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ROAD WORKS AND THE NATIONAL ECONOMY

By

8. 8. Morr1s, B.so. (ENc.), M.I.C.E., M.ASCE,
M. 1. Mux, E., smr.r.0, City Engincer of Cape Town*

THE vital arteries through which pulsates

the life-blood essential fora country’s
sound and effective development are
its means of communication and frans-
port; and with the phenomenal incre-
ase in vchicular traflic, roads have
become g paramount feature in any
transport system.

No country attuned to the importance
of an effectively oxpanding cconomy can
afford to noglect its roads. South Africa,
standing as it does on the threshold
of great industrial, commercial and
agricultural opportunities, can certain-
ly not afford to do so—not only the
roads that connect the coastal plains
with hinterland, nor those which link
one province with another or one town
with another, but cven the urban tho-
roughfares upon which local communi-
?‘»les depend for their normal commercial,
industrial, cultural and recreational
activities.

The benefits that accrue from major
road construction are no longer conjectu-
ral. They have been carefully determined
by comprechensive studies both in the

United States and Great Britain as well
as in certain European countries. Scien-
tific investigation has proved conclusively
that savings in fuel, in maintenance of
vehicles and in the reduction of man-hours
otherwise wasted in traveliing, alone more
than compensate for the money spent on
construction. There are, of course, other
substantial benefits not so precisely cal-
culable but still very real. New areas are
opened up for domestic and industrial
development : property values are sub-
stantially enhanced ; facilities are provid-
cd for bringing to remote and rural areag
opportunities for a fuller and better life;
in times of threatened war, measures for
the defence of the country, both civil and
military, are substantially aided; and
perhaps most important of all, the grow-
ing toll of accidents is materially reduced.
Road construction has in fact to-day be-
come one of the most urgent and impor-
tant of public works.

Need for accelerated programme

Outstanding features of South Africa’s
post-war development have been the rapid

* Part, “of an Address givon to tho annual
Fed(‘ﬂ\tion (Capo Region).
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urbanisation of its population and the
unprecedented growth of its sccondary
industry.  Almost every major city now
has a population two or even three times
greater than it had pre-war. To meet
these extraordinary increases in popula-
tion and to cope with the accelerated
crowth of industry, local authorities have
been compelled to commit their limited
financial resources to the vital services
essentinl for the maintenance of public
health and the provision of adequate po-
wer. IFor example, many cities have spent
millions of pounds on water and power
supply projects.

Despite the country’s growth and ex-
pansion, however, the urban road pattern
has, on the whoele, remained largely unal-
tered, yet car ownership per capita has
increased and the volume of motor traffic
is much greater than it has cver been.
The future will bring an cven more in-
tense growth of vchicular movement.
Latterly there has been a limited amount
of new urbanroad construction, but every-
where it hag been on a small and unimagi-
native scale. The time hag come when
city roads must be considered as a prio-
rity among public works,

The importance of major urban and
rural road construction was appreciated
in the United States some years ago; in
the past decade hundreds of millions of
dollars have heen spent on the construc-
tion of expressways, freoways, turnpikes
and tollways, and in the next 15 ycars
expenditure extending to many billions of
dollars is envisaged as part of what has
been called the ¢ Presidential Road Pro-
gram’. Great Britain, very much in
arrear through neglect of new road cons-
truction, has now begun urgent construc-
tion of & motorway system linking her
principal towns. As always, when once
aroused, the British are moving with
characteristic thrust and speed to make
good their present deficiencices.

South Africa, if it is to keep abreast of
the times, must likewise face up to its
road responsibilitics. The next ten years
should see a complete transformation in
our approach to major road problems. Tn
Cape Town, if pregent programmes are
brought to fruition, the effeets will he far-
reaching.
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Road Works Counter to Depression

Unfortunately, however, there loom on
civic horizons certain ominons clouds.
We hear more and more nowadays of the
cconomic difficultics that are allegedly
besetting-—we hope only temporarily. not
only South Afriea, but most of the freo
world.  Reports eannot he ignored of the
recession or “saucer in the curve of busi-
neas activity’ as it is sometimes cuphemi-
stically called, even though it ix admitted-
ly mild compared with the depression of
the thirties. Sterling and foreign exchange
(lit‘!icultics continue to coufront CGreat
Britain ; the struggle to save the franc
remaing as urgent as cver: and here in
the Union the imbalance of imports and
exports and shortage of capital for dove-
lopment are among the problems ereating
concern among finuncial anthorities.

ICmphasising the deterioration of tho
financial climate that has settled over the
country, the Minister of Kconomic Alfairs
and the Union Treasury have gone so far
as to instruct local authorities to curtail,
and indeed wherever possible even delete,
non-essential projects from their develop-
ment plans,  How unfortunate it is that
whenever the cconomie barometer falls,
public works are the first activities singled
out to reef their snils to meet the threate-
ned storm,

Yet the classic, and indeed one might
say accepted, method of dealing with eco-
nomie sethacks should surely he precisely
tl}o reverse.  Ameriea’s depression of the
nineteen thirties was successfully comba-
E}cd by ¥ anklin D. Roosevelt’s policy  of

pumppriming ’ - that is, initiating public
works projects not only for the henefit
that they themsclves would provide, but
also for their side offccts in aiding busi-
ness recovery. Fach project, the theorists
held (and practice indeed later confirmed),
would not only place unemployed men on
payr_‘olls, _Imt these payrolls would benefit
retailers in the area, and this in turn
would assist wholesalers and manufae-
burers ; at the same time orders for

materials, equipment and plant would
release the brake on industry.

Sinee the Roosevelt era checks and ba-
lances have been built into the gystem of
free enterprise and the cyelie dofn'oss&i()lm
that were once g feature of the economic

[ rans port=Commuuicatlons MonviLy foviow

system no longer pose sO great a thrcz.mt.
PBut even though it may not be essential
to adopt a policy of ‘make work > and
cmbark on public works whose benefits
are intangible, or will only be harvested
in the distant future, it still remains
desirable to utilise those public works
which can immediately assist the nation’s
cconomic development  ws a fly-wheel
smoothing the temporary ebb and flow of
business activity.

There are many categories of public
works which can be justified on the grounds
of immediate urgency. As pointed out,
however, roads must surely take p_rldq qi
place among these. When cconomic diffi-
cultics become apparent, road construc-
tion should be accelerated rather than
curtailed, Moreover, the general attitude
to road schemes needs re-evaluation: Old-
fashioned, slow-moving concepts of not
only road layout, design and construction,
but of road finance—conecepts rooted in
the horse-cart and ox-wagon ems——r_nust be
replaced by a dynamic and vigorous
approach consonant with the accelerated
tempo of the streamlined and jet-propelled
atomic age.

The pattern of road planning

In all countries, and in almost every
city, the pattern of road planning reveals
an undeslying unity of approach ; although
particular solutions, of course, vary to
suit loeal conditions and topography.

A common fundamental concept is the
use of freeways of expressways; that is,
roads built in the fashion of a railway
line in which local needs arc subordinated
to the principal objective of carrying
traffic speedily and uninterruptedly from
origin to destination. Frontage access to
such roads from private garages, shpps,
cte., is rigidly precluded.  Intersections
with other streets are either completely
eliminated or provided only at long
intervals ; spacing is generally not less
than a quarter of a mile—preferably, in-
deed usually, it isconsiderably —more.
Interscetions, too, arc almost invariably
by means of bridged overpasses or under-
passes, so that there is mno conflict of
crossing traffic.

The free flow thus provided permits
gubstantial increase in load carrying
capucity of these arteries. Normally, a
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properly designed throughway can carry
about five times the volume of traffic
conveniently handled by an ordinary
main road of similar width. Of para-
mount importance, however, is the fact
that by obviating conflict in opposing
streams of traflic and by eliminating mar-
ginal interference, road safety is very con-
siderably improved. Statistics confirm
that the accident rate per vehicle mile
drops very markedly, and cven though
there i1s a tendency for the accidents that
do occur to he of a rather more severe
nature, the fatality rate per vehicle
mile is still markedly improved—on
average about half to one-third of that
found on the ordinary main road.

1t is understandable, therefore, that the
freeway should have become the basic
unit in modern highway planning; and
national highways are now regarded as a
nctwork of freeways connecting major
cities and bypassing the smaller towns
and villages en route.

Traflic studies show that large cities
are frequently major generators of traflic;
as the size of a city incrcases, the pro-
portion of bypassable traffic decrcascs,
although there nearly always remains a
fairly substantial volume of traffic that
does not wish to enter the city itself.

Of the traffic that does enter a city the
largest proportion is bound, not for sub-
urban arecas, but for the city core—the
central business district.

Formerly, road planners were satisfied
merely to connect national roads to outer
ring roads circumscribing cities at about
a five or ten-mile radius. Recent traffic
studies, however, have shown clearly that
this is inadequate. To serve the motor-
ists ’ needs eftectively, traffic on national
roads must be given the opportunity, not
only of circumferentially bypassing a city,
but also of being led right into its heart.

Problems of the Central District

It would be impracticable, however, to
bring high capacity freeways carrying
heavy additional volumes of traffic direct-
ly into an intensively developed and
already congested business area without
making special provision to link these to
the existing street system,

5
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Freeway traflic must be provided with
facilities adequate to allow motorists to
proceed casily to any part of the central
city ; at the same time bypass of the
congested cenlre must be  afforded for
inter-suburhan trattic,

There are two solutions to this pro-
blem @ the first is the cross-town express-
way . usuully this has to be carvied for
considerable distance, either on viaduct
or in deep cut, on a grade different from
that of the city itself, so that local traflic
can procced unhindered.  This is invari-
ably a most expensive solution: For
example, the most expensive road in the
world, costing tens of millions of pounds
per mile length, 15 Bostow’s Tlevated
Central Artery. Not only are structural
costs heavy with cross-town CXPressways,
but expenditure on land acquisition iy
even more formidable.  Expense, more-
over, is not the only implication  often
the problems of congestion are rvendered
even more acute at the rampy required to
connect the cxpressway with  existing
strect systems.

The alternative solution, and onc which
is now universally accepted, is the pro-
vigion of an inner ring-road circling tha
central business district as tightly as
possible.  In almost cvery mujor city
there exists a belt of low-value, or even
blighted property surrounding the central
business district. Land acquisition costs
in such arcas can be reduccd to reasonable
proportions but, even more important
traffic is kept away from an &ll‘(!il.(l&
congested area.

Parking in the Central District

Just as railway traflic must be provided
with railway stations, so too must motor
traffic have suitable terminal facilitios.
It is irrational, to say the least, to pour
millions into expressways leading to the
city if the motorist, once having got
there, can then find no place in which to
park.

In all cities, the parking problem has
become acute. Normal kerbside parking
spaces have become grossly insufficient in
the centros of most large cities; and
everywhere, in spite of strenuous efforts
by traffic police, the all-day parker tends
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to pre-empt the few spaces that are aval-
lable ; so that the short-term parker, that
is the shopper or the husiness visitor, finds
]l()\\'}l(‘,l'(‘ to p;“‘k.

Yeb it is precisely the btter group which
forms the elientele of the business district
and provided its raiscn doelpe s, oo,
studies reveal, by far the larger group
nmumerically.  Both cquity and ceonomic
common sense, therefore, demand that the
short-term parker receive preference.

This is the primary reason why high-
way  authorities  all recommend  the
istallation of parking meters-—a moeasure
which makes enforcement of parking re-
gulations  relatively simple  and which
enables the short-term parker to gain the
required preference  over the long-term
parker.

Installation of parking meters is, by
itself, however, not enough, Additional
parking spaces must ho made available by
construction of new off-strect p:u‘king
facilities.

To cater for the needs of long-term
parkers, parking lots not necessarily right
in the core of the city can prove adequate;
for maximum effectiveness they may, and
preferably should, be placed adjacent to
the inner ring road so that traffic can bo
afforded casy access to and egress from
the parking lots,

The short-term  parker, however, a3
many traffic studies have also revealed, 18
unwilling to walk- -and actually rosists
walking— any considerable distance from
parking place to destination. To cater
for him, multi-storey parking garages
must be bhuilg preferably as close as possi-
b!e to the heart of the central business
district, within rcasonably ecasy reach,
say 200 to 300 yards, of the principal
shopping thoroughfare.

In most towns it is not practicable,
because of high land values, to plan the
inner city ring with so tight a radius
round the city core that the parking
garages necessary can abut directly on it
although in at least one town-—Fort
Worth-—a celebrated, albeit oxtremely
costly scheme has been prepared on just
such a basis. Generally, parking garages
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will be required well within the ring and
high standard access roads to b.hom must
be provided if congestion i to  be
obviated.

Planning in Cape Town

In Cape Town’s h'ighwwy planning all
the principles ¢nunciated above have b(:_cn
followed.  Indeed, as long ago as ]‘.?ol,
the Author submitted to the counm'l Y
comprehensive scheme for I'C(]CVU]O])I.ng
the central city area, in which these prin-
ciples were cm bodied even before  they
were accepted elsewhere. The implemen-
tation of these plans, however, through
force of circumstances takes a long time ;
they must, thcreforg, be carried out stage
by stage, over period of years.

Planning is, of course, merely the first
stage of any project. The best gf schemes
are valueless if they  remain merely
blueprints pigeon-holed 'for action only
in some distant millennium  when finan-
cial conditions will permit.
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hl M .
lortunate]y, both the city and provin-
cial councils have realised the desirabi-
lity, and indeed urgent necessity, of
pressing ahead expeditiously with major
schemes of construction.

Tf any road development schemes at all
worth while are to be accomplished in
Cape Town, success can be achieved only
by o bold and imaginative approach to
the problem and by expenditure on what
ab first glance may appear to be a lavish
seale, but which in the longrun will prove
a sound and indecd even profitable invest-
ment.  This vital fact has been apprecia-
ted, not only by the city council and the
Cape Provincial Administration, but also
by the ratepayers of Cape Town. By
approving recently all but one of the
features of a 10,000,000 pounds ten-year
road programme, the green light has at
last been given to a number of the city’s
vital road construction schemes.

(From < The Surveyorand Municipal
and Counly FEugineer’,  September 20,
1958.)

THE CIVIL SERVANT

Phe civil servants are men who passed @ writlen cramination with
distinction in carly manhood, and thereafter led a life sheltered,
regimented,  seeure, governed by rules, safe from ceternal  criticism
sacrosanct cven Jrom the indignity of being called to give cvidence
in acourt of law.  They acquire @ characteristic mentality, address
and appearance and, ubove all, @ characteristic style of  writing.
They are of unin peachable vntegrity, of cast-iron conscrvatism ; they
are self controlled, suate and courteous ; they are admirably cquipped
to dampen ardour, to quench zeal and to stifle enthusiasm; bulthey

cannol lead.

Because they are themselves regimented they want cveryone regi.

mented.

Because they are graded and catalogued they want cveryone so.

Because they are anonymous they want us to be impersonal.

Beeause they are sheliered they want us to be hid.

But, gentlemen, we do not want it so. It is not suitable to our great

profcssion that it should be so.
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THE USE OF LATERITE IN HIGHWAY
CONSTRUCTION

A, T. Drvassy, s.sc., BB

Origin

ATERITE is a sandy clay stone contai-
ning oxide of iron. Itisa metamorphic
rock coming under the scientific classifi-
cation of an Argillaceous stone and found
extensively on the West Coast of India.
It exists mainly on the wind ward toe of
the Western Ghats. It is found in vary-
ing depths; the weathered outer crust is
formed of closely knit grains, dark
coloured and extremely hard in texture
(nearly approaching Heametite). As you
go deeper the lateritc gets softer and
clayey 12 to 20 feet below the top crest.
The colour of the material also varies
from black and bufl on the outer crust to
a brick red with yellow streaks as you go
deeper, and becomes yellow with red
gtreaks as you rcach the soft loose strata.
Laterite fit for use in masonry construc-
tions is generally of perforated and
cellular structure and of a deep brown red

colour.

Quarrying

The quarrying of laterite isa compara-
tively light operation. It is sometimes
found covered with a layer of gravel or
gravelly earth for a depth upto 5or6
feet. It is also found in cultivated
fields as field laterite which, though hard
in texture, is honey-combed with octreous
clay pockets which disqualifies it as a
good building stone. Nodular laterite

can only be used as a soling stone or for
surfacing Village Roads.

The quarrying consists in removing
the overburden of earth or gravel and
exposing laterite in a workable pit about
100 to 150 sq. feet in area. The quarry-
ing tool consists of an axe, something

~ like a felling axe with a short wooden
handle 2to 3 feet long at the end of
which, and in the same plane, is a cutting

* Assistant -Engrixiéie;r,\ii’.‘W.VD. ('

Roads & Buildings), Trichur,

. (Civil), w.s. (Highways)*

edge of steel 3 to 4 inches wide and 12 to
24 feet long. The quarry is cut into
steps with the rise equal to the thickness
of the stone required, and the quarrying
also is done in steps. At the edge of each
step an incision is made with the quarrying
axe on 3 sides conforming roughly to the
size of the stone, and then by a dexterous
horizontal stroke just below the depth of
the stone, the stonc is ncatly cut and
taken out. An average quarryman can
cut 100 to 150 stones of average sizo o
day. Stones of uny size can be quarriod,
bu’q the ordinary building stone is
IS in. x9in.x 6 in., 13} in. %9 in. x 6 in.
or 12/in.x 12 in. x 6 in. Laterite hardens
by exposure. The freshly cut stones have
to he kept a fow months in theopen air
when they become covered with o hard
hydrated oxide which protects the stone
from decay. But since the quarry sap
renders the stone casily workablo, the
dressing of the stones should be done as
soon as possible after quarrying.

General Properties

The safe load on laterite can be takon
to be 2 to 3 tons per sq. fect and it woighs
onanaverage about 130 to 1651b per cu. ft.
The laterite strata can withstand bear-
ing pressure from 2 to 10 tons per sq. feot.
Therefore, if laterite strata is met with
under foundations of bridges and culverts,
they can safely be founded on them with-
out hesxtz}.tion. Laterite has a very high
cementatious value and is, therefore, a
very good base for road surfacing, but
due to its poor wearing capacity it is
uneconomical to maintain as a wearing
surface under heavy traffic. As it can be
cut to any shape easily, and since the
joints can  be made extremely close
together, it can most advantageously be
used in dry masonry work, like well
steinings and revetments where the drai-
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nage of the back fill can also be effected
automatically without adversely affecting

the masonry structure.

Uses

Laterite has been used on the West
Coast of India from time imme.moria.l as a
building stone both for ancient fortifi-
cations, well-steinings, building masonry
and also for the construction of bridges
and culverts. Laterite stones of
considerable size arc soen employed in the
thick walls of forts and fortifications of
the Dutch, Portuguese and Tippu periods
all along the West Coast. _The building
materials of many of the ancient Temples,
Churches and Mosques of this area are
also of laterite. Most of the bridges and
culverts on the West Coast up to the end
of the 19th Century, just before the
introduction of reinforced concrete, were
constructed of laterite. Culverts upto
3 feet span are seen having one foot thick
laterite covering slabs. Above this span,
upto even 25 feet span, laterite circular
arches are seen in extensive use. These
bridges have gerved their expected life,
and aro still seen to withstand modern
traffic in several places where there is
sufficient cushioning on top.

Laterite used in the outer fortification
of ancient forts are found to be still
standing intact even after 150 to 200 years
though exposed to the sun and rain
throughout this long period. The walls
of the Dutch fort at Tellicherry and
Tippw’s fort at Palghat and the old walls
of the Dutch fort at Chetwayl are some of
the standing monuments.

Laterite used as dry masonry for open
gunnel lining near Cannanore is still in
perfect condition after a hundred years of
exposure.  Laterite is invariably the
masonry for 90 per cent of the buildings
on the West Coast even to day.

A large number of culverts of laterite
masonry abutments and granite covering
slabs can be seen throughout the West
Coast which are still good enough to take
modern traffic and are in perfect condi-
tion.

The above examples are only illustra-
tions to show thatlaterite masonry, if con-
structed of selected stones, is quitea good
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building stone, and as the fundamental
economic aspect of development of High-
ways in this country is to make full use of
local materials and skill in construction,
it is necessary to recognise the worth of
this material, abundantly found on the
West Coast, with highly skilled labour
also available for its use, and not always
to hanker after granite stone masonry
and mass concrete and R. C. masonry

where they can advantageously be
avoided.

Out of the manifold uses to which
laterite can be put is its economic use
in highway construction works. These
can be classified as follows :

1. For masonry in abutments of
culverts,

2. For retaining walls and pitching on
slopes,

3. As a soling material for all types of
roads,

4. As a wearing surface on Village
Roads.

1. For masonry walls of culverts

The stones should be above average
hardness and of selected quantity. They
should be properly weathered and the
quality near to Haematite should be
selected. There should not be any trace
of white nodules, and the stones should
be of uniform brick red colour or showing
streaks of dark iron compound. The
stones should be neatly dressed to size
with perfectly square corners and edges.
The stones should be laid on their natural
bed and the width of each stone should be
at least twice thethickness. The length
may vary between 12in. t0 18in. and can be
arranged to break joints at least by 3 in.
The dressing of the stone is comparatively
easier than granite, and one stone mason
can dress between 100 to 150 stones a day.
The dressed stones shall be laid headers
and stretchers in alternate layers. The
ordinary bond used is the English bond,
and unlike brick masonry the Flemish
bond is rarely adopted.

The thickness of joints used should never
be more than } in.; and lime mortar, surki
mortar or cement mortar can be used in
construction, For foundations and where
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they are likely to be submerged under
water, surki mortar and cement mortar
should be used. Since the stones are
absorbent of water, the masonry has to be
kept wet for a week after construction.
The masonry should not be kept
exposed for the extremes of climate for
fairly long periods, but it should be
kept covered on the top. For arch work
the stones should be cut to the ecorrect
wedge shape and the thickness of the
joint should be reduced to the minimum.
The key-stone is best made of granite
or plain cement concrete. 1t is, however,
observed that laterite arches are able to
withstand only ‘B’ class loading and
they are unable to withstand the modern
¢ A’ class loading, unless a heavy cushio-
ning at least equal to the springing of the
arch is available on the top of the arches.
This will not be available in most cases,
and hence laterite arch culverts have to
be relegated to the class of village roads
where heavy vchicles are not cxpected.
The foundations of abutments, piers,
wing walls, ete. should have a plain con-
crete base from which the masonry can
be constructed, unless the soil in founda-
tion is again laterite rock, in which case
the laterite can be benched and masonry
laid directly over it,after filling up the
pockets, if any, with plain concrete. Al
oxposed faces should be plastered with
cement mortar after raking up the joints
to a depth at least equal to the thickness
of the plastering. Another factor to he
attended to in the usc of lateritc masonry
for abutments and picrs of culverts is
that a bed block of plain cement concreto
1:2: 4should invariably be used on the
top of the piers and abutments. This is
generally avoided by many as an economy
measure, and is the causoe of many fai-
lures of laterite masonry culverts especi-
ally with granite covering slabs. The
reason for this is not far to seek.

Taking for example a culvert 3 feet
span of laterite masonry abutments
and granite covering slabs, the granite
slabs are generally 1 foot or 1 ft-6 in. wide.
Suppose due to wear and tear on the road
the slabs are exposed, or there is ver
little thickness of cushioning on top of the
slab, with the result that a passing load
impinges in effect directly on the slab.
Taking the chain-loading of I.R.C. class
“A’ loading, suppose the axle load of
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25000 Ib comes directly over the culvert.
A. wheel carrying a load of 12500 1hs comes
du‘ectly over a slab say 1 ft-6in. wide.
Assuming the max., impact factor of
50 per cent, the load with impaet as the
whyeol passes over the slab bearing will be
12500 x 3/2 = 18750 1hy. This i9 taken
up by the laterite masonry, and acts on
an area 1-6° x 9" (slab bearing). Pres-
18750 e
5 <098 = 16667
Ib per 8q. ft. i.c., nearly 7.5 tons persq.
ft. This load only very good hard latorite
can stand, and so stoncs of ordinary
hardness fail. Thus the slab also cracks
or one edge settles down. It is, therefore,
necessary that in such cases a bed block
equal to the top width of the masonry and
one stone thick i.c., 6 in., is laid on top of
the abutments and piers. This will distri-
bute the load uniformly over the full
Wldth of the abutment or pier, which the
mtcrxte‘ can easily bear.  An additional
precaution in such cases will be to lay a
3 in, thick layer of plain cement concrete
on top of the granite covering slabs which
will also enable a distribution of load on
the slabs and prevent individual slabs

from hreaking {This method has been
adopted on

Kerala
ful.)

sure on masonry =

. many minor culverts in
and it has proved highly succoess-

Th'c other aspect of the question is re-
garghng the width of abutments to be
designed. Tn the case of stone masonry
construction, the width of abutment is
generally taken as 0.4 H whore H is the
depth of the abutments from top of road
level.  The base width is inversely pro-
portional to the square root of the speci-

fic gravig
Y of thc material used i
construction, wod i

B~ H :
T Jp where P is the specific

gravity of the masonry, H .
B the base width, ¥, H the height and

The specific ity i i
§ gravity is proportional to
tIJ}leWWOIghf/ per cubic foot oIf) masonry.
R 1 and W2 are the weights per cubic
oot of stone masonry and laterite

Imasonry respecti
baso wiltha® 00> @nd bland b2 the

Then b2 < VW1
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Ifbhl =04 H .

AW A 140

Then b2 = 0.4 H VW2 = 0.4H\/1,2,0_
= 0.432 H.

I ractice, generally, the top width is
giver:npa,: 2 feet and width calculated as
0.4 H 4+ 1ftasa thumb rule.

A 6 in. thick plain concrete bed block is
provided over this t0 geat the slab.

2. For Retaining Walls and Pitch-
ing on Slopes.

The most useful function of laterite
stones is in the construction of low retai-
ning walls and pitching on slopes. For
this it is important to note that the late-
rite stones are always to belaid as‘headers
only, and the length of the stone is to be
equal to the thickness of the wall. This
is generally 1 ft-6 in. thick which is the
maximum length of the stone. The height
to which this 1t-6 in. thick retaining wall
can be constructed will be given by the
equation,

0.432 H = 1it—6in
-~ H =317

Therefore, for embankment heights upto 4
feet approximately, this sort of revet-
ment is quite good.

The stones are neatly dressed on tl}e 5
sides, and laid close jointed, er and with-
out any mortar. The foundation say about
1 £6-0 in. or 1 ft—6 in. deep 18 laid with
both sides vertical. Above the ground lev.el
every course is stepped inwards »;2. to 1l in
i.e., in effect the retaining Wall' will have
a stepped batter of 1 in 8 to 1 in 6.

The batter further stabilises the equili-
prium of the wall and enables it to be
constructed upto 9 feet in height with a
stable sub-soil in the embankment. The
great advantage of this construction is
that it enables free drainage for th.e
embankment especially in sandy soil
formations, wherein granite revetments
will be costly and need back fill of gravel
or other binders. Also, where the road is
narrow and much space cannot be wasted,
this has the advantage over a granite
rough stone revetment which requires at

3
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least a 1 to 1 slope, and hence width equal
to the height of the embankment is thus
lost. Here the construction takes only
1/6 the space and the costly back fill can
be saved. The length of head walls of
culverts can be reduced if the retaining
walls of the approaches are of this cons-
truction. The foundations of these retai-
ning walls can be laid under water with-
out any difficulty, and costly baling out
is avoided.

One precaution to be taken in finishing
the top layers of the retaining wall is
that at least 2 layers on top should be
fixed in cement or lime mortar so that
individual stones are not dislodged by
rough use. If the top course can be plas-
tered it will be excellent.

Laterite dry masonry can also very
advantageously be used as a lining for
open tunnels where even though the soil
is fairly hard, it may be eroded in rainy
weather and may cause slips and hence
needs a lining. In such cases the cutting
may be made to slopes consistent
with the angle of repose of the soil, and
then the laterite dry masonry lining may
be constructed either in headers or stret-
chers depending on the height of the tun-
nel. Open tunnels about 20 feet in height
have been lined with laterite stones.

3. For Soling Materials For Roads

Soling is an essential foundation base
either in Telford construction or water
bound macadam on a soil of low bearing
capacity. It is that part of a road struc-
ture resting upon and through which the
load is transmitted to the sub-grade.

When a particularly hard road bed is
required, it is the custom of many Engi-
neers to build what is called the Telford
macadam road, i.e., a Telford base and
a macadam wearing surface. It is a com-
mon experience that during long periods
of dry weather in summer, the road
surface is apt to disintegrate and become
covered with loose stones and this
occurs more frequently and to a greater
extent with the Telford bases than
with the macadam ones. Another
objection is that between the Telford
base and the heavy wheels of vehicles, the
surface stones are subject to attrition and
wear off more rapidly. It is also a usual
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occurrence that where a road is formed on
a rocky bed, the surface stones wear off
very quickly exposing the rock. A simple
experiment will illustrate this fact. 1If a
stone resting on a solid rock be struck a
blow with a heavy hammer, it will break:
whereas, if resting on soft earth, it will
remain unharmed under the same blow
but will be driven into the soil. Tn the
one case the reaction of the blow is all
taken up by the stone which in conse-
quence i8 broken. On the other hand, the
impact of the blow is mainly taken up
by the resistance of the soil and the
stone remains unharmed. It is for the
same reason that the surfacing on a rocky
bed wears out more quickly than when
the road bed is more elastic.

Macadam himself worked on different
principles in that, he not only did not
require the foundation course but also
considered it positively injurious. He
held that it is the natural soil which
really supports the weight of traffic and
that, while it is preserved in a dry state, it
will carry any weight without sinking
and it has only to be preserved dry
by a covering impenetrable to rain.
He also held that the thickness of road
metal should only be regulated by the
quantity of material necessary to form
such an impervious layer and never by
any reference to its own power of carry-
ing weight. He thus preferred a soft
foundation to a hard one.

The question of what should constitute
this impervious layer has been discussed
for a good many years. It isa common
experience that a road laid on an elastic
base will last longer than one with a solid
foundation. Therefore, when the pro-
vision of the solid foundation by granite
soling stone is costly and not quite im-
pervious, the argument in its favour
slowly dies out. Laterite soling offers an
advantageous substitute. When properly
compacted by a heavy hand roller it pro-
vides its own binder, due to its high
cementatious value and makes a good
impenetrable medium. It also provides
an elastic base which can effectively
transmit the traffic load on to the natural
soil. 1If a wearing coat of macadam is
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laid on top, being a softer matorial
laterite can give effective bedding for the
macadam and  thus provide a perfect

Impervious resilient base for all macadam
roads.

On a well formed and rolled to camber
natural sub-grade, laterite soling stone het-
ween 3 in.to 6 in. is carefully hand packed
'ts) a }quorm thickness of 6 in. to 9 in.
his s rolled Vightly with a 3 ton hand
roller and formed to camber. The width of
the laterite soling should be one foot more
than the macadam wearing surface. The
side bundsare then formed with carth and
tht_‘, water bound macadam 3 in. or more
th.ufk is laid on it in the usual manner
with either hand or power roller as avai-

1ab10._ Any improvement can also be laid
on this.

4. For Wearing Surface

1§0du]:‘mr_]aterite in the form of metal
I}in. to3in. ring is also used asasurfacing
material on village roads. This is most
efficient on roads with a sandy or clayey
bed, soft and yielding, the former in
summer and the latter in winter., A layer
of laterite metalling serves to stabilise
the above two surfaces and a fairly good
riding  surface is obtained by hand
rolling in all weathers. Since lateritc has
a.A]ngh_(:cmcnmtious value, it thus pro-
vides its own binder. It js cheaper for
construction and cheaper still for main-
tenance.  Whereas granite metalling on a
sandy bed needs binding material for
for{n&tmn and consolidation and also for
Mmaintenance, latorite obviates this diffi-
culty and reduces maintenance cost.

However, the effect of combined pneu-

matic and iron tyred traffic is disastrous
to this surface. The iron tyred vehicles
powder the material and the pneumatic
tyred vehicles suck up the powder and
scatter it as dust. Therefore, laterite
18 not an ideal wearing surface on main
District roads. But it is quite cheap
and effective op village roads, where
bullock-cart traffic preponderates and
pneumatic tyred vehicles are rare. The
bullock-carts generally form two tracks
on the surface and repairs of the two feet
::rllzetracks only are needed as mainte-
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THE ABIDJAN
RAIL - AND - HIGHWAY BRIDGE

)JAN is the capital of the Ivory
ABI(I)o{Lst, the richest of the eight te?rl-
tories which coustitute French West
Africa. The town lies on the Ebrie
Lagoon which communicates since 1951
with the sea through the Vridi Canal.
This has given Abidjan a modern port
which handles an increasingly large traffic
since it is the transhipping terminal for
all the products of the Ivory Coast.

eep water harbour was constructed
onTlt?]getiIt)? Bassam” Island yvl}ich is
separated from the town of Abidjan by
an arm of the lagoon. Thenative town of
Treichville, the industrial area and the
airport are also located on this 1§l&nd. As
a consequence of this situation, it became
vitally necessary to connect the residen-
tial town and Petit Bassam Island by a
bridge capable of carrying the rapidly
growing rail, vehicular and pedestrian
traffic. The economic development of
the country and of the town made the
problem of the bridge more and more
urgent. The volume of t.ra.ﬁic on the
structure now is 25,000 vehicles per day
and 2,600 vehicles per hour during the
peak periods which is equal to that of the
Pont de la Concorde in Paris.

re the construction of the new
brgiegf:, the two sections of Ab{djan were
connected by a floating _steel bridge which
had become completely inadequate. This
gtructure dated from 1931 and at that
time any other type of bridge did not
seem feasible because the bottom of the
lagoon did not afford any firm ground for
the foundations. BX 1954, new tecl}m-
ques in civil engineering made it possible
for Enterprises Boussiron, a French pub-
lic works contracting company, to prepare
a project which consisted of a prestressed
concrete deck supported by well-columns,
The project was executed by S.E.T.A.O,
the African subsidiary of Enterprises
Boussiron, in collaboration with Societe
Francaise d’Enterprises de Draggage et de

Travaux Publics, and the new bridge was
opened for traffic in May 1957.

General Characteristics

The essential features of the bridge are
a double-deck structure with an over-
water length of 1,220 feet and two ap-
proach viaducts with a length of 292 feet
each. The bridge section consists of 8
spans, each of which is 1521 feet long bet-
ween pier centers. The existing roads on
each shore reach the bridge lanes by traffic
loops at several levels to eliminate any
cutting across the flow of traffic. The

entire structure has a total length of 3,940
feet.

The bridge carries vehicular traffic over
a roadway with a width of 46 feet,
bicycles have a separate roadway and
pedestrians a sidewalk, both of which are
13 feet wide, and trains run over two
tracks below the upper bridge deck. A
gangway for pipe mains and cables, 13}
feet wide, is located between the two

tubular girders in which the railroad
runs.

The natural conditions of the site and
of the bottom of the lagoon necessitated
certain completely new design features
which give the structure its bold and
original character. The main elements
of the design include the construction of
the foundations by means of vertical and
inclined wells of large cross section, exe-
cuted in bore holes with a diameter of 4 ft
9 in.; complete prefabrication of all ele-
ments (caissons, girders, gangways, well
casings) on shore and floating into place;
prestressing to facilitate assembly and
eliminate any fissuring; the prepara-
tion of nearly all of the concrete used
with pouzzolanic or slag cement to prevent
any deterioration of underwater elements
by the action of the humic acid in the
slime of the bottom. The same type of
.cement has also been used here for the
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Aerial View of the Abidjan Bridge under construction
with the Original Floating Bridge on the right

(Iinterprises Boussiron)

Front-View of the Abidjan Bridge

(Enterprises Boussiron)
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first time in the superstructure to safe-
guard against the action of the salt air
and of the combustion gases of the loco-
motives running in the tubular girders.

Foundations

Twenty-four exploratory boyings con-
firmed the crucial difficulty which led ori-
ginally to the adoption of the floating
bridge and revealed the centre of the
lagoon to consist of a water depth of 32
to 39 foet, followed by a layer of slime
65 to 78 feet deep and resting on 55 to
59 feet of compact silt, below which are
various types of sand and small gravel
interspersed with thin banks of hard clay.
This places the soil suitable for the foun-
dations at the considerable depth of 164
to 180 feet below water level.

Tn view of these circumstances, it was
decided to construct the foundations of
the over-water structure by a series qf
caisson-wells. Several solutions of th.1s
combination were investigated and in
that finally adopted, the caissons were
reduced to simple load bearing footings.
Kach pier has 8 well-columns with a dia-
moter of 4 ft 9 in. with 4 of these vertical
and 4 inclined at 15 per cent and having
their line of greatest slope in a vertical
planc forming an angle of 45¢ with the
longitudinal centre line of the caisson so
that they in themselves provide longitudi-
naland transversestability. They descend
50 feet into the layers of sand and their
hold has been reinforced by means of
plastic sleeves into which cement mortar
has been injected. The lateral thrust of
the adjacent soil prevents any buckling
of these columns, constructed of prefabri-
cated and prestressed tubular elements
and placed in boreholes with a diameter
of 4ft 9in, The latter were sunk by
means of Benoto drilling equipment, uti-
lizing salvageable sheet steel tubing. The
tubes receive a back-and-forth leverage
movement to facilitate lowering and
removal.

The well-columns, filled with concrete,
are protected against the action of the
lagoon water by a bituminous coating over
their entire height above the top of t-he
gand layers ; by prestressing of the perip-
heral sheath which prevents any fissuring ;
and by the utilization of puzzolanic and
slag cement for the concrete.

4
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The hollow caissons, 23 ft wide by
19} ft high, separated by a distance of
152} ft between centres, are surmounted
by piers, formed of a double support
which reduces the span of the tubular
girders to 134} ft and provides adequate
ventilation and light for the railroad
tracks. The underwater section of the
prestressed concrete caissons is protected
from chemical attack by the nature of
the cement and a bituminous coating.
Floated into place, connected by a steel
gangway, to the preceding pier, and
equipped with shafts, they provided an
impeccable implantation and inclination
of the wells, the upper part of which was
subsequently blocked and integrated in
the footings.

Abutment Piers

The abutment piers consist of rein-
forced concrete caissons with a horizon-
tal cross section of 40} by 82 ft with 6
cells, closed at the base by a plug of slag
cement, The caissons were placed by
undercutting in a dry excavation and
were left empty so as not to overload the
underlying soil.

Superstructure

The overwater superstructure is con-
stituted by two large parallel girders of
trapezoidal cross section, framed between
two overhanging lateral galleries. These
galleries, of the same volume and the
same profile as the abutments of the
roadway of the approach viaducts, contri-
bute to give unity to the structure over
a length of 1,804 feet and at the same
time lighten the appearance of the girders
by the combined effect of their mass, by
the light they concentrate on their string-
course and by the shadow they throw on
the large, inclined walls. The space bet-
ween the large tubular girders serves for
the passage of conduits.

The protection of the structure, even of
the reinforced concrete, is provided by the
attention given to the shape of the sec-
tions (absence of sharp corners, comple-
tely flat surfaces), by the quality of the
concrete (type of cement, specific grada-
tion, intensive vibration, use of plasti-
fiers), by the care in construction (curing
of concrete) and by deep embedding in
the concrete of reinforcing with improved
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bonding characteristics.  The utilization
of three-dimensional prestressing through-
out prevents any fissuring, eliminates
maintenance and provides the structure
with the durability which it was desired
to obtain.  The prestressing provided by
30-and 100-ton cables of the Boussiron-
BBR type, rectilinear in greater part, can
be augmented later in case of overload,
because a cortain number of empty  ducts
have been construeted for installation of
additional cables in the future.

Bridge Approaches

The approaches were designed so as to
keep rail, vehieular, bicyele and pedes-
trian traffic completely separated. On Petit
Bassam Island (Treichville), traffic loops
have been built for the vehicular traffic,
The small available space made it neces-
sary to utilize radii of curvature as low agy
$2 fect. To maintain the minimum speed
of 25 miles per hour required for an ade-
gquate ilow of trafiic, the connecting cur-
ves were constructed with varying radii,
Banking was limited to a maximum of 8
per cent. The radius of curvature for
railroad track is not less than 394 feet

and gradients do not exceed 6.6 mm per
meter.

The total of the approaches required
the construction of four highway bridges
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which do not exceed a span of 65 feet,
with very thin decks to provide adequate
clca.rfmcc, Two upper passages are loca-
P?d'lll _thc three-leal clover-leaf on the
Preichvilie side. On the Abidjan side,
we find two much more characteristic
auxilliary structures.  One of these is the
lower lagoon passage with three levels,
which is an integral part of the approach
viaduct, and provides passage for two road-
ways of 23 feet and two sidewalks below
the railroad tracks of the Lagoon Boule-
V‘_“‘(lv The continuous intermediate slab,
16-3/4 in. thick and 66 feet long, is of
prostressed concrete, The other is  the
upper passage of prestressed concrete with
three levels of which the upper carries the
&Ppl‘.o:wh road to the bridge, the inter-
mediate leads to the North BExpress High-

way and the bicycle path, and the lower
runs into Avenue Faidherbe.

With its unusual engincering foaturos
u.nd_ integration into wurban plzmning
design, unique in French West Africa and
perhaps on the continent, this monumen-
tal structure is an important and farsight-
ed contribution to the intense activities

and cconomic development of Abidjan
and the Ivory Coust.

1 . .
(Erom “French Feonomic and Techni-
cal Bulletin®, No. i, 1958.)

STRANGE

A Politician named S

only want to have the words,

under that stone ¢’

The old man nodded wisely.
Jolks will take one look j

t'an(’(ﬁ l(l7 on hLa lj 1(“,{’ 4‘(‘ (13171 (% ’
- o ./ € 41 y (2 { I S IV(I,N’? 7
9 S S mo d AS an eth(l ph on 7"/” to'n‘)bton('

s hegasped, <1

Here lics an honest politician
my, ., STy .
The lawyer protested.  How

will  people know who's huried

¢ o
Don’t worry”’, he adeised. ¢ The

Strange ! > at those words, und they all say, That's
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THEORETICAL AND PRACTICAL ASPECTS OF
PRESTRESSED CONCRETE FOR CARRIAGEWAYS

MERITS OF THE SYSTEM FOR HIGH-GRADE PAVEMENTS

BY using prestressing, carriageways can
be made continuous, without joints,
within certain limitations, 'and they can
also be made stronger to resist high loads,
or thinner to resist the same loads as con-
ventional concrete pavements, says Mr,
Thoman Cholnoky, of Frederic R. Harris,
Inc., Consulting Engineers, New York, in
a paper presented at the Highway Re-
search Board’s 36th Annual Meeting.

Describing work on an experimental
prostressed _concrete slab built at the
Patument River Naval Air Station, Mr.
Cholnoky draws the following conclu-
sions:

The test indicated the over-all superior
behaviour of the prestressed concrete
glab. Sand and building paper proved an
efficient solution to reducing base fric-
tion.

The problem of developing prestressing
in the concrete has not been completely
clarified, mainly because of the presence
of several factors affecting base friction.
1t was found, however, that_ prestr‘essmg
can be developed under given circum-
gtances in the most efﬁcier.lt manner whe.n
the continuously changing volumetric
changes in the concrete have a decreasing
tendency (i.e., when the concrete tends to

contract).

The effect of repeaved prestressing in
short cycles proved also beneficial.

High Load-bearing Capacity

As far as load-carrying ca.pacity is
concerned, the slab could have resisted
extremely high loads. The added com-
pressive energy in the conqrete_prov1c}ed
by prestressing, coupled with its spring
effect would make considera_,ble reduction
in pavement thickness possible.

Load tests performed at the shrinkage
cracks and at the edges also proved the

beneficial contribution of prestressing in
concrete pavements.

Prestressing in a pavement can be pro-
vided either externally by using hydraulic
jacks or internally by prestressing
elements which are embedded in the
slab.

The use of jacks seems to be economi-
cal, especially if they could be used in
between a series of slabs, with few
abutments. The cost of expensive abut-
ments can thereby be spread over a con-
siderable length of pavement section. The
cost of wires or strands would be higher,
but such elements would offer greater
advantages than those obtained by jacks.

External prestressing represents only
an additional compressive and flexural
strength in the concrete section, which
once exceeded by either loads or stresses
created by restrained volumetric changes,
would be completely lost and would lead
to the failure of the slab. On the other
hand, the presence of internal elements
represent a tension field in the concrete
section, which, coupled with the resistance
of the concrete in compression, will be
capable of resisting higher loads. When
such loads are applied the section will
behave as a reinforced concrete section
and will be capable of carrying addi-
tional loads until ultimate conditions are
reached either in the concrete or steel.

Volumetric changes which - develop
mainly as the result of temperature varia-
tions have little effect on the prestressing
forces if they are created by internal steel
elements because the thermal expansion
coefficient of steel and concrete differ only
slightly, The preservation of constant
prestressing forces, as applied by hydrau-
lic jacks, would become problematic in
view of the continuous volumetric changes
which will take place in the concrete.
Assuming a modulus of elasticity of 4
million and a thermal expansion coefficient
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of 6 millionths and no friction under the
slab, a prestressing of 300 p.s.i. could be
offset by u temperature drop of 125
deg. F.

1t is felt that prestressing provided by
hydraulic jacks should be applied only ay
an auxiliary means in addition to inter-
nal steel elements.

The elements should be placed prior to
placing of the concrete if post-tensioning
is used. Conduits provided in the con-
crete and pulling the prestressing ele-
ments through them after the concrete
has hardencd seems to be an unneccessary
complication, The tests indicated that
with sufficiently stifl tubing around them
and after carcful placing, the conduit
resistance in these prestressing clements
will he negligible.

Lubricant Alternative

The grouting of conduits several hun-
dred feet long will, of course, increase the
cost also. Therefore, it is felt that finding
lasting lubricants with corrosion resisting
properties would offer the best solution
for future applications.

As emphasised in the preceding para-
graphs, the main advantage of prestres-
sing pavements is that they become conti-
nuous and by virtue of their inherent
compressive cnergy they remain so, even
if accidental reasons such as overloads or
excessive restrained stresses create tem-
porary discontinuity.

Therefore, the minimum of prestressing
applied should be sufficient to maintain
and restore continuity in the pavement, Tt
is felt that for such purpose 100-150 p.s. i.
prestressing is adequate in addition to the
prestressing which may be lost due to base
friction. The over-stressing of the slab

does not seem to be justified for several
reasons,

Considering conventional pavements of
6 to 8 in. in thickness, the actual saving
in concrete when prestressing would be
used could not affect the additional
expense of providing the prestressing
element with present prices and construc-
tion techniques in view. This is mainly
true because of limitations set for
reducing pavement thickness. With
conduits to be used of approximately one
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inch in diameter and providing sufficient
clearances for possible transverse rein-
forcement and adequate cover for
protection, the practical limitation for
pavement thickness would be 5 rather
than 4 in. Pavements with less thickness
would require high prestressing in the
order of 500-600 p.s.i. to offer sufficient
resistance to loads. With such higher
prcstr'cssing the anchorage of the pre-
stressing clements would become proble-
matic because of the high concentration
of loads. High prestressing would also
Increase the number of tendons to be
used and would therehy create increased
diffieulties for placing concrete.

Pavements, if highly prestressed, would
carry loads on averago sub-hases with
considerable deflections without detriment
to the concrete slab  but definitely
causing permanent deformations in the
supporting material.

The amount of prestressing neccessary
to overcome friction of the base is a
function of length of the slab and of
the unknown friction cocfficient. This
coefficient should be in the order of 0.5.
To secure the proper development of
prestressing, it should he applied with
temperatures showing a  decreasing
tendcncy. and in repetition (i.c., the
prestressing elements should he released

and restressed once hut preferably twice
aftor the first stressing) ! Y

Longitudinal Stress

It was assumed in the
graphs that prestressing is to be applied
only in ono dircction. This is recommend-
ed for highway pavements. There scoms
zo be no need for additional strength
ransversely excopt for some light trans-
verse reinforcement. This reinforecemont
should be placed above the logitudinal
prestressing cloments. The prestressing

elements shonld be placed directl
the neutral axis of tI"he B\a,b_l ectly under

preceding para-

Prestressed concrete pavements are
undoubtedly superior in general be-
haviour to conventional concrete pave-
ments. They seem to provide not only
moro strength, but also reduce problems
which arc connected or created by pave-
ment thicknesses, joints, cracking, and
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some other phenomena to be dealt with.
As a matter of fact, they seem %0 offer
answers to & good many problerps for
which highway engineers seek solutions.

It would be unwise, however, to
overlook important problems of rigid
pavements for which even prestressed
concrete cannot offer a gatisfactory
solution.

First of all, it must be emphasised
that it would be a fallacy to believe that
the adoption of prestressed concrete
pavements would lead to the acceptance
of poorer sub-base than those presently
used. Fconomical prestressed concrete
pavements must be thin and thereby
more flexible. Such flexibility itself will
result in greater deflections. In this case,
attention must be directed to the per-
missible limits of base deflections in
determining the quality of material
underlying prestressed concrete pave-
ments.

Pumping, which is one of the paramount
problems of rigid pavements i3 not going
to be solved by prestressed concrete
pavements either. As a matter of fact,
decreased pavement thicknesses and in-
creased deflections resulting therefrom
could add to this problem.

Joints cannot be eliminated completely.
Their number can be reduced, but by
doing so the anticipated magnitude of
movement at such joints may be in the
order of 2-3 in. Therefore, special ex-
pansion joints will have to be devised
which by itself will require some inge-
nuity. In addition, _such joints will
represent free edges In the pavement
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right there, where most likely heavy
concentrations of applied prestressing
forces are present.

The construction of such pavements
willalso create problems not experienced
before. Irregular pavement sections to
be formed at intersections, pavement
widenings, ete., together with horizontal
and vertical curves will present design
and construction details which will not
always be solved easily.

Damage to such pavements, especially
to their prestressing elements, will be
more detrimental and will call for more
elaborate repair procedures.

Economy above all will probably be the
deciding factor. Prestressed concrete
pavements should be considered economi-
cal only if the savings in reduced concrete
thicknesses will not be offset by the cost
of prestressing elements and the cost of
related new construction methods. In
such comparison, the probable increased
life-time of prestressed concrete pave-
ments should also be taken into conside-
ration.

This paper can be read in H.R.B.
Bulletin 179 which contains three papers.
The others are:

<« Review of French and British Proce-
dures in the Design of Prestressed Pave-
ments,’”’ by Phillip Melville, dealing with
current design practices in those countries;
and ‘“Model Studies of Prestressed Rigid -
Pavements for Airfields,” by Paul
F. Carlton and Ruth M. Behrmann.

(From ‘¢ Highways and Bridges and
Engineering Works’, August 20, 1958.)

DEFINITIONS OF HIGHWAY ENGINEERING TERMS

STONE-SETT PAVING: A paving of rectangular blocks of stone
setts laid in regular courses.

STONE-BLOCK PAVING : A form of paving in which stone blocks
(usually larger than setts) are laid flat
with the vertical faces carefully dressed
80 as to give fine joints,

19
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FLEXIBLE PAVEMENT DESIGN PRACTICE
IN GEORGIA

VARIED SPECIFICATIONS CONFORMING TO STATE-WIDE
CONDITIONS

N interesting comparison for current
construction methods of flexible
paving is provided in a paper by W. I
Abercrombie, State Highway Materials
Engincer, State Highway Department of
Georgia, presented at the Thirty-sixth
Annual Meeting of the U.S. Highway
Rescarch Board.

Because there are so many variables
and factors which have not been evalua-
ted but which influence the design and
construction of a satisfactory ftlexible
pavement, no rational formula is used for
design of such facilitics in Georgia.  Ins-
tead, the several factors and variables are
studied individually and then combined
to give what are considered to be adequate
pavements. The factors studied inelude
the results of surveys of the foundation
materials, in both cuts and fills; surveys
of existing deposits of materials; both in
the vicinity of and commercial materialy
economically available to the project;
the location of the project ; and the pre-
sent and future anticipated traffic.

Although several types of flexible pave-
ments are built, they all have the same
basic design in that provisions are made
to strengthen the weaker sections of the
foundations by placing over these sections
stronger and more stable materials in
varying depths so as toresult in a reason-
ably uniform strength subgrade through-
out the length of a project. Over this
subgrade is placed a base of uniform
thickness commensurate with the basic
factors previously given and the thicknesg
of the surface course chosen.

Foundation Categories

For general construction purposes,
foundation materials are divided into six
classes, which from description and field
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observation can usually be recognised and
treated accordingly.  These are:

I Friable soils: Sands, low clay
content, sand-clays, sand gravels,
talus materials, chorty materials
and marls.

. Plastic soils with low volume
change: High clay content sand-
clayy, sand-clay  gravels, cherts
and silty materials,

LIT.  Highly plastic and highly expan-

sive soils:  Clays, fine-grained
disintegrated  granite rock and
clay marls,

IV, Peat. muck and organic soils:
Highly organic soils, peat, muck,
materials found in marsh and
and swamp arecas.

V. Laminated  materials:  Shale,
slate  partinlly  disintegrated
schists,

VI. Rock: Ledge rock, boulders.

The six classes nicely cover the whole
range of natural materials encountered in
roadbed  construction.  As previously
stated, they can normally be differentia-
ted by field observation and examination ;
but for judging their value for flexible
pavement design, more definite methods
of examination are necessary for the
first three classifications (see Table I).

Soil surveys are made on each project,
;nth representative samples of the various
orizons of the materials encountered

being submitted to the laboratory for
analyses.

The soil survey consists of drillings
made along the centreline of the project,
with occasional supplemental soundings

the right and left of the centreline.
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On the four-lane and wider prOJeots,ha.
three-line survey is made ; two of tﬁ
lines being at some eqpa.l distance e;.(;z.
side of the centreline with random aadi-
tional borings being m_a.de to secure defi-
nito limits of the soil horizons In the
cross-section. As the borings are m_ade,
the materials in each horizon are given
a field identification or description, to-
gether with its thickness a.pd extent a.lon_g
the project. All this information is
placed on the identification card accom-
panying the sample. The tests conducted
in the laboratory include gradation,
Proctor density, and total Volum\e change
from dryness to saturation. From the
rosults of these tests and the field descrip-
tion, the classification of the r‘nat'erlal is
made for the purpose of designing the
subgrade for flexible pavements.

In general, Class 1 corresponds to A-1,
A-2 and A-3 of the Bureau of Public
Roads Soil Clagsification System lexss 1I
to A-4 and A-5; Class 11T to A-6 and
A-T.

Each of these classes of materials
carries its own depth of subgm_de treats
ment. Class I material gonfo.rmmg to the
required subgrade spe.(:lﬁca.tlor‘lvrcqmres
no treatment; o‘oherwmeZ a ‘(z-m. treat-
ment Class IT-A, carries 6 in ; 11-A,
9in. ; I11-A 12 in.; 11I-B 18 in.; and
1II-C 24 in. of treatment.

During grading operation the fgundf).-
tiolr)luirsl?f’nﬁercutio the depth required in
accordance with these schedules, and
backfilled with selec’.ced sul.)grade treat-
ment materials. This furnishes a reas-
onably uniform subgrade of at least 6 in.
in depth throughout the projects.

Subgrade

ade materials usually c(.)ns'ist
of};‘}}:g ﬁ::i;ggelected soil mate_ria.ls existing
in the vicinity of @ pro;ecf. In the
Coastal Region they are usually sands or
sand-clays; in the Piedmont Region or
the central part of the st:&te they are
usually sand-clays, top soils, or sand-

clay gravels; and in the northern region

i ist of
mountainous part they comsi
glrxa.rts talus, or river terrace deposits of

sand-clays and sand-clay gravels.

In all cases, wherever possible from an
economical point of View, where the

21
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undercutting required is 12 to 24 in.
selected borrow of at least a Class II
material is taken from the cut excava-
tion and placed on the foundation mate-
rial so that not more than 6 to 9 in. of

the more stable subgrade treatment
material is required. :

In all instances the top 6 in. of the sub-
grade or subgrade treatment is chosen so
as to have a volume change not in excess
of 12 per cent., but satisfying the other
requirements of density and gradation, so
that a highly stable material is obtained
in the top 6 in. of the subgrade. For
comparison purposes this usually con-
forms to about an A-1 material in the
Bureau of Public Roads classification.

In many instances materials confor-
ming to the subgrade specifications are
not economically available in the vicinity
of the project, particularly in the
southern sandy regions. In such cases,
fines (such as fine silts or friable clay
silts) are artificially mixed into the top 6
in. of the sandy material. In other cases
the Class II materials, which are the
clays, are stabilised with coarse granular
materials (sands, stone screenings, ete.),
using whichever type may be most econo-
mically available.

Studies are made in the vicinity of the
projects to determine the type of local
material suitable for use in base construc-
tion,

In the sandy Coastal Region, bases on
farm-to-market roads are usually 6 in.
sand-bituminous or sand-limerock. The
sands are chosen to have a 50-1b stability
by the Florida bearing test and the road-
way is required to have a minimum of 12
in. of compacted sand conforming to these
specifications. This gives the top 6-in.
of sub-grade high stability and the 6 in.,
base is then stabilised with either the

bituminous material or crusher-run lime-
rock.

Through the central part of the state
the bases are constructed with local sand-
clays and top soils, which normally have
a weight per cu. ft. of not less than 120 Ib
and a volume change of not more than 6
per cent. 1f the project is anticipated to
take heavier traffic than the farm-to.
market volume, the top 4 in. of the bage
is stabilised by scarifying in 1 cu. ft. of



Transport~-Communications Monthly Roview

crushed aggregate ranging in size from
about 1 in. to } in.

In the northern or mountainous section
of the state the bases arc built of either
crushed chert or crushed talus containing
a minimum of 60 per eent of coarse aggre-
gate retained on the 10-mesh sereen and
100 per cent passing the 1i-in. screen.

On all primary projects the bases are
usually constructed of soil-bound maca-
dam, which is a stone base having the
voids filled with a local binder either
occurring naturally or artificially pro-
duced so as to have a required gradation
and a volume change of not more than 6
per cent.

All bases, regardless of the type of road,
are primed with approximately 0.2 gall,
per sq. yd. of a bituminous material after
they have been consolidated to 100 per
cent Proctor density. They are then main-
tained under rolling for a period of several
days to allow curing to take place.
After the primes have cured sufficiently,
various surfaces are placed thereon.

Surface Materials

The bituminous surface consists of
either the so-called double surface treat-
ment or hot plant mixtures. A double
surface treatment is constructed of an
application of bituminous material on the
prime, covered by a spreading of crushed
aggregate of nominal I1.in. to }-in. size
This is *“ choked” with a small amount
of crushed aggregate (size 1-in. to No. 4)
prior to a second application of bigy.
minous material and a surface covering
of material ranging from $-in. to No. 8
This type of surfacing is used on all farm.
to-rgarket, secondary and medium-traffic
roads,
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The heavier-traffic roads carry about 13
in. of hot plant mix binder and a 1-in.
asphaltic concrete surface course. To
accommodate increased anticipated traffic
volume and loads, these surfaces are
thickened to as much as 3 in. of agphaltic
concrete base caurse, 2} in. of binder, and
1} in. of asphaltic concrete surface.

Most hot plant mix surface course mix-
ture designs are based on minimums of
about 2,000-1b stability (Hubbard-Ficld),
but sometimes the stability minimums
arc increased for more heavily travelled
roads.

Table 1

LIMITATIONS OF THE VARIOUS
CLASSIFICATIONS OF FOUNDATION

SOILS
£ 81 5 & & }
EE: =% = 3 ! 2 Total Vol.
EEL NI L BT R s
S B B
rj"' (& 5 0 O J
I 1 100 to 165 0 to 15
11 IT-A, 100to 165 15t0 25
ILA, 90t0100  0to25
111 I11-A 90 to 165 25 to 50

I1I-B 80to90 0L
111-C 80 — 0+

* At 2.65 specifie gravity.

(From  “ Highways and Bridges and

Engineering Works,” August 27, 1958.)

PHILOSOPHY OF SCIENCE

Take from the altars of the past the fire ;

worn custom.

leave the ashes of out-
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RESULTS OF SKID RESISTANCE TESTS
IN WILTSHIRE

B

County Surveyor’

Yy
J. D. Pocock & R. W. Brry

2

s Departinent,

Y-PRODUCTS of the research
work done by the Road
Research  Laboratory are the
teaching and propaganda instilied
into those who attend the courses
held at the Laboratory. There
must be many who have come
back to their normal jobs determi-
ned to pursue some newer aspect
of their work.

o-r®n

MmMONZYy “g-wmp

One such aspeet which parti-
cularly interested members of the

= gmour o
- GROLR €
AOUP A

Wiltshire staff was that of skid-
ding, Wiltshire being in the belt
of counties acrogs southern Eng-
land where the percentage of skid-
ding to total accidents was high.

Work started with a van fitted

Aok ~ YCLaRS
BENQULUM TESTS ON  TURLL D FLAENT  AcemsaaTEg
CORREICTED TO 2B0OC VEWICLES PLR Dav AY ¢
LINES INDICATE MEAN OF RESULTE

(lraph No, 1

to take mecasurements by the
locked wheel method, but the N
rather cumbersome extras, the
variables due to human tolerance
and particularly the fact that
readings could not be @aker} where
they were most essential, i.e., at
bends, all combined to make the
system somewhat unsatisfactory.

Wiltshire was fortunate in being

issued with one of the first batch L
of R.R.L. pendulums and work -
on & much wider basis was put

in hand immediately. The appa-

ratus itself ha sbeen fully explain-

od elsewhere by the R.R.L. staff.

The first job was to test the sur- .
faces at black spots as shown on the acci-
dent record map, and the second job was
to take series of tests throughout three
gelected roads, one being a trunk road
and the others moderately trafficked A

routes.

23

AGL - YERAS
ATIVE  WATLS Of POLISHING OF FOUR  DIFFERENTY AGaataares
COMRECTED 1O 2300 VAWWCLES Pem ey AT T0°F

MEAN RATES v WEAVY  LiNES

MAUMUM  ALTES W SiIMILAN FINE el

Graph No, 2

The standards adopted were :

Below 45

45 to 53

Calling for immediate treatment
to be kept under observation

53 and above regarded ag generally acceptable



Transport-Communications Monthly Review

These surveys were well worthwhile
practically, but certain apparent facts
began to show up and these were further
investigated.  Sites were sclected and
tosts were repeated at rogular intervals,
the range covering not only the ditferent
agaregates normally used in the county,
but also the different surfaces such as
bitumen carpets, fine cold asphalts,
D.T.S. and surface dressings. Together
with this, a test bed of eight aggregates

was put down as a surface dressing on a.

fast level section of a moderately trafficked
Class A road. The different aggregates
are given identification letters A to JO
with C1 and (2, and DI and D2, denoting
stones in the same geological groups.

The first graph was simply a graph
where skid resistance was plotted against

JOFIRNSEIES WIS

R T SO SO OSSN SRR S |

MOECP AN~ R-O-FU

— 3D

Novomber 1938

age, and it gave only limited information,
but the following points emerged:

Temperature: Repeatod tests at the
standard sites showed that for each class
of stone the skidresistance went up as the
temperature dropped. Skid figures are,
therefore, at their lowest in the summer
when traffic densities are at their highest
and when good resistances are most desi-
rable. It was deeided to adopt 70 deg. I,
as a standard mean summer temperature
and to correct the skid resistance re-
dings for each size or fall in temperature.
The correction figures per 10 deg. ¥. were
taken as 2 skid resistance units for stones
D and C, 3 for stone B and 4 for stonc A.

Tratfic density: The heavier the tra-
flic, the greater the rate of polishing, with

the exception of certain stones
- of gritty texture where the aggre-
gate woars away rather than
70 polishes, It was decided that,

Wiltshire heing a rural county, an

s average figure of 2,500 vehicles
- per day for Class A roads was
representative,
« 43
Weathering: The question of
TR Taey Toov 1 ave | 7w Thd Taads Tom Tule Trooal ™

iz pav S 95

UNCORRECTED SKID AESISTANCES ASAINST AGE COMPARED WITK sOLIQ

LUNE COUPLIMG  TEMPERATURS AMD  HUMIDITY

Graph No. 3

weathering was  considered bhut
eventually disregarded, it heing
assumed that 2,500 vehicles over
two years directly equalled 5,000
vehicles over one year.

Ago on_the graph was then cor-

sof Ve

o}

- A ¥ ww» = 0 oD

rected to tho 2,500 standard.

The first plot of skid resistance
against age was then replotted
with temperatures and traffic den-
sities corrected as above. This
showed the mean rate of polishing
{(sce Graph No. 1).

A further graph was plotted to
show the mean and maximum
figures (sce Graph No. 2).

Results : The graphs show
that the rate of polishing is most

" Jw rapid in the first two years of the

aggregate’s life. One can decide

¥ T v T L T
OCTONEA  NOVEMBIR DECIMBER  JANVARY  FEBRUAQY

LX-N S MOnTHS

e which of the aggregates available

CniD ZLSIBTANCE AGAINST AGL CORARCTID FOR TEMPLAATVRE

TEar sgcrion

Graph No., 1
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in the county will be most suita-
ble for cach type of road, taking
mnto account traffic densities,
gradients and general alignment
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The stone suitable for alightlhy traffic-
131(;} sﬁ;(x)'aight road would 1‘oglca,11y bf:
different from that requlre'd for a
heavily trafficked road or one with appre-
ciable hills or poor alignment. This
would be an important economic factor
in selecting the correct a_ggrega;te.' 1t
should also enable one, having obtained
the skid figures up to, say, two years, to
predict how much longer the surface
could safely be permitted to remain un-
troated, a line being rulqd across the
graph at the desired skid resistance
appropriate 0 the purtgculnr_ road.
The increase in minimum skid resistance
for stone A after four years is presumably
due to weathering oOr fracture under
traffic. Provision for remedial work can
then be made in advance in the annual
estimates. The graphs will also in_dlcate
whether changes should be made In the
choice of aggregate for a road where
traffic densities are increasing.

Temperature, Rainfall and Humidity

Rainfall was considered, but its effect
could not be taken into account direetly,
heavy sumincr rain ovapgmtmg 80 qu1§11.§1{
compared with light wint i ic
may give wet road €0 0
time. The answor 3
combination of tf
dity.

Four diversc
vestigated an
corrected skidg ]
together with a
temperature Wi
plot was taken

trials as eq ualling

relative humidity - . rom
?vcrr?;gedaily readings, ¥ =average daily
mg;(ir;mm temperature per week in degrees
Fahrenheit (see Graph No. 3).

hows the close relationship
be’{v}sge%xr?;ﬁgsg two plots, :omd partlcularly
clearly bow the gkid resistance dr;).ps as
the temperature rises. Its vah;g tle: :;
the fact that one can take a ski es:i ot
any season of the year and thendrea.t o
the figure which can be expected at any
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other time, Thus a low reading obtained
in August calls for no remedial treatment
before, say, the following April, but a low

reading in April calls for immediate
action.

Tyre Temperatures. An interesting
point was observed in the laboratory
when testing the pendulum on a small
concrete slab kept as a standard. With
cold water aresult of 60 might be obtain-
cd, but if this was followed immediately
with hot water the figure might drop
to about 45.

This raised the gquestion of tyre tempe-
ratures and enquiries were made from
one of the tyre makers. The information
given was that on a dry day the surface
tread of a tyre was likely to be 10-20 deg.
T. above the road temperature, the tem-
perature inside the wall would be much
higher still, and the surface tread on a
wet day would have about the same tem-
perature as the road, all these referring to
a vehicle in motion.

This suggests that care might be neces-
sary in using the locked wheel method of
skid testing; the results may possibly
depend on whether the van was driven to
the site over dry or wet roads, and
whether the tread temperature rises as the
heat comes out from the tyre walls when
the vehicle is standing.

Test Section. The last graph shows
lts obtained from the surface dressing

bed referred to earlier (see Graph
8).

This is corrected for temperature, but
bt for traffic density, as the latter remains
onstant. At the first test the range in
results, excluding one aggregate, was only
nine units, the variation presumably
being due to the difference in the angula-.
rity of the chipping samples. After six
months, however, the range had increased
to 40 and the aggregates in the same geo-
logical groups had become very similar,
It was clear that one type of stone was
showing an appreciable degree of polish,
and another type, while giving high skid
resistance figures, was wearing.

From *“The Surveyor and Munici
] 1 al
and County Engineer ”, August 30, 19?598.

‘;;—ZDQ)) - ’2/ N \‘i‘ 8"
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HERE AND THERE

1. R R. L. PAVEMENT

DESIGN EXPERIMENTS

AT ALCONBURY HILL

& MEMBERS of the Permanent Inter-
national Association of Road Congresses
visited the scction of the Great North
Road between Alconbury and Water
Newton on Thursday, September 4, in
order to inspect the experimental lengths
of both flexible and rigid pavements being
investigated by the Road Research
Laboratory and also the new construction
now in progress further north.

It may be recalled that the subsoil at
the site consists of boulder clay overlying
heavier Oxford clay and that the variables
introduced into the experiments were, for
fexible construction, different thicknesses
of a sand sub-base, different types and
thicknesses of basc and different types
and thicknesscs of surfacing while for
rigid construction they were different
weights of reinforcement, two minimum
compressive strengths of the concrete, and
different types and thicknesses of base.
In addition the thickness of the concrete
itself variel between 5 and 11 in,

The traffic loading on this part of the
Great North Road includes some four

thousand heavy commercial vehicles per

day and the Road Research Laboratory
has installed automatic weight recorders
which incidentally, indicate that the
statutory limit for axle loading is
frequently exceeded.

Distortions of the flexible pavements
are measured by accurate levelling from
reference points.

Some Results of the Tests

Officers of the Road Research
Laboratory outlined the scope of the
experiments and mentioned the results
which have so far been obtained. One
interesting, and rather surprising, deduc-
tion is that soil/cement, under the test
¢onditions, proved an inferior base, butit

26

was pointed out that the mix was formed
from a poorly graded fine sand which
could not be regarded as an ideal material,
Uncoated stone way found to be superior
to stabilised soil and tar-coated stone was

superior to uncoated material as a basc
course.

hl - - .

Excessive deformation, occurred with
asphaltic two-course work laid direet on
the sub-base and with surface coats less

than three inches thick on broken stone
and soil/cement bases.

Failure occurred on a conecrete section
which had the following specification :
minimum crushing strength : 4,000 Ib per
$q. in.; weight of reinforcement: 10 1b per
s¢. yd., thickness of slah: 5 in.; type of
base: granular; thickness of baso : 3 in.
No dowel bars were used on this scetion.

This  was obviously a sub-standard
specification for a road of this type, but
in order to arrive at minimum require-
ments for the existing site conditions it

was necessary to under-design as well as
over-design. ‘

Tl.le transversc joints on the concrete
sections were cut, after presumably
adequate hardening, by a grinding wheel
machine and, in some cases, spalling was
noticeable at some of the joints so formed.

Further Work in Progress

YThu northward extension of this Great
l\ort'h Road improvement scheme is
making good progress and on the occasion
of the P.T.A.R.C. visit R. M. Douglas were
putting down two-coat asphalt with a
Blaw-Knox spreader and finisher, the
undercoat containing a gravel aggregate
and t.;he wearing surface, 14 in. thick, a
granite aggregate. The base consisted of
lean-mix concrete, 6 in. thick after
compaction, overlying a sub-base of
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limestone brash, 10} in. thick, compacted
dry.
1t would appear that the Huntingdon-

i i 1d road is
i section of this famous o (
zflc;i;eg to be a magnificent stretch of high-
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way, of which Mr. Longstaff, the County
Surveyor, may well be proud.

(From ¢ Highways and Bridges and
Engincering  Works”, September 17,
1958 )

2. ITALY: HIGHWAY OF THE SUN

) CONSTRUCTION on the Highway
of the Sun between Naples and Milan is
ahead of schedule and the mot(_)rwa.y.wﬂl
almost certainly be open before its estima-
ted completion date at the end of 1963.

The first two sections, Milan to Flore-
nee and Capuato Naples, 174 miles and
25 miles long respectively, should be
finished this autumn. They were origl-
nally scheduled for completion at the end
of 1059. When completed, the highway
will be 457 miles long ar}d will cost some
99 million pounds. It will reduce driving
distance between Naples and Milan from
5927 to 475 miles.

i i d will run
Starting at Milan, the roa
soutl?ra,ndgconnect Bologna, Rome, Capua
and Naples. It will by-pass Rome by
means of a 50-mile ring road.

:ohway of the Sun will be a dl.la,l
higThh;a,I;lfllllroughout its eptire lengph with
a two-lane, 95 ft carriageway 1n each
direction. Except where the road passes
through tunnels, it will have a ten-foot
median and ten-foob shoulders, giving a

total road width of 80 ft.

i i the country
tainous sections of it

thinrggu%ll be built on two levels, giving
both increased gafety and opportunity for

sight-seeing. Maximum gradient for
mountain sections is 3.75 per cent. Out-
side the mountain areas the maximum is
usually two per cent. Minimum radius
of curves is 2,300 feet on the section
between Milan and Bologna, 800 feet bet-
ween Bologna and Florence and 1,300
feet on the other sections.

Design speeds range from 100 miles an
hour between Milan and Bologna and
Capua-Naples, 80 miles an hour on the
Florence-Rome and Rome-Capua sections,
to 60 miles an hour on the section bet-
ween Bologna and Florence.

Along the highway’s length will be 81
tunnels totalling 39,360 feet. The two
longest will be the Citerna Pass tunnel
2,066 feet long and the Rogheto tunnel
1,968 feet long. Seven other tunnels will
have a length of more than 1,300 feet.
About 60 access points will be provided
along the highway.

During recent decades the transport
picture in Italy has materially altered.
Tn 1915, 70 per cent of all goods transpor-
ted on land went by rail; in 1957 more
than 70 per cent were transported by road.

(From : ‘¢ British Road Federation Bul-
letin,” No. 259, September, 1958.)

3. LISLE-SUR-TARN BRIDGE (FRANCE)

the Tarn bet-
1S structure crosses :
:eenTI}JIisle-sur-Ta‘rn and Montans. It car

i d two footways
ries & road 6.00 m- wido an h with &

ide. It is an arc
o lf 89(31 &1),: the central portion carry-
?E;ntze road being extended by two

beams tailed into the arch and resting

only on the abutments at points 101.52 m
apart.

This structure replaces a suspensjon
bridge, the piers of which act as the sup-
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Pont de Lisle-sur-Tarn (France)

ports for the deck beams, while the access
viaducts have been retained after wide-
ning by means of a slab extending over
the entire width and projecting as corbels
on either side.

The foundations of the towers were
converted to serve as abutments for the
arch which is supported by means of
joints of iron-bonded concrete.

The arch is constituted, in the central

part, by two box-girders connected at the
top by the slab under the roadway. The
springs of the arch consist of two U, open
at the top, without cross-bracing.

The structure was built on a cocked

centre made of wood nailed to two
hinges.

(From < Bulletin No. 17, 15th August,
1958, IABSE.)

4. TRAFFIC PLANNING—FOR WHAT?

@® NEWLY returned from their visit to
West Berlin and Vienna, 22 members of
the all-party roads study group in the
House of Commons were this week loud in
their praise of our Continental friends for
making up their minds what needed doing
with their city traffic problems and then
going ahead with the construction of
under-passes at overloaded intersections
and throughways to accelerate the first or
last stages of travel out of or into the
inner zone. The visit was organised by
the Roads Campaign Council. Mr. Ernest
Davis, leader of the Socialist party of
vigitors, summed up the lesson for us in a
few words: we needed a fresh assessment
of our traffic needs and an overall plan for
meeting them. The best way to achieve
these aims was to appoint anexpert work-
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ing party and not to scorn the use of over-
seas traffic engineers, a breed which so far
we have taken no pains to develop. But
much road traffic planning, especially in
cities, is planning for the unknown.
TIja,fh.c has an unfortunate habit of outs-
tripping the most generous estimates of its
growth and there is no need to ask who
is the principal offender. 1s it not saner
to cultivate a public opinion which
acknowledges the merits of public trans-
port as a mass provider? The London
Transport survey of street traffic during
the bus strike rams home facts already
well-established about efficient use of
streets whether they be broad or narrow-
two-thirds more passenger vehicles on the
streets, but 40 per cent fewer people riding
in them. It really makes little difference
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whether this was wholly the consequence
of the strike or partly the outcome of a
steady increase in car usage 1n the Metro-
polis ; the lesson is the same. So is the
effect on average speeds. It was only
when the first tide of extra cars turned
that speeds began to rise above the
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normal with buses on the street. Provision
of off-street parking is no more than a
palliative if 1t releases an even greater
flood on to the streets during the crucial
peak hours.

(From ¢ Modern Transport , July 19,
1958).

5. THE RESULTS AND SOURCES OF INVENTION

@ IN a report of the Organisation for
European Economic Co-operation the
authors state that they saw laboratories
that had been created only because the
directors of a company ‘‘ had been caught
in a research boom and had established
laboratories without any clear idea of
what the laboratories could do.”

The discovery of new ideas does not
depend only upon the number of people
employed in a laboratory. The powers
of discovery and invention are given to
few and, although these men may need
trained assistants, it is too often thought
that if an expensive laboratory be filled
with science graduates gsomething useful is
bound to be discovered. The authors of
this book ask whether the c_oncentra.tmn
of so many research workers in large labo-
ratories is an unmixed bl.essmg_m view of
the fact that so many inventions have
been prodnced by people“who are not
organised in this way: Attempts to
make research systematic do not guaran-
teo results. The industrial laboratory
does not appear to be a partml_lla,rl,}:
favourable environment for invention.
Sir Alexander Fleming, the discoverer of
pencillin, has expressed the view that the
employment of a team to undertake re-

gsearch was the worst possible way of
starting, because ¢ although a team will
do some work it is not likely to initiate
anything...Organisation, attendance at
committees, paper work, regular hours
spent in a laboratory, are liable to quench
orginality.”” Certainly the large industrial
research organizations have not been
responsible for invention and discovery
to anything like the extent that could be
expected in relation to the numbers of
people they employ and their cost.

Many of the most useful ideas have
come from men unattached to an organi-
sation and from the freer atmosphere of
the universities. It may well be that
much of the work done in industrial labo-
ratories could be better done at the uni-
versities to the advantage of the nation
and of the students, many of whom
to-day are so busy filling their heads with
what Dr. Glover called ‘‘loads of learned
lumber ”’ that they have no time to think;
unfortunately too many graduates, in the
words of Montaigne, * Know the theory
of all things, but you must seek who shall
put it into practice.”’

(From <“Concrete and Constructional
Engineering,” July, 1358.)

6. GAZIPASA BRIDGE (TURKEY)

HIS bridge is one of the engineering
strucrsli‘iures on the tourist coasta.! rog.d bet-
ween Mersin and Antalya. It is situated

about 1 km, from the sea.

ically, the bridge consists of a
Gesrtli)ac;?c;igder carried over five spans

(21.00-43% 25.00+-21.00).

The total width of the bridge is 9.40 m.
and comprises an 8.00-m wide carriage-

way and footways on eachside 0.70 m.
wide.

Owing to the obliquity of the bridge
(about 40°) the piers were designed withga
circular section as small as possible,
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Pont de Gazipasa (Turquite)

Calculation gave a reinforced-concrete
section of 2 m. in diameter.

The bridge was calculated to carry
heavy lorry traffic (H 20—S 16).

Length of bridge . 117.00 m
Approach spans ee 2100 m
Centre spans v. 2500 m
Width of carriageway ... 8.00 m

Width of each footway ... 0.70 m
Diameter of piers 2.00 m
Weight of cement used ... 640 T
Weight of steel used 139 T

Construction was completed in Decem-
ber, 1956.

(From :  No. 17, August 15, 1958,
LABSE ")

7. SMALL HIGHWAY IMPROVEMENTS THAT
REDUCE ACCIDENTS TO NIL

More Evidence also of Motorway Safety

® NOWADAYS it is the popular cus-
tom among police and magistrates to
blame vehicle drivers in highway acci-
dents. Any driver who was travelling at
more than 40 mph will certainly be
labelled automatically a road-hog. More
often than not the errors of judgment are
caused by the road itself which is (a)
slippery under certain weather conditions,
(b) has bad sight lines, (c¢) is too narrow
for comfortabie passing, (d) badly sign-
posted, (e) has bends altogether too sharp,
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(f) has no footway, and so on.

‘ Con:‘xistent and spectacular reductions
in accident rates have been achieved by
small improvements as the late Col.
Bennet showed in Oxfordshire and
Buckinghamshire, and as many other
country surveyors have proved.

Two _ interesping recent examples of
small hxghwgy Improvements which have
reduced accidents to nil are reported by
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ivisi i lifornia
the Division of Highways, Ca
Dept. of Public Works, U.S.A.

of these trouble spots, for example,
wa,(s)sn; sharp curve on State Sign Route 20
at Woodruff Lane in Yuba County. A
95-month record of accidents at this
location revealed a total of 20 accidents—
16 property damage and four injury.
Most of these mishaps resulted from
vehicles failing to negotiate the curve. A
correction might consist of more warning
signs or an easier curve. In th¥s case, it
was possible to construct an easier curve.

As a result, not one accident was
reported at this location in the 25 months
following the improvement.

Property Damoge Ony

o oy Aug 1953
to
o Fotellly
Qut ot Comol Sept 1935

vr Oventormed
—~ Vehicte PUIN

Another of these problem locations was
on Sign Route 29 at the intersection with
Rio Del Mar in Napa County. Bere
reports listed a total of six accidents in a
year—five property damage and one injury.
‘According to collision diagrams, vehicles
that stopped to make left turns (right

turns in U.K.) were involved. To remedy

ituation, the dividing strip opening
gla?ssvlvil(llened a left-turn lane constructed,
taken oub of the centre medium, and signs

ingtalled.

In the year following the improvement
not one accident was reported.

examples show the benefit derived
frc;rn}lle’:ze studI;’ of specific accident loca-
tions. Such corrections contribute very

substantially to traffic safety.
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Value of the Motorway

Although divided highways have greatly
reduced the danger of cross-median acci-
dents, they are a direct attack on only one
of the accident-producing traffic conflicts,
says the State Highways Division, To
show an cven Dbetter safety benefit, a
highway must reduce all types of these
conflicts.

This is successfully accomplished by
modern, properly designed freeways. That
freeways arc effective can be seen by the
fact that the freeway accident rate is
about one-half the rate for conventional
highways, and the fatality rate is about
one-third the conventional highway
figure.

Oct 1998
to
Proparty Domage Oy Nov. (987

Injury
e fetallty

)
.
e Out Of Control

Ve Qusrturned
= vehicis Pain

U.S. State Sign Roure 20 before and after improvement

The superiority of freeways over con-
ventional highways is illustrated by the
effect of construction of a 10.5 mile free-
way between Sacramento and Roseville.

In a 22-month period immediately
preceding the opening of the freeway,
there were 418 accidents. Only 70 acoi-
dents were reported during an equal
period after the freeway was opened, even
though the traffic volume increased from
17,600 to 21,600 vehicles a day.

In addition, the combined volume of
traffic on the old road and the freeway was
60 per cent greater than the volume prior
to the opening of the freeway. Even with
this increase, the combined accident total
on the old road and the freeway in the
““after ” period was about half the number
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that occurred on the old road before the
freeway was completed.

This is another striking example of
added traffic safety through engineering.

California now has a full 500 miles of
freeways in operation with another 209
miles under construction. In addition,
most of the State’s 916 miles of express-
ways, which have some interscctions at
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grade, are designed for future conversion to
freeway status. Alsoconstructed in recent
years have been a number of miles of
“two-lanc frecways”, planned access
highway with two lanes initially and with
design and right-of-way provisions inclu-
ded for an ultimate multi-lane freeway.

(From <« Ilighways and DBridges and
Engineering Works ™, August 13, 1958.)

8. RAILWAY OVERBRIDCE AT ANDELFINGEN, SWITZERLAND

Fig. 1.—FPassage superieur des Q.F.F., a Stigli pres d’Andelfingen.

@® THIS bridge consists of a prestressed
concrete frame bridge with triangular
piers carresponding to the standard types of
the Federal Inspectoratec. The inclined
external prestressed concrete supports
merge completely into the sloping em-
bankment. The visibility on the road is
excellent and the ineclination of the
supports internally increases the psycho-

logical width of the road. The load tests
on the bridge have proved that these types
of prestressed bridges behave with respect
to static and dynamic loads exactly in the

same way as a classical reinforced con-
crete bridge.

(From < Bulletin Tecknique De  La
Suisse Romandc 7, 26ih April, 1958.)

SHORT CUT

Two domestic employees were talking shop on their day off.

“ My lady”, complained one, ““always wants me to warm the

plates for our dinner guests .

“ Mine, too”’, said the other, **but it’s too much work

, so I just

warm hers and she doesn’t know the difference .
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ABSTRACTS

TESTS OF ENERGY-ABSO.RBING
TRAFFIC BARRIERS; Bulletin N o.
185, Highway Research Board of the
National Academy of Sciences, N?.tl-
onal Research Council, 2101, Constitu-
tion, Washington, D. C.

HIS bulletin contains two papers
sponsored by the Committee on
Guardrails and Guide Posts, as presented
at the 36th Annual Meeting of the High-
way Research Board.

The first, by Russell R. Skelton, des-
cribes crash barriers tests on multiflora
rosc hedges as carried out by the author
for the Bureau of Public Roads. The test
results indicate that many serious auto-
mobile accidents could be prevented in
the future if hedges of this variety were
planted now in the median strips of divi-

ded highways.

The second, by Norman L. Padersen,
Jobhn H. Mathewson, and Derwyn M.
Severy, describes the development and
testing of an onergy-absorbing barrier for
highways. The barrier consists of a
series of corrugated concrete slabs exten-
ding about 2 ft above the road surfaceand
arranged in & row in the centre of the
median strip. The tests indicate the
feasibility of providing a collapsible
barrier to govern the deceleration of out-
of-control vehicles to prevent injury to
the vehicle occupants and prevent head-on
collison.

MS AND FLOOD RUN-
OI*I‘{I%HIIII\IS%?)II{JTH AUSTRALIA; J.S.
Gerny, M. E., The Journal of the
Institution of Engineers, Australia,
Vol. 30, No. 7-8, July-Aug., 1958.

i igation of rainstorm an.d flood
Iiflé:::iﬁegs in South Austraha is des-
cribed, and the conclusions are presen-
ted in a form derived during the investi-
gation. A relation between the derived
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rainstorm and flood formula is deduced
and an empirical method is obtained for
the estimation of probable floods from
rainstorm data and some knowledge of
the catchment area. The empiricisms are
based upon general physical features of
the catchment area and are shown to be
applicable where the records show that a
reservoir has caused a significant change
in flood characteristics. The derived
data are tabulated and sufficient infor-
mation is presented diagrammatically to
permit a rapid estimate to be made of
probable rainstorms and floods for the
greater part of the State,

URBAN ROADS AND STREETS;
R. J. Smeed, Road Research Labora-
tory, Department of Scientific and
Industrial Research, United Kingdom,
International Road Safety and Traffic
Review, Vol. VI, No. 3, Summer, 1958.

THIRTY-four papers were presented to

the Study Weeks on the subjeet of
Urban Roads. 1In addition, four general
reports and the discussion on them that
took place at the Hague, Burgenstock
and Stresa have all been published. The
Author has attempted to give a summary
of this large mass of information in a
report of limited size. Nearly all of the
information has been classified into the
following subjects:

(a) Capacity or roads

(b) Capacity of intersections
(¢} Traffic signals

(d) Pedestrian traffic

(e) Effect of regulations,

The information presented should be of
considerable assistance to the traffic
engineer in the course of hig work.
Research on many of the important pro.
blems is still urgently required.
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DISCHARGE FROM HEAVY RAIN-
FALL: Ernest Edward Dawson, B.A.,
A.M.1I.C.E., Proceedings of the
Institution of Civil Engineers, Volume
10, August, 1958.

simplified catchment is used to obtain
the hydrograph resulting from rainfall
of an intensity varying in time and arca ;
in this simplified catchment the value of
C/s in Chezy’s formula is assumed as
constant and later shown to be so for the
Damodar River in India: the hydrograph
for intensity uniform in time and area is
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obtained by mathematics and a graphical
method is used for other variations of
intensity.

The actual hydrographs for five storms
on the Damodar catchment are repro-
duced from the known rainfall by the
grap]ucal method, and in the process
“Ufs—constant” is confirmed and its
value obtained.

By these means o prediction is made of
the maxinum discharge likely to ocour
in this catchment.

(Continued from page 37)

17. Blast Furnace Slag and Iron
Works Slags in Road Construction
New Series No. 9 (1952); Dr. Hang
Lues Dr. Wilhelm Lorenz, Kirsch-
baum Verlag, Bielefeld (Germany).

18. Bibliography on Soil Mechanics
New Series No. Bound 10-1953;
Dr. Lug Habil H. Peterman, Kirsch-
baum Verlag, Bielefeld (Germany).

19. Determination of the Capacity of
Road Traffic Junction not Control-
led by Light Signals New Series
No. 11; Dr. Lug Walter Grabe,
Kirschbaum Verlag, Biclefeld (Ger-
many).

20. The Design of Signal Controlled

Traffic .Junction Points New Series

No. 12; Dr. Lug. Habil Max-Erich

Feuchtinge Kirschbaum Verlag, Bicle-

fold (Germany). ’

WORDS OF WISDOM

Sceentific men tallk nonsense when they ob
science and practice, and so-called praclical
they ignore science, and assert that an ounee

of theory. Practice bused on true

ScLence means im
economy 3 practice based on rule of thumb me
excess of eslimates.  The engincer cannot negleet (e
any more than the scientific man can ignore the success of

serve differences between,
men act foolishly when
of practice is worth lon
mediale success and
ans error, delay and
laws of nalure,
practice,

—81 3
R WiLniam HENARY Prurox.
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SELECTED RECENT LITERATURE IN ENGINEERING JOURNALS

X. BRIDGES AND
OTHER STRUCTURES

i Prestressed
Notes on Materials for 9
Concrete ; FauL W. ABLES, .C'onc]Ltk
and  Constructional Engmeerwrz,,q,
Vol. 41, No. 4, September 1957,

pP- 297-310.

Ultimate-Strength Design of Reu}-
forced Concrete S!abs.; (7} WN
GERRIFFIN, Civil Engineering, Vol 27,
No. 8§, August 1957, pp. 62-63.

Prestressing Strengthens Wrought
Iron Bridge; P. S. A. BERRIDCE,
Civil Engineerinq. Vol. 27, No. &,
August 1957, pp- 38-39.

Complete and Exaqt Calcula-
;I;f)lﬁ of Cil:'cular Cylindrical Sheills
of Constant Thickness ; JPAN
Hagras, Travauzr, Vol. 41‘, No. 276,
October 1957, pp. 523-527 (in French).

i - Span
tressed Bridge - A IZQ Ft
IE);‘;(s:t;?is Daily; FEnginecering News
Record, Vol. 159, No. 14, October 3,

1957, pp. 40-40.

Brid-
Centering System for '
gel:;ew(}ivil Engineering and Pu6b]l;c
Works Review, Vol. ;32, Z’\;o. ,
November 1957, pp- 1255-1257.

ross Connected Grillage
gizir%g ?fJ(i:AN COURBON AND ROGE}(
Lacrorx, Annales des Ponts et Chau.s;
sees, Vol. 127, No. 4, Jply-Ang.llls
1057, pp. 391-44 4, Part 4 (in French).

' he
he Use of Welding in t

r(IZ‘onstruction of the New Rgad.
Bridge over Save at Belgrade ;
M. M. RADOGKOVIC AND M. W_mMA;,
Annales de L’Institute Tec)w_uquey lu
Batimente des Travaux Publw_s, ol.
200, No. 117, September 1957, Ppp.

863-876 (in French).

-Total

inforced Holes in Plates-T¢ !

l\};eight Reduced by Varying Th;()c;(D

ness of ‘Reinforcement ; [I{gzm oI

Hicks, Engineering Vol. 5 o~ .
4773, August 30, 1957, pp- 280-781.

10.

11.

12.

13.

14.

15.

16.

Masonry Arch Bridges: A Study ;
CyYRIL STAPLEY CHETTOL AND WIL-
LiAM HENDERSON ; Proceedings of the
Institution of Civil Engineers, Vol. 7,
Session 1956-57, August 1957, Struc-
tural Paper No. 53, pp 723.774.

Recent Highway Bridgeworks in
Glamorgan, with Particular Refe-
rence to Prestressed Concrete
Design and Construction; Epwarp
Wittiam Davies, Proceedings of the
Institution of Civil Engineers, Vol. 7,
Session  1936-1957, August 1957,
Paper No. 6234, pp. 897-900.

Highway Bridge Design and
Construction in America-Recent
Developments with Prestressed
Concrete : Progress in New York,
California and Florida; The Surve-
yor, Vol. CXV1I, No. 3410, August 31,
1957, pp. 907-908.

Design Features and Construction
Methods on Long Floating High-
way Bridge in British Columbia;
B. W. PeauscH, Roads and Enginee-
ring Construction, August 1957, pp. 82,
84, 124, 126 & 146 and Also Engineer-
ing News Record, Vol. 159, No. 20,
November 21, 1957, pp 46-56.

Plastic Hinging at the Intersection
of Beams and Columns:; G. C.
ErnEesT, Journal of the American

‘Concrete Institute, Vol. 28, No. 12,

June 1957, pp. 1119.1144.

Review of Changes in the ACI
Building Code Requirements for
Reinforced Concrete ; FRaANK KERE-
KES, Journal of the American Concrete
Institute, Vol. 29, No. 3, September
1957, pp. 185-195.

Explanatory Notes on Appe

(Ultimate Strength Desilg)t]:)nd:}(:
‘ Building Code Requirements for
Reinforced Concrete (ACI 318
56)”"; Ravymonp C. REESE aNp J. P,
TrompsoN, Journal of the American
Concrete Institute, Vol. 29, No. 3
September 1957, pp. 197-204, o
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17.

18.

19.

20.

21.

22.

23.

24,

25.

The St. Alban Bridge Over Rhein
in Basel; O. OBERBOLZER, Schweize-
rische Bauzeitung, Vol. 75, No. 2:’1,
July 20, 1957, pp. 453-462 (in
German) Vol 75, No. 34, August 24,
1957, pp. 538-546 (in German).

Developments in Prestressed Con-
crete-—A Review Prepared by the
Prestressed Concrete Development
Committee ; Proceedings of the Insti-
tution of Civil Engineers, Vol. &,
Session 1957-58, November 1957, pp.
293-322.

The Analysis of Grid Frame_works
of Negligible Torsional Stlf_fness
by Means of Basic Functions;
LEsTiE GORDEN JAEGER, Proceedings
of the Institution of Civil Engineers,
Vol. 8, Session 1957.58, November
1957, pp. 323-327.

Prefab Bridge Units Restore Creek
Washouts ; C. B. MoLiNEAUX, Roads
and Streets, Vol. 100, No. 10, October
1957, pp. 99 101.

World Conference Focusses on
Prestressed Concrete in Road
Program ; Husertr C. PERrsons,
Roads and Streets, Vol. 100, No. 10,
October 1957, pp. 70, 121, 122 and 136.

Plastic Design of Pitched Roof
Postal Frames; JacQurs Hayman,
Paper No. 6220, The Proceedings of
the Institution of Civil Engineers,
Vol. 8, Session 1956-57, October 1957,
pp- 119-140.

Langstone Bridge, Hampshire :
J. W. MeLrose anp W. A. Eykg,
Paper No. 6227, The Proceedings of
the Institution of Civil Engineers,
Vol. &, Session 1956-57, October 1957,
pp. 141-160.

High Strength Bolt Field Connec-
tions at Burdekin Bridge; J. E.
KinoLER AND W HanseN, The Jour-
nal of the Institution of Engineers,
Australia, Vol. 29, No. 7-8, July-
August 1957, pp. 169-178.

Completion of the Velsen Tunnel;
The Engineer, Vol. 204, No. 5308,
October 18, 1957, p. 577.

26.

27.

28.

30.

31.

32.

33.

34.
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Fixed Bridge Proposed Across the
Itcher at Southampton; 7he Surve-
yor, Vol . CXVI, No. 3418, October 26,
1857, pp. 1105-1106.

Plastic Design of Warehouse Saves
Steel ; Epwakp R. Ertrs, Civil
Engincering, Vol. 27, No. 9, Septem-
ber 1957, pp. 44-47.

Lateral Deflections and Stresses
in Building Frames; Roserr E.
McCeLLaN, Proceedings  of  the
American Society of Civil Engineers,
Journal of the Structural Division,
Vol. 83, No. ST 5, September 1957,
Paper No. 1354, pp. 1-18.

Design of Multi- Level Gyyed
Towers: Wind Wading; Epwaryp
ConERrI AND HENRI PERSIN, Proceed-
ings of the American Society of Civil
Engineers, Journal of the Structural
Division, Vol 83, ST 5, September
1957, Paper No. 1355, pp. 1-29.

Earthquake Revealed Defects in
Design and CGonstruction; Frebpg-
RICK S. MERITT, Engineering News
Record, Vol. 159, No. 7, August 15,
1957, pp. 38-48.

Column Design Simplified; Rica-
arp H. J. Pran, Proceedings of the
American Society of Civil Engineers,
Journal of the Structural Division,
Vol. 83, No. ST 3, May 1957, Paper
No. 1231, pp. 1-15.

Analysis of Multi-Storey Building
Frames; F. F. HickgrsoN, Proceed-
inys of the American Society of Civil
Engineering, Journal of the Structural
Division, Vol. 83, No. 8T 3, May
1957, Paper No. 1233, pp. 1-19.

Beam Deflections in Bridges De-
signed for Continuity ; GUILLErRMO
VILLENA, Proceedings of the American
Society of Civil Engineers, Journal of
the Structural Division, Vol. 83, No. ST
3, May 1957, Paper No. 1234, pp. [-49.

Lateral Load Distribution Test on
1-Beam Bridge; Arpis WHITE AND
WiLLiam B. PurNeLL, Proceedings of
the American Society of Civil Engi-
neers, Journal of the Structural
Division, Vol. 83, No. ST 3, Paper
No. 1255, pp. 1-50.
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RECENT ADDITIONS TO THE LIBRARY OF THE
INDIAN ROADS CONGRESS

Investigations & Observ.ations on
Concrete Road Construction-1 95‘5 :
Kirschbaum Verlag Bielefeld (Ger-
many).

. The Meanitation of Winter Road

Spreading Plants, New Series
No. 13; Prof, Dr. Lug. Habil. Bruno
Wehner und Dipl. Lug. Fritz, Kramer,
Kirschbaum Verlag Bielefeld (Ger-
many).

. +Investigations on Road Tar”

New Series No. 14 ; Prof. Dr. Karl
Krenkler, Krishchbaum Verlag Biele-
feld (Germany).

‘A Contribution to the Computa-
tion of Capacity of Roads"’ New
Series No. 15; Dr. Lug. Fritz Pam-
pel, Kirschbaum Verlag Bielefeld
(Germany).

« The Limits of Plasticity of Bitu-
minous Road Pavements’: New
Series No. 16; Dr. Lug. Gerhard
Herion, Kirschbaum Verlag Bielefeld

(Germany).

« Road and Subgrade’ New Seyies
No. 17; Kirschbaum Verlag Biele-

feld (Germany).

« Lahr Test Track Sub-base Con-
struction ” New Series No. 18;
Kirschbaum Verlag Bielefeld (Ger-
many).

« The Influence of Air Entraining
Agents on the qualities of Concrete
Particularly on the Frost Salt (Cal-
cium or Sodium Chloride) Perfor-
mance of Road Concrete’’ New
Series No. 20; Prof. Dr. Lu_g Kurt
Walz; Kirschbaum Verlag Bielefeld
{Germany).

« progress in Concrete Road Con-
struct?on” Part 5 (1954) ; Kirsch-
baum Verlag Bielefeld (Germany).
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10.

11.

12.

13.

14.

15,

16.

*“Filling and Sealing Materials for
Joints in Concrete Roads”; Road
Research Road Note No. 7 (Second
edition 1955, Deptt. of Scientific &
Industrial Res., Road Res. Labora-
tory); R.S. Millard, Her Majesty’s
Stationery Office, London S. E. 1.

“ Prevention of Wet-Weather Da-
mage to Surface Dressings "’ Road
Research Road Note No. 14 (Second
Edition) 1955 (Deptt. of Scientific
and Industrial Res. Road Res.
Laboratory); Her Majesty’s Statio-
nery Office, London S. E, 1.

‘ Construction of Housing-Estate
Roads Using Granular Base and
Sub-Base Materials’ Road Re-
search Road Note No. 20-1955
(Deptt. of Scientific and Industrial
Research, Road Research Labo-
ratory); Her Majesty’s Stationery
Office, London S. E. 1.

* The WASHO Road Test Part 2 :
Test Data Analyses, Findings ”
Highway Research Board, Special
Report No. 22, Pub: No. 360 (1955);
Highway Research Board, 2101, Con-
stitution Avenue, Washington D, (.

** Vehicle Climbing Lanes *’ High-
way Research Board Bulletin No.
104: Pub. No. 354 (1955); Highway
Research Board, 2101, Constitution
Avenue, Washington D. C,

“ Bituminous Paving Mixtures
Fundamentals for Design " High-
way Research Board Bulletin No.
105, Pub. No. 355 (1955) ; High-
way Research Board, 2101, Constity.
tion Avenue, Washington D, C,

* Vehicle Operation ag Affected by
Traffic Controland Highway Type’
Highway Research Board Bulletin
No. 107, Pub. No. 358 (1955) ; High-
way Research Board, 2101, Consti-
tution Avenue, Washington D. (,
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BUDGETS AND ADMINISTRATION REPORTS

JAMMU AND KASIHMIR (CIVIL WORKS) BUDGET FOR THE YIIAR
1958—59

The following extracts relating to civil works budget have been taken from the
Jammu and Kashmir Budget for the ycar 1958-59 1 —

Revenue (civil works)

(In lakhs of Rupees)

Heads Acutuals ll,)"c‘.’i‘%d - Budget
195657 ustimate | HEstimate
1957-58 1958-59
Pents 4.21 2.66 4,04
Ferry rceeipts 0.54 _ .
Yoad Toll 32.78 46,00 75.00
Recoveries of expenditure 0.01 — —
Transfer from Central Road Fund —_— 4.00 —
Miscellancous 4.88 0.47 0.48
Govt. of India grants for Plan
schemes — — 3.50
Deduct—refunds —-0.05 — (.04 —0.04
Total 42.37 53.09 82.98
Expenditure (civil works)
Buildings
Original works @ 17.15 24.01
Repairs 3.00 * *
Communications
Original works (Bridges) w 0.60 1.26
Repairs 10.2 x *
Miscellaneous
Original works @ 16.94 21.00
Repairs 0.04 * *
Establishment 7.66 8.54 9.22
Tools and Plants charges 3.49 _— _
Suspense . 5.58 —_ —
Works financed from
Central Road Fund — 4.00 —
Development expenditure 19.756 — —_
Total 65.85  80.23  88.49

* ’Expenditul’e on repairs for Buildings, Cominunication and I\rIiscollun;arv)u‘(;ir;i{i;':l‘:;.})() 1ukh§; for
oach of tho years 1957-58 and 195859, Break-up not availablo.

@ Expenditure on buildings, comumunications and miscellaneous in the year 1956-37 is Iis 16.13
lakhs. Break-up not available.
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Capital account of civil works outside the revenue account

(In lakhs of Rupees)

|

Heads

Communications
Buildings
Tourism

Tools and Plant
Establishment

Deduct Govt. of India share on
centrally sponsored schemes

Total

Revenue from Roads

eceipts under Motor Vehicles Act

Receipts under Motor Vehicles
Taxation Act, 1957

Motor Spirits Taxation of sales

Sales Tax on Motor vehicles

Total

Actuals ReYised ‘ Buglget
195657 Estimate Estimate
1957-58 1958-59
120.51 84.06 64.90
— 35.08 40.32
_ 9.18 7.83
_ 3.50 1.60
— 6.00 5.00
= — —5.62
120.51 137.82 114.13
1.29 1.50 - 1.50
— 2.38 5.50
8.32 9.00 12.50
— 0.25 3.00
9.61 1313 2250

A BRIEF REVIEW OF JAMMU AND KASHMIR BUDGET

THE totalrevenue receipts of Jammuand
Kashmir Government for the year
1957-58 (revised estimate) 1s Rs 825.56
lakhs and the total revenue expenditure is
Rs 753.40 lakhs, which show asurplus of
Rs 72.16 lakhs. The estimated revenue
and expenditure for the current year are
Rs 1046.90 lakhs and Rs 760.41 lakhs
respectively, indicating a surplus of
Rs 286.49 lakhs.

Revenue expenditure on civil works
for the budget for the year under review

i.e. 1958-59 is Rs 88.49 lakhs which forms
8.5 per cent of the total revenue of the
State. The corresponding ratio for the

revised estimate for the previous year was
9.7 per cent.

The total expenditure on civil works
outside the revenue account for the year
under reyiew ie., 1958-59 is Rs 114.13
lakhs, while the expenditure on communi.

cations from the same ac i
AN count is Rs 64.90
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LIST OF APPROVED WORKS ON NATIONAL

HIGHWAYS

. Amount
Sr. No. Job No. Name of Work. (Rs in lakhs)
i o 9 3 4
) ASSAM
1. 1927 AS 37 Remetalling and surfacing certain miles of
Assam Trunk Road East-—National High-
way No. 37 in Nowgong Division. 3.95
JAMMU & KASHMIR
9 1926 JK 1-A Providing temporary lighting in the Western
tube of Jawahar Tunnel in Jammu &
Kashmir State and running of maintenance
of Power House during 1958-59, 0.41
MYSORE
3 1925 MY 4 TImprovements to sharp bends near Kolar—
Amanikere-Madras-Cannanore road Natio-
nal Highway No. 4. 1.05
ORISSA
4 1923 RS 6 Construction of a bridge over Tangna Nallah
at mile 135 of National Highway No. 6. 1.49
PUNJAB
5. 1924 PB 1 Providing Flectrical Installation in the Public
Works Department Rest Honse at Shahabad
in Karnal Distriet. 0.06

REMORSE

One day a woman reporied lo the police that her hushand has been

missing for siz-and-a-half months.
she had waited so long to report him missing.

“Well” the woman answered,
thinking he didn’t love me.
ded, thinking he had run off with another womun.

m . ,
The astonished officer asked why

“1 was too hurt the first week,
And the second week, my pride was woun-

But yesterday,

“the woman continued, miserably, ““my conscience bothered me for how

thankful 1’ve been for his absence all these months? ™
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> for comfortable riding,
long wearing roads
the answer is

CALTEX ASPHALTS

Caltex engineers have perfected asphalts, to
give stronger, antl-skid road surfaces that will
~stand up to present day traffic conditions.

CALTEX (INDIA) LIMITED
Bombay - Delhi - Calcutta - Madras »~
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o Heavy-duty, full floating
“hypoid rear axle

e Heavy-duty front

Full depth frame
of increased stock
thickness

Heavy-duty wrap- ¥,

round front springs
Five-speed gear
box

More seating
accommodation

axle with roller
thrust bearings

e More trips

&

——
— e

per galion

165 wheelbase

truck chussis for

poods transport

Contact your

nearest dealer.

PO N —— m— L Y )

Accidents can be reduced by 30% or more

with PHILIPS

PLANNED STREET LIGHTING

Experiments and statistics have proved,
time and again, that planned lighting
of roads reduces traffic accidents dras-
tically. And in the field of planned
streetlighting, Philips’ know-how and
experience are unrivalled.

With their wide range of lamps and
fittings, Philips India are equipped to

plan the lighting for various types of
roads. That’s why you will find more and
more Philips streetlighting equipmc.nt
illuminating the roads of modern India.

Why not ask the Philips Lightthg
Service Bureau for advice on all street-
lighting problems in your town ? This
exclusive Philips advisory service is free.

PHILIPS

PHILIPS INDIA LIMITED

Calcutta . Bombay ,
Patna . Lucknow . Kanpur . Bangalore

New Delhi . Madras

Please mention this journal when replying to advertisements
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Please mention this journal when replying to advertisements.
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MICO
@

LICENCE BOSCH

INDIA'S FIRST— .
EQUALS

WORLD'S BEST
BY EVERY TEST

¢
i

WORLD FAMOUS BOSCH (GERMAN) QUALITY
MOTOR INDUSTRIES CO., LTD.. BANGALOAS-i.

Whoa ! not that type of FILLING

... at least,not from Shalimar Tar Products ! Howev.
we 2 i . €
are experts in the production of equally as essentiarr

Joint FILLING and SEALING Compounds

SHALITEX
Eonctions, runway, WRITE FOR OUR BOOKLET SHALUET
truc s’d runways, where jointing mate.
o kinds, fiay on-affected by
. uel spill
. Jet e‘xpha:gsisfr::
required,

SHALIMAR TAR C
PRODUCTS (1935) LIMITED

CALCUTTA & DELHI & BOMBAY ® LUCKNO
. ICKNOW
Agents : The Bombay Company Private Ltd., Madras-§ « R. C, Abroi & C:.. ("f‘:::l)“mmu
-« Naw Dalhl-1

journal when replying to advertisements.

Please mention this
ix

Please mention this journal when replying to advertisements
viii )
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... in the tropics, in hot & damp climates,
WILD Surveying Instruments are cons-
tantly being used for the development
of primitive areas... Subsidiary triangula-
tion with WILD T 2 Universal Theodolite
and Invar Subtense bar...

Pic. on the left illustrates NK2 Engineer’s
Level with horizontal circle ideal for
Surveying road, bridge-tunnel building &
hydraulic construction.

WILD

HEERBRUGG

’India: VULCAN TRADING CO., (P) LTD.,
38-C, MOUNT ROAD, MADRAS-6.

Please mention this journal when replying to advertisements.
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A limited number of copies of the following publications of the Indian Roads
Congress are available for sale :

25. Volume XVI—Part 3—April 1952
26, Volume XVI—Part 4—October 1952
27. Volume XVI—Bound—1951-52 .
98. Volume XVII-Part 1—December 1952 . -
29. Volume XVII—Part 2—January 1953
30. Volume XVII—Part 3—January 1953
3). Volume XVII—Part 4—December 1953
32, . Volume XVII—Bound-—1952-53
33. Volume XVIII—~Part 3—January 1954
3¢, Volume XVIII—~Part 4—~March 1955
85. Volume XVIII-Bound—1953-54 . .
86. Volume XIX--Part 2--May 1055 )
37. Volume XIX--Part 4~Sept. 1955 ,
38, Volume XIX-—Bound-1954-55
89. Volume XX-—Part 1—October 1955
40. Volume XX —Part 2—November 1955
- 41." Volume XX~ Part 8-~December 1955
42, Volume XX~—Part ¢~January 1957
43. Volume XXI—Part 1—February 1967
44, Volume XXI—Part 2—March 1957
46, Volume XXI—Part 3—April 1967
46, Volume XXI-—Part 4—December 1957
41, Volume XXII—Part 1--January 1958
48. Volume XXII-Part 2—January 1058
49, Volume XXII~—Part S—January 1958
50. Road Research Bulletin No,
61. Road Research Bulletin No, 2
62. Proceedings of the Chief Engineers’ Conference at Nngpur on the Pont-wur Road
Development in India
53. Paper No. 187~—Design of Small Bridges and Culveris by Goverdhanlal .
54, Dimensions and Wefg‘;xts of Road-Design Vehicles ..,
‘86, Recommended Practico for the Loeation and Layout of Roadside Motor Fuel
Filling Btations
56. Type Designs for Furlong and Boundary Stones
. 57. Route Marker Signs for National Highways
58. Type Designs for Highway Mileatones
50, Standard Specifications and Oodo of Praotice tor Road Brxdgen-Seotxon I-—General
. Features of Design e 013 0 J

‘Copies can be had from the Secretary, IND] AN ROADS CONGRESS.
o : JAMNAGAR HOUSE, SHAHJAHAN. ROAD
- NEW DELHI-2. .

: Pﬁmodby K. 8 Krishnnn at the Progreuwe Printers, 17, Coral Merohant Streat, Maduﬁl &

. D'Costa, Hony. Sseretary, Indian Roads Congress, -Tomn*i"
Naw mlhs-s-m y. Sdorosary e

. Price
Public . - .clusive of postage, eto.
Rs. a. P,

1, Volume IX-Part 4—Ootober 1945 3
2, Volume [X-—Bound~19456 10
3. Volume  X-—FPart 4—August 1946 3
4, Volume XI~Part 4—May 1947 3
5. Volume XII—Part2—January 1948 3
8. Volume XII—Part3—April 1948 . 3
7. Volume XII—Part4—March 1948 3
8. Volume XII~Part 5—September 1948 3
9. Volume XII—Bound—1947-48 . 12
10. Volume XIII--Part 1—December 1848 e’ 3
11. Volume XIII-Part2~January 1949 © e 3
12. Volume XIII—Part 3—January 1949 v 3
i3, Volume XIII—Bound—1948—49 . 11
14. Volume XIV—Part 1-8eptember 1940 3
16. Volume XIV-—-Part 2—December 1949 3
16. Volume XIV—Part 3—Decembar 1949 3
17. Volume XIV—Part 4—July 1950 3
18, Volume XIV—Bound-—1949-50 . 8
19. Volume XV—Part1—August 1850 - - 3
20. Volume XV—Part2—~November 1950 . . - 3
21, Volume XV—Parbt3—January 1951 3
22, Volume XV—Part4—August 1951 3
23. Volume XV—Bound-1950-51 9
24, Volume XVI—Part 2—March 1952 . 3
3

3

8

3

3

3

3

9

3
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