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Lecture-1

INTRODUCTION

1.1 Overview

From the beginning of history, human sensitivity has revealed an urge for mobility
leading to a measure of Society's progress. The history of this mobility or transport is
the history of civilization. For any country to develop with right momentum modern and
efficient Transport as a basic infrastructure is a must. Transport (British English) or
transportation (American English) is the movement of people and goods from one place
to another. The term is derived from the Latin trans ("across") and portare ("to carry").

1.2 Means ofTransport
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Fig.1.1 Means of Transport

1.3. Advantage and Disadvantage Different Modes of Transport

(A) RoadTransport

Advantage
)

Disadvantag
es

1. Less CapitalOutlay

2. Door to DoorService

3. Service in RuralAreas

4. Flexible Service

5. Suitable for ShortDistance

6. Lesser Risk of Damage inTransit
7. Saving in PackingCost

8. RapidSpeed

9. LessCost

1. SeasonalNature

2. Accidents and Breakdowns

3. Unsuitable for Long Distance and
Bulky Traffic

4. Slow Speed

5. Lack ofOrganisation
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10. Private OwnedVehicles
11. Feeder to other Modes ofTransport

(B) Railway Transport

Advantage
s

Disadvantag
es

1. Dependable

2. BetterOrganised

3. High Speed over Long Distances

4. Suitable for Bulky and Heavy Goods

5. CheaperTransport

6. Safety

7. LargerCapacity

8. Public Welfare

9. Administrative Facilities ofGovernment
10. EmploymentOpportunities

1. Huge CapitalOutlay

2. Lack ofFlexibility

3. Lack of Door to DoorService
4. Monopoly

5. Unsuitable for Short Distance
andSmall Loads

6. BookingFormalities

7. No RuralService

8. Under-utilisedCapacity

9. CentralisedAdministration

(C) AirTransport

Advantage
s

Disadvantag
es

1. HighSpeed

2. Comfortable and QuickServices
3. No Investment in Construction of Track
4. No PhysicalBarriers

5. EasyAccess

6. EmergencyServices

7. QuickClearance

8. Most Suitable for Carrying Light
Goodsof HighValue

9. NationalDefence

10. SpaceExploration

1. VeryCostly

2. Small CarryingCapacity

3. Uncertain andUnreliable

4. Breakdowns andAccidents

5. Large Investment

6. SpecialisedSkill

7. Unsuitable for Cheap and BulkyGoods
8. LegalRestrictions

1.4. Elements oftransport

The movement of goods or passenger traffic, through rail, sea, air or road transport
requires adequate infrastructure facilities for the free flow from the place of origin to
the place of destination. Irrespective of modes, every transport system has some

common elements:

a) Vehicle or carrier to carry passenger orgoods

b) Route or path for movement ofcarriers

c¢) Terminal facilities for loading and unloading of goods and passengers fromcarriers

d) Prime Mover
e) Transit time andcost
f) Cargo

*Under




These elements influence the effectiveness of different modes of transport and their
utility to users.

* Vehicles: The dimension of vehicles, its capacity and type are some of the factors,
which
influencetheselectionofatransportsystemformovementofgoodsfromoneplacetotheother.

* Routes: Routes play an important role in movement of carriers from one point to
another point. It may be surface roads, navigable waterways and roadways. Availability
of well-designed and planned routes without any obstacle for movement of transport
vehicles in specific routes, is a vital necessity for smooth flow oftraffic.

* Terminal Facilities: - The objective of transportation cant be fulfilled unless proper
facilities are available for loading and unloading of goods or entry and exit of
passengers from carrier. Terminal facilities are to be provided for loading and unloading
of trucks, wagons etc on a continuousbasis.

+ Prime Mover: - The power utilized for moving of vehicles for transportation of cargo
from one place to another is another important aspect of the total movementsystem.

« Transit time and cost: - Transportation involve time and cost. The time element is a
valid factor for determining the effectiveness of a particular mode of transport. The
transit time of available system of transportation largely determines production and
consumption pattern of perishable goods in aneconomy.

» Cargo: - Transportation basically involves movement of cargo from one place to
another. Hence, nature and size of cargo constitute the basis of any goods
transportsystem.

1.4 Major disciplines oftransportation

Transportation engineering can be broadly consisting of the four major parts:
1. TransportationPlanning
2. Geometric Design
3. PavementDesign

4. Traffic Engineering
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Lecture 2
HIGHWAY DEVELOPMENT IN INDIA

2.1 Overview

Road network provides the arterial network to facilitate trade, transport, social
integration and economic development. It facilitates specialization, extension of
markets and exploitation of economies of scale. It is used for the smooth conveyance
of both people and goods. Transportation by road has the advantage over other means
of transport because of its easy accessibility, flexibility of operations, door-to-door
service and reliability. Consequently, passenger and freight movement in India over the
years have increasingly shifted towards roads vis-a-vis other means of transport.

2.2 History of highwayengineering

The history of highway engineering gives us an idea about the roads of ancient times.
Roads in Rome were constructed in a large scale and it radiated in many directions
helping them in military operations. Thus they are considered to be pioneers in road
construction. In this section we will see in detail about Ancient roads, Roman roads,
British roads, French roadsetc.

2.2.1 AncientRoads
The most primitive mode of transport was by foot. These human pathways would have

been developed for specific purposes leading to camp sites, food, streams for drinking
water etc. The invention of wheel in Mesopotamian civilization led to the development
of animal drawn vehicles. To provide adequate strength to carry the wheels, the new
ways tended to follow the sunny drier side of a path. After the invention of wheel, animal
drawn vehicles were developed and the need for hard surface road emerged. Traces of
such hard roads were obtained from various ancient civilization dated as old as 3500
BC. The earliest authentic record of road was found from Assyrian empire constructed
about 1900 BC.

2.2.2Romanroads
The earliest large scale road construction is attributed to Romans who constructed an

extensive system of roads radiating in many directions from Rome. Romans recognized
that the fundamentals of good road construction were to provide good drainage, good
material and good workmanship. Their roads were very durable, and some still exist.
The roads were bordered on both sides by longitudinal drains. A typical corss section is
shown in Fig.2.1. This was a raised formation up to a 1 meter high and 15 m wide and
was constructed with materials excavated during the side drain construction. This was
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then topped with a sand leveling course. In the case of heavy traffic, a surface course of
large 250 mm thick hexagonal ag stones were provided They
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mixed lime and volcanic puzzolana to make mortar and they added gravel to this mortar to
make concrete. Thus concrete was a major Roman road making innovation.
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Fig.2.1 Roman roads

2.2.3Frenchroads

The significant contributions were given by Tresaguet in 1764 and a typical cross
section of this road is given in Figure 2.2. He developed a cheaper method of
construction than the lavish and locally unsuccessful revival of Roman practice. The
pavement used 200 mm pieces of quarried stone of a more compact form and shaped
such that they had at least one at side which was placed on a compact formation.
Smaller pieces of broken stones were then compacted into the spaces between larger
stones to provide a level surface. Finally the running layer was made with a layer of 25
mm sized broken stone. All this structure was placed in a trench in order to keep the
running surface level with the surrounding country side. This created major drainage
problems which were counteracted by making the surface as impervious as possible,
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Fig. 2.2. French roads

2.2 .4Britishroads

The British government also gave importance to road construction. The British engineer
John
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Macadam introduced what can be considered as the first scientific road construction
method. Stone size was an important element of Macadam recipe. By empirical
observation of many roads, he came to realize that 250 mm layers of well compacted
broken angular stone would provide the same strength a better running surface than an
expensive pavement founded on large stone blocks. Thus he introduced an economical
method of road construction. A typical cross section of British roads is given in Fig. 2.3.
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Fig. 2.3. British roads

2.2.5Modernroads
The modern roads by and large follow Macadam's construction method. Use of

bituminous concrete and cement concrete are the most important developments.
Development of new equipments helps in the faster construction of roads. Many easily
and locally available materials are tested in the laboratories and then implemented on
roads for making economical and durable pavements.

2.3.Road Development inindia

Excavations in the sites of Indus valley revealed the existence of planned roads in India
as old as 2500-3500 BC. The Mauryan kings also built very good roads. During the time
of Mughal period, roads in India were greatly improved. Roads linking North-West and
the Eastern areas through gangetic plains were built during this time. The construction
of Grand-Trunk road connecting North and South is a major contribution of theBritish.

2.3.1Moderndevelopments

The First World War period and that immediately following it found a rapid growth in
motor transport. So need for better roads became a necessity. For that, the Government
of India appointed a committee called Road development Committee with Mr.M.R.
Jayakar as the chairman. This committee came to be known as Jayakar committee.
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Jayakar Committee

In 1927 Jayakar committee for Indian road development was appointed. The major
recommendations and the resulting implementations were:

v' Committee found that the road development of the country has become
beyond the capacity of local governments and suggested that Central
government should take the proper charge considering it as a matter of
nationalinterest.

v' They gave more stress on long term planning programme, for a period of 20
years (hence called twenty year plan) that is to formulate plans and
implement those plans with in the next 20years.

v" One of the recommendations was the holding of periodic road conferences
to discuss about road construction and development. This paved the way
for the establishment of a semi-official technical body called Indian Road
Congress (IRC) in 1934

v' The committee suggested imposition of additional taxation on motor
transport which includes duty on motor spirit, vehicle taxation, license fees
for vehicles plying for hire. This led to the introduction of a development
fund called Central road fund in 1929. This fund was intended for
roaddevelopment.

v The committee suggested imposition of additional taxation on motor
transport which includes duty on motor spirit, vehicle taxation, and license
fees for vehicles plying for hire. This led to the introduction of a
development fund called Central road fund in 1929. This fund was intended
for roaddevelopment.

Nagpur road congress 1943
A twenty year development programme for the period (1943-1963) was finalized. It was the

first attempt to prepare a co-ordinated road development programme in a planned manner.

The roads were divided into four classes:
> National highways which would pass through states, and places having national
importance for strategic, administrative and otherpurposes.

> State highways which would be the other main roads of a state.

> District roads which would take traffic from the main roads to the interior of the
district. According to the importance, some are considered as major district
roads and the remaining as other districtroads.

> Village roads which would link the villages to the roadsystem.
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The committee planned to construct 2 lakh kms of road across the country within 20 years.
They
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recommended the construction of star and grid pattern of roads throughout the country.
One of the objective was that the road length should be increased so as to give a road
density of 16kms per 100 sq.km

Bombay road congress 1961

The length of roads envisaged under the Nagpur plan was achieved by the end of it, but
the road system was deficient in many respects. Accordingly a 20-year plan was drafted
by the Roads wing of Government of India, which is popularly known as the Bombay
plan. The highlights of the plan were:

>
>
>
>

>

It was the second 20 year road plan(1961-1981)
The total road length targeted to construct was about 10 lakhs.
Rural roads were given specificattention.

They suggested that the length of the road should be increased so as to give a
road density of 32kms/100sq.km

The construction of 1600 km of expressways was also then included in theplan.

Lucknow road congress 1984

Some of the salient features of this plan are as given below:

>
>

This was the third 20 year road plan (1981-2001). It is also called Lucknow roadplan.

It aimed at constructing a road length of 12 lakh kilometers by the year 1981
resulting in a road density of 82kms/100sg.km

The plan has set the target length of NH to be completed by the end of seventh,
eighth and ninth five year planperiods.

It aims at improving the transportation facilities in villages, towns etc. such that
no part of country is farther than 50 km fromNH.

One of the goals contained in the plan was that expressways should be
constructed on major traffic corridors to provide speedytravel.

Energy conservation, environmental quality of roads and road safety measures
were also given due importance in thisplan.

2.4 Current Scenario

About 60 per cent of freight and 87 per cent passenger traffic is carried by road.
Although National Highways constitute only about 2 per cent of the road network, it
carries 40 per centof
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the total road traffic. Easy availability, adaptability to individual needs and cost savings
are some of the factors which go in favour of road transport. Road transport also acts
as a feeder service to railway, shipping and air traffic. The number of vehicles has been
growing at an average pace of around 10 per cent per annum. The share of road traffic
in total traffic has grown from 13.8 per cent of freight traffic and 15.4 per cent of
passenger traffic in 1950-51 to an estimated 62.9 per cent of freight traffic and 90.2 per
cent of passenger traffic by the end of 2009-10. The rapid expansion and strengthening
of the road network, therefore, is imperative, to provide for both present and future
traffic and for improved accessibility to the hinterland.
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Lecture SHIGHWAY
PLANNING

2.1 Overview

Highway design is only one element in the overall highway development process.
Historically, detailed design occurs in the middle of the process, linking the preceding
phases of planning and project development with the subsequent phases of right-of-
way acquisition, construction, and maintenance. It is during the first three stages,
planning, project development, and design, that designers and communities, working
together, can have the greatest impact on the final design features of the project. In fact,
the flexibility available for highway design during the detailed design phase is limited a
great deal by the decisions made at the earlier stages of planning and project
development.

2.1 The Stages of HighwayDevelopment

Although the names may vary by State, the five basic stages in the highway
development process are: planning, project development (preliminary design), final
design, right of way, and construction. After construction is completed, ongoing
operation and maintenance activities continue throughout the life of the facility.

Manning

Project
lavelopmeni

Final Design

Right-of Way

Construction

Fig.3.1 Process of Highway Planning

v" Planning

The initial definition of the need for any highway or bridge improvement project takes
place during the planning stage. This problem definition occurs at the State, regional, or
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local level, depending on the scale of the proposed improvement. This is the key time to
get the public
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involved and provide input into the decision making process. The problems identified
usually fall into one or more of the following four categories:

1. The existing physical structure needs major repair/replacement (structurerepair).

2. Existing or projected future travel demands exceed available capacity, and access
to transportation and mobility need to be increased(capacity).

3. The route is experiencing an inordinate number of safety and accident problems
that can only be resolved through physical, geometric changes(safety).

4. Developmental pressures along the route make a reexamination of the number,
location, and physical design of access points necessary(access).

v Factors to Consider DuringPlanning

It is important to look ahead during the planning stage and consider the potential
impact that a proposed facility or improvement may have while the project is still in the
conceptual phase. During planning, key decisions are made that will affect and limit the
design options in subsequent phases.

Physical

Character Capacity
Cost == Other
Historic
: & Multimodal
Environmental . g :
Quality Scenic Consideration
Characteristics

Fig. 3.2 Factors to consider in planning.

v" ProjectDevelopment

After a project has been planned and programmed for implementation, it moves into the
project development phase. At this stage, the environmental analysis intensifies. The level
of environmental review varies widely, depending on the scale and impact of the project. It
can range from a multiyear effort to prepare an Environmental Impact Statement (a
comprehensive document that analyzes the potential impact of proposed alternatives) to a
modest environmental review completed in a matter of weeks. Regardless of the level of
detail or duration, the product of the project development process generally includesa
descriptionofthelocation and majordesign featuresof the recommended
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project that is to be further designed and constructed, while continually trying to avoid,
minimize, and mitigate environmentalimpact.

v" FinalDesign

After a preferred alternative has been selected and the project description agreed
upon as stated in the environmental document, a project can move into the final
design stage. The product of this stage is a complete set of plans, specifications, and
estimates (PS&Es) of required quantities of materials ready for the solicitation of
construction bids and subsequent construction. Depending on the scale and
complexity of the project, the final design process may take from a few months to
several years.

The following paragraphs discuss some important considerations of design, including:

Developing aconcept
Considering scaleand
Detailing thedesign.

» Developing aConcept

A design concept gives the project a focus and helps to move it toward a specific
direction. There are many elements in a highway, and each involves a number of
separate but interrelated design decisions. Integrating all these elements to achieve a
common goal or concept helps the designer in making design decisions.

Some of the many elements of highway design are

Number and width of travel lanes, median type and width, andshoulders
Traffic barriers

Overpasses/bridges

Horizontal and vertical alignment and affiliatedlandscape.

oo oo

» ConsideringScale

People driving in a car see the world at a much different scale than people walking
on the street. This large discrepancy in the design scale for a car versus the design
scale for people has changed the overall planning of our communities. For example,
it has become common in many suburban commercial areas that a shopper must
get in the car and drive from one store to the next.

The design element with the greatest effect on the scale of the roadway is its width,
or cross section. The cross section can include a clear zone, shoulder, parking
lanes, travel lanes, and/or median. The wider the overall roadway, the larger its
scale; however, there are some design techniques that can help to reduce the
perceived width and, thus, the perceived scale of the roadway. Limiting the width of
pavement or breaking up the pavement is one option.
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In some instances, four lane roadways may look less imposing by designing a
grass or planted median in the center.

> Detailing theDesign

Particularly during the final design phase, it is the details associated with the
project that are important. Employing a multidisciplinary design team ensures that
important design details are considered and those they are compatible with
community values. Often it is the details of the project that are most recognizable
to the public. A multidisciplinary design team can produce an aesthetic and
functional product when the members work together and are flexible in applying
guidelines.

¥ Right-of-way, Construction, AndMaintenance

Once the final designs have been prepared and needed right-of-way is purchased,
construction bid packages are made available, a contractor is selected, and
construction is initiated. During the right-of-way acquisition and construction stages,
minor adjustments in the design may be necessary; therefore, there should be
continuous involvement of the design team throughout these stages. Construction
may be simple or complex and may require a few months to several years. Once
construction has been completed, the facility is ready to begin its normal sequence
of operations and maintenance.

Even after the completion of construction, the character of a road can be changed by
inappropriate maintenance actions. For example, the replacement of sections of
guardrail damaged or destroyed in crashes commonly utilizes whatever spare
guardrail sections may be available to the local highway maintenance personnel at
the time.

< Stages of HighwayDevelopment
Summaries of the five basic stages in highway planning and development.

Stages Description of Activity
Planning Ibdelntification of transportation needs and program project to be
uilt

Within financial constraints.
Project The transportation project is more clearly defined. Alternative
Development locations

and design features are developed and an alternative is selected.
Design The design team develops detailed design and specification.
Right-of-way Land needed for the project is acquired.
construction Selection of contractor, who then builds the project.

2.3 Highway Route Surveys andLocation

To determine the geometric features of road design, the following surveys must
be conducted after the necessity of the road isdecided.
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A variety of survey and investigations have to be carried out by Road engineers and
multidiscipline persons.

A. Transport PlanningSurveys
o Traffic Surveys

o Highwayinventories
o Pavement DeteriorationStudy
o Accidentstudy

B. Alignment and Route locationsurveys
Deskstudy

Reconnaissance
PreliminarySurvey
Final locationsurvey

VV VYV

C. DrainageStudie
S

o

Surface run- off : Hydrologic andhydraulic

Subsurface drainage: Ground water &Seepage

o Cross—drainage: Location and waterway area required
for the cross-drainagestructures.

(o]

D. SoilSurvey > Deskstudy
> Site Reconnaissance

E. Pavement Design investigation Soil property and strength, MaterialSurvey
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Lecture 4INTRODUCTION
TO GEOMETRICDESIGN

4.1. Overview
Geometric design for transportation facilities includes the design of geometric cross

sections, horizontal alignment, vertical alignment, intersections, and various design
details. These basic elements are common to all linear facilities, such as roadways,
railways, and airport runways and taxiways. Although the details of design standards
vary with the mode and the class of facility, most of the issues involved in geometric
design are similar for all modes. In all cases, the goals of geometric design are to
maximize the comfort, safety, and economy of facilities, while minimizing their environ-
mental impacts. This chapter focuses on the fundamentals of geometric design, and
presents standards and examples from differentmodes.

The geometric design of highways deals with the dimensions and layout of visible
features of the highway. The features normally considered are the cross section
elements, sight distance consideration, horizontal curvature, gradients, and intersection.
The design of these features is to a great extend influenced by driver behavior and
psychology, vehicle characteristics, traffic characteristics such as speed and volume.
Proper geometric design will help in the reduction of accidents and their severity.
Therefore, the objective of geometric design is to provide optimum efficiency in traffic
operation and maximum safety at reasonable cost.

The planning cannot be done stage wise like that of a pavement, but has to be done well
inadvance. The main components that will be discussed are:

1. Factors affecting the geometricdesign,

2. Highway alignment, roadclassification,

3. Pavement surfacecharacteristics,

4. Cross-section elements including cross slope, various widths of roads and
features in the roadmargins.

5. Sight distance elements including cross slope, various widths and features in the
road margins.

6. Horizontal alignment which includes features like super elevation, transition curve,
extra widening and set backdistance.

7. Vertical alignment and its components like gradient, sight distance and design of
length of curves.

8. Intersection features like layout, capacity,etc.
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4.2 Factors affecting geometricdesign

> Design speed: Design speed is the single most important factor that affects the
geometric design. It directly affects the sight distance, horizontal curve, and the
length of vertical curves. Since the speed of vehicles vary with driver, terrain etc,
a design speed is adopted for all the geometricdesign.

» Topography: It is easier to construct roads with required standards for a plain
terrain. However, for a given design speed, the construction cost increases
multi form with the gradient and theterrain.

> Traffic factors: It is of crucial importance in highway design, is the traffic data
both current and future estimates. Traffic volume indicates the level of services
(LOS) for which the highway is being planned and directly affects the geometric
features such as width, alignment, grades etc., without traffic data it is very
difficult to design any highway

> Design Hourly Volume and Capacity: The general unit for measuring traffic on
highway is the Annual Average Daily Traffic volume, abbreviated as AADT. The
traffic flow (or) volume keeps fluctuating with time, from a low value during off
peak hours to the highest value during the peak hour. It will be uneconomical to
design the roadway facilities for the peak trafficflow.

> Environmental and other factors: - The environmental factors like air pollution,
noise pollution, landscaping, aesthetics and other global conditions should be
given due considerations in the geometric design ofroads.

4.3 Roadclassification

The roads can be classified in many ways. The classification based on speed and

accessibility is the most generic one. Note that as the accessibility of road increases,

the speed reduces. (See Fig. 4.1). Accordingly, the roads can classified as follows in
the order of increased accessibility and reducedspeeds.

> [Freeways:Freeways are access controlled divided highways. Most freeways are

four lanes, two lanes each direction, but many freeways widen to incorporate

more lanes as they enter urban areas. Access is controlled through the use of

interchanges, and thetype
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of interchange depends upon the kind of intersecting road way (rural roads,
another freeway etc.)

Expressways:They are superior type of highways and are designed for high
speeds(120 km/hr is common), high traffic volume and safety. They are
generally provided with grade separations at intersections. Parking, loading and
unloading of goods and pedestrian traffic is not allowed onexpressways.
Highways:They represent the superior type of roads in the country. Highways are
of two types - rural highways and urban highways. Rural highways are those
passing through rural areas (villages) and urban highways are those passing
through large cities and towns, i.e. urbanareas.

Arterials:It is a general term denoting a street primarily meant for through traffic
usually on a continuous route. They are generally divided highways with fully or
partially controlled access. Parking, loading and unloading activities are usually
restricted and regulated. Pedestrians are allowed to cross only at
intersections/designated pedestriancrossings.

Local streets:A local street is the one which is primarily intended for access to
residence, business or abutting property. It does not normally carry large volume
of traffic and also it allows unrestricted parking and pedestrianmovements.
Collectors streets:These are streets intended for collecting and distributing
traffic to and from local streets and also for providing access to arterial streets.
Normally full access is provided on these streets. There are few parking

restrictions except during peakhours.

Collector Street

Local Street

Arterials

Highways

Accessibility

Expressways

Freeways

Speed
Fig.4.1. Speed vs accessibility
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Roads can be classified based on some other criteria. They are given in detail below.

Based on usage

This classified is based on whether the roads can be used during di erent seasons of the
year.

> All-weather roads: Those roads which are negotiable during all weathers,
except at major river crossings where interruption of tra c is permissible up
to a certain extent are called all weatherroads.

> Fair-weather roads: Roads which are negotiable only during fair weather are
called fair weatherroads.

Based on carriage way

This classification is based on the type of the carriage way or the road pavement.

» Paved roads with hard surface : If they are provided with a hard pavement
course such roads are called paved roads.(eg: stones, Water bound
macadam (WBM), Bituminous macadam (BM), concreteroads)

» Unpaved roads: Roads which are not provided with a hard course of atleast
a WBM layer they is called unpaved roads. Thus earth and gravel roads
come under this category.
Based on pavement surface

Based on the type of pavement surfacing provided, they are classified as surfaced
andunsurfaced roads.

> Surfaced roads (BM, concrete): Roads which are provided with a bituminous
or cement concreting surface are called surfacedroads.

» Unsurfaced roads (soil/gravel): Roads which are not provided with a
bituminous or cement concreting surface are called unsurfacedroads.
Other criteria

Roads may also be classified based on the traffic volume in that road, load transported
through that road, or location and function of that road.

» Traffic volume: Based on the traffic volume, they are classified as heavy,
medium and light tra ¢ roads. These terms are relative and so the limits
under each class may be expressed as vehicles perday.

» Load transported: Based on the load carried by these roads, they can be
classified as class |, class Il, etc. or class A, class B etc. and the limits may
be expressed as tonnes perday.
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> Location and function: The classification based on location and function
should be a more acceptable classification since they may be definedclearly.

4.3 Highway alignment

Once the necessity of the highway is assessed, the next process is deciding the alignment. The highway
alignment can be either horizontal or vertical and they are described in detail in the
following sections.

4.3.1 Alignment

The position or the layout of the central line of the highway on the ground is called the
alignment. Horizontal alignment includes straight and curved paths. Vertical alignment
includes level and gradients. Alignment decision is important because a bad alignment
will enhance the construction, maintenance and vehicle operating cost. Once an
alignment is xed and constructed, it is not easy to change it due to increase in cost of
adjoining land and construction of costly structures by theroadside.

4.3.2Requirements
The requirements of an ideal alignment are:

» The alignment between two terminal stations should be short and as far as
possible be straight, but due to some practical considerations deviations may
beneeded.

» The alignment should be easy to construct and maintain. It should be easy for
the operation of vehicles. So to the maximum extend easy gradients and curves
should be provided.

> It should be safe both from the construction and operating point of view
especially at slopes, embankments, and cutting. It should have safe
geometricfeatures.

» The alignment should be economical and it can be considered so only when the
initial cost, maintenance cost, and operating cost isminimum.

4.3.3. Factors controllingalignment

We have seen the requirements of an alignment. But it is not always possible to satisfy all
these requirements. Hence we have to make a judicial choice considering all the factors.
The various factors that control the alignment are as follows:

> Obligatory points: These are the control points governing the highway
alignment. These points are classified into two categories. Points through
which it should pass and points through which it should not pass. Some of
the examplesare:

> Bridge site: The bridge can be located only where the river has straight and
permanent path and also where the abutment and pier can be strongly

founded. The road approach to the bridge should not be curved and skew
"Under



crossing should be avoided as possible. Thus to locate a bridge the highway
alignment may bechanged.
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> Mountain: While the alignment passes through a mountain, the various
alternatives are to either construct a tunnel or to go round the hills. The
suitability of the alternative depends on factors like topography, site
conditions and construction and operationcost.

> Intermediate town: The alignment may be slightly deviated to connect an
intermediate town or villagenearby.

These were some of the obligatory points through which the alignment should pass.
Coming to the second category that is the points through which the alignment should
not pass are:

Religious places: These have been protected by the law from being acquired for
any purpose. Therefore, these points should be avoided whilealigning.

Very costly structures: Acquiring such structures means heavy compensation
which would result in an increase in initial cost. So the alignment may be
deviated not to pass through thatpoint.

Lakes/ponds etc: The presence of a lake or pond on the alignment path would
also necessitate deviation of thealignment.

Traffic: The alignment should suit the traffic requirements. Based on the origin-
destination data of the area, the desire lines should be drawn. The new alignment
should be drawn keeping in view the desire lines, traffic flow patternetc.

Geometric design: Geometric design factors such as gradient, radius of curve,
sight distance etc. also governs the alignment of the highway. To keep the radius
of curve minimum, it may be required to change the alignment of the highway.
The alignments should be finalized such that the obstructions to visibility do not
restrict the minimum requirements of sight distance. The design standards vary
with the class of road and the terrain and accordingly the highway should
bealigned.
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Lecture 5

Cross sectional
5.1 Overview elements

The primary consideration in the design of geometric cross sections for highways, run-ways, and
taxiways is drainage. Details vary depending on the type of facility Highway cross sections consist of
traveled way, shoulders (or parking lanes), and drainage channels. Shoulders are intended primarily as a
safety feature. They provide for accommodation of stopped vehicles, emergency use, and lateral support
of the pavement. Shoulders may be either paved or unpaved. Drainage channels may consist of ditches
(usually grassed swales) or of paved shoulders with berms or curbs and gut-ters. Cross section of various

roads are given bellow.

Shoulder Shoulder
«— Ditch —>{* |« Traveled way —>“ " l«— Ditch —
Foreslope T‘ /
\\;\)f
N Thg

Backslope
Fig.5.1. Two-lane highway cross section, with ditches.

Shoulders

Traveled way Traveled way

i

<«— Median —> >
Ditch Ditch
—-——.-——.-—.-.-—.-—. .---_----—-—-_-—'—

¢

Fig.5.2.Divided highway cross section, depressed median, with ditches.

Pavement surface characteristics

For a safe and comfortable driving four aspects of the pavement surface are important;
the friction between the wheels and the pavement surface, smoothness of the road
surface, the lightre ection characteristics of the top of pavement surface, and drainage
towater.
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Friction

Friction between the wheel and the pavement surface is a crucial factor in the design of
horizontal curves and thus the safe operating speed. Further, it also a ect the
acceleration and deceleration ability of vehicles. Lack of adequate friction can cause
skidding or slipping of vehicles.

Skidding happens when the path traveled along the road surface is more than the
circumferential movement of the wheels due to friction

Slip occurs when the wheel revolves more than the corresponding longitudinal

movement along the road. Various factors that a ect friction are:

The frictional force that develops between the wheel and the pavement is the load
acting multiplied by a factor called the coe cient of friction and denoted as f . The
choice of the value of f is a very complicated issue since it depends on many variables.
IRC suggests the coe cient of longitudinal friction as 0.35-0.4 depending on

the speed and coe cient of later friction as 0.15. The former is useful in sight distance
calculation and the latter in horizontal curve design.

Unevenness

It is always desirable to have an even surface, but it is seldom possible to have such
one. Even if a road is constructed with high quality pavers, it is possible to develop
unevenness due to pavement failures. Unevenness a ect the vehicle operating cost,
speed, riding comfort, safety, fuel consumption and wear and tear oftyres.

Unevenness index is a measure of unevenness which is the cumulative measure of
vertical undulation of the pavement surface recorded per unit horizontal length of the
road. An unevenness index value less than 1500 mm/km is considered as good, a value
less than 2500 mm.km is satisfactory up to speed of 100 kmph and values greater than
3200 mm/km is considered as uncomfortable even for 55 kmph.

Light refleection

Drainage

The pavement surface should be absolutely impermeable to prevent seepage of water
into the pavement layers. Further, both the geometry and texture of pavement surface
should help in draining out the water from the surface in less time.
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Camber

Camber or cant is the cross slope provided to raise middle of the road surface in the
transverse direction to drain o rain water from road surface.

Too steep slope is undesirable for it will erode the surface. Camber is measuredin 1 in
norn% (Eg. 1in 50 or 2%) and the value depends on the type of pavement surface.

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.

Kerbs
Kerbs indicate the boundary between the carriage way and the shoulder or islands or
footpaths. Di erent types of kerbs are (Figure 12:3):

» Low or mountable kerbs:
> Semi-barrier type kerbs:

> Barrier type kerbs:

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.

Shoulders
Parkinglanes
Bus-bays
Service roads
Cycletrack

Footpath

v V Vv VvV ¥V VYV V

Guardrails
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Lecture

6Sight
Overview distance

Sight Distance is a length of road surface which a particular driver can see with an
acceptable level of clarity. Sight distance plays an important role in geometric highway
design because it establishes an acceptable design speed, based on a driver's ability to
visually identify and stop for a particular, unforeseen roadway hazard or pass a slower
vehicle without being in conflict with opposing traffic. As velocities on a roadway are
increased, the design must be catered to allowing additional viewing distances to allow
for adequate time tostop.

Types of sight distance
o Stopping sight distance (SSD) or the absolute minimum sightdistance

o Intermediate sight distance (ISD) is the de ned as twiceSSD

o Overtaking sight distance (OSD) for safe overtakingoperation

The computation of sight distance depends on:
1. Reaction time of thedriver
2. Speed of thevehicle
3. Efficiency ofbrakes

PIEV Process

The perception-reaction time for a driver is often broken down into the four
components that are assumed to make up the perception reaction time. These are
referred to as the PIEV time or process.

PIEV Process

+ Perception the time to see or discern an object or event
* Intellection the time to understand the implications of the

object’'s
presence or event

« Emotion the time to decide how to react

+ Volition the time to initiate the action, for example, the time
to

engage thebrakes

Stopping sight distance
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Stopping sight distance is defined as the distance needed for drivers to see an object
on the roadway ahead and bring their vehicles to safe stop before colliding with the
object. The
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distances are derived for various design speeds based on assumptions for driver
reaction time, the braking ability of most vehicles under wet pavement conditions, and
the friction provided by most pavement surfaces, assuming good tires. A roadway
designed to criteria employs a horizontal and vertical alignment and a cross section that
provides at least the minimum stopping sight distance through the entirefacility.

The stopping sight distance is comprised of the distance to perceive and react to a
condition plus the distance to stop:

v2
SSD =0.278 Vi + (METRIC)
254 (f
1g)
VZ
SSD =1.47 Vt + (ENGLISH)
30 (f
1g)
where SSD = required stopping sight distance, m or ft.
\Y = speed, kph or ph
m
t = perception-reaction time, sec., typically 2.5 sec. for
design
f = coefficient of friction, typically for a poor,

wetpavement g = grade,decimal.

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 factors that affect the OSD are:

> Velocities of the overtaking vehicle, overtaken vehicle and of the vehicle coming
in the opposite direction.

» Spacing between vehicles, which in-turn depends on thespeed
» Skill and reaction time of thedriver

> Rate of acceleration of overtakingvehicle
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Lecture 7Horizontal

alignment |

Overview

Horizontal alignment is one of the most important features influencing the efficiency
and safety of a highway. Horizontal alignment design involves the understanding on the
design aspects such as design speed and the effect of horizontal curve on the vehicles.
The horizontal curve design elements include design of super elevation, extra widening
at horizontal curves, design of transition curve, and set back distance.

Design Speed
The design speed as noted earlier, is the single most important factor in the design of

horizontal alignment. The design speed also depends on the type of the road. For e.g,
the design speed expected from a National highway will be much higher than a village
road, and hence the curve geometry will vary significantly.

Factors Affecting Alignment
. Safety
ll.  Grades
M. Designspeed
IV.  Cost of resumption ofland
V.  Constructioncosts
Operating speed is influenced by all other factors so it is the critical factor to consider.

Horizontal curve
The presence of horizontal curve imparts centrifugal force which is reactive force acting

outward on a vehicle negotiating it. Centrifugal force depends on speed and radius of
the horizontal curve and is counteracted to a certain extent by transverse friction
between the tyre and pavement surface. On a curved road, this force tends to cause the
vehicle to overrun or to slide outward from the centre of road curvature. For proper
design of the curve, an understanding of the forces acting on a vehicle taking a

oo P

b2

My y
1 1

4 t w t A
horizontal curve is necessary.

Fig. 7.1. Effect of horizontal curve
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Fig.7.2 Analysis of super elevation

P the centrifugal force acting horizontally out-wards through the center of gravity, W the
weight of the vehicle acting down-wards through the center of gravity, and mF the
friction force between the wheels and the pavement, along the surface inward. At
equilibrium, by resolving the forces parallel to the surface of the pavement weget,

Pcos =W sin + Fa+Fs

W sin + f (Ra+ Rs)

W sin + f (W cos + P sin)
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Lecture

8Horizontal alignment
1l

Overview
This section discusses the design of superelevation and how it is attained. A brief
discussion about pavement widening at curves is also given.

When being applied to the road need to take into account
- Safety

+ Comfort

+ Appearance

+ Designspeed

« Tendency for slow vehicles to track towardscentre

« Difference between inner and outer formationlevels

« Stability of high ladenvehicles

* Length of road to introducesuperelevation

* Provision fordrainage

Design of super-elevation
For fast moving vehicles, providing higher superelevation without considering

coefficient of friction is safe, i.e. centrifugal force is fully counteracted by the weight of
the vehicle or superelevation. For slow moving vehicles, providing lower superelevation
considering coefficient of friction is safe, i.e.centrifugal force is counteracted by
superelevation and coefficient of friction.

Maximum Superelevation
« Max range from flat to mountainous of 0.06 — 0.12 respectively but most

authorities limit t00.10
* In urban areas limit max values to 0.04-0.05 MinimumSuperelevation
» Should be elevated to at least the cross-fall on straights ie 3%(0.03)

Attainment of super-elevation
1. Elimination of the crown of the cambered

sectionby: rotating the outer edge about

the crown shifting the position of

thecrown:
2. Rotation of the pavement cross section to attain full super elevation by:There are two
methods of attaining superelevation by rotating thepavement

rotation about the center line :
rotation about the inner edge:
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Radius of Horizontal Curve
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The radius of the horizontal curve is an important design aspect of the geometric
design. The maximum comfortable speed on a horizontal curve depends on the radius
of the curve. Although it is possible to design the curve with maximum superelevation
and coe cient of friction, it is not desirable because re-alignment would be required if
the design speed is increased in future. Therefore, a ruling minimum radius Rruingcan be
derived by assuming maximum superelevation and coe cient of friction.

V2

Rruling= g(e+f
_)_

Ideally, the radius of the curve should be higher than Rruing. However, very large curves
are also not desirable. Setting out large curves in the field becomes difficult. In addition,
it also enhances driving strain.

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

section of a road over and above that required on a straight alignment. This widening is
done due to two reasons:

Mechanical widening

The reasons for the mechanical widening are: When a vehicle negotiates a horizontal
curve, the rear wheels follow a path of shorter radius than the front wheels
Psychological widening

Widening of pavements has to be done for some psychological reasons also. There is a
tendency for the drivers to drive close to the edges of the pavement on curves. Some
extra space is to be provided for more clearance for the crossing and overtaking
operations on curves. IRC proposed an empirical relation for the psychological
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Lecture 9
Horizontal alignment llI

Overview

In this section we will deal with the design of transition curves and setback distances.
Transition curve ensures a smooth change from straight road to circular curves.
Setback distance looks in for safety at circular curves taking into consideration the
sight distance aspects.

Horizontal Transition Curves

A transition curve differs from a circular curve in that its radius is always changing. As
one would expect, such curves involve more complex formulae than the curves with a
constant radius and their design is morecomplex.

The need for Transition Curves

Circular curves are limited in road designs due to the forces which act on a vehicle as
they travel around a bend. Transition curves are used to introduce those forces
gradually and uniformly thus ensuring the safety of passenger.

Transition curves have much more complex formulae and are more difficult to set out
on site than circular curves as a result of the varyingradius.

v to introduce gradually the centrifugal force between the tangent point and the
beginning of the circular curve, avoiding sudden jerk on the vehicle.This increases
the comfort of passengers.

v’ to enable the driver turn the steering gradually for his own comfort andsecurity,
v’ to provide gradual introduction of super elevation,and
v’ to provide gradual introduction of extrawidening.
v’ to enhance the aesthetic appearance of theroad.
The use of Transition Curves
Transition curves can be used to join to straights in one of two ways:

- Composite curves

- Wholly transitionalcurves
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Types of Transition Curve

There are two types of curved used to form the transitional section of a composite or
wholly transitional curve. These are:

-The clothoid

-The cubic parabola.

Length of transition curve

The length of the transition curve should be determined as the maximum of the
following three criteria: rate of change of centrifugal acceleration, rate of change of
superelevation, and an empirical formula given by IRC.

1. Rate of change of centrifugalacceleration

2. Rate of introduction ofsuper-elevation

3. By empiricalformula

Setback Distance

Setback distance m or the clearance distance is the distance required from the
centerline of a horizontal curve to an obstruction on the inner side of the curve to
provide adequate sight distance at a horizontal curve. The setback distance depends on:

1. sight distance (OSD, ISD andOSD),
2. radius of the curve,and

3. length of thecurve.

Curve Resistance

When the vehicle negotiates a horizontal curve, the direction of rotation of the front and
the r ear wheels are different. The front wheels are turned to move the vehicle along the
curve, whereas the rear wheels seldom turn.
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cture 10Vertical

alignment-|

The vertical alignment of a transportation facility consists of tangent grades (straight
lines in the vertical plane) and vertical curves. Vertical alignment is documented by the
profile. Just as a circular curve is used to connect horizontal straight stretches of road,
vertical curves connect two gradients. When these two curves meet, they form either
convex or concave. The former is called a summit curve, while the latter is called a valley
curve.

Gradient
Gradient is the rate of rise or fall along the length of the road with respect to the

horizontal. While aligning a highway, the gradient is decided designing the vertical curve.
Before nalizing the gradients, the construction cost, vehicular operation cost and the
practical problems in the site also has to be considered. Usually steep gradients are
avoided as far as possible because of the difficulty to climb and increase in the
construction cost. More about gradients are discussed below.

Effect of gradient
The effect of long steep gradient on the vehicular speed is considerable. This is

particularly important in roads where the proportion of heavy vehicles is significant. Due
to restrictive sight distance at uphill gradients the speed of traffic is often controlled by
these heavy vehicles. As a result, not only the operating costs of the vehicles are
increased, but also capacity of the roads will have to be reduced. Further, due to high
differential speed between heavy and light vehicles, and between uphill and downhill
gradients, accidents abound in gradients.

Representation of gradient
The positive gradient or the ascending gradient is denoted as +n and the negative

gradient as n. The deviation angle N is: when two grades meet, the angle which

measures the change of direction and is given by the algebraic difference between the
two grades (n1( n2)) = n1+ n2= 1+

2. Example: 1 in 30 = 3.33% 2°is a steep gradient, while 1 in 50 = 2% 1°10"is flatter gradient.

|- —
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Representation of gradient

IRC Specifications for gradients for different roads

Terrain Ruling Lim;ting Exce?tiona
Plain/Rollin | 3.3 50 6.7
g
Hilly 5.0 6.0 7.0
Steep 6.0 7.0 8.0
Types of gradient

Many studies have shown that gradient upto seven percent can have considerable
effect on the speeds of the passenger cars. On the contrary, the speeds of the heavy
vehicles are considerably reduced when long gradients as at as two percent is adopted.
Although, atter gradients are desirable, it is evident that the cost of construction will
also be very high.

Ruling gradient

>
>
>
>
>

Limitinggradient
Exceptionalgradient
Critical length of thegrade
Minimumgradient
Summitcurve

Summit curves

Summit curves are vertical curves with gradient upwards. They are formed when two
gradients meet.

1. when a positive gradient meets another positivegradient

2. when positive gradient meets a atgradient.

3. when an ascending gradient meets a descendinggradient.

4. when a descending gradient meets another descendinggradient.
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Overview

Valley curve Valley curve or sag curves are vertical curves with convexity downwards. They
are formed when two gradients meet in any of the following four ways:

1. When a descending gradient meets another descendinggradient.

2. When a descending gradient meets a flatgradient.

3. When a descending gradient meets an ascendinggradient.

4. When an ascending gradient meets another ascendinggradient.
Design considerations

Thus the most important design factors considered in valley curves are:
(1) impact-free movement of vehicles at design speedand

(2) Availability of stopping sight distance under headlight of vehicles for nightdriving.

N

Q\N:-m

N=n1+n2 (b)
(a)

N = -(n1 + n2) N = (n2 - n1)
(c) (d)

Fig. 11.1 Types of valley curve
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Length of the valley curve

The valley curve is made fully transitional by providing two similar transition curves of
equal length The 2N 3 The length of the valley transition curve transitional curve is set
out by a cubic parabolay = bx where b = 2 3L is designed based on two criteria:

1. Comfort criteria; that is allowable rate of change of centrifugal acceleration is limited
to a comfortable 3 level of about0.6m/sec.

2 Safety criteria; that is the driver should have adequate headlight sight distance at any
part of the country.

Stan ov

L/2 S-L/2 S~

Fig.11.3 Valley curve, case 2,S> L
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Lecture 12

Fundamental parameters of traffic
flow
Overview

Traffic engineering pertains to the analysis of the behavior of traffic and to design the
facilities for the smooth, safe and economical operation of traffic. Understanding traffic
behavior requires a thorough knowledge of traffic stream parameters and their
mutualrelationships.

Traffic stream parameters

The traffic stream includes a combination of driver and vehicle behavior.

1. Speed

Speed is considered as a quality measurement of travel as the drivers and passengers
will be concerned more about the speed of the journey than the design aspects of the
traffic.

e SpotSpeed
¢ Runningspeed

Time mean speed and space mean speed

Time mean speed is defined as the average speed of all the vehicles passing a point on
a highway over some specified time period. Space mean speed is defined as the
average speed of all the vehicles occupying a given section of a highway over some
specified time period.

2.Flow

There are practically two ways of counting the number of vehicles on a road. One is flow
or volume, which is defined as the number of vehicles that pass a point on a highway or
a given lane or direction of a highway during a specific timeinterval.

Types of volume measurements

. Average Annual DailyTraffic(AADT)

IIl.  Average Annual WeekdayTraffic(AAWT)
ll.  Average DailyTraffic(ADT)
IV.  Average WeekdayTraffic(AWT)

3. Density

Density is defined as the number of vehicles occupying a given length of highway or
“Under



lane and is generally expressed as vehicles per km/mile.

Derived characteristics
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Time headway
The microscopic character related to volume is the time headway or simply headway.
Time headway is defined as the time difference between any two successive vehicles

when they cross a given point.

Distance headway
Another related parameter is the distance headway. It is defined as the distance

between corresponding points of two successive vehicles at any given time.

Travel time
Travel time is defined as the time taken to complete a journey.

Time-space diagram
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Fig. 12.2 Manyvehicle
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Lecture 13

Fundamental relation of traffic parameter

Overview

Speed is one of the basic parameters of traffic flow and time mean speed and space mean
speed are the two representations ofspeed.

v Time mean speed (v;)
v’ Space mean speed (vs)

Fundamental diagrams of traffic flow

The flow and density varies with time and location. The relation between the density and the
corresponding flow on a given stretch of road is referred to as one of the fundamental diagram
of traffic flow. Some characteristics of an ideal flow-density relationship is listed below:

1. When the density is zero, flow will also be zero,since there is no vehicles on theroad.
2. When the number of vehicles gradually increases the density as well as flowincreases.

3. When more and more vehicles are added, it reaches a situation where vehicles can’'t move.
This is referred to as the jam density or the maximum density. At jam density, flow will be zero
because the vehicles are notmoving.

4. There will be some density between zero density and jam density, when the flow ismaximum.

N,

qIH ar

flow(q) ———»
w

kn k| kmm: k‘E k_‘,lam
density (k) —

Fig.13.1 Flow density Curve
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Fig.13.2 Speed-density diagram
Speed-density diagram

Similar to the flow-density relationship, speed will be maximum, referred to as the free flow
speed, and when the density is maximum, the speed will be zero. The most simple assumption
is that this variation of speed with density is linear

c

speed u —p=
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Ul

g

q Qma

flow q——

Fig.13.3 Speed-flow diagram
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Lecture 14Traffic data

collection

Overview

Unlike many other disciplines of the engineering, the situations that are interesting to a
traffic engineer cannot be reproduced in a laboratory. Even if road and vehicles could be
set up in large laboratories, it is impossible to simulate the behavior of drivers in the
laboratory.

Datarequirements

The measurement procedures can be classified based on the geographical extent of the
survey into fivecategories:

(a) Measurement at point on theroad,
(b) Measurement over a short section of the road (less than 500metres)
(c) Measurement over a length of the road (more than about 500metres)

(d) Wide area samples obtained from number of locations, and (e) the use of an
observer moving in the trafficstream.

Measurements at a point

observer I:| | enoscope

Base length

Fig. 14.1 lllustration of measurement over short section using enoscope
Measurements over short section
The main objective of this study is to find the spot speed of vehicles.
Measurements over long section
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This is normally used to obtain variations in speed over a stretch of road.
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Moving observer method for stream measurement

Determination of any of the two parameters of the traffic flow will provide the third one
by the equation q = u.k. Moving observer method is the most commonly used method to
get the relationship between the fundamental stream characteristics

A

Y

Fig. 14.2. lllustration of moving observer method
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Lecture 15 Capacity and
Level of Service

Overview

Capacity and Level of service are two related terms. Capacity analysis tries to give a
clear understanding of how much traffic a given transportation facility can
accommodate. Level of service tries to answer how good the present traffic situation on
a given facility is.

Capacity

Capacity is defined as the maximum number of vehicles, passengers, or the like, per unit
time, which can be accommodated under given conditions with a reasonable
expectation of occurrence. Some of the observations that are found from this definition
can be nowdiscussed.

Level of service

A term closely related to capacity and often confused with it is service volume. When
capacity gives a quantitative measure of traffic, level of service or LOS tries to give a
qualitative measure.

Highway capacity

Highway capacity is defined by the Highway Capacity Manual as the maximum hourly
rate at which persons or vehicles can be reasonably expected to traverse a point or a
uniform segment of a lane or roadway during a given time period under prevailing
roadway, traffic and control conditions.

v Traffic conditions:
v" Road waycharacteristics:
v Controlconditions:

Factors affecting level of service

Level of service one can derive from a road under different operating characteristics
and traffic volumes. The factors affecting level of service (LOS) can be listed as
follows:

e Speed and traveltime
e Traffic interruptions/restrictions
e Freedom to travel with desiredspeed

e Driver comfort andconvenience
*Under



e Operatingcost.
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Overview

Traffic control device is the medium used for communicating between traffic engineer
and road users. Unlike other modes of transportation, there is no control on the drivers
using the road. Here traffic control devices comes to the help of the traffic engineer. The
maijor types of traffic control devices usedare-

Traffic signs

Roadmarkings

w np =

Traffic signals

4. Parkingcontrol.
Requirements of traffic control devices
The control device should fulfill a need
It should command attention from the road
users It should convey a clear, simple
meaning

Road users must respect the signs

The control device should provide adequate time for proper response from the road users

Types of traffic signs

1. Regulatorysigns
2. Warningsigns
3. Informative signs

Requlatorysigns

These signs are also called mandatory signs because it is mandatory that the drivers
must obey these signs. If the driver fails to obey them, the control agency has the
right to take legalaction against thedriver.

e Right of wayseries

e Speedseries
e Movementseries
e Parkingseries
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e Pedestrianseries
e Miscellaneous
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Warning signs

Warning signs or cautionary signs give information to the driver about the
impending road condition. They advice the driver to obey the rules.

Informative sians

Informative signs also called guide signs, are provided to assist the drivers to reach
their desired destinations. These are predominantly meant for the drivers who are
unfamiliar to the place. The guide signs are redundant for the users who are
accustomed to the location.

Ii“ TOLL BOOTH
AHEAD

Fig.16.1 Examples of informative signs
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17Road
Overview Sign

The essential purpose of road markings is to guide and control traffic on a highway.
They supplement the function of traffic signs. The markings serve as a psychological
barrier and signify the delineation of traffic path and its lateral clearance from traffic
hazards for the safe movement of traffic. Hence they are very important to ensure the
safe, smooth and harmonious flow of traffic.

Classification of road markings

The road markings are defined as lines, patterns, words or other devices, except signs,
set into applied or attached to the carriageway or kerbs or to objects within or adjacent
to the carriageway, for controlling, warning, guiding and informing the users. The road
markings are classified as

e Longitudinalmarkings

e Transversemarkings

e Objectmarkings

e Wordmessages

e Marking forparking

e Marking at hazardouslocations

Longitudinal markings

Longitudinal markings are placed along the direction of traffic on the roadway surface,
for the purpose of indicating to the driver, his proper position on the roadway.

i 150
— ———————1 ———1
3m 4.5m

Fig.17.1 Centre line marking for a two lane road
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Fig.17.2 Centre line and lane marking for a four lane road
Centre line

Centre line separates the opposing streams of traffic and facilitates their movements.
Usually no centre line is provided for roads having width less than 5 m and for roads
having more than four lanes. The centre line may be marked with either single broken
line, single solid line, double broken line, or double solid line depending upon the road
and traffic requirements.

Traffic lane lines

The subdivision of wide carriageways into separate lanes on either side of the carriage
way helps the driver to go straight and also curbs the meandering tendency of the driver.

No passing zones

No passing zones are established on summit curves, horizontal curves, and on two lane
and three lane highways where overtaking maneuvers are prohibited because of low
sight distance. It may be marked by a solid yellow line along the centre or a double
yellow line.
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18Parkin

Overview d

Parking is one of the major problems that is created by the increasing road traffic.

Parking studies

Before taking any measures for the betterment of conditions, data regarding availability
of parking space, extent of its usage and parking demand is essential. It is also required
to estimate the parking fares also.

e Parkingstatistics

e Parkingaccumulation

e Parkingvolume

e Parkingload

e Average parkingduration
e Parkingturnover

e Parkingindex

Parking surveys

o0 In-outsurvey
o Fixed periodsampling
o License plate method ofsurvey

On street parking

v' Parallelparking
30parking
45parking
60parking

Right angleparking

N NI N NN

Off street

Parking In many urban centres, some areas are exclusively allotted for parking which
will be at some distance away from the main stream of traffic. Such a parking is
referred to as off-street parking.
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Lecture 19Traffic

Signal Design

Overview

The conflicts arising from movements of traffic in different directions is solved by time
sharing of the principle. The advantages of traffic signal includes an orderly movement
of traffic, an increased capacity of the intersection and requires only simple geometric
design. However the disadvantages of the signalized intersection are it affects larger
stopped delays, and the design requires complex considerations.

Definitions and notations

e Cycle
e Cyclelength
e Interval

e Greeninterval
e Redinterval

e Phase

e Losttime

Phase design
The signal design procedure involves six major
steps. They include the

phase design

determination of amber time and clearancetime
determination of cyclelength

apportioning of greentime

pedestrian crossingrequirements,

the performanceevaluation

cuakrwpdn=

Two phase signals

Two phase system is usually adopted if through traffic is significant compared to the
turning movements.
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Fig. 19.1 Two phase signal

Four phase signals
There are at least three possible phasing options.
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I DI
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Fig.19.2 One way of providing four phase signals

Cycle time
Cycle time is the time taken by a signal to complete one full cycle of iterations. i.e.

one complete rotation through all signal indications. It is denoted by C.

o

Headway — =

=
-

-

Vehicles in queue ——=

Fig.19.3 Headways departing signal
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Lecture 20Subgrade
Material

Overview

Pavements are a conglomeration of materials. These materials, their associated
properties, and their interactions determine the properties of the resultant pavement.

Sub grade soil

Soil is an accumulation or deposit of earth material, derived naturally from the
disintegration of rocks or decay of vegetation, that can be excavated readily with power
equipment in the field or disintegrated by gentle mechanical means in the laboratory.

Desirable properties

The desirable properties of sub grade soil as a highway material are

Stability

Incompressibility

Permanency ofstrength

Minimum changes in volume andstability
Gooddrainage

Ease ofcompaction

ok own=

Soil Classification

Two commonly used systems for soil engineers based on particle distribution and
atterberg limits:

+AmericanAssociationofStateHighwayandTransportationOfficials(AASHTO)
System(for state/county highwaydept.)

-Unified Soil Classification System (USCS) (preferred by geotechnicalengineers).
Soil particles

The description of the grain size distribution of soil particles according to their texture
(particle size, shape, and gradation).Major textural classes include, very roughly:

e gravel (>2mm);

e sand (0.1 -2mm);
e silt (0.01 -0.1mm);
e clay (<0.0Tmm).
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21Test of Soil

Overview

Sub grade soil is an integral part of the road pavement structure as it provides the
support to the pavement from beneath. The main function of the sub grade is to give
adequate support to the pavement and for this the sub grade should possess sufficient
stability under adverse climatic and loading conditions. Therefore, it is very essential to
evaluate the sub grade by conducting tests. The tests used to evaluate the strength
properties of soils may be broadly divided into three groups:

1. Sheartests
2. Bearingtests
3. Penetrationtests

Shear tests

Shear tests are usually carried out on relatively small soil samples in the laboratory. In
order to find out the strength properties of soil, a number of representative samples
from different locations are tested. Some of the commonly known shear tests:

o Direct sheartest,
o Triaxial compressiontest,
o Unconfined compressiontest.

California Bearing Ratio (CBR)

This test was developed by the California Division of Highway as a method of
classifying and evaluating soil-sub grade and base course materials for flexible
pavements.

Proving Ring

Plunger.

Surcharge
Weight o — Dial Guage
.
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Fig 21.1 CBR Test
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Plate Bearing Test

Plate bearing test is used to evaluate the support capability of sub-grades, bases and in
some cases, complete pavement. Data from the tests are applicable for the design of
both flexible and rigid pavements. In plate bearing test, a compressive stress is applied
to the soil or pavement layer through rigid plates relatively large size and the deflections
are measured for various stress values.

* — Reaction

Hydraulic Jack

Datum Frame — Pressure Guage

Dial Guage
Stacked Plates

Fig.21.2 Plate load test
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Lecture 22Pavement

materials

Overview

Aggregate is a collective term for the mineral materials such as sand, gravel, and
crushed stone that are used with a binding medium (such as water, bitumen, Portland
cement, lime, etc.) to form compound materials (such as bituminous concrete and
Portland cement concrete). By volume, aggregate generally accounts for 92 to 96
percent of Bituminous concrete and about 70 to 80 percent of Portland cement
concrete. Aggregate is also used for base and sub-base courses for both flexible and
rigid pavements. Aggregates can either be natural ormanufactured.

Desirable
propertiesStrength

The aggregates used in top layers are subjected to
(i) Stress action due to traffic wheelload,

(i) Wear andtear,

(i) crushing.

Hardness

The aggregates used in the surface course are subjected to constant rubbing or
abrasion due to moving traffic. The aggregates should be hard enough to resist the
abrasive action caused by the movements of traffic. The abrasive action is severe when
steel tyred vehicles moves over the aggregates exposed at the top surface.

Toughness

Resistance of the aggregates to impact is termed as toughness. Aggregates used in the
pavement should be able to resist the effect caused by the jumping of the steel tyred
wheels from one particle to another at different levels causes severe impact on the
aggregates.

Shape of aggregates

Aggregates which happen to fall in a particular size range may have rounded cubical,
angular, flaky or elongated particles. It is evident that the aky and elongated particles
will have less strength and durability when compared with cubical, angular or rounded
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particles of the same aggregate. Hence too flaky and too much elongated aggregates
should be avoided as far as possible.
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Adhesion with bitumen

The aggregates used in bituminous pavements should have less a nity with water when
compared with bituminous materials, otherwise the bituminous coating on the
aggregate will be stripped o in presence of water.

Durability

The property of aggregates to withstand adverse action of weather is called soundness.
The aggregates are subjected to the physical and chemical action of rain and bottom
water, impurities there-in and that of atmosphere, hence it is desirable that the road
aggregates used in the construction should be sound enough to withstand the
weathering action

Freedom from deleterious particles

Specifications for aggregates used in bituminous mixes usually require the aggregates
to be clean, tough and durable in nature and free from excess amount of at or elongated
pieces, dust, clay balls and other objectionable material. Similarly aggregates used in
Portland cement concrete mixes must be clean and free from deleterious substances
such as clay lumps, chert, silt and other organicimpurities.
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Lecture 23Aggregate
tests-|

Overview

In order to decide the suitability of the aggregate for use in pavement construction,
following tests are carried out:

Crushingtest

Abrasiontest

Impacttest

Soundnesstest

Shape test

Specific gravity and water absorptiontest
v" Bitumen adhesiontest

Crushing test

AN NI NI N NN

One of the model in which pavement material can fail is by crushing under compressive stress. A test is
standardized by 1S:2386 part-1V and used to determine the crushing strength of aggregates. The
aggregate crushing value provides a relative measure of resistance to crushing under gradually applied
crushing load.

Load

-

o
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Fig.23.1 Crushing test setup

Abrasion test

Abrasion test is carried out to test the hardness property of aggregates and to decide whether they are
suitable for different pavement construction works. Los Angeles abrasion test is a preferred one for
carrying out the hardness property and has been standardized in India (IS:2386 part-I1V).
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Steel Balls

Fig.23.2 Los Angeles abrasion test setup
Impact
test
The aggregate impact test is carried out to evaluate the resistance to impact of
aggregates. Aggregates passing 12.5 mm sieve and retained on 10 mm sieve is filled in
a cylindrical steel cup of internal dia 10.2 mm and depth 5 cm which is attached to a
metal base of impact testing machine. The material is filled in 3 layers where each layer
is tamped for 25 number ofblows.

Soundness test

Soundness test is intended to study the resistance of aggregates to weathering action,
by conducting accelerated weathering test cycles. The Porous aggregates subjected to
freezing and thawing are likely to disintegrate prematurely. To ascertain the durability of
such aggregates, they are subjected to an accelerated soundness test as specified in
IS:2386 part-V.

Falling
Hammer

- Mould

V0
Fig.23.3 Impact test setup

D
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24Aqgregate

tests-l

Shape tests

The particle shape of the aggregate mass is determined by the percentage of flaky and
elongated particles in it. Aggregates which are flaky or elongated are detrimental to
higher workability and stability of mixes. The flakiness index is defined as the
percentage by weight of aggregate particles whose least dimension is less than 0.6
times their mean size. Test procedure had been standardized in India (1S:2386 part-I).

— .,
— —

|
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| G

Fig.24.1 Flakiness gauge

nﬂﬂ”"

Fig.24.2 Elongation gaugege

Specific Gravity and water absorption

The Specific gravity and water absorption of aggregates are important properties that
are required for the design of concrete and bituminous mixes. The Specific gravity of
a solid is the ratio of its mass to that of an equal volume of distilled water at a
specified temperature.

e Apparent SpecificGravity

e Bulk SpecificGravity

Water absorption, The difference between the apparent and bulk specific gravities is
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nothing but the water- permeable voids of the aggregates.
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The specific gravity of aggregates normally used in road construction ranges from about 2.5 t0 2.9.
Water absorption values ranges from 0.1 to about 2.0 percent for aggregates normally used in road
surfacing.

Bitumen adhesion test

Bitumen adheres well to all normal types of road aggregates provided they are dry and free
from dust. In the absence of water there is practically no adhesion problem of bituminous
construction. Adhesion problem occurs when the aggregate is wet and cold.

Table 24.1 Tests for Aggregates with IS codes

Property of aggregate Type of Test Test Method

Crushing strength Crushing test IS : 2386 (part 4) -1963
Hardness Los Angeles abrasion test IS : 2386 (Part 5)-1963
Toughness Aggregate impact test IS : 2386 (Part 4)-1963
Durability Soundness test- accelerated durability test IS : 2386 (Part 5)-1963
Shape factors Shape test IS : 2386 (Part 1)-1963
Specific gravity and porosity | Specific gravity test and water absorption test | IS : 2386 (Part 3)-1963
Adhesion to bitumen Stripping value of aggregate IS : 6241-1971
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Lecture 25Pavement

materials: Bitumen

Overview

Bituminous materials or asphalts are extensively used for roadway construction,
primarily because of their excellent binding characteristics and water proofing
properties and relatively lowcost.

Production of Bitumen

Bitumen is the residue or by-product when the crude petroleum is refined. A wide variety
of refinery processes, such as the straight distillation process, solvent extraction
process etc. may be used to produce bitumen of different consistency and other
desirable properties.

Vacuum steam distillation of petroleum oils

In the vacuum-steam distillation process the crude oil is heated and is introduced into a
large cylindrical still. Steam is introduced into the still to aid in the vaporization of the
more volatile constituents of the petroleum and to minimize decomposition of the
distillates and residues. The volatile constituents are collected, condensed, and the
various fractions stored for further refining, if needed. The residues from this distillation
are then fed into a vacuum distillation unit, where residue pressure and steam will
further separate out heavier gas oils. The bottom fraction from this unit is the vacuum-
steam-re ned asphaltcement.

Different forms of
bitumenCutback bitumen

Normal practice is to heat bitumen to reduce its viscosity. In some situations preference
is given to use liquid binders such as cutback bitumen. In cutback bitumen suitable
solvent is used to lower the viscosity of the bitumen. From the environmental point of
view also cutback bitumen ispreferred.

There are different types of cutback bitumen like rapid curing (RC), medium curing (MC),
and slow curing (SC).

Bitumen emulsion

Bitumen emulsion is a liquid product in which bitumen is suspended in a finely divided

condition in an aqueous medium and stabilized by suitable material. Three types of

bituminous emulsions are available, which are Rapid setting (RS), Medium setting (MS),
“Under



and Slow setting (SC). Bitumen emulsions are ideal binders for hill roadconstruction.
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Bituminous primers

In bituminous primer the distillate is absorbed by the road surface on which it is spread.
The absorption therefore depends on the porosity of the surface. Bitumen primers are
useful on the stabilized surfaces and water bound macadam base courses. Bituminous
primers are generally prepared on road sites by mixing penetration bitumen with
petroleum distillate.

Modified Bitumen

Certain additives or blend of additives called as bitumen modifiers can improve
properties of Bitumen and bituminous mixes. Bitumen treated with these modifiers is
known as modified bitumen. Polymer modified bitumen (PMB)/ crumb rubber modified
bitumen (CRMB) should be used only in wearing course depending upon the
requirements of extreme climatic variations. The detailed specifications for modified
bitumen have been issued by IRC: SP:53-1999.

Requirements of Bitumen

The desirable properties of bitumen depend on the mix type and construction. In
general, Bitumen should posses following desirable properties.

o The bitumen should not be highly temperature susceptible: during the hottest
weather the mix should not become too soft or unstable, and during cold weather
the mix should not become too brittle causingcracks.

o The viscosity of the bitumen at the time of mixing and compaction should be
adequate. This can be achieved by use of cutbacks or emulsions of suitable
grades or by heating the bitumen and aggregates prior tomixing.

o There should be adequate affinity and adhesion between the bitumen and
aggregates used in themix.
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Lecture 26Test

of Bitumen

Tests on
bitumen

There are a number of tests to assess the properties of bituminous materials. The
following tests are usually conducted to evaluate di erent properties of bituminous
materials.

e Penetrationtest

e Ductilitytest

e Softening pointtest

e Specific gravitytest

e Viscositytest

e Flash and Fire pointtest
e Floattest

o Water content test

e Loss on heatingtest

Penetration test

It measures the hardness or softness of bitumen by measuring the depth in tenths of a
millimeter to which a standard loaded needle will penetrate vertically in 5 seconds. BIS
had standardized the equipment and test procedure. The penetrometer consists of a
needle assembly with a total weight of 100g and a device for releasing and locking in
anyposition.

Penetration

Fig. 26. 1 Penetration Test Setup

Ductility test
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Ductility is the property of bitumen that permits it to undergo great deformation or
elongation. Ductility is defined as the distance in cm, to which a standard sample or
briquette of the material will be elongated without breaking.
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Ductility

Starting Point

' ‘ End Point ‘ '

Fig. 26.2 Ductility Moulds
Softening point test

Softening point denotes the temperature at which the bitumen attains a particular
degree of softening under the specifications of test. The test is conducted by using Ring
and Ball apparatus.

Tharmq\mater
A . \L\‘x (M)
L~ N
-——— Softening
[ = o ] I rh Paint
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H Bitumen
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———

Strarting Point End Point

Fig. 26.3 Softening Point Test Setup
Specific gravity test

In paving jobs, to classify a binder, density property is of great use. In most cases
bitumen is weighed, but when used with aggregates, the bitumen is converted to
volume using density values. The density of bitumen is greatly influenced by its
chemical composition. Increase in aromatic type mineral impurities cause an increase
in specific gravity.

Viscosity test

Viscosity denotes the fluid property of bituminous material and it is a measure of
resistance to flow. At the application temperature, this characteristic greatly influences
the strength of resulting paving mixes. Low or high viscosity during compaction or
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mixing has been observedto
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result in lower stability values. At high viscosity, it resist the compactive effort and
thereby resulting mix is heterogeneous, hence low stability values.

Bitumen Sample

W

50 cc Flask

o Ta

Fig.26.4 Viscosity apparatus
Flash and fire point test

At high temperatures depending upon the grades of bitumen materials leave out
volatiles. And these volatiles catches fire which is very hazardous and therefore it is
essential to qualify this temperature for each bitumen grade.

Float test

Normally the consistency of bituminous material can be measured either by penetration
test or viscosity test. But for certain range of consistencies, these tests are not
applicable and Float test isused.

Water content test

It is desirable that the bitumen contains minimum water content to prevent foaming of
the bitumen when it is heated above the boiling point of water. The water in a bitumen is
determined by mixing known weight of specimen in a pure petroleum distillate free from
water, heating and distilling of the water.

Loss on heating test

When the bitumen is heated it loses the volatility and gets hardened. About 50gm of the
sample is weighed and 0 heated to a temperature of 163 C for Shours in a specified
oven designed for this test.
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Lecture 27Bituminous Mix

Design-|

Overview

The bituminous mix design aims to determine the proportion of bitumen, filler, fine
aggregates, and coarse aggregates to produce a mix which is workable, strong, durable
and economical. The requirements of the mix design and the two major stages of the
mix design, i.e dry mix design and wet mixdesign.

Objectives of mix design

1. Sufficient bitumen to ensure a durablepavement,

2. Sufficient strength to resist shear deformation under traffic at highertemperature,

3. Sufficient air voids in the compacted bitumen to allow for additional compaction bytraffic,
4. Sufficient workability to permit easy placement withoutsegregation,

5. Sufficient flexibility to avoid premature cracking due to repeated bending bytraffic,and

6. Sufficient flexibility at low temperature to prevent shrinkagecracks.

Constituents of a mix

e Coarse aggregates
e Fine aggregates

o Filler
e Binder
Types of mix

e Well-gradedmix
e Gap-gradedmix
e Open-gradedmix
e Unbounded

Different layers in a pavement

o Bituminous basecourse
o Bituminous bindercourse
o Asphaltic/Bituminousconcrete
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Lecture 28Requirements of

Bituminous mixes

Stability

Stability is defined as the resistance of the paving mix to deformation under traffic load.
Two examples of failure are

(i) shoving - a transverse rigid deformation which occurs at areas subject to
severeacceleration

(i) grooving - longitudinal ridging due to channelization of traffic. Stability depend on the
inter- particle friction, primarily of the aggregates and the cohesion offered by
thebitumen.

Durability
Durability is defined as the resistance of the mix against weathering and abrasive actions.

(i) pot-holes, - deterioration of pavements locallyand
(i) stripping, lost of binder from the aggregates and aggregates areexposed.
Flexibility

Flexibility is a measure of the level of bending strength needed to counteract traffic
load and prevent cracking of surface. Fracture is the cracks formed on the surface
(hairline-cracks, alligator cracks), main reasons are shrinkage and brittleness of
thebinder.

Skid resistance

It is the resistance of the finished pavement against skidding which depends on the
surface texture and bitumen content. It is an important factor in high speedtraffic.

Workability

Workability is the ease with which the mix can be laid and compacted, and formed to the
required condition and shape.

Desirable properties
From the above discussion, the desirable properties of a bituminous mix can be
summarized as follows:

v’ Stability to meet trafficdemand
v Bitumen content to ensure proper binding and waterproofing
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v" Voids to accommodate compaction due totraffic
v Flexibility to meet traffic loads, esp. in coldseason
v Sufficient workability for construction » Economicalmix
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Lecture 29D
Mix Design

Overview

The objective of dry mix design is to determine the amount of various sizes of mineral
aggregates to use to get a mix of maximum density. The dry mix design involves three
important steps, viz. selection of aggregates, aggregates gradation, and proportion of
aggregates, which are discussedbelow.

Selection of aggregates
The desirable qualities of a bituminous paving mixture are dependent to a considerable

degreeon the nature of the aggregates used. Aggregates are classified as coarse, fine,
and filler. The function of the coarse aggregates in contributing to the stability of a
bituminous paving mixture is largely due to interlocking and frictional resistance of
adjacentparticles.

Aggregate gradation
The properties of the bituminous mix including the density and stability are
very much dependent on the aggregates and their grain size distribution.
However, some minimum amount of void space is necessary to:
o provide adequate volume for the binder tooccupy,
o promote rapid drainage,and
o provide resistance to frost action for base and sub basecourses.

Proportioning of aggregates

After selecting the aggregates and their gradation, proportioning of aggregates has to
be done and following are the common methods of proportioning of aggregates:

* Trial and errorprocedure:

* GraphicalMethods:

+ AnalyticalMethod:
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Lecture 30Marshall

Mix Design

Overview

The mix design (wetmix) determines the optimum bitumen content. This is preceded by
the dry mix design.

Marshall mix design

The Marshall stability and flow test provides the performance prediction measure for
the Marshall mix design method. The stability portion of the test measures the
maximum load supported by the test specimen at a loading rate of 50.8mm/minute.

Specimen preparation

Determine the properties of the mix

Load Measuring
Proving Ring

~~ Deformation Measuring
(! Dial Guage (Flow meter)

Fig. 30.1 MarshallMould

A e
Twh Bitumen __,Jb VT
wal Fillers I
Wm ws__ Fine Aggregates __va Vm
w2 V2
w1__ Coarse Aggregateest __v1
Weight Specimen Volume

Fig. 30.2 MarshallMould
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Theoretical specific gravity of the mix Gt

. Wi+ Wo+ W3+ W,

Gt = — -
W, , We |, W3 | W,
o T Tae e
Bulk specific gravity of mix Gm W

Air voids percent Vv

Lid:]
_ Gl’.ﬂ

L‘rb T W1 +Wo4+Wa+ W,
Gm

Voids in mineral aggregateVMA VM A = Vo, + V4
Voids filled with bitumen VFB
Determine Marshall stability and flow

Marshall stability of a test specimen is the maximum load required to produce failure
when the specimen is preheated to a prescribed temperature placed in a special test
head and the load is applied at a constant strain (5 cm per minute).

Apply stability correction
Volume of | Thickness | Correction
specimen | of specimen Factor
(em3) (mm)
457 - 470 57.1 1.19
471 - 482 68.7 1.14
483 - 495 60.3 1.09
496 - 508 61.9 1.04
509 - 522 63.5 1.00
523 - 535 65.1 0.96
536 - 546 66.7 0.93
547 - 559 68.3 0.89
560 - 573 69.9 0.86
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Prepare graphical plots

The average value of the above properties are determined for each mix with different
bitumen content and the following graphical plots are prepared:

1. Binder content versus corrected Marshallstability
2. Binder content versus Marshallflow
3. Binder content versus percentage of void in the total mixv

4. Binder content versus voids filled with bitumen (V F B) 5. Binder content versus unit
weight or bulk specificgravity

Determine optimum bitumen content

Determine the optimum binder content for the mix design by taking average value of
the following three bitumen contents found form the graphs obtained in the previous
step.

1. Binder content corresponding to maximumstability
2. Binder content corresponding to maximum bulk specificgravity

3. Binder content corresponding to the median of designed limits of percent air voids in

the total mix v (i.e.4%)

Bitumen % Bitumen % Bitumen %

NE

Bitumen % Bitumen %

Stability

Flow Value
Unit Weight

Air Void

Fig. 30.1 Marshal graphical plots

*Under



Lecture 31Flexible

pavementdesign-|

Overview

Flexible pavements are so named because the total pavement structure deflects, or
flexes, under loading. A flexible pavement structure is typically composed of several
layers of materials. Each layer receives loads from the above layer, spreads them out,
and passes on these loads to thenext layer below. Thus the stresses will be reduced,
which are maximum at the top layer and minimum on the top ofsubgrade.

Design procedures

e Empiricaldesign
e Empiricaldesign

Traffic and Loading

= Fixedtraffic
= Fixedvehicle
= Variable traffic andvehicle

Equivalent single wheel load

To carry maximum load with in the specified limit and to carry greater load, dual wheel,
or dual tandem assembly is often used. Equivalent single wheel load (ESWL) is the
single wheel load having the same contact pressure, which produces same value of
maximum stress, deflection, tensile stress or contact pressure at the desired depth.

Equivalent single wheel load To carry maximum load with in the specified limit and to
carry greater load, dual wheel, or dual tandem assembly is often used. Equivalent single
wheel load (ESWL) is the single wheel load having the same contact pressure, which
produces same value of maximum stress, deflection, tensile stress or contact pressure
at the desired depth.

0.301 log,, %)

5

logyy ESWL = logy, P + d
logy( 4/2)
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Fig. 31.1 ESWL-Equal stress concept

Equivalent single axle load

o Legal axleload
o Standard axle

loadRepetition of axle

loads Equivalent axle

m
Equivalent single axle load, ESAL = ZFm,;
i=1

loadfactor

*Under



Lecture 32Flexible
pavementdesign-|

Material characterization

It is well known that the pavement materials are not perfectly elastic but experiences
some permanent deformation after each load repetitions. It is well known that most
paving materials are not elastic but experience some permanent deformation after
each load application.

Resilient modulus of soil

The elastic modulus based on the recoverable strain under repeated loads is called the
resilient modulus.

Elastic strain

Strain

Plastic strain

Fig. 32.1 Recoverable strain under repeated loads
Dynamic complex modulus
This is one of the way of explaining the stress-strain relationship of visco-elastic materials.
Correlations with other tests

Determination of resiliant modulus is often cumbersome. Therefore, various empirical
tests have been used to determine the material properties for pavement design.

Mechanistic-empirical analysis

Mechanics is the science of motion and action of forces on bodies. In pavement
design these phenomena are stresses, strains, and deflections within a pavement
structure and thephysical causes are loads and material properties of the
pavementsstructure.

27.5.1 Advantages
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The basic advantages of the Mechanistic-Empirical pavement design method over a
purely empirical one are:

o It can be used for both existing pavement rehabilitation and new
pavementconstruction

It can accommodate changing loadtypes

It can better characterize materials allowing for better utilization of
availablematerials accommodation of new materials improved definition of
existing layerproportion

It uses material proportion that relates better with actual pavementperformance
It provides more reliable performancepredictions

It defines role of construction in a betterway

It accommodates environment and aging e ect of materials in thepavement

o O

O O O0OOo

Mechanistic model
Mechanistic models are used to mathematically model pavement physics.

Inputs

A layered elastic model requires a minimum number of inputs to adequately
characterize a pavement structure and its response to loading. These inputs are:

Material properties of each layer, like modulus of elasticity (E), Poisson's ratio,
Pavement layer thicknesses, and

Loading conditions which include the total wheel load and load repetitions

Output

The outputs of the layered elastic model are the stresses, strains and de ections in the
pavements.

= Stress.
= Strain.
= Deflection.
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IRC Method of Flexible Pavement

Design
Overview

Indian roads congress has specified the design procedures for exible pavements based
on CBR values. The Pavement designs given in the previous edition IRC:37-1984 were
applicable to design traffic upto only 30 million standard axles (msa).

Scope

These guidelines will apply to design of exible pavements for Expressway, National
Highways, State Highways, Major District Roads, and other categories of roads. Flexible
pavements are considered to include the pavements which have bituminous surfacing
and granular base and sub-base courses conforming to IRC/ MOST standards. These
guidelines apply to new pavements.

Desiqgn criteria

o Vertical compressive strain at the top of the sub-grade which can cause sub-
grade deformation resulting in permanent deformation at the pavementsurface.

o Horizontal tensile strain or stress at the bottom of the bituminous layer which
can cause fracture of the bituminouslayer.

o Pavement deformation within the bituminouslayer.

Failure Criteria

e FatigueCriteria
e RuttingCriteria

l

Binder Course

Tensile Strain
-

Granular Base / Sub Base Course

* Compressive Strain

Sub Grade Soil

Fig. 33.1 Critical Locations in Pavement

*Under



Design procedure

Based on the performance of existing designs and using analytical approach, simple
design charts and a catalogue of pavement designs are added in thecode.

Using the following simple input parameters, appropriate designs could be chosen for
the given traffic and soil strength:

e Design traffic in terms of cumulative number of standard axles;and
e CBR value ofsubgrade.

Design traffic

The method considers traffic in terms of the cumulative number of standard axles
(8160 kg) to be carried by the pavement during the design life. This requires the
following information:

e |Initial traffic in terms of CVPD

o Traffic growth rate during the designlife

e Design life in number ofyears

e Vehicle damage factor(VDF)

e Distribution of commercial traffic over the carriageway.

Pavement thickness design charts

For the design of pavements to carry traffic in the range of 1 to 10 msa, use chart 1 and
for traffic in the range 10 to 150 msa, use chart 2 of IRC:37 2001.

Pavement composition

o0 Sub-base
o0 Base
o Bituminoussurfacing
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Lecture 34Stresses in

RigidPavement

Overview

As the name implies, rigid pavements are rigid i.e, they do not flex much under loading
like flexible pavements. They are constructed using cement concrete. In this case, the
load carrying capacity is mainly due to the rigidity ad high modulus of elasticity of the
slab (slab action).

Modulus of sub-grade reaction

Westergaard considered the rigid pavement slab as a thin elastic plate resting on soil
sub-grade, which is assumed as a dense liquid. The upward reaction is assumed to be
proportional to the deflection.

Relative stiffness of slab to sub-grade

A certain degree of resistance to slab deflection is offered by the sub-grade. The sub-
grade deformation is same as the slab deflection. Hence the slab deflection is direct
measurement of the magnitude of the sub-grade pressure.

Critical load positions

There are three typical locations namely the interior, edge and corner, where differing
conditions of slab continuity exist. These locations are termed as critical load positions.

® o

Tension at Boltom Tension at Top

%Vﬂ
<’

Tension at Bottom

Fig. 34.1 Critical stress locations
Temperature stresses
Temperature stresses are developed in cement concrete pavement due to variation in

slab temperature. This is caused by
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(i) Daily variation resulting in a temperature gradient across the thickness of the slaband

*Under



(i) Seasonal variation resulting in overall change in the slabtemperature.
Combination of stresses
The cumulative effect of the different stress give rise to the following thee critical cases

e Summer, mid-day: The critical stress is for edgeregion
e Winter, mid-day: The critical combination of stress is for the edge region givenby
e Mid-nights: The critical combination of stress is for the corner regiongiven
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Lecture 35Design
of joints

Expansion joints

The purpose of the expansion joint is to allow the expansion of the pavement due to rise in
temperature with respect to construction temperature.

Filler

Contraction joints

1 ]
Full bond Fl!.lll bond

35.2 Contraction Joint

Dowel bars

The purpose of the dowel bar is to effectively transfer the load between two concrete slabs and to
keep the
two slabs in same height.

Tie bars

In contrast to dowel bars, tie bars are not load transfer devices, but serve as a means to
tie two slabs. Hence tie bars must be deformed or hooked and must be firmly anchored
into the concrete to function properly.
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Lecture 36Low_
VolumeRoads

Overview

Low Volume Road is considered a road that has relatively low use (an Average Daily
Traffic of less than 400 vehicles per day), low design speeds (typically less than 80 kph),
and corresponding geometry. Most roads in rural areas are low-volumeroads.

Steps

The basic steps of road panning are:
Planning

Location

Survey

Design

Construction

Maintenance

O O O0OO0OO0Oo

Importance of Rural Roads

Rural road connectivity is a key component of rural development in India since it
promotes access to economic and social services and thereby increases agricultural
income and productive employment opportunities. As a result, it is also a key ingredient
in ensuring sustainable poverty reduction.

Aspect of Road Design

GeneralDesign
Materials
Slopes
Drainage
ErosionControl

O O O o0 O
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Lecture 37Highway
Drainage

Overview

Provision for adequate drainage is of paramount importance in road design and cannot
be overemphasized. The presence of excess water or moisture within the roadway will
adversely affect the engineering properties of the materials with which it was
constructed. Cut or fill failures, road surface erosion, and weakened subgrades followed
by a mass failure are all products of inadequate or poorly designed drainage. As has
been stated previously, many drainage problems can be avoided in the location and
design of the road: Drainage design is most appropriately included in alignment and
gradientplanning.

Importance of Drainage

Water has a number of unhelpful characteristics which impact on highway performance.

(0]

o

(0]

It is a lubricant reducing the effectiveness of tyre grip on the carriageway
wearing surface which can increase stoppingdistances.

Spray from rainwater being thrown up by car tyres can reduce visibility which can
lead to delays in reacting to events on thecarriageway.

Drag on car tyres from local rainwater ponding can alter the balance of
vehiclestravelling at speed which can be alarming or causeskidding.

It is incompressible therefore standing water effectively acts as a
jackhammer on the wearing course right through to the sub-base when
vehicles pass overhead.

It expands when frozen pulling apart the carriageway construction which then
fallsapart when it warmsup

In extreme storms, rainwater can simply wash away roads on embankment
shouldthe culvert become blocked or lackcapacity.
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Lecture

38Bridge
Engineering-|
Classification of Bridges

1.Classification of Bridges (According to form (or) type ofsuperstructures)
*Slabbridge

‘Beambridge

*Trussbridge

*Archbridge

*Cable stayed (or )suspendedbridge

2.Classification of bridges (According to material of construction ofsuperstructure)
*Timberbridge

«Concrete bridge

Stonebridge

*R.C.Cbridge

+Steelbridge

*P.C.Cbridge

*Compositebridge

*Aluminumbridge

3. Classification of bridges (According to inter-spanrelationship)
*Simply supportedbridge

Cantileverbridge

*Continuousbridge

4. Classification of bridges (According to the position of the bridge floor
relativeto superstructures)

*Deck throughbridge

*Half through or suspensionbridge

5. Classification of bridges (According to method of connection of different
partof superstructures)

*Pinned connectionbridge

*Riveted connectionbridge

*Welded connectionbridge

6.Classification of bridges (According to length of bridge)
*Culvert bridge(less than 6m)

*Minor bridge(less than 6m-60m)

*Major bridge(more than 60m)

Long span bridge(more than 120m)
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9.Classification of bridges (According tofunction)
+Aqueduct bridge(canal over ariver)
*Viaduct(road or railway over a valley orriver)
*Pedestrianbridge

*Highwaybridge

Railwaybridge

*Road-cum-rail or pipe linebridge

Bridge scour

It is the removal of sediment such as sand and rocks from around bridge abutments or
piers. Scour, caused by swiftly moving water, can scoop out scour holes, compromising
the integrity of a structure.

In the United States of America, bridge scour is one of the three main causes of bridge
failure (the others being collision and overloading). It has been estimated that 60% of all
bridge failures result from scour and other hydraulic-related causes. It is the most
common cause of highway bridge failure in the United States, where 46 of 86 major
bridge failures resulted from scour near piers from 1961 to 1976.
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39Bridge Engineering
-1l

Shallow Foundations:

Foundations provided immediately beneath the lowest part of the structure, near to the
ground level are known as shallow foundations. Such foundations are mostly placed on
the first hard and firm strata available below the ground level. Shallow foundations are
further classified into the following types:

Spread footing or open trenchfoundations
Grillagefoundations

Raftfoundations

Steppedfoundations

Inverted archfoundations

akronp=

Deep Foundation:

The foundation constructed sufficiently below ground level with some
artificialarrangements such as piles, wells etc, at their base are called deep
foundations. Deep foundation are further classified into the followingtypes;

1. Pilefoundation

2. Wellfoundation
3. Caissonfoundation
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Lecture

40Earthwork

For various civil engineering projects like road work, irrigation canal project, tank survey,
earth moving, etc, the calculation method used are different. Some of these methods
were introduced before the invention of computers and are still being continued. This
document discusses about the industry practices of various methods of volume
calculation so that the users can finally choose the right one for their project.

Earthworks

Earthworks are engineering works created through the moving and/or processing of
massive quantities of soil or unformed rock. Earthwork is done to reconfigure the
topography of a site to achieve the design levels. Earthwork involves cutting and filling
to achieve the required topography.

Cutting
Cutting is the process of excavating earth material from a work location to achieve the
desired topography.

Filling
Filling is the process of moving the excavated material or additional earth material to a
work location to achieve the desired topography.

Applications of Earthwork
Typically, earthwork is done in the following projects:
o Roadworks
e Railways
« lIrrigation project such as canals anddams
o Other common earthwork applications are land grading to reconfigure the
topography of a site, or to stabilizeslopes

Trapezoidal Rule (End Area)

In trapezoidal method, each segment of the section is divided into various trapezoids
and triangles.

Trapezoidal Area A=1/2 X a X (b1+b2)
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Triangle area A =a*b/2

b2=6

b1=10
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