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Instructions to Students :

Answer all Questions.

Answer All Questions
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1 a Discuss the different types of gradients. 6

b
Calculate the values of ruling minimum and absolute minimum radius of horizontal curve of a NH in plain terrain. Assume ruling design
speed and minimum design speed values as 100 and 80 kmph respectively.

4

2 a Explain PIEV theory with a neat sketch. 5

b
Calculate the extra widening required for a pavement of width 7m on a horizontal curve of radius 250 m if the longest wheel base of
vehicle expected on the road is 7 m. Design speed is 70 kmph.

5

3 a Define camber. Discuss the functions of camber and factors on which amount of camber to be provided depends. 4

b
Calculate the safe overtaking sight distance on one-way traffic road for a design speed of 96 kmph. Take A=2.5 kmph/sec and assume all
other data suitably.

6

4 a
The design speed of a highway is 80 kmph. There is a horizontal curve of radius 200 m on a certain locality. Design the superelevation
needed. Safe limit of transverse coefficient of lateral friction is 0.15.

6

b What are the desirable properties of aggregates? List the tests involved in determining these properties. 4

5
Define modulus of subgrade reaction. With a neat sketch explain plate load test for determining the k value. Also explain the corrections
applied in plate load test.

10



IAT-2-SOLUTIONS 

HIGHWAY ENGINEERING (17CV63) 

 

1.a.  

Ruling gradient :-The ruling gradient or the design gradient is the maximum gradient with 

which the designer attempts to design the vertical profile of the road. This depends on the 

terrain, length of the grade, speed, pulling power of the vehicle and the presence of the 

horizontal curve. In flatter terrain, it may be possible to provide at gradients, but in hilly 

terrain it is not economical and sometimes not possible also. The ruling gradient is adopted 

by the designer by considering a particular speed as the design speed and for a design vehicle 

with standard dimensions. But our country has a heterogeneous traffic and hence it is not 

possible to lay down precise standards for the country as a whole. Hence IRC has 

recommended some values for ruling gradient for different types of terrain. 

Limiting gradient :-This gradient is adopted when the ruling gradient results in enormous 

increase in cost of construction. On rolling terrain and hilly terrain it may be frequently 

necessary to adopt limiting gradient. But the length of the limiting gradient stretches should 

be limited and must be sandwiched by either straight roads or easier grades. 

Minimum gradient :-This is important only at locations where surface drainage is important. 

Camber will take care of the lateral drainage. But the longitudinal drainage along the side 

drains requires some slope for smooth flow of water. Therefore minimum gradient is 

provided for drainage purpose and it depends on the rain fall, type of soil and other site 

conditions. A minimum of 1 in 500 may be sufficient for concrete drain and 1 in 200 for open 

soil drains are found to give satisfactory performance. 
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4.b. 

Aggregates:- The desirable properties of sub grade soil as a highway material are: 
 Strength  

✓ The aggregates should be strong to withstand the stresses due to traffic wheel load.  

✓ Aggregates used in top layers of pavements I.e. wearing course have to be capable of 

withstanding high stresses in addition to wear and tear hence should posses resistance to 

crushing.  

Hardness  

✓ The aggregate used in surface course are subjected to constant rubbing or abrasion due to 

moving traffic.  

✓ They should be hard enough the wear due to abrasive action of traffic.  

Toughness  

✓ Aggregates in pavements are subjected to impact due to moving wheel loads.  

✓ Severe impact like hammering is seen when heavily loaded steel tyred vehicles move on 

WBM roads.  

Durability  

✓ They should be durable and should resist disintegration due to action of weather.  

✓ The property of the stones to withstand adverse action of weather is called soundness.  

 
✓ The aggregates are subjected to physical and chemical action of rain and ground weather 

and hence road stones should be sound enough to withstand weathering action.  

Shape of aggregates  

✓ Flaky and elongated aggregates will have less strength compared with cubical, angular or 

rounded particles.  

Adhesion with Bitumen The aggregates used in bituminous pavements should have less affinity 

with water or else bituminous coating on the aggregate will be stripped off in presence of water. 

Test for Road Aggregates:- 

1. Crushing test  

2. Abrasion test  

3. Impact test  

4. Soundness test  

5. Shape test  

6. Specific gravity and water absorption test  

7. Bitumen adhesion test  

 

5. Modulus of sub grade reaction (K ) is the reaction pressure sustained by the soil sample 

under a rigid plate of standard diameter per unit settlement measured at a specified pressure 

or settlement. IRC specifies that the K value be measured at 1.25 mm settlement. A 

compressive stress is applied to the pavement layer through plates of large size and 

deflections are measured for various stress values. Prepare the test site and remove the loose 

material so that 75 cm diameter plate rests horizontally in full contact with the soil sub-grade. 

Place the plate accurately and then apply a seating load equivalent to a pressure of 0.07 

kg/cm2 and release it after few seconds. The settlement dial readings are adjusted to zero for 



zero load. A load is applied by means of the jack, sufficient to cause an average settlement of 

about 0.25 mm. 

 
 

When there is no perceptible increase in settlement or when the rate of settlement is less than 

0.025 mm per minute, the load dial reading and the settlement dial readings are noted. The 

average of the three or four settlement dial readings is taken as the average settlement of the 

plate corresponding to the applied load. The load is increased till the average settlement 

increased to a further amount of about 0.25 mm and the load and the average settlement 

readings are noted as before. The procedure is repeated until the settlement is about 1.75 mm. 

A graph is plotted with the mean settlement (mm) on x axis and load (kN/m 2) on y-axis. The 

pressure p corresponding to a settlement of 1.25 mm is obtained from the graph. The modulus 

of sub-grade reaction K is calculated from the relation K = P/0.00125 kN/m 2 /m or kN/m 3  

Correction for plate size:- If the reaction load is to be reduced a plate of smaller diameter 

has to be used. If K1 is the modulus of sub grade of smaller size plate and a1 is the diameter of 

the smaller plate, then the K value corresponding to the standard plate (diameter a) is K = 

(K1a1)/a. 

Allowance for worst subgrade moisture:- Two samples are collected from the site where 

the plate load test was conducted. One sample is subjected to laboratory compression test 

under unsoaked condition and the other in soaked condition. Pressure sustained by the soil 

samples at different settlements is plotted. 

 

 

 

 


