a skew bridge can be 

modeled in several ways with different 

degrees of sophistication. 

                            In right-angle bridges the 

load path goes straight towards the support 

in the direction of the span. In skew bridges 

this is not the case. For a solid slab skew 

bridge the load tends to take a short cut to 

the obtuse corners of the bridge. In bridge 

decks supported by longitudinal girders this 

effect occurs too, although less pronounced.  

                     AASHTO Standard 

Specifications for Highway Bridges (2002) 

did not take consideration for the effect of 

skew. Namely there is no calculations and 

guidelines given in the specifications to 

cover or estimate the effect of skew. So for 

decades, skewed bridges were analyzed and 

designed in the same way as straight ones 

regardless of the skew. 
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DESIGN: 

Although torsional effects on individual 

girders can be minimized by choice of 

layout, as discussed above, the model used 

for global analysis must be capable of 

identifying all the effects that are consequent 

on the skew layout and the skew 

connections between members. 

                        One particular issue that 

arises with large skew angles is that 

reactions at the abutments will be 

redistributed such that uplift can occur under 

certain load cases at certain bearings. 

Usually this occurs in acute corners, but for 

torsional stiff multi-girder decks with high 

skew, it can also occur just in from the 

obtuse corner as well. 

                       In detailing skew connections, 

the geometry needs to be considered 

carefully and any construction issues, such 

as difficulty of welding in acute corners or 

of inserting and tightening bolts, should be 

anticipated and suitable solutions found. 

                        As a result of the skew 

geometry, main girders will twist about their 

longitudinal axes during construction and it 

can be difficult to predict the exact rotation 

at the end of a sequential construction 

sequence for a composite bridge. The girder 

webs may not be truly vertical at the end of 

construction. General guidance on detailing, 

including the orientation of the slab 

reinforcement and the need to avoid conflict 

between stud connectors and reinforcing 

bars. 

CHARACTERISTICS OF SKEW 

BRIDGES: 

• Significant torsional moments in the deck 

slab 

• Decrease in longitudinal moment 

• Increase in transverse moment 

• Concentration of reaction forces and 

negative moments at the obtuse corners 

• Small reactions and a possibility of uplift 

reaction forces at the acute corners 

These special characteristics of skew bridges 

make their analysis and design more 

intricate than right bridges. 

OBJECTIVE & SCOPE OF 

STUDY:  

Objective of the project is to understand the 

effect of skew on flexural behavior of deck 

bridges. A parametric study is performed for 

different spans varying from 4m to 10m 

span with skew angle varying from 0º 
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(straight bridge) to 45º with regular 

increments in skew angles.  This study is 

being performed for two lane highway 

bridges without footpath for highway 

loading. The geometry considered is as per 

real time bridge configurations. The 

comparison is made for bridges under self-

weight and live loads, which are considered 

as per IRC-6 (Indian Road Congress).  

 MODEL:  

A 2-D finite analysis is used for modeling 

and analyzing slab bridges, with deck slab 

made of plate elements. Plate elements have 

defined out of plane stiffness while it’s 

absolutely rigid in its own plane and 

deforms out of its own plane. The design is 

being performed for gravity loads alone, 

which are out of plane loads causing out of 

plane deformation. As analysis is not being 

performed for in plane forces, using plate 

elements would be adequate. STAAD 

software has been used for finite element 

analysis. Defined geometry of the bridge is 

modeled and then discretized. Quadrilateral 

meshing is used for discretization and the 

each side of new element is limited to about 

300mm. It was observed that going for 

smaller meshing did out cause significant 

variation in result for this size of mesh. 

Going for smaller size was taking more 

computational time, without yielding much 

refinement in result hence size of about 

300mm square mesh has been fixed. At one 

end of the bridge, all the nodes are made 

hinged i.e. translation in all directions is 

fixed while rotation is free. While at roller 

supports are provided at all nodes, with 

translation fixed in vertical direction.    

 GEOMETRY: 

Study is being performed on two lanes 

Highway Bridge. As per IRC-5, the 

minimum carriageway width is 7.5m for two 

Lane Bridge and the same is considered. The 

kerb and crash barrier is considered to be 

0.5m on either side of deck, making the 

entire width of the deck as 8.5m. The bridge 

is considered to be supported on both ends 

along the length in the direction across the 

traffic direction. From the model it would 

appear that support is at skew. Direction of 

traffic is along X direction and slab is also 

spanning in X direction.   Analysis is done 

for spans of 4, 6, 8 & 10m. For each span 

length, following skew angles of 0º (straight 

bridge), 15º, 25º, 35º and 45º.have been 

considered.  This totally makes 20 analysis 
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cases. Uniform slab thicknesses for 

corresponding spans are as follows: 4.0m 

(span) - 0.5m (thickness); 6m - 0.6m; 8m – 

0.75m, 10m- 0.9m.  Figure 1 and 2 shows 

the geometry of straight and skew bridge 

respectively as observed  

in STAAD model.  Fig 3 shows snapshot of 

few plate elements with their plate numbers. 

Plate element local axis for each plate is 

seen within the plate, while the global axis is 

on the bottom left corner. 

 LOADING: 

Analysis is performed for self-weight (dead 

load) and LL (live load) cases. Loading for 

live load is done as per IRC-6. 70R wheel 

load is considered for loading. As per IRC-6 

for two Lanes Bridge, single lane of 70R 

loading is to be applied. The wheel closer to 

kerb should be more than 1.2m from edge of 

kerb. Loading is moved in transverse 

direction such that it produces maximum 

flexural effects.  LL is applied as moving 

load with loads moving in the direction of 

span and increment of new placement of 

wheel is considered as 0.2m. Combinations 

are not created and only comparison made 

for DL and LL respectively for different 

skew angles for a particular bridge span.   

   

 

   
 

 ANGLE OF SKEW: 
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The term ‘angle of skew’ or ‘skew angle is 

generally applied to the difference between 

the alignment of an intermediate or end 

support and a line square to the longitudinal 

axis of the bridge above. Thus, on a straight 

bridge, the skew angle at all supports would 

normally be the same and the term skew 

angle can be applied to the bridge as a 

whole. On a curved bridge, the skew angle is 

different at each support.

 OBSERVATIONS: 

 For smaller span to width ratio, skew 

has marginal effect on deign 

moment. With increase in this ratio, 

effect of skew increases. 

 For smaller angle of skew up to 15 

degrees, skew effect is minimal, 

while with increase in skew angle 

effect of skew is compounding. 

 For smaller angle of skew up to 15 

degrees, Mxy value is small, while 

with increase in skew angle Mxy 

value increases exponentially. 

 

 FUTURE STUDY: 

The same study could be extended to a) 

other bridge configurations, i.e. for different 

lanes b) for different loading C) for rail 

loading d) for different structural 

configurations, bridge culverts and slab 

girder bridges.  Also study of skew on 

support reactions and shear could be studied  

very much like for flexure.  An analytical 

study of this like would facilitate in building 

an equation through which the effect of 

skew on flexure could be directly calculated 

which would make modeling and analysis 

easier. If grillage analysis is used, a straight 

bridge could be easily modeled and results 

of which could also be easily extracted. For 

a given skew bridge, a straight bridge model 

could be analyzed to which the skew 

equation is directly applied and the effect of 

skew on forces is captured. 
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