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FOREWORD

Road development is gaining increasing importance in the
planned economy of our country. This is evident f{rom the
allocation of Rs. 5,200 crores proposed by the Chief Engineers
of the States for the next twenty years (1961-81) which I had the
honour to announce as the Sccond Road Plan for India, presiding
over the Silver Jubilec Session of the Indian Roads Congress
early this year in Bangalore.

The first milestone of road devclopment in India is known
as Nagpur Plan and was conceived in 1943, It is gratifying to
know that the targets proposed in this Plan will have been real-
ised by 1961, two years earlier than anticipated. The Second
Plan envisages the total increase in mileage in the country from
379,000 miles to 657,000 miles. The target proposed is not too
ambitious cven when fully implemented: many villages of our
country will still be 4 miles from a metalled road and 1} miles
from any road, and it will take considerably a bigger cffort to
bring all villages on the road.

In the New Plan, while thousands of miles of new roads will
have to be constructed, it will be nonetheless necessary to upgrade
the surfacing of thousands of miles of existing roads which are
crumbling under spced, weight and intensity of traffic as were
never anticipated hefore the war.

Examined in this context, it will hardly be necessary to
emphasise the need of adequate training in the basic principles
of road-making in our engineering institutions. In my opinion,
Prof. V. B. Priyani’s book admirably fulfills this purpose. Covering
(as it does) syllabii of various universities, Prof. Priyani has done
a good turn to the students of engineering in general and Western
India in particular.

The lucid exposition of the fundamentals and presentation
of the present practice and modern trend is an asset of this text-
book. It is also refreshing to see the progressive approach and
constant revision' in the later editions. The author has adopted
standards as advocated by the Indian Roads Congress. Prof,
Priyani has added sufficient material in chapters on Traffic
Engincering, Airport Engineering and Earthwork Computations
in his latest edition. I would request him further to add a
chapter on Express Highways with limited access and grade-
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scparation which have now come to stay. In fact, we have
made a beginning in Bombay to take out the through traffic
for national highways leading to Bombay, Delhi and Madras
by Eastern Express Highway and, Bombay-Ahmedabad-R ajasthan-
Delhi to the North and Okha to the West by the Western
Express Highway. In Calcutta, the projects are under way of
Express Highways for connccting Calcutta with the steel cities
of Durgapur in one direction and Jamshedpur and Rourkhela
in the other. It will also be useful to add a chapter on road
research and the necessity ol preparing the structural-designs for
pavements.

I welcome this treatise on highway engineering and practice
which, I am sure, will be extremely useful to the students of engineer-
ing and also the professional engineers in the field. '

September 30, 1960 U. J. Bhatt
Chuef  Engineer  {Roads,  Buwildings and

Ports) and Jowt Secretary to the Government
of Gujaral, Public Works — Department.



PREFACE TO FIRST EDITION

Road Engineering is a science regarding roads and who
has not seen a road? In fact our association with road is since
the day we learnt to walk and we shall have association with it
as long as there is breath in us. Tt stands to reason thercfore
that an object of lile-long association must be of great importance
to us; who can deny that a number of books must have been
written on so common and so important an object as road? All
the same, it is a well-known fact that many books miss their
mark  when they are not restricted to a particular class
of readers. Mixed traflic (i.e. vehicles, cyclists and pede-
strians etc.) if allowed on an important road invariably results
in sad accidents and, will not a book written for mixed readers
(i.c. readers of different classes, different tastes and different un-
derstanding) inevitably result in ill-understanding and ill-digestion
on the part of many ? The present book is different from other books
on 10ad engincering in this respect that it presents only the basic
principles of road enginecring and, as such, will have its great
utility to beginners namely, the student community of engineering
polytechnics and colleges.  Also  the treatment of the subject
matter is step by step and hence systematic as it should be pre-
sented 1o a beginner.  This has been possible because the author
has experience of teaching road engineering to both the degree
and diploma classes of his college.

The book offers sufficient material to the student to prepare
himselt for the entire syllabus in road enginecring prescribed by
the Universities of Bombay, Gujarat, Vallabh Vidyanagar, Poona,
Baroda and Karnatak. It also covers the syllabii in  road
enginecring prescribed by practically all other Indian Universitics.
The syllabus treated in this hook is given at the end of the book.

The author gratefully acknowledges the help reccived, in
writing this book, [rom many standard works on road engineering
including  text books by Indian and foreign authors and the
technical papers and journals published by learned professional
bodies on road enginecring.  Special mention must be made
of the books, journals, technical papers and other literature pub-
lished by Indian Roads Congress. The Indian Roads Congress
has indeed done admirable work in connection with the development
of roads in India. The principles and practices mentioned In
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this book arc mostly based on the recommendations of Indian

Roads Congress.

The author is highly indebted to Mr. B. D. Patel, the retired
road engineer and the present Vice-Chancellor of Sardar Vallabh-
bhai Vidyapecth, Vallabh Vidyanagar for using his notes on road
engineering which were written by him soon after his retirement.
These notes incorporate his rich and praise-worthy practical
expericnce of over 15 years in the -design, construction and
maintenance of all types of roads in the States of Bombay and
Sind. His meritorious scrvices as an eminent road engineer in
Bombay and Sind were duly recognised and appreciated by the
then governments of these two States. The rich, experience
of this practical road cngineer thus finds outlet in the pages
of this book.

The author is also thankful to all those good men who helped
in the preparation of this hook.

May the book serve those for whom it is written!

Vallabh Vidyanagar
15th March, 1956 V. B. Priyani



PREFACE TO SECOND EDITION

Following are the additional features of this rcvised and
enlarged second edition:

(i) Chapter on Airport Engineering.

(ii) Chapter on Earthwork Computations.

With the growing importance of air-transport, it was felt
necessary 1o add a chapter on the elements of this important sub-
ject of airports. Also, a chapter on earthwork computations
is added to make the suhject matter of earthwork, already treated
in the book, complete. The matter of the first edition has also
been revised and enlarged.

The author heartily thanks ‘The Associated Cement Co. of
India, Bombay’ for their courtesy shown in allowing him to print
the photo of Marine Drive, Bombay on the jacket of this book.

With these new features, may the hook be more useful!

Vallabh Vidyanagar
25th March, 1958 V. B. Priyani

PREFACE TO THIRD EDITION

The text of second edition has been revised and a few addi-
tions have becen made in the matter of that edition. Special
additions have been made in the chapters on:

(1) Traflic engineering.

(ii) Airport engineering.

(i) Earthwork computations.

It is hoped that this new edition will prove more useful to
the students of road engineering.

Vallabh Vidyanagar
Sth April, 1960 V. B. Priyani



PREFACE TO FOURTH EDITION

The text of third edition has been revised and a few additions
have been made in the matter of that cdition so as to make the
hook uptodate; a few additions have been made in practically
all chapters.  Following arc the additional features of this revised
and enlarged fourth edition:

(i) Chapter on ‘Elementary  Problems and  Designs
in Road Lngincering’.
(i1) Appendix on ‘Geometric Road Standards’.

With these additions, the book will undoubiedly e of more

utility to those for whom it i1s meant. Be it so!
Vallabh Vidyanagar
6th Deceniber, 1961 V. B. Priyani

PREFACE TO FIFTH EDITION

In this new edition, Metrie system of  units has been used
along with the British svstem of units. Also one more chapter
by title ‘Metric system of units in Road Engineering” has been
added at the end of the hook.

It is hoped that the new additions will make the hook still
more popular.

Vallabh Vidyanagar
23rd June, 1964 V. B. Priyani

PREFACE TO SIXTH EDITION

Following are the additional {catures of this revised and en-
larged sixth cdition:

(i) The text of fifth edition has been revised and a few
additions have been made in the matter of that edition.

(ii) Chapter on ‘Road Rescarch’ has been added. 1t is
hoped that this chapter will prove useful and thought-provoking.

That the present hook has gone through siv editions in just
one decade shows that its judicious readers have acclaimed and
adopted it as their basic book on Road Engincering,
Vallabh Vidyanagar
12th April, 1966 V. B. Priyani
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ROAD ENGINEERING

CHAPTER 1
DEFINITIONS AND GENERAL

1. Introduction: This chapter will deal with a
few articles of general interest. The study of these articles
will broaden our outlook regarding roads and will fill us
with interest and enthusiasm  to  study the subscquent
chapters.

Note: Readers arc advised to study chapter XXIV on Metric system
- before reading any further articles of chapter I.

2. Definitions: To define a road will be to make
an casy and familiar thing more casy and more familiar;
but then the function of any book worth its name is to make
difticult things easy and casy things casier still. Through-
out this treatise, this main function of a book is kept in view.
We will therefore make our conception of road more clear
by saying that a roed is a convenient way over which vehi-
cles, cyclists, pedestrians cte. may lawfully pass for going
from one place to another. The wvehicles, cyclists and
pedestrians are together known as traffic on the road. Traflic
has right-of~way over the road. Right-of-way is decfined as
the privilege of use of a way; this privilege is acquired by the
traflic by law, custom or usage. Usually the term ‘highway’
is used in place of ‘road” but it is better to define highway
as an important and special road in a road system. The
science concerning roads is called road engineering and the
gentleman who looks alter the design, construction and main-
tenance of roads is called a road engineer.

A road connecting onc town with another is called
a country road (sce fig. 1) or a road in open country while a
road within a town or city is called a road in wban area
(sec fig. 2) or a road in built-up arca. It is but natural
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that the requirements of these two kinds of roads will be dif-
ferent according to the needs of traffic using them. A street
may be defined as a road, within a town or other centre of
habitation, which has become partly or wholly defined by
buildings constructed along one or both of its sides (i.c. front-
ages). It is thus a road in built-up area. Where the traffic
is heavy (as in the case of city strects) and there is danger of
accidents in allowing mixed traffic (i.e. traffic consisting of
vehicles, cyclists and pedestrians) on a road, thc way or
path for cach class of traffic is separately demarcated to avoid
accidents. The portion of roadway used by vehicular traffic
(i.c. bullock cart and motor traffic etc.) only is .called a
carriageway (sce fig. 1). In the case of country road, &arriage-
1
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way is protected by 1-20m to 1-80m (4" to 6’) wide shoulder
of good soil or other material on cach side of the carriageway.
This shoulder provides lateral stability to carriageway; it
also allows a vchicle to he accommodated on it in case of
cmergency. The portion of traffic-way or road-way used by
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pedal bicycles only is called a ¢yele track and that used by
pedestrians only is called a foot path or foot way or side walk
(see fig. 2) Sometimes a carriageway is reserved for use by
high speed power-driven vehicles only. It is then called a
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motorway or express highway or super highway. A road (sce fig. 3)
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may be in a plain country like that of Gujarat, Uttar
Pradesh or it may be in an undulating country like that
of Deccan, Kashmir or Himalayan regions. The road in
an undulating arca is called a hill road or ghat road (scc fig. 4).
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3. Benefits of roads: Tollowing are somc of the
advantages of roads:

(a) Roads facilitate communication on land i.c. they
make it casy for traffic to go from onc place to another.

(b) They arc essential for cconomic prosperity and
general development of a country. The country having
comparatively more mileage of good roads is said to be more
advanced and prosperous country.

(¢) Roads help in the growth of trade and other eco-
nomic activities in and outside the villages and towns.
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(d) Roads help in kecping the cultural and educa-
tional contact with strangers and thus they broaden the
outlook of the population keeping such contact.

(¢) Roads serve as feeder lines for railways, water-
ways and aitways and thus they help the development of
these classes of transport.

(f) Good nect-work of roads helps in the defence of
a country during war time, not to talk of the facility that it
affords in the time of aggression.

(g) Better law and order can be kept w1thm the
country itself if it has a good system of roads.

Thus we sce that the progress and well-being of a nation,
interalia, depend on roads. Indecd, roads are the life lincs
of a nation’s cconomy.

4. Importance of roads in India: “A country
pays for the roads whether it has them or not -- - and it pays
more for those roads which it does not yet have.” This
stresses the urgent and dire nccessity of the planning and
development of adequate road system in any country.
Indced, roads are an imperative cconomic necessity to-day.
Likewisc, the importance of roads in a vast country like
India can scarcely be exaggerated. A system of well designed,
well constructed and well maintained roads is essential for
India’s cconomic and cultural progress. Thc roads have
also a vital role to play in the defence of India. India’s
deficiency in the matter of roads has contributed very largely
to her agricultural, commercial and industrial draw-backs
to-day. In India, the total length of all classes of roads
is round about 6 lakhs kilometres. The most scrious defect
howeveris the improper and inadequatc road transport between
villages and, between villages and markets. Another draw-
back of our present-day road system is that it is unbalanced
and top-hcavy. The national highways (i.e. roads of national
importance) are, for cxample, comparatively more highly
developed than the district and village roads. India is a
country of villages and it is the village and district roads
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that will help in the development of her economic progress.
Unfortunately, this day, most of the village roads are only
fair-weather roads i.c. roads which can be used by traffic in
fair weather (or non-monsoon season) only. With the arrival
of monsoon, these roads are turncd into mud and pools of
dirty water and, they become unpassable. India lags behind
many other countries so far as the length of roads is con-
cerned.  Let us hope, and in all carncstness, that not only
will India wipe out this deficiency in ncar future but that
it will lead many other countries in this respect as it does
now in the field of irrigation.

5. Classification of roads in India: This day,
the country roads in India are classified as:

(a) National highway.

(b) Provincial highway or State highway.
(¢) Major district road.

(d) Other district road.

(¢) Village road.

National highways are the important roads connccting
capital cities of states (i.c. provinces) and, the capital cities
to the ports. They constitute the main arteries of trans-
port in the country and arc of military importance. Roads
connecting the neighbouring  countries are  also called
national highways. National highway should have 2 lanes
of traflic and should be about 7-30 m (24') wide. It should
have a modern type surfacing.

Provincial highways or State highways arc the main roads
within the state and they conncct important towns and cities
of the state. They also connect the citics of a state with
naiional highways. Provincial highway should preferably
be 730 m (24') wide. Where it be only 3-70 m (12') wide,
it should have 1-80 m (6’) wide shoulder on cach side. The
surfacing should be modern type.

Major district roads connect areas of production and mar-
kets with either a state highway or a railway. They also
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form the main connections between head quarters of the
neighbouring districts. Major district road should have
atleast metalled single-lanc carriageway. The surfacing
should preferably be modern type.

Other district roads and village roads mostly meet the require-
ments of rural population. They connect a village with
other villages, with ncarest district road, with river ghat etc.
From the traflic point of view, other district roads arc of
greater importance than village roads. They should be
all-weather roads. These roads have single-lane width of
stabilised soil or gravel. '

Of late, expressways (or cxpress highways) are being
constructed in India. Expressway should have atlcast a
4-lanc modern type surfacing (i.c. concrcte or bituminous
surfacing) with controlled access, and grade scparation at
all road and rail crossings.

6. Brief review of the development of roads in
India: It is said that the primitive and prehistoric man
had non-vegetarian habits. He used to live on prey of ani-
mals. Early morning, he would leave his abode in scarch
of some animal which he might kill; by evening he would
bring his prey to his abode, roast it and share it with his wife.
By going out every morning and coming back every evening,
he made a narrow way known as field path. Birth control
and family planning of to-day were unknown then. The
biological necessity on the part of the primitive pair resulted
in about half a dozen issues in due course of time. Like a
good father, the primitive man used to treat his children
with a joy-ride on a wooden plank (made from trunk of a tree)
which was dragged by him by means of a stout rope ticd to
the plank. The children uscd to feel uncomfortable and
sometimes used to be tossed off the plank. The practical
wife of the primitive man gave the suggestion that the plank
be mounted on wheels for the safety of her children. With
the design of this crude wheel, started the first vehicle. This
vehicle, for its plying, required a greater width of passage
and thus a cart track came into existence. With the pass-
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age of time, the traflic necessitated the development of good
earth roads. And as more and more time passed, the other
types of roads werc evolved due to the needs of the new and
changing traffic. Road bridge was constructed where a
road camec across a strcam or river.

History tclls us that long long ago, Indians were adept
in the scicnce of road construction. Excavations of Mohan-
jo-daro and Harappa have established, without doubt, that
even 3500 years B.C., Indians knew this science. About
600 ycars B.C., a pucca road 6-1 m to 7-3 m (20" to 24’)
wide existed in Rajgir of Patna district; this road was made
of stone. About 300 years B.C., Kautilya — the celebrated
prime minister of the¢ Mauryan dynasty --wrote a book
entitled Arth Shastra. In that book he has given speci-
fications for road widths, road surfaces, traflic control etc.
He has also laid down punishment for those who would not
observe the rules of traflic. At onc point, he has mentioned
that the profile or cross section of road should be like the
back of a tortoise; and we very well know this day that the
top surface of every road has convexity upwards. How
nicely, Kautilya has compared this upward convexity
of road surface to the back of a tortoise! Chandragupta
Maurya had spccial communication department for look-
ing after roads. He got fixed some pillars and sign boards
on the road-side for the guidance of traflic as is also the practice
nowadays. He got constructed a national highway connect-
ing N.W.F. province to his capital city of Patna. The
historian Strato confirms that along this highway, two Greek
travellers Magasthenes and Irastathenes travelled to northern
India. About 269 years B.C., during the regime of Ashoka,
there was a good network of roads in India; the mention of
thesc roads has becen made by Chinese traveller Fahien.
In the days of Ashoka, trces werc planted on either side of
roads for providing shade to the travellers and, the rest
houses were constructed at about 4:80 km to 6-40 km (3 to 4
miles) distance along the road so that the tired travellers
might take rest for a while.

Muslim ruler Mohmed Tughlaq constructed a road
connecting Delhi to Daulatabad. Shershah was very famous
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for construction of several roads. In the book by title
“Tarikhe Shershahi’; it is mentioned that in Shershah’s days,
roads were well looked after and were well managed by
the government. The longest road that he constructed was
from Lahore in Punjab to Sunargaon in Bengal. In all,
he constructed about 1700 rest houses and planted a num-
ber of fruit trces along the roads.

Book by title ‘Chahar Gulshan’ describes Moghul period
and it makes a mention of 24 long roads connecting distant
towns and cities.

The Last India Company did not evince any interest
in road construction. It was Lord William Bentinck who
revived the idea of constructing roads. In his days, military
boards used to look after the roads. It was only during the
time of Lord Dalhousic that a Central P.W.D. was created,
for the first time, to look after the roads. In 1835, such
departments were created in other provinces also.  The
progressive policies of Lord Mayo and Lord Rippon acted
as a good stimulus to the road development because the
local affairs came dircctly under the control of local boards.

The present road system is a superstructure raised on
the old roads. Its development began about 100 years ago.
But the Government of India’s entire cnergy being directed
towards the opening of new railways, the roads came to be
regarded as of little importance. The culmination of the
lack of interest on the part of central government was reached
in the passing of Government of India Act of 1919 which
transferred the subject of roads from the central government
to the provincial governments; the central government began
to look after the roads of military importance only. The
provincial governments, in their turn, placed greater part
of road length in the charge of local bodics and they began
looking after a few roads of provincial importance only.
But the circumstances changed after world war I. Motor
transport came to the forefront. The result was that the
existing roads deteriorated and the development of the
roads, adequate for fast motor traffic, could not keep pace
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with thc increcasc of this type of traflic. Central govern-
ment became conscious of this and, in 1927, it appointed
a committce under the chairmanship of Dr. M. R. Jayakar
to investigatec and report about the then-cxisting roads and
about the road development in India. In 1928, Jayakar
Committee reported that the provincial governments and
the local bodies were unable to look after ull the roads and
hence the central government should look after the impor-
tant roads of national importance at lcast. The commitice
reccommended to impose a petrol tax surcharge of 2 annas
per gallon (12 p. per 4-55 1) of petrol consumed by motor
traflic and thus build up a Central Road Fund from this
revenue.  One-sixth of this revenue was to be retained by
the central government for the administration purpose, the
rescarch and the development of roads under its care and,
the annual block grants were to be given to provinces from the
remdining 5/6th of the Central Road Fund. Accordingly,
the Government of India created a Central Road Fund in 1929.
The Committee also suggested the sctting up of,

(1) A scparatec Road Development Committee in the
central government.

(i) A Transport Advisory Committee consisting of
the representatives of central and provincial governments.

(ii) A Central Organization of Information and
Research.

According to these recommendations, a Central Road
Organization was set up in 1930 and a Transport Advisory
Committee in 1935. Also o Road Conference, for the first
time, met in 1931 to discuss the road development in India.
A semi-official body named as Indian Roads Congress (I.R.C.)
was also set up in 1934 to provide a forum for the regular
pooling of experiences and ideas on all matters affecting the
design, construction and maintenance of roads, to reccommend
standard spccifications for roads and, to provide a platform
for the expression of professional opinion on the matters relat-
ing to road engineering.
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Due to the road deficiency caused by the second world
war, a confcrence of Chief Engineers of all provinces was
convened by the Government of India in December 1943,
at the instance of 1.R.C. This confercnce met at Nagpur
and it is an important land mark in the history of road deve-
lopment in India. It drew a 10 years plan of the road
development, known as Nagpur Plan, {or the construction and
development of about 3,31,000 miles of all classes of roads
and necessary road bridges at an cstimated cost of Rs. 448
crores. This programme however could not be properly
translated into action due to the lack of funds and the parti-
tion of India in 1947. It was this conference which, for the:
first time, classified the roads as national highways, provin-
cial highways, major district roads, other district roads and
village roads.

Note: 1 mile = 16093 kilometres.

In September 1950, Central Road Research Institute (C.R.R.1.)
was started at Okhla (near Delhi) for the rescarch on road
engineering, in all its aspects.  Technical advice is also given
by it, to the state governments, on various problems concern-
ing roads. This institute is financed and controlled by the
Central Transport Ministry and it co-ordinates the activities
of State Road Boards located at Madras, Calcutta, Lucknow
and Patna.

The First Five Year Plan (1951-56) of India carmarked
Rs. 109 crores for the devclopment of 3000 miles of new
high-type roads and for the construction of 17,000 miles
of kutcha village roads through the community effort. In
case of these village roads, 1/3rd of the cost of roads was to
be borne by villagers by doing voluntary labour or other-
wise and the balance 2/3rd was to be borne by the central
and the state governments. At the beginning of the first
plan, India had 97000 miles of surfaced and 151000 miles
of unsurfaced roads. By 1956, 24000 miles of new surfaced
roads and 44000 miles of low-type unsurfaced roads were
constructed. Still greater provision, to the tune of 269-5
crores of rupees, was made under the Second Five Year
Plan (1956-61) for the development of roads in India.
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The aim of the framework of Second Five Yecar Plan
was to step up the target for national highways from 12,500
miles in 1955-56 to 20,000 miles by 1960-61 and, of state
highways from 20,600 miles in 1955-56 to 40,600 miles by
1960-61. It was expected that by the end of Second Five Year
Plan period, the lengths of surfaced and unsurfaced roads
would be about 1,44,000 and 2,35,000 miles respectively.
This would yicld about 30 miles of roads per 100 sq. miles
(18:60 km per 100 km?2) of the area of Indian territory.
While the Nagpur Plan targets have been mostly attained,
we arc still short of these targets in respect of surfaced roads
and road bridges. The net-work of village roads will also
have to be cextended. The aim is that no village with a
population of more than 1000 souls should remain uncon-
nected with the marketing centre and no such village should
be farther than 8 km (5 miles) from a pucca all-weather
road. On this basis, it is estimated that the system of village
roads only will need an investment of about 100 crores of
rupces.  But as the voluntary labour by the villagers is forth-
coming for road construction, the financial outlay required
will be substantially less. Thus, an adequate development
of road transport will require an outlay of Rs. 350 crores
for the national and the state highways and, at least Rs. 50
crores for the village roads after taking credit for the co-
operative cffort on the part of local population.

A new All-India road development plan which will cover
the economic and social needs of the country for the period
of 20 years (1961 to 1981) was submitted to Government
of India by a committee of road engineers. This plan
envisages the increasing of the road mileage from 3-79 lakhs
in 1961 to 6-57 lakhs in 1981. National highways and state
highways will be a little over one lakh miles and the balance
will be district and village roads. The targets envisaged in
this ncw plan will give 52 miles of roads for 100 sq. miles
(32-3 km per 100 km?2) of arca. The plan aims at bringing
every village (a) in a well-developed agricultural arca, within
4-80 km (3 miles) of pucca road (b) in a semi-developed area,
within 8:85 km (5-5 miles) of pucca road and (c) in an un-
developed area, within 14-50 kin (9 miles) of pucca road.
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The tentative expenditure of the plan will be Rs. 5200 crores
in 20 years.

The table shown below indicates the targets aimed at
under the Nagpur Plan, the position expected at the end
of Sccond Five Year Plan and the targets laid down in the
newly cnvisaged 20-Year Plan:

;Mileage expec-)
ited at the cnd:
‘of Second Five'

Mileage targets

1
| Nagpur Plan proposed in

Type of road

! mileage \ Year Plan  20-Year Plan
5 o (1960-61) - (1961-81)
- N o . .
1. National high- | . :
ways | 20,000 13,800 ‘ 32,000
2. State high- | 3
ways | 53.000 . 35,000 70,000
3. Major district } : !
voads | 50000 95,200 150,000
4. Other district ‘[ |
roads | 70,000 . 78,300 © 180,000
5. Village roads | 138,000 ' 156,700 . 225,000
| ' '
Total mileage I 331,000 379,000 657,000

(5,32,700 km) | (6,06,900 km) | (10,57,300 km)

The 20-year plan is under the active consideration of
the Government of India.

The draft outline of the Third Five Year Plan (1961-66)
envisages a tolal outlay of rupces 10,200 crores which is nearly
twice the provision for the Second Five Year Plan. Outlay
on roads and road transport is rupees 350 crores which is
ncarly the samc amount as that provided in the Second
Five Year Plan.



Art. 7] DEFINITIONS AND GENERAL 13

The road programme in Third Five Year Plan provides
for the addition of about 25000 miles of surfaced roads and
improvement in the existing road system. By the end of
1966, the total length of surfaced roads in India will be
about 170000 miles.

The draft outline of the Fourth Five Year Plan (1966-71)
makes a provision of a total of rupees 21500 crores. In this
plan also sufficient emphasis is given to road development.
Thus, the futurc picturc of our roads is quite rosy. May
it be more rosy!

7. Road administration and finance in India:
The road authorities in India arc:

(a)  Central Government.

(b) State Government.

‘(c) District Local Board.

(d) Municipality, Corporation or the like.

Since April 1947 (according to the recommendation
of Nagpur Plan), the national highways are the responsibility
of central government. There is a Central Roads Organiza-
tion, under Consulting Engincer (Roads) to the Government
of India, which looks after the national highways and other
problems concerning the road development in general; it
also decides about the block grants to the state governments
for the road development, the expenditure on road research,
the overseas training of Indian road cngineers and, the
bulk procurement of road-making plant and machinery.
There is a Central Drawing Oflice of this organization which
deals with the type designs of roads and its ancillary works.
Nowadays, the central government levies a petrol tax surcharge
of 2} annas per gallon (15 p. per 455 1) of petrol to build
the Gentral Road Fund; 1/5th of this (und is retained by the
central government and 4/5th is given to the state govern-
ments in the form of block grants. Central government
also taxes motor transport in the form of import duty.

In cach state, there is P.W.D. with Chief Engineer
and his elaborate staff who look after the state highways and
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most of the major district roads. In bigger states, there is
a separate Chicl Engincer (with his establishment) for irri-
gation and a scparate onc for roads and buildings. FEach
state government charges the direct tax on vehicles and the
sales tax on petrol to build up the Siate Road Fund.

Other district roads and village roads arc looked after
by the district local boards which partly depend on the state
government grant and partly depend on their own funds
collected in the form of tolls and other local taxes.

Roads in built-up arcas are looked after by the muni-
cipalitics. Only through-roads, passing within municipal
limits, arc looked after by the state government or the district
local board. Some municipalitics (for example, those in
the states of Bombay and Madhya Pradesh) levy wheel tax
on the vehicles which use the roads constructed by thcsc
municipalities.

8. Road transport in India: Under the Indian
Motor Vehicles Act of 1939, cach state is divided into two
or more regions with a Regional Transport Authority in each
region. To co-ordinate the work ol regional transport
authority, there is (in addition) a State Transport Authority
is cach state. For sccuring the eflective co-ordination
between the road and the rail transport in India, it has been
agreed that there should be a fusion of the financial interests
between the railways and the large road-transport under-
takings; this has been done in the states of Maharashtra,
Madhya Pradesh, Punjab and Orissa.

9. Types of roads: Lvery ecngincering structurc
has a superstructure and a foundation, so has every road.
A road is named afier the material of its superstructure
which can be scen on its top surface. Thus we have the
following types of roads or road surfacings:

(a) Farth roads.
(b) Gravel roads and Murum roads.

(¢) Waterbound macadam roads including kankar
roads and lime-stone roads.
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(d) Bituminous roads or black-top roads (i.c. tar and
asphalt roads).

(¢) Cement concrete roads.
(f) Paving of]
(i)  Stone blocks or Stone setts.
(1)  Bricks.
(i) Wooden blocks.
(iv) Rubber blocks.
(v)  Metal blocks.
(g) Special surfacing ol glass ctc.

Roads mentioned in (a), (b) and (¢) above prove suit-
able and suflicient for the village roads which carry a light
traffic. Roads mentioned in (a) and (b) arc called low ype
or low cost roads. They are also known as unmetalled roads.
Those mentioned in (¢), (d) and (¢) are known as metalled
roads. Those mentioned in (d) and (e) are suitable for major
district roads, statec highways, national highways and city
streets which carry a hecavy and fast traflic; they are known
as modern or superior or high-cost roads. Pavings mentioned
in (f) (1), (31) and (iii) arc used in special situations. The
roads mentioned in (f) (iv), (v) and, (g) are yet in the
cxperimental stagc.

In subsequent chapters, we shall lecarn about these
types of roads in details.

10. Scope of road engineering: As said before,
the reader is already familiar with roads. After going
through the previous articles, he has beecn more familiar
with the roads. At this stage, it is worth while to know the
items which we have to study and learn in road cngineering.
It may be said in nut-shell that:

Road Enginering decals with the design, location, me-
thods of construction and maintenance of all types of roads
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country as well as in hilly country. The other

items to be learnt in road engineering are:

(a)
(b)
(c)
(d)
()
(f)
(g)

Road administration and finance.

Road e¢conomics.

Traflic surveys, traffic safety and traific control.
Road-making plant and machinery.
Road-making materials and their testing.
Road-side tree planting.

Preparation of plans, estimates and specifications
for road construction. '

A road engincer should also have some working idea
about Soil Mechanics as applied to road design  and
construction.

For a comprehendve and successful road planning and
development, all the above-said knowledge is expected of
a modern road cngineer,



CHAPTER 11

ROAD STANDARDS AND THE DESIGN
OF GEOMETRIC ELEMENTS OF ROADS

1. Introduction: In this most important chapter
we shall learn about the design and standards of roads on
which depends the success or (ailure of a road system. With
proper design and layout, the roads can properly serve the
purposc for which they are constructed. Details of design
depend upon the type and intensity of traflic for which the
road is intended and, the form of construction is indicated

partly by local geological conditions and partly by traffic
conditions.

2. Requirements of a good road: In order that
a road may be satisfactory for traflic,

(i) 1t should be dry and unyiclding.
(it) It should have easy gradients, smooth curves of
large radii and a good wearing surface.

(i) It should be durable and cheap.

3. Road design and layout: ‘Road design and
layout’ is a comprchensive phrase. In the proper design
and layout of a road, some or all (as the situation requires)
of the following points should he considered so that the road
may give adequate and sale movement of all traflic and it
may meet the social and industrial requirements of the loca-
lity served by it:

(a) Road structure.
) Road alignment and road surveys.
(c) Road capacity and road widths.
(d) Camber and gradient.
(¢) Superclevation and visibility at curves.
) Road junctions or crossings or interscctions.
(£) Money available for road work.
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(h) Miscellaneous items like,

(i) Kerbs, footpaths, cycle tracks, grass verges,
service roads, road arboriculture.

(ii) Pedestrian crossings, refuges and islands,
subways and over-bridges, restriction of rib-
bon devclopment, parking places, lighting
of roads, means of ingress and cgress; all
these comec wunder the general hcading
‘traffic safety and traffic control’.

Points (a) to (f) refer to the technical perfection of a
road and hence they are to be considered practically in all
roads; these are trcated in this chapter. Miscellancous
items also refer to the technical perfection of a road but they
are considered where they apply. These miscellaneous
points are treated in subsequent chapters in their proper place.

Surface of road Edge of rood

+Top coatof ) 9

/ saﬁ-facny ccrown Bolltom coat of "”"fac,;‘,yqfaa’y
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Cross section of road structure showing
the surfacing, foundation, etc.
Fic. 5

4, Road structure (sce fig. 5): Every building has
superstructure and structural foundation; similarly a road
has also the superstructurc and the structural foundation.
And as the structural foundation of a building rests on
natural foundation, similarly the structural foundation of
road also rests on natural foundation which may be soil in
situ. The top of natural foundation on which thc cntire
road structure rests is called a road bed or subgrade. The
top of subgrade should be about 0-61 m (2’) above the high
flood level at that site. The structural foundation of road
is called a base or foundation or soling and the superstructure
of road is called a wearing course or wearing layer or road surfacing.
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The top of this layer is the road surface which is in direct
contact with traffic. In some roads there may be additional
layer between subgrade and base course; such a layer is
called sub-base and is used only when the bearing capacity of
subgrade is poor or when the subgrade has poor drainage
properties as happens when it is made of fine-grained soils;
sub-basc also helps in distributing the traffic load over a
greater area of the subgrade. Somctimes when the sub-
grade is hard and rocky, only surfacing layer is placed on it
and even the base layer is omitted. Base layer is not nece-
ssary also in case of low-type roads carrying light traffic,
and in casc of rigid pavement of concrete.

Sub-base usually consists of a 7-5 ¢m to 15 cm (3" to 6”)
layer of granular material like Dbroken stone, gravel,
coarse sand, cinders, soil-cement, e¢tc. It is rarcly built in
India.

Base consists of a layer of either hard murum or hand-
packed big size stones called rubble; bricks on edge or flat
bricks, as required, or even brick bats made from over-burnt
bricks arc used when stones cannot be had in the vicinity of
road; rubble basec is specially useful when the subgrade is
of black cotton soil. Lean concrete slab is used as a basc
for some types of bituminous roads. Soil-ccment as a base
may be used in some cascs.

Surfacing consists of ecarth, gravel, kankar, limestone,
laterite, small picces of hard stone, bituminous layer, con-
crete layer or blocks of various road-making materials like
stone, wood, rubber metal etc. In case of concrete and
sheet asphalt, the surfacing may be in two layers -— the top
layer and the bottom layer.

The thicknesses of sub-base, base and surfacing are
governed by certain rules of design, given in chapter XXIII.

The life of road depends primarily on stable and dry
subgrade. When the subgrade fails, the basc and the sur-
facing cannot perform their functions satisfactorily and the
reconstruction of entire road structure becomes necessary.
The support given to the road structure by the subgrade is
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an important factor which should be taken into account while
designing the road structure. For this reason, considerable
attention should be paid to the proper preparation of sub-
grade before the road structurc is laid on it. Where the
subgrade has a very low bearing capacity, some process is
adopted for increasing its bearing capacity; such a process
is called soil stabilization. The subgrade must be such that
it provides an adequate and uniform support to the entire
road structure. The soils, the bearing capacity of which
is below 55 mt/m? (} ton/sq. ft.), arc usually not suitable
for serving as subgrade. When the bearing capacity of the
soil of subgrade is between 5-5 to 8-2 mt/m?2 (4 to  ton/sq. ft.},
it should be increased by the methods of soil stabilization.
To ensure proper and uniform supporting power of the sub-
grade, resort should be made to the following operations:

(a) All patches of soft soil should be excavated and
removed and should be substituted by good granular soil
properly rammed in place.

(b) Where the subgrade is likely to remain wet, the
subsurface drainage should be provided to keep it dry. This
drainage is treated in chapter III of this book.

(¢) Subgrade should be compacted thoroughly by
means of road rollers. These road rollers are described in
chapter VI.

(d) Clayey soils should be stabilized if they are pre-
sent in the subgrade.

The function of road basc is to transmit a load [rom the
surfacing to the subgrade directly or through the sub-basc
where a sub-base is used. Ordinarily, the flexible type
(i.e. of big stone pieces or bricks) foundation is used and
hence the subgrade should have a uniform beariag capacity
as already said. In casc of very heavy traffic or where the
block paving is constructed, rigid type (i.e. of cement con-
crete) foundation is used. In such case, the subgrade need
not have uniform bearing capacity because the concrete
slab can work as a beam over the soft patches of subgrade
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and therefore the surfacing will not be disturbed due to non-
uniform bearing capacity of the subgrade. The thickness
of road structure in case of waterbound macadam road is
found from the empirical formula,

w1 T

Al A TR

inches
where, d — Thickness of surfacing -+ thickness of
base course, in inches.

T -— Width of wheel (in contact with
road surface) in inches.

W -~ Maximum (single tyre) wheel load in

Ib., including 509, impact ie. W is
14 times the maximum static wheel load
W, on the surfacing. In India, usually,
a wheel load of 5000 Ih. (2268 kg) is
considered to be the limit for the design
of pavement thickness and, a tyre
width of 4-5” (about 11-4 ¢m) is assumed;
for only bullock cart traflic, wheel load
equal to 2800 1b. (1270 kg) and 7 equal
to 1:75” (about 44 c¢m) mav be used.

p = Safc intensity of pressure, in lbs per sq.
inch, which the subgrade can bear
without yiclding.

Note: 1 inch ==2-54 cmj; 1 pound = 04536 kg; 1 Ib/in? =0-0703 kg/cm?2.

Thickness of the surfacing is decided by keeping in view
the material of surfacing and the nature and quantity of
traffic expected to go on the road after its construction.
Then, the thickness of base = (d — thickness of the surfacing).
The thickness of base is usually kept not morc than 25-5 ¢m
(1Z inches). If this thickness works out to be more than
25-5 c¢m, the subgrade soil should be stabilized and improved
so that the base thickness does not exceed 255 cm. For
flexible bituminous pavement,

d = 0-564 Vv;—il inches
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where, W, = Static wheel load in Ib.
For rigid pavement (e.g. cement concrcte surfacing),
AW, % C .
2 4} inches
where, d = Thickness of plain concrete slab in  inches.
W, = Static wheel load in Ib.

d =

(. == Coeflicicnt of subgrade support
= 0-77 to 1-1 according to soil; (! is less for hard
and compact subgrade and vice versa.

M == Safe modulus of rupture of concrete, in lb/in2:
It is equal to ;% th of the ultimate crushing
strength of concrete after 28 days and it is
usually assumed as 24-5 kg/cm? (350 1b/in?).

The main function of road surfacing is to provide a
smooth and stable running surface suitable for the type and
intensity of traflic anticipated on the road. The surfacing
should be impervious and should protect the base and the
subgrade from the action of weather and rain water. The
desirable properties of a surfacing arc:

(a) Durability: The road surfacing should have a
long life i.e. it should resist very well the weather and, the
abrasion and impact of traflic. The surface should not show
waves and distortions.

(b) Stability: Road surfacing should transmit the
load of traflic to the base without undue deformation occur-
ing in the surfacing. All the same, it should be sufliciently
flexible to adjust itself to a slight scttlement of the base if it
occurs.

(c) Non-slipperiness: Road surface should be non-
slippery for all types of traflic.

(d) Economy: Road surfacing should be economi-
cal in its initial cost and also in the subsequent cost of main-
tenance.

(e) Dustlessness: Road surface should be dust-proof,
as far as possible.
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Road surfacing should be of such material and of such
thickness that it proves strong enough from the point of view
of the type of traffic, the intensity of traffic and the
length of service required of it.

Both the foundation and the surfacing permit the use
of a great variety of materials and many dctails of construc-
tion but the choice is limited by the location of road (i.e.
whether the road is in town or in country), by the intensity
and type of traffic and, by the naturc of subgrade.

For a detailed note on ‘pavement design’, see Chapter
XXIII.

5. Road alignment: Beforc a road is constructed,
the direction of its centre linc is fixed or located. The course
or route along which the centre linc of a road is located in
plan is called the road alignment. The act of selecting and
defining on the site or on the plan the route of a proposed
road is called the road location. Sometimes, the term road
location is also used in place of road alignment. The
following points should be considered while fixing the
alignment of a new or proposed road:

(a) Road line between any two points A4 and B should
be as straight as possible because such road will be of shortest
length and hence less costly; in the following circumstances,
however, we have to deviate or make a reasonable detour
from the straight alignment:

(i) When the road has to pass through a previously
fixed or obligatory point between 4 and B so as to give to that
point the benefit of road. This obligatory point may be an
important village or town between 4 and B.

(ii) When the road has to cross another road, railway
or a strcam. It is desirable that another road, railway or
stream should be crossed at right angles; a strcam should
further be crossed at a suitable point where a road bridge
can be safely and economically constructed. In doing so,
a detour from straight alignment may be necessary.



24 ROAD ENGINEERING [Ch. I

(iii) If the ground between 4 and B is marshy in some
places, it should be avoided becausc such ground cannot
prove as a good and stable subgrade. The alignment will
therefore deviate from such marshy places. Similarly, the
arcas of poor soil and poor natural drainage should be
avcided.

(iv) Stra‘ght alignment may come across gardens,
cultivated agricultural land or thick forest. Now the land
through which a road passes has to be acquired or purchased
from the private owners. This acquisition of land will be
costly in case of a lengthy stretch of the gardens and the
agricultural lands. Also, cutting down of a thick and pro-
ductive forest will be costly and undesirable unless the road
is a forest road. A dectour is therefore necessary.

(v) The alignment should bec ncar the source of
materials to be used for the construction and maintenance
of road. Thus, if stone quarry is not far away from the
straight alignment, we may make a detour and take the road
by its side so that the cost of construction and maintenance
of the mectalled road will be less.

(b) The alignment should ensure an ecasy longitudinal
gradient of the road surface and, the flat curves where the
curves arc necessary. Steep gradients and sharp curves
prove difficult and dangerous for the traflic.

(c) Alignment should cnsure the minimum cutting and
cmbankment work for thc road construction. As far as
practicable the cutting should balance the embankment
so as to avoid the borrow pits or the spoil banks. The signi-
ficance of borrow pit and spoil bank is given in chapter IV.

(d) As far as possible, the road alignment should be on
a high ground or ridge. This will ensure that the road sur-
face will remain in dry state even in rainy season or in other
words such an alignment ensurcs a good natural drainage of
water from the road surface Thus, the road will be pass-
able in all seasons and its life will also be more.
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(e) As far as possible, the alignment should be such that
it comes across very few strcams and rivers; with such align-
ment, very few road bridges will have to be constructed
and the road work will be cheap.

(f) The alignment of a country road should not go through
the habitated area of a village or town but it must pass by the
side of the village or town. This ensures less number of
accidents; also, the future widening of the road will be
possible if there are no built-up areas on its two sides.

(g) The alignment should serve very well the needs of the
arca through which the road passes.

In hilly country, the following special points should be
considered:

(1) The ascents and descents shonld he easy and not
very steep as far as practicable.  Unnccessary ascents and
descents should be avoided.  Very steep reaches should not
be continuous for very long distances and they should be
interposed by casy and gently sloping reaches of short length.

(ii) Very deep cuttings should be avoided as they arce
very costly in hilly arca.

(iii) Alignment should be on that side of a hill which
is sound and solid. The dip of strata in the side of hill
should not be towards the road otherwise a land-slide of
thesc strata may occur and the road may be blocked by the
land-slide. Also, there should be no inclined fissures in the
hill side as thcy may bring subsoil water to the road side.

(iv) Unnecessary zig-zags in the alignment should be
avoided, as far as practicable.

6. Road surveys: To dctermine the location of
a proposed road and to collect the necessary data for the
design and construction of a road, the following road surveys
are undertaken:

(a) Reconnaissance survey and preliminary soil survey.

(b) Preliminary location survey and land acquisition.
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(¢) Final location survey and final soil survey.

(d) Construction survey.

A preliminary and usually rapid examination or survey
of a region with reference to its natural features or other
local conditions to determine the location of a road is called
reconnaissance survey. Before this survey is done, the topo sheets,
showing the area connecting two points A and B (between
which road is 'to be located) and round about 4 and B,
should be taken and on these topo sheets the possible routes
from 4 to B should be marked. A rough and rapid survey of all
the possible routes will be done by the plane table and the
prismatic compass. While this survey work is done on the
site, the following information should also be collected:

(i) The nature of the top or surface soil along the
possible routes should be noted. 1 the geological sections
for the arca are available, they should be studied to know
the nature of sub-soil. 1f some road bridges have to be
constructed, it should be verified on the site whether the
suitable and safe natural foundations are available for them
at their sites or not.

(i1) The sources of water and materials required for the
construction and maintenance of the road should be noted.

Il due to the terrain of the country, land survey with
the planc table and the compass is not practicable, aerial
survey may be done where facilitics for such survey exist.
In this type of survey, it is always preferable to take direct
photos of the land. Oblique views are not advisable. The
information collected from all survey work should be
compared with the principles governing the alignment of
a road and the undesirable routes should be dropped for
the purposes of doing further survey work.

Preliminary location survey is then done along the
remaining desirable routes only. Traverse survey is carried
out along these routes. Steel tape or chain is used in survey
according to the accuracy required in measuring the distance
and the offsets. For taking angles, a transit theodolite is
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used. For filling in details, tacheometric survey is done.
The total land width to be acquired for each desirable route
is then decided . Land width (sce figs. 1 to 4) is the total width
requircd to accommodate the roadway for traffic and the
necessary adjuncts (i.c. ancillary works) of roadway in the
form of road side berms, road side drains, width reserved for
futurc development and for making spoil banks, ctc. Follow-
ing are the land widths (or right-of~ways) recommended
for the various classes of country roads; these land widths
are cxclusive of temporary land acquired for excavating
borrow pits:

v - ! Recommended land width
Class of road .

Note:  Approximate desirable widths in metres are shown in brackets,

. Normal width % Minimum width
National highway . 200" (60 m) ' 150" (45 m)
State highway . 150" (45 m) 100" (30 m)
Major district road 1007 (30 m) - 66" (20 m)
Other district road 807 (25 m) 50" (15 m)
Village road ‘ 66" (20 m) ' 44’ (15 m)

After thi§, the necessary plans (i.c. drawings) are prepared
corresponding to the survey work cte. and a rough estimate
of the cost of the road and its ancillary works (for cach desira-
ble route) is prepared. The c¢conomic and the hest route,
out of all the desirable routes, is then selected.

For the final location survey, the centre line of the finally
sclected road is marked on the ground and the longitudinal
levelling is done along it.  Fly levelling is done to check this
work. After this, the cross sectional levelling is done at the
required points of the centre line of the road. From this
detailed survey work, the final plans, final designs and final
estimates are prepared to know the probable cost of the road
and its adjuncts or necessary works.

In the final location of the centre line of road, horizontal
curves shall have to be laid out where a change in the direc-
tion of road is nccessary. Curvesshould be as few as practicable
and should be of large radius, specially for fast moving traffic.
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The usual types of horizontal curves are:
(i) Simple curve.

(ii) Compound curve including S curve or Reverse
curve.

(iii) Transition curve or Curve of casement or Radiod.
This may be:
(a) Cubic parabola.
(b) Bernoulli’s lemniscate.
(¢)  Scartes’ spiral.
3
Cubic parabola is mostly used for railway transition
curves. For road transition- curves, the lemniscate and the
spiral are used, specially the former. In hilly road, spiral
is used for sharp curves of smaller radii. The curves can be
laid out by the following methods:

(i) One theodolite method.
(ii) Two theodolites method.
(iii) Method of laying offsets from tangent.

(iv) Mcthod of laying external oflsets from  chords
produced.

The various types of horizontal curves and the methods
of their layout are fully described in any standard book on
surveying and as such they are not described here at length.

Where there is a change of longitudinal gradient of the
road, a simple parabolic curve is introduced in the vertical
planc at the point where the two gradients join. Vertical
curve may be on summil or in valley and it is used to cffect
easy change in the giadient. These curves arc also well
known to the student of surveying and their detailed
description can be found in text books on surveying.

For the final soil survey, it is necessary to gel an idea
about the nature of soil below the ground by actually drilling
the bore holes (with soil auger) at required points along the
route of the road. The observations regarding subsoil strata
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]
are recorded in a book. The subsoil samples obtained at
various depths below the ground level are preserved and are
scnt to a Soil Mechanics Laboratory for tests so as to know
the properties of the subsoil at various depths.  Information
about the depth of subsoil water table in each bore hole is
also noted.

Construction surveys will be descripted in chapter IV.

7. Road capacity: A certain width of wearing surface
of a road can accommodate a certain quantity or volume
of moving traffic (at certain specd) without accidents or undue
congesion and delay. The width of road surface actually
provided depends on the peak intensity of traflic.  Greater
the width of road surface, greater will be its road capacity to
accommodate the traflic. The capacity of a traflic lane is
thus the ability of the lane to accommodate certain traffic
under some specified operating conditions.  In general, road
capacity is defined as the maximum number of vehicles cte.
that can pass a given point on a lane or a carriageway during
onc hour under the prevailing roadway and traflic conditions,
without unreasonable delay or restriction to the driver’s free-
dom to manocuvre. Carriageway may have one lane, two
lanes or three lanes of traflic.  The number of lanes to be
provided on a carriageway

peak volume of traflic, in vchicles per hour
. capacity of single lane of traflic

Traffic lane of a carriageway is defined as a longitudinal
strip of the carriageway, regarded as a unit of width, to ac-
commodate safely the forward movement of a single line
of vehicular trafic. One such traflic lane is equal to
3-:0m to 3:7m (10" - 12’) in width. Such traflic lanc can safely
accommodate onc-way traflic only. At peak hours, a traflic-
lane can accommodate per hour about 200 slow-moving
vchicles and 250 fast-moving vchicles if they move in one
direction only, without overtaking. On important roads
having a heavy traflic, two-way traffic requires two lanes of
traffic with a total width of carriageway cqual to 6:7 m
(22 feet) and three lanes of traflic should have a total width of
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97m (32 feet). A very busy road (see fig. 6) may have
dual carriageways, cach carriageway having two or three
traflic lanes.

Note: It is desirable to have widths of 35 m, 7 m and 10 m for one,
two and three lanes of traffic respectively.

grass verge C{’;ﬁg‘;‘,""”’”"d gross verge

Foolpath cyc’!gc ; \‘ wrrui‘geway . carr\n?&w_g \ %@%foat ~path

—ou-—w& i B '

A busy urban road showing two carriageways, \
cycle tracks and foot paths '
Fic. 6 '

Number of lanes required for motor taflic is as follows:
()  Upto 300 vehicles per hour, 2 lanes in a single

carriageway.
(1) For 300-600 s s 5 3 lames in a single
carriageway.

(iif) For 600-1500 ;. | 2 lanes in cach of the
dt}al carriageway.

crown

Rood surface —,A/—/ Edge of road
S N
Cross fall
“ b e b, >

Cross section of a road showing the crown
and the parabolic profile of the road surface
F1c. 7(a)

8. Road camber: [see figs. 7(a), 7(b) and 7(c)].
In the cross section of straight portion of a road, the highest
point on the curved road surface is called crown. The level
of crown 1s called the road surface level. The curved road sur-
face has its convexity upwards like the back of a tortoise.
This convexity can be scen in the cross section of a road surfac-
ing and it is usually called camber of the road. Camber is
expressed as the slope of line joining the crown with the edge
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of carriageway. Thus, a camber of 1 in 60 in a carriageway
10 m wide shows that the crown is 8:33 cm above the two
cdges of the carriageway. The road surface of such carriage-
way is said to have a eross fall 85 cm. The cross fall (i.c.
amount of camber) is mainly given to take away rain water
from the road surface and the amount of cross fall or camber
depends on the material of which the road surfacing is made
i.e. it depends on the type of road. It is steep for soft and
permeable material and, flat for hard and impermcable
material. The camber should be just suflicient for the
efficient drainage of rain water from the surface of the
road. Excessive camber induces the drivers of vchicles to
keep ncar the crown and increases the tendency of the vehicles
to side-slipping; also, the central portion of road gets
tracked and casily worn out. Tollowing arc the cambers
recommended for various types of roads:

Type of road Recommended camber
Earth road ‘ in 20
Gravel road in 24

Moorum and Kankar roads
Waterbound macadam roal .
{Biluminous painting and

in 24 w1 m 30
in 30 to 1 in 48

— e -

Bituminous semi-grout road 1 in 48
Bituminous concrete or Sheet asphalt 1 in 60
Ccment concrete road 1in 70 to 1 in 80
Pavings I 1 in 48 to 1 in 60

In actual construction, the barrel is given to the road
profile by filling the surfacing material hetween camber-
templates fixed at 15m to 30 m (50" to 100") apart, across
the centre line of the road.

Three types of camber are commonly used on single
carriageway roads. They arve:

(a) Barrel camber.
(b) Sloped camber

(c) Composite camber
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Barrel camber consists of a continuous curve as shown
in fig. 7(a). Sloped camber consists of two straight slopes
joining at crown as shown in fig. 7(6). Composite camber
consists of two straight slopes with a parabolic crown portion
as shown in fig. 7(c)

Road Surface Pointed Crown

b £dge6?70"ag
2

h S
A

b,
2

Cross scction of a road showing the crown
and the straight profile ot the road surface

I'G. 7(b)
Curved crown porlian
Road Surface ' Straight line
(stroght)
i
. 4 —b A

Cross section of a road showing the crown and the road
surface having a composite (i.c. parabolic and straight) profile

Fia. 7(c)

9. Road gradient: No ground surface is dead Hat
and level and because of this, the road surface also rises and
falls along the length of the road. The rate of this rise or fall
is called road gradient or grade and is usually cxpressed as a
ratio of I vertical in » horizontal (i.c. 7/ in »). Thus, if the
road surface fall 2 m in 200 m horizontal distance measured
along the length of a road, the road gradient in that reach of
the road is 1in 100. The gradient of a road 1is regulated
by the nature of traflic, nature of country and partly by
the kind of the surfacing material. It should not cause
difficulty and danger to traflic, specially the draught animals
pulling the slow moving vehicles like carts, tongas ctc. Tt
should therefore be gentle as far as practicable; such



Art. 9] ROAD STANDARDS 33

a procedure entails less consumption of energy on the part
of traffic using the road. A gradient which must never be
exceeded in any part of a road is called the limiting gradient or
maximum allowable gradient. Its value is fixed at 1 in 20 in
plain country and 1 in 15 in hilly country. It is however
desirable to give the gradient upto a certain desirable upper
limit below the limiting gradient. Such a desirable upper
limit of the gradient is called the ruling gradient. Its value is
fixed at 1 in 30 in plain country and 1 in 20 in hilly country.
Where it is not feasible to keep within the ruling gradient,
it should bec seen that the gradient is not steeper than the
limiting gradient at least. Even in that case, the limiting
gradient should not be given over very long lengths of a road
and, it is desirable to interpose short and flatter reach between
the steeper reaches having the limiting gradient. It has
also been found that for the efficient drainage of water from
the surface of a road, 2 certain minimum gradient should be
given to the road. Such a gradient is called minimum gradient
and its value is usually fixed at 1 in 200, though it depends on
the nature of road surface also.

When gradient occurs on a horizontal curve of less
than 300m (1000’) radius, gradient may be reduced throughout
the length of curve and also for 15 m (50’) on ecither side of
curve by a percentage which is given by the formula,

75
gradient compensation = (—'R~ X 100) %, where R is the

radius of curve in metres.

The recommendation of I.R.C. regarding gradient on
straight length of road is given in the table below:

Limiting gradi‘-v

Type of Ruling Maximum g

country gradient gradient ent or Lxcep-
tional gradient

Plain 1 in 50 1 in 33 1 in 20

Hilly 1 in 20 I in 15 I in 12
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The limiting gradient given on a road should be in’
the least number of places, well separated from each other
and, at cach place, this gradient should not be used for a
distance of more than 90 m (about 300').

10. Widening of the carriageway on curves:
[see figs. 8 and 10(a)]. On curved portion of a road, the
steering wheels turn sideways so that the width of carriage-
way occupied by a vchicle is more than the width of car-
riageway occupied by the vehicle on straight portion of the
road. Hence the width of carriageway is increcased, on '%10
entire curved portion, usually on the inside or concave sitle
of carriageway. This widening is neccssary in casc of that
curve only, the radius of which is less than 460 m (about
1500 feet). A certain uniform width is added on the inside of
the entire circular curve as shown in fig. 10(e). This width
gradually decreases towards those ends of the two transition
curves (on the inside of carriageway) which meet the straight
portions of road.

!->>
¥ Normal width of
. - JH .......... Carr/age way
””v— n‘ ‘~\\~
widening w Lo

\gSurfoce cross slope_, H—

NN 1 R |

— b Widening of carriqge way

Cross section of road showing the widening provided
on the inside of curved portion of the road

Fic. 8

The value of uniform width added to the inside of the
entire circular curve corresponding to the radii of curves is
as shown below:
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300 to 150 to 60 to | less than
Radius of circular 460 300 150 60
curve in metres (1oo1’ (501" (201" (200"
to to to and less)

B 1500") | 10007 500")

Value of uniform

width in metres, for

each traffic lane 03 (1) 106 (2) | 09(3") |1:25(4")

of the carriageway
having one or two
traffic lanes

The following are the formulac which are sometimes
used for calculating the widening w in metres to be provided

for each traffic lane:

6. w=2

, where R is the radius of curve in metres

and L is the length of vehicle in metres.

(i) w=

11. Superelevation:

(3D)3
337

where D is the degrec of curve in
Metric system.

Note: In British system, W= Dt

w

(see fig. 9).

When the fast
moving traffic, say a motor car, negotiates a horizontal curve,
the centrifugal force acts on the car and hence its lateral
(or sideway) stability is affected. Value of this centrifugal

Cross section of road showing the superelevated road surface
which is B metres wide. The superelevation is A metres

Fic. 9
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.. W2
force P is given by the formula, P =E7€ kg.
P 2
Hence, W= oR

where W = weight of motor car in kg.

v = speed of motor in m/sec while it is moving
on the curve; this speed on curve is usually
taken as 0-7 times the design speed allow-
able on the straight portion of the road.

g =981 m/sec?.

R =radius of the horizontal curve in metres.

Note: (i) 1 ft/sec = 0-3048 m/sec = 1-0973 km/hour
(ii) 1 mile/hour = 16093 km/hour.

This force is experienced by the wheels at right angles
to the direction of their motion and if its value is greater than
the frictional resistance between the wheels and the road
surface (i.e. top of the carriageway), side-slip of the wheels
will take place. If the speed is not lowered after the side-
slip occurs, the car may topple over. To avoid this, the outer
edge of the carriageway on a curve is superelevated i.e. raised
above the inner edge. Superelevation is thus provided on
all sharp curves and it provides a factor of safety for the
drivers who misjudge the curve and necgotiate it too fast.
When the road cross-section is superelevated, the centrifugal
force (parallel to road surface) trying to push the wheels
towards the outer edge of road will be equal to Pcosa, where
« is the cross inclination of the road surface to the horizontal.
Also due to this inclination, the component of W parallel
to the road surface (namely Wsina) tries to pull the wheels
towards the inner edge of road or towards the centre of thej
curve. For no side-slip to occur, we should have,

Pcosa. = Wsina + frictional resistance between the wheels
and the road surface.

To be on safe side, this frictional resistance is not taken
into account and hence for no side-slip we should have,
P cosa = Wsina

or, — =tana.

w
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P
Also, tanf = W where 0 is the angle between the vertical

line and the line normal to the superelevated inclined surface.
Hence 6 = « i.e. the cross surface of the road should be
inclined to such an extent that the resultant £ of P and W
should be normal to the inclined or superelevated surface
of the road.

Now, sinf = sina = A
B
where, & = vertical distance in metres through which the
outer edge of the road has been raised above
the inner edge, and
B = width of the inclined road surface, in metres.
As « is very small, sin « = tan «.
Hence we get,

h P 02

k.
B=W =R where B is called the rate of super-

clevation or thc superelevation per metre width of the
carriageway and £ is called the superelevation or banking or cant.

If friction between the wheels and the road surface be
considered, we have,

Pcosa. = Wsina + p. Wcosa, where p is the coefficient

of friction between the wheels and road surface
W2

ie. R cosx = Wsina + p W cosa
v? .
or, -—ﬁ=tana+p.’_‘smac+p.
o2
or, sina = e
. h 2
Le. =g %W where the value of pis usually taken as 0-15.

Greater the superelevation, more the inconvenience to

. k
the slow moving traffic. Hence the maximum value of B

is fixed at 0-067. This gives a maximum cross slope of 1 in

2
15; also the formula becomes, ';_}E = 0-067 + 0-15 or,
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2
;E —=0-217. The maximum allowable centrifugal ratio

é% is thus 0-217. From this, we get the minimum value of
radius R given to a curve when the speed v is specified.
When the maximum banking of 1 in 15 given to a road
surface is less than the theorctical banking worked from the
formula, part of the centrifugal force is counter-balan-
ced by the horizontal component of the weight of vehicle,
and the remainder of the centrifugal force is opposed by the
lateral friction between the wheels and the road surface. | If
the superelevation works out to be less than the value of camber
of a road, it should be kept equal to the camber of the road
for drainage purposes. In cross scction, the surface of a
superelevated road appears as an inclined straight line.
Superelevation is thercfore also defined as the inward tilt or
transverse inclination given to the road surface on a horizontal
curve to reduce or check the evil cffects of the centrifugal
force on a fast moving traffic. Superelevation is then expressed

as cross slope which is very approximately equal to 1 in W

The table below gives the radius in metres (for various
roads and various design speeds) beyond which no supercleva-

o . 02
tion is neccssary; for no superclevation, F la == (-15.
g
W.B.M. Bituminous C.C.
Design L road road _road
speed Camber Camber Camber Camber
in 1 in 36 lin 48 lin 60 1 in 72
km.p.h. "_l_{adi- P T RETOUTS P
us in Radlus in Radius in Radlus in
metres metres metres metres
24 (15 m.p.h.) 90 (3007) | 120 (400’) | 150 (500°) | 180 (600)
32 (20 m.p.h.) | 170 (550°) | 210 (700’) | 270 (900°) | 300 (1000’)
40 (25 m.p.h.) | 260 (850°) | 340 (1100’) | 430 (1400’) | 520 (17007)
48 (30 m.p.h.) | 360 (1200°) | 490 (1600°) | 610 (2000°) | 950 (24507)
64 (40 m.p.h.) | 660 (2150") | 880 (2900°) (1100 (3600°) |1310 (4300)
80 (50 m.p.h.) {1040 (3400’) 11370 (4500’) (1710 (5600’) |2040 (6750)

From this article we learn that the design of horizontal
curve on a road is influenced by (i) Design speed (ii) Safe
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allowable friction (iii) Maximum allowable superelevation
and (iv) Permissible centrifugal ratio.

Note: (i) Itis desirable to round off the design speed in km/h to the
figures, 25, 30, 40, 50, 60 and 80.

(ii) Radius given in metres, has been rounded off.

12. Method of introducing superelevation on
curve: [see figs. 10(e¢) and 10(6)]. A superelevated curve
will have a circular curve, with transition curve on each of
its two sides. A transition curve thus joins the straight por-
tion of road with one end of the circular curve. Reckoning
in the direction of forward movement of traffic, at the end of
straight portion (which is also the beginning of transition

3 mreredgé of road

T -
9&" _________ &v """"""""" ‘, - Y %0’
T e : TRl

g o«"'-‘u,., .

Figurc shows the plan of road with curved portion and,
straight portions on both sides of the curved portion.
It also shows the cross sections of road at the beginn-
ing, the middle and the end of the transition curve.

F1c. 10(a)
Road ec(ye on

oulside of . Cenlre line
crown Roadsurface

LN ST A
PN YO .7 'y

l\.SuperetevaZ‘/on e, Roadedge
[ - -
€ - = - -~ s - A e = - =T T oninside of
curve

Cross section of road showing the super-
elevation h metres and the straight profile of
the road surface which is B metres wide.

Fic. 10(b)

'
|
I
],

a!
I
[
'
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curve), there will be usual camber to the road surface. On
a single carriageway, superelevation is now gradually
introduced on the outer half-width of the road surface till this
surface has an inward cross fall represented by the road
camber. Now the entire road surface is revolved about the
crown till the inclination of the entire width of the road surface
represents the required superelevation or inward tilt. This
is so gradually done that the required superelevation is obtained
at thc end of the transition curve which is also the beginning
of the circular curve. This full and required superelevation
is maintained on the entire circular curve upto its end which
is also the beginning of the next transition curve. On th
transition curve, superclevation must be gradually rcmovcd
and the cross slope should be gradually changed to the cam-
bered road surfacc in the manner reverse to that in which the
supcrelevation was developed from a cambered surface. This
should be so done that at the cnd of the transition curve which
is also the beginning of the other straight portion of road, the
road surface should have the required camber resembling the
back of a tortoise.

13. Length of transition curve on roads: [see
fig. 10(a)]. Let a fast moving vehicle move with a speed
of v m/sec on the curved portion of road and cover a distance
of L metres in ¢ seconds, L being the required length of transi-
tion curve. To avoid shock or inconvenicnce to the passengers,
the rate of change of radial acceleration of the vehicle (while
it is going on the transition curve) should be constant and of
reasonable value. Let f, be the radial acceleration of vehicle
at that end of the transition curve which is also the beginning
of the circular curve and, let f,” be the constant rate of change
of radial acceleration. Then we have,

fr=5 %t
, L
=fr X -z—)-'

But the radial acceleration of vehicle at the same point

(when that point is considered to be on the circular curve)
2

N v . . o
is given by B which remains constant along the entire circular
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curve. Equating the two values of radial acceleration at the
same point we get,

metres

— ﬁ-;—;"ﬁ .............. (1)
In the above formula for the required length of the

transition curve, ;" may be taken equal to — 4
u e @
4 y q 4‘0 ‘f‘ -2-% 14
In addition to the consideration of the radial acceleration,
it should be seen that the value of centrifugal ratio is kept
about }. Now we know that,
centrifugal force

centrifugal ratio = — —=. ..
' & weight of vehicle

- P v2v
W gR
Putting this equal to 1 we get,

or, minimum R = " oo e (ii)
B 0?
ut L =],r,—-;E
2-454/2-45R
L = =g » by putting v = V245R ...... (iii)
r
2-45p ) v? .
AISO L = --f" H bY puttlng R = '2—.;-5 .............. (IV)

Thus, we see that the length of transition curve is
governed by the rate of change of radial acceleration and,
by the centnfugal ratio or superelevation per metre width of
the carriageway.
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14. Sight distance required at curve: In conse-
quence of the intensive use of the roads by fast-moving traffic,
visibility has become very essential requirement if loss of
life is to be avoided. This visibility is of greater urgency on
sharp curves. When fast-moving vehicles negotiate a
horizontal (or a vertical) curve at the samc time but from
opposite dircctions, a good sight or wisibility of the vehicle
coming from opposite direction is necessary to avoid accidents.
For vehicles to be able to travel at a specified speed with
safety and without difliculty, the road should be so designed
that the drivers can sce far enough, ahead of them, at all times
to be able to bring the vehicles from their speed to a dead
stop before meeting any accident. Sight distance or wvisibility
is defined as the distance (mecasured along the centre line
of road) over which a driver can scc the opposite object on
road surface and the provision of this distance is necessary
to avoid accidents. It may also be defined as the ability to
see over such a distance on the road that the drivers and the
pedestrians are given suflicient time to react to an emergency
and thus they can avoid impact or accident. In short, sight
distance is the length of road visible, ahead, to the driver of
a vehicle. When this distance is not long enough to enable
one fast-moving vehicle to overtake and pass another slow-
moving vchicle moving in the same direction, it is known
as ‘non-passing sight distance’ or ‘non-overtaking sight
distance’. When it is long enough to enable this overtaking
on a two-lane carriageway, it is known as ‘passing or over-
taking sight distance’. In particular, a non-passing sight
distance is defined as the longest distance over which a driver,
whose eyes are 1:22 m (4’) high above the road surface, can
see ahead the top of an object about 10 ¢cm (4”) high above
the road surface. Let us consider this type of sight distance.
Let two vehicles, each moving with a spced of » m/sec. on a
horizontal curve, approach each other from opposite direc-
tions. Let us say that the drivers apprehend danger of head-
long collision of vehicles and hence they apply brakes to bring
their vehicles to rest. Let us consider one of the two vehicles.
The driver of this vehicle saw the vehicle from opposite direc-
tion and instantly applied brakes; but some interval of time
must have clapsed between the instant of his seeing the
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opposite vehicle and the instant of his effectively applying
the brakes. This time lag or bricf interval of time is called
the total brake reaction time of driver and its average value is
taken as 1 second. During this time, his vehicle must have
moved through a distance known as lag distance which will
be equal to » > 1 metres (some authorities reccommend 2 to 3
seconds as the brake reaction time; in that case, lag distance
will be 2v to 3v metres). After the effective application of
brakes, the vchicle will move with a uniform retardation and will
come to a stand-still after another interval of time. During
this interval of time, the vehicle must have moved through a
further distance which is known as the braking distance. 'The
total stopping distance of this vehicle will be equal to sum
of the lag distance and the braking distance. Practically
same will be the stopping distance for the opposite vehicle.
To avoid accidents, it is therefore necessary that the horizontal
sight distance or visibility mcasured along the centre line of
road should be greater than twice the stopping distance of
each vehicle, stopping distance being the total distance
travelled by a vehicle from the instant a danger is apprehended
by the driver to the instant of actual stopping of the vehicle.

At the instant of applying brakes, the kinetic energy of

. Wo? . cy pe s
vehicles is 9, m-kg; let p be the coefficient of skid friction
g
between the wheels of vehicle and the road surface; let / metres
be the braking distance of the vehicle; then, considering the

road surface to be level (i.e. with no gradient) we have,
{frictional resistance bctwacn} L

the wheels and the road surface T 2

. Wl — Wo?
ie. pW <l = %
1=

or, -

2g.u

Here w == 0-4 to 0-5, allowing for the brake inefliciency
and some slipperiness of the road surface.

The required sight distance 7 2(! -+ v)

2
— v
7 2 (-~ + v\) metres.
2g..
Note: 1 ft-1b = 0:1383 m-kg.
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If instead of two moving vehicles, there were one vehicle

moving towards some stationary object ahead, the required

2
sight distance should be greater than the expression O + ).
2.

The horizontal curve should be flat enough to ensure
the necessary sight distance. If necessary, the obstructions
like trees, buildings etc. on the inside of the curve may be
removed sufficiently away from the roadway to secure the
required sight distance.

Sight distance on vertical curve is defined as the distange
over which a driver whose eyes are assumed to be 1-14
(3'9") above the road surface can just see the top of an
opposite object 1-14 m high above the road surface. If vehicle is
moving upgrade or uphill, the braking distance is decreased
because the gravity force helps in slowing the vehicle and
vice versa. Hencec when two vehicles approach each other
from opposite directions and both vehicles are moving uphill,
the required vertical sight distance should be greater than

2
2 { °
2 ( +3)

the road surface.

3 -}- v} where s is the longitddina.l gradient of

When a vehicle moves down grade, its
2

v
oF (EL—*S)} Minimum
sight distance of about 300 m (1000°) on single carriageway
and about 150 m (500") on dual carriageway should be provided
on horizontal as well as vertical curves.

braking distance !/ will be equal to {

The recommendations of I.R.C. regarding sight distances
are given below:

A Table for nonpassmg sight distance

al Plam country Hxlly country
ass JEE —

of road Design Nonpassmg Design Nonpassmg

speed  |sight distance speed sight distanc

National Highway 80kmh | 270m | 48 km/h 150 m
Provincial Highway (50 m.p.h.)| (900 feet) | (30 m.p.h.)] (500 feet)
Major District Road 64 km/h (40)| 210 m (700) (40 km/h (25)| 120 m (400)
Other District Road 48 km/h (30)| 150 m (500) |32 km/h (20)] 90 m (300)
Village Road 32 km/h (20)| 90 m (300) |24 km/h (15)| 60 m (200)
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B. Table for overtaking sight distance

Class of road Speed in km.p.h. chrtak?ng sight
distance in metres
N.H. & P.H. 80 (50 m.p.h.) 430 (1400
M.D.R. 64 (40) 290 (950"
O.D.R. 48 (30) 170  (550")
V.R. 32 (20) 90 (300)

Note: The sight distances given in metres, have been rounded off.

15. Standards for design speed and radius of
curve: In the previous articles, the speed v in m/sec has
been used in deriving many formulac; such speed is called
design speed. The design specd may be defined as the maxi-
mum safe speed assumed for design purposes. The follow-
ing design specds arc recommended for various classes of
straight portion of road in plain and hilly countrics; these
speeds should not be exceeded. Safc design speed on curves
may bc taken as 0-7 times the design speed on the straight
portion of the road.

Design speed, in Design speed, in
Class of road km per hour, km per hour,

in plain country in hilly country
National highway 80 (50 m.p.h.) 48 (30 m.p.h.)
Provincial highway 80 (50) 48 (30)
Major district road 64 (40) 40 (25)
Other district road 48 (30) 32 (20)
Village road 32 (20) 24 (15)

The radius given to a circular curve depends on the
design speed. The following minimum radii of curves (known
as ruling radii) are recommended in plain and hilly countries,
corresponding to thc design speeds shown. As far as possible,
the radius given to a curve should be more than the recom-
mended value. Radius less than this value will not provide
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safe and comfortable travel along the curve and may cause
skidding when the road surface is wet.

Design speed, in
km per hour, on
the circular curve

Ruling minimum
radius (in m) of
the circular curve
in plain country

Ruling minimum
radius (in m) of
the circular curve
in hilly country

80 (50 m.p.h.)

300 (1000 ft.) This speed is
not allowed
64 (40) 240  (800) ..do ..do..
48 (30) 150  (500) 120 (400 ft.) \
40 (25) 120  (400) 90 (300) \
32 (20) 90  (300) 60 (200)
24 (15) 90  (300) 45 (150)
Note: The radius given in metres, is rounded off.
16. Road junctions and crossings: (see fig. 11).

The most important feature in road design and layout is the
[~ road junction or road crossing. It

Junction by 1s defined as an area common
to two or more roads which

] 5 xj ;—i mect at an angle. Same is the
e dcfinition of road intersection with

only this difference that in the
case of road intersection, a road
may or may not cross another

-

Road junction road at the same level. It has
Fic. 11 been found that many acci-
dents occur at road junctions in built-up arcas. The aim

should be to provide a junction which will avoid accidents
as well as the delay and congestion of traffic. The follow-
ing main principles should be considered in the design and
layout of a road junction:

(a) The number of crossings on main road should
be as few as possible and should be spaced at least 460 m
(about 1500 feet) apart.

(b) Where necessity arises, the main road carrying
a very heavy and fast traffic should be separated from the
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Troffic island

Direclion or guide
Istand

Fic. 12(a)

7affic island

-Guide istand

Fic. 12(b)
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intersecting unimportant road by means of a bridge. Thus,
one road will be going over another.

(c) Road junction of more than four intersecting
roads should be avoided as far as possible.

Traffic island

Fic. 12(d)

(d) As far as possible, the minor roads should cross
a main road at right angles.

(¢) Where three or more roads mcet, they should
be equally spaced round the junction.
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(f) Where major roads of cqual importance meet or
intersect, the necessary traffic islands and refuges {sec figs.
12(a) to 12( f)} should be provided for the safety of traffic.

Traffic islond

Fic. 12(f)

Traffic island is a central island (at a junction) having a cifcula.r,
oval, etc. shape. It regulates the traffic to avoid a‘cmdcnts.
Refuge is a raised spacc like central island (and near it) where
pedestrians take refuge from the vehicular traffic, while



50 ROAD ENGINEERING [Ch. I

crossing the carriageway from one footpath to the other.
It is also known as pedestrian island or raised safety zone for
pedestrians and is of less area than a central island.

(g) At all junctions (see fig. 13), there should be pro-
per provision for visibility so as to avoid accidents.

(h) Requirements of non-vehicular traffic should be
examined and proper provision should be made for it.

(i) To reduce conflicts and to provide the desirable
angles of crossing and intersection, the traffic streams may
be channelized by means of guide islands constructed at the
entrances to a junction. .

(i) Two main roads, carrying very hcavy and Yast
traffic, may cross at different levels; such an intersection lay-

PROPERTY  LINE )
removed sufficentlyf|
good visibilily

Level junction showing the building property removed
far inside at the corners so as to improve visibility
Fic. 13

out is known as highway grade separation or fly-over junction
or overhead crossing. In this type of junction, one road goes
over another, by means of a bridge.
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17. Types of road junctions: Following are the
usual types of road junctions:

(a) Square junction or Straight-over junction (fig. 11).

(b) Acute junction including staggered acutc junc-
tion [figs. 14(a) and 14()].

b
[

<

|

Fic. 14(a) Acute junction Fic. 14(b) Staggered junction

Fiec. 14(b) Staggered junction
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(¢) T-junction [fig. 14(c)].
(d) Y-junction [fig. 14(d)].
(e) Multi-junction [fig. 14(e)].

ML

v o J %

Fic. 14(c) Fic. 14(d) Fic. 14(e)

18. Miscellaneous points shown in article 2(h), will
be described in subsequent chapters in their proper and
more suitable places.

19. Funds available for road construction:
After all has been said about the principles of design and
the layout of roads, it may be remarked that the final design
must be a compromise between the technical perfection and
the utmost economy. The design is also to a great cxtent
governed by the funds available for the construction of road.
However it may be noted that it is a sound economy to
spend money in the initial stage, with a view to future saving
on the maintenance ctc. of the road.

Note: Road standards, recommended by I.R.C., are shown in tabular
form, in Appendix.



CHAPTER III

ROAD DRAINAGE AND THE
DRAINAGE STRUCTURES

1. Introduction: Road drainage is very important
because with the efficient road drainage, the life and effi-
ciency of road can be increased. In this chapter we shall
learn about this important item and also about certain road
structures which effect some of this drainage.

2. Road drainage: Drainage may be defined as
the interception and removal of water from, over, or under
an arca. Road drainage thercfore means the removal of water
from road surface and also from road subgrade. The removal
of rain water from road surface and roadside ground is called
surface drainage and that from the subgrade is called sub-
surface drainage. For removal of water from the surface of
road, propcer camber and gradient are given to the road
surface. The water coming down from road surface collects
in ditches or side drains (of required cross-section area as
shown in figs. 3 and 4), cut below the ground surface. These
road ditches should be at least 1-80 m (6") away from the edge
of roadway so that there may be no danger to the traffic.
There is onc side drain on cach side of the roadway and
it is parallel to the road alignment. It has certain longi-
tudinal gradient and discharges its water into a nearby nallah
or strcam. Side drains are absolutcly nccessary when the
formation is in cutting and these drains are then cxcavated
immediately after the formation width. In case of the
formation in bank, the side drains arc excavated a little away
from the lower edges of side slopes of the bank. The strip
of land betwcen side drain and the lower edge of bank is
called the berm. The cross section of side drain may be
trapezoidal (see fig. 3) and sometimes triangular (sec fig. 1).
From the point of view of surface drainage, the road in
cutting-is not desirable as the surface water of the adjoining
land also comes to the side drains and the road is in danger
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of remaining wet in rainy season. The side drains, in the
case of road on embankment, have to receive the rain water
from the road surface and berm. To cut down cost, the
height of road cmbankment should be low; it should be just
sufficient to keep the road above high flood water on the
adjoining land. The height of bank may ordinarily be 0-3
m to 0:60 m (1’ to 2’) above ground and more than 0-60 m (2")
near the masonry structures like bridges. In addition to the
extra cost in case of high banks, such high banks may prove
dangerous to the traffic under certain circumstances.

What will happen if there is defective or inadequate
surface drainage due to inadequate camber and grade ahd
due to the decficiency of side drains? The answer is that
duc to the inadequate camber and grade, some rain water
will remain on the road surface and will soften it; the trafﬁg
will produce ruts in soft surface and the road surface will
go on deteriorating.  Also, some water may pass through the
surfacing to the base and the subgrade below and may make
them weak, resulting in the failure of road structure.

3. Drainage structures: There is another aspect
of the drainage of surface water and that arises when a low
lying area or a stream or river crosses the alignment of road.
At the point of crossing, the water of stream or river is made
to pass on the other side of the road by mcans of a masonry
work known as cross drainage work or drainage structure. The
usual types of cross drainage works for roads are:

(a) Road culvert and Road bridge. In these cascs,
water passcs under the road surface.

(b) Low level causeway and High level causeway.
In these cascs, water may pass over the road for some time.

Floating bridges and suspension bridges are not com-
mon nowad..ys.

A small bridged passage/passages for the conveyance
of water (under a road) from one side of roadway to the
other is/arc known as culvert. When the lineal waterway
between the inside faces of abutments of a drainage struc-
ture is less than 6-0 m (20 feet), it is called a culvert. When this
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lineal waterway is greater than 6-0 m (20 feet), the cross
drainage structure will be called a bridge. Thus, a culvert

l-———‘—-Road wa_y—T-—‘*

S—corrigge woy —H

Bed of pipe barrbl
Longitudinal section through a pipe culvert. Road
in embankment goes, over it, at right angles.

Fic. 15

Road surfacing

Stonecr
Concrete slab

Abulmenl”

Cross section through abutments of slab culvert. Read
goes over, at right angles to the cross section.

F1c. 16

can be called a bridge of smaller proportions. The culverts are
usually constructed across small streams and, the bridges
are constructed across wide streams and rivers. The
following are the various types of culverts:

(a) Pipe culvert (fig. 15).

(b) Box culvert.

(c) Slab culvert (fig. 16).

(d) Arch culvert (fig. 17).

In case of pipe culvert, water passes under the road

(and from one side of the roadway to the other) through
slightly inclined pipes of cast iron or corrugated sheet iron
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or prefabricated R.C.C. The maximum diameter of cach
pipe may be kept as 1-50 m (5 feet).

__—rRoads_iurﬂ:a ng

v .
- rch ring

T

7z ”
STy ””71//”//” w st

Bed pavementl

Cross section through abutments of arch culvert.
Road goes over, at right angles to the cross section.

Fic. 17

Box culvert is a rectangular passage of concrete through
which water passes from one side of roadway to the other.
It may be defined as a monolithic drainage structurc rect-
angular in cross section. The rectangular passage should
not be less than 060 m < 0-60m (2’ < 2') so that it can be
cleancd of debris etc. periodically by a man, after getting
into the passage.

Slab culvert has abutments and a slab over them.
Roadway is taken over this slab and, the drainage water
passes below the slab and between the abutments. For
small span (between abutments) of 0-90 m (3") or so, hard
stone slab can be used but for bigger span, a R.C.C. slab is
constructed. As a rule, each span (if there are more than one
span) of slab culvert should be less than 3-0 m (10 feet).

In casc of arch culvert, there is arch from abutment
to abutment or there may be arches from abutment to pier
and from pier to pier. Roadway gocs over the arch or arches.
Each span of an arch culvert (if there be more than one
span) should be less than 3-:0 m (10 fect).

The following are the wusual types of road bridges:
(a) Masonry arch bridge of brick or stone.
(b) R.C.C. slab and beam bridge.
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(c) Stcel girder bridge or Stecl built-up section bridge.
(d) R.C.C. girder bridgc.
(e) Prestressed concrete girder bridge.

In case of bridges, cach span can be greater than 3:0 m
(10 fect). High flood discharge of a stream or river at the
point of crossing is calculated and sufficient waterway should
be provided for the high flood discharge while it passes through
the vents or passages of a culvert or a bridge. The choice
of the type of bridge or culvert depends on the amount of
high flood discharge and on the cconomical dimension or
width of individual vent (or passage) to be constructed.
Bridges and culverts should be constructed when the road
is an important one and, thercfore, is required to be passable
in all seasons.

Sometimes, a horizontal pavement is constructed across
a wide and shallow strecam to pass the traffic during fair
weather scason only; such pavement is called Irish bridge
or Causeway. A causcway nfay be defined as a road built
across a natural drainage and 1t is constructed so as to resist
the crosive action of stream flow across and over it.  If the
drainage has a protracted low water flow, the road surface
may be kept free of this flow by constructing it at a some-
what high level and passing the flow through culverts built
under the road surface. A short road length on each side
of this pavement is in the form of a ramp. Causeway is, in
essence, a paved dip in a road constructed across a shallow
drainage at or about the bed level of drainage. Causcway
may be a low-level causcway or a high-level causeway (i.e. raised
causcway with culverts below it).  Low level causeway or Flush
causeway has a paved dip at bed level of the sticam which
is dry for most part of the year during which traffic can go
over the causeway; for a short time in the year, this cause-
way may be under water and may not be used by the traflic.
Low level causeway is used for very unimportant roads. In
casc of roads of ordinary importance, a high level causeway
or submersible bridge is constructed. It is a paved dip appre-
ciably above the bed of stream and is usually provided with
vents (below it) to allow the normal floods to pass through
the vents, from upstrcam side to the downstream side of the
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causeway. During high flood, howevcr, the causeway is
under water and thercforc it cannot be used for some time
till the flood water goes below the paved dip. High level

causcway is quite suitable for wide stream in which there
is no flow after October end.

Causeways and culverts arc ordinarily sufficient for
unimportant village roads. They are feasible when the
stream is wide and has low banks. Causeways should not
be constructed in the case of important roads like highways
as thcy will causc serious interruption to the traffic during
high floods; such interruption can be tolerated on village
roads and other unimportant roads. Causeways arc v'(iry
checap as comparced to the culverts and bridges.

\
The design, construction and maintenance of bridges
forms the subject matter of Bridge Engineering and hence
they are not treated hére. However, the clements of small
road bridges and culverts are briefly treated in chapter XIX.

4. Sub-surface drainage: Watcr affecting the sub-
grade of road may be cither surface water soaking in through
road surfacing and road side, or it may be subsoil water.
Subsoil water may be free water when water table is high or
it may come up by capillary action to the subgrade when
water table is low. The subgrade of a road should be of
self-draining material so that it may pass off the percola-
tion water (that comes to it) and thus it may remain dry:
If, however, the subgrade is of soft and retentive soil or,
there are underground springs bringing free water to the sub-
grade, the subsoil drains or sub-surface drains [sec fig. 18(a)]
should be constructed about 0-45 m to 0-60 m (18" to 24”)
below the formation level (and the subgrade soil) to carry
away water from the subgradc and thus kecep the subgrade
dry. These subsurface drains are called the cross drains or
lateral drains and have a small downward inclination (say 1
in 60 or so) from the centre of road towards the two side drains
in which they discharge the water drained from the wet
subgrade. Subsoil drains are also constructed to lower the
water table to a safe depth below road surface so that water
does not come by capillary action to the subgrade. (Water
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table, in easily drainable soils, can also be lowered by decp
and open side-drains to which water from water table per-
colates; such deep side-drains also take rain water from the
road surface). If the subgrade is allowed to remain wet
and soft, the whole road structure will fail. The cross drains
[fig. 18(a)] may be in the form of trapezoidal trenches filled
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Plan showing the lateral and the longitudinal pipe drains
used under a seepage area in a through cutting

Fic. 18(a)

with selccted rubble or stone and arc then called rubble drains
or stone drains; they are also known as French drains or blind
drains. These are used when the depth is not much and the
discharge is small. They discharge the water (percolating to
them) into the deep side drains filled with rubble. The
cross drains may also be pipe drains. A pipe drain [fig. 18(c)]
consists of a trench in which earthenware or C.C. pipes arc
laid in line, with the joints between two adjoining pipes open;
the pipes have a little inclination towards the side drains.
The pipes are surrounded by the filter material and the
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rcmaining of this cross trench is filled with graded rubble, the
bigger size rubble being nearer the pipe. Water of the wet
subgrade passcs through the open joints of pipes and enters
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S — | Trench filled
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Jransverse drain
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Fic. 18(h)

the lateral drains which discharge into two longitudinal I“)ip('
drains laid (with a little inclination) in the two longitudinal side
trenches.  The space above the longitudinal pipe drain is filled
with graded rubble as is done in the case of lateral pipe drain.

Soil #ill

Porous
vack-fill —

Pipe
drain

Cushion bed
Fic. 18(¢)

The longitudinal drains carry away water to the ncarby
strcam or nallah. The diameter of the lateral pipe drain
may be 75 ¢cm to 10 cm (3” 1o 4”). The diameter of the
longitudinal pipe drain may be from 15 ¢m to 20 cm (6” to 8”)
or morc according to design. The cross drains, as scen in
plan, are placed staggered in the herring-bone fashion [see
fig. 18(a)]. Spacing of lateral drains is less in impermeable
soil and more in permeable soil. For clay sub-soil, the
maximum spacing may be about 7-5 m (25 feet).
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When a road is taken through swampy area, the sub-
surface drains should invariably be provided at 0-90 m to
1220 m (3" to 4') below thc formation level of road.

It is usual to classify the subsoil drains as follows:

(a) Those which intercept the subsoil water hefore it
comes to the subgrade. They are also known as intercept-
ing drains and arc generally used in cuttings and in the side-
long ground.

(b) Those which bring down the water table to a safe
depth below the subgrade and keep the water table there.

Note: In Mectric system, diamecter of pipe may also be reckoned in centi-
metres.



CHAPTER 1V
ROAD SETTING OUT AND EARTHWORK

1. Introduction: Before a road 1is constructed,
construction surveys are done and the road line is sct out
on the site of work. Then the subgrade is prepared to place
the road structure on it. While preparing subgrade, some
excavation of the natural ground or, thc bankwork on jthe
natural ground shall have to be done. The process of cut-
ting excavations and/or prcparing embankments is ca%‘led
earthwork. In this chapter we shall lcarn about setting Out
a road line and doing the earthwork.

2. Construction surveys: Thc construction survey
is necessary for setting out a road on the site. It mainly
consists in:

(1) Clearning the site of work by removing grass, weeds,
brushwood and the objectionable material.

(i1) Setting out the centre line and the edges of the
roadway.

(1ii) Setting out areas for borrow pits and spoil banks
before earthwork is done.

(iv) Fixing bamboo and string profiles for doing
embankment work.

(v) Setting out road bridges and other ancillary
works of a road.

After clearing the site, centre line (straight and/or
curved) of the proposed road is dcfined on the ground by
means of alignment pegs fixed at certain distance centre to centre
on straight portions of the road. On curves, the pegs will
be fixed closer to each other. These pegs are known as
centre pegs also. The line between these pegs is clearly de-
marcated by making a narrow continuous V-shaped cut in
the ground surface along this line. Such a cut is called
lockspit or dagbel. Next, the formation widths and the side
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slopes of the cxcavation or bankwork (as thc case may bc)
are decided. Formation width or roadway (sec fig. 19 and
fig. 20) is defined as the finished top width of an cmbank-

p— —— Formalion width ————
wshoulderi— Carrioge way —  wshalder
o S ety
Formotion level or Top of 5'-"‘-’9’:"“’e embankment

Cross scction showing the formation width
of road carried on embankment

1. 19

ment or cutting which forms the subgrade for the road struc-
ture; it will be a little more than the width of road-basc.  The
portion of formation width on cach side of the road-base is
called road shoulder or berm. It should be about 1:50 m to
2:45 m (5-8") wide to permit vchicles swerving or parking
off the road in emergencies; it should be hard and dustless.
The following are the formation widths reccommended for the
various classes of roads in plain and hilly arcas:

| Minimum forma- Minimum forma-
Class of road l tion width, in m, tion width, in m,

| in plain country in hilly country
National highway \ 12 (40ft) 8  (26ft)
Provincial highway | 975 (32) 8  (26)
Major district road | 7-25 (24) 6-75 (22)
Other district road | 7-25 (24) 6:75 (22)
Village road | 55 (18) 4-25 (14)

Note: Formation width given in metres, is rounded off.

The level of this formation (in the form of bank or
cutting) is called the formation level. The side slopes of the
formation will be such as thc material of the formation can
safely stand without slip or failurc. The usual sidc slopes
in the case of ordinary soils arc 14:1 and 2:1; in rocky
soil, steeper side slopes of 3 : 1 or % : 1 can be given. While
treating thc road gradient in chapter II, we fixed the gradient
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of longitudinal linc passing through the crown of cross sec-
tion of the road. After fixing the thickness of enfire road
structure, we can get the formation level by deducting the
thickness of road structure from the level of crown at that
point of the road. Like the centre pegs, other pegs arc
fixed to demarcate the formation width and the ends of the
side slopes of embankment or cutting as the case may be.
Lockspitting is done along these four lines of the pegs also.

Guller
/ 5~—- Carriage woy ___—_*.S_hguﬁ:‘ler
——

Cross section of road carricd in cutting. The formation
width is the total width between side gutters.
Fic. 20

When the road is on embankment, the earth is taken
from pits (cxcavated on road side) to form the embankment;
these pits arc known as borrow pits (sce fig. 3) and they are of
regular and specificd length, brecadth and depth. When
the work is done by contract, the excavators are asked to leave
a narrow diagonal wall unexcavated in the borrow pits; such
a diagonal wall is called witness and by cxamining it, one can
say if the {resh borrow pit has been actually excavated by
the contractor’s labour or not.

When the road is on excavated formation, the excavat-
ed earth is utilized for making the formation in bank if it is
required in the vicinity of the cxcavated formation. If after
forming this bankwork, there is still some surplus carth, it is
dumped in the form of a bank on the road side and parallel
to the alignment of road; this surplus carth is called spoil
and such a bank is called spoil bank (sec fig. 4). The location
of borrow pits and spoil banks should be within the temporary
land acquired for the road. The arcas for locating borrow
pits and spoil banks arc sct out by the responsible official
of the road authority.

3. Earthwork: The carthwork (i.e. cxcavation
and/or embankment) is donc by manual labour (as is usual
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in India) or by suitable road machincry. On bigger jobs,
road machinery should preferably be used for economy and
efficiency of work. The carthwork is done according to the
standard spccifications. The cquipment usually used for
manual labour consists of mamoty or phaorah, shovel, spade,
pickaxe, baskets, rammers, rollers and surveying instruments
like level, boning rods, plumb rule e¢tc.  Before earth filling is
donc to form a hiah bank, the bamboo-and-string profiles (scc
fig. 21) are fixed across the road at certain distance centre

'1 / Bomboo pole 1
> —
C.Sllring
~_Cord or string
Stope peg Centre peg
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Bamboo and string profile
I'e. 21

to centre. A bamboo profile consists of two vertical bamboo
poles fixed vertically at the two cnds of the formation width.
A string is taken and it is tied to the slope-peg and the adjoin-
ing vertical bamboo so as to correspond to onc slope of the
bank; it is then taken horizontally from this bamboo to the
next vertical bamboo to correspond to the top of the bank
and it is finally tied to the slope-peg on the other side of the
bank to correspond to the other slope of the bank. Thus,
the thread tied to the two slope pegs and the two vertical
bamboos presents a trapezoidal cross-scction or profile.
It is a well known fact that cven though the carth filling to
form a bank is properly rolled in layers, the bank material
does settle to some cxtent after the construction of bank. This
settlement of bank depends on the material of bank but
the average allowance for this scttlement may be made at the
ratc of about 1 metre for every 12 metres height of the bank. It
therefore stands to reason that the height of the finished bank
should be more in the first instance so that it gives the required
height (and thercfore required formation level) after its settle-
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ment. The horizontal thread (of bamboo profile) between
the vertical bamboos is thercfore fixed at a lcvel above the
1equired formation level to the extent of this allowance for
settlement of the bank. After fixing these bamboo profiles,
the earth brought from bortow pits and/or excavated forma-
tion is filled between them to the trapezoidal profile repre-
sented by the thrcad. This carth filling is done in 15 to
23 ¢cm (about 6” to 9”) layers and the rolling of cach layer is
done at optimum moisiure content of the soil. Optimum Moisture
Content (i.c. O.M.C.) of the soil is that amount of moisturc or
water in the soil which, when present in it at the time of jits
being rolled, gives the most dense and compact embankment
1f the rolhng; of soil is done at any other moisturc conte t
which is either more or less than that represented by O.M. C
of the soil, the bank will not be so dense and compact. Th
soil will generally consolidate to about % rds of its loose thick-
ness. The finished embankment is finally trimmed on the
top and the sidc slopes to give it o trapezoidal profile. The
desired longitudinal gradient is given to the formation in
cutting or bank by mecans of boning rods.

Setting out of the road bridges ctc. is beyond the scope
of this book. This information can be found in any standard
bock on surveying.

Calculations for the volume of cuttings and c¢mbank-
ments are usually based on cross sections taken at regular
intervals along the centre line of the road. After the cross
scctional arcas of these sections are computed, the volume
of carthwork to bc donc is calculated by average end-arca
mcthod or by prismoidal formula. These carthwork calcu-
lations arc shown in chapter XXII of this book.



CHAPTER V

ROAD MAKING MATERIALS
AND THEIR TESTING

1. General: In this chapter all the materials required
in all types of roads are described. In chapter VI, all the
machinery used in the construction of all types of roads is
described. In the few chapters that follow viz. chapter VII
to chapter XI, the current practices for the construction of all
types of roads are given. Chapters V and VI should therc-
forec be rcad in conjunction with the chapters on current
construction practices. Thus, when chapter VII on carth
roads is taken up for study, the characteristics and tests of
soils (which form carth road) should be read from chapter
V and thc machinary that is used for the construction of
carth roads should be read from chapter VI. Study on
these lines will be more instructive than the isolated study
of the chapters V and VI. Hence, before studying the cur-
rent practice of construction of any type of road, the materials
and the machinery used in the construction of that type of
road should be studied from chapters V and VI

2. Introduction: For the purposcs of this chapter,
road making materials may be defined as the materials that
are used for constructing and/or supporting the road struc-
turc. Such materials arc:

(a) All types of soils.

(b)  Gravel.

(c) Moorum.

(d) Stones.

(¢) Tar and asphalt.

(f) Cement, sand and aggregate.

(g) Miscellaneous materials like brick, wood, rubber,
metal, glass etc.
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In this chapter, however, only the following materials
will be described with reference to roads:

(1)  Soils.

(i1) Gravel.

(i) Moorum.

(iv) Stones.

(v) Tar and asphalt.

Also, the tests will be described for the following materials
only:

(1)  Soils.

(ii) Road stcnes.

(iit) Tar and asphalt.

3. Soils: A soil is defined as a mixture of ecarthy
materials, with particles differing physically in size, shape
and structure and, varying in chemical composition. It
forms the top layer of ground. The undisturbed strata lying
bclow this natural top soil are known as sub-soil. The
common soils uscd in road-making arc:

(a) Clay.
(b) Silt.
(¢) Sand.
(d) Loam.
(e) Marl.
(f) Peat.

(g) Shale ectc.
(h) Mixturc of these soils i.c. composite soils.
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