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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 fromptatee to another.
Roadsareessentiatcomponentsf transportationnfrastructure providingconnectivity
between different geographic locations, including cities, towns, villages, and various
landmarks. They vary in size, construction materials, @rdplexity based on their
intended use, location, and the volume of traffic they are designed to handle.

1.1 CLASSIFICATION OFROADS
Roadsarebroadlyclassifiedbasedn the materialsused locationand

functionalutility, traffic, economytopographyetc asshownin thefigure 1.1

Location & Traffic .
Materials : Econom Traffic type Ri |di Topograph!
- function volume v P g ty POBIApHY
Earthen National ; ; Low cost Pedestrian \ Flexible Plain area
H = - Light traffic = H
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roads highways traffic cost roads Cycieltracks ngud rosds ‘ roads
| Murrum | District il Y | | High cost [
roads roads High traffic rosils Motorways
L iKanker —{ Rural roads
roads
WBM roads
Bituminous
roads
Concrete
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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

classificationhelpsin planning,designing,constructing,maintaining,and managing



roadsin awaythatoptimizestheir utility andensuresafetyandconveniencédor users.

Here are the key reasons for classifying roads

1.2 IRC Classification of Roads

ThelndianRoadsCongresgIRC) classifiegoadsin Indiabasedntheir utility,
importance,and function. Here are the main classificationsof rural roads as per
IRC 731 1980 along with their definitions:

1.2.1. National Highways(NH)
National Highways are main highways runnthgough the length and breadth
of the countryconnectingnajorports,foreignhighways Statecapitals Jargeindustrial

and tourist centers etc.

1.2.2. StateHighways(SH)
State Highways ararterial 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. OtherDistrict 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 Roadsare roadsconnecting village®r groupsof 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 IRG 8®83. They are:



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

continuous route.

1.2.7. Subi Arterial
A general term denoting a street primarily for trough traffic usually on a

continuougoutebut offering somewhatower level of traffic mobility thanthearterial.

1.2.8. CollectorStreet
A street for collectingnddistributingtraffic from andto local streets analso

for providing access to arterial streets.

1.2.9. Local Street
A streetprimarily for access toesidence, business otherabuttingproperty.

1.3 IRC Codesfor Road Construction

The Indian Roads Congress (IRC) publishes various codes, standards, and
guidelines for road construction to ensure consistency, safety, and quality in the
developmenof roadinfrastructureHerearesomeimportantiRC codeselevanto road

construction
1.3.1 GeneralRoadDesignand Construction
IRC: 37-2018: Guidelinesfor the Design ofFlexible 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 Pavementsfor
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.



1.3.2 Materials and Quality Control
IRC: SP: 37-2018: Guidelines for the Design of Flexible Pavementsfor Low

Volume Rural Roads
Provides guidance on designing flexible pavements for rural roaddomith
traffic volumes.
IRC: SP: 72-2015: Guidelines for the Design of Interlocking Concrete Block
Pavements
Details the design ancbnstruction practices fanterlocking concrete block
pavements used in urban areas and for hdaty applications.
1.3.3 GeometricDesign
IRC: 73-2018: Geometric DesignStandardsfor Rural (Non-Urban) Highways
Sets the geometric design standards for rural highways, covering aspects like
roadalignment, crossections, and sight distances.
IRC: 86-2018: GeometricDesignStandardsfor Urban Roads
Providesstandardgor the geometricdesignof urbanroads,addressinghe
specific needs and constraints of urban environments.
1.3.4 Traffic Engineeringand Safety
IRC: 67-2012: Codeof Practicefor Road Signs
Specifieghedesignjnstallation andmaintenancef roadsignsto ensureclarity
and consistency across the road network.
IRC: 35-2015: Codeof Practicefor Road Markings
Provides guidelines for road markings, including their layout, mategaats,
maintenance.
IRC: SP:88-2019:Manual of Specificationsand Standardsfor Expressways

Coversthe specificationsand standarddor the design,construction,and

maintenance of expressways.



1.3.5 PavemengEvaluation and Maintenance

IRC: SP:16-2004:Guidelinesfor Surface Evennessof Highway Pavements
Details the methodsand criteria for evaluatingand ensuringthe surface
evenness of highway pavements.
IRC: 82-2015: Code of Practice for Maintenance of Bituminous Surfaces of
Highways
Providegyuidelinedor themaintenanceracticego befollowedfor bituminous

road surfaces to ensure their longevity and performance.

1.3.6 Bridgesand Structures
IRC: 5 - Standard Specifications and Code of Practice for Road Bridges, Section
I: General Features of Design.

Specifiesghe generaleaturesof thebridgedesign.
IRC: 6-2017: Standard Specificationsand Code of Practice for Road Bridges,
Section II: Loads and Stresses

Specifiegheloads forces,andstressethatmustbeconsideredn thedesignof
road bridges.
IRC: 21-2000: Standard Specifications and Code of Practice for Road Bridges,
Section Ill: Cement Concrete (Plain and Reinforced)

Outlinesthestandards$or theuseof cementoncretan theconstructiorof road
bridges.
1.3.7 Drainageand Hydrology
IRC: SP:42-2014Guidelineson Road Drainage

Providescomprehensivagyuidelineson the designand constructionof road

drainage systems to ensym@per water management and prevent road damage.



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 sa&figiency, and comfort
for users. This discipline involves the planning and implementation of the road's
alignment, crossectional 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
creatingaroadnetworkthatensuresafety efficiency,comfort,andaccessibilityfor all
users, including motorists, pedestrians, and cyclists. The design must accommodate
variousfactorssuchastraffic volume,vehicletypes,terrain,environmentatonditions,

and urban or rural settings.

2.1.1 Purposeof GeometricDesign

Theprimarypurposeof geometric desigrs to create roadthat:

Enhance Safety:Minimize the risk of accidents by providing clear sight distances,
smooth transitions, and safe intersections.

Ensure Comfort: Offer apleasantriving experiencavith appropriateurves grades,
and smooth surfaces.

Improve Efficiency: Facilitate smooth and uninterruptedtraffic 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 classificatiofis anessential aspect the geometriclesign of roadsas
it influences the alignment, grading, and overall design of ribedway. The
classificatiorof terrainhelpsin determininghe constructiortechniquesmaterialsand

8



costimplicationsfor roadprojects.The IndianRoadsCongresgIRC) classifiederrain
into severakategoriebasednthenaturaltopographyof theland.Herearetheprimary

terrain classifications used in road design

2.2.1 Typesof Terrain

Plain Terrain: Flator gentlyundulatingandwith anaturalgroundslopeof upto 10%.

Characteristics: Minimal elevationchangesEasierandlesscostlyto constructroads,
Suitable for higkspeed roads due to gentle curves and gradients.

Rolling Terrain: Landwith moderateslopestypically rangingfrom 10%to 25%.

Characteristics: Moderate elevation changes, requires more earthwork plan
terrain,Some- whatchallengingfor roadconstructiordueto moderatecurves
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.

SteepTerrain: Landwith extremelysteepslopes usuallygreateithan60%.

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 Slopeof the Country
Plain 0-10% More than1in10
Rolling 10-25% 1inl10toliM
Mountainous 25-60% 1in 4 tolinl.67
Steep Greaterthan60% Lessthanlinl.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

favorableconditionson a specificroadalignment.lt servesasa basisfor determining



various geometric features of the road, including horizontal and vertical curves, sight

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

AThe speed adopted for the design and
desiredoperationalspeedunderideal conditions It is typically expresseth kilometers

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

2.3.1 Factorsinfluencing DesignSpeed

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: Factorslike land use, adjacentdevelopmentand
environmental impacts may influence design speed.

Economic Feasibility: Cost considerations may also play a rolel@ermining the

design speed, balancing safety and construction costs.

2.3.2 Importanceof DesignSpeed

Safety: Designingroadsfor appropriatespeedsenhancesafety by reducingthe
likelihood ofaccidents.

Efficiency: Roads designedfor suitable speedsensuresmooth 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:Designspeedaffects constructioandmaintenance costs,

making it an essential consideration for project feasibility.

2.3.3 DesignSpeedn Practice

1 Design speed guides the determination of various geometric elements such as
horizontal and vertical alignment, cressctional features, and sight distances.

10



1 Engineers use design speed to calculate radii for horizontal curves, lengths of
transition curves, gradients for vertical curves, and superelevation rates for

curves.

1 The chosen design speed should reflect the intended use of the road,
accommodate future traffic growth, and prioritize safety and comfort.

ThedesignspeedfortheruralroadsshouldbetakenasgiveninTable2.

Table2.2DesignSpeedgIRCSP: 20-2002,PageNo0.29)

DesignSpeed(Km/hr)
Plain Terrain Rolling Terrain  |Mountainous Terrain SteepTerrain
Ruling | Min Ruling Min Ruling Min Ruling | Min
50 40 40 35 25 20 25 20
1 Normallyrulingdesignspeedshouldbetheguidingcriterionforthepurposeo

f geometric design. Minimum design speed may, however, be adopted
where sitecondition and cost doe®t permit a design based Ruling

Design Speed.

2.4 CROSSSECTIONAL ELEMENTS

The features of the crosection 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
Camberor cantis thecrossslopeprovidedto raisemiddle of theroadsurfacen
the transverse direction to drain off rain water from road surface. The objectives of
providing camber are:
1 Surfaceprotectionespeciallyfor gravelandbituminousroads
1 Subgradeprotectionby properdrainage

1 Quickdrying of pavementvhichin turnincreasesafety

Too steepslopeis undesirabldor it will erodethe surface Cambelis measured

in 1in norn% (Eg. 1 in 50 or 2%) andthe value dependson the type of pavement
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surface. The values suggested by IRC for various categories of pavement are given in

Table2.3. Thecommontypesof camberareparabolic straight,or combinatiorof them.
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Fig 2.1 Types of Camber

Figure2.1lrepresentshedifferenttypesof camberandTable2.3representshe
IRC recommended values for Camber.

Table 2.3: IRC Values for camber

Surface Type Heavyrain Light rain
Concrete/Bituminous 2% 1.7%
Gravel/lWBM 3% 2.5%
Earthen 4% 3.0%

2.4.2 Width of carriageway

Width of the carriage way or the width of the pavement depends on the width
of thetraffic laneand numbeof lanes. Widthof atraffic lanedepends on theidth of
thevehicleandtheclearanceSideclearancemprovesoperatingspeedandsafety. The
maximum permissible width & vehicle i2.44mand the desirable side clearance for
singlelanetraffic is 0.68m. Thisrequireminimumof lanewidth of 3.75m for asingle
lane road (Figure 2.2). However, the side clearance required is about 0.53 m on both
sideand1.06m in thecenter.Thereforeatwo laneroadrequireminimumof 3.5meter
for each lane (Figure 2.2). The desirable carriage width recommended by IRC is

given in Table 2.4.
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Table 2.4: IRC Specificationfor carriage way width

Singlelane 3.75
Two lane,no kerbs 7.0
Two lane,raisedkerbs 7.5
Intermediatecarriage 55
Multi-lane 3.5

H b H g4 H
) S ! A

0.53m
18m 70m {

Single Lane Double Lane

Fig 2.2: Lane width for singleand two laneroads

2.4.3 Kerbs

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

islands or footpaths. Different types of kerbs are (Fi@ure

i

Low or mountable kerbs : This type of kerbsare 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
about10 cm abovethe pavemenedgewith a slopewhich allowsthe vehicleto

climb easily. This is usually provided at medians and channelization schemes
and also helps in longitudinal drainage.

Semibarrier 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
preventsencroachmertf parkingvehicles putatacuteemergencyt is possible

to drive over this kerb with some difficulty.
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Barrier type kerbs: Theyaredesignedo discouragerehiclesfrom leavingthe
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.

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

confinement and stability to the pavement.

s 15 cm
10 =m
calriageway riageway

- ) Py
b. semi barrier ty ps

a. moumntable

i shoulder rriageway

.J_._.:. I O
4 " wmy
"an

20 em

carmigeway

. barrier type d. submenged
Fig 2.3: Different typesof kerbs

Foot Path Pavement

T

Kerbs

Y

Traffic separator

Fig 2.4: Kerb
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2.4.4 Roadmargins

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

Shouldersreprovidedalongtheroadedgeandareintendedor accommodation
of stoppedrehicles serveasanemergencyanefor vehiclesandprovidelateralsupport
for baseandsurface course3.heshouldershouldbestrongenough tdear thewveight
of a fully loaded truck even in wet conditions. The shoulder width shoustieguate
for giving working spacearounda stoppedrehicle.lt is desirableo haveawidth of 4.6
m for the shoulders. A minimum width of 2.5 m is recommended {flan& rural

highways in India.

2.4.6 Parking lanes

Parking lanes are provided in urban lanes for side parking. Parallel parking is
preferrecbecausé is safefor thevehiclesmovingontheroad.Theparkinglaneshould
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
sothattheydo not obstructthemovemenof vehiclesin the carriageway. Theyshould
beatleast75 metersawayfrom theintersectiorsothatthetraffic neartheintersections
is not affected by the busay.

2.4.8 Serviceroads
Service roads or frontage roads give access to access controlled highways like
freewaysandexpresswaysl heyrunparallelto thehighwayandwill beusuallyisolated
by aseparatoandaccesgo thehighwaywill beprovidedonly atselectegoints.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 Cycletrack
Cycletracksareprovidedin urbanareasvhenthevolumeof cycletraffic is high
Minimum width of 2 meter is required, which may be increased by 1 meter for every

additional track.
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2.4.10 Footpath

Footpaths are exclusive right of way to pedestrians, especially in urban areas.
Theyareprovidedfor the safetyof the pedestriansvhenboththe pedestriarraffic 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 Guardrails

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
possibleater,becauseheland maybeoccupiedfor variousotherpurposegbuildings,
business etc.) A typical cross section of a ROW is given in Figure 4.

|
!-'- Right of way I—"':

—=| margin {.7 Roadway ~—————=margin | =—
1
g ;r-l—Carriagaway' —wl 5 E"'—

S-shoulder
Fig 2.5: A typical Right of way (ROW)

WL
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CHAPTER 3

FACTORS TO BE CONSIDERED IN ROAD CONSTRUCTION

3.0 SIGHT DISTANCE
SightDistances alengthof roadsurfacewhich a particulardriver canseewith
an acceptable level ofarity.

Dn’ver;.' Line of Sight

T Middle Ordinate Distance

Sight Dl—tnrre

utside of Lane

0
lnsld-::edgao!
.................... oo .._._._,_._.Tn:;,‘:,.jl._.- _L Lane
(07 m— "
Iy o =7

{ I
. (lnP of Sight @
-~ 2 1 15 \
) . b

1
\‘ 2= Line of sight {left) Ohsiruction

-

e igh nee
z= Safe sight & tat«lih

Fig 3.1 Sight Distance

3.0.1 Thecomputationof sight distancedependson

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. Thedotal reaction time malge split up into fourcomponents based on

PIEV theory.

PIEV Theory Splits theReactionTime of Driver into4 Components.

1 Perception Time Required Perceiving an Object or Situation.
[Function of Eyes, Ea}s

i Intellection: Time Required For Understanding The Situation.
[Function of Brain
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1 Emotion: Based on Our Emotions at the time [Fear, Anger etc] We
Reach The Decision Weather We Want To Stop or Natngtion of
Brain]

1 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 Leds

BRAIN

SMrAL COED

sy Y " RESPOMSE
- ——

REFLEX ACTION

Fig 3.2PIEV Theory

In practice all thesetimesareusuallycombinednto atotal perceptiorreaction
time suitablefor designpurposesswell asfor easymeasuremeniMany of thestudies
showthatdriversrequireaboutl.5to 2 secsundernormalconditions.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
distanceHigherthespeedmoretimewill berequiredto stopthevehicle.Hence

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

c) Efficiency of brakes- Theefficiencyof thebrakesdependsipontheageof the
vehicle, vehicle characteristics etc. If the brake efficiaacy00%, the vehicle
will stopthemomentthebrakesareapplied.But practically,it is notpossibleto
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 resistancebetweenthe tyre and the road - Thefrictional resistance
between the tyre and road plays an important role to bring the vehicle to stop.
Whenthefrictional resistancés more thevehiclesstopimmediately Thussight
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 climbingupagradientthevehiclecanstopimmediately . Thereforesight
distance required is less. While descending a gradient, gravity also comes into
actionandmoretimewill berequiredto stopthevehicle.Sightdistancaequired

will be more in this case.

3.0.2 Typesof sightdistance
Sight distance available from a point is the actual distance along the road
surface, over which a@river 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
travelingat the designspeedf the highwaymusthavesufficientcarriagewaydistance
within his line of vision to allow him to stophis vehiclebeforecolliding with a slowly

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

1 Stoppingsight distance
Stopping sight distance (SSD) is the minimum sigjistance 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.
W
"Y'Y® U & _wherevisin m/s
2°QQ
Y'Y©0.278w & —whereV is in kmph
254°Q
Wherev is the designspeedin m/seé, t is the reactiontime in sec,qg is the

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

2

wherev isin m/s

o /W /Y, \ \ U
Y'YOUL & m
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Y'Y©0.2780 & ——whereV isin kmph
254('@0.01¢)

1 Overtaking sight distance
Theovertakingsightdistancas theminimumdistanceopento thevision
of thedriver of avehicleintendingto overtaketheslowvehicleaheadsafelyagainsthe
traffic in the oppositedirection. The overtakingsightdistanceor passingsightdistance
is measured alontipe centerine of theroad over whicla 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.

Theovertakingsightdistances
AT
6°Y® v+ 2i + BTV Y
W
Where v is the velocity of the slow moving vehicle in m/$ecthe reaction
time of the driver in sec, s is the spacbejween the two vehicle in meter and a is the
overtakingvehiclesacceleratiorin m/seé. In casethespeedf theovertakervehicleis

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

1 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 ohis vehicle and to avoid collision with another

vehicle in an uncontrolled intersection is called ISD.

1 Headlight sight distance
Head lightsight distance is the distance visibleatdriver duringnight driving

under the illumination of head lights.

1 Sightdistanceat intersections
At intersections where two or more roads meet, visibility should be provided
for the driversapproaching the intersection from either side. They should be able to
perceivea hazardandstopthevehicleif required.Stoppingsightdistanceor eachroad

canbe computedfrom the designspeed.The sight distanceshouldbe providedsuch
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thatthedriverson eithersideshouldbeableto seeeachother.This isillustratedin the

figure 6.
Thedesignof SD atintersectiondasedn thefollowing:

a) Enablingthe approachingehicleto changespeed.
b) Enablingthe approachingehicleto stop.
C) Enablingthe stopped vehiclé crosgheroad.

Sight line

U9
T e 3

Fig 3.3: Sight Distance atIntersection

3.1 SUPERELEVATION
When the vehicles moves in a horizontal curve, the vehiclebmayerturned
or skid by the centrifugal forcddence, 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 respecto inneredgeof theroad,for the purposeof avoidingthe centrifugalforce

effect on vehicle is called super elevation. It is also calledatsor banking.

Fig 3.4: Super elevation
21



3.1.1 Factorsgoverningthe SuperElevation:

Thefollowing factors,governingthe superelevation ofaroadsurface,

a) DesignSpeed

b) Typeof theHighway

C) Radiusof the Curve

d) Weightof theVehicle

e) Typeof theroadsurface

In generalthe superelevationis definedastheratio of the heightof outeredge
with respect to horizontal width of tlgavement.
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3.1.2 Analysisof SuperElevation
Theforcesactingon the vehicle,movingon acircularcurveof radiusR atthespeed

of v are,

i) CentrifugalForceF
i) Weightof theVehicleW
iii) Frictionforcebetweerwheel andoadsurface

Thecentrifugalforce Fcanbe counteractedby two forces,asfollows

a. Frictionalforce
b. Component®f theforce of gravity dueto thesuperelevation
provided.

Vehicle

Outside of
curve

Inner side Fa

of curve

Fig 3.5: Analysis of Super elevation
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In the figure,underthe equilibriumcondition,

"Ccos—= w sin—+ "00+ "00 1)

WhereFa andFg arefrictional forcesat A andB respectively

Whenthemaximumvaluesof frictional forcesaredevelopedFa andFg reachesheir
maximum values of (f * ) and (f * Rs) respectively.

f i Coefficientof lateralfriction
RA and RB - NormalreactionatwheelsA andB
Equation (1), becomes,
"Ccos—= w sin—+ "QY 0+ 'Y
Fromthefigure,
Y 0= w cos—w & QY '@sin—and weget,
"Ccos—= w sin—+ "Qu w & i+ “Csin—
Fcos[ = @ sin— Qo o & + "Q°6in—)
"Cos— "QOi "REwm-sin— QOO E | —
"Ocos— Qi Q& sin— QOWE i —
Dividing by W cos—on bothside,

"Ocos— "GBin sin—+ "Qucos—

o COS— W COS— W COS—
'O cos— "sin— i
) = tan—+ "Q

¢ Ccos— Ccos—
0 . .
— (1 "Qtan—) = tan—+ "Q
W

O tan— "Q

W 1 "Gan—
Fordesignpurposesthe valueof coefficientof lateralfriction 6 f=6.15andthevalue
of &t #axceeds 0.07 (or 1 [/ 15).

Fromtheaboveassumptions,

f tan—=0.15*0.07 =0.01
and 1-ftan—= 17 0.01=0.99(or)1
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Theequation(3) becomes,
0 tan—+ "Q
® 1 "Gan—

0 tan—+ "Q
— = = tan— "Q
w 1

v,

— = Q+"Q

w

CA
c-
N

Where, e = rateof superelevation(tan—

f = coefficient of lateral friction

i Conditions

1. If f =0,i.e.,thecoefficientof lateralfriction is neglectedtheequilibrium

super elevation will be,
02

Ot "O —_
Q Q:"Q'Y

l‘)Z
0= 5y
2. If thesuperelevationis notprovideddueto practicalandtopographical
problems, then,
02
Egy
In suchcases, thérictional force only counteractshe centrifugalforce.

3.1.3 Advantagesf SuperElevation

u It increases thstability of fast movingvehicle, passinthecurves.
a It reducedheintensityof stresson foundation.

a It distributesthe equalpressurentyres.

u It providessmoothandsafetravellingto thevehicles.
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a It increaseshetraffic volumeindirectly.
u It reduceghe maintenanceoston curves.

u It removegherain waterandworkslike acamber orcurves.

3.1.4 Drawbacksof SuperElevation
a It is necessario raisethe centerof the pavement.
a Theheightof 6 evdl beraisedwith respecto inneredgeandhence,
earthwork for filling will be high.
a Eventhoughthis methodhassomedisadvantage$ doesnotaffectthe
drainage system of the road and hence, this method is suitable for all

roads.

3.2 HORIZONTALCURVES
Curves are the place in highway usedhange 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 adjustthetopographyof theland.

2) To avoidreligiousandmonumentastructuresn straightalignment.
3) To alertthedrivers,from careles®f verylong straightroads.

4) To utilize theexistingright of ways.

5) To preservaheexistingamenities.

6) To provideaccesgo certainlocality.

7) To solvethelandacquisitionproblemetc.,

Horizontal Curves Provides a transition between two tangent lengths of
roadway HorizontalCurvesarenecessarjor gradualchangen directionwhenadirect

point of intersection is not feasible.

Example: Highways,Interstateshigh speedoads withconstanflow of traffic

3.2.1 Typesof Horizontal Curves
a) SimpleCurve
b) CompoundCurve
C) ReverseCurve
d) SpiralCurve
e) TransitionCurve
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A
Compound R Spiral

Fig 3.6: Typesof Horizontal Curves

a) SimpleCurve
Simple Curves are defined as a circular curve of single radmsecting two

straight lines shown in figure.

The length of the curved portion in a highway is based on the degree of
curvature Simplecurvesarelaid wherethereis lesstraffic of fastmovingvehiclesand

less traffic volume.

b) CompoundCurve
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.
Thiscurveis providedwherethereis no possibilityfor providingsimplecurves.
c) ReverseCurve

ReverseCurveis definedasthecompoundcurveof two differentradii, or same

radii, but curving in opposite direction with a common tangent.
Drawbacksof providingReversecurvein Highways:

1 Streets oWehiclesin reversecurvearedangerous.
1 Verydifficult to providepropersuperelevationat thejunction point.

1 Thesudderchanges oflirection makesincomfortable tahe passengers.
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d) Spiral Curve & Transition Curve
A spiral curve, also known asti@nsition curve or easement curngansition
curve is a type of curve and it is introduced between a straight and circular curve or

betweertwo branche®f compoundurveor betweerthetwo branche® reversecurve.

3.3 VERTICAL CURVES

Vertical curvesare provided in elevation of change of gradients. These curves
are convex when two gradients meet as a
6sag6. wverdcaleurvad ateyot necessaryen the total gradient change from

one tangent to other tangent not exceed 0.5%.

Theverticalcurvemaybein theform of eitheracirculararcor aparabolaThe
paraboliccurveproduceghebestriding qualities becausef theuniform rateof change

of grade.

Thegeneral equation @ parabolavith averticalis,

y = ax? + bx
Theslopeat anypoint%xis,
X
dy=2ax+b
dx

The rateof changeof slopeor therateof changeof gradeis% is,
X

a2y

o - 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 Typesof Vertical Curve:
1  SummitCurve(crestor conversecurves)
1 Valley curves(sagcurves)
1 Summit Curves:
Summit Curves are defined as the convex type of vertical curves; when two

grades are meet a O6summit 6.
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When a fast movingehicle is travelling along summit curve, the centrifugal
force acts upwards against gravity and hence a part of the pressure on the tyres and
springof theverticalis relieved.Thedeviationangleonroadsis quitesmallandhence,
theproblemof causingdiscomfortto the passengerdoesnot ariseseriouslyon summit
curves However,adequateightdistanceshouldinvariably be providedon the summit

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

Fig 3.7: Typesof SummitCurves

Summitcurvesareintroducedat,

0 A positivegradient meetanothempositivegradient
0 A positivegradientmeetsaflat gradient
U  Anascendinggradientmeets alescendingradient
U A descendingradientmeets anothetescendingradient
1 Valley Curves:
Valley curvesare definedasthetype of vertical curveswhentwo gradesmeet
6sagb.
Thecentrifugalforce generatedby the vehiclemovingon a valleycurveactsin
thesamedirectionsastheweightof thevehicle. Thelengthof theverticalcurvedepends
uponthealgebraidifferenceby therateof changeof grade Thefollowing figure shows

the valley curves.
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N =n;-n,

+n;  (d)

(<)

Fig 3.8: Typesof Valley Curves

Valley curvesareintroducedat,
1 A negativegrademeets a positivgrade
1 A negativegrademeets devel stretch
1 A negativegrademeets an anothemallernegativegrade
)l

A negativegrademeets asteepepositivegrade.

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
forcePis P x h. Thisis resistedy therestoringmomentdueto theweightof thevehicle
W andis equalto W x b/ 2, whereh is the heightof the centerof gravity of thevehicle
abovetheroadsurfaceandb is thewidth of thewheeltrack of thevehicle.Thestability
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.

TransverseSkidding 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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INNER SIDE
OF CURVE OUTER SIDE

C.G

Fig. 3.90verturning dueto 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 tkiehicle, as no super elevation has been
providedin this case SinceP =f x W, thecentrifugalratio P/ W is equalto 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 thepavemenis kepthorizontalacrosghealignmentthepressure@ntheouterwheels
will be higher due tdhe centrifugal force acting outwards, and hence the reaction Rb
at theouterwheel would bénigher.Thedifference in pressurdistribution at thenner
and outer wheels has been indicated in Figure 10. When the limiting equilibrium

conditionfor overturningoccursthepressurattheinnerwheelsbecomegqualto zero

3.5 GRADIENT

Roadgradientis therateof rise andfall alongthelengthof roadwith respecto
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
gradientor Ascending gradierandis denotedby (+n%). Whereas, fall withrespecto
horizontal distance is called Downward Gradient or negative gradient or descending

gradient as and denoted by 00).
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Thegradientof theroadis expressedsl in n (1 verticalunit to then horizontal
units). Sometimest is expresse@venin percentagalso. Ifthereis ariseor afall of 1

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

3.5.1 Typesof RoadGradients
Theroadgradientis divided intothefollowing categories:
1 AverageGradient
The vertical distance between two points divided by the horizontal distance
betweertwo pointsis knownastheaveragegradient.Theaverageagradientis generally

usedor thedesignof roadsin hilly areasThehilly areahavearelativelysteepeslope.

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

distance between two points.

1 Ruling Gradient
Themaximumgradientwithin whichthedesigneattemptgo designthevertical
profile of theroadis knownastheruling gradient.Ruling gradientis alsoreferredto as

design gradient.

It is generallyusedbecausdt givesthe utmostsafetyatthe leastpossiblecost.

Theruling gradient dependgpon thefollowing factors:

Thetype ofterrain.
Thenatureof traffic.
Lengthof thegrade.

Averagespeedf traffic.

= =4 =4 -4 -

Typesof vehiclesetc.

1 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 gradieknasvn 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 generaldopted in hillyareas. A gradient of
the road approach to a bridge is an example of a limiting gradient.

1 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 thesurfaceof theroadis knownastheminimumgradient.Theminimumgradient

is usually adapted where surface drainage is to be considered.

1  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

Gradecompensatioatcurvess adesignconsideratiomn roadengineeringised
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 Necessityf GradeCompensation
Whenaroadhasagradientandahorizontalcurveatthesamdocation,vehicles
experience:
1 Gravitational ForceDue totheslopeof theroad.

1 CentrifugalForce:Dueto thecurve.
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Both forces can combine to make it harder for vehicles to maintain traction,
potentially causing skidding averturning, especially on steeper slopes and sharper
curves. Grade compensation helps mitigate this rislketycing the effective gradient
in the vicinity of the curve.

3.6.2 KeyPrinciplesof GradeCompensation
1 Reduction of Gradient: The gradient of the road is reduced by a certain

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

1 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 Guidelinedor GradeCompensation
As perthe IndianRoadsCongresgIRC), thefollowing guidelinesaretypically

used:

1  CompensatiofRate:Thecompensatiofor the gradientis generally30%of the

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

T  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 GradeCompensation
Thegradecompensatioganbe calculatedusingthefollowing formula:
Compensated Gradient=0riginal Gradient
GradeCompensatior 30/R

Here:

1 Original Gradients thegradientof theroad withoutany compensation.

1 Ris the radius ofhe horizontalcurvein meters.

1 30/Rgivesthepercentageeductionin thegradientfor every1% of theoriginal
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 vehiclehasarigid baseandonly thefront wheelsof thevehiclecanbeturned.
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 terni@idi-as.cking.

Theoff T trackingdepend®nthelengthof thewheelbaseandtheturningangle

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

required on horizontal curves.

3.7.1 Analysisof Extra Wideningon Curves
Theextrawideningof pavement on horizontal curves is divided into {veots,

i)  MechanicaWidening
i) PsychologicaWidening
1 Mechanical Widening
The widening required to account for the-tiHicking due to the rigidity of

wheel based is called mechanical widening (Wm) and may be calculated as given

below. Refer below figure,

Inner front
wheel

1

;
.
'
'
'
]
' !
P
X i V i /Inner rear wheel e
; -
{ bl g )
:

Z
Outer rear
wheel / R4
—

W4

Fig. 3.10Mechanical Widening
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R1 = Radiusof the pathtraversedy the outerrearwheel(m)
R2 = Radius ofthe path traverséy the outerfront wheel (m)
W = Off-tracking or the mechanical widening (m)
I = Lengthof wheel bas€m)
Wnm =0CT OA=0BTOA=R:TRy
From ¢ OAB?2 =@BA-BA?
R12 - R22_ |2
R =Rz2-Wn
(R2-Wm)? = R2- |2
Ro2- 2RWm + Wm? =R2- |2
12 *Wm(2 R2- W)
Wmn=12/(2 Ro- Wm)
=12/2R (approximately)
Here R is the mean radius of the curve. Techanical widening calculated
above is required for one vehicle negotiating a horizontal curve along one traffic lane.

Hence in a road having 6ndé vehicles can

widening required is given by,
Wm=nl?>/ 2R

1 PsychologicalWidening

Extra width of pavemernis also provided for psychological reasons such as, to
provide for greater manoeuvrabilitf 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 | RC for finding the addit:i
dependent on the design speed V of the vehicle and the radius R of the curve. The

psychological widening is given by the formula:
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wn = ——
9.51Y

Hence thetotal wideningWe, m requiredon a horizontalcurveis givenby:

GO= G4+ G |

. . . N %x 3,
ie.., wo=""+ _©
2Y  9.5/Y
Hence, n = Numberof traffic lanes

| = Lengthof wheelbaseof longestvehiclem, thevalueof | maynormallybe
taken as 6.1 m or 6m for commeroiahicles, if not known.

V = DesignSpeedkmph
R = Radius ofhorizontalcurve,m

Theextrawideningrecommendedy the IndianRoadsCongress fosingle

and two lane pavements are given below,

Table 3.1 Widening of pavementat curve (IRC SP: 20- 2002,PageNo. 39)

RadiusofCurve(m) Upto20| 21-60 | Above60

ExtraWideningfor3.75mWideSingleaneCarriageway(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

whetherasolidabutmentpieror column)shouldbeequalto thenormalshouldemidth.

3.8.2 Vertical clearance
Theminimumverticalclearanceof4.5mshouldbeensuredoverthefullwidth of the

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

shouldbe measuredhn referenceo the highestpoint of the carriagewayi.e., thecrown

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

Il n highway engineering, the term O6pave

included to form a highway or road.

4.1 PAVEMENT COMPONENTS
Thefollowing arethe4 component parts ebadpavement:

1 Subgrader formation
1 Subbasecourse
1 Basecourse
1  Surfacecourseor wearingcourse
4.1.1 Subgrade ofFormation
The finished and compacted surfacesafthwork on which a road pavement
rests is called subgrade or formation.

Functions of Subgrade

U  Toprovideadequat@anduniform supportto theroadpavements.
0 To bearultimately the entire load of pavementincluding the traffic load

transmitted through the pavement.

4.1.2 Sub-basecourse
The layer ofgranular material such as burnt clinker, gravel, or slag provided
in betweernthesubgradeandbasecoursaen aroadpavements calledsubbasecourse.

In some places, boulder stones or bricks are also used abhassibourse.
Function of Sub-baseCourse

U  Toimprovethebearingcapacityof thesub-grade.

0  Toprovideadditionalhelpto thebaseandsurfacecoursen distributingtheload.
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0 To prevent the undesirable entry of figeiined soils from subgrade to base
course.

U  Tominimizethedamagingeffectof frostaction.

U Toimprovethedrainage.

4.1.3 BaseCourse
The layer ofbroken stones or brick provided over the subbase course or
immediatelyover the subgrade the absence &ubbase, in eoad pavement is called

base course.
Function of BaseCourse

U To act as the foundation of the road pavement atdnsfer the traffic load
safelyto the subbase and subgrade.

U  Towithstandhigh shearingstresseslueto theimpactof traffic.

U Topreventheundesirablentryof subgradeoil in thepavemenwhenthebase

course is constructed directly over the subgrade.

4.1.4 SurfaceCourseor WearingCourse

Thetopmostlayer of theroadpavementirectly exposedo thetraffic is called
surfacecourseor wearingcourse.In flexible pavement normallyabituminoussurface
is usedaswearingcourseln Rigid Pavement thecementconcretdayeractsasabase

course as well as wearing course.
Function of Surfaceor Wearing Course

To provideasmoothanduniformrigid surface.

1
1 Toresisttheabrasivdorcesof traffic.
1 Topreventdustnuisance.

1

To actasastructuralpart ofthepavement.
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Fig 4.1 PavementComponents

4.2 TYPES OF PAVEMENTS
Basedon thestructuralbehaviourthe highwaypavementsire classifieds,

Flexible pavement
Rigid Pavement
Semtflexible pavement
Semirigid pavement

= =4 4 -4 -

Compositepavement

Fig 4.2 FlexibleVs Rigid PavementComparison

4.2.1 Flexible Pavement

Flexible pavements are defined as the highway pavements with low flexural
strengthagainstheactionof loads.Forundulatedower layerof theflexible pavement
makes the undulated surface of the pavement. A typical flexible pavement consists of

the following components:
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