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PART C

ASSIGNMENT QUESTIONS

1) What are the various design factors controlling the vertical alignment on highways? (Dec 07)

2) Explain the factors to be considered in deciding the stopping sight distance 

At intersections.(dec 07)

       3) State factors on which the overtaking sight distance depends. Explain briefly.(Jun 06)
Two Marks Questions and Answers

1) What is mean by geometric design?

The geometric design of highway deals with the dimensions and layout of visible features of

the highway such as alignment, sight distance and intersections. The geometrics of highway should be designed to provide optimum efficiency in traffic operations.

2) What are the elements in geometric design?

Geometric design of highways deals with:

i) Cross section elements

ii) Sight distance considerations

iii) Horizontal alignment details

iv) Vertical alignment details

v) Intersection elements.

3) What are the design factors are allowed in geometric design?
The important of these factors which control the geometric elements are:

a) Design speed

b) Topography

c) Traffic factors

d) Design hourly volume and capacity

e) Environmental and other factors

4) Define design speed.


The design speed is the most important factors controlling the geometric design elements of highways. The design speed is decided taking into account the overall requirements of the highway. The design speed standards are modified depending upon the terrain or topography. Design of almost every geometric design element of a road is dependent on the design speed.

5) What are the factors considered in horizontal alignment?


There are various design factors to be considered in the horizontal alignment are design speed, radius of circular curves, type and length of transition curves,superelevation and widening of pavement on curves.

6) Define the formula for centrifugal force?



P=Wv2/gr

P= Centrifugal force

W=Weight of the vehicle

R=radius of circular curve

V=speed of vehicle

g= Acceleration due to gravity.

7) What is meant by centrifugal ratio, and effects of ratio?


The ratio of the centrifugal force to the weight of the vehicle, p/w is known as the centrifugal ratio (or) the impact factor. The centrifugal ratio is thus equal to V2/gr.The effects are:

i) Tendency to overturn the vehicle outwards about the outer wheels.

ii) Tendency to skid the vehicle laterally.

8) Define superelevation?


The effect of centrifugal force and to reduce the tendency of the vehicle to overturn or skid, the outer edge of the pavement is raised with respect to the inner edge, thus providing a transverse slope throughout the length of the horizontal curve. This transverse inclination to the pavement surface is known as superelevation.

9) Explain the analysis of superelevation?


The forces acting on the vehicle while moving on a circular curve of radius R meters, at speed of Vm/sec.

i) The centrifugal force P=Wv2/gr acting horizontally outwards through the center of gravity,CG

ii) The weight W of the vehicle acting vertically downwards through the CG.

iii) The frictional force developed between the wheels and the pavement counteractions, transversly along the pavement surface towards the center of the curve.

10) Define the two parts of attainment of superelevation?


The attainment of superelevation may be split up into two parts.

a) Elimination of crown of the cambered section.

b) Rotation of pavement to attain full superelevation.

11) Define the formula for Mechanical widening?


The widening required to account for the off tracking due to the rigidity of wheel based is called Mechanical widening (Wm) and may be calculated as given below:

R1= Radius of the path traversed by the outer rear wheel, m

R2= Radius of the path traverse by the outer front wheel, m

Wm= off tracking (or) the mechanical widening

L= length of wheel base, m

Wm= OC – OA=OB – OA =R2 – R1
From 


OAB, OA2=OB2- BA2


           R12= R2 ---Wm


(R2 –Wm2)=R22 – l2
(ie) R22 -2 R2Wm + Wm2 = R22- l2



l2=Wm (2 R2 –Wm)



Wm=L3/ 2R2 –Wm



    =L2/2r

12) What are the functions allowed in horizontal transition curve?


The functions are:

a) To introduce gradually the centrifugal force between the tangent point and the beginning of the circular curve.

b) To enable the driver turn the steering gradually for his own comfort and security.

c) To enable gradual introduction of the designed superelevation and extra widening of pavement.

d) To improve the aesthetic appearance of the road.

13) What are the different types of transition curves?


The types of transition curves commonly adopted in horizontal alignment are:

i) spiral(also called clothoid)

ii) lemniscate.

iii) Cubic parabola.

14) Define gradient.


Gradient is the rate of rise or fall along the length of the road with respect to the horizontal. It is expressed as a ratio of 1 in x. Some times the gradient is also expressed as a percentage.

15) What are the categories allowed in gradients?


Gradients are divided into following categories.

i) Ruling gradient

ii) Limiting gradient 

iii) Exceptional gradient

iv) Minimum gradient

16) Define vertical curves and categories of vertical curves?


The vertical alignment of highway it is necessary to introduce vertical curve at the intersections of different grads to smoothen out the vertical profile and thus ease off the changes in gradients for the fast moving vehicles.

Categories:      a) Summit curves (or) crests curves with convexity upwards.

          b) Valley (or) sag curves with concavity upwards.

17) What is mean by sight distance?


Sight distance available from a point is the actual distance along the road surface, which a driver from a specified height above the carriageway has visibility of stationary or moving objects.


In otherwords sight distance is the length of road visible ahead to the driver at ay distance.

18) Define SSD.


The minimum sight distance available on a highway at any spot should be of sufficient length to stop a vehicle traveling at design speed, safely without collision with any other obstruction. The absolute minimum sight distance is therefore equal to the stopping sight distance which is also sometimes called nonpassing sight distance.

19) What is mean by OSD?


The minimum distance open to the vision of the driver of a vehicle intending to overtake slow vehicle ahead with safety against the traffic of opposite direction is known as the minimum overtaking sight distance (OSD).  

20) What are the four parts of PIEV theory?


The parts are:

i) Perception

ii) Intellection

iii) Emotion

iv) Volition

16 Marks Questions and Answers

1) Briefly explain the design of horizontal alignment?


Various design factors to be considered in the horizontal alignment are design speed, radius of circular curves, type and length of transition curves, superelevation and widening of pavement on curves.

Design speed:


*) The design speed is the main factor on which geometric design elements depends. The sight distance, radius of horizontal curve, superelevation extra widening of pavement, length of horizontal transition curves and the length of summit and valley curve are all dependent on design speed.


*) The design speed of roads depends upon



i) Class of the road ii) terrain


*) The speed standards of a particular class of road thus depends on the classification of the terrain.


*) The terrains have been classified as plain,rolling,mountainous and steep, depending on the cross slope of the country.

Horizontal curves:


*) A horizontal highway curve is a curve in plan to provide change in direction to the central line of a road.


*) When a vehicle traverses a horizontal curve, the centrifugal force acts horizontally outwards through the centre of gravity of vehicle.


*)  The centrifugal force P is given by:



P=Wv2/gr

 P= Centrifugal force

W=Weight of the vehicle

R=radius of circular curve

V=speed of vehicle

g= Acceleration due to gravity.


*)  The ratio of the centrifugal force to the weight of the vehicle/w is known as  centrifugal ratio.It is equal to v2/gr.The horizontal curve has two effects:


i) Overturn the effects


ii) Transverse skidding effect.

Radius of Horizontal curve:


*) The centrifugal force is dependent on the radius of the horizontal curve. The centrifugal force which is counteracted by the superelevation and lateral friction is given per eq; g=127




e + f =V2/gr=v2/ 127r


*) In this equation the maximum allowable superelevation rate has been fixed as 7 percent or 0.07 and the design coefficient of lateral friction ‘f’ is taken as 0.15.




e + f= 0.07 +0.15=0.22


*) Thus the ruling minimum radius of the curve for ruling design speed Vm/sec (or) V/kmph is given by:



Rruling = V2/(e + f )g



Rruling = V2/127(e + f)


*) The absolute minimum radius of horizontal curve Rmin is given by:



Rmin= V2/127(e + f)

Horizontal transition curves:


*) 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.


a) To introduce gradually, the centrifugal force between the tangent point and the circular curve.


b) To enable the driver turn the steering gradually for his own comfort and security.


c) To improve the aesthetic appearance of the road.

Different types of transition curves:

i) Spiral

ii) Lemniscate

iii) Cublic parabola.

2) Derive an expression for finding length of transition curve on horizontal alignment of highways?



The length of transition curve is designed to fulfill three conditions.

i) Rate of change of centrifugal acceleration to be developed gradually.

ii) Rate of introduction of the designed superelevation to be at a reasonable rate.

iii) Minimum length by IRC formula.

Rate of change of centrifugal acceleration:


*) At the tangent point the centrifugal acceleration (v2/r) is zero at the radius R is infinity. At the end of transition radius R.


*) Hence the centrifugal acceleration is distributed over a length Ls of the transition curve. Let the length of transition curve be Ls meter. If‘t’ is the time taken in seconds to transverse the transition length at uniform design speed of Vm/sec, t=Ls/v.


The rate of change of centrifugal acceleration ‘c’ is given by 



C= V2/r.t=V2/RLs/v



C=V2/Ls.r (m/sec3) --------------------------------------------- (1)


The IRC has recommended the following equation for finding the value of C for the design speed Vkmph.



C = 80/(75+v) (m/sec3)------------------------------------------ (2) 

Once the value of C is decided based on the design speed as given above the length of the transition curve Ls, can be calculated from eq.1   



Ls=V3/CR -------------------------------------------------------- (3)


If the design speed is Vkmph,



Ls=V3/(36)3CR



Ls=V3/46.5 R=0.0215V3/CR ---------------------------------- (4)

Hence,


L=length of transition curve


C=Allowable rate of change of centrifugal acceleration,m/sec3

R=radius of the circular curve

Rate of introduction of superelevation:


If a high value of superelevation is to be introduced, it is not desirable to raise the outer edge of a pavement at a larger rate than 1 in 150 relative to the grade of the center line.


Let E be the rate of superelevation designed and normal pavement width W.Let We be the extra widening provided at the circular curve so that the total width of B pavement =(W +We)


Hence allowing a rate of change of superelevation of 1 in N,the length of transition curve Ls given by:


Ls=EN/2=EN/2 (W+We)

Empirical formula:


The length of horizontal transition curve Ls should not be less than the value given by the following equations for the terrain classification.

a) For plain and rolling terrain



Ls=2.7V2/R ------------------------------------------------ (1)

b) Mountainous terrain



Ls=V2/R --------------------------------------------------- (2) 

The design steps are the transition curve:

a) Find the length of transition curve based on allowable rate of change of the centrifugal acceleration.

b) Find the length of transition curve based on rate of change of superelevation
c) Check for the minimum required value of Ls.
d) Adopt h highest value of Ls given by the transition curve.
The length of transition curve Ls required on a horizontal highway curve depends the following factors.

i) Radius of circular curve,R,

ii) Design speed V
iii) Allowable rate of change of centrifugal acceleration
iv) Maximum amount of superelevation
v) Allowable rate of introduction of superelevation, which depends on the terrain.
3) i) Explain superelevation?

    ii) Explain maximum and minimum superelevation?


The effect of centrifugal force and to reduce the tendency of the vehicle to overturn or skid, the outer edge of the pavement is raised, with respect to the inner edge, thus providing a transverse slope throughout the length of the horizontal curve. This transverse inclination to the pavement surface is known as suoerelevation.The superelevation ‘e’ is expressed as the ratio of the height of outer edge with respect to the horizontal width.



E=NL/ML =tanө

Hence e=tanө ≈ sinө=E/B which is measured as the ratio of the relative elevation of the outer edge, E to width of pavement, B.

Analysis of superelevation:


The forces acting on the vehicle while moving on a circular curve of radius R meters at speed of Vm/sec are,

i) The centrifugal force  P=Wv2/gr acting horizontally outwards through the center of gravity,CG

ii) The weight W of the vehicle acting vertically downwards through the CG.

iii) The frictional force developed between the wheels and the pavement counteractions.

In the fig. considering the equilibrium of the components of forces acting parallel to the plane (p cos ө), the component of centrifugal force is opposed by (w sinө), the component of gravity and the frictional forces Fa and Fb.

For equilibrium condition



P cosө= W sinө + Fa + Fb

The limiting equilibrium is reached when the full values of the frictional forces are developed and the values Fa and Fb each their maximum value of F x Rb and F x Ra  respectively, where ‘f’ is the coefficient of lateral friction and Ra  and Rb are the normal reactions at wheels A and B.



P cosө = w sinө + f (Ra + Rb )



            = w sinө + f (w cosө +P sinө)

(ie)        P (cos ө --f sinө)      = w sinө + f w cosө

         Dividing by W cosө



P/w (1/f tanө) = tanө +f




P/w = tanө + f 




           1-f tanө

The value of (1- f tan ө) in the above equation is equal to 0.99 and may be approximated



P/w ≈ tan ө + f = e + f



P/w= V2/gr



e + f = V2/gr

Where


E= rate of superelevation


F=design value of lateral friction


V= speed of the vehicle



G=Acceleration due to gravity

ii)  Minimum Superelevation


*)  The minimum superelevation to be provided on horizontal curve may be limited to the camber of the surface.


*) In the camber is maintained from outer to inner edge of pavement at the circular curve. In very flat curves with large radius the centrifugal force developed will be very small


*) Though this practice will cause a negative superelevation on the outer half of the pavement due to normal camber.


*) The centrifugal force together with this negative superelevation would be considerably less than the allowable friction coefficient on such curves.


*) The IRC recommendation giving the radius of horizontal curves beyond which normal cambered section may be maintained and no superelevation is required for curves.

Maximum superelevation:


*) The value of superelevation needed increases with in speed and with decrease in radius of the curve for a constant value of coefficient of lateral friction ‘f’.


*) In the case of heavily bullock carts and trucks carrying less dense materials like straw or cotton, the center of gravity of the loaded vehicle will be relatively high.


*) Hence to avoid the danger to toppling of such loaded slow moving vehicles, it is essential to limit the value of maximum allowable superelevation.


*) However, on hill roads not found by snow a maximum superelevation upto 10 percent has been recommended. On urban road stretches with frequent intersections, it may be necessary to limit the maximum superelevation to 4.0 % keeping in view the convenience in construction and that of turning movements of vehicles.

4) Explain sight distance and the significance of stopping and overtaking sight distance?


Sight distance available from a point is the actual distance along the road surface, which a driver from a specified height above the carriage way has visibility of stationary or moving objects.


Sight distance required by drivers applies to both geometric design of highways and for traffic control. The sight distance situations are considered in the design.

i) Stopping or absolute minimum sight distance

ii) Safe overtaking  or passing  sight distance

iii) Safe sight distance for entering into uncontrolled intersections.

Apart from the three situations mentioned above the following sight distance are considered by the IRC in highway design:

Intermediate sight distance:


This is   defined as twice the stopping sight distance when overtaking sight distance cannot be provided; intermediate sight distance is provided to give limited overtaking opportunities to fast vehicles.

Head light sight distance:


This is the distance visible to a driver during night driving under the illumination of the vehicle head lights.

Stopping sight distance:


The minimum sight distance available on a highway at any spot should be of sufficient length to stop a vehicle traveling at design speed, safely without collision with any other obstruction.


The absolute minimum sight distance is therefore equal to the stopping sight distance which is also sometimes called nonpassing sight distance. The sight distance available on a road to a driver at any instance depends on,

i) Features of the road

ii) Height of the drivers eye above the road surface

iii) Height of the object above the road surface.

The distance within which a motor vehicle can be stopped depends upon the factors listed below,

a) Total reactions time of the driver

b) Speed of vehicle

c) Efficiency of breaks

d) Frictional resistance between the road and tyres.

e) Gradient of the road.

Total reaction time:


*) Reaction time of the driver is the time taken from the instant the object is visible to the driver to the instant the brakes are effectively applied.


*) The total reaction time may be split up into two parts.



i)  Perception time



ii) Brake reaction time.

PIEV theory:


According to this theory the total reaction time of the driver is split into four parts:

i) Perception

ii) Intellection

iii) Emotion

iv) Volition

Speed of Vehicle:


The stopping distance depends very much on the speed of the vehicle; first during the total reaction time of the driver the distance moved by the vehicle will depend on the speed.

Efficiency of brakes:


The braking efficiency is said to be 100 percent if the wheels are fully licked preventing them from rotating on application of the brakes. This will result in 100 percent skidding which is normally undesirable except in utmost emergency.

Frictional resistance between road and tyres:


The frictional resistance developed between road and tyres or the skid resistance depends on the type and condition of the road surface and the tyres. IRC has specified a design friction coefficient of 0.35 to 0.4 depending upon the speed to be used for finding the braking distance in the calculation of stopping sight distance.

Analysis of stopping distance:

i) The distance traveled by the vehicle during the total reaction time known as lag distance.

ii) The distance traveled by the vehicle after the application of the brakes is known as braking distance.

Overtaking sight distance:


The minimum distance open to the vision of the driver of a vehicle intending to overtake slow vehicle ahead with safety against the traffic of opposite direction is known as the minimum overtaking sight distance(OSD) or Safe passing sight distance available.


The overtaking sight distance is the distance measured along the center of the road which a driver with his eye level 1.2m above the road  surface can see the top of an object 1.2m above the road surface.

Some of the important factors on which the minimum overtaking sight distance required.


a) Speed of 

i) overtaking vehicle

ii) overtaken vehicle

iii) The vehicle coming from opposite direction

b) Distance between the overtaking and overtaken vehicles; the minimum spacing depends on the steeds.

c) Skill and reaction time of the driver.

d) Rate of acceleration of overtaking vehicle

e) Gradient of the road.

Criteria for sight distance requirements on highway:


*) The absolute minimum sight distance required throughout the length of the road is the SSD which should invariably be provided at all places.


*) On horizontal curves the obstruction on the inner side of the curves should be cleared to provide the required set back distance and absolute minimum sight distance.


*) On vertical summit curves the sight distance requirement may be fulfilled by proper design of the vertical alignment.

5) While aligning a highway in built up area it was necessary to provide a horizontal circular curve of radius 325 metre, Design the following geometric features.


a) Superelevation


b) Extra widening of pavement


c) Length of transition curve

Data available are:


Design speed = 65Kmph


Length of wheel base of largest truck = 6m


Pavement width = 10.5 m

Solution:

i) superelevation



Here radius R=325 m



E=V2/225r = 652/225 x 325 = 0.058

As this value is less than 0.07, it is safe for the design speed.

Hence provide superelevation rate=0.058

     ii) Extra widening of pavement
We=nl2/2r + V/9.5√r

N=3 as the pavement width is 10.5m


Wheel base=6m


We=3 x 62/2 x 325 + 65 / 9.5√325


=0.016 +0.380= 0.546 say 0.05m

   iii) Length of transition curve, Ls

a) By rate of change of centrifugal acceleration

Allowable rate of change of centrifugal acceleration C is 


C=10/75 + v = 80 / 76 +65=0.57 m/sec3

Ls=0.0215 V3 / CR= 0.0215 x653/0.57 x325=31.9 m

b)By rate of introduction of superelevation E


Total superelevation E= B x E

Total pavement width including extra widening on curve


B = W + We=10.5 + 0.55=11.05 m


E=0.058


E= 11.05 x 0.058=0.64 m

C) IRC formula, the minimum length


Ls=2.7V2/r = 2.7 x 652 /325=35.1 m.
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