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again in 1961

The above view shows work in progress on the construction of
19” diameter Piles For DHAMDACHA Bridge in Mavsari Dangs Division
for Bombay P.W.D,

Undertaken by

The Cementation Company Limited

STEELCRETE HOUSE,
Dinshaw Vachha Road,

BOMBAY-I.
Main Contractors for the Bridge—Messrs. C. 1. PATEL & CO.

.
Specialists in: Also offices at: z?.—
e Bored Piling G o o n}‘/r EA“
e Guniting 3, Esplanade East, Calcutta THE WORLD'S LARGEST TYRE COMPANY
Drilling 5, McLean Street, Madras .':: esenpsopepapes '
e Pressure Grouting : \PNRTRAAFY
with over thirty years’ experience. 3 i _
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ROADS AND THE THIRD FIVE-YEAR PLAN

MORE and better roads are no longer a matter of administrative convenience but

are an imperative economic necessity today. Adequate investment in roads is, therefore,
essential if the objectives of our planned economy aiming at the rapid development of our
industry, commerce and agriculture have to be achieved fully. Increased production would
be of no value unless there are sufficient facilities for distribution. Roads must be provided
. to carry agricultural commodities to the markets, to ensure smooth flow of goods required
for industry and commerce, and also to meet other transport requirements. A vigorous
drive is, therefore, necessary to accelerate both the expansion and improvement of the road
system of the country.

The Draft outline of the Third Five-Year Plan envisages a total outlay of
Rs 10,200 crores which is nearly twice the provision included in the Second
Five-Year Plan. This means more outlay on agriculture, more on industries and more
on irrigation. But how much for roads? They get Rs 250 crores only which is nearly
the same amount as that provided in the Second Five-Year Plan. One wonders why
this lack of appreciation in regard to road requirements of the country!

That roads are a basic social necessity and, as such, a primary charge on
the public exchequer is already recognised by all and hardly needs any special emphasis.
Even in terms of economic-worthiness, roads have proved themselves. to be a sound
proposition and are contributing through road transport to the national exchequer much
more than what is being spent on road communications at present. The total revenue
expected to accrue from road transport In the Second Five-Year Plan is likely to be
of the order of Rs 660 crores as against the total provision of Rs 248 crores included
for road development In the current plan. It is estimated that the revenue from road

1 3.
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"“ON the open road, a truck puts a great
strain on its battery. That's why I rely
on ‘Standard’ batteries, and why my
trucks are fitted with these tough, quality
batteries — which are made in India’s
largest and most modern natiohal battery

JWT.STE. 9075 (a)

“For dependable power, | rely on

Standard satieries’

says Shri B. Sathar Singh —
successful Truck Operator of Madurai, South India

factory, under the strictest quality control.
“It’sbecause of their toughness and qua-
lity that the ‘Standard’ batteries fitted in
my trucks have withstood the worst jolt.
ing on poor roads without any damage
-..and in all kinds of weather, too!"

| | g

Standard ...........

STANDARD BATTERIES LTD.,, BOMBAY §8
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transpert may go upto nearly Rs 900 crores
nearly two and a half times the expenditure incur

of roads in the Thirg Five-Year Plan.

in the Thirg Five-Year Plan, which s
red on the development and maintenence

Judged from the also, roads and

road transport, gher allocation. Recent studies
made in this connection have revealed that roads and

road transport provided direct
and indirect forms of employment for 2.4 million persons in 1959, This employment
is widely dispersed regionally and accupationally, particularly in the lower thcome
groups. It is significant that out of 2.4 million perso

fis referred to, road construction
and maintenance account for no less than 0.97 million, l.e., nearly 41 per cent.

point of view of employment potentis
present a formidable case for 3 kb

As the country develops in productivity
siaggering problem of keeping pace with
vehicular traffic increasing both in respect of
and this is bound 1o

and prosperity,

it is faced with 4
the traffic growth.

So rapidly is the

y—that even the substantia}

not be enough o meet the
requirements of future road transport.

Production of commodities in  1965-66 requiring long distance transpore
Is expected to  be of the order of 300 milli

on  tons against 182 milfion tons
in 1960-61. At the end of the Second  Five-Year Plan,

expected to carry 162 million tons. There witf,
tons which has to be carried mainly
goods traffic to be carried by road transport
to increase much more than this volume an
justify an increased provision.

the railways are

thus, be » gap of 20 mitlion
by road transpart. The share  of

in the Third Five-Year Plap is eXpected
d on that score alse roads more thap

A recent review of the road requirements

that even for meeting the absolute minimyum Fequirements of our National highways
only, which constitute the main arterial roads of the country, a sum of Rg 120 crores
is required for developing the existing Natjonal Highway system alone in respect of
the improvement of road sutface and the construction of missing  finks and
bridging of unbridged river crossings. The amoynt required for Meeting the minimym
requirements of the country as a whole wiil work out to nearly five times the

amount required for natjonaf highways which brings out the palpable meagreness of
the proposed provision of Rs 250 crores,

of the country has reyealed

It Is time that serious
Immediate action taken to bring
inadequacy of the proposed provisj
that provision commensurate with
late to retrace the steps,
it has them or not—and jt

thought s BiVeN 1o this yjpy problem  and
home to the authoritjes concerned the gross
on for roads and the dire urgency of increasing
the needs of oyr expanding econamy lest it is too

THE REASONS FOR ROADS
By
R. G. HENNES *
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a growing store of factual data regar-
ding the extent and manner in which
roads affect social and economic deve-
lopmex}t. After reaching some critical
stage in their growth, urban areas feed
on themselves, sprawling out into the
countryside in everwidening fringes
along the main highways radiating from
the central city. It is unnecessary to
expand upon the urban problem—slums,
traffic congestion, worsening problem of
hom;-}o-work transportation, inadequate
facilities of all sorts—but as cities exist
for the interchange of goods and ser-
vices, and as transportation is an inte-
gral part of all such commerce, S0 we
may confidently affirm that transport is
at the root of all basic urban problems,
and at the same time offers our best hope
for their alleviation. We cannot undo
all that has been done in the past, but
we can resolve that future highway ex-
penditures shall be far-sighted invest-

ments for the betterment of the whole
society.

Nor can we design pavements properly
without due consideration for ultimate
social objectives. A road to serve only
the national defense would be built to
different standards than one designed for

: recrqational travel; a road built to
provide access to commercially valuable
forests, would look quite different from
one built to bring farm products to the
railhead. These special purpose roads
will differ in width, in surfacing, in
curvature and gradient. They will differ
Im unit cost. If weare not quite clear

on what purpose the road s to serve we
will waste money.

A closely aligned question con

the imposition of legal restrictiorfsr::
the size angi weight of highway vehicles
“After a nation has substantially com le-
ted the Improvement of jts high\ga-
wnetwork it no longer has unlimi.tegll
it hadom of choice in this matter, The
axle load must be that for which
'ghway_system was built. Whep
grade is satyrated after the raing

€ passage of a grossly overweighE

January 1961

vehicle may destroy the whole pavement.

few years ago the Western American
states collaborated in observing road
damage done by various types of vehicles

operating over a test road i
per cent of the damag e hoecoD

thqse few months of

EVer economic  ady i
- [ ) antage  heavier
vehicles might give to the highway user

twhelming necess;
of protecting the total high»%ay ir?vselstt):

ment, once it hag been m
ade.
problem can be faced only at the ouTsi?

of a major program of h:
_ of highway expan.
S1on or reconstructjon, b e

( At su i

the hlghway engineer or adm?gisfltrgltgi
should inquire, ‘“what is the €Conomic
size of highway vehicle, all costs con-
sxderpd? " Studies of this problemin the
logging industry of the Pacific North-
west of the United States disclosed that

optimum vehicle size depended not only
upon lorry and road costs, butalse upon
length of haul and other aspects of
vehicle _ operation. Any regulatory

- ween  hj
trian?Port and rajl, Water~carriergsh Wz(l)}ll'
indicated that o n/eSHERtions have
freight beéo?x:e motor freight anq rajl
greater than 200 Competitive at hayls

US.A:; the break or 300 miles in the
nation to natjon, a?nodmft om LA™Y (rom

_ : rom time to ti
m the history of the same nation, Vt&}lTe(i

of longer hay] t?rSl'gn (s for the use

is an integra] om? Highway finance
portati &ral part of the whole trans.
and hoovlv.l rcg:(llplex. When and where
S a . ;
proved are ﬂ]lPQﬁr\rfa t:O be bu.]lt'of m-

-l
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to the availability of funds for road-
building purposes. This is less simple
than it sounds: it is complicated by the
fact that the allocation of responsibility
for road costs involves questions of
joint use, and further corpplicated by
problems of pricing the facility so as to
maintain neutrality of treatment accor-
ded to the various transport agencies
(rail, air, water, etc.). With respect to
the former point it should be noted that
much road use occurs in the exercise of
accepted functions of government:
national defense, maintenance of inter-
nal law and order, development of
natural resources, and so on. Presuma-
bly to the extent that road costs reeflct
this sort of usage, roads should compete
with education, welfare and other
objects of governmental concern for
a share in the general funds of govern-
ment, apportioned according to the
wisdom and discretion of legislative
bodies and public administrators. But
there are active and dormant public
demands for road improvement to
standards much higher than those which
are essential to the exercise of normal
governmental functions; this incremental
highway usage is an_aspect of personal
consumption of the facility (for indivi-
dual recreation or convenience) or it is
a part of the overall process of produc-
tion and distribution. These incremental
costs should be charged agains; tP}e
private users of the highway facility in
proportion to the incremental or margi-
nal costs entailed by this usage, so that
the pricing of the highway facility will
influence demand and encourage the
rational allocation of the national
resources. These considerations merge
with the second factor mentioned ear-
lier: the problem of achieving maximum
productive efficiency by minimizing
transportation costs through the mainte-
nance of neutrality in the treatment of
competing transportation agencies. This
latter requirement also can be realized

“through the allocation of tax responsi-

bility according to the incremental  cost
entailed. by each class of highway
user.

January 1961

If basic highway costs only are
charged against general governmental
revenues, and if all the incremental costs
of road improvement are fairly collected
from the various classes of highway
users, more funds will be made available
for justifiable road expenditures. If,
then, available funds are expended
according to the dictates of long-range
planning, there would be reason to
expect that the highway investment
would become highly profitable to the
whole community. An enlightened
highway policy will reduce overall pro-
duction costs, increase the gross national
product, and in the long run encourage
the selection of land uses for the better-
ment of the common weal.

The development of national highway
policy along the lines suggested in the
foregoing pages calls for a vast amount
of data, some regarding the national
and regional economies ; and some deal-
ing with technical aspects of motor
vehicle operation, its influence on road
design, and its influence on economic
and social activity. 1In the former cate-
gory India is fortunate in possessing its
Five-Year Plans and the body of
economic data upon which they are
based. In the balance of this paper
I want to discuss a massive effort, now
nearing completion, to collect factual
information on the benefits conferred by
highway improvement, the effect of
roads on land values, the effect of roads -
on the economic activity of the commu-
nity and nation, the effect of roads on
agriculture and the development of
natural resources, the economics of
vehicle size and weight, the incremental
costs of road improvement attributable
to various sizes and classes of highway
vehicles, the effects of road improve-
ment on the costs of motor vehicle
operation, and the rational design of
road surfacing and highway structures .
to sustain various axle loadings and
gross vehicle weights. Many of the
results of these investigations will be
applicable to roads everywhére, and all
of the findings should be of interest to
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all who are concerned with highway
policy and design,

There are two major parts to this
total research effort, differing both in
sponsorship and in substance.

The test road at Ottawa, Illinois
(U.S.A.), was sponsored by the Ameri-
can Association of State Highway
Officials, and supervised by the Highway
Research Board of the National Aca-
demy of Science (U.S.A.). The total
cost of this enterprise, in excess of
30,000,000, dollars is being defrayed by
contributions from the individual Ameri-
can states, assisted by grants from the
federal government and from industry.
Test vehicles covering a wide range of
gross weight, axle loading, and axle
distribution have been in continuous
operation, each type on its own test
loop. Each test highway loop is com-
posed of contiguous sections of rigid
and flexible pavement, involving many
variations of total thickness, surfacing
thickness and base thickness. Special
care was taken to obtain uniformity in
the subgrade soils. A number of short
span bridges of varying types are part
of the set up. Elaborate instrumentation
is characteristic of the entire operation.
The tests are carried through to destruc-
tion of the weaker sections, and neces-
sary maintenance of all sections is
carefully recorded. From the resulting
data analysts should be able to resolve
many presently evasive uncertainties
regarding the design standards corres-
ponding to various traffic conditions.
There are obvious implications regarding
tax responsibility of different vehicle
classes that undoubtedly will be inferred
by those who study the test findings.
Nothing approaching this monumental
research undertaking has ever before
been attempted in the highway field, and
it is not likely that any more exhaustive
study of this particular problem will
ever be undertaken in the future,
I assume that at least a preliminary
report on the project will be presented
at the January 1961 annual meeting of

January 1961

the Highway

Research Board in
Washington D.C,

A second research effort of compara.
ble importance is now being completed
by the U.S. Bureau of Public Roads,
You may know that the 1956 and 1958
ngthay acts of the American Congress
committed the Federal Government to
much heavier participation in an enlarged
road building program. Most impor.
tamlx, ithese acts authorized a federal
contribution of 90 per cent of the cost
of constructing a 41,000 mile network
of limited access inter-regional highways
connecting all the major population
centres of the nation. This contrasts
with a previous 50 per cent contribution
toward a much less ambitious program,
The funds for the heavier road expendi-
tures are collected entirely from highway
user imposts, the revenues from which
are deposited into a Highway Trust
Fund. The higher taxes necessary to
finance the enlarged program naturally
evoked considerable testimony at Con-
gressional hearings from highway user
groups and affected industries. To
secure equity in financing, Sec. 210 of
the 1958 Highway act requires the
Bureau of Public Roads to conduct
a study of hlghway Cost allocation ;
a report on their findings is scheduled
for presentation to the 1961 Congress.
Ufeel confident that the forthcoming
report will make good use of available
data from the AASHO test road, but in
addition to that body of information
the Bureaq of Public’ Roads has con-
tracted with universities and research
Institutes for dozens of stydies on many
subjects : highway benefits accruing
directly to the user, to the owner of
adjacent land, to the business activity of
gffected Communities. Major reliance
1s placed upon the incremental cost
method of allocation, but consideration
of other theories also is stipulated in
the act. The

. € report should make
a massive addition to our knowledge of

the social and economic consequences
of highway improvement,

(Continued on page 11\

ENGINEERING AND CIVILIZATION

(Abstract of a lecture* given by SIR HUGH BEAVERT

K.B.C., M.I.C.E., M.L.CHEM. E., M.E.I.C.)

IT particularly falls to the engineer, the

applier of science, to see himself as
part of a service to his country and to
mankind, and to condition his thinking
accordingly. Thus it is that it is one of
our greatest problems to see how., in
spite of specialisation in so many direc-
tions, we engineers may still recognise
and have some common purpose and
some ultimate worth-while objective as
being the real heart and final justifica-
tion of all engineering effort.

The greatest danger that we face in
the world today is that science and
technology should not realise or should
ignore what they owe to humanity ; and
that the arts, whatever that is taken to
cover, should seek to or seem to main-
tain, wittingly or unwittingly, the wall
that from time to time—but not always—
has been erected round them. We cannot
afford and we cannot risk tl}x_s division
between the so-called humanities on the
one side and science on the oOther; _and
it is in my opinion wholly meaning-
less.

The meaning of civilization

Whatever setbacks and difficulties
there have been and will be, whatever
bright flowerings and black eclipses,
civilization 1is a contindous motion
steadily and relentlessly pressing forward
all the time. That is the sense in which
J use the word civilization,

*-Dc'l‘i.vcrcd ata Jéinchcting of The Institutions of Civil Engincers, of

A crisis of history

The population of the world is
advancing at a staggering rate. It is
now not very much short of 3,000
million and at the present rate of
increase will or could be 4,000 million
in 20 to 25 years time and 5,500 million
by the end of the century. There are
now new civilisations like that of Russia
or old civilisation like China or Asia
pushing into the forefront and obviously
going to take dominant place in the
picture and tomorrow there will be
Africa also. To add to all this, science
and technology have brought us to ‘the
very edge of potential world destruction ;
advanced scientific research has brought
us perhaps just to the threshold of the
secret of the artificial or synthetic crea-
tion of living organization.

It is certain that our own country and
the Western world are at a critical point
in history—whether the next stage is our
further advance or the overwhelming of
our civilisation, using the word in Profes-
sor Toynbee’s sense. This is the situa-
tion, which engineers have done so much
to create, and in which they now find
themselves faced with the problem
whether they can save it.

The special responsibility of engineers

Engineers have a special long-term
responsibility because it is they who

Mechanical Engincers,

and of Eiectrical Engineers, at The {nstitution of Electrical Engineers, Savay Place, on 3 March,

1960.

+ Managing Director, Arthur Guinnes, Son & Co.
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have Dbuilt this modern world of
convenience and comfort; and who all
through the ages have not only been
improving conditions of life but have
also produced all the means and
machines of destruction.

Some looked on engineering as just
a development from the crafts, and have
said that only in the last 200 or 300
years has there really been any science

to apply. Others have looked on -

cngineering as essentially being the
ability to get machines and instruments
to do the job.of manual workers, and
so have considered that engineering is
only the product of recent centuries
when shortage of labour began to be the
ruling factor.

1 do not think either view is tenable.
It is in my opinion both incorrect and
dangerously misleading to think that
the basis of developed engineering ever
was or is shortage of manpower. In
fact today we in this country are, in a
way, proving, or perhaps trying to
prove, the very opposite—that manpower
is the basis' of engineering and not the
shortage of manpower. For in this most
highly developed age of engineering,
with a far larger proportion of our peo-
ple engaged industrially, and therefore
in engineering, than in any other coun-
try, and with all the inventions and
labour-saving devices in use or foresha-
dowed, it is likely that we in these
islands may eventually find ourselves out-
distanced by our competitors, simply
because of their greater sources of man-
power—and for no other reason.

As Sir Maurice Bowra has said, we

must certainly admit that, without engi-

neering, civilization is impossible; and
even though, as he thought, it was not
always of first importance, yet without
engineering a civilization is doomed.
China and Greece and Rome in turn, as
he sees them, paid the price for treating
engineering as of secondary importance
and lost their leadership in the world of
their days.

in
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Education in an age of technology

The question then that again faces ug
here is not what are the proper propor-
tions of our manpower to be directed
or attracted to thisdiscipline or that ; but
how we are best to educate this and
future generations in which inevitably
the preponderance of the educated output

must for ever be scientific and engineer-
ing.

L accept the terms, arts and humani-
ties, as describing a side of lifc which
hgs in the past been often and insistently
dlstmct from science or the applications
of science, that is to say, engineering.

I do not consider that can be accepted
today.

Establishing the ends

Muc.h thought is being given by many
gducatlomsts to the problem of produyc-
ing the adequate citizen for the new
world, for furnishing citizens who can
deal with the problems of a scientific
world whether they approch them from
the side of arts and the humanities or
from the side of science and engineeing;
and in particular to produce the scientis;
and the.engineer as full educated citizens
of their country and of the world,

But how much thought s being given
to. it by_ engineers themselves 9 The
engineer 1s responsible for al] the physi-
cal ba.sns. and development of civiliza-
tion, it is he who sooner or later trans-
lates into action every discovery of
science; he lives much’ closer to life as
it is lived by the ordinary man than does
the scientific researcher. = Here then are

n?ty. his responsibility and his opportu-

Here too we have another aspect to

be considered. Engineering has never
as Sir Maurice Bowra sees it, been revo.
lutionary in the political sense. ** If we
regard politics as the struggle for power,

_ engineering is ’, he says, *“‘not a politi-

cal activity”, 1 think it would be diffi-
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cult to be quite certain that this has
always been so; but, by and large, I
belive we must accept the charge. . But
no one has the right to disclaim or * opt
out” of politics, least of all the engi-
neer. The Greeks had for such a one—
as for other types—a name. They call-

_ed the citizen who took no active inte-

rest in politics—a private person-—an
ideiorns. Hence our word idiot !

1s this then not something to which
the great institutions should give conti-
nuous—and not  just qccasmn:al—-—
thought? They have in their combined
membership a great body of practical
people. They can have profound effect
on education. Moreover, education
goes on all through one’s working life,

(Continued from page 8)

The location of roads, the design of

roads, and the financing of roads are, or
should be, closely related to a funda-
mental understanding of why roads are
built, and what a nation stands to gain
from highway expenditures. The AASHO
test road and the Highway Cost Alloca-
tion study of the Bureau of Public Roads
together should provide more informa-
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and if it seems difficult—although I
personally do' not accept this—to see
how schools and universities can at the
same time produce in the same person
both the scientist and technologist and
the man- of wide vision, then is it
not possible for the institutions to
see how far they can in part at
least rectify this omission in the post-
university life—in the working life;
looking on themselves not solely as plat-
forms for technical discussion but as
providing the means of studying how
there can be greater contribution by
engineers of the future to the civiliza-
tion of the future ?

(From “* Journal of the Institution of
Civil Engineers, UK., August 1960)

(5

tion on these points than has been
available ever before. As an adjunct to
a comprehension of the economic goals
and resources of any specific nation or
area, these reports should be helpful
anywhere in the establishment of high-
way policies that would confer maximum
benefits on the community and the
nation, in the short run and in the long
run. .

I consider the existence of good roads us a vital factor in
determining whether our society can become an equilitarian homo-
gencous 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



ROAD DEVELOPMENT IN RAJASTHAN

By

KISHORELAL

THE State of Rajasthan, as reconstitu-

ted on the 1st November , 1956
under the States Reorganisation Act,
1956, has come into existence through
seven different stages of merger of the
nineteen erstwhile princely States and
the former Part ¢ C’ State of Ajmer as
well as the transfer of small enclaves
from one State to another. The State’s
population of 15.97 millions (1951
Census) is spread over an area of
1,32,148 sq. miles. The density of
population per sq. mile works out at
121. It is the most sparsely populated
State in India next only to the State of
Jammu and Kashmir, whose density of
population is 54.  On the Northern and
North-Eastern boundaries of Rajasthan
lie the States of the Punjab and Uttar
Pradesh, on the South-Eastern boundary
lies the State of Madhya Pradesh and
on the South-Western boundary lies the
Gujerat State. On the South-Western
and North-Western boundaries lies West
Pakistan. The Arravali Range runs
from North-East to South-West almost
across the entire State, dividing it into
two parts—the North-Western, which
comprises 3/5th of the total area and the
South-Eastern which covers about 2/5th.
The North-Western region is on the
whole a sandy, ill-watered and unproduc-
tive area; it improves gradually when
one moves from West to East and in the
extreme West, it is a mere desert, while
towards the East it is comparatively
fertile and habitable.

At the time of formation of Greater
Rajasthan in March 1949, the State
inherited a poor system of communica-

*Chief Engineer (B & R), Rajasthan, Jaipur.
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tions. Even the five majn ciinc o

Jaipur, Jodhpur, Bikant]rn, Cll(l:ftba, Vaua
Udaipur were not connected with eanh
other. Except for Delhi-Jaipur-A ; :

Sirohi Road, there was no inte jm'er-
road. The construction of bridgers-sulte
rivers was considered ap expensive a%vc?r
?nq by no means within the meansaltl:
individual princely States, Each princ ?
State lived in an isolated eXistence ec)l,
cared only for its own develo m?

within its own frontiers and dig ngi
encourage inter-connection between th
adjoining States. 1In 1949, we had onle
4,000 miles of metalled and gravell (};
roads and another 4,09 miles of Faeir

The incidence of road

owest ; :
States of India both gy o8t all the

h .
well asarea basis, ~  PoPUlation as

y (?kf til;) 109:14?{53? lig jasthan Government
the construction of ili;:isr?g nrsc;‘azl)élmlbf o
improving old existing roads a dmks,
struction of new roads, byt vern ittlo
progress was made in the two ey fitle
ceding the corhmencement yoz}rsi Mo
Five-Year Plan owip to the }j F'lrSt
resources of the State, The breaklm]ted
dlﬁ'g:rer}t categories of roads’ Pt
beginning of the Firs; o ppie

: ive-Y.
(i.e., as on 31-3-51) js indicated?glol;lra-n

1. Cement concrete i
2. Black-topped .. Sg miles
i' é/letalled .. 2,833 7

. Gravel roads ’ "
by ... 2,041

Fair weather roads .., 5357

Total .. 10,770 miles

—————
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The above roads are marked on the
map of Rajasthan below.

First Five-Year Plan

The first phase in the planned deve-
lopment of road system started with the
Jaunching of the First Five-Year Plan.
The main principles kept in view were
to connect various centres of adminis-
trative units, viz., the Divisional,
District and Sub-divisional Headquar-
ters and also other commercial centres
of the State. The plan involved an out-
lay of about Rs 7 crores, out of which
an amount of Rs 551 lakhs was provided
under the State Plan, Rs 54 lakhs against
Central Road Fund and another sum of
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Chart 1 showing mileage of different types of roads
maintained by Rajasthan P.W.D. (1951 to 1961)

CimErny CORCRITE ROMD)

January 1961

Rs 75 lakhs on the improvement of
N.H. No. 8 passing through Rajasthan,
In terms of physical targets, the Plan

. provided for the construction of 1,861

miles of new roads and improvement of
1,369 miles of existing roads. Actual
progress of the Plan wasrather slow dur-
ing the initial two years of the Plan-period
and the total expenditure during this per-
iod was only about 10%, of the total out-
lay. This was due to the impediments,
which usually come up at the initial stages
of execution of the Plan. The State came
into existence in 1949, i.e., only two
years before the beginning of this Plan
and was required to fall in line with the
older and well-established States with
highly developed economy and efficient
administration. Political, administra-
tive and financial problems had also to
be faced by the State Government., All
these difficulties were surmounted and the
tempo of work was accelerated during the
later years. As against an outlay of
Rs 605 lakhs on road sector including
grants from Central Road Fund, the
total expenditure during this Plan-period
was about Rs 535 lakhs. During this
period, 1,304 miles of new roads were
added and 1,026 miles existing roads
improved. Besides, 69 miles of roads
were up-graded under centrally spon-
sored schemes and 177 miles of N. H.
No. 8improved. About fifteen bridge-
works including three major bridges
were completed. The road mileage at
the end of First Five-Year Plan is shown
in Table 1.

Second Five-Year Plan

The second phase in the road-develop-
ment started with the Second Five-Year
Plan. The objectives in framing this
plan were the same as out-lined in the
Nagpur Plan, but as the Planning Com-
mission allocated only Rs 8.99 crores
for Road Sector in the State Plan against
the requirement of Rs 35 crores, the pro-
gramme envisaged originally had to be
drastically curtailed. The sanctioned
allotmentofiRs 8.99crores was increa

13
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sed by a sum of Rs 42.501akhs after the
merger of former Ajmer State in Rajas-
than. Thus the total outlay in the

State Plan has increased to a figure of -

Rs 9.41 crores.  Against this, the antici-
pated expenditure during the plan period
1s expected to be Rs 9.87 crores.

In addition to this amount, works on
the National Highway costing Rs 1.30
crores will be completed during the
Second-Plan period and Rs 72 lakhs will
be utilised under the scheme for the con-
struction of Roads of Economic and
inter-statal importance. The State’s
annual share under the Central Road
Fund is about Rs 12 lakhs and it is ex-
pected that a total sum of Rs 60 lakhs
will be available during the Second Plan-
period. This will be fully utilised.

January 1961

The total expenditure on roads i
this Plan, therefore, is expected i%rlg%
about Rs 12} crores. The following
physical targets are likely to be achieved
during the Second-Plan period :—

Construction of new roads :?2 656 mi

g 12,656 m
Improvement and up-grading: 1,972 Hes
C.D. Works (Aggregate ”

linear waterway) 13,500 R.ft

thf%e prfogress of the
the first four years has bee i

factory and the expenditur::1 \é&;rrymsa&l]s-
first four years amounts to R 708 lagkh y
It is anticipated that a sum of Rs 27s9.
lakhs ‘would be spent during the last e

of this Plan. The anticipated rg'agr
length in'the State at the eng of ]
Plan is shown in Table | below.

plan-works during

TABLE 1.
J -
| 'l(;cf)t:xl lgngth Anticipated
oads at |1
. No. | Type of road the end of engetrll]csi E(l)tf the
First Plan | Second Plan
In miles in miles
| B R N
1 | Cement concrete | 22
i‘ g 25
2 | Black-topped .
| | 1,936 3,826
3 | Metalled roads |
| a 3,501 4,154
4 | Gravelled roads ‘ 2,800 3,444
5 | Fair Weather roads |
5,7
E“““‘Zi 53
‘ Total | 13,988 16—;% -

This includes 1,284 miles of Municipal
and other roads that were transferred to
to the Public Works Department during
the First Five-Year Plan period.

The position of the different types of
, roads, anticipated at the end of the
Second Five-Year Plan is shown in
Chart No. 1 enclosed. The Chart
No. 2 indicates annual expenditure on
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Original Works—Communicat;

the whole State from ﬁnfa?féﬁﬁ’ ggr
1951-52~to 1960-61. Perusal of the C%ari
will revez_ll that there has been a gradual
Increase in the yearly expenditure,

Bridges

Since the formati
ation
construction of brid et i

ged crossings on ¢

ajasthan,
8Cs over the unbrid-

Xisting roads is being

Second
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hart 2 showing expenditure on original
works—communications.

i top-most priority. A large number
glfvle)trlidggs have been completed during

the

last 10 years. Some of the important

bridges are listed below:

1.

nrol Bridge :  Superstructure con-
éiits of onegspan of R.C.C. arch of
60 ft and three spans of masonry
arches each of 36 ft.
Som River Bridge : Superstructure,
2 spans of 60 ft R.C.C. arches and
7 spans of 30 ft masonry arches.

Khari River Bridge: 18 spans of
36 ft each.
Banas River Bridge: 12 spans of
60 ft each.

Manoharpur River Bridge: 4 spans

of 42 feet each.
Bandi River Bridge: Raft founda-
tions—24 spans of 20 ft each.

Berach River Bridge: 4 spans of
60 ft clear R.C.C. arches and 3

15
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spans of 40 ft stone masonry
arches.

8. Dhoond River Bridge: Raft foun-
dations—353 spans of 12 ft each.

9. Bharna Nallah Bridge: 3 spans of
40 ft each ; masonry arches.

10. Ahu River Bridge: 9 spans of 40
ft each; masonry arches. .

11. Submersible Bridge over Mahi
River: 14 spans of 20 ft each.

12. Submersible Bridge across the Hiren
River: 18 spans of 20 ft each,

For photographs and other particulars,
the readers are requested to peruse
Annual Report 1959 of Indian National
Group of the International Association
for Bridge and Structural Engineering,
New Delhi.

Special Problems: The work on road
construction in some parts of Rajasthan
presented peculiar problems. In Bika-
ner—Ganganagar areas, there are no hills
and mountains worth the name. Even
kankar of good quality is not available.
In the beginning of the First Five-Year
Plan, there was practically no road in
this area, except the half-completed
Bikaner-Rajgarh-Delhi road. A search
was made for suitable clay and experi-
ments were made to construct road with
burnt-brick soling and Jhama ballast.
This technique was very successful and
about 200 miles of roads have already
been constructed in Ganganagar District
with this type of specifications. Cost
of construction with this method is
rather high and slack coal for ‘burning
bricks has to be brought by rail over a
distance of about 1,000 miles from Coal
mines in Bihar, Experience has shown
that slack coal is not available in
abundance. In order to obviate these

difficulties and to effect economy in

construction-cost, we ‘are now working

on the soil-stabilised road construction.

and few miles of this type have already

been' laid. This is expected to bring
down the cost by 30 per cent in com-.
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parison to the brick and jhama con-
struction.

Third Five-Year Plan

Though very steady and satisfactory
progress has been made by the State in
improving means of communications
during the last 10 years, the network of
roads’ system can by no means be called
adequate. The Third Five-Year Plan
for road development had been formu-
lated in accordance with the ‘20 Year
Road Development Plan for Indig*
recently drawn up by the State Chijef
Engineers, but owing to the paucity of
funds, it will not be possible to under-
take the development of roads in the
Third Five-Year Plan, at the pace
envisaged in the 20 Year Plan. An
amount of only Rs 13 crores has
been provided for road sector in the
State Plan as approved by the Planning
Commission, Government of India
against our requirements of 43 crores
of rupees worked out on the basis of
20 Years’ Road Development Plan.

The following objectives have been
kept in view in the formulation of the
Third Plan :

1. To connect ail villages with a popu-
lation of 5,000 and over by surfaced
roads.

2. To connect all Tehsil head-quar-
ters, the Panchayat Samiti head-
quarters and most of the Police
stations, with the District Head-
quarters.

3. To connect important mining areas
and quarries with the general road-
- system or with rail heads.

4, To provide an adequate road-
system in the newly developed
Bhakra Canal area and the Rajas-
than Canal and the Chambal areas.

5. All State Highways and all Major
District Roads would be fully
bridged.

6. To provide black-topped surface to
important State Highways and
Major District Roads.
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The Plan envis
0f 2,896 miles of
ment of 1,063 m
detailed below -

Construction of new Roads Miles
(a) Metalled roads

ages the construction
New roads and improve-
iles of existing roads as

_ 1,78

(b) Painted roads 422

(¢) Gravelled rogds 688
2,896

fnprovement of existing Roads Miles

(a) Bitumen treatment of
metalled roads 685
(b) Metalling of gravel or
fair weather rtoads 253
(c) Gravelling of fair

weather roads 125

1,063

It has been decided that the construc-
tion of the approach roads to towns
and villages will be entrusted to the
Panchayat Samitics. Oyt of the total
outlay of Rs 13.00 Crores a sum of
Rs' 1.05 crores has beep carmarked for
being granted to the Panchayat Samities
for the construction of such approach
roads. The Pancha i
augment this
contribution of
in cash or by way of voluntary labour.

Such is the fascinating sto
gevelopment of roads ingRatjars)t,h:tf. thli

level of neighbouring States but we are

certainly on a more firm footj
otin
than ever before. i 8 oday

habiting  the
Rajasthan,

. g
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BRIDGING ACTIVITIES IN ASSAM

By

K. BARUA*., B.E., M.C.p. (Calif.) M.LE. (Ind.)

BESIDES the mighty Brahmaputra

flowing majestically through the
entire length of Assam, the easternmost
state of India, there are innumerable
tributaries having their source from the
lower reaches of the Himalayas and
from the Southern hill ranges of Assam
feeding this mighty river. Bridging of

these rivers including the Brahmaputra
to afford uninterrupted movement of
traffic is a stupendous task involving
huge financial commitments. There
were about 300 unbridged rivers in the
road system of Assam at the time of

Independence, aggregating to a length
of about 58,000 R. ft.

DIKRONG-BRIDGE

A bridge over the Brahmaputra,
which has not yet been bridged in its
entire length, is under construction

by the Railways. This will be a rajl-
cum-road bridge and when completed
will afford uninterrupted rail and road

——

*Chief Engineer and Secretary, P.W.D. (R & B Wing), Assam, Shillong.
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communication between north and south
of Assam.

Practically, only after the Indepen-
dence, serious attempt has been made to
construct major bridges over the rivers
which  were crossed by ferries.
Since 1947 upto the end of the First
Five-Year Plan period, eight major
bridges (total length 2,969 fi) were
completed at a cost of Rs 33.5
lakhs. '
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In the First Five-Year Plan, provision
was made for the construction of eight
major bridges at an estimated cost of
Rs 432 lakhs, which spilled over to the
Second Five-Year Plan ag given in the
following paragraph. .

_In the Second Five-Year pj 'OVi-
sion was made for the followir?;gl t%:rrtly
major bpdges (total length 9,759 ft)
at an estimated cost of Ry 178.0’4 lakhs
This includes the eight bridges g ill“(i
over from the First Five-Year prtte

Plan,
Spill over from the First Five-Year Plan:
Name of the River Length Estimated cogy
ft Rs in lakhs
(1) Barak 1,532 27.42
(2) Dhansiri 660 13.88
(3) Dikhu 499 11.62
(4) Jhanji 282 6.48
(5) Desang 315 7.43
(6) Gaurang 20 847
(7) Buroi 1,056 24.10
(State Government’s share 5( per cent of the cost).
(8) Dikrong 725 5.19

(State Government’s share 50 per cen

t of the cost).

New works taken up in the Second Five-Year Plan

Nume of Bridge

(1) Bridge over Kapili on the 5th mile of

Nokhola-Bhakatgoan road

(2) Suffrai bridge on Desang on Sepon-

Safrai road

(3) Bridge over Jhanji at Tamulisinga on

Hahsora road

(4) Bridge over Dhansiri on Barpathar

road

(5) Mangaldai bridge on Mangaldaj-

Patherighat road

(6) Adabari bridge on HajO-Muka]mua

road
(7) Maranadi bridge

(8) Sonai bridge on Matinagar. Didarkosh

road

(9) Construction of bﬁdge over Longai on

Chandkhira-Isabeel road

(10) Construction of bridge over Matijhuri

on Silchar-Hailakandi road
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Length Cost
fr Rs in lakhs
550 SENT
510 8.66
300 5.30
280 5.09
300 4.10
300 4.10
250 4.50
300 5.30
280 - 3,86
430 8,50
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(11) Construction of bridge over Kapili

at Kampur

500 8.50

(12) Construction of Amraghat bridge over

Sonairiver

Of the above twenty (8 + 12) bridges,
the following seven bridges have been
completed.

(1) Bridge over Dhansiri
(2) Bridge over Dikhu
(3) Bridge over Jhanji
(4) Bridge over Desang
(5) Bridge over Gaurang
(6) Bridge over Buroi
(7) Bridge over Dikrong

Of the remaining thirteen bridges,
work has started on the following

eight bridges:
(1) Bridge over Barak.

(2) Bridge over Kapili on Nok-
hola-Bhakatgoan Road.

250 5.81

(3) Saffrai bridge on Desang on
Sepon-Safrai road.

(4) Bridge over Jhanji at Tamuli-
singa.

(5) Mangaldai bridge on Man-
galdai-Patherighat road.

(6) Bridge over Longai on Chand-
khira-Isabeel road.

(7) Bridge over Kapili at Kampur.

(8) Bridge over Dhansiri on Barpa-
thar road.

Short notes on completed bridges
during the Second Five-Year Plan:

Bridge over Dhansiri

A balanced cantilever R.C.C. Bridge
over the Dhansiri river on the 5th mile
of Orang-Routa Road in Darrang
District. Clear width of roadway is 22 ft

Bridge Over the River Burei on North Trunk Road In Assam
Overall Length—1,056 ft.

3 19
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between inside faces of wheel guards.
Substructure consists of R.C.C. wells
and R.C.C. piers. Overali length is
660 ft made up of three central spans of
133 fteach and two end spans of 99.75 ft

each (centre to centre). Total cost is
Rs 13,88,000.

Bridge over Dikhu

A R.C.C. balanced cantilever type
bridge with well foundations and R.C.C.
piers, clear roadway is 24 ft between
wheel guards. Overall length is 499 ft
made up of three middle spans of 110 ft
each centre to centre and two end spans

of 82} ft each between centres. Total
cost is Rs 12,63,336.

Bridge over Jhaniji

A R.C.C, bridge with well foundation
and R.C.C. piers consisting of three
simply-supported spans of 65 ft 6 in.
each between centres of piers and one
65 ft 6 in. span with a 20 ft canti-
lever arm at one end, Clear roadway
is 24 ft between inside faces of whecl
guards. Overall length is 282 ft. Total
cost is Rs 6,48,000.

Bridge over Desang

A R.C.C. Bridge with well foundation
and R.C.C. piers total lengthis 315 ft
made up of three central spans of 65 ft
each centre to centre and two end spans
of 60 ft each centre to centre. Clear
roadway between wheel guards is 24 ft.
Total cost is Rs 7,28,101.

Bridge over Gaurang

A R.C.C. balanced cantilever cellular
bridge with well foundation and R.C.C.
piers over the Gaurang river at 36th
mile of Phutkibari-Garubhasa Road in
Goalpara District. Overall length is
420 ft between centre of bearings on
abutments made up of three middle
spans of 95 ft each centre to centre and
two end spans of 67.5 ft each between
centre of bearings. The clear roadway

is 22 ft between kerbs. Total cost is
Rs 7,53,119.
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Bridge over Buroi

This is a prestressed concrete bridge
over Buroi river on North Trunk Road
East in Darrang District. Overall length
is 1,056 ft made up of eight intermediate
spans of 106 ft each and two end spans of
104 ft each, substructure consisting of
R.C.C. wells and piers. The clear road-
way is 22 ft between inner faces of R.C.C.
kerbs. Total cost is Rs 16,30,500.

Bridge over Dikrong

This is a balanced cantilever R.C.C.
bridge with well foundations and R.C.C.
piers over the Dikrong river at Harmutty
on the diversion of the North Trunk
Road =~ East in Lakhimpur District
(North Lakhimpur Sub-division). Overall
length is 725 ft made up of seven centra]
spans of 90 ft each and two end spans
of 47.5 fteach from centre to centre of
wells.  Clear roadway is 22 ft between
kerbs. Total costis Rs 14,08,700.

Bridge over Jia-Bhorolia

River Jia-Bhorolia is the largest tribu-
tary of Brahmaputra. The work for
construction of a bridge over this river

with the following particulars is being
commenced shortly :

Length ...2,053 fi

Span -.Two end spans

of 51 ft 6 in.
each and
fifteen inter-
mediate spans

of 130 ft each
Foundation

+R.C.C. well
foundation.
Superstructure +R.C.C. deck-

ing 24 ft wide
between kerbs
with R.C.C.
beams over
R.C.C. piers.
Estimated cost of
the bridge proper --Rs 56,30,200.
Estimated cost of the river training and
protection works ..Rs 21,91,500

————
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THE MANGALAPUZHA BRIDGE

By
P. V. JoserH,* B.SC., B.E.

¢

Introduction

G of the Mangalapuzah Br[dge
OPEcI)\\I/IeI:I the right arm of the river
Periyar on National Highway No. 47
between Alwaye and Desam replaced a
ferry which was inadequate to meet the

present-day requirements and thus fulfil-
led a century old cherished desire of the
people. This bridge has -got great
commercial importance,

The Mangalapuzha bridge is the first
road bridge on the right arm of the

e —— T

Fig. 1 KEY MAP
Mangalapuzha Bridge on N. H. No. 47

* Executive Engineer, Bridges Division, Alwaye, Kerala State,
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Concreting of the arches
in progress

A view of the completed bridge Cormwork for the left end span
nearing completion

River being diverted through the
completed right end span. Formwork
for the other two spans in
progress

Details of scaffolding and centering

Reinforcement details of springing of arch 23

22
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river Periyar. The bridge is located
about four furlongs downstream of the
ferry crossing where the river has got

the narrowest section and well-defined
banks.

Waterway

Periyar river has perennial flow.
The variation in the discharge during
the dry season and during the rains
when the river is in flood is consider-
able. It was therefore decided to provide
a high level bridge.

The following justify that the vent-
way of the bridge need only be 450 to
480 ft.

The railway bridge which spans the
river immediately upstream of the point
of bifurcationinto right and left branches
consists of 9 spans of 80 ft. The clear
distance between the abutments is 784 ft.
1t could be safely assumed for the purpose
of the bridge design keeping in view
that the right arm of the Periyar river
discharges directly into the sea, and the
left arm discharges into the back waters
through tortuous channels, thedischarge
through the right arm will not exceed 60
per cent of the total. This indicated
that the ventway of the bridge need be
only 720 x 0.6 = 432 ft. The width
of the river at the bridge site is 460 ft,
maximum observed velocity during
floods at the site is only 7 ft per second.
Hence a bridge with 3 spans, each having
a length of 162 ft, was considered ample
to pass the maximum flood. This is the
longest span so far adopted in Kerala
State.

Consideration in the Bridge Design

Core boring results proved existence
of good rock bed at 55 to 60 ft depth
below the bed level of the stream.
Above the rock bed there was a layer of
boulders over which the soil was mostly
sand mixed with clay. It was, therefore,
decided to provide well foundations for
piers and abutments. The site condi-

January 1961

tions indicated that foundation and
substructure work would be costly and
this influenced the decision to limit the
number of spans to three, each 162 ft.
For such long spans, steel trusses could
probably be cheaper but due to the acute
shortage of structural steel and non-
availability of foreign exchange for high
tensile steel for prestressed concrete

wo.rk, it was decided to provide bow-
string girders.

General Features of Design

The structure consists of a bowstri
bridge with three spans each havsitrl.;;neg).
length of 162 ft out to out. The deck
has a length of 49} ft. The clear
roadway between kerbs is 24 ft, the
overall width of the bridge I;eing
30ft 6in. The bridge is designed to
carry one lane of Class ‘AA* or two
lanes of Class ‘A’ IRC loading which-
ever produces the worst effects. The
working stresses adopted were 750 1b
per sq.in. for 1:2:4 cement concrete
and 18,000 Ib per sq. in. for mild steel.
Wind pressure was assumed as 20 b per
8q. ft. The bottom of decking was 3 ft
above the highest flood level.

Important Particulars at a Glance

Number of spans ... 3
Length of bridge
proper ... 491 fi
Loading ... One lane of
Class ‘AA”’ load-

ing or two lanes

of Class <A’

loading which-

ever creates

worst effects.
Clear width of road-

way v 2411
Overall width ... 30ft6 in,

Type of foundations... Well foundation

for piers and
abutments.
Maximum depth of
foundation below

well cap ..« 53 ft

Transport-Communications Monthly Review

Height of the crown
of the arch above
the deepest foun- :
dation .. 115 ft

Height of piers . 24 ft 3} in.

Type of superstruc-

y?ure .. RC.C. bow-
string type.

Maximum clearance

above O.F.L. . 9fté6in.
i . Cast steel roc-
Bearings ker and roller
bearings.
Wearing surface ... 3 in. thick

cement concrete.
Total quantity of

cement used . 1,100 tons.
Total quantity of
steel used ... 500 tons.
Levels
High flood level . (+) 25.00
- Ordinary flood level ... (4) 19.00
Lowest bed level .. (=) 28.00
Bank level . (4) 32.14
Dr season low
\?sl/ater level .. (4) 0.84
Top of wells . (=) L66
Top of capping slab ... (+) 0.84
Top of road level . (+) 33.00
Level of soffit of
_ girders o (+) 28.62
Lowest foundation
level ... {~) 54.00
Foundations

Well foundations have been provided
both for the piers and abutments. The
foundation for the piers consists of
two wells each with external diameter
of 16 ft and internal diameter of 10 ft.
For each abutment, 3 wells- are provi-
ded, the internal diameter of each was
8 ft. The wing walls on either side
have open foundations.

The wells were provided with steel
cutting edges and R.C.C. curbs. The

25
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cutting edge consisted of 8 in. x } in.
M.S. plate rivetted to 4 in. x 4 in.

X % in. angle crew. The mix of the
concrete was 1:2: 4,

The well steining was constructed
with rubble masonry in cement mortar
1:4. The thickness of steining of the
wells under the piers was 3 ft and 2 ft
3in. in the case of wells under abut-
ments. Nominal bond rods were pro-
vided for the well steining. For each
well 16 Nos. of 7/8 in. steining rods
were used, these rods were taken into
the well curbs at the bottom and into
the well cap at the top. After the pier
wells were seated on hard foundation,
the bottom 7 ft 11 in. was plugged with
1:2:4 concrete with 13 in. guage
granite metal under water and the rest
of the cavities were filled with sand and
4 ft thick 1: 3: 6 cement concrete
at top and 2 ft 6 in. thick reinforced

concrete capping slab was provided over
the wells.

During construction, all the wells of
the ' Alwaye abutment after reaching
about 20 ft depth developed a lean to-
wards downstream with the kerbs going
towards the land side. All the wells
were filled with 1:4: 8 cement concrete.
In addition, 1} in. diameter rods at 1 ft
centres were provided along the inner
periphery of the wells. The abutment
masonry was shifted 4 ft 9in. towards
land to move the point of application
and cause the resultant to fall within
safe limits. The rear side of the abut-
ment was packed well with rubble so
as to offer least side thrust. Conse-
quent on this, the left end span was
increased to 166 ft 9 in.

Each pier consists of two circular
R.C.C. columns 12 ft external diameter
and a 9-in. diaphragm wall in between.
The shell thickness of the circular
pier is 12 in. The reinforcement for
the shell consists of 1} in. dia.
vertical rods at 4} in. centres and }
in. dia. circular links at 6 ,in. centres. -
The R.C.C. pier column cap over each
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solumn is 12 ft 6 in. in dia. and 2 ft in  beams are 30 in, % 15 in. and the central
‘hickness. portion 18 in,x33 in. The main rein-
’ _forcement for this beam consists of 1-3/4
Abutments n. dia. M.S. rods. The main rods are
The abutments are of coursed rubble anchored at ends to M.S. plates 30 in. X
nasonry in i :4 cement mortar. These 10 in. x1/2 in.
ire 7 ft 6 in. wide at top vzlth a front
ratter of 1in 12.  Stepped footings are
riven in the rear. 2 ft thick R.C.C.
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Cross girders are placed at 10 ft 4 in.
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centres.  The cross girder s 20 in. wide

L | mgd b s Al 9 - cedlg \r__@r
 CAC AL R dEI R R C A AlAC A AL ‘

~  =DECHSLAp

e
2 2 3 ' == / AL BeARIG. : an mlu:.:‘:':::“ R

. - P N e R | ‘H" apig< e P N ’ 4 i
' 291 in. deep from the bottom of the - ki :
bed  blocks are provided over the gooi slab.  The main reinforcement for ' ’ e |
tbutments. An R.C. curtain wall 12 ¢ €ross girder consists of 18 Nos. of s ] - li
n. thick and 8 ft 6 in. high is pro- 1} in. dia. M S. rods, ? in. dia. four- —— o :
/1ded to retain the earth. legged stirrups  are provided for this

beam, spacing varying from 4} in. to

Bearings 12 in.

T SECTION AT AA
’ : | A4 B R K weEr
Cast steel rocker and roller bear- Hangers are 18 in. x |2 in. in section Lot s s S B

ngs are provided over the piers. For with 12 Nos. of 11 in. dja.
‘ach span, there are 2 Nos. of rocker i
ind 2 Nos. of roller bearings. The
op and bottom bearing plates are 5 in. |4 ip. x 11 in., 4th and 6
hick at the centre. The roller has 15 gjther
n. diameter.

SECTION & ELEVATION
th hangers from
end are wing braced. The
. nd brace of the 4th
hanger is 18 in.x 36 In. and that of the
6th hanger is 18 ip, % 30 in,
The superstructure is of the rein- The deck slab js 9% in. thick. The
orced concrete bowstring girders with  reinforcement for the slab consists of
rertical  suspenders. The arch is 5/8 in. dj : )
rarabolic in shape. Itis 7 ft 6in. x 3 ft
it the springing, 5 ftx 2 ft 6 in. at the
iaunch and 4 ft x 2ft 6 in. at the
crown. All joints in the reinforcement Expansion Jojngs
vere welded.

The superstructy

PLATE |-B
Superstructure

re of each span is

The main reinforcement of the
irch consists of 8 Nos. of 1% in.
lia. rods both attop and bottom at the
1aunch section and the same is reduced
o 6 Nos. of 1} in. dia. both at the top
ind bottom at the crown section. At the
pringings where the arch is in contact
vith the Rocker or Roller bearing plates,
he concrete has to take a high com-
ressive stress of nearly 1,520 1b per sq.
n., for this 1:14:3 cement concrete
vith a water cement ratio of 0.38 and
rraded granite chips was used. The
emaining portion of the arch rib was
oncreted with 1:2: 4 cement concrete,

The tie beam

. is_channel shaped and
§ 30 in.x 63 ip

- The top and bottom

26

separated from the adjoining span by
2 in, wide eXpansion joints. T iron
4 in. x4 in. was placed in this gap over
which bent copper plates 1/16 in. thick
was placed between the slab and wearing
coat. The gap over the copper sheet in

the wearing coat is filled with resilient
joint fillers.

Approaches

The approaches with formation width
of 40 ft with 22 ft carriageway run
mostly on high embankments, The length
of the approach road on the Alwaye
side is 4 furlongs and that of the
Desam side is 5 furlongs. The cost of

forming approaches is about Rs 1.2
lakhs.
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Substructare

The piers were raised in stages of §
f, using steel shuttering. Abutments
and wing walls were in coursed rubble
nd sort masonry. Abutments and
wving walls were got executed through
jece contractors, .

The foundation stone was laid by
president, Dr. Rafendra Prasad in
February 1956. The construction
vas taken up in April 1956 by the State
2W.D. Work was delayed due 1o the
mexpected floods, shortage of mate-
jal and comstruction difficalties.  The
vork was completed in May 1960 and
he bridge was opened to traffic on
15.9-60 by Dr. P. Subbarayon, Minister
or Transport and Communications,
Jovernment of India.

Cost

Analysis of the cost of the bridge is
nven below:

Rs
Foundations ... 4,50,000
Piers and abotments ... 135,300

January 196

Rs
Superstructure e 7,95,000
Approach roads e 1,20,000
Land acquisitioncharges ... 1,00,000

Total ... 16,00,000

Rs

{a) The cost per running
foot of the bridge. 3,258

(b} The cost per sg. It
carriageway. 135

(¢} The cost per sq. ft
of the entire - elevation
area enclosed between
the line connecting the
lowest part of the foun-
dation and a line con-
necting the uppermost
points of superstructure, 29

(d) The cost per cu. ft. of
the enclosed volume. 4.95

“ dmang the social services, | put communications first since
 do not see how it is possible to effect any great improvement in
health and education in the villages of Indin unless they can de
reached surely and guickly at all times.”

— LORD WAVELL



BRIDGING INDIA'S RIVERS

THE NARMADA BRIDGE AT MORTAKKA

By
L. H. BHATIA*, AND B. B. AGARWAL *

A R.C.C. arch bridge across Narmada
river in mile No. 41 of Khandwa-
Ingore road was opened to traffic in 1958.

Before construction of this bridge
the traffic used to cross this river over
the rail-cum-road bridge of Khandwa
Ajmer Meter Gauge Railway of the
B.B. and C.I. Railway. In 1939, when

lity to meet their liability resulting in
failure of negotiations. The Railways
remodelled their bridge omitting the
roadway. Thus through road commu-
nication between old Central Provinces
and the Holkar State (Indore) was dislo-
cated ;since then upto the completion of
this bridge the traffic used to cross by a

‘General view of the bridge

the Railway decided to remodel the
bridge, the question of sharing the cost
by the Railway, Central Provinces
and the Holkar State arose. The
Holkar State expressed their inabi-

ferry (maintained by both the States)
in fair weather only.

The necessity of the permanent road
bridge for Inter State traffic was keenly

" %pP.WD. B.&R

.» Madhya Pradesh.
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felt and a proposal to construct a
bridge was finally approved in the year

1951, cost to be shared by the various
States as given below:

a. Government of India—50 per

cent.

b. Old Madhya Pradesh State—25
per cent.

c. Old Madhya Bharat State—25
per cent.

January ivol

With the high banks on either sides,
difference of 25.12 ft between ordinary
and the highest flood level, it was decj-
ded for reasons of economy to construct
a high submersible bridge which may
get submerged once in about 5 to 10

years for a few hours in case of extra-
ordinary flood.

Hydraulic Data

From the hydraulic observations for

¥

Concreting of arch 12 during flood

Testing steel centring

- Investigation of sife and type

The site selected was 1,000 ft up-
stream of the existing railway bridge,
here the river had a fairly straight reach,
well-defined banks and rocky bed almost
throughout its width,

43

Concreting in progress

the last 100 years available with the
Railways the following were arrived at:

A. Highest flood level R.L.487.12
(in the year 1941),

B. Ordinary flood level R.L. 462.00.
C. Summer water level R.L. 418.83,
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Fig. 2. Details of arch reinforcement

D. Maximum flood discharge
10,79,000 cusecs.

E. Average bed level 413.00.

F. Catchment area 8,686 square

miles.

Note :—Assumed B.M. at top of the railway
bridge pier (on Khandwa side) was taken
as 500 R.L.

General Features of Design
This is a high level submersible,
spandrel-filled reinforced concrete arch
bridge of 22 spans each 90 ft (clear)
and 3 spans of 53 ft 8 in. (clear).
The total length of the bridge is 2,424

ft, 22 ft carriageway was provide
for two traffic lanes. Road level we
kept 5 ft above the ordinary floo
level.

The superstructure (arches) wer
designed for two lanes of I.R.C. Clas
¢ A’ standard loading, 20 Ib per sq. f
were allowed for wind pressure. '

The working stresses adopted fc
concrete and steel were as follows ;
1. Concrete 750 p.s.i.
2. Steel 18,000 p.s.i.
3. m=15.
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Fig. 3. Details of abutment pier on Narmada bridge at Mortakka

Foundations

Trial bores taken at the site of the
bridge revealed good and sound rock at
5 to 10 feet below the bed. As such,
open foundations were proposed, taking
the foundations at least2 ft in the
hard rock, 2 ft thick 1:2:4 cement
concrete foundation was provided over
which masonry piers were built.

Piers and Abutment Piers

Piers were designed to resist the
moment, shear, and horizontal thrust
and the resultant to remain within its
middle third. The pier faces had batter
of 1in 18, and semi-circular cut waters
on both the ends. The top width of pier
was 9 ft 9 in. Every pier was
reinforced with 14 No. 75 1b or 82 1b
old rails, 1 ft length of the vertical rail
was embeded in the foundation concrete.

The details of piers and abutments are
given in Figs. 2, 3 and 4.

Arches
) Followi‘ng conditions were assumed
in the design of arch : ’

a. Fixed ends.

b. Filled spandrel.

c. LR.C. Class ‘A’ standard

loading for two lanes,

d. Cover over crown 6 in. cement
concrete over 1 ft. 6 in. lime
concrete,

Effective span 90 ft (axial).
Ratio, rise/span = /5.
Impact factor 15/(20 + span).

Temperature variation = 30
degrees F.

'I"he_ sections of arch at crown and
Springing worked out to be 1§ inches
and 27 in. respectively ; I per cent
steel was provided giving 1 in. dia.
bars at 9 in. centre to centre through-
out and extra 1} in. dia. bars at 9 in.
46
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Fig. 4. Details of end abutment.

centre to centre running from springing
upto 1/10 of the arch, which was found
sufficient. The distribution reinforce-
ment at the rate of 20 per cent of the main
reinforcement was provided. The arch was
reinforced both at the top and the
bottom. The reinforcement was taken
down upto the bottom of the nominally
reinforced cap. The haunches were
filled with lime concrete containing
25 per cent plums.

Roadway

The road crust consists of 3 in.
cement concrete 1 : 13: 3 wearing coat,
over 3 in. cement concrete 1:2:4
over 1ft6 in. lime concrete,

Railings

Collapsible railing of standard design
3 ft 6 in. in height was provided.

Centring
Concrete pillars 1§ ft x 1} ft were

above water level. These pillars were
spaced at5 ft along the span and 3 fi
across. Over these, wooden sleepers
1ft x 8in. size were placed across
the span, over the sleepers, the main
vertical ballies of not less than 8 in.
dia. on wooden wedges 12 in. square x
6 in. high were erected. These were
braced bothways along and across the
span and also diagonally (as shown in
Fig. 5). On these were placed the
bearing rafters 5 in. x 8in. in size,
On these rafters, in rows of 3 ft interval,
curved wooden beams of 3% in. x 8§
inches deep size, in required curvature
of the arch were placed. Wooden
planks 2 in. thick and 6 in. wide were
nailed so as to give a smooth and
plane surface on the top. The frame-
work of ballies was load-tested before
concreting.

Change in Design

During the course of excavation of

laid on the bed with their top partially pier No. 4 from Khandwa side a very
47 '
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Fig. 5. Showing details of wooden centering,
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Fig. 6. Showing red earth pocket in pier 4,

treacherous cross-section of the bed
was met with. When the top skin of
the rock was excavated it was found
that the rocky strata below was not con-
tinuous and was separated by a 15 ft
wide diagonal red earth cleavage diverg-
ing downwards, as shown in Fig.
5. This necessitated further detailed
mvestigation of this strata for which
3 borings—one oneach of the four sides
and one in the centre, were made, these
proved the existence of red clay upto
50 ft depth. This created a complica-
ted problem because the adjoining piers
3 and 5 were already -constructed. It

was therefore decided to put three 53 ft
8 in. arches instead of two 90 ft span
arches and thus avoid a pier being
put at the original site of pier No. 4,
The new pier Nos. 3 and 5 were streng-
thenec} by increasing the sections to
take Into account the uneven stresses
and strains produced due to unequal
arches. In order to keep the crown
level same, the springing level of these
smaller arches was rajsed. To give a
touch of Symmetry, apron arches 2 ft
wide were given to make these smalj

arches appear in line with the normal
arches.
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Materials

Each 90 ft arch span consumed
7,800 cu. ft. of concrete requiring 72
tons of cement, and 20 tons of steel.
Concreting of arch was done by winch
machine, lifting concrete to a maximum
height of 70 ft and placing it in an
adjustable sloping chute and finally
vibrating it at site. The concreting was
done in 3 shifts of 8 hours each, five
days were required to concrete an
arch.

Erection of centering of a 90 ft arch
with average height of 40 ft took
about 15 days. The cost of centering
was Rs 18,000 per span and it required
21,420 r. ft. of teak ballies and 3,350
sq. ft. of planks.

The quantities of various materials
used in the construction of the bridge
were as follows :

a. Cement ... 4,125 tons
b. Lime 50
c. Steel 875
d. Coarse aggregate

(metal) 7,91,000 cu.ft.
e. Boulders 1,46,000 ,,
f. Sand 4,27,000 ,,
g. Masonry stones 1,27,000 ,,
h. Wood for center-

ing and other

works 54,140 ,,

DEFINITIONS

Yanuary 1961

Costs
Foundations ... Rs 2,40,000

Piers and abut-

ments »  6,40,000
Arches and super-

structure includ-

ing railings »» 23,00,000

Approaches (inclu-
ding  retaining
wall) » 1,20,000

Miscellaneous such
as stafl quarters,
work establish-

ment, etc. ,» 1,00,000

Total cost 34,00,000

Cost Analysis |

Cost per running
foot of bridge. Rs 1,400

Per square foot of

entire area en-

closed between

the line connec-

ting the lowest

part of the foun-

dation and the
formation level. ,, 25

Per cubic foot of
the bridge from
bottom of foun-
dation to top
of roadway. ’s 1

Husband sued by wife in court for desertion was usked by
the Judge: * Have you deserted this lady ?”’

Husband with folded hands: ¢ My Lord, you do not know my
wife. I am not a deserter, I am a Refugee.”
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NATIONALISED TRANSPORT UNDERTAKINGS AND
NATIONAL INCOME

By

H. C. Gupta* AND K. (. SAXENA#

NATIONAL Income Committee in its

Final Report{ in February 1954,
commenting on the inadequacy of the
available statistics for Transport sector
stated ‘“data regarding employment and
income are not available even in regard
to motor transport undertakings of State
Governments,”” and the Committee
recommended that ‘“an annual report
should be prepared by the Central Minis-
try of Transport bringing together all
available statistical data regarding State
Transport Undertakings”.

A set of proformae prepared by
the Central Ministry of Transport was
supplied to every State Transport Under-
taking and they were required to supply
information in those proformae every
quarterly. Data arereceived by the Sta-
tistical Unit of the Central Ministry of
Transport are tabulated and published
yearly, reviewing the progress made by
all the Nationalised Transport Under-
takings in the country.

In the paragraphs that follow an
effort has been made to estimate the con-
tribution by the Nationalised Transport
Undertakings towards the total National
Income of the country. The data- uti-
lised for the purpose are those recejved
from Nationalised Transport Under-
takings and the figures relate to the years
1957-58 and 1958-1959,

National Income

National . Income may be defined
as the total of such goods and services

* —Ministry of Transport and Communi?iﬁéﬁ, Roads Win;;,
+ National Income Committee, Final Report, Feb., 1954,
&N

received by individual members (by virtue
of acling as owners of factors of pro-
ductwn) in return for their assistanc% in
producing commodities and services, [t

as the total of com-
$ (economic goods)
oplef cl$mprising a
¢ 1any ot the two wa

Natlona,l Income is the end product ofy;
‘country’s economic activity, ‘

_Motor transport
rised as a service whic
tion of goods and ser
raw materials, capital,
they can be more pro
delivering final (or fi
services where they a
sumption. In thig
utility applies to g
utility of goods o
enhanced if they are
area where they hay
an area where they
Motor Transportisa
ports goods and sery
lower utility to area
In this process of
means, that it adds ut
Services. If the cost
porting goods and services are higher
than the increase in utility (which can
fcilllso be measured in terms of money)
! en the goods and services would not be
ransferred. It s only in the case where

the costs of transport that
the movement wil| be justified. d

New Delhi.
p. 130,
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Ie required for con-
context the law of
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Motor Transport service costs

Use of motor transport service
does not contribute directly towards
production and income. It is an inter-
mediary service which helps and speeds
up the process of production by bring-
ing in contact the spread over factors of
production. Unless the factors of pro-
duction which are necessary to produce
a goods or service are brought together
and arec applied in appropriate combi-
nation, output would not result. Simi-
larly it carries finished goods and services
to market centres where they would
be purchased for consumption by final
consumers. In both the cases, namely,
production and distribution the use of
motor transport has enhanced the utility
(or value) of goods and services. With-
out the use of this intermediary service
the production and distribution of goods
and services would not have been
possible,

In the world of to-day the resour-
ces may be found in different areas
while its actual utilisation may be many
hundred miles away. They must be
transported increasingly and freely if the
processes of production are not to be
hindered and stocks of finished products
are not to lie in stores. The speed of the
transport used must correspond to the
need of the economy.

The motor vehicles are of diffe-
rent types and are used for personal as
well as for productive purposes. A vehi-
cle when plied for pleasure excursion
cannot be said to contribute towards
production. Motor transport when used
for carrying passengers or goods or both
will be productive if the passengers and
goods carried will contribute towards
production, and or distribution. It will
simply mean that such type of goods and
passengers carr* 1 by motor vehicles are
on job or on {. _r way towards produc-
tion. Thatis, their movement is adding
to the utility of the goods and services
that would be produced and the costs
involved in their movement are less than
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the utility added. These costs are in the
form of fares for passengers and freight
on goods that are transferred. Naturally
itis a current expenditure on production
and this will have to be added at the
time of calculating total cost of output
to be finally realised from the consumers.

Motor Transport viewed as an industry

Like any other industry motor
transport is organized and run on a
certain set of principles. The need of
motor transport service is of prime
importance and large amounts of goods
and services are to be transferred
through this means to facilitate the
industry and trade. The service must
be available regularly and should be
elastic to meet the emergencies. There
is need to organise it on large scale and
a minimum level of efficiency mubt be
maintained. For this it must have a
sound organization and must make
investments in vehicles, furniture, build-
ing, repair tools, machinery and fuels,
etc. It should also have labour both
skilled and unskilled as required.

A particular  Motor  Transport
Organization will select such routes,
carry such passengers and goods, charge
such fares and freights which cover the
entire cost of running the organisation
and yet leave surplus for expansion and
development. The total receipts must
exceed total costs. If itis not so, the
unit of industry will become unecono-
mic and the service will have to be
closed. No industry or unit of indus-
try can afford losses for an indefinite
period. :

Methodology

There are two approaches for
the calculation of National Income
suitable for our study, namely, Money
Income approach and Money Output
approach. Being essentially two aspects
of the same thing, each will add up to
the same total. In some professions
and industry it is not possible to
evaluate income through the Money

£
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Output approach. Similarly in others
this approach is most suitable.

Money Income approach

Approaching  the problem from
the first direction, we may say that
National Income is the sum total of
income earned by owners of the various
productive factors. That is, in order
to arrive at estimates of the total flow
of income accruing to the factors
employed, we must carefully collect
data on (1) wages, salaries, and supple-
ments earned by all employees, (2) net
income of unincorporated business, (3)
net interest paid on bonds, mortgages,
and other loans, (4) net rents, (5) net
corporate earnings (dividends, reserves,
corporate income-taxes, etc.).

From the above details it is
evident that expenditure on purchase of
raw materials, repairs, etc., and contribu-
tion to depreciation fund are not to be
accounted for and added. It is so
because raw material is by itself a
product and the price of it is paid to its
producer. The producer must have
obtained services of certain factors of
production whom he had employed and
he shall pay them in return for their
services and their incomes will form
part of total National Income. If we
add up this_item then it will be doubly
counted. Thus the payments made for
raw materials utilised are not to be
taken into consideration. Similarly, the
contribution made to the depreciation
fund is in lieu of the fixed inventory
such as machinery, buildings and
furniture, etc., used in the production of
current output of goods and services,
Fixed inventories when used for produc-
tion wear and tear. An amount calcula-
ted in relation to the life of the inven-
tory is deducted every year out of total
revenues and is contributed towards the
depreciation fund account. This fund
is meant to replace the inventory.

In calculating National Income
contribution of Nationalised Road Trans-
port, through ““ this approach, al] the

52
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items under the sub-heading ** current
expenditure’” will have to be included.
“Current expenditure »’ includes rates,
taxes and insurance, cost of depart-
mental vehicles, general contingencies,
miscellaneous expenditure and interest
on capital. Items such as payments in
the form of rates, taxes and insurance
charges are regarded as ‘service costs’
similar to the costs involved in employ-
ment of factors of production and
should necessarily be included in the
calculation of National Income contri-
bution. But items such as, general
contingencies and miscellaneous expen-
diture should be treated as opera-
tional costs and excluded. The availa-
ble statistics with the undertakings,
however, are not detailed enough to
separate out expenditure on these two
Items and, therefore, it is not possible
to take the above into account.  Since
the sums involved under these two items
are very nominal, any further refine-
ment in the calculation will not give
significantly different resylt,

Money Output approach

Another  way of
National Income is the ne
goods and services produ
In this method we wil] ha
account the value of ser
not result into tangible
with the services which resu]t jn tangible
commodities. The difficulty arjseg as
Soon as we are required to add y
dlvers_,e goods and services to form g
meaningful total. To mitigate this
problem will be to find a common
denorpmator that can be applied to both
effectively. One of the yardsticks ig
psychological or welfare based on satis-
factions enjoyed as a result of consump-
tion of goods and services, It would
not be theoretically inconceivable that
some one might draw up a definition
of “ psychological utility > or < psychic
income ”,  where milljon and one
different goods and services produced
could be combined.  But the result in
practice would be somewhat arbitrary

looking gt
t value of 3]
ced in a year,
Ve to take into
vices which do
800ds along
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and might depend a great deal on how eliminate the complexity of this
approach.

we weigh different individual tastes,
for psychological income fog the same
goods or service would be dlfferen_t fqr
different persons. Consequently it is
preferred to use a second kind of yard-
stick or common denominator, namely,
money value or market price. Even
this is not a perfect solution.

Some of the best things in life cannot
be measured in money. Perfectly
accurate market prices are even hard
to define for such ambiguous services
such as doctors’ appointment. Besides,
thereisa great danger of double counting
in this method. It would be wrong for
example to count bread in the net
national product and also at the same
time to count the flour that went into
that bread and the wheat. In this
approach we must count only the final
goods or services.

If we insist upon this approach
then we will have to decompose the
final product into the contributions of
the different stages bof produc:ttxotx’;. We

always do so by concentrating on
fﬁ: so-ca}llled “value added ” at each
stage of production. This is nothing
but a return to our first way of looking
at National Income—i.e., from the
standpoint of costs of production paid
out at each stage as earned incomes to
the owners of factors of production.
Our final product equals the sum of
value added at each stage of production.
This value can be evaluated in money
units as it is paid.

In calculating National Income
through the Money Incomg: approach
we add up the incomes received by the
various factors of production employed
in the Nationalised Transport Underta-
kings. The Money Output approach
involves evaluation of value added at
each stage of production. This complex
problem can be solved if we make the
following assumptions which are very
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(1) Instead of calculating value
added by each factor of produc-
tion at every stage of produc-
tion process, we take into
account the value added by
them from first to the last
stage of production., That is
we take the total value added
by a factor of production in
the whole process of production
of goods and services. This
will eliminate double counting,
etc.

(i) The payments received by the
factors of production in the
form of wages, rents, interests
and profits, etc., are just equal
to the contribution made by
them towards the value of total
output (in money terms).

(iiiy All values can be measured in
terms of common denominator
‘money.” Meaning that the
value added by each factor of
production at various stages
of production of goods and
services can be resolved into
common measure of money
and the sum of the value (in
money unit) added by all the
factors of production would
be equal to the total value
(in money units) of the entire
output of goods and services
produced. It also means that
the psychological utility or
psychic income can be reduced
to the measure of money.

Resolving the complexity of the
second approach we in the following
pages shall endeavour to calculate
National Income contribution of the
Nationalised Transport Undertaking
through this method.

Motor Tranport Statistics
It is evident from the above that

much c¢los¢ to reality and would availability of adequate statistical data
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concerning Motor Transport Indusiry
regarding costs and revenues is essential
to calculate the National Income
this industry contributes towards ‘the
total. Such complete information, as
required, is not available for private
sector both for passenger and goods
service and for goods service in the
public sector. However, detailed infor-
mation, as required for our study, is
available for passenger traffic of the
various Nationalised Transport: Under-
takings in the country. These data are

January 1961

utilised for the present case study'in the
calculation of National Income, by

Motor Transport service in the public
sector. )

A Case Study

For the sake of convenj
have taken all the State n”ll’erlzxcnesprri
Undertakings including Corporations
for our analysis. The details of cost
and revenue figures required for oi)r
study can be broadly outlined as under -

Components of Total Payments and Receipts
(MONEY OUTPUT APPROACH)

1957—58 1958—59

(rs in '000) (Rs in '000)
@ Depreciation 49,842 68,447
£ Operational costs ... 1,32,351 1,51,833
" Gross revenue ... 4,46,719 517,017

below:
National Income

(a) National Income for
1957—58

(b) Similarly for 1958— 59

= 4,46,719— (13,235 - 49,342)

On the basis of above figures WNational Income has been worked oﬁt

Money value added by Laboy
Capital, Enterprise and Orgarrl’izgggg

= Gross Revenue (operational costs

plus depreciation)

sands of rupees. thou-

= Rs 26.45 crores. -
= 517017 - (151833468447) thousands

of rupees.

= Rs 29.67 crores.

The National Income contributed by the Natjonalised Tranéport
undertakings towards the total National Income of the country in the years
1957-58 and 1958-59 was Rs 26.45 and Rs 29.67 crores respectively.

Acknowledgents

Authors acknowldege most gratefully
the valuable guidance received in the
preparation of this Paper from Dr.
M. K. Ganguli, Economist and Statis-

tician Ministry of Trans

»  Minis port and
Communications. Heartfelt  thanks
are also due to the Department of
Transport for the .kind permission to

publish the information contaj i
Paney ntained in the

" Includes traffic and others.

34
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PROPOSED CODE ON A UNIFORM SYSTEM
OF ROAD SIGNS, SIGNALS AND MARKINGS
AND SIGNS FOR ROAD WORKS

By

M. S. AuMAD*

WHEN mechanically driven vehicles

made their appearance on urban
roads, it became evident that, to avoid
unnecessary interruptions, detentions,
congestions and accidents, particularly
at street intersections, some sort of
traffic regulation was necessary. A few
devices for traffic control were intro-
duced. With the growth of road traffic,
particularly in large cities, the situation
became more acute, and was further
aggravated by the fact that roadimprove-
ments could not always keep pace
with either the increase in the volume of
traffic or mechanical developments in
automobiles in power, speed, and size.
It thus became more imperative to
evolve a proper and adequate system of
traffic control by signs, signals, road
markings and other means for a safe,
speedy and smooth traffic flow. In the
course of the years and after intensive
studies and analyses of the data available,
a system of traffic control was evolved,
and road signs and signals introduced.
Since then, there has been a continual
improvement.

Road traffic, particularly in large
cities, is a complex problem. It includes
road users, from pedestrians to drivers,
of both slow and fast moving vehicles
with a wide range of performance, and
involves men, women and children,
people of all ages. It operates on roads
with all kinds of surfaces, grades, widths,
alignments and intersections under

varying weather conditions. Hence,
traffic control signs and signals and road
markings—so essentia] for regulating
and guiding traffic have been receiving
special attention during the last few
decades. From time to time, efforts
have also been made to standardize al
these signs, either on a regional or on a
global basis.

On 28 August 1948, the Economic
and Social Council passed a resolution
147B (VII) and requested the Secretary-
General of the United Nations to con-
vene a conference of Governments, not
later than August, 1949, with the object
of agreeing on a new world-wide conven-
tion on road and motor transport super-
seding the two world-wide conventions
of 1926 namely:

(a) International Convention rela-
ting to road traffic; and

(b) International Convention relga-
ting to motor traffic,

and the Convention of 1931 concerning
the unification of road signals, which
was later revised in 1938 and 1939 by a
Committee of Experts appointed by the
League of Nations for the codification
of road law. In accordance with the
above resolution, the UN conference
on road and motor transport was con-
vened in Geneva in August/September
1949. The draft text of the Inland

Transport Committee of the Economic

* Chief of the Transport Division, ECAFE, Bangkok.
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Commission for Eurape, and the text of
the 1943 Convention on the Regulation
of Inter-American Automotive Traffic
served as working papers for the con-
ference. On the basis of its delibera-
tions, the Conference, besides preparing
a Convention on road traffic, prepared
and opened for signature a Protocol
on Road Signs and Signals (1949). The
provisions relating to road signs and
signals had been divided into two
parts:

(i) general principles, which pre-
sumably would be acceptable
to all countries were included
in the body of the Convention;

(iiy detailed provisions, embodying
the revised system of the 1931
Convention were placed in the
Protocol on Rood Signs and
Signals.

During this period two main systems
of road signsand signals, viz., the Inter-
national or European system and the
American system had been develaped in
the world and a number of countries
had included portions of both sysiems
in their national systems. But the 1931
Convention had embodied more or less
the international or the European
system. The question of standardiza-
tion of road signs and signals had also
been discussed at the Pan American
Highway Congresses in 1929 and again
in 1939. This question was also taken
up by the Inter-American Travel Con-
gress in 1949, and this Congress recom-
mended the adoption of a single
American system based on the United
States Manual on Uniform Traffic
Control Devices, and proposed the
preparation of a continental convention
relating to :—

(a) basic traffic regulations, and

(b) signs or instructions for direc-
ting traffic. '

Such a Convention, however, was
never prepared. It was not desirable to
leave the countries a choice to adopt any
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one of the two entirely different systems,
The hope was therefore expressed during
the discussions that an amalgamation
of the two systems would be possible,
Consequently in 1950, in accordance
with the Economic and Social Council’s
resolut;on 272 (X) supplemented by
resolution No. 10 of the fourth session
of the Transport and Communications
Commission, the Secretary-General. in
consultation with the Chairman of ,the
Transport and Communications Com-
mission, appointed a group of experts
on road signs and signals who were to
devise a unified world-wide system of
Road signs and signals and prepare a

draft Convention embod in
system. Y such a

As a result of its deliberat]
field inspections, the graup ofogipi;ﬁ
submitted a draft Conventjon on a
uniform system of road signs  and
signals. The Convention, however was
not universally accepted. '

The subject of road sigus,
markings was taken up for
at the ECAFE Seminar on E

signals and
discussion

ngineeri
and Traffic Aspects of Highwa%r gzrfler:%
in 1957, and certain recommendations

were made.

The Expert Working Groy
] 1 ps on Inter-
national Highways, at their first series

of zonal meetings in Novemb
er
December 1959, felt that it was essentia(

to work out a uniform system of road
signs and signals designed to ensure
safety and a smooth flow of traffic over
the International highway network
They also felt that, as a number of‘
countries in Asia and the Far East had
not as yet well-developed systems of
road signs and signals, these countries
could more easily adopt a system
acceptable to the countries of the region
as awhole. 1t further felt that unless
some measure of uniformity was nog
agreed upon now, the task of unification
would be;ome increasingly difficult if
systems in different countries were
allowed to develop on divergent lines
The Expert Working Groups on Inter
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national Highways, therefore, at their
second series of their zonal meetings in
June/July 1960, took up the question of
voad signs, signals and markings, and
signs for road works. As a basis of
discussion the Experts Working Groups
had before them the Protocol on Road
Signs and Signals 1949, the draft
Convention on a Uniform System of
Road Signs and Signals (1952) and the
recommendations concerning Road
Signs and Signals of the ECAFE
Seminar on Engineering and Traffic
Aspects of Highway Safety of 1957.
The Experts Working Groups at the
outset realized thatin order to overcome
the problem of diversity of languages
in the ECAFE region, the adoption
of the use.of symbols as far as possible
would be advantageous. It also felt
that in order to reduce expense in
changing the existing signs and signals,
alternative solutions would have to be
permitted. The groups further recom-
mended that the traffic signs should be
divided into three categories according
to the message that they would require
to convey :

(a) warning signals,
(b) regulatory signs, and
(c) information signs.

As a result of their deliberations, a
Code on a uniform system of road signs
and signals, pavement markings and
signs for road works has been prepared
and has been unanimously recommended
for the adoption in the ECAFE region
by them. The recommended Code is
now being forwarded to the Govern-
ments of the ECAFE region with the
recommendation that it be adopted. If
the Code is accepted by the countries of
the ECAFE region, as is hoped will be
the case, there will at least be a uniform
system of road signs and signals and
pavement markings and signs for road
works. The resulting uniformity in
this region will no doubt greatly facili-
tate international road f{raffic and
increased safety on roads. The Code is
reproduced below,

6
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CODE ON A UNIFORM SYSTEM OF
ROAD SIGNS AND SIGNALS,
PAVEMENT MARKINGS AND
SIGNS FOR ROAD WORKS IN

THE ECAFE REGION

Part }—General Provisions

Article 1

Each adopting State shall take appro-
priatc measures to ensure the applica-
tion of the system of road signs and
signals and pavement markings des-
cribed in this code, as soon as
practicable, and gradually if necessary.

Article 2

When this Code comes into force, the
adopting States shall, in accordance
with Article 1 hereof, and as a matter of
urgency take measures to replace or to
supplement in order to avoid confusion
any signs, signals, or markings which,
although they have the distinguishing
features of those belonging to the
system provided in this Code, are used
with different meanings.

Article 3

1. . It shall be prohibited to add ot

display on any sign or other traffic
control device anything not related to
the purpose of such sign or device,

2. Any boards, notices and installa-
tions which might be conftsed with the
signs or other traffic control devices or
make them more difficult to understand
shall be prohibited.

Part II—Road Signs
Chapter I—General
Article 4

This system of road signs shall com-
prise three classes of signs, namely ;
(a) danger warning signs
(b) regulatory signs
(c) informative signs
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Danger warning signs are intended to
warn the road user of the existence and
nature of danger on the road.

Regulatory signs are intended to in-
form road user of certain limitations,
prohibitions and restrictions governing
the use of the road, vielation of which
constitutes, a statutory offence.

Informative signs are intended to
guide the road wuser in the course of his
travel and give him such other informa-
tion as may be of interest or use to
him.

Article 5

1. Where adopting States consider
it necessary to modify the symbols
prescribed in this Code, these modifi-
cations shall be such as not to alter the
essential character of the symbols.

2. For the purpose of facilitating
the interpretation of the symbols addi-
tional information may be given on a
rectangular plate below the sign.

3. 1n order to educate road users in
the use of the uniform signs prescribed
by this Code, these signs may be supple-
mented during the initiation period by
the signs previously used in the country
concerned.

4. Additions to the lists of symbols
for signs shown in the Table of Symbols
for Warning Signs of Article 13, and
additions to the list of symbols for
signs shown in the Table of Symbols for
Regulatory Signs of Article 20 may be
proposed in accordance with the adop-
ted procedure.

5. Additional Symbols for signs of
local importance created by adopting
States, to serve local needs, shall be
communicated to the Executive Secre-
tary of the United Nations, ECAFE.

Article 6

The colours of the signs shall be
those prescribed in this Code.

Article 7
Reflecting devices, reflectorization or

LY

faauary 96|

illumination used on signs should not
daz_zl'e. the road user nor impair the
legibility of the symbol or inscription
and the sign should reta
essential characteristics

obtained by day.

in the same
by night as

Chapter I1—Warning Signs
Article 8

Warning signs shall have a whi
yellow back ground with red \I;Jo:zlcerosr
Symbols shall be black or dark colour.

Article 9

Warning signs shall have one of
fqllowmg .shapes: (1) an equilatetr}:;
triangle with one point upwards, (2) a
diamond consisting of g Square wi,th one
diagonal vertical or (3) an equilateral
triangle with a point upwards surmoun-
ting a rectangle or a diamond No
shape other than one of these threé shall

be used on signs of this
! ) cla
parties to this agreement by the

Recommendation :
importance of arrivin
all elements of the j
it is recommended th
three alternative shapes for warning
signs be regarded as transitional for g
country where more than one alternatjve
1s being followed and that the authori-
ties 1n all countries should subsequently
aim at the adoption of warning signs in
the shape of one of the three alterna-
tives as soon as possible.

In view of the
g at uniformity of
nsignia of danger,
at the retention of

Article 10

1. The dimensions of sign plates
shall' be. such that the sign csn be
readily discernible and understandable,

2. For warning signs the st
size shall be ; : andard

(a) for signs' having the shape of
a triangle, the length of each
51de_ of the triangle 90 cm
(36 in.)

(b) for signs having the shape of

a diamond, the length of th
side 60 cm (24 in.) ; ¢
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(c) for signs having the shape of
a triangle surmounting a rect-
angle or diamond the length of
each side of the triangle or
diamond and the height of the
rectangle 60 cm (24 in.)

Reduction of the standard size shall
be permissible only in built-up areas if
use of the standard size should be
impracticable.

The size may be incrcased above the -

standard size as required.

Article 11

The competent authorities of the
countries concerned shall determine the
distances in advance of danger points
at which danger warning signs should be
placed so as to ensure, .both by giay and
by night, the best possible efficiency of
the _ signs, taking into account the
particular conditions of the road_ and of
the traffic, provided that such distances
shall not be less than 90 m (300 ft) or
more than 200 m (656 ft) unless the
conditions prevailing so demand.

Article 12

1. Warning signs shall be plaged
facing the traffic and on the same side
of the carriageway as used by the traffic

concerned. Under special circumstances -

the signs may be placed or repeated on
the opposite side of the carriageway.

2. Warning signs shall be placed at
an appropriate distance from the edge
of the carriageway.

3. 1In this code the height of signs
above the ground shall mean the height
of the lower edge of the signs from the
level of the crown of the road.

As far as possible a uniform height
shall be observed particularly over the
same route.

The height of warning signs shall be
not more than 2.40 m (8 ft) nor, except

in built-up areas or where other special

1 The list of symbols is included in Table 1.
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circumstances demand otherwise, less
than 0.60 m (2 ft).

Article 13

The adopting States shall accept the
symbols listed in the following table for
the indicated signs. The signs contain-
ing these symbols may, where necessary,
for the education of road users, be
accompanied by plates bearing inscrip-
tions.

Table of Symbols for Warning Signs*

(i) “Dangerous Curve”  or
“Dangerous Curves”’. This
series of signs may be comple-
ted by each of the adopting
States by the addition of sym-
bols which are illustrative of
other types of curves.

(i) ““Road Intersection of equal
importance”’.

(iti) ““ Intersection between a Major
and a Minor Road”. When
this sign is placed on the minor
road a ‘“Stop ”’ sign may also
be placed on the minor road at
the junction.

(iv) “Uneven Road”. Each adop-
ting State may elect to substi-
tute for the above sign, signs
giving a clearer indication of
the type of danger. These
alternative signs are:

(a) — “Bump ™ (sharp rise
in the profile of the road)

(b) — *“Dip” (sharp depres-
sion in the profile of the
road) '

(¢) — <““Rough Road” (a
succession of irregularities
in the profile of the road).

(v) “Dangerous Hill”’. On sjgns
‘ Dangerous Descent” the
silhouette of an automobile
will be shown facing down-
wards on the hypotenuse,

e
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TABLE OF SYMBOLS FOR WARNING SIG
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NS (Table No. 1)

)

h

) @) (<) o)
) (a) ()

e

(i) (a)

-

(d)

(e)

{iv) (a)

)
F
(b)
(b)
()

()

@ W)

‘ ()
(e
(f)

-

£

b

—y
g

)

) (vii)
N4
T |12gon Dnd
. . A
(i) (xit) (xiii) (xiv) (xv)
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(vi)
(vi1)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)
(xv)

(xvi)

(xvii)

(xviii)

“the lower
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TABLE OF SYMBOLS FOR WARNING SIGNS (Contd) (Table No, 1)

I

l

(xvi) (xxii) DIVERSION
KGEP RIGNT | KEEPRIGHT | KEEP LEFT
ale)e el alninln
(e v\ ol bl slujujn
| (xix) (a) (®) (<)

which will be inclined from the
upper left to the lower right.

- On Signs ““ Dangerous Ascent”

the silhouette of an automo-
bile will be shown facing up-
wards on the hypotenuse,
which will be inclined from
left to the upper
right.

« Road Narrows”’

<« Narrow Bridge”’

¢« Qpening Bridge”

«Road Works ”

“ Slippery Road”

¢« pedestrian Crossing”

¢ Children”’

«« Beware of Animals”’

««1Low Clearance”

«« Narrow Clearance”’

«Level-crossing unguarded”.
When this sign is placed, a
“stop’ sign shall at the same

time be placed.
“evel-crossing guarded by
gates”’ '
“Road Diversion”

61

(xix) ‘““Rule of Road’. This sign
showing the left-hand drive or
right-hand drive is to be
exhibited at each country

frontier.

Article 14

Where automatic signals with flashing
lights are installed at level-crossings
they shall give warning of the approach-
ing train by two alternately flashing red
lights.

Recommendation: It is recommended
that the two flashing lights be placed on
a horizontal line 0.60 m to 0.90 m (2 ft
to 3 ft) apart.

Article 15

. 1. When barriers to traffic are used
in connection with road works, such
barriers shall be of a colour or colours
suitably contrasting with the surround-
ing and where necessary reflectorized or
illuminated. ’

2. Warning signs indicating hazards
of a temporary nature shall be devised
in accordance with the design standards
of the warnin\g signs.
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Chapter IIT—Regulatory Signs
A. Stop Sign.

Article 16

1. The stop sign shall be round in
shape. The colour of the ground shall
be white, light yellow or yellow with red
border. The English word *STOP’ and
its equivalent in the language of the
country if desired by the adopting State
shall be inscribed in red colour.

Article 17

1. The stop sign shall be placed
facing the traffic and on the same side
of the carriageway as used by the traffic
concerned. It may be repeated on the
otherjside of the carriageway.

2. The signs shall be placed in the
immediate vicinity of the point where
the vehicle is required to stop.

B. Other Signs

Article 18

1. Regulatory signs shall be round
in shape with a white, light yellow or
yellow background with red borders
and symbols black or dark colour.

2. The uniform symbols for signs
listed in this Code shall be shown on
the disc.

3. An oblique bar drawn from the
upper left quadrant of the ring to the
lower right quadrant at an angle of 45°
with the horizontal, shall indicate
prohibition. Signs indicating limitation
or compulsion shall be without such an
oblique bar. The oblique bar may be
drawn from right to left on signs used
in countries where the left-hand traffic
rule applies.

4. Where the end of regulation or
prohibition is to be indicated by a
de-testriction sign, the sign shall take the
form of the general insignia of
regulatory signs accompanied by a
suitable inscription. The border of the

1 The list of symbals is included in Table 2,
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disc qnd the inclined bar, where
prescribed, should be red in colour,

Article 19

For regulatory signs the standard
diameter of the disc shall be

{a) 40 cm (16 in.) in cities of built-
up areas, or 60 cm (24 in.) in
rural areas ;

(b) the height above road surface
shall not be more than 2.40 m

(96 in.) and not less than 0.60
{24 in) "

Article 20

The symbols listed in the fo lowi
table shall be accepted by the acligg‘;;gg
States as the symbols for the indjcated
signs. The list of symbols set out
below may progressively be added to in
accordance with the adopted procedure :

Table of Symbols for Regulatory Signs
(i) ““ Direction Prohibited »

(ii) e Tul‘ning to the Ri ht
1eft) Prohibied » St (OF the

(iii) t“ dA,t’)out-tum (U-turn) Prohib;-
e

(iv) ““Overtaking Prohijbited

{v) “N_o Entry for Vehicles
having an Overall Width excee.
ding............... metre  (feet)”

(vi) ““No Entry for Vehicles having
an Overall Height exceeding
............ metres (feet)

(vii) “No Entry for Vehicles ex.
ceeding............... tons laden
weight”’

(viii) “ Speed limit

(ix) “ Direction to be followed **

(x) “Signs to indicate restricted
or prohjbited parking >’

(a) Restricted Parking

The sign shall be accompanied
by an indication of the limita-
tions or restrictions imposed.
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TABLE OF SYMBOLS FOR REGULATORY SIGNS {Table No, 2)

(i)

STOP

(vitd

(b)

(xi)
(xii)

Parking Prohibited

The sign may be accompanied
by an indication relative to the
duration of the prohibition.

¢ No Entry for Goods Carrying
Vehicles

““No Entry for Motor Vehi-
cles™
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(xiii) *“No Entry for Bicycles **
(xiv) * ““Horn Blowing Prohibited **

Article 21

_ L. Regulatorysigns shall be placed
facing the traffic and on the same side

of the carriageway as used by the traffic
concerned. They may be repeated on
the opposite side of the carriageway,



Transport-Communications Monthly Review

2. The signs shall be placed at the

point where the prohibition starts and if

necessary at further points where the
regulation  continues.  Nevertheless,
signs prohibiting turning or showing the
direction to be followed may be placed
at a suitable distance in advance.

Chapter IV—-Informative Signs
Article 22
{. Informative signs shall be subdi-
vided as follows:
(a) Advance direction signs
(b) Direction signs
(¢) Route markers
(d) Signs giving general infor-
mation.

2. Informative signs shall be rectan-
gular in shape with white background
and black lettering.

A. Advance Dircction signs

Article 23

The advance direction signs shall be
rectangular in shape.

B. Dircction Signs

Article 24
Direction signs shall be rectangular
with the longer side horizontal and
shall bear an arrow or arrows, or shall
be rectangular, with the longer side
horizontal, with one side terminating in
the form of an arrow head.

C. Route Markers

Article 25
Route markers shall bear numbers or
letters or a combination of numbers

and letters. These signs shall be
rectangular in shape.

D. Signs giving General Informa-
tion »

Article 26

1. Signs giving general information
shall be rectangular in shape.
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2. Signs  indicating o locality  or

other geographic feature shall be of the
same c.olour combination as the direc-
tion signs. '

Part H—-Traffic Light Signals
Article 27

1. A three coloured light s
ght signal
system shall be used. 1t wi]] haveéthe
following meaning :

Red--indicates that vehicular traffic

must not pass beyond the i
el prescribed

Green—indicates that veh
may pass the signal :

Ambel_'mshall be used only after the
green signal. 1t indicates that the
vg:hlcle shall ot proceed beyond the
signal unless it is so close to the signal
y:hen the amb%rlsignal first appears that
It cannot safely be stopped
passing the signal. ppec before

2. (a) When a single amber

light is used, it shall indicate
with caution®’,

(d) When single red intermitten
3 - 4 t
light is used, it shall indicate ‘““Stop
then proceed with caution *’.

3. The lights on traffic light signais
shall always be arranged vertically
except where used for special purposes
or where the clearance is limited. The
red light shall be placed at the top, the
amber light in the middle and the green
light at the bottom.

4. When traffic light signals are
placed on or at the side of the carriage-
way, the height of the lower edge of the
lowest light above the carriageway shall
normally be not less than 2 m (6ft 6in.)
(and not more than 3.50 m (1 ft 6 in.)
When those signals are suspended over
the carriageway the lower edge of the
lowest light should be placed as low as
possible consistent with the height of
vehicles operating on the road,

5. More than one signal face
ma
be used to ensure so that at least onz

icular traflic

flickering
““ Proceed
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signal face may be clearly visible to
traffic approaching from each direction.
The casing of traffic light signals should
be painted in black or a dark neutral
colour.

Part IV—Pavement Markings
Article 28

(a) Pavement  markings are
markings indicated by lines,
studs, or in any other manner,
on the surface of the travelled
way or on its ancillary works,
such as kerbs, footpaths and
shoulders, for the control,
warning, guidance or infor-
mation of road users.

(b) Pavement markings on the
surface of the travelled way are
called* surface markings”” and
shall be classified as follows:

(i) Longitudinal markings;
(i) transverse markings;
(iii) other markings.

Types of marking at present inclu-
ded in each category are givenin section
A of this Code.

Article 29

(a) Longitudinal markings shall
consist of continuous lines or
broken lines.

(b) When a longitudinal marking
consists of a continuous line,
it restricts traffic to the extent
that no vehicle should cross or
straddle such a line. Condi-
tions for its use are given in
Section A of this Code.

(c) When a longitudinal marking
consists of a broken line,
vehicles are allowed to cross it,
provided that this can be done
with safety. These markings
serve as a guide to drivers and
to facilitate the movement of
traffic in lanes. Conditions for
their use are given in Section
A of this Code.

Janvary 1961

(d) A continuous line may be used
adjacent to a broken line. If
so used, in countries where
traffic moves to the right (left)
a vehicle should not cross the
continuous line adjacent to
and to the right (left) of a
broken line on the left (right)
of the lane in which it is
moving. A vehicle may, how-
ever, cross the continuous line
if that line, at the left (right) of
the lane in which the vehicle
is moving is to the left (right)
of, and adjacent to, a broken
line.

Article 30

(a) Transverse markings shall
consist of a continuous or a
broken line. Types of such
markings are given in Section
A of this Code.

(b) Where a continuous line is
used across one or more of the
approach lanes of an intersec-
tion, it indicates the line behind
which drivers should stop when
complying with a STOP or
HALT sign, anindication given
by a traffic signal or a police
officer, or any other traffic
regulation. ~

Article 31

(a) Other markings, such asarrows
painted on the travelled-way,
oblique parallel lines or words
painted on the travelled-way,
may be used to supplement
other signs or to give appro-
priate indication or guidance
to road users.

(b) Recommended types of such
markings are given in Section
A of this Code.

Article 32

Markings on ancillary works of the
roadway, notably kerbs and shoulders,
may be used to improve the visibility,
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especially at night, of the kerbs or of
obstacles in the roadway. They may
also be utilized to indicate areas where
waiting is forbidden, bus-stops, or to
give other similar indications.

Article 33

(a) Each adopting country shall
keep the same colour or
combination of colours for all
road markings having the same
meaning. :

(b) Road surfacc markings shall
be yellow and/or white, the
latter including shades of silver
and light grey. When both
colours are used, one colour
must be reserved for markings
other than border lines,
intended to control or guide
moving vehicular traffic, and
the other colour must be
reserved for pedestrian and
cycle crossings, border lines
and markings indicating exis-
ting parking or waiting regula-
tions.

Article 34

Each adopting Statc shall establish
standards  (visibility,  slipperiness,
maximum height above the surface), to
which the materials used for roadway
markings shall conform,

Article 35

The adopting countries shall endea-
vour to apply, at the time of the placing
or the renewal of the road markings on
their roadways, the recommendations
contained in Section A of this Code.

Section A.
Detailed Specifications for Uniform
Pavement Markings_

1. Function

Road surface markings are generally
used to show the limits of the travelled
way and the parts of the travelled-way

reserved for the different directions of
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traffic or for certain types of road users
or to indicate to the motorist where anci
hpw he should drijve. They are some-
times uspd with other traffic control
devices in order to reinforce or make

more specific the indication given by
such devices.

2. Type of pavement markings

The types included in the three cate-

gcf)ries of pavement markings consist
of :

(a) Longitudinal markings indjca-
ting : centre lines, border lines
lane hne}s, restricted overtaking,
change in width of the travelled
way, or approach to obstacles.

(b) Transverse markings indjcat-
Img: stop lines, pedestrian
crossing or cyclist crossings.

() Other  markings (arrows
oblique paralle] lines, words:

ete.), used to give further
indications to road users.

3. General recommendations

Pavement markings may be ejther
painted or indicated by some equally or
more effective means. Materials used
for this purpose should not be slippery.
Any material adopted for usc should be
given a reasonably long trial on the
road before final adoption.

Studs or other similar devices at
present in use are not generally suitable
for marking continuous lines. When
used for broken lines or to supplement
other road markings, they should not,
in relation to the level of the roadway,
project more than 1.5 cm or more than

2.5 cm in the case of studs incorporating
retroreflectors,

4. Reflectors

The use of reflector material or reflec.
tor devices or road markings serves to
rcngicr them more visible by night on
unlighted roads. Their use is therefore
recommended on such roads.
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5, Detailed specifications’
(a) Longitudinal markings:
(i) Dimensions

January 1961

The width of lines for longitudinal
markings, whether continuous or broken
lines, should be at least 10 cm (4 in.) and
should not normally exceed 15cm (6in.).

PAVEMENT MARKINGS (Table No. 3)

[ SN R T T T PR PR R

e e e eon Cae » cre me e o e oe= ol

[}
[ ]
1}
Fig . '
1 ‘
] ]
'
' :
) |
— — _; -— - —l —-—— -— -— -— ‘- -— —-—
. ] h :
: R ;
Fig. 2 } g ! :
; : :
i : 1
Y Y
: : : '
—— uy  wm— Soma ] ] ¥ enmn emn oy
' ! H
1 I :
1 »
Fig. 2a. : ' '
. ]
" i ! i ;
H : :
' \ K
’ 1 N “ane
-—-—-—‘*— -— L r——
- ' H t —
P :
x .
C :
fig. H
63 ! H i
o ' '
! ! :
N - '
- ~ - S _é__—_tF__--—-?\\
“\.— ) e | .
[ ] 13
] [y L3

Fig 3Ja.
Fig. 1 Profile of sight distance
Fig. 2. 2a. Design of traffic lines for a two-lane road *

Fig. 3. 3a. Design of traffic lines for a three-lane road

3 Graphic representation is shown in Table 3.
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When a continuous line is used along-
side a broken line or another continuous
line, the distance between the lines
should not be greater than 15 cm (6 in.)
nor less than 10 cm (4 in.).

The broken lines consist of alternate
stripes and gaps, each of uniform length.
The speed of vehicles on the section of
road or in the area concerned should be
taken into account when choosing these
lengths.

In normal traffic conditions in rural
arcas, the broken line should be divided
into stripes of between 2 and 10 m (6.5
to 32 ft). The distance between two
successive stripes should not be less than
the length of one stripe nor more than
10 metres.

Where traffic is slow, the size and
spacing of the stripes should be less than
those in open country. They may be
as little as 1 m (40 in.) long but the gap
should then not exceed 5 m (16 ft).

On main urban arteries with fast-
moving traffic, however, the features or
longitudinal markings should be the
same as in rural areas.

(i) Marking traffic lanes

If traffic lanes on either a two-way or
a one-way road are to be indicated, this
should be done by means of broken

lines.
Open country

1t is recommended that, on two-way
roads with two lanes, the centre of the
roadway should be indicated by a
longitudinal marking when the traffic
volume is large or when fog is prevalent
or in special cases. The road marking
for this situation is normally a broken
line. Only in special circumstances and
under the conditions specified below,
should continuous lines be used.

The lanes of three-lane roads, on sec-
tions of normal visibility, should be
indicated by broken lines.

January 1961

Marking of lanes on a multiple-lane
roadway is recommended.

Built-up areas

Marking of traffic lanes is recommen-
ded on roads carrying at least two lines
of traffic in each direction, and on one-
way streets carrying at least two lines of
traffic.

At the approaches to major intersec-
tions (especially controlled intersections)
where sufficient width is available for
two or more lines of vehicles, it is
recommended that traffic lanes should
be marked as shown in Figure 17. 1In
such cases, the lane lines may be
supplemented by arrow markings [see
section (c) below].

It may also be desirable to mark
traffic lanes at points where the width of
roadway is reduced by Kkerbs or
islands.

(i) Markings at particular loca-
tions: use of continuous lines

~In order to improve the flow of traffic
it may be advisable at some intersections
to replace the broken centre lines by a
continuous line, or supplement them in
this manner (as shown in Figures 14, 15
and 16).

Measures restricting overtaking are
desirable on two-way roads at places
where sight distance is restricted (hump-
backed bridge, a bend in the road, etc.)
or where the travelled-way becomes
narrow, or because of some other
peculiarity.

These restrictions should be imposed
on sections where the sight distance is
less than a certain minimum (M), by
means of a continuous line used in
accordance with the figures indicated
below”. The value to be adopted for M
varies with road conditions. Figures 2
and 3 show, for a two-lane and three-
lane road respectively, the design of

% The definition of sight distance used in this detailed specification for Uniform Pavemeni

Markings is the dis
can be seen by ano

3

tance at which an object placed on the roadway at 1.2 m (4 ft) abo
bserver on the road, whose eye is also 1.2 m above the roadSvay.) ve the roadway
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the lines at a summit with restricted Where the sections AB and CD over-
sight distance. These figures correspond  lap (Figure 4), thatis, when forward
to the profile shown in Figurc 1, where M visibility in both directions occurs
represents the length defined above, A before reaching the top of the summit,
(or D) is the point where the sight the lines are arranged in the same way,
distance becomes less than M, while C but the continuous barrier lines along-
(or B) is again more than M*, side the broken centre line do not

PAVEMENT MARKINGS (Contd.) (Table No. 3

Y GEED GERDR L eTm SRR e Sngy - \
g Wao e Cigtancg travelled in 1 sec. ™ - .

—
Fig ®
?,;‘.S\ -.-.n--.-_
——-—-&w§ =

_—_-_“./’
‘Fag 10

5 ’U"\Stt
- e o - GNP e

. o i a

Cu'g 10a

Fig. 8, 9, 10, 10a. Methods of indicating changes in the width of the roadway

b On narrow roads with little traffic, where the layout shown in Figures 2 and 3 might reduce the
width of the traffic Janes, Figure 2 could be changed between A and Dbya single continuous centre line,
without a broken centre line alongside, preceded by a broken centre line divided into at least three parts.
This would certainly be less expensive and Jast longer than Method 1. Nevertheless this simplified plan
should be used with care and only in exceptional cases, since it prevents the driver from overtaking over
a certain distance even though there is adequate sight dlstano;e. Wherever possible, it is essential to
avoid using both methods on the same route or in the same region, as this may lead to confusion.
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overlap. This is shown in Figures 5 where there is a substantial proportion

J I and 6. of two-wheeled vehicles and Figure 3a
L

Figure 7 shows the design of the lines, - when traffic is mainly four-wheeled,

on the same hypothesis, on a curve with In ﬁggres 3, 3a, 6 _and 6a, the angle of

———— . — -— restricted sight distance on a two-lane the oblique transition lines in relation
m— [re— R .

i i = — R — road. On three-lane roads two methods to the centre line of the road must be

are possible. These are shown in Figures less than 1:10, and preferably 1:20. In

l 0.0 l 30,0 l 3 and 3a. Figure 3 should be used Figures 8,9, 10 and 10a, which illustrate

Fig 16

Fig. 14, 15, 10. Use of continuous lines at intersections for improving traflic

130 130!
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s ——— ) o
) V4 o Stem—
: o [J7
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] 7/ / -
/ : —— a— '-—ﬁ-q.?.ra —
)
5
.3.0!!,01!,0!3.0' — 53
o~ ———— — 300 .
-t = -t -t > A
r - eun pe—.
39,0 - 300
fig 17
Fig. 19. Guide lines for turning
120 (90)
.
i
Fig 18 - ; L. e
‘ i D (o) Y
%';'01:- TR EERERED @ e
- - 1AS 120 — 80(80)
Ty e { : pe—
Lo o Le o | } | ;_ -
[ + i
30,0 l 30,0 L. §0.0 ! Fig. 20. Continuons longitudinal lines marking traffic lane
- fi P .
B o | . . B : .
. . . e : s No. 141020 the figures given for dimensions of dotted lines and intervals
Fig. 17, 18. Arrow markings showing traffic approuching on intersection Note ,};,’;ﬁg‘g’;ﬁegarded only as mere indications.
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Yanuary 196;

tig. 2. Obligue y

the methods to be used to indicate the
changes in the width of the roadway,
this angle should be between 1220 and
1:40. In addition, the oblique conti-
nuous line should be preceded, in the
direction to which it applies, by a conti-
nuous line parallel to the centre of the
roadway, the length of which corres-
ponds to the distance travelled in one
second at the operating speed adopied.

When it is unnecessary to mark the
fanes by broken lines on a normal sec-
tion of road, the broken centre line
should precede the continuous lines
which accompany it, over a distance of
at feast S0 m (165 {1}, und preferably
75 m (247 ft),

(v) Use of double continuous line

On wide roads, a single continuous
line may be replaced by a double conti-
nuous line, tn order tO improve is visi-
bility.

(v) Conditions for use of continuous

(batricr) lines

The distance and civcumstances which
allow the driver of a vehicle safely to
overtake the vebicle in front depends on
several factors, but mainly on the rela-
tive speed of the two vehicles, the speed

nrallel ine markings

at which oncoring vehicles are approa-
ching and the volume of fraffic,

if the longest overtaking distance is
used s a basis for marking barrier lines
(that is, corresponding to overtaking in

the most unfavourable circumstances),

the lines which are then marked are a

guarantee of safety, provided aly drivers
observe them. However, they greatly
restrict the use of the travelied-way, for
the most unfavourable circumstances do
not occur frequently, Indeed, lines
determined on  this basis might well
prove more harmful than useful, if they
encaurage impatient drivers to cross a
barrier line whatever the situation. 1If,
on the other hand, there is no barrier
line on a section where visibility is not
sufficient for overtaking, the driver is
free to decide for himself whether he
can Oy cannot overtake safely, a deci-

sion he may not always be able or will-
ing to make, '

_For these reasons the choice of sight
distance to be used in determining the
desxr‘abili&y or otherwise of marking g
continuous  barrier line, and also in
determining the desired length of the
hine of necessity involves a compromise,
The following figures show the recom-
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mended range of values of M for various

Approach speed

January 1961

speeds of approach:

Range of values for M

(per hour) Minimum
Kilometres Miles Metres Feet
100 60 250 800
80 50 160 530
65 40 110 365
50 30 60 200
n i %V_\ ;
. g 4 GinL 1 »
}(j A 254 i % 4 % :
“{(5 itH! A‘.Ik:j}} v ¢ 2
it i ¥ it (iR
‘ _
0 i Lt
23. $117918 -+ »{‘
i : i i H HigdH
5 :» 4 1t }.
Hr1 st 2 | )
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¥ H i,
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35
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4 * 1
40 L ¢ i

Maximum
Metres
450
300
180
150

=

10

15

25

30

40

Fig. 22. Word markings on road surface for “stop* indication

¢ The approach speed which should be used in this ¢
¢ent of the vehicles travel, or the design speed if it is higher.
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Feet
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1,000
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alculation is the speed below which 85 per



Transport-Communications Monthly Review

Right-angle parking

- ﬂr

e Bt ests
s b it aiii o

Side walk
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Oblique-angle parking

Side walk
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Parking kerb edging

Side walk
///////7/////////////////////7
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LT I T 7]

Side walk
7 ST T

Fig. 23. Lines indicating parking space limits

{ 650m ~1m asom=—1m :—l

Fig. 24. Kerb markings
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(vi) Border lines marking the edge
of the travelled-way

Border lines marking the edge of the
trave]led-way are especially useful when
there are no raised kerbs. The marking
may be a broken line or a different
pattern from thatused for lane markings,
or a continuous linc of a different width
or colour from that used for barrier lines.
Studs, buttons or reflectors may be used
in conjunction with the line, or as an
alternative.

(vii) Marking obstacles

Figures 11, 12 and 13 show the lines
to be used near an island or some other
obstacle on the travelled-way.

(viii) Guide lines for
vehicles.

turning

At some intersections it is desirable
to show drivers how to turn left (right).
Figure 19 is a suggestion for these
guides, which should be broken lines ;
they may be supplemented by arrows.
Because of the great variety of layouts
at intersections, it is very difficult to
standardize such markings.

(b) Transverse markings
(i) General

Owing to the angle at which a driver
sees markings on a road surface, trans-
verse markings have to be wider than
longitudinal ones if the same visibility
is to be obtained.

(ii) Stop lines

The minimum width of a stop line
should be 20 cm (8 in.) and the maxi-
mum 50 cm (20 in). A width of 30 cm
(12 in.) is recommended.

When used with a STOP sign, the
stop line should be placed in sucha
position that a driver who stops imme-
diately behind the line has the best
possible view of traffic on the other
arms of the intersection, consistent with
the requirements of other vehicular and
pedestrian traffic. The indication given

Januvary 1961

by the STOP sign and the line may be
supplemented by marking the word
STOP or HALT on 'the travelled-way
(see Section C, below).

Stop lines may be supplemented by
continuous longitudinal lines marking
the traffic lanes (see figure 20).

(iit) Pedestrian crossings

Zebra markings are visible from a
greater distance than other forms of
road marking and are therefore, espe-

~ cially useful for delineating the position

7

of pedestrian crossings. The space
between the stripes should be equal to
the width of the stripes and should be
between 50and 60 cm (20 to 24 in.). The
stripes should be parallel to the direc-
tion of traffic. The minimum width
which is recommended for a pedestrian
crossing is 2.5 m (8 ft).

Pedestrian crossings may also be indi-
cated by studs, buttons or broken lines.
Studs and buttons are not recommended,
however. Broken lines marking pedes-
trian crossings should consist of stripes
of 50 cm (20 in.) long and at least 15 cm
(6 in.) wide. The gaps should be 20 cm
(8 in.) long. The space between two
broken lines should be at least 2.5 m
(8 ft) wide. When studs or buttons are
used to mark pedestrian crossings, they
should be between 40 and 60 cm (16 to
24 in.) apart. ‘

(iv) Cyclist crossings

Zebra markings are also recommend-
ed for cyclist crossings but these should
be distinguished from pedestrian cross-
ings by stripes of a different width from
those for pedestrian crossings.

Cyclist crossings may also be indica-
ted by studs, buttons or broken lines of
a different pattern from those used for
pedestrian crossings. Studs and but-
tons are not recommended however.
The width of the crossings should be
not less than 2.5 m (8 ft).
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(¢) Other markings
(i) Arrow markings

On roads where sufficient trafiic Lanes
are available to segregate traflic appro-
aching an intersection, the lanes which
traffic should use¢ may be indicated by
arrow markings applied on the road
surface (see figures |7 and 18). They
may also be used on a one-way road to
confirm the direction of travel.

Arrow markings should not be longer
than 5 m (16 ft). They may be supple-
mented by word markings.

(ii) Oblique parallel markings (see
figure 21)

Such markings may be used to deli-
neate arcas of the road surface, or areas
raised slightly above the road surface,
which vehicles should not enter. They
arc espccially useful at the approaches
to obstacles in the travelled-way, such
as islands.

(iiiy Word markings

Word markings on the road surface
may be used for the purpose of guiding
warning or recgulating traffic.  The
words uscd should preferably be place
names, route numbers or words which
are easily understood internationally
such as ‘“‘stop”, ““bus” and *taxi”.
The letters should be greatly elongated
in the direction of traffic movement
because of the low angle at which they
are viewed by approaching drivers. A

January 1961

method of achieving this is illustrated in
g, 22,

Where traflic speeds are greater than
50 kn_l per hour (30 miles per hour),
!ettcr'mg should be at least 2.5 m (8 ft)
in height.

(iv)  Parking space limits
Parking space limits may be indicated

on the road surface by appropriate 1i
(see figure 23). ppropriate fines

(v) Marking indicatin
restrictions

Kerb or road surface markin S
be used to show where parking isgprlcr)l}?i}j
bited. The marking should be 2 conti-
nuous line covering the top of the kerb
or on the road surface close to it. If

desired, the face of the kerb may be
similarly marked. ’

(vi) Kerb markings
vistbility
Kerb markings as shown in figure 24
may be used where necessary to enhance
the visibility of a kerb (especially at
night). :
(vii) Bus stops

The continuous line on the kerb used
to denote ‘“ parking prohibited may
also be used to advantage to indicate
the length of kerb which should be
reserved for buses. This marking may
be supplemented if desired by word mark-
ings on the road surface, or by an area
of distinctive road surface.

g parking

to improve

DEFINITIONS

Pedestrian—A married man with a grown up daughter and
possessing only two cars.
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" prises a single broken line marked at or
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TRAFFIC LINE MARKING

POLICY ON MAIN ROADS IN NEW SOUTH WALES

(By the courtesy of the Department of Main Roads, New South Wales, Sydney)

THE Department of Main Roads

establishes and maintains  traffic
lines to divide traffic streams on those
proclaimed Main Roads which are
suited to such marking. Traffic lines
are covered by Traffic Regulations, and
the Department’s policy in so far as it
relates to the regulatory aspect of these
lines conforms with Police views. The
cost of line marking is met by the
Department on those roads where the
Department has full responsibility.
Elsewhere, it is shared with the Council
concerned on the same basis as other
works.

Responsibility for the marking on
roadways of pedestrian  Crossings,
parking zones, and other markings for
traffic control purposes rests with the
Police and the Department of Motor
Tra. Mort.

Traffic lines normally deﬁnc. the
centre line of two lane or.mu]tblane
road pavements, thus'separatm.g streams
of traffic proceeding 1n opposing direc-
tions, and may also be used as lane
lines on a multi-lane road to divide a
stream of traffic proceeding in one direc-
tion. Lines assist in securing orderly
movement of traffic and reduce the risk

of ““ head-on >’ and ¢ side-swipe > colli-

sions by reminding drivers to keep
within the marked lanes or on the
correct side of the road. In wet or
foggy weather, lines also serve as a
valuable guide to drivers.

Centre Lines
Centre line marking usually com-

near the centre of the road pavement to
indicate the normal dividing line bet-
ween opposing streams of traffic,

A two-lane pavement is not marked
with a centre-line if its widthis less than
18 ft. To mark pavements less than
18 ft wide is considered liable to give
rise to discomfort or hazard and to
cause excessive pavement edge wear.

Separation Lines

These are special types of centre line
markings and usually consist of two
unbroken lines side by side or a broken
and an unbroken line side by side. In
some circumstances, a single unbroken
line may be used as a separation line.

The double line markings are mainly
used to separate opposing traffic streams
at situations where it could be hazardous
to cross the centre line, i.e., the double
line assists in indicating the presence of
a hazard. Locations for their use are
as follows :

On sections of road where visibility
is restricted to the extent that over-
taking could be hazardous.

The double line consists of either

(a) two unbroken lines where visi-
bility is restricted in both
directions, or

(b) a combination of unbroken
line and broken line where
visibility is restricted only in
one direction, the unbroken
line being on the side of the
traffic with restricted visibility.

Uses of the double line in these
circumstances are illustrated in Fig, 1.
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Broker line 10 line 25'space
(lovertaking for downhill traffic)
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Fig 1.
LINE MARKING
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Single unbroken

1]
centre line )
0

oo
o Lane lines 10'line 25'space .
0 —Double centre h'rlxe with selfwiping
0 reflectors at 25 spacing (Max)
0

a o

R A

Turn lines 2'line 5
space Line 6 wide.

—— e . e

Centre line I0'line 25 space.

—Median island with reflectorised
mountable kerb.

Fig. 2 Line marking at crossroad intersection with median islands
intersection of two Major roads

Showing: (a) Approach to median island.

(b) Transition lines where pavement narrows.
(c) Turn lines at *“Diamond*’ intersections.

Note: Selfwiping reflectors only where considered necessary.

On approaches to medians or
islands separating opposing streams
of traffic.

The general minimum length of
such lines is 200 ft and they are
so located as to guide _trafﬁc
smoothly past the left-hand side of
the istand. In some circumstances,
a broken and unbroken line com-
bination may be used, with the
unbroken line on the side of traffic
approaching the island. Use in
approach to islands 1sl111ustrated
in Fig. 2.

On approaches to obstructions in
the road. :

Double lines are used in approach
to obstructions, €.g., by1dge piers,
in the roadway in a similar manner
to those in approach to islands or
medians.

L)

On approaches to railway level
crossings with half-arm boom gates.

If more than two lanes are avai-
Jable for each direction of travel,
medians are generally used to divide
opposing streams and enable the

9

half-arm boom gate completely to
control traffic. On two-lane roads,
double unbroken lines are used to
emphasise the ‘“ no crossing > aspect
of the separation line. This use is
illustrated in Fig. 3.

On climbing lanes for slow-moving
vehicles on hills.

Double lines are used throughout
the length to emphasise the sepa-
ration between opposing flows, the
line on the side of uphill traffic
which will have two lanes available
to it, being unbroken. Downhill
traffic is restricted to one lane by
double unbroken lines where visibi-
lity is restricted. Elsewhere double
lines consist of an unbroken and a
broken line, with the broken line
on the side of downhill traffic to
permit overtakings when safe to do
so. This use is illustrated in Fig. 4,

On transitions from wide to
narrow road, and vice versa.

Double lines are used to keep
traffic to the correct side of the road
where there is a change in road
width, i.e., where the number of
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—SepairGtior v as (Canry restricrad
i ferdownrhil trafficd

Seoaraton lines. Broken line 10'line
25 space (overtaking for downhill
traffic)

. 1 .
Certreline!Z une 29 snace

Fig. 4 Line marking ut climbing lane for heavy vehicles
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Fig. § Line marking at transition from four lane to two lame pavement
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lanes is decrcased or i’ncreased.
This use is illustrated in Fig. 5.

On approaches to intersections.

Double lines are used to mark
the separation between opposing
streams of traffic either:

(a) where there is a change in road
width, i.c.. a change in the
number of lanes, or

(b) where more lanes arc available
in one direction than the other.

This use is illustrated in Figs. 6
and 7.

— Centre line i0'line 25 spoce.

January 1961

This use is illustrated in Fig. 9.
As a centre line on a six-lane carri-
ageway in locations where visibility
is not restricted but it is desirable
that traffic should keep to the
correct side of the centre line at all
times. In such cases, the separa-
tion line is usually a temporary
expedient pending construction of a
median.

This use is illustrated in Fig. 8.

Lane Lines

The lane linc marking is usually a
single broken line, similar inappearance

\i, ~
= ~
INS \

) “
Double centre line with double — \
lens selfwiping reflectors at 25

spacing (max.).

Lane lines I0'line Z5space.

L Double centre line with double
lens selfwiping reflectors at 25
.spacing (max).

Lane lines 10'line 25'space

Fig. 6 Line marking at intersection where double line acts as median ‘
Nofe: Selfwiping reflectors only where considered necessary.

A single unbroken line may be used
as a separation line in the following
circumstances :

On a two-lane road in approach to
a traffic dome at an intersection
or junction.

This use is illustrated in Fig. 7.

As a centre line on a four-lane
bridge, or on a four-lane road if
standing is not permitted at any
time and it is desirable that traffic
should keep to the correct side of
the centre line at all times.

to the normal centre line marking, and
is used to divide streams of traffic pro-
ceeding in the same direction. A single
unbroken line is used as alane line where
lane changing is prohibited.

In general, lane marking is restricted
to roads where two or more travelling
lanes are available for each direction of
traffic flow.

The Department’s policy provides for
lane marking as follows :—

1. Four-lane undivided roads.

In general, a road of sufficient
width to provide for only four

83
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- Doubie centre line with double
lens selfwiping reflectors at 25
spacing {(max).

___/_'
T T T S
_\‘——\/1(

Reflectorised traffic dome.

Centre line 10'line 25'space. ———”-4) /
2

! /

Centreline 10'line 25 space. -

Single centre line l50‘long (min) with

single lens selfwiping reflectors of
1 .

25 spacing (max.)

Fig, 7 Line marking at “T” intersection without median zones
intersection of major and minor road

Showing: (a) Double centre line at widened intersection.
(b) Single centre linc at approach to a traffic dome.

Note: Selfwiping reflectors only where considered necessary.

lanes of traffic (i.e., two moving
lanes and two parking lanes) will
be marked with a broken centre
line only, except where ‘“no cross-
ing’’ lines are required at sections
of restricted visibility, etc. How-
cver, if stopping or standing is
prohibited for a part or the whole
of the day to permit of two moving
lines of traffic in one direction,
then the road is marked in four
lanes. In these circumstances, a
longer and wider stripe is used for
the centre line marking to empha-
sise the centre line and distinguish
it from the lane lines. An illus-
tration of the lane marking and this
special type of centre line marking
is shown in Fig. 9.

Four-lane divided roads are marked
in four lanes.

Six-lane roads.

Whether divided or undivided,
all six-lane roads are marked in
lanes.

Where a six-lane road is not
required to carry three lanes of
moving traffic in one direction of
flow, only the division between the
lane alongside the road centre line
and the next adjoining lane  is
marked, Thus there is a wide
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kerbside (outside) lane which may
have both a row of standing vehi-
cles and a lane of moving traffic.

Where six-lane roads are required
to carry three lanes of moving
traffic either continuously or at
certain times, e.g., during peak
perloqs, the division between the
kerbside (outside) lane and the next

adjoining lane "should also be
marked.

Fig. 8 illustrates these forms of
lane marking,

At channelised intersections.

A single unbroken line may be
usedasa ‘““no crossing” lane line
where lane changing is undesirable,
and  therefore prohibited, in

approach to channelised inter-
sections.

. At intersections where additional

lanes are provided.

Lane lines are marked at inter-
sections where the pavement has
been widened to provide additional
(speed change) lanes.

Fig§. 6 and 7 illustrate this use of
lane lines,

6. The width of Janes to be marked is

dependent on the carriageway width
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available. Desirable lane widths confused by turn markings, the turn
are 11 ft and 12 ft, with an line extends from the start of the turn
absolute minimum of 9 ft. Where indicated across only one opposing
possible, kerbside lanes should not traffic lane.

be less than 10 ft wide. To .

determine lane widths and best Types of Markings

location for lane lines, the Depart- | pDimensions: The broken lines use
ment of Main Roads carried out for normal centre lines and l:ng
studies of the lateral placement of lines are marked by a painted stripe
vehicles in the traffic stream.  Asa 3 in. wide and 10 ft Jong with

result, it is believed that markings, a gap of 25 ft between stripes.
as described, will conform as nearly

as possible with the paths desired  The single unbroken linc is 4
by drivers, in. wide.

ERMITTED,

. Kerbside lanes not marked

= e e,

[ .
s nof . u — Single unbroken centre line
where standing is permitted ~—.__[|& . i i y
Iy 5 ~— Lane lines 10'line 25 space
, (. 1 2 1 « .
Lane lines |0line 25 space J 5 5 FKerbalde lanes not marked
w L
| E here standing is permitted
) _
- o asm&omg PROMIBITED | o o e . STANDING PERMITTED
e h e m e m e e e e e = T T S
© ale W o o o = o8 S 9 o @& o aﬂuaea—nﬂﬂea:ﬁa
~ 15 for oamT O whoE oroav. — T~ T - AT ALL TIMES
[}
g o
£ L"Q(( Single unbrok '
] 5 2 vingle unbroken centre line 150'tong (min)
L-single unbroken centre line. LI gimin
20 | o
2 K . " y
X | pe———Lane lines|0'line 25 space
E24

Fig. 8 Line marking six lane roads not provided with medians

Showing: (a) Six lane roads where standing is prohibited and where standing is permitted
(b) Four lane roads where standing is prohibited and where standing is permitted

Turn Lines

Where there is an apparent need to
provide guidance for traffic making
right turns, in those cases where
““diamond *’* turns are permitted, turn
markings should be as illustrated in

Figs. 2 and 10. 6 in. wide and 2 ft long with
A special type of broken line, with a gap of 5 ft between stripes.

short stripes and gaps, is used for turn . ]

markings so that these markings can be arf«?(ceptlons to the general practice

readily distinguished from other broken

lines used as lane or centre lines. Also, (a) Centre line on four-lane roads

in order that other traffic should not be where lanes are marked.

In double line markings, either as
two unbroken lines or a combi-
nation of one broken and one
unbroken line, the lines are 3 in.
wide and spaced 3 in. apart.

Turn markings consist of stripes

* By dvnzamond” turns iS meant the maicing of <right har}& turnsii-r_l -ab_n'at;l:zrtl cm;;v‘e ;h:a kee
the vehicle to the right of the centre of the intersection, s
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Lanes not marked where
standing is permitted.

January 1961

Single unbroken centre line to extend feo
end of approach embankment where
standing is prohibited at al! times,

(I;((
!
L~ Cenire line 10'ine 25space vihere (y“
standing 1= not cestricted ot any
e

@.”Errm—m ™
| = =2 = o oo ° e = & -
i R Y
,~A_E,»‘;‘.:?‘:1.E_~‘T,' Ny T ""'_.1:
| / u)x mmmrj_m-,.m_.
W
s v
v - Lane lines 10'tine 25 space
Elongated centre fine 45 tine 4'wide 25 space —d

where standing 1s prohibited for part of day
Where visibiiity 15 restricted a separation
(double unbroken) line stabe provided

Fig. 9 Line marking at bridge with four traffic lanes
Showing: (a) where standing is prohibited for part or whole of day
(h) where standing is not restricted at any time

To differentiate between the
centre line and lanc lines, the
centre line is marked by a 45 ft
long stripe, 4 in. wide, with a
25 {t gap.

(b) On the Sydney Harbour Bridge,
where upto six lanes are used for
traffic flow in one direction dur-
ing peak periods, a different form
of marking is used. Changes
from standard are:

(i) Having regard to the heavy
volumes of traflic on the bridge
and the fact that peak periods
in winter can occur in darkness
and in bad weather conditions,
it was considered desirable to
shorten the gaps in broken
lines to provide greater conti-
nuity of line than applies with
the standard marking. Accord-
ingly, while retaining the 35 ft
length of cycle for the line
marking operation, the stripe
on broken lines, except as
referred to in (iii) below, has
been increased to 17 ft 6 in.
long and the gap shortened to
17 ft 6 in.

(ii) The line between the fourth
and fifth lanes from the western
side of the bridge carriageway

86

is marked as a single unbroken
line. This line is the separa-
tion line between opposing
flows of traffic in off-peak
periods. During peak periods,
when traffic is flowing in the
same direction on both sides
of this line, lane changing is
prohibited and the line, there-
fore, retains its *“no crossing ”’
significance,

(1)) The stripes in the line between
the second and third ‘lanes
frqm the western side of the
bridge carriageway are length-
cned by filling ineach alternate
gap, 1.e., the stripe on this
line 18 52t 6 in. long and
the gap 17 ft 6 in.  This line
SCIVes as a separation line in
the morning peak and is then
marked, in addition, by traffic

markers (flaps) placed y
the line. P alone

. All lines on the bridge are marked
4 in. wide.

2. Colour: Until recently, the colour
of all pavement markings in New South
Wales was yellow, but white paint is
now being used by the Department of
Main Roads for marking all broken
traffic lines on Main Roads. The use
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of yellow for unbroken lines will be
continued.

The main reasons for changing the
colour of broken lines are:
(a) To obtain greater uniformity
in practice throughout Austra-
lia.

Double centre line.

Turn lines 2 line 5'
space.Line 6 wide.—

January 1961

The unbroken yellow indi-
cates the lines which are notto
be crossed, except in specified
circumstances, and which assist
in warning of conditions where
particular care is needed. The
broken white indicates the
lines provided principally to

I
11
1]

L Median island.

i1 / LLanelines.

Fig. 10 Line marking at diamond intersection
Note: For further details see Fig. 2.

The use of white or yellow
js permissible for pavement
markings in Australia. Four
of the six States use Wwhite
only and, until the change to
two-colour line marking in
New South Wales, the other
two States used yellow only.
The change to Wwhite for
broken line markings in New
South Wales brought the
practice in this State more
closely in conformity with
that in the majority of Aust-
ralian States.

rovide a better contrast
®) bT:twgen the traffic lines used
for guidance purposes and
those used for warning or
control . purposes, and so
cmphasise the meaning of the
lines as prescribed in the Motor
Traffic Regulations,

guide traffic and which may be
crossed when it issafe todo so.

The use of two colours for traffic line
marking is in accordance with the
practice now recommended by the
American Association of State Highway
Officials and which has been adopted by
the majority of the States in the United
States of America.

3. Visibility at Night: To improve
visibility of traffic lines at night, parti-
cularly in adverse weather, the Depart-
ment of Main Roads is now using glass
beads on pavement markings. The
beads are spread on the wet painted
fine and reflect the light from vehicle
headlamps back to the driver.

The Department is making increasing
use of self-wiping pavement reflector
studs to emphasise lines having regula.
tory significance, i.e., single and double
unbroken lines, particularly in approach
to islands and obstructions in a road.

————
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TRAFFIC CONTROL IN NEW YORK CITY

By

R. A. B. SMITH, AM.1.C.E., M.I.STRUCT.E., M.INST.T.

[N view of the proposals submitted to

Parliament by the Minister of Trans-
port, designed to improve the traffic
situation in London, it is of interest to
examine the type of traftic authority set
up in New York.

This I was able to do as a member of
the A.A. Committee visiting New York
on my way back from Jamaica.

The whole of New York City, which
consists of five boroughs,is for traffic
purposes under the control of the Traffic
Department at Police Headquarters.

The Commissioner of Traflic is
appointed by the Mayor for a period of
five years. Once the Commissioner is
appointed he is practically a dictator
during his period of office. This power
makes it essential that he should make no
regulation without very carefulinvestiga-
tion and consultation with interested
organisations suchas the American Auto-
mobile Association. Once a regulation
is approved by the Commissioner, it is
published in the Daily Record and from
that day becomes an active instrument.
Every Commissioner and the heads of
various departments must be engineers
and no politician can be appointed; as
very few engineers are politicians, it is
not thought likely that a politician will
ever be appointed. This very definite
object of keeping traffic out of politics
has proved of great value and is a point
not to be lost sight of in our own
country.

Under the Commissioner are various
bureaus which have been set up as the
need has been seen. Probably finality

[-X4

has not yetbeen recached, but they arc at
present roughly as follows:

Traffic Lights and Controls

This department decides on the siting
and phasing of traffic lights. The posi-
tioning of pedestrian crossings, the
posting of Police required to control
intersection and all similar matters.

Parking

_ The necessity for on or offstreet park-
ing, the regulations governing parking
space on the streets, etc.

In general, the objective is to persuade
long-term parkers to park on the inner
fringe of the largest cities and encourage
them to use public transport for the rest
of the journcy. In smaller towns the
reverse is the case and the long-term
parker is to be given every facility to
complete his journey to the centre by
caras it 1s considered that the public
scrvices cannot fulfil the public require-
ments except in big cities where a
number of p.s. vehicles can be provided

to meet the need especially during peak
hours.

Thus in a big city all day parking in
the centre is expensive and scarce espe-
cially as short-term parkers are given
preferential treatment in offstreet parks
and garages whereas in a smaller town
the long-term parking is not so expen-

sive @n relation 1o the cost of short{-term
parking,

It is an accepted fact that the centre
of a large city cannot retain its Jand
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and rateable values when the facilities
are not available for customers and
clients for unloading and loading, and
should therefore take precedence over
facilities for the office workers. There
seems to be much merit in this attitude.

Every endeavour is made to get gara-
ges built, first of all, on the inner fringe.

These may be built by private enter-
prise or by the authority. Two were
visited which had been constructed by
the authority.

The first was a multi-story garage.
This was on the continuous ramp
principle, that being the type most
attractive to the public, especially the
feminine element who are prone to have
accidents on the steep ramps, but enjoy
the gentle slope of 2} to 4 per cent, the
former so slight that it is barely notice-
able. Parking is at right angles on
either side of the ramp which is about
23 ft wide whilst the total width is
nearly 60 ft.

The second was a two-storey under-
ground garage on the same principle
fitted up with central control in the
Manager’s Office of all lighting, venti-
lating and other systems. Built by the
authority it is leased for a term of years
to private enterprise on a basic rental
with a proportion of any additional
profits.

The running costs are low and there
were no petrol pumps, but in the case
of the built-up garages there was shop
space which is let off.

This bureau settles the necessity for
a built-up garage in any area and
chooses the location, but does not
design ; consultants are called in for
that purpose.

The position and width of approaches
are however governed by the bureau as
also is the number of cars for which
provision must be made. This depends

10
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on the width, etc., of roads around the
site.

Fire resistance is not the nightmare
over there that it appears to be in this
country, generally sprinklers are consi-
dered a wasted expense and many get
stolen; itis thought better which can
be rushed to the scene of the fire and
used more effectively than hand sprinklers
or those fixed in the ceiling.

Parking Meters

These are in great numbers, but not
used at all in the very centre which is
almost entirely a no-waiting area except
for loading and unloading.

Up to recently Police have enforced
the proper use of meters but too many
had to be detached from other duties
and an alternative had to be sought.

The system now introduced is that of
traffic wardens, both male and female.
The men are given plain blue uniforms
and a badge whilst the women are
dressed in a similar fashion to air
hostesses. Both look smart.

The girls are provided from a Civil
Service list after having been tested as
to education and personal suitability.
Both men and women are trained in the
duties by policemen who used to do this
work, and also taught how to treat the
public and the type of circumstances
which may mitigate the offence (in which
cases they need not issue a ticket). The
fine varies according to the nature of
the street, from 5 to 15 dollars.

The first 50 girls started whilst T was
in the city and they impressed me as
being a very good type and very smart,.
All receive good pay and the job is
pensionable.

Design of intersections, etc.

This is another bureau which studijes
intersections, regulates the position of
bus stops, the limit of parking spaces,
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facilities for loading and unloading and
makes one-way street regulations.

Money from meters and excess charges
is allocated as follows :

(a) Maintenance
(b) Cost of traffic wardens
(c) Cost of street parks

Speed Limits

Speed limitsare set after close investi-
gation and calculation by the engineers
and according to the density of traific,
number of intersections, etc.

These limits are either 25, 35 or
45 m.p.h. Aspeed exceeding these by 10
per cent is assumed when setting the limit
and the police do not necessarily issue a
summons unless the 10 per cent is
exceeded.

On the whole our 30 and 40 m.p.h.
seem a more realistic approach and not
so confusing.

The Safety Division of the Police is
staffed by 1,900 men. Work schedules
are so arranged that maximum man-
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power is on the streets during the famous
New York ““exodus”, the five o’clock
rush  hour. They are particularly
charged with keeping traffic flowing
smoothly and with minimum hazard.

The use of posters reminding drivers
to drive carefully is regarded, after much
experience, as useless and is almost
entirely dropped. It is felt that drivers
regard these posters as meant “ for the
other fellow . Instead the courtesy
police force has been enlarged. Frankly,
the better driving which appears to be the
case is largely due to this

The courtesy police (in uniform)
generally travel in pairs but in ordinary
cars without gongs-—not police cars.
Their duty is to stop offenders and warn
them, but only rarely do they issuc a
summons. The name of the warned
driver goes into the police files.

The investigation undertaken, on
which this rteport is made, may be of
some use in view of the setting up of a
traffic authority in London, which may
be followed by the same in other cities.

(From ““ Highways and Brid
Engineering Works,” July 6th, %20;1’1(,

“ When a road is once built, it is a strange thing how it
collects traffic, how every year as it goes on, more and more
people are found to walk thereon, and others are raised up to
repair and perpetuate it, and keep it alive; so that perhaps even
this road of ours may, from reparation, continue to exist and be
useful hundreds and hundreds of years afier we are mingled in
the dust. And it is my hope that our far-away descendants may

remember and bless those who laboured for them to
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_day.”
—R. L. STeVENSON

THE INTERSTATE HIGHWAY SYSTEM IN THE
UNITED STATES

By
B. D. TALLAMY *

THE United States is constructing a

National System of Interstate and
Defence Highways, 41,000 miles long,
which will join the principalcities in the
48 contiguous States and will connect
with important highways of Canada
and Mexico at the international borders.
The highways are designed to carty the
kinds and volumes of traffic forecast for
1975.

Development of the system is a joint
undertaking of the Federal Government
and the States, with the former
providing 90 per cent of the cost. ~ The
States let the contracts to private con-
struction companies on the basis of
competitive bids, and meet 10 per cent
of the cost. Plans, contract terms and
construction are subject to approval
by the Federal Government, which acts
in highway matters through the Bureau
of Public Roads, part of the U.S.
Department of Commerce.

Nearly 9,600 miles of the System are
already open to traffic. This total
includes 4,235 miles built or improved
to the standards of 1975 and 3,076
miles that will need further improve-
ment but are adequate for present traffic
demands. It also includes 2,268 miles
of toll roads, tunnels and bridges
previously built and incorporated in the
System in accordance with the law.

Many of the Interstate routes are
parallel to or coincide with existing

roads. The work is therefore partly the-

construction of highways, bridges and
tunnels on new locations and partly the
reconstruction and improvement of
those already built. All the newly-built
roads are free—that is, there will be no
collection of tolls on them.

For the benefit of readers who have
not visited the United States it may be
useful to summarize certain basic facts
affecting highways in the country.

There are in the United States todaya
total of about 3.5 million miles of
roads and streets. It-is possible to drive
from Seattle, in the State of Washington,
in the Pacific North west, to Miami,
Florida, at the South-eastern corner of
the country, all the way on paved roads.
The need now is not so much for more
roads as for better roads with greater
capacity, to carry the enormous and
growing volume of traffic.

In recent years there has been a
migration from rural to urban areas,.
and from city centres to the suburbs.
This suburban living has been made
easier by the automobile, of which
there are now more than 61 million in
the country. Including trucks and buses,
motor vehicles of all kinds number
' nearly 74 million. '

In addition to the Interstate System,
about 790,000 miles of other primary
highways, secondary roads and their
urban extensions are eligible for Federal
aid if the States apply. In the improve-
ment of such roads, the Federal Govern-

*Federal Highway Administrator, Bureau of Public Roads, U.S. Department of Commerce,
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60-485—0hio—I-280—Toledo Expressway

ment and the States meet construction
costs in equal shares. This is often
called the ABC program. Since passage
of the Federal-Aid Highway Act of 1956,
which authorized completion of the
Interstate System and expanded the
ABC program, contracts have been
completed on more than 100,000 miles
of ABC roads. In the main, this work
has consisted of rebuilding existing
roads to higher standards, although
some have been built on new locations.

Many roads are of course built by the
States, countiesand other Governmental
units without any Federal-aid. The
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Maumee River—Lucas County—U-

January 1961

..."’,

K ; WA ¥
. \ ~-..~~- . -
« et B

P

SRS

d structure over
1052 (6) thru (12) 10/1/58

States maintain all the Federa
and regulate the traffic on them. Except

on certain  Federa] pro
 ce pert the
National Government does not l):a’t con-

tracts for the constructio i
cts f n of hj
maintain them, or police them, ehways,

l-aid roads

The Interstate § i
ystem will be the
frgmework of the United States National
nghwaz% network. It s expected to
carry per cent ’
o] tali of the country’s
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Bureau of Public Roads. They incor-
porate all known features of safety and
utility, and are aimed at safe and
relaxed driving, at economy of vehicle
operation, and at pleasing appearance.

An important feature is the control
of access from adjoining property and
from intersecting roads. All entrances
to and exits from routes of the System
are at planned locations only, selected
to enable vehicles to enter and leave
the highway with safety to themselves
and to the stream of traffic. American
roads that had developed without
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Grade separations generally carry
cross roads over or under the routes of
the Interstate System. In sparsely
settled rural areas, where traffic volumes
are low, intersections at grade are
permitted under stated conditions and
if no appreciable hazard is created. No
railroad grade crossings are permitted.

Sweeping curves, easy grades, and
long sight distances provide driving in
safety and comfort, at reasonable speeds
and without interruption.

Nearly all of the System will consist
of divided highways with four or more

60-354—Jones Point Bridge during construction from Virginia side
from Virginia to Maryland over Potomac River near Washington DC

control of access were 'recogn‘ized
sources of danger in permitting veh_:cles
to run on and off the road at business
places, residences, and minor side roads,
many making left turns.

No gasoline stations, restaurants or
other service facilities are permitted
directly on the Interstate right-of-way,
but may be on connecting roads or
frontage roads on one or both sides of
the highway.

traffic lanes. The lanes must not be less
than 12 ft in width. In flat country,
where drivers can see for great distances
at all times, two-lane highways are
permitted if the traffic expected in 1975
1s less than 5,000 vehicles daily, but in
such cases the roadway is normally
built on one side of the right-of-way so
that an additional pavement, to provide
a divided highway, can be added if
needed.
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i — ifes s Geneva, Ashtabula County—
-487—0hio—1-90-2 (5) 52—Three miles south of : |
60-4%7 Interchange with S. R. 534—9/14/58

jan areas between the two road-
waI;//Ised of divided highways must
generally be at least 36t wide, but in
urban and mountainous  areas da
minimum of 16 ft is permitted.
Under unusual cond1txon§ of terrain gr
right-of-way, the median may be
reduced to not less than 4 ft.

ide (6 ft
Shoulders at least.IO ft wi .

in mountainous terrain), usable in case
of emergency by all classqs of vehicles
in all weather, are provided on the
right of traffic.

Wide rights-of-way are required, but
need not be of constant width. Con-
struction often takes advantage of
terrain, and opposing roadways may be
placed on opposite sides of a stream or
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hill.  Minimum right-of-way widths
required in rural areas range from 150
ft for a two-lane road to 300 ft for
an eight-lane divided highway with a
frontage road on each side. In urban
areas land cost and building demolition
are important considerations, but the
right-of-way must be wide enough to
accommodate the roadways and neces-
sary slopes, walls, and frontage streets.

Bridges and overpasses are preferably
of deck type, withno overhead obstruc-
tion. Through bridges and under-
passes on at least one route through or
around a city and on certain other
selected routes must have at least 16
ft vertical clearance—elsewhere 14 ft.
The full width of traffic lanes, median,
and shoulders is carried across bridges
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South Carolina—60-51—Interstate Route I-21—Richmand County

road construction job. U.S. 240, |
Photo by courtesy U.S. Bureau of Public Roads.
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§7-1365-—Maryland—Caterpillar D. W. 21 scraper 21 yard capacity working on



January 1961 —
ransport-Communications Monthly Review y

\ ® | __
ise taxes on tires, tubes, : ®

; h or less, and through ~motor fuel, excise , ; |
\deSO foscgz leggnt long "and costly and large vehicles, and a use-tax on : B fae : oy
maerpas the median width may be large vehicles. The States derive funds = } |
mdgesd to mnot less than 4 ft. Where for their share of the construction from 4 Y - ! i
-cdgge or %arapet walls are used, the fuel taxes and various other taxes. : : J ' 3 ® ) i o
sur ! ; , ‘
- e g n on . . .
pavement 1s;eve¥?l {;ﬁésmder tha It is expected that the United States \
the approach tratiic .

- 5 nlﬂc“i
Congress will determine in 1961 a lé)ng- \
.- ; iving term policy for financing the Federal
Large anhd rgle"anr(liyd‘i/rlzlxis;@:g gimerg_ share. For its information, the Bureau
route num_1¢ s with principal connect- of Public Roads and the States are
change facilities Wi od preparing a revised estimate of the cost
ing roads are requires. of completing the Interstate System,
The high standards and the large and a highway cost allocation study
lume of traffic forecast necessarily indicating the benefits derived by direct
by Le construction of the Interstate users of the roads and others deriving
r‘S,nyastcm expensive, especially _in urban benefits from them.
areas. The average cost is about The 1956 legislati 4
illion dollors a mile. ) egislation contemplate
one million completion of the Interstate System by
The Federal share of the cost of the 1972. Subject to provision of the

Interstate System is at present derived necessary funds, I believe that this goal
from taxcs on highway users—itaxes on can be realized.

JT

|
i
|

An official was inspecting a newly completed portion of «
highway. " He grumbled at everything. The crown was not
high enough, the shoulder was too steep. The ditches not deep
enough, and so on.

The foreman bore it all patiently. Then he straightened
upto his full height and loo’lfing the inspector in the eye, he asked,
« How is she for length?
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THE COST AND PLANNING OF NEW ROADS IN BRITAIN

By

JOUN ROBINSON*

BRITAIN was a late starter in the crea-

tion of a modern highway system,
buta comprehensive scheme of new works
and improvements is now in hand, and
the opening last year of the country’s
first motorway caught public imagina-
tion and has given impetus to the driver
for better roads.

As early as 1946 a modernisation
programme involving the construction
of 800 miles of new roads was
announced, but the troubled economic
climate of the post-war years frustrated
the development of the scheme. In
1955, however, a Four-Year Plan was
introduced, costing £212,000,000, and
two years later another Four-Year Plan
was announced by the Minister of Trans-
port, bringing the total cost allowed to
£240,000,000.

The increasing pace of new construc-
tion work on roads (excluding minor
improvements) is indicated by the
amount of money which the Govern-
ment has already made available out of
the £240,000,000 estimate. In 1955 it
was £3,500,000, in 1956 £6,500,000, in
1957 £13,500,000, in 1958 £26,500,000,
and in 1959 (estimated) £52,500,000. The
estimate for this year is £65,000,000.
The amount spent by local authorities
on new construction also rose from about
£4,000,000 in 1955 to about £ 8,000,000
last year. Inaddition, some £90,000,000
is spent every year by local authorities
on maintenance of existing roads.

Road Fund Change

Government.grants are voted annually
through the Civil Estimates, and local

London/Birmingham Motorway. A Helicopter in use to co-ordinate
work on the construction of Britain’s mew motorway from the
northern outskirts of London to Birmingham in the Midlands.

* BEditor of the * National Builder ’, London.

11

99



Transport-Communications Monthly Review January 1961

London/Birmingham Motorway.  Tractors and scrapers in use during the
construction of Britain’s new motorway to the Midlands

One of the fly-over roundabouts on the new motorway to the Midlands of Britaln
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authority expenditure on road works
comes from the local rates. The Road
Fund, which originally received revenues
from motor vehicle licence duties, and
paid out each year grants for road
work, was abolished in 1956. The
Exchequer now receives all former
revenues of the Fund, and grants for
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new work are made as separate items,
as well as included in the block grants
paid to local authorities.

The revenue from motor licences and
from the motor fuel tax has increased
considerably over the years in pace with
the increase in the number of vehicles

A new trunk road is being constructed through the heart of the City of

It will be a dual-carriageway with three-line traffic in each direction.
Garages for several hundred cars are being built below the road. Not
the least part of the cost of many millions of pounds has been that
of acquiring the land

AN
London, forging its way over some of the worst bomb blitzed areas. .
~
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licensed, and the increased vehicle
mileage. Last year these revenues from
road users (including purchase tax on
cars)  amounted to  £564.,000,000,
compared with the £84,700,000 actually
spent on all road works by the Central
Government in England, Wales and
Scotland. As the organisations of road
users in Britain point out, the money is
in the ““kitty >*; it is merely a question
of putting road works in their allotted
place in the queue waiting to use the
country’s  available constructional
resources, both labour and material.

Stage-Coach Designs

It is not to be supposed that the road
schemes now under construction will be
sufficient to solve Britain’s road traffic

_and trdnsport problems, which are con-
“Siderable, but at least itisa beginning.
Motor vehicles have trebled since 1939,
and the number continues to rise. The
country  possesses a  network  of
complicated but, genecrally speaking,
well-constructed and  well-maintained
roads, a number of which were moder-
‘nised between the two World Wars.
They were, however, designed in the
“days of the stage coach and many are
‘now  out-of-date.  Britain’s  Road
Research Laboratory found, in a survey,
that present traffic on 62 per cent of
trunk roads, 23 per cent of class I roads,
and 6 per cent of class Il roads,
exceeds their designed capacity. Another
finding was that I per cent of the
road system carries 25 per cent of
traffic, and 10 per cent carrics 60 per
cent of the traffic. This does indicate
that the most urgent work involves the
main roads and through routes.

The Ministry of Transport is respons-
ible for the trunk roads, that is certain
designated through routes, and has
complete financial liability for them,
although local authorities are employed
as agents to carry out work on them
to Ministry specification. An Act of
Parliament recognised the principle of
motorways and other special purpose
roads, and provided the necessary

¥,
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powers for their construction. The
Minister reports to Parliament every year
on road works in England and Wales,
and the Sccretary of State for Scotland
does the same for Scottish roads.

Three-part Plan

~ The present Plan for road modernisa-
tion falls into three parts:

I. The initiation of a network of
fast motor through routes, such as the
London-Birmingham motorway opened
to traffic last year.

2. The elimination of bottlenccks in
the cities and big towns to give free

passage to traffic coming off the main
roads.

3. lmprovement to existing roads,
§uch as realigning  cross-roads or
improving visibility, and schemes which
do not cost a great deal but make a big
difference to the traffic flow.

~ The main roads planned include the
improved  Great  North Road from
Lopdon to the North-East, work on
which is progressing steadily: a motor-
way from London to the North-West, the
fitst part being the London-Birmingham
motorway already in use, to be followed
later by a motorway from Birmingham
to the Preston-By-pass, already in use,
and giving access to Lancashire and the
North-Wcst ; Improvements to two exis-
ting trunk roads from London to the
South-East, with by-passes to the busy
midway townsin Kent and at Maidstone
and Ashford, the last-named already in
use ; a new route from the Midlands to
Bristol and Wales in the West, including
the Ross Spur motorway now in use
and linking up with Birmingham at the
Midlands end ; and a road from London

westwards via London Airport to South
Wales.

Other important projects are the
London to Yorkshire motorway, which
will run from near Rugby to Doncaster,
linking with the Great North Road;
and the Doncaster By-pass and Steve-
nage By-pass, both of which will form
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parts of the improved Great North
Road.

Mile-Long Viaduct

Typical of the road works now under
construction for the elimination of
bottlenecks in the cities is the Cromwell
Road Extension, London, which
includes a mile-long viaduct over the
existing Great West Road. Another is
the so-called Hyde Park Boulevard in
central London, and in the provinces
the ring roads at Birmingham, Manches-
ter, Sheflield and Gloucester all fall
under this heading.

The first full-length motorway, the sec-
tion from London to Birmingham gave
Britain much valuable experience in
the construction of fast through roads
of this type. The 73-miles stretch from
the outskirts of London to Birmingham
was the largest single road scheme ever
commissioned in Britain, and it was
exccuted by three contractors in the
scheduled time of 10 months.

Britain's Engineers are not lacking in
technical skill. They have had wide
experience on airfield construction, and
on road building in the Commonwealth.
The largest of the London-Birmingham
motorway contractors, John Laing and
Son Ltd., of London, had already
carried out considerable road construc-
tion in Central and Southern Africa,
and its Canadian company was concern-
ed with a section of the Trans-Canada
Highway. What makes the Birmingham
motorway so remarkable is mnot so
much the techniques employed, but the
organisation and planning which ena-
bled the company to drive an entirely
new road through a densely-populated
and highly developed countryside, and
to do so, despite some severe weather,
within the tight time-scale laid down.

Planning Time Lag

The whole problem of building
motorways in Britain is epitomized in
the fact that on the 53-miles stretch
of motorway built by Laings, no less than
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52 major road bridges, eight railway
bridges, several canal and river bridges
and numerous small bridges for publié
and farming use were a necessary part
of the contract. In all, 129 bridges
were constructed in order to give the
new road unrestricted passage.

Before work begins there is a protrac-
ted period of negotiation, surveying,
land acquisition, appeals, and planning.
Much patient and time-wasting work
has to be carried out before the engi-
neers and consultants can get down to
design and planning. This period is
variously estimated at between two to
six years, but in close-packed Britain it
1s a necessary and laborious preliminary
to the inauguration of a new road
system.

A great deal of this necessary but
unrewarding work has been done in
recent years, and everything points to a
great new surge in road-building in
Britain over the next decade. The
British have lagged behind the European
Continental countries in this respect,
but the need for new roads is widely
recognised and has been accepted by
the political parties. The revenue from
road users greatly exceeds that spent on
roads, the engineers have the experience
and skills, other construction projects
such as housing and power stations
become less urgent as priority pro-
grammes come to an end——there seems
no reason why road-building should not
increase considerably in the next few
years.

Great attention is being given to the
problem of pressing new roads through
industrial areas, and two imaginative
projects are reaching the practical stage,
one for taking a motorway on a viaduct
over an existing all-purpose road for
about a mile, and another for taking a
motorway link on the outskirts of Bir-
mingham over a railway.

In rural areas disused railway sites
are being used to take roads where
practicable.
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BRITAIN'S NEW MOTORWAY SPEEDS
WAY TO THE WEST

By
PAT GREGORY™
BIRMINGHAM stands, geographi- which served as the cradle of the

cally, in the very heart of England, industrial revolution. To the West. in
the ** capital >’ of a Midland conurbation South Wales, is another import,an[

Kempley Viaduct—view eastward through forest

sLondon Journalist and feature writer SU—
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centre of Britain’s heavy industry,
whose coal and steel are key components
in the country’s economy. Between the
two lies a belt of rich, hilly farm-land
bisected by the rivers Severn and Wye.
The narrow, twisting roads, legacies of
the horse-traffic age, that traverse this
agricultural strip, have always been a
tedious barrier to modern commercial
road communication between the two
vital industrial centres.

For Industry and Pleasure

At the end of 1960, however, a new
motorway is to be opened through this
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which stands on a rocky pinnacle above
the River Wye looking across to the
mountains of Wales. The new highway
effectively by-passes the town, and pro-
vides a vital artery in Britain’s National
Road Plan, connecting with other major
trunk routes stretching West and North.

Within its effective width of 88 fi
(26.82 metres) the Ross Motorway has
dual 24 ft (7 metres) wide carriageways
and a central reservation 15 ft (4.5
metres) wide. The maximum gradient
is 1 in 25, and it is designed for speeds
of upto 70 miles (112 kilometres) per
hour. 1In places there are embankments

View of interchange with Gloucester-Ledbury road, A. 417 at Bury Court.

tural countryside where England and
Wales meet, to provide not only a fast,
safe link for industrial purposes, but
also a pleasant ride for tourists between
the Midlands and the West.

Constructed at a cost of £6,000,000,
the 22} miles (36 kilometres) long Ross
Motorway takes its name from the old
town of Ross, with its narrow streets,

40 ft (12 metres) high and cuttings
37 ft (11 metres) deep. About 2,250,000
cubic yards (1,720,000 cu. metres)
of rock and soil have been excavated
during its construction,which provided
work for more than 1,200 men.

A notable feature of the scheme has
been the building of two major bridges,
one over the River Severn at Queenhill
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and the other over the River Wye at
Cll;:idstow. The  Queenhill .Brldge,
together with its approach viaducts,
covers a total length of 2,466 ft (752
metres) and cost more than £1,000,000.
It is a three-span continuous steel girder
bridge with a centre span of 240 ft
(73 metres) (hcadroom 44  ft—I3
metres) and two side spans of 130 ft
(40 metres) cach.. It is of dual con-
struction 73 ft (22 metres) wide over-
all, each half width having two pairs of
girders with reinforced concrete decking.
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(610 metres) long over the river’s flood
plain. The embankment has a maximum
height of 33 ft (10 metres), through which
seven flood relief arches are pierced.
Each flood arch is itself a considerable
structure, being more than 80 ft (24
metres) long and having a span of 18 ft
(5.48 metres). The Bridstow Bridge is
a graceful three-span structure with a
total length of 353 ft (107 metres). It
has a 203 ft (62 metres) clear span in
the centre and two approach spans each
75 ft (23 metres) long. The bridge

View eastward of Queenhill Bridge and Viaduct with Bushley Viaduct in foreground

idee and viaduct piers were carried
g(l)l:vr?rtlo grock marl by means of 54 steel
caissons using compressed air, the depth
below ground varying between 28 fi
(8.5 metres)and 47 ft (14 metres).

Long Embankment

At the western end of the motorway,
near Ross itself, the road is carried over
the River Wye by the Bridstow Bridge,
with its associated embankment 2,000 ft

structure carries dual carriageways and
is supported by two reinforced concrete
piers and abutments which also terminate
the structure at either end. The deck
consists of pre-stressed concrete ap-
proach and cantilever spans supporting
the prestressed concrete suspended centre
span. Nine main beams support the
concrete deck slab. The mass concrete
pier foundations are continuous, and
extend some 16 ft (4.87 metres) below
the river level down to sandstone.
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Queenhill Bridge and Viaduct from the south

The motorway passes either under or
over other existing roads athwart its
course by a series of 36 other bridges of
varying size and importance. Its con-
struction was divided into four main
contracts.

Starting from the east, the first portion
included extensive bridgeworks ;md via-
ducts over the River Severn, including
the major Queenhill undertaking. The
accepted foundation was of crushed
stone in a constant thickness of eight
in. (20 centimetres) using two-inch
(5 centimetres) single size stone with a
gravel sub-base six in. (15 centimetres)
to nine in. (23 centimetres) in thick-
ness. The base course consists of a
three-inch (7.6 centimetres) layer of bitu-
men macadam, followed by a one-and-
a-half inch (38 millimetres) hot a§phalt
final running surface. The edges of the
carriageways are marked by twelve in.
(30 centimetres) ‘wide concrete marginal

strips, flush with the carriageway.

Extensive Excavation

In the next section there were no junc-
tions with the existing road system. Here
the soil is mainly Keuper Marl, with an
overlying cap of clay varying in thick-
ness from about two to six ft (61 cen-
timetres to 1.82 metres). The form of
construction adopted for the carriage-
way foundation is soil-cement, for which
Keuper Marl has been found tobe a very
suitable medium. Two-layer construc-
tion has been adopted. The lower layer
is four in. (10 centimetres) to six in.
(15 centimetres) thick, depending on
site tests, with seven per cent of cement
(mix-in-place), and the top layer six in.
(15 centimeters) thick with ten per
cent of cement (using suitable soil
brought in from bulk excavation in
adjoining cuttings). The base course
consists of four in. (10 centimetres) of
bitumen macadam in two layers, followed
by a final surface of one-and-a-half in.
(38 millmetres) of hot asphalt. The
twelve-inch (30 centimetres) concrete
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Bridstow Bridge showing two flood arches

margins are finished flush with the final
running surface.

The third contract covered slightly
more than six miles (9.65 kilometres) of
Motorway. The roadworks involved
construction of 25 culverts and a pedes-
trian underpass. The carriageway
foundation is of limestone gravel on
waterbound stone, with a hot rolled
asphalt running surface. Finally, at the
western end to the termination of the
Ross Bypass, the fourth contractincluded
Bridstow Bridge.

The undulating nature of the country
entailed ¢ cut and fill> to such anextent
that, over the whole length, the average
difference in level between the new road
and the former ground level is 20 fi¢
(6 metres). Excavation amounted to
nearly 1,000,000 cubic yards (764,550
cubic metres) half of it in rock. Here the
carriageway foundations are of crushed
stone and cement-bound granuylar base,
with hot rolled asphalt running surface.

. The R_os,s Mptorway is a salient link
i Britain’s highway  construction pro-
gramme. Even the staunchest supporter
of Britain will concede that the United
ngdom_ has lagged rather sadly behind
other nations in the provision of gene-
rously broad motorways to speed her

traffic and commerce from coast to
coast.

New Roads Scheme

[mmediately after World War
traffic count ~ conducted by ]?rit:iln’:
Ministry of Transport showed that ten
per cent of her roads carried about 60
per cent of the country’scars and lorries.
From this analysis it was readily appa-
rent that a Comparatively small milage
of really first-class modern roads could
{)r«gﬁiuce enormous improvements in
dra ¢ flow. In 1946 tentative plans were

Tawn up for building 800 mijles (1,280
klltgmetres) of British Motorway, but
;{n Oftunately the bleak economijce posi-
100 of the country at that time caused
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the programme to be shelved for more
than a decade. As Britain’s finances
have improved, it has been possible to
re-introduce the scheme in rather less
ambitious, piecemeal fashion.

Britain’s first true Motorway, a 72-
miles (116 kilometres) long length of the
proposed fast road from London to
Yorkshire, was opened about twelve
months ago. It has proved to be a
tremendous success.

Now, with a greatly im.provec‘i pros-
pect commercially, the United Kingdom
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Government plans to spend during the
present financial year an all-time record
of £115,297,000 on general road
improvement schemes. During the past
six months major undertakings totalling
£39,000,000 have been started.

More than half of this sum is being
spent on three schemes. First, 28 miles
(45 kilometres) of the Bristol to Birmin-
gham Motorway, which is due for com-
pletion in October 1961, at a cost of
£ 8,580,000 ; secondly, a duplication of
Blackwall Tunnel, London ; and thirdly,
the new Park Lane, also in London.

WORDS OF WISDOM

If we were all given by magic the power to read each other’s
thoughts, I suppose the first effect would be to dissolve all friend-
ships. The second effect, however, might be excellent, for the
world without friends would be intolerable, and we should learn
to like each other without needing a veil of illusion to conceal
from ourselves that we did not think our friends absolutely

perfect.

-——~BERTRAND RUSSELL

NO COMPROMISE

The fundamental principles of scientific work is unbending
integrity of thought, following the evidence of fact wherever it
may lead, within the limits of experimental error and honest
mistake. On this there can be no compromise.

—PROF. A. V. HiLL.
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ROAD DEVELOPMENT IN FRANCE

(Bv the courtesy of Public Works,

THE French road system has been

organised during the course of
several centuries of experience. Its
excellence is indisputable and is one of
the most homogeneous and densest of
the world.

Its length, in a condition fit for
traffic is of the order of 800,000 kilome-
tres, of which nearly four hundred
thousands are surfaced which gets for
the road system a dense milage of roads
in good condition. The total milage of
important roads without taking into
account the urban roads (45,000 km)
works out to 120 km of roads per 100
km®.

Transport and Tourism, France)

The parish roads are those which are

built on the land owned by the
communes,

In short, the total length of
roads is of the order of 45%000 ki;gbmaerz

tres which connect together the streets
of towns and villages.

The roads in their entirety, form part
of the p_ublic property of the State. of
the province or of the communes, accord-
ing to the category of the road design.
It results in a very important conse-
quencein right, that s, the highways and
roads are inalienable and that theactions

in claiming them as property o
are indefeasible. property of estate

Pont de Velotte N.W. le Doub at BESANCON

The road system comprises of :

The total milage of National High-
ways which concerns the entire country
is at present 81,508 kilometres.

The length of provincial roads which
connect different points of some of the
provinces is 269,904 kilometres.

Hi(gzggﬁning oneself to the National
Frenchablils which are important part of
Lol ational negvo_rk of roads, one
from t National Highways
motor-gz;ysgrand itineraries and the

The Nationa] H

number and the iighways are 812 in

mportant ones start
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from Paris. Every one of them has its
own peculiar characteristics, depending
upon the region it traverses.

During the course of 19th century and
the outset of the 20th century, the Nation-
al Highway system has grown in about a
steady manner; it has increased from
27,000 km to 40,000 km in 1930 ; but now
it has reached 80,000 km by integration
of 40,000 km of roads which till then
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threg lanes (9 or 10.50 m. width of
carriageway), 15,000 have two lanes
(7 m. width of carriageway).

The important itineraries which com-
prise of about 7,000 km, amongst the
National routes, are those which have
Paris as the principal centre of the
system and permit the rapid travel
towards the outside countries. These
have been designed in a manner to assure

N.H.5. Pompadour Circle (circus)

was classified as provincial roads. In
fact, the increase of more and more
traffic on the secondary roads has been
responsible of this _expansion of
National Highways. The provincial
roads had never been conceived to
sustain so heavy a traffic and the total
local resources have not permitted of
setting apart of funds that would have
been necessary for their upkeep.

At present, of a littlemore than 80,000
kilometres of the National Highways,
200 kjlometres have four lanes, 5,000

have rapid and comfortable travel. The
cities are in principle connected outside

"of the alignment, the crossings at level

are avoided as much as possible and if
these are unrealizable, priority is assured
for automobiles travelling on the grand
itineraries, at crossings of wide lateral
roads.

To complete this list, it would be fit
to say a word about the motorways. In
France, taking into consideration the
density and the quality of the road
system, the need for motorways would
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be and is still much less imperative than
in other countries, such as ltaly or
Germany.

Nevertheless, the incessant increase of

the traffic on one side, the necessity of
avoiding congestion at the approaches
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to the big cities and all industrial centres
and increasing the safety on the other
part, have led the administration to
m}derlakc the execution of a network
of motor roads which in fifteen years
will cover over 2,000 km,
the  following links

comprising
Paris-Lille,

Fig. 3-Cunnel de la Croise-Routse at Syon Entiee cote Saone

POHTEREAD _
B 05

U POy sur i Tunne

Lenouvean Pont Sur 1’ Yonee
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Paris-Lyom-Marseille, Paris-Normandie,
Paris-Chartres, Metz-Thionville, Metz-
Nancy, Metz-Sarrebruck. Strasbourg-
Bale, Frejus-Nice. Basque-Coastal
Motorway (Biarritz-Spanish frontier.

The road system represents one of
the principle elements of national heri-
tage; it has been estimated at present
at 100 milliards of new francs. This is
to say about the importance of the
problem which confronts its administra-
tion.

January 1961

has been divided into two sub-direc-
torates of Works and Road Traffic. The
first has the task of construction and
maintenance of National Highways,
their classification and numbering, the
laying down of programmes and plans,
statutes, the administration and working
of motor roads and grand itineraries,
the construction of works and all that
would be treated as public responsibility
regarding matters relating to roads.
The second sub-directorate is concerned
principally with the control of traffic,

A recently constructed bridge in France

The authorities responsible for the
roads are of two categories, one the
administrative represented by the
interested ministerial department, the
other technical having as 1ts head the
Corps of Engineers of Bridges and
Roads.

At the centre, the Directora.te_ of
Roads and Road Traffic of the Ministry
of Public Works, Transport and Tourism

the safety, signalisation, roadside
advertisement.

The central echelon equally, it is to be
pointed out, is the council of the Depart-
ment of Roads and Bridges, presided
over by the Minister of Public Works,
Transport and Tourism and one of its
sections studies particularly the projects
relating to National Highway system.

" The other category of roads are under
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the competence of local authorities,
Departments or Communes In whose
area such of these roads fall, it being
specific that the community is concerned,
in the matter and they under the control
and protection of Ministry of Interior.

In regard to the financing of works,
the credits sanctioned to the road
fittings and construction are managed
by the Directorate of Roads and Road
Traffic.

With regard to national roads. the
credits for the construction, which are
the budgetary endowments, are distri-
buted according to the area basis by
the Department in relation to certain
criteria which can vary from one year
to other, e.g., kilometrage of roads,
average traffic, etc.

Motor Road to the South of Paris. View towards Parls
—Semi-junction with N.H. 446,

-—QOverbridge on C.V.2.

—Junction with C.D. 153. 26th July 1960.
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The credits are provided by F.S.I.R.

-created by an Act of 30th December

1951 and fed by a fraction of the taxes
on the road fuels (7.7 per cent) which
for 1961 would be 430 millions of N.F.

The funds are distributed under four
heads (National, Provincial, Communes
and Urban). The works which are
financed from such funds are planned
in stages and spread over years and
conceived in a fashion to permit the

progressive improvement of the entire
system,

The financing of works carried out on
the Provincial and Communes roads are
operated by the Provinces and
Communes with theaid of corresponding
sections of F.S.LR. Besides this, the
communes can raise loans whose

Motor Road (Autobahn) to the South of Paris. Crossing of the
Essonne Valley—from Left to Right

—Bridge over the Essonne river S.N.C.F. work.
Paris-Montargis and crossing of CD 137.
—Overbridge on R.N. 191.
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3
: Brest 5t Briscc

Quimper

Motor road to the South Paris. Crossing of the Essonne Valiey.
View taken in the direction of Paris.

Overbridge over N.H. 191.
—Crossing of the lines §.N.C.F.—Paris-Montargis and of CD 137.
—Bridge over the river Essonne

H{ Limogas
proceeds are earmarked for the roads [The above has very kindly been trans-
which are under their charge. lated from French to English by Shri PRSE '
S. K. Rajgopalan, Divisional Engineer- - SR I 'S BAL"“I'“' a !
Nevertheless, these loans need the Consultant, Ministry of Transport and : , \ Shuae Pz Brive
prior approval of the proper authorities, Communications (Roads Wing), New ’ : g Liborre
the Minister of Interior. Delhi.) ; \
oRednr
o QMillea
: P Taluish,__ Movlpe
CHILD SAYING HIS PRAYER AT BED TIME KL -
. ' ' 9, Py
“ And I pray God to put vitamins in Pudding and Pies Sl "‘"}‘f: .
instead of in Cod Liver Oil and Spinach — Amen.” ; : e,

Feri!lll !
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SWITZERLAND’S 20-YEAR ROAD PROGRAMME

By

M. DE Bussy

The Swiss National Road Plan drawn up late last year, covers
the period to 1980. In this article, the author, recently Director
of Roads at the Rijkswaterstaat, at The Hague, describes the traffic
studies on which it was based and the design standards recommended.

NOTWITHSTANDING its fairly high

degree of motorization and the
importance of tourist traffic, Switzerland
has, as yet, done little for the benefit of
its road traffic. In general, the autono-
mous cantons only have improved sec-
tions of existing roads, although south
of Lucerne is a short stretch of motor-
way. But the report of the Commission
appointed in 1954 to study the road
traffic problems and to advise on
a national road plan is most compre-
hensive and thorough, consisting of six
splendidly executed volumes of 100 to
200 pages each, with a wealth of tables,

graphs and maps.

Switzerland can be divided into two.

parts. The undulating and hilly area
north of the Alps, with its dense popula-
tion, industry and commerce, stretches
from Geneva in the West to the Bodensee
in the east over a length of some 170
miles, while its width is nowhere more
than 35 miles. It occupies considerably
less than half of the national territory.
South of this area are the high moun-
tains with a very low density of popula-
tion, except in a few penetrating valleys
(of the Rhine, the Rhone and the Aar)
and in the region of Lugano and Locarno,
and here the main tourist resorts are to

be found.

The road problem follows this divi-
sion, the northern area presenting the
same requirements and possibilities as

most western densely populated coun-
tries (dense, economically important
t;afﬁc, with the possibility of construc-
ting roads of normal standards) whereas
the Alps do not permit, nor require, the
building of high speed roads. |

_The traffic problems in the Alps are
discussed separately in the fifth volume
of "the report. The other volumes
refer to: general matters, project of a
motorway system in general, projects
in detail of motorways, urban express
road§ to connect motorways (not yet
p_ubhshed), programme costs and finan-
cing and legal procedure. From the
data and opinions given, the following
may be cited.

According to an investigation in 1956
concerning approximately 13,000 vehi-
cles, small cars averaged 11,500 miles
a year and heavy cars and lorries 13,000
miles each. An estimate shows thi’lt in
the same year 2,000 million Swiss francs
(170 million pounds) were spent on
vehicles, fuel, repairs, etc., which was
8 per cent of the national income. 1,037
persons were killed in traffic accidénts
which is equivalent to 0.19 killed to oné
million vehicle-kilometres, whereas the
same relation is only 0.08 on German
motorways. In 1957, Switzerland’s
5,117,000 inhabitants had cars at 81.2
per 1,000 inhabitants, 415,000 in tota.l
But 2,458,000 foreign automobiles
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The new St. Gotthard Pass. Hairpin bends at Schollenen Gorge

entered the country in the same year.
This explains partly the very high per-
centage of light vehicles (cars and light
vans) on the roads; anaverage of from
88 per cent and rising to 95 per cent on
alpine roads in summer.

A general traffic census as part of an
all-European census in 1955 is the main
source for traffic analyses. But on six
primary roads automatic counters give
the traffic density continuously hour by
hour. On the alpine passes separate

counts determined the Swiss cantons or
the countries of origin of traffic. Cordon
censuses around 17 cities, and investiga-
tions in five cities provided detailed
information on urban traffic, and tables
and graphs give traffic distributions
throughout the year, week and day. In
accordance with American data the 30th
hour traffic in Switzerland is two-thirds
to four-ﬁf ths of the absolute maximum.
The relation between the highest hourly
volume and the daily average on roads
was found to be : 0.203 for entrances to
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The new road at Schollenen Gorge with the old road below.

cities ; 0.225 for rural roads with mostly
business traffic; 0.261 for rural roads
with important tourist traffic, and 0.414
for alpine roads with preponderant
tourist traffic.

Graphs give lengths of trips of vehi-
cles leaving Basle and for the relation
between the distances to various cantons
and countries, and the number of vehi-
cles originating from them observed on
the alpine passes. Roughly, a hyper-
bolic curve can be drawn through the
diagrams, but the points are rather
widely scattered. In general, it can be
said that the main currents of business
trafic follow a direction south-west to
north-east in the oblong densely popu-
lated part of the country n_orth_ of jche
Alps. Perpendicular to_this direction
are the streams of tourist and recrea-
tional traffic.

Predictions of future traffic are based
on an extrapolation of the curve of the
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number of vehicles with a gradual
decrease of the rate of growth: fiom
1960 to 1980 the number of automobiles
is supposed to increase from approxi-
mately 500,000 to 800,000. In the same
time the populztion will only rise from
5.3 to 5.5 million.

Design Standards

The proposed national roads are
classified in three categories. First class
roads will be ‘motorways’ in the full
meaning of the word. Second class
roads will be also exclusively for motor-
traffic with limited access, but they will
not necessarily have hard shoulders nor
a central reserve, and they may have less
than four lanes. Grade separation at
intersections is recommended, but not
required. Third class roads have fewer
requirements, that is lower standards.

The design standards proposed for
the three classes of roads are given in
the table below :
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Design speed 75
Radius of horizontal curves
normal minimum 2,300
absolute minimum 1,500
Radius of vertical summit-curves
normal minimum 10
absolute minimum 7.5
Lane width A
Free height 14}
Gradients

3.8
i
14}

3 per cent 3 per cent

(at the most 5 per cent)

Stopping distance 800

570
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50 m.p.h.

900 ft
600 ft

2.5 miles
2.5 miles
11} ft
14} f1

8 per cent

380 ft.

Sight distances must be double the stopping distances on  two-way

carriageways.

g / ogeror
Nz [ Qenct 1 bote R
Trotx dongre ol o dasarumen ty 1o viie Gors w3 e 3o

P Ducngorgeariety » poter Recrtunom
Tt e Ve tm w1 Gus e

Tongense ce fest

- Fig. 1. An example of the detailed studies on which the Swiss
Road Plan was based, it shows the calculated traffic distribu-
tion near Fribourg by two alternatives (west and east) of a
motorway. Shaded: traffic for or from the town; black:
through traffic. Figures refer to traffic in both directions,

based on a census of 11th July, 1955
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The capacity of the roads is
evaluated at 2,000 passenger-car-units per
hour for two lane roads, 3,000 p.c.u. for
three lane roads, and 8,000 p.c.u. for
four lane roads with a central reserve.
The traffic densities to be admitted in
practice are, however, respectively put
at 1,000, 1,500 and 4,000 p.c.u. per
hour (i.e., for the 30th hour a year in
density) or 4,000, 6,000 and 25,000 per
average day. Reductions for impedi-
ments, etc., are to be applied according
to the American Highway Capacity
Manual.

Three lane two-way carriageways are
not rejected in good visual conditions,
i.e., on mostly straight alignments.
Experience shows that head-on colli-
sions on the centre lane are rare. Due
to the topography straight alignments
are seldom possible ; but especially for
two-way carriageways they are recom-
mended up to a length of three miles.
Transition curves in the form of cloth-
oides are recommended.

The design for a normal cross-section
for motorways is two carriageways of
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‘ig. 2. Trip lengths of cars leaving Basle on six days.
foriz
‘al;

) City border, § kilometres from the centre. The two

ontal: length of trip from centre of Basle. Verti-
percentage, 100 per cent is the number counted

top curves refer to Sunday traffic.
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23 ft, each flanked on both sides with a
marking ribbon 1 ft 7 in. wide and on
the outside with a hard shoulder of
8 ft 2 in. and a green shoulder of
I ft 7in.  The central reserve is 13 ft
wide. The total width of the crown of
85 ft may be diminished to 62 ft in
difficult conditions, the carriageways
being kept at the same width. Perhaps
the fact that many big cuts and fills are
necessary influenced the decision not to
make the crown widths too ample or to
recommend wider central reserves
It should be remembered that the Swiss

value their agricultural eround
highly. ¢ very

With only slight deviations the cross-
sections of European motorways are
getting standardized. This is a pity
for in this way the roads will have a
very similar aspect, which threatens to
give rise to monotony. It would be
advisable to stress the desirability of a
variation in the widths of the central
reserves and of the green shoulders;
this will also give the possibility of
fitting the road in a pleasant way into
the landscape. And moreover, the
far from hypothetical danger of head-on
collisions with vehicles cutting through
the central reserve will disappear, and
blinding by headlights at night will be
totally excluded. In many cases the
value of the extra land required is
neg}:gnble and even in agricultural
regions a short calculation shows that
the extra loss of area does not amount
to very much, considering what is
gained by it for millions of travel-
lers year after year.

Tunnels proposed for motorways are
to consist of two ong-way tubes, of
vaulted cross-section, 29 ft between
kerbs in short tunnels and 24 ft in long
tunnels ; the latter having on the outside
a distance of 3 ft 3 in. between kerb
and wall supposedly for inspection, etc.
This distance is in the other cases 1 ft
8 in. to 2 ft.

In order to make a plan for a'net of
motorways, very extensive studies have
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been made. The country has been
divided into sections in each of which a
committee has investigated numerous
possible itineraries of roads and com-
binations of them. Some of them could
be rejected after a first inspection;
where alternative alignments remained
comparisons have been made taking
into account among other items esti-
mated costs, traffic properties (rise and
fall, etc.), expected amount of traffic,
traffic diversion from existing roads,
regional benefits and disadvantage§,
national advantages, and an economic
assessment of a motorway., Sometimes
the problem was casy to solve, e.g.,
from Geneva to Lausanne one location
for a motorway follows practically
directly from the topography and the
report gives ten pages to it. But for the
motorway between Lausanne and Berne
four alternatives had to be compared,
which takes 40 pages of the report. The
costs of the motorways are estimated to
be from 250,000 pounds to 500,000
pounds a mile; those of (double)
tunnels an average 14 million pounds
a mile.

To give the comparisons as much as
possible a mathematical character,
certain standards have been developed.
In order to take account of the differ-
ence of rise and fall in alternative loca-
tions, a ¢virtual’ length has bc_aen
introduced, based on fuel consumption
and on travel time. It is stated that for
passenger cars rise and fall compensate
each other practically if gradients are
not more than 5 per cent. As to time
loss, an 8 h.p. car, the Opel-Rekord,
travelling at 62 m.p.h. can be taken as
representative, with up to 3:5 per cent
gradient no decrease of velocity assumed.
A 5 per cent gradient lowers the speed
to S0 m.p.h., or 20 per cent. But since
motorways are not supposed to have
steeper inclines than 3 per cent, a
¢virtual’ length has not to be applied
with regard to passenger cars. For com-
mercial vehicles, being of more diver-
gent types, the problem is more com-
plicated and use is made of some data
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from other countries. The result is
that for fuel consumption and travel
time combined virtual lengths of up-
ward gradients of 2.5 to 3 per cent are
to be put at 116 per cent and for gradi-

ents of 5 to 5.5 per cent at 167 per cent
of the real length.

Origin and destination counts have
been available only in some cases to
estimate future traffic on the alter-
native itineraries. But the general
traffic census in 1955 taken at 400 points,
during which on four days the cantonal
licence plates were noted of the vehicles
from the seven largest cantons, gave a
basis as to inter-cantonal traffic, For
traffic inside the cantons the same census
was used and analysed with the help of
what the report calls the Lillsche
law :

Q:c A,.l1;A2
in which Q is the number of vehicles
moving between two places having
respectively Al and A2 vehicles: r the
distance between these places and n =

L.5, whereas ¢ is a coefficient dependent

Yes
Al v

Fig. 3. Automobiles fro
on Swiss passes
distance to point of origin.
expressed as 1/1000th of num
countries. Fyj| dots :
German regions,

i24

m different regions and countries
on four days; August 1953. Horizontal :
Vertical: cars counted,
ber in different regions and

French region. Open dots:
Dots and circles : other countries.
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on conditions, on average of the order
of magnitude of 0.001 (with r in kilo-
metres), and to be found by checking
with the observed traffic volumes.

How much of the future traffic will
stay on the old roads and how much
will use an available motorway will
depend on the relation of travel distances
as well as of travel time along the two
itineraries. Use is made of American
observations on the Shirley Highway
(near Washington, D.C.) ; in most cases
70 to 90 per cent of the traffic is
€xpected to prefer the motorway. The
calculations are based on speeds of 53
m.p.h. on motorways, 31 (sometimes
38) m.p.h. on existing rural roads and
22 m.p.h. on urban roads. It should
be remembered that motorways are only
envisaged in the lower non-mountainous,
part of the country.

The results based on the census of
1955 are multiplied by 2.5 to account
for the expected increase of the number
of automobiles in the country and
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abroad. The report however explicitly
does not add a percentage for new’
traffic, as a result of the greater ease of
traffic along motorways, which it states
will certainly enhance their use, because
an estimate of this increase cannot be
given with any security.

Estimated Savings

Regional benefits of the construction
of motorways result from the fact that
a given region of the country, or of 3
canton, will be in easier reach of the
economical centres of the country,
Where the choice of alternatives for a
motorway was difficult this factor was
taken into account with the help of
claborate computations. The report
contains a number of maps giving in
different shades the zones where the
saving in travel time between cjties will
be 0—10, 10—20, etc., upto 50 —60
minutes. Based on the above mentioned
formula, an estimate of the number of
vehicle-hours per day that will be saved
is derived.

Fig. 4. Number of foreign automobiles on the St. Gotthard Pass
according to country of origin: total of four days in August, 1953,
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A point system has been _deve]oped
to compare the vajues for neighbouring
cities and villages of their proximity to
a motorway. According to the report
the traffic-behaviour of people varies
widely with the size of the town or
village they live in: citizens of the
larger cities generate per capita fou'r
times as much motor traffic as inhabi-
tants of small agricultural settlements.
towns with some industr'y and smaller
cities lying between. This seems to be
supported by data from the railways.
A second factor is the size of the con-
sidered town or village and a third is its
distance to the nearest motorway access
point, a greater distance giving a rapidly
decreasing relation with the motorway,
approaching zero at 20 miles.

Crossing the Alps

Volume 5 of the report is dedicated
to road connections across the Alps. In
this volume of almost 200 pages a very
thorough and comprehensive study is
made of traffic crossing the Alps from
in and outside Switzerland, its origins
and destinations, the traffic relation bet-
ween regions to the north and the south
of the mountains, the seasonal and
daily fluctuations. the estimated deve-

Fig. 5 Number of foreign automobites on
country of origin: total of four
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lopment of traffic up to 1980, etc.
Special observations have been made
about' gueue-building, velocities and
capacities  on  mountainous roads.

Moreover meteorological data  are
assembled,

_To meet traffic demands three possi-
bilities have to be studied -

(a) Improvement of the roads over

the passes. Since in practi-
cally all of the cases it js not
possible to keep them free from
SnOW 1n winter time this solu-

tion is not a tota) one;

(b) improvement of the transport
of cars by train through the
St. Gotthard and Simplon
Tunnels to take up winter
traffic and to djvert a certain

amount of summer traffic from
the road over the passes ;

(¢} driving of new tunnels at such
an altitude that it is possible
to keep their access roads
open during the entire year, as
1s being done between France
and Italy through Mont Blanc.

_ For the St. Gotthard route (the most
{mportant trans-alpine connection and

the Simplon pass accdrding to
days in April, 1953,
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the historic background of the Swiss
confederacy) the Commission comes to
the conclusion that the improvements
at present envisaged by the railways
management will suffice up to 1980 ;
also the pass-road itself (Goschenen-
Airolo) will be sufficient for a long time
after the present improvement works
have been carried out. Hourly traffic
densities up to 800 or even 1,000. pas-
senger car-units are possible with a
reduction of speed to 20 or 25 m.p.h.
due to the steep gradients. But the
accesses at both sides (from the Vier-
wald-stattersee to Goschenen, and from
Airolo to Bellinzona) will have to be
improved by construction of a new two-
lane second or third class road, separate
from the existing road and by-passing
built-up areas. In time it can be decided
which solution.is to be preferred for a
further increase in capacity ; either the
construction of a second railway tunnel
with provisions for the transport of cars
or the construction of a special road
tunnel.

The Simplon railway tunnel does not
at present make as good a provision for
the transport of cars as the St. Gotthard
tunnel, but according to the report it
can be improved in such a way that it
will meet winter demands up to 1980,
even if no Mont Blanc tunnel nor a
Great St. Bernard tunnel is constructed.
The road over the pass should be
improved to two-lane third class
standards and snow clearing services
should be organized to keep it open,
except in January, February and March.
Here also the Commission does not
recommend a special road tunnel.

Such tunnels are however advocated
on two itineraries: the connection of
the upper Rhine valley (Chur) with
Bellinzona, Lugano and Locarno over
the San Bernardino, and the connection
of Berne via Thun with theupper Rhone
Valley and the Simplon pass. A Great
St. Bernard tunnel is calculated not to

economically justified due to the
close proximity of the Mont Blanc
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tunnel. The report gives an elaborate
comparison of normal ventilated road
tunnels and tunnels with transport of
cars on railway wagons. The latter
solution should be considered when the
length of the tunnel exceeds six miles.

National Roads Programme

In the last volume of the report the
Commission comes to its final proposals
for a network of national roads, a pro-
gramme for its construction, its financ-
ing and its economic justification. With
the financial slow down in sight the
Commission lowers slightly its target as
to the motorway scheme. It introduces
the idea of ‘semi-motorways®, two-
lane two-way roads of the second class,
built in such a way that a second
carriageway can easily be added so as to
form a real motorway. This would give
a saving of about one-third and the
eventual completion would not incur
other than very slight loss of what has
been built. Funds are limited and the
amount saved can be put to better use
on other objects. Roads of this kind in
view of their good alignments could
carry easily 6,000 passenger-car-units
per average day, which density is not
predicted for 1980 on a number of
sections of the initially proposed motor-
ways. These sections are, therefore,
put in the second class. This reasoning
seems sensible but doubts may arise
whether in this prosperous densely-
populated country traffic volumes will
not surpass far earlier the prognosis,
e.g., on the above-mentioned road
Lausanne-Berne of which a part is
brought down to the second class and
which will constitute the main artery
for the connection of Berne with Lau.
sange and Geneva all of them sizeable
towns. However, construction of the
second carriageway is always possible
at the moment when it is needed and if
traffic grows faster than predicted more
money will be available.

Final Proposals—Financing the cost

The final proposal for the national
road petwork gives a total length of
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360 miles of class 1 (motorways) 350
miles of class 2 (including ‘ semi-motor-
ways *) and 340 miles of class 3 (includ-
ing the three trans-alpine routes total-
ling 260 miles). The construction pro-
gramme is divided into two parts; the
first part to be conclude:d.m 1969 is
estimated to cost 240 million poungls
and the second part to end in 1980 will
cost 71 million pounds. The report
proposes that the roads of this national
network be financed and designed by
the Federal Government, and that con-
struction and maintenance be the duty
of the cantons. Financingis a greatpro-
blem. A toll system isrejected. With toll-
booths on all of the 180 projected access
points, cost of collection would approxi-
mate 1,200,000 pounds a year. Also
part of the traffic might then avoid the
new roads by continuing to go through
the built-up areas. Suggestions have
been made, but not accepted, for a
system by which vehicles obtain the
right to use the roads by paying an
annual lump sum. Even for the tunnels
no tolls secm to be recommended. An
elaborate study leads the Commission
to the following financial system. Of
the revenue of the present petrol-taxes,
20 per cent would be used for the
natjonal roads (the cantons receive now
40 per cent and will continue to do so
according to the proposal; the rest
goes to the trecasury); moreover an extra
tax of 2} d. a gallon \yould be added
to the petrol-tax exclusively for the new
road system. Loans would be issued to
be repaid by the same sources after the
completion of the work; according to
whether an optimistic or a pessimistic
view is taken of the growth of the
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motorization the repayment would cease
either in 1994 or in 2021.

Economic Benefits

A chapter is added to evaluate the
economic benefit of the proposed road
system. Running and maintenance costs
of motor vehicles are put at about 4} d.
a mile, of which 25 per cent would be
saved on motorways, giving in 1980 a
total saving of almost 6 million pounds
annually. To this must be added the
saving in time, in so far as it is of
economic importance, to which is attri-
buted a value of 8} million pounds per
year in 1980. The reduction of acci-
dents that can be expected accounts for
a further benefit of 1.3 million pounds
per year. The sum of these benefits is
only slightly less than the annual costs
of rents, amortization and maintenance,
which the report concludes, justifies the
investment. ~ Attention is also drawn to
other benefits that are difficult to calcu-
late, e.g., for industry, trade, agriculture
and tourism in more easily attainable
districts, and on account of the greater
tranquillity and safety on old roads,
particularly in built-up areas. The

report ends with a project of law to
realize the proposals.
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THE TRANS-CANADA HIGHWAY

By

G. B. WiLL1AMS

(An abstract of an article)

TRANSPORTATION across Canada

has always been a formidable problem.
The terrain is such as to make mass
transportation easiest in a north-south
direction.

the Canadian Pacific Railway was com-
pleted. Perhaps the first organized
effort directed in this way was the
formation of the Canada Highway
Association in 1910 which advocated

ALBERTA—Mile 37.4 north of Kootenay River crossing on the
Trans-Canada Highway

In a review of the History leading up
to passing of the Trans-Canada High-
way Act by the Government of Canada
in "1949, it would almost appear that
discussions on the possibility of the
Trans-Canada road began as soon as

a highway across Canada. From that
time, various automobile associations
and good roads associations, with
varying degrees of enthusiasm, have
advocated the construction of this
road.
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Grading operations T. C. H.—Banff National Park

It was only after the Second World
' War the provinces assumed the task of
reconstruction of their highway plans
to meet the needs of the heavier vehicle
registration, increased loadings and the
established freight trucking, the Trans-
Canada Highway received immediate
attention.

In 1948, judging the time to be right
for such an undertaking, the Federal
Government convened a meeting with
the provinces to discuss the project.
Based on this meeting and subsequent
liaison between the Federal Government
and the provinces ‘“ An Act to encourage
and assist in the construction of the
Trans-Canada Highway* was passed
unanimously by Parliament in 1949 and
given Royal Assent on 10th December
of the same year.

With this same specific purpose in
mind, a second Federal-Provincial Con-

ference was held on 15 and 16th Decem-
ber 1949 to prepare for the agreements
authorized under the Trans-Canada
Highway Act and under which the high-
way would be built. Previous agree-
ments had resulted jn highway construc-
tion to a variety of standards ; routes
were not necessarily well connected at
pljovmc[al boundaries and the vigour
with which construction was undertaken
varied greatly between provinces. At
this 1949 meeting, a set of minimum
standards was mutually agreed upon, a

time schedule and o eratng o
. r o
outlined. p g procedur

The general concept was that the
project would be a iwo-lane highway
with the basic geometric standards and
design criteria as given in Table I. The
design was not elaborate but would
provide an adequate highway for anti-
cipated volumes and character of traffic
to move within the limits of legal speeds
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with complete safety in so far as design
could provide it. On short sections
where local traffic conditions warranted
additional traffic lanes, the Federal
Government’s participation was limited
to the equivalent of the two lanes plus
shoulders. Conversely the: Federal
Government agreed to consider devi-

January 1961

ations from the standards on short
sections where the terrain was such
that the design standards could not
be met within good engineering
practice and economy. The time set
for the construction of the highway
was' seven years dating from 10th
December 1949.

Table 1
Standards For Trans-Canada Highway
Right-of-Way — Minimum 100 ft width
Curvature — Desirable Maximum
6 degree
Gradient - — Maximum
6 per cent
Sight Distance — Vertical Min, 600 ft —
® l Horizontal Min. 600 ft
Pavement - Width Min. 22 ft Maximum 24 ft
Depth Min. 3in.
Loading -— Repeating —
18,000 Ib axle
Shoulders -—  Width Min. 5 ft Maximum 10 ft
Bridges -~ Loading H20-316
Overhead
Clearance Min. 14 ft-6 in.
Width — For length 30 ft

In general, under the Act, the Federal
Government was to pay 50 per cent of
the cost of construction of the Trans-
Canada Highway to the agreed Standards.
Provision was made for the acceptance
of existing road along the approved
route which was constructed to Trans-
Canada Highway standard or for work
which could be incorporated to advan-
tage in the reconstruction. In such
cases, the provinces could be reimbursed
to the extent of 50 per cent of their prior
expenditures.

or less Width of
pavement
plus shoulders
For length
30ft—100 ft— Minimum 27 ft
For length
over 100 ft Minimum 24 ft

The route was to be designated by the
provinces subject to the approval of
the Government of Canada and was, in
general, to be the shortest practical east-
west route through each province consis-
tent with the needs of the provinces and
the interest of Canada as a whole. The
provinces would undertake the construc-
tion of the road. Both their design and
construction procedures would be sub.-
ject to review and approval of the
Federal Government as a partner and
arrangements were made for federal
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NEW BRUNSWICK—Trans-Canada Highway bridge at Cole's Island across the
mouth of the Salmon River. This is a 50-50 section. September 1957

engineers to inspect the work during
construction.

At the time of signing agreements
with the provinces, the desn.gnated route
of the Trans-Canada Highway was
4,497 miles in the participating pro-
vinces, and eighty three mlles.m Banff
and Yoho National parks. Smce th:at
time, there have been revisions in
location and consequently in mileage.
The estimated figures to date are given
in Table 111, subject to fgrther revision
on completion of detailed surveys.
The estimated federal share at the time
of signing was 150,000,000 dollars.

Table II shows the total mileage of
designated route, passable mileage and
paved mileage by provinces at the time
of signing the agreement, and the
statistical summary of what has been
done is given in Table III showing the
mileage by provinces.

The provinces which have made most
progress are those where the Trans-
Canada traversed the province in ar
area where they needed and wanted ¢
highway prior to the Agreement and, ir
most cases, had started some construc
ton.  That is not to say that the other
provinces did not desire the highway
All did, as was evidenced at the 194
Conference and all, with the exceptios
of Quebec, have participated. Th
problem for the provinces with les
progress is, however, that while the
wanted the highway, the period in whic
It was required to be built coincide
with a period in which the demands fc
other highways were also at their peal
For some of the provinces, demanc
elsewhere were such that they coul
not, by virtue of their own loc:
cmergency, provide their share of tt
cost of the Trans-Canada Highwa
This is particularly true of tho
provinces where there was an existir
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Section of finished pavement along Sask. section T. C. H.
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PRINCE EDWARD ISLAND—In the village of Crap
Highway passes beautiful St. John's Anglican Chuyeh

paved road scrviceable but below Trans-
Canada Highway standards.

[n other provinces, the problem was
simply one of insufficient funds to
proceed at the rate they originally
anticipated. This problem is empha-
sized by the fact that financial commit-
ments to date are very much in excess
of those originally contemplated for
the present stage of completion. In
other words, the project has turned out
to be a much greater one than was
originally realized.

1t was to meet this problem that the
Federal-Provincial Conference on the
Trans-Canada Highway was convened
at Ottawa by the Honourable Robert
Winters in November 1955. The
emphasis of the conference was on
dealing with the gaps where there was

aud, the Trans-Canada

no highway of any kind which, at that
ume, approximated 250 miles, and on

an additional 1,477 miles which were
not paved.

In considering the gaps, a review of
the highway under constructjon showed
that in no province was there more
than 10 per cent of the mileage on
which there was no road of any kind
and, in fact, in most provinces there
was a continuous road but not all
completed to standard. To ensure a
speedy closing of the gaps and in
general to speed up reconstruction, the
Federal Government proposed that it
would pay 90 per cent of the cost of
construction of 10 per cent of the
mileage in each province, On the
rémaining 90 per cent of the mileage,
the contribution would remain as
formerly, at 50 per cent of the cost.
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Total mileage of designated'route, passable mileage and paved mileage
by Provinces at the time of signing the agreement

Participating Provinces

Newfoundland

Prince Edward Island

Nova Scotia
New Brunswick
Ontario
Manitoba
Saskatchewan
Alberta

British Columbia
National Parks

To

tal

Table 11

Total
mileage
610

74

310
388
1,412
305
414
292
692

83

4,580

Approximate*
Passable Paved*
mileage mileage
450 40
74 30
310 223
388 306
1,250 456
305 154
414 139
292 142
692 427
83 47
4,258 1,964

* Not necessarily on designated route.

——

Status of Construction on Trans-Canada Highway to 30 September, 1960

Estimated total mileage

Grading
Mileage approved for
contract
Equivalent  mileage
completed

Paving
Mileage approved
for contract

Equivalent  mileage
completed
Structures
Number approved

for construction
Number completed

|

l,
Nova '
Nfid. P.E.I.Scotia(N.B. Ont.
) |
554 ,l 71| 311 l390 1453
|
-
375 0 71 | 119 1971 977
“ !
288 71 | 119 ll 196 938
: r
f D
169 | 71 | 119 { 197} 977
i ‘ ! |
167 | 71 : 119 “ 190 904
!
| x
a8 | 5 | 28! 39| 136
91 4| 271 30 119

i
|

309

249

300

300

38
38

! i
406 281! 505

b
i
i

250 406 |

|

[

i

|

281 537

406} 281
|

Man.iSask.fAlta. B.C.
| :

o
406 | 282! 568

{
{
i

l
‘
|
.
»
|

$

l
i

|
|
l
[
!

503 |

406\ 281\ 446

15 38

15

i3

i

99
74

National Parks |
Yoho, Glacier, !

Banff, Revel-
stocke, Terra
Nova

140*

140

137

122

106

39
39

|

Total

4.477

3.353

3.190

3,145

2,990

481
423

. *Tatal mileage in National Parks : Banff 51; Yoho 29; Glacier 29; Revelstocke 8; Terra Nova 26,
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Bridge and locks over the Red River on the Trans-Canada Highway at
Lockport, Manitoba

Further, to permit the provinces to
concentrate on the unpaved sections, it
was proposed that existing paved high-
way on the route, though below Trans-
Canada Highway standards, could be
left for later reconstruction. All new
work participated in by the Federal
Government would be to the previously
agreed standard and the aim would be
to provide as much mileage of this class
as was within the capacity of each
Provincial Government.

With these proposals, it was felt that
an earlier completion of a paved high-
way across Canada could be achieved
than was otherwise possible. These
proposals were discussed in detail at the
conference and a completion date for
construction was set at 31 December
1960. The necessary amendments to the
Trans-Canada Highway Act, providing
for the increased Federal contribution,

were passed by Parliament and assented
to on 7 June 1956.

Since the Conference, each province
has been re-appraising its own situation
and considering mileage on which it
felt the existing pavement would satisfy
the demands of traffic for some time to
come. It is evident that all provinces
are interested in preparing a realistic, if
in some cases, a very tight schedule, to
achieve a maximum of reconstructed
highway, as well as a fully paved high-

\]N;gfojacross their province by the end of

In the gap-closing operations, the
Province of Ontario has established
special engineering districts to speed the
surveys and has let several contracts
reducing the gap mileage. In New-
foundland, two grading contracts have
been let reducing the untravelled portion
of the route. The Prairie Provinces
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PRINCE EDWARD ISLAND-—AL the little fishing village of Vernon a causeway
carrics the Trans-Canada Highway across the Vernon River

(Alberta, Saskatchewan and Manitoba),
as well as prince Edward Island, will
have no difficulty in fully completing
the highway to standard Dy 1960,
whereas Nova Scotia, New Brunswick
and British Columbia are carefully
scheduling their work to achieve a maxi-
mum of benefit to their provinces and
Canada as a whole.

Because of geographical position,
terrain, population distribution and
variations in economy of the provinces,
the achievement of a national highway
is difficult; however, much has beer
done and now with a co-operativ¢
effort it should be fully completec
in 1960.

Husband——A fter honeymoon to annoyed wife; ‘¢ Darling | you
said there is one thing you like about me.”

Wife—< Yes and you have spent it all.”
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BRIEF HISTORY OF THE DEVELOPMENT OF ROAD
TRANSPORT IN THE FEDERATION OF MALAYA

(By the courtesy of the Ministry of TruhS/mrr~ Federation of Ma lava)

PRIOR to lstJanuary, 1938, thecontrol
" of motor vehicles, such as existed, was
effected in the 4 Federated Malay States
by the Police in Perak and Selangor, the
Chief Sanitary Inspector inNegri Sembi-
lan, and by 6 District Ofﬁceqs in Pahang;
this function was not carried out, save
in a perfunctory manner, in the Unfede-
rated Malay States.

The motor vehicles in use, in parti-
cular, for passenger services and

haulage of goods, were generally in a:

ilapidated condition. Public passenger
cvl:ellzlli%llgs were of the small 7 to 9 seater
type ; the home-made bodies, which were
known as ‘‘mosquitos’’, cpnswted of a
narrow wooden trough with seats, and
had a wooden canopy. Spare parts and
puncture repairing outfits were seldom
carried and breakdowns and delays were
frequent.

the operation of passenger services,
lit:lrel: alllttenlzpt was made to adhere to
time-tables, and, as a result of this
and the cut-throat competition which
was a consequence of the virtual absence
of any limitation on the number of such
vehicles licensed, the services were
erratic and unreliable. As a further
consequence of inadequate control, the
maximum fares which were laid down
in some parts of the country were not
generally observed, and the fares charged
more commonly depended upon the
whim of the operator.

Apart from the 4 Federated Malay
States mentioned above there were
11 separate administrations which
were empowered to impose motor vehicle
licence fees, and many different methods

of application, and scales of ficence fees,
were in force until, on Ist January, 1938,
the new Road Traffic Enactment of 1937
came into force, after which considerable
progress was made in the standardization
of the registration and licensing, con-
struction, weight, equipment, lighting,
maintenance and use of vehicles, the
licensing of drivers including ** learners >,
the law regarding offences by drivers,
and the general control of all road users.
Under the provisions of this Enactment,
a Road Transport Board was set up to
control goods and public service vehicles,
and co-ordinate road transport with
other forms of transport.

When the future administration of
Malaya after the Second World War was
planned, itwas decided that all the func-
tions and duties of the Transport Board
and the various Registration and Licens-
ing authorities throughout the country
should be taken over by a department
under a Commissioner for Road Trans-
port, and when Malaya was liberated
in September, 1945, a Road Transport
Department was formed under the
British Military Administration: on lst
April, 1946, this became a department
of the Civil Government. The depart-
ment consists of a headquarters with a
Commissioner for Road Transport,
Deputy Commissioner, administrative
and technical staff, and 9 registration
areas, of which the three more impor-
tant are controlled by Senior Registrars
and Inspectors of Motor Vehicles and

the remainder by Registrars and Inspec-
tors of Motor Vehicles.

At the same time the B.M.A. Road
Transport Proclamation No. 17 of 1945
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came into force; this was based on t_he
Road Traffic Enactment, .1937, with
necessary revisions and additions to meet
current conditions.

the following years, progress
wasInmade in the drafting of a Road
Traffic Ordinance and connected Rules,
with the object of dispensing with thg
Road Transport Proclamation, 1945, and
the numerous subsidiary regulations an ‘
amendments which had. been m?c_le,
owing to the Emergency in connection
with the fight against Communist
terrorists, consideration of this new
Ordinance was deferred and it was not
until 1st July, 1959, that the bulk of it
and the Rules made thereunder car?le
into force, only Part V, relating to the
regulation of commercial 'transpo;rt;
remaining to become effective on s
January, 1960.

The Road Traffic O(dillallce, 1_958(i
and subsidiary legislation, containe
many necessary revisions and ad(intxc;ns
to the law which it replaced; it afso
included additional Rules providing (l)cli
a Highway Code, copies of which wou
be made available to the public, a morg
comprehensive control of road users an
the fitting of taxi-meters on taxis.

Of particular interest in the pro-
visionspof the new Road Traffic OI‘dli
nance is the setting up of one Cegtrta
and nine Regional Licensing Boar s.c;
deal with all aspects of cpmg}e;glad
licensing. The Federation 1S Cm e1
into nine traffic regions; the ?t:rz:_
Licensing Bfoard,Rof dwhz{g&ﬂ;%z s 0 iy

issioner for Roa spor!
r(llllllsasilx?mam, deals with commercial licegisé
ing matters where two or morlg Fanal
regions are involved, apd hegklo al
Licensing Boards, of which the h?gl .
trars and Inspectors of Motor Vel 1cle
are Chajrmen, where only one partlcll]l ar
traffic  region is concerned. These

- Licensing Boards do not, themselves,

t supervise and
operate any transport, bu :
repgulate, by licence, the operation of all

i icles, with
oods and public service vehicles,
%he object pof ensuring that a stable,
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efficient, safe and economical system for
the carriage of merchandise and passen-
gers is available throughout the country
and that full co-operation exists between
the different forms of transport in the
country.

Rules governing the international
circulation of motor vehicles and drivers
were also included in the new Ordi-
nance ; these were a revised form of the
law previously existing, modified where
possible to assist inthe promotion of
the tourist industry by easing the
requirements connected therewith as far
as motor vehicles and drivers are con-
cerned. ‘

The Road Transport Department
is responsible, for the regxstration
and licensing of all motor vehicles, the
testing and licensing of motor vehicle

.drivers, including drivers of public

service vehicles, the licensing of bus
conductors, and the collection of ali
revenue derived from such activities ; in
addition, it is responsible for the mecha-
nical inspection of all commercial
vehicles at regular intervals, and all
other vehicles where particular circum-
stances, such as accidents, render this
necessary.

Holders of provisional driving licen-
ces, i.e., ‘‘learners”, are required
to take a test of competency to driye the
motor vehicle for which they wish to
acquire a competent driving licence,
before the latter can be issued, and these
tests are carried out by Driving 'I:esters
attached to the offices of the Registrars
and Inspectors of Motor Vehicles;
during the year 1959, 56,062 persons
were tested throughout the country, as a
result of which 35,851 passed tpe tests
and obtained competent driving licences,
and 20,211 failed. Mechanical inspec-
tions of motor vehicles are carried out
by Vehicle Examiners, who are also
attached to the offices of the Registrars
and Inspectors of Motor Vehicles ; all
commercial vehicles are subjected to an
initial mechanical inspection before
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being licensed for use, and thereafter
they are inspected at regular intervals,
the aim being 1o limit these intervals to
& months. During 1959, 5,251 initial
and 30,808 routine inspections were
carried out throughout the country ;in
addition, 5,127 vehicles, which had becn
involved in accidents, were inspected, at
the request of the potice,

The total sumber of motor vehi-
cles registered in the Federation on
3ist December, {959, was 153,377, com-
prising 2,499 omnibuses, 4,013 hackney
carriages, 128 hire and drive vehicles,
21,799 commercial load-carrying vehi-
cles, 77,945 private cars, 32,194 motor
cycles, 5,961 road-rollers, tractors and
trailers, <te., and R.838 Government.
owned vehicles of various types. There
are 628 omnibus routes in the Federa~
tion, and during the year 1959 omnibuses
travelled 103,843,340 miles over them
and catrried 270,993,440 passengers.

In recent years there has been a
marked trend in favour of diesel power,
particularly as regards  commercial
vehicies | in the past five years the per-
centage of diesel-engined vehicles has
increased from 11} per cent to 23 per
cent,

The load-carrying capacities of
the commercial vehicles operated by the
haulage industry vary from 3 cwis in the
case of the smallest to 20 tons in the
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case of the largest, but the backbone of
the mdustry comprises vehicles with load
tapacities between 3 and € (ons.

The most common types of bus
used for public services are the 24/32 and
32/44 seater, although smaller vehicles
are operated where they are found to be
maore economical in use : in addition to
the normal stage bus SeTVices, express
SeIvices operate between Kuala Lum pur
and - Malacoa, Singapore, Butterworth
and Kuantan, Malacca and Singapore,
Johore Rahru and Mersing and Johore
Bahrgand Singapore, and a certain num-
ber of “Charter " buses and Schoetl

buses™ are operated to meet particular
requirements,

Stage buses serve ajt the roads in
the Federation where services can be
saf ely operated and are required ; certain
SETVices. which are not remunerative,
are, of necessity, being operated for

public interests : only in cuses of new

road dc;veiogments 1S any considerabie
expansion of existing facilities likely.

The road haulage industry and bus
Services have advanced 1o the stage
where they are generally considered to
have reached 4 high level of cfficiency
and, in Progressing to that stage, have
assisted 10 4 considerable degree in the

opening up of undeveloped aveas in the
counitry,

AN ittt

“d have come to the conclusion they
must give iopmost priority is roads—rpad
very wp-to-daie bitumenized or cemeny
kind, to open vast areas of this couns
today and which vou cannot reach unless yq

give roads first priority,”’

one thing to which we
sof all kinds, not only
roads, but roeds of any
ty which are closed up
@ walk or ride... ... 4

~ SHRI JAWAHARLAL NEHRU

- e——
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THE DAVAO-AGUSAN ROAD

(By the courtesy of the Development Projects Division, Depurtinent of Public Works
) and Cei,zf;gemgmﬁans, Bureau of Public Highways, Philippines, Munila)

THE Davao-Agusan road i a 290

~ kilometre land route from Davao
Gulf in the south to Butuan Bay in the
north, connecting the capital cities of
the Provinces of Davao and Agusan.
The highway traverses along the Agusan
river valley. The land is rich in timber,
minerals and other natural resources, It
13 suitable for raising abaca, €acag, 11Ce
and other agricultural products.

In this vast valley, transporation was
by water through the river, its lake and
tributaries in native dugouts. Settiements
were established only along the banks of
the rivers. Houses on log or bamboo
pontoens in inundated areas made up
the so-called floating villages. There
were the muddy foot-trails in the virgin
forests through which products and
consumer goods were carried on back-
packs. Travel was not only slow and
inadequate but also tedious and
expensive. The area thus remained
long underdeveloped. The aboriginal
Manobos and Mandayas remained back-
ward or primitive, The few Christian
settlers did not make much more pro-
gress gither.

The need for a highway through this
exiensive valley had long been recog-
nized, The construction of this road was
started in the early thirties in the
province of Davac. In 1941 at the out-
break of the war, 106 kilometres of
road was already completed from Davao
City to Barrio Bankerohan on the west
bank of the Manat river, 2 branch of
the Agusan river. The proposed
remaining location was to follow the
west bank of the Manat and Agusan

rivers up to Sta. Josefa, a municipal
district in Agusan Province.

Before 1937, while road construction
began in Davao, preliminary investiga-
tion was started in Agusan. The first
location was surveyed from the cutskirts
of Butuan along the west side of the
valley to join the Davao line at Sta.
losefa, On this location a 13-kilometre
section was completed from Butuan to
the Bitos hills,

Work on this line was suspended in
1937. The location on the west side of
the Agusan valley was abandoned in
favour of another on the east side. The
north terminus of the new location was
established at Barrio Ampayon, seven
kilometres from Butoan, while the soy.-
thern terminus remained at Sta. Josefs.
With this termini determined, the new
route was officially designated as the New
Agusan-Davao  road. The proposed
route was in a southerly direction passing
the settlement of Afpa and Nuevo
Sibagat to_the proposed Wawa river
crossing. From this crossing, the line
went south-easterly through thickly
forested hills and valleys to the pro-
posed junction to Lianga; then south-
ward through the old settlement of Sap
Francisco, then across the Bunawan and
Simulao rivers to the municipal district
of Trento. From Trento the line went
sonth-westerly 1o connect 1o the Davao
location at Sta. Josefa.

The last war halted construction on
this road. No new construction was
undertaken immediately following libe-
ration pending restoration of pre-war
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facilities to their former , usable
conditions.

The restoration of the pre-war roads
was not adequate to satisfy the needs
for development of the Agusan
and Davao hinterlands. Heunce the
Mindanao Development Roads Program
in 1952 under the joint auspices of the
National Economic Council and the
International Co-operation Administra-
tion. This program is implemented by
the Philippine Bureau of Public High-
ways with the technical assistance of
the United States Bureau of Public
Roads. :

The approved route relocated and
finally constructed followed the general
alignment of the pre-war locations
except for two major deviations. Instead
of following the west banks of the
Manat and Agusan rivers on the Davao
side all the way down to Sta. Josefa, a
new line crossed the Agusan river at
Camp Kalaw, thereby transferring the
location to the east side. This reloca-
tion traversed some settled areas and
shortened the route by seven kilometres.
‘The second deviation involved a change
in the Wawa river crossing to a site three
kilometres below the Barrio of Nuevo
Sibagat instead of the .downstre_am
crossing at Maygatasan. This relocation
provided a better bridge site, traversed
richer agricultural lands and shortened
the route by four kilometres.

The Davao-Agusan road under the
NEC-ICA program was divided into
ten sections for obvious practical
reasons. Each section comprised a
project. The projects were advertised
and awarded to the lowest complying
bidders.

The first project started under this
program was the Nabunturan-Banlag
Section, which consisted of two parts,
the widening and resurfacing of the 13-
1/2-kilometre section from the Nabun-
turan Poblacion to Bankerohan and a
new 10-kilometre construction from

January 1961

Bankerohan to Banlag Creek. Bids
were called on October 10, 1952, but
were all rejected for being unreasonably
high. A rebidding was held on
November 18, 1952, in which the lowest
bidder was L. S. Sarmiento & Co. to
whom the contract was awarded effective
January 8, 1953, With adequate equip-
ment and favourable weather, the
contracting firm performed this contract
at a very fast rate, completing the work

on January 8, 1954, much ahead of
schedule. '

When this first section was about
half-way completed, a 3-1/2-kilometre
section including all drainage structures
from Banlag Creek to the Camp Kalaw
bridge site was added to the contract
under a supplemental agreement effective
August 13, 1953, at the same unit prices
as most items in the original contract.
The construction of the Camp Kalaw
Detour Bridge was further added to the
first contract at negotiated prices under
another supplemental agreement effective
September 29, 1953. The Camp Kalaw
Detour was completed and accepted on
November 30, 1953, in time for use as
access in the construction of the first
unit of the Camp Kalaw bridge proper
anc_l the Camp Kalaw-Pasian section
which were bidded simultaneously. The
Banlag-Camp Kalaw Bridge section
was completed and accepted only on
June 16, 1954, but was already passable
when the next projects were started.

The construction of the Camp Kalaw -

Bridge proper was divided into two
units. Unit 1, for the substructures, the
3-15 meter RCDG approach spans and
the road embankment at the abutments,
was awarded to L.S. Sarmiento & Co. on
November 30, 1953 and completed on
Septqmber 30, 1954. Unit 1I, for the
erection of the 60-foot Pony Steel
Trusses, including RC. slabs and side-
walks, was also awarded to the same
contracting firm on October 17, 1954.
The steel truss members were furnished
free by the 1ICA. Cement for this unit
was also furnished to the contractor.
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Esperanza-Maygatasan Road, access to
Davao-Agusan Road from the Agusan River

Heavy grading works, Taligaman-Sibagat
Section, Davao-Agusan Road

Typlcal BPE Engineer’s camp,
Davao-Agusan Road

am
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Typical Firished Road Section,
Davao-Agusan Road

Philippine Navy LST “unloading heavy
equipment for the Davao-Agusan Road
Project, at Lianga Beach

Grading work, camp Kalaw-Pasian
Section, Davao-Agusan Road
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Grading work Pasian-Bunawan Section,
Davao-Agusan Read

oA spetion
D DTACACUIAN ROLD v v

Clearing Gibong Bayugan Section,
Davao-Agusan Road

January 196t

2 N

 OORPLETSD CAMP KABAW-PASIAY 320
.. DAVACAWSAN Ko ST

Completed camp Kalaw-Pasian Section,
Davao-Agusan Road

. ICA heavy equipment being unloaded
in Sasa Wharf Davao-City from a ship

which came direct from U.S A, (July, 1952)
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Overlooking the Agusan Valley and showing
a portion of Gibong San Francisco
Section, Davao-Agusan Road

Bureau of Public Highways Survey Crew
at work in San Francisco - Bunawan
Section, Davao-Agusan Road

Typical Finished Road Section,
Davao-Agusan Road

Davao-Agusan Road Base Course
in Place, Davao

Heavy clearing camp Kalaw-Pasian
Section, Davao-Agusan Road
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F?mily of Homeseekers enter the jungle follow-
ing the clearing gang in search of new home

during construction of Gibong Bayugan Section,
Davao-Agusan Road (Taken in June, 1954)

Camp Kalaw Detour Bridge and Engineer’s Camp,

Contractor’s and Project Engineer’s camp
Davao-Agusan Road

in San Francisco (Taken in January, 1958)
This is now a part of the new
organized town of San Francisco
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The bridge was completed and opened to
traffic on January 3, 1955.

The Camp Kalaw-Pasian project,
a 13-1/2-kilometre section from the
Camp Kalaw Bridge to the Pasian Creek,
with five R.C. bridges and minor struc-
tures of R.C. box and pipe culverts, was
likewise awarded to L.S. Sarmiento &
Co., effective December 1, 1953, Con-
struction progress on the whole was
satisfactory. This project was comple-
ted on November 25, 1955. .

Soon after the start of construction
on the Davao side of the route, prepa-
rations were being made to begin work
in Agusan.

Taligaman-Sibagat project was the

first advertised on the Agusan side,

a 15-kilometre section from Taligaman
to the Barrio of Nuvevo Sibagat. The
contract was awarded to the Poblete
Construction Company.

Organizational difficulties, unfavour-
able weather conditions and the occur-
rence of embankment failures were the
main causes of delay in the completion
of the section. The project was com-
pleted on August 27, 1956.

Due to the delay in the completion of
the Taligaman-Sibagat section, the call-
ing of bids for the Sibagat-Bayugan
section was deferred pending construc-
tion of the Maygatasan-Esperanza spur
road which was to serve as access road
to the second project. This access road
was constructed by force account by the
Highway Disirict Engineer of Agusan.

The Sibagat-Bayugan project, an
18-kilometre section starting from
Nuevo Sibagat, included the Wawa and
Andanan Bridges, four other bridges and
permanent minor structures. Bids were
called on December 28, 1954, and con-
tract awarded to the Poblete Construc-
tion Co., which submitted the lowest
bid, effective May 10, 1955. The con-
tracting firm, with the experience gained
in the preceding section, had improved
considerably in its operations. Con-
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struction was in both directions from the
Maygatasan-Esperanza junction. By the
time the Taligaman-Sibagat section was
partially usable by the company, it also

started operations at Sibagat, from -

which end work was started on
Hupas and Wawa Bridges. For almghs(;
two years, operations were confined on
the Andanan, Taglatawan, Hupas and
Wawa Bridges and the roadway sections
I between. Meanwhile progress of the
contract was hampered by floods and
the poor condition of the access and
pilot roads. The completion of the
g‘?lllgeilglan-%nlbzgaé section in the middie
26 enabled the i
oo nable construction firm to
the Agusan river. 1t could oper
the Butuan side. The proje(I:)t \3;: ?c?nrﬁ
pleted and accepted on November 20
195'_7. Of particular interest in thi;
section, the 120-metre Wawa Bridge is
on a 1°-30" curve and has ga
elevated deck.

When this program was initia i
was decided t0 commence constrt:gt’iolr:
at several points along the route by
providing access or feeder roads to the
main highway. Two such spurs were
constructed from the town of Lianga
Surigao. Th.e' Azpitia-Los Arcos sectiori
of the Azpitia-Lianga road was con-
structed.and atthe same time the Los
Arcos-Lianga section was improved
The construction and improvement ot:
this road made possible the start of work
on the Bayugan-Gibong section.

To prdvide acces i
] s to the Gibong-San
Frat)cxsco and.San Francisco-Buniwan
sectcllons, the Lnanga-San Francisco spur
roada was repaired and completed.

In September and October
) . ., 1953,
construction equipment intended for the
construction and improvement of the
Spur roads were landed at Lianga Beach
gSrInLgle g’pvernmem barge ‘“ROAD
JER , a Navy IST and chartered
commercial vessels. Both spur roads
\li/.ere constructed by force account with
1anga as the base of operations. The
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Azpitia-Los Arcos spur road was started
from Los Arcos on October 11, 1953
and completed on October 30, 1954.
The San Francisco-Bahi section of the
Lianga-San Francisco spur road was
started from Bahi on February 1, 1954
and completed on November 11, 1954.

While the two access roads from the
coast were under construction, the three
sections of the main highway were
advertised in rapid succession. Bids for
the Gibong-San Francisco section were
received on March 30, 1954, for the
Bayugan-Gibong section on May 25,
1954 and for the San Francisco-Equa-
tion-Bunawan section on June 24, 1954,

The Bayugan-Gibong project was
a 21-kilometer section from the Bayugan
creek to the Gibong river. Work
included construction of the Gibong
Bridge and seven smaller bridges and all
reinforced concrete box and pipe cul-
verts.

The Gibong-San Francisco section is
15 kilometers long and started from the
bank of the Gibong river to San Fran-
cisco. The project included the con-
struction of three bridges and all R.C.
box and pipe culverts.

The San Francisco-Equation-Bunawan
project, a 43-kilometer section, was the
longest under contract in the entire
route. It included construction of twelve
bridges and R.C. box and pipe culverts.

The contract for the Gibong-San
Francisco section was awarded to the
Manila Investment and Construction,
Inc., effective June 7, 1954. Some of
the equipment used in the construction
of the access roads were leased to the
company. From the start its progress
on this contract was unsatisfactory. It
was particularly slow in the construction
of the bridges and minor structures.
After contract work operations were
practically in a state of abandonment
due to financial and other difficulties of

-the contracting firm, the contract was

rescinded on August 17, 1956. The
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remaining work was done by adminis-

;rgast;on and completed on September 26,

The lowest bidder for the Bayugan-
Gibong section was the Mindanao
Construction Co., Inc., to whom the
contract was awarded effective July 11
1954. This outfit did very well at the
start. Progress of work was satisfactory
during the first year of the contract
particularly in grading and surfacing,
The weakness of the outfit showed when
work on the structures started. Because

of organizational deficiencies only the

Awa and Labao bridges and nine

box culverts were completed by the
company.

Late in 1955 the company transferred
most of its equipment and operators to
its Cotabato projects, expecting that in
the period from December 1955 to
March 1956 weather conditions in the
Agusan area would be unfavourable, It
was intended to shift back these equip-
ment and men as soon as better weather
conditions would prevail in Agusan,
The proposed shuttling did not materia-
lize as planned, and was deferred even
after the weather became favourable. It
was not until after jt had practically
completed all earthmoving in its Cota-
bato projects, that the company started
returning equipment to Agusan. The
project was on a virtual standstill the
whole of 1956 and the first half of 1957,

Under such conditions, with no pros-
pects of improvement in sight, the
project was recommended for rescission
about the middle of 1957. This recom-
mendation was approved by the Secre-
tary of Public Works and Communica-
tions and the work was suspended
pending final taking over by the Govern-
ment. After a strong appeal by the
contracting company, the rescission
order was reconsidered on its promise of
beiter performance to complete the
project within a new time-limit. Resumps -
tion of contract work was authorized on
August 7, 1957,
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After a brief period of increased
activities following the order of resump-
tion of operations, rate of progress on
the project soon started to skid down-
ward again. As before, work on the
structures remained far behind the grad-
ing work. The overall accomplishment
rate was far below normal. By this
time, the problem of the company was
chiefly financial, with wages m arrears
for several months.

Due to the contracting firm’s failure
to comply with the conditions set forth
in the reconsideration of the rescission
order, the contract was ordered rescinded
for the second time on May 10, 1959.
At the time of this rescission, nine-tenths
of the grading work and one-half of the
surfacing work had already been com-
pleted.

Work was resumed by administration
forces on June 12,1959. Grading, sur-
facing work and all structures except
the Gibong bridge were completed on
September 30, 1959. The entire project
was completed and accepted on October
11, 1960. The Gibong bridge was
finished earlier.

The construction of the Gibong
bridge could be considered a special
project in itself. The structure as
designed consisted of (wo centre spans
of one hundred-foot reinforced concrete
box girder with four 1,500-metre deck
girder end spans.

Work on this bridge by the contrac-
ting company had been very slow. It
was not until the middle of 1955 that
it started activities on the piers. Excava-
tions were made for Pier 1 at the same
time that wooden sheet piles were being
driven as cofferdam for Pier 3. Mean-
time a craneway was constructed to
enable driving of test and bearing piles
at Pier 2. The craneway was washed
out during the first big flood. in
December 1955.

Since then practically no work was
done on this bridge for more than one
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and a half years to about the time of the
reconsideration of the first rescission
order. After the resumption of operation
following the first rescission, prepara-
tions were immediately made to
complete Pier 3. Concreting of the
tooting  for Pier 3 was done in
November 1957 after completion of the
cofferdam. This pier was completed
before the December 1957 floods. The
second RCDG span on the San Fran-
cisco side of the bridge was completed
in February 1958. Operations were then
shifted to Pier 1A and Abutment © A ”,
with no efforts made to start the centre
pier. Work on this bridge was done
mternittently through the year 1958
and the first few months of 1959 while
the contract was still in effect. During
th_c more-than-one-year period, only
Pier 1A and Abutment * A » and the
first RCDG span were completed.

Not much activity was undertaken on
this bridge immediately upon taking
over by force account, Necessary
cquipment had to be used first on other
structures so that after their completion
all efforts could be concentrated on this
bridge. The 45-day pre-election ban
and the floods that followed soon after
further delayed the start of operations.

The construction of
detour bridge was st
1960.  The driving of
:)he cofferdam of the
cgun in February. The drivin
bearing piles followed. The cgogzrte}:g
seal was poured in May and the entire
pier complet_ed in early June. While
the centre pier was being constructed
the Bailey-pane] falseworks and the’
timber supports for the two R.C. box
girder Spans were being erected. The
Gibong bridge was completed and
opened to traffic on September 10, 1960.

The San Francisco-E uation-Buna
section was the fourthqproject awa;zgf‘ll
to the L. S. Sarmiento & Co., Inc. The
contract went into effect on September
11, 1954 but work, was actually started on
August 23, 1954, Operations were con-

the craneway and
arted in January
the steel piles for
centre pier was
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fined at the San Francisco end, the other
side being inaccessible.

Due to the floods that occurred in
1954, 1955 and 1956, a ten-kilometre
section of the line was under water.
A major relocation was made from the
Lagcogangan creek to bypass the marshy
section and bring the road to higher

ground. In order not to delay the

project, work on this new lqcation was
permitted as soon as the design for the
relocation was completed.

The contracting company as early as
March 1957 was encountering financial
difficulties especially in the payment _of
wages and procurement of essential
spare parts. Operators were reluctant
to work due to non-payment of wages.
Work was also hampered by the fre-
quent breakdown of equipment, repair
of which could not be done in time.
By the middle of 1958, work showed
very little progress.

Due to the unsatisfactory progress of
the contract work during 1958 and
1959, the 10}-kilometre section from
Ko-o bridge to Bunawan was deleted
from the original contract on January
8, 1960. The administration forces
started actual operations on the deleted
portion from the Bunawan side on
December 7, 1959.

Meanwhile little or no progress was
made on the remaining portion of the
contract work, Contract operations on
road and bridges were practically in a
state of abandonment. Finally, rescis-
sion of contract was ordered on
February 4, 1960,

To speed up construction operations
by administration, the remaining box
culverts were replaced by ARMCO
multiplate pipes and pipe-arches of
various sizes both in the deleted portion
and the rescinded contract section,
Only one R.C. box culvert had to be
constructed by administration. Since
the start of operations, grading work

was greatly hampered by continuous

17
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rains and the presence of unsuitable
materials. The placing of selected
borrow base course immediately follow-
ing grading work was a special operat-
ing procedure strictly followed in the
force account work in this wet area.

The rescinded contract was completed
on October 31,1960, while the deleted

portion was finished on November 15
1960. '

The Pasian-Bunawan section was the
last contract on this road to be awarded,
This  30}-kilometre  project, from
Pasian creek to the Bunawan National
Agricultural School site, included sjx
bridges and the RC box and pipe
culverts. Bids were called on January
25, 1955 with the Manila Investment
and Construction Co., Inc. as the lowest
bidder to whom the contract was
awarded. Contract went into effect on
June 18,1955,

This project was accessible only via
the Camp Kalaw-Pasian section which
was not yet completed when the
contract for this project took effect.
T.he contracting form constructed seven
kilometres of pilot road to bypass the
unfinished portion of the Camp Kalaw-
Pasian section.

Right from the start, this project was
beset by bad weather. From September
to November 1955 and from February
to August 1956 there were short periods
of good weather. The construction
company failed to take full advantage
of such good weather due to lack of
equipment and other causes, resulting in
unsatisfactory progress. The gap bet- -
ween percentage of time elapsed and the
percentage of work accomplished kept
on widening. The contracting firm
finally requested rescission of its cont-
ract on November 3, 1956. By then it
had stopped construction operations in
this project. The contract was then
rescinded for reason of abandonment of
the work by the contracting company,

A new set of construction equipment
and personnel from completed foree
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account projects in Cotabato and
Zamboanga had to be brought in o
start work by force account. A good
number of the personnel formerly em-
ployed in the contract work joined the
administration work. Construction
procedures were improved. A new
schedule of work was adopted. The
pilot road was repaired and extended
upto the Lankila —a bridge site o
facilitate movement of equipment and
materials for the first 1two bridges,
Construction of the structures was given
top priority as heavy grading work
depended upon their completion. Work
immediately followed on two box cyl-
verts at Tagdalican ang Tagauma
creeks which were completed ip Septem-
ber 1957. Pipe-laying was accelerated,
Day and night operations were ordered
whenever weather conditions permitted.

In order not to delay progress of
grading work, the drainage structyres
had to be placed farin A

; . advance. ARMCO
multiplate and pipe arches of i

. . variou
sizes, furnished free by ICA, were insf
talled in lieu of reinforced concrete boy
culverts.
Construction of two major bri

- idges
the Bunawan bridge angd the Simuglaso’
bridge, p'resentetd special problems for
the adminstration forces, Work had
to b;: care_fully programmed taking into
consideration the characterj

¢ stics of {
weather in the area, Detoyr bridges hgg
to be constructed aCross thege major
waterways,

A redesign of both stryc
made to take care of the tg{)esserv\\;:s
ﬂqod flow. The Simulag bridge
raised and extended a lS-metas
RCDG span at each end. The ce.ntre
span of the Bunawanp bridge was i
creased from 23 (o 27 metres, -

roadway an-d

tures from the beginning of the .
to the south approach of the S‘i);,odf ot
bridge were completed, 20

and a 26.¢;
metre road section was o 6-kilo.

pened
On July 31, 1959, all graginy L© raffic.

ading and gy,
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facing operations on the rest of th‘f
project were completed, except the appfo‘
aches of the two bridges still under cons
truction.  Thenceforth all operations
WETe concentrated on these two Strucs
tures until works were temporafily
stopped during the 45-day ban preceding
the 1959 elections.

Work on both bridges was immed'atelg
resumed  after the clection 1O tﬁen
advantage of (he good weather s
prevailing,  Fortunately, the ﬂggen
‘ame rather fate that season. itu-
then, sufficient safeguards were inst! c-
ted to prevent damages to the strv
tures by floods.

in
MThe Bunawan bridge was completed 1

. c
12y 1960 and opened to vehicular tra
since then.

At the time the Simulao detour bl"dge'
was damaged by flood in January ed.
all the piers had already becn compleDG

he end box girder spans and the April
approach spans were completed in 21i
1960, Only the centre spans remhen
unfinished, * The detour bridge was \tavere
dismantled and the Bailey panels
used as falsework for the centre des
2irder span.  The centre boX glfrhe
SPan was finished in July 1960. om-
Whole Pasian-Bunawan section was © the
Pleted, accepted and turned over wme

'8hway District Engineers COnCEl60.
for Maintenance on September 13,

Conclusion and Recommendation

The opening of the Da"ao’AgL:'?;
read, with 183 kilometre new const in
Uon costing £ 25,000,000.00, Pputs the
S€tvice one of the major routes n the
et work of trunk roads needed f-oraﬂ
de"elopment of Mindanao. lmm'gre\'e“
Started to geyle along the road jties

clore its completion, Communwcm
SPrang up where formerly theré
Only !Mpenetrable jungles. The
Settlements grew and improved.

This roag enhanced agriculture :33'
Merce gpq industry in the areas 8"

oldef |
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sed. It benefited also the southern
Surigao towns of Lianga and Hinatuan
which became accessible through_ the
Aspitia-Lianga and the San Francisco-
Barobo spur roads.

The road as constructed is wholly on
the east side of the Agusan valley fr_om
the Camp Kalaw bridge to Butuan City,
About two-thirds of this great valley
west of the Agusan river still remain
inaccessible. In order that 'thxs vast
region could also be made available for
settlement and exploitation, it iS neces-
sary that a second trunk road of ;00
kilometres in length, of which ]30 kilo-
metres will be new construction, be
likewise constructed in the near future
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on the west side of the valley, together

with one or two Cross-roads to connect
with Bukidnon province.

Taking a cue from the ro
pleted, this second trunk road may be
located at the foothills of the mountain
ranges separating the Agusan and Davao
provinces from Bukidnon province. The
route starts from Buenavista in Agusan,
follows the Buenavista-Ma-asin road u
the valley, crosses the low hills at the
Agusan-Davao boundary to Sto, Tomas,
joins the Davao Penal Colony road and
continues to meet the present Davao-
Agusan road at Panabo. This proposed
road, including all permanent drainage
structures, will cost £ 26,000,000.00.

ad just com-

QUALITIES NEEDED FOR RESEARCH

In research we want men who are insistent on self-
discipline, men who are meticulously curious and observcfnt of
small distinctions—with a natural call to st‘udy am{ an mf;om
spirit of enquiry, never those not suited to its continual disap-

pointments.

—DR. PEREY DUNSHEATH.

GOOD MANAGEMENT

““ The things that really count in good management are the
ones you can’t put on an organization chart......... the feelings
and attitudes which men have within themselves about their

jebs and their organization’.

——ee.



SOME RECENT GERMAN VIADUCTS AND BRIDGES
VIADUCTS IN THE RHINE NEIGHBOURHOOD

THE Rhine valley in autumn is at its

Joveliest; the woods and the gently
rounded, castle-crowned  hills are
exquisite in subtle browns golds, and
the blue of river and sky has an opales-
cent quality. The great attraction of
this area for tourists at any time is
easily understood—and particularly so
at this time of the wine-harvest!

The Rhine itself is, of course, a
major tourist highway. Nevertheless,
the nearby roads must take a great
deal of the traffic its beauty creates.
Federal Highway B9, which runs from
Worms through Mainz, Koblenz, and
Cologne to Dusseldorf, on the left bank
of the river, is the main tourist road,
and is very overburdened for much of
the year. Considerable improvements
to this route are necessary to cope
successfully with the traffic ; some have

already been made, among them some
notable concrete elevated roads.

The first of these, the Unkelstein
viaduct, had a more than local signifi-
cance. The Federal Minister of Trans-
port, 1 authorising its building, con-
s:der_ed that, in addition to alleviating a
specific  “black spot’, it would also
serve as a preliminary exercise for the
elevated roads which would inevitably

be required in city centres in the near
future.

The. road conditions at Unkelstein
were in particular need of improve-
ment. Running north from Remagen
B? passed here under a narrow railwa);
bridge in a sharp “S” bend, with very
poor visibility. The road itself was
only 24 ft wide, and the bridge clearance
only 12 ft. In addition, at every high
water the road was flooded to a depth

The fine sweep of the Rhine at Unkelstein echoed by that of the new viaduct.
152 |
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of three yards, forcing motorists into a
detour of 15 miles over the mountains.
The highway authority, the ‘Land’ of
Rhineland-Pfalz, considered two solu-
tions: either a short overpass approxi-
mately 100 yards long, with a connect-
ing embankment 270 yards long, or an
elevated road 370 yards long. The
latter solution was chosen as preferable
on all grounds—economic, technical and
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cantilevered from a prestressed concrete
box beam, carried on a single row of
columns; this method of support was
chosen as both the most practicable
and the most attractive. Certainly, the
general effect of the viaduct against the
wood behind it is elegant as well as
strong and, in detail, the quality of
the finish of the untreated concrete
especially on the columns, is excellent:

The Mushroom—headed supports carrying the Unkelstein viaduct.

aesthetic. The landscaping committee
had the opportunity to say beforehand
which solution they preferred and
condemned the overpass, even allowing
for the amelijorating effects of planting.

The elevated road runs beside the
Rhine for its full length after crossing
the double railway track at a very acute
angle. The superstructure, whxgh hgs
an overall width of 49 ft 6 in., is

There are eight mushroom-headed
columns in all, founded an groups of
piles, each pile having a bearing
capacity of 100 tons. The spans
between the columns vary between 107
ft and 134 ft, and the columns them-
selves vary in height between 15 fi
and 38 ft 6 in., measured from the base
to the underside of the superstructure.
The hollow shafts of the columns have
a diameter of 8 ft 3 in. immediately -
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below the head; the heads themselves
are 16 ft 6 in. in diameter. Seven of
them have four multi-roller bearings,
permitting longitudinal movement of the
structure; the eighth, near the centre,
is a fixed support.

The box beam is prestressed on the
Dywidag system and is continuous over
its whole length. Tt is 6 ft 6 in. deep
and 31 ft 6 in. wide, with the canti-
lever extending 9 ft either side.

In April 1959 another elevated road-
way was opened to traffic further south
on B9, at Bingen, where the river Nahe
and the Rhine meet. The B9 traffic
used to cross the Nahe by the old
Roman Drusus bridge. This bridge,
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main road, a double-track railway 1i

and the River Nahe at a sharp ansél}amgt"
skew. Similar in general appearance
to that at Unkelstein, it fits admirably
into tl}e lie of the land. It balances
well with the strongly defined Rochus-
berg and the round medieval Sturme
tower, and in no way destroys the
effect of the groups of rose and gold
steep-roofed, timbered houses. 1In fact
1t is an added pleasure to the eye, since
the finish of the concrete, straight from
the forn}s, is outstanding, and the
combination of its cool grey with the

eau-de-nil coloured hand-rails i
agreeable. and-rails is very

: This .viaduct also has structural
eatures in common with that at Unkel-

The viaduct at Bingen crossing the River Nahe
> With the Rochu
background, and the Sturme tower on the left sberg in the

partially destroyed during the war, was
restored with the help of reinforced
concrete, and remains as a monument,
but is totally inadequate to carry
current traffic. It was therefore decided,
in 1952, to build a by-pass road for
B9 around Bingen and the Rochusberg,
the hill rising behind it. This by-pass,
five miles long and free from frontage
access, joins the existing B9 route at
Gaulsheim.

The 402 yard long elevated roadway
which forms part of the by-pass lies
near Munster-Sarmsheim, crossing a

stein, again consisting e i
prestressed concrete bogx bS::&t ‘;‘)lglb?rt;eg
with cantilevered side slabs, carried on
a s_mgl'e row of six centrally placed
cylindrical columns of 16 ft 6 in. dia-
mlelger, spaced at irregular span lengths
y\l/_hlch vary between 67 and 40 yards.
Th tc c(c’)t!u;r(\)ns themselves are not round,
put -angle polygonal section, a
re which greatly enhances their

appearance and counter
acts an
of too great solidity. Y. effect

Some of these col
umns and the north
abutment were founded on natural rock,
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and the south abutment and the remain-
ing columns on bored piles of 90 tons
bearing capacity per pile. The box-
section superstructure is 21 ft wide at
the soffit and 8 ft 6 in. deep throughout.
It is conlinuous, Wwith thick internal
diaphragms at the columns and thinner
diaphragms at the one-third points of
each span and is prestressedlongnpdl-
nally and transversely on the Dywidag
system. It is supported on m.ovablc
bearings, except for a fixed bearing on
the third column.

The cantilevered slabs project lf) ft
on either side, so that the overall width

L
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of the superstructure is 59 ft. It com-
pr_iscs a four-la}ne carriageway 47 ft
wide, two 5 ft wide footways and a

1 ft wide strip on each side to tak
the hand-rails. °

The third elevated roadway on B9 is
still under construction. It lies at Kettig
and forms part of the Weissenthurm-
Andernach by-pass, north of Koblenz.
This viaduct, 547 yards long, differs
very considerably from the other two,
most notably in the supports. They con-
sist here of pairs of tall slender octa-
gonal columns varying in height from 52
ft to 82 ft, and at 130 ft centres. These

The fine quality of the concrete finish clearly shown on the polygonal
columns and superstructure at Bingen.
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columns are hollow with reinforced con-
crete walls approximately 1 ft thick, and
in general effect they are very striking.
The 59 ft wideroadway is cast integrally
with the two supporting box beams, and
cantilevers out from e¢ither side of these
beams, which are prestressed on the
B.B.R.V. system.

For this viaduct the contractors have
developed a special method of cons-
tructing the superstructure, particularly
applicable with tall columns. The form-
work is carried on four trussed girders
which advance, after the completion of
a span, by means of a steel girder device
which moves over rollers at the column
head. Using this system the rate of con-
struction has been 256 ft of deck a
month.

Kettig viaduct under construction, showing the girder su

with the device for moving it over the foremost columns,

The Rhineland-Pfalz is the highway
authority responsible for all these via-
ducts, under its President, Dr. E. F.
Wahl. The architect for all three was
Dip.-ling. Gerd Lohmer, The engineer-
ing design and construction of the
Unkelstein viaduct was carried out by
Dykerhoff and Widmann K. G., that of
the Bingen viaduct Wayss and Freytag
A. G. and that of Kettig, by Strabag-
bau A. G.
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- The Wuppertal Motorway and its Bridges

The completion of the Leverkusen-
Wupperta!-Kamen motorway is among
the top priority jobs on the German
motorway construction programme. Fif-
teen miles, running northwards from
the Leverkusen interchange on the
Cologne-Dusseldorf motorway, were in
service before the war and, after repairs
to the bridges, were put into commissjon
agamn in 1953.  The remaining ten miles
in the Rhineland province will be com-
pleted this year, and part of this stretch
i1s already open, greatly improving the
traftic flow from the Cologne-Hanover
motorway to Wuppertal-East.

Thi's new section is one of the most
beautiful as well as one of the most
modern of the German motorways. The

pport for the formwork,

hilly landscape is naturally delightf;

and good design and goody mam-gm:u‘ilel
landscaping have resulted in a road of
noble sweeps and unfussy detailing which
lives most harmoniously with its setting

This kind of country has, of course,
vastly added to the construction prob-
lems, and sixteen bridges have been neces-
sary, together with a large number of
deep cuttings, high embankments and
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long retaining walls. At Kupferhammer,
for example, large rock excavations had
to be made and the Federal highway
moved over to the hill-side before astart
could be made with the retaining wall
between it and the motorway. Again,
the narrowness of the Blombach valley
necessitated separating the carriageways
over a two-mile stretch, and running
them along the valley sides 500 ft apart
—economical technically, and visually
very pleasing.

The concrete road itself gives a ride
as smooth as butter, an up-to-the minute
proof of the excellence of concrete sur-
faces to-day. The pre-war design for the
road was revised to eliminate all gradients
steeper than 4 per cent, and greater
attention was paid to the frost resistant
road base, which in this case varies bet-
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Of the sixteen bridges on the Rhine-
land section of the motorway, the four
most important are the Blombachtal,
Schwelme, Langerfeld and Wuppertal
bridges. The Blombachtal, a reinforced
concrete arch bridge of unusual and dar-
ing dimensions carrying a provincial
road over the separated carriageways of
the motorway and the railway, is far
and away the moststriking of them ; 358
vards long, it marches splendidly across
the valley, dominating the view as the
road rises to it, the great arch and the
slender columns which support the deck
carrying the eye upwards.

The full span of the arch is 490 ft
with a rise of 82 ft and a maximum
height of 165 ft above the valley floor
at the crown. In cross-section the arch
is a hollow box 38 ft wide, increasing

The Blombachtal bridge bestrides the railway and the separated carriageways
of the Wuppertal motorway.

ween 22 in. and 30 in. in thickness; its
top 7 in. are cement-or tag‘-stablllzed.
The concrete slab is 8 in. thick, placed
in two layers of 6 in. and 2in. The road
is dual-carriageway, each carriageway
having two 24 ft wide lanes, and there
are 2 ft wide marginal strips on each side.
These marginal strips are painted white
as a safety precaution, and there is a 5ft
6 in. wide central reservation, increased
in some stretches to 7 ft, and densely
planted as an anti-dazzle hedge.

18

the depth from 7 ft 6 in. at the crown
to 11 ft at the springings, while the wall
thickness correspondingly increases from
1 ft 4 in. to 2 ft. It is stiffened by both
longitudinal and transverse diaphragms.

The deck structure, 50 ft wide overall,
consists of a five-webbed box-section with
a 10 ft 6 in. wide cantilevered deck slab
on each side. Its supporting columns
vary in section from the slenderest, 2 ft
6 in. by 2ft, to the S ft by 4 ft portal
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columns at the springing. The finish of
the concrete is remarkable throughout,
but particularly so on these slim
columus.

The design of the morc northerly
Schwelme bridge, which carries the
motorway over two roads, the railway
and the river Schwelme, is dictated by
the need to allow clear visibility for the
railway. [t is a continuous three span
concrete structure, 226 yards long. with
two rows of four slender columns.  As
it incorporates the acceleration and de-
celeration lanes of the motorway access

A
S S
v
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pomnt. it is 100 f1 wide in all. The pre-
ﬁtressed superstructure consists of two
;)co;larate'halves. cach made-up of two
box Zect‘;g)ns connected by the deck slab
datiogd'lt?‘thggm& In view of foun-
(ation l'] Iculties caused by the cavities
. the ‘nmestonc formation. both this
i bt* idnd the Lungcrfeld bridge are
ounded on 13t diameter reinforced
concrete caissons.
hrighﬁ prl::.stresscd. concrete Langerfeld
hric ;;L.b\ydgcl.l carries the motorway over
Iy 111 Sididry roads, was designed to fit
with the industrial outskirts of Wup-

The Blombach valley

framed by the bridge’s slender supporting columgs
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‘The *Picasso’ bridge outside Wuppertal ; on the right can be seen the brushwood
temporary retainer for the embankment, its diamond pattern a pleasing
feature of the motorways in this area,

pertal. It is continuous over its eight
spans, with an overall length of 345 yards
and it lies in a curve of the motorway
with a radius of 656 yards. The super-
structure consists of two separate box
sections with 12 ft cantilevered slabs -on
both sides.

One of the most attractive stretcl;es
of the motorway is the point at which
it sweeps over the Wupper valley on a
460 yard long viaduct more than 100 ft
above the river. This viaduct, the
Wuppertal bridge, is continuous over

seven spans, with stone-faced concrete-

supporting piers which vary in height
from 46 ft to 92 ft. The superstructure
is interesting in that it consists of a
prestressed concrete deck slab acting
compositely with a trapezoidal steel box
beam and cantilevered out 13 ft each
side of it.

The most unusual bridge on the motor-
way, and, after the Blombachtal, the
most attractive, is the asymmetrical
bridge not far outside Wuppertal which

‘carries the Ehrenberger Strasse over the

motorway. Not-among the most impor-
tant and without an official name, it 1s

known as the ¢Picasso’ bridge because

of .its strange shape. A portal-frame
design, with the columns placed at
different angles of inclination deliber-
ately to emphasize its asymmetry, was
chosen on grounds of appearance. An
arch or box-section bridge would have
loqkpd wrong, in the highway authority’s
opinion, in view of the steep longitudi-
nal gradient €] in 10) of the Ehrenberger
Strasse. .

The portal frame has been desi
as a solid slab with two end beillgi?)eg(:
permitting longitudinal movement, and
two pin-jointed feet. The end bearings
are 178 ft apart and there is a distance
of 110 ft between the feet. The actual
carriageway is 20 ft wide, with two 5 fi
w1d;: cycle tracks and two 4 ft wide foot-
paths. :

Herr Landesrat Meyer, head o
Rhineland highway authority, has fb::;
in charge of all work on the motorway
and its bridges in his province. The
Blombachtal bridge was designed by
Plx;c_)fessor ll))rd Ing. Pirlet and the
‘Picasso’ bridge b i
Jicasso ge by Dr. Ing. Heinz

 (From **Concrete Quarterly.” A
April-June 1960) Quarterly,”  (43).

159



THE NEW AUTOROUTE TO THE SOUTH OF FRANCE

THE first major stretch of the Auto-
route to the South from Paris had
already been included in the general
improvement plans for the Paris Arca
before the war but not until the adop-
tion of legislative amendments in
December 1952 was its final trace
approved in order to relieve as soon as
possible the growing congestion on the
two main arteries, the National High-
ways Nos. 7 and 20, leaving Paris in the
direction of the South of France.

History and Function

Traffic statistics on the two national
highways began to show the increasing
density of utilitarian and pleasure vehi-
cles almost immediately after the war
and soon became the mathematical

Model of the Gentilly Clover-Leaf Terminal at
160

expression of interminable files

crawling along on weekends ar?(g hc(:‘l‘:
days within the outer confines of the
city. 'Hence the plan for
long-dlstance. traffic (including that to

reserving the latter for the heavy local
traffic. On that basis, estimates antici-

pated an averape dail .
40,0C0 Vehic]%s tly density of about

completion which it
Increase to 50,000 v
short time.

The Autoroute to t
then constitute the m
the fast flow of traffic ac
suburbs of Paris,
access to the

he South would
ajor channel for
C across the southern

give direct and rapid
Orly Airport and the

*Paris of the Southern Autoroute

‘ransport-Communications Monthly Review
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Viaduot of the Southern Autoroute over the Bievre Valley at Arcueil

:onal highways to Fontainebleau and
%gxﬁ ang relieve the latter for short&
haul transportation in the enqumbere
suburban areas. The r_esndentna] com-
munities beyond the limits of the greater
Paris Area would benefit quite as much
as from 'the new autoroute as fl:O;’ln
improved conditions on the main hig t;
ways and the first completed stretc
would be the beginning of the future
throughway from Paris via Lyons to
Marseilles.

Trace and Characteristics o
utoroute South starts at the
BOTJ?CCVal:Ad that girdles the city of Paris.
After crossing the valley of the Bievre
at Arcueil, a first branch takes .oﬂ' in the
direction of the Orly Airport at
Chevilly-Larue and at that point the
autoroute deflects in a wide sweep to the
west in order to by-pass the airfield area

at Orly. ; -
Shortly thereafter, the main stem
divides )i,nto two branches, one very

short which connects up with National
highway No. 20 to Orleans, and one
very much longer which joins up with
National Highway No. 7 to Fontaine-
bleau, just south of Plessis-Chenet, by a
short section constructed in the manner
of a standard inter-departmental high-
way in view of its essentially provisional
character. Eventually, the autoroute
will be continued from here in a general
southern direction immediately after
crossing the Departmental highway No.
448 from Malesherbes to Corbeil.

Designed for a basic speed of 60 miles
(100 km) per hour, the present total
length of the Autoroute South amounts
to 26 miles which include the main
stem (6 miles=9.5 km), the Orly branch
(2.8 miles=4.5 km), the Orleans branch
(1.5 miles=2.1 km) and the Fontaine-
bleau branch (15.7 miles=25.2 km) but
does not include the Plessis-Chenet
connection (1 mile= 1.5 km).
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Bridge No. 10 at the Orly Airport where cast roadway of Southern Autoroute
crosses Fontainebleau Highway.

Except for junctions and forks, mini-
mum radius of curves is 2,000 ft (600 m)
on the main stem with the exception of
the first curve after the start; 2,300 ft
(700 m) on the Fontainebleau branch as
far as Departmental road No. 29 and
5,000 ft (1,500 m) thereafter; and
3,300 ft (1000 m) on the Orly and
Orleans branches. Entrance and exit
junctions are at angles of between 3 deg.
and 4.5 deg.

Again except for junctions, grades in
general do not exceed 4 per cent with
the exception of very short stretches
(1,000 ft) with 5 per cent where additional
lanes for slow vehicles have been pro-
vided for two-lane sections. Minimum
radius of rise and fall along the trace
was set at 16,000 ft (5,000 m) and
frequently is 24,500 and 33,000 ft (7,500
and 10,000 m) for rises. Divided by a
centre strip, the main stem has three-

lanes and the branches )
. . S twa_l g
directions. anes in both

Entrances and Exits

. Not including the terminal junctions
cight entrances and exits between Paris
and Plessis-Chenet connect the autoroute
to the general road network of the area
The first three are exits only for traffic
travelling towards Paris (or Orly) and
the last two are entrances only for cars
coming from the country. ~The three
remaining  junctions  provide both
entrance and exit for local and long-
distance traffic in the intermediate areag\.

The Orly branch terminates j

gf _ the passenger terminal. Asn :;)r:/egggg

iaoxlgx}lxsw tal;e 'Orleags branch to the national
In order to elimin -

traffic .and the Fontainebleauafratcxi:%s;

an ogdmary le_vel-grade junction because

it will lose its present importance as

soon as the autoroute is extended.
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GROSS SECTION OF STANDARD ROADWAY

Branches

® embankment

Cuts and Fills

Construction of the trace required
earthwork amounting to a total of
5,232,000 cubic yards (4,000,000 m*)
and the major part of this was necessi-
tated where the autoroute crosses the
relatively deep valleys of the region.
Fills had to be placed to a height
of 56 ft (17 m) in the valley of the Essone
River and of 46 ft (14 m) in that of the
Bievre and Orge Rivers and the adjoin-
ing cuts are never less than 33 ft (10 m)
deep. Work on the junctions also
required movement of large masses of
earth. The centre roadway of the auto-
route terminal in Paris has a height of
46 ft (14 m) and its construction, com-
bined with that of the subsequent cut
which leads into the Bievre Valley, alone
necessitated excavation and movement
of 655,000 cubic yards (500,000 m*) of
soil materials. . :

Some of the cuts traverse the instable
sandy soils and others the limestone
rock and dense clay of the geologic

‘layers of the areca. Placement of fill

requnred_ careful preparatory work at
some points. In the Essone Valley, the
swampy bed and borders of the Or,moy
Lake needed to be dredged to a depth of
164 ft (5 m) and a foundation bed of
fine sand to a height of 3} ft above
mean water level before the necessary
fill could be placed. Minor difficulties
arose from the necessity of plugging
apandoned underground limestone quar-
n;s ﬁr;c;ar the start of the autoroute and
V] ing up open-face ¢ its i

Chevilly-Larue rggion. 127 pits in the

Overpasses and Underpasses

The entrance to the autor

“Paris consists of the Gentilly T::ntl‘}na?t
a complex three-level structure of sepa.
rated roadways which joins the aul:o-
route south to the Ring-Boulevard at
Paris and will eventually” make it possi-
ble to extend the autoroute terminal
directly into the heart of the city. It
required the installation of 56,250 c.ubic
yards (43,(}00 m?®) of concrete and
1,700 metric tons of reinforcing stee]

¥
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JUNCTION OF RN-186 MAIN STEM AT FRESNES-TYPIGAL
JUNGTION TO ROADS CROSSED BY THE AUTOROUTE

B //,/®

@  Nationel Highwoy RN-20
@  Natonal Highway RN-I186
R Radius

TERMINAL JUNCTION TO RN-20 AT MASSY
TYPICAL TERMINAL JUNCTION

Cars enter and leave both roads without crossing against traffic.
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Diagram of Gentilly Clover-leaf Terminal at Paris, Representation of Levels

l['

quantities comparable to those absor-
bed by the construction of a large-sized
hydro-electric project or such a vast

building as the new National Industrial -

and Technical Exposition Center in Paris.

The Gentilly Terminal is only one of
the seventy Civil Engineering structures
encountered along this first stretch of
the autoroute. Their construction
absorbed an aditional 87,600 cubic yards
(67,000 m?) ‘of concrete and 6,900
metric tons of reinforcing and struc-
tural steel for 29 overpasses and 22
underpasses across city and suburban
streets and roads; 7 railroad bridges or
underpasses ; 3 bridges over the Orge,
Yvette and Essonne Rivers; 4 clover-

leaf overpasses

junctions; and 5 other

various kinds.

The overpasses for roadwa

the autoroute generally consj
reinforced-concrete

four continuous spans su
three pillars and two burjed

Where th
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Structures of

ys crossing
_ st of simple
girder bridges with
pported by
abutments.

€ autoroute crosses over
; streets
and highways, the over

designed as a twin-brid
screen-covered interval,
vides for the admissio
the roadway crossed a
time assures the securit
autoroute. Most ofte
a reinf orced-concrete

Pass generally is
g¢, divided by a

The latter pro-
n of daylight to
nd at the same
y of users of the
n, they consist of
slab in three spans

Ground level

A2, I st sub-level

B 2nd sub-level
R . Radiys - |

resting on two piles and two buried
abutments. The retaining walls of the
approach ramps permit widening of the
roadway crossed without increasing the
length of the structure.

A certain number of these structures
deserve special mention either by reason
of their exceptional dimensions and their
curved trace or because they superpose
three levels of traffic at the same point.

The Bievre Viaduct at Arcueil formsa
curveewith a radius of 2,625 ft (800 m)
for alength of 728 ft (222 m) and rises

. 46 ft (14 m) above the valley grade. It

was constructed of prestressed-concrete
girders with a length of 121 ft (37 m),
each of which were precast and plac_ed
by being launched across the open spans.

Where the Orly branch crosses over the
relocated section of the National High-
way Paris-Fontainebleau, the prestressed-

concrete crossover also forms a gurve
identical to that of the Arcueil Viaduct.
Particularly remarkable by the bold lines
of the design, the slender supports and
the impeccable finish, it consists of a
centre span of 175 ft (53.40 m) and two
lateral spans of 128 ft (39 m) each.

Special design features include the
elimination of the centre support in the
dividing strip of the autoroute which
improves general appearance as js the
case for the highway overpass at Corbeil ;
the set-back wall of the concrete arch
with a span of 42-1/2 ft (13 m) over the
Orge River; the influence of the bridge
clearance on the character of the bridge
deck as in the structural steel bridge of
the Departmental highway which crosses
the Yvette River on its junction with
the auntoroute ; particular devices necessi-
tated by the importance of skew as in
the overpass of the Departmental High-
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Over Passes—Main Stem

@® Talus

Cross section of Conerete Roadway
i

B Povement slab
53 Sand bed
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XX X
’ .o.o.o?o?o.o?o?o?:?:?:f::o K

XX Stobilized soil course

® Droincge layer

way No. 18 in which the beams have
no bracing.

Total construction time for the seventy
structures of the autoroute represents
approximately 2.5 million man-hours of
work.

Roadway Foundations and Pavements

Except as otherwise indicated here-
after, all the roadways have concrete
pavements of three different types in
accordance with the nature of the terrain
and classified as A, B and C respectivel
for sandy, calcareous or ul‘gilaceou);
vils. That classification also corre-

S .
\;’g&dﬁg ‘ﬂ(lic. geological layers. Pavement
awarded s divided into a number of lots
1ot of 78n open bidding and the first
started i 0,000 sq. fi. (250,000 m*) got
Stabilisecin' 1958. The sand bed was
of cemcmm place at a rate of 5 per cent
Transvers t%aglcpth of 4 in. (10 cm)-
the lon 'tc drains and drain wells for
shouldens udinal drains below the road
A sand sk Ut provide for drainage
in. = 30 C ¢ -0f Varying thickness (12
m thick at the shoulders in

Poor ground
N separ -
from the suzbg;pdmus the concrete sia

soils of Fomaadc’ except in the sandy

ontainebleau .
also no drainage layer. where there 1
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The concretc slabs werc poured toa
width of 12 ft (3.75 m), for the 24-ft
(7.50 m) roadways and to a width of
11-1/2 £t (3.50 m) for the 34-It (10.50 m)
roadways. Expansion joints are installed
every 200 ft (60 m) and contraction
joints have been provided every 16-1/21¢
(S m). A Jongitudinal joint separates
adjacent slabs.

Duc to difficulties in the placement of
the stabilised sand bed, this was replaced
in the subsequent lots by a layer of 0/60
gravel from 5.1/2 to 7-1/2 in. (14 to 20
cm) deep in the different sections.

Flexible pavement was substituted for
concrete in a few locations whichinclude
a stretch of 1% miles (2.4 km) at the
start and consists of 3 layers of bitu-
minous concrete (43in. = 12 cm), 1layer
of 0/30 gravel (51 in. = 13 cm), 1 layer
of 0/60 gravel (8 in. = 20 cm) with
the upper half stabilised at 5 per cent of
cement, and 1 foundation sand course
(73 in. =19 cm). Curbstones, 12 in.
(30 cm) wide and painted white, border
the 34-ft roadways. The same pave-
ment of only slightly different types was
provided for the fill across the Orge
Valley, forthe connecting stretch at Ples-
sis-Chenet, for the approach ramps —t0
mark the transition—and for the paving
of overpasses. Shoulders and the divi-
ding strip are level with the grade of the
roadway, except in curves where the
inner edge is protected by curbstones.
Shoulders have been compacted suffi-
ciently to a width of 6-1/2 ft (2m)to
allow vehicles to pull off the autoroute
in emergencies. The total pavement
covers 8,100,000 sg. ft. (750,000 m®),

Safety and Security

In view of the high speed of the traffic,
the standard highway panels were modi-
fied to adapt them to changed require-
ments. Throughout, a series of three
indicator panels has been employed at
distances respectively of 6,500, 3,250
and 1,625 ft (2000, 1000 and 500 m)
ahead of junctions. At the approach to
forks in the autoroute, the indicator
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panels are mounted on gantries across
the roadway.

On ihe main stem and on the Orly
Branch, lighting is provided by 400-W
fluorescent fixtures, mounted on double
light poles in the dividing strip and
spaced at intervals of 130 ft (40 m).
The more important indicator panels in
these sections are also illuminated at
night.

Emergency telephones have been
installed in pairs on either side of the
roadway 1o prevent the users from
having to cross the roadway and can
be used for calling the police in case of
breakdown or accident. The phone
stations are spaced at intervals of 2,600
ft (800 m) on the main stem and about
every 1-1/4 miles(2 km) on the branches
where consideration was given to the
fact that a telephone should be near
every junction.

Landscaping and Planting

Various improvements have been
effected to blend the trace of the auto-
route harmoniously into the landscape
gr}d to offer an attractive and aggreable
itinerary. The slopes of embankment
have been carefully modelled to follow
the contours of the terrain and have
been covered with screened topsoil up to
the road shoulders.

Decorative bush and tree groups hav
been planted on e:mbankm%nts,p pa?ﬂ;
to form an attractive foreground of the
surrounding landscape and partly to
mask elements not in keeping with the
character of the autoroute or to separate
it from inhabited areas.

On the Autoroute to the South, the
plantings constitute a necessary corﬁp]e_
ment to well defined purposes. The
brush—}rees of the centre strip screen out
the blinding headlights of cars going in
the other direction. The trees and
plantings of the slopes stabilise the soil
and prevent erosion, mark out and at
the same time blend the trace of the

(Continued on page 175)



EUROPEAN DEVELOPMENTS ON PRESTRESSED
CONCRETE PAVEMENT

By

ARMAND MAYER™

IN a period when prestressed concrete

is undergoing considerable develop-
ment in the United States and tests on
prestressed pavements are being carried
out in various American laboratories
and on test strips, it may be of value to
make a survey of European experiments
in this ficld.

Preliminary information on the subject
was presented by the author at the Inter-
national Concrete Road Conference at
Rome in 1957. In this report more
recent work and particularly the projects
carried out in 1959 in Germany, Belgium
and France are described.

It will certainly be of interest to
collect data on the conditions of the
different projects after these have been
in use for sometime. It is hpped it will
be possible to present this information
at a future meeting of the Highway
Research Board.

England

The lecturc delivered by Mr. J.P. Stott,
in charge of research work at the Road
Research Laboratory to th' ‘Institution
of Civil Engineers on M./ch 1, 1955,
gives a detailed account of the tests
carried out in Great Britain up to 1954,

The writer obtained further details
_during a visit there some timeago. The
‘tests carried out in Great Britain are
listed in the Table below.

Paris,

* President of the Centre d‘Etudes ot de Rccherches de 1

Tests were performed on individual
s]gxbs, prestressed by longitudinal cables
without transverse presiresssing or by
diagonal cables symmetrically arranged
m two directions in relation to the
centre line of the slabs, or by longitudi-

nal and transverse cables at right angles
to cach other,

The South Benfleet test was parti-
cularly interesting on account of the fact
that after the road was construtced, it
cha_me necessary to cut it open, th -
climinating the longitudinal prestress
a time.  This experience showed tha%
15 not much more difficult to repair u

prestressed concrete road than an ordi-
nary concrete one.

Germany

The carliest  prestressed  concrete
paving project in Germany was the
tank testing platform constructed for the
French corps of cngineers at Spire in
1954, This platform consists of a series
of slabs 50 to 70 metres long (164 to
229 ft). The pavement has a total
thickness of 20 cm. (8 in.) including a
14 cm, (16 in.) sub-course and a 6 cm.
(2.m.) wearing course. The slabs are
laid ona 30 ¢m. (12in.) river gravel
base course with a 2cm. (0.7 in.) fine
sand topping, A layer of kraft paper

was placed between the sand and the

concrete pavement. The total length of
the platform is 1,500 metres (4,900 ft).

‘Industrie des Liants Hydrauliques,
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- Thick~-
Date Site Length s Width |7 o0
(YR N Y (l/
1950 | Crawley, Sussex 393 1 d
' >/ ’ (,,
1951 | Wexham ‘ :9:‘7\ {8 (:”
Springs i | T ' s
Hluckinghan\shnc 196 ‘ 11 y
’ )/ ' (I/
1951 | London Airport 328 118 ‘ d
ing’s sox 164 117 6"
1951 | John Laing’s L.td. \0842(])(;’
| N / ]5» : 6,1'
1952 | Basildon, Esscx l322]‘g1
00 16--26"] 67
1952 | Woolwich 3,280° 16--26 )
. o o
1954 | Port Talbot 1476 19 f
i
‘ 4”
) a9
1954 | South Benfleet 328 19 |
J ‘ f
‘ i
i |

| Prestressing
| ———==] System of prestres- | Present con-
il‘,m(]f".l-i‘ Trans- sing dition
‘ ‘::q; ] verse
| na
2101b 22.4 Diaconal cables Good
per
Sq. in.
CIS2 =) | Longitudinal
0 1 B I O X Hood
953 - 5 cables only 3
i 560 560 Triangular  slabs. } Gond
! Orly type
L0294 — Longitudinal cables  Good
1280 — Longitudinal cables . (iood
: 252 28 Diagonal cables : Giood
|
i . . 1 -
1280 |Varying! Longitudinal d_la- ! No infor-
; gonalcables with 1 mation
; jacks 1
‘ 532 49 Flat jacks in longi- | Glood after
tudinal, cables reinstate-
‘ in transverse di- ment  of
| : i rection | the longi-
| j * | tudinal
: | | compres-
‘ ’ | sion

i od is of

restressed system utilised is o
th;rggoga type with a stress of 30 t:fnz
per element. Each unit cons}ilt'share
steel cables, the extremities of w (icbo]ts
provided with threaded rods aS olts
by which they may be placed ur
tension.

The total sectional area of the6g> %?Elf
consisting of 12 strands 1S 2.t ¥ tﬁe
Stress is equal to 80 per cen f the
elastic limit. The slabs are _se:pa.nous
by -transverse joints with bnlgumll us
coated dowels at the base. _T e ggal
part of the joints is filled with a sp
joint compound.

This platform has been in use since
195;,1 l:ng no appreciable wear h]gs bee;x;
noticed up to the present time. ecaltlhe
of the length of the slab elements,'d
joints are several centimetre W'ldtel';
however. and variations in the widt
of the joints due to dlffercngest;’n
temperature cannot be taken up by the

joint compound,

This condition is not serious as far as
tank traffic is concerned, but it has
resulted in a certain spalling of the joint
edges. Transverse prestress units exist
only near the joints. On the whole the
using services are very satisfied with the
manner in which the platform has stood
up under exceptionally heavy traffic,

Various tests performed in Germany
in 1954 were described in the reports of
the Concrete Pavement Committee of
the German Pavement Association,
Three systems were tested. The first,
utilised in the slabs constructed at
Mergelstetten 1 and II, included both
longitudinal and transverse prestress
cables. The slabs were 120 metreg
long (393 ft), 8 metres (26 ft) wide and
15 em. (6 in.) thick. Longitudina]
prestress values were 22 and 17 kg./cm?®,
(308 and 238 1b/sq. in.) transverse
prestresses 8 and 3 kg./cm®. (112 and 42
b/sq. in.) The fact that pavement
continuity was interrupted at 120 metre
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(393 ft) intervals made it necessary {o
provide special and costly cable hol.d:.ng
devices and did not avoid the joint
- problem. At Mergelstetten, 11 cable
prestressing was  also used, but the
cables werc placed diagonally, thus

partly aveiding the joint problem.
Cable anchorages were set i pre-
fabricated lateral strips which were

necessarily costly.

As a result of these tests, the Govern-
ment decided to construct a by-pass
at Bingen with a 1,000 metre (3,280.f1)
prestressed  concrete - section. Design
specifications provided for a very widc
safety factor, so that the pavement would
stand up under any circumstances.
The section is over-designed. The
prestressed Pavement is 16 cm. (6 n.)
thick; longitudinal .prestre‘ssmg 1s
50 kg./em”. (700 1b/sq. in.) with a total
tension of 65 tons per cable ; trapsve_rsc
prestressing is 15 kg./cm- (210 1b/sq. in.)
with a total tension of 9 tons per
transverse bar.

The slab is placed on a 3-course h_ot-
laid bituminous concrete foundation
{5 em. (6in.) in thicknqss. The upper
course of the foundation has a very
smooth surface and is composed of sand
compacted in a bitummqu; binder.
In order to reduce friction, the
bituminous concretc was covered with
two layers of talc-coated paper before
the prestressed concrete  was placed.
The cocfficient of friction was thus
reduced to 0.35 in place of 0.8, the
figure on which the design was based. In
places, the paper is replaced by plastic
sheets which give the same result.

An ‘““anti-frost > base was provided
under the bituminous concrete fouqda-
tion. This base is 40 cm. (1 ft 4 n.)
thick and consists of sa_nd and gravel
compacted by a vibratlpg roller to
98 per cent of the_modxﬁed AASHO
optimum corresponding to a dry density
of 2.4, i.e., an extraordinarily high
degree of compaction.

This base was placed on compacted
unclassified Rhine Valley fill material.

The  section

(492 1)

long |

and - rubber io
designed by Goodrich for the Jones and
Laughlin Co. in
described in (he proceedings of the 1958

meeting
Board.

Longitudina
of jack-prestre

of th

metal tubes. Ty
provided by 7.50
at one end and pr

other,
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consists of 150 metre
abs sceparated by steel
mnts - similar  to those

Amnierica  which were

¢ Highway Research

I prestress cables consist
ssed stands in thin sheet

ansverse prestressing is
metre (30 ft) bars fixed
estressed by jacks at the

Prestress tension is maintained

by a bolt which is tightened.

The by-pass at Bingen is in service

at the present time.

The metal plate

and rubber joints appear to be standing

up well and to be very slightly affected
by traffic.

At the same time, under the influence

of organizations,

grouping  together

highway research specialists an . -

crete and cement technicians, prest

1,71

concrete made great strides in thc‘:\'
of airfield runway construction,

In 1956 a test

at Mem

of Dyckerh

(30 f1)

mingen

bringing the tot

(8 in.). Th

at a distance of
are prestressed b
I thickness,

longitudinal and transverse,

nal movement o
are mside metg)

only s|j
cables,
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ghtly gr

off and Widman.
of 100 metre (328 f1) slabs, 7.7
wide and
with an incre

is Placed so that 4 space of
(1.2 in.) is [eft for longitudi-

f

Tunway was constructed
by the contracting firm
It consists
10 metres
14 em. (5 in.) thick

ased thicl_mess at the edges

al thickness to 20 ¢m,

€ ends of the slabg are spaced

[ metre and the slabs
Yy single cables 10.2 mm,
restressing is ot
The trans-
s the entire 45 metre

’

{ the slabs. The cables
tubes whose diameter is
cater than that of the

>‘f
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The tubes are left in the concrele
at the time it is placed. The cables are
then introduced into the tubes anq
tensioned. The space between the cables
and the inside of the tube is then fl]lf:c'i
with grout injected so as to provxdeha
strongvbond beiween the cables and the
slab.

The success of this runway led the
contractor to include a 'pres:tres?ed
concrete alternate with his b1d§ %r
construction of runways at Wunstorft,
Hopsten and Nordholtz. The alterga}es
were accepted in all three cases as €lﬁg
both more economical and technically
more satisfactory.

The proposed project was to be a
bituminguspconcrete runway on a 20 cm.
(8 in.) - stabilised macadam foun;iat;o(;l.
The ends of the runway were to}mc u ?‘
300 metre (984 ft) long scctions o
concrete 22 cm. (8.6 in.) thick on ta
stabilised macadam base. The alt.edrna e
proposed by Dyckerhoff and Wi mzn
was a prestressed concrete rugvyn ))/
14 cm, (5.5 in.) thick and 20 cm. (81 )
thick at the outer edges. The pa\;’esm(i;)
was to be placed directly on a ] bc n.
(Lft 5 in.) thick anti-frost san ad
with a 2 cm. (0.7 in.) thick fine ksanSS
topping covered with a doqbl_e thic neOf
of paraffined paper. Elimination o
the stabilised macadam foundation, the
materials for which had to be tran'siilorthe
from a great distance and whxc_f he
contractor found superfluous, ldna
actually harmful when utilised un ef{ 2
prestressed concrete slab, made up o_
the difference in cost between pr(—:strct:sl
sed and ordinary concrete. The to ad
cost per square metre of pres(tiress_ct:h
concrete was 27 DM. as co_mpared'm
22 DM. for a 22 cm. (8.6 in.) or 1na(11ry
concrete slab. The saving on foun }?-
tion costs largely compensates for the
S DM. difference.

i d

Since the slab rests directly on sand,
comgression of the latter was,car:-_zcd
out with particular care. Vl’brg m%
Crawler compactors were used and, 3
Hopsten, with a fine, slightly silty sand,
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a modulus of reaction of |4 kg./cm.*
was obtained, i.c., an extremely high
value,

The critical point was to find a method
of construction which would ensure
pavement continuity between Successive
slabs and permit longitudinal cab)e
prestressing and movement of the slabg
caused by variations in temperature
alter prestressing. Calculations indica-
ted that a space of 6 cm. (2.3 in.) would
be required between slabs, Experience
made it possible to reduce this width to
3cm. (1.2 in.).

In addition, for fongitudinal cable
prestressing, jacks had to be placed
between successive slabs and tension
applied so that the required displace-
ment could be obtained, The ends of
all cables were stamped to provide a
projecting screw thread, the diameter of
the groove being equal to that of the
cable. This made it €asy to fix the
cables to the jacks and is one of the
patented features of the Dywidag
system.

Placing the jacks, Supporting them
against fresh concrete surfaces with the
use of metal elements to provide the
required 3 cm. (1.2 in.) joint space,
placing metal joint covers, fixing cables
and filling the space between slabs with
concrete would, at first, seem to be g
rather complicated series of Operations,
but it is claimed that the work proceeds
automatically when a trained crew js
employed. In any case, the company,
utilising this method of construction,
has already built a two-section, 1,276
metre (3,828 ft) long runway gt
Wunstorff and a 3,000 metre (9,842 ft),
30 metre (98 ft) wide runway with z
parallel taxiway of the same length at
Hopsten, i.e., a total prestressed cop.
crete paving area of 170,000 m?. The
firm has now begun designs of installg-
tions at the Nordholtz airfield near
Cuxhafen. Construction will include g
2,900 m. (9,514 ft) long, 45 m. (147 ft)
wide runway and additiona] paved areag
bringing the total surface to 260,000 m?,
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These arc NATO fields and pavements
are designed for 20-ton  wheel loads
The thickness thus remains at 14 cm.
(5.5 in.). Concrete will have a CO]ﬂprcg:
sive strength of 450 kg/em®. (6,300 |y
sq.in.) and a tensile strength 0["61) ka!
cm®. (840 Ib/sq.in.) Rhine Val[cv‘smgd
gravel will be used for aggregate as \‘vcu
as crushed rock.  An air-entraining
agent and a plasticiser will be ysed 'i
is customary. Undef these circ;u;{-
stances, four 130 x 7:50 metre slabs
(426 f1 % 29 f1) can be placed per 17
hour shift which represents 450 E
concrete placed per day. 0

In addition to the fact that prestressed
concrete  presents certain  advanty 1es
from the point of view of cost ctéh
users feel that it presents COI]SidC}'lbl(‘:
technical advantages. A thin prestrc;s §
slab placed directly on a layer of gacd
1s highly elastic and is prel"erreci ]l])
pilots. In addition, the wide spaci 3;
between joints and the fact that thn‘g
are provided with a metal joint covLy
makes them imperceptible to the “e{
as he runs over the pavement pT}?
surface of the pavement js cleancr a 3
free of loose gravel which, in the C’n
of bituminous pavements, ‘may damz‘llsc
Jet engines on group flights, Prestrcygg
conc'rctc'ls now thorough]y acceptcd ?‘k .
use in airficld pavement construction i
(xerm.any as a technique offeripg y
questionable advantages. The [;D zn-
rhoff and Widman company layc o
apply their methods to highWap 1 lo
struction. The reduction of pa};encon-
thickness as compared with the l4lent
(5.5 in.) thickness of runway pavemcm'
cannot be very great, but the copm -
hopes to be able to reduce thicknespsa]:y
10 c.rclil. (4 in.) and, at this figure tg
provide an economica .
alternative. lly Advantageous

Belgium
(I) Test Road: Belgium hys
[ | as
a keen .interest in prestressed cosnhc?gtlz
fo’r several years. In (957 {he Cent )
L Etugles Routieres proposcd the cof\e
struction of a test road and, with th;.

Project js tpe
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aorep .
lg;_“é’z’;c“lt ;)f Mr. Hondermarey, Diree-
esign O".‘ ”:’f R()u'ds, entrusted  the
aduarg of ¢ broject to  Professor
" 0 .thc University of Brussels.
the HZCIZ:LSJKTN ‘\\’ils.dcsigncd in 1958 and
the ﬁSc,li““’y.tf(uhts were obtained for
Consist‘myc,‘“ 1959, The test road will
‘)ClW'écgl y 4 secuon 31 kilometres long
rond Wm“}‘)‘“u’h‘l'g and Mceuwen,  The
will inclyd "y 7 metres (26 1) wide and
000 andb q(Wo curves with radii of
1,640 £ res—?f)‘ _mctres (3,280 ft and
Practical)y hoer;(t)ll;/tLally the tercain is
The charyet

are based doristics of this test road

d{“}‘“)’ on the experimental
Minimum ::Ft?d ndaria, b 1937, ic., 8
thicknesses fix 31}ndatl(wx1 and pavement
4'in. and 4 7,_e at8, t0and (2 em. (3in.,
tests conduey lcli]) 4s was the case in the
system i 1heL " France. The prestress
the runwg ‘tsam_c as that utilised for
jacks in Zczi' Ma§S<}n-Blanchc, i.c., flat
metre intery, ;Vc Joints spaccd at 27C
cen designcii S‘-) Fixed abutments have
end of the tec Mr. Paduart for cack
an ordipa. est road.  The first will be
anchored by Teinforced concrete slat
fiven into the oy (20L7 in.) pile:
men( wij| ll‘“ ground. The other abut:
concrete %laB S0 be a thick reinforcec
thin parali] anchored in the soil by sis
in.) deep el fins, cach I metre (3 ft:

" ¢epand 15 ¢, (6 in.) wide.
fie most orjginy feature of the
relati System for preventing
activ‘gﬁogovement of the sFabs at the
ed over 1 18- These joints are construc
: unnels 1.70° metres (5 f1) deej

which ma -
crossings.y be used for cable and utilit;

Th
of th: St]k?nbrfelicm On the vertical support
the stabs jg ... oP¥ard movement o
into  the S Prevented by bars groute!
the tunne| concrete at the bottom ©
the concrer, and bent and embedded i
ese barg of the road pavement slabs
entire hejol ti}re free-standing for thei
Eht and permiy slight horizon

al moveme; '
their elasticit;rf of the slabs throug

1A

B~
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This extremely original and very
simple solution would appear to give
results comparable to those obtained by
the more complicated system adopted

at Maison-Blanche.

The soil on the test road site is a
slightly silty sand, easily compacted and
of good quality. This sand will be
utilised for the foundation. It will be
compressed for a width of 8 metres,
waterproofed by spreading cutback and
covered with 2 cm. of sand to facilitate
movement of the slabs. The thin layer
of sand will be covered with kraft
paper on which the concrete will be
placed.

The designers have thus reduced
foundation thickness to a minimum.
Since the soil is not susceptible to frost
and since it can carry truck and heavy
equipment traffic in all weather condi-
tions, this solution would appear to be
a satisfactory one.

/
The pavement consists of 8, 10 and
12 cm. thick slabs prestressed by jacks
placed in the active joints briefly
described above.

Different prestresses will be adopted
for longitudinal jack prestressing and
for transverse prestressing. The latter
may be replaced by reinforcement or
climinated altogether. A total of 26
sections with different characteristics are
planned. Up to the present time, only
the abutments and the tunnels for plac-
ing active joints have been constructed.

2. Runway at Melsbroek: Sometime
after design was begun on the test road,
the management of the Melsbroek Air-
port near Brussels decided to invite
bids for construction of a 3.3 km.
(10,830 ft) runway, 45 metres (148 ft)
in width designed for jet planes.

The runway was to be constructed of
ordinary concrete. Bidders learned,
however, that they could present alter-
native designs for prestressed concrete.
Mr. Paduart, who had just finished the
design of the test road, accordingly
proposed the construction of a pre-
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stressed concrete runway to be

: . ¢ exec

in collaboration with the Weglgbed
Company. ©

The ordindry concrete r :
consist of a slab 45 cm‘.mvglyftwé11 Sinto
thick composed of two courses 22,5 cni)
(9 in.) in thickness, the lower codrse to
be 325 kg. concrete and the y e
400 kg. concrete, pper

The base was to consist of a lave
0.60 (0-2 in.) quarry run aggregat)é lraiog
on the natural soil, a sandy silt. The
alternative proposed by My, Paduart
was a prestressed 18 cm. (7 in.) slab
placed on a 2 cm. (0.7 in.) layer of sand
above a 20 cm. (7.8 in.) base course,

‘The upper 10 cm. (4in.) of the base

course was to be 0-60 quarry run agere-
gati1 and the lower 10 cm. comprgsirced
sand.

The prestressed concrete pro
offered a saving of approximatgly };0;;!
cent, as compared with ordinary
concrete and was selected by the airport
authorities. Work got under way in the
spring and the completed runway should
be opened to traffic on December 15, j.e
after 6 months’ work. Results s’ee'm"
at the present time, to be quite remark:
able. Five of the six 7.50 metre (24 fi
7in.) strips have already been placed
for the entire 3.3 km. length. Practically
no cracks are noticeable and the joints
covered with concrete will be impera
ceptible when completed.

Certain features designed by Mr
Paduart, which were to be tested on thé
test road before being utilised in perma.
nent construction, were used on the
Melsbroek runway before being tested
It appears, however, that the conditioné
under which they were desinged make it
possible to anticipate that they wijl
stand up well in use.

The original features which were des-
cribed in connection with the test road
have been utilised for the Melsbroek
runway. The abutments are of the
ribbed type and are ordinary
concrete slabs 40cm., (1 ft 4 in)in -
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thickness connected by reinforcement to
fins 40 cm. (1 ft 4 in.) in width and
1.20 m. (4 ft) in hcight mecasured from
the lower surface of the slab.  The ribs
were  placed without forms in  the
natural soil which had been excavated
by a specially designed machine like
a mechanical trencher.  The soil  was
sufliciently cohesive to permit trenching
without shoring and placing vibrated
concrete without caving in of the trench
walls.

Contraction joints 5 cm. (2 ) deep
have been provided in the upper part of
the abutments.

The abutments arc extended by large
ordinary concrete slabs which connect
the main runway to the taxiways. In
the event that the abutments should
prove insuflicient to absorb cxpansion
of the runway in warm weather,
measures have been taken so that they
can be reinforced by uniting them to
these end slabs.

The active joints above utility tunnels,
described in conncction with the test
road, are also [(ound at Melsbrock.
Slab thicknesses have been increased 18
to 25 cm. (7 to 10 in.) at thesc joints.
Active joints are spaced at 330 metre
intervals (1,082 ft). Temporary joints
were placed every 110 metres (360 ft)
following the example at Maison-
Blanche. These joints make it possible
to compress the concrete 24 hours after
placing and it is thanks to them that the
110-metre long slabs show no fissures
due to contraction.

Transverse prestressing will be pro-
vided by cables spaced at 1.75 metre
(5 ft 9 in.) intervals. Each cable will
consist of twelve 7 mm. strands ten-
sioned at 100 kg. per mm.? for g
breaking strength of 150 kg. Cables
will be placed directly in the slab with-
out tubes. Passages for the cables were
provided by setting pipes on concrete
blocks at the time the slabs were
poured.

These pipes were removed when the
concrete had set sufficiently.
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The different strps which ¢

0 to muke
up the runway w

! ere suecessively placed
(Cgfnlé 01‘ them Serving as a form for tht;
ol r\lxil‘ng one, I is anticipated  that
o ‘43111“(:5 between the strips which
nere (':dl‘ISLd by contraction  will be

malgd at the time  of transverse
prestressing, ‘
oAt Maison—Blanchc, the
Jbo‘;us were protected by sty
C(sm(irf,\ Lransverse  prestressing,  The
Simi]rrdct(.)r al Brussels expects to obtain
intcrflj u‘sults‘ by scraping out  the
i l1(_.r of the fissure with knife before
applying compression,

!ongitudinul
ips of paper

The foregoing
ol the Melsbroek r
to traflic, it will
ressed con
will be ext

are the chief features
inway. When opencd
be the largest prest-
crete runway in operation. It
remely interesting to see how

itostands  up to 4 ol kG

. : loa climate which is

apprece Yer y

/\]l;;ie;zl,ably different  from that of
3. Ex

broni perimental Taxiway at Mels-
W'lye éeLl/-i\oprcstrcsscd concrete test taxi-

F cclion was constructed -
broek in 1958, ted 4t Mels

This section is 350 metres 18 f
iong infj 23 metres (75 ftt)r:vbiét:,a!\i?i llt(;
011]11‘;1(30”3') thick.  The pavement rests
el cm. (12 in.) layer of compressed
rand ove the natural soj compresscd
n(;l dlthl.(ncss of 30 cm. The pave-
thf:mt‘gomm‘s of prefabricated slabs in
G5 11 rlm of parallelograms 12 metres

) }long and 1.24 metres (4 ft 1 in.)
wide.  These slabs are prestressed by
grouted strands at the time they are
:Egngfacturcd'. They are joined toge-
widrtl;n l? Strips to make up the total
ic 3_ the pavement. These slabs
andse}: 11rectly on the sand base course
and eld together by transverse cables
onsisting of eight 7 mm. strands. The
cables are spaced in openings provided
In the slabs at 80 cm, (2 ft 71in.) inter-
vals. Each cable exerts a pull of appro-
x1mately. 26 metric tons. Transverse
_li_ll'fstresgng IS approximately 33 kg.

¢ oblique joints in the slabs are stag-
gered from one strip to the other so that
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each of the joints is crossed by one
cable. Because the joints are oblique,
the transverse stress transmitted by the
cables gives a component perpendlcqlar
to the joints, thus ensuring a longitu-
dinal prestressed bond between the butt
ends of the slabs. There .has not been
sufficient time to determine how this
taxiway section will stand up to traffic.

The fact that the Administration did
not accept this system for the construcc-1
tion of the Melsbrock runway 'wo_ul
appear to be an unfavourable indica-

tion, however.
Switzerland

We may mention the first two tests
made in ySwitzerlamd by the Concrete
Road Association. They include two
sections each 500 metres (1,640 ft) long.
In the first of these, jongitudinal
compression is obtained by means ot‘ﬂfalt
jacks placed every 70 metres (229 2
with a fixed abutment at one end an
a natural rock abutment at the pther. In
the second section compression was
obtained by means of wedges placed a({
120-metre (393 1) intervals. One en'
of the slab is held by 2 ﬁxed abutment;
the other end abuts against an existing
road. The 1ongituding\1 prestresses are
quite high; 60 kg./em’. and 70_kgl./cm
(840 and 980 1b/sq. in.) respectively.

On the other hand, the transverse
prestress has a low value. ‘]n the ﬁrs(;
case it is produced by single s3trfan3
cables (7mm. diameter) | metre ( dt 3
in.) apart and tensioned so as to produc

(Continued from pagé 167)
autoroute into the sur.roundmgs, soften
the outlines of the highway structures,
frame the perspectives of the horizon
and hide industrial activities.

i i iani uch

Far from impractical utopianisim, st

a road is an importaqt'psychologlcal
element in relaxed driving over long
distances and an important contribution
to greater safety.
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an initial compression of 4 kg./cm*® (56
1b/sq. in.) in the slab. 1In the second
case there is no transverse prestress but
the slab is provided with light reinforce-
ment. It should be noted that in both
cases the slabs are narrow, viz., 2.5
metres (8 ft 2 in.) and 5.5 metres (18 ft)
wide respectively. British experience
has shown that in such circumstances
transverse prestress may be eliminated.
An interesting feature of the second test.
is that the slab included a curve in the
road ; this curved portion has behaved
well upto now.

Spain,

An experimental road is to be built in
the Madrid area in the course of 1962
under the supervision of Mr. Escario,
Professor of Road Technique at the
Technical College for Bridges and High-
ways in Madrid. The necessary credits
have been put at his disposal. This road
will include a prestressed concrete
section more than 1,000 metres (3,280
ft) in length. The methods which will
be applied are still under study.

Italy

Part of a road has already been
constructed under the supervision of
Prof. Franco Levi and was the subject
of a special report at the International
Concrete Road Congress at Rome in
1957.

(To be continued)

(From * Roads & Road Construction”,
July 1960) :

Together with its more direct consider-
ations, it was conceived as such by the
Special Division for Autoroutes in the
French Ministry of Public Works and
Transportation and constructed by the
General Agencies of the Ponts-et-Chaus-
ses of the Departments Seine and Seine-
et-Oise.

(From * French Economic and Technj-
cal Bulletin>® No. 6, 1960) -



COLCRETE AND COLGUNITE METHODS AND THEIR USES

(Extracts from the Translation of the article published in German by
Dipl. Ing. G. Brux. in the March-September issue of * Strassen—und Tiefbau ")

(Translation by the courtesy of Messrs. Gammon India Private Lid., Bombay)

Y. Introduction

The network of highways and road
in West Germany did not cater to the
futurc needs of traflic because its pave-
ments are insufficient and inei’_ﬁcxem due
to the overloading and necessitate reno-
vation. This also applies to the roads
and pavements made of concrete. The
concrete pavement hasnot been in vogue
for a long time. Still, as early as in
1890, at the time when concrete cons-
truction was still in its early stages,
concrete pavements have been construc-
ted with mostly plain concrete and the
joints of the concrete slabs did not pro-
vide sufficient bondage, nor has an
efficient frost protection layer been pro-
vided. Hence, it became the present
highway engineer’s main occupation to
renovate or reconstruct the pavements
of the existing highways. Also, accord-
ing to the ““Green plan”’, the pavements
of roads serving forests and agricultural
fields, are to be strengthened sufficiently
and economically to 'w1thstand _the
traffic due to mechanisation of agricul-
ture. Many pavements are to be con-
structed forspecial purposes such as for
automobile test tracks, etc. The col-
crete and colgunite methods have been
used in this field in their earliest stages.
These methods are being treated in the
following article.

II. Colerete and Colgunite methods and
their specialities

The Colcrete system which was deve-
loped in England 20 years ago, is being
used in Germany since 1954 and serves
primarily the purpose of preparing mass

':fhé special niixer used for this purpose is

was developed into an earliest patent of injection concrete b

concrete. The principle of this system
is to use at first, large size aggregates
and fill up the hollow spaces with a
special type of cement mortar., The
mortar used for this should have a good
workability so that it can enter the
smallest crevices and fill them up and
should not decompose either during
construction or after and also should

Tongentiole [.amundung zyr
Ereeuguhg esncs Wirbels

z”"'"'-Wuuev-thﬁung Verbindungsletung for
wird durch dieses Kraitlauf. 200t Wosser-Mischung
system gepump e 2waiten MiscMromme)

Sand

—~

Zoment

Wotser =

-}~ Venny

Aatriebtwetle dey
Gehduse Motors sur

Kraftobertraguig
Fig. 1
Schematic sketch of a Colcrete two
drum-mixer for Calgrout

not combine chemically with water. In
the Colcrete system, these properties
dre attained through the patented
method of mixing and preparing the
mortar,* and through a special composi-
tion of mortar. (Adding additional
materials like intrusion acid, Alficil.)

IL. a. Method of Mixing and Properties
of Mortar

The speciality of Colcrete system is
the use of a special mixer in which the
colloidal mortar Colgrout is prepared,
and the Colcrete concrete thus cast
possesses extraordinary properties. The
process of mixing is carried out in two
sections (see Fig. 1). At first, water
and the binding material are pressed
together through a narrow opening with

based on an Bn;lish‘ pva‘i;n-t -otr‘mth”e- iyear 1930. which
y J. C. Gammon in the year 1932.

176

" thoroughly mixed

i Zweiter Kraislauf fur
Send-Watiar Misehuo

Entlesrun

lanmlugolnnﬂ

/# -~
Gehduse, um hlasy

\;\_.;—-/ und ungeeignerer

Moterigh qulzunet

Transport-Communications Monthly Review

i velocity (1500-2200 P.M.M).
aThlglgl}rictionalyand c;oheswe forces
occurring in this process influence a c(;)‘m-
paratively better mixing of the binding
material, becausc the surface area 001]111-
ing into contact with the water in the
« Colloidal Mill” is enlarged alnd tle
air and other gases arc complet'ely
expunged from every film of material.
The cement particles are hencehveg
finely distributed in the ﬂu1d,dwthe:re_
the flaking of the cement an here
by occurring disadvantages are avolded.

¢ addition of sand of 0/3
mn’l;hg;uog/}s\ g:m. fineness to this mlxtuffe,
—which can be used advantageously 05
grouting purposes a very finely %n
uniform mortar of a
high workability can 'be. obt'amed',Xigy
following the same principle in mi mgs
as in the first stage. Its compox::’n
then remain finely distributed till s :mg
occurs and it does not combmg 1 nyt
more with water if a non-tur 1u e;t
current of less than 1.4 m/sec. l‘ie t(;'(l:ity
is used. This permits its wor I%ule tg
also during rain or under water. ue 1o
its good workability, Colgrouth c n be
pumped throughlthn;ttu‘zerstig;llyos .

t heights almo ally. The
%li.ggling qugality of ﬂ:if r;noorgaz1 1ns C:::lsif:rg
better than tha 1
?nb;zltar of the same .composni)q]r}; a:;cci
also its strength and lmpermea] i IO); ar
higher than those of the normal m ,

after setting.

II. b. Use and Advantages

The Colcrete system is used in its

. 0
country of origin and also other cou

India,
wries like U.S-A, Cana&ﬁ.’, almost

Holland, France, Africa,
exclusively for mass concrete \égiﬁl afr?;
diverse purposes. However, md Prmany
it has been decidely develope urther
with success, in the field of grq:x) on.
crete, grouting mixtures (Colgumet d
?-rou;ing with Colgrout and other typ
of water cement colloidals. .
The method of injecting Colgrout mgo
the Colcrete depends upon Slrf)esity.
aggregates, strength and the po _

14 13 12 11 M
%
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Cement-Requirement B for colcrete mass’
concrete in relation to ratio of mix M and the
porosity of large aggregates H.

If the depth of the layers is not much,
and the size of large aggregates does not
exceed 40 mm. dia.—as in the case of
pavement construction—Colgrout _ is
injected from above because it finds its
way down to the hollow spaces by gra-
vity and its fluidity, and displaces the
air and water in the pores. In case of
larger quantities and thicker layers, as
well as underwater construction, the
grouting is carried out from bottom to
top through 1% in. dia. pipes which are
placed in position alopg witl_1 the large
aggregates and these pipes will be with- '
drawn progressively downwards during
the operation, so that the ends are
always slightly above the Colgrout sur-
face. (ex. retaining walls, tunnel
bottoms, large foundations, etc.)

If the aggregates are smaller than 4Q
mm. the Colgrout is to be injected under
pressure or one can ram or vibrate the
members which have been filled at- first
with Colgrout (ex. casting of precast
members) the porosity of the aggregates
(H) and the ratio of the materials in
Colgrout (M) are the Qem_dmg factors
for the quantities of binding materia]
and sand. The Colgrout preparing and
conveying plant for Colcrete consists
mostly of one or two Colc_rete two drum
machines, one sand silo with measurina
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and weighing equipment-conveyor belts
and sand sieves for sieving the aggre-
gates to the required fincness, water
measuring and storage tanks or water
rests in case of suflicient water pressure
and section of pipe, and a Colmono
pump (also Mohno pump) The efficiency
of a twin plant with Colcrete
two drum  mixers of mark 11l
(112 litres) depends on the extent of
mechanisation of the sand and binding
material supply. (8-12m */h)inan8-hour
shift, a pavement area of more than
1200 m* of 20 cm. thickness can be
poured.

ITI. Colgunite Process

The Colgunite process is a wet grout-
ing process with Colgrout or alterna-
tively with Colcrete-concrete. It is
manufactured in a Colcrete Roller
mixer, pumped through hoses and injec-
ted on to the contact surface with
nozzles by the aid of compressed air,
Mass concrete due to this process has,
in addition to its qualities of com-
pressive strength and impermecability to
water, a high binding capacity and a
good workability, which makes it
suitable for the reuse of old brickwork,
retaining walls and tunnels and has a
very low back splash of 3.5 per cent
during the injection through the nozzle,
Finenesses of upto 15 mm. are being
used nowadays for this injection process.
Due to its low shrinkage, Colgunite is
also being used for repairing damaged

R.C.C. structures,

Water cement colloidals for Colcrete
groutings are made in the Colcrete two
drum mixer, and are injected depending
on the pressure required, with Colmono,
Mohno-Hany-or piston pumps for filling
the gaps and binding together of floors,
and other structures. These colloidals
of the same water cement ratio as
normal grout mixtures, have a better
access and enter the smallest of the
crevices  (cracks, openings, porous
aggregates, etc.). The water content
required for the same fluidity is lesser
and hence results in a reduction of
shrinkage and an increase in the
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strength With the same water cement
ratio and workability as a normal grourt
mixture, one can also add fine sand or

pulverized rock and reduce the shrinkage
further.

IV, The Colcrete and Colgunite pro-
cesses and their use in the con-
struction of Highways and Roads,
and repair work of the same

(a) Construction of new pavements—

Material and Econemy Considera-
tions :

In cases like small and very irregular
slabs which deviate considerably from
rectangqlar shapes, arches, ramps,
slopes, innumerable members, or where
lqrgc aggregates are available in conve-
nient sizes and quantities, Colcrete can
be more economical than ordinary
concrete even though more quantities
of aggregates arc used (I'm* aggregates
and 0.5 m". sand for each cubic metre of
finished concrete). The binding material
requirements for Colcrete arc, however,
generally lIesser than those for ordinary
concrete. - The Colerete or  Colgunite
process is also very useful for the
construction of runways- -which require
a thickness of 60 cm. or ecven more for
heavy traffic—which would have necessi-
tated considerable amount of compac-
ting work if ordinary concrete had been
used. With the Colcrete system, one
1S more independent of the weather
because work can proceed under bad
\yeather conditions also, i.c., rain or
frost. The rainwater is driven out by
the Colgrout and does not affect the
work as it does not combine with
Colgrout. For the progress of work it
1s advantageous since only 50 per cent
of the quantitics nced go through the
Colerete mixer at a time and the
Colgrout can be pumped through thin
pipes to great distances.

This method of construction is
specially suitable for test pavements
for heavy trains of loads. The test
tracks are composed of innumerable
curves (H=17.5t020 m), hairpin bends
with a very small diameter (I11--15m)
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and mostly without intermediate straight
tracks, and they also consist of a steep
transverse slope (2-20 per cent) and
broadened pavements and steep longi-
tudinal slopes. The use of precast
members is almost impossible due to
the small number of straight portions
and is also very uncconomical. The
hcavy live load to which the pavement
is  subjected,  necessitates  larger
thicknesses (in case of bad soil condi-
tions, even | m. thickness) as well as
stiffencrs on the edges of the pavement.
Also these types of constructions are
casier by the Colcrete process of mass
concreting.

Frost Protection:

To avoid the wastage of Colgrout
through overflow due to unevenness, a
sand layer of 5-10cm. is to be laid
under the large aggregates, which also
serves at the same time as a frost pro-
tection layer, if the aggregates are
properly graded.

Pavement slabs and their strength

Initially, colcrete system was used
only for the blindage concrete, the
pavement slab being made of _ordmary
concrete mix, and later on a mixture of
Colgrout and gravel or grit was used
for the same. Further, a system was
developed by which the blindage
concrete and the pavement slab are of
the same composition and cast together.

By this method, the Colcrete mass
concrete could develop a direct c;om;
pressive  strength of 500 'I"(g./lclr:’:o
(7150 1b/sq. in.)and 80 kg/cm (d'
Ib/sq. in.) tensile strength in bi:jr} mtg.
Thin Colgrout layers laid according (t)”
this method satisfy the specifications o
DIN/100/c.

The fatigue strength of pavements
cast according to this process 1S
specially important 1 the case of test
tracks.

Construction and interval qf joilllts ‘
In mass concrete construction, longt-
tudinal joints are with or without
dowels as in the case of transverse
joints provided so far in the construc-
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tions of highways. One can increase
the spacing of joints in mass concrete
poured by this process, due to the low
shrinkage. Experiments are being done
in this field.

(b) Repairs and Renovations :
Repairs of Joints :

In concrete pavements the joints
cause most of the maintence expen-
diture. Tt is hence an advantage to
reduce the number of joints. Depending
on the extent of damage, joints in
concrete pavements are repaired with
the help of Colcrete. or Colgunite
System using mass concrete. Colcrete
has the advantage that it binds wel]
with the old concrete and permits
repairs in those parts where otherwise a
complete renovations would have been
necessary.

Repairs of pavement slabs and cracks :

Cracks occur in pavement slabs duye
to faulty construction (honeycombing),
improper compacting, t00 much djs-
tance between joints, or externa]
influences like uneven and too heavy
loading (irain_of loads with change
in direction). Depending on the cause
of damage, one can carry out the
repairs in different ways. The damaged
pavement slab is removed (3-10 cm.)
and Colcrete fluid concrete is provided
in that place with the addition of grit
or gravel. If necessary, cracks are
provided with clams and closed comple-
tely by grouting with Colgrout or in
they are too large, they could be built
up to act as joints by the same process,
This kind of repair work is more
economical than a complete renovation
and offers less hindrance to the traffic,
The quality of repair work of this kind
depends on the extent of care taken
during grouting.

Lifting and replacing of pavement slabs;

In case of too large a settlement ip
the pavement slabs, they can be lifted
and the underside provided with
Colcrete and the pavement slabs can
thus be brought back to position. Thjs
method is useful only for pavements
subjected to light loads, » .

179



Transport-Communications Monthly Review

Renovation of concrete pavement slabs :

1f the damages are of such extent that
repairs even by the Colerete or Colgu-
nite method become uneconomical, or
more number of adjacent pavement
parts arc to be repaired, i.c., when the
damaged parts arc too close to each
other, renovation can be carricd out
with mass concrete by the Colerete or
Colgunite method.

(¢) Other uses:

Colerete and Colgunite methods are
also used in the construction of tunnels,
shafts, mines, bridges, underwater struc-
tures, etc.

V. Typical examples of work carried
out by the Colcrete and Colgunite
methods

The advantages of the Colcrete and

Colgunite methods in the construction
and repairs of roads have been described
so far. In the following pages, techni-
cal data and characteristics of a few
works carricd out by these systems is
given briefly.

Construction of a road for chain vehi-
cles in Sandhofen near Mannheim

The cross-section of the road and the
winding slabs (1500 m* area) consists
of 15 cm. thick packing layer, 2 cm.
thick sand layer for levelling, 20 cm.
thick Colcrete mass concrete including
the pavement slab, the surface of which
has been sprinkled with porphyry grit
7/14 mm. dia. with Westphalhand con-
crete additional metal 3 mm. dia. and
has been left without any further finish-
ing. The grit for this purpose must be
clean and dust-free or completely
covered with the binding material so that
it holds fast with the Colgrout. Grout-
ing was carried out under temperatures
around freezing point and also the mass
concrete was strongly frosted. But no
disadvantageous results due to this have
shown up. No cracks have developed
even though very large slabs upto 140
m? area in one piece have been cast.
The required strength of 370 kg./cm®
was exceeded.
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Curves and crossings for chain vehicles
at Hohenfels/Oberpfalz
Only that part of the road which was
subjected to hcavy stresscs due to the
change of direction of the chain vehi-
cles, was made with mass concrete. For
the ~curves and  crossings, the cross-
section consists of 22 cm. mass concrete
\\{lth L.S. metal 40/120 mm. dia. and
Colgrout with M=1: 25 by weight,
pavement slab as in the previous
example (quartz and chalk stone grit
7/14 mm. dia.). The crossing has been
exccuted without transverse joints and
the curves were executed with longi-
tudinal and transverse joints.

Construction of a test-track pavement
for heavy chain loads

Data of a 780 m long and 6.5- 10 m.
wide test track with many curves and
ramps (6000 m*), 15-20 cm. layer of
compacted quarry gravel 0/50 dia.
15 cm. concrete B 160 (with gravel, as
aggregates), 3-4 cm. bituminous insula-

tion layer, 18 cm. Colcrete-mass con-'

crete B 600 with Basalt inctal 40/180
mm. dia. with H =50 per cent Colgiout
M=1:1.§ by wt. cement 275, quartz
sand 0/3 mm. dia. with 0/7 mm grada-
tion, W/c ratio=0.42 - 0.45 including
sand  wetness). The pavement slab
consists of 5 cm. Colerete hard concrete
B 650 with steel fabric reinforcements
and rendered with plaster. The concrete
for this was mixed in Colerete mixer
with Colgrout M=1:1.7by wt. P.C
275, Rhine sand 0/3 mm. dia. W/C
ratio 0.38), with the addition of hard
concrete metal (like Cuppros metal 0/30
mm. dia. 1.7by wt.) and basalt grit
(3/12 mm. dia. 0.6 by wt. and 12/25 mm.
dia. 2 parts by wt.) and was brought to
the site by trucks. The required com-
pressive strength was exceeded (616 kg/
cm®). The surface in the joints was
removed and dowels were provided at
30 c¢m. intervals with a transverse
spacing of 12.5 m. Longitudinal joints

were omitted. The progress of
was satisfactory. prog work

e~
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Unmmeﬁ THE ROAD

ROAD ROLLER

ONE HUNDRED AND ONE
ROAD ROLLERS—

BUILT STRONGER TO LAST
LONGER

MANUFACTURED BY

l‘\ AGRIND FABRICATIONS LTD
T 4 .

Factory : P2/2, Taratolla Road, Calcutta-24

Distributed by

UNITED PROVINCES COMMERCIAL
CORPORATION PRIVATE LTD J
6. Ganesh Chandra Avenue, Calcutta-13 ,

SBRANCHES AT—BOMBAY, DELHI, GAUHATI. LUCKNOW,
MADRAS, PATIALA, PATNA.
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Please mention this journal when replying to advertisements.
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ROLL
ouT
THE
BLAGK CARPET!

STANVAC ~
ASPHALT

Roll out the smooth black carpet
of Stanvac Asphalt and observe
» the smoothness
+ the durability
D4 + the economy
. of roads paved with STANVAC ASPHALT

STANVAC ASPHRALT
(MADE IN INDIA)

STANDARD-VACUWUM OIL COMPANY

WT.V. 1673
JWT-V. 167 (Incorporatad in the U.S.A. with Limited Lisbility )
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*EMU’ Coaches manufactured by

Messrs. Hitachi Ltd. and supplied
/vm the Western Railway.
-~

Hitachi

A leading manufacturer of

railway rolling stock including
. electric locomotives Hitachi Ltd.,

lndlan Tokyo, Japan, also manufacture

a large range of heavy '

Railways electrical equipment.
MAIN PRODUCTS:

Electric Locomotives; Electric Multiple Unit Coaches;
Steam, Diesel-Electric and Diesel-Hydraulic Locos; Passenger
Coaches, Wagons; Hydro-Electric and Thermal Power
Plants and Transformers of the largest size; H.T. & L.T.
Switchgear, Substation Equipment; Electric
Overhead Travelling Cranes.

Sofe Agents in Indio :

William Jacks & Co.Ltd.

d in England.  Libility of Members Limited }

{ Incorporate
Calcutta Bombay Madras New Delhi )
WIC.312

—pm—y

Please mention this jou.
ix

e M v



Transport-Communications Monthly Review Januuary 1961

no trouble at all...

BITUMEN
EMULSION

... in one easy
application

Bitumen emulsions are eff-
cient and economical for
surface dressing, premix
work and soil stabilization.
They require no heating.
Hence-—no fire hazard ... no
annoying smoke ...no heat-
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«I:gns]:::lt)lgfoduct improvement, the new Super MG,
is a 6 wheel drive, 6 wheel steer motor grader anq

is available with a torque CONVerter.
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GREAVES COTTON & CO. LTD,
1 Forbes Street, Bombay 1

| Branches: Ahmedabad, Bangalore, C?imbatore.

Kanpur, Madras, New Delhi
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SOME SELECTED PUBLICATIONS OF THE
INDIAN ROADS CONGRESS
available for sale:

Name of publication Price (including postage, etc.)
Rg P
). Vol. XII(Bound) - RV [ YL TS 12 00
2, Vol. XI1II-3 ..o January 1949 3 00
4. Vol. XIIf-parts1 & 2 (Bound) - e 194840 5 50
1. Vol. XIV (Bound) o 1949450 ~ 00
5. Vol. XV (Bound) 1950-5¢ o 0
6. Yol. XVI(Bound) 1951 6 ~ 00 »
7. Vol. XV1I (Bound) o 195253 ) ) R I bl
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9. Vol. XVIII-4 March 1955 3 00
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(j 11. Vol. XX (Bound) - 105556 9 oo
J\ 12, Yeol. XXI- <. February s 1957 3 o0
13. Vol. XXI-2 March ~. 1957 ¢ N d
T 4. Vol. XXI-3 oo April 1957 :: 33 ee
Z 15. Vol. XXI-+4 «««  December 1957 3 on .
16. Vol. XXI (Bound) — 195657 n I bl
\ — 17. Vol. XXIi-1 ... Noavember S 1957 lt; x . < depends e la e
18, Vol. XXII-2 .- December e 1957 3 00 A perfect landing...how much of msuccehs -‘l’ifxblc
N } 19. Vol. XXIi-3 ... December o 19aT 3 o0 on the aircraft’s wheels and the smooth, re Runways
— 20, Vol. XXII-4 ... November . 1958 3 oo runway...
21. Vol. XXI1I (Bound) - o 1967-05 ) .
g R AL 22, Vol. XXIIi-} ... Nouvember 1058 li ?,g The best runv&fays arc'trcmeq wm;] B‘\;;’mzhufiﬁl
Y 23. Vol. XXIII-% Decemben 190N 3 o0 Bitumen=—an mcxpc‘nswc. ca'.sy-m- an' c, rc‘; by
~ 24, Vol. XXIII-4 -« October - 1950 3 00 material. Bulk handling of Bitumen, pionce In
-\J\\\\ 23, Vol. XXIV-1 .. October .. 1984 % 40 Burmah-Shell, has cansiderably lowered its C:?b R
26. Vol. XXIV-2 o November L 1gn 3 op addition, services of skilled Burmah-Shell engineers
ﬁ 27, Vol. XXIV-3 ... December v 1950 3 00 are made available.
W 28, Vol. XXIV-4 <. January 1960 3 ) airficlds
29, Road Research Bulletin No. 1 ) 00 Wherever there's need for better roads, airfic '.l
30. Road Research Bulletin No. 2 ? 00 or hydraulic works, there’s need for Burmah-Shel
31. Road Research Bulletin No, 3 e 500 Bitumen.
32, Road Research Bulletin No. 4 & 00
33. Road Research Bulletin No. 6 5 oo
34, Road Research Bulletin No. ¢ ’: 8::
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it’s so much
easier with 3 -

BAXTER |
MARSHALL

How arduous it would be to break a heap of stones
by hand! And how long it would take!

Hand broken metal ro doubt is cubical, hut the
modern, perfected Baxter-Marshall “Knapping
Motion™ Stone Breaker not only produces equafly
good cubical samples, but also vyields incrcased
cutput at lower labour cost.

LSTONE BREAKER y

Marshall, Sons & Co. (India) Ltd.

331, Netaji Subhas Road, Calcutea. Marshalt House, Hanuman Roag New Delhi,
Harshall’s Building, Ballard Road, Bombay .  Marshall’s Bullding, 2nd Line Bezch, Madras.,

Marshall Sons... in Step with Mechanisation -
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