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BUILDING AND MAINTAINING ROADS

w CATERPILLAR'

Diesel Moter. Graders

[

.
There are thousands- of miles of un-
paved roads in India, the maintenance
of which constitutes a majorjjproblem
to Government and Municipal bodies.
Construction; too,~is a part of this

problem. Widening, realignment, grade.
improvement and resurfacing must be

carried out if roads are to keep pace
with changing needs.
* CATERPILLAR ™

Diesel Motor

Caterpillar

MODEL NO. 12} NO. M2 |
75 H.P,
7773 |\ S e
AT W Wy

edie

Caterpillar

RECISTEALD TRADEMARR

DIESEL

ENGINES - TRACTORS
MOTOR GRADERS
EARTHMOYING EQUIPMENT

“Caterpillar”

Distributors in

Giaders are becoming  increasingly
recogmised in India for road building,
ditching, bunding and other construc-
tion wark. They are built not only to
perforfit a wide variety of work but
to.-¢ontinue to do that work over

+‘extended periods.

“ CATERPILLAR " Motor Graders
do better work, in less time, at a sub-
stantial saving in cost.

india

CALCUTTA BOMBAY | NEW DELH!
TRACTORS (INDIA) LARSEN & TOUBRO WILLCOX (BUCKWELL-
LIMITED LIMITED INDIA) LIMITED.
P, O. BOX 323 P. O. BOX 278 P. O. BOX 289

Sales and Service

Please mention this journal when replying to advertisements.



COMPRESSED Al

STATIONARY
COMPRESSORS
Two Stuge. Displace-
ments from 80 c. ft./
min. to 638 c. ft./min.

PORTABLE
COMPRESSORS
Two Stage. Displace-
ments from 130 c.ft./
min. to 360 ¢. ft./min.

ROTOMOTORS
Vane type air-~
motors from 14
b.h.p.

AIRWINCHES
Lifting capacities from
1400 Ibs. at 100 f./
min. lo 3000 Ibs. at
100 ft. /min,

+ SCRAPEHAULERS
Sl:ieyciaUy designed for
scraper loading. Rope
culls  from 2200 to
£600 Ibs. [

' HANDRH_..S

R EQUIPMENT

ROAD RIPPERS
Weights from 43
lbs. to 75 1bs.

PICKS & SPADERS
Weights irom 20
Ibs. to 26} lbs.

~ HAMMERS
Weights from 7}
lbs. to 13] Ibs.

ROTODRILLS
Hand and screw-
feed. Capacities
to 3 ins.

ROTOGRINDS
Radial and sur-
face types.Taking
2" to 6” wheels.

. RAMMERS
Weights from 9

.- 1bs. 10 40 Ibs.

" CONCRETE

. COMPACTORS
A new machine for
Concrete  Compac-
tion,

sludge.
g.p.m. with )
head to 140 . -qy
with 10 ft. head.

e

The machines and tools illusktated e but a fow"c‘;.'f the produots

manufactured by Holmans, Thete ate also Drifters ;
Airlegu. Holbits and tungsten carbide sipped Drill nod..’Slukera, piopers,
world famous, - o : :

all of which are
SOLE AGENT IN INDIA | i

KILLICK NIXON & €O LTp; Yo o5~ TS,

BOMBAY, BEST & CO. LTD,

MADRAS.

N - —
Pleaso montion thig Journal when roplying

to advortisements.
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ARMSTRONG SMITH LIMITED

Specialists in

Construction Plant & Equipment, Workshop Machinery,
Complete Garage Equipment, Portable Electric

GEORGE FOWELL (SALES) LTD.

Tools, Machine Tools, etc.

ARMSTRONG WHITWORTH

(METAL INDUSTRIES) LTD.

WACKER -
B. O. MORRIS LTD. -
C. & E. FEIN, GERMANY -
S. N. BRIDGES & CO. LTD. -

WELDING SUPPLIES LTD. -

P. O. Box 787,
CALCUTTA.

“G. F.” Road Rollers, *“Baromix” Concrete
Mixers, ““ G. F.” Light Dumpers, * Zephyr”
Portable Conveyors.

KUE-KEN jaw and Gyratory Crushers.

Gasoline/Electric High Frequency Internal &
External Vibrators, Vibratory Tampers, etc.

Morrisflex Flexible Shaft Machines, Rex
Rotary Cutters, Files, Wire Brushes, etc.

Pneumatic Hammers, Stone (Rock Drilling
Machines), Pipe Cutting Saws, Single and
Multispeed Portable Electric Drills, Grinders,
etc.

Pipe Dies, Wood Working Machinery, etc,

*OK’ Welding Plants, Generators, Trans-
formers, Welding Electrodes, Magnetic Crack
Detectors, Gas Cutting Machines. '

SALES & SERVICE

ARMSTRONG SMITH LTD.

Gresham Assurance House,
Sir Phirozshah Mehta Road, Fort,
Post Box No. 185,
BOMBAY 1

P. O. Box 79,
MADRAS.

Please mention this journal when replying to advertisemente.
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GANNON, DUNKERLEY & CO., (MADRAS) LTD.
CIVIL, SANITARY & CONSTRUCTIONAL ENGINEERS

B

Specialists in Design and Construction of R. C. C.
Structures, Bridges, Buildings, Water Supply and

Drainage Schemes, Sanitary Installations etc. . .

Sole Licensee in South India for the
Italian ‘R’ System of Prestressed Concrete.

i
Registered Office: 14, BOAG ROAD, MADRAS-17.

Telephone: 88316 & 88549. Telegrams: “ VITOPUS", Madras.

FOR
ROAD SURFACE TREATMENTS
CONSULT US
FOR

‘COLFIX”

The Premier Emulsion used in this Country
and

‘HOTFIX”

Bitumen - all grades

Messrs. McLEOD & CO. LTD.,

3, NETAJI SUBHAS ROAD
CALCUTTA.

Please mention thia journal when replying to advertisements,
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tor BIG results on BIG projects
speciry INTERNATIONAL

| CRAWI.ER TRACTORS

Make ‘INTERNATIONAL' vyour choice for BIG pro-
jects because INTERNATIONAL Crawler Tractors offer
highest efficiency combined with greatest eco-
nomy in fuel consumption and maintenance,

Consider these outstanding features :

owmm—iVEREST

Unequalled lugging ability . . . greater extra
power under overloads.

No starting difficulties due to all-weather quick
start system.

Perfect balance for matched bulldozer equip-
ment and for pull type agricultural or earth-
moving equipment.

No lifting in front or rear, tracks maintain
full-length surface contact with ground.
Tracks are designed for positive traction by
advance designing of grousers; no slippage
can occur.

Positive steering, independent steering clutches
and brakes. This enables gradual as well as
pivot turns to be made with minimum exertion.
Positive over-centre type main clutch.
Economy in fuel consumption.

A complete range of crawler tractors and full
range of matched equipment to suit your
specific needs.

details today .»

NEW DELHI , COCHIN

77777777 ////////////////,

\

\\\\\

MMIMHTHITTIITIS

D IR

i

Service and spare parts facilities are
available in many important centres
in India. 20,000 different items of
spare parts are always in stock.,

INTERNATIONAL HARVESTER

EXPORT COMPANY, CHICAGO 1, U.S.A.
wiefor compieie YOLKART BROTHERS

BOMBAY , CALCUTTA , MADRAS

{ VOLKART

SECUNDERABAD , AMRAVATI , AHMEDABAD , LUCKNOW

Please mention this journal when replying to advertisements,
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LASTS LONGER
AND SERVES
BETTER

THE SHALIMAR TAR SPRAYER
This light, hand operated
Sprayer has been speciall

designed for Road wor
under Indian conditions.

it is very efficient, easy to
operate and maintain and s
sturdily built for long service.

| PRODUCTS
/Ry uses .

6, Lyons Range, Caicutea.
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SHAL!MR PAINT, COLOUR & VARNISH COMPANY, LIMITED
CALCUTTA ® BOMBAY ® MADRAS o NEWDELHI @ KANPUR
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BSY-750

e

Here's a familiar sight—this gentleman I pouring
Bitumen on to a road surface to bind and strengthen
it. It is no exaggeration to say that the economy of

| == thecountry asa whole depend .
TH'CK STUFF' =% ¢ depends upon good roads

When Bitumen is used in their construction they can
BITUMEN ! withstand present day traffic and monsoon rains,

]

LR B Y

For irrigation schemes (oo, Bitumen is important as it s used for
canal linings to prevent seepage and corrosion. It ig alko u;cd
build airfield runways, 10 insulate clectrical cables, for dam y
courses and for refrigeration purposes, , et

oo eose
So, next time you are driving along a well-kept road, trying to

overtake a heavily-laden lorry or a train of bullock carts, console
,

d surface that's taking
think of Burmah-Shell,

yourself with the thought that it is really the roa
most of the strain, Think of Bitumen, and

BURMAH-SHELL..IN INDIAS UIFE AND PART OF i1

Pleaso mentjon this journal when replying to advertisememg
.. M
Yy
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g w 9 AFTER partition of India, Pakistan had road transport and to provide technical
D Thman | O a road milage of 0.23 per square mile advice. The inaugural meeting of the
of its area. Nearly 88 per cent of its Congress, which is now known as Pakistan
Q roads were earth roads, Road Engineers’ Association, was held in
3 - o April 1950. The Association was to have
: Transport Advisory Council a governing body of 20, consisting mainly
3 a ) ] . of government officials nominated to
3 A Transport Advisory Council was set represent various Provinces, States, eto.,
§ O 3 up by Government, as recommended by & in addition to five elected members who
2 : - road conference held in 1949. The Tran- peed not necessarily be officials, and twa
3 " sport Advisory Council met for the first non.officials.
¢ E time in November 1950 and made the
¥ following recommendations: Road Development Plans of the

(1) The Provinces should prepare Provinces

six-year programme for the construction
and improvement of roads and bridges
and the Consulting Engineer (Roads) to
the Government of Pakistan should
examine these programmes.

1

In pursnance of the recommendation of
the Transport Advisory Council, the State
Governments had prepared six-year
development plans, details of which are
indicated in the Table below :

(2) The Centre should give such finan-
cial assistance, not less than 50 per cent Length of proposed roads |
of the estimated cost of the six-year pro- (miles) Cost i
Province or 8L 10
gramme, a8 they deem proper, after Stuto million
consultation with the Provinces, New . rupees
construc~ IT}S&‘;G Total
(3) As a general policy, the whole of tion
customs and eXcise duty on petrol, import
duty on motor vehicles, spare parts, tyres, Punjab 4,312 1,362 | 5,674 | 232.645
tubes, eto., and the revenue derived from
motor vehicle tazes, driving licences, >™¢ 1,068 828 | 1,896 | 149.064
permit fees, ete., should be earmarked for East Bengall 4,460 | 1,868 | 6,328 | 445.000
expenditure on roads. )
\ az: Baluchistan 931 750 1,681 | 17.300
. (4) Funds received by the Provinces ; .
{e' E from the Centre as contribution should be > W-¥-F: 134 663 799 | 15514
’:'.2, ax spent on roads in consultation with the Bahawalpur| 376 162 578 | 18.520
i< E, Central Government. ) 5
N Khairpur 108 195 303 2.600
L
E Road Engineers’ Association Karachi 26 217 248 | 33.273
3 The road conference (of 1949) also
recommended the setting up of a'Roa.ds Total ... 11,415 6,047 | 17,462 | 013.016
Congress to help evolve a sound policy for
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East Bengal

East Pakistan is backward in roads
and 1its principal mode of communi-
cation is river transport. The milage of
paved roads is 450, which works out to
20 miles per million of population. The
existing road system is intersected by
numerous unbridged rivers. Therefore
the usefulness of these roads is, even for
local traffic, very little.

Before partition this area, agriculturally
rich, used to feed the industrial centre at
Calcutta.

The aim now is to make this region self-
sufficient and this forms the basis of the
proposed road development plan.

In the plan of East Bengal, the figure
of 4,460 miles under new construction
stands for low cost feeder roads. The
figure of 1,868 miles under improvement
comprises :

(a) upgrading the surfaces
of existing trunk roads 568 miles

(b) surfacing the existing

unsurfaced roads 1,300 miles

In addition, it is proposed to develop
20,000 miles of village tracks to connect
every village with a trunk or district
road, a railway station, or a steamer
ghat.

The standards proposed for the trunk
roads in East Bengal are :

(a) Land width 100 ft
(b) Formation width 30 ft
(c) Carriageway 10 ft
(d) Design speed 50 m. p. h,
(e) Bridge loading H-20

Federal Highways Plan

In the light of proposals made by the
Provincial Governments, a plan for
Federal Highways was prepared by the
Ministry of Communications and con-
gidered at the Conference of Chief
Engineers of Provinces and States in
February 1951. The plan was examined
in the light of —

(i) available finances;

May 1954

(i) the available technical capacity
of various units to execute the
programmes; and

(1i1) incidence of expenditure on main-
tenance of new roads after
construction.

With a view to evolving a programme
which could be financed and executed in
a period of six years, the Chief Engineers
decided on a programme of constructing
2,226 miles of new roads and improving
8,266 miles of existing roads. The cost
of the whole programme was estimated at
about Rs §10 million.

The following federal highways were
proposed :

PROPOSED FEDERAL HIGHWAYS

Name of road Length on
miles

West Pakistan

Landikhana - Peshawar - Lahore-
Khanewal-Rohri-Karachi Road 1,118
Quetta-Kalat-Bela-Karachi Road 417

Peshawar - Kohat - Bannu-D. I.
Khan-Quetta Road 519

Kashmor - Dadu - Karachi Road 344

Muzaffarabad - Rawalpindi -
Khushab-Jhang - Muzaffargarh

Road 367
Multan-D. G. Khan - Loralai -

Quetta Road 354
Quetta-Quilla Sufed Road 363
Gandasinghwala-Lahore-Khushab

-Mianwali-Kohat Road 308
Gilgit-Swat-Malakand- Nowshera

Road 300

Total 4,088

East Pakistan
Jaintiapur - Sylhet - Chittagong-

Ukhia Road 340
Rangpur-Pabna-Jessore - Khulna
Road 230
Rangunathpur - Mymensingh -
Dacca-Faridpur-Jessore Road 230
Total 800

——

Grand Total 4,888

‘ s B ‘
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Standards

The Chief Engineers’ Conference ac-
cepted the following standards for federal
highways :
(i) width :

150 {t overall, with & minimum for-
mation width of 32 ft, comprising 12
ft of hard surface for single-lane traffic
and 20 ft for double-lane traffic.

(ii) Design speed :
Flat topography 50 m.p.h.
Rolling topography 40
Mountainous topography 30

(iii) Grades:

3

Ruling Maximum

per cent per cent

Flat topography 2 3
Rolling topography 2.5 4
Mountainous

topography 5 7

(iv) Traffic :
1,800 vehicles per day
(v) Minimum non-passing sight

distance :
Flat topography 500 ft
Rolling topography 360 ,,

Mountainous topography 250 ,,

May 1954

(vi) Curvature:
Desirable Minimum

radius radius
feet feet
Flat topography 1,000 800
Rolling topography 800 500
Mountainous
topography 100 50

(vii) Vertical clearance:

A minimum of 18 feet. Preferable 20
feet.

Conclusion

The completion of the six-year develop-
ment plan will multiply the high type
road milage of the country by about five
times. Almost all main cities and agri-
cultural markets will be connected by
roads. The collecting, assembling and
gainful disposal of agricultural produce
would be made possible. Another advan-
tage would be the possibility of prompt
transport of people and commodities
during unforeseen national emergencies.

(Compiled from * Road International
Spring 1953 and International Road
Federation Bulletins).

DEFINITIONS OF HIGHWAY ENGINEERING TERMS

REDUCED LEVEL.

The level of a point or mark as

computed with reference to a prescri-
bed datum.

ROAD SURFACE LEVEL. The surface level of the centre of the
normal carriageway in oross section.
(In a super-slevated section with extra
widening, the road surface level
is the level at thé centre line of the
carriageway without taking into
aocoount the extra width).
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NATIONAL HIGHWAY No. 34 IN MALDA & WEST
DINAJPUR DISTRICTS, WEST BENGAL

(Contributed )

AS a result of the partition of India, the

old road and rail communications to
Malda and West Dinajpur districts from
the rest of West
Bengal south of the
Ganga were cut off,
and expeditious
arrangements had to
be made to restore
road communicat-
ions, This urgent
necessity to establish
this route will be
seen reflected in the
following  different
types of crossings
that will be met on
this road.

When the motorist
has crossed the Ganga
by a power ferry
and put his car on
the road, the first
crossing that he will

come to will be a bridge over the Pagla on
sa,lplle' trestle type piers. This was
necessitated by the fact that the final

Photo 1.

site of this bridge will depend

: pend on the
location of the Farakka ba;'a.ge.
When the Farakka barrage takes

shape, a permanent brj i
this structure. tdgo will replace

The traveller

Tutin Neiloh onw1ll next cross the

. the timber bridge
;een In photo 2. The foreground shovgvs
oundation work in progress for the
permanent R. C. bridge,

Transport-Communications Monthly Review

The last of the
series is the Boat
bridge over the Maha-
nanda near English
Bazaar.

Other major bridges sanctioned for construction on this road are over Behula

May 1954

The next crossing
is river Bhagirathi
which is now provi-
ded with the gracefnl
bridgeshown in photo
3. This crossing (and
many others on this
road) had timber
bridges of the type
seen in photo 2 before
this permanent struc-
ture was built.

Photo 4.

Kulik, Gandhar and Nagar.
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MAKING CONCRETE

(Extracted from ¢ The British Constructional Engineer,
November.— December, 19527, )

(GOOD concrete should be durable and

strong enough to carry the loads which
it is desired to apply to it; where necessary
it should wear well and be practically
impervious to water. 1t stiould be free of
such defects as shrinkage cracking, honey-
combing and spalling of the surface-
defects which, even if they muy not affect
the durability, spoil the appearance of the
concrete.

Crushing strength is generally taken as
an index of the quality of ordinary
concrete, not because high strength is
always of primary importance but because
it i3 usually an indication of other desira-
ble properties such as durability and
resistance to frost action and to wear.

Specification of the Mix

Concrete mixes are usually specified in
terms of the proportions by volume of
cement: fine aggrepates: coarse aggregate,
such as 1: 14: 3, 1: 2: 4dor1: 3: 6, ete.,
depending upon the properties required of
the concrete. A one cwt bag of cement
is taken as 1} cu. ft. This method,
although simple, does not cover one of
the most important factors, i.e., the water-
cement ratio, and also the use of such
arbitrary proportions will often not make
the best concrete with the aggregates
available.

An accurate mothod of designing
concrete mixes for both strength and
workability, taking into account the
physical characteristics of the materials
locally available, is given in Road Note
No. 4 ¢ Design of Concrete Mixes*”’,

Main Points to Watch

When the concrete maker has been told
the mix proportions to use, there are five
main points to watch to make sure that
the concrete he produces is satisfactory.

These are :

(1) Quality of the materials.
(2) Quantity of the mixing water,

(3) Careful measurement of the

cement, fine and coarse aggre-
gate.

(4) Workmanship in mixing and
placing.

(5) Curing,

The' following notes show how care and
attention to detail can control the quality
of the concrete produced.

Choice of materials

Cement.—The cements in most general
use are ordinary and rapid hardening
Portland cement. For some special pur-
poses. e. g., to provide resistance to
sulphur attack, to attain a very high early
strength or to produce a concrete with a
low heat evolution for use in large masses
special cemeonts may be necessary, ’

Other types of cement in use are Port-
land blast furnace cement, high alumina
cement and low heat Portland cement,

Aggregates.—The quality of natural
aggregates (sand, gravel and fine and
coarse crushed rock) differg widely with
the type and source of the material The
grading of an agaregate is determined by
81eving tests and the resu|ts obtained are
usz}nlly expressed as the percentage by
weight of the particles Passing various
British Standard sieves, The grading of
both the_ﬁne and the coarse a.ggregnte; i3
of great importance in producing a good
workable concrete. For example the
fine aggregate or sand should con’ta.in a
reasonably even distribution of particle
sizes from % in. British Standard Sieve
down to the No. 100 British Standard
Sieve. A sand containing mainly coarse

* Available in the Library of the Indian Roads Congress.

6
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particles gives a harsh mix which is diffi-
cult to place and compact while asgmd
containing mainly fine particles reqnires
a high water content to give workable
mixes.

When a well graded fine aggregate is
not available it may be possible to
produce & good grading by mixing an
aggregate deficient in fines with one that
is deficient in coarse material.

The shape of the particles is also
important. A well-rounded aggregate
produces a somewhat more workable mix
than does an irregular or angular shaped
material. Aggregate consisting of flz_l.t
elongated particles makes a harsh mix
which is diflienlt to compact and to bring
to & smooth finished surface.

The aggregates used should not contain
excessive quantities of organic impurities
or of silt and clay. The former can
retard the set and strength development
of concrete and the latter can result in
poor bond between the particles and in
the use of excessive quantities of mixing

water.

Mixing Water.—The water used must
be reasonably free from such harmful
materials as clay, silt, organic matter
and organic acids, alkalis and other salts.
Drinking water from the mains supply is
ssfe and convenient; where there s
doubt as to the suitability of water from
any source, tests may be made on the
setting and hardening of trial mixes of
mortar or concrete to compare with
similar mixes made with water known to
be satisfactory, e.g., drinking water.

Quantity of mixing water

One of the most common causes of poor
quality concrete is the use of too much
mixing water. Enough must be added to
make the mix workable so that it can be
thoroughly compacted, but may increase
above this minimum leads to loss of
strength, lower frost resistance, poorer
wearing qualities and increased shrinkage ;
also the chance of fine material ¢ blee-
ding '’ through joints in the form-work,
leaving porous honey-combed patches of
concrete, is increased.

May 1954

weight of water in a mix

The ratio - :
weight of cement in a mix

is called the water.cement ratio. For
example a concrete mix containing two
bags (224 1b.) of cementand a total water
content of 134 gallons (135 1b.) has a water
cement ratio of {32 i.e., 0.60.

Experiments have shown that, other
things being constant and so long as
complete compaction is obtained, the
strength of the concrete falls as the water-
cement ratio is increased ; that is, as the
mix is made water. Figure 1 shows the
effect of the water-cement ratio on the
crushing strength of a concrete mix
consisting of 1 part of cement, 2 parts of
sand, 4 parts of gravel at an age of 28
days.

i

&

"

g rooe

: Mixas

g o vl:‘n::g:‘{

EKA"M' = ~,

3 / MINES SUITABLE FOR

- ’ \\ WAND COMPACTION. ]

o '] ‘I h

-

« /

4 {

g‘ow / \\

g 3000 / )

LA 4T 0-40 0.90 ot o
WATER- CEMENT RATIO BY WEIGKT -

Fig. 1.

With a water-cement ratio of 0°70 and
uncrushed gravel the 1: 2: 4 mix is very
sloppy and easy to work but the resul-
ting concrete is weak. As the water-cement
ratio is reduced, more work is necessary
to compact the concrete fully, but, with
complete  compaction, its  strength
increases steadily. When the water-
cement ratio is reduced to 0.50 hand
compaction of this mix becomes difficult
and if lower water-cement ratios are used
a rapid drop in strength results because

“full compaction is not obtained. With

water-cement ratios lower than 0.50 full
compaction can be obtained if mechanical
vibrators are used and then a further
increase in strength is obtained as shown
by the broken line in Figure 1. However
if the water-cement ratio is further
reduced it is found that below 0.40 the
concrete cannot be fully compaoted - even
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by vibrators and again there is the rapid
falling off in strength. When high
strength concrete is required, necessita-
ting the use of low water-cement ratios,
mixes richer in cement should be used,
these being more workable than leaner
mixes having the same water-cement
ratio. Thus the curve in Figure 1 shows that
it is difficult to place and compact 1:2:4
mix by hand below a water-cement ratio
of 050; a 1:1%:3 mix with the same
water-cement ratio is very casy to
compact by hand.

Similar strength and water-coment
ratio curves are obtained if crushed rock
aggregates are used, but the water-cement
ratios for a given workability will be
generally somewhat higher than those
shown in Figure 1 for the sand and gravel
concrete because of the more angular
shape of the particles of aggregate.

Although the use of low water-cement
ratios is recommended it is equally
important that full compaction should be
obtained. Compaction should not be
sacrificed in order to use a very low
water-cement ratio. It can be taken as a
working rule that the best concrete is
made from the driest mix that can be
fully compacted with the means
available on the job.

Measuring the cement, the aggregates
and the water

Once the proportions of cement and
fine and coarse aggregates in a mix have
been specified, either by weight or by
volume, the actual quantities of these
materials required for each mix can
be determined and it is very important
that these quantities should be adhered
to as closely as possible. This is not
quite so simple as it may at first sight
appear and many concrete producers,
who in good faith believe that they are
making concrete of the specified propor-
tions, would no doubt be surprised at the
variations existing in their proportions
from mix to mix. Tests carried out by
the Building Research Station (U. K.) on
a typical site where the materials were
measured by volume showed that the
combined mix proportions varied between
1:4.1 and 1: 5.1 by weight while the
sand content varied between 53 per cent

/

.« May 1954

and 72 per cent by weight of the total
aggregate ; the specified mix was al:4
with 50 per cent sand.

The quantities of the materials for each
mix can be measured either by volume or
by weight. It is far more accurate to
weigh all the materials and this need
take no longer than measuring them by
volume.

Much volume batching is done in a
very rough and slipshod manner without
even using gauge boxes. The method of
measuring the cement by volume and the
aggregates by the shovelful is very bad
practice. The density of loose cement
varies considerably and thus the weight
of a bucketful of cement will vary even
supposing that it is filled to exactly the
same level each time. Measuring the fine
and the coarse aggregate by the shovelful
leads to considerable variation in the mix
proportions, a shovelful of sand and a
shovelful of gravel do not contain the
same quantity of material and it is very
unlikely that the operatives will always
count each shovelful going into each
mix.

Good volume batching can be achieved
by using properly made gauge boxes for
the fine and coarse aggregate, by adding
whole bags of cement and careful control
of the amountof water added. The gange
boxes should have as small a cross.
sectional area gs is practicable and shoitld
be screeded off level, 80 that errors due to
uneven filling are as small as possible,
The size of a single mix should be 8o
arranged that a fixed number of whole
bags of cement are used and the use of &
half or any other fraction of a bag should
not be allowed unless this fraction is
weighed out, as may conveniently be
done by using u spring balance or a
steelyard. When volume batching is
used it is essential that allowance be
made for the ‘bulking” of the fine
aggregate or sand.

The most satisfactory method of
producmg uniformly  good quality
concrete is by weigh-batching all the
materials, This method is becoming the
rule on large civil engineering projects
such as the construction of aerodromes,

(Continued on page 26)
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GERMAN MOTORWAYS AFTER 15 YEARS' SERVICE

(Extracted from ¢ Highways And Bridges,” January 6th, ’54)

THE behaviour of the motor rotlds

(Autobhan) has shown that the bearing
value of base and subgrade must still
be improved. We were formerly of the
opinion that granular material was a safe
foundation and this is true for static
loads. The danger of heavy lorry traffic
is in the vibrations, however, which
affect granular material more ser‘iously
than load or clay. We have experlgnced
serious damage caused by vibration in the
case of sand layers provided on top of
loam or clay soils as & protection against
the rising of capillary water by frost
action. We have not observed the fa.mou}si
<« pumping ’’ which has given so muc
trgublgtogconcrete roads in the U.S.A.
The layer of granular material on top of
loamy soils acts as aneffective protection.
But we have observed that under heavy
traffic conditions vertical movements of
the slab ends develop. If the base
magterial or the subsoil is stressed beyond
its elastic reaction, permanent settlemgnt
develops leading to differences in elevation
at the joints of up to 2 in.

The movements of slab ends under
heavy traffic are already visible during
the elastic settlement process. The
differences in elevation at the joints
lessens the driving qualities of & concrete
road. This is a serious problem and repair
is expensive.

Three factors are responsible for this
trouble: first, the granular material has
not been sufficiently compacted, secondly,
the joints are not dowelled, thirdly the
joints were not kept tight during and
after the war.

Use of Vibrators

During the construction of the motor
roads, compaction by vibration has not
always been used. We believe that the
dynamic effect of traffic loads is best
counteracted by vibrators.

The latest development is a machine
designed by Professor Lorenz. The new
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feature of this machine is the regulation
of frequency in accordance with type and
the reaction of the soil. We are still
trying to improve the output of our
vibrators which is still too small for large
jobs. By using vibrators the granular
material of the base can be compacted to
resist later settlement by the vibration of
traffic.

Behaviour of Dowels

The second measure for preventing
uneven joints is the installation of dowels.
This had to be given up during the
construction of the motor roads because
of the shortage of steel.

The inspection of dowels after 15 years
of service has led to improvements in
design. Sinco thereis no guarantee that
joints can be kept watertight, dowels
must be protected against corrosion. The
painted part of the dowel should extend
across the opening of the joint. The
present dowels are steel bars of 16 mm.
or § in. diameter, which is less than the
minimum of 18 mm. or § in. provided in
our specifications. In future designs the
diameter of the dowels will be increased
from 18-22 mm. (2 to % in.) to 26 mm. or
1 in.

Slab Lifting

The third measure to avoid unevenness
at joints is better maintenance. We know
that joints have not been re-sealed
regularly, so that surface water has found
its way into the granular layer, draining
out some of the finer particles. After
lifting sunken slabs of 12 by 30 ft, holes
of several cubic yards have been found.
Assuming a uniform distribution of the
washed-out material, this would mean
& uniform settlement of about 6 in.

If steps develop at joints, repair work
should' be started as soon as possible,
otherwise the steps will grow at an
increasing speed.  Several methods have
been developed to lift sunken slabs,
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The oldest method of lifting slabs, using
steel beams and spindles, has been
abandoned, the transport of the steel
beams by workmen being too costly. The
method has been replaced by spindles
which lift the slab from below., This
method demands a concrete support at
the foot of the spindle. Awnother method is
used in Hessen. Holes of 1} in. are drilled.
Compressed air at a pressure of six atmos-
pheres (85 1b. per sq.in.) is employed' to
litt the slabs. In Wurttemberg the lifting
is effected by o1l pressure.  As under-fill
material, dry sand 1-3 mm. 1,/32-§ in. is
used, pressed in  at six atmospheres.
Grouting is not used because of dangerous
softening of the subsoil.

Spacing of joints

The distance between expansion joints
varies between 33 and 50 ft. There are test
sections with larger slabs.

Cracking governs the length of slab.
Cracks and joints are weak spots which
cause discomfort to the driver. The ideal
concrete road would have no joints at all.
This i3 why test sections of 500 ft length
or more without expansion joints have
been made. We have studied the results
of test roads with continuous reinforce-
ment and no expansion joints in Illinois
(maximum length 4,300 ft), New Jersey
(5,500 ft) and California (5,300 ft) and
have learnt their advantages and
disadvantages. Three test sections have
been constructed in 1952 on the motor
road near Viernheim, of 1,390 ft. Rein-
forcement consists of steel mats.

The weight is different for each section :

2.43 1b. per sq. ft.
3.06 1b. per sq. ft.
3.75 1b. per sq. ft.

The slabs have shown many hair cracks
which was not expected. Some of the cracks
stay open. Maintenance work is necessary
to fill the cracks with sealing compounds.
The Chief Highway Engineer, Dr. Kunde
said about this test : ‘‘ The construction
of slabs of more than 330 ft. in length
has not proved & success. Test sections
of this length with reinforcement up to
2.8 Ib. per sq. ft. have shown a large
number of cracks developing before the
opening of traffic.”
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¢Considering the last 15 years of
service and the effect of heavy lorry
traffic, we should replace the original
spacing of joints of 33, 50 and 66 it by
170 to 200 ft, provided the soil is well
compacted. The slab should be sub-
divided by two dummy joints. Al joints,
but specially dummy joints and longitu-
dinal joints should be sawn after the
concrete hardened, to guarantee a straight
edge, a constant width and a greater
strength of concrete along the edges of the
joint.”

Causes of Cracking

Test Sections were built near Stuttgart
in 1935, including slabs of 6, 7, 8 and 10
in. laid immediately on loamy soil, on a2-
in. sand layer and on a 6-in. sand layer.
A few slabs were supported by concrete
ties under the joints (sleeper joints). No
dowels were used. Compressive strength
after 28 days varicd between 5,500 and
7,700 1b. per sq. in. Core strength varied
between 6,100 and 9,600 Ib. per sq. in.
Cracks wero registered in 1939, 1940 and
1951 and classified into three groups :

Less than 0.004 in,
0.004 to 0.02 in.
Greater than 0.02 in.

A very careful study of the cracks
showed that the 10 in. and 6 in. slabs had
fewer cracks than the others. The good
behaviourof thin slabs is attributed to the
smaller temperature stresses. We have
another section of 6 in. concrete slabs on
the motor road between Frankfurt and
Darmstadt near Langen built in 1935.
This section does not +how any difference
in behaviour from the neighbouring 9 in.
sections,

An extensive investigation on the causes
of cracking was completed by Professor
Dittrich in 1950. His survey covers 1,855
miles of motor roads in the eastern zone of
Germany, and the inquiry lasted two
years. The State Highway Administra-
tions helped by lending technical
personnel. A report was published in
1953. The survey includes the following
technical data for each section of the
motor roads: grading, curves, bridges,
junctions, agricultural soil use, geological
data, contractors, cement works, years of
constructions, number of slabs in cuts
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and fills, number of broken slabs in each
of the four lanes, number of cracks per
slab in each of four lanes. Dittrich
meantions five factors which J.nﬂuer}ce
the frequency of cracking: soil, rein-
forcement, type of cement, stress and
length of slabs. He omits to mention
one factor : traffic. If the east-west motor-
road has the highest percentage of cracks
and has been used by the highest number
of heavy lorries, then the primary factor
causing cracks might be traffic.

Test Sections of Prestressed Slabs

After much discussion, a test road using
prestressed concrete slabs has  been
built near Mergelstetten. Two different
systems are nsed. In each case, a section
has a length of 400 ft; but they are 256
and 28 ft wide respectively. _One has a
thickness of 6 in., the other 6 in. extepd-
ing to 8 in. at both ends. In one section
prestressing is applied diagonally, in the
other the steel net is rectqngu]ar, Stress
is applied in both directions. The con-
struction of the test sections was finished
in September last.

Expert opinion on the behaviour of
cement in the motor roads is divided.
Both schools of thought agree that the
coment has done its duty and th_a,p, in
spite of criticism from overseas visitors,
no change in the qualities requu'ed_ is
called for. However, one group claims
that the tendency of concrete sla.bs‘ to
crack can be related to the chemical
composition of the cements and‘ th9 fine-
ness of grinding. Professor Dittrich has
expressed this relation in a formula. The
results of Professor Graf’s survey do not
fit in with this formula. He states that
all the cements selected for the motor
roads have proved satisfactory including
the blast furnace cement and slag cement.
He agrees that cements with high percen-
tages of alumina and magnesia should be
handled with care.

Surface Qualities and Effect of Salt

In general the surface qualities of our
concrete roads have been satisfactory.
The surface still guarantees sufficient
friction and we do not complain of too
smooth concrete roads as some of the
Swiss highway engineers do.
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The light colour is an advantage at
night. In our climate of more clouded
skies than sunshine, glare from sunlight
is less troublesome than in the U.S.A. To
vary the colour in cases where both lanes
and bankettes are concrete, we shall
darken the concrete by the addition of
iron oxide,

A close check-up of the concrete surface
shows that the original texture is still
preserved. But in some places we have
deterioration of the surface as the result
of using salt in winter to combat ice and
snow. If the motor roads are to be kept
open, the use of salt is difficult to give up
but, under certain conditions, the salt will
break open the thin cement layer and
frost will loosen the aggregates in the
concrete. Tests have been carried out to
determine the damage caused by different
types of salts, to determine the resistance
of protective covers and the effect of air-
entraining agents.

The most common salts are CaCl and
NaCl. To be effective against ice they
have to be used in quantities of from 0.07
to 0.121b. per sq. yd. The destructive
effect can be shown in laboratory tests.
It depends on the concentration and the
quality of the concrete. Tests have been
carried out on the protection of the road
surface by an oil-petrol mixture with a
penetration of 0.05 gal.. per cu. yd., but
results are not promising.

Air-entraining

In the new edition of our specifications
for the construction of concrete roads we
have recommended the addition of air-
entraining agents in a quantity sufficient
to produce a total pore volume of from
three to four per cent. With higher
quantity, there is an undesirable loss of
strength.

Professor Walz has investigated the loss
of strength in the type of concrete we use.
On two sections of roads near Hanover
and Mannheim air-entrained concrete has
been used. Observations have led to the
conclusion that under our climatic condi-
tions, the use of air-entraining agents
would be a protection against the damage
from salt and frost.

11
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Another advantage of air-entraining
agents is the greater workability.

There is another problem. What is to
be done to a damaged concrete surface?
As an emergency measure, highway
departments have applied a bituminous
mixture on top of the deteriorated area.
Lately we have tried to repair smaller
areas by the use of gunite, which allows
the production of layers of different thick-
nesses down to zero. There is an im-
provement it is claimed, if polyviny
lacetate, an artificial resin, is added to
the water. This is sold under the trade
name of *“ Conerete Emulsion.’” ¢ Concrete
Emulsion” is added to the water in the
proportion of 1: 1, the dry mix of cement
and sand being 1: 2 or 1: 3 by volume.

Latest Construction Methods

During the construction of the motor
roads up to 1942, some 600 miles were
completed each year. Some 1,400 miles
of motor roads are still needed to complete
the network. From January 1950 to
March 1953 the total length of motor
roads increased by 59 miles. By the end
of 1953 a further 10 miles will be com-
pleted.

One of the latest sections of concrete
pavement built this year is a length of
about three miles on the Munich-Regens-
burg motor road. Design and construc-
tion depart in several ways from the
standards of 1940. The quantity of cement
per cubic metre of hardened concrete is
still the same: 540 1b. per cu. yd. The
aggregates used are gravel and sand used
in the following four gradings:

0- 3 mm. (0-} in.)
3~ 7 mm. (}-} in.)
7-15 mm. (}-} in.)
15-50 mm. (-2 in,)

The concrete is introduced in two
layers. In the upper layer, gravel is
replaced by crushed diorite of the grading
1 to 2 in. The water-cement ratio is 0.45.
To keep the water-cement ratio low, an
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air-entraining agent, in this case ‘¢ Plasti-
ment ”’ is added in the proportion of one
per cent of the cement weight. To darken
the concrete black oxide of iron has been
added in the proportion of two per cent
of the cement weight.

The lower layer of concrete is 7 in.
thick, the upper layer 2 in. Steel mats
of 3.6 1b. per 8q. yd. are laid between the
two layers. The concrete mixer (of 2 cu.
yd. capacity) and the distributor travel
on rails. A new feature of this job is the
use of poker vibrators (Wacker) for the
lower layer of concrete. A set of seven
units has been installed in a frame
travelling on the rails of the mixer. They
compact a width of 12 ft 4 in. The
diameter of one poker is 3 in., the length
11 in. The pokers produce 9,000 r. p. m.,
weigh 60 1b. and have a petrol consumption
of one third of a gallon per hour.

The upper layer is compacted by a
road finisher equipped with a distributing
element in the shape of a wheel, a vibra-
ting plank and a vibrating beam (A.B.G.).
The plank can be adjusted to vibrate a
frequencies of from 3,000 to 4,500 oscilla-
tions per minute. It compacts a depth
of 20 in., weighs seven tons and has an
engine of 7 h.p.

I'or compacting the concrete of the
bankettes built ahead of the carriageway,
pan-vibrators are used. Expansion joints
of 20 mm. (0.79 in) are installed every
100 ft. The joints are dowelled with
round steel bars of 22 mm. (3 in.) diame-
ter. Between each two expansion joints
there are two dummy joints. All the
joints are sawn in the hardened concrete.
A 25 h.p. cutter (Butzer) is used. The
width of the dummy joints is 8 mm.;
(% in.) the depth of all cuts is 50 mm.
(21in.). The cost of cutting is 4 d. per
foot foy dqmmy joints, 2 d. per foot for
expansion joints.

The cutting method has not resulted in
serious cracking. The induced cracks,
if any, follow the direction of the insert
at the bottom of the jointa,
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EXPERIMENTAL WORK ON THE DESIGN OF
THE PROPOSED SUSPENSION BRIDGE OVER
RIVER SEVERN (U.K)

(Extracted from ¢ Highways and Bridges, March 17, 195¢°)

history of the Severn Bridge Scheme,

e factors Jeading to the choice of the
site, the problems and experimental work
in connection with the design of the
proposed suspension  structure  were
described by Mr. J. F. A, Baker at the
Institution of Highway Engineers (U.K.).

The total cost of the bridge with the
connecting roads and motorways is in the
region of £35,000,000 (Rs 46 crores}. Th_e
main span of the proposed bridge is
3 940 ft and there are two side spans each
of 1,000 ft. A clearance of 120 ft above

high water is provided for navigation.

So far as the purely technical aspects of
the project are concerned the chief
interest naturally centres on the design
problems connected with the suspension
bridge, which will be among the four
largest in the world and able to carry
loads heavier than any contemplated in
earlier examples.

In some bridges, including the one
at Tacoma, the stiffening truss was
reduced to a plate web girder, 8ft deep,
which was all that was necessary
according to the mathematical analysis.
Unfortunately, this reduction of the
stiffening truss to its simplest and most
economical form—a plate girder—-brought
into prominence a factor of the design
that had previously been unimportant—
the aero-dynamic properties of the bridge,
as distinct from its strength. While all
the designer’s attention was focussed on
gtresses and strains, this neglected f&qtqr
in design became decisive. The suscepmb}-
lity to oscillation or flutter in the wind is
not a matter of strength or even stifiness,
but of shape ; and it has been shown that
the Tacoma shape, with its vertical plate
girders and flat deck forming & chanr.lel
section, is one of the very worst for aerial
stability.
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The experimental work carried out on
this problem for the Severn Bridge design
was naturally directed to establishing a
shape that would ensure the safety of the
bridge against ‘‘ catastrophic >’ oscillations
and, if possible, immunity even from
small oscillations which, although harm-
less to the structure, may cause discom-
fort to persons on the bridge. Investiga-
tions were undertaken by the National
Physical Laboratory under the direction
of Dr. R. A. Frazer, and a long series of
tests were made, both on small sectional
models at Teddington, and on a 1/100
scale model of the proposed bridge in a
temporary wind tunnel specially built for
the purpose at Bedford. In the large
model — about 50 ft long — the actual masses
and stiffness of the bridge, as then
designed, were reproduced to scale ; on the
sectional models the true conditions of
support were reproduced by adjustable
spring-loaded mountings.

It was known at that time that ¢ wind-
spoilers*’, to prevent the formation of a
continuous air-stream, should be incorpo-
rated in the cross-section of the deck
gtructure. These could take the form of
gaps or projections which tend to break up
the air-flow into small eddies ; large plane
surfaces should be avoided as far as
possible. In the tentative design, there-
fore, framed trusses were used rather than
plate girders for the deck supporting
members and main stiffening trusses,
with handrailing (of which there are six
lines) of open construction. The roadway
deck was divided into two sections with &
10 ft wide air gap on the centre line of the
bridge and gaps were provided between
the roadways and the cycle-track/foot-
path sections. The deck level was at the
centre of the stiffening trusses and the
cables were spaced at 100 ft centres. This
was the design reproduced in the large
model.
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Further development of the design led
to the raising of the deck level to the top
of the stiffening trusses, to incorporate
top lateral bracing and the width was
reduced to 80 ft with the footpath sections
outside the main trusses. This arrange-
ment was reproduced in the sectional
model used in the final test to check the
conclusions reached on the large model.

These tests have proved that the bridge
would be stable under all conditions of
wind likely to occur at the bridge site—
including tho variations in speed, direc-
tion and angle of inclination to the
horizontal. In fact, instability could be
produced only by covering the sides of
the model with flat sheets, so representing
the effect of plate-webbed stiffening
girders.

Roadway Decks

Another feature of the bridge design
that called for investigation and experi-
ment was the design of the roadway
decks. In long suspension bridges, more
than in other types, it is necessary for
reasons of economy to keep the dead
load to & minimum, since every addition
to the suspended weight requires an
almost equal additional weight of cable
to carry it. All the American bridges
have decks consisting of a reinforced slab
resting on steel beams and covered with
a wearing surface of asphalt. This is
inevitably a heavy foim of construction,
and it was hoped to devise a lighter and
better alternative for the Severn.

One possible arrangement consisted of
a flat steel plate stiffened longitudinally
and transversely by tee sections welded
on the underside and with the minimum
practicable thickness of asphalt laid
directly on its surface.

Two main problems were involved here.
First, the thickness and strength of the
plate and its complex system of stiffening
members, and second, the permanent
adhesion of the asphalt coating and its
behaviour under wear. ‘lhe wheel loads
of the ‘“‘special vehicle’’ used in the design
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—11} tonson a 15 in. width of tread—
are exceptionally heavy and the stress
distribution in the plate and stiffeners
is indeterminate. Also the possibility
of movement and disintegration of the
asphalt on the somewhat flexible base
could not be overlooked, while corrosion
of the steel surface would almost certainly
lead to loss of adhesion and failure.

A series of tests was therefore put in
hand to check the reliability of the
tentative design. Several full-scale test
sections of the deck were made, each
about 9 ft by 6 ft, with plate thickness
varying from 3} to £ inch. One of
these was subjected to stress tests, using
a segment of the actual wheel and tyre
and a small movable slab of asphalt
carpet for applying the load, at the Buil-
ding Research Station Laboratory. Other
sections, with % in. plate, were laid on
suitable foundations at a bus-stop in the
Colnbrook By-pass road outside the Road
Research Establishment at Harmonds-
worth and coated in situ with asphalt
thicknesses of I in., 1} in. and 2 inches.
In addition, a one-third scale model of a
60 ft length of deck (one whole panel of
the bridge) was welded up and tested
in the laboratory to check the stress
distribution in the various members. On
the results of the loading tests some minor
adjustments were made in the steel scant-

lings and a % in. thickness of plate was
adopted.

The conclusions from the road tests,
which extended over about a year, may
be summarised as follows. The 1 in.
carpet showed signs of eracking and lack
of adhesion near the boundaries of the
panel. Because of this, and the probable
difficulty of laying and repairing such
a thin coat on a large scale, it  was deci-
ded to adopt a 1} in. thickness in com-
puting the dead load on the bridge. The

2 in. thickness appeared to have no
advantage.

The surfacing is divided into sections
60 ft long and 24 ft wide with a 1} in.
steel upstand at the edges.
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SOIL-CEMENT ROADS

(Extracted from a Paper to the Public Works and Municipal Services Congress.)

Introduction

HE primary aim in soil stabilisation is
so to strengthen the soil and increase
its resistance to softening by water that it
will provide an adequate rf)ad founda-
tionin place of such materials as hard
core and stone. Of the various methods of
stabilising soils, ¢ soil-cement ’ has been
found from experience to be one of the most
gatisfactory in performance in the U. K.
¢Soil-cement > may be defined as the
process in which soil is strengthened and
made resistant to the effects of water by
the use of cement as the primary a.d@itive;
gecondary additives may be used with the
cement for a number of reasons.

The object of this Paper is to give an
outline of this process and the assoc!ated
construction methods, and to describe a
few typical examples of its use in this
country.

Soil-cement _

The production of soil-cement usually
comprises the thorough mixing of about
10 per cent (on & weight basis) of Port-
land cement with the natural subsoil at
the road site, and the subsequent compac-
tion of the mixed material by relling or
other suitable methods. The compacted
material requires a few days to har-
den, after which it can be covered with
a bituminous carpet, surface-dressing
or other suitable surfacing.

Soil-cement cannot be made success-
fully from all types of soil. All types of
gravelly and sandy soils and the lighter
types of clay soil can be used, but heavy
clays and some types of highly organic
soils cannot be satisfactorily treated.
Although 10 per cent of cement is often
adopted, the limits for satisfactory treat-
ment lie between & and 15 per cent of

cement, depending on the particular soil
type. The most suitable proportion is
found by means of simple laboratory tests
to determine the strength of the material
produced when different proportions of
cement are added to the soil.

Secondary additives are sometimes
required together with cement to produce
a satisfactory result. Hydrated lime in
a proportion of about 2 per cent by
weight of the soil is of value in making
light clay soils more amenable to
mixing and in neutralising the effect
of organic matter in soils; calcium
chloride is extremely effective in
similar proportions in neutralising
the very active organic materials
which often occur in heath sand and
which have the effect of preventing
or reducing the rate of hydration of
cement alone ; bituminous emulsions
have a beneficial effect with granular
soils free from clay in providing some
flexibility to-a material which would
otherwise have the properties of a very
low-grade concrete,

In most soil-cement work in the
U. K. a layer 6 in. thick of stabilised
material has usually been laid. This can
be most easily achieved in practice by the
¢ mix-in-place’ method in which the
cement is mixed with the soil in situ by
means of rotary tillers or other suitable
equipment. Although some engineers
have successfully treated greater depths
of soil in this way, it is usually preferable,
where greater thicknesses of stabilised
goil are required, to resort to stationary
plant mix methods in which the soil and
cement are mixed in paddle mixers or
concrete mixers, the mixed material being
subsequently placed on the road forma-

tion and compacted in a number of
layers.
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In concluding this brief description of
soil-cement, it should be emphasised that
it should not be regarded as a low-grade
concrete, even though cement-stabilised
gravelly soils tend towards what is known
in concrete  technology as Jean-mix
concrete, but rather as a form ot flexible
construction behaving in a similar way to
a crushed stone or hard core base.

Construction Methods
(8) ¢ Mix-in-Place > Method

For the ¢ mix-in-place ’ method, cement
«8 usually mixed with the soil found in
sity on the site. Alternatively, suitable
80il may be imported to the site when this
is convenient, and mixed in place with
cement.

This first operation is to remove the top
soil, and shape the exposed subsoil to the
longitudinal and transverse sections
‘needed on the final base. It is important
that this operation should be performed
before cement is added, since otherwise a
reduced thickness of base may be
obtained. After shaping, the soil is
broken up and pulverised to a fine tilth.
Breaking up can often be conveniently
carried out with agricultural rigid-tine
cultivators or rippers, and with ploughs,
and pulverising is carried out with hand
or tractor-operated rotary cultivators. For
small works, the hand-operated machi-
nes used in market gardening can be used,
while for larger works rotary cultivator
attachments to ordinary agricultural
tractors have been found to be successful.
The soil is normally broken up to the
depth to which processing is to be taken,
which is usually of the order of to 6
to 8 inches.

After pulverisation, cement is spread
over the site. This is done by first placing
1-cwt. bags of cement in lines along the
site, the bags being spaced at intervals
calculated from the specified cement
content and depth of processing employed.
For example, when a cement content of
10 per cent is employed, 1 bag of cement
is needed for each 2 or 2} square yards of
surface., The bags are then split open the
paper removed, and the resulting piles of

16
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cement spread out as uniformly as
possible by hand with rakes.

The cement is then mixed with the sojl
to the full depth of processing, using the
rotary tillers previously employed for
pulverisation. Mixing is continued until
the soil-cement mixture has a uniform
texture and appearance. Water is added
from a distributor tank in increments
until the mixture is at a suitable moisture
content for compaction. Each addition

of water is mixed into the treated soil
with the rotary tillers.

Initial compaction i obtained with g
light smooth-wheeled roller or with g
pneumatic-tyred roller, and final compac-
tion is provided with g heavy (8-10 ton)
smooth-wheeled roller. When the correct;
amount of moisture is present in the soil-
cement, the material should not * push’
under the rolls.

The compacted base is ¢ cured’ in a
manner similar to that employed with
concrete, 1. e., a covering of some material
such as waterproof paper, damp hessian
straw or soil is placed on it, to prevent;
evaporation of moisture. After g curing
period of about a week, the road can be
surfaced and then opened to traffic. The
characteristics of the surfacing will depend
upon lo_ca.l practice and upon the intensity
and we}ght of traffic. For the construction
of housing estate roads in recent years
one method has been to apply a single o:-
double surface dressing of tar and chip-
pngs soon after construction of the
stabilised so0il base. This serves as g
temporary surfacing to carry lorry traffic
during the erection of the houses, When the
building is completed, the road is cleaned
kgrbs _and drainage installed and &
blj;ummous surfacing 240 3 in. thick is
laid as the final surfacing,

(b) ¢Stationary Plant-Mix’ Method.

In this method soil, either from ite
or from a nearby borrow.-pit, isthgii::g
with cement in g stationary mixing plant
transported to the road site and laid and
compacted between forms. '
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Proportioning is usually done by
weight, using the weigh-batching equip-
ment employed in concrete work. When
the soil contains a fairly large proportion
of stones and little clay, concrete mixers
of the vertical-drum type can .be used.
Pan-type mixers are more satisfactory
when the proportions of clay are high
enough to cause sticking in a drum-
type mixer. Batch type or continuous
asphalt mixers have been found to be
satisfactory for mixing cement with fine-
grained soils. Compaction, curing and
surfacing are carried out in a manner
similar to that described for the ‘mix-in-
place’ method.

In addition to the advantage of the
stationary plant-mix method for construc-
ting a thickness of soil-cement base
greater than 6 in. it is also useful for
patching and minor improvement works.
The output is usually lower, however, than
that obtainable with ths mix-in-place
method, and the unit cost of the compac-
ted base material is therefore higher.

Preliminary Examination of Soils

The objects of the preliminary exami-
nation of the soils available at a road site
are first, to determine whether any of
them is of type suitable for treatment
with cement, and secqngll_y, to deterupne
whether a secondary additive is required
and the proportions of cement and secon-

dary additive needed.

For this purpose the responsible
engineer should arrange for representative
samples weighing about 1 cwt. to be
obtained, and the necessary laboratory
tests on these samples can then be under-

taken.

i ard to the sampling, a single
saxztvﬁg :vei%l be sufficient where a small
area (e.g., a car park) and uniform 301‘1
conditions are involved: on the other
hand, for a large area..(e.g., & !musmg
estate) and variable goil conditions, a
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number of samples must be taken from
points on the centre line of the roads on
the site.

The tests will reveal the presence of
either an excess of clay or of organic
matter which would render the soil
unsuitable for treatment. If the
samples of soil are satisfactory in these
respects, tests are then made in which
cylindrical specimens of mixtures of the
soil and cement are prepared and subjec-
ted to a compression test at an age of
seven days, when they should develop a
strength of 250 1b. per sq. in. Tests are
sometimes needed on specimens made
with different proportions of cement and
with secondary additives in order to
determine the treatment which will give
material with the required strength.

Typical Applications of Soil-Cement
Construction.

Table I (page 18) gives a number of
typical instances where soil-cement base
construction  has  been successfully
employed in Great Britain. Serial Nos;
1 and 2 are typical county roads carrying
traffic of the order of 500-1000 vehicles
per day. Serial Nos. 3 and 4 are respec-
tively examples of urban road construc-
tion—of a housing estate road and a
more heavily tracked road on a poor
subsoil, and the surfacing is of unreinfor-
ced concrete. In the former case, the
stabilized soil base was given a tempo.
rary surface dressing of tar and chippings
very soon after construction. A two-
course bituminous surfacing was laid as
permanent surfacing after completion of
house building. The forest road and the
car park under Serial Nos. 6 and 6 were
only covered with a dressing of bitumin-
ous materials and chippings owing to the
infrequent nature of the traffic. Soil-
cement is said to have behaved quite
satisfactorily in other situations as well,
like in floors of reservoirs and of assembly
shipyards, cycle tracks, building blocks
for houses in the colonies, and erosion
resistant ditch linings.

11
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DATA RELATING TO TYPICAL APPLICATIONS OF SOIL-CEMENT

var;?’l Type of Road | Year Laid

1 Country Road 1944

2 Country Road 1951

3 Housing-estate 1949
road

4 Crban road 1950

5 Forest road 1949

6 Car-park 1951

!

|
1

1

|
|
i

Method of
Mixing

Mix-in place

Mix-in place

Stationary
plant mix
Mix-in place

Stationary
plant mix

Construction

6 in. Soil-cement base 43 in.
turmacadam surfacing

6 in. soil-cement base-+3 in. tar-

coated stone -1 in. bituminous
carpet.

6 in. soil-cement base 4 2% in.
bituminous carpet.

9 in. soil-cement base46 in
unreinforced concrete

6 in. soil-cement base +surface
dressing

6 in, soi! stabilised with cement
and bituminous emulsion +
surface dressing,

Two motorists met on a street too narrow Jor two cars to pass.

¢ I never back up for an idiot,”’ yelled one driver. ¢ That's all
right,” said the other shifting inlo reverse, ‘I always do,*’

18
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HERE AND THERE

1. JAPANESE TOKYO--KOBE TOLL ROAD

express highways and toll facili-
U.S. tielx)a are being studied by the
Japanese Government 1n connection W'lth
the proposals to construct the 527 kilo-
metre (328 mile) Tokyo-Kobe toll highway.

The proposed highway will run through
Japan’s most populated area, containing
some 34 per cent of the whole population,
50 per cent of Japan’s industrial produc-
tion and 53 ped cent of her motor vehicle

registrations.

It is planned that the highway will
have four lanes and that it will be free qf
cross traffic and be & limited access faci-
lity only. When completed it should be
possible to drive from Tokyo to Kobe in
five hours at an average speed of 100
kilometres per hour (62 m.p.h.) Accord-
ing to the present plan there will be some
30 interchanges between the two citles.

The cost, based on calculations made in
1951 is estimated at U. S. $ 318 million
(Rs 151 crores).

The proposed toll of 10 yen (Rs 0-2-0)
per kilometre (0.62 mile), according to
reports, will be equal to approximately
half the amount of money saved in
motor vehicle operating expenses per
kilometre.

The toll revenue is expected to pay for
the road’s administration and mainten-
ance, as well as amortization. Current
plans for financing include a series of loans
which would be made available from an
original credit as the money is needed.
Repayment of the money borrowed in
any one year would be deferred initially
for 5 years and amortized in 20 years,
with an interest charge of 5 per cent
per annum,.

————

2. NEW ZEALAND ROAD FUND

RTHER details are available regard-

v ing the National Roads Fund, the
establishment of which was reported a:t
page 29 of the February Issue of this

journal.

The Road Funds revenue will come in
the main from the petrol tax, at present
one shilling in the gallon to be increased
to one shilling and three pence (Rs 0—13:6)
without any increase to the public.
This increase is expected to yield £ 10
million (Rs 13.5 crores) annually. Higher
registration and licence fees will yield a
further (Rs 2.7 crores) £1.7 mlll‘lqn. henv;;
traffic fees will provide an addlt'mnal £13
million (Rs 2.3 crores; the milage and
tyre tax £1} million {Rs 1.7 crores) and the

t’s contribution, as already
AR be £ 1 million (Rs 1.3

crores).
Expenditure is proposed as follows :
Highways £ 10 million (Rs 13.3 crores)
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Subsidy to counties £ 1.530 million
(Rs 2.0 crores)

Subsidy to Boroughs £ 1.3 million
(Rs 1.7 crores)

Special assistance £ 200,000 (Rs 0.3
crores)

Industrial roads £ 100,000 (Rs 0.1
crores)

Miscellaneous £ 450,000 (Rs 0.6 crores)

The total expenditure, £ 14.7 million,
(Rs 18.0 crores) compares with £ 9.8
million (Rs 13 crores) in the current
year's estimates.

Existing road subsidies to Counties and
Boroughs will be abolished and subsidies
will be paid to County Councils of eight
shillings (Rs 6-5-0) from the National
Roads Fund for every £ 1 (Rs 13-3) collec-
ted as general or special roading rates,
Additional subsidies will go to Boroughs
and those with populations exceeding
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6,000 will 'get £ 1-2-0 (Rs 14-11-0) per
capita, while smaller Boroughs will get
fifteen shillings (Rs 10-0-0) per capita.

The New Zealand Government has thus
re-introduced the principle of earmarking
petrol tax and other motor taxation
revenue for roads and therefore road
petrol taxation, heavy traffic fees, registra-
tion and livence fees and the tyre and
milage tax revenue will in future be paid
direct to the Roads Fund without the need
for annual appropriation by Parliament.
No local authorities will receive less from
subsidy than was received from heavy
traffic fees and road subsidies during the
present year.

Heavy traffic fees are increased by 663
per cent. The 50 per cent exemption for
farmers trucks is to be continued and
applied to all trucks up to six tons gross
load. The exemptions now allowed are
to be reviewed to make present regulations
conform . more closely to the principle
of user payment in all cases involving use
of the roads.

The National Road Board will be the
final authority in appeals affecting road
classifications and it will also have power
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to grant special financial assistance to
local road authorities in certain cases.

The National Road Board will have a
wider organisation than the Main High-
ways Board, which it supersedes, although
the existing relationship between that
Board and the Minister of Works will be
retained. Local authorities will continue
to have full autonomy over their roads.

The Board will consist of the following
members :

Minister of Works (Chairman).

Two members appointed by Govern-
ment.

The Commissioner for .Transport.

Two representatives of the New
Zealand Counties Association.

One representative of the Municipal
Association of New Zealand.

One representative from the private
owners of motor vehicles.

One representative from owners of
commercial vehicles.

—(Exiracted from «World Highway
Report Volume V No 3/¢4) '

3. INTERNATIONAL ROAD CONGRESS COMMITTEES

HE International Association of Road
Congresses has set up the following
technical committees:

Slipperiness.—-Chairman: Mr. Bressot
(France); Members. Messrs Giles (Great
Britain), Ariano (Italy), Hscario
(Spain), Van der Burgh (Holland).

Tests of Materials.—Chairman: Mr.
Parmentier  (France); Members :
Messrs. Ariano (Italv), Glanville
(Great Britain), Hatt (Great Britain),
Mathieu (France), Van der Burgh
(Holland).

ways.—Chairman: Mr. Ariano
Rl(]{lmlys)l; Members: Messrs, Mann
(Great Britain), Van der Burgh
(Holland), De 1’ Hortet (France),
Von Moos (Great Britain).

Low Cost Roads.—Messrs. W. Adams
(Great Britain), Bonnenfant (France),

Ferreira Mendes (Portugal), Ondang
(Indonesia), A Turkish member, a

Belgian member (both to be nomij--

nated).

Study of traffic and Road Charac-
teristics in Relation to traffic.—
Chairman: Mr, Hondermarceq (Bel-
gium); Members: Mesgrs. Coquand
(France), Bellamy (Great Britain),
Xscario (Spain), Nelander (Sweden),
Dr. Ruckli (Switzerland), Van Gils
(Holland).

Study of Road Characteristics in
Relation to Safety._Mesars, Bel-
lamy (Great Britain), Zechini {Italy),
Hondermarcq (Belgium), Nap (Hol-
land), Pelissonnier (France).

—From  ‘Highways qnd

Brid
March 31st, 1954.° reges,

D —
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4. JAPANESE ROAD PROGRAMME

HE Road Bureau of the Ja‘pa.nese

Ministry of Construction is working out
details of a five-year 270,000 million yen
(Rs 350 crores) road programme. This
provides for the imvrovement of some
4,600 miles of main highways, the paving
of nearly 3,100 miles of such roads, the
construction of 1,700 miles of develop-
ment roads, the reconstruction of over
4,000 bridges, the maintenance and repair
of 4,000 miles of roads and the partial

improvement of nearly 600 miles of other
roads. The national Government is to
provide £ 169 million (Rs 220 crores) and
prefectural governments the remaining
£99.7 million (Rs 130 crores). In July
the Government approved legislation
assigning revenue obtained from the
petrol tax to the highways fund.

(Extracted from * Modern Transport,
February 27, 1954°)

5. ENGINEER, PROFESSIONAL

iversified are the services required of

0 gxl'ofessional engineers throughout the
wide range of industries, publl_c utxhtl_es
and governmental work, and in thp dls;
covery, development and conservation o
resources, that men of ‘extremely various
personality and physique may _achlxleve
success. Qualifications include _mte ec-
tual and moral honesty, courage, indepen-
dence of thought, fairness, good sense,
sound judgment, perseverance, resource-
fulness, ingenuity, orderliness, applica-
tion, accuracy and endurance. An
engineer should have ability to observe,
deduce, apply, to correlate cause and
effect, to co-operate, to organize, to
analyse situations and conditions, to state
problems, and to direct efforts of others.
He should know how to inform, convince
and win confidence by skilful and right
use of facts. He should be alert, ready to
learn, open-minded, but not credulous.
He must be able to assembl_e facts, to
{nvestigate thoroughly, to discriminate
clearly between agsumption and E;OY:hn
knowledge. He should be a man of 1ai ,
one who perceives both difficulties an
ways to surmount them. He should not
only know mathematics and mechamcs%
but should be trained to methods ol
thought based on these .fundamc.anta.f
branches of learning. Org_anlzed 1_1a.b1ts 0
memory and large capacity for informa-
tion are necessary. He should have exten-
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sive knowledge of the sciences and other
branches of learning, and know inten-
sively those things which concern his
specialities. He must be a student
throughout his career and keep abreast of
human progress.

Having been endowed more or less
completely with qualifications and capa-
cities requisite for a professional engineer,
and having developed them with the aid
of educational and other institutions and
contacts provided by civilised communi-
ties, the engineer is under obligation to
consider the sociological, economic and
spiritual effects of engineering operations,
and to aid hisfellow men to adjust wisely
their modes of living, their industrial,
commercial and governmental procedures,
and their educational processes so as to
enjoy the greatest possible benefit from
the progress achieved through our accu-
mulating knowledge of the universe and
ourselves as applied by engineering. The
engineer’s principal work is to discover
and conserve natural resources of
materials and forces, including the
human, and to create means for utilizing
these resources with minimal cost and
waste and with maximal useful
results.

(Extracted from ‘New Zealand Enginee-
ring ~~January, 185, 1954)
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6. CONCRETE FOR ZEBRA CROSSINGS

EXPERIMENTAL zchra crossings laid

by the Road Research Laboratory
indicate that concrete markings are likcly
to give many years of service. o pro-
vide good contrast at night, particularly
on roads carrying heavy traffic, the white
stripes of each zebra crossing are given a
smooth finish and the black stripes a
rough finish. Nine crossings, with cast-
in-situ white stripes and mastic asphalt
black stripes, have been laid in streets of
the Metropolitan Borough of Stepney,
(U. K.) which carry a great deal of traffic.
One of the crossings has had some 14,000
tons of turning traffic over it every day
for eighteen months, it is stated, and
looks little different from the day it was
laid. These concrete stripes were laid
either 1 in. or 2 in. thick on a concrete
base of 7in. or 9 in., A white aggregate
is essential for the stripes. because it will
become exposed with wear ; calcined flint

was found to be satisfactory and was used
in all the experimental crossings. The
addition of 5 per cent of titanium oxide
was found to make the concrete whiter
and give a better contrast with the black
stripes. Precoated chippings spread thickly
were rolled into the asphalt to provide a
rough-texturcd surface. Eight other cross-
ings have been laid in which the Dlack
and white stripes are formed with precast
concrete  blocks. Three have been in
service for five, four and two years respec-
tively, and all of them have behaved well.
They use blocks 4 in. thick and 1 {t
square. More recent crossings using
blocks 3 in. and 2 in. thick have been laid
in Stepney. The blocks are made of
coloured concrete #in. to 1 in. thick,

backed with high-quality ordinary con-
crete.

(E'xtract(zd from/ $ The Enai .
January 22, 1954) gineer

7. ROAD SYSTEM PROPOSED IN MIDDLE EAST

SCHEME to link the capitals of the
northern Arab countries from the
Mediterranean to the Persian Gulf is being
sponsored by the Rockfeller Institute.
The cost of the highway network will be
100 million dollars—60 million dollars to
be paid by the institute.

The establishment of a high-speed over-
land link connecting the three Mediter-
ranean ports of Latakia (Syria), Beirut
(Lebanon), and Tripoli (Libya) with the
three Persian Gulf ports of Basra,
Kuweit, and Damman would give overall
advantages to the Levant and the Arabian
peninsula.

29

The proposed highway takes into full
account the required movement of heavy
traffic to the oil producing area of Iraq
Kuweit, Saudi Arabia, Bahrein, and the;
Qatar Peninsula, Through the Latakia-
Allepo-‘Delraz Zour-Baghdad route, the oil
producing areas from Mosul to Basra
could be supplied from the west directly
through the ports of Latakia, Beirut, or
Tripoli. In the event of anything h,a.p-
pening to the Suez Canal which might
;lt.o? shxppmg]dtli)rough it, the proposed
ighway wou e extremely i
for contact with the west,. Y Hmportant

(Extracted from

‘ Engineeri _
Record ’-3-9-1953) Y ing News
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8. DURABILITY OF CONCRETE~SOME UNSOLVED PROBLEMS

Problem.—Portland cement concrete
is the most commonly used structural
material where known strength and a.gie-
quate resistance to the disintegrating
forces of natural exposure are important
factors. The present state of knowledge
enables the engineer adequately to design
for strength. It does not make full
provision for designing for adgquat:e
durability where severe weathering is
encountered.

Present State of Knowlgdge.—The
weathering failure of concrete 1s 'genera,lly
considered to consist of two major types
of deterioration, and a combination of
these disintegrating factors:

1. Failure in resistance to freezing and
thawing, wetting and drying, and associa-
ted temperature chan_ges«—condltlons
ordinarily encourtered in temperature
climates.

92 Tailure due to chemical reaction
between the cement and certain aggreggtes
frequently used in concrete construction.
This reaction is frequently referred to as

alkali aggregate reaction.

The chemical composition of the cement
has not been shown to have any signifi-
cant relationship to the resistance wh}ch
concrete offers to ordinary weathering

action.

The inclusion of 4 to 6 per cent, by
volume of air in concrete has been found

to increase substantially the resistance to
freezing and thawing.

High alkali cements (0.80 per cent or
more) have been found to be very likely
to cause adverse chemical reaction
between the cement and certain aggre-
gates, particularly aggregates containing
opal, and certain volcanic glasses. There
is reason to believe that other charac-
teristics of the cement also effect this
reaction or produce similar reactions.

Questions that Need to be Answered:

1. What is the mechanism which
causes the failure of Portland cement
concrete under normal outdoor exposure
to weathering action ?

2. What characteristics of the cement
and aggregate, physical and chemical,
atfect resistance to weathering?

3. What are the effects of construction
practices, handling, placing, finishing and
curing, upon concrete durability ?

4. What are the chemical and physical
reactions which cause concrete failure with
certain cement aggregate combinations ?

Present tests for all types of durability
are inadequate, and much needed work
must be done to develop significant tests
to measure these properties.

(Extracted from ¢ Engineering’—March
19, 1954)

9. CAPACITY OF ROADS

N rural areas the limiting capacity of
various road widths for safe and easy
movement has been assessed as follows:

vehicles per day

Two lane carriageway 3,000
Three lane carriageway 3,000-5,000

vehicles per day
Dual two-lane carriageway 5,000-15,000
Dual two-lane carriageway Over 15,000

(Extracted from *Surveyor’-17th March
1954)
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ROADS IN PARLIAMENT

Answering Shri Radhelal Vyas and
Shri Dabhi, the Deputy Minister for
Transport and Railways, Shri O. V.
Alagesan, gave out the distribution of
the provisional National Highway route
milage and the amount expected to be
spent on National Highways during the
5-year plan for the various States as
under :-

Route milage

. Amount ex-
of roads inc¢lu-

pected to be

Stato Provisional  fPemt during
Higay
system

Assam 796 84

Andhra 915 240

Bihar 1,173 430

Bombay 1,546 372

Madhya Pradesh 1,199 169

Madras 1,065 89

Orissa 851 128

Punjab 647 169

Uttar Pradesh 1,390 192

West Bengal 722 397

Hyderabad 595 23

Madhya Bharat 491 89

Mysore 330* -

PEPSU 114 t

Routo milago
& Amount ex-

o e
State provisional spcn? duriug

Naiional ILhO first 1

o a=yoar plan

oy (Ks Lakh)
Rajasthan 402 37
Saurashtra 284 50
Travancore-Cochin 256 51
Delhi 44 27
Himachal Pradesh 9222 102
Kutch 66 33
Vindhya Pradesh 164
Ajmer 68 3
Sikkim 39 14
Manipur 98 *h

Total 13,477 2,700

Answering Shri V. Muniswamy the
Deputy Minister of Transport and Rail-
ways Shri O. V. Alagesan said that the
policy in regard to construction of high
level bridges under the National Highway
Scheme was to provide such bridges at
crossings where traffic is interrupted
frequently and for long periods. Also
bridges on the more important National
Highways, classed as arterial, were given
precedence over bridges on the less
important National Highways,

# Mysore has not yet joined the National Highway Scheme.
%+ Included in the amount provided for the Punjab.
## Included in the amount provided for Assam.
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CURRENT LITERATURE

ABSTRAC

U.D. C. 666-97/.98 (083 13) (54) -
CODE OF PRACTICE FOR PLAIN
AND REINFORCED CONCRETE FOR
GENERAL BUILDING CONSTRUC-
TION, Indian Standard No. 456-1953;
Indian Standards Institution, Civil Lines,
Delhi-8, Price Rs 4/12/-,

This Standard deals with the Code of
Practice for cement concrete and rein-
forced concrete for general structural use.
For special structures such as tanks,
chimneys, shell structures, ete., _the Qode
may be applied with such modifications
as are necessary to suit special conditions.

The subject matter is dealt with under
the following heads: Terminology;
Symbols; Materials; Concrete Mix ;

Design ; Workmanship ; Inspection and

Testing.

Under the head ¢ Concrete Mix ”’, it is
recommended that concrete should be
classified as an ordinary concrete or
contrnlled  concrete. Proportions . and
strength  requirements for ordinary
conorete are detailed. Permissible stresses
for compression, shear, and bound, both
for ordinary and controlled concrete, are

given.

Under the head ‘¢ Design”, a table
giving the permissible stresses in reinfor-
cement is included.

In the section ¢ Workmanship®,
recommended practice for measuring,
placing and compacting under  sub-
aqueous conditions is given. Rules for
formwork and procedure for removing

formwork are also given.

appendices giving specifications for
col'Ic‘lentwgsted steel bars for concrete
reinforcement, preliminary  test for
compression strength of concrete, field
method of determining the required adjust-
ment for bulking of sand, works test for
compressive strength of concrete, slump
test, specifications for welding of reinfor-
cements, eto., are included.

——
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The report contains two Papers dealing
with scour around piers. The first Paper
‘ Model Studies of Scour Around Bridge
Piers and Abutments” is a progress
report of an investigation on the subject,
The programme of research has been
divided into four phases as under :

1. Geometry of Piers and Abut-

ments.

2. Hydraulic characteristics of the
stroam, primarily the velocity
and depth of flow.

3. Sediment characteristics.

4. Geometry of channel cross-section
and alignment,.

The investigation was conducted on
models, dimensional details of which are
given. The technique of experiment is
fully described.

The investigation is continuing and
some of the results obtained are as.under:

1, The alignment of the pier with
respect to the directions of the ocurreng
influences the scour depth more than the
shape of the pier.

2. The depth of scour increases with
the increase in the angle which the central
line of the pier makes with the direction
of flow.

3. Depth of scour for webbed piers,
i. e., piers, with columns connected by s
diaphragm, is more when the superstruc-
ture is supported by two columns without
any web.

4. When there is no web, a separate
scour hole is found at each shaft of the
pier. Atsmall angles of approach the
downstream shaft is shielded, so the depth
of the scour hole is shallower. However,
as the angle ofg}iproaoh increases the

® D2, NG E
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downstream ghaft becomes subject to
currents of hifgher veloefty deflected from
the upstream shaft so that the  deepest
scour occurs in the downstream hole.

6. The web has a pronounced effect
—ascour gepth two times that which is
got when theré is no web, ig attained for
current approaching at 30 degrees.

The second Paper ¢ Investigation of
Flexible Mats to Reduce Scour Around
Bridge Piers” describes laboratory
experiments on the subject.

It was found that the two greatest
hazards to the eflective functioning of
such mats were (1) the tendency of upward
currents to move material up through the
mat, and (2) the tendency of the mat to
bridge or buckle due to bottom irregulari-
ties, thus opening up underchannels

May 1954

through which bed material is easily
transported away.

Tho best protection was afforded by a
heavy completely flexible mat with
comparatively small openings.  Proto-
type construction of such a mat could be
from worn chains, which with hot-dip
galvanizing should have long life. Placing
gravel under the mat at the timo of instal-
Iation greatly improved its effectiveness.
The size of the gravel was such that it
would be nnable to pass through the mat.
The combination, which apparently fune-
tioned as an inverted filter in preventing
bed material from being carried up
through the mat, provided complete
protection against local scour around the
pier until the bed of the entire stream had
degraded to such a low elevation that the
chain mat was no longer able to follow
the bed down around its periphery.

(Continued from page §)

dams and large reinforced concrete struc-
tures. The type of large weigh-batching
plant used on such sites is Lard]y suitable
for smaller civil engineering or building
gites, but there are on the market several
types of small weigh-batching plants,
consisting essentially of a weighing
hopper fitted with a spring balance, which
are excellent for smaller sites and their
use is strongly recommended.

The variation in the strength of concrete
made using a weigh-batching plant is less
than that made using conventional volume
batching. This means that if a minimum
strength is specified the mean strength
for which the concrete mix must be
designed will be lower with weight than
with volume batching and thus, with a
weigh-batching plant, a mix with a lower
cement content can be used.

Weigh-batching gives a further simpli-
fication in that no allowance need be

made for the “ bulking ”* of the fine aggre-
gate. The amount of water presents in
both the fine and the coarse aggregate
must however be allowed for when deter-
mining the quantity of water to be added
to the mix. This may amount to several
gallons in a large mix but the actual
amount must be calculated by determin-
ing the water content of representative
samples of each aggregate, either by
drying them out or by the use of one of
the recognised specific gravity methods.

The actual amount of water to be added
to the mix can be measured by volume or
by weight. Siphon tanks are fitted to
many mixers. It is important that these
siphon tanks and associated valves and
joints are working properly, check tests
of the tanks should be made by measur-
ing a discharge of water and comparing
this with the reading on the tank
measuring device.

(To be continued, )
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SELECTED RECENT LITERATURE IN ENGINEERING JOURNALS

X. BRIDGES AND OTHER
STRUCTURES

Creep Tests on Prestressing Steel ;
P. W. Grirroud, Magazine of Concrete
Research, No. 14, December 53,

pp. T1-74,

The Strength of Plain, Reinforced
and Prestressed Concrete under the
Action of Combined Stresses, with
Particular Reference to the. Com-
bined Bending and Torsion of
Rectangular Sections; HrNEY J.
Cowax, Magazine of Concrete Research
No. 14, December. 53, pp. 75-80.

Analysis of Rigid-Jointed Plane
Frameworks, Use of an Electronic
Digital Computer; R. K. Liverrey
anD I. M. CuarLTON, Enginecering,
Telruary 19, 54, pp- 239-240.

Stresses in a Tanker During Laun-
ching - Strain Gauges for Testing
Large Structures; A. J. JousnsoN
axp M, Max, Engineering, February
19, 54, p. 238.

Structural Approach to Aeroelas-
tic Problems; D. WitLiams, The
Engineer, February 26, 54, pp. 315-317.

Testing of the Arrovo .Seco Prest-
ressed Concrete Bridge; ﬂjhe
Engineer, February 26, 54, pp. 330-331.

Strap Steel for Prestressed Con-
crete Structures; K. P. MILBRaDT,
Journal of the American Concrete

Institute, January 54, Pp- 357-363.

Municipal Engineering in 1953,
Highway Bridge Construction and
Maintenance ; TRE _ SURVEYOR,
Special Annual Issue, February 27,

4, pp. 6-9.

Welding for Repair and Strength-
ening of Bridges; PERRY V. PiNvy-
BACKER, Western Construction,
January 54; pp. 77-80 & 84.

Eight-Lane Bridge in Vancouver,
BC. ; Roads and Engineering Construc-
tion, December 53, pp. 105-123.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2%-

Shallow Depth in Bridge, Use of
Pres_tressed-Concrete Deck Slabs:
Engineeriny, February 5, 54, p. 181,

Reinforced Annular Piates, Design
for Minimum Weight under Late-
ral Loading ; Raymorp Hicks, Engi-
neering, March 12, 54, pp. 335-336.

Fabrication and Erection Methods
for All-Welded Expressway Viaduct
H. H. Tarzian anxp P. K. Jonas
World Construction, J a,nua.ry-Februarj;
54, pp. 2U-34 & 38 & 42.

Prestressed Concrete Bridge Com-
pleted in Queensland ; Commonwealth
Engineer, February 54, p. 278,

The Proposed Suspension Bridge
over River Severn. Experimental
Work on Design; Highways and
Bridges and Engineering Works, March
17, 54, p. 4.

Inclined-Arch Bridge Spans 250 ft
Welded Space Girder Consists of
a Pair of Tied Arches Supporting
a Diagonal Gird-Beam Floor
System ; Thomas C KavanagH AnD
Camitno PiocoNE, Engineering News
Record, February 25, 54, pp. 46-47.

Prestressed Multi-Story Building
in Llon]gon; Conrrete and Construct-
wnal  Engineering, March, 5 .
91-96, ! hope

Tests 0(;1 Prestressed Slabs: Con--
crete and Construclional Engineering,
March, 54, p. 100. grneersng,

Prismatic Roof with Small Angu.
lar Change; A, J. Asunown, Con-
crete and Constructional Engineering
Marcli, 54, pp. 105-109. '

Groups of Symmetrically-Arrang..
ed Fee-Standing Piles; C. E. Ryy-
woLps, Concrete and Constructional
Engineering, March, 54, pp. 111-112,

A New Type of Prestressed Pile:
Concrete and Constructional Engineer-
ing, March, 54, pp. 113-115.
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22.

23.

24.

26.

217.

28.

29.

30.

31.

32.

33.

34,

British Highway Bridge Loading :
Mr. W. Henderson’s Review of
Proposed New Regulations; High-
ways and Bridges and Engineering
Works, March 10, 54, pp. 4 & 6.

Jubilee Bridge, Barrow-in-Fur-
ress ; Roads and Road Construclion,
March 54, pp. 76-78.

Load Distribution in Prestressed
Concrete Bridge Systems; P. B.
Monict anp G. Limiue, The Struclural
Engineer, March 54, pp. 83-111.

. High-Tensile Steel bolts for Struc-

tural Joints, No. 1; The Engineer,
March 19, 54, pp. 415-417.

Woodhead New Tunnel; P. A.
Scort anp J. T. Cawrsern, The
Engineer, March 19, 54, pp. 418-420.

Portable Bridges for the U. S.
Army; The Engineer, March 19, 54,
p. 440,

East Delaware Tunnel : Gallery of
Up-to-date Tunneling Techniques;
Engineering News Record, March 26,
1953, pp. 32-37.

Built-in Deflections Cut Frame
Cost; R. W. Warrrnousr, Engineer-
ing News Record, March 26, 1953, p. 45.

Formula for Tapered Timber
Columns-Field and Office; Engi-
neering News Record, March 26, 1953,
p. Y0.

Stair Handrail Designed for Sim-
ple Fabrication-Field and Office;
Engineering News Record, March 26,
1953, p. 90.

Oregon's first prestress job: G. S.
Paxson, Western Construction, March
1953, p. 57.

Bending of Wire Ropes in Flying
Foxes: S. C. RosErTsoN anp R. A.
DunsTaN, The Journal of the Institu-
tion of Engineers, Australia, Muarch
1953, pp. 45-51.

Non-elastic Behaviour of Bridges
Under Impulsive Loads; 8. J.
FraeskiL aND L. E. GrinTER, Pro-
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37.

38.

39.

40.

41.

42.

43.

44.

45,
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ceedings of the American Society of
Civil Engineers, Separate No. 185,
April 1953.

Cable Trusses Prestress Bridge -
The New Villeneuve St. Georges
Bridge over Seine River, Paris;
Engineering News Record, April 30,
1953, pp. 33-55.

Plastic Design of Plane Frames
for Minimum Weight; Jacyugrs
Heyman, The Structural Engineer,
May 1953, pp. 125-129.

Prestressed Concrete Bridges and
other Structures; Discussiox oN A
Parrr by D. H. Le®, The Structural
Engineer, May 1953, pp. 130141,

The Construction of Eight Pres-
tressed Concrete Tanks; Discussion
ON A ParrR by CoL. A R. Mais, The
Structural Engineer, May 1953, pp.
141-146.

Vibrations and Buildings—i’ossi-
ble Damage Overestimated; The
Surveyor, February 14, 1953, p. 114.

Prestressed Concrete Railway
Bridge over River Don at Rother-
ham; Hiyhways and Bridges and
Engineering Works, May 6, 1953, p. 4.

Plymouth-Saltash Crossing - Low
Level Bridge (a telescopic bridge) ;
Modern Transport, May 9, 1953, p. 7.

The Claenven Dam; H. D. MorgaN
R.T.C. Warton, anp R.H. FALKINER:
Proceedings of the Institution of Civil
Engineers, Part I, Vol. 2, May 1953
pp. 249-310. '

Seattle Cuts Tunnel Costs with
Unit Ventilation: Engineering News
Record, May 7, 1953, Pp. 43-44,

Maryland Begins First Prestressed

Concrete Bridge ; Roads and S
March 1953, pp, 84-85. frects,

ng Cost Concrete Bridge has
Simply Supported Steel Span;
H. M. Haprzy, Engineering News
Record, May 14, 1953, p. 58.
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PUBLICATIONS ADDED TO THE ROADS WING LIBRARY
DURING MARCH 1954

Manager of Publications, Qelhi.
Import Trade Control Policy for
the licensing period January-June,
1954 C. D. 179.

Census of India, 1951 Digest of the
1951 Census report for Bombay,
Saurashtra and Kutch P. C. C. 81,
by J. B. Bowman. (2 copies)

3. Census of India, 1951, Volume VI,

4.

West Bengal, Sikkim and Chander-
nagore Part IC—Rgport P. C. C. 26,
by A. Mitra (2 copies)

Census of India, 1951, Volume Iv-
Bombay, Saurashtra and K.ugch-
Part I-Report and subsidiary
tables P. C. C. 88, by J. B. Bowman

(2 copies)
A Review of the Council of Scien-

tific and Industrial Resgargh,
India, 1954 (Council of Scientific

and Industrial Research, Old Mill
Road, New Delhi-2)

. Half-yearly Civil List for the

Hyderabad State corrected up to
1st October, 1953. (Government
Press, Hyderabad-Dn. 1954).

. The Study of road sub-grades-

Progress made since the Congress
at the Hague (1938) up to Congress
at Lisbon (1951) general report
presented at the 9th International
Roads Congress (In French). Inter-
national Association of Road
Congresses, Paris (VII1).

8. Barlow’s Tables of squares, Cubes,

square roots and reciprocals of all
integers upto 12,500, 4th edition
(new impression), by L. J. Comrie
(E. & F. N. Spon Ltd., 22 Henietta
Street, W. C. 2, London, 1952),

THE EFFICIENCY EXPERT

At one factory the efficiency exper
you doing ?”° and recetved the reply :

t asked a worker : ° What are
*“ Nothing.”” He asked a second

worker the same gquestion, and was again told : ¢ Nothing.”

«« Ap,’’ said the expert triumphantly. ** Duplication.”
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BUDGETS AND ADMINISTRATION REPORTS
DELHI STATE BUDGET 1954-55

The following extracts relating to Civil Works have been taken
from the Delhi State Budget for the year 1954-55,

I. REVENUE (Civil Works)
(i) Transfer from

Central Road Fund
(ii) Rents

(In lakhs of rupees)

(iii) Contribution from the Government of India
towards expenditure on local development

works
Total

II. EXPENDITURE (Civil Works)
(i) Original works
(a) Buildings
{b) Communications
(ii) Repairs
(a) Buildings
(b) Communications
(iii) Rent Control Establishments
(iv) Grants-in-aid, Contributions etc.
(v) Local Development Works

Total

11I. RECEIPTS (Under)
Motor Vehicles Acts.

Actuals ‘ ERgvised Budget
1952-53 | stimates | Estimates
. 1953-54 195455
\ . i
2.95 2.67 4.86
0.34
1.20
_____ e
3.29 3.87 4.86
1.70 2.36 3.11
1.80 4.61 711
7.26 . 8.89 9.50
5.01 4.60 4.60
0.14 0.01
0.04 0.20 0.12
1.20
15.81 22.00 24 .45
18.18 18.79 9,99

A BRIEF REVIEW OF THE DELHI STATE BUDGET FOR 1954-55
(With special reference to Civil Works)

THE total revenue receipts of the State for

1954-55 are estimated at Rs 458.31 lakhs
and expenditure at Rs 505.83 lakhs which
indicate a deficit of Rs 47.52 lakhs which
however, is fully covered by an opening
balance of Rs 52.62 lakhs. In 1953-54
total revenue amounted to Rs 435.74
lakhs (Revised Estimate) and in 1952-53 it
was Rs 378,02 lakhs (Actuals) while the
corresponding expenditure figures were
Rs 424.52 lakhs and Rs 336.72 lakhs
respectively.

The budgeted expenditure o ivi
Works for 1954-55 axﬁounts to Rl: 204:‘251
lakhs which is about 5.3% of the to'ta.l
revenue for that year, The corresponding
ratios were 5.05 per cent for 1953.54 and
4.2 per cent for 1952-53.

The expenditure on Communijcati
"he icat:
(Original works and Repairs only) ;gi?i?
mated at Rs 11,71 lakhs for 1964-55 works
out to 2.6 per cent of the total revenue,

The corresponding percent,
for 1953-54 and 1.8 fou 1950.58, | ° 21

———
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LIST OF APPROVED WORKS ON NATIONAL

HIGHWAYS

S. No. Job No.

Name of work

Amount

L. 861 BR 31

2. 877 BR 31

3. A878BR28

4. 866 BM 8
B. 872 BM 8
6. 876 DLH 2
1. 874 HP 22
8. 876 RS 6
9. 863 PB 1

BIHAR

Construction of a bridge over Salsalia Nalla
in the Assam Access Road diversion National
Highway No. 31.

Construction of a bridge over Bhatta Nalla
in mile 3rd of the Assam Access Road
diversion-National Highway No. 31.

Survey of the road National Highway No. 28
from Muzaffarpur to Baranni junction with
National Highway No. 31.

BOMBAY

Construction of a bridge over the Haladpada
Nalla in mile 12/0 of the Tawa-Talasari
Section of the Bombay-Ahmedabad Road-
National Highway No. 8.

Construction of a bridge over the Karanjvira
Nalla at mile 10/0 of the Tawa-Talasari
Section of the Bombay-Ahmedabad Road-
National Highway No. 8.

DELHI
Constructing a portion of bye-pass connecting
National Highway No. 1 with National
Highway No. 2 in Delhi State from Railway
Siding to Delhi Mathura road near mile 5/2.

HIMACHAL PRADESH
Metalling and surface painting of full width
of road in Matiana Bazar, H, T. Road.
ORISSA
Construction of a bridge across the Malti Zone
on National Highway No. 6 near Sambalpur.
PUNJAB

Construction of bridge in mile 144/1 of the
G. T. Road (National Highway No. 1) near
Basantpur village in Ambala Distt,

31

1.04

1.33

0.17

0.87

0.65

14.43

0.19

3.33

0.34
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S. No. Job No. Name of work

10. 864 PB 10 Electrification of P. W. D. Rest House at

Bahadurgarh on National Highway No. 10.

11. 873 PB 22 Widening Ambala-Kalka Road (National

Highway No. 22) from mile 6 to mile 19/4.

SIKKIM

12. 862 SK 31-A Providing flyproof shutters to the existing
doors and windows and new clerestory
windows in Rangpo Dak Bungalow at
Rangpo.

TRAVANCORE-COCHIN

Black-topping mile 3/7 to 30 of Trivandrum-
Quilon Road (National Highway No. 47) in
Trivandrum Division.

13. 867 TC 47

14. 868 TC 47 Black-topping Quilon-Alleppey Road (National

Highway No, 47) in Quilon Division,

15. 869 TC 47 Black-topping mile 40/0 to mile 44/4 of Quilon-

Alleppey Road (National Highway No. 47)
in Ernakulam Division.

18. 870 TC 47 Black-topping Chala-Kudi Road mile 8/8 to
13/8 and Vaniampara Road mile 5/6 to mile
15/3 (National Highway No. 47) in Tranvan-
core-Cochin,

17. 871 TC 47 Black-topping Kurnamkulam and Chewghat
Sections_ (National Highway No. 47) in
Trichur Division.

WEST BENGAL

18, 857 BG 34 Construction of a bridge over the Nagar river
in the 9th mile of Raiganj-Dalkhola Section

of National Highway No. 34.

19, 859 BG 34 Construction of a bridge over the Gondhar
River in the 8th mile of Raiganj-Dalkhols

Section of National Highway No. 34.

32

Amount
(Rs in Lakhs)

0.04

7.99

5.64

1.40
3.22

3.35

4.49

2.28
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FOR BETTER MAINTENANCE OF YOUR

ATOMVSER TESTING Pump:

Pump.

CRANKSHAFT ALIGNMENT INDICATOR:

For use in fixing new engines and
periodical checking of existing installation:

Applicable to any size or make of
engine, whether Horizontal or Vertical,
which has three or more crankshaft
bearings and webs as small as 2'/," apart,

ROT-WATER THERMOMETERS:
Made by Messrs. Heath Hicks

& Perken ( Thermometers ), Ltd,
England.

To measure the tempera. on each cylinder.

ture of Jacket water accurately.

Stem, if required.

EXHAUST DIAL THERMOMETERS:
L Made by Messrs. Coley
7 Thermomoters Ltid, England

To measure the tempera
ture of Exhaust. Indispensible
for use with multi-cylinder
engines to check proper load

Supplied with Co-Axial

DIESEL ENGINES

The satisfactory running of an off
engine is largely dependent upon the
condition of the ‘Atomiser or Atomisers,

We strongly recommend every user
of Ruston or other makes of oil engines
to invest in a Ruston Atomiser Testing

GREAVES COTTON & CO.LTD.

1-FORBES STREET, FORT, BOMBAY.

Branches:

AHMEDABAD ® KANPUR © MADRAS o -(MI.(.'%II'I"I’AG930

Please mention this journal when replying to advertiserents.
xi
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The Barber-Greene Travel Plant sets the
standard all over the world for the highest
quality bituminous or stabilized *‘mixed-
in-place” materials for surfacing roads,
city streets, airport runways, etc. Besides
reducing the required labor force, }he
Barber-Greene Interlocked Proportioning
and Continuous Mixing process reduces
material costs.

Only in the Barber-Greene Cox}tinous
Mixer is the ratio of aggregate to bitumen
mechanically interlocked. The volumetric
proportioning is calibrated by weight,
the ratio set and locked, and the entire
job run with interlocked proportioning.
The Barber-Greene Travel Plant consists
of two simple units—the PORTABLE B-G

Avallable In 3 wheel bases the 'COMET!
Is a sturdy vehicle built to give year after year
satisfactory service, Note these special features~e
dependability, low malntenance, less fuel, and buy

~ only the ‘' COMET’,

'

DIVISION |

" ASHOK MOTORS LIMITED

“Progressive Manufacturers
‘ENNORE. MADRAS

Barber-Greene Qverseas, Inc.

GNVTRIBUTORS OF BARBIR GRETNE PRODUCTS MANUFACTURED BY

HARKEK.GRFIFNI OIDING & CO, LTD., ENGLAND

Barer-Greene

TRAVEL PLANTS

A Build Better Roads Easier'
at Lower Cost

Minimum Equipment—Easy to Operate

Mixer and a B-G Bucket Loader. The
Loader, towing the mixer, picks up the
aggregate, which has previously been
placed in “windrows.” The elevated
aggregate is fed into the mixer hopper
by the Bucket Loader,

Tpe desired ratios of aggregate and
blhz;r}en, mechanically interlocked for
positive proportioning, are fed into the
twin-shaft pugmill for mixing. A con-
tinuous stream of uniformly coated mix is
discharged behind the plant ready for
spreading with petrol grader or the
Barber-Greene Finisher.

Literature for a complete understanding
of the principles and resuits iz available.
Write to: .

BARGBER-GREENE COMPANY AURORA, ILLINOIS, U.S A.

BARUER-GREENE CANADA, LTD., CANADA

"

Please mention this journal when replying to advertisements,
3l

Please mention this journal when replying to advertisemen ts,
xiil
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FOR EVERY ROAD-MAKING JOB

;% o you can

Agrico implements are helping
to build better roads and lay
safer surfaces. Because Agrico
implements are made from
special quality steel and individu-
ally tested for superior strength,
they are being employed more
and more by leading engineers
and contractors.

Extremely sturdy and long
lasting.

CROWBAR
In standard length
of 5’-5'* and sections
from7/8'‘to 1}, Made
from high-carbon steel.

SQUARE-NOSED SHOVEL
Made from high-carbon steel to
1.5.1. specifications. Fitted with

seasoned wooden handles. and durable,

TATA AGRICO
IMPLEMENTS

THE TATA IRON AND STEEL COMPANY LIMITED
Head Sales Office : 23-B, Netaji Subhas Road, Calcutta.|

Bronches ot : BOMBAY, MADRAS, NAGPUR, AHMEDABAD, SECUNDERABAD, KANPUR, PATNA,

JULLUNDER CANTT. & VIZIANAGRAM CANTT.

§
iﬁzﬁa’epen Uy e

. "‘—"-':\'__——-_—‘
N\, 3 ~

BALLAST-BREAKING
‘"HAMMER

Available in 1 Ib. weight.
Breaks the heart of
any stone -really strong

B'™ BITUMEN BOILER
caracity 250 4 350

-
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Cox Street. Coimbatore, @ 26, Errabalu Chetty Street, Madras, '

MIXER

BENFORD

Garlick:CoLtd
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CRUSHING
MACHINE

AG 3371

Please mention this journal when replying to advertisoments,

Xiv

Please mention this journal when replying to advertisements,
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MILLARS’

MACHINERY

Concrete Mixers—Tilting and non-Tilting Types.

Asphalt Mixers—for Hot and Cold Mix.

Roller Pan Mixers—for Mortar.

Diaphragm Suction Pumps for effective lift up to 25 ft.
Self-Priming Pumps for handling Seepage at lowest possible cost.
Tower Hoists for speedy construction.

Wellpoint Pumping Equipment for dewatering—the only successful
method of combating running sand.

TIMBER

HARDWOODS - SOFTWOODS - PLYWOODS

MILLAR’S TIMBER & TRADING CO., LTD.

(INCORPORATED IN ENGLAND)
VICTORIA HOUSE, VICTORIA ROAD, BOMBAY-27.

Telephone: 41077 Telegrams: JARRAH
Branches and Agents throughout the World.

¢ MAXIMIXAM? CONCRETE MIXERS

(HAND FEED TYPE)

UA machine of Sterling Quality giving a
concrete performance combining high-
standard of efficlency, dependability and
mobllity In all conditions. ]

CAP. RANGE 3/I cubic feat,
B ow w Totally encloged |
drum  control, ‘
& Non-rusting handwheel, # Easlly accesslble power

% Traller model equipped for high-speed towling,
" % All models conform to BSS, 130546,

INDO-AMERICAN COMMERCE LIMITED

1S PARK STREET. CALCUTTA.I6 . PHONE CITy 5292

FPlease mention this journal when replying to advertisements,
xvi

;unit. % Powered by petrel or Dieset englnes, ¢
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you've got to

Swing that Rear-End

for TOP performance

CONSTRUCTING
ROADS
with
AUSTIN-WESTERN
GRADERS

ads stall the average
Wl to slide sideways.
ower Grader. Rear
ind the toe of the
iy pull ahead of the
it “Controlled’% and it moves more

material, fa d faster than would
otherwise }

On job QP st M ht through the year,
All-Wheel Steet j d speeds things up for the
operator . . . does more work and better work . .. saves
time and money. No two ways about it ... you've got
to SWING THAT REAR-END Br jop performance.

p” ¥ . A F / ] /\‘
%k Jdck\s” - :\\\} I f\ /\( A
Ll o,

Sole Distributors for India

of any

wir 158

FINISHING
SLOPES AND |
SHOULDERS ..

MIXING
BLACKTOP

GRADING
SLOPES

CLEANING
DITCHES

oo bandling
many other jobs .

William Jacks €& Co.Ltd.

CALCUTTA

BOMBAY

MADRAS

Please mention this journal when replying to advertisements,

xviii
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AL ed number o1 a6 followi
publications of the Indian Roads Congre..
are available for sale.

Price

Publioations, inclusive of p‘age, etoc.

Rs 4. p.
Volume IX—Part 4—Qctober 1945 . o 3
Volume IX-—Bound—Madras 1945 . . 10
Volume X—Part 4—August 1946 . 3

Volume XI—Part 4—May 1947

Volume XI—Bound—(Parts 3 & 4) 1947
Volume XII—Part 2—January 1948
Volume XII—Part 3—April 1948
Volume XII—Part 4—March 1948
Volume XII—Part 5—Scptember 1948
Volume XII—Bound—1947-48 R |
Volume XIII—Part 1-—December 1948
Volume XI1I—Part 2—J anuary 1949
Volume XIIT—Part 3—January 1949
Volume XIII—Bound—1948-49 . w1
Volume XIV—Part 1—September 1949
Volume XIV—Part 2—December 1949
Volume XIV—Part 3—December 1949
Volume XIV—Part 4—July 1950
Volume XIV—Bound—1949-50
Volume XV—Part 1—August 1950
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21. Volume XV-—Part 2—November 1950
22. Volume XV—Part 3—January 1951 .
23. Volume XV-—Part 4—Angust 1951
24, Volume XV—Bound—1950-51 . . .
25, Volume XVI—Part 2—March 1952 .
26. Volume XVI-—Part 3—April 1952 i .
27. Volume XVI—Part 4—October 1952 - .
28. Volume X VI—Bound—1951-52 .
29. Volume XVII—Part 1 —December 1952 . .
30. Volume XVIT—Part 2—January 1953 .
31. Volume XVIT—.Part 3—January 1953 .
32. Volume X VIT—Part 4—December 1953 .
33. Volume X VIYI—Part 1—December 1953 .
34. Volume XVIIT—Part 2——December 1953 .
35. Volume XVIII—Part 3—~January 1954
36. Road Research Bulletin No. 1 o
37. 1. R. C. Standard Specifications and Code of Practice for Road Bridges
in India (1937) vee
38. Proceedings of the Chief Engineers’ Conference at Nagpur on the
Post-war Road Development in India . 2 8
39. Type Designs for Highway Milestones 0 8 0V s
40. Route Marker Signs for National Highways 0 8 0]} foking
41. Dimensions and Weights of Road-Design Vehicles 08 0P and
42. Recommended Practice for the Location and Layout of roadside | postage
Fuel Filling stations. . 0 8 0)F g

Copies can be had from the Secretary,

INDIAN ROADS CONGRESS,

JAMNAGAR IOUSE, SHAHJAHAN ROAD,
NEW DELHI-2.
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