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TIME TO PONDER

|F twenty-five years is a significant period in the life of an individual, it is much more so

in the life of an institution like the Indian Roads Congress. For the latter, it means
attainment of a certain maturity out of an eventful existence of a quarter of a century
which confers a privileged status on the Society in the galaxy of learned institutions of
the country. This status not only nobly enshrines the Society’s professional attainments
of the past but also symbolises its warm aspirations for the future.

For the celebration of its SILVER JUBILEE, the Congress appropriately meets in
the beautiful city of Bangalore, the capital of a State long since known not only for its
God-given gifts but also for its man-made works of great genius and magnitude,
This is not the first time the Congress is meeting in Bangalore. Just a year after its
inauguration, it met here in 1936 and so the period between these two meetings in this
City practically encompasses the whole life span of the Institution.

The moment is, indeed, one for jubilation and we are happy to find that our
intense feelings on this occasion are shared by the highest dignitaries of the State
and cther well-wishers of the Society whose messages of goodwill and encouragement,
which we are proud to publish in the Souvenir brochure issued on this occasion, pro-
vide so much inspiration and incentiye in the pursuit of our task ahead. The echo of
the messages does not recognise any geographical boundaries but spreads over the
corners of the world, unmindful of the limits both in space and time. To all our well-
wishers we record our most profound respect and gratitude, To our distinguished
contributors and, in particular, to those from overseas, whose interesting articles on
road development in their countries are published in this Review, go our deep sense -
of appreciation and cordiality.

1 | 1
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The consideration of time makes us reflect the past for a while for it has

sorne so much influence on the present. The high .ideals and noble aspirations of -

the Society so effectively voiced by the 'past Presidents of the Congress are an
unfaltering beacon of light to guide the future path. They form a proud tradition
to be dearly treasured and emulated and we are glad those voices are with us today
giving encouragement in our journey along the path which they so nobly trod.

We are indeed very thankful to all our past Presidents for the kind expressions of
their sentiments.

On the fairly large scale map of time in which the Indian Roads Congress
has now been in existence, it is possible to discern clearly the useful role it is
playing in the cause of road development in India. Briefly, this has been twofold:
pooling of knowledge and experience from all over the country, and adoption of
uniform standards and practices in road construction. Given the vast dimensions

of this sub-continent with a variety of physical features and a diversity of problems,

the necessity for the former needs no special emphasis. An appreciation of the latter

follows from the realisation that road development has to be viewed from the point of
national requirements in their broader concepts rather than any immediate or narrow

considerations. The Indian Roads Congress has played an effective part in both these

directions and it iIs heartening to note that its advice and recommendations have

been largely accepted and acted upon both by Central and State Governments. The
discussion and dissemination which have emanated from its forum not only has been a

useful co-ordinating and unifying factor but has also led to economica! results in road
construction.

The Nagpur Plan truly laid the foundation of road development in India on a
sound and comprehensive basis. The First and Second Five-Year Plans which
followed have seen the realization of this modest ambition and a clear view of the
task ahead is now provided by the recently drawn Second Road Development Plan
(1961—81), which is to get a start from the Third Five-Year Plan. Let us hope this
will be commensurate with the transport demands of the future in consistence with
the contemplated agricultural and industrial development of the country, There is no
doubt that roads have to make a substantial contribution in this direction. We

know how true are the words of the late Thos.” H. MacDonald about his own
country:

“We were not a wealthy nation when we began improving our high-
WayS,..oeenens But the roads themselves helped us create a new wealth
and industry and land values
highways possible.
possible.”

‘ » In business
So it was not our wealth that made oyr

Rather, it was our highways that made our wealth

In this connection, we may aiso recall the memorable
words o ,
Prasad, President of India, from his Inaugural Address to the 22nd Sfe D.r Rajendra
‘Indian Roads Congress, which are so true of our country : ssion  of the

2

« This social and cultural aspect of roads is not in any way less important

than the economic aspect. After all, it is not human beings alone who travel
by roads. It is not goods or commodities of various kinds alone which are
transported through roads. The traffic of ideas also takes place through social
intermingling which is made possible by roads. This last aspect of roads is, in
my opinion, of fundamental importance, particularly for a country like ours
which Is populated by communities and groups belonging to varying levels of
economic and social development.”

In India, the foundations of road development have been well and truly laid and
a good deal of progress already made. Road research is now a valuable guide for
economy and soundness in road construction. Trade and industry are also playing
their complementary role in road construction and their valuable contribution and
association with the Indian Roads Congress has indeed been very helpful.

And so on this memorable occasion when we cross an important milestone in
the long and arduous journey of road building in the country, let us in all humility
pledge to dedicate ourselves to our tasks with renewed confidence and courage to go
ahead with our journey towards the building of a strong and prosperous nation.

« I consider the existence of good roads as a vital factor in
determining whether our society can become an equalitarian
homogeneous one or will continue merely as a conglomeration of .
social groups leading their own separate lives and maintaining
different levels of social and economic development.”

—DR. RAJENDRA PRASAD
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Bombay. The expenditure on public
works then increased steadily.

Advent of Railways

Works of great magnitude like the
G.T. road were undertaken by the new
Deptt.; but, with the advent of Railways,
such works*were relegated to the back-
ground and attention was concentrated
mainly on the construction of feeder
roads to railways. In some cases, the
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roads, little attention was paid to inter-
state and other roads.

Jayakar Committee

The condition of roads deteriorated
further. The Local Bodies with their
limited financial and technical resources
could not cope with the situation. As
a result of strong public opinion,
the Govt. of India appointed the Indian
Road Development Committee under

trunk roads were allowed even to go the Chairmanship of late Dr. M. R.
out of repairs. Jayakar to examine the whole question.
On the recommendation of this Com-

H. P. SINHA, LS.E.
msulting Engineer (Road
opment) & Jt. Secy. to the

Govt. of India.

ONE of the most important factors for

the unification of a country is her
communication system. This is true in
the case of India as of any other
country. Roads form an integral part
of the communication system. Evidence
is available to show that their impor-
tance in this country, which is vast in
area and inhabited by people having
different customs and speaking various
languages, had been very well recognised
even 1n ancient times.

Arterial Roads in the Past

Major trunk roads received particular
attention during the time of Chandra
Gupta Maurya and Ashoka and later
during the Pathan and Mughal periods.
Sher Shah’s role in the building of
main highways is particularly important.
Four of his roads are well known, one
running from Sonargaon in East Bengal
through Agra, Delhi, Lahore, on to
Kabul, was known as Sarak-i-Azam
(G. T. Road). The second ran from
Agra to Burhanpur, the third from Agra
to Jodhpur and Chittor, and the fourth
from Lahore to Multan. Al] the roads
connected important towns of the
country through which they passed.
Qanungo rightly observes that these

“roads and sarais® were the arteries
of the empire.

Roads appear to have be

looked after during the M en properly

ughal period

E::]t _after the disintegration of that
e pllgrq, the roads went into neglect until
¢ British appeared on the scene

British Period

To the British, the i

. , main

1énportant strategically. Ther%z:\cslf I;Vgire
ompany had placed the roads in chargz1

Ef I(’irovinc_ial Military Boards, Later
ord Bentinck took keen interest in the
development of roads, ©

Means of communications were still
¥s, and there were

_ necting one
the country with another, 'ch?rtl\/Iorf

Thomason, Lt. Governor of

F.P. from 1843 to 1853, i t;iie}j '?Xe'
credit of having perceived the impor-
tance of good roads and of taking the
1nitiative in the construction of metalled
roads to connect different large cities
throughout his jurisdiction. A trunk
road to connect Calcutta with Upper
Provmqes was undertaken about the
same time, and Lord Dalhousie who
realised the vajue of g0od roads as few
people then did, on military and op

other grounds, pushed on vij
development of roads, vigorously the

Gradually, roads came to be looked

upon as a subject of local interest and’

mittee, the Central Road Fund came
into existence in 1929, which represents

GREAT SOUTHERN TRUNK ROAD, MADRAS

A view of mile 9 of the Great Southern Trunk road; built in 1931, it is
still in excellent condition

importance only. The culmination of
this process was reached in the Govt. of
India Act, 1919, when the responsibility
for roads was transferred from Centrgl
Govt. to Provincial Govts. which, in
turn, placed the greater part of rqad
mileage in the charge of Local Bodies.
The result was that except for strategic

the first major step taken by the Central
Govt. to promote road development in
India.

Economic depression between the two
World Wars, particularly during the
thirties, slowed down road development
from Provincial and Local revenues.
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There was a time when the Road Fund
became almost the main source of
finance for road development. The
deterioration of roads became so serious
that, in some instances, the Road Fund

had to be used, even for normal
maintenance.

Trunk Road System

Discussions then took place between
the Central and State Govts. regar-
ding the development of a trunk
road system and, in the middle of 1933,
the Govt. of India proposed to the Secy.
of State that provision might be made
specifically in the Constitution Act then
under contemplation to permit national
trunk roads becoming, in some measure,

a federal charge. Although it was recog-.

nised that eventually it might be neces-

sary for the future federal legislature to’

enact a Federal Roads Act, no specific
provision was made in the Govt. of
India Act 1935 to cover Central interest
in the development of arterial roads
because of the emphasis on provincial
autonomy at that time.

World War 11, however, brought
home the need and urgency of all-round
development of roads, particularly the
main highways. Lack of well-developed
through routes, absence of bridges at
important crossings and the fact that
there was a limit to what the railways
could carry, emphasised that the trunk
roads could be properly developed only
if the Centre took over their develop-
ment and maintenance. That co-opera-
tion between the Centre and the
States, and States and Local bodies
each functioning in its own sphere,
was productive of excellent results was
also evident from the history of road
development in other countries, notably
in the U. S. A., France and Australia.

Nagpur Plan

Towards the end of the Second World
War, the Indian Roads Congress consi-
dered the post-war planning for road
development and their Council passed a
resolution classifying roads on an All-
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India basis for the first time. At the
instance of the Govt. of India, the Chief
Engineers in charge of roads in the Centre
and the States met in Dec. 1943 at
Nagpur and drew up a Post-War Road
Development Plan for India, popularly
known as the Nagpur Plan, for catering
to the needs of the country, during the
following 20 years. The Thain recom-
mendation made in the Plan was the
classification of roads into four broad
categories, viz., National Highways
State Highways, Distt. Roads and
Village Roads, the National Highways
being defined as main highways running

-through the length and breadth of the

country, connecting major ports, foreign
highways and capitals of States. It was
also . reccommended that the Centraj
Govt. should assume complete financial
liability for the construction and main-

tenance of roads accepted as Natj
Highways. P tonal

National Highways

Fully conscious of th
major trunk road system
to inteﬁrate the various
serve the national interests, in Apr;
the Gc.)vt.'of‘ India assumed ?:()lxlnl]?]gé
ﬁnanpl.al liability for a network of roads
provisionally accepted by them gag
Nauopal. Highways, Under the new
Constitution of India, national high-
ways have become a Central subject
IAcdc.ordmgly,d inh 1956, the Govt of‘

ndia enacted the Natj ighw
Act and statutorily took ver fhEways
classified by them gas
ways. This legislation
landmark in the histor
Highways in India.

The total mileage of roads j
present N. H. System is ‘about 1“3l 981(1;:
It includes the G. T. Road running ’froni
Calcutta to Amritsar via Banarag
Kanpur, Agra and Delhi, the A ra'
Bombay road, the Bombay -Bangalogre i
Madras road, the Madras - Calcutta road-

the Calcutta - N
the Banaras - 2Epur - Bombay roaq,

¢ need for g
In the country
parts and to

National High-
marks a great
y of National

N .
Bangalore - Cap agpur yderabad -

¢ Comorin road, the

over the roads
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A hill road under construction

Another hill road under constraction

Delhi - Ahmedabad - Bombay road, the
road from Ahmedabad to Kandla port
with ‘a branch. road to Porbandar, the
birth place of the Father of the Nation,
the Hindustan - Tibet road from Ambala
to Tibet border via Simla, the road from
Delhi to Lucknow, Gorakhpur and

Muzzaffarpur with a branch road to the
Nepal border, the Assam Access road,,
the Assam trunk road on the southbank
of the Brahmaputra, and the road
branching off from the Assam trunk
road towards the Burma border through
the State of Manipur. BRIRARN: S

§

Sy
B S
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When these roads were taken over as
National Highways, there were not only
long lengths of missing links but most
of the big rivers were unbridged. The
first need was to fill the gaps and to
construct the missing bridges and the
second was to improve the road surface
which was generally earth or waterbound
macadam. It was also found necessary
to make provision for widening the
carriageway, where urgently required,
to meet the increased traffic needs.

Achievements

At the time of Independence in 1947,
the National Highway routes had 1,600
miles of missing links, and thousands
of missing culverts and bridges. includ-
ing about 150 major unbridged river
crossings. About 9,000 miles of the
road had low grade surfaces..

Upto the end of the first 5-yr Plan, a
sum of Rs 34 crores was spent on
the development of national highways.
As a result, 746 miles of missing
links and 33 major bridges were con-
structed, nearly 5,000 miles of existing
sections improved and about 400 miles
of improved sections widened to two-
lane carriageway.

The second 5-year Plan as drawn up
in 1956 included a provision of Rs 55
crores for the development of national
highways. This has, however, been
reduced 1o Rs 45 crores as a result of
the re-appraisal of the plan resources.
The targets proposed to be achieved
_ against the revised provision are the
construction of 700 miles of missing
links, bypasses, etc., and 40 major
bridges and the improvement of 3500
miles of existing sections.

Among the important works comple-
ted on national highways so far, mention
may be made of the Barakar and Poon
Poon bridges and the rail-road bridge
over the Ganga near Mokameh, in
Bihar, the Kathjuri and Kuakhai
bridges in Orissa, the Mahi bridge in
Bombay, the Pennar and Champavati

January 1960

bridges in Andhra Pradesh

and Palar bridges in Madrzls,P‘%l:;E;
and Ghagger bridges in the Punjab
Gheesh and Leesh bridges in W. Bengal,
Bygool, Bhakra and Betwa bridges il"l

U. P., the Chambal bridge near D
in Madhya Pradesh. s holpur

Important works in progress include
the construction of a motorable road
from Narkanda to Chini on the Hindu-
stan-Tibet Highway, an all-weather road
frqm Bombay to Ahmedabad and road
bridges over the Gautami-Godavari in
An(_lhra, and Garhmukteshwar in U. P
Estimated to cost over a crore of rupees.
the bridge over the Gautami-Godavari
is one of the biggest prestressed concrete
bridges under construction in India at
present. It has 48 spans of 160 ft and

the foundations go 100 ft
bed level. below the

_One important feature of the nati
highway scheme is the provi:}f)‘r? n(a:}
bypasses around congested cities and
towns for the benefit of through traff
Such bypasses are under construction ;t

. ? dabad
Ludhldna, Ma thura K]ll noo and,
Madurai. ’ l

Another important work i
on National Highways isktti;l ;}arlgvg;gss
Tunnel on the road to Srinagar, Estj a
‘.Led to cost nearly Rs 5 crores .the turrln a-1
is intended to provide ,all-weat{‘lle
communication facilities between tﬁr
Kashmir valley and the rest of the coune

try. The western tube of
thrown open to public the tunnel was

1958. Work on the easte T acember

pected to be completed byrrllgtgz)be is ex-

Encroachment & Ribbon Development

Problems relatin

g to the prevent;
and _removal of encroachrrlx)ententlorl
restriction of ribbon deve y
National Highways are no less important

than the constructi
ion o 18Si i
and road bridges and : o links

the impro
?15 road surfaces: With the igcrt\:l:;n “n
e speed and intensity of traffic so?lll
1]

and
lopment along
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Mahanadi bridge at Sambalpur

January

1960

Krishna bridge at Bezwada on N. H. No.

5 _—Madras-Calcutta road
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Ganga bridge at Mokameh

Udyavar bridge at
mile 3/35 of
Mangalgre - Baindur
Coast road
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Kitchinia Bridge on Patna —Ranchi road

these problems need immediate attention.
It is proposed to undertake Parliament-
ary legislation to tackle these problems.
A departmental draft bill for the remo-
val and prevention of encroachments on
national highways has already been pre-
pared and is now under the active con-
sideration of Government. The subject
of ribbon development falls under the
State sphere of activities. In order,
however, to ensure uniformity through-
out the country, it is proposed to enact
a Central legislation in this behalf under
Article 252 of the Constitution. A
departmental draft bill in this connec-
tion has been circulated to States for
their comments and passing the neces-
sary resolution as required under the
Constitution.

Expahsion of the N. H. System

The need for the expansion of the
National Highways system, which is at
present of an aggregate length of about
13,900 miles, has been keenly felt for

11

some time past in order to meet the
growing needs of the country, the chan-
ged administrative requirements arising
from the partition of the country, the
integration of the former Princely States
and the recent re-organisation of States.
Owing to financial limitations, however,
it has not been possible so far to expand
the N. H. system in the current 5-year
Plan. Let us hope that it will be
possible to make a sizeable progress
in this direction during the Third 5-Year
Plan.

Twenty-Year Plan

Vast changes, political, economic and
social have taken place since the Nagpur
plan of 1943 was formulated. A new
long-term road plan for catering to the
needs of the country during the next
20 year period ending 1980-81 has now
been prepared again by Chief Engineers
in charge of roads in the Centre and
States. Estimated to cost Rs 5,200
crores, the new plan envisages increasing
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thg bresent road mileage of about 28
mlles‘ per 100 sq. miles of area to
52 miles per 100 sq. miles of area in
1980-81. Such an expansion in the
road.system is absolutely necessary for
providing communication to the remo-
test parts of the country. At the same
time it cannot he ignored that the
demand for road transport, even for
long distance traffic will continuously
Increase with the result that all the
arterial roads will require timely im-
provement and up-grading so as to cope
with the growing traffic. The National
Highways, being the primary artery,
will receive most of this traffic. It has,
therefore, been proposed to have an in-
crease from 13,900 miles to 32,000 miles
in the length of national highways in
the country. This will provide a grid
system over the entire country such that
no place is at a distance of more than
40 to 60 miles from a National High-
way. It isalso envisaged that the entjre
length of the national highways proposed
in the new Plan should be provided with
minimum two lanes of black topped or
other improved surface with bridges
thereon designed to highest loading
standard. The total N. H. length envi-
saged in the plan includes 1,000 miles of
what are designated as Expressways
intended to cater to heavy and fast-
moving traffic in the highly industrialised
and thickly populated areas. The plan
is under the ,active consideration of
Government.

Organisation

National Highways being a Central
subject are being administered by the
Government of India themselves. The
execution of the work is, however, being
done by the State P.W.Ds and, in some
cases, by the Central P. W. D. The Govt,
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Mysore state

INTRODUCTION

THE New Mysore State, as formed on
thé re-organisation of States, takes
into its fold the scattered areas of Kar-
natak -among different administrative
units. It now consists of (a) the four Kan-
nada districts of former Bombay State,
(b) three Kannada districts of former
Hyderabad State, (c) the South Kanara
district and Kollegal Taluk of the fqr-
mer Madras State, (d) the Coorg dis-
trict of former Part C State and (e) the
whole of the former State of Mysore. It
has nineteen revenue districts. The
total area of the Stateis 74,860 sq.
miles. The State is rich in natural
resources, mineral, torest and water.

The State has a total road.milea_ge
of about 26,000 giving an Intensity
of 0.35 miles or road per sq. mile of
area. It compares very favourably as
regards road mileage with most of the
other States in India. The Public Works
Department of the State has abqut
17,000 miles of road, the local bodies
like District Boards have about 8,000
miles of roads and the Forest Depart-
ment has about 1,000 miles of roads
(Fig. 1.). The State has 3,800 miles of
road with either concrete or black top-
peds urface, 12,400 miles of road with
water-bound macadam surface and
19,000 miles of road with moorum or
gravel surface. (Fig. 2 & 3.)

ROAD DEVELOPMENT
IN
MYSORE STATE

Though, on the whole, the State can
boast of fairly good mileage of roads,
the degree of development of different
regions of the State is not quite satis-
factory. The region of former Mysore
State 1s the best developed area. Under
the benevolent ruler of the State, the
former State of Mysore was known for
its progress in many fields. The inten-
sity of road mileage in this region is
about 0.50 miles per sq. mile of
area which is almost equal to the target
for the whole of India at the end of the
Second All-India Road Plan (1961-81).
The regions of South Kanara District
and Coorg are fairly well served with
roads, but the major need in this area is
of cross drainage works. The regions
of Bombay Karnatak and Hyderabad
Karnatak are comparatively poor in
roads, the Hyderabad Karnatak being
the poorer of the two.

Geographically, the State can be
broadly divided into two regions: (a)
Malnad region and (b) Maidan region.
Malnad region has generally heavy rain-
fall. It comprises the Western Ghat

section and the coastal region of the =
State. The rainfall intensity of the =

region varies from 60 in. to 250 in.' at

the peaks of Western Ghats. The heavy.

rainfall, the swiftly flowing rivers, the-

uncongenial ¢limate of the area and the *
sparse population present a number of -
problems in the area. The soil istich

13
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roads in this region have two main
needs : (a) cross-drainage works on the
roads and (b) proper maintenance of
roads under conditions of heavy
rainfall. The region of Maidan is
mostly flat country cut across by major
rivers like the Krishna, the Tungabhadra
and the Cauvery. Nearly half of this
area has black cotton soil.

PLAN PROGRAMMES .

The Second Five-Year Plan of Mysore
State was considerably affected by the
re-organisation of the State. A portion
of the Plan of the different regions had
to be recast to reorientate the Plan ‘to
the changed conditions of the State,

3

17

brought in a number of administrative
problems. Now most of the problems:
are solved and considerable progress is
made in the Second Plan programme.
(Fig. 4). The State Plan provides.about
Rs 700.00 lakhs for roads, of which about
Rs 500.00 lakhs will be spent by the
end of 1959-60. It is expected that at
least 90 per cent of the programme will
be fulfilled in the Plan period.

The Third Plan proposes an outlay of
Rs 12.00 crores on roads, of which
Rs 3.00 crores are for bridges, Rs '3.00°
crores are for providing black-topped:
surface to roads and Rs. 3.00 crores.for
rurgl roads including those in the
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Malnad region of the State and the
areas under major irrigation schemes.

The recast Second Plan and the draft
Third Plan endeavour to improve the
road facilities in the regions of the
State which are poor in communication.
A large number of roads and
bridges are under construction to
connect District Headquarters to the
State Capital at Bangalore and to
connect Taluk Headquarters to District
Headquarters and to important centres
of economic, social and religious
activities.

Special efforts are being made to
improve the roads by providing black-
topped surface of ? in. premix carpet
to roads. Not only all available savings
in Plan programme are diverted for this
programme, but 25 per cent of repair
grants are also diverted for this purpose.
Each Circle has a programme for black-
tonping the roads ; out of this 25 per cent
is for repair grants. In this programme
also, asin other programmes, the regions
of the State with poor mileage of black-
topped roads, are given special consi-
deration.

Along with other States, Mysore is
also working on the twenty-year Road
Programme within the frame work of
the All-India Road Plan, 1961-81. 1t is
estimated that this programme will cost
about Rs 75.00 crores.

The roads in the Mysore State are not
yet classified in all theregions according
to the classification adopted in the
““Nagpur Plan.” The roads in the four
Districts of Bombay Karnatak and the
roads in South Kanara District are
classified according to the * Nagpur
Plan.”” The organisation created for
the preparation of District Road Maps
on the lines decided by the Conference
of Chief Engineers in Hyderabad in
January 1959, is also entrusted with the
task of re-classifying the roads. The
work is making good progress.

The State has, as in other States, its

18
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own programme under varjous C

aids, such as ‘the Central Road ic:rﬁtngl
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est Coast road and (2) improving the
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of the programme of improvin
the West Coast road from Bombg tcg>
Kanyakumari. The State hag a¥>out

t Coast
and close 10 the West Coraos?d’ parallel

The program -
) me cons i
ing the road to hay 1t of . improv-

. e 32 ati
width with 12 f widgt l())lfafz(llr-rtréduzg
surface of % in, premix carpet r(l))fid-
JInI% Chlghclevel ‘bridges desi’gnz,d for
C.ro‘sse. lass A Joaqd. This  road
S some  very wide rivers, the

bridges on whjc \
technical problen:g pPose a number of

in South Kanara District (Rs
lakhs), a.nd. 3) the bridge (acroigoigo
Netravati T1ver near Mangalore iny Soutle;
Kanar.a District (Rs 60.60 lakhs) a

the biggest. The other bridges ra o
from Rs 8.00 lakhs to Rs 25.00 1. llzge
In cost.  Besides, there a : akhs

The West Coast r

estimated to cost O?{i grggramme s
Rs 3.30 crores for brj . Rersg
crores for roads,
programme are in fu)] gy;

;bove thxjee big bridges. m%ee\);f)iit the
hetravatl bridge is likely to start b fore
the end of 1959-60 crore

. an ;
;‘(;’SerlbeNgvember 19611.121t on G';‘“5011
bosal of Sharavathi brigee : ro-
Investigation, athi bridge g under

Transport-Communications Monthly Review

The programme of improving the
roads connecting mineral ore areas to
ports on West Coast is a Central Aid
Programme, sponsored by the State
Trading Corporation of India. There
are large and rich deposits of iron and
manganese ore in the eastern part of the
State. These ores are now a rich source
for earning much needed foreign
exchange. The ore is transported by
road to the ports on West Coast from
which place they are exported abroad.
At present four roads are selected—
(1) Londa Karwar Road (Rs 96.00
lakhs), (2) Hubli Karwar Road
(Rs 7.00 lakhs), (3) Jog Honavar Road
(Rs 39.00 lakhs) and (4) Banasandra
Mangalore Road (Rs 45.00 lakhs). The
works on different sections are in pro-
gress. The roads are to be improved to
have a 32 ft wide formation width, 12 ft
wide blacktopped surface of § in.
premix carpet. The weak cross-drainage
works are to be strengthened to carry
a prescribed 8-ton laden weight of
traffic. The programme is estimated to
cost about Rs 2.00 crores in which
the Centre will assist to an extent of
Rs 186.00 lakhs. The programme 18
proposed to be completed by end of
1960-61.

RURAL ROADS

Civilization, it is said, spreads with
roads. The saying underlines the
importance of rural roads in the overall
communication plan. In this country
with the bulk of its population living in
villages, the necessity for rural roads
cannot be overstressed.

Since  Post-Independence  periog,
there is considerable popular activity ;n
the development of rural areas. Sever al
miles of roads are built by Shra-
madan and under the Community
Development and National Extension
Service Schemes. Sometimes, the roads
were incomplete and had missing
links. It is the experience of all the
States that no agency was fixed for
maintenance of these roads. The
Government of Mysore have recently

January 1960

taken policy decisions regarding the
agency for maintenance of such roads
and have also decided that the incom-
plete roads be completed and missing
links provided by the Public Works
Department as a part of the Plan
Programme. A programme is prepared
and is under implementation this year.
It is estimated to cost about Rs 30.00
lakhs.

There are several villages in the
State which need roads to connect them
to the main highways. Government have
recently decided to construct these rural
roads in the next five years (from
1959-60) at an estimated cost of
Rs 1,200 lakhs. A programme for
1959-60 and 1960-61 has been prepared
and is being implemented.

There are a large number ' of roads
in the State in the charge of local
bodies like the District Boards. The
financial resources of the local bodies
are too poor to maintain the roads to
proper standard and to improve them
further. As a first step to improving
these roads, the Government have re-
cently transferred about 3,600 miles
of important roads from the District
Bodies to the Public Works Department
for maintenance as State Roads. These
roads are to be improved comprehen-
sively in three stages, viz., (1) improve-
ments to surface, (2) constructing cul-
verts and minor bridges and (3) con-
structing major bridges.

It has been decided to abolish District
Boards and form Village Panchayats
and Taluk Boards. As a result of this
scheme, another about 3,000 miles of
important roads, will be taken over from
the Local Bodies by the State.

Besides, in order to improve non-
P.W.D. roads, the Government have
decided that all bridges (cross-drainage
works with linear waterway of 20 ft and
more) on non-P.W.D. roads should be
constructed by the Public Works Depart-
ment. A programme of Rs 3.00 crores
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has been prepared and will be taken up
for implementation shortly as a part of
the Plan Programme.

Another important scheme for
improving communication facilities in
the rural areas is the Malnad Develop-
ment Scheme. As already stated,
Malnad has problems peculiar to the
region. The Government is advised
by the Malnad Development Board on
the needs of Malnad. As a part of this
programme, a scheme is prepared for
communication in Malnad area. The
various rural road programmes draw
upon this scheme for Malnad Area.
Specific provision is also included in
the draft Third Plan for communication
in this area.

Besides these major schemes, there is
a scheme of improving communications
in the Sugar factory areas in the State
from Sugarcane Cess Fund. The Govern-
ment have decided that about 75 per
cent of the nett realisation of the Fund
should be be allocated for communi-
cations.

ORGANISATION

The State Public Works Department
is entrusted with all the Civil works of
the State. It executes all building works
required for the administration of other
Departments also. The Department was
recently reorganised. The State now has

““I have come to the conclusion that one thin
must give topmost priority is roads—roads ¢ f all
very up-to-date bitumenized or cement roads, byt
kind, to open out vast areas of this country which
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three Civil Chief Engineers —Chj i-
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—SHR1I J AWAHARYLAL NEnRy

—————— e

R. C. ROY, B.Sc., B.E.,

Chief Engineer (Road Development),
West Bengal.

THE State of West Bengal emerged after
the Partition of 1947 in three sepa-
rate geographical blocks unconnected
with one another. Two-thirds of old
Bengal went to Pakistan and a number
of administrative districts on the border
were themselves partitioned. Age-old
routes of trade and traffic were thus
disrupted, presenting difficult problems
of communication. In 1956, however,
as per recommendations of the State
Reorganisation Committee, a narrow
strip connecting the northern-most
block to that of the central one was
awarded to West Bengal. Similarly, a
part of the Purulia District was transfer-
red to West Bengal from Bihar. The
area of West Bengal, after the transfer
of some territories from Bihar, stands
at 34,169 sq. miles. The present
population is a little over 237 lakhs.

On account of the wide variety in the
composition of the soil of West Bengal
as also the differences in annual rainfall
and annual flood levels in various
regions, techniques in road construction
and the types of materials used in road-
building have to be altered to suit local
conditions. In the hilly highlands of
the Northern region, stone, gravel and
shingle are locally available in large
quantities: * Consequently, stone boul-
ders are used for the foundations, stone

ROADS IN WEST BENGAL

diate course and the surface is dressed
with bitumen or road tar. Inthealluvial
plains of the Central region, traversed
by many rivers generally flowing from
north to south, high embankments are
necessary to keep the road above the
flood level. Brick is the only material
available for the construction of
roads in this region, though small
quantities of boulders, stones and
shingle can be carried from the northern
region or from Rajmahal side. The
Southern region of the State comprises
the high lands in the western border and
the deltaic area of new alluvium deposits.
The soil in the highlands is hard and
contains a high percentage of moorum.
Here road construction is hot a very
difficult or costly problem. Butin the -
deltaic area, the soil is made up of silt
and clay. There is very little sand
admixture and this makes the soil plastic- .
hard when dry and muddy and soft .
when wet. Road construction in such
soil is expensive as the roads here would' -
require thick pavements and foundations
to bear traffic. High embankment is "
also essential to keep the foundations
free from water. Besides, the whole"
area is criss-crossed by many big rivers-
and their tributaries and distributaries *
to such an extent that it may be well -
termed a net-work of waterways. Con-
sequently,  through” roads. have to:

20 . metal and shingle are laid as interme- make provision for a large number of
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bridges, major and minor. Large
openings and waterways for culverts and
the like have also to be provided to
ensure proper drainage in the country-
side.

ROAD PLANNING

Planning for road development in
this State dates back to the time of Mr.
A. J. King, a Superintending Engineer
under the Government of Bengal. In
the thirties of this century. Mr. King
made a detailed investigation into the
conditions of road communication then
existing in Bengal. Thereafter, he
formulated a plan for a complete and
continuous road system in the province.
His scheme took into consideration the
necessity for making use to the greatest
possible extent of the existing roads, both
metalled and unmetalled, and providing
other roads to act as feeders to existing
trunk and metalled roads. His scheme
also avoided, as far as possible, selec-
tion of roads likely to compete with
railways and steamer services. Mr. King
envisaged four diffcrent classes of roads
to make a complete system for the
whole province on integration: (A)—
The Trunk Roads to provide through
communication by reasonably direct
routes across the entire area of the
province connecting the headquarters of
all districts ; (B)—Inter-district Main
Roads to connect headquarters of
neighbouring districts by routes more
direct than those provided by the Trunk
Roads; (C) and (D)—The District Main
and the District Secondary Roads to
provide communications further into
the interior. His plan also included
construction of independent feeder
roads connecting railway and steamer
services. Mr. King submitted his com-
plete report to the Piovincial Govt.
early in 1939. But before Government
could have sufficient time to examine
the financial and administrative impli-
cations of Mr. King’s plan, the War
came and shelved everything for the
time being.

The entire road system of the

23
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province was subjected to severe strain
during the War period and its defects
were exposed. The Government of
India had now decided to assume a
direct role in the formulation of a
comprehensive road-plan for the country
as a whole and the Conference of Chief
Engineers convened by the Government
of India in December 1943 produced the
famous Nagpur Plan.

The classification adopted in the
Nagpur Plan was substantially the same
as Mr. King’s. The Trunk Roads and
Inter-district Main Roads of Mr. King
were analogous to the National and
Provincial Highways ; and the District
Main and the District Secondary Roads
to the Major and Other District Roads.
Mr. King’s plan for Bengal was then
subjected to revision in the light of the
Nagpur Plan, and in 1946 the finalised
Plan of an integrated road-system in the
State was ready. The impending consti-
tutional changes, however, held up
further progress and things remained at
a standstill until after the Partition of
1947, '

The partition of Bengal brought
additional problems for certain areas
bordering on East Pakistan which were
virtually cut off from the rest of the
State for want of proper road communi-
cations. Quick integration of these
areas with the normal trade channels of
West Bengal became necessary. Adminis-
trative problems were equally intriguing.
The task of policing a 600 mile long
border on East Pakistan for enforce-
ment of land customs to prevent smug-
gling of dutiable and contraband goods
across the frontiers cropped up. Police
stations on the border areas had to be
connected with each other and with the
subdivisional and district headquarters
by a net-work of all-weather roads. The
management of ferries by private
contractors was inefficient. Proposals
were, therefore, included in the Govern-
ment’s programme for the gradual
taking over of ferries butting on roads
and making necessary arrangements for
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improving the approaches and provid-
ing boats of adequate capacity for
ferrying cars and lorries fully loaded.
All these requirements had to be incor-
porated in the Post-Partition Road
Plan adopted by the Government of
West Bengal.

At the time of Partition in 1947, the
State Government had only, 1,181 miles
of roads under its direct control. All
other roads were in charge of the
“local bodies”’. The District Boards
had in their charge 2,079 miles of low-
grade metalled roads and 15,890 miles
of unmetalled roads. Another 2,300
miles, half of which were metalled
roads of low specifications, belonged to
the municipalities. The Union Boards
were in charge of the residuary milage
of kutcha roads. Repairs and main-
tenance of these roads, with bridges and
ferries falling on them, have been the
statutory responsibility of these ‘local
bodies>’; and they have also been
responsible for the construction of new
roads, bridges, etc., in their respective
fields of operation. These *‘local
bodies >’ with their meagre and inelastic
resources were never equal to the task.

FIRST FIVE-YEAR PLAN

The Government, therefore, under-
took a direct programme for road
development under the Five-Year Plans.
During 1948-51, before the formal
commencement of the First Five-Year
Plan, the Government took over a large
number of roads from the “‘local
bodies”” and a total amount of nearly
Rs 7 crores was spent for their develop-
ment. When the First Five-Year Plan
was finalized in 1951, the works pro-
gramme under this Plan included new
construction and/or improvement of
1,724 miles of State Roads within a
ceiling of expenditure of Rs 13.85
crores for the five-year period, 1951-56.
Besides this programme for State Road
Development under the First Five-Year
Plan, works were simultaneously taken
up for the development of 251 miles of
National Highways directly financed
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programme of road construction estimat-
ed at Rs 26.50 crores. Out of this, the
spill-over work accounts for Rs 5.33
crores and the balance for new works.
In addition, a supplementary plan esti-
mated at Rs 61.66 lakhs has been drawn
up for the improvement of road-system
in the territories transferred from Bihar
to West Bengal. The ceiling of expendi-
ture for the plan-period 1956-61 has,
however, been fixed at Rs 17.48 crores
(including Rs 37.69 lakhs for the trans-
ferred territories). The plan provides
for the construction and improvement
of 3,700 miles of roads including 1,400
miles carried over from the first plan
for completion. The mileage of new
roads taken up in the second plan thus
stands at 2,300 of which 108 miles are in
respect of the transferred territories.
This is exclusive of 35.6' miles of
National Highways taken up during the
period. Simultaneously, other roads
have been taken up out of the alloca-
tions to this State from Central Road
Fund. In the first three years of the
second plan, about 1,200 miles of State
roads and 100 miles of National High-
ways were completed to surface-stage in
addition to other mileages at various
stages of construction. About 10,000
rft of bridges, some of which are major
works were also completed during this
period. The total mileage of roads
under the control of Government at the
end of 1958-59 was 5,500. This figure

-is expected to go up to 7,200 miles at

the end of the Second Five-Year Plan
period.

BRIDGES

A large number of bridges and
culverts both on the National Highways
and State roads have been completed or
are under construction. The more
important of these are: bridges over the
Raidak, Gadadhar and Kaljani in Cooch
Behar district; over the Gheeshand Leesh
and Buri Teesta in Jalpaiguri; over the
Kulik, Gandhar, Nagar, Buri Maha-
nanda, Tangon, Punarbhava and Atrai
in West Dinajpur; Bhagirathi, Tutia-

. January 1960

nala, Pagla and Behula in Malda; over
the Akheri, Falgu and Sealmari in
Murshidabad ; the Mayurakshi, Chandra-
bhaga, Deucha and Bakreswar bridges
in Birbhum ; the Ajoy and Khari bridges
in Burdwan; the Dwarakeswar, Beril
and Sali bridges in Bankura; the
Jallangi and Paglachandi bridges in
Nadia; the Gaighata and Diamond

Harbour bridges in 24-Parganas; the

Satmile and Dulong bridges in Midna-
pore; the Saraswati and Kunti bridges
in Hooghly and the Damodar bridge in
Howrah district. '

SPECIAL PROBLEMS

The peculiar and diverse geographical
and geological pattern of this State has
presented a number of problems from
the view point of establishment of
communications, some of which are
indicated below :

(i) Poor bearing capacity of the
subsoil ;

(i) Too many active streams,
many of which change their
courses too frequently ;

(ili) Submergence of the country
for several months in a year ;

(iv) Low lying pockets in the
country-side which do not dry
up atall;

(v) Excessive rainfall;

(vi) Non-availability of hard stone
suitable for road-metal in
major portion of the State;

(vii) High density of population
with innumerable non-acquir-
able plots, such as, cremation
and burial grounds, temples,
and mosques, dotted all over
the country;

(viii) Location of the northern half
of the State in the seismic
zone.

Al these problems make comprehen-
sive road-planning very intricate and
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construction highly expensive. Bridges
are to be made not only very long but
must also be provided with deep founda-
tions, adequate protective works and
training of the rivers. Provision of
high road-embankment needs proper
compaction and soil treatment. On
account of high density of population,
road alignments have to pass generally
through built-up areas, requiring acqui-
sition of homestead lands and structures.
This makes land acquisition not only
very costly but also a lengthy process.
In many cases, observance of proper
geometrics in fixing alignments has been
rendered difficult owing to presence of
many non-acquirable plots of land on
the route. In certain urban areas, large
habitations have grown up along old
important roads. The Grand Trunk
Road, for example, from Howrah to
Burdwan has become congested by build-
ings constructed all along the roadside.
This hampers the scope of widening to
suit the needs of modern traffic and
‘increases the risk of accidents. Some
effective steps are essential for the
control of the building lines, road-land
boundaries, prevention of encroachment,
traffic regulation in rural areas and the
like. The attention of Government has
been attracted in this direction and they
are actively considering the ways and
means to solve the problem.

The soil in West Bengal being silty
clay and in some parts mainly clay, it
is difficult to maintain earth roads for

“service in all weathers. But now the
technique of “‘soil stabilisation *’, both
mechanical and with cement or lime, is
being progressively used mainly as a

““ Among the social services, [
since I do not see how it is possible to
ment in health and education in the
they can be reached surely and quickly
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i 8. C, NAYAK, M.L.E. (Ind.)
. Chief Engineer (Highways), Madras.

NATURE in its inscrutable language

reveals from time to time a few of
its secrets in some of its manifestations
and man follows them up and endea-
vours to master them. It has been a
race between man and nature through
the ages. It is in this race that man, in
his urge for movement, wore out a_trail
in the course of his quest for food.
The worn out path helped him in his
subsequent endeavours and man took
the hint from nature. The footpath
came to stay. But the urge in man to
strive for better and safer living led him
to movement by vehicles and the cart
tracks came into being. Having indi-
cated the scope for improving society
through means of communications,
nature again set before man the task of
maintaining the routes against ravages
of weather, etc. Thus the need for
thinking in terms of maintenance of the
routes took shape. As nature revealed
more and more of its wealth for the
prosperity of man, systematic develop-
ment of communications emerged as the
inevitable result. We stand today on
the threshold of an era of intensive
development of roads, which alone can
assure prosperity to every man in a
Welfdre State.

Looking back through the last few
centuries, the roads developed through
strategic necessities. Gradually, how-
ever, civilian and commercial interests
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ROAD DEVELOPMENT

IN
MADRAS STATE

also came to be cared for and, in
Madras, the Revenue Board, which was
in sole charge of the roads, was relieved
of its responsibility in the field of com-
munications which were transferred to a
new department known as the ‘ Trunk
Road Department’, which again was
abolished within a few years ‘of its
existence, after the formation of the
Public Works Department in 1858.
When the then Government felt the
importance and advantage in assisting
the States to maintain through com-
munications to a comparatively higher
standard, the system of annual grants
was. instituted. However, as the grant
doled out by the Centre and the revenue
raised from local sources were exceed-
ingly inadequate, a bill known as
District Road,Cess Act of 1866 was
passed authorising the collection of a -
cess not exceeding half an anna in a
rupee on the rental value of occupied:
1and. It was not until the creation of
the Local Fund Board in 1871 that any .
appreciable development was discerni- -
ble. There were about 21,019 miles of
roads, exclusive of village roads, under
the care of Local Fund Department,-
the annual outlay on them being about-
50 per cent of the total Local Fund '
expenditure. The formation width varied
from 15 to 24 ft and the metalled width
was not more than 8 ft. Itis interesting:
to note that many bridges were taken
up during this period with the munifi-
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cence of big philanthropists, one notable
example being the Sulochana Mudaliar
bridge across the Tambaraparani in
Tirunelveli district.

Consequent on the abolition of tolls

sources of
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planning for the future. Accordingly,
certain important stretches of roads
were designated as Trunk Roads and
Government assumed responsibility for
reimbursing the cost of their upkeep to
the District Boards; some other roads
were classified as Second Class Roads
and Government agreed to pay 50 per
cent of the expenditure on their main-
tenance. Later on, Central Road Fund
was also constituted But of receipts from
petrol tax.

When the preliminary attempts at
rationalising the road development
phases were undergoing the test of time,
the World War II broke out. This war
was a forceful reminder of the inade-
quacy of the roads vis-a-vis the
nation’s needs of defence and trade.
It was at this juncture that the
year | .43 saw the formulation of the
Nagpur Plan, suggesting a 20-year road
development programme for the country
as a whole. Consistent with the
recommendations of that Conference,
Madras took the lead over other States
in organizing a separate Highwaxs
Department on 1-4-1946. This consti-
tuted the first major step in the right
direction.

The undivided and specialised atten-
tion by this Department has had the
desired effect in the addition of a large
mileage of roads since its formation.
This State which was having only 29.6
miles of roads per 100sq. miles of area
in 1946, now has 49 miles of roads for
every 100 sq. miles. A comprehensive
plan for post-war road development for
the composite Madras State, which
envisaged 1,229 miles of cement con-
creting, 1,237 miles of black-top and
construction of major and minor bridges
to a tune of Rs 13 crore, in addition to
new roads, was drawn up. This plan
was proposed to be executed in phases
divided into a series of five year plans
commencing from 1947 onwards. An
expenditure of Rs 2.62 crore was incurred
up to April 1951, when the Madras
Post-War Road Development Plan was
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merged with the national Five-Year
Plan.

A provision of Rs 5 crore, inclusive
of about Rs 2 crore of spill-over works
from the Post-War Road Development
scheme, was made for the first Five-
Year Plan. After the separation of
Andhra, the share of Madras was
Rs 3.58 crore. The achievement was
about 100 miles of concrete and bitu-
minous roads, formation of 1,400 miles
of new roads in addition to the con-
struction of 175 major bridges and 255
minor bridges. A striking achievement
in this period was that almost the entire
mileage of National Highways in the
State was provided with dustless sur-
facing, and at the end of the Plan
period, Madras had about 5,000 miles
of black-top roads.

In spite of the headway made in the
field of communications, the road
system began to find itself unable to
meet the growing volume and speed of
traffic of all kinds. Motor vehicles with
their high speeds and heavy loads
brought in their wake a multitude of
complex problems which called for a
more comprehensive planning and
reorientation of the programmes for
arriving at quicker results. The answer
was the Second Five-year Plan. This
was on a much larger scale at a cost of
Rs 16.23 crore for roads other than
National Highways with an expenditure
ceiling of Rs 8.5 crore. After successive:
prunings, the expenditure ceiling has
been fixed at Rs 6.77 crore, consisting
of Rs 3.7 crore for State Roads, Rs2.32
crore for District Boards and Rs 0.75
crore for tools and plant. The Second
Plan envisages 86 miles of concrete
roads, 740 miles of black-top surface
and formation of 2,300 miles of new
roads.

Today, Madras possesses a good net-
work of nearly 25,000 miles of roads,
out of which only less thanabout 1/3rd
is unsurfaced ; when compared with any
other State in India, it has to its crecit
the largest mileage of roads. Madras



Transport-Communications Monthly Review

January 1960

GROWTH OF ROAD MILEAGE

e, MADRAS

SIALE

9o,

scaLe ] HRUeAL L | vy fpge
S mapzonradry vop gy

™
-
I~
=

S OF AREA.

ﬂ?

40

>
b
*-
-
>

bog® 173

LINGTH OF THE ROAD PLR {00 O MiLE

%
|

. M—)_},_TA
PN

[Ty
®op 0
930

State has so well extended its network
of feeder roads into the rural areas that
no village in an agricultural or other-
wise well developed area lies at a
distance of more than two miles from
any road and in the under-developed
and hilly regions not more than 6 miles
from any road. The interior village
roads have been formed mostly during
the last few vyears under the Firka
Development, Community Development
and National Extension Services, apart
from those formed by Panchayats and
District Boards. The element of public
participation has been utilised to the
utmost extent in this State.
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(i) Standardization has been a long
felt need in the field of road develop-
ment. The Madras Detailed Standard
Specification introduced in 1931 con-
tained very limited information with
regard to road works, After an intensive
study, extending over a couple of years,
a Highway Manual laying down the
Standard Specification for roads and
bridges, in addition to contract condi-
tions, constructional details, standard
forms and data, type designs and
administrative procedure, has been
published in four volumes. This Manual
was released in time for adoption in
works of the Second Five-Year Plan
and has ensured uniform standards of
construction throughout the State
besides serving as a useful guide for the
young Engineers.

(i) It has been established that soil
stabilization for wearing course is quite
a success in countries with no iron tyred
traffic, but where the narrow iron tyred
traffic continues on the roads, stabiliza-
tion has to be restricted to foundation
courses. The first soil cement road to
be constructed in India was the Ramnad-
Mandapam road in 1951 and since then
several schemes have been executed.
Only two types of stabilization, viz.,
soil-clay stabilization and soil-cement
stabilization, have been found suitable
and economical. Deviations from con-
ventional American Specifications in
grading were boldly ventured upon and
the successful performance of the roads
has clearly demonstrated the need to
base the design mixes with due reference
to local conditions. Recently, experi-
mental stretches of surface treated soil-
stabilized roads have been put into
execution in Coimbatore and Ramnad
districts with the assistance of the
Central Road Research Institute and it

.is hoped that experience gained in these

works may go a long way in perfecting
the techniques of soil stabilization and
finding a satisfactory solution to the
problem of providing a base for all-
weather surface for the vast network of
village roads.

5
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Photo 1.

G. S. T. Road showing conphalt surface
near Meenambakkam Air Port, Madras

(ili) Modernisation of existing weak
and narrow bridges and provision of
bridges at river crossings were commen-
ced with proper organization almost
with the inception of the Highways
Department. Complex designs have
been conceived and put into execution.
In the matter of foundations, circular
or rectangular wells depending on the
depth continue to be popular and in
superstructure design, a wide variety of
construction practices has been resor-
ted to. Flanged Tee-beams, Bow-string
girder smultiple box culverts, parabolic
slabs cantilevered and suspended,
multiple box girders of the simply
supported and continuous type, have
all been successfully adopted to meet
the structural and aesthetic needs.
Almost all types of bearings such as
mortar pad, rubber pad, cast steel roller
and plate bearings have been adopted.
The 22 ft lift span fabricated in the
Highways Department workshop and
utilised in the construction of a bridge
in Nagapattinam is the first of its kind
in this State.

A new era in bridge construction
for this State dawned with the
completion of the first prestressed con-

crete road bridge in India across the
river Palar at Chingleput on National -
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Manapad bridge near
Kulasekarapatnam

Kaveripatnam bridge at Tinnevelly Dt.

166/4 Banaras Cape Comorin
Road (N. H. 7

Bridge across the
Cauvery near Pugalur
Kaduvayar bridge with . Banaras-Cape

lift span near Nagapattinam Comorin Road

A
Load test on a beam of prestressed
Prestressed concrete bridge concrete—bridge across Palar
ac oss river Coleroon . near Chingleput
A
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Highway 45, wusing Magnel-Blaton
system of prestressing. This bridge with
23 spans of 90 ft each was constructed
at a cost of Rs 25.75 lakh. Load tests
conducted ona beam to destruction and
on a full span for design load on this
bridge have clearly established the
soundness of the technique and indicated
a factor of safety of 2 against cracking
and more than 6 against failure.

Encouraged by the economy and
speedy execution of the above bridge,
another bridge using Freyssinet system
has been constructed across the river
Coleroon with 14 spans, each of 150 ft
the bridge being of unbalanced cantilever
type. A third bridge, using the same
system of prestressing, is under execution
across the river Cauvery near Tiruchira-
palli on N.H. 45. Madras State has
thus begun to utilise progressive
methods of bridge design and construc-
tion and it is expected that prestressed
concrete will find its right place in the
many projects that are to be taken up in
the coming plan periods.

(iv) Even though mechanisation has
proved worthy of adoption in western
countries, in a country like ours, where
labour is cheap and plenty and resources
are slender, a cautious approach is
needed. The policy of this Department
has always been one of self-help in the
matter of manufacture of as many of its
requirements as possible, as well as in
the maintenance of all the plant owned
by the Department.

Created along with the Highways
Department in 1946, the Transport and
Machinery Organization has today ex-
panded Vastly in its field of activity; it
has established a central workshop at
Guindy in Madras, two regional repair
shops at Pudukottai and Coimbatore
and several small repair yards in the
headquarters of all maintenance divi-
sions. The Central Workshop is now
fully equipped for the manufacture of
borrow mixers with geared wheels, oil-
fired bitumen boilers of various capaci.
ties, bitumen drum mixers, diving sets,
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bridge bearings, hand bore sets, etc
The production of sheepsfoot ro’llers.
pneumatic consolidation device and
other equipment for sojl stabilization
has also been completed.

This Department was owning i-
nery worth Rs 300 lakh by thg clerrllaclic%f
the First Five-Year Pian and has
earmarked a sum of Rs 75.15 lakh for
new purchase under the Second Plan
Wl_th'the completion of the extensioﬂ
buxldmg to accommodate a part of the
expanding workshop, it is hoped to
produce all equipment required for

road making except perh
complicated machinery. periaps - some

(v) Road construction an i
nance has passed the age of cc:a}?srﬁl;g:
ship based on trial and error and
experience without systematic research
As stated earlier, the race for unravel-
ling the mysteries of nature in the engi-
neering field goes on and man’s ap licga
tion to that end takes the fOl'IlI)l ot-'
acl?:arsctlzl.t . Thﬁ hl';ls been recognised in

j and the constryct;
Highway R_esearch Station :ttlgnco(s)tf oatl'
Rs 17 lakh in 1957 fulfiljeq the need i
this direction. The activities of the Hj Ln
way Research Station are mainly : b

(i) pﬁlysical problems
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It has rightly been held that highway
planning should not run alongside the
execution programmes but must precede
them. Accordingly, a special unit has
been formed in this Department to
examine the existing layout of roads in
each districtand formulate plans for the
future.

The targets of road mileage envisaged
in the Nagpur Plan for achievement in
20 years had already been achieved by
Madras in about half the time by the end
of the First Five-Year Plan. But the
over whelming growth of traffic in post-
war years, the inadequacy of the railway

January 1969

system and the enormous capital
outlay required to undertake the distant
haulage of goods, have all indicated
that the time 1s ripe for a fresh spurt in
road development.

In the Second 20-Year Road
Development Plan commencing from
1961, it is roughly computed that a sum
of Rs 300 crore may be required for
Madras State for- achieving the targets
stipulated under development. The
existing ‘and targetted mileages of
each class of road under the Second
20-Year Plan for Madras State are as
follows:

Mileage as on 1 Mileage as expected on
31-3.1957 1 31-3-1981
Group 1 Roads
National Highways 1,084 ? 2,002
State Highways 1,087 10,060 2,980 ¢ 17,043
Major District Roads 7,889 12,061
Group II Roads
Other District Roads 5,184 12,664 )
Village Roads Classified 8,777 § 13,961 12,219 § 24,883
Total 24,021 41,926

The phasing of the plan is proposed
to be in four stages of five years each,
and the first stage which is only 1/10th
of the total plan provision envisages a
capital expenditure of Rs 6 crore per
annum on an average. Even this projec-
ted development may be found to be
inadequate for the actual conditions
in the course of the 20-year plan period.

To quote H. Belloc, *the road is one
of the great fundamental institutions of
mankind ; we forget this because we
take it for granted.”” It will be the aim
of Madras State Highway Engineers to
ensure that this fundamental institution
will be of the highest achievabie
standards.

37



P v
Bl 1
| B. PRASAD,

i tf Engineer, P.W.D. (B &R), Bihar.

GOOD roads are an essential pre-requi-

site to the economic and all-round
development of the country. They are
the arteries through which the economic
and cultural life of the country flows.
Prior to independence, roads were con-
structed mainly from the administrative
point of view, to maintain law and order
and not much importance was attached
to the planning and development of
roads to foster the economic growth of
the country and the people. The rail-
road competition in which the Railways
had an upper hand also prevented, to
some extent, the growth of main arterial
roads, and only feeder roads were con-
structed. But no community can try to
develop without good roads. Railways
and ships can move large loads from
terminal to terminal. Airplanes can
speed passengers and certain kinds of
freight. But only roads can knit a
community into an economic whole.
Only roads can move products from
isolated villages to towns and to mat-
keting centres.

Bihar has an area of 67,113 square
miles and it had about 35,000 miles of
roads, mostly kutcha with unbridged
gaps and most of them could be called
foot tracks only. The total length of
the metalled roads was 1,500 miles only
but even these roads had unbridged

DEVELOPMENT

OF
ROADS IN BIHAR

gaps at major river crossings. "
the important roads whic%] exiss‘:gie %
years ago were the portion of the Grand
Trunk Road from Karamnasa o Chj

kunda, the Patna-Ranchi Road wthe Air-
Jr\;/llh-Patna-M0ng_hyr-Bhagalpur ’road thré
mgggheﬁ -J éll)lll;ltulll - Barbifgha - Bihars},larif

, etc., one oft
black-topped surface. Nge;i; ligiallgsr 1;13?1

practically no s
time. - urfaced road at that

ROADS DURING 2ND WORLD waAR
AND NAGPUR PLAN

_ The roads at that time were o
g}heﬁ; bclhal’ge of the Distriect&%loe;?lll*y
The I u .110 Works Department had onlb.
L3l mfl es of roads in its charge at m}é
Boardo independence, The District
Bo: i used to be financed partially b
Govegr,nants from the thep Provinciayl
Gos Corlrllent,d as well as from the road
cess ¢ ecte by the District Boards
which v:asﬁthelr major source o%
roads anc? br?gggs ﬂll\el W enance of
fo czlldgltlons in the 1engetV;l1 c::i? ﬁzgufotlodn
and anc;lngtructlon of bridges were VZ y
fow an ar between. During the Sec rg
W War from 1939 tq 194 o
venue of the Distri > the
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DEVELOPMENT OF ROADS IN BIHAR

down to the bare minimum were spent
only on roads of strategic importance.
The District Board roads never recove-
red from this set back and, after being
deprived of maintenance for over siX
long years, their condition became ex-
tremely bad, The war activities, on the
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other hand, generated new demands
towards transport of . materials and
passengers by road. The need of deve-
loping and improving the road system
as speedily as possible was keenly felt
from every quarter. Prompted by this
feeling, the Chief Engineers of the then
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Provinces and major States and officials
of the War Transport Department met
at a conference at Nagpur in 1943 and
evolved a road plan known as the
famous “ Nagpur Plan.”

POST WAR ROAD DEVELOPMENT
SCHEMES

In accordance with the Nagpur Plan,
the Post-War Road Development sche-
mes were drawn up and launched in
1946-47. Very soon India became inde-
pendent. The advent of independence
changed the entire concept of Govern-
ment. FEconomic development and
welfare of the people determined all
Governmental activities. The law-and-
order-concept of the road communi-
cation was not now the main deter-
mining factor and more emphasis was
given to development works to bring in
general prosperity to the country. The
State P.W.D. was selected to be the
major agency to execute the road develop-
ment programmes for obvious reasons.
The District Boards followed different
specifications in the different districts,
their personnel were subordinate to the
District Boards and they did not have
many trained engineers. Thus the
growth of roads in charge of the P.W.D.
has been phenomenal during the last ten
years.

FIRST FIVE YEAR PLAN

At the time of independence, there
were 1,315 miles of roads in charge of
the State P.W.D., out of which 905
miles were metalled including 201 miles
in North Bihar. A sum of Rs 1.88
crores was spent on the Paost-War Road
Development Schemes till March 1951
when the First Five Year Plan was
launched. At that time, the milage of
roads in charge of the State P.W.D,,
rose to 3,025, out of which 894 miles
were in North Bihar and 1,938 miles
only were metalled. During the First
Five Year Plan, a sum .of Rs 7.75
crores was originally provided in the
State Plan. The achievement, both in
terms of expenditure and physical
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target, was much ahead of the schedule
The Plan ceiling was, therefore raised
to Rs 10.50 crores. The targ’ets laid
down in the First Five Year Plan of the
State were fully achieved, During this
Plan, a sum of Rs 1.81 crores was
spent on the National Highways and
Rs 1.40 crores on the Central Road
Fund schemes, in addition to Plan
expenditure. Some of the important
routes improved and constructed under
these schemes were the Ganga-Darjeel
ing Road and the Assam Access Road,
which provided the only link to Assam
with the rest of the country. At tlin
end of the First Five-Year Plan there
were 5,544 miles of roads in ch’arge oef
the Department, out of which 1,804

miles were in North B;j
miles were metalled. ihar and %698

SECOND FIVE-Y EAR PLAN

The increase in i
_ . vehicul
requires sufficient milage of agroo(;:raﬁic
faced roads. The tent

State G
had prepared the Second Five-(ﬁ)[‘;eall;nlr{n::c‘i

Plan for Rs 44.70 cror i
drqstically curtailed to eIS{sb1u6t SBhls Tos.
This made it difficylt to att: even i

average target of the g Tngycn the

Second  Five-Year Pj

: a
achieved before time an?i tg:’s()uld be
ultimately raised. Up der t may be

been included in this Plan

f)l}e isr;xport?_mt schemes are c'ongfrrlrll:tigxg
of B ré&l}lilll-Purnea and Barauni-Kasia
road ihro e}t: constructed, they will pro-
U, thee l,lf Communicationg between
JP. an roa;sz{x)x:s ;)l; Welst Bengal through
the Ganmes Thisg all along north of

wi
felt want of the are{al.l Témove a long

her of th

lglggoneqr Plan, there will %CSZ%ond
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out the changes that have been brought
about in the last 12 years. The overall
milage in the State would be increased
by .about five times. In North Bihar,
the increase will be over twelve and
a half times.

BRIDGES

The District Board roads were
particularly deficient in the matter of
bridging of gaps. Thus building of a
large number of bridges was, therefore,
the special responsibility of the P.W.D.
The difficulty in obtaining steel has been
a great hinderance in speeding up the
progress ; still, the achievement has been
well marked. During the last 10 years,
the P.W.D. have completed construc-
tion of (i) 903 ftlong R.C.C. Burhi Gan-
dak bridge at Muzzaffarpur, (ii) 1,198
ft long R.C.C. Kiul bridge at Jamui,
(iii) 1,350 ft long R.C.C. bridge at
Lakhisarai, (iv) 200 ft and 260 ft long

R.C.C. bridges over river Durgawati,

(v) R.C.C. bridges at Chiraijore, Kai-
lash, Bela and Mani rivers, (vi) 300 ft
long Poon Poon bridge on the G.T.
Road, (vii) 607 ft long Barakar bridge
on the G.T. Road, (viii) 416 ft long
R.C.C. bridge over river Kitchania,
(ix) R.C.C. bridge over river Bhakra,
(x) Prestressed R.C.C. girder bridge
over river Ullai, (xi) Prestressed R.C.C.
girder bridge over river Nagi, (xii) Pre-
stressed R.C.C. girder bridge over river
North Koel at Garu, (xiii) 1,000 ft long
prestressed R.C.C. girder bridge at
Phusro over river Damodar, (xiv) 1,600
ft long R.C.C. bridge over river North
Koel at Rehla. Besides these, a number
of other major and minor bridges have
been constructed, strengthened or re-
modelled. 1n the hilly areas, numerous
causeways have been constructed. Some
of the major bridges scheduled to be
constructed are the Rs 250 lakh bridge
over river Sone at Dehri, the Rs 50 lakh
bridge over river Mahananda at Bingra-
ghat and bridges over Burhi Gandak at
Khagaria, over Kosi at Kursela, over
rivers Sikrahna and Tilaway, etc.
The construction of the Rail-cum-Road
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bridge over river Ganga at Mokameh is
a landmark in the history of road
development in this State, particularly
for North Bihar. The construction of
this bridge will greatly facilitate the
movement of men and materials from
South Bihar to North Bihar and also to
the northern parts of West Bengal and
Assam. The total number of major
bridges constructed is 53, submersible
bridges and minor bridges—125 and
culverts—3,000.

SPECIAL PROBLEMS

So far as North Bihar is concerned, it
presents great difficulty for the quick
development of an efficient road system.
Stone metal for base course is not
available in the area except at a few
localised spots in the form of river
boulders and shingles. The transporta-
tion of stone metal and chips involves
very considerable cost. To reduce the
cost of road construction, brick soling
is used and Jhama metal is also provid-
ed under stone metal. North Bihar is a
huge drainage basin for a large
number of rivers and streams originat-
ing from the hills on the North
and also from the Himalayas, in-
volving construction of a large
number of costly drainage structures.
The non-availability of screw piles at
present is also a difficult problem. To
get over this difficulty, attempt is being
made to construct submersible bridges
with raft foundations. A large number
of such type of bridges have been
constructed in South Bihar and Chota-
nagpur and they are functioning success-
fully. Before the construction of the
protective embankments of the river
Kosi, a large number of channels in -
Saharsa and Purnea Districts used to
get the spill discharge of this river and
their courses were always shifting. Now
with the construction of the Kosi
embankment, their chamnels are getting
stabilised and it would now be possible -
to provide bridges over them.

Detailed surveys are being done and .
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R. C. C, bridge over river
North Koel a¢ Rehla in
Palamau Dig, in Bihar

(1615 f¢ long )

R. C. C. bridge over river Kiul
at Lakhiserai (1350 ft long)
in Monghyr Dist, in Bihar

Prestresed concrete bridge over
river Nagi on Jamui-~

Chakai roag in Bihar
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Screw pile and steel girder bridge
at Magardehi in Darbhanga
Dist. in Bihar

Prestressed concrefe bridge over
River Damodar at Phusro
(10 spans of 100 ft each clear)

hydraulic data collected for construc- Chotanagpur area in this State is the
tion of a large number of bridges. 1t i dustrial and mineral centre of the
is expected that the bridging programme country and, to cope with the rapid
will be in full swing within a year. The expansion and development of coal
difficulty of foreign exchange for getting fields, mines, industries and the projec-
high tensile steel still persis_ts, due t0  (ed Fourth Steel Plant at Bokaro and
which the construction of major bridges (he Heavy Machine Building Plant at
has received some set back. Itis hoped Ranchi, the State P.W.D. had to con-

the position will ease withina year or  gyryct some important roads and bridges
so when it will be possible to go ahead j; 5 very short time.

~ with the construction of  prestressed

concrete bridges. Efforts are being made to reduce the
43
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cost of road construction by construc-
ting soil stabilised or graval stabilised
roads with a top wearing course where
there is very low intensity of traffic.

A large number of old bridges and
culverts have been damaged due to
plying of heavy loads, for which they
were not designed. Their reconstruction
or remodelling will throw a great strain
on the State’s resources.

PERSONNEL

One of the most important points
which will accelerate road development
is a good team of engineers and other
personnel to carry on the work. Wehave
made efforts to train our engineers as
far as possible and to provide specialised
training for as many of them as possible.

TARGET
The Nagpur Plan launched in 1943

The most beautiful thing we can experience is the
terious. [t is the source of all true art and science
whom this emotion is a siranger,

January 1960

was a 20-year plan. The milage targe
laid in this Plan was of pre-indepgebnzl‘glfcké
era and did not envisage the tempo of
development obtaining now. Bihar
should have had 10,211 miles of main
roads and 26,381 miles of ‘Other
Roads’. But, we have to-day onl
8,069 miles of main roads, j.e. onl 6)2/
per cent of the target. Thc,larggt of
Other Roads’ has been achieved but
this includes 10,042 miles of such road
which are never mortorable and are ast
best, tracks. In 1956, the milage’of
surfaced road per lakh of population j
this State was 122 against 312 mileg iﬁ
the country. On area basis, the milage
of surfaced roads per 1000 square mil%s
was 70.7 against 104.0 miles in the
country. The task to be fulfilled i
therefore, of a large magnitude, Thé
State P.W_.D. 1s pledged to hard work
and devotion to this cause for the uplif
and economic growth of the State P t

mys-
l He o
Wno can no longer payse to

wonder and stand rapt in awe, is as good as dead

—ALBERT EINSTAIN.
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ROAD DEVELOPMENT IN ASSAM

By

DEBESWAR SARMA, Minister, Govt. of Assam.

COMMUNICATIONS are the main

arteries of civilization. If we go back
into the history of human civilization,
it'will be seen that every seat of civili-
zation is connected in some way or the
other with the development of means of
communication. Our ancestors rightly
realised that through means of communi-
cation help build the growth of a nation
towards its economic development. The
Romans, too, realised the importance of
roads for properly administering their
vast empire.

In this country, also, as far back as
the 4th century B. C., our great Emper-
ors like Asoka, realised the usefulness
of good means of transportation for the
welfare of the country. It was during
his time that a network of roads was
spread over whole of India. Later,
Sher Shah built the Grand Trunk Road
and the important part it is playing even
now in the economy of the country
hardly needs (o be reiterated.

Of course, during those days, the
main traffic using the roads comprised
pedestrians, animal drawn vehicles and
pack animals and those roads were not
of modern standards. Fast moving road
traffic was also unknown in those days.

During the British regime, the Railways
came into being in this country. More
attention was paid towards the construc-
tion of new railways and that, too, in the
interest of administrative convenience
and strategical importance rather than
for helping the economic progress of the

country. Very little was done towards’
the building of new roads-and improving

the existing ones. Assam, however,
could not be properly served by Railways
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or water transport due to its difficult
configuration, and neglect in the field of
road making has badly told upon her
economy.

It was during 1943, when the war
came to our doors, that we realised the
importance of roads in a country’s
economy and strategy. At a conference
of the State C. E’s that year at Nagpur,
a plap was evolved known as the Nagpur
Plan. This plan recommended an in-
crease in the road milage of the whole
country to 3,85,000, of which 2,90,000
would be motorable. According to this
plan, Assam’s requirement of motorable
roads, including National Highways
stood at 13,200 miles.

During the war, a few roads in Assam
were taken up hurriedly but there came
again a period of slackness with the
cessation of hostilities. Some of the
roads were again taken up during the
post-war development period but these

could not be pushed much further owing =

to the shortage of funds.

Assam is a frontier State surrounded
almost on all sides by foreign territory
and her link with the rest of the country
is also very poor. The problem of
transport became even more acute after
the partition of the country. The
economy of the people living near the
border and hilly regions mainly depend-
ing upon their local produce, was badly -
shattered due to the loss of nearby
markets to Pakistan. T

The first real step towards a syste-
matic road development came with the .

First Five Year Plan. During this Plan, -
road projects were taken up in Assam.
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covering an approximate milage of 461
under Art. 275 of the Constitution and
205 miles under the State Revenue
Programmes at an estimated cost of
Rs 256.2 & Rs 42,50 lakhs respectively.
Later on, during 1954-55, an expanded
programmc was prepared which included
five new road projects. This meant an
increase of 152 miles at an cstimated
cost of Rs 86 lakhs.  Thus the total
milage of roads proposed to be taken up
in Assam during the First Five Year
Plan stood at 613 under Art. 275 and
205 miles under other schemes. Out of
this a total of about 320 miles of all-
weather roads and 300 miles of jeepable
roads were completed during this period.

The difficulties which had to be faced
in the implementation of the First Five
Year Plan were many. Local labour
was not sufficient for the purpose and
labour from other parts of the country
was not keen to work in the Hill
Districts where majority of roads
planned were to be built. There was
also the difficulty in the transporting of
materials. The link railway line which
was the main means of contact with the
rest of India is very unstable and not
capable of coping with the heavy traffic.
The dearth of technical personnel for
the survey and cxecution of the works
was another problem. In the face of
all these difficulties the targets achieved,
as indicated in the preceding para, is
by no means a mean job.

Besides the incomplete projects from
the First Five Year Plan, some more
roads have been proposed during the
Second Five Year Plan. In addition to
the construction of new roads, improve-
ment of about 600 miles of existing low
standard roads, metalling and black-
topping of 184 miles of existing roads
and reconstruction of many bridges
and culverts, which were either weak or
below standard in other respects, have
been taken up.

Assam is a State which is criss-cros-
sed with the mighty Brahmaputra and
its many tributaries. Even now we have
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got more than a hundred ferries in our
road system.  Importance was, there-
fore, given to spanning the unbridged
rivers during the First Five Year Plan
The. total length of bridges taken u‘
during this period under diﬂ“erenr;
schemes totalled approximately 11,600
fg at an estimated cost of Rg 24 61'1i<h‘
jhc Barak bridge in Silchar s (| most
important  of these.
design, this bridge w
Lcngth with a central mavigable span of
00 ft. Bl{t OWIng 1o various diflicy]-
ties, including non-availability of forejpn
excl‘nzlxlge, the bridge could not be C()l%”l
pleted till now. Attempts are howcver-
bemg_made to complete the same by
g:hangmg the design so as to utilis)e,

indigeneous mater;
. 1als as far ‘-
Other minor brj as possible.

ar is the most
As per original
as 1o be of 1532 1}

om
Ranganadi, Dj pleted up-to-date are

Desang, etc. The Burai bridge on N.T.

Road is in progress ;

r and g o1 of
Zther major bridges totall&uvm}?% o
000 Rft are being ring e

current plan, taken up during the

whﬂgé-]}? thit abfcw Yery important works
Pae have an ta N up outside the
oF Caconer. e partition, the districts
Sy achar, }Jshal Hills and Tripura

at cre cut ¢ from the regt of
ton of the Jowaj-
tleg In length, wifl

Lehe ar
quite inadequate ¢ both very slow and

Lo cope i
volume of Present day ptra%lcth 'IEll;g

(Continued o page 52)

%

* SHRI K. BARUA,

i

B.E., M.C.P.,

Chief Engineer, P.W.D.,

Assam.

THE road communications in the State

are administered both by the State
P.W.D. and Local Bodies. While
roads of National, State and District
importance, as also important village
roads, are improved and maintained by
the P.W.D., toads of local importance
are under the control of Local Boards
(since abolished and being replgced by
Panchayats). The Municipalities and
Town Committees administer roads in
the town and municipal areas. Expendi-
ture on road development (other t‘han
National Highways and centrally aided
schemes) is met out of the normal
resources and allocations to the State
from the Central Road Fund, as also
from a portion of the revenue derived
from the Motor Vehicles Tax. The
expenditure on maintenance (except
National Highways) is entirely borne
out of the State’s revenues.

The main problem in the construction
and improvement of roads in Assam
is the existence of numerous ranges of
hills of varying heights, and rivers and
streams with changing courses, heavy
rainfall, etc. The major portion of the
plain districts being low, is subjected to
frequent flooding. The roads are,
therefore, required to be kept at a higher
fevel than the surrounding area.

For construction of motorable roads
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in the hills, long and circuitous distances
are to be covered. The stone metal
required for improved types of roads is
generally available in the hills and the
cost of its carriage to the plains is very
high which influences the cost of the
projects. The road development may
conveniently be divided into the
following phases :

FIRST PHASE 1912-26

With the formation of the new
province of Assam in 1912, the Chief
Commissioner felt the necessity of
improving the road communications in
the State and accordingly drewuparoad
development programme in consultation
with the leading personnel of the State.
This marks not only the first phase of
road development in the State but also
the beginning of the public co-operation
in the matter of development of com-
munications in the State. A sum of
Rs 41} lakhs, contributed by the
Government of India, was spent in the
execution of this programme which
included the following:

1. General improvement

to existing roads — 640 mile
2. Construction of new

roads — 240

39

3. Metalling — 96} ,,
4. Construction of bridges 4845 Rft,
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¢ S Construction of tempo-
nig rary bridges — 150 Nos.

6. Construction of cul-
verts. - 400 Nos.

SECOND PHASE, 1926-33

The second stage in the development
of roads started with the introduction
of the motor transport in the country
which necessitated the improvement
of roads to a higher standard. In 1926,
the first Road Board of Assam was
constituted according to a resolution of
the then Assam Legislative Council.
As per recommendation of this Board,
a programme for Rs 17 lakhs which
included metalling of 76} miles of
roads was taken up and completed by
1930-31.

The second Road Board, with a view
to ensure improvement and construction
of roads in a systematic manmer, pres-
cribed in 1927 a classification of roads
into various categories, viz., Metalled,
Gravelled and Kutcha (earth roads).
Accordingly, road maintenance machi-
nery viz. tractors, caterpillars, graders,
planers, and rollers were purchased and
the year 1928 marked the beginning of a
new era in the execution of bridge and
road works in Assam with the introduc-
tion of mechanized methods of road
construction and road maintenance.

The third Road Board in 1929 drew
up a programme consisting of 49.1 miles
of metalled roads costing Rs 15,45,000
and 617.46 miles of kutcha (earth) roads
estimated to cost Rs 52,61,000/- but on
account of the general economic depres-
sion of 1929 the programme could not
be implemented to the extent desired.
Only 16 roads and 31 bridges estimated
to cost Rs 16,92,431/- were undertaken
and completed by 1930. This pro-
gramme was however, almost completely
carried out at a cost of Rs 33 lakhs by
the year 1932-33 covering improvement
of 97 miles of roads and replacement
and upgrading of 190 bridges. As a
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result of this many of the roads in
Assam were gravelled by this time

and many bridges were constructed
permanently.

In 1928-29, the Government i
sanctxoneq a ““Bridge Loan Fl?l{d In(fi(lwar
construction of major bridges. Out
of this fund, a 560 ft screw pile bridge
over Dhansiri on the Assam Trm%k
Road at Numaligarh, the Chalkhowa
bridge at Borpeta (540 Rfy in length) at
a cost of Rs 1,50,324/- were buiit
Snmlltancously, the construction 01"
Shmong-Sylhet road was undertaken in
1929 out of a ““Special Loan Fund ™
from the Government of Indja and was
completeq by 1933 at a cost of Rs
20,64,620,- which included a sum of Rs
;,5%4,9123/- spent on the construction of a
2OV RIt suspension bridge at Dawki
This bridge, near India Pakistan border,
1s one of the longest and most s ecta’
cular suspension bridge in Assam pectr

In the year 1927, a specia] ¢
Road Fu_nd” was crg)ati:lgl toT(;iangeSS
construction of roads primarily to f ach
litate the transport of commoditiesactl-
and from the tea gardens ag well as th9
development of the areas near aboilt thc
gardens. Out of receipt, in this f de
_130 miles of roads and 10 bridges were
i;nprl%ved and reconstructed at E co::ecr)?'
1hs hlakhs. It is worth mentioning

at the first black-topped road in the

Etgte, viz., Jorhat-Marianj Road, was
uilt out of the amount made av ,’1 b
from this fund. ilable

The creation of the
. Centra
}I?Juqd m 1929-30 by the GovermlneR?a%
ndia is another lan her

d .
of road deveIOpme?tark in the sphere

I ‘ in th

During the period 1930-1933-34e asttf;::‘l
i{;érsl of Rs 14,43,335/- was recei\;ed from
Re eggl eaind General Fund ang utilised
for ¢ opment of road communica-

The Assam Highways A -
on the stat ¥s Act was placed
192820, ¢ 000K during the year
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THIRD PHASE 1933-45

The Assam Road Board was conver-
ted into Assam Communication Board
in 1934-35. In 1935, a road improve-
ment programme amounting to Rs 30
lakhs provided for improvement of 3453
miles of roads and construction of 30
bridges was sanctioned by Government
of India to be financed from the Petrol
Tax Reserve Fund. This programme
was completed by 1938.

The total amount received from the
Central Road Fund during the period
from 1933-34 to 1944-45 was Rs 107.04
lakhs including Rs 31.84 lakhs from the
Reserve Fund. The most important
works done from the Reserve Fund are
the construction of some major bridges,
viz., Dehing, Dikhow, Ranganadi,
Desang, Nanoi suspension  bridge,
Kopili, Borgaon, etc., and improvement
of Assam Trunk Road, Dhodar Alj,
North  Gauhati, Jhangaon Road,
Sibsagar-Desangmukh Road, etc.

The second World War made the
north eastern frontier of India a war
zone, and the needs of defence necessi-
tated a speedier system of road
communications throughout the State.
These works were mostly carried out by
the P.W.D. as the agent of the Defence
Department. Some of the important
works done as a part of defence works
are (1) widening South Trunk Road
from Bongaigaon to Saikhowaghat via
Goalpara and Gauhati and construction
of Numaligarh—Dimapur-Imphal Road,
Imphal-Palel Morch Road to Burma
Border and Makum-Lekapani Road.

FOURTH PHASE 1945-51

With the cessation of hostilities, an
extensive scheme for development of
the country in the post-war period was
formulated by the Government of India
and a programme of road development
for the State of Assam estimated to cost
Rs 773 lakhs was drawn up with a view
to construct—improve 558 miles of dis-
trict roads and 1400 miles of village
roads and for-the construction of major
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bridges to a total length of 48,100 Rft.
The work was started on 1,040 miles
of roads of which 210 miles were practi-
cally completed. Due to sudden reduc-
tion of post-war grants in 1949-50,
work on 830 miles of roads in progress
had to be kept in abeyance.

The partition of India snapped off
communication between Garo Hills and
the rest of Assam, and also of Cachar
district with the Assam valley and
consequently with India. In order to
remove these disadvantages, three roads,
viz. Shillong - Jowai - Haflong - Silchar
Road, Medhipara-Phulbari-Tura Roads
and Lowairpowa - Churaibari Road in
Cachar Hills were constructed. The
first one covering 222 miles and costing
Rs 1,30,00,000 is a fair weather road
beyond Garampami to Haflong.

A programme of sixty roads covering
586 miles and estimated to cost about
Rs 56 lakhs had been undertaken in
1950-51 from Assam’s allocation from
the Central Road Fund. These are
mainly incomplete works of Post War
Development Programme kept in
abeyance due to reduction of grant.

A few more programmes financed
from Cess Procurement funds, State’s
revenue and Motor Vehicles Tax, etc.
were also taken up during this period.
About 309 miles of roads were improved/
constructed at a cost of Rs 61 lakhs
approximately.

FIFTH PHASE, FIRST PLAN PERIOD

Under the First Five Year Plan
Development Schemes, construction and
improvement of 1373 miles of roads and
10 major bridges totalling a length of
4300 Rft were taken up at an estimated
cost of 423 lakhs with an expenditure
target of Rs 265 lakhs. A sum of Rs
274 lakhs was spent on these schemes as
against the target of Rs 265 lakhs.
Approximately 30 per cent of the roads
were completed. No major bridge
could be completed due to delay in the
finalisation of the First Five-Year Plan

7 49
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Dikrong bridge, Assam

and difficulties in getting materials, etc.
The balance of the works have been
provided tor in the Second Five Year
Plan as spillover work.

In addition to the above, programmes
for improvement of road communica-
tions in the autonomous districts of
Assam and plain tribal areas with a view
to raise their standard to that of the
rest, have also been taken up out of
funds sanctior.ed under Article 275 of
the Constitution. About 300 miles in
the hills and 80 miles in the plain
tribal arcas were completed under these
programmes.

During this period, construction of a
very important road, viz., Shillong-
Jowai-Passi-Badarpur Road (portion
from Passi to Badarpur) has been taken
up with a view to provide better road
link for Tripura State and southern
part of Assam withthe rest of the
country. The length of the road from

Shillong to Bad i .
major part Ot?rpur s 130 miles and

it h
completed. The cos:lsoi?lreac{y been

In order 10 make the North Trunk

road an all-weather ro

. ad, the Govern-
ment of India hg i "
oot of nd Ve contributed 50 per-

: cost of constructi
Important bridges over Buroj e of 3
bl

and Ranganadj. , Dikrong
nadi had alreal The bridge over Ranga-

dy b ;
the first plan pe¥io§?n completed during

SIXTH PHASE, SECOND PLAN
PERIOD
Consnderably bigger road develop-

ment programmes hay
: ? e
during this period. been taken up

Sector of the State » construction

of 650 miles of road i
¢ . » 22 ma i
mcluding thoge carried ovejro;rol;;ldfﬁz
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First Plan, improvement of 600 miles
of low standard roads, metalling and
black topping 184 miles and reconstruc-
tion of 10,240 ft of bridges and cul-
verts have been taken up. Eight major
bridges have already been completed.
An important target is the metalling
and black-topping of about 100 miles of
North Trunk road mainly falling in the
areas not served by the Railways. The
expenditure target under this sector is

Rs 665 lakhs,

Under Article 275 sector of the
Plan, a sum of Rs 345.82 Jakhs has
been provided for road development in
the hills. About 200 miles of roads are
expected to be completed during this
period. Another 200 miles of roads
are also expected to be completed in
plain tribal areas with an expenditure of
Rs 85.84 lakhs.

From the State’s share in the
Central Road Fund, programmes
amounting Rs 137.00 lakhs have also
been approved and works have been
taken up on most of the projects.
They envisage metalling and black-
topping of 13 miles of North Trunk
Road and construction of about 480
miles of village roads.

At the instance of the Government
of India, another important programme
for improvement of roads of economic
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and inter-state importance submitted by
State Government has also been
approved by the Government of India.
The total cost of the programme
is Rs 169.5 lakhs and it includes
some very important projects, viz.,
construction of a bridge over IJia-
Bhorali, length 2050 Rft., estimated to
cost Rs 86.53 lakhs, improvement of
North Trunk Road from Baki to San-
kosk, metalling and black-topping
major part of Karimganj-Patharkandi-
Churaibari road. With the completion
of the bridge over Jia Bhorali, the
North Trunk Road between Tezpur and
North Lakhimpur will be an all-
weather road. The improvement of
of Karimganj-Patharkandi-Churaibari
road will provide a better road link
connecting the road system in the
Tripura State.

OVERALL POSITION

With the completion of the pro-
grammes in hand, Assam will have
about 8000.29 miles of road including
729.29 miles of National Highways, the
break-up of which by typeis given
below :

(1) Black-topped ... 1273.29
(2) Metalled ... 141.50
(3) Gravelled ... 442550
(4) Earth ... 2160.00

800029 Miles.

Photo 2. Gabru bridge under construction
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R.C.C. Bridge over Kullong River at Nowgong (Assam) (under construction)

Adding to the above miles the length
of motorable roads under Local Boards
(which is approximately 1000 miles), the
total road milage in the State will stand
at 9,000 miles against 12,585 miles
according to the Nagpur Plan. The
achievement in the sphere of develop-
ment of roads in the State after inde-
pendence will be observed from the
fact that the State had only 2500 miles
of road before independence against
about 8000 miles envisaged to be com-
pleted under programmes in hand.

There are now altogether 483 maj
bridges (100 ft or overin length). Ouatjgg'
thqse, 116 Nos. are between 200ft 500
ftin length and 12 bridges over 500 ft,

It is expected that far bi i
will be taken in the ﬁell%igeE)fSt;f:csl
development in thjs Strategic  State
during the future plans and thereby the
State will be served by more and better

(Continued from page 46)

construction of a Rail-cum Road bridge
over this river at Pandu is a step for-
ward towards the removal of traffic
bottleneck, though completion of this
bridge will not mean acomplete solution
of this big problem. This bridge,
approximately 4,600 ft in length and
estimated to cost over Rs 12 crores, is
expected to be completed by 1962.

By the end of the Second Five Year
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plan, when all the schemes outlined above
are expected to be completed. Assam
will have .APproximately 8,500'miles f
roads against 13,200 miles, which js tlcl)e

total requirement of

the State is-
aged under the Nagpur Plamas e'r;rlls
there is stil] g long . he

way to go, but if

I})rlrzcl)i%lrtz§s dof the last few years tl}:
main ll_ge and with proper organization
of ¢ talesnoturces 1ln man-power, material
and » 80al cannot be very far

SOME FACTS RELATING TO THE ECONOMICS
OF THE ROAD SYSTEM OF THE PUNJAB

BY

G. C. KHANNA, Chief Engineer, Buildings & Roads, Punjab.

THE economic and commercial per-

formance of the road system of a
country can be gauged like that of an
industrial concern. An industrial enter-
prise invests money on buildings, plants
and machinery for the production of
goods at economic costs. The invest-
ment of capital by a State on construc-
tion of roads is of a similar nature.
Traffic generated on the road system can
thus be assessed on the analogy of the
output of a commercial undertaking. If
the traffic operates at commercial rates
and gradually increases, investmen_t is
termed ‘productive’ and the yield
increases progressively.

The metalled road milage of the
Punjab on 31st March 1959 was
approximately 5,400 miles. On present
day rates, the total cost of road system,
i.e., investmentof the State, would be
about Rs. 50.00 crores.

The traffic intensity on different
roads of a system varies in all countries.
The average traffic on state roads of the
Punjab, as per census taken by the
P.W.D., is about 1,200 tons per day.
Fig. 1 gives the intensity of traffic on
different parts of the road system of the
Punjab.

Total traffic carried on P. W. _D.
roads in the Punjab is about 2,400 million
ton miles per annum.

The average cost of operation of
a vehicle on a metalled road, carrying
5 ton load, is about Re 1 per mile or 20
nP  per ton mile. Turnover for
2,400 million ton miles of traffic on the
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road system of the Punjab would thus
be Rs 48.00 crores per annum,

All  vehicle operators run their
vehicles on profit motives. If 10 per
cent net profit is assumed, the profit to
vehicle operators, if all vehicles are run
on commercial basis, would be about
Rs 4.8 crores per annum.

If a vehicle plies on a katcha road,
the extra cost of transport would be at
least 20 per cent more on account of
higher depreciation of vehicle parts and
increased propulsion charges. The
extra cost per ton mile of traffic could
thus be 4 nP.

If there were no metalled roads in
the Punjab and the traffic of 2,400 million
ton miles was to be carried on katcha
roads, the extra cost of transport would
be Rs 9.6 crores. By metalling the
road system, the people of the Punjab,
therefore, save about Rs 9.6 crores per
annum on transport of goods.

(a) Assume that the
Punjab State had
floated a loan of
Rs 50.00 crores for
the construction of
the road system. If
interest is assumed
at 4} per cent and
the entire loan had
to be paid in a
period of 60 years,
the annual re-pay-
ment of loan by
annuity including
principal and inte-
rest would be:
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RELATION-SHIP BETWEEN TRAFFIC INTENSITY AND

COST OF ROAD PER TON MILE OF TRAFFIC
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With an investment of ‘Rs~-4§.‘00:
crores, there is a net saving of Rs 5.00 *

crores, which yields a return of 10 per. -

cent. In this calculation the amount -
realized by Government intaxation, i.e.,*"
taxes on petrol and diesel oil, taxes on
motor vehicles and parts, passengers
and goods tax, toll tax, income tax paid
by operators have not been taken into -
account.

" méethod for

The average annual cost per mile

4.59x 107
5400

Rs 8,500/-. If the traffic intensity on

the road is about 1200 tons per day, the

cost of road service per ton mile of

of the road works out to be

Will govenments cooperate to apply science
the welfare of the peoples of the world, or,
apply it to their mutual destruction?

" principles were the guide to foreign policy

the answer would be.

*Opposition is not a hindrance to life, it ig the
" “condition for the becoming of life.
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| . 8500 x 100
trafficis = = i
e 1200% 365~ 2 "P- The cost

gf.road p}ant including its maintenance

On per ton mile
traffic. The relationship between tfcl)g

traffic intensity and cost of
_ r / road per
mile of trafﬁc is shown in Plate, per ton
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assessment of commercial
ighway system of 5 State,
: 'The analysis o
mile of traffic a
the investment

aspect of a h
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nd figures of yield on
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“HAVELOCK ELLis

ROAD DEVELOPMENT IN HIMACHAL PRADESH

BY

J. MUKAND, CE., (Roorkee), Chief Engineer, Himachal Pradesh.

HIMACHAL Pradesh is situated on the
foothills of the Himalayas between
north latitude 30 deg.—30 min. and
33 deg.—10 min. and east longitude
75 deg.—55 min. and 79 deg.—50 min.
The State has an area of 10,904 sq. miles
and a total population of 11.09 lacks.
The terrain is almost throughout moun-
tainous and a large number of big rivers
such as, Ravi, Beas, Sutlej and Giri
criss-cross the region. The main wealth
of the State consists of produces such as
potatoes and fruits of great variety. The
Himachal Pradesh forests contain a large
quantity of coniferous timber and it is
possible that considerable mineral poten-
tial lies latent in the bosom of its hills.

But this vast potential cannot be
exploited in the absence of adequate
means of communications. Transporta-
tion is required to increase production,
to distribute surpluses, to exchange ideas
and services and to extend the cultural
and economic benefits of the modern
age to the remotest corner of the State.
In the absence of any other acceptable
mode of transportation such as Water-
ways, Railways, etc., the planners of the
economy of Himachal Pradesh have had
to pay particular attention to the rapid
development of roads as without these
roads no scheme for development can be
either initiated or implemented in this
rugged hilly State with very large inacces-
sible areas. According to the modified
“Grid & Star”’ formula set forth in the
Road Development Plan for India
(1961—81), Himachal Pradesh requires
an overall length of 4,700 miles of roads
for the optimum utilisation of all its
resources. This corresponds to a figure
of 0.43 miles of road per sq. mile of
area.
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FIRST FIVE-YEAR PLAN

Prior to 1947, the area now known as
Himachal Pradesh was a conglomeration
of Princely States large and small. These
States were separate political and
administrative entities and this precluded
the possibility of any co-ordinated,
systematic approch to the planning and
construction of roads in this hilly area.
At the beginning of the First Five-Year
Plan, Himachal Pradesh had only 219
miles of roads, i.e. a road milage of 0.02
miles per sq. mile of area. Even these
few roads were not correctly designed
and satisfactorily constructed and the
volume of traffic that they carried was
negligible. In order to appreciate the
magnitude of the problem faced by the
Engineers charged with the responsibility
of providing the State with enough roads
and making even the remote areas
accessible, it is only necessary to com-
pare this figure of 0.02 miles per sq.
mile with the corresponding figures of
0.45, 0.41, 0.30 and 0.23 for Bihar,
West Bengal, Uttar Pradesh and Bombay
respectively.

A systematic review of the road
requirements of the State was made for
the first time in 1951 when an overall
network of roads for the entire State
was planned. It was accepted that in
order to open up all remote areas at the
carliest and to provide benefits to large
areas quickly, the construction of roads
should be phased. The phasing pro-
posed consisted in spreading the develop-
ment programme over a number of years
and in constructing roads in stages of
2 ft track, 9 ft track, 16 ft width and
24 ft width. The First Five-Year Road .
Development Plan for Himachal Pradesh

ERE Y
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was framed and a sum of Rs 235.00
lakhs was allocated for road construction.
This figure was 41.6 per cent of the total
outlay during the First Plan period for
the State. The fact that the correspond-
ing percentage in the All India Plan was
only 5.5 percent testifies to the great
stress that was 1aid on the development
of roads in Himachal Pradesh. By the
end of the First Plan, the State had 881*
miles of roads. This gave a road milage
figure of 0.08 mile per sq. mile of arca
against the corresponding ~ All India
figure of 0.23 mile per sq. mile.

SECOND FIVE-YEAR PLAN

The State’s Second Five Year Road
Development Plan began where the
First Plan had left off. The works
which were not completed during the
First Five-Year Plan stage were carried
over to the Second Plan and a number
of new schemes Were also initiated. The
entire programme, however, was kept
within the framework of the proposed
construction of the road net-work as
envisaged earlier. In the Second Plan
the State proposes to spend Rs 804 lakhs
on road development in order to achieve
the construction of a total length of
1,328 miles of roads. This will corres-
pond to a road milage of 0.12 mile per
sg. mile, which is six times the milage
figure for the State in 1951,

Himachal Pradesh has now prepared
a draft Third Five-Year Road Develop-
ment Plan for Rs 1,312 lakhs. This
Plan has been framed to achieve the
construction of 2,631 miles by 1966.
This will give a figure of 0.24 miles
per sq. mile of arca against the ultimate
target figure of 0.43 mile per sq. mile.
By the end of the Third Five-Year Plan
Himachal Pradesh will have linked all
its Tehsil headquarters and important
administrative outposts by a network
of motorable roads and this will
have effectively opened up the remote
areas.

————— - - —
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BRIDGES

As most of the roads in Himachal
Pradesh prior to 1951 were meant only
fqr mule and pedestrian traffic the cros-
sings over the nallahs were normally
either dry stone scuppers or simple
timber bridges. For crossings with
spans of 100 ft and above light suspen-
sion bridges existed over a few well
estab_li_shed routes while over the
subsidiary routesmen and materials had
often to be transhipped by means of
simple pulley rope devices. Now that
the State is to have a net-work of
motorable roads the construction of
permanent bridges across all perennial
streams and rivers i very necesssary

A well organised bridge co i
programme  has beeng laugztg:((imoirri
Himachal Pradesh to ensure free all-
weather flow of trafficalong the road net-
work. The State P.W.D. has finalised
proposals for the construction of
35 bridges planned and designed as per
I R. C. standards. Of these, 7 bridges
costing Rs 17.94 lakhs have bgen
completed, 11 bridges are in progres
and the construction of 17 bridg%:s s
expected to be taken in hand vels
shortly. The draft Third Five-YeYy
Road Development Plan provides fdr
the construction of a further numb 0§‘
41 bridges ata cost of Rs 93.78 ISE}?
The permanent bridges desiéned ansti
grogosed for construction in Himachal
eré ecsh si;n(i}a“de dsuspension bridges
bridges, RgC(’cIm F}!}g&lg}le e

‘ and slab
gzl‘gizz, Rar(lIdC suspended cantile\?er
bty prestressed  concrete

DESIGN STANDARDS

The bridges are bei i

. ng d

pve loads and dead 10a§s azsii?gcll ror
in the 1.R.C. Code of Practice. o

The design st
andards prescrib
road construction are ggvernededtofo;.

*A |l milage figures indicated in this note pertain to road width of 9t and ab
ove

58

TranSport-Commuhications Mo

A temporary wooden

cantilever bridge

nthly Review

January 1960

Folk dances of
Himachal Pradesh

Rock cutting in half tunnelling
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Rock cufting for the
construction of a road

large extent by the nature and category
of the road and the volume of traffic
that it is expected to handle. In Hima-
chal Pradesh, however, consideratjons
of volume and speed of traffic, etc., are
all subordinate to the topographical
conditions of the area where the terrain
is so difficult that it alone governs the
design standards. The standard widths
to which roads are being constructed in
Himachal Pradesh are 2 ft, 9 ft, 16 ft
and 24 ft. These are the formation
widths in straight reaches. On curves,

January 1960

Roadway over a wooden bridge

g Suitably widened
g upon the radjus of

0 a width dependin
m_inium radius for all

proposed, The super-
IVes varijes
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than 200 ft to 1 in 33 for curves having
a radius of 500 ft.

The road construction is being planned
to a ruling gradient of 1 in 20, a
minimum gradient of 1 in 15 for a
maximum length of 1 furlong with
level stretches of 200 ft on either side,
and an exceptional gradient of 1 in 12
for lengths not exceeding 300 ft. In
very difficult areas even these standards
have, in a few cases, had to be relaxed.
The hill side cutting is normally done
to slopes which depend upon the nature
of the soil and which vary from 1/2:1
in the case of ordinary soil to 1/16: 1
for medium rock. Where hard rock is
met, vertical cutting is being resorted to
for heights upto 25 ft and half tunnel-
ling is being adopted for heights greater
than 25 ft. The road side structures
i.e., retaining walls, breast walls, side
drains, culverts, etc., are being designed
as per latest design practice.

The surface treatment for roads in
Himachal Pradesh consists of a first
wearingcoat of 4} in. thickness, a 2nd
wearing coat of 3 in. thickness and two

coats of surface painting, on a base of:

6 in. stone soling. This stone soling is
provided only at places where the natu-
ral subgrade itself is not hard enough
to serve as a base course. Where the
formation is either hard or soft rock,
stone soling is being dispensed with.

SPECIAL PROBLEMS

Himachal Pradesh ‘has problems in
the design and construction of roads
and bridges unique to itself in view of
its topographical conditions, its climate,
and its resources in men and materials.
These problems have t0 some extent
impeded the progress and have increased
the cost-of construction per mile of road
as compared to that in the other States
of the Union. These problems briefly
stated are as follows:

1. The difficult nature of - the
terrain makes all investigations
and surveys very diﬁicult‘and

-~
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time consuming.

2. Roads have, in considerable
lengths, to be hewn and blasted
through long strata of hard
rock. This work is slow,
costly and hazardous.

3. In a number of areas the wor-
king season is restricted to 4
months ina year while in afew
more it is no better than 6 to 8
‘months in a year. - '

4. 1In the remote areas labour is
not locally available and has
to be imported from outside.
Himachal Pradesh is also faced
with shortages in manpower,
materials and equipment.

5. The remoteness and inaccessi-
bility of various sites of cons-
truction is, at present, further
accentuated by the inadequacy
of the existing roads and the
almost complete absence of
bridges that can be used for
transporting labour and equip-
ment.

6. The maintenance of the exis-

* ting lines of communication re-
quires a great deal of time
and expenditure because of
erosion, hill slips, etc.

A concerted effort is being made by
the State to overcome these handicaps,
In spite of these bottlenecks, however,
the progress made upto date is satis-
factory and continues to improve.

Himachal Pradesh now stands on the
dawn of an era of development® and
prosperity. Among the many factors
which will be responsible -for ushering
in this new age, highway construction
will surely rank as -one of the most
important.  Some work has been done
and a lot remains to be done. The
State faces the future programme of
road development with confidence as it
is now far better equipped in men,
materials and the know-how of hill road
construction than it was 8 years ago. - .-

curves of radij sharper
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ANDHRA PRADESH ROAD MAP
LY = =

ROAD DEVELOPMENT N

IN
ANDHRA PRADESH

!' hri N. DURRANI, B.Sc., B.E.
1l ML.LE. (Ind.), M.Am.Soc.C.E.,

™ o« ROAD DATA  MILES
' Chief Engineer, (Highways), ~ 5 2 l;x';n:nouu. HIGHWAYS wmmmm { 40 O
. . H. SED 1IN ZND
Andhra Pradesh. aiarihp ® y ROPO! 1039/
. 0. ORVELOPMENT PLAN,
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THE important role communications that came later was halted with the MAJ.DISTRICT ROADS. ——m= 6 T 50
play in the development of any declaration of the Second World W ORD. ROADS 2958
tract of land is very wgll known. No Even the nominal maintenance of r adr. VILLAGE ROADS 3895
form of development in any walk of then existin Oads

life can be achieved unless adequate
means of communications are provided.
Road communications occupy a unique
position in relation to other forms of
transport, viz., rail, water, aerial, etc.
None of these is complete by itself;
they have to be supplemented by road
communications.

.The State of Andhra Pradesh com-
prises 20 revenue districts and has an
area of 1,06,041 sq. miles, which is 8.4
per cent of the total area of the country,
and a pop}llation of 313 lakhs.

The State has a total road milage
of 19,236 made up region-wise as
follows:

Coastal Andhra 9,392 miles

Rayalaseema 6,199 ,,
Telengana 3,645

39

The milage of roads works out to
0.19 miles per sq. mile of area and 65
miles per lakh of population.

Till after the First World War, there
was no systematic road development or
planning in India. The little activity

62

g in an unconnected
ma
could not be done satisf The

actorily.
first attempt to unify the roady sysg;l:g
on all-India basis was made at the Chief

i formed
Andh

" a(.’?{)&}da"“h Nogpur Flan
. miles iles
National Highways 937 (n;l;;)
State Highways 396 424
I(\)/Ill))l;{s 1,968 2,612
-D.Rs. 3,551 6,060

Village Roads ,

7,740 13,886
To im

plemen
development, tht the proposals of road

!ead and createdz I_I\;Iiadras State took the

the newly for

Pradesh and, med State of Andhra

in 1956, wag recognised as

MADRAS
STATE

a separate department exclusively in
charge of roads in Andhra and Telen-
gana wings of the State. The imple-
mentation of the Nagpur Plan was
commenced with the recast Five Year
Plan (1947-52) and received keen atten-
tion during the subsequent first and
second Five Year Plans of India in the
years 1951-56 and 1956-61 along with
other developmental activities since
attainment of India’s Independence.

FIRST FIVE YEAR PLAN

By the end of the First Plan in 1956,
732 ‘miles of new roads had been cons-
tructed in the Andhra region of the
State. Upgrading of 864 miles and
construction of 45 bridges was also
done in Telengana during the same
period, and 210 miles of roads were
constructed including masonry works.
The expenditure on road development
during the First Five Year Plan was
Rs 238.69 lakh in Andhraand Rs 99.972

lakh in Telengana. Notable among the
works completed during the First Plan
are the construction of major bridges on
Madras-Calcutta road (N.H. 5) with
bridges across the river Pennar at mile
109/1-4 at Nellore (cost Rs 34 lakh) and
across the river Champavathi at Natha-
valasa in mile 520/3 in Visakhapatnam
district (cost Rs 19.47 lakh), cement
concreting the same road for about 17
miles in Guntur district and 19 miles in
Visakhapatnam district at a cost of
Rs 22.50 lakh. Black-topping of 132
miles of the same road in Nellore,
Guntur, Krishna, West Godavari and
Visakhapatnam districts at a cost of
Rs 25.06 lakhs and Banaras-Cape

‘Comorin road for a length of 107 miles

in Kurnool and Anantapur districts at a
cost of Rs 22.55 lakh was also comple-
ted. Upgrading the same road for a
length of 51 miles in the upper reaches
of Mahaboobnagar and Medak districts
in Telengana at a cost of Rs 8.97 lakh
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was Mone. In Telengana area, three
major roads: (1) Medak-Papannapeta-
Alladurg road at a cost of Rs 10.62
lakh, (2) road from Bhangir to Jugdev-
pur at a cost of ‘Rs 10.29 lakh, and
(3) Alladurg-Metalkunta road at a cost
of Rs 6.34 lakh, were newly constructed.
Metalling the road from Kovvur to
Tallapudi on Godavari flood bank
(Rs 12.25 lakh) and cement concreting
Koduru-Nellajerla road, miles 24/3 to
34/0 (Rs 12.31 lakh) were among the
important works carried out in Andhra.
On State roads also, many major cros-
sings were bridged in Andhra area.
Several other rivers like the Pennar have
been provided with causeways to give
facilities to traffic at all seasons.

SECOND FIVE YEAR PLAN

During the Second Plan, the targets
proposed for achievement are construc-
tion of 593 miles of new roads (both in
Andhra and Telengana) and 223 bridges,
besides upgrading 778 miles of State
roads and 175 miles of National High-
ways. By the end of the Plan period, if
all the schemes are successfully carried
out, the mileage of -different types of
roads would be:

Mileage
National Highways 1,400
State Roads 10,244

District Board Roads 9,939
Total 21,583

~ Inthe approved Second Five Year
Plan, new works on State roads costing
Rs 722 lakh for the State are program-
med to be taken up, actual expenditure
proposed being Rs 561 34 lakh, leaving
the balance as spillover into the Third
Plan. Incomplete works of the First
Plan, costing Rs 171.30 lakh, are propo-
sed to be taken up and completed during
this plan. Works on National High-
ways to the tune of Rs 681.07 lakh,
consisting of Rs 436.94 lakh of new
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works and Rs 244.13 lakh of incomplete
works pf the First Plan, are also pro-
posed in the Second Plan.

The important works taken in hand
during the Second Plan are: the cons-
truction of the prestressed concrete
bridges, 7669 ft long, across Gowtami
branch of river Godavari at a cost of
Rs 171.71 lakh on the proposed diver-
sion of N.H. 5 in East and West

.Godavari districts ; the bridge across

Vasista river on the same djverted route
at an estimated cost of Rs 100 lakh
which has been sanctioned and the work
w1}l commence shortly; construction of
bridges on Banaras-Cape Comorin road
(N.H. 7) across the Krishna river at
Rangapur at a cost of Rs 36.29 lakh
and its diversion at a cost of Rs 26
lakh, and across the river Tungabhadra
at (Il(fl}rnopl at % cost of Rs 26.17 lakh
and jorming a diversion road at a ¢
of Rs 35.21 lakh including the app?nf‘;c(a)liE
ant works such as K.C. Canal bridge
Handri bridge, Sunkesala subway, etc :
have also been taken up. The "i“ungz;:
bhadra bridge is nearing completion
while the K.C. Canal bridge and Sunke-
sala subway have already been com-
pleted. Progress on other works is
co_ns1derable. The regulator-cum-road
br_l_dge across the river Krishna near
Vijaywada on N.H. 5 was ‘completed at
an estimated cost of Rs 39.08 lakh
towards road’s share, Approach roads
costing about Rs 19 lakh to the regula-
tor bridge, including the bridge across
Banflar canal at acost of Rs5.60 lakh
are i progress. The work of formin
a dlver31pn road inmile 83/1 1o 85/7 o%
NH 5, including bridge over Upputeru
at a cost of Rs14.52 lakh is also
completed and will be opened to traffic
soon. The prestressed. concrete bridges
across Yeleru river near Yerravaramgat
mile 391/1-3 of N.H. 5 in East Godavarij
district at a cost of Rs 9.60 lakh . was
thrown open to traffic in April 1958
Another prestressed concrete brid e:
across the river Paleru on S.H -V. rofd
at an estimated cost of Rs 5..80' lakh
Wwas also completed in a record time of
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8 months and opened to traffic in Sep-
tember 1958.

Construction of bridge across Pennar
at Pamidi on N.H. 7 at a cost of Rs 23
lakh and diversion of N.H. 5 at Visa-
khapatnam including construction of
bridges across Mahendragedda and its
spillways,. . at an estimated cost of
Rs 27.85 lakh, are included in the pro-
gramme.

With the completion of all these
bridge works, the existing barriers on
National Highways throughout the
length and breadth of the State will be
removed, providing scope for free flow
of traffic from one end to the other.

On State roads, three prestressed
concrete bridges, viz., across Upputeru
river on Gudivada-Bhimavaram road at
Rs 8.66 lakh, across river Gostani at
mile 14/6 of Vizianagaram-Bowdara
toad at Rs 3.96 lakh, and at mile 6/3-5
of Vizianagaram-Kothavalasa road at
Rs 6.20 lakh, which were started in the
First Plan, have been completed and
thrown open to traffic in 1956, 1957 and
1958 respectively. Another prestressed
concrete bridge across Buradakalva -at
mile 17/3-4 of Rajahmundry-Gokavaram
road at an estimated cost of Rs 3.85
lakh has been completed and thrown
open to traffic on 29.5.1959.

Other important bridges taken up for
execution during the Second Five-Year
Plan are the bridge at Nellimerla on
Vizianagaram-Palakonda road across
tiver Champavathi at a cost of Rs 6.76
Jakh and construction of bridges across
Irrigation and Navigation canals and
byepassing Duggirala at a cost of Rs 5
lakh, Remodelling the bridge at mile
9/1 of Anakapalle-Madugula road at
Rs '3.63 lakh has also been taken in
hand.

Approval has been also accorded for
the construction of a high level bridge
costing Rs 57 lakh across the river
Godavari near Bhadrachalam in order
to provide an all-weather crossing to

the sacred shrine of Sri
Bhadrachalam. For this worl
ment of India have extended 4
Rs 20 lakh. Tenders for the :
been invited and the work is 1i
commenced shortly.

During the Second Plan, ou . 54

miles of District Board roads ; 2
to be taken over by the ;' - ys
Department in stages, about: = .. es
have already come under theit;@ ¥ L
Their condition being poor 1" ° " /e
to be improved gradually. . . g
Besides the above mentioned %s,
several works have also beenu . "n

from grants received from Govt. of
India.

’ Rs in lakh
(1) C.R.F. State allocations 154.68
(2) C.R.F. Ordinary reserve 41.071
(3) Other grants _ 150.00

$
SECOND ROAD DEVELOPMENT PLAN.

In order to provide the transport
needs of the expanding economy of the
country, the Chief Engineers in their
meeting held at Bombay in August 1958
prepared the Second Road Development
Plan for the country for the period
1961-81. The targets proposed for
achievement by the end of this Plan

- for Andhra Pradesh are given below :

Classification Miles
National Highways 1,039
State Highways 2,405
Major District Roads . 15,400
Other District Roads 16,861
Village Roads 18,665

" 54,370

According to the All .India Road
Development Plan, the target for the
next 20 years for National Highways in
respect of Andhra Pradesh comes to
Rs 86 crore and the quota for the -

tens of thousands of pilgrims visiting

(Continued on page 75)
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Thousands of villages in the Statcz
remain isolated and even the bare
necessities of life never reach them.
These areas have to be opened up to
solve the problem of food and un-
employment in the State.

NAGPUR PLAN TARGETS AND
ACHIEVEMENT

.4 bold step in the direction Qf
mﬁiﬁf& ?ccway 111 roads was tgken }1]11
he year 1943 when for the first time the
‘{ﬁstgric Nagpur Plan was cvo\lvc‘d by
the Chicf Engincers of all States dgoxier-
ing a period of 20 years. According to
nﬁ_g Plan, U.P. should have 16,500
:n;lses of metalled and:tZ,Bt(l')]'el n;;llgs gg

oads. 9
lllg};z%ne?her&ate had 9,38.7' miles of
metalleé roads and 25,953 1n11e§ of ugt
metalled roads under the nmndgelmi1
of the State P.W.D. tar;;l1 Z::lr?ng?rthsé

i at a e .
ét 1sn§x%eisgedYg:r Plan, the State will
hz(i/?e about 14,000 milefschfoome;a%fg
;. leaving a gap ot I, aga
:1?: ('i:\,rget set in the Nagpur Plan.

This deficiency has, therefore, to be
made good in subsequent plans.

POST-WAR ROAD DEVELOPMENT
SCHEME AND FIRST
FIVE YEAR PLAN

Second
fier the end of the
ngl?in\)\?ar, a post war road develop-
ment scheme costing Rs 68.70 crgrclas a;
100 per cent above pre-war schedule (130
tes was drawn up to be completed in

1)-fzéars The first phase prograr111gl4¢6 gc;r

ores was drawn up 1n -47.
%)5-2 tcor addition of some works and the
i urease in prices, a revised programme
::I(l)(;ting Rs 20.53 crores was reported to
Govt. in 1950.

49, when the works

e i;[xhgullyzsvrinlgg, a financial crisis set
?vert‘ile State and the programme had
0 be kept in abeyance. With the start
f)of 'Sle National Five \%ﬁ;artPEI:qns, Yt?;:

its First Five

B %all;(i)cgreﬁ?gfuddéd works left over
ﬁlglx; Phase 1 of the Post War Road
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Development Scheme and certain addi-
tional works necessitated due to the
merger of certain states in U.P. This
Plan was to cost Rs 783.10 lakhs with a
total expenditure of Rs 522.36 lakhs up
to the end of 1955-56 and a spill over of
Rs 260.74 lakhs to be met during and
from the Second Five Year Plan.

During the plan period, necessity of
sanctioning some additional works was
felt and several works, outside the plan,
were also sanctioned.

A general appreciation of the works

taken up during the First Five Year
Plan 1s given below.

SECOND FIVE-YEAR PLAN

Atthe end of the First Five-Year Plan
the total cost of incomplete work was
valued at Rs 620 lakhs. Due to rise in
prices this figure has now risen to Rs 708
lakhs. These incomplete works now
form part of the Second Five-Year Plan

as continuing schemes. These ate now
nearing completion.

The Second Five-Year Plan now com-
prises new works costing about Rs 1,550
lakhs (revised figure) in addition to
the spill over of Rs 708 lakhs from the

First Plan. The size of this Plan inclu-
?1{(1% establishment charges is Rs 2,404
akhs.

Due to restrictions in annual

budget allotments, the targets originally
fixed for physical completion are not
being reali

‘ 1sed with the result that the
size of the next Plan is bound to go up.
The salient features of the Second Five-

Year Plan and achievements up to March
1959 are given below.

Apart from the road development
schemes being execut,

] ed under the second
Five-Year Plan, several schemes financed
by Govt. of India subsidy, loan or
Central Road Fund have also been taken
up as under :

(a) Unemployment Rs lakhs.
relief scheme .

. 254.84
(b) Scheme for roads

in border areas 54.00
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Achievements till the end of First Five-Year Plan

! ! Unemployment
Plan works = Works outside relief sqheme
| 1951-56 i\ plan 1951-56 | - costing
. ‘ Rs. 2.5 crore
\ 3 2 ~ |Comple-
‘Achieve-| Sanc- [Comple-| Sanc-

: ted
Target in, tup| tioned | ted | tioned | . o4
Items of works miles 2%92/5%1 lengths 1 length E length by 3‘35 6
1. Reconstruction
® rI;)zfizl metalled 329 324 76 50 57 9
talled hill | . o
®) t}gﬁltlr::erzcl)ads 70 91 257 178 121
(c) C.C. on P.H. routes 32 35 5 8 -
2. New Construction ‘
380 79
(a) Metalled roads 541 894 320 80
(b) C.C. Tracks and 180 148 76 2 —
painted roads 266 — — — _—
(c) 0.D.R’s and (2000)  (1346) — — —
V.R’s. 144 80 — —_— _

3. Miscellancous Items

(2) Improvement and
reconstruction of :

3 — —
(1) Metalled roads - 104 88 491 13

(2) Unmetalled roads 35 93 136 136 —_
(b) Metalling O.D.R’s. 80 150 246 37 —_— —

(c) New metalled roads 41 49 L — —
4. Decking of Rly. bridges 2 — — —_ —

5. Construction of new o _ B
bridges 9 7 61
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Second Five-Year Plan
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Continaing schoms

|
]
|

) . Ob T . Achievement
Sub-head of works . o, ... Achievement T tﬁl Plan Schoemes
L ' .l I"fl\,li‘(l}."lllll cup to Macch provision Plan targets | WP tlo(‘))_'](“r(’]‘ ' Remarks
vhie fla a0 39
1959 \
. o
Pt Cosi Bonuth - Coshe Longth Cosg Length Cost Length Cost
A. Reconstruction
(1) Local metalled 63 TR 61 3703 412 ISLI17  °13 69.12
roads y 68 28.00
(2) Hill bridle roads 167 1.32 111 8800 43 18.45 260 10.13 45 2.80
{3) Modernization 212 T2.65 18O 3457 164 188.83 245 102 35 8'7 65.‘)7
and improve- 2
ment
Total #7145 UA2 9310 1510 33825 720 18157 200  94.07
B. New Construction
(a) New wmetalled 324 1')3.12}‘ 415 20452 058 493,14 331 192 43 164.36 Note: A |
roads l4 5 . : ine
(b) Metalling O.D.R's 312 114+5 811 32080 376 148.00 }-72(:\) :];;(les pro-
- ITOSS on
{e) C. C. Tracks REA 94.90 108 30,00 — _ _ _ item B also
(d) Unmetalled roads 65 1331 48 SRL 300 2040 260 15 o .
/) Shramdarn roads - - - _ 100 2750 an 17’}?(} 7 5.51
() Govt. Estate roads — - — 95 10.00 10 5.”“ (B) N
(g) Maintenancoe of — -~ - — 360 7.50 300 5
Shramdan roads 7.50 - 1.02
— - e
Total 43 41643 5TL 24336 2503 SSL34 1357 386.36 340 17080
_—
C. Bridges
(i) Major bridges 41 130.30 9 ny79 S7T+8 33381 1548 149
(11) Suspension bridges 8 .61 $ 99.79 36 22,00 26 12';? 2} 66.80 .80
) . .80 are for
improve-
ment of
- e terries
Total. 49 132,91 29070 0248 355.84 4148 137 00 2 0680
— . * 10,
D. Other Works LS. 37.16 — 1379 LS, 7954 L.8.  48.00 - 1578
Cirand total. - T08.00 — 452,04 = 185793 — 779 93 34754
’ - 04
Less expenditure not - —~ - — — 2193 —* 9193
debitable to plan . - 211.93
Net. (708.00) A {1636.00) B 740,09 325.61
Estahlishment and - — - - Est.  (123.00) (C)  177.00 52.73
maintonance Maiutes
nance (107,50) 80.00

(A) Reduced to 696.94
(lf) Reduced to 1610.3¢
(C) Reduced to 121.01

Revised plan

Total 2428.25

P}an expen- 1599 ._—
diturep 523.54

Spill over 9(4.71
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(¢) C.R.F. schemes 122.08 lakhs

(d) C.C. Tracks or
painted roads
round sugar fac-
tories on contri-

butory basis 247.00 .,

(¢) Development of
backward areas... 99.50 ,,
Total 77742

NATIONAL HIGHWAYS

The State P.W.D. maintains 1397
miles and 3 furlongs length of roads
classified as National Highways (exclu-
ding portions lying within Municipal
limits) at the expense of Government of
India at a recurring cost of about Rs 52
lakhs on an average. A number of
development schemes are being carried
out on National Highways in U.P. as
under :

Rs lakhs

(a) Widening the carriageways 217.15
(b) Improving geometrics -21.29
(¢) Providing byepasses 91.37
(d) Consiruction of bridges :
including Pontoon bridges 751.85

“Approximately 25 per cent financial
progress has been achieved on these
development schemes to end of March
1959.

BRIDGES

The State is crossed by three big rivers,
viz., Ganga, Yamuna and Ghagra, apart
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total cost of Rs 945.796 lakhs provided
under various schemes. Out of these,
20 bridges have been completed and
work on 59 bridges is in hand.

Some of the most important bridges
are

(1) Ramganga Bridge (State High- -
way, Bareilly-Mathura Road)
Length: 2210 ft Cost: Rs 60 lakhs
(2) Bridge at Garhmukteshwar over
River Ganga
Length: 2308 ft Cost: Rs 77.97
lakhs
(3) Bridge over Sarju at Ayodhya
Length: 3354 ft Cost: Rs 182 lakhs
(4) Bridge over Rapti at Gorakh-
pur
Length: 1353 ft - Cost: Rs. 41.43
fakhs ‘
(5) Bridge over Yamuna at Ma-
thura ’

Length: 1050 ft Cost: Rs 28.81 lakhs

Border Area Roads

The State has a long border common
with Tibet or Nepal in the north. The
border common with Tibet is at a very
high altitude. Recentevents have brought
the problem of roads in these aréas
to the fore front and it is hoped speedy
action will be taken in the near future
to construct more roads in the border

‘arcas.

from a large number of smaller streams.

They flow in all directions north-south,
south-north, east and west. To make
the road system all-weather, it is abso-
lutely necesssary to construct a large
number of bridges, major and minor,
both in the plains and hills. Top priori-
ty is given to bridges. A katcha road
with bridges is more useful than a
metalled road without bridges.

It is proposed to construct 79 major

bridges of all types in the State at a

2%

THIRD FIVE YEAR PLAN

In view of the rapid changes that are
taking place in the country and their
consequential impact on the growth of
road traffic, the Committee of Chief
Engineers of the State P.W.Ds. has con-
sidered essential to revise the standards
laid down in the Nagpur Plan and the
20 Year Road Development Plan recently

finalised by them lays down revised
standards, :
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According to this Plan, the State of
U.P. should have the following mileages

Target anticipated at the end of the
2nd Five Year Plan :

1. Metalled roads 48,700 miles
14,000 miles.

2. Unmetalled roads 32,900 miles
25,000 miles.

This leaves a gap of 34,700 miles of
metalled roads and 7,900 miles of
unmetalled roads to be removed within
a period of 20 years. Besides this
addition of new mileage, reconstruction
of existing local metalled and unmetalled
roads, upgrading and widening of heavy
traffic miles, raising of road formations
and providing additional waterways to
the existing culverts and bridges, con-
struction of missing bridges on new as
well as existing roads and improvement
of road geometrics, etc., are also neces-
sary. It has been estimated that the cost

*“ The search for truth is in one way
For it iis evident that no one can mas
wholly. But each adds a littie bit to
and from all the facts assembled

grandeur”.
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of all the above items of work will

roughly 565 crores. An expenditure 2?‘
Rs 500 crores is anticipated in the next
20 years 1n four successive five year
plans in the following order.

. Cost of a ‘§.E 0 § ]
Period | Plan in g o % S E
| crores | <35 G ;é_‘a
1961-66 | 90 | o
1966-71 135 100 g(s)
1971-76 |
6/ 210 | 150 60
1976-81| 255 | 190 65
| )
Total 565 500 65

This expenditure follows
the sa
pattern as suggested in the 1961-81 Plrgrf

in respect of the all Ind;
Rs 5,200/ crores. ndia figure of

kard and another easy.
ter it fully or misg it
our knowledge of nature
there arises ¢ certain

—ARISTOTLE,
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ROAD DEVELOPMENT IN MADHYA PRADESH

P. V. DIVATIA, B.E., (Civil)
Cheif Engineer, PWD., B. & R. Madhya Pradesh

THE reorganized Madhya Pradesh,
comprising 43 districts, was formed
on the Ist November 1956 with the
merger of Madhya Bharat, Vindhya
Pradesh, Bhopal and Mahakoshal, and
has an area of 1,71,052 sq. miles, i. e.,
14.6 per cent of the area of India.
(See Map, Annexure I). The popula-
tion of Madhya Pradesh as per 1951
census is computed as 2,60,71,654.

This new State is a conglomeration of
numerous States, large and small, with
its attendant lag in all types of com-
munications. There were very few
through or inter-state roads and hardly
any bridges in the constituent units of
the State because construction of bridges
was costly and there was no common
agency to construct them for mutual
benefit. So, the new M. P. mherlt'ed
greatly dis-connected portions with
many enclaves of adjoining States like
Rajasthan, Uttar Pradesh, Bihar, Orissa,
Bombay through which one has to pass
for reaching other parts of Madhya
Pradesh. The capital of new Madhya
Pradesh at Bhopal has no direct road
links with different parts of the State as
in Bombay and Uttar Pradesh.

Thus, in 1956, the new Madhya
Pradesh started with initial shortage of
roads, missing links and almost no
connections with the new capital. This
State also suffers from insufficient
Railway mileage, absénce of water
communications and even air connec-
tions. From list December 1959, only
Indore, Bhopal and Gwalior have been
brought on the air map of India.

On the formation of the State in
1956, the position of road mileage was
as follows :

13

Cement concrete - 28 miles
Black topped — 1,680
Water-bound macadam 9,649
Unsurfaced, motorable 5,573
Municipal roads — 678

3
b4
2

b

Total 17,608 miles

Thus, surfaced roads were 12,035
miles and unsurfaced 5,573 miles.
(These figures do not include the Irriga-
tion, Forest, Janpad Sabha, Private,
and Community Development Block
roads).

By 1958, Madhya Pradesh had 18,192
miles of road (surfaced 11,095 and
unsurfaced 7,097 miles), excluding
C. D. Block Roads, Forest, Irrigation,
and Janapad Sabha roads. The roads
under Community Development were as
much as 13,297 miles (1800 miles pucca,
5,252 miles katcha and 6,245 miles
improved or repaired katcha). The
following table gives comparative inten-
sity figures for Madhya Pradesh and
India as a whole :

Madhya )
Parti- Pradesh All-India
culars
1956 | 1958 | 1956 | 1958
Road mile-
ageper 100

sq. miles. 110.30 [12.69 {21.70 {29.20

Population
per mile |1,482 |1,507 | 1,220 |1,134

The Nagpur Plan had envisaged
26 miles of roads per 100 sq. miles by
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H
1960, according to which M. P. should
have a total of 44,836 miles of roads
(16,692 miles surfaced and 28,194 miles
unsurfaced). Madhya Pradesh had thus
initially a large lceway to make up
before it came in line with the general
conditions in India and also further to
improve and considerably increase its
road progress from year to year.

Since the present M. P. has been
formed after merging 4 units and the
large unit of old C. P.and Bcrar (or
old M. P.) has been truncated and shorn
of 8 districts, it will be difficult to give
correct picture of the First Five Year
Plan of these units, their targets and
achievements.

In the Second "Five Year Plan of .

Rs 190.90 crores, the provision for
roads was Rs 12,0787 crores whereas
the estimated cost of the schemes was
nearly double, that is, Rs 23.992 crores,
which has since increased considerably.
But expenditure till the end of the Plan
will be about Rs 9.281 crores.

The physical targets against the ex-
penditure are as follows:

(a) New road coustruc-
tion (Metalled) 1,828 miles.

(b) New Road construc-
tion (F.W.R.) 862

(¢) Improvement of exis-
ting roads 1,805

(d) Construction of brid-

ges and Culverts 2,706 Nos.

(¢) Construction of rest
houses. 20 Nos.

During the 3 years of the plan,
physical achievements attained so far
are:

(a) New road construc-

tion (Metalled) 882 Miles.
(b) New road construc-
+ tion (F.W.R.)) 400
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(¢) Improvement of exis-
ting roads

(d) Construction of Brid-
ges and Culverts 376 Nos.

745 Miles.

(e) Construction of rest
houses, 3 Nos.

THIRD FIVE YEAR PLAN

As already indicated above, the heavy
leeway inherited has to be made up,
which is about 14 miles per 100 sq. miles
of the area, and which forms the main
objective of the Third Five Year Road
Plan of Madhya Pradesh. The financial
outlay of the Third Road Plan of
Madhya Pradesh to fulfill this objective
would be of the order of Rs 75 crores.

The objectives of the Third Five Year
Plan of Roads in Madhya Pradesh con-
forming 1o the above mentioned finan-
cial limits will be as follows,

(a) The physical targets :

| 1‘ Figures by the end
\

; .. Of Plan
: s |85 |5
No.  Items ;) 5?‘ ﬁ
. = o =
| ZE 25|28
; LB I o) O g o
E1E 13
Length  of | =
l. metalled
roads in
, miles 12,035{13,572 16,072
Length of 1
roads asp- 3
ha}ted (in { '
3 miles) | 1,690 1,900 3,700
Road mi- :
leage per :
10.0 sq. |
mile | 10.30 13.00 17.00

(b) Improvement of all existing
roads and bridges and asphal-
ting of all important roads,
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(¢) Construction of culverts, cause-
ways and bridges on existing
roads with a view to increase
their utility.

(d) Connecting Bhopal (Capital of
M.P.) with all divisional head-
quarters.

(¢) Construction of roads for
industrial development parti-
cularly Coal, Iron Ore, Bauxite
and Manganese.

(f) Construction of security roads.

(g) Connecting all district, tehsil
and block headquarters to
existing metalled roads.

(h) Construction of missing links
of the former interstatal roads.

(i) Asphalting of roads leading to
places of tourist interest and
metalling of roads leading to
places of pilgrimage.
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() Roads of economic interest
like in sugar cane areas.

(k) Completion of metalled roads
constructed under  Scarcity
Relief Programme where 80 per
cent work has already been
completed.

(1) In the overall programme,
every district has to get a pro-
per share depending on its
area, population and needs.

Madhya Pradesh is situated in the
heart of India with rich forest and
mineral wealth and abundance of food-
grains rice, etc. This State thus needs
to be opened out more and more by
better roads accessible from all parts of
India quickly to develop its potentials
for the benefit of the country. Third
Five-Year Plan of the State is, therefore,
ambitious.

(Continued from page 65)

Third Five-Year Plan works out to
Rs 21.50 crore. The All India Plan

- envisages the upgrading of 1,000 miles

of National Highways as *‘ Express-
ways ** by the end of the Plan period,
viz., 1981. So far as this State is con-
cerned, 45 miles in all are proposed to
be upgraded as ‘‘Expressways.” The
cost of conversion of these two stretches
into Expressways comes to Rs 720.00°
lakh at Rs 16 lakh permile as indicated
in the All India Plan.

The All India Road Development
Plan also contemplates upgrading some
of the State roads to the standards of
National Highways and the expansion
of the mileage of National Highways.
Under this scheme, nearly 1,040 miles
of roads are proposed for classification

- as National Highways for Andhra
‘Pradesh. 330 miles are proposed to be

so classified in the Third_Five-Year

Plan according to their importance.
The balance of 710 miles will have to
be taken up in subsequent plan periods.
A further sum of Rs 2,200 lakh has
been proposed for upgrading the exten-
ded portion of S.H.-V. road up to
Masulipatnam to National Highway
standard with two lane traffic and
cement concrete pavements wherever
necessary.

The overall cost of the Third Plan as
proposed for the State is Rs 45.07 or
Rs 45 crores. This provision, though .-
not fulfilling the entire requirements of

the State, will form the nucleus for
development of a harmonious and larger .~

road grid for the future. It is hoped

that, with the co-operation of all, it will ~
be possible to put through successfully .- .

the road development plans which will
contribute in a large measure to the:

welfare and prosperity of the State, 4 -

10 , : 75



M. S. AHMAD

© Chief, Transport &
Communications Division,

ECAFE, Bangkok

« THE World has shrunk > would be a

comment on the obvious. Thanks
to the phenominal development of trans-
port facilities during the last decade, the
remotest parts of the world can now
be reached in days, if not in hours:
As no nation is now completely isolated,
it cannot live or prosper in seclusion.

In the distance-annihilation process
land transportation has played an im-
portant role. Highways across Inter-
national borders have greatly increased
the opportunities for economic, cultqral
and tourist exchanges between countries.
They have facilitated balanced develop-
ment among peoples and have brought
them prosperity to which they aspire
and to which they are entitled.

Realizing the important role an ade-
quate system of international land com-
munications can play in the economic
social and cultural development of Asia,
the Highway Sub-Committee of the
Inland Transport and Communications
Committee of the United Nations
Economic Commission for Asia and the
Far East (ECAFE) at its fourth session
held in Bangkok in November 1958,
stressed the urgency for early action on
the part of governments to develop inter-
national highways in the ECAFE region.
The Sub-Committee felt that the time had
conft for the ECAFE secretariat to
undertake comprehensive studies of all

PHASED DEVELOPMENT

OF
ASIAN HIGHWAYS

aspects of the problem of developing an
international Asian Highway system and
to mitiate such action as might serve to
sun_nulate governmental interest aﬁd
facilitate development of international
road communications.

While reviewing the state of the high-
ways in the countries of the ECAFE
region, the Sub-Committee appreciated
Fhat it would not be possible to dev
immediately the entire network fa
within each country to the fyl] accepted
standards of international highways due
to the high cost and other factors in-
volved. I, therefore, recommended that
a few standards for development b
stages should be prepared and recom):
mendegi .that improvements, at least to
Fhe minimum - standard; should be the
emmediate objective. The higher stages
of de‘velopment should follow as fur%ds
permit and volume of (raffic justifies
The immediate aim should be the con:

sideration of linking exist;
1sting road
across borders. & systems

As the ECAFE re
connected by land

elop
lling

g1lon is vast in area,

: extendi
in the West to Viet-Nam ilir;l%ef?aTt 11;21‘12
S_ub-Com_mittee felt that many prob,lems
linked with the development of inter-
national highways could best* be con-
sidered by dividing the area into three
zofnes and examining the special problems
of each zone by convening meetings of
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expert working groups for each zone.

The first working group is scheduled
to meet in Bangkok to consider the road
network in the area covering Viet-Nam,
Cambodia, Laos, Thailand, Malaya and
Burma. The second working group will
meet in New Delhi to cover Burma
(western connections), East Pakistan,
India, Ceylon, Nepal and connections of
West Pakistan. The third will meet in
Lahore to cover West Pakistan, Afghani-
stan and Iran. The terms of reference
of the working groups have been laid
down as follows:

1. To consider the proposals sub-
mitted by countries within the
zone covered and recommend :
(a) the routes to be followed,
(b) the standards to be adop-

ted for such routes, and
on

(c) any other pertinent factor.

9

To consider and recommend
priorities of highway construc-
tion and rehabilitation.

3. To consider and make recom-
mendations on any other fact-
ors which would facilitate in-
ternational traffic.

In pursuance of the above recom-
mendations the ECAFE secretariat has
prepared some standards after careful
study of the standards for _roads and
bridges adopted by the.countries of the
region for submission to the zonal
meetings. While fixing standards, the
following factors were kept'in view :

(a) traffic density and its compo-
sition
(b) assumed design speed.

The traffic demsity will indicate the
number of vehicles (expressed in trans-
port units) which are expected to use the
roads within the next ten years. To
convert the number 6f vehicles using the
road into transport units, the total of
which would be a decisive factor in
highway classification, the following
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coefficients are proposed to be used:
(i) Cars and motor vehicles 1
(ii) Light commercial vehicles
(with axle load up to 5 tons) 1
(i1i) Medium and heavy commer-
cial vehicles (with higher

' axle load)
(iv) Buses and coaches’ 3
(v) Bicycles 0.5

The main factors determining the
design speed are the topography and the
volume of traffic. These two factors will
have to be examined in every case.

In view of the above considerations,
five classes of highways for international
traffic have been proposed. These five
classes can be considered as consisting
of two series: 1, I, V for all cases
where doubling of the carriageway
(separate lanes) is feasible without in-
curring a disproportionately high cost
(flat or rolling topography, cheap land,
etc.) and I, II, T11, IV for cases where
progressive widening of the road is the
only economically acceptable solution.

Class 1.  The simplest type of road—
for a traffic density not
higher than 10 transport
units per hour in both direc-
tions.

Minimum design speed :
60 kilometres per hour in
flat topography
50 kilometres per hour in
rolling topography
40 kilometres per hour in
mountainous topography
Carriageway:
Single-lane used for two-way
traffic, _

Class II.  The ordinary type of road—
for " a traffic density not
higher than 600 transport
units per hour in both direc-
tions.

Minimum design speed :

70 kilometres per hour in
flat topography

(i
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60 kilometres per hour in
rolling topography .
50 kilometres per hour in
montainous topography
Carriageway:

Two-lane for the two-way
traffic.

. The higher type of road—for
Class 11 a traflic density not higher
than 1,000 transport units

per hour jn both directions.

Minimum design speed : ‘
80 kilometres per hour in
flat topography .
70 kilometres per hour in
rolling topography _
60 kilometres per hour in
mountainous 'towpography
Carriageway:

Three-lane for the two-way
traffic.

. The higher type of road—‘—for
Class IV a traffic density not hxghgr
than 2,400 transport units

per hour in both directions.

Minimum design speed :
90 kilometres per hour in
flat topography
80 kilometres per hour in
rolling topography
60 kilometres per hour in
mountainous topography
Carriageway :
Four-lane for the two-way
traffic.

otorway for automobile
Class V- rlt-rh:i’frilz onlyy'for a traffic
density higher than 2,400
transport units per hour in
both directions.

Minimum design speed :
100-120 kilometres per hour
in flat topography
100 kilometres per hour in
rolling topography
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80 kilometres per hour in
mountainous topography
Carriageway :

Two separate ones, each
having at least two lanes and

being used for one-way
traffic only.

The above proposals are summarized
in tabular form in appendix together
with other design specifications pro-
posed with regard to width of lanes,
horizontal and vertical curves, sight

distances, gradients, width of shoulders,
and so on.

The expert groups will also consider
at their zonal meetings other aspects
such as, road signs and signals,
preparation of detailed highway maps,
frontier formalities (passports, visas
and customs regulations), entry of
private cars and other motor vehicles,
dimensions and weight of vehicles in
international traffic, international driv-
ing licences, facilities of through transit
for freight traffic, etc. Inthis connection
considerable work has been done by the
United Nations on frontier formalities
(passports and ‘visa regulations, health
regulations, temporary importation of
private  motor  vehicles, currency
regulations, etc.) A protocol on road
signs and signals was also prepared by
the United Nations and came into effect
on 20 December 1953. The following
countries of the ECAFE region are

signator_ies to the various protocols and
conventions:

1. Convention on Road Traffic—
Geneva, 1949
Entry into force: 26 March
1952 ......... Cambodia, Ceylon,
China (Republic), Federation

of Malaya, Laos, Philippines
and Viet-Nam.
2. Protocol on Road Signs and
Signals—Geneva, 1949

Entry into force : 20 December
1953......... Cambodia.

3. Convention concerning Customs

scmemaric MAP or proroses
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Facilities for Touring—New York,
4 June 1954
Entry into force: 11_September
1957.......- Cambodia, Ceylon,
Federation of Malaya and
Japan.

4. Additional protocol to the Con-
vention concerning Customs Facxhgles
for Touring, relating to the importation
of Tourist Publicity Documents and

Materials—New York, 4 June 1954

Entry into force : 28 June 1956
...... ).I..Federation of Malaya,
India and Japan.

ms Convention on the Tem-
pof';lryculsrtr?portation of Private Road
Vehicles—New York, 4 June 1954
Entry into force: 15 November
1957 ... Ceylon, Federation
of Malaya, Viet-Nam.

6. Customs Convention on the Tem-
porary Importation of Commercial
Road Vehicles—Geneva, 18 May 1936,
effective on 8 April 1959...... Cambodia.

The zonal meetings will ascertdin as
to what action is proposed to be taken
by other countries who are not signa-
tories to the international conventions.

The zonal meetings, at a later stage,
will also consider the question ‘of
developing telecommunications facilities
(along the inte}'national highways) where
they do not exist.
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in 1958 and in Tokyo in May 1959, the
Consultative Committee of International
Telephone (CCIF) and the Consultative
Committee of International Telegraphs
and Telephones (CCITT) prepared a
general inter-connection plan for linking
the various countries of Asia by metallic
circuits. Thisplan issuperimposed on In-
ternational Highway routes and is shown
in the map reproduced. It will be noted
that the International Telecommunica-
tion routes, in many cases, follow the
International Highways. Telecommuni-
cation facitilities provided along the
International routes would no doubt be
of great benefit to highway transporta-
tion. During the Second World War,
when telecommunication facilities were
expanded, a large number of important
telecommunication routes in India weré
constructed along the National High-
ways. It is understood that the new
coaxial cable for telecommunications in
India is also taken along the highways.

It is expected that the experts atten-
ding the Zonal Meetings would give due
regard to the requirements of telecom-
munications in the development of
Asian Highways.  Recommendations
such as the provision of ducts over new
bridges for cables and minimum separa-
ting distances for telecommunication
circuits for different standards of roads
will have to be made. Such co-ordina-
ted action will not only provide essential
facilities for highway traffic but will also

facilitate international telecommuni-
In Genevalin 1954, and later in Rome cation linkage. _
APPENDIX : L
Minimum Geometrical Design Standards for
International Highways in the ECAFE Region
1. Class of highway I 11 111 1v \"
2. Density of traffic: veh/h 10 6-300 201-353 250-600 more than
- per (in- 600
one both |
line directions) .
2
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3. Design speed: km/h

- January 1960

(a) flat topography 60 70 80 90 100-120
(b) rolling topography 50 60 70 20 100
(c) mountainous topography 40 50 60 60 80
4. Number of lanes 1 2 3 4 4 divided
5. Width of lane (m) desired 3.50 3.50 3.50 — -
not less than 3.00 3.25 3.25 3.50 3.75
6. Radius of horizontal curves
, (m) for design speed km/h v km/h minimum R m
40 100
50 100
60 100
70 150
80 200
90 250
100 300
120 500
7. Length of transition curves (m) should not be less than indicated in table
below :

V km/h Rm | 1500 l 1000 l 500 ‘ 300 | 250 200 \ 150 | 100
120 50 75 100 —_ — — _ T
100 30 40 80 140 — - o .

90 20 30 60 100 120 — . B
g 15 25 45 75 9% 110 — =
70 10 15 30 50 60 75 100 —
60 X 10 20 30 40 50 60 100
50 X X 10 15 20 25 35 50

8. Superelevation on curves
necessary when

9. Maximum superelevation

10. Extra width on curves with
radius less than

11. Minimum extra width on two lane
pavements for the curves with
radii

82

R below 1,000 metres

8 per cent

750 metres

00-550 (‘)N.itc})th (m)
500-400 050
350-250 - 0.60
200-150 0.75
125-100 1.00
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12. Minimum radii in vertical curves:

I 11 111 v \Y
(a) convex curves 1,000 2,000 3,000 4,000 V km/h R min
120 8,000
100 6,000
80 4,000
(b) concave curves 500 v 750 1,000 1,200 120 2,000
100 1,500
80 1,000

13. Non-passing sight distance (m) V km/h Minimum sight Vehicles in
distance surface both

directions
40 50 .
50 60 100
60 85 120
70 100 170
80 110 200
90 135 220
100 150 270
120 180
14. Increase in metres by down- V km/h Increase in metres by grades
grades in non-passing sight 3 6 8
distances per cent per cent per cent
40 v — 3 3
50 — 4 5
60 3 5 6
70 3 7 10
80 4 9 12
90 5 11 18
100 6 12 21
120 10 24 40
15. Decrease in metres by up-grades  V km/h Decrease in metres by grades
in non-passing sight distances 3 6 3
per cent per cent per cent
40 _— 2 2
50 — 3 3
60 3 3 6
70 3 4 7
80 4 6 0
90 5 7 12
100 6 9 15
120 10 15 21
83
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16. Maximum gradients in per cent

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

(a) flat topography

(b) rolling topography

(c) mountainous topography
Minimum width or shoulders (m)

(a) flat topography

(b) rolling topography

(c) mountainous topography
Width of road bed in m

(a) flat topography

(b) rolling topography

(c) mountainous topography

Side slopes
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1 I m v v
3 3 3 3 3
5 5 5 5 4
8 8 8 6 5

2.50 2.50 2,50 2.50 3.00
2.00 2,50 2.50 2.50 3.00
1.50 2.00 2.00 2.00 2.50

8.00 11.50 14.75 19.0d
7.00 11.50 14.75 19.00
6.00 10.50 13.75 18.00

The side slopes not steeper than 2 : 1 in cuts (except in solid
rock or other special soils) and in fills. Infills of 3.00 m or less, the
side slope shall not be steeper than 4 : 1

Minimum. width of right-of-way

Cross-fall of carriageway

Maximum length of portions with
great grades in metres

Note:—1f longer portions are necessary every 500 metres, a portion
should be introduced with the maximum grade of | per cent

I O m v v
20 20 25 35 49

Maximum 3 per cent

Grades
3-4 per cent 1000 metres
more than 4 per 500
cent

and the minimum length in metres:

Minimum distance between break
points of grades in metres

Minimum distance between two
serpentines (hairpin curves)
in metres

Design standards for hairpin curves:

I 11 1 v
100 100 150 200

I 11 m 1 \Y
100 100 150 200 250

I 11 I v
100 100 250 250

I nn IIl and 1V

minimum radius of basic curve m 15 20 30
minimum cross-fall in per cent 6 6 6
minimum length of transition curvem 20 25 30
extra width of carriageway in m 300 2.50 2.00
maximum grade in per cent 4 35 3
maximum speed in km/h 15 20 30

Minimum clearance
(a) horizontal

(b) vertical
84

At lea;t 1.00 metre from the

edge of carriageway., For
class I at least 1.50 m.

4.50 m,
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27. Railway crossings

Separation regardless of volume of
traffic where railway operation involves
two or more main line tracks. Where
the railway operates six or more regular
train movements on a single track,
separation may be justified regardless of
traffic volume. Where the railway has
five or less regular train movements per
day on a single track, separation shall
be made when an economic analysis
indicates justification. Where there is
no separation, adequate protective
devices are necessary.

28. Crossroads

Separation only for class V
highway.

29. Special paths

For classes 11, 11T and IV for pede-
strians and cyclists whenever a daily
volume of 500 pedestrians or cyclists is
reached.

For classes II, III and IV roads,
whenever the hourly volume of slow-
moving vehicles (animal-drawn vehicles)
exceeds 40, adequate lanes for this traffic
should be provided.

For classes II, III and IV roads,
whenever the hourly volume of animal
drawn traffic exceeds 100, adequate lanes
for this traffic should be provided.

30. Trams and railways

For classes II, III and IV excluding
carriageway, for Iand V excluded within
formation.

31. Structures
(a) Culverts

(Length between abutment 6.00
metres or less) Width of culvert
shall not reduce pavements,
median strip and shoulders.

i 85
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(b) Bridges

No modification of the characteristics
of the carriageway, if appropriate, of
cycle or footpaths should be allowed
over and under minor structures. The
clear margins should be retained.

Bridges should have a carriageway of
7 metres or more according to the
requirements of the highway.

Major bridges may initially be built
for one traffic lane only (i.e., 3.5 metres
between kerbs). Long bridges should
always be built for at least two traffic
lanes (i.e., 7 metres).

The minimum overhead clearance for

new or rebuilt structures should be 4.5
metres. .

Note: Extension of the alignment on
the approaches should not be less
than 10, 20, 40, 60, and 80 metres
for classes 1 to V respectively.

32. Special measures

Stopping and parking should be pro-
hibited on the carriageways of motor-
ways. In order to reduce stopping and
parking on the carriageways of the IV
class of roads, the following should be
provided off the carriageway for the
roads carrying more than 1,500 vehicles
per hour in both directions :

(a) lay-bys; their spacing being
governed by local factors such as
the number of adjoining proper-
ties and the volume of traffic.

(b) draw-ins for buses.

Lighting on sections carrying heavy
night traffic should be uniform and
adequate for motorized traffic to travel
without headlights.



BETTER ROADS

FOR BRITAIN

Rapid Progress Under the Current Programme

By

J. F. A. BAKER, C.B., M.I.C.E.,, M.I.Mun.E.
Chief Engineer, (Highways) Ministry of Transport and Civil Awiation, U, K,

THE Minister has recently pointed out
that we are now engaged on what is

probably the greatest road-building

programme the country has ever seen.

Let me say at the outset how exciting
and stimulating are the opportunities
which, ‘after the lean years from 1939 to
1954, now present themselves to civil
engineers and all others in Great Britain
who are concerned with the vitally
important field of highway engineering
and construction, whether they be w_1th
the Ministry of Transport and Civil
Aviation, Local Highway authorites, or
with consulting engineers.

Contractors for their part have been
very ready to tackle the constructional
problems involved and have shown
considerable resource and enterprise in
conforming to, and sometimes beating,
the rigorous contract times despite the
handicap of unfavourable weather during
the past summer.

OBVIOUS TO ALL

The traffic problems created by the
remarkable increase in the number of
vehicles on our existing highway system
are obvious to all and the justification
for the Government’s present road pro-
gramme cannot be denied.

The need for ceniral administration
and control of the most importapt of
the country’s through traffic routes to
ensure that the plans for the maintenance
and improvement of these roads were
based on a national policy was realised
.as long ago as 1936 when the first Trunk

Roads Act was vpassed. This was
followed by a further Act in 1946 and
as a result of these two Acts, the Minis-
ter became directly responsible for
about 8,000 miles of highways called
trunk roads forming a national system
of through traffic routes. The Special
Roads Act of 1949 was a further legisla-
tive step forward which gave highway
authorities, including the Minister of
Transport, powers to build special roads
which coyld be restricted to particular
kinds of traffic. The motorways being

built at present are examples
. of
special roads, P these

There. still remains, however, with
local highway authorities in Great
Bntqm a total of 180,000 mijes of
qullc highways of which nearly 20,000
miles are Class I roads of substar’nial
trgfﬁc importance, as well as 18.000
miles of Class II and 49,000 mile; of
Class III roads, also carrying through
traffic. The Minister stj] continues to
help local authorities financially with
grants of 75 per cent to Class | roads
60 per cent to Class IT roads and 50 pe;
cent to Class 111 roads. With these
substantial mileages of important traffic
routes, 1t will be seen how formidable is
the problem of comprehensijve improve-
ment and how necessary itis that an

agreed system of priorities be
based on traffic need. adopted

.The various Acts mentioned above
laid down provisions which must be
complied with before the Ministry can
build a new motorway or trunk road,
The line of route has to be advertised,
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details of the effect on side roads, etc.,
also published, and the necessary land
bought. There is provision in the Acts
for objections to be made to all these
things, and, if necessary, for the holding
of public inquiries. These statutory
processes are very time-consuming but
they have been designed to protect the
rights of private individuals, and, for
the most part, the time spent on them
could not be reduced except at the cost
of curtailing those rights.

LENGTHY BUSINESS

The long time needed to undergo
these processes does mean, however, that
the preparation of trunk road schemes is
a lengthy business ; in the case of a large
scheme it can take up to three years or
more. Some progress has, however,
been made with the speeding up of land
acquisition. Unlike most other com-
modities, land cannot be bought in bulk
at a lower cost, or with less effort, than
in small quantities. The Ministry of
Transport, as Highway Authority for
Trunk Roads, now has approximately
20,000 interests in land at various stages
of negotiation, each one of which has to
be the subject of individual attention.

The lengthy legal process of con-
veyancing has been dropped iu cases
where the value of the interest is small.
Entry on the land is also now being
obtained by using compulsory powers at
an early stage, while negotiations for
compensation may still be in progress.
Despite this, very little opposition has
been offered by landowners. There is
widespread recognition of the urgency of
the nced for improving our road system
even among farmers and landowners
generally whose interests are adversely
affected.

The need for Ilengthy preparatory
work limited the amount of construc-
tional work which could be started
quickly in 1954, and the consequent
relatively slow early growth of the pro-
gtamme largely obscured its real scope.
But the programme is now in full swing,
and important road works are in hand
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all over the country. In terms of
money, trunk road schemes in England
and Wales authorised in 1954-55 were
estimated to cost 8.6 million pounds,
while it is expected that trunk road
schemes authorised in the current
filnancial year will cost about 50
million pounds. In terms of work
being done, in trunk road schemes
each costing over 100,000 pounds
about 50 miles of new or improved
roads have been finished since the pre-
sent programme started, and about 200
miles are under construction. To main-
tain the tempo in spite of lengthy prepa-
ratory work it is essential to plan well
ahead, and this is being done, schemes
totalling some 850 miles of new or
improved trunk road, being under prepa-
ration at the moment. In addition,
local authorities are getting on with and
preparing classified road schemes for
which the Minister will contribute a
financial grant.

STRIKING A BALANCE

The programme has to strike a
balance between various conflicting road
needs. First, there are large-scale
works to modernise the whole network
of through routes; then the problem of
urban congestion must be tackled;
finally, as much money as can be spared
must be devoted to small, unspectacular
schemes needed all over the country,
but which, in the aggregate, make a big
contribution to the free flow and safety
of traffic.

The Minister of Transport has already
announced the pattern of the first part
of this programme. This is based on-
the following five major projects:

(1) An improved trunk road from
London to the north-east based
on the present Great North
Road. '

(2) A new motorway from London
to Birmingham and then the
north—west.

(3) Improvements of the two exis-
ting trunk roads from London
to the south-east, by-passing
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the Medway Towns (A2) and
Maidstone and Ashford (A2o).

(4) A road from the Midlands to
South Wales.

(5) A road from London west-
wards to London Airport, the
west of England and South
Wales.

It will be seen that projects (2), (4)
and (5) connect the important centres of
London, South Wales and the Midlands
by a triangle of roads, for the most
part motorways, while the industrial
north west is joined to it by a motorway
leading from the vertex in the Midlands.
Some of this network is at present being
built, some is in an advanced stage of
preparation, while some will have to
wait for the future.

Being built at present is the London-
Birmingham motorway, which includes
the Dunchurch by-pass at one end and
the St.Albans by-pass at the other, and
constitutes some 70 miles of motorway—
the first long stretch of motorway to be
built in this country, although work
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previously started on other relatively
short pieces built to this standard
(Preston, Lancaster and Stretford-Eccles
by-passes, all in Lancashire). At the
Birmingham end the Dunchurch by-pass
will run into A, 45, which will be dualled
all the way to the Birmingham boundary
while there will also be dualling improve:
ments at the London end. Altogether
there will be some 110 miles of connected
dual carriageway between London and

Birmingham. This is one sjde of the
triangle.

SOUTH WALES LINK

Another side of the triangle is the
connection between the Midlands and
South Wales. A key stretch is the Ross
Sppr motorway, of some 20 miles
being built from Ross to near Upton-on:
Severn. At the Weish end, the roads
into South Wales will be improved
including the costly improvements to the

Heads of the Valleys road A 46
consideration is being given t’ > Where

t ! outilising a
clfosed railway line. No further stretch
OF motorway, however, is planned.

Design for the Sittingbourne road bridge over the Maidstone B

Ansell and Bailey, consulting engineers Scott and Wilson,

y-pass (architects :
Kirkpatrick and Partners)
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At the other end, the Ross Spur will join
the projected Bristol Birmingham motor-
way, completing the connection with the
Midlands. The northern part of this
motorway from the end of the Ross
Spur northwards to Lydiate Ash, and
by-passing Worcester and Broomsgrove,
is in an advance stage of preparation.

The connection to the triangle from
the north-west consists of the Birmin-
gham-Preston motorway. The northern
part of this, from near Stafford north-
wards to join the Preston by-pass, is in
an advanced stage of preparation, and it
is hoped to start work on some of the
viaducts involved shortly. A motor-
way link between the Preston and Lan-
caster by-pass is also planned. Pre-
paration on the southern part of the
motorway is not as advanced, and the
line has not yet been established. It is
hoped to join it on to the top of the
Bristol-Birmingham road, and also
eveutually to connect it by a motorway
link running north of Birmingham to
the London-Birmingham motorway.
This lies in the future.

Base of Triangle

The base of the triangle is the project-
ed new London to South Wales road.
For the most part this lies well in the
future, but detailed preparatory work is
going ahead at the two ends, London
and South Wales. At the Welsh ;nq,
preparation of the Severn Bridge is in
hand, but no date can be fixed for the
start of constructional work on the
bridge. This will have to be phased
with progress on the Forth Bridge. At
the London end, two major schemes
are planned.  The first is the Slough-
Maidenhead by-pass to be built as a
motorway and the second a motorway
from the Chiswick flyover at the end of
the Cromwell Road Extension to join
this by-pass. It is proposed that part
of this should be built as a two tier road
along the Great West Road for, length
of about one and a half miles, and that
further west it should have a connection
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to London Airport by means of a tunnel
under the Bath Road.

Work is rapidly going ahead on pro-
ject (1), the Great North Road, and in a
very few years it is expected that the
whole of the 267 miles between London
and Newcastle will be dualled, including
many new by-passes, except for about
35 miles of existing three-lane single
carriageway. Ultimately, it is planned
to dual this also.

The biggest scheme on project (3)
is the Medway motorway, some
25 miles long. The line of this has
been advertised, but there are more
statutory processes to be undergone
before work on this scheme can start.
A2 on either side of the motorway will
be improved, but will remain general
purpose.

The second part of the programme,
the removal of urban congestion, is also
going ahead. Road construction is only
part of this campaign butis the only
one discussed here.

LONDON SCHEMES

In the London area, much work is in
evidence. The important Cromwell
Road Extension is an obvious example
and will provide an urgently needed
new road from central London to
London Airport and the West.. Dual
carriageways have been constructed on
Western Avenue and the underpass
being built at Hanger Lane at the
junction of Western Avenue and the
North Circular Road will speed traffic
flow at this extremely busy intersection,
On the Kingston by-pass work has
started on the underpass at the junction
with the Leatherhead Road at the Ace
of Spades. In the L. C. C, area, schemes
under way or planned are the recon-
struction of the junctions at the Elephant
and Castle, Notting Hill Gate, St.
Giles  Circus,  Holborn/Kingsway,
Harrow Road/Edgware Road/Maryle-
bone Road and Gardiner’s Corner. In
the City, bombed sites have been cleared
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Meriden By-Pass

and work has begun on a wide thorough-
fare, which is part of the new east-west
Route 11, and which will incorporate a
large underground car park. Work on
the Dartford-Purfleet Tunnel is pro-
gressing steadily, and planning is
well advanced on a second Blackwall
Tunnel. *

HYDE PARK CORNER

Several schemes are being prepared to
improve the route across London from
Western Avenue to the City and theeast.
Flyovers and underpasses are to be built
at congested junctions where this 1s

possible. An underpass s i
designed at the Blackfr%ars Bridgegg;rzig
and another for the most amb S
scheme of allin London, the recon
tion of Hyde Park Corner, Park
and Marble Arch. This und
run in two tunnels between
and Knightsbridge and acc
two lines of traffic in each
The whole scheme wil
million pounds.

itious
struc-
Lane
erpass will
Piccadilly
ommodate
direction.
1 cost about 5-1/3

The provinces are not bein
Many important cities and
begun work, or hope to d
next year or two, on inner

g neglected.
towns have
O 80 in the
Ting roads,

A three-pin arch type, reinforced concrete footbridge over the motorway
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relief roads and bypasses at a cost of
many millions of pounds. Most
notable of these are Birmingham,
Manchester, Nottingham, Huddersfield,
Newcastle, Leicester, Wolverhampton
and Swansea.

Local highway authorities are pri-
marily responsible for these urban
schemes, the Minister helping finan-
cially. These schemes need careful
planning, and it is the Government’s
policy to try to keep the highway
authorities informed two or three years
in advance of the schemes which are
likely to be accepted for financial grants.
In this way, work can be carried out
steadily and smoothly and highway
authorities are enabled to forecast their
outlay and their employment of staff
and labour.

In other areas as much work as
possible is being done on both trunk
and classified roads with smaller schemes
designed to remove bottlenecks, improve
traffic flow and provide greater safety,
while minor widenings in conjunction
with resurfacing works are undertaken
whenever practicable. It is realised,
however, that, with first priority being
given to the projects mentioned earlier,
authorities elsewhere have important

Laying Cem-Mix by Barber-Greene Spreader
in the forest section of the Ross-Tewkesbury
Motorway (Contract No. 1)
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schemes which they are anxious to tackle
as soon as it is possible, but for which
funds are not at present available.

A road programme of the present
magnitude which is now looking so far
ahead makes great demands on trained
engineers, particularly in the preparation
stage. County councils, who normally
act as the Minister’s agents for trunk
road works, and highway authorities
generally, are doing splendidly in
keeping to the stringent time schedule
needed to keep the programme moving.
But there is no doubt that they are, in
many cases, heavily taxed. The Minister
is making some use of consulting
engineers, particularly on large projects
such as the London-Birmingham motor-
way where the road passes through
a number of counties and for the
Medway towns motorway and also on
big bridges such as those at Queenhill
on the Rose Spur. Local authorities
are also using consultants occasionally
on their own schemes where the volume
of work is too heavy for their own
staff.

MODERN THINKING

The standards of design and layout of
the new and improved roads of the new

]

Ross By-pass —Wve Flood Plain." Four'of the ;
flood arches under construction over which
the embankment will be built up
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and improved roads are in accordance
with the best current thought and
practice. On the motorways there will,
of course, be complete grade separation
by underpasses or flyovers at all road
intersections and a total prohibition of
direct access to the motorway. On
some of the trunk road by-passes, the
opportunity will also be taken where
practicable to provide grade separation.
This has been done, for example, on
the Ashford by-pass, which was opened
to traffic over a year ago. In rural
areas particular attention is paid to the
need to obtain suitable alignment and
treatment of the new roads so that they
will be in harmony with the landscape.
Close liaison is maintained with the
Landscape Advisory Committee on
these matters and they are consulted on
all motorway and trunk road schemes.
The aesthetic features of bridge design
also receive particular attention and the
designs of all important bridges are
submitted to the Royal Fine Art
Commission for their approval.

The design, specification and type of
construction for the carriageway work
will depend on site conditions and the
availability of local materials, the
appropriate specification being selected
from the Ministry’s comprehensive
revised Standard Specification recently
published and which was prepared in
consultation with the Road Research
Laboratory, the Federation of Civil
Engineering Contractors and many other
interested bodies. This arrangement
ensures that the methods of construction
accord with the latest practice to suit
modern traffic needs and will be as
economical as is possible. Tenders are
frequently invited on  alternative
specifications before a final decision is
taken.
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SPEEDY METHODS

Present-day methods of highway
design are directed to making the most
effective use of modern plant and equip-
ment and differ substantially from those
in use before the war. There have been
great advances in mechanisation at the
quarries, at the mixing and batching
plants, in earth-moving €quipment and
I paving machinery for the carriageway
construction. All these developments
enable construction to proceed with
greater speed and at a higher standard of
quality and efficiency than ever before
Whether the carriageway construction ié
m concrete or ““black top** surfacing
the latest machines ensure riding qualit):
of a far higher standard than wag

possible, with the methods available
20 years ago. '

So far, this country has had no direct
experience of motorways, although the
movement of traffic on such roads
abroad has been studied with care. The
first stretch of motorway here .to be
finished will be the Preston by-pass at
the end of this year and €xperience will
be gained of drjver behaviour ang in
such matters as lighting, signposting
safety markings, etc. The opportunity
is also being taken to impose specia){

regulations for a year to gee
regul: how they

When all these

proposed
and other road ; motorways,

schemes now being

prepared, are finished in the next few -

years, there will be hundreds of mjjes ;

this small island of new apg inr::)ll!gi/ég
roads providing free flow and safe
conditions for traffic which will compare

favourably with anythin ' CC I
; ex
other countries. £ existing in

(From “The

Finanei
November 10, 1958) nelal

Times,

C. W. GILCHRIST, O.B.E.

Managing Director, Canadian
Good Roads Association -
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CANADA today is in many respects

unique among the countries of the
world. 1ts 10 provinces and two terri-
tories extend over an area larger than
that of any other nation except its
neighbour across the polar regions—the
U.S.S.R. Its history, dating back to
the arrival of John Cabot, in the late
15th century, is only a brief hour in the
years of Asian or European civilisation ;
yet it is, in this mid-twentieth century,
one of the leading middle powers of the
world.

To a much greater extent than most,
Canada depends for its economic deve-
lopment and political unity on efficient
communication and transportation.
The earliest exploration of the country
was made possible by the presence of
vast systems of inland waterways.
Settlers followed in the wake of ex-
plorers, established their homes on the
shores of Canada’s Great Lakes and the
rivers flowing into them. Even today
most of the major metropolitan centres
are situated on large bodies of water.
The largest city of all—Montreal—has
grown up on an island in the St. Law-
rence River. It is the largest inland
seaport in the world.

In the 19th century railways became
the chosen instrument of colonization.

HIGHWAY DEVELOPMENT

IN
CANADA

The Canadian Pacific Railway crossed
the flat prairie lands, climbed the Rocky
Mountains and descended into the
Province of British Columbia. Wave
after wave of colonists followed the
railways, settling on the homestead
lands provided by the recently created
federal government.

At the beginning of the present cen-
tury, man devised another means of
transportation—the motor  vehicle.
The Cinderella of the Canadian trans-
portation story, motor transportation
has, within the past decade, threatened
the supremacy of both its predecessors.

Today there are 4,500,000 cars, trucks
and buses on Canadian roads and
streets—more than twice the number at
the close of the Second World War. This
year these vehicles will travel 40 billion
miles. Canadian drivers will add more
miles to their speedometers than any
drivers in any other country in the
world except the United States.

The waterways and the railroads broke
down the formidable geographic barriers
of Canada, consolidating the five totally
different economic regions of the
country. The Canadian transportation
system now serves as one of the most
potent factors in uniting this nation of
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17 million people scattered over an
area of almost four million square
miles.

Building and maintaining this vital
network of roads, streets and bridges has
imposed a heavy. financial burden on
Canadians. This year Canadian govern-
ments together will spend a total of 1
billion dollars, 44 million dollars on
improvements to the road systems of the
nation. The total is a new record in
the history of Canadian and represents
an expenditure of about 250 dollars for
every family in Canada.

Among the countries of the free
world, Canada and West Germany vie
for second place in the amount of their
annual expenditure on road and street
improvements. In the first place is
Canada’s neighbour to the south, the
United States.

The Act of Confederation left vir-
tually the entire responsibility for roads
and streets to the provincial and muni-
cipal governments. In the last century
all rural roads were built, maintained
and financed locally, with the exception
of a few military works.

Around 1910 the burden on rural
municipalities became too great, and
roads became so important to the
economy that some provincial aid and
technical assistance was begun. In the
1920s, provincial highway departments
were formed, taking over responsibility
for the most important roads linking
major population centres. However, a
vast milage of low-volume roads was still
left to the municipal governments. The
burden of this responsibility was very
great and the tax resources of the muni-
cipalities inadequate. Hence, over the
years provincial aid has been given to
the municipalities for road construction
purposes.

In five of the provinces all of the rural
roads have now been taken over by the
provincial highways departments, thus
~ removing the rural municipalities from
the road building business in those
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regions. In general, throughout Canada
urban municipalities have maintajned
complete financial and jurisdictional
respon31b111}y for their street systems
How-eyer,' In every province the urbari
municipalities recejve some sort of

financial assist
] ance from theijr i
cial governments. provin-

The federal gover
leder nment const
and mamtains roads in nationaj ;;rcl:z
ztmq in th%v N(})lrth-west and Yukon Terri
ories. it these exceptj .
ons,
federal government has ne?/er ente:(l:g
the road bu.lldmg business €xcept to
make financial contributions

4 i ] towards
certain - specific  projects i

( . of na
interest.  These will ~ be discussctagmiarl

greater detail in a moment,

The provincial governmen

the major road builders itr?’ tggrrln,ag;e
Combined, the municipalities are next.
fol!owed by the federal government.
This year the total expenditure of ali
governments on roads in Canada

fed_eral, provincial and municipalu'ﬁ
estimated at a new record high. For thl:

first time in histor it wi
billion dollar mari.l *ill go over the 1

Only two categori
' gories of governm
gxpcndlture are higher thap the out?:srl1 t
or roads and streets—national defencey
>

and what j
welfare. Tllfe senerally termed social

ment insurance, relief old
} s age 1
fa1(11n]¥ allowances and othersg Preilr::lr(:;sci
and street expenditures are eane:
¢ consid
larger than any of these single iter:l:;ably

This year the ig incj
. Provineial -
ments will spend 64 per cent %(:Vet’:éIO
million dollars, of the natio;l’s total

expenditure on roads and

. s i
c1pa_1 governments o, HMuni-
million dollars, rough

cent, or 116 million doile;?:,ming t per

In the past, the ex i
. penditures of in-
cial—and to a lesser extent fegégglli
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In the Canadian prairies highway construction is relatively simple, the terrain fiat.
This vista from a helicopter in the Province of Saskatchewan sweeps to the
horizon. The highway is typical of most of the three prairie provinces.

government funds have invariably been
concentrated on the construction of
inter-city rural highways. This preference
has arisen, naturally, from the wide dis-
persion of the Canadian people over the

great area and the correspondingly great

distances between the principal urban
centres. The results of this concent-
ration are now apparent in the gene-
rally high quality of the rural highway
systems throughout the nation.

Persistent increases in the number of
vehicles using these highways, and in the
speed of these vehicles, seem likely.
This will ensure the continuation and
even acceleration of the rural highway
construction program.

Until recently, the wurban street
problem has not been particularly acute,
However, in our major cities we now -
find that the street systems are incapable
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Congestion on city streets has become one of the most complex and pressing
problems of Canadian governments. Here, road traffic gluts one of the
old streets in Montreal, Canada’s biggest city

of accommodating the large volumes of
traffic which have developed in recent
years, and the pavements are failing
under the heavy loads. Inadvertently,
we have neglected our urban street
systems by not foreseeing the problems
and providing for them.

Two factors have contributed to this
neglect. The first of these is the urgency
of building intercity highways, which I
have already mentioned. The second is
the relatively weak financial position
of the municipalities in comparison with
the other two levels of government.

Although approximately half of the
40 billion miles Canadians will drive
this year will be on urban streets, only
one quarter of the national aggregate
expenditure will be made on these
heavily travelled thoroughfares. The
municipalities, whose only source of
revenue is a tax on real property, are
severely restricted in their financing of

street improvements b
y the growin
demand for other municipal services. ;

_Traffic congestion in i
cities is a relatively recerrlrt‘ (l))sﬁencoz:;):dlan
Larger centres such ag Mont?ori'
E?rt%?% ra‘t‘)? Vancouver seek a solut?gli

oblem in i
through the heart of ft)l? ::eif;\zgﬁsi: mune
cipal parking lots which ciear the stmrlén;-
Ot;l pahrked cars. Sxpaller centres i:t;
;:/) 01{(: fconge;tlon 18 slowly cre’eping
conditig;war'l’hto a steadily worscniné
Canada’s .Econgm%g )I"a:-los(ll):nzmissié)n v
In its recent report e e
government, that (Il)anadtao’s ::?ganf%d:;ﬁl

lation wil aca
years. 1l double within the next 25

In the light of th
meal construction
correspondingly te
congestion, which
undertaking,
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urban congestion continues to increase,
as it almost inevitably will, the cost of
meeting even the lowest standards of
driving and parking convenience will
soar beyond the realm of economic
possibility for the municipalities.

A third factor in the planning of the
Canadian road budget is the growing
necessity of providing road transporta-
tion into the unexplored regions of the
northland. The need for inter-city high-
ways and relief from urban congestion
is felt in most of the countries represented
here today. Few countries, however,
are faced with the problem of providing
roads for an undeveloped region as
rugged as the Canadian northland.

Frontier roads into the Yukon and
Northwest Territories will provide the
means for tapping great natural resour-
ces of timber, oil, lead, zinc, coal and
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other minerals. A pattern for the future
development of this region, which
represents 39 per cent of the total area
of Canada, is now emerging. The
federal government, which has jurisdic-
tion over the Yukon and North-West
Territories, has greatly increased its
expenditures in these areas during the
current year.

Of the three levels of government
sharing authority for the provision of
roads in Canada, the federal govern-
ment has always been the least active in
the field.  The power granted it by the
Act of Confederation to provide for
““other than local undertakings” is
capable of exfremely broad interpreta-
tion.  Nevertheless, the Canadian
Government has never seen fit nor found
it desirable to assume the aggressive
leadership in the road transportation

Winter construction makes Canadian road construction costly and a challenge
to enguecrang sxail.  1n e City o1 Octawa, the nation’s capital, temperatures
range from 40 degrees below zero Fahrenheit to 90 degrees. Here, a construction
crew is in the initial phases of bridge construction in the capital city in the dead

of winter
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More roadbuilding equipment is being used
than on any single construction project in

field that the central governments of
some other nations have shown—most
notably the Government of the United
States.

This lack of participation in the high-
ways programs by the federal govern-
ment has probably resulted in the fact
that in 1958, almost 100 years after the
joining of the provinces into the Domi-
nion of Canada, we are still working
on the construction of our first trans-
continental highway.

The first coast-to-coast journey across
the Dominion in a standard passenger
car was not made until 1946. Today,
although less than half of the Trans-
Canada Highway is completed to speci-
fied standards, it is possible to make
the journey in comparative comfort by
making use of alternate routes.

The Trans-Canada Highway has
98

on the 5,000-mile Trans-Canada Hj

Canadian history,

the Highway in Banff National Park, just two miles east of the resort
town of Banff, Alberta, in the Rocky Mountains,

ghway
Here work proceeds on

stood, until now, as the mos

the federal government’s co;tr:(i)lﬁﬁtt)i]g o
in the roadbuilding field.  Direer fug’
ral expenditures have been limited to thé
construction of roads withijp national
parts, in the Yukon and Northwest
Territories, and-to the maintenance of

the Canadian sectjo '
Hlighoan n of the Alaska

In 1919 the federal
a series of grants-in-
tructionN of . primary
ways. Ine years later, w
of 20 million dollars set aslilfziial tthoer Stm
purpose had been paid to the provinces
the grants were abandoned. More
recent grants, including those for the
Trans-Canada Highway (to cost about
three-quarters of a billion dollars and to
be shared by the federal and provincial

governments), have been limit
. : ed
few specific projects. o2

government began
aid for the cong-
provincial high-
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Within the past few months the posi-
tion of the Dominion Government with
respect to highways has shown signs of
an approaching transformation. The
demand for increased federal partici-
pation in roadbuilding is growing. The
political party now in power in Ottawa,
headed by the Prime Minister, the Right
Honourable John Diefenbaker, assu-
med office with a backlog of pre-
election promises of more substantial
aid. Since then it has moved towards
implementing this program by introduc-
ing a scheme whereby it would share
with the provinces the cost of const-
ructing development roads into areas of
proven natural resources. This roads
to resources program has already resul-
ted in a 49 per cent increase in the
federal roads budget.

The matter of delineating federal,
provincial and municipal responsibility
in roadbuilding, or in any other field,
is an extremely controversial one in
Canada, as it is in most nations with a
federal system of government. Those
who advocate increased financial
responsibility on the part of the federal
government point out the need in
Canada for planning on a national level
of a co-ordinated network of high-
standard highways.

They stress the necessity of relieving
the provinces of the great financial
burden placed upon them by the motor
age by making the vast tax resources of
the federal Government accessible to
them. Federal aid, they say, would
also tend to make the growth of the
road systems across the country more
uniform by equalizing the financial
burden among all areas, some of which
are less prosperous than others.

Those who oppose the expansion of
federal aid fear.the spread of federal
influence into the spheres of secondary
roads and the loss of regional autho-
rity which might result. They argue
that centralization would remove the
problem too far from those familiar
with it for efficient solutions and might,
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at the same time, result in a consider-
able increase in construction costs
because of possible administration
delays and duplication of effort. In
spite of these and other difficulties that
can be foreseen, it now seems that the
federal government will probably
become an increasingly important
factor in the development of the Cana-
dian road and street systems.

These are encouraging signs for all in
Canada who are anxious to see the
financial and jurisdictional roles of the
federal, provincial and municipal
governments in the roadbuilding sphere
clarified.

The constitutional tangle created by
the Act of Confederation has been the
cause of considerable difficulty. Most
of all, it has been one of the chief
deterrents to the establishment in
Canada of a comprehensive, co-ordi-
nated, national transportation policy.
A second factor contributing to this
deficiency has been the extremely rapid
growth of the motor transportation
industry itself. .

This lack of a national transportation
policy embodying provisions for guid-
ing or fostering the orderly development
of highway transportation has also
helped to create several anomalies within
the highway industry itself.

Not the least distressing of these is
the absence of accurate and meaningful
data on the nation’s highway systems.
Little knowledge of the full extent to
which roads and streets are contributing
to Canadian social and economic
achievements can be obtained from the
statistics now available. It is only
within the past 13 years that special
reports have been made on Canadian
road and street milage and on govern-
ment expenditures on these roads.
These highway reports are now
published annually by the Dominion.
Bureau of Statistics, Canada’s clearing
house for all statistical information.
This has come about throygh the close
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co-operation and assistance of the
Canadian Good Roads Association.

The latest report indicates that there
are some 453,000 miles of rural roads
in Canada. The significance of this
figure is, however, somewhat limited
because it probably includes upwards of
50,000 miles of unimproved or unused
road allowances provided for in the
land surveys of the provinces of Saskat-
chewan and Alberta.

While the report provides-a classifi-
cation of Canadian roads and streets
according to their surface type, it
makes no distinction between the various
functions which these roads fill. The
situation is changing, however. This
year the Dominion Bureau of Statistics
will distribute new reporting schedules,
prepared in co-operation with the Cana-
dian Good Roads Association, to pro-
vincial and municipal governments. In
these schedules eight categories of roads
and streets, distinguished primarily by
their economic purpose in the provincial
or national scheme, will be recognized.
The information gained from these
reports will contribute immeasurably
to the assessment of the road transport-
ation picture across Canada. At the
same time, these reports will undoub-
tedly prove useful in planning the future
development of roads and streets in all
provinces.

There are many problems arising in
Canadian roadbuilding which require a
Canadian solution. Inevitably, the
proximity of the United States has
coatributed to the parallel develop-
ment of highway transportation in the
two countries. The mechanization of
the road construction industry in
Canada, for example, has proceeded
apace with similar progress in the
United States.

There are, however, striking diffe-
rences between the highway - industries
in the two countries. The Canadian
climate and geography have, in fact,
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created problems which are encountered
in few other countries.

There is, for example, no region in
Canada entirely free from the problem
of snow clearance. The amount of snow
that may fall in a single year 'varies
widely—anywhere from 144 inches at
Goose‘Bay, Newfoundland, 1o 10 inches
at Victoria, British Columbia—but
regardless of its depth, cities and towns
find it necessary to maintain equipment
for its removal. Within the past decade
improvements in this equipment have
made winter travel in Canada almost as

reliable as at any other t;
o y time of the

This feat is not accompi; i
considqrable expense, pllls‘g:d V‘:Itllr]x?x‘;;
expenditure on snow ploughs, blowers
sand and chemical stockpiles ’cuts hea-
vily into the Canadian highway dollar
reducing the amount which can be spent’:
on the construction of new roads
Almost one-third of the total national
budget for the current year wij] be spent
on the maintenance of existing roads
A large part of this sum will be used to

keep roads and
streets free i
SOW. of ice and

Other problems pecyliar t ‘
anse’from geological conditigngan’%ﬁi
dommal_lt feature of Canadiar;
graphy is the Laurentian an,
Shield, an area of hard
with scant soil cover.
covers one-half of
area. Within this,
faced with_extremely
Sive construction, inc)
tion and areas of my
consists of decayin
underlaid by either
ground and saturated with water
Because of its prevalence, muskeg is a
source of constant trouble to Canadijan
roadbuilders as it must generally be

removed and replaced :
foundation materia}). by suitable

1gneous rock
This land-form
the country’s entire
the road builder js
hea}vy and expen-
uding rock excava-
skeg. This muskeg
g oOrganic matter

A second Canadian problem, that of

frost heave and frost action in soils,
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presents even more serious difficulties.
The conditions for frost action are
present in every part of Canada. This
creates great technical problems in
recognizing and treating such condi-
tions, and the special designs for pave-
ments and structures necessitated by
these conditions are extremely costly.
In developing our north we must cope
with the permafrost conditions in road-
building. These again necessitate diffe-
rent design practices and costly cons-
truction,

All these are essentially Canadian
problems and their prevalence in
Canada makes their solution by
Canadian agencies imperative, although
they do occur in other countries.

Road research as a highly developed,
nationally co-ordinated activity is in
its infancy in Canada. The pace of
Canadian research, however, has acce-
lerated. This year it is estimated that
I million dollar will be spent by
Canadian agencies on the advancement
of knowledge in the highway field. The
total-—one-tenth of one per cent of the
national outlay on roads and streets
this year—is not large in comparison
with the amount which other industries
spend on research, but it is far larger

"~ than had been thought possible a few

years ago, when the Canadian Good
Roads Association first ‘began to advo-
cate increased research, and it is increa-
sing steadily.

A second advancement in road build-
ing, which is closely related to research,
is the increased emphasis which is being
placed on long-range planning. Pro-
vincial and municipal governments
alike are beginning to appreciate the
need for planned development of their
road and street systems. Experts in the
highway field have predicted that a
continually increasing population, ear-
ning substantially higher incomes, will
own and drive more than twice as many
vehicles in 1980 as in 1958.

In anticipation of these demands for
road service, two provincial govern-
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ments have created special planning
branches within their highway depart-
ments. A leader in this field is the
Province of Ontario which is now
entering its second yeasesim

planned program fof"Qa
development. The fire
chewan is also prepas

upon a similar scherye.

NL
The larger municipghtxes have- also
recently begun to plot the course of
future urban roads during 846 and
10-year periods rather than ORsa year-
to-year basis. Many of~thes ;
including the two large
and Toronto—and the natig;
of Ottawa, have invested heavily in
developing plans for the future rede-

velopment of the entire urban area.

If the roads and streets, not only of
Canada but of all other nations, are to
prove adequate for the traffic they will
carry 15 or 25 years from now, this
process of applying all the technical
resources at our disposal to their plan-
ning must be accelerated.

Planning will be no less vital to the
development of the Canadian northland
than to the more heavily populated
southern regions of the country. The
opening of this great storehouse of
wealth will proceed in an entirely
different fashion from highway develop-
ment or redevelopment in the populated
regions. New planning criteria will be
used to realise the maximum potential
of the Canadian north.

N

In the first place, a balance will have
to be achieved between all forms of
transportation—water, air, rail, road
and pipeline—before exploration and
exploitation can become economically
feasible. In this area, where the
economy is based on non-renewable
assets, roads can be expected to play a
particularly important role. To accom-
modate the quickly changing patterns
of explorationand settlement these

13 10i D)2, N b &
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roads will undoubtedly be built at as
low a cost and to as low standards as
possible. The day when modern high-
ways cross the Canadian Arctic, if it
ever arrives, is a long way off.

There still remains a great deal to
Jearn about the north—its geography its
economic potentialities and the means of
conquering and living with that some-
what forbidding country. Already

enough is known, however, to realise

that Canada stands on the edge of a
new economiic era.

A somewhat tardy beginning has
been made in the co-ordination and
integration of the nation’s highway

As professional men we must believe that  truth
inevitably prevail. If our cause is true, if w
mission with sincerety adhering only to fact
ments, if we make it to the proper autho
manner, and if we have patience to persist in
This has been

backs, we will be successful.
the Institution.

—“THE JOURNAL OF TH
OF ENGINEERS, AUSTRALIA, *
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systems. Although it is not yet com-
plete, the Trans-Canada Highway has
greatly helped this situation and has
deﬁ_mte]y stimulated the flow of motor
vehicle traffic from east to west across
the nation-—indeed, is already contri-
buting greatly to national unity,

The provincial highway systems of
Canada will soon be a co-ordinated
network of transportation arteries to
serve the entire nation. With the
research and planning now going into
these roads, I have every confidence
that they will serve our nation efficien-
tly and will play the leading role in

Canada’s economj
ic development j
years to come. P in the

will
€ prepare our sup.-
s and sound argu-
Fity in the proper
spite of initial set.
the experience of

) E INSTITUTION
DECEMBER 1958,
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Ontario, Canada.

W. J. FULTON, P.Eng.,
Deputy Minister of Highways, QOntario

ON behalf of the Ontario Department

of Highways, I wish to extend most
cordial congratulations to the members
of the Indian Roads Congress on the
completion of 25 years of constructive
activity in the interest of better public
transportation.

In Canada, as in many other parts of

the world, great progress has been made
in the construction and maintenance of
better roads and streets during the past
few decades. This is particularly true
of Ontario which is the most central of
Canada’s ten provinces and with a
population of 5,800,000 people, has one-
third of the population of the entire
country. There are 1,900,000 motor
vehicles registered in the province.

Ontario has a total area of 413,000
square miles and extends for 1,000 miles
from east to west and from south to
north. Some 88 per cent of the popu-

lation lives in the southern part of the-

province which comprises only seven
per cent of the total area. Most of the
primary and secondary industrial pro-
duction and practically all of the agri-
cultural production are centralized in
that area. The larger urban centres, of
which Metropolitan Toronto with a
population of 1,500,000 people is the
largest, generate large volumes of traffic

PRI

ONTARIO'S HIGHWAY SYSTEM

Mr. Fulton is the chief executive officer in charge of the 11,400 miles
of rural highways constructed and maintained by the Province of
Mr. Fulton joined the Department of Highways in
1921 and before attaining his present position was in charge of
location surveys and director of planning and design.

which may reach a peak of 65,000
vehicles per day. In Northern Ontario
which is rich in minerals, forests and
water powers, the population is widely
scattered except in a few urban centres
and limited areas of soil suited to agri-
culture.

The great disparity in population and
in area, between Southern and Northern
Ontario, poses unique problems to the
highway engineer. The densely settled
southern region with its large cities and
concentrated traffic volumes requires and
can support a‘closely knit network of
modern highways. But the balance of
the population, widely dispersed over
the vast expanses of Northern Ontario,
must also be provided with road
services.

The extremes of climate in Northern
Ontario, the thinness of soil cover over
hard granitic rock, the profusion of
lakes that must be skirted or crossed,
and the wet muskeg areas of the clay
belt, all create exceptional road building
difficulties. In many cases, settlement
and economic development follow
directly on the establishment of new
routes, so that éxpenditures on road
construction, in the northern areas of-
Ontario, may be regarded as a long-
term investment in the future. As a
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result, some 45 per cent of the _provin-
cial highway system ot the province will
be located in Northern Ontario.

To serve the province we have a system
of 11,400 miles of main and secondary
rural highways which carry some 40 per
cent of the total traffic volume. These
are the highways which link the several
cconomic areas and carry the large
volumes of inter-urban traffic. The
entire cost of construction and mainte-
nance of these highways is a charge on
the provincial treasury. In addition,
there are 63,200 miles of rural roe}ds and
8,400 miles of urban streets which are
the responsibility of the municipalities.
These municipalities receive provincial
aid which amounts in total to slightly
more than half of their total expenditures
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on the construction and maintenance of
municipal roads and streets.

With the exception of the Trans-
Canada Highway, of which the 1,453
miles in Ontario will be completed in
1960, and some relatively minor
northern roads, the province of Ontario
receives no aid for highways from the
Federal Government. In the present
year our Department budget provided
for a record expenditure of 273,257,000
dollars of which 55 per cent is for capital
construction, 16 per cent for mainte-
nance, 26 per cent for subsidies on
municipal roads and streets and the
balance for main office expense. Inclu-
ding expenditures made by the 1,000
municipalities the total cost of all high-
ways, roads and streets in the province

Ontario is developing ase(;(iies of dudal-lanc. contro
which are designed to most modern standards to s ¢ volume Y8
moving between major cities and economic areas. Above, B s of traffic

operation for 53 miles north of Toronto and i
highway will span the southern part of the Provine

lled access hi ays
erve lar Eays
ve, Highway 400 is in
S being extended. Another

. ¢ over a di i
and will by-pass all urban centres. Rights-of-way on rcg ctoomce of S00 miles

ways are 300 feet wide and usually the two lanes of trg
depressed median strip. All routes are clearly signed

ntrolled access high-
flic are separated by a

A h p J and i
limit of 60 miles per hour is now in effect. A high stang of hippmum speed

tenance is required and all King’s highways

regardless of weather conditions.

ard of highway main«

are kept open throughout the yeat
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i construction in Northern Ontario presents special problems
due &l)l%lt:;v falz\lrd granitic rock of the Laurentian Shielf, wet muskeg and the
large number of rivers and lakes. The greater part of the 1,453 miles
comprising Ontario’s section of the Trans-Canada Highway is located
through rugged terraimn. Above is shown a 735 foot rocl; cut necessary to

rovide a reduced grade on one of the steepest sections of the Trans-
?:anada Highway. This is on the north shore of Lake Superior.

will be some 320,000,000 dollars this
year. All of the Department’s expendi-
tures are made out of the cqnsohda@ed
revenue fund of the Province which
receives all revenues from motor vehicle
registrations, drivers’ licence fees and
gasoline taxes. Over the long term
highway expenditures have been about
equal to highway revenuc but we are
now in a period when expenditures
exceed receipts.

The growth of Ontario in population
and in economic development has been
at a more rapid rate than ‘most other
parts of the North American continent
in recent years and it is expgcted thgt
this rate of progress will continue until,
by 1975, we will have a population
of over 8,000,000 with the prospect that
there will be more than 4,000,000 motor
vehicles within the province. In anti-

cipation of this development we have
conducted economic and engineering
studies of our provincial highway system
and, with the co-operation of the muni-

cipalities, of municipal roads and
streets. '

These studies have provided us with
an up-to-date inventory of our highways
and streets which have been classified

according to their relative importance.

Standards have been established for
each classification and costs have been
estimated for reconstruction of our pre-
sent highway system to meet future
traffic requirements. The result is that
we are able to plan our highway con-
struction programme on the basis of
facts and for the past five years this
programme has been stepped up each
year. At the present rate of progress
our entire provincial highway system
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At the western entrance to Toronto, provineial rural highways merge
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case of the larger urban centres we are
constructing by-passes which will carry
through traffic around the cities and
thereby relieve the congestion on city
streets. Major trunkline highways
approach the freeways in their design
standards although in the majority of
cases the trunkline highways are only
two or three lanes in width. In South-
ern Ontario major trunklines will carry
an average -of 3,800 vehicles per day as
compared with 800 per day in Northern
Ontario.

The provincial system is completed by
some 2,900 miles of feeder highways
carrying smaller volumes of traffic and
constructed to lower standards. OQur
classification of provincial highways
follows the principle that any rural
areas should have a provincial highway
as convenient 2s the service rendered any
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other rural area of similar development.
All communities with a population of
2,000 or more have at least a feeder
highway and many smaller communities
also benefit directly.

At the present time more than 85 per
cent of our main highways are paved
and the remainder are of gravel and
crushed stone. Over the next few years
most of these gravel roads will be paved
and further paving will be done on
secondary provincial highways most of
which are now gravel. The secondary
highways are located principally in
Northern Ontario and serve as access
roads to jsolated communities off of the
main travelled routes, . '

While we are well under way on a
planned programme of reconstruction of
provincial highways, we believe that all

with modern expressways at bridges over the Humber River where traffic
reaches a pcak of 55,000 vehicles daily. Toronto, the capital of the
Province of Ontario, is part of a metropolitan arca with a population of
1,500,000 and a 59-mile system of expressways is projected in order to

handle the heavy volume of urban traffic. New .sewage disposal plant is
shown at lower left.

will have been reconstructed within the
next ten years.

Our provincial highways are divided
into three main classes, Freeways,
Trunkline highways and Feeder high-
ways. The freeways arc the main
international and interprovincial routes
connecting metropolitan centres and
having the highest traffic volumes. The
trunkline highways are routes having
relatively large traffic volumes and which
complete the network of highways that
connect all other large cities and impor-
tant areas of the province. Qur most
modern freeways now in operation or
under construction in Southern Ontario
are dual-lane, controlled-access high-
ways on 300-foot rights-of-way. These
highways have a design speed of 70
miles per hour although the present
maximum speed limit is 60 miles per
hour. Maximum curvature is 3 degrees
and maximum grades are 3 per cent
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while stopping sight distance js

These highways have four to six6l(21(1)1£st.
each 12 ft in width, and 10-ft shoulders.
We use a depressed median strip bet-
ween the _two asphaltic concrete pave-
ments to improve drainage and provide
the maximum of safety. There are now
two hxghwa_ys of this type in the pro-
vince of which one will extend east and
west for 500 miles from one end of
Southern Ontario to the other. Our
present plans call for a total of some
800 miles of this type within the next

few years to serve an annual
daily traffic of 6,100 vehicles. Hverage

Next in importance to the Freeways

are the trunkline highways which will’
total 4,900 miles and, togz.ther ivithv:llle'

freeways, will carry two-thirds of

total traffic using the provincial highv::;
system. All municipalities with a popu-
lation of 4,000 or more are served by a
feeeway or a trunkline highway but in the

LEIE. qm L

-

- The Burlington Bay Skyway is the largest single structure completed
by the Ontario Department of Highways. Opened in October 1958,
the Skyway and its approaches provide four-and-a-half miles of four-lane,
controlled access highway along the shore of Hamilton Harbour. The
three central spans provide a clearance of 120 fest over the entrance to the
harbour shown above with the City of Hamilton in the background. The
Skyway exclusive of approaches is 8,400 feet in length and consists of 75
spans supported by 76 piers. The Skyway is lighted with fluorescent lamps
on aluminium standards. Total cost of the Skyway was 19,000,000 dollars
and a small toll charge is made—the only toll on any Ontario highway -
or structure a
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of the 76,638 miles of rural highways
and roads throughout the province
should be fully integrated into one sys-
tem. This requires the co-operation of
a great many municipalities and, in order
to secure the full facts upon which poli-
cies and future action could be based,
we have recently completed an engineer-
ing study of all municipal roads and
streetsin the province which hasbeen is-
sued under the title *“Ontario’s Roads and
Streets.” This study has supplied infor-
mation which mostof our municipalities
did not have before and, through the
experience gained by co-operating in this
study, municipal engineers and other
officials have become more familiar with
modern highway engineering techniques.
As far as possible, the Department of
Highways will assist the municipalities
in the solation of their particular pro-
blems but such problems continue to be
the primary responsibility of the munici-

pality.

As an outgrowth of our municipal
needs study, the Department has initia-
ted several special studies of selected
urban areas for the purpose of determi-
ning the long-term needs for provincial
highways serving those areas. These
studies should be of great value to the
local authorities in planning their street
programmes and they also bring the
Department, which has heretofore been
concerned mainly with rural highways,
more closely in touch with urban traffic
problems.

It is in our larger cities that the traffic
problem is most acute. The municipal
needs study classified urban streets in
three main classes ; (1) urbanextensions
of provincial highways, (2) arterial
streets which, with urban extensions,
form the main traffic arteries within the
urban centre, and (3) local streets used
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mainly for direct access to residential,
business and industrial areas. Our four
largest cities will require some 96 miles
of expressways on which access will be
controlled in order to channelize large
traffic flows withinand around city areas.
Because of their extreme importance
every mile of urbanextensions should be
improved and the milage of arterial
streets should be increased by some 326

miles, or 16 per cent, over the next few
years, '

While we consider our provincial
highway system to be comparable with
the best on the North American conti-
nent we are fully aware of present
inadequacies and future needs. We have
a planned programme of construction
based on present and future needs and
we are proceeding to put that programme
into effect. The results of this pro-
gramme are already apparent as high-
ways built to modern design standards
replace the old, many of which were
quite adequate as little as ten years ago.
As progress is made on provincial high-
ways we anticipate that the municipali-
ties will take action on their own roads
and streets so that throughout the pro-
vince we will have a completely integra-
ted system of modern highways, roads
and streets which will be adequate to
take carc of the increased volume of

traffic. which is materializing - year by
year. '

During the past twoyears the Ontario
Department of Highways has been glad
to welcome Messrs S. R. Pillai, K. Pra-
sad, Ram Bilas, B. M. Das, D. C. Panda
and R. N. Bannerjee, all students from
India under the Colombo Plan. We
trust that their all-too-short stay with us
has been profitable and will contribute
to the progress that is being made to-

ward solution of highway problems in
India.
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HIGHWAY ENGINEERING PROBLEMS IN FRANCE

By

.R. COQUAND

Chicef Engineer, Roads and Bridges Professor,

National Institute of Roads and Bridges, France

(Translated from the original in French)

THE rapid expansion of automobile

traffic, the all round progress of
engineering techniques, the necessity to
introduce new and economical methods
of construction suited to the present
needs, have all led to an appreciable
development in the technique of highway
engineering in France.

CHARACTERISTICS OF
HIGHWAY SYSTEM

The French network of 80,000 km of
national roads, besides 600,000 km of
local Toads, is not suited to the needs of
modern traffic on main crossings where
the intensity of traffic would be of the
order of 10,000 vehicles per day. A net-
work of 2,000 km of motor roads has
been therefore planned, certain sections
of which are under construction espe-
cially for bypassing big centres.

In respect of geometrical features of
roads, France is a signatory to the
Geneva Declaration of 16th September
1950, which has been modified in 1957.

“The new French standards published in

1958 conform to the international regu-
lations.

The new provisions pertain essentially
to the characteristics of motor roads

and roads of dual carriageways, improve-_

ments of junctions, and the design of
stopping and sight distances. Further,
they furnish precise information as
regards capacity of roads.

Side by side with study of the geome-
+ical features of roads, studies of traffic
conditions have developed in two main
directions : the study of accidents and
the investigation of traffic. Statistics

relating to the location of accidents and
their causes have been improved and
their systematic use has been undertaken
in order to locate the particular points
and, what is most difficult, the continuous
sections where defects in the road cons-
titute a major cause of accidents. On
the other side, studies on the improve-
ment of roads in the vicinity of cities or
on sections of heavy traffic require fre-
quent investigation of traffic more or
less heavy to provide information not
only as regards intensity of traffic on
any one of the intersecting roads, which
is determined by traffic counts, but also
the direction of the traffic flow, which is
indispensable for the correct under-
standing of the complex road problem.

Finally, the increasing importance of
road transport in the national economy
leads to more and more emphasis on the
problem of road improvement in terms
of economics. The execution of road
works and the choice between different
solutions for the same project has to be
decided in relation to the advantages
accruing to road users and to public
economy. The Public Works Ministry
has stipulated such investigations for all
important projects and in 1954 formula-
ted provisional regulations for this pur-
pose ; in liaison with the Commissioner
General for Planning, the financial
administration and the economic study
groups of national or private societies,
it has striven to enforce its recommen-
dations, fully taking into account the
liberal principles accepted in the whole
public sector in matters of investment.

The necessity of such studies is parti-
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cularly obvious when a large under-
taking has to be covered by self-
financing, particularly when it requires
payment of tolls as in the case of
Tancarvillee bridge, the Mont Blanc
tunnel or fly-overs over motorways.

We may thus conclude that the
characteristics of road projects are
determined not only with reference to
certain geometric standards to be adop-
ted but also with a view to obtain
maximum return for investment made.

METHODS OF GONSTRUCTION

The development in road construction
from traditional roads has tended
towards soil stabilization with graded
soil and this tendency has not ceased to
assert since 1952 when a Ministerial
circular defined the principles of cons-
truction of this type of roads.

Naturally, as this method was em-
ployed more and more, its modes of
application have been refined and per-
fected. The engineers have acquired in
this field a rich experience by which they
have largely profitted and which they
have shared with their colleagues; the
diffusion of this valuable information has
been made in the largest manner
possible by articles published in techni-
cal journals, by study circles promoted
by Roads Directorate, the conferences
and symposia organized by the Highway
Engineering Association, the Inter-
national conferences, etc. An effective
factor in the progress made hasbeen the
setting up of regional laboratories direc-
ted and controlled by the Central
laboratory of the Deptt. of Roads and
Bridges which have set up for the
engineers a most useful task not only of
carrying out very important and useful
tests but also of giving advice and
disseminating results of investigations
made and experiences acquired else-

~where.

FLEXIBLE PAVEMENTS

It has been admitted since long that a
flexible pavement laid over a terrain

110

January 1960

should have a minimum thickness depen-
ding not only on the characteristics of
the terrain (C. B. R., Group Index,
Westergaard’s  modulus of subgrade
reaction) and the incidence of load
permissible on the road, but also on the
structure of the road itself.

It is very vital that not only the value
of the wheel load but also the number
of load repetitions should be taken into
consideration to provide sufficient thick-
ness of the road pavement which is

meant to carry the intensity of heavi
loaded traffic. d cavily

But, as already pointed out, the con-
trol of thickness independent of the
structure of road pavement constitutes
only a first approximation. A large
numbe}' of tests conducted in different
countries, notably the American W.A.S.
H.O. tests, have shown that certain
materials like bituminous concretes are
endowed with considerable rigidity (at
least under loads applied by running
wheels for short duration so as not to
produce any yield) and under such con-
ditions they effect a wide distribution of
loads on the underlying layers ; when
such materials are employed in wearing
surfaces or when they form the base
layers t_hey can, therefore, rightly reduce
appreciably the total thickness of the
road crust without any risk of disturbing
the supporting soil. ~This property is
denoted by the term layer effect”’.

Taking
layered sy

: , how is oneto ¢
reduction in thickness ? Me?s]rcsu.'llzzfigs
and Bachelez, Engineers of Roads and
Bridges Deptt. (France) have given an
excellent solution of this problem, the
application of which concurs very satis-
factorily with the results of W.A.S.H.O.
tests. Their design curves have actually
E::éls utilized in a number of concrete

On thé whole
understand  wel]
layered systems’

» it is indispensable to
, that the “effect of
has for its counterpart

into account tlge effect of
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a perceptible resistance of a rigid layer
to appreciable deformations that can be
produced in the substratum, say by loads
or due to consequence of variations of
thermo-moistural conditions. One cannot
afford to provide a rigid layer over a
yielding substratum at the risk of rapid
cracking. Hence the practice now
common for some years of measuring
deflection of roads which have to
receive a layer of bituminous concrete
or dense coated mixtures. These
deflections measured under the most
unfavourable conditions, particularly in

wet season, should not exceed a few

tenths of a millimetre since it would
otherwise cease to be a rigid pavement
and become a flexible overlay.

COMPACTI1ON OF SOILS

Obtaining a sufficient dry density,
varying from 90 per cent of the normal
Proctor value for embankments to 95
per cent of the modified Proctor value
for road materials, remains the princi-
pal aim to be achieved' in the mechani-
cal stabilization of roads. Fortunately,
side by side with the evolution of this
principle, use of vibrating machines has
been developed for compaction of soils
predominantly sandy. In fact, the laws
of compaction and especially those
relating to optimum moisture content
are seen to be appreciably different when
one uses vibration and when one has
recourse to different types of rollers.
The progress made in this field of study
will probably involve revision of
Proctor’s rules for vibrated soils.

Moreover, the classical Proctor’s test
is not entirely applicable to materials of
small size ; it is at present being used in
the case of compaction of coarse mate-
rial of variable nature. Following this

trend one can envisage the use of the .

test on a truly large scalein trial sections
to judge the effect of different applian-
ces on different materials.

Regarding measurement of compac-
tion and moisture content, it is conveni-
ent to avail of the possibilities opened
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by the use of nuclear densitometry
(determination of density by nuclear
means) based on the diffusion of gamma
rays for the measurement of moisture
content by apparatus based on the
absorption of slow neutrons by the
hydrogen atoms of water. The develop-
ment of this apparatus has provided
considerable facility for the indispens-
able controls at site.

CHEMICAL STABILIZATION

Chemical stabilization consists, besi-
des compaction and other purely
mechgnical operations, of the addition
of a product such as cement, bitumen,
tar, synthetic resins, etc. Tt is used
especially to utilise certain soils very
rich in fine materials which cannot be
treated by simple mechanical stabiliza-
tion.

During the last few vyears a clear
trend is visible of keen interest on the
part of engineers in the use of cement
in flexible pavements. ‘

This is covered by the technique
properly named °Soil-cement” which
imparts to the pavement composed of
fine elements a special cohesion partly
due to the setting of cement without
destroying its flexibility. Experience in
England in this respect gives some
empirical rules which simplify and lar-
gely facilitate its application and which
have been found to be very useful. Base
courses have been constructed in soil
cement in different regions devoid of
rocks and rich in fine materials (loamy
sand, chalk, etc.). Nevertheless, the
surface resistance of soil cement is small
and roads which have been ghus treated
should receive surface treatment.

Let us say that one uses (and this is
done very frequently) soils improved
with cement in small percentage (3 to 10
per cent), the role of cement being
simply that of reducing the effect of
highly plastic soils, or facilitating the
use of fine moist materials late in the -
season when one cannot hope for drying
it by the sun, Mon. Dariez, Inspector
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General has shown that in this respect
cement as compared to lime has some
indisputable advantages *.

Stabilization with bitumen remains a
rather costly technique for the construc-
tion of main part of the pavement
considering the rclatively large quanti-
ties of bitumen required and the difficul-
ties of using the material at work site.
Consequently, the efforts of research
workers tend towards reducing these
difficulties on the one hand while, onthe
other, use is made of special products
like binder which secure stabilization of
moisture content in the interior of the
soil, as bitumen has the effect of making
the soil impermeable when used in small
guantities. As regards the first part,
certain binders having a very high
wetting power have come in the market
which are capable of rapid dispersion in
the very fine soils by means of spontane-
ous emulsion; these binders can simpli-
fy considerably the problems of mixing
and thus increase the list of sensitive
soils which can be stabilized with

bitumen.

As regards resecarch on new methods
of chemical stabilization, these are
directed, on the one hand, towards resins
having long molecular chains, factors of
stability and flocculation and, on the
other, towards surface active products.
The latter, modifying totally the pheno-
menon of capillarity in treated soils,
render them hydrophobic and imper-
meable. At extremely small dosage (0.5
per cent, for example) this technique
which has already been tested in practice
could prove to be extremely fruitful.

' COATED MATERIALS

Progress has certainly been made
during the last few years in the many-
facture and use of coated materials of
all kinds, and although it relates to
confirmation of results already obtained
between 1952 and 1955, this is a new
step forward. The researches have

2 & 9 February, 1957.

* See Duar, the stabilization of base courses and fo
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tefnded, aboye all, to the diversification
0 the techmque for its economical and
efficient application to the needs and

Zzsources which vary according to each
se.

Investigations are inclined, in parti-
cular, toward numerous types of surfac-
Ings intermediate between open-textured
carpets and dense carpets to assess the
advantages of one type over another. It
Is still too early to evaluate the results.
In the same way, it is not possible to
Summarise here all the experiments
actually conducted for promoting the
new techniques of manufacture to enlarge
the scope of using different kinds of
materials. To state it briefly, consider-
able progress has been achieved in the
manufacture of tar concretes, tar maca-
dam with small percentage of voids, and

ggrloqs types of hot and cold micro-
Ituminous concretes,

In connection with what has been in-
Q1catcd carlier about the cffectsof le;;erlgd
systems, one should pay attention to the
manpfa_cture of binders of reduced sus-
pectllglhty, _Increased ductility which
\(;vl:)tub be stiff at high temperatures with-
o th;’,‘commg brittle at low temperatures.
In t s regard, the effect of addition of

ubber to bitumen has been the subject
of highly Interesting investigations.

MACADAMS AND SURFACE DRESSINGS

ma?z;g age old technique of water-bound
e laalm Or continuous penetration has
rgely used where hard materials
ﬁredlavallable at site. It is, however,
ardly capable of any further improve-
ment except in regard to the process of

spreading the materj i i
_ al a -
cal gradation. nd its mechan

The same is the case as regards the
{)eec;:}:que of surface dressing v%hich has
beneh tted largely by the steady progress
mad .n the application of black top
; rlals,'m the manufacture of various

ypes of binders (tar and bitumen) and

. T —
undations, the Monitor of Public Worke

12
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by improved methods of construction
adopted in each particular case.

Further, it is well known that the
grain size distribution of materials of
the framework (macadam or gravel) is
transformed slowly towards a continu-
ous graded material under the effect of
traffic. This development does not pre-
sent any inconvenience provided it is
very slow and takes place by successive
stages in which the road remains in equi-
librium both mechanically and chemi-
cally. 1If, on the contrary, the change
is vety rapid, it would result in the dis-
integration of the road, for example, if
the materials get crushed or altered.

Stress has been particularly laid by
the Central Laboratory of Roads and
Bridges Deptt. on the necessity of
taking care against the possibilitics of
this development resulting in great fri-
ability of aggregates or instability of the
chemical structure (kaolinisation). The
<« Deval Wet Test** has been devised with
a view to eliminate the softening of the
aggregate taking into account the action

of water.

With regard to gravel, significant tests
have been made with material classi-
fied according to its thickness so as to
give uniform coating and very good

appearance.
RIGID PAVEMENTS

A very important development has
been recorded in the technique of rigid

pavements

The new specifications recommend
concretes a little less dry than before;
the slight decrease in strength is com-
pensated by increased safety and much
easier workability. Insistance on this
act, however, does not mean sole
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preference of dry concrete to fluid
concrete.

There has been a marked tendency to
decrease the number of expansion joints
even amounting to their total elimina-
tion. In an actual case, a cement con-
crete road which had been constructed
in 1957 has been provided for many
kilometres with only flexible contraction
joints.

The technique of dowelling remains
still in force, although its range of
application would diminish. In France,
the present tendency is rather to avoid
the incidence of such joints and improve
the behaviour of slabs in general by
placing the latter on thick foundation
courses of selected materials.

USE OF PRESTRESSED CONCRETE

Use of prestressed concrete for air
strip pavements has already been made
in numerous constructions, the most
prominent being the take-off strip at
Alger-Maison-Blanche.

Use of prestressed concrete for road
pavements appears less favourable in
view of smaller width in the case of
roads, highly rough profile and limited
thread of wheels of vehicles as compared
‘to runway pavements. But this techni-
que would hold immense possibilities
for construction of concrete roads of
reduced thickness. An experimental
road is under construction using various
methods for prestressing and for main-
taining the prestress after construction.
The steps that have been taken under
the direction of the Central Laboratory
of Roads and Bridges Deptt. would
undoubtedly furnish valuable informa-
tion for the advancement of knowledge
in this matter.
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THE FRENCH HIGHWAY SYSTEM
CONSISTENCY—ORGANIZATION—FUNDS

By

M. A. RUMPLER,
Director, Division of Highways, Public Works Ministry. France

FRANCE possesses a highway system

whose density, homogeneity anq struc-
ture are as many elements contributing
to make it one of the most representa-
tive factors of her economic system. In
large lines, its genergl outh.ne has
remained the same as in the times of
Colbert and Napoleon but the inter-
connections have developed so much
during the course of the centuries that
its length has now af:tamed.a_ million
kilometres (621,000 miles), gimded-mto
national and departmental highways and
communal and rural roads. Counting
only the first two, the total Frenc_h road
system represents 120 km of highway
per 100 square kilometres of area (75
miles per 38.6 sq. miles), a proportion
larger than in any other country.

The national highways provide com-
munication between all parts of the
country which they cover in an immense
spiderweb with Pairs in the center.
Their total length amounts to over
50,000 miles of which 125 miles are fogr-
lane, 3,100 miles are three-lape with
roadways 29-1/2 to 32-3/4 ft vy1de, and
46,600 miles are two-lane with road-
ways 19-1/2 to 23 ft wide.

Before 1930, they constituted a total
of 24,850 miles. At that time, trafﬁc
began to cover greater and greater dis-
tances on the departmental highways so
that they became of inter-departmental
importanoe and were integrated into the
national highway system, thereby doubl-
ing the latter. Under an overall plan,
certain of these highways have bee,r}
transformed into ¢ through-highways

which provide rapid transportation
across France, still with Paris as their
centre, by means of wide and straight
roads built to safely permit high ave-
rage speed for the user.

Superhighways have not yet been

greatly developed by reason of the gene-

ral excellence of the French road system,
in particular the through-highways
which have until now been able to satis-
fy traffic requirements, at least in the
open country. In general, it is only at
the exits fr_om large cities that they are
becoming inadequate and, since the end
of the last war, such congestion in the
most populous cities has been relieved
through the Superhighway to the West
in Paris, the Superhighway to the
North in Marseilles, the Croix-Rousse
tunnel in Lyons and .the Superhighway
of Lille. 1In the near future, the Super-
highway to the South from Paris will
make rapid contact between Paris and
the Orly Airport and the heavy traffic
on the Cot_e D’ Azur will be absorbed
by the wide and fast Esterel-Cote

D’l}.zur Superhighway between Nice and
Fre’jus.

. As a whole, the French ro

is under the control of the Stafed gg;;err:z
ment or community and the national
hlghways_ are controlled administratively
by the Division of Highways and High-
way Traffic in the Public Works Minis-
try, and technijcally by the engineers of
the Points-et-Chaussees (the highway
and bridge engineering division created
in 1716) who are assisted by the public
works engineers of the State. The Points-
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et-Chaussees engineers also supervise the
departmental highways for the depart-
ments and communities but the latter
are responsible for the rural roads.

Cost of maintenance of national high-
ways is provided for by budgetary
appropriations on the basis of such fac-
tors as mileage, density of traffic, topo-
graphic and subsoil characteristics, etc.
Funds for new construction came for
many years from a special item in the
budget and were distributed according to
previously established programs. In the
period following the last war, recons-
truction of the road net damaged by the
war was the primary concern of the
engineers and included the rebuilding of
more than 6,000 destroyed bridges.

These arrangements approximately
covered the existing highway needs but
with the renewal of automobile traffic
and its subsequent intense growth in
France, it became necessary to plan on
new measures and establish programs
for which the funds would not be
subject to the hazards of budgetary
decisions. In 1951, alaw created the
Highway Construction Fund which
receives the moneys collected from a
percentage on automotive fuel taxes and
destined to finance the program of high-
way modernization.

Subsequently, two five-year plans
were established of which the first was
constituted by some of the most urgent
work, the improvement of the interna-
tional and economic through-highways,
the construction of superhighways to
relieve congestion, highway access cons-
truction in the large urban.and indus-
trial centres, the elimination of the
most dangerous level railroad crossings,
the reconstruction of over-age or inade-
quate bridges, road construction in war-
damaged communities, the deyelopment
of scenic highways for tourist travel,
the preparatory work for the Mont
Blanc highway tunnel to Italy, and the
work required to improve or reconstruct
points on the highways where the statis-
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tics indicated a recurring and excessive
number of accidents. :

The second five-year plan continued
with the objectives of the first and
simultaneously began the modernization
of the road system, made necessary by.
the increasingly rapid rise of traffic
density, through inter urban superhigh-
ways. The Public Works Ministry laid
out a program of 1,250 miles of super-
highways in 1955 for establishing rapid
and direct highway connections between
the following cities : ‘

— Paris — Lille
— Paris — Lyons - Marseil-

les (Superhigh-
way to the

South)

— Paris — Normandy

— Paris — Chartres

— Metz ~— Thionville

— Metz — Nancy

— Metz — Sarrebruck

— Strasbourg — Basel

— Frejus — Nice (Esterel-
Cote D’ Azur
Superhighway)

Work on the new highways was to be
terminated between 1960 and 1970 as
far as the available funds made this
possible. Imperative financial conside-
rations, however, have interfered with
the planned scheduling and made it
necessary to divert some of the moneys
from the Highway Construction Fund
to other purposes. In August 1957, it
was decided to temporarily suspend all
new construction in view of this but to
continue actively with all construction
already begun. In the meantime, the
situation has improved and permits have
been issued again. to undertake new
work within certain limitations. :

In any event, the  Highway Const-
ruction Fund has made it possible to
bring the French road system as a whole
up to present-day requirements. From
its inception until the- end of 1958,
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162,500 million francs were appro-
riated for scheduled programs and
137,600 million francs of credits were
allotted for large-scale construction. The
first five-year plan is nearly completed
and execution of - the second five-year
plan has gotten under way.
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of 80 per cent in the number of accidents
at the points where such improvement has
been carried out and such work will be
continued at the same rate of intensity.
In addition, approximately 60 more
miles of bicycle paths will be provided
in suburban areas.

Superhighway to the north from Marseilles

Since the first of July 1957, 1,500
miles of roadway have been improved
and 570 miles of new roadways as well
as 125 miles of bicycle paths have been
newly built. Construction or improve-
ment was carried out on 596 mnew and
338 existing bridges. The main effort
has been concentrated on such industrial
or populous areas as Paris, Marseilles,
Lyons, Lille, Grenoble and others where
either bypasses, through-roads or super-
highways have been created. At the
same time, the development of scenic
itineraries as in the Alps, the Pyrenees
and the Cote d’Azur has been conti-
nued.

Safety of highway traffic has been
served by the elimination of 250 danger
points _(curves, humps, intersections,
level RR crossings). This has been so
successful that the statistics show a drop

116

Part of the large-scale projects under-
taken by the Highway Construction
Fund will be financed by tolls to be
collected from the user. These projects
include the Tancarville Bridge over the
Lower Seine, the largest suspension
bridge of Europe with a center span of
1,995 ft to be opend for traffic in 1959,
the Esterel Cote d’Azur Superhighway,
and the highway tunnel under the Mont
Blanc with a length of 7} miles which

will be the only large-scale ;
undertaken this yeagr. project to be

Our brief review of the situation
show§ thgt the French road system is
keepgng In step with the growing pro-
ductlpn of cars and trucks and the in-
creasing density of traffic. The present
period of ““suspension” is being put to
profit by the responsible authorities by
research on the flow of arterial traffic,
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Part of the large-scale projects undertaken by the Highway

Construction Fund will be financed by tolls to be collected from the

USEra

These projects include the Tancarville Bridge over the Lower
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make it possible to immediately start

work on some of the latter when funds |

become available so that planning on
future programs can then be resumed.

(From: ‘‘French Economic And

Technical Bulletin”, No. 4, 1959.)
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Sir Arthur Dean,
General Manager, Libyan Public
Development and Stabilization

THE

Agency, Libya.

FROM the most ancient times and until

the early decades of the present
century, Libya has had practically no
roads at all. Except for the narrow
coastal belt, and a few scattered areas
which can be made suitable for human
settlement, the country is a large arid
wasteland of sand dunes, rocks and
mountains. It is against this geographic
background that man has had to shape
his mode of existence. For several
centuries the only means of land com-
munications have been the horse or the
camel, and they followed either a natu-
ral course or a route opened by the feet
of men and beasts. The Phoenician
settlers who came to Libya about 800
B.C. established a number of trading
posts, the ‘“* Emporia >, along the coast,
As a seafaring people they were only
concerned with maritime trade and paid
little or no attention to communications
with the hinterland.

The Romans in Tripolitania and the
Greeks in Cyrenaica made attempts to
connect the various inhabited centres
by an organised system of land routes
marked at regular intervals by mile-
stones. This in Tripolitania was estab-
lished within the ¢ Limes Tripolitanus >,
the defensive line of fortifications built
to protect the coastal cities, while the
vast desert beyond it was still intersected
by traditional caravan routes, used by
the nomads of the interior. One of these

ROAD SYSTEM IN LIBYA

routes was followed by Cornelius Balbu
In 19 A.D. in his military expedition intg
Phasania (Fezzan) when he reached
Cydamus (Ghadames) through the deso-
late Hamada Desert, Even at the peak
of the glory of Leptis Magna, the indus-
trious Romans did not bujld metalled
roads because this was almost impracti-
the terrain, and ht?lg i m'1ctlurebOf
_ , con
distances. _The Arabs who Slini?de]g
North Africa after the collapse of the
Roman Empnyq found the ancient Greek
abnd ;{oman Cities destroyed and pillaged
T)lzt ¢ marauding tribes of the desert.
he land routes became unsafe. Advan-
Emg fr'qm Egyptthe Arab armies overran
Se);;el?tclt]lca and Tripolitania during the
soven Ibcentury under the leadership of
on osed% Al-As, and although fiercely
or rt,hru ) %/1 the Berbers, they were able
to thr 15 themselves westward as far as
fe \ tlantic and later to cross the Straits
of Gibraltar into the Iberian Peninsula.

As desert dwellers and desert experts,

I ans which followed the in-
Zi(cilmrgu czli.rmles. Indeed the primitive
e th1mentary tconomy of Libya,
Phoenic'e destruptlon of the Ancient
cenony lg'nd, Punic, Greek and Roman
sentre 2)fl not Tequire well established
divns commpmcauon. For succee-

& long centuries the traffic consisted
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only of the shifting of nomads from one
area to another searching for their living
and the movement of flocks of sheep
and camels, mainly in the Sirte area.
The centuries old desert tracks of the
pre-desert and desert were more than
sufficient for this purpose.

If a road became impassable, or was
obliterated by the elements, a new one
was traced by caravans and followed by
father and son through generations.
When interruptions occurred, because of
floods or other causes, communications
came to a standstill without serious
repercussions on a pastoral economy.
Localities with water constituted the
staging points and distances had only
a relative importance. Thus a caravan
often had to march a very long distance
before halting at the next well in order
to replenish its supply of water and find
rest for men and beasts.

During the period of thesecond Otto-
man. administration, which began in
1835 and ended in 1912, the most
important caravan routes followed four
directions from Tripoli. Two alongthe
coast, westwards to Zuara through Zan-
zur, Zavia and Agelat and eastwards to
Misurata via Homs and Zliten. The
remaining two pushed southwards, one
to the Gebel of Garian and the other to
the Gebel of Jefren. These four roads
were described as carriageways because
in general the nature of the soil permit-
ted the transit of horse drawn vehicles.
The minimum of Improvement with an
occasional light macadam surface in
soft patches and a few causeways on
large wadis to help traffic in the rains
was all that was attempted.

Nine other tracks were essentially
caravan routes for camels since the diffi-
culties of the terrain they crossed, masses
of large stones (gargaf) and pebbles
(serir), high sand dunes (zellaf) made
them impassable for draught animals
such as horses and donkeys ; mules were
then unknown in Libya. These routes
fanned out from Tripoli in the direc-
tion of Sirte, Nalut, Ghadames and

January 1960

as far as Mourzouk and Ghat and thence
to Bornu and further on to Zinder and
Kano in Northern Nigeria. Tripoli was
then the sea outlet of an active trade
with the Sudan and Central Africa, when
camel caravans laden with gold dust,
ivory, spices and other tropical products
made their way to the coast, and retur-
ned to central Africa to sell European
manufactured products. The slave trade,
of which Morzuk was the main centre,
was also prosperous. A journey between
Tripoli and Kano took normally about
six months and followed two routes,
one departing from Tripoli through
Garian, Mizda, Geheriat, Shueref, on to
Morzuk and thence 1o the Sudan, or
from Ghadames to Ghat and directly to
Kano. The second route departed from
Misurata through Bu Ngem, Hon,
Sebha, Morzuk, to reach Bilma and
Bornu.

In Cyrenaica, there were at least ten
different caravan routes. These largely
ran inland from the small ports of
Benghazi, Apollonia, Derna and Tobruk.
The most important extended from
Benghazi to Agedabia and thence to
Sirte, Misurata and Tripoli. From
Benghazi to Tocra, Tolmetta, Merg or
Barco, from Apollonia to Cyrene and
Derna, from Derna to Tobruk, Bardia
and the Egyptian frontier. Another fron
Derna southwards to Giagbub. Ageda-
bia was in the past the key centre of
the traffic to the south. From here a
route leads to Kufra and another to
Marada, Zella, Morzuk, Ghat and on to
the Sudan.

With the ontbreak of the Turkish-
ITtalian war in 1911 and the landing of
Italian troops in Libya, communications
became an urgent problem for the con-
duct of military operations and for the
requirements of a modern European
army.

Italian road engineers repaired old
tracks, and where necessary built ways
through mountain passes and laid
bridges over wadis, but all these works
were of an essentially military nature.
As far as the Turks were concerned,

: 119



Transport-Communications Monthly Review

their small garrisons, backed by irregular
Arab forces, continued to use the old
" routes. Their supplies of arms from
Egypt came by the way of a caravan
route known as Trigh Enver Bey, a
straight desert path running likea thread
across the arid plain of the Marmarica
as far as south of Derna. The same
route was followed by Rommel when
his Afrika Corps detoured to strike
south on Bir Hakeim and El Adem dur-
ing the battle of Ain Gazala. Contra-
band arms from Algeria and Tunisia
was carried through the open desert to
shorten distances. During the first
decade of their administration, the
Italians embarked on the building of
motor roads, which, however, did not
go much beyond the areas of Tripoli
and Benghazi and did not exceed a total
of more than one hundred kilometres.
The real programme for the building of
a modern road system, aiming at solving
the problem of both military and civilian
communications, was not started until
the latter part of the 1920’s and the
beginning of the 1930’s. For the ﬁrst
time Libya had bitumen roads which
were able to support heavy traffic
across sandhills. The Tripolitania and
Cyrenaican Jebels through which
mountain passes were carved are
admirable examples of skilful road
engineering for which the Italians bore
a well-deserved reputation. The road
network of Libya now extends to 2,054
kms., of which 1,600 had been bitumeni-
sed with bridges, road signs, etc., leaving
454 kms. of metalled tracks. Additional
tracks, adapted to the transit of motor
vehicles brought the total to about
- 2,830 kms.

Tripolitania and Cyrenaica were for a
long time after the It_ahan conquest two
separate administrations unde}' gover-
nors, one residing in Benghazi and the
other in Tripoli, but when the two
territories were merged to form one
single Colony of Libya under Marshal
Balbo at the beginning qf 1934, the
linking of the two major Libyan towns,
and opening a road through the two
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territories and to run from the Egyptian

to the Tunisian frontier, became
essential.

Up till then practically all traffic,
military and commercial, had been
maritime, coastal shipping in small
vessels.  The large Sirtic area was
passable only along a primitive track
which put a heavy strain on both men
and machines who ventured through it.

It was also frequently interr
upted by
gangs of the Arab resistance movement.

The coast road, or

known also as Via Balbia, after
Marsha_ll. Balbo, was inaugura’ted by
Mussolini in the Spring of 1937 1t is
1,822 kms. long from the Egyptian to
the Tunisian frontier, running along the

ean. A_t regular intervals the

‘“Litoranea »’,

ance depots (Case Cantoniere). This

) . Cost 103,000,000
Italian (prewar) Lire including the r
maintenance depots’, ridges, o
signs, milestones and the Marble A

or ‘““Arcae Philaenorum”, aemorr‘ig-

ment erected to comm
Spemine. emorate the

“ M_a_rble Arch”, the hame was given
by British troops of the liberating army
and has stuck, and which was meant to
be a symbo] of the revival of Roman
greatness, emerges a5 3 colossus in the
desert emptinegs, It was an outstanding

iizhttéfrglex:i?hg the warin North Africa,
€ inscriptj
orace, « Al puon quoted from

. sol possis nihil urbe
Roma visere maius”__uOh’ great sun
2

never you will see 4 '
the city of Rome”.grea,}ef_ thing than

. 18 was an
expression of Mussolini’s i

’ ct, ims -
symbol of pride for paas.; (1St to bea

e for Fascist Italy, and

secondly to sery 1 .
ments of L} ° the military require-

en 10¥a;  becoming 3 large
g}l(nl;t:;y bas_e, the springboarc% for Italyg’s
Wp Iwn I Africa, Just before the

ar, ltaly had g standing army of
VU0 men stationed ip Libya. During
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the war, the Litoranea carried the traffic
of at least three large, modern mechani-
sed armies and suffered considerable
damage, especially in the tract from
Agheila eastwards, as the tide of the
war went forward and backward.

Extensive repair work has been
carried out in recent years all along this
coast road which is now part of the
Federal Road System of the Libyan
Government. Whole sections which
were heavily damaged have been com-
pletely rebuilt, and the road is efficient-
ly maintained under the Federal Roads
Department.

THE NEW FEZZAN ROAD

The Fezzan, the southern province of
Libya, which has so far been considered
as a remote region because of difficulties
of communication, is now being opend
up by a modern road. The Fezzan
covers an area of about 400,000 sq.
km., a desert country for the most part,
consisting of large Erghs (sand dunes)
and rocks. It has always been an area
of transit for the caravans between
Sudan and Chad and the Mediteranean

from the days of the Garamantes till the-

present time. Indeed the history of the
Fezzan is closely linked with its geogra-
phical position as a centre of communi-
cations, not only between north and
south but between east and west. In
fact, caravans came from Egypt, and in
Cairo there is still a gate called “ The
Gate of Zouila>, a reference to the
village of that name about 200 kms.
cast of Murzak. At present the Fezzan
is crossed by the Federal road, so far
only a trace on the map and a track on
the ground, which runs from 125 km. to
the east of Misurata to Ghat at the
southwest corner of Libya on the
Algerian border. This road passes
through Bunjen, Hon, Sebha, * The
Historical Way of the Garamantes”,
Ubari, Serdeles and Ghat, a total of
about 1,100 km. It has been selected as
the route for modernization. The other
track running north to south by Mizda,
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El Gheriat and Brak (520 km.) has now
been abandoned except as a caravan
and landrover route. This Fezzan road
was traced along the least difficult tracks
and is purely a surface road. This
surface is no longer able to support the
heavy strain of rapidly increasing traffic
arising largely from the opening of the.
country to the search for oil in which
many companies are now engaged with
every prospect of suécessful results. At
present a truck of 7 tons takes at least
36 hours hard driving from Tripoli to
reach Sebha, 18 to 20 hours is taken by
a Land Rover. In order to bring the
province of the Fezzan closer to the
other two Libyan territories, it is essen-
tial that communications with it are
made easier and to open it up so that its
agricultural and mineral resources can
be developed. With this in mind, the
Libyan Government, through the
Federal Ministry of Communications,
Roads Department, has started, early
this year, the construction of a modern
road to the Fezzan, the course following.
approximately the existing track. The
new road will be 697 km. long, 6 metres
wide with bitumen laid on a foundation
of stabilized soil and hard core. When
completed it will do much to assist the
development of the Fezzan, it will open
a regular traffic for the export of local
products and will permit the transit of
the traffic of the oil companies which
are now engaged in prospecting for oil
in this part of Libya. ‘

Libya, like India, has a Federal
Constitution, and the road system is in
part a Federal and in part a Provincial
responsibility.

Except for the two major trunk
roads, the Coast road and the Fezzan
road, the other land communications in
Libya come under the respective provin-
cial Governments, though streets within
their boundaries are administered by
Municipalities. The Federal Roads .
Department, a branch of the Ministry of
Communications, is responsible for - ¢
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maintenance and improvement as well
as new constructionof the Federal high-
ways, a task which is being efficiently
performed.  The Provincial Govern-
ments have also carried out extensive
road works and are regularly improving
" the existing road system to make it suit-
able for the ever increasing road t(afﬁc.
Many of the roads which were built 30
years ago are now too narrow for the
increasing traffic carried by 'modern
vehicles, the eight ton truck witha ten
ton trailer is common. Hence widening
of metalled widih and improving curves
and gradients, with, in some instances,
the introduction of dual carriageways,
is becoming necessary to an increasing
extent. Having been 11beratqq from
Ttalian rule by the victory of British and
Ameican arms, Libya was set up as an
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Independent Kingdom in 1951 under
King Idris I, who as the Emir of
Cyrenaica, had been the spearhead of
the resistance movement.  Since then a
great deal of money has been spent by
the Federal and Provincial Governments
on roads. There is, however, still much
left to be done for the roads in Libya,
which in view of its great distances and
sparse population are a vital aspect of
the social and economic development of
the country. Libya has today a good
network of road communications, one
of the best in the Middle Fast and
practically speaking there is no centre
of population throughout this vast
country, however remote it may be, that
cannot be reached by motor car,
certainly be Land Rover or similar
four-wheel-drive vehicles.

The only man who behaves sensibly is my tailor; he takes
my measure anew every time he sees me, whilst all the rest go
on with their old measurements, and expect them to fit me.

—GQG. B, SHAW
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HIGHWAY DEVELOPMENT IN THE
UNITED STATES OF AMERICA

THE BUREAU of Public Roads., [U.S.A.]

TRANSPORTATION, the movement

of people and goods, has playcda
major role in shaping many civilizations.
In countries with large land masses,
road or highway transport has been
especially important.

This is notably true of the United
States of America, where the era of
modern road building began with the
invention of the gasoline automobile in
1893. By 1900, there were 8,000 motor
vehicles in the country ; 20 million by
1925, and in 1959 registrations reached
70 million.

The U.S.A. now has about 3.4 million
miles of roads and streets. This total
necessarily includes a wide variety of
highway types, from 2-lane unsurfaced
roads that are little more than wheel
tracks to great multi-lane throughways
linking huge metropolitan areas.

As motor vehicle registration gnd
mileage mounted steadily, as vehicle
weights increased year by year, highway
engineers and officials were faced with
a wide array of problems. This was
particularly true of our State highway
departments, which have the major
responsibility for the construction and
maintenance of main rural highways
throughout the United States.

 Federal aid to the States for highway
construction began modestly in 1916.
From 1921 such aid was limited to a
system of major roads selected by the
States and joined at State lines to pro-
mote a connected highway network.
Beginning in 1944, Federal aid was
extended to urban highways and to
secondary or farm-to-market roads.

About 789,000 miles of roads are now
eligible for Federal aid, 256,000 miles
on the primary system, and 533,000
miles on the secondary. Federal aid
for these systems (including urban
extensions) is divided among the States
according to formula which weigh the
relative area, population, and rural mail
route mileage of each State. Federal
aid is used only for construction and
right-of-way acquisition-—maintenance
and operation of Federal-aid roads is
up to the States. The States select the
roads to be improved, decide what
projects to build, prepare the plans and
let the contracts and supervise the cons-
truction—all subject to approval by the
Federal Government. :

Federal highway functions are carried
out by the Bureau of Public Roads of
the Department of Commerce. In addi-
tion to administration of Federal aid, the
Bureau carries on extensive research
dealing with highway planning, cons-
truction, economics and use. Much of
this research is conducted in co-operation
with the State highway departments.

At present the Highway Research
Board of the National Academy of
Sciences in co-operation with the Ame-
rican Association of State Highway
Officials, the Bureau of Public Roads,
and other organizations, is carrying out
by far the most extensive and costly
highway research project ever under- -
taken,

Known as the AASHO Road Test, the
basic purpose of the project is an
exhaustive study of the behaviour of
both rigid and flexible pavements of
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59-305—In right forcground—1 A35-2(104)098 a 4 mile grading and bridge project from Minnesota
River to TH 100 In middle—U 024-1(1) grade and surfacing of rgadway going across picture
(TH 100) now T C94) in A35-2(101) 102 old no. IN 394-1(1) for highway — highway bridges.

Background U 049-1(2) grade and gravel base for 2.5 miles on TH 65 (now Interstate at
Rt. A35) TH 100 across picture is open to traffic and now carries 18,900 ACT TH 65 (I A35)
is not yet complete. A paving project was recently authorized which will complete 1 A35
within the area pictured. Traffic is expected to be about 14,000 ADT.

known thickness under dynamic loads of
known magnitude and frequency.

ind this simply stated objective
lieB;}llo.re than five years of study and
preparation. Acutal construction of
test road was begun 1n 1956. A high
degree of uniformity In the embankment
support was achieved before the actual
sections of pavement were laid.

The 4-lane divided highway consists
of four basic loops, including dual

straightways 6,600 feet long, with half

circles for a turn around at each end.
There are two smaller loops, one of
which will not be subjected to test traffic

while the other will be used for light
loads.

Each basic loop contains a series of
test sections, some of rigid (Portland
cement concrete) pavement and others
of flexible (bituminous) pavement.
These sections vary in thickness of pave-
ment, base, and sub-base. The test
sections will undergo axle loadings
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varying from 2,000 to 30,000 pounds on
single axles, and from 24,000 to 48,000
pounds on tandem axles. The test loa-
ding and driving will proceed for 16
hours a day, 6 days a week during a
period of two years. The highway
loops also include sixteen test bridge
spans of varying strength and fout over-
pass bridges.

Anelaborate system of instrumentation
has been designed and installed to take
the measurements of strain, deflection,
and other phenomena under study. Full
use will be made of electronic equipment,
including computers and punch-card
equipment for data analysis.

Some 70 test vehicles of 18 different
makes will be used. Driven by a 300
man army contingent assigned by the
Department of Defence, the range of
vehicles and drivers should assure ope-
ration representative of normal highway
traffic.

The actual road test got under way on
October 15, 1958, when the first loaded
trucks began to roll. Since then the
test vehicles have been driven more than
2 million miles and several more million
miles are scheduled before the test ends
in the fall of 1960. By April 30, 1959,
no less than 100,000 applications of
each axle loading had been applied in
each of the ten test lanes.

The wide range of axle loadings,
combined with an equally wide range of
pavement structure depths and layer
components, gives great scope to this
research. In each test lane the sections
of pavement range from well below to
somewhat above the generalized design
which would be regarded as adequate
for the load. As expected, some of the
thinner pavement sections and several
of the overstressed bridges have shown
signs of distress—thus the test already
is develoning the type of data for which
it was conceived. '

Thanks to the broad scope of this
project, the careful preparation, and the
scientific manner in which it is being
carried out, it-is hoped that the results
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will be of lasting value to highway
designers and engineers the world over.

The ever-increasing importance of
highway transport, the mounting tide of
motor-vehicle use, and an unmistakable
trend toward urbanization in many
areas, all underscore the impetative
need for better roads.

In the U.S.A., regular Federal aid to
the States for highway construction has
risen from a token S million dollars in
1917 to authorizations of 875 million
dollars for 1959; 900 million dollars
for 1960, and 925 million dollars for
1961. The money is divided 45 per
cent for the Federal-aid primary system,
30 per cent for the secondary system,
and 25 per cent for their urban exten-
sions. These funds must be matched in
equal amount by the States.

In spite of these substantial sums
and even greater additional funds spent
directly by the States and by local,
county, and municipal governments,
highways in the United States have not
been adequate to handle the constantly
increasing volume of traffic.  This
problem was especially acute in many
urban places and on main travelled
roads serving large metropolitan areas.
Congestion, delay, and traffic accidents
took a steadily mounting toll.

The Federal-Aid Highway Act of
1944 introduced a new system concept
and called upon the State highway
departments, in co-operation with the
Bureau of Public Roads, to designate a
40,000 mile Interstate System network
linking important cities from coast to
coast. This was an important step,
but since this Act did not provide
special aid funds for the network,
progress was slow. Meanwhile, traffic
congestion, delays, and accidents conti-
nued to mount.

The Federal-Aid Highway Act of
1956 came to grips with the problem.
Federal funds totalling over 25 billion
dollars were authorised for the years
1957-69 to complete a 41,000 mile
National system of Interstate and
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Defence Highways. Though comprising
only ‘1.2 per cent of the total road and
street milages in the United States, it
will serve 20 per cent of the total traffic
when it is completed. Congress recog-
nized the national importance of the
system by providing that the States
would put up only 1 dollar for every
9 dollars of Federal aid.

By definition, the Interstate Syst.em is
a part of the Federal-aid primary
system, thus the States have selected
the routes and are planning and arrang-
ing for construction of the projects on
the Interstate System. By the end of
1958, 4,700 miles had been built and
opened up to traffic. An additional
6,800 miles were under way, and plann-
ing or right-of-way acquisition had
started on another 16,300 miles.

This new network is being built to
design standards which will be adequate
for the traffic expected in 1975 a 60 per
cent increase over 1956. Most of the
system will be divided four-lane high-
way, but 6 lanes or more will be needed
in and near large cities. Lanes will be
at least 12 feet wide, the dividing strip
generally 36 feet or more. Grades,
sight distances, and curvatures will
provide optimum conditions for safe,
efficient traffic movement, consistent
with sound engineering practice and
economy. :

A most significant feature of the
Interstate System is access control.
This means that vehicles entering and
leaving the main traffic streams will do
so only at planned intersections having
grade separations and rtamps which
will permit safe orderly exit and
entrance, with no direct interference
from abutting property, driveways,
roads or places of business.

Planned access of this sort is essential
to preserve the traffic capacity of heavily
travelled highways, to permit the
smooth, orderly flow of traffic and to
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offer .the maximum in safe, efficient
motoring.

Many consider that the safety factor

alone is decisive, for controlled access
cuts highway fatalities and accidents by
half_ or more. It is estimated that com-
pletion of the Interstate System will
save at least 4,000 lives annually.

Highway finances in the U. S. A.
are now compatable with the contri-

bution which motor cars make to our

way of life. Total expenditures for
roads and streets in 1959 came to 10.5
billion dollars. Of this sum, 7.1 billion
dollars went for capital outlay—cons-
truction and purchase of right-of -ways--
and 2.3 billion dollars were for main-
tenance, the remainder went for admini-
stration, highway police and safety
activities, and interest on debt. The
total included 7.1 billion dolars spent
for State highways and 1.7 biilion
dollars for county and other rural roads,

with 1.4 billioh doll - :
streets. ars going for city

Tota}] I_lighway revenues, which reached
108 billion dollars in 1959, included 3.0
billion dollars of Federal funds, 5.6
billion dollars from State govermﬁems
808 million dollars from county and
ophc_er local rural governments, and 1.4
billion dollars provided by cities and
other urban places. The Federal funds

derive originally from the Federal excise

taxes on highway users. In additi
4.4 billion dollars annually caz:nglgg?r’l
Stape gasoline taxes, motor vehicle
registration fees and the like, toll charges
supplied 450 million dollars, 1.5 billion
dollars came from property taxes and
general revenue, and 177 million dollars
came from miscellaneous sources.

In the first three

enlarged highway program which

began
July 1, 1956, construct as o
on more than 75,0 e e

e 00 mil f -
aid highways and 15,000 bi?d(g)esl.:ederal

years of the greatly
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RAPID industrial development in the

USSR, reconstruction of old and
construction of new cities was accom-
panied by an immense road-building
program.

In cities of the Russian Empire in
pre-revolution days, there were almost
no improved roads.

Inter-city communication was carried
out by means of unpaved badly main-
tained post” roads and some access
stretches leading to thecities had cobble-

“stone or coarse broken stone pavements.

In the cities proper only the main streets
had pavements, but even those were of
the simplest types.

Large-scale road-building over the
immense territories of the Soviet Union
began to develop in 1925. After the
second world war large-scale road con-
struction assumed great proportions.
The Republican, province and local
administrations throughout the Soviet
Union allocated huge sums of money
and large material resources for road-
building. To cope with this problem,
the USSR industry manufactures a
large quantity of diverse road-building
machines and equipment.
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DEVELOPING ROAD-BUILDING

IN THE
U.S.S.R.

All highwhys and city roads in the
USSR are classified according to their

designation and anticipated traffic
volume. C

Thus, cross-country arterial roads of
the 1 class are those designed for a
traffic volume of over 1000 motor cars
per 24 hours. The speed of traffic on
such roads may reach 140 kilometres
per hour.

Roads of the II class comprise those
where traffic density reaches 500-1000
cars per 24 hours, and where provisions
are made to secure traffic speed up to 100
km per hour.

Roads of the III class have a traffic
capacity of 500 motor vehicles per 4
hours, with speeds up to 70 km per
hour.

In addition to highways of the I, II,

111 classes there are also local approach
roads.

The width of the subgrade and
carriageway is established by calcula-
tions depending on traffic low density,
the road-lane width being equal to 3.5
metres for two and fourlane traffic, and
3 metres—for a bigger number of lanes.
Radii of curves, gradients and vertical
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curves are assumed depending upon the
class of the road and its topography.

Thus, for I class roads the radii of
curves in the horizontal plane are about
3500 metres, for II class roads—from
2000 to 2500 metres and for the III
class roads—-between 1000 and 1500

metres.

The gradients are —for the I class
roads not exceeding 3 to 4 per cent, for
those of the 1 class—5 to 6 percent and
for 11T class roads—7 per cent.

Modern I class highways have cross-
ings with other highways, as well as
with rail road lines arranged at different
levels, with over-bridges and one-way
traffic ramps. Every 200300 kilo-
metres of roads of this class (as for ins-
tance the Moscow-Minsk, Moscow-
Simferopol, Kharkov-Restov and other
highways) are provided with service
stations which cater for the passengers
and their motor cars, and comprise
repair-shops, hotels, restaurants and
filling-stations.

To provide protection against snow-
drifts, shrubbery and trees are planted
in strips 10 to 20 metres wide that
border the highways.

In mountainous regions dimensions
of roads under construction are estab-
lished by taking into consideration local
conditions.

Urban construction in the USSR is
carried out in accordance with plans
based upon long-term planning of lay-
out of housing and communal facilities.
These plans and schedules are approved
and authorised by appropriate govern-
mental agencies and are mandatory for
all administrative and economic organi-
zations, as well as for private citizens,
engaged in any kind of building activities
within city boundaries.

The most important element in the
planning of city building layout and
construction is a proper solution to the
problem of an urban transportation
system (principles underlying traffic
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. The.width of the street carriageway in
cities is set depending on the traffic

volume and the types of vehicles used
with proper attention given to existiné
and planned future city area layouyt.
The construction of streets is

rule, accompanied by the constr’ucat?oﬁ
of a gutter System and, in a number of
cases, of a drainage System designed to
lower the leve] of underground waters.
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In addition to this, the employment
of asphalt-concrete permits complete
mechanization of all construction work
processes.

Under conditions prevailing in the
USSR the service life of asphalt concrete
varies from 10 to 25 years and depends,
in the first place, upon the thoroughness
of the asphalt concrete, traffic density
and on maintenance of the road surface
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throughout its service period.

_ In recent years the road building
industry is increasingly using for upper
courses—cement concrete.

On the 1T and 111 class roads, crushed-
stone and gravel highways with bitumi-
nous macadam upper courses prevail.

Figs. 1 and 2 are illustrative of the
upper course structures of roadways

Types of Road Surfaces
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(dimensions are given in centimetres). Photo 3 illustrates the arrangement of
Photos 1 and 2 are examples of modern 2 city street of local importance.
arterial street construction and represent

avenues traversing the zone of newly All operations connected with the
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Application of local materials for road pavements
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constructed housing blocks in Moscow. construction and repairs of roads and

Photo 1. Avenue Katuzoff

Photo 2. Perspective of Lenin-Avenue and Lomonosoff-Avenue
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Photo 3. The road of local importance

streets, with the exception of the laying
of stone-blocks and cobblestones, are
mechanized. This involves an exten-
sive use of power showels, bulldozers
power scrapers, motor rolls (including
vibratory types), stone crushers, rippers,
bitumin pavers, concrete mixers, auto-
cranes, tractor leaders and other
equipment.

Inter-city roads of all classes and
streets are built by specialised organi-
zations who own road building plants,
machinery and equipment.

Until quite recently, highway bridges
.were built either of steel or wood, rein-
forced concrete and concrete structures
being rarely used.

In 1952 the attitude toward using
reinforced concrete in the construction
of bridges has radically changed and
preference ‘is given to reinforced con-
crete and concrete structures.

In the construction of small and
medium span bridges, over-bridges, and
ramips, only standard design and pre-

fabricated reinforced concrete strucrural
members are used, these being manu-

factured at station i
( ary and -
mixture plants. Y open-air

Rainforced concrete j s
I $ now also a ke
material for the construction of largz
bridges spanning big rivers.

There are some of such large bridges
now under construction. The arch
tn_ple-artxculated reinforced concrete
bridge across the river Enise; in the
vicinity of the Krasnojarsk is 2.5 km
long, 24 metres wide and each span 'is 156
metres long. The spans are made of pre-
fabricated reinforced concrete structu-
ral members. Arch blocks, each weighing
1600 tons, are fabricated directly on the
shore then being placed upon special
floats, are brought up to the bay of the
bridge substructure. Such a method of
arch erection, without intermedijate
supports is being used for the first time.,
It considerably speeds up erection of
structures, enables to eliminate tem-
porary, and ancillary labour-consuming
structures, ensures continuous industrial,
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Photo 4. Bridge across the Enisei river at the city of Krasnoyarsk

all-year-round fabrication of structural
members and thus reduces over-all cost
of construction work.

The town bridge across the Viyatka

-river in the city of Kirov, which is of

the girder-cantilever system, is also
being built of prestressed reinforced
concrete members, with individual spans
84 metres long. The total length of the
bridge is 540 metres and its effective

Mysticism keeps men sane.

width is 16.5 metres. The concreting of
the bridge framework is effected with
the aid of suspended arrangements.

The USSR has begun the realization
of the huge tasks of further develop-
ment of all branches of national econo-
my planned for the 1959-1960 period.
In this connection the construction of
roads and amenities will gain a new
impetus.

As long as you have mystery

you have health ; when you destroy mystery you create morbidity.

—G. K, CHESTERTON.

17 133



THE PLANNING AND CONSTRUCTION OF ROADS
) IN WEST GERMANY

By

Dr.-Ing. H. KUNDE *

e volume of motor traffic
Sl?rSiEth;hnumbcr of motor vehicles are
steadily increasing (400,000 to 500,000
motor vehicles per annum for the past
ten years), road construction has become
a vital problem in the German Federal
Republic. Although _the automobile
and motorcycle were invented here by
Daimler and Benz more than 70 years
ago, Germany is not as thoroughly
motorized as most of the neighbouring
countries of the western hemisphere,

2,260.3 km or 1,404 miles of Federal autobahnen
24,395.3 km or 15,158 miles of Federal highways
56,700.9 km or 35,233 miles of Rural roads
48,672.2 km or 30,243 miles of Secondary roads

132,028.7 km or 82,038 miles

Federal government is responsible
fo;'r ht;e maintenance of the first two
groups, which together _form the net-
work of Federal arterial highways. The
third group is composed of roads
belonging to the 9 Federal counties.
They serve regional traffic mainly. The
last group comprises the roads pf the
418 districts which serve short-distance
and district traffic if it does not use
other roads also, bece}use a distinct
separation of the various types of
traffic according to .thg type. of roads
over which it moves is impossible. The
arterial highways must accommoda_te
the most dense and heavy traffic, while
the district roads are used by smaller
vehicles and considerably lighter traffic.

—;—o-l:i:f of the Department of Road Construction &t the Fedem

Germany.

and this fact must be taken into
consideration. A considerable increase
in traffic in the future must thus be
anticipated.  This is a fact which
compels the responsible authorities of
such a densely populated country to

undertake special road construction
measures,

On March 31st, 1958, the West Ger-
man road network, according to its

statutory  structure, comprised the
following :

= 1.7 per cent
18.5 per cent
= 42.9 per cent
36.9 per cent

The knowledge gained from syste-
matic traffic surveys is one of the most
important prerequisites, and is the basis
of road construction planning. When
this is borne in mind, it becomes
perfectly clear that the Federal govern-
ment must prepare the most complete
and expensive plan if it is to supple-
Inent 1ts road network in such a manner
that it will accommodate a steadily

ncreasing traffic volume for the next
0 years. :

The development plan, which became
law on July

27th, 1957, comprises the
evelopment of approximately half of
the Federal arterial road mnetwork.
Approxxmately 174 billion DM will be

e e e e

8try of Transport (Bonn)
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Photo 1. Autobahn between Bayrenth and Nuremberg, Berlin-Munich section
N .

Photo 2. Autobahn clover-leaf near the Frankfurt Cross, at the intersection of the
‘ Kassel—Mannheim, and Cologne—Wurzburg autobahnen
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spent during’the next 10 to 12 years for
this programme, including construction
of 2,000 km or 1,243 miles of auto-
bahnen, 1,050 km or 652} miles of
Federal highways and 3,000 km or
1,864 miles of town by-passes for

Photo 3. Wiedbachtal bridge along the Cologne—Frankfurt autobahn

Federal highways,
supplemented by ru
maintenance and ad
as fpr certain sub
med:um~sized town
sible - for adminis

This sum will be
nning expenses for
Ministration, as well
sidies to large and

trati -
136 lon of through

s which are respon-’
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roads which are part of the Federal

highway system. It is expected that
the financial basis will be provided
during this year by passage of a special
road construction financing law to
cover approximately 1/3 of the construc-
tion programme, which is to be comple-
ted in the next four years.

Several Federal counties also have
prepared plans for developing their roads
and commenced construction. In the
same manner, the authorities of various
districts where the financial means vary
greatly, but on the whole are consider-
ably lower than those available to the
Federal or county governments, are
attempting to increase the development
of their secondary road network, or at
least to lay modern road surfaces on
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existing roads as rapidly as possible.

All in all, approximately 50 to 60
billion DM will be required during the
coming 10 to 12 years to improve at
least half of the roads, including munici-
pal roads, to the point where they can
accommodate the increasingly heavy
and dense traffic. The present develop-
ment programmes will be supplemented
later by other programmes which will
deal with remaining roads of all types.
This programme will provide for the
necessary extensions, auxiliary roads
and modernization projects which are
impossible to consider at the present
time. For these reasons, it can be
expected that the financial requirements
for road construction will continue to
be urgent for several decades to come.

Photo 4. Crossing where. the Kassel—Hanover autobahn crosses the Werra river
nesr hdemunden
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Photo 5. Alb rise of the Stuttgart—Munich autobahn (showing the route to Schontalblick
and the Todsburg bridge) Traffic in the opposite direction travels over another route
for several miles due to the terrain. The second route is not visible in this picture

Actually, Germany’s roads have
already been modernized since 1924/25,
In view of the size of the network, the
necessary work cannot be compl;ted in
one year, or even 10 years. During the
first decade, attempts were made to
combat the dust caused by the relatively
small volume of motorized traffic which
travelled over the old macadam sur-
faces. Only during the thirties were the
road foundations and surfaces rein-
forced to any great extent by modern
building methods, mainly by using

bitumen and road-building tar as binders
for the stone and gravel used in road
construction. Ninety per cent of the
auto-bahnen, commenced in the autumn
of 1933, were paved with concrete.

Aside from a very few exceptions,
the dusty carriageways of old are no

longer to be found in today’s Federal .

highway system. Urban rtoads and
seconda}ry roads, however, have not
been improved to such an extent.
Nevertheless, in the 5 years between
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Photo 6. Autobabn bridge across the Rhihe river near Cologne-—Rodenkirchen

1951 and 1956, approximately 20,000 km
(12,427 miles) of such roads were
surfaced with bituminous pavements,
which may be regarded as remarkable
progress, and may lead one to expect
that urban roads also will be made
dust-freé during the next few years.

Between 1940 and 1949, road const-
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ruction generally came to a halt in
Germany because of the war. None
but the most essential construction work
could be done at that time, and even
maintenance was restricted to scanty
repairs because of the lack of materials,
conveyances and manpower.
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motor vehicle traffic and the accom-
panying increase of special taxes—auto
licence fees, and petroleum taxes during
1951, 1953 and 1955, the revenues avai-
lable to the Federal government and its
counties for road construction also in-
creased. Asa result, more and more
roads were built or improved each year.
The total expenditures of the regional
public corporations for this purpose in-
creased four-fold between 1950 and

1958.

To-day, the alignment of roads must
be improved, and they must be wnqened,
reinforced and rendered frost-resistant.
First of all, the danger of accidents
which accrues from the construction of
older type roads, such as narrowness,
poor visibility, 100 many curves, Cross-
ings and intersections, cambered road-
beds, slippery surfaces, steep grades,
etc., must be eliminated.
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High-speed traffic, as well as an
attempt to adapt roads harmoniously
with the landscape, have led to the
selection of new routes. By means of
suitably engineered curves, perfect dyna-
mic alignment is ensured, and with the
aid of perspective the road is blended
with the landscape in such a manner

that it conveys a natural and light
impression.

Modern bridge construction is simi-
lar. During the last phase of the war,
14 to 135 years ago, approximately 1,500
bridges within the Federal arterial net
work were destroyed. Most of these
were bridges with wide spans. With only
a few exceptions, all of these have been
reconstructed. This represents an impor-
tant accomplishment of the bridge buil-
ders within the past decade. At present
160 bridges are under construction, in-
cluding several new ones which are being

Photo 7. Service station (‘‘ Rasthaus”’) at Hanover—Garbsen, on the Hanover—Cologne
autobahn. The German Federal autobahn network offers inany special services, not
only for vehicles (repair shops, petrol stations, eic.) but also for the personal
comfort of} the autobahn traveller (service stations, restaurants,
hotels, and even an autobabn church, completed this year
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built as a part of the Federal autobahn,
the length of which has been increased
since 1950 by 12.8 per cent. According
to the development programme,
the widening of many bridges—approxi-
mately 1,400-—will become necessary.

If one compares the structure of
bridges built during recent years with
older structures which remain intact, a
great change in design and construction
becomes evident, This is influenced by
the latest knowledge regarding route
selection, the development of new cons-
truction methods and the availability of
improved building materials.

Among the developments which in-
fluence bridge construction, the most
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conspicuous innovations are the use of
prestressed concrete and the composité
construction method. (This periodical
has published detailed reports of these
methods in previous issues.) Both
methods make possible almost complete
utilization of the cement, concrete and
steel employed in building. The quality
of such materials recently has been
improved to a very great extent. The
new construction methods encouraged
the development of much lighter and
more attractive superstructures with
greater load-carrying capacities com-’
bined with increased economy. Thus,
the most essential aims of modern
construction methods are fulfilled.

(From: < Trends”, 30th June, 1959.)

Nothing fails like worldly success

—ARNOLD TOYNBEE

-aa————
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E. A. NADIRSHAH,
nerete Associution of India

THE Second National Plan envisages

increase in production from 151.672
m. tons in 1955/56 to 228.40 m. tons in
1960-61 excluding items like automobi-
les, machines, etc., which cannot be listed
in tons, i.e., the increase in production
was estimated at 77 m. tons by 1960-61.
On account of reduced allotment and
increasing cost this figure may now
work out to about 80 per cent of the
original target, i.c., the increase in produ-
ction may be taken at about 62 m. tons.
Taking into consideration the back log
of about 5 m. tons left over from the
first Plan, the total additional goods
traffic that would develop will be 67 m.
tons.

The Planning Commission had made
an appraisal of financial resources and
the likely industrial development, which
indicated that the Railways will have to
carry an additional 53 m. tons of freight
traffic by 1960/61 as against 47 m. tons
provided. 1If this is taken into consider-
ation, then out of 67 m. tons of increa-
sed production by 1960/61 the Railways
will carry or cater for 53 m. tons lea-
ving a gap of about 14 m. tons, say
about 15 m. tons to be catered for by
other forms of transport.

The gap of the country’s long dist-
ance haulage of as much as 15 m. tons
per year which the railways cannot
tackle due to various reasons, can be
tackled by road transport as :
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ROAD TRANSPORT NEEDS UNDER THE
SECOND NATIONAL PLAN AND

SOME SUGGESTIONS FOR ITS
EFFECTIVE

AUGMENTATION

(a)

(b)

(c)

the roads are not used to their
full extent as they should be,
as 1n 1955-56 the number of
motor vehicles on our roads
was only one per mile
agamnst 25 in Britain, 2] in

USA., 13inM i
Céylon. alaya and 8 in

the investment on roads whi
1S expected to reach a ﬁsguwr}:g}
s 700 crores in 1960-61 is not
made full use of in spite of the
faclt that road transport has
%ﬁedtel‘ speed and flexibility
an the rajlways, Taking the
spcr:ed factor, “it is stated by
. B, V., vy i
Vlce-Bresidellt, gtl‘] , t}lxaexef.Llllt.l'\ll'e-
o 10Aan article in an issue
:)f tllle Capital ” that a road
Tuck covers about 150 miles
per day g5 against 48 miles
Covered by railway wagon

n:) a}ddition, the road trans-
Ie)mrtls botential of providing
Ployment to our teeming

Poor population s far reater
than of ‘the railway, (%nly in

.tlﬁélua}ry 1958, the President of
mg(riltioned in his

address that ag-
ta:.:::si aboqt I million hangs
nup 1§)yed In the railways, the
tram °r cmployed by road
nsport was about 3 million.

p_residen.tia.l

v
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FACTORS ADVERSELY AFFECTING
ROAD TRANSPORT CAPACITY

Much has been said during the last
few years about the prolonged restric-
tive Government policy on the growth
of road transport in this country and
without restating the causes for such a
policy the resulting handicaps may be
summarised as follows:

Inadequate number of vehicles: The
number of motor vehicles in this coun-
try is very limited and if road transport
is to play its legitimate share in moving
the increased traffic, the number of
vehicles should be greatly increased.
That the rate of increase is not adequate
can be seen from the following figures :

The number of motor vehicles in the
country in 1943-44 was 1,62,247 which
increased to 4,18,067 in 1955, which
works out to about 89 vehicles per
million of population. This is hardly
1/10 of our neighbouring country like
Ceylon, 1/100 of UK. and 1/410 of
U.S.A. Thedeficiencyin these numbers,
causing bottlenecks in transport for the
moving of goods, has resulted in losses
and damage to perishable foods. We
have 1/2 a truck per mile of road as
against 5 to 10 trucks per mile in other
parts of the world ; taking only surfaced
roads in the country and mechanised
transport for comparison with UK., our
roads carried 1} trucks and 2 other
vehicles (motor) per mile against 9 and
27.7 respectively in UK. :

For the traffic required by 1960-61 the
Road Transport Committee of the
Indian Roads Congress estimated two
years ago that about 2.25 lakhs of motor
trucks will be required, besides another
1.25 lakhs trucks being required to
replace the over-age and worn out trucks
in the country. For the reduced out
put now expected and without providing
additional passenger capacity to relieve
over-crowding in the railways, the mini-
mum number may be taken at 1.8 lakhs
with at least 60,000 vehicles for replace-

ments, making in all 2.4 say 24 lakhs.
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The plant manufacturing capacity in the
country for commercial vehicles is expec-
ted to be about 45,000 in 1960-61.
Starting with 15,000 vehicles in 1956-57,
the total number of trucks likely to be
available works out to about 14 lakhs
by 1960-61. Against this figure the, .
number of commercial vehicles produ-
ced in 1957 and 1958 was 16,248 and
14,557 respectively, i.e., the production
of these 2 years was 30,805 as against
52,000 planned, i.e., 40 per cent less.

Thus the gap of about one lakh of
trucks or more would have to be made
good by raising the targets of our pro-
duction of vehicles, failing which, by
importing the required number of motor
trucks. At a minimum of Rs 25,000
per truck about Rs 375 crores will be
required to purchase the one and half
lakhs of extra trucks. Government
will have to come forward with loans
and make them available to operators
through finance corporations and banks
as only a very small portion of {unds is
likely to come from private sources.y

Inadequate size ranges of vehicles: The
economics of road-haulage are consider-
ably dependent on the maximum permis-
sible weights of vehicles, as the larger
the capacity of a vehicle to carry, the
less will be the cost per ton. Though
the gross laden weight of the medium
sized vehicles has been upgraded to
18,000 Ib in the Motor Vehicles Act
amended in 1956, the absence of any
reference to maximum axle loads prev-
ent the use of articulated vehicles. With
lesser axle loads of such vehicles it is
possible to carry gross laden weights of

.a much larger magnitude without excee-

ding the axle load limits of the mediim
sized vehicle and without in any way
increasing the damage to the road, which
is the main reason for limiting the sizes
of motor vehicles. 1t may be worth-
while to point out that while the public

demand for increased axle loads in this
country is for the Indian Roads Cong-
ress limit of 18,000 1b for single axle
and 32,000 Ib for twin axles, many
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of the recently built heavy duty high-
ways in United States are designed upto
32,000 Ib axle load to permit the
efficient use of road transportation. The
weight permitted should be related to
number of axles. The law should
stipulate a safe axle load and not a safe
vehicle load. The National Highways
being under the control of the Central
Government, at least on these roads a
uniform limit of 12 tons on two axled
vehicles should be prescribed.

Truck trailers: The absence of these
vehicles is a disadvantage to our Road
Transport. They not only distribute
Jloads over a larger number of axles and
lessen the wear and tear of roads for the
same load but bring down the cost of
transport and reduce the number of
vehicles required. In U.K,, thg cost.of
running an articulated combination with
a load capacity of l1 tons is roughly
30 per cent less than that of a 6 ton truck.

Limited zonal operation: The pres-
ent system of regulation of motor truck
transport by the Regional Transport
Officers in narrow jurisdictional limits
and the need to obtain countersignatures
on permits required for operation in
different regions even inside a State has
limited the zone of operation of trucks
to very uneconomical distance limits.

Uneconomic burden of taxation: The
various States under whom the adminis-
tration of the motor vehicles is left,
have for long considered motor vehicles
as an item of luxury and they have been
levying taxes with a view to reimburs;:
the general revenues without any parti-
cular regard for the economics of the
operation of motor transport. This is
reflected in the high rates of overall
taxation, which work out in the case of
petrol driven trucks to about 7.5 nP.
per ton mile and 4.28 nP. per ton mile
on a diesel truck. This excludes import
duty on vehicle component. For an
annual turnover of about 94,000 ton
miles, this means over Rs 6,500 per
annum per truck. A 5 ton petrol
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truck operating 25,000 miles, pays an
annual tax of Rs 7000. A diesel
truck  operating 30,000 miles in
Bombay pays Rs 4,800 per year. In
addition to this, municipalities levy
wheel tax, octroi, etc. and several states
levy passenger and goods tax. In some
States the licence fee is heavy. A fee
of Rs 200 is levied in Manipur for a
public carrier permit and fees ranging
from Rs 50 to Rs 3,500 are charged for
permits on certain roads in Assam.
Besides, Road Transport Industries lose
annually crores of rupees through deten-
tion at octroi posts. The total octroi
income is estimated at about Rs 11 cro-
res and the cost of collecting amounts
to 14 anns. inarupee according to the
Masani Report. No other country in

the world taxes the motor vehicles so
heavily.

Damage to roads due to bullock
carts: We are all aware that there are
about 10 million bullock carts in the
country moving a load of about 125
million tons per year as against 115
million tons handled by railways in
1955/56 and 125in 1956/57 respectively.
These carts cause maximum damage to
the roads but they do not contribute
anything towards the construction or
maintenance of roads.

Small number of viable wnits of opera-
tors: In the limitations placed by the
narrow zonal operations of vehicles and
the uneconomical burden of taxation, the
incentive to operate large number of
vehicles has been curbed to the maxi-
mum and the majority of truck opera-
tors are owners of single or few trucks
which is responsible for the poor condi:
tions of their operation and majn-
tenance. Nearly 90 per cent of our

vehicles are owned by single unit opera-
tors.

Lack of inter-State reciprocity:
Barring a few exceptions till, lately, the
inter-State movement of motor trucks
war very largely restricted in view of
the duplicate taxation and other permit
regulations.
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Inadequate resources of operators: In
view of the high cost of operating vehi-
cles, due to various causes such as taxa-
tion, restrictive measures, €ic., ghe
resources of the operators for enlarging
their fields of operation are very limited
and very rarely the small operator has
been able to profit enough by his opera-
tion to enlarge his field of business.

Poor and non-uniform structural stan-
dards of roads: The milage of roads
by the end of the Second Five-Year
Plan is expected to reach 3,79,000
miles, of which 1,44,000 will be surfaced
with water-bound macadam, black top-
ped or concrete, thus leaving nearly
2/3 rds of 2,35,000 miles of unsurfaced
roads. According to New Road Plan,
the milage of roads in India is proposed
to be increased by 1980-81 to 6,57,000
of which 2,52,000 miles will be surfaced
with water-bound macadam, black top-
ped or concrete and the remaining
4,05,000 will be minor district and
village roads. Since a large part of the
movement of agricultural products are
from the interior of the country, large
portions of the journeys have to be
made on unsurfaced roads adding to the
high cost of operation. Besides, the
limiting of the sizes of vehicles due to
inadequate strengths of bridges, etc.,
also adds considerably to the cost of
haulage

Higher operative cost of vehicles:
Poor condition of roads adds considera-
bly to the operation cost of vehicles on
account of wear and tear of vehicles
and tyres and high fuel consumption
not counting waste of time through
stoppages and reduced vehicle speed
and higher cost of insurance. Though
roads in U.K. are of far better and of
higher standards than those in India (in
fact, no comparisons can be made) yet
it was estimated in 1947 that if proper
standards of roads was promised possi-
ble saving in vehicle operation cost
would be over 60 million pounds i.e.,
Rs 800 million which is equiva-
lent to about 10 per cent saving
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in vehicle operation cost. Mr. N.D.
Daftary, General Manager, State Road
Transport Corporation proved that ope-
ration of vehicles on a good surface like
that of cement concrete resulted in a
saving of about 17 per cent. He has
further stated that ¢ State Transport
cost of operation on average bad and
katcha roads in 1953-54 amounted to
Rs 5.80 crores. Ifall our vehicles were
operating on modernised roads our
saving in operating cost would have
been Rs 98 lakhs approximately. If the
vehicles in the entire State are consi-
dered, the amount will be approxima-
tely Rs 9 crores. In Bombay State, we
have 21,988 miles of metalled (W.B.M.)
and katcha roads and the cost of con-
creting the entire surface would come to
approximately Rs 130 crores. Thus, if
Government decides to float a loan for
the amount the saving in operation cost
will not only cover the interest but sink-
ing fund charges also. Resulting bene-
fits due to comfortable travel, etc., are
not taken into consideration in compu-
ting this.”

One of the past Presidents of the
ILR.C. (Shri R.K. Batra) estimated that
the loss of motor transport on account
of the bad and inadequate roads in this
country was of the order of Rs 38 crores
per annum.

Limited roadside services and other
facilities: = Without organised road
transport operators and adequate num-
ber of vehicles it has not been possible
upto now to organise roadside facilities
for efficient servicing of the vehicles, such
as even for towing of vehicles, and it is
not an uncommon sight to find a driver
and a cleaner undertaking even a major
repair job on the roadside by trial and
error method.

Uncertain policies of nationalisation:
Added to the above handicaps, the road
transport in the private sector has also
been working under the constant fear of
nationalisation which has damped the
enthusiasm of planning on a long term
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basis for plying of road transport
vehicles even along the profitable
routes lest their investment should result
in capital losses at the time of nationali-
sation.

Preferential treatment for railways:
All these restrictions and handicaps in
the development of roads and road
transport could, toa very large extent, be
attributed to the attitude of railways
which unfortunately has not been at all
encouraging or helpful.

Foreign exchange: In foreign ex-
change railways have been getting the
lion’s share. A sum of Rs 377 crores
has been allotted to the railways in the
Second Five-Year Plan against about
Rs 90 crores for road transport and
about Rs 42 crores for water transport.

Foreign aid : In regard to foreign aid
also the railways® shareis predominant
and in the case of U. S. A. alone,
according to published information, out
of a total of about 78 million dollars
(Rs 39 crores) allocated to our country
under Transportation, the railway share
is some 75 million (Rs37.5 crores)
while that of highway transportation 18
only 30,000 dollars (Rs L.5 lakhs -=
0.015 cr.)

More allotment of funds: During
the First Plan, the railways were allotted
Rs 140 crores by the Central Govern-
ment out of central resources for increa-
sing their haulage capacity by 23 million
tons per year, i. e., Rs 6.1 crores per 1 m.
ton. During the Second Plan an allot-
ment of Rs 700 crores has been made
for carrying out additional traffic of 53
million tons per year, i.c., Rs 13.21
crores per | m. ton; though the
allotment is increased by about 5 times,
the additional load carrying capacity
was increased by 2} times only, at
double the cost than in the First Plan.

In the Masani Report it is pointed
out that in spite of more allotment of
funds, it is calculated thatin 1955/56
the Government lost about Rs 4.5 crores
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because goods which could not be trans-
ported by railways remained unhandled
as there were no trucks to do the job.
The handling of the freight would have
required 10,000 trucks and provided
employment for about 60,000 persons.

This goes on from year to year imposing
loss on everybody.

Return on capital spent on transport :
The railways give a return of about
Rs 40 crores a year against an invest-
ment of about Rs 1,000 crores (1955-56).
In Road Transport, there is an invest-
ment of about Rs 1,400 crores from
public as well as private sectors and it
pays to the exchequer a net return of
8 per cent on investment in roads and
10to 12 per cent on investment in vehicles
besides paying income and other taxes

from which the railways are evidently
exempted.

Railway representation on road trans-
port matters: Inspite of the fact that
Road Trangport has never asked for any
representations on bodies dealing with
Railway Transport, Railways have been
granted representation on bodies dealing
exclusively with Road Transport matters
and a further attempt was made to put
Railway representatives on State Trans-
port Authorities in all States but it did
not succeed as it was pointed out that

such appointments were ultra vire
M. V. A. > of

Transport trend in other countries-
Throughout the World, road transl;gsri
is overtaking railways as it is the most
advantageous form of transport in man
ways. In Italy, between 1938 and 1954
the traffic on railways declined from
68.8 per cent to 31 percent whereas
that of road transport rose from 31 to
69 per cent. In Sweden, between 1925
and 1956 railway coaches increased by
16 per cent but motor buses increased
six fold—Railway wagons declined from
59,000 to 56,000 while trucks increased
from 10,000 to 11,200. In U.S. A,
between 1929 and 1953 goods traffic on
the railways increased 83 per cent byt
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that on the roads increased by 289 per
cent. Railway passengers increased by 35
per cent but road passengers went up by
118 per cent. We cannot go against
world technological trends and try to
reverse the wheels of progress in our
own country. .

Further, it is more economical to
build a road than a railway line. The
cost of constructing a new national
highway with bridges and culverts to a
carriage-width 22 feet ranges from about
Rs 1.57 to 1.98 lakhs per mile, while a
single track rail-line costs about; Rs. 7
lakhs per mile.

Corrective steps in policies: But
there is a silver lining to every dark
cloud. The above listed handicaps of
the road transport industry have of late
received sympathetic consideration of
the Central Government through the
persistent efforts of the organisations
like the Indian Roads Congress, the
LR.T.D.A., Institute of Road Transport
etc., and the paramount importance of
road transport has been accepted uni-
formly alike by the Government, the
industry and the public. Views have
been very vehemently expressed calling
for road transport to fill in not only the
gap in transport capacity for longdis-
tance haulage but also for establishing
progressive measures and policies.  The
following measures may be noted with
interest :

M.V.T.E. Committee and T. E. Com-
mission: The following findings of the
Motor Vehicles Taxation Enquiry Com-
mittee have received full endorsement
from the Taxation Enquiry Commission :

(a) toadoptinland transport policy
as enumerated by the Interna-
tional Chamber of Commerce

(b) to establish a rational basis of
motor vehicles taxation at
a reasonable level

(c) to establish a single point taxa-
tion for motor vehicles and

~ (d) to have reciprocity in move-
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ment of the vehicles from one
State to another.

" Study Group: The main findings of
the Study Group constituted under the
Transport Ministry are for liberalising
licensing policy, reducing taxes by 20
per cent, etc., leading to the Motor
Vehicle Act Amendment Bill in 1956,

National Planning Commission: The
pronouncement by the Planning Com-
misson that the States should not under-
take nationalisation of the goods trans-

port till after the end of Third National
Plan,

M. V. Amendment Act (1956): The
passing of the Motor Vehicles Amend-
ment Act (1956) which removed certain
restrictions in road transport. The New
Motor Vehicles Act has liberalised the
provisions of the old Act of 1940 and
there will be no distance limit on motor
transport but the Railway Board
does not accept interpretation of Motor
vehicles act. There has also been some
relaxation in respect of permissible loads.
This along with some relief in taxation

will reduce the operation cost to some
extent.

State Bank Amendment Act: The
passing of the State. Bank Admendment
Act (1957) which authorised the State
Bank to advance money for the hire
purchase of lorries.

T. C.& C. Conference: The calling of
the Transport Commissioners and Con-
trollers Conference in Mussorie (October
1958) which considered a number of
measures to implement the provisions of
the Motor Vehicles Act and  matters
perlaining o taxation, licensing, etc.,
such as (i) suspend Code for 5 years, .
(i) a 100 per cent increase in goods
transport by road (iii) issue a permit to
any one who‘produces a vehicle.

I R. T. Commission: "The setting up
of the Inter-State Transport Commission -
by the Central Ministry of Transport of =
the Government of India (March 1958),
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for the administration of permits for
inter-state movements of vehicles with
over-ruling powers over the States.

T. C. on M. V. Industry : The findings
of the Tarrif Commission on the Motor
Vehicles Industry and their suggestions
for the rationalisation of measures for
improving the increased manufacture of
indigenous motor vehiclesand control of
prices have received the approval of the
Government.

Separate Ministry for Transport: A
separate Ministry constituted by the
Centre with a Minister of the Cabinet
rank in charge to manage all transport
other than railways.

T. D. C. and C. T. C. Committee:
The formation recently by the Govern-
ment of India Transport Development
Council and Central Transport Co-ordi-
nation Committee. These bodies will
advise the Central and State Governments
in matters pertaining to development of
highways, waterways, transport etc., t0
secure a co-ordinated uniform policy
between different States.

Second Road Development Plan: The
formation of a Second Road Develop-
ment Plan for India (1961-80) for
accelerating theroad development in the
country which aims at nearly doubling
the mileage of roads during the above
period and at the same time attempts at
a modest provision for the construction
of expressways to meet the special needs
of motor transport. It is proposed to
bring the mileage of metalled roads to
nearly 40 per cent of the total mileage
and nearly 25 per cent will be provided
with modern surfaces with concrete or
bitumen. Expenses are estimated at
Rs 5200 crores as against Rs 700 crores
for the Nagpur Plan.

R. & I. W. T. A. Committee: The
appointment of a Road and Inland
Water Transport Advisory Committee
with representation to non-officials.
The recommendations of this Committee
are: (A) Appointment of an expert
Committee to draw up the broad outlines
of a national policy covering all modes
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of transport, (b) Fixation of ceiling on
motor vehicles taxation and consolida-
tion of various motor vehicles taxes
and elimination of indirect taxation,
(c) Adoption of single point taxation by
all States (d) Liberalisation of the licen-
sing policy of State Governments and
adoption of measures to increase the
number of vehicles on the road
(e) Adoption of measures for populari-
sing truck-tractor trailer combinations
(f) Freedom of movement of vehicles
used by tourists (g) Printing of upto-
date regional road maps of India
(h) Placing the subjects of 1. W. T.
and Road Transport under one
Minister for development of 1. W. T.
(i) Adoption of measures necessary for
the prevention of (a) country boat
disasters and (b) motor vehicle accidents.

The Economic Mission of the Inter-
national Bank: The Economic Mission
sent to India by the International Bank
recommended development of road
transport instead of railway, suggested
the removal of restrictions on intra-
state and inter-state road transport and
reducing the taxation on vehicles. It
emphasised that we must resist the
temptation to develop Railways ¢ at
enormous cost and the large foreign
exchange ” they require.

Recommendations of the Recently
appointed Masani Committee - Among
the recommendations made by this
Committee are a series of measures to
overcome the inhibitory factors which
have hitherto retarded road transport in
India, the upgrading of weight limits on
roads, encouragement of truck-trailer
combinations, the grant of a]l-State
validity to public carrier permits at the
option of the applicants, liberal issue of
permits for inter-State operation, elimi-
nation of procedural delays in issuing
permits, appointment of full fledged
Transport Ministries and full time

Transport Authorities throughout the
country, etc,

Action suggested for future: Though
all the policy changes in the preceding
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paras reflect trends towards improve-
ment of road transport in years to come,
certain vigorous action (a) to effectively
bridge the divided authority between
the Centre and the States in the matter
of motor transport administration and
(b) for tiding the economic crisis facing
the industry would be necessary on an
emergency basis, as if we are on War
basis. Though the priorities for the
implementation of these suggestions
listed below, according to the author’s
opinion may be questioned, there is no
likelihood of two opinions being expres-
sed as to the urgent need for all these
steps..

Financial facilities : Pending reduc-
tion of taxes quick and suitable finan-
cing arrangements should be created
for operators to bring more vehicles on
the road even under the limitations of
permits, etc. The amendment to the
State Bank of India Act to enable the
advances of money to hire purchase
organisation with a view to assist the
road transport undertakings should be
fully exploited by a liberal consideration
from the Bank authorities.

Encouragement of inter-State move-
ment : The'States should co-operate in
liberalising the inter-State movement by
extension of the duration of permits and
also permit R. T. Os to issue multiple
region permits.

Stipulation of axle loads and articu-
lated vehicles : Amend the gross laden
vehicle weight limit of Motor Vehicles
Act by stipulation of axle load limits
and provide scope for articulated
vehicles such as semi-trailers, tractor-
trailers and truck - trailer combinations
within the axle load limits.

Liberalisation of axle loads on high-
ways : Liberalise axle load. limits on
highways upto the capacity of the major
sections of the highways and resort to
strengthening of weak bridges and
culverts on an emergency footing to
develop economical long hauls. Also,
where this latter possibility is limited
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due to delay in the constriction of
bridges, etc., the road transport should
be aided by piggy back operation of
trucks on railways.

Increasing of vehicle manufacture :
Raise the target of vehicle manufacture
in the country and liberalise the import
policy to permit import of more vehicles
or their components from abroad. In
this context, it would be desirable to
examine the utilisation of the U. 8.
Export Import Bank loan of 150 million
dollars amongst other things for indus-
trial projects dealing with the
automobile industry.

Lowering of taxation and establish-
ment of single point taxation : Persue
active negotiation through the States at
the highest levels to obtain an uniformly
lower level of taxation by the Centre in
lieu of licensing or registration fees,
customs and excise sales tax in motor
fuel, oils, spare parts, tyres etc. and the
amount collected from States taxes be
redistributed to States on the basis of
vehicles registered and operated in each
State for expenditure on Construction
and maintenance of roads. In fact the
President of 1. R. C. had suggested in
January 1959 that in addition to the
above, the States would be required
to match the share thus received by
equal allocation from other general
resources.

Development of Co-operatives : Deve-
lopment of co-operatives of transport
operators to create owner interest in the
operation.

Extra funds from fuel to be credited to
C. R. F.: The price structure of motor
fuel is under investigation by the Central
Government and it is estimated that an
extra amount of Rs 10 crores per year
is likely to accrue to the exchequer
and it is suggested that at least half the
amount of saving be credited to the
Central Road Fund.

Taxation of bullock carts : A small
tax, as suggested by the President of the
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I. R. C. in January 1959 on bullock
carts, say, Rs 12 per cart per annum
may be levied. This will, according to
him, bring in something likeRs 10 crores
to the national exchequer and might be
devoted exclusively to the construction
and maintenance of rural ‘roads to the
great benefit of draught animals as well
as the monetary gain to the owner.

Provide missing bridges and culverts
and strengthening of cxisting ones:
We should give top priority to the pro-
vision of missing bridges and culverts
and to make them fit to carry heavy
loads on all traffic bearing roads.
Unless this is done the operation of
truck trailer combinations and an
increase in the permissible ladcp weights
of vehicles as per Government's recent
circular will prove ineflective.

Correct disparities in road and road
transport development : The Govern-
ment to take active measures to correct
the disparities already mentioned so
that road transport may have a fair
chance to develop adequately tL.e. (a)
allot more share in foreign exchange
(b) arrange to get oOr allocate more

We are mortal persons responding to the
immortal ideas. We are not ourselves only;

human experience and thought.
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forcign aid for road construction by
modern  methods  (¢) increase the
allotment of funds in the remaining
period of 11l Plan and in 1II Plan to
accelerate the tempo of road construc-
tion and (d) no representation should be
given to railways on bodies cxclusively
dealing with road transport methods.

Improvement in physical and geome-
trical standards of existing roads : With
a view to fully utilise the existing road
system, the roads should be modernised
by upgrading of road structure and of
surface and improving its geometrics
whenever possible.

Separate departments of highways :
A large road development plan can be
cxecuted smoothly only if it is undertaken
by an eﬁ“lcxent' and good organisation.
Stltch an organisation can give individual
attention to the task in hand if not
burdened b
works.  Only two States in the whole of
India can boast of separate department
of highways, viz., Madras and Andhra.

It is high time other States follow their
example.

advance of perhaps
we are also part of

—H. G, WELLS
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y other types of public

OPERATING COSTS OF NATIONALISED ROAD
TRANSPORT UNDERTAKINGS IN INDIA

By

Dr. M. K. GANGULI and K. C. SAXENAY

UT of 20 States including centrally
administercd areas in India, 17
States/Union Territory have nationalised
road motor transportin varying propor-
tions and operate passenger services'for
the most part. Some of these undertakings
run under the provisions of the Road
Transport Corporation Act, 1950, others
function under statutory authorities con-
stituted for the purpose. There is yet
another class of these undertakings
which supply services under depart-
mental control. The Tripura and
Andaman and Nicobar Islands Admini-
strations do not have such services and
Aminidive, Laccadive and Minicoy Is-
lands have no motor vehicles.

All State Road Transport Under-

- takings taken together operate a fleet of

over 12,000 buses against about a fleet
of about 45,000 for the whole of the
country. The fleets belonging to the
Bombay State Road Transport Corpo-
ration, U.P. Roadways, Mysore Govern-
ment Transport and Himachal Govern-
ment Transport include goods vehicles
as well. But the number of such vehi-
cles is very low as compared to the flect
of goods vehicles for the whole of the
country, As regards the passenger
transport, the undertakings operate
services in hill and plain regions (both
city and rural services) covering various
geographical parts of the country and
their experience can be. regarded as
fairly representative of the whole
< population** although it does not bring

into its orbit the observations of Private
Operators.

COST OF OPERATION DATA

All the State Transport Under-
takings are required to furnish cost of
operation statistics on quarterly basis to
the Ministry of Transport and Com-
munications in the prescribed proforma
(Annexure 1). For the purpose of
analysis, it will be noticed that the cost
of operation data has been broadly
classified as under :

1. Cost of personnel
Cost of material
Depreciation
Overheads

5. Interest on capital

RR

Several factors influence the above
items of cost. Operating costs in hilly
areas and in plains are apt to be at
variance. Traffic requirements in towns
also play an important role in influen-
cing the cost of operation of city services.
Except under very controlled circum-
stances the effect of all these factors in
isolation is not possible to study. The
following paragraphs discuss briefly the
various aspects of the cost of passenger
transport as revealed from the statistics
furnished by the different undertakings
for the quarter ended 31st March, 1958. -

Table 1 will show that the total
cost per vehicle mile varies between
61.0 nP and 143.2 nP for the .various -

New Delhi.

takon,

* ¢ Population ’ refers to the general body of individual units out of which the sample iy .

TMinistr'y of Transport and Communications, Department of Transport, Roads Wing,

1
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TABLE 1

Operating Cost of Passenger Transport

January 1960
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Assam State Transport and Hima-
chal Govt. Transport fall under
category (i). Under (ii) can be bracket-
ted the services operated in the cities of
Delhi, Bombay, Calcutta and Madras.
Category (iii) will cover the services
operated by the Corporationsin Bombay,
Saurashtra and Kutch regions of the
Bombay State, the Provincial Transport
Service, Nagpur, services operated in
Marathawada, Madhya Pradesh, Bihar,

NSOII Name of the nndertaking ! veg?f,{;,p,?fﬂc ‘:::tﬂigge : i%itrg?{e
o o B 1 v in nP capacity ‘ in nP
1. Andhra Pradesh State Road Transport Corpn. 108.5 36 7 3.0
2. Bihar Rajya Transport 116.1 40 29
3. Bombay State Road Transport Corpu. 1345 40 9.4
4, B.E.8.T. 143.2 60 94
5. Kerala State Transport 84.4 35 4
6. Kutch State Road Transport Corpn. 125.4 39 3.0
7.  Madras State Transport 111.1 56 5.0
8. Marathwada State Road Transport 90.4 38 94
9, Mysore Govt. Road Transport 108.0 38 9.4
10. Orissa State Transport Service 105.3 35 3.0
11, P.E.P.S.U. Road Transport Corpn. 61.0 44 14
12. Provincial Transport Service, Nagpur 81.0 38 21
13. Punjab Govt. Transport Services 69.1 o 15
14, Rajasthan State Road Transport 116.0 N.A. N.A.
15. Saurashtra State Road Transport Corporation 119.6 “© 2.8
16. U.P. Roadways 105.6 44 2.4
17. West Bengal Transport 118.8 42 28
18, Delhi Transport Undertaking 106.0 55 19
19, Himachal Govt., Transport 1270 2 5.1
20. Assam State Transport 120.0 25

4.8

N. B. Cost statisties for C.P.T.S. Jabbalpur, Madhya Bharat Roadways and Undortakings of

J. & K. and Manipur are not available.

undertakings. The figures of cost
of operation per vehicle mile have
been derived by dividing total cost
incurred by effective mileage performed
in each case. It is known that apart
from other considerations, in an organi-
sation like B.E.S.T. Undertaking, where
the cost per vehicle mile is highest, the
permitted average seating capacity is of
the order of 60. This will obviously
influence the cost structure and, therefore,
to have an effective comparison, the
cost of transport has been expressed in
terms of seat mile in col. (5) of Table
1. The relatively low cost of road
transport for Punjab Govt. Transport
or Pepsu Road Transport comes out
prominently in both the cases but the

high cost of hill motor transport comes
into better relief only when calculated in
terms of seat mile.

The State Road Transport U
- ] nder-
takings shown in Table I can be broadly
classified into the following categories
according to the services they operate :
) Undertakings operating hill
services
(1) Undprtakings operating city
_ Services in plain areas
(iii) Undprtakings operating rural
Services in plain areas

(iv)  Undertakings operating com-

posite services in city as well
as rural areas,
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Orissa, Punjab and Rajasthan. Com-
posite services under (iv) are operated
in Andhra Pradesh, Uttar Pradesh, Kerala
and Mysore. For the purpose of the
above groupings, small overlapping to
the extent of 10 to 15 per cent has not
been taken into account.

The variations in the operating
cost for different types of services are
given below :—

TABLE It

Type of Service

Average cost per [
vehicle mile in nP |

Average cost per
seat mile in nP

123.5 4.9

Hill Services
City ’ 119.9 23
Rural ' 100.2 2.6
Composite ,, 101.8 2.7
TABLE 111
Itemised Share of Operating Cost
\ .
Hill services i City services ! Rural services Comppalte
; services
Cost percent| Cost per cent] Cost percent| Cost percent
in nP in nP in nP innP
A. Vehicle mile basis
Cost of personnel 360 29 46.5 39 252 25 325 31
Cost of material 413 39 3.1 29 350 35 36.0 36
Depreciation 19.0 15 19.5 16 17.7 18 13.8 14
Overheads 14.5 12 14.5 12 17.5 17 14,2 14
Interest on capital 6.5 5 4.3 4 48 5 5.0 5
123.5 100 119.9 100 100.2 100 10L5 100
B. Seat mile basis
Cost of personnel 1.44 29 0.89 39 0.65 25 0.85 31
Cost of material 1.90 39 0.67 29 0.90 33 0.95 36
Depreciation 0.76 15 0.37 16 045 18 036 14
Overheads 0.58 12 0.28 12 045 17 037 14
Intereat on capital 0.26 5 0.08 4 0.12 5 0.13 5
4,94 100 2,29 100 287 100 2.66 100
133
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It will be observed from the above
table that there arc significant varia-
tions in the cost of operation of the
various services. The cost is highest in
the hilly regions. In terms of the vehi-
cle mile, the average cost of city services
is also quitc high. But seat mile cost
in city services is lowest. This is mainly
because city services can profitably
employ passenger vehicles with higher
payload and enjoy an advantage over
all pther services in the matter of road
surfaces as well. A§ r_egargis the cost of
transport in composIte Services and rural
services, there appears to be hardly any
difference. The composite services
include operations _in hiily regions and
city and rura) services in plain regions.
Thus there are interplay g)f various
forces. Some times composite services
include goods and scheduled taxi servi-
ces as well. At present it is hardly
possible for these undertakings to run
scheduled goods and taxi services because
these services are not so remunerative.
They tend to inflate total cost of opera-
tion.

In order to have a clearer picture
it would be necessary to study the varia-
tions with reference to the various items
of cost.

January 1960

Table Il shows that the cost of
personnel is highest in case of city
services. This is understandable. City
services operate normally for 16 hours
a day as compared to about 8 hours
per day for other services. On account
of longer hours of duty the operational
staff has to work on split duty basis,
as it is difficult to do steering duty
continually for 6 to 8 hours. City buses
requirc more staff on this account.
They also require better paid staff with
considerable experience as it is compara-
tively difficult to handle bigger vehicles
on congested routes, with more frequent
haults.  The cost of personnel for the
rural services comes lowest. The
composite services are hardly of a stan-
dard type and the cost in their case
greatly depends upon the components of
the composition, namely allocation of
vehicles for the various services.

Cost of material and cost of per-
sonnel together account for nearly 70
per cent of the total operating cost. The
percentage share of cost of material is
higher than the cost of personnel for all
Services excepting city services. This is
because In case of city services the
consumption of spare parts and other
material is relatively lcss - due to better

TABLE IV-A
Share of cost of material -— Vehicle-mile basis

|

|
4[ Hill services
=

City servicos Composite

Rural serviee .
rviees 8OTViCcos

) P ; P . , | Per

1 in n Vcent in nP cont | in nP ce?xl;, g in nt \’ ce(rjlt‘.
Fuel 30,90 85 17.40 49 15.51 44 15.69 44
Lubricants 2.37 5 2.30 7 1.61 5 1.84 b
Tyres & tubes ] 1| 5.97 17 731 2l 6.26 17

. { | 0.63 2

Batteries ) 4.2% 30 2.42 7 0.98 3
Spare parts | l' 5.1 4 179 22 1091 30
Tiokets & tickel equipment J J 3,78 1 0.36 1 0.32 1
Total 47.50 100 35.1 100 35.00 100 36.00 100
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TABLE 1V-B
Share of cost of material — Seat-mile basis
1 Hill services } City services } Rural services Cs;;‘&z:‘;"
|
Items e ‘ - -
b Por | . Per | . | Per . Per
in nP | cent \ in nP “ cent | i nP cent | T P cent
i 7 | D R
Fuol 124 65 0.33 49 040 4 041 44
Lubricants 000 5 0.04 7 0.04 5 003 5
Tyres & tubes b 1 0.12 17 0.19 21 0.16 17
" Batterios l | o 2 0.06 7 003 3
‘ ’ 057% 30} .
Spare parts ‘ | 0.10 14 020 22 029 30
Tickets & ticket equipment J J 0.07 11 0.01 1 0.01 1.
Total 190 100 067 100 090 100 09 100
ot

road facilites. 1In case of the vehicles
plying in hilly regions, the'cost pf
material both in terms of yehlcle mile
and seat mile comes out {ughest as the
consumption of fuel, lubricants, tyres,

tubes and spare parts etc., in hilly regions

rdly bears a comparison Wwith the
?f?rvic}:as in plains. Tables IV-A, IV-B
give a further break-up of the cost of
material bringing out 1n dc_:tall tl_le
relative share of various items in

different services.

comparisons made above bring
ouF{heclearlyp that though the overall
cost of material in city services is lowest,
their expenditure (percentage share) on
fuel and lubricants stands very high.
Frequent stoppages 1In congested
cities explain to a great extent this
differential pattern. The above figures
also show the dominant share of fuel
expenditure in all the services and the
close competition between tyres and
tubes and spare parts for securing the
second position. The additional expen-
diture incurred by city buses on fuel is
to a great extent offset by the saving on
spare parts as already stressed. The hill
services having large proportion of
petrol buses incur highest amount of
expenditure on fuel.
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For a majority of the undertakings
the cumulative effect of the depreci-
ation costs and interest charges varies
from 20 to 25 per cent of the
total per vehicle operating cost (Table
1IT). Manufacturers generally stipulate
both the age of the vehicle and the mile-
age each vehicle should give. . But
experience has shown that each unit
behaves in a different way and the actual
amortisation periods are different under
different conditions. The Undertakings,
therefore, work out depreciation costs
according to their own formulae. In
general, however, it appears that the
overall share of depreciation cost to the
extent of about.15 per cent furnished by
the different undertakings may be con-
sidered to be adequate. :

Overhead costs would be influ-
enced by rents, rates and taxes pre-
vailing in different States. Further, -
welfare and superannuation benefits
included in the overhead cost are depen-
dent upon the age of the undertaking
and the rates of salaries, etc., prevalent
therein, These are likely to be higher
in old undertakings and especially
those operating city services. Since
undertakings of various standings
have been grouped together in Table ITI
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the fluctuations have been, to a large
extent, minimised and the range of over-
head cost of the different types of
services comes to 12-17 per cent.

Hitherto the study of cost diffe-
rentials is confined to the groups
operating on the various classes of
services. A detailed table showing the
cost of operation for each individual
undertaking is given in Appendix 1L
The following paragraphs discuss briefly
some special features observed in case
of individual undertakings.

The higher cost of personnel for
city services in Bombay and Calcutta is
mainly on account of heavier expendi-
ture on traffic staff.  Otherwise the
expenditure incurred on personnel en-
gaged in administrative or maintcnance
and repairs in city services is comparable
with those operating in rural areas.
The low cost on personnel in case of
Rajasthan is on account of the fact that
this State operates only 10 vehicles and
the number of vehicles in scheduled
services put by them would be about 6.
Operating such a small fleet they hardly
require any top level managerial person-
nel. The figure of 16.0 nP quoted for
PEPSU Corporation is a low figure and
is indicative of the operational efficiency
of the Corporation.

Coming to the cost of material,
apart from the type of services, the
composition of the fleet is an important
factor which influences the consump-
tion of fuel. Some of the State Trans-
port Undertakings possess vehicles
operating on H.S.D. oil. Others operate
on petrol. Another class owns mixed
fleet (Appendix 1H). Diesel oil gives
better mileage at lower costs. The
undertakings, viz., B.E.S.T., Delhi Trans-
port Undertaking, Directorate of
Transportation,  West Bengal and
Madras State Transport are having
mostly diesel vehicles and that is why
in spite of their operating city services
on congested routes the fuel consump-
tion cost has been kept at not too high
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a figure. The high cost of spare
parts for Rajasthan State Road Trans-
port appears to be due to the age of
their fleet operating rural services.

The provision for depreciation
made by undertakings like Provincial
Transport Service, Nagpur, or the
Kutch State Road Transport Corpo-
ration appears to be inadequate and this
aspect requires a further study in detail.
Similarly, allowance has also to be made
for the fact that some undertakings like
P.T.S., Nagpur, or Rajasthan State Road
Transport are not at present making
any provision for interest charges on
capital at charge.

The high rates of taxation on motor
vchicles in Madras State are reflec-
ted conspicuously under over-head
charges of the Madras State Road
Transport. Over all it appears that the
direct taxation constitutes only about 5
per cent of the total cost of nationalised
transport undertakings. In the form of
cost of materials, however, these under-
takings are paying about another 15
per cent of the total cost as indirect
taxes. The data further suggest that if
effective control is exercised general
contingencies and miscellaneous expendi-

ture can perhaps be reduced to some
extent in certain cases.

PASSENGER MILE COST

The total number of passenger miles
performed by the different undertakings
is not generally available. It would,
therefore, be necessary to arrive at some
reasonable estimates of the load factor
to calculate the cost per passenger mile.
According to the experience of under-
takings like B.S.R.T.C. & U.P. Road-
ways, the load factor varies between 60
and 80 per cent. In Appendix II cost
per passenger mile has been calculated
on the basis of 70 per cent load factor.
It will be seen that the cost per
passenger mile in plains varies between
2.0 nP. and 5.0 nP. while in case of hilly
regions it comes to about 7nP, The ave-
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rage rate charged (for III class) per
passenger per mile by railways in 1957-58
for B.G. is 4.87 pies (about 2.4 nP.) and
for M.G. it is 5.15 pies (about 2.6 nP.)

COST STATISTICS FOR THE QUARTER ENDED

Name of undertaking.......ccoeiericieniiiiaaninns

January 1960

It is, therefore, clear that the cost per
passenger mile of well organised road
transport does not compare unfavour-
ably with that of railways.

Appendix I

..............................................

(Note: Please read the Foot Note carefully before filling)

FACTOR

A. GROSS REVENUE
(a) Traffic
(b) Others

(c) Total

B. COST OF PERSONNEL
(i) Administrative
(ii) Traffic
(iii) Maintenance & repairs

(iv) Total cost on personnel

C. COST OF MATERIAL (Operational)
(i) Fuel
(ii) Lubricants
(iij) Tyres & Tubes

(iv) Batteries

Current year amount

Actual in Per vehicle
Rupees. mile,

(v) Stores-sparc parts, small tools, consumbalos

{(vi) Ticket & ticket equipment

(vii) Total-cost of Material

D. DEPRECIATION
(i) Vehiclos
(ii) Other Assets

(iii) Total
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I.. OVERHEAD COST (lixcluding personnel)

()
(ii)
(iii)
(iv)
(v}
{vi)

Rents, Rutes, Tuxes & Insurance

Cost on running of departmeontal vehieles
Wolfare & suporannuation bonetits
Genoral contingoncies

Miscellaneous

"Potal overhead cost (excluding persounct)

17, INTEREST ON CAPITAL

.. TOTAL OPERATING COST (B TO F)

M, NET OPERATING PROFIT

1. TOTAL DEFECTIVE MILEAGE OPERATED

Note :

(1)

not paid.

indicated.

January 1960

Should include revenue earnod cven if not received and cost incurred even if

Rate of depreciation adopted in item D for differont assots shall be

(3) This form should bo sent to the Ministry of Transport, (¢ .
of India, New Delhi, within two months following thelqua’rter ::‘;;fﬂl'ff’lg

relates.
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Appendix I

taking load factor as
70 per cent (In nP.)

takings
P
BESE (85| 3 . £, E
256 (35| F oovez| iF %, 2
f 5 25| B 253 25 0 £E . E%
Items mn}E-‘ e g ‘cg%'é' 5 ag RS
EQ?’O &2 ~= w8 § E: H ER] o &
£03E | E35 . 222 ¢ 3 3z
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INDRAKANT PATEL

world war has resulted in

increase in speed and volume of
transportation  between continents,
countries, cities and towns and indeed
within cities themselves and the speed
and volume of traffic have multiplied
themselves almost out of proportion
with other operations.  The increase 1n
speed and volume of traffic has created
new problems which at once engage the
attention of all concerned.

I have travelled far and wide before
and after the war. Ihave seen traffic
problems in the major cities of Europe
and America, of Japan and of India.
But traffic problems exist everywhere ;
only they are different in nature and
must therefore be solved by different

methods.

Before the war, I used to be greatly
fascinated by the smooth flowing traffic
in most of the major cities of the world.
However, in recent years I have watched
with pain traffic everywhere emerge from
a small but orderly position to a very
voluminous and disorderly traffic which
demands major consideration today.
There is a terrific congestion in the
streets which causes loss of millions of
valuable manhours everywhere. Hund-
reds of people are being killed on our
streets. Yet why do we seem so
unconcerned about it? I am indeed glad

TH'E last

ROAD USER BEHAVIOUR

AND

METHODS FOR IMPROVING

THE SAME

Mr. Indrakant Patel isa Member of the Managing Committees
of W.LA.A., Indo-German Cultural Society and Social Centre
and a Member of the Senate of the Sardar Vallabbhai Vidyapeeth
University at Anand. He was till recently a Member of the
Government of Bombay’s Traffic Advisory Committee.

that ECAFE have at last taken up the
challenge. I hope their efforts will
change the situation in due course.

In general, traffic operations involve
movement of people and of vehicles.
Traffic congestion occurs when the
movement of people or of vehicles is
unduly retarded or stopped. Accidents
happen when a road user fails to follow
the rules of the road. Accidents increase
as congestion increases. Congestion
increases as obstacles to traffic increase.
Only when every user of the road
concentrates on clearing his share of
traffic congestion, will traffic flow
smoothly and with speed and safety.

There are two factors that create
traffic problems: the road and the
people. Road conditions greatly affect
the traffic. A wide road with a good
surface with proper grading, minimum
number of curves, gentle curves, and
proper illumination has the least .
amount of traffic congestion and acci-
dents. A narrow road with bad surface,
improper grading, several sharp curves,
bad.illumination, obstacles, etc., natu-
rally has more traffic problems. The
road should have capacity to handle the
volume and speed of traffic problems.

- The second factor is the people or the
road users. No matter how géod 3
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road is, unless every user of the road
follows the traffic rules, traffic must
come to grief. The speed and volume
of traffic will decide the volume of
trouble. On a road on which several
lanes of traffic move at a high speed, a
single indisciplined road user can cause
the death and destruction of several
men and vehicles.

Improvement of traffic in a city canbe
brought about by redevelopment pf the
city, which would include widening of
roads, resurfacing roads, installation of
automatic traffic signals, construction of
two-level grade separated road inter-
sections, turn-pikes, expressways,
freight-ways, subways, tunnels, bridges,
elevated double decker roads and an
improved system of road illumination.
Improvement can also be brought about
quickly and with less expense by impro-
ving road user behaviour. 1 would any-
time give greater importance to this
aspect of the problem because it intro-
duces the human element and a very
desirable aspect of human life.

The first requisite for any intelligent
action to improve road user behaviour,
1 believe, is a study of his behaviour on
the road and the causes that lead to his
behaviour, for, some of these causes
can possibly be removed and solutions
found for the other causes. '

Population everywhere has increased
and so has the pressure on the roads,
particularly in industrial towns. There
are far too many people on the road.
And far too many vehicles, fast vehi-
cles. The tempo of traffic has risen,
Time has suddenly become more valu-
able, speed has gained importance and
the value of human safety has dropped.

We find overselves in an entirely
unhappy situation. Road-sense is cons-
picuous by its absence, there is no
courtesy on the road; traffic congestion
and traffic jams are taken for granted.
Accidents are no longer accidents. They
don’t even make news. Traffic deaths
do not attract sustained sympathy.
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Why this change ? Why this unhappy
state of affairs ?

Why is there so much traffic conges-
tion, so many accidents?

Why are so many people being killed
on our streets and valuable national

wealth being destroyed by road acci-
dents ?

The answer is obvious. We have
failed to develop ourselves with the
development in our traffic. Today’s
tempo of traffic demands more and
better roads, better city planning, better
lighting, better traffic control. Above
all, we need a better understanding of
today’s traffic needs.

Why does the road user behave as he
does? Why? Why does the pedestrian
risk his life by walking on the road
instead of on the footpath? Why does
the motorist overtake on the wrong side?
W.hy does the truck driver drive in the
middle of the road and obstruct other
traffic? The hand-cartman insists on

pushing his cart with one wheel on the
tram track. Why?

I think I know why: If you don’t
well; analyse the cause in each case.
Ypu will find the answer without much
difficulty. The behaviour of the road
user, call it misbehaviour if you like,
1s due to one or the other of the follow-

ing reasons ;

Compelling factors
Ignorance

Lack of traffic sense

Intog(ication, anger, nervous
tension, etc.

5. Plain carelessness
6. Lack of preventive measures
7. Lack of traffic education.

el e

Let us consider these factors, briefly,
and one by one. Let us consider some
compelling factors. In perhaps five
cases out of ten, what behaviour is
attributed to a road user is not really
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his. A pedestrian may walk on the
road because the municipality has sold
his foot-path to vendors or the footpath
is too narrow and most often too dirty.
The motorist overtakes on the wrong
side because the truck driver ahead
drives in the middle of the road. And
the truck driver drives in the middle of
the road because the edge of the road is
too full of pits and pot-holes and pedes-
trians. That is also why you find the
push cart fellow on the tram tracks.
The tram tracks have no pot-holes, they
are smooth, they are level, they are
away from intruding pedestrians. You
so often find a car suddenly swerve, hit
against a lamp post or another car or
knock down a pedestrian. Why does
the motorist behave like that? Well,
ask the road repair man. He had not
placed the caution signal right ahead of
the repair job. Itis his behaviour that
should be questioned, not the road user’s!
If the street lighting is not good enough,
a motorist must use bright head lamps
and dazzle the on-coming traffic or take
the risk of killing a jay-walker. Jay-
walkers are never in short supply and
they are never wrong. These are justa
few examples of factors which compel
the road user to behave as he does. 1
can cite a hundred more. Let us
improve the road user behaviour by
removing these compelling factors.

Ignorance is another cause. A lot of
road users misbehave on the road
because they are ignorant. Ignorant
about what they should or should not
be ignorant of the consequences. In
fact, a number of cases which appear
to be due to carelessness are really
due to ignorance about the consequen-
ces. A person Who crosses a road
without watching traffic often does it
because he does not know that his
safety is his own responsibility. And
he doesn’t know that an in-coming
car may have faulty brakes, inexperi-
enced driver or other reasons due to
which it cannot stop in time. 'And he
doesn’t knmow that even with the
most efficient brakes, a car needs
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a certain distance before it can come to
a dead stop. Thecar’s head lamp may
dazzle him but perhaps they are ot
bright enough to make the road crosser
in his dark clothes visible to the driver
from a distance. There are many other
ways in which the road user behaviour
is not right because he is ignorant of
what he should or should not do. Ido
not think I should burden you with
more examples.

Then we come to road user behaviour
due to lack of traffic sense. This is
quite distinct from misbehaviour due to
ignorance. The fellow who drives in the
middle of the road and obstructs other
traffic does it purely out of lack of
traffic sense. So does the pedestrian who
crosses against red light. You often
find cars zigzagging from one traffic
lane to another trying to gain advan-
tage over the other cars ahead, driving
with dazzling lights swerving or turn-
ing or stopping suddenly without giving
a proper signal, and doing hundred
other things which they know are wrong
and are likely to cause obstruction to
traffic. They do it because they have
no traffic sense. You may say they have
no civic sense.

And there are people who you think
are neither ignorant nor devoid of
traffic or civic sense, yet their behaviour
on the road is highly irregular. These
are perhaps people who are worried,
unhappy or angry, under the influence-
of intoxicating drinks or in nervous
tension. They are usually absent-minded
and out of balance on the road. The
high pressure businessman isin a terrible
nervous tension due to a complicated
deal he is negotiating. He is in a hurry
and in no mood to wait. He must get
ahead, right or wrong, red or green. He
subconsciously thinks how he behaves
on the road is nobody’s business. These
are among the most dangerous road
users. And they are incurable. You
have to be careful with them.

Then of course thereis a distinguished
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class of road users, who may or may
not have paid the road tax but they are
mighty sure that not only the road but
all the people onthe road belong to
them. They can deal with them just as
casually or carelessly as a millionaire’s
daughter deals with her father’s
coppers. Out of modesty, they allow
themselves to be called just plain care-
less people. You can expect any kind of
behaviour from them, they treat every-
body as equal and they will not spare
anybody. They will behave just as they
like on the road. They are not licensed
to do so but they ultimately pay for it,
so who are you to question their behavi-
our on the road?

But I find thata whole lot of bad
road user behaviour is due to lack of
adequate preventive measure to stop or
curb it. Overtaking on the wrong side
is an offence, but how many offenders
are really brought to book? When such
an offender is punished, does anybody
care to also punish the other fellow who
forced him to overtake him on the
wrong side? More severe punishment
should be prescribed for obstructing
traffic. Municipal authorities and others
who cause unauthorised road obstruc-
tions should be severely dealt with.
Traffic control authorities should be
made answerable for not taking action
against jay-walkers and other offenders.
Only when such steps are taken will the
bad road user behaviour improve.
After all, traffic is a matter of habit. If
good habits are encouraged, traffic will
improve. If bad habits are not checked
traffic conditions must steadily deterio-
rate and traffic must come to grief.

However, I am convinced that the
most outstanding need of the hour and
for all time is better and wider traffic
education which alone can contribute
more than all other factors combined
towards improvement in road user
behaviour and ultimately save many
valuable lives and national wealth. By
traffic education I do not mean merely
teaching children how to cross the road
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or teaching driving signals to drivers.
This education has to be on a much
wider basis and must include educating
city planners, municipalities, road-
builders, traffic control authorities, all
types of road users, school children,
§chool teachers, housewives, busy bodies,
in fact all men, women and children,
young and old, sane and insane, literate
and illiterate, even dogs and cats and
pets and people in all walks of life,
whether in school or college, in busi-
ness, or service, in commerce Of
industry, builders, guardians and users
of the road, in short every-one who has
anything to do with any road at all.
For, each of them, if not properly
educated in traffic needs, can be a cause
of disturbance or irregularity in traffic
or even cause a fatal accident.

_ Traffic education should be both
intensive and extensive. Every think-
Img person has to play an important
role in this. This education can be
effectively imparted by our schools and
colleges, churches and social welfare
institutions, civic organisations, auto-
mobile, taxi and truck owner and
operator Associations, by writers and
editors, through films and documenta-

ries, by newspaper advertisements, car- -

toons, stories, and articles and through
many other mediums. Films and radio
can play a very effective role in this,
particularly in India, where these two
mediums reach more people than any
other medium. Our social workers and
publl_c leaders can also contribute greatly
to this educational drive.

In one town in Germany, I saw a
children’s garden where ~ miniature
streets are contructed and children are
allowed to operate miniature cars and

learn traffic rules and acquire traffic

sense.

Tcan spend hours telling you how
this education can be spread but I think

it would be wiser to leave that to your
imagination,
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From what I have said here, it 1s
quite obvious that if we want to
improve road user behaviour we must
find remedies that will remove the
causes of this behaviour. Among
remedies that come to my mind are
construction of better roads, better road
maintenance, improved street illumina-
tion, provision of wide and clean foot-
paths free from vendors, beggars, and
road repair materials, safety islands for
pedestrians, better trained and more co-
operative traffic constables. These
remedies will minimise the compelling
factors of bad road user behaviour. To
remove ignorance and lack of traffic
sense, 1 have already suggested an
extensive as well as intensive traffic
educational drive. Cases of bad
behaviour due to intoxication can be
reduced by Prohibition and severe
punishment for drunkenness but much
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more by education and propaganda.

Better business conditions and general
rise in the standard of living will
gradually reduce nervous tensions, anger
and unhappiness which cause bad road
user behaviour. And a more alert and
vigilant traffic control system will rapid-
ly eliminate bad road user behaviour -
due to carelessness. More severe
punishment should be prescribed for
careless behaviour and for repeated
offences. Preventive measures of this
type will show immediate results and
road user behaviour will greatly improve.

These in general are the remedies I
whole-heartedly recommend. There may
be others too. We must study road
user behaviour in greater detail and
search for remedies that will produce
the required results.

ALWAYS ON THE ROAD

A healthy man once went to a doctor ; the latter asked him

the secret of his good health.

The man replied: * Doctor, when I married I entered into
a pact with my wife that when I became angry she was to laugh
and when she became angry, I had to leave the house. So,
doctor, I am always on the road and that is the reason of my

good health.”’
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RESURFACING OF CONCRETE
PAVEMENTS

Spreading the diluted acid on the
existing concrete surface and brooming
the same evenly by a light brush

to produce a good effervescence

K. K. NAMBIAR,

f Engineer, Concrete Association

of India, Bombay

iNTRODUCTION
ALTHOUGH concrete construction has
been in vogue in this country for
over 5 decades, in this special field of
resurfacing concrete pavements, our
experience is very limited. Hence, every
engineer who is confronted with this
problem, has to depend on experience
obtained abroad, and, in the absence of
ready availability of authentic literature
on the subject, several doubts remain
unanswered. 1n this article an endea-
vour has been made to discuss the
theoretical and practical aspects of this
problem and the techniques evolved by

experience in other countries.

Amongst all the countries, U.S.A.
rates first in the experience record of
widespread use of resurfacings. In
1957, in a survey conducted of 300
projects spread over 28 States in U.S.A.,
covering a period of no less than 43
years, it was found that the ratings were
40 per cent excellent, 40 per cent good,
18 per cent fair and 2 per cent poor.
The design of resurfacing in that country
has been based on the experience of
these projects. Of late, this experience
has also been supplemented by extensive
laboratory tests which have further con-
firmed that the assumptions made so far
are quite sound and suitable for a gene-
ral application.

TYPES OF RESURFACINGS

In general, the problems of resurfa-

cing can be broadly classified into two
categories :

~ (1) Inthis category, the resurfacing
is called for to strengthen the existing
pavement, which may or may not suffer
from surface deterioration and may or
may not show any structural distress
such as cracks, settlement, etc. In this,
the remedial measures would have to
account for the degree of strengthening
required allowing for conditions of exis-
ting pavement. Consideration would
also be necessary in this case for the
alternative possibilities of the additional
layer to act monolithically or otherwise,
and provide for a condition wherein
the new layer or the old layer would not

be liable to failure ¢ uld 1
of the loads. on the application

~ (2) Inthis category, the resurfacing
15 called for to correct the surface
deterioration, due to wear, weathering,
etc., and the existing pavement does not
show any structural distress, such as
cracking, settlement, etc. The remedial
measure called for under this category
is purely of addition of a thin veneer of
concrete to restore the surface and pri-

marily the considerations are of a prac-
tical nature,
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A close up of the treated surface after
suriace=drying was complete

DESIGN FORMULAE

Till recently there has been no rational
analysis of the stresses in the concrete
slabs, when one was superimposed on
the other as in the case of single slabs
by Westergaard’s theory, etc. One of
the common assumptions made was that
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the two slabs were equivalent to asi

asingle
slab, the square of whose thickness v»gas
equal to the sum of the squares of the
thickness of the two slabs, i.e.

I'=T + T,
where T, = Thicknessininchesof the
old slab
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Spreading the concrete and
tamping the same

T, = Thicknessininches of the
resurfacing slab

T = Thickness ininches of the
equivalent. single slab
having a  structural
capacity equal to that
of thickness To and T,
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Pouring cement-sand grout (1:1 mix)
on the treated surface and spreading
the same uniformly by a brush, prior

to laying the resurfacing

The limitations of this assumption
were that the ‘two slabs will have
the same stiffness and that no friction
will exist to cause them to act to some
degree as ap integral unit and thus
reduce the stressés below what they
Wwould be, if the slabs acted independent-
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ly. Therefore, in practice, to allow for
this factor, as well as for the variation
in properties of concrete in old and new
slabs, empirical correction factors were
employed and the formulae took the
following forms :

T = CTy+ Tipoon...... (1)
T4 = CT?y + TRewe..... )

formula (1) being applicable where con-

siderable friction existed between the .

two slabs and formula (2) being employ-
ed where a separating course was
employed to eliminate or reduce the
friction between the 2slabs and coeffi-
cient C to evaluate the condition of the
old slab.

C being 1 ifold pavement wasin good
condition.

.75 if old pavement has a few
corner breaks but no
progressive breakage.

and .35if old pavement is badly
cracked or shattered.

These formulae were extensively employ-
ed by the U.S. Army Corps of Engineers,
but after an extensive series of loading
tests on pavements in Lockbourne Air-
force base in Ohio in 1947 and 1948, the
formula was modified as follows to suit
the actual observed results.

T1'4 - CTOI.-; + TRI.-i ..... (3)

This formula gives slightly higher
values for resurfacing than formula (2)
but less than that required by formula

().

Recognising the empirical basis of
these formulae, attempts at rational
analysis have been made and those
developed by Henry Marcus of U.S.
Navy, and L.A. Palmer have received
some attention. These formulae allow
for the variation in the quality of con-
crete in the two layers and ensure tensile
stresses within safe limits in both the
layers. The use of these formulae in-

volves application of the better known

E R . 169 SR R G R s
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Westergaard’s theory for the supporting
capacity of old and new slab, had they
been laid directly on the subgrade and
are as follows: ‘

Enh*
— —_t 1
f1 - .ﬁ’Elhla ‘ E9h23 ........ (4)
_ Eh,’
.fg - .f3 Elhls I E2h23

where

fi = Maximum tensile stress in the
upper (new) slab under a given
applied wheel load when the
new slabrests on the underlying
slab.

fo = Maximum tensile stress in the
upper (new) slab under the
same applied wheel load under
the condition that the new slab
rested directly on the subgrade
without the old slab between it
and the subrade.

Jf. = Maximum tensile stress in the
lower (old) slab resulting from
the same wheel load applied to
the upper (new) slab which
rests on the lower (old) slab.

fs = Maximum tensile stress in the
: lower (old) slab resulting from
the same wheel load being
applied directly to it without
the interposition of the upper
1(ne(\;v) slab between it and the

oad.

L, = thickness of the upper (new)
overlay slab. '

L, = thickness of the lower (old)
slab. ‘

, = modulus of elasticity of con-
crete of the upper (new) slab.

modulus of elasticity of con-
crete of the lower (old) slab.

o
4

“’m
!

Again, these formulae presuppose thé |

condition of po friction between the

two slabs and in normal cases when no -
separating courses are provided, would:
result in higher stresses. ~The method:;
also permits use of different: wotk
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stresses for each slab if conside.red
necessary. The experimental evaluation
of these formulae is still awaited.

FIELD OBSERVATIONS

Besides the design aspect, several
findings of a conclusive nature would
require to be provided for in resurfac-
ing. It has been observed that joints
and cracks in old pavements w1ll‘be
reproduced as cracks in resurfacing
when very thin or no separation Courses
are employed and as such it would be
essential to match the joints in the re-
surfacing with those of the old slab,
though the type of joints such as ex-

pansion or contraction may be_varled
" in location after proper observation of
the actual functioning of those joints
in the old pavements. Itis not customary
to provide special joints against ghe
locations of cracks. Where cracking
in the old slabs is extensive, distribution
steel has been freely employed so that
the reproduced cracks do not form
points of weakness in the new slabs, as
they are held tightly together, though
these may sometimes be cons;dered
objectionable from the point of view of
appearance. Measures 10 reduce such
cracks are discussed separately under
separation COUTSES.

DESIGN OF REINFORCEMENT

Generally, the principles governing
the estimates of distribution steel
requirements follow the same lines as
new concrete pavements. The formulae
commonly employed in calculating the
steel requirements are as follows:

Distribution steel :
LFW
As = =35
Where

A, = area of steel in sq. in.required
per foot width or Jength of
slab.

distance in ft between free
transverse joints when the

|

~
]
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equation is used to calculate
longntudx_nal steel or between
free longitudinal joints or edges

when calculating  transverse
steel.

F = coefficient of friction between
slabs.

W = weight in 1b/ sq. ft. of slab.
S

= allowable working stress in
p.s.i. in steel.

In using this formula, it must be
remembered that steel is estimated on
the basis ~of thickness of resurfacing
only, provided no wide cracks existed in
the o!d‘ pavement. If, however, there
are wide cracks either by themselves or
associated with breakage of distribution
steel in the old pavement, then the steel
reinforcement in the resurfacing has to

be based on the combined thickness of
the two slabs.

SEPARATION COURSES

In the use of separation courses, there
appears to be wide disagreement amongst
the authorities and the criterion for their
use would be guided by the -ollowing
consnderathns. Many studies indicate
tl_xat there is a greater structural capa-
city for the construction when no
separation courses are employed. How-
ever, it is also borne out that repetitive
crackmg. in the upper layer could be
substantially reduced or even eliminated
by separating courses of substantial
thickness. Therefore, in view of the
additional cost both of extra thickness

- of concrete as wel] as the cost of sepa-

ration course itself, their use would be
]u_st}ﬁed only in such cases where either
raising the level of concrete or making
up of excessive irregularities are called

for and not f : :
. rom aestheti -
rations. ¢ conside

BONDING OF RESURFACING

Of late several con
employed are fo
bond between t

struction techniques
und to develop adequate
he old and new concrete
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and they have been mostly employed to
correct an unsatisfactory surface con-
dition where no strengthening of the old
slab was necessary. Therefore, there
seems to be ample justification to
reckon for structural capacity the thick-
ness of such construction as the com-
bined thickness of old concrete plus the
resurfacing. All the above considera-
tions in the design of resurfacing pre-
suppose that the underlying subgrade
has not failed. Where such failure is
noticed, it would not be overcome by an
additional layer of concrete and would
necessitate the breaking up of the old
slab, making up the subgrade and con-
struct a new pavement thereon.

WIDENING WITH RESURFACING

Particularly in highway work, resur-
facing work in concrete is quite often
associated with widening of the pave-
ments and it has been the general experi-
ence that such work offers more adva_nt-
ages than difficulties. By construction
of widening, integral with resurfacing, 1t
is found that curling of the edges of
resurfacing caused by loss of bond with
old concrete is definitely eliminated;
besides such construction has also faci-
litated design of form work for resur-
facing jobs.

STRUCTURAL STRENGTHENING
WITH RESURFACGING

Construction of a *thick’ concrete
resurfacing usually involves no great
difficulties. If the old pavement is in an
unsatisfactory condition at a few loca-
tions due to an unstable yielding sub-
grade those areas should be removed.
The subgrade may then be corrected by
placement of a sub-base and if necessary
provision of drainage. Large areas of
bituminous patches should be removed
if the design is based on the absence of a
separation course, i.e., formula .....(2).
In case of extensive patching, which is
undesirable to be removed, formula (3)
should be used in estimating the thick-
ness. Where the forms for resurfacing
are supported on the subgrade, they are
fixed in the usual manner, but where the
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forms are to be set on the concrete, it
would be necessary to drill holes for
form pins in the existing slab. Concrete
used for resurfacing should be placed
with a minimum slump, since the sub-
grade will absorb little or no water at
all. Where the resurfacing job involves
widening, use of waterproof paper on
the extended subgrade will prevent water
absorption and permit use of concrete of
same consistency throughout.

Distribution steel is placed in the same
manner as in normal pavement con-
struction by striking off the concrete at
proper levels, placing the steel on fresh
concrete and placing the second layer of
concrete. Compaction, finishing and
curing are carried out in the usual
manner.

Thin bonded concrete resurfacing can
be used to restore the surface of pave-
ments that have been damaged by any
cause. It should not be applied to
concrete that is unsound or structurally
inadequate for the condition of service.

PREREQUISITES TO THIN
RESURFACING

It is difficult to make a general rule
for the use of thin bonded resurfacing
because each job must be evaluated on
the basis of whether the new surface can
be placed, jointed and constructed at
reasonable cost to give satisfactory
service. However, for thin bonded
resurfacing, the following are some pre-
requisites that should be given con-
sideration:

1. The resurfacing must be placed
on concrete which is structurally
sound below the surface dis-
integration or scale.

2. Scarification of the pavement
to remove surface deteriora-
tion should be limited to a
maximum of 1 in. and prefe-
rably 1/2 in. except in localised
areas.

3. The old pavement surface must

be clean, free of all dirt debris
and loose material.
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4. Joints in the resurfacing must
be directly over the joints in
the old pavement and of equal
or slightly greater width.

5. Construction lane widths should
be limited to about 25 feet.

6. Resurfacingthicknesses, should,
if possible, be limited to 2
inches. They should never be
less than 1 inch thick, except
for patching and at ramps
where grades have to be met,

7. The concrete mix used in the
resurfacing should have physi-
cal properties matching as near-
ly as possible those of the con-
crete of the old pavement.

8. Maximum size of coarse aggre-
gate in the resurfacing mix
should be limited to 1/2 the
thickness of the resurfacing.

9. Distributed reinforcement
should be omitted from resur-
facing thicknesses less than
3 inches.

METHODS OF BONDING

Amongst the above prerequisites, the
preparation of surface to receive the
resurfacing is the most important as the
success of thin resurfacing depends pri-
marily on the bond developed between
the old and new concrete. Several
methods have been tried out and broadly
they fall into two groups.

(1) In the first method bond is deve-
loped primarily by roughening the sur-
face by either grooving of the pavement
or by denting the pavement with bush
hammers or pneumatic chisels, to pro-
vide keying of the top concrete.

(2) In the second method, the rough-
ness of the old surface is achieved by
etching the same with commercial hyd-
rochloric acid or glacial acetic acid.
This treatment usually leaves the surface
with a sand paper texture which is de-
sirable for good bond. With the acid
treatment, it is necessary that after the
visible etching or foaming action has

172

January 1960

ceased, th; pavement surface should be
flushed with water adequately till no
acid traces are left as any acidity left

impairs the bond as well as affects the
concrete chemically.

PREPARATION OF SURFACES

In cases where the existing surface is
he‘avﬂy stained with oil, rubber or bitu-
Mminous material, the surface js treated
with a detergent which s highly alkaline
such as sodium metasilicate, In such
cases, 1t 1s very essential that this appli-
cation is followed by flushing with water
as 1n the case of acid application to
neutralise the traces of alkalinity,

The next step in the pre i
surface following mechanli)calpzr;;](:)nthgf
roughening of the surface and immedi-
ately preceding the placing of concrete
is the application of a grout of cement
and sand. This js essential to avoid air
gaps between the old and new concrete
Impairing the bond.

ADMIXTURES

Amongst other developments in the
field of thin resurfacing of concrete. the
use of some admixtures to the grout and
resurfacing concrete, are receiving con-
siderable attention, Mostly used on an
cxperimental basis, they are calcium
chlpnde, polyvinyl acefate and epoxy
resins. The two latter chemicals have

been used in the field in U, S. A. and |

U. K. and the chief clajms made are
that in addition to improving the bond
they considerably enhance the tensile
strength of the mortar or concrete and it
1s reported that thicknesses as small as
1/4 in. have been Successfully bonded to
old concrete, Though these techniques
may prove to advantage in future, the
existing practice of developing bond are

C ory from i i
of view. y a practical point

LOCAL EXAMPLES OF THIN
CONCRETE RESURFACING

" During March 1959, a mod i
: h 1959, erately sized
thin resurfacing job was done in B};’mbay

B
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using the following specification along
the western carriageway of Sion-Ma-
tunga Road. The technique was easily
applied with local labour and the results
of its service to date show good promise
for the future.

The area resurfaced was 400 ft x 10 ft
(approx.) in two lengths of about 200 ft
along the outer lanes of a 3-lane car-
riageway of 6 in. thickness and a resur-
facing varying from 2 in. at one end to
1 in. at the other was laid. The mix
for the thicker portions varying from
1-1/2 in. to 2 in. consisted of:

I cwtof cement, 2-1/2 cu. ft. of
fine aggregate and 4 cu. ft. of
coarse aggregate (maximum size
3/4 in.) with 4 gallons of water

and for the thinner portion varying
from 1-1/2 in. to 1 in. '

1 cwt of cement, 2-1/2 cu. ft. of
fine aggregate and 3 cu. ft. of
coarse aggregate (maximum size
1/2 in.) with 4 gallons of water.

The preparatory treatment consisted of
thoroughly cleaning the old slab by
scrubbing with wire brushes, brushing off
of dust, etc., and washing with water.
This was followed by treatment of the
surface with commercial grade hydroch-
toric acid diluted with equal quantity of
water and applied at the rate of 1 gallon
per 100sq. ft. (8 1bs of commercial acid
for 100 sq. ft.) by coir brushes rubbed
down gently over the whole surface.
After the bubbling had ceased, it was
flooded liberally with water and brushed
to remove all traces of the acid. Then
the surface was left for air drying and
where resurfacing was to follow quickly
the surface was wiped with dry hessian
bags. Then a cement sand grout of 1:1
mix and water cement ratio of 5-1/2
gallons per cwt, bag of cement was
spread uniformly by means of a coir
brush after which the resurfacing
mixa ws laid to the specification de-
scribed before, compacted, finished and
cured as  usual. The illustrations on
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pages 167 & 168 show the various stages
of this construction. The details of cost
of this construction on a turnover of 900
sq. ft. in one shift worked out as
follows :

1. (a) Materials Rs
Hydrochloric acid
3 jars of 28 lbsg 18
each
Cement 32 bags @ 21
Rs 6.75 per bag 6

Fine aggregates 75
cu. ft .@ Rs 34 per
100 cu. ft. 25

Coarse aggregates
100 cft. @ Rs 55% 55
. per 100 cft.
(b) Equipment
Mixer including oil,
grease etc. L.S. 10
Depreciation  of
forms, tools and% 6
water charges
Total 330
2. Labour
Male coolies and?
bhisties 33 Nos. @ 132
Rs 4 day 5
Female coolies, 9 '
Nos. @ Rs 4 aday 36
Masons, 2 Nos. @
Rs 6 a day 12
Carpenter, 1 No. @
Rs 5/ aday 5
Fitter, 1 No. @
Rs 5/ a day 5
" Supervisors, 2
Nos @ Rs 7/8/-% 15
a day ‘
Total 205

Total of material
pluslabour  Rs 535/-

= Cost per 100 sq. ft. =Rs 5950 nP . _
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or alternatively, the break-up on the surface de;erioration or for structural
phases of the job was follows : strengthening is a well proven technique
and could be employed with confidence

(a) Preparatory work} for economical rehabilitation of old

; i id ! Rs 4/-
reludng s Mot coneee pavements THE DESIGN OF BITUMINOUS
ing, etc. J

PAVEMENTS — SOME FACTORS
AFFECTING THE PREPARATION OF
SPECIFICATIONS FOR BITUMINOUS

SURFACING WORKS*

P ACKNOWLEDGMEN
(b) Grout application Rs 8/- ENTS

per 100 sq. ft. A%kn?wlledgments are gratefully due
to the following for much of the infor-
Cost of conerete) | ving for much of the infor
() in?:?uding aring | Rs 48)- mation contained in this article :

joints, formwork, ¢ per 100 sq. ft. . American Concrete Institute

ete. J L “ Design of concrete overlays
Rs 60%- of pavements” report of Sub-

committee VIII ACI Committee

325, Journal of the American

T. M. COULTER, B.C.E.,

Aaterigls and Research Engineer, -

Department of Main Roads,
New South Wales,

CONCLUSION

Preceding this experiment, a thick
bonded resurfacing of 3 in. thickness
with B. R.C. No. 9 fabric had been laid
on the portion of a pavement about
720 ftx 100 ft at King’s Circle in March
1954 on an existing 6 in. concrete slab.
The preliminary treatment there inclu-
ded mechanical denting of existing
pavement through picks and application
of 1:1 cement grout. This stretch, lying
on a curve, is carrying very heavy traffic
and to date has showed no sign of
separation of resurfacing from the old
base and is behaving very well. There-
fore, it may be concluded that resur-
facing of concrete either for remedying

To command nature. we must obey her,

Concrete Institute. Sept. 1958.
Vol. 30, pp. 315.

2. Earl J. Felt. ““Resurfacing and
patching concrete pavements
with bonded concrete ** Procee-
dings of the Highway Research
Board, U.S. A., 1956, Vol. 35.
pp. 444.

3. R.LT. Williams, “*Thin bon-
ded concrete surfacing applied
to existing concrete road slabs’’
Roads & Road Construction,
July 1959, Vol. 37, pp. 194,

4. ““Design and Constructjon of
Concrete Resurfacing” Indian
Concrete Journal, Dec. 1958,

The price of

success in our personal, social and racial life is humbie sub-
mission to the immutable nature of things.

ALEXIS CARREL
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SYNOPSIS

FACTORS influencing the choice of the

bituminous pavement to suit various
conditions are discussed together with
some details which need to be considered
in the design of bituminous surfaces,
with particular reference to dense-
graded, coated aggregates and to sprayed
surface dressings.

GENERAL CONSIDERATIONS

The commonest form of bituminous
pavement in New South Wales is the
light surface treatment, consisting of a
sprayed film of bitumen or tar covered
by aggregate uniformly spread to pro-
duce a coat one-stone thick. This type
of surface is usually adequate for roads
carrying light or medium traffic, say, up
to 3,000 vehicles per day, depending on
the nature of the traffic concerned. If
traffic is heavy itis generally econdmical
to construct a more substantial bitu-
minous course such as penetration
macadam or some form of coated
aggregate pavement, either mixed in
place on the road or in some form of

premixing plant. However, in many

cases it will not be practicable to adopt

a more economical type because of
insufficient funds to meet the greater
first cost.

Apart from copsiderations of finance
and structural stability, other factors
which govern the choice of surface
course for any particular job include the
safety and the convenience of traffic.
For instance, some aggregates polish
readily under the abrasive action of
traffic and are not satisfactory for ordi-
nary light surface treatments because of
the tendency for the pavement to become
slippery when it is wet. In such cases
it may be necessary to use premixed
materials and to include a proportion
of aggregate which is not susceptible to
polishing. Similarly a pavement carry-
ing comparatively light traffic but having
an excess of bitumen at the surface may
need covering with a course of open-
graded premixed material, not because
it needs strengthening but to ensure
adequate resistance to skidding ; sprayed
seals are generally ineffective in these
conditions unless the excess bitumen is
first removed by burning or scraping.
In the same way, some old pavements,
which are sound enough to besealed -

. ® (Paper presented to a joint meeting of the Civil Engineering Branch of the Institation Uf
Engineers, Australia (8ydney Division) and the Losal Government Engineers’ Assoelation

on 25th March, 1958.)
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with light surface dressing, may be so
mis-shapen that they require corrective
courses of premixed material to improve
riding conditions.

For some years, penetration macadam
was a fairly common form 'of construc-
tion in New South Wale§; itwas usua_lly
laid in courses about 3 in. thick, using
bitumen or tar as the grouting material.
Road-mix seals and reseals were also
used extensively. At present, these
forms of - construction ha}ve been lar_gely
superseded by plant-mixed materials,
either of the open graded type or of the
dense-graded (asphaltic qoncrete) type.
The open-graded materials, whe;her
mixed hot, warm or cold, are pervious
10 water, and consequently they wegther
more quickly than the comparatively
water-tight dense-graded mixtures and
there is a growing tendency, in the
interests of economy, to use thp dense
graded mixtures for strengthening, re-
shaping and skid-proofing the more
heavily trafficked roads.

The two most important types of
bituminous surface are, therefqre, the
dense-graded hot mixes used mainly on
heavily trafficked roads in urban areas
and the sprayed surface dressings used
throughout the State under a wide range
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of traffic volumecs. Tt is for these

two types only that the problem of

design will be considered here in some
detail.

DESIGN OF DENSE GRADED MIXTURES

The design of dense-graded mixtures

entails consideration of the following
factors :

(1) Thickness of course to be con-
structed.

(i)  Maximum size of
be used.

(i) Quality of the separate mate-
rials used in the mix-aggregate,
mineral filler and bituminous
binder.,

(iv) Proportions in which the con-

sti.tuent materials are to he
mixed.

aggregate to

THICKNESS OF SURFACE COURSE

The thickness of surface course to be

constructed will depend principally on

the shape of the existing pavement, the

amount of strengthening required and
the cost.

1f a pavement is grossly mis-shapen,
large quantities of premix will be needed

Hot-mix plant on country work
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Fixed hot-mix plant installation at Department of Main Roads,
Metropolitan Maintenance Depot., Granville, N. S. W.

to restore smooth running conditi.ons; it
may, therefore, prove economical to
break up the existing pavement and to
reshape and recompact it before the
bituminous surface course is applied.
In such cases, due consideration V\_/ould
need to be given to the greater inter-
ference with traffic that would result
from disturbing the old pavement. In
the same way, a pavement which requires
major strengthening could perhaps be
built-up with an intermediate course of
gravel or stone before the bituminous

surface is applied, in preference to using

a thick course of expensive hot-mixed
material.

When the relative costs of various
strengthening courses ‘are being consi-
dered, it is generally asspmed that
dense-graded bituminous mixtures are
more effective for pavement strengthen-
ing because of their comparatively high
beam strength. However, temperature
effects must be considered because high
temperatures reduce the viscosity of the
binder and so reduce the beam strength
of. the mix; on the other hand, very
low temperatures can cause a tendency to
brittleness, and failure by fatigue may
occur if the underlying pavement is too
flexible. It is not possible to calculate

accurately what thickness of strengthen-
ing course is necessary but some indi-
cation may be obtained by constructing
experimental sections and checking the
amount of deflection under heavy
loading. However, in road work it is
usually economical to strengthen pave-
ments progressively as and when they
show signs of failure. This method also
permits of continual improvement in
shape and in resistance to skidding.

MAXIMUM SIZE OF AGGREGATE

Once the thickness of course has been
decided it is usual to fix the maximum
size of aggregate in the mix at not more
than about six-tenths of the thickness of
the course. 1f larger aggregate is used
some difficulty may be experienced with
spreading and compacting. The actual
size of stone used will often depend on
what material is readily available.
Thick courses with large aggregate are

. usually covered by thin layers of finer

material to provide running surfaces of
better texture.

QUALITY OF AGGREGATE

The Los Angeles Abrasion Test (A. S,
T. M. Designation C 131-51) is com-
monly used to check the quality of
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Placing of bituminous mixture through mechanical tamper-

aggregate proposed for bituminous work;
the lower the abrasion loss the more
resistant the aggregate. Aggregate in
hot mixes is well protected by bitumin-
ous mortar and is not so vulnerable to
damage and wear as cover aggregate ip
sprayed seal coats. For this reason it is
not necessary to specify such stringent
Los Angeles values as for cover aggre-
gate. Values would ordinarily be in the
range 25 to 40, depending on the inten-
sity of traffic and the type of stone
available.

SHAPE OF AGGREGATE

Many authorities require a proportion
of the aggregate to becrushed. How-
ever, there seems to be no objection to
the use of rounded gravel provided
adequate stability can be obtained when
the mix is tested by one of the standard
procedures for determining stability,
e. g, Hubbard-Field, Marshall, Triaxial
Compression, etc. Crushed fine aggre-
gates may give high stabilities but may
require the addition of a natural round-
ed sand to provide better workability
during spreading and compaction.

MINERAL FILLER

Ground limestone is the commonest
type of filler used for hot-mix work in

spreader

New South Wales.
ally require that not
of the materia] shou
B. S. sieve,

Specifications gener-
less than 85 per cent
1d pass the No. 200

BINDER

Although slightly sof i
harder bitumeng arey sometteirrnzlsi?xssgzighttlllz
commonest grade of binder used in
asphaltic concrete in New South Wales
is R. 90 residual bitumen, Tar is used
extensively overseas for hot mixes but
1 not used in New South Wales except
to a limited degree in open-graded mixes.

GRADING OF AGGREGATE

Most dense-graded mij 1
: IXtures g -
lfnate Mmaximum density grading geprri(zfild
Brom curves such as suggested by Talbot
olomey, Wilhelmi and soon. In Ne“;

South Wales it is often necessary to use

; nd fin At
satisfactory f esand to obtain a

i Ne aggregate gradj
use in dense-graded bitumignou;n\%/ot;‘(l)cr

BASIC PRINCIPLES Op MIX DESIGN

~- The basic princi
he ples to be o i
desngmpg a dense-graded biturr?:flrzzdrle‘3
gate mixture can be stateq g fol]owsg'

(@) The mixture must have suffi.
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(c)

(d)

cient bitumen to bind the parti-
cles of aggregate together and
to provide some resiliency in the
mixture. Otherwise the pave-
ment will fret or crack because
it lacks cohesion.

Voids space should be suffici-
ent to ensure that the voids are
not overfilled when the mixture
is progressively densified by the
compacting effect of traffic and
the expansion of the binder in
hot weather. If overfilling does
occur the mixture acts as a
viscous liquid and deformation

results.

Voids space should not exceed
about 5 per centin order to
ensure that the mixture will be
reasonably watertight. Some
margin. is necessary to allow
for inevitable small errors in
proportioning the ingredients
on the work.

Internal friction of the coated
aggregates must be high enough
to prevent shear displacement
under traffic.

January 1960

LABORATORY PROCEDURE

Economic  considerations  usually
decide what aggregates are to be used in
a particular job. The prohlem of design
then becomes a matter of determining
the best proportion for mixing these
aggregates with the binder to obtain a
satisfactory mix.

The laboratory procedure used by the
Department of Main Roads is briefly as
follows:

‘(a) Sieve the aggregates into vari-
ous fractions and determine
the proportions in which they
.should be combined to give a
grading approaching maximum
density. This is done graphi-
cally on charts specially pre-
pared for each maximum size
of aggregate.

(b) Make up trial mixes at estima-
ted optimum bitumen content
and, say, one half per cent
above optimum and one half
per cent below optimum,
Optimum bitumen content can
be estimated from previous
experience with similar mixes,

Bitumen spraying and aggregate spreading in progress
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by formula based on particle
size of the aggregates or by
observing the cohesivencss of
the mix while the binder is
being added during pre.:pamtion
of the laboratory specimens.

(c) Mould these mixes into test
specimens in accordance with
the standard procedurc appli-
cable to the chosen method of
test and then determine void
content and stability of cach
specimen.

(Stability testing may be done
by a number of standard
procedures including the Hub-
bard-Field and the Marshall
methods.)

If the specimens fail to reach test
requirements, adjustments are made to
the proportions of the mix and more
specimens tested until a satisfactory mix
has been obtained. When these tests are
being made consideration must be given
to durability of the mix as well as its
stability. In this regard it is necessary
that the bitumen content should not
fall below a certain minimum and it is
desirable also that the filler/bitumen
ratio (by weight) should not exceed
about 1:2. It is usual to allow a little
more bitumen and a corresponding reduc-
tion in filler in a very cold climate. It is
generally found that the voidsin the
aggregate are of theorder of 15 per cent
and these voids are usually 75 to 85 per
cent filled with bitumen.

The mix as designed in the laboratory
becomes the job mix, and control testing
is subsequently conducted at the mixing
plant to ensure that subject to specified
tolerances the mixed material conforms
to the approved job mix.

In addition to laboratory testing it is
generally necessary to check field densi-
ties to ensure that the void content of
the completed pavement is in reasonable
agreement “with the design requirement.
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LIGHT BITUMINOUS SURFAGE
TREATMENTS

Bituminous surface treatments, often
referred to as surface dressings or scal
coats arc the commonest form of
bituminous work in New South Wales.
The technique is a relatively simple one
but there is a need for careful design of
various details of the work if' consis-
tently good results are to be obtained.

Surface dressings fall broadly into
two classes—

(a) Single application of binder,
covered with aggregate in one
application or in two separatc
applications.

(b) Double application of binder
and of aggregate.

Double coat dressings are sometimes
used as a means of providing a more
d'urab_lc surface than a single seal in
sttuations where the more expensive
plant mix would not be warranted.
However, single coat work is by far
the most important type of surface
dressmg in New South Wales and the
fo!loyvmg discussion  will be confined
principally to this type of construction.

USE OF PRIMERS

Some form of bituminous primer is
often applied to prepared pavements
shortly before the main surface dressing
15 sprayed. Such primers are said to
strengthen and waterproof the pavement
and to provide good bond between the
pavement gravel and the bituminous
binder of the seal coat. While this is
true in many cases, light primers may,
I some Instances, actually weaken the
surface of the pavement material. Some
engineers consider that money spent on
priming would be better used in provid-
ing thicker coats of heavier bituminous
n_laterlal,.so‘ that in some oases conven-
tronal priming coats have given way to
temporary seal coats of tar, road oils,
b.itumen emulsion, etc. In other cases,
single-coat bitumen surface dressings
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have been successfully applied direct to
gravel pavements. If this process is
used, it is necessary to ensure that th_e
gravel conforms to specification and is
thoroughly compacted in the pavement
to provide a tight, even surface. This
is not always practicable because of
circumstances such as the following:

(a) Porous gravels (e.g., some
limestone gravels) are often
uneven in texture and it is not
possible to estimate how much
binder would be absorbed by
the pavement if priming were
omitted. In such cases, primers
or light temporary seals are an
advantage because in addition
to making the surface denser,
they provide a more even sur-
face texture for the subsequent
spraying of the bituminous
binder. :

(b) Some gravels have poor affinity
for bitumen and an intervening
coat of tar may improve the
adhesion between the gravel
pavement and the bitumen seal
coat.

(c) Ttis often found expedient to
hold a gravel pavement in
shape for a few weeks .or
months prior to surfacing,
either by priming in the ortho-
dox way or by placing a light
seal of tar, bitumen or bitumen
emulsion.

TYPES OF PRIMER

Coal tar primers are the most com-
monly used in New South Wales.
During the last two or three years petro-
leum tars have become available in
grades suitable for priming. Cut-back
bitumens, bitumen emulsions and water-
diluted bitumen emulsions have also
been used ; in many cases, however,
the coats laid with these materials, in

January 1960

advance of the main sealing work, could

more properly be termed light surface
treatment rather than priming.

GRADES OF PRIMER

Primers can be obtained in a large
range of viscosities. The grade best
suited to any particular work will
depend on the surface condition of the
pavement and also on the intensity of
traffic using the road. In case of doubt,
a field trial on a small area of prepared
pavement will assist in determining the
most suitable grade of primer and will
indicate what its effect on the pavement
will be, what rate of application is suit-
able, how quickly it will dry, whether

cover aggregate will be required and so
on.

The commonest grades are those re-
ferred to in the Australian Standard
Specification for Road Tars (A63-1947)
as 0.35, 0.7, 1.4 grades, these figures
representing the geometric mean over
the permissible range of viscosity
measured in seconds at 50°C. Heavier
grades may be desirable in special cases
but usually require a light covering of
aggregate.

RATE OF APPLICATION OF PRIMER

The optimum rate of application
will depend on the grade of primer used,
the porosity of the pavement and the
traffic conditions. The usual rate is
between about 0.13 gallon and 0.20
gallon per square yard.

COVER MATERIAL ON PRIMER

If traffic cannot be kept off the primer
while it is drying, it may be necessary
to use coarse sand or grit asa protective
cover. Care is required in using sand as
a cover material; if it is applied too
soon it-may have a blotting effect on
th‘e grimer and prevent it from penetra-
ting into the gravel pavement.
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QUALITY OF COVER
AGGREGATE

Aggregate for surface dressing work
must be sufficiently tough and hard to
resist fracture and abrasion by the
action of traffic. Tt should also be of
such a nature that it is not prone to
polish under the action of traffic and so
cause skidding when the pavement is
wet. There are several methods of test-
ing to determine quality. _The Depart-
ment of Main Roads specifications rely
principally on the Los Angeles Abrasion
Test as an indication of the quality of
an aggregate. This test has generally
been found a fairly reliable guide to the
performance of homogeneous stone but
samples containing pamcles of different
types may give unreliable results because
the harder stones tend to protect the
softer stones from being broken down
to size on which the abrasion loss is
measured. It is usual with such
materials to make a selection of the
weaker stones in the sample (say 10 per
cent) and perform the test on these
stones separately. The mixed sample is
acceptable if its Los Angeles value is
within the specification limit and the
value for the weaker stones does not
exceed the specified limit for the whole
sample by more than 5 per cent. Aggre-
gates of this type are weathered igneous
rocks, river gravels which contain some
stones harder than others, and blast fur-
nace slags which usually contain some
pieces that are vesicular and compara-
tively soft, some that are glassy and some
that are tough and hard. Other stones
which call for special attention are those
which when dry give a reasonably good
Los Angeles resultbut soften when
soaked in water. This fault usually be-
comes apparent when the aggregate is
submerged in the water bath for the
adhesion test.

For surface dressing it. ig usual to
specify a Los Angeles limit ranging
from atitle less than 20 per cent up to
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35 per cent depending on the intensity
of traffic on the particular work.

SHAPE OF AGGREGATE

Shape of aggregate is important
because flaky particles interfere with the
proper embedment of the stone in the
bitumen film. The Department of Majn
Roads specification uses the British
Standard Flakiness index test for control
of shape; the limits allowed by the
Department are a little more stringent

than‘ those used in British Standard
specification—No. 63-1951.

GRADING OF COVER
AGGREGATE

Surface treatment is aimed at byjl-
ding a layer of aggregate one stone

thicl; so that an aggregate containing
particles of uniform size is the most

Los Angeles abrasion machine
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Shape-test of aggregate

suitable. Aggregates which contain
oversize particles are difficult to embed
properly and may result in flying stones.
On the other hand, undersize stones are
objectionable because they are liable to
reach the bitumen film first and so pre-
vent the larger stones from adhering.
Specifications prepared by the Depart-
ment of Main Roads provide for nomi-
nal guage ¢ in. aggregate to contain not
more than 5 per cent retained on § in.
B. S. sieve and not more than 20 per
cent passing 4 in. B. S. sieve. For } in.
aggregate the corresponding limits are 5
per cent retained on } in. B.S. sieve
and 30 per cent passing § in. B. S.sieve.
Better aggregate could be obtained by
further limiting the fines but the cost
would be increased.

In addition to specifying a one-size
aggregate, some authorities take the
additional precaution of removing grit
and dust by passing cover aggregates
over short screens as the stone is being
loaded on to the spreading trucks.

SIZE OF COVER AGGREGATE

From the point of view of economy,
the nominal size of the aggregate should
be such that itseffective life in the pave-
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ment is commensurate with that of the
binder. The optimum size for any parti-
cular work willdepend on the amount of
traffic and on the quality of the aggre-
gate. If traffic is light, small aggregate
(3 in. or } in.) may be satisfactory for
surfacing work whereas for heavy traffic
§ in. aggregate is generally used. In
special circumstances coarse sand may
be a satisfactory cover aggregate. For
resurfacing work } in. nominal size is
generally used but in some cases  in.
aggregate may be better, e.g., on the

““Fatty > surface of a heavily trafficked
road.

There is less tolerance in binder
application when small aggregate is used
and care should be taken to ensure that
the application is well controlled to
avoid either underspraying which will
cause loss of stone or overspraying
which will cause a fatty surface.

In order to reduce noise, vibration,
and tyre wear, it is usual to apply a -
light course of filler aggregate after the '
main coat of aggregate has been rolled,
particularly when the nominal size is
greater than } in.  The filler aggregate
shou!d generally not exceed one half the
nominal guage of the coarser-stone, sg
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that it can beembedded in the interstices
of the larger aggregate without display-
ing it.
AVERAGE LEAST DIMENSION OF
COVER AGGREGATE

With the assistance of rolling and
traffic compaction, each particle of
cover aggregate ultimately assumes a
position in the pavement where one of
its large faces is in contact with the
binder and the least dimension is vertical
or nearly so. The average mat thickness
is therefore approximately equivalent to
the average least dimension of the aggre-
gate and the latter is therefore a useful
parameter in calculating rate of spread
of aggregate and rate of spray of binder.

The average least dimension may be
determined in a number of ways inclu-
ding the following:

(a) Measure the least dimension of
each particle of a sample of
the aggregate using calipers or
slotted sieves; then calculate
the average.

(b) Spread a sample of the aggre-
gate on a level tray with the least
dimension of each particle
vertical ; pour water into the
tray until it is judged that half
of the particles have been
covered. The depth of water
will then approximate the
average least dimension of the
sample.

(c) Calculate average least dimen-
sion from sieve analysis and
flakiness index value, using
curves previously developed
by closely examining the
relation between these three
properties for a large range of
typical aggregates.

RATE OF SPREAD OF COVER
AGGREGATE

The optimum rate of spread is that
which will produce a well compacted
surface course one stone thick without
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any surplus stone usually referred to as
a “whip-off 7. If too little stone is
used there will be a tendency for tyre to
reach the binder and pick it up ; if too
much stone is applied it will interfere
with proper embedment, cause traffic to
throw loose stones in a dangerous manner
and result in wasteful “whip-off.””
It is difficult to avoid a small * whip-
off > on account of the impracticability
of obtaining completely uniform spread-
ing. Slight underspreading in the first
instance followed by a small amount of
hand spreading over the thinner patches
is preferable to deliberate overspreading
of aggregate to ensure complete cover.

I@ is not possible to calculate the
optimum spread of aggregate with great
accuracy. Several methods have been
suggested for determining the rate of
spread including the following :

(1) F. M. Hanson in 1935 des-
cribed a method of relating the
rate of spread to the average
least dimension of the aggre-
gate and published g graph
showing the average relation
between these two variables
’(ESCt “Bitl;minous Surface

eatment of Rural Hj »
by F. M. Hanson). ‘ghways

2 e Kearby, of Texas High-

ways Department, recommends
a method of calculation based
on the average mat thickness
the percentage of voids in the
aggregate and the depth of
embedment of the stone in the
bltume_:n. (See ““ Thoughts «nd
Theories on Bituminous Sur-
face Treatments by J. P.
Kearby, World Construction
May:June 1953, p. 24). ’

(3) W. P. Lovering, California
]b?msmn of Highways, descri-
es a method of calculating the
rate of spread from the mean
par.tlcle.sme of the aggregate
Which is calcylateq as the
weighted average of the mean
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size of the largest 20 per cent,
the middle 60 per cent and the
smallest 20 per cent (See *“ Scal
Coats—Economical Usage >’ by
W. P. Lovering, Western
Construction,  April 1954,
p. 60.)

Experiments conducted by the Depart-
ment of Main Roads suggest that a
reasonably close approximation to the
optimum rate of spread can be obtgmed
by measuring the Average Least Dimen-
sion of the aggregate and dividing the
result into a constant which includes the
gross effect of such factors as voids in
aggregate, depth of embedment, uneve-
ness of spreading, amount of compac-
tion and so on. This constant has been
found by laboratory and field experi-
ments to approximate to 22, so that the
rate of spread may be predetermined in
square yards per cubic yard by.dlyldmg
the Average Least Dimension in inches
into the constant 22. This rate is a first
approximation only and a close study
should be made of the surfacing work
in progress to determine whether some
slight adjustment of the rate of spread
is necessary.

A rough approximation to the opti-
mum rate of spread can be obtained by
loosely spreading a sample of the aggre-
gate on a measured board, but consider-
able experience is necessary to obtain
consistent results. Better results can be
obtained by pressing the stones into a
plastic film (such as ﬂuqu bl.tumen) but
in any case some correlation is necessary
with actual field rates before the rate of
spread can be predetermined with reason-

able accuracy. Small scale tests of this

nature can also be used to determine the
amount of filler aggregate required to
suitably fill the interstices in the coarser
first application.

TYPE OF BINDER

Binders used inNew South Wales in-
clude residual bitumen, coal tar, petro-
leum tar, bitumen emulsion and road
oils. The commonest binder is R. 90
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bitumen fluxed as required with varying
amounts of kerosene or other flux oil.

Tars generally have a shorter life than
bitumen and are usually not economical
except under special conditions, such as
(a) light seal coat to hold unprimed
pavement for a year or two until arrange-
ments are made for the main surface
course; (b) reseal of pavement to im-
prove skid resistance when wet; (c)
reseal of pavement to minimise soften-
ing of pavement from oil and fuel
spillage.

RATES OF APPLICATION OF BINDER

The quantity of binder sprayed on
the pavement should be minimum requi-
red to hold the aggregate firmly in posi-
tion. If too much binder is used it will
rise to the top of the aggregate and
cause a ‘‘slick”” surface. The optimum
rate of application of the binder is direct-
ly related to the Average Least Dimen-
sion of the stone and a simple rule for
determining the approximate quantity of

‘bitumen, in gallons per square yard,

required on a primed surface or smooth
(not fatty) pavement is to multiply the
Average Least Dimension in in. by two-
thirds, e.g., for } in. stone with Aver-
age Least Dimension of 0.45 in. the base
rate for binder application would be 0.30
gallons per square yard. This rate

‘must obviously be adjusted to suit vari-

able conditions of pavement texture,
traffic, etc. These factors can seriously
affect the rate of application and are
not capable of accurate measurement.
Experience is necessary in deciding what
adjustments are needed to the base rate
on account of changes in surface texture,
The following figures give some indica-
tion of the range of these adjustments:
(i) On unprimed surface—add up
to 0.06 gallons per sq. yard.
(i) On rough and/or absorbent
bitumen surface—add up to
0.05 gallons per sq. yd.

(ili) On *“fatty’ bitumen surface
deduct up to 0.05 gallons per
sq. yd.
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Tt is known that heavy traffic will
compact the aggregate of a surface
course after rolling has ceas.ed and .the
bitumen may be forced to rise so”hlgh
that the pavement becomes “slick . On
the other hand, a lightly trafficked pave-
ment, without the kneading effect of
traffic, generally remains rugose so that
additional bitumen can be used for
durability without danger of causing
slickness.

As a general rule it will be satisfactory
to decrease the base rate for bitumen
application by 10 per cent if traffic
exceeds, say, 1,500 vehicles per day and
to increase it by 10 per cent if traffic is
less than, say, 200 vehicles per day.

Some adjustment of the calculated
rate may be required during the course
of the work and a close study of the sur-
facing work in progress is necessary to
ensure that the rate of application is
correct. However, if the aggregate
approaches a ““ one-size”’ gauge (as it is
generally required to do) and the Aver-

age Least Dimension has been measured, .

careful consideration should be given

before any major departures are made
from the calculated base rate.

FLUXING OF BITUMEN
The binder in the completed work
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should be at a suitable semi-solid consis-
tency for the entire range of temperature
to whlch the road surface will be €xXpos-
ed. This consistency is not sufficiently
fluid for aggregate to be satisfactorily
Incorporated except at high pavement
temperatures. It is usual, therefore, to
add a fluxing agent to render the binder
more fluid while the stone js being in-
corporated.‘ This flux should escape
from the binder as quickly as possible
after .achieving this purpose or other-
wise 1t will have a subsequent undesir-
able softening effect on the pavement.

Power kerosene or similar light oil is
generally used for fluxing bitumen but
hf:avxer oils are sometimes used in spe-
cial cases where it is desired to retain the
softening effect for a longer period, e.g.,
when work is being done on a lightly

trafficked road towards the end of the
normal Spraying season,

AMOUNT OF FLUX

The proper amount of flux can be

ggilermmed by studying the viscosity and

es1on properties of the fluxed binder

at various temperatures. Curves and

tables are avajlable indicating the

amount of flux required over a range of
pavement temperaturcs

; and er
Variable conditjops, under oth

Testing viscosity of bitumen
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ADDITIVES

Many types of stone show poor aﬂit:
1ity for bitumen in the presence O
vater. In such cases it is good insurance
1gainst wet weather damage to use an
“anti-stripping”’ agent to improve adhe-
sion. Materials which have been found
satisfactory for this purpose include:

(a) Commercial gnti-gtripping
agents supplied with directions
for use.

(b) Creosote or petroleum tar,
sprayed on the aggregate while
it is being loaded from the
stockpiles into the spreading
trucks or at some ume
previously.
Dehydrated tar (as per Depart-

© menz of Main Roads Specifica-
tion No. 232) added to the
bitumen.

:ions over large areas of New
Soggt?(\lhl/tz:.?es are gqmparati\(ely dry and
the need for additives to give positive
adhesion in wet conditions i# not so
urgent as in high rainfall countries.
Usually the ability of an aggregatg to
resist stripping by water for a few days
after initial adhesion has been effected is
all that is required; after the agg;gggte
has been well embedded in the binder

. o oing is
w days, the risk of stripping 1
g?irgl?t.fe In th)ése circumstances, creosote

and tar additives have been generally
successful ; they will not, howeverk,
ensure satisfactory adhesion on woc{.
actually carried out under wet condi-
tions.

osote and tar have an econo-
mi?fdfgitage in that they act partly as
fluxes as well as anti-stripping agents.
Normal fluxing agents should be suita-
bly reduced (usually by about 5 to 10
per cent of the binder) when these addi-
tives are being used. Tar added to
bitumen may also improve the skid
resistance of the pavement. However,
these materials must be used with care
when conditions are unusual. For
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instance, a 10 per cent addition of tar
(the usual mimimum for protection
against stripping) may produce too soft
a binder for a heavily trafficked road in
hot weather; on the other hand, 10 per
cent of tar may provide insufficient flux-
ing of the binder if this method is used
at low pavement temperatures.

Although the anti-stripping agents
which are mixed in the binder are simp-
ler to use, the precoating process has a
compensating advantage in that it is
more effective in securing initial adhe-
sion of dusty aggregates, where the use
of such material is unavoidable. In any
case, careful consideration is necessary
in determining whether an adhesion
agent should be used and, if so, which
agent would be the most suitable for the
conditions obtaining on any particular
work.

CONCLUSION

Standard specification forms, recently
prepared by the Department of Main
Roads to cover surface treatment work,
are so arranged that it is necessary to
consider carefully the design of any
particular work before an adequate
specification can be completed.  The
foregoing discussion may prove of some
assistance in determining suitable detail-
ed information for inclusion in this type
of specification.

A sound specification is a major fac-
tor in successful surfacing work but
consistently good resuits can be obtained

only if the care exercised in designing
the work is matched by similar attention
to operational details.
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THE INTER STATE HIGHWAY SYSTEM IN
THE UNITED STATES

By

N. S. SURYA *

THE National Highway system in India

has s

everal distinguishing features.

The chief of these are:

(1

(i)

(iii)

(iv)

)

(vi)

their ownership vests with the
Union Government ;

all expenditure on original
works and maintenance on
these highway is borne by the
Union Government;

their maintenance and improve-
ment are usually carried out
through the agency of the
Public Works Departments of
the States through which they
pass;

the State Public Works Depart-
ments in charge of the National
Highways are paid agency
charges (usually 7} per cent)
for the work of maintenance
and improvement;

the responsibility of the Union
Government does not extend
to urban lengths, that is,
sections of National Highways
through municipalities with a
population of over 20,000
pCI'SOIlS;

the total length of the N.H.
system in India is 13,800
miles which works out to
(a) one mile per 90 square
miles and (b) one mile per
26,000 persons.

(2) Thereisno highway system in the

United

States which has all or even

most of these features,

The nearest

approach is the National §
t
Inter-State and Defence Highwzxsyse.mTl(l)g

mgin characteristics w
this system are:

()

(i)

(i)

(iv)

v)

(vi)

# Divisional Engineer (Consultant),
of Transport, Roads Wing, New Delhi—2.
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hich distinguish

their ownership rests with the

States  through ;
pass gh  which they

(a) Nmety_per cent of the
expend}ture on original
works is provided by the
Union Government, the

balance bej
the State : ing found by

(®) the expenditure on their

maintenance is provj
ided
by the State ; P

their improvement (and mainte-
?telmce) 1s carried out through
€ agency of the Public Works

Departmen .
States; ta of the respective

?l:) agsency charges are given to
the States for carrying out
improvement works :

tslie urban sections of the inter-
fo?tfh System are also eligible
€ 90 per cent contribution

from the Uniop Government ;

the total len
t gth of the
15 about 41,000 mj i

, iles which
works out to (a) one mile ;nerr

0 square miles :
. and
mile for 4,400 persons. (b) one

system

T . )
he basic characteristics of the inter-

Ministr
¥y of Transport & Communicationsg Department
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State system are those of a Freeway
which is defined as an Expressway with
full control of access.
of this system, access is controlled by
acquiring access rights prior to construc-
tion or by the construction of frontage
All ‘at grade’ intersections of

roads.

On all sections

frontage roads.

table given below:

Characteristics of urban arterial highways
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public. highways and private driveways
are eliminated or the connecting road
terminated, re-routed or intercepted by

: These characteristics
will be clearer if a comparison is made
of different classes of highways as in the

Design and control
features

Expressway

Parkway

L

e e

Types of vehicles
Control of access
Minor cross streets

Major cross streets

Control of cross
and turning traffic
at grade

Private drivoways
connecting to
through lanes

Access connection
treatment

Frontage roads or
equivalent

Median

Peodestrian cross=

o

Passenger cars only.
Full or partial
Usually terminated

At grade or separa-

p signs, traffic
signals or separa-

Major street at grade \ Freeway |
|
2 3 } 4
All All All
Usually none Full or partial Full
At grade Terminated Terminated
At grade Preferably All separated
geparated ; ted
some at grade
Stop signs Proferably All separated Stop
or traflie stop signs;
signals somae traffie ted
signals
Restricted ; None or few None

gome right
turns only

Normal or
Hlared

Usually
none

Included
where fea-
gible

Crosswalks

Channelised
or ramp

torminal

Ramp terminal

Where needed Where needed

Included Included

Crosswalks or All separated

Restricted or none

Usually channelised
or ramp terminal

Usually not needed

Usually included

Crosswalks or separa-

ings separated ted
Parallel curb Restricted or  Eliminated Eliminated Eliminated
parking eliminated
where foasible
Shoulders Seldom appli-  Included Included Included
cable
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Though the heading of this table
prepared by the American Association
of State Highway Officials indicates that
it refers to Urban Highways, the com-
parison holds good in general for the
non-urban sections also. It will be seen
from this table that the Freeway is a far
superior facility in comparison with the
National Highway in India.

Before taking up the design of
any interstate scheme, detailed surveys
are made and traffic data collected. The
following traffic data are invariably
obtained :

ADT - Current
traffic.

ADT (1975) - future average daily traffic
for the design year, this
being 1975 for interstate
schemes.

DHV (1975) - design hourly volume, two-
way, usually equals 30th
hourly volumes.

average daily

D - Directional Distribution,
that is, the percentage of
traffic in the predominant
direction of travel during
the design hour (varies
from 50 to 80 per cent).

T - percentage of trucks during
the design hour (varies
from 5 to 12 per cent).

The ADT is the total traffic for the
year divided by 365. This is required
more for administrative purposes than
for the design of the highway. The
selection of the 30th hour volume for
design requires some explanation. The
graph on page 191 shows the relation
between the highest hourly volumes and
the ADT on several highways taken
from analyses of traffic counts for 167
stations in the United States.

It will be seen from this graph that
the curve steepens quickly to the left of
the 30th hour and flattens to the right

“indicating that the design volume will
have to be increased considerably to

‘nation. Hence the des;j
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accommodate a few more of the hi
hourly volumes. It was found ethhaltg h:rrl
the average main rural highway 30 HV
is 15.3 per cent of ADT. The direc-
tional distribution, D, is required because
for the same DHV a highway with the
higher percentage of traffic in one
direction may require a wider pavement
than a highway with lesser percentage
As an example let us consider the C'IS(;
of a highway witha DHV of 4000 vehi(;les
per hour in both directions. If D is
only 50 per cent, a multilane highwa
with two lanes in each direction will b‘{a
adequate.  But if D is 80 per cent
provision of 3 lanes in each direction
will be required for a traffic volume of
3200 vehicles in each direction. The
percentage of trucks, T, also aﬂ'e.cts the
design of bnghways. Trucks Bein
slower, heavier and occupyiné mor%
space than passenger cars impose a
%E:atlertttraﬁ"lc’r}]oad on the highway than
atter. € overa ‘ ‘
truck on traffic moveme}lxt?sfeocftter?feollll'e-
\Izalgpg to that of several passenger cce]\r;
t 18 nteresting to note in this connec:
tion that the percentage of trucks is
usually low during peak hours of traﬁilc

Though the interstate syst
e
only about one per cent of };he %aﬂ?égl’:
total road and street milage, it i
esftlmated that it will carry 20 per cc11lst
of all traffic. 1t will connectp90
cent of all cities of over 50,000 po Lﬁgr
'ic;lonl.ndi(;[hgor{\rléggnal 1Hig‘r;w.ay sy%tem
on
fgntbof such cities). }Ilt aigoéléngiileggé
to e of vital importance to the
onomic welfare and defence of the
is planned very carefu]%n of the Rt
be controlled throughg{n éﬁgessenvtvilt}é

system with entry on]

se;ectcd points. Traffic eic}?;ngzzregsgz
grcsiseist and underpasses are provi’ded in
highwag z;\lll(c)lxcia?lll grade crossings, both
to drive from :Z)?;t 16 "t Bossible

encountering a traffic light or stop sign.

The geometric

190 design standards
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for this system were specially worked out

by the American Association of State

Highway Officials which corresponds to

the Indian Roads Congress in this

country. The following are the more
important of these standards:

(i) Design speed—At least 70, 60

and 50 miles per hour for flat,

" rolling and mountainous coun-

try. Inurban areas it should

be at least 50 miles per hour.

(ii) Curvature, superelevation and
sight distance—These are to be
correlated to the design speed
in accordance with the *“Policy
of Geometric Design of Rural
Highways >’ of the American
Association of State Highway
Officials.

(iii) Gradients — Corresponding to
the design speeds of 70, 60 and
50 miles per hour, gradients
shall generally be 3, 4 and 5 per

(iv)

)

(vi)
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cent. Gradients 2 per cent
steeper are permissible in
rugged terrain.

Width and number of lanes —
Minimum width of traffic lanes
is 12 feet. When the DHV
(1975) is over 700 the section
will be a divided highway.
Medians—In rural areas, in flat
and rolling country not less
than 36 feet. In urban and
mountainous areas, it shall be
at least 16 feet. In exceptional
cases, it may be reduced to 4
feet. Kerbs should be set off
at least one foot from the edge
of the through traffic ldne.
Shoulders—Usable width of
shoulder on the tight of traffic
should normally be not less
than 10 feet. In mountainous

areas, this can be reduced to
6 feet.

HOURLY TRAFFIC VOLUME-PERCENTAGE OF AVERAGE DAILY TRAFFIC

© 10 20 30 40 30 §0 70 S0 90 100 MO 110 (4D AD (JO WO 1N

NUMBER OF HOURS IN ONE YEAR WITW TRAPFIC VOLUME
GREATER THAN THAT Swowwn

|
F S
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(vii) Slopes—Side slopes should be
4:1 or flatter where feasible,
but not steeper than2: 1 except
in rock ecxcavation or other
special situations.

(viii) Right of way —-The following
minimum widths are suggested
as guides. Additional widths
should be made for cuts and
fills: »

Minimum width in feet

Type of highway| Without {With front-
frontage | age roads

roads ! -
2-lane } 150 250
4-lane divided 150 250
6-lane divided 175 275
8.lane divided 200 300

’

The visiting American and his English friend yere
through London when the latier mentioned that hig

needed cleaning.
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(ix) Culverts—Width

A shou >
sufficient  to Id  be

accommodate

pavements, mediz ‘
shoulders. i and
The completion of
pleti the ne
of 41,000 miles is expected to tamog

years. The estimated cost is about 28
billion dollars. In order to finance this
gg)tgersan}llme, the Congress of the United
> have increased  the petro] and
other motor vehicle taxes ; o
period. The extra cost té) V?liea ;Sggaé
motorist on account of these taxes is gf
the order of 9 dollars (Rs 45/-) a l ez?r
Th1s mvestment by the average mot);)risi
1; small compared to the benefits from
the system. Accident rates on fr[eew
are aboup one third of those on %ys
roads with similar volume of tOtﬁier
It is also claimed that one of therriofé

striking benefits w;j -
4,000 lives a year‘,wlll be the saving of

driving
indscreen

“ Windshield,” the American corrected him

““Well, over here we call it a windscreen.
k4

k]
was the answer.

‘ Then you’re wrong,” argued the American, “ After all
Americans invented the automobile, and we ¢ql] this ,‘l;C
a wind-

shield.”’

“ That’s all very well, old boy,”
“ but who invented the language ?

snapped the Englishman,

~—GENERAL FEATURES Corp,
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RIVER TRAINING FOR PROTECTION OF BRIDGES

By

D. V. JOGLEKAR, Adviser, Central Board of DIrigation and Power, New Delhi.

RIVER training is a very comprehen-

sive subject and includes flood
detention, reservoirs, flood control
works, regional training of the river
(such as Kosi, Ganga, etc.), local train-
ing of the river (for instance, protection
of a railway or road bridge, town, etc.).
Before we attempt to train a river, itis
very essential to know its behaviour and
considerable data such as flood hydro-
graphs, gauges, type of bed material
required, etc. No two rivers are alike
and there are many types of rivers which
can broadly be classified as (1) rivers in
hilly regions, (2) incised rivers and (3)
rivers in flood plains. The alluvial
rivers can be subdivided as (a) stable,
(b) aggrading and (c) degrading, depen-
ding upon the nature of hydrograph, the
river can be flashy or may carry sustain-
ed floods as in the case of the Ganga,
the Brahmaputra, etc. Sometimes rivers
dry up before they join the sea; such
rivers are common in Rajasthan. The
river near its outfall is generally called.
a delta river and is characterised by
several branches which multiply innum-
ber as it reaches the sea. In the last
reach, the river also receives tidal water
from tidal waves of the ocean. Train-
ing of these rivers has to be done very
carefully as they are very sensitive to
any obstruction. Rivers can also be
classified as Himalayan rivers and non-
Himalayan rivers. Himalayan rivers
get. their supplies from melting of the
snow as well.

The river may be stated to be well
behaving when it has a definite pattern
of meanders, If the load which it car-
ries on bed and in suspension is very
great which it is unable tocarry, it splits
up into various small channels, building
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up very steep slopes, for instance, near
the foot hills of the Himalayas. In
such cases the river is called a braided
river and such rivers are rather difficult
to control. As the load diminishes, the
river moves within its own Khadir
limits in meanders. From analysis of
data carried out so far, it is found that
meander length of a river is approxima-
tely _equal to 300 Q ,where Q is the
maximum discharge. = The meanders
move downstream, the rate of move-
ment depending upon the load which
the river carries and the bigger the
load, bigger is the movement and in
such rivers a repelling spur may, in
course of time, become an attracting
spur and great care is necessary to watch
the movements of meanders in such
rivers. As the rivers approach the sea
they drop their load and form a delta,
The growth of delta depends on the
tidal range. If the range is high, the
tidal influx carries the load landwards
thus preventing a rapid formation of
delta ; instead the delta height increases
as a result of more rapid deposits of
silt. If the range is small, the growth of
the delta is fairly rapid, but this may
also be affected by littoral drift, as for

instance, along the eastern coast of
India.

The engineer entrusted with the
design, maintenance and operation of
various types of river training works, is
required to know in the majority’of
problems, the. complex relationships
governing the flow area of water and
the sediment load. The successful solu-
tion to his problem largely depends on
his conception of phenomena and capa-
city to visualise the effects of various
principal factors. In India, the growth




Transport-Communications Monthly Review

of knowledge in this field is closely
associated with the expansion of irriga-
tion.

Kennedy correlated the velocity of
the canal to the average depth of flow
based on observations on the Upper
Bari Doab Canal. His formula is:
V=CD™=0.84 D*** Considerable work
was done by Lacey who correlated the
various factors taking into account the
silt factor (7) which is f=1.76 /4,
where m is mean diameter of bed sand
in mm. His formulae are:

P =26Iv/Q; P= wetted perimeter.
R = 0.47 (Q/f)'’*; R= hydraulic mean

depth.
00547 (F) ™"

S = 0,0 0 “Q\ET/T) s S = SlOpe.
V- 1.3458R i S‘-lz‘ . = velocity in ft

Na per sec.
@ =discharge in
cusecs,

1

Na = 0.0225 f*; Na = rugosity coeffi-
cient.
Lacey had developed his formulae from
channels in regime. Considerable

divergence is observed in actual practice
and they cannot be strictly applied to
rivers.  As there are no other formulae
it is the practice in India to use these
formulae to find out waterway for brid.
ges in alluvial rivers, and depths of
scour round the piers, noses of groynes
and other rigid structures. The Research
Station in Poona has done some work
to introduce silt charge but much work
still remains to be done in this field
These formulae, however, showed thai
variation of charge has a small effect on
the area of channel and its mean velo.
city, but relatively great effect on slope
shape and channel width. ’

In designing the river training works
it is necessary to know the varioys
characteristics of rivers such as bendg
straight reaches, meanders, effects of
cut-offs on river regime, sustained or
flashy floods, earthquake, barrages and
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develop braided channels, meanders,
etc. There is a misconception that the
slope of the country is an independent
factor controlling the behaviour of a
river. The slope of the country is built
by the deposition of the silt brought
down by rivers and hence the slope is
not an independent factor. So long as
we remember this basic conception, we
will be on the right track. The lateral
movements of the rivers like the Kosi,
the Indus, Manas in Assam, Torsa and
Teesta in North Bengal are mainly due to
the shifting of the flood plains from
place to place. A river will go on rais-
ing its flood plain to such a level that
the adjoining country is much below the
level of the flood plains. When this
happens, the river will try to leave its
raised flood plain and flow towards a
low level country side. This again, in
its turn, will be built up to such a level
that the river will again try to take
another course and so on; so the real
problem is to arrest the flow of sand at
its source by building high dams, etc.;
but these are very costly propositions
and also nota permanent solution in
the long run as the reservoirs upstream
of the dams do get silted up and may
lose their capacity in course of time,
Besides, dams are never constructed for
controlling the flow of sand on account
of its high cost, unless they are built as
multipurpose dams for irrigation,
hydropower, etc.

VIOLENT MOVEMENTS OF
HILLY STREAMS

An illuminating case of violent move-
ments of Manas river in Assam which
is a hilly stream has been described in
the Railway Board’s Technical Paper
334, ‘River Engineering’ by late
K. B. Ray and is described below in
brief :

The Manas is a north bank tributary
of the Brahmaputra, which has several
loops in the basin—Figures 1 and 2. In
1909, when the railway was constructed
in Assam, the Manas Joop drained the
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‘or part of the waters of the Manas
{)1}:1?11(*)1. pThe Bholookadoba was then a
dying loop, while the Beki or Mara
(dead) Manas was also a dying loop
channel. The bridges provided in the
railway line over these loop channels in
1909 were:

Manas Bholookadoba Beki ‘
le?OO ft 2% 75 ft 4% 12 ft

The Manas emerges from thc foot
hills of the Himalayas at A (Figure 2).

In the reach AHK, the slope of the
country is very steep, SO that the velo-
city of flow in the riveris high and
hence its channel is more or less
straight. Below K, the slope 1s ﬁat and
the river is not able to carry is load
and hence there are several loops and
meanders. The river channel is very
wide and shallow; hence the discharg-
ing capacity of the river in this reach is
very small with the result that the water
is spilled submerging riverside 1ands.
' The high level of water found its
way through the silted up shallower
but straighter Beki loop channel to the
latter’s outfall into the Manas lower
downat T, vide Figure 1, due to the
great difference of levels, a cataract
action started at D and worked its
way back through the Beki loop.
This process went on upstream to
the railway bridge near G and ulti-
mately to 4 on the Manas loop, thereby
establishing a cut-off channel through
the Beki loop.

More and more water flowed through
the Beki loop whose channel went on
improving. Consequently as less water
flowed through the Manas loop the
Manas channel went on deteriorating.

As the deepening of channel in the
Beki loop from 7 reached the railway
line at G, the 4x 12 ft bridge having
shallow open foundation was under-
mined and breached. Successive bridges
with larger waterways were provided
from 1909 to 1945 as under:

(i) 4x 12 ft

(i) 4%20 fy
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(ii1) 9% 20 ft
(iv) 1x50 ft, 1x30ft, 6x 19 ft
(v) Ix50ft, 2x40 i, 6x 19 ft
(vi) 2x40 ft, 3% 100 ft
(vi) 7x 150 ft

All these years, with lesser and lesser
flow, thé channel of the Manas loop
went on deteriorating.  In 1945 only
4% 100 ft out of the 10 x 100 f ’spans
in the Manas bridge were effective. By
1945, the channel bed in the Manas loop
had risen by 14.ft. 1In the meanwhile
Beki deteriorated because it had to
carry excessive charge of material and
water level in the Beki went on increa-
sing with the result that a part of the
water flow found its way through the
channel along HOROP of the Bholook-
adoba loop to its outfall lower down in
to the Manas loop at ¥ A cataract
actionstarted at V and worked upstream
towards the railway bridge near P. and
ultimately to H on the Manas Loc;p' a
cut-off channel being thus established
through the Bholookadoba loop its
channel. Went on improving, The rail-
way bridge on the Bholookadoba loop
was subsequently undermined and brea-

ched. The successive bridges built on
this loop were:

() 2% 75 ft
(i) 3% 75 ft
(ili) 1% 250 ft, 2% 150 fy

In 1942, it was decided to dj
» 1t was ivert the
flow of water in the Manas basin from
the Beki loop back into the Manas loop
by building the Motaguri Bund across

the offtake of the Bekj i
however, did not Mprove mars,

improve matters
because the Manas channel was inade-

y the discharge e
load and finally a new chann%:l v?r:s estttall-
blished called the Hakua loop along
]f(I)gRF, 2avmg an.outfall into the Beki
] P at F. The big difference of water
evels at downstream end of the Hakua
loo.p and the Beki look started a cataract
action which worked backwards along
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FROH and establishing cut-off channel
with the Manas loop. More and more
water went through the straighter chan-
nel AHQRF improving it while the Beki
loop ABCD deteriorated.

This problem has still not been
solved ; byt this example illustrates how
cautious we have to be in evolving sui-
table training measures

ILLUSTRATION OF TRAINING
MEASURES FOR PROTECTING
RAILWAY BRIDGES

(i) Hardinge Bridge on the Ganga

This bridge, now in Pakistan, was
constructed on the Ganga river, 200
miles north of Calcuttaat a cost of Rs 5
crores on the Bengal-Assam Railway.
Two long guide bunds were con_structed
on either side of the railway bridge to
guide the flow, through the bridge. Till
1930, the river flowed along.the left
bank at the bridge. As the river was

showing a tendency to shift, the Raita

and Sara revetments were cor}structed,
vide Fig. 3. By 1932, the river com-
pletely changed its course and began to

A

(¢4

SN

\

/_'_‘-
/~~/_@:{ﬂgﬁ®r Left
Rats Revetmentsy bank

&S
>,
%,

&

reserveé

Q stone Ishurdi
) depoat ) Rallway
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reserve stone depot Sara Revetment

Damukdia
Revetment

N

Hardinge Bridge

Fig. 3. Showing Ganga river near
Hardinge Bridge

flow along the right bank at the bridge.
The Sara revetment which was streng-
thened by stone protection threw the high
velocity 1low violently across towards
the right bank and with the idea of
guiding the flow through tl}e middle of
the bridge, the Damukdia revetment
was constructed in 1932, the alignment
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of which was towards the middle of the
bridge. This, however, made condi-
tions worse. Instead of the water being
guided towards the middle of the
bridge, the high velocity, swirling flow
hit the head of the right guide bund and
caused a serious breach. About a crore
of rupees were spent in 2 years by dum-
ping stones, but the tendency to outflank
the bridge persisted.

The model tests done at the Poona
Research Station clearly showed that the
Damukdia guide bund should not have
been constructed and that the maximum
embayment which would have been
caused behind the right guide bund
would still have been sufficiently far
away from the railway line. But as the
Damukdia revetment was already there,
it was decided, based on model results,
to abandon the Sara revetment (i.e., not
to strengthen it by dumping stones);
because this would ease the flow of
water at Sara and the main current
would swing gradually away from the
right guide bund. By adopting this

- measure, it was predicted that the attack

on the right guide bund would cease in
about 8 years by studying the movement
of rivers in the previous years. This was

off the mark by just one year—it took
9 years.

In this connection very important
investigations were carried out, espe-
cially on falling aprons. It was found
that the aprons do not launch satis-
factorily unless :

(i) The angle of repose of the
underlying material is flatter
than that of stones, and

(i) The materials scour easily and
evenly.

(ii) Failure of the railway bridge ‘
on Yashwantpur river (Andhra
Pradesh)

The railway bridge on Secunderabad-
Kazipet section of the Central Railway
collapsed on 27th September, 1954 due
to the Yashwantpur river carrying exces- -
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Ig. 4. Showing Plan of Yashwantpur river

e

Transport-Communications Monthly Review

Fig. 5. Ganga river near Garhmukteshwar
showing the extended left gulde bund

25
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sively high discharge of about 15,000
cusecs against the designed discharge of
8,000 cusecs. This bridge had 4 spans
of 20 fteach. The river width in the
vicinity of the bridge varied between
300 ft to 500 ft. The orientation of the
bridge with respect to the river course
was skew—vide Figure 4. It was found
that the foundations of piers and drop
walls were not sufficiently deep so as to
be below the maximum depth of scour.
The history of the bridge showed that it
was constantly damaged in various
years, since its construction in 1885; in
1954 the whole of the bridge was washed
away, leading to a serious train disaster
and loss of life. New bridge with suffi-
cient waterway was subsequently con-
tructed 800 ft downstream of the old
bridge on the advice of the Poona
Research Station.

(iii) Protecting the railway bridge
on the Ganga River at Garh-
mukteshwar ~-Figure 5

When the railway bridge was con-
structed, the Ganga was flowing
straight through the railway bridge. In
course of time the river changed its
course and swung over towards the left
upstream of the railway bridge thus
dangerously approaching the railway
track. In order to safeguard the rail-
way line, the left guide bund was

extended 2,000 ft and was provided. - -

with a smooth curved head. The
scheme was implemented and the river
has now receded from the railway

embankment and flows smoothly through
the bridge. :

(iv) Training works for the railway-

cum-road bridge on the Ganga
at Mokameh-Figure 6. ’

A railway bridge was proposed to be
constructed at Mokameh to connect
South Bihar with North Bihar and the
Research Station was approached to
make recommendations regarding the
training works, depth of foundations of
piers, waterway, etc. As the right bank
of the river near the bridge site consisted
. of stiff clay, only one guide bund on the

v
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Fig.”6. Plan showing 1949 course and the worst assumed course with main
lg.cha'nnel near Madhurapur village—Model of river Ganga at Mokameh

sed. The optimum length
leff ttl\jeasglzlri350‘0und was determined by
ronodel experiments so that the high
velocity flow through ‘the bridge vygs
away from the right bank. The guide
bund was tested under worst possible
course of the river. The ma;(umu:n
depth of scour at the pier was taken fo
be 2 D as observed from proto typ<73
data of various brldges where D-_-O,Aéi
(Qff) ird (Lacey) and it was recomm;nb-
ed that the bottom of piers shoul 3
taken=3 D below H.F.L. This would
not require any stone pitching roun
piers, as jrd the pier depth would afford
suiﬁcient grip. Previous experience
2v‘vith shallow foundations had shown
that to maintain this 1/3rd grip, piers
have to be protected with stone pitching
at fairly high levels, for instance, at
Hardinge-Bridge on the Ganga river.
This high pitching is a serious obstruc-
tion to flow causing c}angcgous s(}:lc?ur
downstream of the ‘brldge_ into which
stones round the piers slip _requiring
heavy annual maintenance. Whep piers
are taken sufﬁcient}y deep, as in the
of Mokameh bridge, stone pitching
.case;wt required at all It was also
ls mmended that the work of the left
rec";()ie bund with its curved head etc.,
2‘1;:.1 the railway approach bank connect- .

ing the left guide bund and the left bank
of the river should be done in one work-
ing season to avoid serious trouble.

The above works were successfully com-
pleted in one season.

(v) Training the Rupnarain River
.at Kolaghat——Figures 7 and 8.

There is a railway bridge on the
Rupnarain river at Kolaghat, about
35 miles from Calcutta. Due to very
high floods in 1943, the river eroded the
left bank and dangerously approached
the railway embankment and there was
every daiiger of the railway bridge being

outflanked. Local officers suggested a
series of short groynes to protect the

left bank. The Station, however,
objected to this proposal on the grounds
that the river would he held permanently
against the left bank, though the bank
would itself be protected by such spurs
at a high maintenance cost ; instead, the
Research Station recommended a long
repelling spur 1,000 ft long facing up-
stream. This was constructed at a cost
t(‘)f about Rs 20 lakhs and has been
ou

seen by comparing Figures 7 and 8.
When the spur was constructed, there
was a channel 20 ft deep flowing along
the left bank. After the construction
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f the spur, the river has been repelled straight sloping guide bund was cons-
way from the left bank by about a mile tructed by the railway department on
nd the spur is now buried in sand. the left bank at right angles to the rail-
ncidentally the approach to the rail- way bridge, the nose of the bund nearly
/ay bridge also improved. reaching the bed of the river. It was,

(vi) Training the river Narbada at however, found that during floods a big

. s swirl formed due to water coming from
Broach (Gujarat)-Figure 9 \oping the bund and meeting the high
There is a road and the railway bridge velocity flow of the river. This resulted
»n the Narbada river near Broach. A in a very deep scour-hole just upstream
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Fig. 9. Index plan showing erosion of the Narbada river at Broach and the low
level lands on left bank susceptible to flooding
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of the bridge, thus endangering its
safety. After model experiments it was
recommended that the guide bund should
be taken above H.F.L. and should be

provided with a curved head. The“

scheme is being implemented.

(vii) Training the Malaprabha River
near Hole-Alur-Figure 1¢.

The left abutment of the railway
bridge on the Malaprabha river was
subject to very severe action and the
Research Station was asked to devise

stream of the railway bridge. This cut-
off induced a steep slope upstream caus-
ing severe action at the railway bridge
near the left bank. It was recommended
that the projection of the right bank
upstream of the railway bridge should
be cut so as to relieve attack near the
left abutment. This has since been
done and the river has completely swung
away from the left abutment.

viii) Protecting the right abutment

>( : ) of the railway bridge (West.em
Railway) on the Watr.ak river
near Mehmedabad (Gujarat).

January 1960

Upstream of the railway bridge, the
river has a very sharp, right angle bend
and the approach to the bridge is-
oblique, Figure 11. The river was erod-
ing the right bank upstream of the rail-
way bridge and there was a danger of
the right flank of the bridge being out-
flanked. The Poona Research Station
was, therefore, approached to suggest
suitable training measure to ensure the
safety of the right ‘abutment. Experi-
ments revealed that it would be very
difficult to train the river to make it flow

Fanway suitable training measures. Inspection gfntrallé ﬂ!l(”ioggh the bflldge-l Thtereif.‘ore
Western of the site revealed that a natural cut- k “;%i)rt“; ‘elr tfsgw?t Ofgn pro §9n19n-
: —— us e off had occurred about 10 miles down- p g pointing

upstream of the bridge was recom-
mended, Figure 11.

This was completed before the 1955
flood season and the results achieved
are very satisfactory in that silting has
occurred near the right abutment and
the flow has swung slightly away from
the right bank.

To conclude, it will be seen that the
training of rivers has to be done with
proper discrimination after taking into
account their characteristics.

(From ““Irrigation and Power™’,
April 1959),
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Director of Road Research,

' epartment of Scientific and Industrial
Research, United Kingdom

ORGANISATION

IN Great Britain the Department of

Scientific and Industrial Research is
the government organisation entrusted
with the task of carrying out research
to meet the civil needs of the people:
military research ts the concern of other
bodies.

This Department set up the Road
Research Laboratory in 1933, a year only
before the Indian Roads Congress came
into being. At first the new Laboratory
concerned itself with road materials and
methods of road construction almost
entirely but in 1946 a new division was
formed to study traffic and safety pro-
blems: at the present time the Laboratory
aims to find economical ways of
reducing the frequency and severity of
road accidents, of facilitating traffic
flow and of designing, constructing and
maintaining roads.

The work on materials and construc-
tion is carried out mainly to assist the
many county and urban highway autho-
rities and also to help the road making
industry and the manufacturers of road
contractors’ plant. The work on traffic
and safety is planned to assist those con-
cerned with the administration, planning
and layout of roads and also to be of
value to vehicle manufacturers, street-
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present time Great Britain is seeinga
welcome revival in road building to
meet the ever-increasing congestion on
our roads caused by a steady growth
since 1952 of some 7 to 8 per cent per
year in the number of motor vehicles
licensed. The annual expendlture' on
the Laboratory should be seen against
this problem as a background, the cost
of Britain’s first motorway being some
forty times this sum, viz., 23,000,000
pounds.

RESEARCH PROGRAMME

At the present time some 40 per cent
of the Laboratory’s research effort is
devoted to traffic and safety problems
and 60 per cent to problems concerned
with materials and methods of construc-
tion. The main investigations can be
brietly tabulated as follows :

Traffic and Safety

Traffic engineering: Study of traffic
flow and accidents, influence on them of
road layout, street lighting, road signs,
traffic regulations and the characteris-
tics of the road surface.. Study of
skidding resistance and surface irregu-
larity of roads: study of parking and
related problems. Assessment of priori-
ties for road improvements.

The vehicle: Investigation o_f the
features of vehicles and their equipment
that influence the movement of traffic
and the safety and comfort of road
users. A prominent -investigation in
this group is concerned with lessening
the risk of death or serious mjury in an
accident.

The road user : Characteristics of peo-
ple as road users including their habits
and patterns of behaviour, physical and
psychological factors influencing per-
ception and judgment. The_ §ffect of
propaganda, education, training and
legal regulations.

Materials and Methods of Construction

Soils: Studies of road foundations,
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moisture movements and drainage,
problems in the compaction of soil and
the construction of earthworks, methods
of soil stabilization. :

_ Roadstones : The economical produc-
tion of roadstones, methods of testing
and assessing their significant properties.

The design of roads : Development
of methods for designing roads as
structures : measurement of the elastic
properties of roads and subgrades
including the dynamic stresses developed
by traffic. Classification of traffic and
measurement of its damaging power as
a factor in road design.

- Concrete: The design of the mix
where the concrete is to be compacted
by vibration; factors affecting the
rheological properties of mixes : design
of road slabs, design and construction
of joints; mechanization of construction
processes, field control of concrete
quality: improvement of concrete kerbs
and other concrete products.

Bituminous materials: Development
of durable non-skid surfacings for roads
carrying heavy traffic using local
materials: methods of improving the
durability of tars and bitumens and the
development of better tests for the per-
formance of these binders, improving
methods for thecontrol of materials and
processes. [Effect of adding rubber on
the performance and life of bituminous
surfacings. '

Special problems: Development of
methods of testing road materials non-
destructively and of studying roads and
subgrades as structures using techniques
of vibration, propagation and radiation
absorption : prevention of formation of
snow and ice on roads by electrical
heating and other means, removal of

snow and ice from roads and control of . .

drifting snow by ‘‘snow”  fences. .
Development of improved methods of
designing surface-water drains. Ecomp- - -
mic studies of the lives of surfacing
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and bases and of the costs of materials
and processes of road construction.

Full-scale road experiments. The
construction and subsequent
study of experimental lengths of road
in many parts of Great Britain forms an
important part of the Laboratory’s

work. Special attention is paid to the
performance of plant.

IMPORTAN T RESULTS OBT AINED

Traffic engineering: The results of
fundamental investigations on the laws
of traffic flow have been applied to
estimate the value of various schemes
put forward to relieve congestion at
many of the main intersections in
Central London and several other large
cities. One investigation has been con-
cerned with the correct setting of traffic
lights to ensure that delays caused to
traffic are a minjmum.

Skidding: To measure the skid-resist-
ing properties of roads, special test
vehicles have been developed, including
apparatus for measuring at up to 100
miles per hour. Two test cars are kept
fully employed in assessing the slipper-

iness of various experimental road sur-.

faces and In carrying out measurements

to assist highway. authorities all over
the country.

The importance of “non-skid ” road
surfaces as a means of preventing acci-
dents in wet weather is illustrated by
« before and after” studies of the acci-
dent records of 55 short stretches of
road where the skid-resisting properties
of the road surface were improved
because skidding accidents appeared to
be unduly frequent. This change effected
a saving of some 700 accidents during
the period of some 24 years after treat-
ment. In monetary terms alone, this
reduction in accidents probably repre-
sents a saving of about 100,000 pounds
a year. Many other sites where similar
savings are being obtained have come to
light in the course of the Laboratory’s
work in recent Years, and a simple
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method for locating such sites promptly
with the help of the police pacciél)em
reports has been worked out. Work 18
also in hand to lay down the standards of
skidding resistance required if frequent
skidding accidents are to be prevented.

Under heavy traffic the polishing of
road stones can be an important factor
cau.smg_s.hpperincss. Stones differ
their ability to resist this polishing and
a laboratory test has been developed 1O
test their behaviour in this respect.
Recent work which has thrown new
light on the role of the tyre tread rubber
in resisting skidding should also result
in important improvements in the skid-

resisting properties of t ipper
wet surfaces, yres on slippety

A small portable devi
evice has been
2}81;3?“? for making rapid routing
s of the resistance to skidding of

¢ .
oads when wet. 1t is undergoing

extensive trials wi ) .
ithav
local authorities. icw to its use by

ke?):ag:t:csfﬁ A continuous watch iS
kopt on traffic trends by the analysis o
changes%~suS data, and the value ©
features in road layout and othet
dents b ?re assessed by studies of acci-
similare or? and after the change.
time of %Ea ysis is made from time 10
and otheref effectiveness of regulations
lighting i orms of control: good street
g 1n urban areas has been shown

10 be particul
. arl : . .
accidents at nigﬁ’t_ effective in reducing

Vehi : ;

b ;l;llcilees_. With the co-operation of
ties, teamlsn sfwml1 neighbouring locali-
called g th tom the Laboratory ar¢
They mak ¢ scene of each accident.
feature of t; particular note of any
cerned wh; kf vehlc.le or vehicles cont
or injuty (1)cf contributed to the death
data wre ot those involved. In this way
A mfg collected together for the
ots have Ob vehicle designers. Con-
years with th o eveloped in ot
vehicles ande manufacturers of motor
ings of accessories, Here the find-

¢ Laboratory’s researches haV
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Skiciding test car for measuring skidding resistance of roads when wet
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Portable device for making rapid check on the resistance

to sk

jdding of road when wet
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Sample devices developed by Road Research Laboratory for directing
headlamp beam

influenced the design of headlights,
safety-glass  windscreens, direction
indicators and rear reflectors.

An extensive study of the dangers of
poor rearlights was carried out in 1951.
They were shown to be responsible for
some 3,400 accidents a year representing
an annual loss to the nation of some
2,000,000 pounds. In 1953 the Labo-
ratory’s recommendations were embo-
died 'in the Road Transport Lighting
Act 1953. It empowered the Minister
of Transport to prescribe the minimum
intensity of rearlights.

When the use of rear reflectors
became compulsory the question arose
of testing the various types offered for
sale to ensure that they reached an
acceptable minimum standard. The
Laboratory devised a compact photo-
meter for this purpose and, by investi-
gating the geometry of these reflectors,
indicated the essential requirements for
a reflector of high performance.

Crash belmets for motorcyclists : The.

Laboratory has taken the leading part
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in the development of

more effecti
crash helmets for motorcyclists andtg:
experimental work carried out in the
development of tests has formed the

basis of the present Briti
c ritish
Institution’s Specification. Standards

Zebra crossings:
;ebya pattern used in
indicate the presence
crossing was arrived

experiments carried o
ratory.

The well-known
Great Britain to
of a pedestrian
at as a result of
ut by the Labo-

Road design:
experiments cgo S The full-scale
trunk road
Their main ob
the various ga
construction

in all 1 o
_ several miles of
carrying  heavy traffic.
Ject 1s to provide data on
alsternau:ie forms of road
regards first cost in-
te&ance costs and length of ljfe. ",l":gallni-
?he sp :\(r); gczgsg %ev;loped for measuring
Ol these roads as struc-

3:{;; t_by studying the propagation of
rnemslons n them. In parallel experi-
gauges buried in various layers

of the road stryctyre and in the subsoil

are used to record the extent to which
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the loads due to traffic are reduced in
intensity in the successive layers of the
structure. All these measurements and

others of dynamic strains, Stresses and

deflections in road structures are com-
bining to yield a picture of the funda-
mental behaviour of a road as a struc-
ture. In this connection, a sustained
vibration method. is being developed for
measuring the dynamic shear modulus
of soil in-situ and the thicknesses of
soil strata, it is being developed for site
exploration to assess the bearing capa-
city of the soil forming the bed of a
proposed road.

Soil stabilization: An economical
road base can often be made by stabiliz-
ing the soil of the road bed with
cement. The Laboratory has taken a
leading part in research directed to
extending the use of this process in
Great Britain, and has co-operated with
plant manufacturers  in developing
equipment for the construction of a soil-
cement base. The use of the process in
the last few years has saved more than
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the roads needed in new housing estates
and has reduced the cost of providing
the runways for Southend Airport by
180,000 pounds.

Soil compaction: Animmense amount
of data has been collected regarding the
performance of a wide variety of soil
compaction plant on a wide range of
soils; these data include the depth of
the compacted layer and the increase in
density achieved per pass at a selection
of moisture contents within the working
range. This information has been sum-
marized in three Road Research Techni-
cal Papers which are now the standard
works of reference in Great Britain and
abroad on the compaction of soils to
form road beds and earth embankments.

Concrete: The Laboratory’s method
of designing a concrete mix taking
strength and workability into account,
is now widely used. For very high
strengths the mixes are on the dry side
and this has introduced problems in the
design of mixers so that the finer consti-

250,000 pounds in the tonstructi «n oftuents of the mix are not left behind in

Full scale experiment on A, I. Greai North Road, Great Britain,
Laying concrete sections

o at
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the mixer. A method has been deve-
loped of measuring the performance of
a mixer in these respects which also
gives an indication of the minimum time
of mixing required ; by its use and with
the co-operation of 1nanufact\_1rers_some
improvements have been obtained in the
design of modern mixers.

Non-destructive testing: Techniques
have been developed for estimating the
quality of concrete in-situ by measuring
the velocity in it of pulses of ultrasonic
vibrations. This velocity has been linked
with the density and compressive
strength of a particular concrete. This
technique has provided a method of
examining concrete structures without
weakening them in any way such as by
cutting out test specimens. It has been
applied to the inspection of many struc-
tures notably to the concrete blologlce}l
shield at the Atomic Energy Authority’s
works at Windscale, pres}ressed con-
crete hangers at London Airport and a
reservoir at Mansfield in Nottingham-
shire. Some 40 sets of test equipment
to the Laboratory’s design have been
made by a commercial firm and sold to
consultants, contractors and research
organizations at home and abroad.

Surface dressing: Rather more than
half the milage of roads in Great Britain
is of water-bound macadam which is
kept waterproof and resistant to skidd-
ing by periodic applications of bitumen
or tar and chippings. The Road
Research Laboratory has determined the
conditions to be observed for obtaining
a long life for a dressing. It has helped
to develop reliable machinery to carry
out the dressing process with speed and
economy and has carried out a great
number of full-scale experiments to give
precision to the specifications for surface
dressings now in use. As a result,
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surface dressings are now giving much
longer service with an annual saving

to the country of several million
pounds.

Chemical agents have been developed
at the Laboratory which can be used to
prevent a freshly laid surface dressing
from being damaged by rain before the
tar or bitumen has hardened. This was
a consequence of a fundamental study
of the nature of the adhesion between a
roadstone and a bitumen or tar. These
agents are now used on a large

scale with considerable savings to the
country.

Bituminous carpets: The Tfull-scale
experiments carried out by the Labora-
tory have provided information of
importance in drawing up the present-
day specifications for asphalts and
coated macadam ; they have also led to
the development of a new material,
dense tar surfacing which has some of
the characteristics of an asphalt but
tar-—a home-produced material-—is used
as the binder in place of imported
bltum(_:n. In addition, a bituminous
surfacing material has been developed in
which the aggregate is used wet and
hyc_lrz}ted lime is added to the binder.
This is particularly suitable for providing
low-cost roads in remote areas.

In concluding this account of rather
more than twenty five years of road
research in Great Britain as carried out
at the Road Research Laboratory, may
I express my thanks for the many
friendly and helpful contacts we have
had. during that time with Indian
engineers and organizations, foremost
among which is the Indian Roads
Congress, you enter upon your next

twenty five years of work with every
good wish from us,
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Director, Central Road Research
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ORGANISATION

Council of Scientific and }ndust-
THF;ial Research, New Delhi, has
sponsored the work of carrying out
research in various bra_nches of science
and engineering in India. The Counpll
has established 23 national laboratories
since the last 10 years or so, and the
Central Road Research Institute, New
Delhi, is one of them. The Defence
Science Organisation working under the
Ministry of Defence of the Government
of India undertakes military res;:arch in
this country. Apart from this, there
are research laboratories for Rice, Agri-
culture, Medicine, Jute, Cotton and
Forest, under the various Ministries of
the Government of India and also some
industrial research laboratories organis-
ed by the industrial concerns either
individually or on a co-operative basis.

Organised road research in India,
comparatively speaking, 1s of recent
origin. Nevertheless, 1n the annals of
the Indian Roads Congress, there were
quite a few research papers 'prqse.:nted
from time to time either by 1nd_1v1dual
engineers who happened to take interest
in research or by some of the individual
laboratories attached to PWD organisa-
tions. Because of limited finances avail-
able at the State level, the work in these
laboratories was mostly confined to
material testing and quality control of
road construction.

ROAD RESEARCH IN INDIA

Till the beginning of the Second
World War, road design and construc-
tion followed the old patterns. Though
some experimental field works on roads
were carried out, systematic road
research was limited. Since the last 12
years some road research laboratories
have been established by the P. W.D’s
of States, such as the Punjab, U.P.,
West Bengal and Madras, where research
on materials and construction according
to their particular soil and climatic
conditions has been organised.

The Central Road Research Institute
was established in the year 1952. In the
beginning, research was started in the
Soils, Bitumen and Concrete Divisions
for carrying out fundamental and applied
research. Soon after, a Roads Divi-
sion was formed for practical utilisation
of the results of research carried out in
the Soils, Bitumen and Concrete re-
search divisions. The function of the
Roads Division is to apply the results of
research by constructing experimental
test tracks inside the Institute and then
pilot plant stretches of roads on a semi-
field scale. The test track and semi-field
scale trials are co-related with the
findings of the laboratory results and
when any particular processes are found
to be successfully demonstrated, the
Roads Wing of the Ministry of Trans-
port, Government of India, sponsors full
length experimental construction, with
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a view to introduction of acceptable
techniques.

In 1955, a new division—Traffic
Engineering, Economics and Statistics—
was started to investigate, among other
things, into the problems of road traffic
and safety in relation to the geometrics
of highways and the psychology of
road users.

The Institute maintains cflective liai-
son with the Ministry of Transport and
Communications, Public Works Depart-
ments of various States, C.P.W.D., the
Engineer-in-chief, Army Headquarters,
and Industrial concerns dealing with the
road materials, as well as other road
research institutes in different States in
this country through the Indian Roads
Congress.

This Institute, as it is constituted, is
the premier research organisation in
India dealing with road problems on an
All-India level. While this work is done
in many cases entirely with the available
resources of the Institute, in quite a few
cases, co-operative researchis conducted
with the co-operation of various public
works departments and their research
organisations, city corporations and
private industry. In addition to the day
to day designand construction problems
some of the State laboratories are also
taking up some problems on research
level. The State laboratories act
essentially as Testing and Control Labo-
ratories and take up research on pro-
blems arising out of actual execution of
work. Relevant data is used by the
Central Road Research Institute for
research on problems of an All-India

nature.

The Institute’s buildings consist of a
three-storeyed administrative block, a
technological block, a separate library
wing, auditorium and canteen. At pre-
sent the ground floor of the adminis-
trative block and the technological block
‘are completed and in use, wlple const-
ruction of the other portions is in
progress at present. The total estimated

214

junuary 1960

cost of the buildings will be about
Rs 30 lakhs.

The Central Road Research Institute
has a total strength of about 400 at pre-
sent, o.f which about 100 arc engineering
and scientific personnel engaged in re-
search, about 200 in other technical
services as aid to research, and about

100 in the administration, accounts and
other sections.

The recurring cxpenditure of the
Institute is about Rs 15 lakhs per year
and this is expected to rise to about 22
lakhs per year in view of the great
increase in the research activities of
this Institute and the extra work that
would be generated during the Third

_Five Year Plan period on account of a

greater tempo in the road development
programmes.

The importaqt items af research and
the results obtained so far in India are
outlined in the following paragraphs.

SOILS

Stabilization of soils with soft
aggregates

Brick ballast or naturally occurring
soft aggregate such as laterite, kankar,
moorum, soft. stone, slate, etc., which
would otherwise get crushed when used
as  water bound macadam can be
considerably improved in strength by
mixing it with twice its volume of
graded soil, and compacting the mix-
ture at optimum moisture.  This
results in a crust in which the soft
aggregate I1s protected right round by a
cushion of soil which prevents it from
crushing and helps in maintaining the
strength of the resulting road crust.
About 250 miles of road constructed

according to this method during the
last many years have shown that such a
specification after a thin bituminous
surfacing can easily take a mixed
traffic of about 200 tons a day. For &
traffic of about 500 tons a day the same
specification can be adopted after pro-
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viding a stone graft on the surfaces
prior to bituminous treatment.

In many areas, the cost will be
almost half that of surface treated water
bound macadam, which is supposed to
be the cheapest conventional road.
These roads are normally recommended
for areas with water table lower than
6 ft. The adoption of this system of
road construction will go a long way in
considerably reducing the cost of roads
in the coming development plans.

Soil cement

The work carried out so far in other
parts of the world has shown that soil
can be stabilized against weathering
effect with a concentration of cement
varying from 7-12 per cent. Makinguse of
the facts that blending of soils is possi-
ble in the alluvial plains of India, and
that frost conditions do not exist except
in very limited areas, a concentration of

_ cement as low as 2.5 per cent on the dry

weight of soil has been very success-
fully used, though in a limited length in
road bases. This result will greatly
effect the economy of road construction
in many areas.

Note: The use of 2.5 per cent soil-
cement has also been tried in
1948 in India in the construction
of walls of 4000 permanent

houses. This is gonsidered to be
the biggest project of its kind
in the world. The houses
have since been watched and
are giving satisfactory service.

Compacted soil as a part of the
road pavement

An extensive study has been made of
recent road failures and almost in every

case, the cause appears to have been in-
adequate thickness of pavement, in

relation to the heavily ipcreaspd traffic
(both in loads and in intensity), and
the bearing value of the subgrade soil.

The obvious answer is to provide
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increased thickness of hard pavement in
future construction or re-construction
which may, however, not be practicable
due to the very heavy increase in cost.
The study established a case for replac-
ing the stone in a substantial portion of
the designed thickness of pavement with
compacted soil, provided a minimum
density was specifled to ensure a mini-
mum C.B.R. value (saturated) which
would be far higher than that of the
natural subgrade. The cost of carefully
controlled compaction would be hardly
10 per cent of the cost of stone it would
replace.

Stabilizatior of soil with lime

There isincreasing laboratory evidence
that it is possible to considerably improve
the bearing value of alluvial soils in
soaked condition by using as small con-
centration of lime as 0.5 per cent to.
1.0 per cent. There is a prima -facie
case for proper exploitation of this
type of stabilisation by incorporating it
in the top layer of embankment compac-
tion, (which has already been advocated)
with a view to further reduction in the
thickness of the hard crust. Field trials
on a progressively increasing scale are
being planned.

In case of black cotton soils, it has
been shown that the use of 5 per cént of
commercial lime considerably reduces
the plasticity index, thereby making them
fit for use in base courses of road pave-
ments as a cheaper substitute for stone
soling. This will go a long way" in
reducing the cost of road constructionas

so far stone has had to be used through-
out the entire depth of the road pave«

ment which varies from 16-18 incht:s. '

Study of soft aggregates *

There are large deposits of soft aggre-
gates in India which have so far been . .
rejected for use in permanent road con- -
struction on account. of their, weyk

strength. A systematic study -catried
out on almost all the different typés of:
such aggregates such as:' Karkdx,
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moorum, laterite, shale, etc., collected
from all over India shows that the
aggregate impact values of a majority
of samples vary from 15-50 which fully
justifies their use in certain layers pfa
road pavement. It seems obvious
that these materials are not only
acceptable for use in the base course
for which the limits of aggregate impact
values are 40-50, but a large majority
of them can also be used in the upper
course of the water bound macadam.
This will considerably reduce the cost
of water bound macadam road con-
struction in certain areas. The material
which is still weaker and has an aggre-
gate impact value varying between 50
and 60 can also be used according to
Mehra’s method of soil stabilization for
light and medium traffic. The study
has clearly shown that before any road
project is undertaken, it is very neces-
sary that a detailed survey of the area
for location of naturally existing road
material should be taken up to econo-
mise the cost of construction by
scientific exploitation of local materials.

Subgrade moisture study

For economical design, it is neces-
sary to know the worst moisture
condition which the subgrade is likely
to attain during the life time of the road
so that design tests are carried out under
conditions comparable with anticipated
actuals. In the absence of such infor-
mation the only alternative is to con-
tinue designing thickness ¢‘ at saturation”
irrespective of the fact whether the road
1s being constructed in wet or dry areas.
This obviously leads to over designing
in certain areas.

During the investigation of an exten-
sive damage to roads in England due to
drought conditions in 1947, it came to
notice that moisture of the subgrades
under surfaced roads remains constant
and substantially below saturated con-
dition. This fact has an important
bearing on road thickness design in
England,
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Whereas in England the fact stated
above is NOW accepted as a basis for
pavement design, there is considerable
doubt as to whether and to what extent
the phenomenon applies to tropicai
regions like India. 1t jg obvious that in
India, the moisture does not remain
constant  throughout the year as in
England, but it is very probable that it

does not reach saturation ej i
n either, in man
parts of the country, "

To 1_<n0w the extent to
grade is wetted during th
India survey was carrie

which the sub-

ration in different parts of Indj

en ndia. For
purposes of this !mvestigation, India was
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soil type and rainfa]] conditions. It has
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It :
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be applied to the thick
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. rational by S0
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ght) does not materially
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of concrete. On the other h_and, the re-
sulting concrete is more resistant to sul-
phate attack and alkali-aggregate re-
action.

The problem of locating suitable
major deposits of pozzolanic materials
has been taken up inthe form of an All-
India survey of clay deposits that could
yield reactive pozzolanas.

Design of concrete mixes

In India, the roads are subjected to
mixed traffic of both iron and pneumatic
tyred vehicles. Hence, it 1s 1mperative
that design of concrete mixes should

- also take into account the abrasive re-

sistance of the hardened concrete, in
addition to the strength. An apparatus,
known as ‘ Pneumatic sand .blastm.g
cabinet ’’ has been evolved to differenti-
ate various concrete mixes in terms of
their abrasive resistance.

To make full use of the locally avail-
able concrete aggregates, especn.ally fine
aggregates, which do not _satlsfy the
accepted specification requirements in
terms of their gradation, gap grading of
coarse aggregates has been found to
offer a solutionin using thesein concrete.
A method of designing concrete mixes,
based on gap graded principle, has been
developed.

Air-entrainment of concrete

The work done on entrainment of air
in concrete has revealed that by suita-
bly adjusting the water/cement ratio and
sand/aggregate ratio, it is possible not
only to offset the loss of strength due
to entrainment of air, but also to get
higher strength and increased abrasive
resistance of concrete. 1t has been
found that air-entrained concrete is
more workable, plastic and cohesive
and shows increased resistance to sul-
phate attack and weathering action, con-
sisting of heating and cooling, wetting
and drying, as compared with plain
concrete,
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Work on determination of the rela-
tionship between water/cement ratio and
strength of concrete for Indian cements,
which is to be the basis of all concrete
mix design, is well on its way.

Investigations on the utilisation of
blast furnace slag and foundry slag for
use as a road material, as well as the
problem of laying concrete overlays on
existing pavements to find out the possi-
bility of stage construction of concrete

- roads are in progress.

TARS AND BITUMEN
Research programme

The following research problem are
being handled :—

Analysis of Indian road tars with a
view to improve their quality, utilisation
of low temperature tars obtained from
low temperature carbonisation of low
grade coals ; weathering and oxidation
of road tars ; design considerations of
dense bituminous mixtures together with
modified test procedures for carpet work
for Indian  climatic and traffic condi-
tions ; and introduction of modified
techniques of surface dressing.

Results obtained

Some of the salient results that have
been obtained so far both in the labora-
tory and in the field can be summed up
as under :—

(a) 1t isseen that the pitch anthra-
cene ratio which goes a long
way in the weathering and oxj-
dation of tars is on the high
side for Indian tars and can be
reduced.

(b) Ithas been proved in the labo-
ratory that a low temperature
tar can be utilised by blending
it with the correct quality and
quantity of asphaltic bitumen,
thereby making the tar more
viscous and also less resistant
to oxidation.
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(c) Based on series of micro-vis-
cosity tests on samples of tars
weathered, it appears that the
effect of ultra-violet radiation
is much more than even pres-
sure oxidation in the case of
certain type of road tars such
as RT-3.

(d) By using an absorptiometer,
the effect of overheating and
even weathering and oxidation
of tars on bitumen can be
more easily studied.

(e) It is possible to stabilise even
fine sand by using a hard grade
but rapid curing type of cut-
back such as 30/40 mixed with
solvent naptha.

(f) As a result of the limited work
done on design and laying of
bituminous carpets, there is
increasing evidence that the
voids  percentage required
under Indian conditions may
not have to be as low as that
specificd in the western coun-
tries. That being so, it may
be possible to use crusher run
stone as such with only a little
modification.

(g) A slight modification in the
technique of surface dressing
has been suggested in which twg
sizes of aggregates should be
spread such that adequate
interlock of the aggregates and
less of traffic whip off can be
obtained.

TRAFFIC AND SAFETY

Work on several aspects of road
(raffic flow and safety is being carried
out. At present the work on hand is on
road design aspects, economics of
traffic flow, road users’ behaviour, road
signs, road markings, parking require-
ments, cycle traffic and _road accidents.
Work is also being carried out on sta-

tistics of traffic and flow for studying
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traffic trends as well* as for evolving
more economical short count methods
for traffic counts. Several * before and
after” studies are being carried out
with a View to study the effect of in-
trodumr}g, In - actual practice, ideas
emanating from research. ’

1t has been found that maximum gra-
dients for cyclists should not exceed
4 per cent to S per cent. For 5 per cent
%radlent length should not be more than
70 ft and for 4 per cent gradient it should
not be more than 170 ft and 3 per cent
gradient may be used upto a maximum
length of 765 ft under Delhi area
weather conditions, Relationship of
different lengths for gradients under

weather conditions of i
otherre has
also been establised, sEions

Clelszggtwofok;\ul;octli;ca{ts on motor vehi-
0- i as
also bqen studied. Azng ?els%}lll‘:/agf ltlﬁ;
study it has been recommended that
when there are more than 4 bullock-
carts per hqur in either direction on a
t\fVO-lal”%e. highway, they should not
travel in singles but in caravans of 6
bullock-c.ayts in each caravan. That
would minimise the adverse effect of the
presence of bullock-carts on roadway-
carrying-capacity for motor vehijcles.

Recommendations regardin izon-
tal sight distances and t%le wid%hhrzgﬁ?rz—
ments for highways have also been made
as a result of the field study under mixed
traffic conditions. A method of timings
of traffic signals for reducing delays under
guxeg slow and fast traffic conditions,
stausd een Tsu.ggeste:d as a result of field
> 11y. his  study indicated that

ullock-carts should be prohibited
through an intersection where the traffic
1S controlled by automatic light signals.
I tonga traffic is permitted
time cycle len
55 seconds,

] , Mminimum
gth must not be less than

Origin-destinatiop tr '

1 . affic study of

ggehl,_ which was made by the g’oad'
Interview method - has indicated
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that cycle is the most common form of
transport for people in mncome groups
ranging up 10 Rs. 750/- p.m. ‘Out
of the total daily trips made by private
conveyance in Delhi, 88 per centis made
up of cycle trips (i.c., 386,000 trips).

PAVEMENT DESIGN

With a view to have a better under-
standing on the applicability of some of
the existing design procedures and to
evolve suitable design criteria for the
prevailing climate, soil and trafficcondi-
tions in India, special emphasis s being
laid on pavement performance studies
in the research programimes. Bullock-
cart traffic, being a serious pr(_)blem on
Indian roads, is receiving spc_zclal atten-
tion. With the aid of elastic theories
and actual measureiment of .bu_llock-
cart contact areas, a design criteria has
been recently proposed for dpterr_nmmg
pavement thickness for  this kind of
traffic. Besides this empirical approach

" to the problem of pavement design, long

range studies are under way on the pro-
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blem of load transmission characteris-
tics of different types of road materials
with a view to rationalise flexible pave-
ment design.

In relation to rigid pavement design,
work is being done on evaluating accu-
rately the temperature differentials in
some of the existing pavements at diffe-
rent times of the year by means of
thermocouples, with a view to estimate
with reasonable accuracy, the probable
order of temperature stresses occurring
under local conditions.

Increasing emphasis is being given to
the modification of existing methods of
construction and maintenance, by utili-
sing proved result of research. One of
the most important functions of re-
search, therefore, is to keep abreast of
what is going on elsewhere and to exa-
mine latest acceptable ideas and techni-
ques, with a view to their modification
for adoption in India after necessary
gr?SCSSing in the laboratory and in the

eld.

A fellow troubled by anxiety was advised to ear something
whenever nervousness assailed him. He tried following the plan

and found it had merit.

Then one morning, as his wife was driving him to his job, he
noticed wisps of smoke curling above the hood of the car.

« Jump out and run for home, honey,” shouted the nervous
fellow to his spouse. ““ Pl] fight the fire—you hurry back with

a sandwich!”
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RECENT RESEARCH IN U.K. ON CONCRETE ROAD
CONSTRUCTION

N. R. SRINIVASAN

Contral Road Research Institute

INTRODUCTION

MECHANISED construction of con-
crete roads was first atiempted in
England in the middle of thirties'. But
soon the war intervened and putanendto
the beginning. Inthe post war period, due
to many other pressing problems, road
development could not be given the
place it deserved. There was hardly
any concrete road construction worth
the name due to the restriction imposed
on the use of cement which was in force
till a few years back®. Only of late, a
revival of mechanised construction of
concrete roads has been attempted.

The period of apparent inactivity has,
however, been well utilised by the re-
search institutions in experimepting with
the varied types of construction. The
performance of different types of machi-
nery and the final quality of the surface
that results have been studied. The stu-
dies have permeated every aspect of
construction to the minutest details.
To-day as the country is re-embarking on
a large scale road construction program-
me, the fruits of the researches of insti-
tutions like the Road Research Labora-
tory and the Cement and Concrete
Association are already available to the
county engineers and contractors.

PROBLEMS PECULIAR TO U.K.

Problems in U.K. have their own
characteristics. Thus, for example, the
frost problem which is given great im-
portance in U.S. and the continental
countries, has a secondary place in
England®. The problem of riding qua-
lity on which great attention 1s paid in

U.K. hardly finds such siress in many
other countries. In short, all the re-
searchin UK. is aimed at laying a struc-
tural_ly sqund road with a good riding
quality using improvised mechanics and
techniques.  The future of concrete
roads in England depends mainly on its
riding quality. In cost, there is not
that much of difference between a con-
crete and asphalt road, as we find in our
country. But the riding quality of as-
phalt roads is better than that of the
existing concrete roads and this is a
vital factor in a country where the road
sense of the public is high. In England
one finds a comparatively lesser propor’-
tion of large new luxury “cars. There arc
a good number of small and medium
E}r;{:shthcars, blstiffly sprung®.  This
akes the problem riding  quality ¢
the more ilglportant.of riding quality all

N The varied phagcs of rescarch which
nave taken place in recent years towards
the fulfilment of the aims outlined

above, will be given in brief i e TCS
of thit papes m the rest

ALIGNMENT OF FORMS

It has been shown that the al;
of formwork has an importarilthﬁlel::?r?:’,
on the surface characteristics of the
finished road. Some experiments were
carried out in the construction of
Birmingham—Wolver hampton road.
The forms_ were laid directly on the base
of 6 in. thick ash or on bricks used as
E)ackmg. They were adjusted to designed
evel by boring, using slate shims under
eachend of the 10 ft length of each form.
Apparently, all the care needed in
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aligning the forms appeared to have
been taken.

The levels of the formwork were
taken :

(1) immediately prior to concre-
ting .

(2) after the firstpass of the finishing
machine

(3) after the final pass of the
" finishing machine

Results showed that even prior to
concreting, the actual levels dli’feged
upto } in. from the intended levels with
this conventional method. The final
levels after concreting showed sett.le-
ments upto about 14 . The cumulative
errors due to form setting and settle-
ment gave a difference of 1in. to 2in. bet-
ween the final and designed levels. Under
such conditions the crossfall might even
be reversed as was actually observed in
some cases, Of the errors due to settle-
ment, 70 per cent of them took place
during the first pass of the finishing
machine. Tt was hence suggested that
after the initial alignment of the form
work, the finishing machine s_hould be
run over the forms a few times with

Photo. 1
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the vibrating beam freely vibrating
before commencing concreting. The
form levels should be again readjusted.

For the initial alignment of the forms,
the R. R. L. has devised improvised
boning rods which give beiter align-
ment.* Aligning forms using taut wire
was also found to give good results if
proper procedures were followed”.

It was also found that rails, even
when new, could have warped sections
at the ends and hence required careful
examination and repair °,*°. Besides
the defects due to incomplete support
given to the rails, the lack of support to
the form base itself, due to the defective
setting of forms, could result 1n
increased deflections as the heavy
machines pass over the rails fixed to the
top of the form. Photo 1 shows a
technique for the measurement of defiec-
tions of the rail. The proper alignment
of the forms and rails carefully using
a stretched line, the provision of a lean
concrete base to support the form
(Photo 2), employment of shims to give
additional support to the railsand fixing
the rails not to the top of the form work,
but over stake housings attached to the
form base (as in Photo 1) seem to be
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Photo. 2

the remedial measures to minimise the
deflection in the rails.

Experiments were also conducted to
study the effect of the position of the
rail joints’ When the rail joint was
between stake housings, there was amuch
greater deflection although the bolts in
the fishplates were carefully tightened.
It appeared desirable to have all rail
joints over stake housings with some
special fixing.

FOUNDATIONS FOR CONCRETE
ROADS

One of the defects of Wester-
gaard’s theory is that it underestimates
the stresses associated with the degree
of support provided by the foundation.
The theory postulates uniformity of
support over the whole area of the slab,
a condition rarely achieved in practice.
Hence, not only the strength of the
subgrade, but also the uniformity of
support it affords to the slab shouid be
taken into account®. Over subgrade of
varying strength characteristics, this to
some extent is achieved by the provision
of the base *. However, experience and
experiments in U. K. have shown that
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it is not needed over very firm and stable
soils or rocks. Even in poor soils, the
usual concept that its thickness should
be increased as the supporting power of
the soil is decreased, is not held to be
correct ***'. Tt need be only thick
enough to provide a smooth, hard
workihg face over the formation so that
during construction work, the subsoil
is not deformed or otherwise damaged.
On any but very poor soil, a base of
3in.is held sufficient. Only for very
poor soils with a C. B. R. of 2 per cent
or less, it is advantageous to increase it
to 6 in.". Even this, because thinner

sections are difficult to compact over
such soils.

In soil compaction specifying i

of dry density such as 85 pg’r cgenrt1 g;r)r(l‘s_
mum ‘densny 18 not recommended, since
experience has shown that this
under some conditions be impractical to
obtain *. It has been suggested that the
maximum air content should be specified
such as 10 per cent for main part of the
embankment fill and 5 per cent for the
top 2 ft of subgrade soil or base ®.

s may

- With clays, compaction at the natural
moisture content is recommended since
if this is done, there is little likelihood
of subsequent changes in moisture under
the British conditions !, For this, it is
suggested that when ’
embankments the excavated

be compacted as earl
excavation.

clay should
Y as possible after

Clay soils in cuttings are saj
usually close to satufation anlcci1 ;Zn?:g
their 8colmpaction 1s held to be unneces-
sary “»'"-''. In fact, heavy compac-
tion could even be harmful as it may
destroy the internal structure of the soil
resulting in loss of strength,

To protect the s
;veather., before_ laying the slab itis now
practice to give a bituminous sealing

coat as soon as the formati
prepared. ation has been

constructing

ubgrade or base from
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SOIL CEMENT AND LEAN
CONCRETE BASE

Experimentation is going on regarding
the provision of soil cement and lean
concrete bases. It had been observed
that slabs laid on a rigid base have
shown an unexpected tendency to crack.
Hence it is feared that bases of stabilised
soil and lean concrete may in certain
circumstances be unsuitable for concrete
roads 2,1, These bases cannot accom-
modate themselves to the warped shape
of the slab which may crack due to
non uniform  support. Among the
advantages, it could be mentioned that
laying a lean concrete base does not
require any special plant and may thus
be cheap. It gives a stronger subgrade
than pitching on poor subgrades. The
less cement content is expected to result
in less cracking than a normal concrete
base. The lean concrete mix is usually
of the order of 1 : 15101 :24 gnd the
compaction is done by a vibratory
roller.

Photo 3.

RESEARCH ON MATERIALS

. The problem of mix design is being
viewed pfrom new angles. Thg Road
Note 4 is likely to undergo drastic chan-
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ges. Since compaction of road concrete
is done by surface vibration the mix
design is aimed at obtaining a fully
compacted concrete using the machinery
and materials available. Studies with
an experimental vibrator in the labora-
tory have shown the desirability of rest-
ricting the amount of the 3/8in. fraction
in a grading with a maximum size of
3/4in. '3, Such a step also allows the use
of a variety of sand gradings lying outside
the limits of the present B.S. specifica-
tion if the mix design is based on the
specific surface of aggregates.

Recent experiments connecting sur-
face area of aggregates and compactabi-
lity have shown that there is an optimum
range of S/A. ** within which the use of
sands of varying finenesses yield con-
crete of good compactability with the
minimum water addition. The cement
content between 450-600 Ib per cu. yd.
has practically no effect on the optimum
surface area for full compaction.

The amount of water depends only
upon the amplitude of vibration and the
optimum grading. These are important
findings and are likely to change radi-
cally the prevailing method of British
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mix design. To design a'mix it would,
therefore, be necessary first to combm_e
the available aggregates to give the opti-
mum specific surface, then to determine
the water content required to obtain full
compaction with the compacting
machine available, and finally to calqu-
late the cement content needed to give
the required water cement ratio and
hence the required strength. '*

Flexural strength is given greater
weight in mix design and special clauses
are introduced in the methods of mix
design to take this also into considera-
tion !%,%2. Experiments have also
shown that concrete with crushed rock
as aggregate gives better flexural
strength than concrete with rounded
aggregate '7.

Since the frost problem is not a major
problem in U.K., the main advantage
sought to be derived through air entrain-
ing agents is not increased frost resis-
tance. It is held doubtful whether the
increased workability of the concrete
could facilitate getting a good riding
surface under even small gradients 1%,
However, work in this direction is being
carried out ona limited scale. Work in
America and the continent is all in
favour of air entrainment.

A number of simple apparatus have
been designed for use in the field for giv-
ing quick results. The moisture content
apparatus made by modifying a heavy
duty balance is an example '7. Quick
methods for the analysis of fresh con-
crete *2,2® and quick methods for
determining the density of hardened
concrete using Gamma radiation 5,!»
are further examples. All these have
been of immense use in a number of
investigations connected with the per-
formance of machinery and quality
control.

QUALITY CONTROL

Quality control has attracted in-
creased attention and methods of effec-
ting this in the field are being
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mvestigated 220, The control starts
right from the stockpiling of aggregates.
Single sized aggregates are stockpiled
separately Photo 5. At least two sets

of stockpiles are kept for each size so
that any stockpile is kept unused for
atleast 16 hours from the time of deli-
Very at site so that the moisture varia-
tions within the stockpile is reduced to

the minimum (Fig 1). Checking the

'ZF‘F l§n.~

MOISTURE CONTENT 9,

_HJ- RRERR

0|Z345°7a
9
TEST wmpeRs 0 C ' @

THE VARIATIOR of THE MOISTUNE

CONTERT of
STOCKPRED & Not STOCKPILED A

GOREGATES .

Fig. 1

moisture content of the
done at lea

Checking the ag

. re S
carried out. o cate grading is also

_ be workability of the
concrete is being controlled by {he auto-

matic compaction fa
which i< d; Ctor P
hich is directly calj apparatus

gallons of water

tracted at the mixer to get a concrete of

a definite compacy;

e Jmpaction factor, Greater

glptortance is placed on getting a cons-

fu?l cworkab;hty Wwhich is necessary for
Ompaction than to ensure a uniform
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W/C whose variations for the same
materials for a constant workability

could only be slight **,°.

The importance of weigh batching in
getting concrete of uniform quality is
illustrated by Fig. 2. However, frequent
check up and the proper upkeep of
the weigh batchers are important prere-

Photo. 4
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quisites to weigh batching and without
these very little benefit could be expect-
ed. In all works of any importance
weigh batching has come tp be used.
Even in minor road works it is recom-
mended that cement should be batched
by weight assuming a bag to be one
cwt 2. Since cement supplied in bulk
encloses considerable quantity of air

Photo. '5
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G00D CONTROL

NO OQF CUBES

1722

PSI
WEIGH  BATCHING USED

FREQUENCY DIAGRAM
Fig.

and "may be as low as 60-70 Ibjecu. ft.,
volume batching of bulk cement 18 pro-
hibited®”.

Cubes are cast every day in the field
and the mixed concrete analysed. The
frequency of casting cubes depends upon
many factors and no hard and fast rule
could be prescribed. On large, important
schemes, 15-20 cubes a day could be
made during the early stages of cons-
truction which ultimately could be
reduced to a few per week after the
workmen have fallen in the groove. In
any work, a standard deviation of 400
psi and below could be considered as
¢ excellent control’; 400-600, as ‘ good’
and upto 800 as average. 1000 and above
are considered as poor or no control **.

Some data regarding the variation in
cement quality :

(a) from the different consign-
ments of the same factory, and

(b) from the different factories

has been collected and this has to
some extent revealed the degree to which
these factors affect the quality of the
work 2*. In these and in many other
phases of quality control, the applica-
tion of statistical methods is gaining
ground *?,%°%.

%
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RESEARCH ON MACHINERY

Mixer: In the preparation of uni-

form concrete, the performance of the
concrete mixer is a very important
factor. It was found that none of the
3 usual types,_viz., the nontilting, tilting
OT pan mixers is quite suitable for the type
of dry, lean mixes used in Britain **.
Among these three, the N. T. type gives
amore uniform concrete. Restricting the
maximum size of aggregate to 3/4 in. re-
sults inmore uniform mixes in all types **.
Lean dry mixes with larger size of aggre-
gate are difficult to mix uniformly. The
economy which is  supposed ~to be
achieved by the use of such mixes is hence
rarely achieved in practice **.

Mode of transport :
alfso been made
0

Studies have

_ to measure the amount
segregation which  occurs

: when
concrele is transported in general
purpose lorries '***.  Most of the

segregation was found to oc

time of loading from the mixe?.lr %tset t:)?
vertical chute and moving the lorry to
and fro at the time of loading mini-
mises segregation around the heap. Haul

E?esteverg/[‘little effect on the fresh con-
: 1Xes of v ot
are not ch ery low workability

anged by hauling over rough
or smooth ro d .
workability adway while those of low

< . undergo some recom-
paction during rough transit. P
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Photo. 6

eading: The effect of spreading
coﬁg:ete agd the efficiency of spreading
machines as affecting compaction and
the riding quality of the road has been
extensively investigated. When the
concrete is first dumped in heaps over
the subgrade and then spread by the
spreading machines of the recipro-
cating blade type Or the screw type,

the size and position of the heaps

REQUIRED SURCHARGE
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have a great influence on the surface
irregularities and the compaction 7, 1225
(Fig 3). The heaps should never
overlap each other * . Smaller heaps
of 1 cu. yd. each dumped in fairly
evenly spaced heaps from both sides
of the lane for both the top and
bottom courses give a much better
surface. But often dumping in heaps
on both sides of the lane is not practi-

FINISRED LEVEL

-~

Z Z 7.
VARIATION OF DENSITY OF CONCRETE DUE TO UNSATISFACTORY
SPREADING . THE DARKER SHADING INDICATES GREATER DENSITY,

ATA X O oh . -

Y N N N A DS A RS TS NS AN AN A NN

THEORETICAL PROFILE OF FULLY COMPACTED CONCRETE ILLUSTRATING
IRREGULARITY RESULTING FROM BAD SPREADING .

(WITH ACKNOWLEDGEMENTS TO CEMENT & CONCRETE

ASSOCIATION U.K.)

Fig. 3
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le. In such cases, to allow for the
;?Bcgmpaction in the heaps the sur-
charge on the side opposite to the
dumping has to be about 3/8 in. more,
this being achieved by slightly tilting the
screeds of the spreading machine. In
the spreading machine of the hopper
type (Photo 9), difficulties in the free flow
of concrete due to arching was one of
the reasons that caused variations in the
density of the spread concrete. There
was, in addition, the precompaction of

Photo 7.
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the concrete caused by the load in the
hopper. Attempts to eliminate this by

providing hydraulically operated bottom
doors were unsuccessful.

Another method to improve the sur-
face was by moving a full hopper over
the surface of the spread concrete for
both top and bottom courses, This,

however, results in considerable spilling
of concrete over the form.

On the whole, none of the available

Photo. §
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Photo. 9

typei of - spreading machines in Engﬁla}\’d
was found to be quite satisfactory 7,7°.

a, d spreading for hand operated
vitfrI:tIz)ry sgreeds as used in smaller jobs
in England, should be_of some interest
to us, loads of 3 cubic feet and less
dumped by hand barrows at the working
face do not lead to much dlfﬁcglqulcn
obtaining a good riding surface **,°¢.
Larger loads give rise to bumps. The
surcharge, which depends upon the type
of mix and the vibration characteristics
of the screed, has tobe carefully adjusted.
Use of rake for t;his purpse rgsulted mn
complete compaction below 5 in. depth.
With a screed on the qther hand, good
compaction was obtained for greater
depths. The screed could be a board
provided with means of adjusting its
height above the form with handles for
pushing it along the form.

COMPACTION AND FINISHING

ion of power propelled or
haggn;g:fattltgd screelc)tls had been studied
from many angles. The effects of .the
frequency, amplitude and acceleration
as also the effects of the weight of the
beam, the shape of the vibrating shoe,
the speed of travel and the height of
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surcharge of concrete before compaction
are being studied ?7,%*, An experimen-
tal vibrator (Photo 10) has been built up
in which any of these could be changed
and the effect measured in terms of the
irregularity index of the surface and the
degree of compaction attained in slabs
with depth upto 18in. The degree of
compaction was formerly measured by
cutting cores; but this was tedious and
time consuming. The cores could be
cut only 28 days after laying. The thin
sectioning was tedious and the density
determination of these sections could
only yield limited information of the

density of the core at certain depths.

The recent development of the gamma
ray absorption technique (Photo 11) on
tl}e o;'her hand gives far quick_er results
since it could be put in operation a day
or two after laying the concrete 18,19,

It is essentially a nondestructive testing -
method and the density at any or many

point along the depth could be known
in a matter of minutes. e

In the case of table vibration #s
employed in the mannfacture of precast
units, best results are obtained with
high frequency and high acceletation.
But, for vibration from the -top surfus.
the acceleration whether 1, 4 or: 12ig
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Photo. 10

sl R ]

does not affect compaction in the tests
in which the concrete of constant work-
ability was compacted with a constant
amplitude and a constant number of
vibrations per foot length *°. The
frequency had a grater effect on the
surface finish rather than the compac-
tion. Only the amplitude had an
important bearing on compaction. At

-
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Photo 11.

016 in. amplitude, which
value of the finishing
concrete was w

is the average
ell machines, the
. compacted upto 6 in.
At 0.64 In. amplitude g%od conlm)paction
upto 12 in. depth was achieved. Thus it
Was concluded that for the vibrating
machines, low frequency of about

1500 v.p.m. with high . .
the best results, 1g0 amplitude gives
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Measurements of the amplitude for
different commercial machines showed
that the amplitude was not uniform all
along the vibrating beam. In order to
obtain uniform amplitude, it was foupd
that the symmetrical placing of .the units
transmitting vibration and drive with
respect to the centre line of the beam
was important. The beam had to be
rigid enough without any attachment of
extension pieces. The weight of the
beam and the elasticity of the support
should not damp the vibration.

Screeds when freely supported tend
to ride over the lumps. In the experi-
mental vibrator, whep the screed is
freely supported on wire ropes, extra

weights upto 1.000 1b added to the

screed gave a better surface with a g
value of only 47-65 in./ mile. Hepqe, the
weightier the screed, the better it is, so
long as the weight is not so great as to
damp the vibration.

January 1960

With hand operated screeds, with a°
range of freqeuncy, and amplitude of
3,800-5,500 v.p.m. and .006in. res-
pectively, concrete could be compacted
upto 8 in. The practice of dragging the
screed along the form gave unsatisfactory
compaction. The screed should be
lifted and placed over the uncompacted
concrete as the screed moves forward.
Mechanical contrivances to lift and
place the screed over the concrete are
incorporated in some of the screeds.

MEASUREMENT OF RIDING QUALITY

Two types of profilometers, one, the
multi-wheel profilometer and the other,
the wet surface profilometer have been
developed at the Road Research Labo-
ratory. The former measures the sur-
face irregularities of hardened concrete.
In order to assess the quality of the
surface while the concrete was still
sufficiently plastic for improvements to

Photo. 12.

Regarding the speed of travel of the
machfi;nes, e%cperiments showed that for
‘the normal types of machine, a speed of
1 ft-2 ft/ min. gave good results.

In the case of hand operated screed
the amplitude is greater at the ends than
in the middle. The position of the
vibrating units thus becomes important
in these cases.
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be made, the latter machine has been
evolved recently. This is the one used
during the construction of the concrete
pavement (Photo 12). It consists essen-
tially of a rigid frame having the same
wheel as the finishing machine’. The
frame carries two recording wheels in the
same position relative to the chassis
wheels as that occupied by the trailing
edge of the vibrating beam of the finisher,
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Britain an interval of 20 hours in warm
weather was found to be needed. In
cold weather this interval may extend to
3 days and more.

PAVEMENT DESIGN

As a result of the observations on the
existing concrete roads and experimental
roads, certain recommendations have
been made in Road Note No. 16, on
slab thickness, slab length amount of
reinforcement to be used, etc. These
are being put to further tests. Already
there is a feeling in some quarters that
the amount of reinforcement 5—14 1b
sq. yd. as recommended in the Road
Note is high and that the amount
should be reduced as in US.A. or
Germany.
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«|’d better give up this road transport business”
cried Surjit Singh
«petter buy ASHOK LEYLAND COMET” said his friend
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Overloadl;:g ]xs tnOt only risky but bad  tobuy the best even ifitcosts a little more. : the LIFE Link
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+ Switchgear, Power Cables, '
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THE ANSWER TO YOUR ROAD
CONSTRUCTION PROBLEM

BRITANNIA - MARSHALL STEAM ROAD ROLLER

Ever popular and Eflicient Road
Roller indigenously manufactured by
THE BRITANNIA ENGINEERING

CO. LTD. TITAGHUR to the
MARSHALL Design.

BRITANNIA-ROAD-MARSHALL DIESEL ROAD ROLLER

Reliable, Robust and Economical

Road Rollers indigenously manu-
factured by THE BRITANNIA
ENGINEERING CO. 1TD.

TITAGHUR to the MARSHALLI,
Design.

MAR s HALLS MARSHALL,SONS & CO.

(INDIA) LTD.
33/1, Netaji Subhas Road, Calcutta.

Marshalls Building, Ballard Road, Bombay.
Marshalls Building, 9, Second Line Beach, Madras.

Marshall Houte, Hanuman Road, New Delhi.
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