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@ Chapter I

Infroduction

1.1 IMPORTANCE OF TRANSPORTATION

1.1.1 Role of Transportation

Transportation contributes to the economic, industrial, social and cultural development
of any country. Transportation is vital for the economic development of any region since
every commodity produced whether it is food, clothing, industrial products or medicine
needs transport at all stages from production to distribution. In the production stage,
transportation is required for carrying raw materials like seeds, manure, coal, steel etc. In
the distribution stage, transportation is required from the production centres viz.; farms
and factories to the marketing centres and later to the retailers and the consumers for
distribution. The inadequate transportation facilities retard the process of socio-economic

~ development of the country. The adequacy of transportation system of a country indicates

its economic and social development.

#

1.1.2 Economic Activity and Transport

The economic activities are the processes by means of which the products are utilized
to satisfy human wants. Two important factors well known in economic activity are .

(i) Production or supply and
(ii) Consumption for human wants or demand.

Man and his products are thus not bound to his local surroundings. The importance of
transportation in economic activity is to be found in its effects on both human wants for

T : :tribution. While discussing the general
goods and satisfaction through production and dislfﬂ s | ;
offects of transportation, it may be said that the increased productivity and its efficient

transportation can lower the cost of the products. The transportation cost is always an
influencing factor on consumer price of commodities.

[.1.3 Social Effects of Transportation

Progress follows the lines of trE:'IIEpOrlﬂliﬂfn.
civer shores, road sides and near railway stations.

Population have always settled along !hn:
In the present concept of transportation
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network. this kind of ribbon development is greatly discuurﬂged, Attem 0
made to decentralize the population centres away from the sides EF’ are b'ﬁing A
transportation routes. Thus town planning patterns are rapidly changin the maiy |
congestion around the populated areas suburban living and industria| eﬁ; TP aVoi _
developing. These suburbs and satellite towns, acting as E“““tﬂf-magnet:mmﬂs e

linked up with rapid transit systems. The various social effects of transnortag: shoyg be . 1
further elaborated as follows : 10N may bt ol

._|-'- |

ol Tl.'_:_l- gy

(a) Sectionalism and transportation : Improved transportation
implication in reducing sectionalism within the country and also outsig
Under-developed colonies and tribes are improving their living condit
distances have apparently been reduced with reduction in travel time. More-fr |
travels in other parts of the country and outside the country tend to increase know] €quent
the people from other sections of the society. The international understanding f; ecee of 3
peace and order also improves with efficient network of transportation, o0 berig

nas IMportay,
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(b) Concentration of population into urban area : The improved trans -
network brings prosperity to the urban population. The prosperity and empiﬂmtm-
nppumi!ies uf: urban area attract the population from other areas resulting in En;};a,?ﬂ v
economic activities. Adequate mass transportation facilities are needed to cater f::
1aternal movements In urban area such as daily movements to and from factories, offices
sci:0ols, hospitals and other social needs. Efficient rapid transit facilities are 11,|:r.':¢:'s'sm:=E 8
for Suh-urhan and inter-city long distance travel for business needs, social visits mﬁ |
fourist activities. This also encourages the people to live in places aw;:,' from their ﬁ:;l':
centres, thf.ls helping to decrease the growth of slums in urban areas. In general the
iransportation facilities are essential for the well being of the cnmmunity.l iy

i
oo

i

t (c) Aspect of safety, law and order - Transport facilities are essential for rushing aids
h{} areas aﬂ'ev.:!ed by an emergency. To maintain law and order at home, it is required to
ave an efficient svstem of transport network. To defend the territory of the country

:;g;mﬂt the f'::sftf:mal agegression and to guard the borders with the foreign territories,
sport facilities are needed connecting the farthest border area from the head quarters

.T;Tua]s' At times, this alone may be a sufficient reason to develop a transport network
'th may not involve any economic and social benefit directly.

All the advantages of transportation may now be summarized -

(1) Transportation is for advancement of the community.,

(i) Transportation is essential fi :
(§ 2
the country, and r the economic prosperity and general development of

(1i)) Transportation i * :
s essential for strategic move ‘
. ment In emer ce of the

country and to maintatn better law and order. - |

With i
'th over 75 percent of the population of the country living in the villages, the

tlmmmﬂﬂtiﬂﬂ fﬂtiliﬁﬂs in rural areas, there {:{}uld
centres. The fertilizers and other inputs for agriculture

not indicate the overall development of the

the rura] pPopulation easily and similarly the praducts - .-':'
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can be spld at the nearest marketing centres for more remunerative price resulting in faster
economic growth and decreased wastage. With improved facilities for education. health
care and other social needs in the villages, the urge for the migration to urbmiuntrti
decreases, thus helping in balance development of the country as a whale,

1.2 DIFFERENT MODES OF TRANSPORTATION

Three basic modes of transport are by land, water and air. Land has given scope for
development of road and rail transport. Water and air have developed waterways and
airways, respectively. The roads or the highways not only include the modern highway
system but also the city streets, feeder roads and village roads, catering for a2 wide range
of road vehicles and the pedestrians. Railways have been developed both for long
distance transportation and for urban travel, Waterways include oceans, rivers, canals

and lakes for the movement of ships and boats. The aircraft and helicopters use the
alrways.

Apart from these major modes of transportation, other modes include pipe lines
elevators, belt conveyors, cable cars, aerial ropeways and monorails. Pipe lines are used
for the transportation of water, other fluids and even solid particles.

The four major modes of transportation are :

(i) Roadways or highways
(ii) Railways
(iii)) Waterways
(iv) Airways
The transportation by air is the fastest among the four modes. Air travel also provides
more comfort apart from saving in transportation time for the passengers and the goods
between the airports. Transportation by water is the slowest among the four modes; but

this mode needs minimum energy to haul unit load through unit distance. +Tht
transportation by water is possible between the ports on the sea routes or along the rivers

or canals where inland transportation facilities are available.

The transportation along the railway track could be advantageous by rﬁilwa}*s between
the stations both for the passengers and goods, particularly for longer distances. These
railway tracks could serve as arteries for transportation by land and the roads could serve

as feeder system for transportation to the interior parts and to the in}enn:diat: lu-::uliti:}v.
hetween the railway stations. The energy requirement 1o haul unit load through unit

distance by the railway is only a fraction (one fourth to one sixth) of that _n:quirtd h?r r:;i
Therefore full advantage of this mode should be taken for the transportation of bulk goods

along land where the railway facilities are available.
only mode which could give maximum service 10 one

aximum flexibility for travel with reference to *mul.r.-.
mode of road vehicle. Itis possible to

The other three modes, viz., airways,
ation by roads for the service 10 and

The transportation by road is the

and all. This mode has also the m
direction. time and speed of travel etc. through any

provide door to door service only by road transpori.

waterways and railways have 10 d:!}r:nd on transport N e bl o
fom their resrective terminals, airports, harbours road

rtation and
therefore needed not only to serve as fe:d:'r system for ?m:i! ni-ns ;:d Tﬁ g
to supplement them, but also to provide independent facility

tanned net work of roads throughout the country.
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arion between difle s of trans ion i .
Though co-ordination between difterent n‘lﬂ[!!:ﬂ A Eﬁrtatmn IS desirab)e
necessary 1o permit a healthy competition between the different modes

v varving characteristics.

o it §e i ae
¥ Sch ni?&i H
wrde hag -
The branch of transportation engineering which deals with the plannin 5
onstruction and maintenance of airports and other famh!ms for the operation of EjI‘EEtE“’ i
‘s termed Airport Engineering. The development of terminal facilities for ships and Eﬂmﬁ;_ A
their harbouring, repairs etc. are covered under Harbour Engineering, The des; ats, gs
laving of railway tracks and yards, their maintenance and the safety and controf cﬁ‘] m?d_' =1
movements are dealt in Railway Engineering. The planning, design, constructio train £
maintenance of road and roadway facilities to cater to the needs of road ¢ .

covered under Road Engineering or Highway Engineering,
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1.3 CHARACTERISTICS OF ROAD TRANSPORT

T,

It is an accepted fact that of all the modes the transportation, road transport js ';h'.,: "o
nearest to the people. The passengers and the goods have to be first transported by ru'aﬂ:"dﬂ'

o
before reaching a railway station or a port or an airport. The road network alone coyly =
serve the remotest villages of the vast country like ours. -'

-

The characteristics of road transport are briefly listed here. 4 'f«,-‘t;
i

(1) Roads are used by various types of road vehicles, like passenger cars, buses, u-um“ _;11
two and three wheeled automobiles, pedal cycles and animal drawn vehicles. But';

railway tracks are used only by rail locomotives and wagons, waterways are used

by only ships and boats. N |

o
il

L
Y
=
I"IE_

(1) Road transport requires a relatively small investment for the government. Mqtnf-.fb
vehicles are much cheaper than other carriers like rail locomotives and wagons,

B

b

*

water and air carriers. Construction and maintenance of roads is also cheaper thaﬁ_-.‘-f.f
that of railway tracks, docks, harbours and airports. i
(1) Road transport offers a complete freedom to road users to transfer the vehicle from e -

one lane to another and from one road to another according to the need and

convenience. This flexibility of changes in location, direction, speed and timings of S
travel is not available to other modes of transport,

r_"'."lﬁ:—f

ﬁ‘..""li’

=

1

(v) In particular for short distance travel. road transport saves time. Trains stﬂP_'ﬁ; |

junctions and main stations for comparatively longer time. e |

(v) Speed of movement is directly related with the severity of accident. The road Eafﬂw_-,'—* |
decreases Wiﬂ'} Increasing dispersion in speed. Road transport is El'h.iaﬂed 0 S hl’_:ﬂ
dnfgrc_e of ﬂﬂﬂldenifs due to the flexibility of movements offered to the road usﬂﬁﬂii'ﬁ',

eralment of railway locomotives and air crash of air planes arc also 1 *“i
uncommon. They are in fact more disastrous. | ':--.-:.i E
Whﬂ[f:;}-"' |

(vi) Road transport is e
the ean - e WL
community alike. only means of transport that offers itself 10 th B
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to the set-backs in E:ﬁmmc}' 'n the road development in India has ﬂ”“mbuwinﬁ_ v
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IMPORTANCE OF ROADS IN INDIA 5

provide roads links between the villages and market centres. The prospenity around the
urban areas alone do not reflect the economic and living condition of the people of our
country as a whole. Overall economic progress can be schieved. only if reasonably
adequate transport facilities are made available between the villages and other district
head quarters and commercial centres. The road networks have also to be suppiemented
with Express ways to keep pace with the requirement of uninterrupted movement of fass
vehicles along the arterial roads. In general, developing countries have to raise their
transportation systems to a higher level both in terms of length and quality so as to meet
the demand which is being generated by the development plans. Also road development
generates considerable employment potential. It is estimated by Planning Commission
and the National Council of Applied Economic Research that Rs. 1,000 crores invested in
roads would yield employment for six million persons.

It has been shown that a paved surface in reasonably good condition can contribute to
15 to 40 percent savings in vehicle operation cost. This is very significant from the point
of view of energy crisis and conservation of petroleum fuel. Thus it is all the more
important to construct and maintain road pavements in good condition. Revenue from the
road transport in India has been much higher than the investment made on road
development plans. Out of the estimated revenue of Rs. 10,000 crores from the road
sector during the sixth five year plan 1980-85, only Rs. 3439 crores was provided for
roads during the plan period. During the seventh plan Rs. 6,000 crores was spent fﬂf‘m&d
development in the country. There is a great need and considerable scope for higher
investments for development of road transportation in India.

1.4.2 Requirement of Rural Road Development

There are 5.76 lakhs villages in India. Of these only about 57 percent of villages wrm
population about 1500, 36.3 percent villages with population ilﬂﬂ{l to 1500 mﬂi 2_-.
percent villages with population less than 1000 were anm:d with all-weather by
1980-81. Realising the urgency of developing the village roads, these have been treated

as a part of minimum needs programme since the fifth five-year plan.

It is estimated that Rs. 11,000 crores (as per 1980 cost estimates) t.fnll he needed to
provide all weather motorable road network so that on the average any village is nm:mn:_
than 1.6 km from a road. During the sixth five year plan (1980-85) out of the 1::-mwsmn o
Rs. 3439 crores for the road development and maintenance, Rs. 1165 crores was set apan

ini . The states are also actively
or the rural roads under the minimum needs programme
; in the development of rural roads. For example, a master plan for rural roads has

been prepared for Karnataka State at an estimated cost of Rs. 949 crores.

1.4.3 Comparative Study of Road Statistics

The road statistics give an idea of the stape of road devtlnpma:n:h of a country. TT::
road statistics may be presented on the basis uf area of Elm cuun:}fd or the I;?':P:tmw ;
road network of this country has to be considerably increased cunng Joprnent

; a | ; to the
plans. The poor stalc of road development in India in the past may be due 1o
following reasons :

i) There was no plani
(] Nagpur Road Plan in the year 1943. Onl

development works were speeded up.

: = o L E-
ds in the country upto t.ht' nitiation ©
Sl B o r::luiing the five-year plans since 1951, the
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(ii) The investment even today on the road development
the revenue from the road transport,

(iii) Poor economic conditions of the vast majority of the population i v
the owning of private vehicles and discourage the use of transport,

There has been a noteworthy progress in road development in India d
independent period, especially since the start of the five year plans in the

uring the p...
year Post

total road length by the year 1951 was only 3,97,600 km, whereas the n'}:; lle:hE
gth
areaof |

b LI
and.
-I: _.::I-

=
» n
N
‘-
-

achieved by 1981 was 15,02,700 km. The density of roads in km per 100 sq. km
the country by the vear 1951 was about 12 which was increased to 2] by

34 by 1972 and 46 by 1981. The road density values of some of the developed
developing countries by the year 1981 are given in Table 1.1 for comparison, ;

Table 1.1 Road Density Values in Different Countries by the Year 1981

Road density in km
per 100 sg. km area

*1984 Statistics from World Bank Policy Study.

1.5 SCOPE OF HIGHWAY ENGINEERING

’lh:ThE I'EE;E[ pavements are generally constructed on small embankments, slightly ahﬁve
e iftinem ground level wherever possible, in order to avoid the difficult drainage and
nance problems. The term road or roadway thus constructed is therefore termed

highway' and the science and technology deali ;
. eal : T
called 'Highway Engineering’ Ing with Road Engineering is generally

In the foregoing paragraphs, the need and the status of road transportation have been

discussed. It is therefore lopi :
gical to discuss the sci : : - . b
answers the questions as how highways are et LY Engiooting g

constructed and maintained Answers t
‘ . 0 each of
development of the subject as outlined in Fig. 1.1. i

[n nutshell, it may be said tha '
: t the hi
development, planning, alignment, hj ey

lra!_’ﬁ:: operation and jis ghway geometric design and location, highway

matenals, design, construction and

AT’ I.."'I

|
g

gineering deals with various phase like

Programme |s Much | =<1
““"“lhan 2l

planned and designed and how are they
questions contribute to the' =
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Scope of Highway Engineering
PHASES DETAILS

Development, Planning Historical background; Basis for Planning; Master Plan,
and Locations Engineering surveys and highway alignment.

Highway Design, Road Geometrics and their Design, Rigid and Flexible
Geometrics and Pavements; Design factors and thickness design;, Overlay
Structures design; Design of drainage system.

Traffic studies analysis; Need for new road links;, Traffic
regulation and control; Intersection design and their controls

with signs, signals, islands and markings.

Highway Materials and mix design; Highway construction; Earth
work, construction of different types of pavements; Earthen, soi
stabilized, water bound macadam, Bituminous surfaces an
cement concrete roads; pavement failures; pavement evaluation
Maintenance of pavements and drainage system.

Economics, Finance Road user cost and economic analysis of higliway prum
and Administration pavement types and maintenance measures; Highway Finance

and phasing of expenditures; Administration,

Fig. 1.1 Scope of Highway Engineering

Traffic Performance
and its Control

Materials, Construction
and Maintenance
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PROBLEMS
|. Discuss the role of transportation in the economic and S0Cial n..: e
cOuntry. Wlvitjeg = B
2 What are the different modes of transportation 7 Ex

lain 1 .
cach of them. ' he “PeCific fupen -

3. Compare the characteristic feature of different modes of transportay;
on,

4. What are the characteristics of road transport in comparison with oth
er

3. What, in your opinion were the chief causes of ne
transportation in India ? Blected condit

6. Explain the role of transportation in rural development in Indja 2

7. Outline and discuss the scope of the highway engineering study
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@ Chapter 2

Highway Development
and Planning

2.1 HISTORICAL DEVELOPMENT OF ROAD CONSTRUCTION
2.1.1 Early Development

The oldest mode of ravel obviously was on the foot-paths. Animals were also used to
transport men and materials. Later simple animal drawn vehicles were developed and this
became a common and popular mode of transportation for a very long period after the
invention of wheel. This brought up the necessity of providing a hard surface for these
wheeled vehicles 1o move on. Such a hard surface is believed to have existed in
Mesopotamia in the period about 3500 B.C. The first road on which there is some
authentic record is that of Assyrian empire constructed by about 1900 B.C. Only during
the period of the Roman empire, roads were constructed in large scale and the earliest
construction techniques known are of Roman Roads. The Romans construcied an
extensive system of roads radiating in many directions from Rome through the empire
mainly for military operations. Hence Romans are considered to be the pioneers in road
construction.

2.1.2 Roman Roads

Many of the early Roman roads were of elaborate construction. Some of these roads
are still in existence after over 2000 years. During this period of Roman civilization
many roads were built of stone blocks of considerable thickness. The Appian way was
built in 312 B.C. extending over 580 km which illustrate the road building technique used

by Romans.
The main features of the Romans roads are :
(i) They were built straight regardless of gradients,
(i) They were built after the soft soil was removed and a hard stratum was reached.

iii) The total thickness of the construction was as high as 0.75 to 1.2 metres al some
o places, even though the magnitude of wheel loads of animal drawn vehicles was

very low.
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A typical cross section of Roman road is shown in Fig. 2,1,
procedure was as follows :
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Fig. 2.1 Typical Cross section of Roman Road

(1) A trench of width equal to that of the carriage way was dug along a straight path by %

removing the loose soil from the top. The trench was cut upto a depth unt .
unt i
stratum was reached. 3 & hard

(i) One or two layers of large foundation stones were laid in lime mortar at the bnttmi:i;: "
The thickness of this bottom layer ranged from 10 to 20 cm. Vertical kerb stnm:' i
were placed along the edges of the pavement. A

(1i) A second layer of lime concrete with large size broken stones mixed in lime mnm:."

was laid over the bottom course up to a thickness of 25 to 40 cm.

(iv) Another layer of lime concrete was laid over this with smaller broken stones mixed £
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in lime mortar to a thickness of 25 to 40 ¢m, or even more if necessary.

(V) The wearing course consisting of dressed large stone blocks set in lime mortar was

provided at the top. The thickness of these blocks also varied from 10 to 15 cm.

iZZEI::-'.rnt.‘-u;:.l;,.r the a_h-::we construction should have been much stronger than what was
required for the animal drawn carts in those days. The enormous cost of construction

cannot be justified at all, if this technique is compared witi the modern trend of pavement
design based on more scientific approaches, ] .
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Fig. 2.2 Typical Cross Section of Tresaguet's Construction (1775 A.D.)

(i) The subgrade was prepared and a layer of large foundation stones were l2id on cdge
by hand. - At the two edges of the pavement large stones were embedded edarwise
lo serve as submerged kerb stones.

(11) Thl: corners of these heavy foundation stones were hammered and then the
interstices filled with smaller stones. Broken stones were packed to a thickness of
about 8 cm and compacted.

(ili) The top wearing course was made of smaller stones and compacted to a thickness of
about 5 c¢m at the edges and gradually increased towards the centre. gIving a cross
slope of 1 in 45 to the surface, to provide surface drainage.

(iv) EE shoulders were also provided cross slope to drain the surface water to the side
1.

2.1.4 Metcalf Construction

John Metcalf (1717-1810) was engaged on road construction works in England during
the period when Tresaguet was working in France. He apparently followed the
recommendations of Robert Phillips whose paper was presented in Roval Society.
Metcalf was responsible for the construction of about 290 km of road in the northem

region of England. As Metcalf was blind, much of his work was not recorded.

2.1.5 Telford Construction

2.1.3 Tresaguet Construction

Thomas Telford (1757-1834) began his work in early 19th century. He was the
founder of the Institution of Civil Engineers at London. He also believed in using heavy
foundation stones above the soil subgrade in order to keep the road foundation firm. He

r .
0ad construction method, except the older concept of using thick construction of 102

Pierre Tresaguet (1716-1796) developed an improved method of constructio :

Fra'nce by the year 1964 A.D. Tresaguet developed several methods of construction . &

which were considered to be quite meritorio that

the thickness of construction need be o

consideration was given by him to Subgrad
water. Tresaguet was the In

us. The main feature of his proposal W3S
nly in the order of 30 cm. Further

spector General of Roads in France from 1775 to 1783 8"

¢ moisture condition and drainage of su!fﬂ':';

insisted on providing a definite cross slope for top surface of the pavement by vaning the

thickness of foundation stones.

A typical cross section of Telford's construction by the year 1803 is shown in Fig. 23.

The construction steps are given below :
(i) A level subgrade was prepared to designed width of about 9 meters.

(1) Large
largest face down so as

foundation stones of thickness 17 to 22 em were laid with hand wh‘h their
1o be laid in a stable position. The stones of lesser thickness



HIGHWAY DEVELOPMENT AND PLANNING

BROKEN STONE

SLOPING WEARING SURFACE
Scm THICK -

(1IN &5) Lem THICK

ey ] L C TR By

b |
I----l--'.. ..I.' Em "

4 Pl agmtn vy b i R
Y L Y Y T T T Y LT T N2
= = . =3 4 . o | v g _I_'i

e 3, o 'ﬂm__ﬁﬂ,ﬂﬂﬁﬁnnsl
FOUNDATION STONES OF ANGULAR BROKEM
VARYING SPENTT0 22em)  STONE, 7cm SIZE e I
Wem THICK B

Tem] BT

r_t'. g 'H

EROXKEN STONE IN
LIME MORTAR

Fig. 2.3 Typical Cross Section of Telford’s Construction (1803 A D.)

(17 cm) were placed towards the edges and stones of Increasing thickness
towards the centre. At the centre the largest stones of approximate thickn
were used such that these foundation stones of varying thickness provide
slope designed by Telford,
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chipping and properly beaten down.

(1v) The central portion of about 5.5 metre width was covered with two |a of
?n_gylar-hmkﬂn stones to compacted thickness of 10 and 5 em These |a b
initially rammed and later allowed to be |
consolidated by the rains.
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(V) A certain width of the pavement towards the edges was constructed by compacted il

broken stones, 15 cm thick, sometimes in lime mortar instead of using the kerb .-
stones so as to provide lateral stability. | B
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(vi) A binding layer of wearin '
* E course 4 cm thick was constructed
gravel. The finished surface had a cross slope of about 1 in 45. -
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Telford proposed to provide cross drains at intervals of about 90 meters. They were.

usua ' : :
lly laid below the foundation level as the interstices were large enough to allow the

waler to percolate from ;
sibgiade. op to the bottom of the construction and thus soften the 15.,@1?
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2.1.6 Macadam Construction -1 i 3
John M, e

as tnmpﬂr;cf: I;;T L{|-,]:55; 1836) put forward an entirely new method of road cunsﬂ'ﬂﬂi“ﬂ-}’j 1
Previous methods. The first attempt to improve the road condition s =B

o

Was made by him in 1815

his new concept of road con acadam was the 5uweynr General of Roads in Engfand &ﬂdj > |

struction became known by the year 1827. 3
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Fig. 2.4 Typical Cross Section of Macadam’s Construction (1827 A.D.)

(i1) Macadam was the first person to suggest that heavy foundation stones are not a1 all
hecessary to be placed at the bottom layer of construction. He realised that the
subgrade being the lowest portion of the pavement should be prepared properly and
kept drained so as to carry the load transmitted through the pavement. Enm;;a:wd
layer of smaller size broken stones placed at the bottom, according 10 Macadam.
could replace, with advantage, the heavy foundation stones.

(1if) Though the total thickness of construction. was less than previous methods, this

IE-I::h.I'lin:.lE.: r:.nuld serve the purpose in a better way, due to better load dispersion
characteristics of compacted broken stone aggregates of smaller sizes,

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

animal drawn vehicles, The pavement surface was also prepared with a cross slope
of 1 in 36 for drainage of surface water,

Macadam's method is the first method based on scientific thinking. It was realised that
the stresses due to wheel load of traffic gets decreased at the lower layers of the pavement
and therefore it is not necessary to provide large and strong boulder stones as foundation
or soling course at the lowest layer of the pavement. This method became very popular
far and wide. Various subsequent improved methods were based on Macadam's
construction and some of the methods still in use are known after his name. such as water
bound macadam, penetration macadam and bituminous macadam constructions.

The construction steps are :

(1) Subgrade is compacted and prepared with a cross slope of 1 in 36 upto a desired
width (about 9 metres).

(1) Broken stones of a strong variety, all passing through 5 cm size sieve were
compacted to a uniform thickness of 10 cm.

(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 and finished so that the cross slope of pavement surface was also 4 in

36.

The Macadam and Telford methods of constrection differ considerably though both
the methods were put forward in the early nineteenth century.
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| (ii) The bottom layer of pavement or the

F.{i} The subgrade was given a cross slope

| givﬂn_ﬂ cross slope of 1 in 36.

2.1.7 Further Developments

construction and hence was adopted by various countries w
of the most popular methods which is even now prevalent

flf:ffﬂmdﬂm (WBM) construction, known after Macadam's technique. In this method &
dust i oken stones of the base course and surface course, if any, are bound by the stone/ | .
. N presence of moisture and hence the name. WBM roads are in use in India both a8 - of fifth century A.D. emperor Ashoka had improved the roads and the facilities for the
aa ::l:hed pavement surface for minor roads and as a good base course for Eupmnr
:re I-m:; cﬂaﬂn;tlﬁal;?}’ traffic. There are also bituminous construction methods whn:h
bound macadam and PE::::E‘“E;TEIEMS adopted In our country include the bitum 2
been given in the Chapter, 'Hi ghwﬂ;gns:‘h:ui?:nflﬂmls of the construction methods haﬁ
' T

€O i ' : ; .
th::;;u; EE:FHI:::]:'I:EF fﬂdst moving vehicles started using these roads. Dust is formed on’ =
Ing dry weather due to the crushing and abrading action of steel-tyred

animal drawn vehicles. Thi - .
L . 15 du—s't " B - '|II"T1 '1
during monsoons, mud is funn:fa:nﬂy raised by the fast moving automobiles. Furthel

aumr!'l:nbiles. Under the combined act;
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of 1 in 36 to facilitate subgrade
~ drainage.

sub-base course consisted of broken

stones of less than 5 cm size to
uniform thickness equal to 10 cm

onlv.

(i11) Base and surface courses consisted of
broken stones of smaller sizes to
compacted thickness of 10 and 5 cm
respectively and the top surface was

(iv) The total thickness of pavement
construction was kept uniform from
edge to centre to a minimum value of
only 25 ¢m. ‘

Macadam's method of construction gained recognition as a scientific methnd.
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3 rules in the literary piece titled 'Arthasastra’.
& n:gulz_umg the depth of roads for various purposes and for different kinds of traffic.
Mention has been made regarding the punishment for obstructing roads. In the beginning

on of the mixed traffic and under adverse weather - g

AT

OUS carpet and bituminous concrete Wer® _ o
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The use of cement con
. S ‘ crete for roads has
bituminous mixes. The cement concrete roads c:= f: be desi
:nads expected on the roads evep ; ; ge
ong service life. They are kno - :
high initial cost involved In th e v 8 good and eves g 3

extensively used in our country at present

As the main problem i ' M
n developing countries like India i
me 1g ¢ 15 10 have maximum roc
;;i;ljgtslla at:m:mmum cost, the only solution is to resort 1o the construction of low cost r;:z
g :unsfru-::tmn of roads. Hence the best utilisation of locally available and the

: 3 . In this res there |
scope for the use of soil stabilization and other low cost pavement rnaI:ttrc"ilals TI':TEﬁ

Zvira] ,}.E;hniql"fEE of soil stabilization which have been explained in a later chapter
‘T . The l:hl.:lll:E. 1_:f' the method of stabilization depends on several factors such as the
SOl type, availability of stabilizers, climatic conditions, the component of pavement

which is being constructed and the traffic.
2.2 HIGHWAY DEVELOPMENT IN INDIA

1.1.1 Roads in Ancient India

:I'he. excavations of Mohenjo-daro and Harappa have revealed the existence of roads in
India as early as 25 to 35 centuries B.C. Old records reveal that in early periods the roads

were considered indispensable for administrative and military purposes. The ancient
.| scriptures refer to the existence of roads during the Aryan period in the fourth cenmry

B.C. Kautilya the first prime minister of Emperor Chandra Gupta Maurya, laid down the

travellers.
2.2,2 Roads in Mughal Period

During the Pathan and Mughal periods, the roads of India were greatly improved.
Some of the highways either built or maintained by Mughals received great appreciation
from the foreign visitors who visited India during that periods. Roads were built running
from North-West to the Eastern areas through the Gangetic plains, linking also the coastal

| and central parts.
i 2.2.3 Roads in Nineteenth Century

1 At the beginning of British rule, the conditions of roads deteriorated. The economic
{ and political shifts caused damage to a great extent in the maintenance of the road
o transportation. The fall of Mughal empire led therefore to the scant attention to the
. communication. Prior to the introduction of railways, a number of trunk roads were
B metalled and bridges were provided. this was mainly done on the remains of old roads

= which existed, under the supervision of the British Military Engineers. In fact these roads

8 connected important military and business centres.

Rules have been mentioned zhout

1 [ = e r-l.'.F'J:I-:"E'III:_.-_t_"l"_::':".--_-

=
o T e e T
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Military maintenance was not quite adequate and in 1865 £ Dalh
was Governor-General formed the Public Works Departmeny
form that exists today. The construction of the Grand Trunk R
new department. [Immediately with the development of
Government was shifted from road development except for

the railway was gaining the privileges.

In more o

1.2.4 Jayakar Committee and the Recommendations

After the first World War, motor vehicles using the roads increased an d thi
a better road network which can carry both bullock cart traffic and
existing roads when not capable to withstand the mixed traffic
was passed by both Chambers of the Indian Legislature
committee to examine and report on the question of road development in India.
response to the resolution, Indian Road Development

government with M.R. Jayakar as Chairman, in 1927.

The Jayakar Committee submitted its report by the year 1928, The most
recommendations made by the committee are ‘

(1) The road development in the country should be considered as a national
this has become beyond the capacity of provincial governments and local bodies.

(1) An extra tax should be levied on petrol from the road users to

develop a road
development fund called Central Road Fund '

(ii)) A semi-official technical body should be formed to pool technical know how from
various parts of the count

roads.

(1v) A research organisation should be Instituted to carry out research and deve!upmeﬁt
work and to.be available for consultations. ¥

Most of the recommendations of the
government, and the major items were im
Fund was formed by the vear 1929, the

Roads Congress was formed in 1934 and t
in 1950,

Central Road Fund

Jayakar Committee were accepted by the

semi-official technical body called the Indian
he Central Road Research Institute was started

Based on the authority of a resolution adopted by
Road Fund (C.R.F.) was formed on st march

charged an extra leavy of 2.64 paisa per litre (then

up this road development fund 20 percent of the
Central Reserve, from which grants are to be g

meeting expenses on the administration of the roa

the Indian Legislature, the Central
1929. The consumers of petrol were
'Wo annas per gallon) of petrol to build
annual revenue is to be retained as a
'ven by the Central Government for
d fund, road experiments and résearch
allotted by the Central Government to the JE. The balance 80 percent is to be

: arious st
consumption or revenue collected. ates based on actual petrol

'Il"hﬂzr accounts of the Central Road Fund are
ra "ﬂ Cenu:al. Revenues and the control on ﬂ.ﬂ:

IStry of Transport. Recently the rate

ousie, when he

r less the same
oad was undertaken by this

rai[v:ra_;.rs, altention of the
Providing feeder roads and

r.!-:t:mr vehicles, The
conditions. A resolution
1927 for the appointment of a

' In
committee was appointed by the

important

interest as

ry and to act as an advisory body on various aspects of _-

plemented subsequently. The Central Road

revised in order to augment the =
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" Indian Roads Congress

recommendations made by the Jayakar Committee.
constituted to provide a forum for regular pooling of experience and ideas on all matters
affecting the planning, construction and maintenance of roads in India. to recormnmend
standard specifications and to provide a platform for the expression of professional
opinion on matters relating to road engineering including such questions as those of
organisation and administration. The IRC has played important role in the formulation of
the three 20-year road development plans in India. Now the Indian Roads Congress has
become an active body of national importance controlling specifications, standardisation
and recommendations on materials, design and construction of roads and bridges. The
IRC publishes journals, research publications, standards specifications guidelines and
other special publications on various aspect of Highway Engineering. The technical
activities of the IRC are mainly carried out by the Highway research Board and several
committees and subcommittees consisting of experts in each subject. The IRC works in
close collaboration with Roads Wing of the Ministry of Surface Transport, Government
of India.

The Indian Roads Congress was

Economic depression during the thirties of this century delayed the road development
programmes. During this period the share from the Central Road ‘Fund*was almost the
only source for highway financing. During the second world war intensive Fﬂ'nrts were
made to develop the road net work essential required for strategic considerations. These
projects were substantially supported by defence services funds.

After the second world war, there was a revolution in respect of automobiles using the
roads in our country and a large number of military vehi:}Ies sl-:arh?d plying on the roads.
Thus the road development could not cope up with rapid increase in road vehicles nd so
the existing roads started deteriorating fast. The need for proper highway plannir g was
urgently felt by this time by the authorities.

Motor Vehicle Act

In 1939 the Motor Vehicles Act was brought into it:Ffe::t by Gﬂvement of India to
regulate the road traffic in the form of traffic laws, ordinances and regulations. The three

imari : ' rship and vehicle

h rimarily covered are control of the driver, ?fehu:!r: owne '
Ep:-:faﬁ on rna};ls and in traffic stream. The Motor Vehicle Act has br:en appi_endud with
several ordinances subsequently. The Motor Vehicles Act has been revised In the year

1988.

2.2.5 Nagpur Road Conference

: : ' convened in

A conference of the Chief [-;.ngm:ers of EH'I‘h? ; ta'tes :;'1 51:: r;;?;e;u?dss Congress 0

1943 by the Government of India at Nagpur, at initialive S TS S5t it i

finalise the first road development plan for the country as afw attompt 10 prepare a co-

the history of road development in l;l'lﬂl:él., as it was the 1:: aI“ : 1]:. ol g

ordinated road development programme In @ plammes m:'n:.-'n;: all roads were classified

lan, popularly known as the Nagpur Roa Sk veriod 1943-63

fiﬁﬂlﬂpmﬂm : ‘s and a twenty year development programime 10 16 kam per 100
s ff'i “l'z::g?ﬂ:ltﬂthe end of this plan the target road length g

was finalised.

square km area of the couniry,
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e

development programme [-, gt
) +« achieved about two years ahead, n 1.
road length was ¢ But even a¢ e

meoting of the Chief Engineers of the central and state Governments Was

consider the future road development programme. A committee was appointe
the Second Twenty-vear Road Development plan starting from the year 196 | €d to pr

Central Road Research Institute

In the year 1950 the Central Road Research Institute (CRRI) was started
for research in various aspect of highway engineering. It may be indicated

research and dissemination of information.

The CRRI is one of the national laboratories of the Council of Scientifj

Research: the institute is mainly engaged in applied research and offers t
lo state governments and the industries on various problems concemning roads

National Highway Act

In 1956 the National Highway Act was passed. The main features of the mm

(1) the responsibility of development and maintenanc

. e of the nati ‘ '
be provisionally taken by the central government. o hlghvmy (NH) li:_

(i) the central povernment 1o he
| AP ¢mpowered to declare any other highwa
omit any of the existing national highways from the list 3 ghway as NH or to

2.2.6 Second Twenty Year Road Development Plan 1961-8]

The second twenty year road dev
. elo ~ o
the IRC and was finalised in 1959 at Ihfnn‘:fzg:iplﬂn or the period 1961-81 was initiated by

fiorins 3 ng of the Chief Engj
L:E.ﬁ'i?fu:::ut;ﬁah'?"m government. This road development :T:f izn:!sﬂ;TnT:mT
v M. [ . .
place and deve deration to the development i
plan Ffffiﬂd'-.“’ﬁTI;ET:;[tEs;éj E:::::;'lmﬁhplaw in our country in var?nu:nﬁetl}:; :Eig :;E
double that of the Nag -1 a1 1hie end of this second 20 year plan was almost
&P 4 €. a total road length of 10,57,330 km or
N outlay of Rs. 5,200 crores for the period

econd twenty year plan, based on 1958 price

, the annual the
+ the road deyelo plans 1966-69 and

]_ﬂ B ! i [ &
pace. The total length of aj} Calegories of roads
. ac

lakhs km. the densit

hieved by the b
year 1974 was 1.
than the 19§ larget of the Second T ‘

per 100 sq. km area, which is higher

e A ent plan goy delayed JEar 198085, the preparation of the
Ihe Third Twenty Year |
prepared by a committee

of expe Pment Play 1 .
Congress and also at Cxperts angd Wias o 1 for the period 1981-2001 was

. et r
the meeting of he Chief Eyo %Y the Council of the Indian Roads

al New Delhi

: : l |

recommendations of Jayakar Committee report was to set un a central nr;:t_nnﬂ Of the,
- Msatiop f

or

€ and lndusu-ﬁi
echnicg] advice

pment in India continued at a steady

y 10

pare

oad Development Plan1961-81. Thus "
ng Ir:n.n road development plan for the =
ng policies during the fifth plan Fﬂﬁﬂ'.i._' :,'_:;:-
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Highway Research Board

view to give proper direction and guidance to road research activities in India. The board
is expected to ar.:rl as a national body for co-ordination and promotion of highway
research. The Highway Research Board (HRB) has recommended suitable financial

allocation of research by central and state governments and has chosen high priori
research schemes for being taken up first.

The objective of IRC Highway Research Board are :
(i) To ascertain the nature and extent of research required.

(ii) To correlate research information from various organisations in India and abroad
with a view to exchange publications and information on roads.

(iii) To co-ordinate and conduct correlation services.

(iv) To collect and disseminate results on research

(v) To channelise consultative services

There are three technical committees of the HRB for (i) identification, monitoring and
research application (ii) road research evaluation and dissemination and (i) bridge

research, evaluation and dissemination.

2.2.7 National Transport Policy Committee

The Government of India appointed the National Transport Policy Commuittee (NTPC)
in the year 1978 to prepare a comprehensive national transport policy for the country for
the next decade or so, keeping in view the objectives and priorities set out in the five year
plans. The NTPC report was made available in the year 1980 and many of the major
recommendations of this report have been accepted by the Government of India. Some of
the important recommendations of the NTPC report relate to the liberalisation of the
transport sector, inclusion of transport in the priority sector, optimal in-er-modal mix
between railway and road transport based on resource-cost consideration and energy
conservation. A number of suggestions were made on the road development, these
include the need to take into account the requirements of roads in rural, hilly and tribal
areas in the next perspective road development plans, strengthening of National Highway
system, increase in funds for the maintenance of roads and to connect all the viliages with
all-weather low-cost roads within next twenty years. Separate recommendations were
also made for various factors connected with the development and growth of road

transport by the year 2001.

2.2.8 Third Twenty Year Road Development Plan 1981-2001

The Third Twenty Year Road Development plan 1981-2001 was prepared by the Road
Wing of the Ministry of Shipping and Transport with the a?tiw co-operation from a
number of organisations and experts in the field of Highway Engincering and
Transportation. This document was released during the 45th Annual Session and the
Golden Jubilee celebrations of the Indian Road Congress in February 1985 at Lu:knmn:,
Therefore this road development, plan for 1981-2001 is also called 'Lucknow Road Plan'.

This plan has been prepared keeping in view the growth pattern envisaged in various
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2.3 NECESSITY OF HIGHWAY PLANNING

In the present era planning is considered as a pre-reguisite before antermpoms any
development programme. This is particularly true for any engmeenng work, o rlanmmng
is the basic requirement for any new project or an expansion programme | 5us Rigfeey
planning is also a basic need for highway development. Parucularly planming 5 of meat
importance when the funds available are limited whereas the totai requirement &5 moch
higher. This is actually the problem in all developing countries like India as the Best
utiiisation of available funds has to be made in a systematic and planned way.

The objects of highway planning are briefly given below :

(i) To plan a road net work for efficient and safe traffic operation, but ar mmumumn
cost. Here the costs of construction, maintenance and renewal of pavement javers
and the vehicle operation costs are to be given due consideration.

(i) To arrive at the road system and the lengths of different categones of roads whuch
could provide maximum utility and could be constructed withm the availabie
resources during the plan period under consideration.

(iii) To fix up date wise priorities for development of each road link based on vnliny as
the main criterion for phasing the road development programme.

(iv) To plan for future requirements and improvements of roads in view of anticipated
developments.
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*Evenue from road transport due mn:: independence are given in Table 2.1. Thﬁ.".'. (v) To work out financing system,
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