
UNIT 1 HIGHWAY ENGINEERING

Significance of highway planning

Wide Geographical Coverage provided by roads:

Roads can be constructed to penetrate the interior of any region and to connect remote villages. The

advantage becomes particularly evident when planning the communication system in hilly regions

and sparsely populated areas.

Low Capital investment:

Roads can be constructed at comparatively lower initial cost than railways. The cost of roads varies

with specifications, but even the best road is cheaper than a railway line.

Quick and assured deliveries:

Time is great value for a wide range of articles; including both perishables and high value is

manufactured products. Road transport by its quick deliveries reduces the need for larger inventories

and locking up of working capital a great cost.

Flexibility:

Road transport offers a flexible service, free from fixed schedules. Any number of trucks or buses

can be pressed into service quickly to meet sudden demand or withdrawn .Such a flexibility is

absent in railways, which operate generally according to fixed schedules.

Door-to-door services:

Road transport offers door-to-door service, free from transshipments from origin to destination.

Railways on the other hand have to depend upon road transport for picking up loads and making

deliveries.

Simpler packaging:

Road transport permits simpler packaging and crating for the protection of goods against breakage.

Personalized service:

A personal touch is generally present in road transport. The customer is given in individualized

attention in various matters.

Employment potential:

Road transport has a high employment potential. This is an important factor in a country with a large

and employment problem.

Personalized travel:

Travel by private car or motorized two wheeler or even a cycle, satisfies personal pleasures.This is

one of the main reasons for the popularity of personalized travel mode in the developed countries.

Short hauls:

For short hauls transport is there only economical means if a major project is to be constructed and

is the construction materials have to be transported through short distances one turns only to road

transport.

Safety:

One of the serious advantages of road transport is its poor record of safety. Road accidents have

become a serious menace, claiming enormous economic loss to the nation.

Environmental pollution:

Road transport has been one of the major causes for environmental pollution, noise fumes, vibration,

loss of aesthetics, ribbon development these are the some ill effects. 1

JAIRUBAA COLLEGE OF ENGINEERING TIRUPPUR



Parking problem:

Road transport has caused parking problem of serious proportions in city streets.

Long hauls:

It has been found that most commodity movements are cheaper by road for short hauls up to 300-

350 kms, but beyond this range, the cost advantage lies with the railways.

Energy:

Road transport consumes greater energy per passenger km and tone km than railways.

History of road development in India

Roads in India perform a variety of roles in achieving speedy economic development. Some of the

important aspects are discussed below:

Connection to villages

India is a country having 590,000 villages, scattered into small habitations and often located in the

extreme interior. Thus social uplift, health and education of the village population is aided by roads.

Communications in hilly terrain:

For the hill states located along the Himalayan range, communication facility is possible only by

roads because of the steep terrain involved.

Strategic importance:

The defense of the northern, north-eastern and western borders of the country is dependent to a large

extent on the road system.

Helps agricultural development:

Roads have fostered quicker agricultural development facilitating movement of modern inputs such

as fertilizers and high yielding seeds.

Helps dairy development:

Since the cattle wealth of the nation is concentrated in innumerable villages and small habitations,

the collection and processing of surplus milk only because of roads.

Forestry development:

The forest wealth of the country is being exploited mainly because of the roads which penetrate in to

the thick jungles.

Fisheries Development:

The Development of the fisheries along the coast line has been rendered possible because of the

construction of link roads leading to the coast.

Tourism Development:

Some of the ancient monuments, religious places, natural parks and sanctuaries are accessible only

roads. Tourism, both domestic and international, has been greatly aided by roads serving such as

places of interest.

Employment:

As already stated, roads and road transport provide employment to a large number of people in the

country. Since road construction involves labour intensive techniques in India, the large unemployed

labor force gets gainful employment.

Famine and flood relief:

Roads have helped operations pertaining to flood and famine relief. The affected people are

frequently employed on road construction to build durable assets.

Administrative convenience:

2
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Roads have helped the effective administration of this large country. Maintenance of law and order

and dispensation of justice have been aided by roads. National integration and cohesion have been

brought about by roads which traverse the length and breath of the country and which link people

from different parts together.

Tresaguet construction:

 Pierre Tresaguet (1716-1796) developed an improved method of construction in France by

the year 1964.The main feature of his proposal was that the thickness of construction need be

only in the order of 30 cm.

 Tresaguet was the inspector General of roads in France from 1775 to 1785.So his method of

construction was implemented in that country in 1775.

 The typical cross section of tresaguets road construction is given in fig. and the construction

steps may be enumerated as below.

i) The sub grade was prepared and layers of large foundation stones were laid on edge by

hand. At the two edges of the pavement large stones were embedded edge wise to serve

as submerged Krebs stones.

ii) The corners of the heavy foundation stones were hammered and then the interstices filled

with smaller stones.

iii) The top-wearing course was made of smaller stones and compacted to a thickness of

about 5 cm at the edges and gradually increased towards the center.

iv) The shoulders were also provides cross slope to drain the surface water to the side drain.

Macadam Construction

John Macadam put forward an entirely new method of road construction as compared to all the

previous methods. A typical cross section of Macadam construction:

3

JAIRUBAA COLLEGE OF ENGINEERING TIRUPPUR



i) The importance of sub grade drainage and compaction were recognized and the sub

grade was compacted and was prepared with a cross slope of 1 in 36.

ii) Macadam was the first person to suggest the heavy foundation stones are not at all

necessary to be placed at the bottom layer of construction.

iii) Though the total thickness of construction was less than previous methods. This

technique could serve the purpose in a better way.

iv) The size of broken stones for the top layer was decided based on the stability under

animal drawn vehicles.

Macadam’s method is the first method based on scientific thinking

The construction steps are:

i) Sub grade is compacted and prepared with a cross slope of 1 in 36 up to a desired width.

ii) Broken stones of a strong variety, all passing through 5 cm size sieve were compacted to

a uniform thickness of 10cm.

iii) The second layer of strong broken stones of size 3.75 cm was compacted to thickness of

10 cm.

iv) The top layer consisted of stones of size less than 2 cm compacted to a thickness of about

5 cm. The cross slope of pavement surface was also 1 in 36.

Classification of roads

Road classification

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.Accordingly, the roads can be classified as follows in the order of

increased accessibility and reduced speeds.

 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 the type 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 4
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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 on expressways.

 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, ie. urban areas.

 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 pedestrian crossings.

 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 pedestrian movements.

 Collector 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 peak hours.

Figure 1: Speed vs accessibility

5
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FACTORS AFFECTING HIGHWAY ALIGHNMENT

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 geometric design.

Design speed is defined as the highest continuous speed at which individual vehicles can

travel with safety on the highway when weather conditions are conducive. Design speed

is different from the legal speed limit which is the speed limit imposed to curb a common

tendency of drivers to travel beyond an accepted safe speed. Design speed is also

different from the desired speed which is the maximum speed at which a driver would

travel when unconstrained by either traffic or local geometry.

Since there are wide variations in the speed adopted by different drivers, and by different

types of vehicles, design speed should be selected such that it satisfy nearly all drivers. At

the same time, a higher design speed has cascading effect in other geometric designs and

thereby cost escalation. Therefore, an 85th percentile design speed is normally adopted.

This speed is defined as that speed which is greater than the speed of 85% of drivers. In

some countries this is as high as 95 to 98 percentile speed.

Topography

The next important factor that affects the geometric design is the topography. It is easier to

construct roads with required standards for a plain terrain. However, for a given design speed, the

construction cost increases multiform with the gradient and the terrain. Therefore, geometric design

standards are different for different terrain to keep the cost of construction and time of construction

under control. This is characterized by sharper curves and steeper gradients.

Other factors 6
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In addition to design speed and topography, there are various other factors that affect the geometric

design and they are briefly discussed below:

 Vehicle: :The dimensions, weight of the axle and operating characteristics of a vehicle

influence the design aspects such as width of the pavement, radii of the curve, clearances,

parking geometrics etc. A design vehicle which has standard weight, dimensions and

operating characteristics are used to establish highway design controls to accommodate

vehicles of a designated type.

 Human: The important human factors that influence geometric design are the , mental and

psychological characteristics of the driver and pedestrians like the reaction time.

 Traffic: It will be uneconomical to design the road for peak traffic flow. Therefore a

reasonable value of traffic volume is selected as the design hourly volume which is

determined from the various traffic data collected. The geometric design is thus based on

this design volume, capacity etc.

 Environmental: Factors like air pollution, noise pollution etc. should be given due

consideration in the geometric design of roads.

 Economy: The design adopted should be economical as far as possible. It should match

with the funds allotted for capital cost and maintenance cost.

 Others: Geometric design should be such that the aesthetics of the region is not affected.

Nagpur classification

In Nagpur road classification, all roads were classified into five categories as National highways,

State highways, Major district roads, Other district roads and village roads.

National highways

 They are main highways running through the length and breadth of India connecting major

ports , foreign highways, capitals of large states and large industrial and tourist centers

including roads required for strategic movements.

 It was recommended by Jayakar committee that the National highways should be the frame

on which the entire road communication should be based.

 All the national highways are assigned the respective numbers.

 For e.g. the highway connecting Delhi-Ambala-Amritsar is denoted as NH-1 (Delhi-

Amritsar), where as a bifurcation of this highway beyond Full under to Srinagar and Uri is

denoted as NH-1_A.

 They are constructed and maintained by CPWD.

 The total lengths of National highway in the country is 58,112 Kms, and constitute about 2%

of total road networks of India and carry 40% of total traffic.

State highways

 They are the arterial roads of a state, connecting up with the national highways of adjacent

states, district headquarters and important cities within the state

 They also serve as main arteries to and from district roads.

 Total length of all SH in the country is 1, 37,119 Kms.

Major district roads

 Important roads with in a district serving areas of production and markets , connecting those

with each other or with the major highways.

 India has a total of 4, 70,000 Kms of MDR. 7

JAIRUBAA COLLEGE OF ENGINEERING TIRUPPUR



Other district roads

 Roads serving rural areas of production and providing them with outlet to market centers or

other important roads like MDR or SH.

Village roads

 They are roads connecting villages or group of villages with each other or to the nearest

road of a higher category like ODR or MDR.

 India has 26,50,000 kms of ODR+VR out of the total 33,15,231 kms of all type of roads.

Roads classification criteria

Apart from the classification given by the different plans, roads were also classified based on some

other criteria. They are given in detail below.

Based on usage

This classification is based on whether the roads can be used during different seasons of the year.

 All-weather roads: Those roads which are negotiable during all weathers, except at major

river crossings where interruption of traffic is permissible up to a certain extent are called all

weather roads.

 Fair-weather roads: Roads which are negotiable only during fair weather are called fair

weather roads.

Based on carriage way

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

 Paved roads with hards 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), concrete roads)

 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.

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 costs. Once an

alignment is fixed and constructed, it is not easy to change it due to increase in cost of

adjoining land and construction of costly structures by the roadside.

Requirements

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 be

needed.

 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 geometric

features.

 The alignment should be economical and it can be considered so only when the

initial cost, maintenance cost, and operating cost are minimum. 8
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Factors controlling alignment

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 examples are:

o 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

crossing should be avoided as possible. Thus to locate a bridge the

highway alignment may be changed.

o 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 operation cost.

o Intermediate town: The alignment may be slightly deviated to connect an
intermediate town or village nearby.

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 while aligning.

 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 that point.

 Lakes/ponds etc: The presence of a lake or pond on the alignment path would also

necessitate deviation of the alignment.

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 pattern etc. Geometric design:

Geometric design factors such as gradient, radius of curve, sight distance etc. also govern

the alignment of the highway. To keep the radius of curve minimum, it may be required

to change the alignment. 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

be aligned. Economy: The alignment finalized should be economical. All the three costs

i.e. construction, maintenance, and operating cost should be minimum. The construction

cost can be decreased much if it is possible to maintain a balance between cutting and

filling. Also try to avoid very high embankments and very deep cuttings as the

construction cost will be very higher in these cases.

Road ecology

The features of the cross-section of the pavement influences the life of the pavement as 9
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well as the riding comfort and safety. Of these, pavement surface characteristics affect

both of these. Camber, kerbs, and geometry of various cross-sectional elements are

important aspects to be considered in this regard. They are explained briefly in this

chapter.

Camber

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

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

camber are:

 Surface protection especially for gravel and bituminous roads

 Sub-grade protection by proper drainage

 Quick drying of pavement which in turn increases safety

Too steep slope is undesirable for it will erode the surface. Camber is measured in 1 in n

or n% (Eg. 1 in 50 or 2%) and the value depends on the type of pavement surface. The

value suggested by IRC for various categories of pavement is given in Table 1. The

common types of camber are parabolic, straight, or combination of them (Figure 1)

Figure 1: Different types of camber

Table 1: IRC Value  s for ca  mber

Heavy LightSurface

raintype rain

1.7 %Concrete/Bituminous 2 %

2.5 %Gravel/WBM 3 %

3.0 %Earthen 4 %

10
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Engineering surveys for alignment

The stages of the engineering surveys are:

a) Map study.

b) Reconnaissance.

c) Preliminary surveys.

d) Final location and detailed surveys.

Map study: -

*) In the topographic map, to suggest the likely routes of roads. In India topographic

maps are available from the survey of India with 15 or 30-meter contour intervals.

*) The main feature like rivers, hills, and valleys etc. The probable alignment can be

located on the map from the following details available on the map.

 Alignment avoiding valleys, ponds or lakes

 When the road has to cross a row of hills, possibility crossing through a mountain pass.

 Approximate location of bridge site for crossing rivers, avoiding bend of the river.

 When a road is to be connected between two stations one of the top and the other on the foot

of the hill then alternate routes can be suggested keeping in view the permissible alignment.

 Suppose the scale of the contour map is known, and then the contour intervals it is possible

to decide the length of road required between two consecutive contours keeping the gradient

within allowable limits.

 In the fig. Let A and B be two stations to be connected by road. AB is the shortest route

(Straight line) APQB is a steep route in which the gradient positively exceeds 1 in 20 as the

distance between the contour intervals is only about 200 meter

 APLMNB is a route with an approximate slope of 1 in 20 whereas APEFGB is an alternate

alignment with the same gradient.

 Thus the map study also is possible to drop a certain route in view of any unavoidable

obstructions (or) undesirable ground enroute.

Reconnaissance:-

The second stage of surveys for highway location is the reconnaissance to examine the general

character of the area for deciding the most feasible routes for detailed studies.

Some of the details to be collected during reconnaissance are given below:

 Valleys, ponds, lakes, marshy, land, ridge, hills, permanent structures and other obstructions

along the route, which are not available in the map.

 Approximate values of gradient, length of gradients and radius of curves of alternate

alignments.

 Number and types of cross drainage structures maximum flood level and natural

groundwater level along the probable routes.

 Soil type along the routes from field identification tests and observation of geological

features.

 Sources of construction materials water and location of stone quarries.

 When the road passes through hilly or mountainous terrain, additional data regarding the

geological formation types of rocks, dip of strata, seepage flow etc.

Preliminary survey: - 11
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The main objectives of the preliminary surveys are:

 To survey the various alternate alignments proposed after the reconnaissance and to collect

all the necessary physical information and details of topography, drainage and soil.

 To compare the different proposals in view of the requirements of a good alignment.

 To estimate quantity of earthwork materials and other construction aspects and to work out

the cost of alternate proposals.

 To finalize the best alignment from all considerations.

The procedure of the conventional methods of preliminary surveys the given steps:

Primary survey: -

For alternate alignments either secondary traverses (or) independent primary traverses may be

necessary.

Topographical features: -

All geographical and other man made features along the traverse and for a certain width on either

side surveyed and plotted.

Leveling work: -

Levelling work is also carried out side by side to give the centerline profiles and typical cross

sections. The leveling work in the preliminary survey is kept to a minimum just sufficient to obtain

the approximate earthwork in the alternate alignments.

Drainage studies: -

Drainage investigations and hydrological data are collected so as to estimate the type, number and

approximate size of cross and drainage structures.

Soil survey: -

The soil survey conducted at this stage helps to working out details of earthwork, slopes, suitability

of materials, subsoil and surface drainage requirements and pavement type and the approximate

thickness requirements.

Material survey: -

The survey for naturally occurring materials like stone aggregates, soft aggregates etc and

identification of suitable quarries should be made.

Traffic survey: -

Traffic surveys conducted in the region from basis for deciding the number of traffic lanes and

roadway width, pavement design and economic analysis of highway project.

Locations and functions

Final location and detailed survey: -

The alignment finalized at the design office after the preliminary survey is to be first located on the

field by establishing the centerline. The detailed survey should be carried out for collecting the

information technology for the preparation of plans and construction details.

Location: -

 The centerline of the road finalized in the drawings to be translated on the ground

during the location survey.

 Major and minor control points are established on the ground and center pegs are

driven, checking the geometric design, requirements.

Detailed survey: -

 12
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 Levels along his final centerline should be taken at all staked points. Levelling work is to

great importance as the vertical alignment.

  A detailed soil survey is carried out to enable drawing of the soil profile.

 The data during the detailed survey should be elaborate and complete for preparing detailed

plans, design and estimates of the project.

Soil suitability analysis

The methodology for locating appropriate sites for each land use activity is guided by the intent to

minimize the possible adverse effects of development on the environment and on existing

communities, and to emphasize the positive impacts of such development, by locating them in a

most suitable location.

This is achieved by examining a number of individual criteria, assigning them relative levels of

importance as a whole, and using a mathematical resultant model to identify the most suitable

location.

By adopting this site suitability method, it is possible to systematically identify the criteria

considered, clearly document the relative importance of one criterion over another, analyze the net

outcome using a Geographic Information System, and then possibly revisit the mathematical

relationships in this “decision model” .

By revising the relative importance to identified criteria based upon the particular land use under

consideration, it is possible to generate “suitability maps” for each individual land use, and then

generate a final composite land use that is based on a best possible collective suitability of multiple

land uses.

To achieve this, all the criteria are assigned a “rank” denoting their relative levels of importance

within the suitability study. These ranks are assigned as numeric values ranging from 1 to 10, with 1

reflecting a low level of importance and 10 reflecting a high level of importance. For example,

within the criteria of road networks, national highways would have a different level of influence on

the suitability for a particular land use, as compared with local roads. Further, the distance from each

of these features would further modify the relative suitability of a land use based on the proximity to

a particular type of road.

Criteria for Site Suitability Analysis:

The decision criteria for site selection are examined for assigning relative ranks and individual

feature weights based on the land use type for which suitability is being examined. For benefit of

analysis, the criteria under consideration in this paper activity are organized as:

Critical Criteria: Criteria that will be very significant in the site selection of the identified land use

and will act as key drivers in the selection of the geographic location. These criteria can be clustered

into a single decision model and the outcome collectively reviewed. These criteria have a strong

influence in the final suitability.

Additional Criteria: Criteria that will have to be examined one at a time to carefully assess its

relationship with the proposed land use activity. These criteria have a positive influence in the final

suitability.
13
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Constrained Criteria: These criteria impose strong negative opportunities in the selection of areas

for the identified land use. Consequently, they inform of us of where the particular land use under

consideration should not be located. These criteria serve to limit or exclude areas from the final

suitability.

GIS Site Suitability Analysis Model: We were developed a tourism site suitability analysis model

in ArcGIS - 9.3.1, which is shown in Figure -

14
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UNIT 2 DESIGN OF HIGHWAY ELEMENTS

Typical cross section of urban and rural roads

A cross section is a vertical plane (slice) taken at right angles to the road control line showing the

various elements that make up the roads structure. It is normally viewed in the direction of

increasing chainage.

The width of a roadway is an important design consideration to ensure that it is appropriately sized

to serve its function. Because of the diversity within the County, two major roadway categories have

been established: 1. Rural Road Standards; 2. Urban Road Standards. Urban Road Standards will

serve those areas which tend to be more developed and need to provide for multiple users

(bicyclists, pedestrians, parallel parking, etc.) whereas, many rural roads will primarily serve only

vehicular traffic.

Cross sections are created to provide a visual guide depicting the initial, interim, and ultimate phase

cross sections for these road classifications. The typical sections illustrated in the following pages

are recommendations tied to transportation planning aspects, such as right‐of‐way, lineage, sidewalk

width, etc. Threshold daily traffic can be used as a guide for a starting point when determining

which cross section is most applicable.

1. Rural Road Standards

The rural roadways will not typically require curb and gutter or sidewalk, although the County may

require either or both in unique circumstances. Widths of lanes and shoulders will vary depending

upon the specific classification and the potential traffic volume which the roadway may carry. Roads

carrying fewer than 200 vehicles per day need not be paved or treated for dust control. The need for

paved shoulders is also dependent upon the level of traffic and safety.

Final design and construction details will be determined by the Public Works Department. Final

Design and construction criteria taken into consideration may include, but are not limited to; use of

the roadway, density of development, topographical characteristics and nearby development. For

construction in which only a portion of the ultimate cross‐section is intended to be completed, the

partial design will need to allow for the eventual widening to the ultimate cross‐section. The design

for the partial or interim cross‐section roadway will need to incorporate ultimate design information

to ensure that the first phase of roadway construction is appropriate and would not need to be

removed at a future date when the full width cross‐section is completed.

2. Urban Road Standards

Three roadway classifications are identified for those areas that are associated with the community’s

urban growth areas. They include arterial, collector, and local street classifications. Transportation

Plan shows the key elements of the urban road standards. Urban road standards will include 12‐foot

lanes, sidewalk and curb & gutter; arterials and collectors will also include a striped bike lane. Turn

lanes may be necessary as determined by the County. Since almost all of the municipalities have

different right‐of‐way cross sections adopted for their community, it makes it very difficult for the

County to match them all. Therefore, the philosophy was to encourage a baseline amount of

right‐of‐way reservation that could ensure the adjacent community enough area for coordination of

future roadway improvements, until such time the road. 15
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Cross sectional elements

Kerbs

Kerbs indicate the boundary between the carriage way and the shoulder or islands or
footpaths. Different types of kerbs are 17

JAIRUBAA COLLEGE OF ENGINEERING TIRUPPUR



 Low or mountable kerbs: This type of kerbs is provided such that they

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

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

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

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

also helps in longitudinal drainage.

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

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

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

to drive over this kerb with some difficulty.

 Barrier type kerbs: They are designed to discourage vehicles from leaving the

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

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

batter.

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

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

confinement and stability to the pavement.

Figure 1: Different types of kerbs

Shoulders

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

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

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

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

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

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

highways in India.

Parking lanes

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

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

minimum of 3.0 m width in the case of parallel parking. 18
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Bus-bays

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

they do not obstruct the movement of vehicles in the carriage way. They should be at

least 75 meters away from the intersection so that the traffic near the intersections is not

affected by the bus-bay.

Service roads

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

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

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

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

those lanes is not reduced.

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.

Footpath

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

provided for the safety of the pedestrians when both the pedestrian traffic and vehicular

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

The footpath should be either as smooth as the pavement or more smoother than that to

induce the pedestrian to use the footpath.

Right of way

Right of way (ROW) or land width is the width of land acquired for the road, along its

alignment. It should be adequate to accommodate all the cross-sectional elements of the

highway and may reasonably provide for future development. To prevent ribbon

development along highways, control lines and building lines may be provided. Control

line is a line which represents the nearest limits of future uncontrolled building activity

in relation to a road. Building line represents a line on either side of the road, between

which and the road no building activity is permitted at all. The right of way width is

governed by:

 Width of formation: It depends on the category of the highway and width of

roadway and road margins.

 Height of embankment or depth of cutting: It is governed by the topography and

the vertical alignment.

 Side slopes of embankment or cutting: It depends on the height of the slope, soil

type etc.

 Drainage system and their size which depends on rainfall, topography etc.

 Sight distance considerations: On curves etc. there is restriction to the visibility

on the inner side of the curve due to the presence of some obstructions like

building structures etc.

 Reserve land for future widening: Some land has to be acquired in advance 19
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Table 2: Design speed in as per IRC (ruling and minimum)

SteepType Plain  Rolling Hilly

40-30NS&SH 100-80 80-65  50-40

MDR 80-65 65-50 40-30 30-20

25-20ODR 65-50 50-40  30-25

25-20VR 50-40 40-35  25-20

anticipating future developments like widening of the road.

Table 1:

No

 right of way for open areas

Roadway width in mRoad

Plain and  Mountainous andclassification

steep terrain rolling terrain

Open areas

45 24NH/SH

18MDR 25

15 15ODR

12 9VR

Built-up areas

20NH/SH 30

 MDR 20 15

 ODR 15 12

9VR 10

20
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Horizontal curve

The presence of horizontal curve imparts centrifugal force which is a 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 horizontal

curve is necessary. Various forces acting on the vehicle are illustrated in the figure 1.

Figure 1: Effect of horizontal curve

They are the centrifugal force (P) acting outward, weight of the vehicle (W) acting

downward, and the reaction of the ground on the wheels ( and ). The centrifugal

force and the weight is assumed to be from the centre of gravity which is at h units above

the ground. Let the wheel base be assumed as b units. The centrifugal force in

is given by

(1)

where is the weight of the vehicle in , is the speed of the vehicle in , is

the acceleration due to gravity in and is the radius of the curve in .

The centrifugal ratio or the impact factor is given by:

21
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(1)

The centrifugal force has two effects: A tendency to overturn the vehicle about the outer

wheels and a tendency for transverse skidding. Taking moments of the forces with

respect to the outer wheel when the vehicle is just about to override,

At the equilibrium over turning is possible when

and for safety the following condition must satisfy:

(2)

The second tendency of the vehicle is for transverse skidding. i.e. When the the

centrifugal force is greater than the maximum possible transverse skid resistance due to

friction between the pavement surface and tyre. The transverse skid resistance (F) is

given by:

where and is the fractional force at tyre and , and is the reaction at

tyre and , is the lateral coefficient of friction and is the weight of the vehicle.

This is counteracted by the centrifugal force (P), and equating:

At equilibrium, when skidding takes place (from equation1)

and for safety the following condition must satisfy:
22
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(3)

Equation 2 and 3 give the stable condition for design. If equation 2 is violated, the vehicle

will overturn at the horizontal curve and if equation 3 is violated, the vehicle will skid at

the horizontal

Curve Analysis of super-elevation

Super-elevation or cant or banking is the transverse slope provided at horizontal curve to

counteract the centrifugal force, by raising the outer edge of the pavement with respect to

the inner edge, throughout the length of the horizontal curve. When the outer edge is

raised, a component of the curve weight will be complimented in counteracting the effect

of centrifugal force. In order to find out how much this raising should be, the following

analysis may be done. The forces acting on a vehicle while taking a horizontal curve with

super elevation is shown in figure 1.

Figure 1: Analysis of super-elevation

Forces acting on a vehicle on horizontal curve of radius at a speed of are:

  the centrifugal force acting horizontally out-wards through the center of

gravity,

 the weight of the vehicle acting down-wards through the center of gravity, and

the friction force between the wheels and the pavement, along the surface

inward.

23
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At equilibrium, by resolving the forces parallel to the surface of the pavement we get,

where

friction,

is the weight of the vehicle,      is the centrifugal force,     is the coefficient of

is the transverse slope due to superelevation. Dividing by    , we get

24
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Step 1

Find for 75 percent of design speed, neglecting,  i.e .

Step 2

If , then , else if go to step 3.

Step 3

Find for the design speed and max , i.e . If

, then the maximum is safe for the design speed, else go to

step 4.

Step 4

Find the allowable speed for the maximum and ,

If then the design is adequate, otherwise use speed adopt

control measures or look for speed control measures

Maximum and minimum super-elevation

Depends on (a) slow moving vehicle and (b) heavy loaded trucks with high CG. IRC

specifies a maximum super-elevation of 7 percent for plain and rolling terrain, while that

of hilly terrain is 10 percent and urban road is 4 percent. The minimum super elevation is

2-4 percent for drainage purpose, especially for large radius of the horizontal curve.

Attainment of super-elevation

1. Elimination of the crown of the cambered section by:

1. Rotating the outer edge about the crown : The outer half of the cross slope

is rotated about the crown at a desired rate such that this surface falls on

the same plane as the inner half.

2. Shifting the position of the crown: This method is also known as diagonal

crown method. Here the position of the crown is progressively

shifted outwards, thus increasing the width of the inner half of cross section

progressively.

2. Rotation of the pavement cross section to attain full super elevation by:There are

two methods of attaining super elevation by rotating the pavement

1. Rotation about the center line : The pavement is rotated such that the inner

edge is depressed and the outer edge is raised both by half the total amount

of super elevation, i.e., by with respect to the centre.

2. Rotation about the inner edge: Here the pavement is rotated raising the

outer edge as well as the centre such that the outer edge is raised by the

full amount of super elevation with respect to the inner edge.

Horizontal Transition Curves 25
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Transition curve is provided to change the horizontal alignment from straight to circular

curve gradually and has a radius which decreases from infinity at the straight end

(tangent point) to the desired radius of the circular curve at the other end (curve point)

There are five objectives for providing transition curve and are given below:

1. 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.

2. to enable the driver turn the steering gradually for his own comfort and security,

3. to provide gradual introduction of super elevation, and

4. to provide gradual introduction of extra widening.

5. to enhance the aesthetic appearance of the road.

Type of transition curve

Different types of transition curves are spiral or clothoid, cubic parabola, and Lemniscate.

IRC recommends spiral as the transition curve because:

1. it fulfills the requirement of an ideal transition curve, that is;

1. rate of change or centrifugal acceleration is consistent (smooth) and

2. radius of the transition curve is at the straight edge and changes to at

the curve point ( ) and calculation and field implementation is

very easy.

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 super elevation,

and an empirical formula given by IRC. Rate of change of centrifugal acceleration

At the tangent point, radius is infinity and hence centrifugal acceleration is zero. At the

end of the transition, the radius R has minimum value R. The rate of change of

centrifugal acceleration should be adopted such that the design should not cause

discomfort to the drivers. If is the rate of change of centrifugal acceleration, it can be

written as:

Therefore, the length of the transition curve in is 26
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(1)

where is the rate of change of centrifugal acceleration given by an empirical formula

suggested by by IRC as below:

(2)

2. Rate of introduction of super-elevation

Raise ( ) of the outer edge with respect to inner edge is given by

. The rate of change of this raise from to is achieved

gradually with a gradient of in over the length of the transition curve (typical range

of is 60-150). Therefore, the length of the transition curve is:

(3)

3. By empirical formula

IRC suggest the length of the transition curve is minimum for a plain and rolling terrain:

(4)

and for steep and hilly terrain is:

(5)

27

JAIRUBAA COLLEGE OF ENGINEERING TIRUPPUR



and the shift as:

(

6

)

The length of the transition curve is the maximum of

equations 1, 3 and 4or5, i.e.

(

7

Case (a)

For single lane roads:

(

1

)

Therefore,

(

2

)

Figure 1: Set-back for single lane roads (

28
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For multi lane roads, if is the distance between centerline of the road and the centerline

of the inner lane, then

(3)

(4)

Figure 2: Set-back for multi-lane roads ( )

Case (a)

For single lane roads:

(1)

Therefore,

(2)

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 for designing the vertical

curve. Before finalizing 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 29
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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 and the negative

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

measures the change of direction and is given by the algebraic difference between the two

grades

steep gradient, while 1 in 50 = 2%
representation is illustrated in the figure 1.

. Example: 1 in 30 = 3.33% is a

is a flatter gradient. The gradient

30
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Figure 1: Representation of gradient

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 flat as two percent is adopted. Although,

flatter gradients are desirable, it is evident that the cost of construction will also be very

high. Therefore, IRC has specified the desirable gradients for each terrain. However, it

may not be economically viable to adopt such gradients in certain locations, steeper

gradients are permitted for short duration. Different types of grades are discussed below

Ruling gradient

The ruling gradient or the design gradient is the maximum gradient with which the

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

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

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

is not economical and sometimes not possible also. The ruling gradient is adopted by the

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

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

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

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

Limiting gradient

This gradient is adopted when the ruling gradient results in enormous increase in cost of

construction. On rolling terrain and hilly terrain it may be frequently necessary to adopt

limiting gradient. But the length of the limiting gradient stretches should be limited and

must be sandwiched by either straight roads or easier grades.

Exceptional gradient

Exceptional gradient are very steeper gradients given at unavoidable situations. They

should be limited for short stretches not exceeding about 100 metres at a stretch. In

mountainous and steep terrain, successive exceptional gradients must be separated by a

minimum 100 metre length gentler gradient. At hairpin bends, the gradient is restricted to

2.5%.

Critical length of the grade

The maximum length of the ascending gradient which a loaded truck can operate without

undue reduction in speed is called critical length of the grade. A speed of 25 kmph is a
31
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reasonable value. This value depends on the size, power, load, grad-ability of the truck,

initial speed, final desirable minimum speed

Minimum gradient

This is important only at locations where surface drainage is important. Camber will take

care of the lateral drainage. But the longitudinal drainage along the side drains require

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

drainage purpose and it depends on the rain fall, type of soil and other site conditions. A

minimum of 1 in 500 may be sufficient for concrete drain and 1 in 200 for open soil

drains are found to give satisfactory performance.

Sight distance available from a point is the actual distance along the road surface, which a driver

from a specified height above the carriage way has visibility of stationary or moving objects.

Sight distance required by drivers applies to both geometric design of highways and for

traffic control. The sight distance situations are considered in the design.

i) Stopping or absolute minimum sight distance

ii) Safe overtaking  or passing  sight distance

iii) Safe sight distance for entering into uncontrolled intersections.

Apart from the three situations mentioned above the following sight distance are considered by the

IRC in highway design:

Intermediate sight distance:

This is   defined as twice the stopping sight distance when overtaking sight distance

cannot be provided; intermediate sight distance is provided to give limited overtaking opportunities

to fast vehicles.

Head light sight distance:

This is the distance visible to a driver during night driving under the illumination of the

vehicle head lights.

Stopping sight distance:

The minimum sight distance available on a highway at any spot should be of sufficient

length to stop a vehicle traveling at design speed, safely without collision with any other obstruction.

The absolute minimum sight distance is therefore equal to the stopping sight distance

which is also sometimes called nonpassing sight distance. The sight distance available on a road to a

driver at any instance depends on,

i) Features of the road

ii) Height of the drivers eye above the road surface

iii) Height of the object above the road surface.

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

a) Total reactions time of the driver

b) Speed of vehicle

c) Efficiency of breaks

d) Frictional resistance between the road and tyres.

e) Gradient of the road.

Total reaction time:

*) Reaction time of the driver is the time taken from the instant the object is visible to the

driver to the instant the brakes are effectively applied.

*) The total reaction time may be split up into two parts. 32
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i)  Perception time

ii) Brake reaction time.

PIEV theory:

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

i) Perception

ii) Intellection

iii) Emotion

iv) Volition

Speed of Vehicle:

The stopping distance depends very much on the speed of the vehicle; first during the

total reaction time of the driver the distance moved by the vehicle will depend on the speed.

Efficiency of brakes:

The braking efficiency is said to be 100 percent if the wheels are fully licked preventing

them from rotating on application of the brakes. This will result in 100 percent skidding which is

normally undesirable except in utmost emergency.

Frictional resistance between road and tyres:

The frictional resistance developed between road and tyres or the skid resistance depends

on the type and condition of the road surface and the tyres. IRC has specified a design friction

coefficient of 0.35 to 0.4 depending upon the speed to be used for finding the braking distance in the

calculation of stopping sight distance.

Analysis of stopping distance:

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

distance.

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

braking distance.

Overtaking sight distance:

The minimum distance open to the vision of the driver of a vehicle intending to overtake

slow vehicle ahead with safety against the traffic of opposite direction is known as the minimum

overtaking sight distance(OSD) or Safe passing sight distance available.

The overtaking sight distance is the distance measured along the center of the road which

a driver with his eye level 1.2m above the road  surface can see the top of an object 1.2m above the

road surface

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

a) Speed of

i) overtaking vehicle

ii) overtaken vehicle

iii) The vehicle coming from opposite direction

b) Distance between the overtaking and overtaken vehicles; the minimum spacing

depends on the steeds.

a) Skill and reaction time of the driver.

b) Rate of acceleration of overtaking vehicle

c) Gradient of the road.

Criteria for sight distance requirements on highway:

*) The absolute minimum sight distance required throughout the length of the road is the

SSD which should invariably be provided at all places.
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*) On horizontal curves the obstruction on the inner side of the curves should be cleared

to provide the required set back distance and absolute minimum sight distance.

*) On vertical summit curves the sight distance requirement may be fulfilled by proper

design of the vertical alignment.

Hairpin bent

TYPES OF CURVES ON HILL ROADS

The following are the important types of curves provided on hill Roads:-

1. Hair-Pin Curves

2. Salient Curves

3. Re-entrant Curves

1. Hair-pin curves: - The curve in a hill road which changes its direction through an angle of 180

degree or so, down the hill on the same side is known as hair-pin curve.

A Hair-Pin Bend

This curve is so called because it conforms to the shape of a hair-pin. The bend so formed at the

hair-pin curve in a hill road is known as hair-pin bend. This type of curve should be located on a

hill side having the minimum slope and maximum stability. It must also be safe from view point of

landslides and ground water. Hair-pin bends with long arms and farther spacing are always

preferred. They reduce construction problems and expensive protective works. Hair-pin curves or

bends of serpentine nature are difficult to negotiate and should, therefore, be avoided as far as

possible.

Salient curves: - The curves having their convexity on the outer edges of a hill road are called

salient curves. The centre of curvature of a salient curve lies towards the hill side. This type of curve

occurs in the road length constructed on the ridge of a hill. the bend so formed at the salient curve in

a hill road known as corner   bend.

Salient curves are very dangerous for fast moving traffic. At such a curve or at corner bend, the

portion of projecting hill side is usually cut down to improve the visibility as shown in fig. (Re-

entrant curve). The outer edge of the road at such a curve is essentially provided with a parapet wall

for protection of the vehicles from falling down the hill slope.
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3. Re-entrant curves: - The curves having their convexity on the inner edge of a hill road are called

re-entrant curves.

Re-entrant curves

The centre of curvature of a re-entrant curves lies away from the hill side. This type of curve occurs

in the road length constructed in the calley of a hill.

These curves are less dangereous as they provide adequate visibility to the fast moving traffic. At

such curves, the parapet wall is provided only for safety of fast moving traffic.

35

JAIRUBAA COLLEGE OF ENGINEERING TIRUPPUR



UNIT – III         HIGHWAY CONSTRUCTION AND MAINTENANCE

COMPARISON OF RIGID AND FLEXIBLE PAVEMENTS

The comparisons are:

i) Design precision

A cement concrete pavement is amerable to a much more precise structural analysis

than a flexible pavement. Flexible pavements designs are mainly empirical. Computer aided analysis

of layered system is making the flexible pavement design more exact than hitherto.

ii) Life

*) Cement concrete slabs of a thin section constructed in the early 1940’s are still in

existence in India though many of them have cracked badly and a few of them have been ripped

open and rebuilt in recent ties.

*) A major project in cement concrete road construction between Agra and Mathura. It can

safely be said that a well-designed concrete slab has a life of about 40 years.

*) Compared to this the life of a flexible pavement generally varies from 10 to 20 years..

iii) Maintenance:

*) A well-designed cement concrete pavement needs very little maintenance. The only

maintenance needed is I respect of joints.

*) The surface is unaffected by spillage of oil and lubricants, bituminous surfaces on the

other hand, need great inputs in maintenance.

*) The surface is affected by spillage of oil and lubricants. The surface is also affected by

natural weathering agents like air, water ad temperature changes.

*) A cement concrete pavement on the other hand needs a small amount for maintaining

joints.

iv) Initial cost:

*) The argument so far used against a cement concrete slab is that it is much more costly

than a flexible pavement.

*) The latter specifications no doubt represent the rock-bottom needs of a road in India, but

these specifications can hardly provide a smooth and durable surface.

v) Stage construction:

*) Road construction is generally done adopting a policy of stage construction especially for

low volume roads. As traffic grows, additional layers in the form of water bound macadam and

superior surfacing are added on.

*) Initial outlay is minimum and additional outlays are in keeping with traffic growth. This is

a great advantage when dealing with new roads in an atmosphere of austerity.

vi) Availability of materials:

*) Cement, bitumen, stone aggregates and gravel/sand are the major materials involved in

pavement Construction. Cement has been in serious short supply in the country for the past many

decades.

*) Bitumen is also not available plentifully in India. There is also the danger of the entire oil

reserves in the world shrinking during the next two or three decades.

*) In locations where stone aggregates are scarce, cement concrete may have an advantage

for flexible pavements

vii) Surface characterstics:
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*) A good cement concrete surface is smooth and free from rutting, potholes and

corrugations. In a bituminous surface it is only the asphaltic concrete surface that can give

comparable rideablity.

*) A well-constructed cement concrete pavement surface can have a permanent nonskid

surface. A bituminous surface can also be designed to have a good skid resistant surface.

viii) Utility location:

*) In cement concrete slabs, proper thought has to be given to locate utilities ,such as water

pipes, telephone lines and electric cables.

*) It is difficult to rip open the slab and restore it to be the original condition ,if any changes

in the utilities lines are to be made.

ix) Glame and night visibility:

*) Concrete pavements have a gray color which can cause glam under sunlight. Colored

cement can reduce the grave.

*) On the other hand, bituminous roads need more street lighting.

x) Traffic dislocation during construction:

*) A cement concrete pavement requires 28 days before it can be thrown open to traffic. On

the other hand, a bituminous surface can be thrown open to traffic shortly after it is rolled.

xi) Environmental considerations during construction:

*) The process of heating of bitumen and aggregates and mixing them together on hot mix

plants, can prove to be much more hazardous to the environment than cement concrete construction

where no heating of any material is involved.

xii) Overall economy on a life cycle basis:

*) A good road is costly to construct but once constructed such a road requires little

maintenance and results in savings in vehicle operating costs.

*) The comparative economy of a flexible pavement and a rigid pavement has proved that on

overall economic considerations.

Types of pavement structure

Based on the structural behavior, pavements are generally classified into three

categories:

i) Flexible pavements

ii) Rigid pavements

iii) Semi rigid pavements

Flexible pavements:

*) Flexible pavements are those, which on the whole have low or negligible flexural

strength and are rather flexible in their structural action under the loads.The flexible pavement

layers reflect the deformation of the lower layers on to the surface of the layer.

*) A flexible pavement consists of four components(i) Soil subgrade (ii)  sub base

course (iii) base course (iv) Surface course.
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*) The flexible pavement  layers transmit the vertical or compressive stresses to the lower layers

by grain to grain transfer through   the points of contact  in the granular structure. A well

compacted granular structure consisting of strong added aggregate can transfer the compressive

stresses.

*) The load spreading ability of this layer therefore depends on the type of the materials and mix

design factors. Bituminous concrete is one of the best flexible pavements layer materials. Other

materials which fall under the group are all granular materials with or without bituminous

binder, granular base and sub base course materials.

*) The vertical compressive stress is maximum on the pavement surface directly under the wheel

and is equal to the contact pressure under the wheel. The flexible pavement may be constructed

in a number of layers and the top layer has to be strongest as the highest compressive stresses.

*) Flexible pavements are commonly designed using empirical design  charts or equations taking

into account some of the design factors, there are also semi empirical and theoretical design

methods.

Rigid pavements:

*) Rigid pavements are those which possess note flexural strength or flexural rigidity.

The stresses are not transferred from grain to grain to the lower layers as in the   ease of flexible

pavements layers.

*) The rigid pavements are made of Portland cement concrete plain, reinforced or

prestressed concrete. The plain cement concrete slabs are expected to take up about 40 kg/cm2

flexural stress.

*) The rigid pavement has the slab action and is capable of transmitting the wheel

load stresses through a wider area below. The main point of difference in the structural behavior

of rigid pavement as compared to the flexible pavement is that the critical condition of stress in

the rigid pavement is the maximum flexural stress occurring in the slab due to wheel load and

the temperature changes whereas in the flexible pavement .

*) As the rigid pavement slab has tensile strength, tensile stresses are developed due

to the bending of the slab under wheel load and temperature variations. Thus the types of

stresses developed and their distribution within the cement concrete slab are quirt different.

*) The cement concrete pavement slab can very well serve as a wearing surface as

well an effective base course. The rigid pavement structure consists of a cement concrete slab,

below which a granular base or sub base course may be provided.

*) Though the cement concrete slab can also be laid directly over the soil subgrade,

consists of fine grained soil.

*) the rigid pavements are usually designed and the stresses are analyzed using the

elastic theory, assuming the pavements as a n elastic plate resting over an elastic or a viscous

foundation.

Semi rigid pavements:

*) when bonded materials like the pozzolanic concrete, lean cement concrete or soil

cement are used in the base course or sub base course layer the pavement layer has considerably

higher flexural strength  than the common flexible pavement layers.

*) when this intermediate class of materials are used in the base or sub base course

layer of the pavements, they are called semi rigid pavements.
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*) This third category of semi rigid pavement are either designed as flexible

pavements with some correction factors to find the thickness requirements based on experience

or by using a new design approach.

*) The semi rigid pavement materials have low resistance to impact and abrasion and

therefore are usually provided with flexible pavement surface course.

Various functions of pavement components

The functions are:

Soil sub grade and its evaluation:

*) The soil sub grade is a layer of natural soil prepared to receive the layers of pavement

materials placed over it. It is essential that at no time the soil sub grade is overstressed, it means that

the pressure transmitted on the top of the sub grade is within the allowable limit.

*) Many tests are known for measuring the strength properties of the sub grades. Some of the

tests have been standardized for the use. The common strength test for the evaluation of soil

subgrade is:

i) California bearing ratio test.

ii) California resistance value test.

iii) Triaxial compression test

iv) Plate bearing test.

CALIFORNIA BEARING RATIO (CBR) TEST:

It is evolved for the empirical method of flexible pavement design. The CBR test is carried

out either in the laboratory on prepared specimens or in the field by taking in situ measurements.

California resistance value:

It is found by using have been stabliometer.This test is used in an empirical method of

flexible pavement design based on soil strength.

Triaxial test:

It is the most important soil strength, but still the test is not very commonly used in structural

design of pavements.

Plate bearing test:

It is carried out using a relatively large diameter plate to evaluate the load supporting

capacity of supporting power of the pavement layers. The results are plate bearing tests are used in

flexible pavement design method like McLeod method on based on layer system analysis by

brumister.

Sub base and base courses and their evaluation:

*) There layers are made of broken stones, bound or unbound aggreagate,some times in sub

base course a layer of stabilized soil.(or) Selected granular soil is also used.

*) however at the sub base course it is desirable to use smaller size graded aggregates. When

the sub grade consists of fine grained soil and when the pavement carries heavy wheel loads.
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*) Sub base course primarily has the similar function as of the base course and is provided

with inferior materials than of base course. Base courses are used, under rigid pavement for

i) Preventing pumping

ii) Protecting the sub grade against frost action.

*) Thus the fundamental purpose of abase course and sub base course is to provide a stress

transmitting medium to spread the surface wheel loads in such manner.

*) The sub base and base course layers may be evaluated by suitable strength or stability test

like plate bearing CBR test.

WEARING COURSE AND ITS EVALUATION:

*) The purpose of the wearing course is to give a smooth riding surface that is dense. It

resists pressure exerted by tyres and takes up wear and tear due to the traffic.

*) Wearing course also offers a water tight layer against the surface water infiltration. The

flexible pavement normally a bituminous surfacing is used as a wearing course.

*) In rigid pavements, the cement concrete acts like a base course as well as wearing course.

Most popular test in use is marshal stability test where in the optimum content of bitumen binder is

worked out based on the stability density.

*) Plate bearing test and Bankelman beam test are also sometimes made use of for evaluating

the wearing course and the pavement as a whole.

Various factors to be considered in pavement design and the significance

Pavement design consists of two parts:

i) Mix design of materials to be used in each pavement component layer. Thickness design of the

pavement and the component layers.

The various factors to be considered for the design of pavements are given below:

i) Design wheel load

ii) Sub grade soil

iii) Climatic factors

iv) Pavement component layers.

v) Environmental factors

vi) Special factors in the design of different types of pavements.

Design wheel load:

The various wheel load factors to be considered in pavement design are:

i) Maximum wheel load

ii) Contact pressure

iii) Dual or multiple wheel loads

iv) Repetition of loads.

Maximum wheel load:

The wheel load configurations are important to know the way in which the loads of a given

vehicle are applied on the pavement surface.

*) For highways the maximum legal axle load as specified by Indian road congress is 8170

kg with a maximum equivalent single wheel load of 4085 kg.

*) The evaluation for vertical stress computations under a uniformly distribute of circular

load based on Boussineq’s theory is given by:
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σz =  vertical  stress at depth z

P= surface pressure

Z=depth at which σz computed.

A=radius of loaded area.

Contact pressure:

Generally the wheel load is assumed to be distributed over a circular area. But by

measurement of the imprints of tyers with different load and inflation pressures. Three terms in use

with reference to tyre pressure are:

 Tyre pressure

 Inflation pressure

 Contact pressure

Tyre pressure and inflation pressure mean exactly the same .the contact pressure is found to be more

than tyre pressure when the tyre pressure is less than 7 kg/m2 and it is vice versa when the tyre

pressure exceeds this value.

Contact pressure can be measured by the relationship

Load on wheel

Contact pressure = ----------------------------------------

Contact area or area of imprint

The general variation between the tyre pressure and measured contact pressure is shown in this fig.

The ratio of contact pressure to type pressure is defined as rigidity factor. Thus value of rigidity

factor is 1.0 for an average tyre pressure of 7 Kg/cm2.This value is higher than unity for lower type

pressures and less than unity for tyre pressures higher than 7 kg/cm2.

Equivalent single wheel load (ESWL):

*)  The maximum wheel load within the specified limit and to carry greater load it is

necessary to provide dual wheel assembly to the rear axles of the roads vehicles.

*) In other words the pressure at a certain depth below the pavement surface cannot be

obtained by numerically adding the pressure caused by any one wheel.

*) The effect is in between the single load and two times load carried by one wheel. The load

dispersion is assumed to be at an angle of 450.In the dual wheel load assembly let d be the clear gap

between the two wheels ,S be the spacing between the centers of the wheels and a be the radius of

the circular contact area of each wheel. Then S = (d + 2a).

*) ESWL may be determined based on either equivalent deflection or equivalent stress

criterian.Multiple wheel loads are convert to ESWL and this value is used in pavement design. The

ESWL is usually determined by the equivalent stress criterion using a simple graphical method.

41

JAIRUBAA COLLEGE OF ENGINEERING TIRUPPUR



*) A straight line relationship is assumed between ESWL and depth on log scales. For

determining ESWL the plot is made as shown in fig.

*) Two points A and B  are plotted on the log-log graph with coordinates of A (P,d/2) and

B(2p,2s),line AB is a plot which is the focus of points where any single wheel load is equivalent to a

certain set of dual wheels.

*) To Calculate the ESWL for a dual assembly it is essential to estimate a design thickness of

the pavement. If the design thickness so obtained is equal to the estimated thickness then the ESWL

calculations could be considered as correct. Otherwise trials are made.

*) In heavy trucks and trailers the load on each wheel may be further reduced by multiple

wheels and tandem axles.

Repetition of loads:

*) The deformation of load pavement (or) sub grade due to a single application of wheel load

may be small. It required carrying out traffic surveys for accounting the factor of repetitions for

wheel loads in the design of pavement.

*) Data collected are converted to some constant equivalent wheel loads. Equivalent wheel

load is a single load equivalent to the repeated applications of any particular wheel load on a

pavement which requires the same thickness and strength of pavements.

*) McLeod has given a procedure for evolving equivalent load factors for designing flexible

pavements.

Various methods of flexible pavement design

*) The flexible pavement is built with number of layers. In the design process it is to be

ensured that under the application of load none of the layers is overstressed.

*) The maximum intensity of stresses occurs in the top layer of the pavement .The

magnitude of load stresses reduces at lower layers.

*) In the design of flexible pavements, it has yet not been possible to have a rational design

method wherein design process and service behavior of the pavement can be expressed by

mathematical laws.

*) Flexible pavement design methods are accordingly either empirical or semi empirical. In

these methods, the knowledge and experience gained on the behavior of the pavements in the past

are usefully utilized.

Various approaches of flexible pavement design may be thus classified into three groups:

i) Empirical method

ii) Semi-empirical or Semi theoretical method

iii) Theoretical method

*) Empirical methods are either based on physical properties or strength parameters of soil

sub grade. When the design is based on stress strain function and modified base on experience it

may be called semi-empirical or semi-theoretical. There are design methods based on theoretical

analysis and mathematical computations.

Out of the flexible pavement design method available is

i) Group index method

ii) California bearing ratio method

iii) California R value (or) Stabiliometer method

iv) Triaxial test method 42
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v) McLeod method

vi) Burmister method

Group index method:

*) Group index value is an arbitrary index assigned to the soil type in numerical equations

base on the percent fines liquid limit and plasticity index.

*) The design chart for group index method for determining the pavement thickness is given

in fig.

The traffic volume in this method is divided in three groups.

Traffic volume No of vehicles per day

Light Less than 50

Medium 50 to 300

Heavy Over 300

The design of the pavement thickness by this method, first the G1 value of the soil is found the

anticipated traffic is estimated and is designated as light, medium or heavy as indicated

The G1 method of pavement design is essentially an empirical method based on physical properties

of the subgrade soil. This method does not consider the strength characteristics of the subgrade soil

and therefore is open to question regarding the reliability of the design based on the index properties

of the soil only.

California bearing ratio method:

*) California division of highways in the U.S.A. developed CBR method for

pavement design. The majority of design curves developed later are base on the original curves

proposed by O.J.porter.

*) One of the chief advantages of CBR method is the simplicity of the test procedure.

The CBR tests were carried out by the California state highway department on existing pavement

layers including subgrade, sub base and base course.

*) Based on the extensive CBR test data collected  on pavement which behaved

satisfactory and  those which failed, an empirical design chart was developed correlating the CBR

value and the pavement thickness. The basis of the design chart is that a material with a given CBR

required a certain thickness of pavement layer as a cover.

*) A higher load needs a thicker pavement layer to protect the sub grade. Design

curves correlating the CBR value with total pavement  thickness cover were developed by the

California state highway department for wheel loads of 3175kg and 5443 kg representing light and

heavy traffic. The design curves are shown in this fig.

It is possible to extend the CBR design curves for various loading conditions, nusing the expression:
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t= pavement thickness, cm

p=Wheel load, kg

CBR= California bearing ratio, percent

P=tyre pressure, kg/cm2

A= area of contact.cm2

IRC Recommendations:

a) The CBR tests should be performed on remoulded soils in the laboratory. The specimens should

be prepared by static compaction wherever possible and otherwise by dynamic compaction.

b) For the design of new roads, the sub grade soil sample should be compacted at OMC to proctor

density whenever suitable compaction equipment.

c) The CBR test samples may be soaked in water for four days period before testing .the annual

rainfall is less than 50 cm and the water table is too deep to affect the sub grade and imperable

surfacing is provided to carrying out CBR test.

d) If the maximum variations in CBR value of the three specimens exceed the specified limits, the

design CBR should be average of at least six samples.

e) The top 50 cm of sub grade should be compacted at least up to 95 to 100 percent of proctor

density.

f) An estimate of the traffic should be carried by the road pavements at the end of expected in view

the existing traffic and probable growth rate of traffic.

g) The traffic for the design is considered in units of heavy vehicles per day in both directions and is

divided into seven categories A to G. The design thickness is considered applicable for single axle

loads up to 8200 kg and tandom axle loads up to 14,500 kg.

h) When sub base course materials contain substantial proportion of aggregates of size above 20mm,

the CBR value of these materials would not be valid for the design of subsequent layers above them.

The CBR method of pavement design gives the total thickness requirement of the pavement above a

sub grade and thickness value would remain the same quality of materials used in component layers.

California resistance value method:

*) In this design method based on stabliometer R-value and cohesiometer C-value

.Based on performance data it was established by pavement thickness varies directly with R value

and algorithm of load repetitions. It varies inversely with fifth root of c value.The expression for

pavement thickness is given by the empirical equation:

T=
  

5

1

1 90

C

RTK 

Hence,

T=total thickness of pavement, cm

K=Numerical constant 0.166

T1=traffic index

R= stabiliometer resistance value

C=Cohesiometer value
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In the design of flexible pavements based on California resistance value method for the following

data are needed:

*) R-value of soil subgrade

*) T1 value

*) Equivalent C-value

*)  R value of soil subgrade is obtained from the test using stablio meter.The

computation of T1 value has been explained.

Equivalent C-value:

*) The cohesion meter value c is obtained for each layer of pavement material

separately from tests. However the composite or equivalent C-value of the pavement may be

estimated if the thickness of each component layer and the c-value of the material of the layer are

known.

*) while designing a pavement as the thickness of the pavement is not known, it is

easier if the pavement is first assumed to consist of any one material like gravel base course with

known C-value.

*) Subsequently the individual thickness of each layer is converted in terms of gravel

equivalent by using relationship:

5

1

1

2

2
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
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*) t1 and t2 are the thickness values of any two pavement layers.c1 and c2 are their

corresponding cohesiometer values.
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snoitarbiv  of gnivom  l dao s.

4. oT  etubirtsid  eht  sdaol  f mor  eht  sliar  ot  xedni  era a of ab ll a ts  u dn e gniylr  it or to eht
sredrig  ni  ac se o b f ir dges.

5. T yeh  osla  edivorp  snaem  ot  itcer fy kcart  oeg m yrte  gnirud  se civr e life.

llaB sa t: reyal  of lairetam  hcihw  si  ecalp  woleb  dna  pa kc ed ra uo nd els epe sr  for
noitubirtsid  o  f daol  f mor  srepeels  to t of eh mr a it no .

snoitcnuF :

i( ) sedivorP  el lev  dna  drah  deb  of r ls ee pe sr

ii( ) To dloh  srepeels  elihw  pa ss age of rt ains

iii( ) roF ms a daol  noitubirtsid  muidem  neewteb  srepeels  na  d for am it on

(iv) sedivorP  yticitsale  dna  ecneiliser  ot  eht  tra kc  of r proper ir ding com of rt.

v( ) stcA  gniniard a  o  f wat re .

iv( ) stsiseR  ,laretal  lanidutignol  dna  lacitrev  stnemecalpsid  of eht  tra kc

:sepyT

i( ) nekorB  s ot en  )ii(  rG a lev  )iii(  laoc  sa ro  h nic ed sr

ii( ) )vi(  dnaS  )v(  murooM  )iv(  detceleS  ea tr hs
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2. fI  a °8  evruc  kcart  segrevid  morf  niam  evruc  fo  5° in an oppo is et  rid ce noit  in
eht  la tuoy  fo  G B a  ya dr . etaluclaC  eht  repus  noitavele  dna  spe de  no  narb ch

,enil  fi  eht  mumixam  deeps  dettimrep  no  eht  ma ni  l ni e is 45 k hpm . N( ov ceD /
)0102  8(  mark)

tuloS i :no

suidaR  niam fo  cu vr e,
Rm = 9171  2 = 41 .  9 m

8
suidaR  fo  cnarb h cu vr e,

Rb = 9171  .843 = 8 m
5

repuS  noitavele  o am f i  n il en ,
em= 513.1  V2

R

em= 513.1  x 452

12 4.9
= 93.21  mc

emussA  tnac  ed f ycneici  sa  67  mm =  6.7 mc

T laciteroeh  repus  noitavele  no  m nia  enil  = tnaC  ed f ycneici  ahc + ng  e i  n us ep r elev ta i no  c( h)

93.21  = 6.7  + ech

e hc = 93.21  – 06.7  = 4 7. 9 mc

ech = eb – 7 6.

- 97.4  = eb – 7.6

i .e. , eb = mc 18.2

repuS  noitavele  of b ar n hc  = mc 18.2

deepS  fo  cnarb h nil e = √eb x R

.1 3 51

1.72 =  0 mk ph

deepS  fo  cnarb h nil e 1.72 =  0 mk ph

3. tahW  era  eht  stnemeriuqer  fo  na  laedi  liar  ?tnioj  nialpxE  ht e va uoir s ra li  tnioj s

desu  ni  liar w sya  w hti  taen  sehcteks . voN(   / )3102 ceD

stnemeriuqeR  fo  laedI  Rai J l oi tn s:

owT  sliar  era  detcennoc  yb  a tnioj  hcihw  smrof  eht  w ae kest par  t of t eh  t kcar .

6
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fiD f ere tn  sgninetsaf  era  desu  ot  ekam  siht  tnioj  sa  much fe f ici ne t as op iss ble. ehT

scitsiretcarahc  fo  a doog  laedi  liar  ioj nt ar  e sa  fo ll o :sw

 T eh  liar  tnioj  dluohs  dloh  eht  owt  sdne  of sliar  ylraen sa  as op iss ble a dn

dluohs  eb  ta  emas  level  in  a rts a gi ht il en .

 tI  dluohs  evah  eht  emas  htgnerts  dna  its enff ss  tiw  h ra sli .

 tI  dluohs  edivorp  ecaps  f ro  noisnapxe  dna  oc n rt a noitc  of ra sli  ud e ot

segnahc  ni  et m rep ature.

 tI a hcus ni degnarra eb dluohs  way  taht any ra li  wh li  e r ape .ri

 tI  dluohs  eb  ,elbarud  paehc  ni  laitini  co ts  na d mainten na ec .

 tI  dluohs  edivorp  fus f tneici  yticitsale  ot  brosba  itarbiv no s na d s oh skc .

 tI  dluohs  edivorp  ser ecnatsi  ot  eht  lanidutignol  of cr es devel epo d d eu  to

,noitarelecca  releced a it no .

 T eh  tnioj  f sgnitti  dluohs  eb  elpmis  dna  revinu s la  epyt  so t ah t tii  can b u e es d

rof  lla  sepyt  fo  ls ee ep sr .

T sepy  fo  iaR l tnioj s:

gnidnepeD  nopu  eht  noitisop  of stnioj  ro  s ,srepeel  ra sli  are lc a iss f ei a d s

)1(  gnidroccA  ot  noitisop  of stnioj :

 erauqS  joints

 dereggatS  joi tn s

erauqS  oj i tn : W neh  a tnioj  ni  eno  liar  si  yltcaxe  etisoppo  ot  eht  tnioj  ni  eht  lellarap  ,liar

ti  si  nwonk  sa  a erauqs  na tnioj  d ti  si  ve yr  com om n in stra gi h rt t a kc .

dereggatS  :tnioj  W neh  a tnioj  ni  eno  liar  si  yltcaxe  oppo is te ot  t eh  centre of eht

lellarap  liar  ,htgnel  ti  si  nwonk  sa  a ts a gg er  de joint.

7
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)2(  p ot gnidroccA o is t oi n of ls ee pe :sr

 ednepsuS d jo stni

 roppuS ted joints

 ioj egdirB nts

dednepsuS  :tnioj

ehT  liar  ,tnioj  nehw  decalp  ta  eht  ertnec  of owt  evitucesnoc  srepeels  si  nwonk  sa

ednepsus d joint.

nI  siht  epyt  of ,tnioj  daol  wi ll  eb  yllauqe  d si t ir but de  on ls ee pe sr  dna  a sl o w neh  jo tni

si  ,desserped  liar  sdne  ra e desserp  down ev ne yl .

tI  si  tsom  moc m ylno  detpoda  ecnis  ti  divorp es rg etae r elast ici ty.

detroppuS  oj i tn :

W neh  eht  repeels  si  decalp  yltcaxe  woleb  eht  liar  ,tnioj  ti  si  nwonk  as sup op rt de

nioj t.

esehT  sepyt  o  f stnioj  era  ton  u es d at pre nes t.
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egdirB  oj i tn :

W neh  a dednepsus  tnioj  si  degdirb  yb  a em tal piece so as ot  oc nnect t eh  dne s fo

eht  owt  sliar  dna  ybereht  gnitneverp  dneb ing stre ss  in th  e ra li .

4. feirB ly nialpxe  eht  nredom  sdohtem  fo  us rve sy  f ro  kcart  mngila e tn . rpA(  /

May )1102  ram 8( k)

tcudortnI i :no

yawliaR  gninnalp  sdeen  suoicerp  dna  tsoc  evitceffe  tem doh s of su vr e iy ng. doM ern

sdohtem  ekil  ,SIG  SPG  cte  erew  detaroprocni  f ro  ffe ect vi e su vr e iy ng.

tnereffiD  erutaef  s :

 yevruS  of idnI a m pa

 galliV e map

 W / dra  pam kcolb

 fo gnitadpU  map

noitacilppA  fo  nredom  yevrus  stnempiuqe  rof  yawliar  tnemngila  vrus e :gniy

.i labolG  gninoitisop  sys tem )SPG(

tI  serusaem  oc - setanidro  fo  yna  tniop  an wy here on the lg obe. sihT  yevrus  si

elbissop  ta  a yn  rehtaew  snoitidnoc  dna  a minimum of 24 no. fo  setilletas  ta  a d si tan ec

of 000,01  mk  f or  m s’htrae  rus f eca  lliw  eb  ovni l vrus ni dev e iy ng.

ii . cinortcelE  ecnatsid  em et r (E )MD

MDE  skrow  no  citengamortcele  sevaw  levart  neewteb  eht  vig ne  o igir n and

9
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ed st ni a it on. lacipyT  MDE  nac  m erusae  a sid tance u tp o  5 – 10 mk .

i ii . latoT  noitats  (T )S

tI  skrow  no  as me erudecorp  fo  MDE  tub  ti  osla  m serusae  eht  elgna  ola ng iw ht  t eh

tsid na ce. tI  si  m ero  etarucca  naht  E MD  and ah s a lea ts  c uo nt of o en  second. lA so

cuder se  uh m na  snoitnevretni  dna  saem ure em tn s.

iv. lacihpargoeG  noitamrofnI  etsys ms )SIG(

tI  si  a metsys  fo  erawtfos  dna  erawdrah . tI  si  desu  ot  eraperp  whgih a ,y  iar l yaw

ngila me tn . seuqinhceT  of SIG  hcus  sa  gnireffub  and en two kr  ana sisyl  are iw ed yl

deilppa  in yawhgih  dna  wliar ay pl nna in .g

v. eR m eto  gnisnes  tad p a r udo stc

a. hp laireA oto s

b. etilletaS  mi age ir es

c. hgiH  noituloser  etilletas  i am ge ir es

stireM  fo  nredom  dohtem s:

 fo ssecorp dipaR  vrus e iy gn

 mumitpO   ecruoser p al nn ing

 noitareleccA  noitcurtsnoc  rp o arg mm ing

 cca eroM ura yc

 gnimusnoc emit sseL

 gnitadpU  dna  noitcerroc  o  f dlo  m pa  lliw  be m cu ae h is er.

stiremeD  fo  nredom  dohtem s:

 w delliks rof ylno seilppA kro ers

 tcaxE  seiradnuob  tonnac  eb  denimreted  no  tilletas e mi age seir

 erucorP m tne  fo  piuqe m smetsys/tne  hcus  sa  ,SPG  ,MDE  ,SIG  Ste er o potte sr  are

tsoc  visnetni e.
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5. enimreteD  lla  eht  stnemele  fo  a ,tuonrut  nehw  eht  ollof wi gn  data si  give :n

leeH  div re gen ec  = 6.31 5 cm

elgnA  fo  sw hcti  = 1 ’43  27”

Ga gu e = 676.1  m

rebmuN  fo  c or s gnis  = 8.5 N( ov / ceD  102 2)

:noituloS

rebmuN  fo  c or s gnis  = 8.5

eguaG  fo  tra kc  )G(  = TA  = ’EE  676.1 =  m

elgnA  of rc o iss ng (α) = = = toc -1 .8( 5)

)i(  uC r ev  daeh  , LC

CL = 2 NG

= 76.1 x 2  6 x 8.5

= 4.82 9 m

leeH  ecnegrevid  (d) = 56.31  m

= 631.0  5 m

iii( ) suidaR  fo  vruc  e )R(
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R

(iv) hctiwS  aeL d S( L)

LS

= 9.85 1

v( ) daeL  gnissorC  )L(

L

= 676.1  x toc  /α  2 – 5 19.8

6. tsullI etar  w hti  taen  sehcteks  a thgir  ha dn  ro  a le tf  ha dn  nrut  o tu , op i tn s a dn
sgnissorc  dna  nialpxe  rieht  w ro k gni  nirp c pi sel . rpA(  / )1102 yaM

:tuonruT

A tuonrut  si  a etelpmoc  tes  of stniop  dna  sgnissorc  gnola  htiw  el ad ra sli  wh hci

selbane  a gnillor  kcots  ot  eb  detrevid  f or o m ne rt a kc  to a on t eh r.

tnatropmI  tnenopmoc s:

 riap A  ro stniop fo  iws tc eh s

 riap A  ts fo o kc  ra li

 Che kc  ra li

 aeL d ra li

 b rehctertS ar

 sgnissorC  ro   ’V‘ pie ec

 W liar gni

stnioP  S ro witche :s

:sepyT

butS  :hctiws  oN  etarapes  eugnot  liar  si  divorp ed

tilpS  :hctiws

dexiF  laeh  type

tsnoC :stneuti

 A sliar kcots fo riap  AB na d DC

 A eugnot fo riap  ra sli  PQ and SR

21

=

=

=

=

45.1  + 42 2N

45.1  + 248.52

.5371 54 m

2 𝑥 71 3 .5 54 - 31.0 72

= G cot α 2/  - 2𝑅𝑑 - d2√

√
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 o riap A f h ee l blo skc

 A eguag  eit  etalp  t e o sn ur  e rroc ec  t g ua eg

stnenopmoC  fo  a thgir  dnah  tuonrut

sliateD  fo  a swi hct

31
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sliateD  fo  a c sor is gn

tnioP  liar  dna  cilps e ra li

:sgnissorC

noitinifeD  dna  soprup e: A gnissorC  si  a ,ecived  detresni  ta  a col ation hw ere two ra sli

41
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ssorc  each ot eh r. tI  selbane  eht  leehw  f al segn  of sliar  ot  ap ss  f mor  eno  rt a kc  to an to eh r

rt a kc . degnalF  sleehw  pmuj  revo  eht  pag  dedivorp  f mor  eht  taorht  ot  eht  nose fo  t eh

.gnissorc

:stneutitsnoC  A gnissorc  stsisnoc  fo

 T ow  sliar  dellac  tniop  dna  ecilps  liar  hcihw  era  denihcam  ot  fo mr  nose. ehT

tniop  liar  sdne  ta  ht e nose.

 A tfel  dnah  dna  thgir  dnah  gniw  sliar  f mro  a taorht  dna  d vi e igr gn  aga ni  no

rehtie  edis  o on f se.

 A riap  fo  kcehc  sliar  ot  ediug  dna  divorp ot e a ap  ht for w eeh  l f al nges.

gnikroW  elpicnirp  fo  stniop  a dn  rc so is :sgn

a. tilpS  sw ti ch: tI  stsisnoc  of eugnot  liar  na d a s ot kc  ra li  iw ht  fa ts ne sgni . A riap  fo

meht  setutitsnoc  a tes  of op stni . ehT  stniop  yb  rieht  noitarepo  nac  vid ert rt aff ci

gnivom  ni  gnicaf  noitcerid  f mor  eno  kcart  ot  a on ht er rt a kc .

b. gnissorC  de iv :ec  A gnissorc  si  a ecived  ni t ecudor d at the inte itcesr no  of owt

gninnur  sliar  ot  rep m ti  eht  leehw  f gnal es, ivom gn  a ol ng eno  ot  pa ss  a ssorc  the

ot eh r. ehT  gnissorc  dluohs  eb  digir  hguone  to tiw hs at nd against seve er

noitarbiv s.

c. cehC k ar li : A riap  fo  kcehc  sliar  era  dedivorp  ot  ediug  eht  leehw  f al nges and ot

etuor  a htap  rof  meht  yb  hcihw  eht  yawedis  vom neme t si  prev ne et d.

7. nialpxE  repus  noitavele  gnivig  sti  pihsnoitaler  w hti  uag eg , s ep ed a dn  radi su

vruc eht fo e. N( ov / D ce  )4102  8(  mark)

tavelerepuS i :no

noitavelerepuS  ro  tnac  si  eht  ecnereffid  ni  thgieh  neewteb  eht  retuo  and i enn r ra li

no  a cu vr .e  sihT  si  dedivorp  ni  eht  f dlei  yb  a laudarg  il f gnit  of eht  outer ra li  wh eli

niam gniniat  eht  renni  liar  ni  sti  o igir an l level.

:snoitcnuF

i. To m ezimini  eht  raew  dna  raet  o  f eht  sliar  dna  gnillor  ts o kc

ii. To evah  retteb  daol  noitubirtsid  no  ob th t  eh ra sli

ii i. To idom fy eht  tceffe  fo  laretal  f secro

51
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iv. To edivorp  a batrofmoc el  yenruoj  ot  eht  pa ss ne ge sr

muirbiliuqE  :noitavelerepus

W elih  elcihev  no  sevruc  ecneirepxe  na  drawtuo  irtnec f lagu  ecrof  eud  ot  t eh  ar dial

lecca er ta oi n. T eh  irtnec f lagu  ecrof  si  nevig  as

F = m V( 2 / )R  = (W / )g  V( 2 / )R

W reh e F = irtnec f lagu  f ecro  ot( )senn

W = thgiew  fo  eht  elcihev  nnot( e )s

V ps = ee  d m( / )s

g = noitarelecca  eud  ivarg ot ty (m/sec2)

o suidar = R f eht  cu vr e (m)

nI  redro  ot  tcaretnuoc  eht  tceffe  of lagufirtnec  of cr e, the ou ret  liar  of the cu vr e si

desiar  htiw  tcepser  ot  eht  renni  liar  yb  na  tnuoma  qe au l to the supe ler eva it no .

eL t � eb  eht  elgna  taht  eht  denilcni  plane il( en  joining t eh  pot  i enn r dna  uo ter ra )sli

ekam  htiw  eht  ho ozir ntal ehT . n

Tan ө = velerepuS a oit n = e

guaG e G

A sl o Tan ө = C  lagufirtne f cro e = F

W hgie t W

muirbiliuqE  noitavelerepuS
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gnitauqE  eht  ulav es fo  T na  �

e =F

G W

Or e =  x F G = W x V2 x G

W g R W

.i .e , e = VG 2

gR

,erehw  e = repus elev ta ion

G = ( eguag min)

= eguag  htgnel  htdiw +  of ra li  h dae s

sihT  si  ot lauqe

0571  rt GB rof a skc

8501  f ro  M  G rt a kc s

8. tahW  od  uoy  dnatsrednu  yb  tnac“  neicifed c ?’y  ( rpA  / May )5102  8(  )kram

tnaC  :ycneicifed

W neh  a niart  sevom  dnuora  a evruc  ta  a deeps  erom  naht  eht  qe u ili b ir mu  ps eed,

neht  ed f ycneici  in cant o cc u sr . suhT  eht  tnac  ed f ycneici  si  eht  ecnereffid  teb ew en the

laciteroeht  tnac  deriuqer  f ro  hgih  deeps  dna  eht  lautca  ac nt pro iv ded .

tnaC  cxe se :s

W neh  a niart  sevom  dnuora  a evruc  ta  deeps  le ss  t nah  t eh  equ ili b ir mu  spe de  ht en

ssecxe  ni  tnac  cco u sr . suhT  tnac  ssecxe  si  eht  ecnereffid  be wt e ne  t eh  ac ut al cant

dedivorp  dna  eht  roeht e cit al ac tn  requ ri de .

tnaC  idarg e :tn

tneidargtnaC  dna  ed f ycneici  tneidarg  sserpxe  eht  esaercni  ro  saerced e in the tnac

ro  eht  ed f ycneici  fo  eht  tnac  ni  a nevig  l ne g ht  of t ar n is ti no . roF  ,elpmaxe  a tneidarg  fo  1 ni

0001  neserper st  taht  a tnac  ed f ycneici  of tnac  fo  1 mm si  deniatta  ro  tsol  in eve yr  10 00

mm  of noitisnart  htgnel .

ehT  mumixam  seulav  of tnac  ed f ycneici  debircserp  f ro  naidnI  syawliar  era  gi nev  :woleb
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guaG e uorG p naclamroN t meR ark

ycneicifed  )mm(

BG A dna  B 75 GB roF  rg uo p

BG  D ,C na d E 75 A & B :setuor  1 00  mm c na t

ed f ycneici  dettimrep  ylno  f ro  n mo ni ta e

kcots  dna  setuor  htiw  eht  lavorppa  of LC

GM  - 05

NG - 04

tahW.9  si  tnaem  by g tneidar  dna  etaremune  eht  suoirav  sepyt  fo  rg a id e tn  w hti

lla  eht  N(.sliated ov / ceD  M()8002 ay / J nu e 02 12)

ynA  erutraped  fo  eht  kcart  f mor  eht  level  si  nwonk  arg di tne  or rg da ei tn . nosaeR  rof

eht  ni egasu  ra wli ay art kc

1. To edivorp  a inu f mro  etar  fo  esir  f ro a ll  a f s ar as po iss ble

2. To hcaer  ht e suoirav  snoitats  detacol  ta  ereffid nt eleva it no

3. To ecuder  eht  tsoc  o  f eht  ea tr hwo kr .

T sepy  fo  darg ei tn

1. gniluR  tneidarg

2. mutnemoM  eidarg nt

3. rehsuP  ro  repleh  arg di ne t

4. tneidarG  itatS ta no  Yard

1. gniluR  idarg e tn

ehT  gnilur  tneidarg  no  a noitces  yam  eb  ed f deni  sa  a tneidarg  wh ci h determi en s

eht  mumixam  daol  taht  eht  enigne  ac uah n l on the se itc no .

nI  noitanimreted  eht  gnilur  of ht e sect oi n may be defined a ,s  ti  lliw  on t on yl  be

taht  eht  yevrus  fo  eht  tneidarg  taht  lliw  oc me otni  yalp  tub  osla  eht  tgnel h of t eh  rg da ei nt

dna  s’ti  isop t noi

nI  nialp  niarret  = 1 ni  051  ot   1 ni  200

nI  lih ly niarret  = 01 ni 1 0  ot  1 ni  150
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2. mutnemoM  tneidarg

ehT  gnisir  tneidarg  si  dellac  sa  mutnemom  tneidarg  dna  ni  hcus  sesac  a ts ee per

edarg  ht na  eht  gnilur  arg ed  ac  n b  e adopted.

ehT  tneidarg  no  eht  noitces  hcihw  guorht h om re severe t ah n t eh  ru il ng gr da i tne ,

od  ton  enimreted  eht  m mumixa  daol  fo  eht  niarret  tub  no  tnuocca  fo  the ri  favor ba el

noitisop  no  ht e tra kc .

roF  elpmaxe  ni  syellav  , a f lla gni  tneidarg  si  yllausu  f dewollo  yb  a gnisir  rg da ei nt

3. rehsuP  ro  repleh  tneidarg

fI  eht  edarg  detartnecnoc  ni  a icepS f ci  ces tion cus h as m uo n iat nous secti no .

daetsnI  of gnitimil  eht  te rr ain l ao d.

tI  yam  yllanoitarepo  e ysa  ro  neve  oce nom ci al ot  ur n the te rr ain on the ba sis  of

daol  taht  nac  yrrac  in eht  er m gninia  noitrop  of the rt a kc  and a arr n eg  of r na  a siss ting

enigne  si  dellac  rehsup  ro  pleh er rg da i ne t.

4. tneidarG  ni  noitatS  Ya dr

T eh  tneidarg  ta  noitatS  draY  sah  ot  eb  yltneiciffus  wol  eud  ot  th of e iwoll ng r ae son

a( ) oT  tneverp  eht  tnemevom  of gnidnatS  elcihev  no  eht  tra kc  due to ht e effect of

arg eht v ti y

b( ) oT  tneverp  eht  lanoitidda  ecnatsiser  eud  ot  eht  rg eda  o  n t  eh tS and gni  heV lci e

edarG  noitasnepmoC

nI  redro  ot  diova  eht  ecnatsiser  oyeb dn  eht  lbawolla e il m ti , the rg adients a er

decuder  no  cu vr es. T neh  eht  noitcuder  nac  eb  deman  as Grade oc pm ens ta ion

etaremunE.9  eht  tpecnoc  fo  na  edarg  noitasnepmoc  dna  la so xe lp a ni  eht  basic

salumrof  desu  ni  edarg  N(.noitasnepmoc ov / ceD  102 2)( lirpA  / May 1102 N() ov /

ceD  002 7)

euD  ot  eht  ytidigir  of eht  W leeh  ,esab  ti  si  os em it em s of u dn  no  the Cu vr e ht at t eh

sliar  era  dellit  sdrawtuo  os  taht  eht  lautca  eguag  ni  om re ht  na t  eh ht oe re cit al value

W leeh  esaB  si  ed f seni  sa  eht  ecnatsid  neewteb  eht  niojda gni  sexA  hcihw  are

dleh  ni  a digir  f ehT.semar  mumixam  eulav  of eht  digir  ehw el ab se in I dn ia on .B G Ya dr

dna  G.M  dray  era  mc016  dna  84  cm res ep vitc ely. To tneverp  eht  ycnednet  eht  ag uge of
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eht  kcart  si  itemos m se  denediw  no  S ah pr e vruC es. T eh  tnuoma  of inediw ng of g ua seg

gnidneped  nopu  eht  suidar  fo  eht  ,evruC  eguaG  dna  digir  Wh ee l ab se on ht e v he lci e.

ehT  suoirav  f salumro  era  elbaliavA  f ro  f gnidni  tuo  eht  E rtx a Width of the gau eg

deriuqer  no  sevruC . ,esacnI  eht  artxE  htdiw  dluohs  ton  deecxE  mm52  on 1 76 m6 m na d

m5341 m seguag  dna  16mm on t eh  .M G. emoS  selur  era  denoitnem  sa  swollof

eluR  :1

D = L+B( 2 521*)  / R

W ereh

=D  artxE  htdiw  of eht  eguag  in mm

digiR=B  W leeh  mm ni esab

paL=L  o  f eht  evruC

suidaR=R  o  f eht  evruC

,woN  eht  eulav  of pal  of f egnal  ni  m  m si  deniatbo  yb  eht  Fo ll o iw ng eq au it on

L = 2 )H+D([ h* ] ½

W ereh

=D  retemaiD  fo  eht  W sleeh  mm ni

htpeD=H  fo  eht  W leeh  f egnal  woleb  i m n m

eluR  :2

elpitluM  flah  o  f eht  W leeh  esab  yb  pal  of eht  egnalf  t edivid nehw dna h si  result by t eh

suidar  fo  eht  erutavruc  sulp  lah f th  e g ua eg

elpitluM  eht  tneidarg  yb  0003  dna  eht  tluser  lliw  eb  ht e rtxE a requ ri de  i  n mm. ehT  W leeh

,esab  bal  of f ,egnal  suidar  of eht  erutavruc  dna  eguag eht   ot be Expre ss  de i  n m ete sr

eluR  :3

ehT  eguag  saw  denediw  f ro  a cu vr e of over 3 ed rg ee s. tuB  ta  tneserp  the G ua eg

si  ton  denediw  pu  ot  eht  erutavruc  fo  5.4  rged ee on the .B G Yard a dn  5-9 to on .M G ni

ASU  eht  ecitcarp  si  ton  ot  nediw  ht e gau eg  at the rate of 3 mm  f ro  ev re y 2 ed rg ee s of

erutavruc  pu  ot  a ixam mum o  f 1 m9 .
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