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CHAPTER 8: MOTION 

Lecture 5:  

8.2 Angle of banking super elevation problems: 

Super elevation: We know that the body, moving along a curved path, is subjected to the 

following forces : 1. Its own weight, and 2. Centrifugal force. 

The resultant of these forces is inclined with the vertical as shown in Figure. It may be noted, 

that if curved path be made level, then the resultant force will be inclined at some angle, with the 

vertical, and thus the reactions on both the supports, of a vehicle, will not be equal, which will 

effect the equilibrium of the vehicle.  

To counterbalance this effect and maintain equilibrium of the vehicle, the surface of the path is 

made perpendicular to the resultant by keeping the inner edge level and raising the outer edge of 

the roadway or (outer rail of the railway). The amount by which the outer edge of rail is raised is 

known as cant or superelevation. 

 

Figure: Super Elevation 

Effect of superelevation in roadways: (Angle of banking) 

In case of roadways, the outer edge is raised with respect to the inner edge of the road surface. 

The amount, by which the outer edge is raised is known as cant or superelevation. The process of 

providing superelevation is known as banking of the road.  

The general practice, to define the superelevation, is to mention the angle of inclination of the 

road surface called angle of banking as shown in Figure.  



 

Figure: Superelevation in roadways 

Here, a vehicle is moving on a roadway and along a curved path with a uniform velocity.  

Let m = Mass of the body in tonnes,  

r = Radius of circular path in m, 

 v = Velocity of the body in m/s, and  

θ = Angle of the bank.  

Whenever a body is moving along the circumference of a circle, it is subjected to the following 

forces :  

1. Its own weight = mg 

 2. Centrifugal force = 
𝑚𝑣2

𝑟
 

 From the geometry of the figure, we find that 

tan θ = 
𝐶𝑒𝑛𝑡𝑟𝑖𝑓𝑢𝑔𝑎𝑙 𝑓𝑜𝑟𝑐𝑒

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 
=

𝑚𝑣2

𝑟

𝑚𝑔
=

𝑣2

𝑔𝑟
 

Therefore, θ=𝐭𝐚𝐧−𝟏 (
𝒗𝟐

𝒈𝒓 
) 

It may be noted from the above expression that the superelevation is independent of the mass of 

the body. 

 

 

 

 



Effect of superelevation in railways: 

 

Figure: Superelevation in railways 

In case of railways, the outer rail is raised with respect to the inner rail of the track. The amount 

by which the outer rail is raised is known as superelevation. The general practice, to define the 

superelevation, is to mention the difference of levels between the two rails as shown in Figure.  

In such a case, the superelevation is given by the relation,  

S = 
𝑮𝒗𝟐

𝒈𝒓
, where G is the gauge of the track. 

The superelevation obtained, by this relation, is popularly known as equilibrium superelevation.   

 



 

8.3 Bodies moving on a level circular path, skidding, overturning. 

Reactions of a vehicle moving along a level circular path: 

 

Figure: Reactions of a vehicle 

We consider a  vehicle moving on a level circular path, with O as centre as shown in figure. 

 



 

 

 

Equilibrium of a vehicle moving along a level circular path: 

The main idea, of banking the road or providing the superelevation in the railway lines, is to 

distribute the load of the vehicle equally on both the wheels. But, if the roads are not banked, 

then a vehicle may also have to face the following mishappenings. This will also happen, when 

the vehicle moves with a velocity more than the permissible velocity.  

1. The vehicle may overturn, or 

 2. The vehicle may skid away.  



Now we shall discuss the maximum velocity of a vehicle, so that it may remain in an equilibrium 

state on a circular track. Or in other words, we shall discuss the maximum velocity to avoid both 

the above mishappenings, one by one. 

Maximum velocity to avoid overturning of a vehicle moving along a level circular path:  

 

 

We consider a  vehicle moving on a level circular path, with O as centre as shown in figure. 

 

Here, we know that reaction at A is  



 

The maximum velocity of the vehicle to avoid overturning is independent of its mass.  

 

 

 

 

 

 

 

 

 

 



Maximum velocity to avoid skidding away of a vehicle moving along a level circular path:  

 

We consider a  vehicle moving on a level circular path, with O as centre as shown in figure. 

 

 



The maximum velocity of the vehicle to avoid skidding is independent of its mass. 

 

 



 

 

 


