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2.3 CURVES 

HORIZONTAL CURVES 

The presence of horizontal curve imparts centrifugal force which is a reactive force 

acting outward on a vehicle negotiating it. 

Centrifugal force depends on speed and radius of the horizontal curve and is 

counteracted to a certain extent by transverse friction between the tyre and pavement 

surface. 

On a curved road, this force tends to cause the vehicle to overrun or to slide outward 

from the centre of road curvature. For proper design of the curve, an understanding of 

the forces acting on a vehicle taking a horizontal curve is necessary. 

The centrifugal force P in kg/m2 

P=Wv2/gR 

Where W is the weight of the vehicle in kg, v is the 

speed of the vehicle in m/sec, g is the acceleration 

due to gravity in m/sec2 and R is the radius of the 

curve in m. 

Two effects of horizontal curve, 

1. Overturning effect 

2. Skidding effect 

TRANSITION CURVE 

A transition curve has a radius which 

decreases from infinity at the tangent point 

to a designed radius of the circular curve. 

The rate of change of the radius of the 

transition curve will depend on the 

equation of the curve or its slope. 

 

 

Thus the functions of transition curves in the horizontal alignment of highway may be 

summed up into the following points. 

 To introduce gradually, the centrifugal force between the tangent point and the 

circular curve. 
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1. To enable the driver turn the steering gradually for his own comfort and security. 

2. To improve the aesthetic appearance of the road. 

Different types of transition curves: 

1. Spiral 

2. Lemniscate 

3. Cublic parabola. 

EXTRA WIDENING AT CURVES 

Extra widening refers to the additional width of carriageway that is required on 

a curved section of a road over and above that required on a straight alignment. 

 Additional width required for a vehicle taking a horizontalcurve. 

 Due to the tendency of the drivers to ply away from the edge of the 

carriageway as they drive on acurve. 

SUPER ELEVATION 

Super-elevation or cant or banking is the transverse slope provided at horizontal 

curve to counteract the centrifugal force, by raising the outer edge of the pavement 

with respect to the inner edge, throughout the length of the horizontal curve. When the 

outer edge is raised, a component of the curve weight will be complimented in 

counteracting the effect of centrifugalforce. 

Maximum and Minimum Super Elevation 

Depends on 

1. Slow movingvehicle 

2. Heavy loaded trucks with highCG. 

IRC specifies a maximum super-elevation- 7 percent for plain and rolling terrain, 

while that of hilly terrain is 10 percent and urban road is 4 percent. The minimum 

super elevation is 2- 4 percent for drainage purpose, especially for large radius of 

the horizontal curve. 

Design of super elevation: 

There are four steps involved in the design of super elevation. 

Step 1: 

Calculate the super elevation necessary for 75% design speed and assume No 

lateral friction is developed 
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If e value is less than emax = 0.07, provide calculated e value. Otherwise proceed to next 

step 

Step 2: 

When ecal> emax 

Provide e = emax = 0.07 in this step and go to next step. 

Step 3: 

From the above step we have the value of e. so, check for lateral friction factor is 

applied in this step for the known value of e. 

If fcal< fmax (0.15) 

Then e = 0.07 is safe. 

But if fcal> 0.15 

Then restrict the values to f = 0.15, e 

= 0.07 

And go to last step. 

Step 4: 

In this step we will find out the 

value of restricted speed. 

Let V = Va 
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If Va> V, then e = 0.07, f= 0.15 

If Va< V , then also e = 0.07, f = 0.15 

VERTICAL CURVES 

I Summit Curve / Crest curve 

Summit curves are vertical curves with gradient upwards. They are formed when 

two gradients meet as illustrated in figure 1 in any of the following four ways: 

a. When a positive gradient meets another positive gradient. 

b. When positive gradient meets a flat gradient. 

c. When an ascending gradient meets a descending gradient. 

d. When a descending gradient meets another descendin ggradient. 

Type of Summit Curve 

 Mostly use parabolic curves in summitcurves. 

 This is primarily because of the ease with it can be laid out as well as 

allowing a comfortable transition from one gradient toanother. 

 Circular curve offers equal sight distance at every point on the curve, for 

very small deviation angles a circular curve and parabolic curves are almost 

congruent. 

 Furthermore, the use of parabolic curves was found to give excellent ridingcomfort. 

II Valley (Sag)curve: 

When two grades meet at the valley (sag) and the curve will have convexity downwards, the 

curve is simply referred as the valley (sag)curve. 

 

Figure 2.3.1 Valley Curve 

[Source: “Highway Engineering” by S.K.Khanna,C.E.G.Justo, Page: 142] 
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 The centrifugal force at these curves acts downwards along the weight of 

the vehicle. This add to the pressure on the springs and the suspension of 

the vehicle. 

 Hence the rate of change of centrifugal acceleration should govern the 

design of valley curves. 

Summit Curve 

For determining the minimum length of the curves: 

 The vehicle headlight sight distance 

 Motorists comfort 

 Drainage control 

 General aesthetic considerations. 

 

Figure 2.3.1 Summit Curve 

[Source: “Highway Engineering” by S.K.Khanna,C.E.G.Justo, Page: 144] 
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