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CHAPTER 1 

ROADS AND ITS CLASSIFICATION  

1 ROADS 

A road is a defined path or route designed and constructed for the purpose of 

facilitating the movement of vehicles, people, and goods from one place to another. 

Roads are essential components of transportation infrastructure, providing connectivity 

between different geographic locations, including cities, towns, villages, and various 

landmarks. They vary in size, construction materials, and complexity based on their 

intended use, location, and the volume of traffic they are designed to handle. 

 

1.1 CLASSIFICATION  OF ROADS 

Roads are broadly classified based on the materials used, location and 

functional utility, traffic, economy, topography etc as shown in the figure 1.1 

 

Fig 1.1 Classification of Roads 

 

The Indian Roads Congress (IRC) classifies roads to create a systematic and 

efficient transportation network that meets various functional and strategic needs. The 

classification helps in planning, designing, constructing, maintaining, and managing 
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roads in a way that optimizes their utility  and ensures safety and convenience for users. 

Here are the key reasons for classifying roads 

1.2 IRC Classification of Roads 

The Indian Roads Congress (IRC) classifies roads in India based on their utility, 

importance, and function. Here are the main classifications of rural roads as per 

IRC 73 ï 1980 along with their definitions: 

1.2.1. National Highways (NH) 

National Highways are main highways running through the length and breadth 

of the country connecting major ports, foreign highways, State capitals, large industrial 

and tourist centers etc. 

1.2.2. State Highways (SH) 

State Highways are arterial routes of a State linking district headquarters and 

important cities within the State and connecting them with National Highways of the 

neighboring States. 

1.2.3. Major District Roads (MDR) 

Major District Roads are important roads within a district serving areas of 

production and markets, and connecting these with each other or with the main 

highways. 

1.2.4. Other District Roads (ODR) 

Other District Roads are roads serving rural areas of production and providing 

them with outlet to market centers, taluka/ tehsil headquarters, block development 

headquarters, or other main roads. 

1.2.5. Village Roads (VR) 

Village Roads are roads connecting villages or groups of villages with each 

other and to the nearest road of a higher category. 

For the purpose of geometric design, urban roads other than expressways are 

classified into four main categories as per IRC 86 ï 1983. They are: 
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1.2.6. Arterial 

A general term denoting a street primarily for through traffic, usually on a 

continuous route. 

1.2.7. Sub ï Arterial 

A general term denoting a street primarily for trough traffic usually on a 

continuous route but offering somewhat lower level of traffic mobility than the arterial. 

1.2.8. Collector Street 

A street for collecting and distributing traffic from and to local streets and also 

for providing access to arterial streets. 

1.2.9. Local Street 

A street primarily for access to residence, business or other abutting property. 

 

1.3 IRC Codes for  Road Construction 

The Indian Roads Congress (IRC) publishes various codes, standards, and 

guidelines for road construction to ensure consistency, safety, and quality in the 

development of road infrastructure. Here are some important IRC codes relevant to road 

construction 

1.3.1 General Road Design and Construction 

IRC:  37-2018: Guidelines for  the Design of Flexible Pavements 

This Code Provides guidelines for the design of flexible pavements to ensure 

longevity and performance under varying traffic and environmental conditions. 

IRC:  58-2015: Guidelines for  the Design of Plain Jointed Rigid Pavements for 

Highways 

It gives the outlines the design procedures for constructing plain jointed rigid 

pavements, which are typically used for heavy traffic roads. 

IRC: 15-2017: Standard Specifications and Code of Practice for Construction of 

Concrete Roads 

Specifies the standards and construction practices for concrete roads to ensure 

durability and structural integrity. 
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1.3.2 Materials and Quality Control 

IRC:  SP: 37-2018: Guidelines for  the Design of Flexible Pavements for  Low 

Volume Rural Roads 

Provides guidance on designing flexible pavements for rural roads with low 

traffic volumes. 

IRC:  SP: 72-2015: Guidelines for  the Design of Interlocking  Concrete Block 

Pavements 

Details the design and construction practices for interlocking concrete block 

pavements used in urban areas and for heavy-duty applications. 

1.3.3 Geometric Design 

IRC:  73-2018: Geometric Design Standards for  Rural  (Non-Urban) Highways 

Sets the geometric design standards for rural highways, covering aspects like 

road alignment, cross-sections, and sight distances. 

IRC:  86-2018: Geometric Design Standards for  Urban Roads 

Provides standards for the geometric design of urban roads, addressing the 

specific needs and constraints of urban environments. 

1.3.4 Traffic  Engineering and Safety 

IRC:  67-2012: Code of Practice for  Road Signs 

Specifies the design, installation, and maintenance of road signs to ensure clarity 

and consistency across the road network. 

IRC:  35-2015: Code of Practice for  Road Markings 

Provides guidelines for road markings, including their layout, materials, and 

maintenance. 

IRC:  SP: 88-2019: Manual of Specifications and Standards for  Expressways 

Covers the specifications and standards for the design, construction, and 

maintenance of expressways. 
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1.3.5 Pavement Evaluation and Maintenance 

IRC:  SP: 16-2004: Guidelines for  Surface Evenness of Highway Pavements 

Details the methods and criteria for evaluating and ensuring the surface 

evenness of highway pavements. 

IRC:  82-2015: Code of Practice for  Maintenance of Bituminous Surfaces of 

Highways 

Provides guidelines for the maintenance practices to be followed for bituminous 

road surfaces to ensure their longevity and performance. 

1.3.6 Bridges and Structures 

IRC: 5 - Standard Specifications and Code of Practice for Road Bridges, Section 

I: General Features of Design. 

Specifies the general features of the bridge design. 

 

IRC:  6-2017: Standard Specifications and Code of Practice for  Road Bridges, 

Section II: Loads and Stresses 

Specifies the loads, forces, and stresses that must be considered in the design of 

road bridges. 

IRC: 21-2000: Standard Specifications and Code of Practice for Road Bridges, 

Section III: Cement Concrete (Plain and Reinforced) 

Outlines the standards for the use of cement concrete in the construction of road 

bridges. 

1.3.7 Drainage and Hydrology 

IRC:  SP: 42-2014 Guidelines on Road Drainage 

Provides comprehensive guidelines on the design and construction of road 

drainage systems to ensure proper water management and prevent road damage. 
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CHAPTER 2 

 

GEOMETRIC  DESIGN 

2 GENERAL  

Geometric design refers to the design aspects of roadways and highways that 

govern their physical layout and dimensions to ensure safety, efficiency, and comfort 

for users. This discipline involves the planning and implementation of the road's 

alignment, cross-sectional elements, gradients, curves, and intersections to meet the 

needs of vehicles, pedestrians, and other users under various conditions. 

 

2.1 INTRODUCTION  

Geometric design is a fundamental aspect of civil engineering that focuses on 

the dimensions, layout, and physical elements of roadways and highways. It involves 

creating a road network that ensures safety, efficiency, comfort, and accessibility for all 

users, including motorists, pedestrians, and cyclists. The design must accommodate 

various factors such as traffic volume, vehicle types, terrain, environmental conditions, 

and urban or rural settings. 

2.1.1 Purpose of Geometric Design 

The primary purpose of geometric design is to create roads that: 

Enhance Safety: Minimize the risk of accidents by providing clear sight distances, 

smooth transitions, and safe intersections. 

Ensure Comfort:  Offer a pleasant driving experience with appropriate curves, grades, 

and smooth surfaces. 

Improve Efficiency: Facilitate smooth and uninterrupted traffic flow, reducing 

congestion and travel time. 

Promote Accessibility: Ensure that all areas, including remote and urban regions, are 

well-connected. 

 

2.2 TERRAIN  CLASSIFICATION  

Terrain classification is an essential aspect of the geometric design of roads, as 

it influences the alignment, grading, and overall design of the roadway. The 

classification of terrain helps in determining the construction techniques, materials, and 
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cost implications for road projects. The Indian Roads Congress (IRC) classifies terrain 

into several categories based on the natural topography of the land. Here are the primary 

terrain classifications used in road design 

2.2.1 Types of Terrain 

Plain Terrain:  Flat or gently undulating land with a natural ground slope of up to 10%. 

Characteristics: Minimal elevation changes, Easier and less costly to construct roads, 

Suitable for high-speed roads due to gentle curves and gradients. 

Rolling Terrain:  Land with moderate slopes, typically ranging from 10% to 25%. 

Characteristics: Moderate elevation changes, requires more earthwork than plain 

terrain, Some - what challenging for road construction due to moderate curves 

and grades. 

Mountainous Terrain: Land with steep slopes, generally greater than 25% but less 

than 60%. 

Characteristics: Significant elevation changes, Difficult and expensive to construct 

roads, Sharp curves and steep gradients are often necessary. 

Steep Terrain:  Land with extremely steep slopes, usually greater than 60%. 

Characteristics: Extreme elevation changes, very challenging and expensive to 

construct roads, Requires extensive engineering solutions for stability and 

safety. 

 

Table2.1Terrain Classification (IRC SP: 20-2002, PageNo.28) 
 

Terrain  Classification Cross Slope of the Country  

Plain 0-10% More than 1in10 

Rolling 10-25% 1 in 10 to 1 in 4 

Mountainous 25-60% 1 in 4 to1 in 1.67 

Steep Greater than 60% Less than1in 1.67 

 

2.3 DESIGN SPEED 

Design speed is a fundamental concept in road design, representing the 

maximum safe speed at which vehicles can travel comfortably and safely under 

favorable conditions on a specific road alignment. It serves as a basis for determining 
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various geometric features of the road, including horizontal and vertical curves, sight 

distances, and lane widths. Here's a comprehensive explanation of design speed. 

ñThe speed adopted for the design and planning of a roadway, reflecting the 

desired operational speed under ideal conditions. It is typically expressed in kilometers 

per hour (km/h) or miles per hour (mph).ò 

2.3.1 Factors Influencing Design Speed 

Road Function: The intended purpose of the road, whether it's an urban street, rural 

highway, or freeway, influences its design speed. 

Traffic Conditions: Expected traffic volumes, vehicle types, and mix of traffic affect 

the chosen design speed. 

Terrain: The topography and terrain characteristics, such as slopes a distances, and 

vehicle stability. 

Environmental Considerations: Factors like land use, adjacent development, and 

environmental impacts may influence design speed. 

Economic Feasibility: Cost considerations may also play a role in determining the 

design speed, balancing safety and construction costs. 

2.3.2 Importance of Design Speed 

Safety: Designing roads for appropriate speeds enhances safety by reducing the 

likelihood of accidents. 

Efficiency: Roads designed for suitable speeds ensure smooth traffic flow and 

minimize congestion. 

Comfort: Design speed accounts for the comfort of road users, providing a pleasant 

driving experience. 

Accessibility: Roads designed at appropriate speeds ensure accessibility for all types 

of vehicles and users. 

Economic Considerations: Design speed affects construction and maintenance costs, 

making it an essential consideration for project feasibility. 

2.3.3 Design Speed in Practice 

¶ Design speed guides the determination of various geometric elements such as 

horizontal and vertical alignment, cross-sectional features, and sight distances. 
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¶ Engineers use design speed to calculate radii for horizontal curves, lengths of 

transition curves, gradients for vertical curves, and superelevation rates for 

curves. 

¶ The chosen design speed should reflect the intended use of the road, 

accommodate future traffic growth, and prioritize safety and comfort. 

ThedesignspeedfortheruralroadsshouldbetakenasgiveninTable2. 

 

Table2.2 Design Speeds (IRCSP: 20-2002, PageNo.29) 
 

Design Speed(Km/hr) 

Plain Terrain  Rolling Terrain  Mountainous Terrain  Steep Terrain  

Ruling Min  Ruling Min  Ruling Min  Ruling Min  

50 40 40 35 25 20 25 20 

 

¶ Normallyrulingdesignspeedshouldbetheguidingcriterionforthepurposeo 

f geometric design. Minimum design speed may, however, be adopted 

where site condition and cost does not permit a design based on Ruling 

Design Speed. 

2.4 CROSS SECTIONAL  ELEMENTS  

The features of the cross-section of the pavement influence the life of the 

pavement as well as the riding comfort and safety. Of these, pavement surface 

characteristics affect both of these. Camber, kerbs and geometry of various cross- 

sectional elements are important aspects to be considered in this regard. 

2.4.1 Camber 

Camber or cant is the cross slope provided to raise middle of the road surface in 

the transverse direction to drain off rain water from road surface. The objectives of 

providing camber are: 

¶ Surface protection especially for gravel and bituminous roads 

¶ Sub-grade protection by proper drainage 

¶ Quick drying of pavement which in turn increases safety 

Too steep slope is undesirable for it will  erode the surface. Camber is measured 

in 1 in n or n% (Eg. 1 in 50 or 2%) and the value depends on the type of pavement 
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surface. The values suggested by IRC for various categories of pavement are given in 

Table 2.3. The common types of camber are parabolic, straight, or combination of them. 

 

Fig 2.1 Types of Camber 

 

Figure 2.1 represents the different types of camber and Table 2.3 represents the 

IRC recommended values for Camber. 

Table 2.3: IRC Values for camber 
 

Surface Type Heavy rain Light  rain 

Concrete/Bituminous 2 % 1.7 % 

Gravel/WBM 3 % 2.5 % 

Earthen 4 % 3.0 % 

 

2.4.2 Width of carriage way 

Width of the carriage way or the width of the pavement depends on the width 

of the traffic lane and number of lanes. Width of a traffic lane depends on the width of 

the vehicle and the clearance. Side clearance improves operating speed and safety. The 

maximum permissible width of a vehicle is 2.44m and the desirable side clearance for 

single lane traffic is 0.68 m. This require minimum of lane width of 3.75 m for a single 

lane road (Figure 2.2). However, the side clearance required is about 0.53 m on both 

side and 1.06 m in the center. Therefore, a two lane road require minimum of 3.5 meter 

for each lane (Figure 2.2). The desirable carriage way width recommended by IRC is 

given in Table 2.4. 
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Table 2.4: IRC Specification for  carriage way width 
 

Single lane 3.75 

Two lane, no kerbs 7.0 

Two lane, raised kerbs 7.5 

Intermediate carriage 5.5 

Multi -lane 3.5 

 

Fig 2.2: Lane width for  single and two lane roads 

 

2.4.3 Kerbs 

Kerbs indicate the boundary between the carriage way and the shoulder or 

islands or footpaths. Different types of kerbs are (Figure 3): 

ü Low or mountable kerbs : This type of kerbs are provided such that they 

encourage the traffic to remain in the through traffic lanes and also allow the 

driver to enter the shoulder area with little difficulty. The height of this kerb is 

about 10 cm above the pavement edge with a slope which allows the vehicle to 

climb easily. This is usually provided at medians and channelization schemes 

and also helps in longitudinal drainage. 

ü Semi-barrier type kerbs : When the pedestrian traffic is high, these kerbs are 

provided. Their height is 15 cm above the pavement edge. This type of kerb 

prevents encroachment of parking vehicles, but at acute emergency it is possible 

to drive over this kerb with some difficulty. 
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ü Barrier  type kerbs: They are designed to discourage vehicles from leaving the 

pavement. They are provided when there is considerable amount of pedestrian 

traffic. They are placed at a height of 20 cm above the pavement edge with a 

steep batter. 

ü Submerged kerbs: They are used in rural roads. The kerbs are provided at 

pavement edges between the pavement edge and shoulders. They provide lateral 

confinement and stability to the pavement. 

 

Fig 2.3: Different  types of kerbs 
 

 

 

 

Fig 2.4: Kerb 
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2.4.4 Road margins 

The portion of the road beyond the carriageway and on the roadway can be 

generally called road margin. Various elements that form the road margins are given 

below. 

2.4.5 Shoulders 

Shoulders are provided along the road edge and are intended for accommodation 

of stopped vehicles, serve as an emergency lane for vehicles and provide lateral support 

for base and surface courses. The shoulder should be strong enough to bear the weight 

of a fully loaded truck even in wet conditions. The shoulder width should be adequate 

for giving working space around a stopped vehicle. It is desirable to have a width of 4.6 

m for the shoulders. A minimum width of 2.5 m is recommended for 2-lane rural 

highways in India. 

2.4.6 Parking lanes 

Parking lanes are provided in urban lanes for side parking. Parallel parking is 

preferred because it is safe for the vehicles moving on the road. The parking lane should 

have a minimum of 3.0 m width in the case of parallel parking. 

2.4.7 Bus-bays 

Bus bays are provided by recessing the kerbs for bus stops. They are provided 

so that they do not obstruct the movement of vehicles in the carriage way. They should 

be at least 75 meters away from the intersection so that the traffic near the intersections 

is not affected by the bus-bay. 

2.4.8 Service roads 

Service roads or frontage roads give access to access controlled highways like 

freeways and expressways. They run parallel to the highway and will  be usually isolated 

by a separator and access to the highway will  be provided only at selected points. These 

roads are provided to avoid congestion in the expressways and also the speed of the 

traffic in those lanes is not reduced. 

2.4.9 Cycle track 

Cycle tracks are provided in urban areas when the volume of cycle traffic is high 

Minimum width of 2 meter is required, which may be increased by 1 meter for every 

additional track. 



16  

2.4.10 Footpath 

Footpaths are exclusive right of way to pedestrians, especially in urban areas. 

They are provided for the safety of the pedestrians when both the pedestrian traffic and 

vehicular traffic is high. Minimum width is 1.5 meter and may be increased based on 

the traffic. The footpath should be either as smooth as the pavement or smoother than 

that to induce the pedestrian to use the footpath. 

2.4.11 Guard rails 

They are provided at the edge of the shoulder usually when the road is on an 

embankment. They serve to prevent the vehicles from running off the embankment, 

especially when the height of the fill exceeds 3 m. various designs of guard rails are 

there. Guard stones painted in alternate black and white are usually used. They also 

give better visibility of curves at night under headlights of vehicles. 

2.4.12 Right of Way (ROW) 

The importance of reserved land is emphasized by the following. Extra width 

of land is available for the construction of roadside facilities. Land acquisition is not 

possible later, because the land may be occupied for various other purposes (buildings, 

business etc.) A typical cross section of a ROW is given in Figure 4. 

 

Fig 2.5: A typical Right of way (ROW) 
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CHAPTER 3 

 

FACTORS TO BE CONSIDERED IN ROAD CONSTRUCTION 

 
3.0 SIGHT DISTANCE 

Sight Distance is a length of road surface which a particular driver can see with 

an acceptable level of clarity. 

 

Fig 3.1 Sight Distance 

 

3.0.1 The computation of sight distance depends on 

a) Reaction time of the driver - Reaction time of a driver is the time taken from 

the instant the object is visible to the driver to the instant when the brakes are 

applied. The total reaction time may be split up into four components based on 

PIEV theory. 

PIEV Theory Splits the Reaction Time of Driver into 4 Components. 

¶ Perception: Time Required Perceiving an Object or Situation. 

[Function of Eyes, Ears] 

¶ Intellection: Time Required For Understanding The Situation. 

[Function of Brain] 



18  

¶ Emotion: Based on Our Emotions at the time [Fear, Anger etc] We 

Reach The Decision Weather We Want To Stop or Not. [Function of 

Brain] 

¶ Volition : Once The Decision of Stopping Has Been Finalized, Time 

Required For Moving the Foot From the Gas to the Brake Pedal. 

[Function of Hands or Legs] 

 

Fig 3.2 PIEV Theory 

 

In practice, all these times are usually combined into a total perception-reaction 

time suitable for design purposes as well as for easy measurement. Many of the studies 

show that drivers require about 1.5 to 2 secs under normal conditions. However, taking 

into consideration the variability of driver characteristics, a higher value is normally 

used in design. For example, IRC suggests a reaction time of 2.5 secs. 

b) Speed of the vehicle - The speed of the vehicle very much affects the sight 

distance. Higher the speed, more time will  be required to stop the vehicle. Hence 

it is evident that, as the speed increases, sight distance also increases. 

c) Efficiency of brakes - The efficiency of the brakes depends upon the age of the 

vehicle, vehicle characteristics etc. If the brake efficiency is 100%, the vehicle 

will  stop the moment the brakes are applied. But practically, it is not possible to 

achieve 100% brake efficiency. Therefore the sight distance required will be 

more when the efficiency of brakes is less. Also for safe geometric design, we 

assume that the vehicles have only 50% brake efficiency. 
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d) Frictional  resistance between the tyre and the road - The frictional resistance 

between the tyre and road plays an important role to bring the vehicle to stop. 

When the frictional resistance is more, the vehicles stop immediately. Thus sight 

required will be less. No separate provision for brake efficiency is provided 

while computing the sight distance. This is taken into account along with the 

factor of longitudinal friction. IRC has specified the value of longitudinal 

friction in between 0.35 to 0.4. 

e) Gradient of the road - Gradient of the road also affects the sight distance. 

While climbing up a gradient, the vehicle can stop immediately. Therefore sight 

distance required is less. While descending a gradient, gravity also comes into 

action and more time will  be required to stop the vehicle. Sight distance required 

will be more in this case. 

3.0.2 Types of sight distance 

Sight distance available from a point is the actual distance along the road 

surface, over which a driver from a specified height above the carriage way has 

visibility of stationary or moving objects. 

The most important consideration in all these is that at all times the driver 

traveling at the design speed of the highway must have sufficient carriageway distance 

within his line of vision to allow him to stop his vehicle before colliding with a slowly 

moving or stationary object appearing suddenly in his own traffic lane. 

¶ Stopping sight distance 

Stopping sight distance (SSD) is the minimum sight distance available on a 

highway at any spot having sufficient length to enable the driver to stop a vehicle 

traveling at design speed, safely without collision with any other obstruction. 

ὛὛὈ =  ὺὸ +   
ὺ2 

where v is in m/s 
2ὫὪ 

ὛὛὈ =  0.278ὠὸ +  
ὠ2

 

254Ὢ 
where V is in kmph 

Where v is the design speed in m/sec2, t is the reaction time in sec, g is the 

acceleration due to gravity and f is the coefficient of friction. 

ὛὛὈ = ὺὸ +   
ὺ2 

2Ὣ(Ὢ±0.01ὲ) 
where v is in m/s 
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ὛὛὈ =  0.278ὠὸ +  
ὠ2

 

254(Ὢ±0.01ὲ) 
where V is in kmph 

¶ Overtaking sight distance 

The overtaking sight distance is the minimum distance open to the vision 

of the driver of a vehicle intending to overtake the slow vehicle ahead safely against the 

traffic in the opposite direction. The overtaking sight distance or passing sight distance 

is measured along the center line of the road over which a driver with his eye level 1.2 

m above the road surface can see the top of an object 1.2 m above the road surface. 

The overtaking sight distance is 

 

ὕὛὈ =  ὺὦ 

 
 

 
ὸ + 2ί +  ὺὦ 

 

 

Ѝ
4ί 

+  ὺὝ 
ὥ 

Where vb is the velocity of the slow moving vehicle in m/sec2, t the reaction 

time of the driver in sec, s is the spacing between the two vehicle in meter and a is the 

overtaking vehicles acceleration in m/sec2. In case the speed of the overtaken vehicle is 

not given, it can be assumed that it moves 16 kmph slower the design speed. 

¶ Intermediate sight distance 

Intermediate Sight distance (ISD) is defined as the twice the Stopping 

Sight Distance (SSD). 

ISD = 2xSSD 

The minimum distance at which, the driver travelling at design speed (v), has 

sufficient visibility to take control of his vehicle and to avoid collision with another 

vehicle in an uncontrolled intersection is called ISD. 

¶ Head light  sight distance 

Head light sight distance is the distance visible to a driver during night driving 

under the illumination of head lights. 

¶ Sight distance at intersections 

At intersections where two or more roads meet, visibility should be provided 

for the drivers approaching the intersection from either side. They should be able to 

perceive a hazard and stop the vehicle if  required. Stopping sight distance for each road 

can be computed from the design speed. The sight distance should be provided such 
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that the drivers on either side should be able to see each other. This is illustrated in the 

figure 6. 

The design of SD at intersections based on the following: 

a) Enabling the approaching vehicle to change speed. 

b) Enabling the approaching vehicle to stop. 

c) Enabling the stopped vehicle to cross the road. 

 

 

Fig 3.3: Sight Distance at Intersection 

 

3.1 SUPERELEVATION  

When the vehicles moves in a horizontal curve, the vehicle may be overturned 

or skid by the centrifugal force. Hence, to avoid the effect of centrifugal force on 

vehicle, it is necessary to provide a special arrangement in road alignment. 

A special arrangement in a road, in which the outer edge of the road is raised 

with respect to inner edge of the road, for the purpose of avoiding the centrifugal force 

effect on vehicle is called super elevation. It is also called as cant or banking. 

 

Fig 3.4: Super elevation 
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3.1.1 Factors governing the Super Elevation: 

The following factors, governing the super elevation of a road surface, 

a) Design Speed 

b) Type of the Highway 

c) Radius of the Curve 

d) Weight of the Vehicle 

e) Type of the road surface 

In general, the super elevation is defined as the ratio of the height of outer edge 

with respect to horizontal width of the pavement. 

ὌὩὭὫὬὸ έὪ έόὸὩὶὩὨὫὩ 
Ὡ =    

ὌέὶὭᾀέὲὸὥὰ ύὭὨὸὬ έὪ ὴὥὺὩάὩὲὸ 

3.1.2 Analysis of Super Elevation 

The forces acting on the vehicle, moving on a circular curve of radius R at the speed 

of v are, 

i) Centrifugal Force F 

ii)  Weight of the Vehicle W 

iii)  Friction force between wheel and road surface 

 

The centrifugal force F can be counteracted by two forces, as follows 

a. Frictional force 

b. Components of the force of gravity due to the super elevation 

provided. 

Fig 3.5: Analysis of Super elevation 
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In the figure, under the equilibrium condition, 

Ὂ cos — =  ὡ sin — + Ὂὃ +  Ὂὄ 1) 

 

Where FA and FB are frictional forces at A and B respectively 

When the maximum values of frictional forces are developed, FA and FB reaches their 

maximum values of (f * RA) and (f * RB) respectively. 

f ï Coefficient of lateral friction 

RA and RB - Normal reaction at wheels A and B 

Equation (1), becomes, 

 

From the figure, 

Ὂ cos — =  ὡ sin — +  Ὢ(Ὑὃ +  Ὑὄ) 
 

 
Ὑὃ =  ὡ cos —ὥὲὨὙὄ =  Ὂ sin —and we get, 

Ὂ cos — = ὡ sin — + Ὢ(ὡὧέί— +  Ὂ sin —) 

F cos ʃ =  ὡ sin — +  Ὢὡὧέί— +  ὪὊ sin —) 

Ὂ cos —  ὪὊίὭὲ— =  ὡ sin — + Ὢὡὧέί— 

Ὂ (cos —  ὪίὭὲ—) =  ὡ sin — +  Ὢὡὧέί— 

 
Dividing by W cos— on both side, 

 

Ὂ (cos —  Ὢ sin —) 
=  

ὡ cos — 

ὡ sin — 
 

 

ὡ cos — 

Ὢὡ cos — 
+  
ὡ cos — 

Ὂ cos — 
(  

ὡ cos — 

Ὢ sin — 

cos — 
) =  tan — + Ὢ 

Ὂ 
(1  Ὢ tan — ) =  tan — + Ὢ 

ὡ 
Ὂ tan — + Ὢ 

=  
ὡ 1  Ὢ tan — 

For design purposes, the value of coefficient of lateral friction ófô = 0.15 and the value 

of ótan—ô exceeds 0.07 (or 1 / 15). 

From the above assumptions, 

f tan— = 0.15*0.07 = 0.01 

and 1-f tan— = 1 ï 0.01 = 0.99 (or) 1 
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The equation (3) becomes, 
 

ὖ tan — + Ὢ 
=  

ὡ 1  Ὢ tan — 

 

ὖ tan — + Ὢ 
=  

ὡ 1 
ὖ 

=  tan — + Ὢ 

=  Ὡ + Ὢ 
ὡ 

From the concept of centrifugal ratio, we have 

ὖ ὺ2 
=  

ὡ ὫὙ 

ὖ 
=  Ὡ + Ὢ = 

ὡ 

ὺ2 

 
 

 
ὺ2 

 
 

ὫὙ 

Ὡ +  Ὢ =    

ὫὙ 

Where, e = rate of super elevation (tan —) 

f = coefficient of lateral friction 

¶ Conditions 

1. If  f = 0, i.e., the coefficient of lateral friction is neglected, the equilibrium 

super elevation will be, 

Ὡ +  Ὢ =  
ὺ2 

 

ὫὙ 

 
Ὡ = 
ὺ2 

 
 

ὫὙ 

2. If  the super elevation is not provided due to practical and topographical 

problems, then, 

Ὢ =  
ὺ2 

 

ὫὙ 

In such cases, the frictional force only counteracts the centrifugal force. 

 

3.1.3 Advantages of Super Elevation 

ü It increases the stability of fast moving vehicle, passing the curves. 

ü It reduces the intensity of stress on foundation. 

ü It distributes the equal pressure on tyres. 

ü It provides smooth and safe travelling to the vehicles. 
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ü It increases the traffic volume indirectly. 

ü It reduces the maintenance cost on curves. 

ü It removes the rain water and works like a camber on curves. 

 

3.1.4 Drawbacks of Super Elevation 

ü It is necessary to raise the center of the pavement. 

ü The height of óeô will  be raised with respect to inner edge and hence, 

earthwork for filling will be high. 

ü Even though this method has some disadvantages, it does not affect the 

drainage system of the road and hence, this method is suitable for all 

roads. 

 

3.2 HORIZONTALCURVES  

Curves are the place in highway used to change the direction of the traffic. As 

far as possible, the curves are to be neglected in alignment and may be provided the 

following reasons 

1) To adjust the topography of the land. 

2) To avoid religious and monumental structures in straight alignment. 

3) To alert the drivers, from careless of very long straight roads. 

4) To utilize the existing right of ways. 

5) To preserve the existing amenities. 

6) To provide access to certain locality. 

7) To solve the land acquisition problem etc., 

Horizontal Curves Provides a transition between two tangent lengths of 

roadway. Horizontal Curves are necessary for gradual change in direction when a direct 

point of intersection is not feasible. 

Example: Highways, Interstates, high speed roads with constant flow of traffic 

 

3.2.1 Types of Horizontal Curves 

a) Simple Curve 

b) Compound Curve 

c) Reverse Curve 

d) Spiral Curve 

e) Transition Curve 



26  

 

 

Fig 3.6: Types of Horizontal Curves 

 

a) Simple Curve 

Simple Curves are defined as a circular curve of single radius connecting two 

straight lines shown in figure. 

The length of the curved portion in a highway is based on the degree of 

curvature. Simple curves are laid where there is less traffic of fast moving vehicles and 

less traffic volume. 

b) Compound Curve 

Compound Curve is defined as the combination of two simple circular curves 

of different radii, turning in the same direction and joining at one common junction. 

This curve is provided where there is no possibility for providing simple curves. 

 

c) Reverse Curve 

Reverse Curve is defined as the compound curve of two different radii, or same 

radii, but curving in opposite direction with a common tangent. 

Drawbacks of providing Reverse curve in Highways: 

¶ Streets of vehicles in reverse curve are dangerous. 

¶ Very difficult  to provide proper super elevation at the junction point. 

¶ The sudden changes of direction makes uncomfortable to the passengers. 
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d) Spiral Curve &  Transition  Curve 

A spiral curve, also known as a transition curve or easement curve. Transition 

curve is a type of curve and it is introduced between a straight and circular curve or 

between two branches of compound curve or between the two branches o reverse curve. 

 

3.3 VERTICAL CURVES 

Vertical curves are provided in elevation of change of gradients. These curves 

are convex when two gradients meet as a ósummitô and concave when they meet at 

ósagô. Generally vertical curves are not necessary when the total gradient change from 

one tangent to other tangent not exceed 0.5%. 

The vertical curve may be in the form of either a circular arc or a parabola. The 

parabolic curve produces the best riding qualities, because of the uniform rate of change 

of grade. 

The general equation of a parabola with a vertical is, 

y = ax2 + bx 

 

The slope at any point dyis, 
dx 

 

 
dy = 2 ax + b 
dx 

 
The rate of change of slope or the rate of change of grade is d2y is, 

dx2 

d2y 

dx2 
= 2 a = constant 

 

Hence a parabola, with vertical axis, the rate of change of slope (or) rate of 

change of grade is uniform (or a constant), which ensures the comfortable movement 

of the vehicle. 

3.3.1 Types of Vertical Curve: 

¶ Summit Curve (crest or converse curves) 

¶ Valley curves (sag curves) 

¶ Summit Curves: 

Summit Curves are defined as the convex type of vertical curves; when two 

grades are meet a ósummitô. 
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When a fast moving vehicle is travelling along a summit curve, the centrifugal 

force acts upwards against gravity and hence a part of the pressure on the tyres and 

spring of the vertical is relieved. The deviation angle on roads is quite small and hence, 

the problem of causing discomfort to the passengers does not arise seriously on summit 

curves. However, adequate sight distance should invariably be provided on the summit 

curves to grant safety and to avoid contacts. The summit curves are shown in figure. 

 

Fig 3.7: Types of Summit Curves 

 

Summit curves are introduced at, 

 

ü A positive gradient meets another positive gradient 

ü A positive gradient meets a flat gradient 

ü An ascending gradient meets a descending gradient 

ü A descending gradient meets another descending gradient 

¶ Valley Curves: 

Valley curves are defined as the type of vertical curves, when two grades meet 

ósagô. 

The centrifugal force generated by the vehicle moving on a valley curve acts in 

the same directions as the weight of the vehicle. The length of the vertical curve depends 

upon the algebraic difference by the rate of change of grade. The following figure shows 

the valley curves. 
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Fig 3.8: Types of Valley Curves 

 

 

Valley curves are introduced at, 

¶ A negative grade meets a positive grade 

¶ A negative grade meets a level stretch 

¶ A negative grade meets an another smaller negative grade 

¶ A negative grade meets a steeper positive grade. 

 

 

3.4 OVER TURNING  EFFECT 

The centrifugal force tends to overturn the vehicle about the outer wheel on a 

horizontal curve, as shown in Figure 3.9. The overturning moment due to centrifugal 

force P is P × h. This is resisted by the restoring moment due to the weight of the vehicle 

W and is equal to W × b / 2, where h is the height of the center of gravity of the vehicle 

above the road surface and b is the width of the wheel track of the vehicle. The stability 

condition for overturning will occur when Ph = Wb / 2h. This means that there is a 

danger of overturning when the centrifugal ratio P / W or v² / gR attains a value of b / 

2h. 

Transverse Skidding Effect 

The centrifugal force developed also has the tendency to push the vehicle 

outwards in the transverse direction. If the centrifugal force P developed exceeds the 

maximum possible transverse skid resistance due to friction, the vehicle will start 

skidding in the transverse direction. The equilibrium condition for the transverse skid 

resistance developed is given by: P = Fa + Fb = f (Ra + Rb) = Fw. 
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Fig. 3.9 Overturning  due to centrifugal force 

Transverse Skidding Effect 

F is the coefficient of friction between the tire and the pavement surface in the 

transverse direction. Ra and Rb are the normal reactions at wheels A and B such that 

(Ra + Rb) is equal to the weight W of the vehicle, as no super elevation has been 

provided in this case. Since P = f × W, the centrifugal ratio P / W is equal to f. In other 

words, when the centrifugal ratio attains a value equal to the coefficient of lateral 

friction, there is a danger of lateral skidding. Thus, to avoid overturning and lateral 

skidding on a horizontal curve, the centrifugal ratio should always be less than b / 2h. 

If  the pavement is kept horizontal across the alignment, the pressure on the outer wheels 

will be higher due to the centrifugal force acting outwards, and hence the reaction Rb 

at the outer wheel would be higher. The difference in pressure distribution at the inner 

and outer wheels has been indicated in Figure 10. When the limiting equilibrium 

condition for overturning occurs, the pressure at the inner wheels becomes equal to zero 

3.5 GRADIENT  

Road gradient is the rate of rise and fall along the length of road with respect to 

the horizontal. In simple words, it is the slope provided longitudinally to the road 

formulation along its alignment, usually to connect two points situated at different 

levels. 

Rise with respect to horizontal distance is called Upward gradient or positive 

gradient or Ascending gradient and is denoted by (+n%). Whereas, fall with respect to 

horizontal distance is called Downward Gradient or negative gradient or descending 

gradient as and denoted by (-n %). 
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The gradient of the road is expressed as 1 in n (1 vertical unit to the n horizontal 

units). Sometimes it is expressed even in percentage also. If there is a rise or a fall of 1 

m in a 100 m horizontal length, then the gradient will be expressed as 1 in 100. 

3.5.1 Types of Road Gradients 

The road gradient is divided into the following categories:- 

¶ Average Gradient 

The vertical distance between two points divided by the horizontal distance 

between two points is known as the average gradient. The average gradient is generally 

used for the design of roads in hilly  areas. The hilly  areas have a relatively steeper slope. 

Therefore, 

Average gradient = The vertical distance between two points/The horizontal 

distance between two points. 

¶ Ruling Gradient 

The maximum gradient within which the designer attempts to design the vertical 

profile of the road is known as the ruling gradient. Ruling gradient is also referred to as 

design gradient. 

It is generally used because it gives the utmost safety at the least possible cost. 

The ruling gradient depends upon the following factors: 

 

¶ The type of terrain. 

¶ The nature of traffic. 

¶ Length of the grade. 

¶ Average speed of traffic. 

¶ Types of vehicles, etc. 

 

¶ Limiting  Gradient 

Due to the topography of a particular area, sometimes a gradient steeper than 

the ruling gradient is provided to the roads. This type of gradient is known as the 

limiting gradient. 
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In simple words, the gradient steeper than the ruling gradient is called the 

limiting gradient. A limiting gradient is generally adopted in hilly areas. A gradient of 

the road approach to a bridge is an example of a limiting gradient. 

¶ Exceptional Gradient 

There are a few circumstances in which it may be unavailable to provide still 

steeper gradients at least for a short distance. In that case, the steeper gradients upon 

exception gradient may be provided. 

In short, the gradient steeper than the limiting gradient is called exceptional 

gradient. The exceptional gradient is the highest grade of a gradient that may be used 

on a given road. The exceptional gradient is also known as the maximum gradient. 

Generally, it is adopted for short routes, of not more than 100 m lengths. 

¶ Minimum  Gradient 

The minimum required slope necessary for the effective drainage of rainwater 

from the surface of the road is known as the minimum gradient. The minimum gradient 

is usually adapted where surface drainage is to be considered. 

¶ Floating Gradient 

The descending gradient required to maintain the same speed of a vehicle that 

was on the ascending gradient, without applying accelerators or brakes, is known as a 

floating gradient. 

 

3.6 GRADECOMPENSATIONATCURVES  

Grade compensation at curves is a design consideration in road engineering used 

to adjust the gradient (slope) of a road when it coincides with a horizontal curve. The 

main purpose of grade compensation is to reduce the combined effect of gravitational 

and centrifugal forces acting on a vehicle, making it safer and easier for vehicles to 

navigate the curve. 

3.6.1 Necessity of Grade Compensation 

When a road has a gradient and a horizontal curve at the same location, vehicles 

experience: 

¶ Gravitational Force: Due to the slope of the road. 

¶ Centrifugal Force: Due to the curve. 
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Both forces can combine to make it harder for vehicles to maintain traction, 

potentially causing skidding or overturning, especially on steeper slopes and sharper 

curves. Grade compensation helps mitigate this risk by reducing the effective gradient 

in the vicinity of the curve. 

3.6.2 Key Principles of Grade Compensation 

¶ Reduction of Gradient: The gradient of the road is reduced by a certain 

percentage to offset the additional effort required to navigate the curve. 

¶ Compensated Gradient: The maximum effective gradient, taking into account 

both the slope and the curvature, should not exceed the design limits for safe 

vehicle operation. 

3.6.3 Standard Guidelines for Grade Compensation 

As per the Indian Roads Congress (IRC), the following guidelines are typically 

used: 

¶ Compensation Rate: The compensation for the gradient is generally 30% of the 

ruling gradient for every 1-degree increase in the horizontal curve. 

¶ Maximum Compensation: There is usually a cap on the maximum 

compensation provided to ensure that the reduction in gradient does not result 

in an excessively flat road section, which could be impractical or costly. 

3.6.4 Formula for Grade Compensation 

The grade compensation can be calculated using the following formula: 

Compensated Gradient=Original GradientīGrade Compensation 

Grade Compensation = 30/R 

Here: 

¶ Original Gradient is the gradient of the road without any compensation. 

¶ R is the radius of the horizontal curve in meters. 

¶ 30/R gives the percentage reduction in the gradient for every 1% of the original 

gradient. 
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3.7 WIDENINGATCURVES:  

Widening (or) mechanical widening on curve is defined as the concept of 

providing an extra width of pavement on horizontal curves, having the radius of less 

than about 300m. 

A vehicle has a rigid base and only the front wheels of the vehicle can be turned. 

On curve, if the front wheel changes it direction, the rear wheels does not follow the 

same path, as that of the front wheels. This concept is termed as Off-tracking. 

The off ï tracking depends on the length of the wheel base and the turning angle 

or the radius of the horizontal curve. Hence, the extra widening of the pavement is 

required on horizontal curves. 

3.7.1 Analysis of Extra Widening on Curves 

The extra widening of pavement on horizontal curves is divided into two parts, 

i) Mechanical Widening 

ii)  Psychological Widening 

¶ 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. Refer below figure, 

 

Fig. 3.10 Mechanical Widening 
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1 2 

2 2 m m 2 

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 (m) 

l = Length of wheel base (m) 

Wm = OC ï OA = OB ïOA = R2 ïR1 

From  ȹ OAB, OA2 = OB2 - BA2 

R 2 = R 2 - l2 

R1 = R2 - Wm 

(R2 -Wm)2 = R 2 - l2 

R 2 - 2R W  + W 2 = R 2 - l2 

l2 = Wm(2 R2 - Wm) 

Wm= l2 / (2 R2 - Wm) 

= l2 / 2 R (approximately) 

 

Here R is the mean radius of the curve. The mechanical widening calculated 

above is required for one vehicle negotiating a horizontal curve along one traffic lane. 

Hence in a road having ónô vehicles can travel simultaneously, the total mechanical 

widening required is given by, 

Wm=nl2 / 2 R 

 

¶ Psychological Widening 

Extra width of pavement is also provided for psychological reasons such as, to 

provide for greater manoeuvrability of steering at higher speeds, to allow for the extra 

space requirements for the overhangs of vehicles and to provide greater clearance for 

crossing and overtaking vehicles on the curve. Psychological widening is therefore 

important in pavements with more than one lane. An empirical formula has been 

recommended by IRC for finding the additional psychological widening óWpsô which 

dependent on the design speed V of the vehicle and the radius R of the curve. The 

psychological widening is given by the formula: 

2 
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ὡὴί =  
ὠ 

9.5ЍὙ 

Hence, the total widening We, m required on a horizontal curve is given by: 

 

ὡὩ =  ὡά +  ὡὴί 

i.e. ., ὡὩ =  
ὲὰ2 

+ 
ὠ

 
2Ὑ 9.5ЍὙ 

 
Hence, n = Number of traffic lanes 

 

l = Length of wheel base of longest vehicle m, the value of l may normally be 

taken as 6.1 m or 6m for commercial vehicles, if not known. 

V = Design Speed, kmph 

 

R = Radius of horizontal curve, m 

 

The extra widening recommended by the Indian Roads Congress for single 

and two lane pavements are given below, 

Table 3.1 Widening of pavement at curve (IRC SP : 20 - 2002, Page No. 39) 
 

RadiusofCurve(m) Upto20 21-60 Above60 

ExtraWideningfor3.75mWideSingle Lane Carriageway. (m) 0.9 0.6 Nil  

 

3.8 LATERALANDVERTICALCLEARANCE  

3.8.1 Lateral clearance 

Itisdesirablethatthefullroadwaywidthattheapproachesshouldbecarried through 

the underpass. This implies that the minimum lateral clearance (i.e., the distance 

between the extreme edge of the carriageway and the face of the nearest support 

whether a solid abutment, pier or column) should be equal to the normal shoulder width. 

3.8.2 Vertical clearance 

Theminimumverticalclearanceof4.5mshouldbeensuredoverthefullwidth of the 

roadway at all underpasses, and similarly at overhanging cliffs. The vertical clearance 

should be measured in reference to the highest point of the carriageway, i.e., the crown 

or the super elevated edge of the carriageway as the case may be. Due allowance for 

any future raising/strengthening of the pavement should also be made. 
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CHAPTER 4 

PAVEMENT  DESIGN 

4.0 PAVEMENT  

In highway engineering, the term ópavementô means that the layers which are 

included to form a highway or road. 

 

4.1 PAVEMENT  COMPONENTS 

The following are the 4 component parts of road pavement: 

¶ Subgrade or formation 

¶ Sub base course 

¶ Base course 

¶ Surface course or wearing course 

 

4.1.1 Subgrade or Formation 

The finished and compacted surface of earthwork on which a road pavement 

rests is called subgrade or formation. 

Functions of Subgrade 

ü To provide adequate and uniform support to the road pavements. 

ü To bear ultimately the entire load of pavement including the traffic load 

transmitted through the pavement. 

4.1.2 Sub-base course 

The layer of granular material such as burnt clinker, gravel, or slag provided 

in between the sub-grade and base course in a road pavement is called sub-base course. 

In some places, boulder stones or bricks are also used as a sub-base course. 

Function of Sub-base Course 

ü To improve the bearing capacity of the sub-grade. 

ü To provide additional help to the base and surface course in distributing the load. 
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ü To prevent the undesirable entry of fine-grained soils from subgrade to base 

course. 

ü To minimize the damaging effect of frost action. 

ü To improve the drainage. 

 

4.1.3 Base Course 

The layer of broken stones or brick provided over the subbase course or 

immediately over the subgrade in the absence of subbase, in a road pavement is called 

base course. 

Function of Base Course 

ü To act as the foundation of the road pavement and to transfer the traffic load 

safely to the subbase and subgrade. 

ü To withstand high shearing stresses due to the impact of traffic. 

ü To prevent the undesirable entry of subgrade soil in the pavement when the base 

course is constructed directly over the subgrade. 

4.1.4 Surface Course or Wearing Course 

The topmost layer of the road pavement directly exposed to the traffic is called 

surface course or wearing course. In  flexible pavement, normally a bituminous surface 

is used as wearing course. In  Rigid Pavement, the cement concrete layer acts as a base 

course as well as wearing course. 

Function of Surface or Wearing Course 

¶ To provide a smooth and uniform rigid surface. 

¶ To resist the abrasive forces of traffic. 

¶ To prevent dust nuisance. 

¶ To act as a structural part of the pavement. 
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Fig 4.1 Pavement Components 

 

 

4.2 TYPES OF PAVEMENTS 

Based on the structural behaviour, the highway pavements are classified as, 

¶ Flexible pavement 

¶ Rigid Pavement 

¶ Semi-flexible pavement 

¶ Semi-rigid pavement 

¶ Composite pavement 
 

Fig 4.2 Flexible Vs Rigid Pavement Comparison 

 

4.2.1 Flexible Pavement 

Flexible pavements are defined as the highway pavements with low flexural 

strength against the action of loads. For undulated lower layer of the flexible pavement 

makes the undulated surface of the pavement. A typical flexible pavement consists of 

the following components: 


