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‘;}_ Supply contraigtor’s ™~

\ | plant for earth

. ) consolidation preblems
. e fwish all our P
Readers, Contribntors, and Adbertisers

A Bappy and Prosperons
Detn Pear.

Big Problems _ The Johnson Frog Rammer
is suitable for Earth Dams, Bunds, Canal
Work, Railway Embankment, etc,

s Small Problems _ The !shnson Super Rammer
* is ideal for all trench back filling, building
foundations, road repairs and small earth works,

Full details from:

KILLICK, NIXON & CO. LTD,

\ Killick Building, Home Street, Fort, Bombay |
Selling Sub-Agents :
Southern I[ndia: M/s MARSHALL, SONS & CO, (India) LTD.
9, Second Line Beach, Madras |

Hyderabad & Andhra States: Mjs GLENWEL & CO.
135-C Prendershast Road, Secunderabad (Ony)
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THE HINDUSTAN CONSTRUCTION CO. LTD.

CIVIL ENGINEERING CONTRACTORS.

Can undertake constructional works of any magnitude.

—————————

Specially :

Railway & Hydro TUNNELS - DAMS for Hydro Electric, Irrigation
and Water Supply Schemes - Road and Railway Bridges -
Buildings - Docks - Jetties.

ALSO.

Precast & Hindustan ZEISSL PILING - GUNITING - Core DRILLING -
GROUTING - Sewage and Water Purification Works.

Head Office:
Construction House,
Ballard Estate,
Bombay.

Telephone: 26036—Five lines, Telegrams: HINCON
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FOR
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AERODROME RUNWAYS

& ROADS
FOOTPATHS

GARDEN ROADWAYS
ETC. ETC,
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COLFIX

&
HOTFIX
Messrs, McLeod & Co. Ltd.

3, Netaji Subhas Road,
CALCUTTA,
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LOWEST COST LOADING

with Barber-Greene
BUCKET LOADERS

Cost studies prove that Barber-_Greene Loaderst
move bulk materials from stock. pile to ucuc‘k (xin%s
economically. Loading efficiency is never hmxfe _ 12
operator fatigue because B-G's Constant Flowhprmclxl?he
assures high-capacity loading hour after hour.
truck driver is frequently the operator. ‘

The 543's hydraulic swivel conveyor carries t::
material to highest and longest .trucks, traxlers.a "
railroad cars at rates up to 3 cubic ya.rd.s per ml:s\tl :
... keeping trucks on the move... ehml‘m;n.ng ::o oy
delays. A 15 m.p.h. road speed means quic Ji atilo .
travelling and maximum manoeuverability on loc .

When operating on especially soft or muddy bases

Check these
Versatile Featypes

* Pneumatic tires

* Tractor-type chassis

* 15 m.p.h, road speed

* Hydraulic $Wivel conveyor

* Capacity: Jeu. yds per min,

* Easily converted ineo 4
Snow or coa[ loader

D write for complete in-
' 1 82A CRAWLER MOUNTE .
g“ge;grefg;sbg:differs complete and positive  formation on the lowest
trg“.l:" cost way to load trucks
non.

Barber-Greene Qverseas, Inc.

DISTRIBUTORS GF BARE-2 GREENE PRODUCTS MANUFACTURLD 8Y
HARHBER GREENF COMPANY. AUKORA, (LLIMTIS, US.A

i ., CANADA
BARLER-GREENE OLDING & CO., LID., ENGLAND -« HARUER-GREENE CANADA, LTD
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WORLD-WIDE DIESELIZATION

300 PERKINS DIESEL APPLICATIONS
IN USE IN 138 DIFFERENT COUNTRIES

WARSOP

ROCK DRILL

The most modern
self-contained One
Man power-tool for

FOR GOODS AND PASSENGER

. VEHICLES, AND COMMERCIAL
- Stone Quarrying AND PRIVATE MOTOR CARS
. Surface Mining

Prospecting In 3, 4 and 6 cylinder Diesel

units with b.h.ps. from 35 at

2,400 r.p.m., to 108 at 2,700 r.p.m.  Perkins high quality
Torques up to 240-1bs.ft. Diesel Engines are supplied
(33.16 mkg.). in 3, 4 or 6 cylinder

units for 300 different
applications, including :

Trenching for power,
water & sewage lines
. Breaking concrete &
general demolition
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CONCRETE MIXERS

[+.] [N NN

FOR TRACTORS, COMBINES
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. - ects MACHINES, DUMPERS,
ric drives—available from § AND COMMERCIAL MPE
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400 tons per hour. aTnd intermill‘en;_lrgt!i‘r;gg. i CRUSHERS, TIMBER CARRIERS,
y . ues u (s -108.4¢8.
Apply for details to: : Branch Offices : orates & (84 mkg). WELDING SETS, WELL BORING
G 1. k c Ltd P. O. Box 168 NEW DELHI T l EQUIPMENT, WINCHES. ETC.
‘ arilCK & UO., . 26, Errabalu Chetty St,, i
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BRIDGING INDIA’S RIVERS

GANDHI BRIDGE ACROSS THE MAHANADI IN MADHYA PRADESH

HE new bridge across the Mahanadi

on the Bombay Calcutta National
Highway was thrown open to tarffic in
October 1964. It is the second major
bridge on this trans-peninsular lin]: to be
constructed under the National Highway
Development Scheme initiated by the
Government of India, the first one being
across the same river further down at
Hirakud, in Orissa State.

The River Mahanadi originating in the
Sihawa hills in east Madhya Pradesh
crosses National Highway No. 6 about
27 miles east of Raipur town. Prior to
the construction of this bridge a ferry

service used to operate at this crossing
during floods. The arrangement was un-
satisfactory. During the rains from about
the 15th of June to about the 15th of
November every year communication bet-
ween the two sides were cut of. The
construction of this bridge not only
supplies an essential link in an inter-
State through route, but also helps open
up interior tracts and stimulate local
development. It is estimated that nearly
15 lakhs of population inhabiting an area
of 5,000 square miles in Madhya Pradesh
and another 5,600 square miles in Orissa
State will eventually benefit by having
access to the railhead and market centre at

Photo 1. Dr. K. N. Katju opening the
Bridge,

Photo 2, Testing Bearing Capacity of
soil in river bed,
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Raipur by making possible free flow of
trade in rice and timber throughout the

year.

Hydraulics of the River

The deep, well defined course is confined
to a width of about 260 ft between
low banks about 10 ft high, while in
high floods it spreads to a width of nearly
8,000 ft with a deep channel 30 to 35 ft
deep.

Photo 3. Well Foundations in
Progress.

The catchment area at the site of the
bridge is 3,872 square miles. The average
annual rainfall of the basin is 80 to 90
inches. The calculated 100-year maximum
flood discharge based on the High flood
level of 885 attained in 1882 is 13,29,600
cusecs.

Site

The bridge is 400 ft downstream of the
railway bridge and parallel to it., Advan-
tage is taken of the pitched spurs of the
railway bridge to guide the river into the
road bridge. The total length of the
bridge is 2,698 ft between centres of
abutments, almost the same as that of the
railway bridge.

The salient dimensions and technical
details of construction of the bridge are
given below.

Type : The length of 2,598 ft is made
up of 12 units each of R. C.C. girders
continuous over three spans of 67 ft, 82 {6
6 in., and 67 ft; thus there are 36 spans.

9
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Foundations: The bed of the river is
sandy with rock occurring at depths vary-
ing from 3% to 19 ft below bed level.
Eight of the 35 piers are resting on R.C.C.
double well foundations while the rest of
the piers and the two abutments are on
open foundations. All pier foundations
have been taken down to a minimum
depth of 2 ft into good rock. Woells are
Jo it diameter on the inside with 1 ft
thick steining and have been sunk 4 ft
apart. The two wells have been covered
by an R. C. C. well cap 40 inches thick.

Photo 4. The Pylon.

Masonry: The masonry for the open
foundations is of cement concrete
1:2:4 upto 1 f{t above subsoil water
level and of stone masonry in 1 : 6 cement
mortar above the subsoil water level.

Substructure: Piers have semi-circular
cut-waters and ease-waters with a batter
1in 24. Abutments have a front batter
1/8th and side batter 1/24. :

Bearings : Rocker bearings are of
Meehanite having the following proper-
ties :

Tensile strength 40,000 1b per aq. inch.

Modulus of rupture 82,000 1b per sq.
inch.

Compressive strength 15,000 1b per sq.
inch.

These bearings have lugs fixed at the
top and bottom plates and can move only
in the longitudinal direction.
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Loading: The bridge is designed for
I.R.C. Class A two lanes or I. R, C. Class
A single lane, whichever imposes the
greater stress.

The Superstructure

The superstructure of the bridge con-
sists of two R. C. C. T-beams continuous
over two supports, 5 ft in depth, 16.5 in.
in width, and 14 ft 6 in. centre to centre,
with cross girders 3 ft deep and 9 ft
5 in. centre to centre. The 8} in. thick
deck slab is cantilevered 4 ft 6 in. on each
side of the longitudinal beams. It has
thickness varying from 12 in. to 5 inches.
See Fig. 1 and 2.

Roadway

Clear width of roadway is 23 feet.
Parapet walls are of R. C. C.

Decombor 1934
Levels

Top of masonry with cap R.L. 886.46
Soffit of beam R.L. 891.63
Top of slab 897.33
Formation level over the bridge $97.50

Approach roads 2} miles in length

Formation width of embankment is
36 ft in high bank,

Materials: Stone is available quite
near the site.

Labour: Local labour was available
for earthwork, but skilled labour had to

be imported from Bombayv, Ori d
Hyderabad. Yo THISS an

Cost of the bridge-Rs 27.87 lakhs inclu-
ding approaches.

Cost per running foot - Rs. 850.

DEFINITIONS OF HIGHWAY ENGINEERING TERMS

SUBSIDENCE: Downward movement of the s
removal or displacement of

strata.

SURCHARGE: Earth supported by a ret
top level of the wall.

oil produced by
the underlying

aining wall above the

A SUBSTITUTE

A restaurant displayed this sign :

“Don’t divorce your wife because she cannot

and-—keep her for a pet.”

ciok. Eat here

ROADS PAY

Good highways don’t cost, the
Sfrom good highways do not accru
appreciable extent,

Y pay. But the savings that result
e to the highway department to any
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GERMAN ROADS

joint visit to Germany was made by

members of the Committee for
Co-operative Research between the Road
Rescarch Laboratory, the Cement and
Concrete Association and the Pavings
Development Group. The following are
the personal impressions of one of tho
members of the Group.

The question most often asked is how
are the motor roads of Germany today?
Taking the system as a whole and judged
even by 1954 criteria, the standard of
highway which they provide is very
high.

The autobahn construction programme
commenced in 1935, continuing for some
five years, during which time some
2400 miles were completed, and it is
against this age background that one
should assess the condition. Many
stretches ride as well as the day they were
laid and there were very few stretches
where cracking and settlement were such
as to necessitate early, or extensive
repair. The scarcity of cracking in
general, and on many stretches the com-
plete absence of cracks, is remarkable,

An article on ‘The lessons of the
German Motorways’ in Concrete Quar-
terly No. 20 drew attention to the
importance of the subgrade, and pointed
out that German engineers, like those of
this country, have of recent years been
aware of the great effect the subgrade has
on their pavements. In the light of
present knowledge and as the result of
experience, the condition of some of the
poorer stretches of carriageway is blamed
on a lack of a full appreciation of the
need to provide a subgrade of uniform
bearing capacity, which is protected from
the effects of weather and more parti-
cularly from water. It used to be
standard practice to construct the con-
crete slabs on & base of sand varying in
thickness and although this sand was
compacted reasonably thoroughly by the
standards then prevailing, it has since
been realized that full compaction was
not obtained. The vibration due to traffic

2

has further compacted the granular
material and some settlement affecting the
slabs has occurred. This trouble is being
borne in mind in connection with the new
work now going on.

The problem of freezing of the sub-
grades is a recurring trouble on the
Continent. To prevent damage to the
subgrade when in a frozen condition,
local German highway engineers now
have the authority to restrict the speed
of traffic using a particular road until
the danger is past and in an extreme
case, to prohibit heavy traffic al-
together. This scheme was started in
1953, and details of the roads affected are
put out over the radio. Standard road
warning signs are used for the affected
sections and the scheme as a whole has
been considered successful.

The value of full-scale experiments is
realized in Germany. One experimental
road, constructed in the first half of 1952
between Sandhofen and Viernheim, has a
total length of approximately 8} miles
and was designed to investigate the influ-
ence of slab length and weight of rein-
forcement on performance. Twenty-three
test slabs each 328 ft long and three slabs
of 1,312 ft have been laid down with
varying weights of reinforcement. The
concrete used had an average strength
after twenty-eight days of 6,500 1b per
8q. in. and air entraining agents were
added to the mixes. As might be
expected, the riding qualities of the longer
slabs are bstter than the shorter ones
when tested by a profilometer. The
standard of this work when judged from
a moving vehicle was extremely high,
Only three of the 328 ft long slabs have
cracked so far and two of these contained
the smallest amount of reinforcement,
It is too early as yet to draw any firm
conolusion from the performance of the
very long slabs which, as would be
expected, exhibit a certain crack pattern.
The German authorities hope that as a
result of this work it will be possible to
decide the maximum lengths of slabs
which it is reasonable to use and this
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length will be specified for future autobahn
construction.

Prestressed  concrete roads are  also
receiving some attention. The first test
section laid in Germany is at Heidenheim,
Three lengths, each of 363 ft, were con-
structed, two being stressed by the
Leonhardt-Bauer system and the third by
the Freyssinet method. As was to be
expected, the riding qualitics of the sur-

face were oxé?cllent. The road way
September of last year and-

constructed in
go it is as yet too early to draw any
conclusions from the experiment.»" !

A few random impressions

The Germans seem to be convinced that
road slabs provided with reinforcement,
dowel bars and tie bars are not only
superior in performance to plain slabs but
economically advantageous. Very little
evidence of surface damage due to frost
action can be scen on German concrete
roads, although they are often in exposed
positions and are subjected to low tempe-
ratures in winter. For the replacement
of odd bays damaged by mines or shelling
during the war, it is considcred desirable
to use the full-scale standard machinery
for the compaction and finishing of the
concrete. The pre-war specification for
autobahnen has been proved so generally
successful that in post-war work, apart
from experiments, only very minor altera-
tions have been considered necessary.
The standard of maintenance is high on
German concrete roads—joint filling is
carried out annually and jacking of slabs
which have settled is a commonplace and
very economical technique. Sawn joints
have been used in some recent work and
it was impressive to see how good these
were, not only from the point of view of

December 1054

surface riding qualities but because they
were 80 noat and  unobstructive. As
always, tho excellence of the Jandscaping
z.m(l alignment of the autobahn made its
impact on the eyo. Apart from the early
straight stretches, the twin carriageways
appear a part of the landseape instead of
a man-made application. TFifteen or more
years of prowth added to the trees sinco
construction has enhanced the general

offect.  The German traffic engincers of

Wiesbaden seemed to be enjoying them-
selves in devising interesting and varying
ways of denoting the pedestrian phase for
traffic’ light controlled junctions. The
cheeriest contribution to the street scene
which was noticed was the sounding of
a lowspitched cleetric horn for the dura-
tién"of the phaso devoted to walkers. The
great increase in traffic density that has
occurred in Germany since the war, said
by her traffic engincers to be 200 per cent,
is very noticeable. Ths size of some of
the goods vehicles with their trailers is
impressive but last year the permitted
number of these trailers was reduced by
law to onc. The crossing of a full white
line is a traffic offence in (lermany.

Last year Dr. Glanville said in re-
ference to an earlier visit he had made to
Germany—*“ It was an amazing experi-
ence to travel along these big German
roads with the traffic, including large
lorries and trailers, thundering along at
fifty miles an hour.” Tt is still impressive
and is perhaps even more so now owing
to the increase in the traffic using the
roads. The fact that this speed is still
possible in complete safety on roads which
were almost entirely laid down at least

fifteen years ago is, in itself, food for
thought.

(Extracted from * Concrete Quarterly 22’
—April-June, 1954).

INSTRUCTED MIND

It is a mark of instructed mind to rest satisfi
of precision which the nature of the subject adm

exactness where only
acceptable.

fed with that degree
its, and not to seek

an approximation of the truth is possible and/or

—Aristotle.
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SCIENTIFIC MANAGEMENT

1. Kach and every part and subdivi-
sion of an organisation should be the
expression of a definite purpose in har-
mony with the objectives of the under-
taking.

2. (a) All actions towards the accom-
plishment of a given aim must be directed
by one person.

(b) Kach person should have only
one immediate superior, and must receive
instruction about a particular task or
operation from that person only.

(¢c) Each person should know clearly
to whom and for what he is responsible.

3. The number of subordinates repor-
ting to a superior is governed by limita-
tions of the human mind.

4. To be efficient, @ man should have a
job which is whole and complete in itself,
and within his physical and mental
capacity.

5. Where responsibility is assigned to
a person it must carry with it authority
to implement it. Responsibility is a
privilege, as well as an obligation. It
carries with it the right of decision, to
determine what, how, when, where and
by whom the work shall be done, and to
stand or fall by the results.

Insufficient delegation means :—

(a) Senior personnel spend time on
detail work. As a result they have
less time for work correctly appro-
priate to their function, training
and capacity. Decisions are delayed,
and ¢ Red Tape ’ increases.

(b) Decisions are made without perso-
nal or up-to-date knowledge of
facts.

(c) Initiative is stifled.

Too much delegation, brought about by
delegating too far down the chain, pro-

duces the following anomalies :

(a) The person deciding may be too
low in the organisation to under-
stand its full implications,

(b) His decision may compromise the
overall policy.

(c) Decisions based on uninformed
judgement are frequently unsound,

6. Discipline consists of “obedience,
diligence, energy, correct attitude and
outward marks of respect, within the
limits fixed by contract between the
organisation and the employees >,

7. Wise leadership is more essential to
successful  operation than extensive
organisation or perfect equipment.

8. Good personnel relationships imply
high - morale and whole-hearted, spon-
taneous co-operation towards a common
goal. These are:

(a) Earn the respect of others.

(b) Take a personal interest in subor-
dinates, but avoid the fatherly

approach, unless it is really neces-
sary.

(¢) Give credit promptly, where credit

is due; do not put it off until
tomorrow,

(d) Be fair and unbiased in your judge-
ment.

{(e) Give punishment only when you
are certain it is deserved.

(f) Within the limits of security, keep
subordinates fully informed about
what is happening, and why.
Where possible, give reasons for all
orders,

(2) Respect the views of others.

(Adapted from *The Journal of the
Institution of Military Engineers’)
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ROAD FACTORS AFFECTING THE
SPEED OF TRAFFIC

"TPRAFFIC movement is often best mea-

sured by its speed and the speed of
traffic is affected by many factors. The
speed of any individual vehicle is affee-
ted by the power of its engine and by the
smoothness with which it runs. It is
affected by the temperament of the driver,
by his physical condition, and by wheth-
er or not he is in a hurry. 1t is, however,
apparently affected even more by the
general factors, such as the naturc of the
surface and layout of the road and the
amount and nature of other traffic. The
cffect on average speed of traffic of (i)
horizontal and vertical curvature, (ii) the
width of the road, and (iii) the amount
and nature of other traffic, is given
below.

The Effect of horizontal and vertical
curvature of road on speed

Fig. 1 shows the results of an investi-
gation of the effect of horizontal and verti-
cal curvature on speed on the rural roads
of Buckinghamshire U. K. It will be seen
that every increase in average horizontal
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Fig. 1. The effect of road curvature
on average speed.

curvature of one degree per 100 ft reduces
the speed by 1.2 m. p. h. and every degree
of average vertical gradient decreases speed
by 1.4 m. p. h. These figures apply to
rural roads with the traffic composition of

10

Buckinghamshire. If the composition were
altered, the results would be different.
The results in the figure apply to the
average of all traffic, private and commer-
cinl.  Private cars are, however, affected
more than is indicated on the figure by
horizontal curvature and less than is indi-
cated on this figure by vertical curvature.
On the other hand, commercial traffic is
affected less than is indicated on the
figure by horizontal curvature and more
by vertical curvature.

The Effect of width of road

The cffect of width of road on average
speed of traffic on some of the rural roads
of Buckinghamshire is indicated in Fig. 2.
There is a marked increase in average
speed of hoth private and commercial
traffic as the width of road increases from
about 16 to about 20 ft. The increase was
about 7 m.p.h. for private cars and
about 6 m. p. h. for commercial vehicles.

40

3% ﬂ/ )

Speed-m.p.h.

28 /
“

b " 0 2 . L]
Width of Road-Feet

Fig. 2. The effect of width of road on
speed on rural roads,

A large part of this increase in speed is
undoubtedly due to the fact that the nar-
rower roads covered by this investigation
were generally more curved than the
wider ones, but there can be little doubt
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about the reality of the effect of width.
Both width of road and curvature of road
seem to affect the average speed of traffic.
The effect of amount of traffic

A laboratory investi-
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one another, usually at the same speed,
and to count the number of vehicles in
such groups passing a given point at a
given time. Irom the observations it
was possible to calculate the number of

gation on the effect of

the amount of traffic o]n w ® ealwae " -

its average speed on the « O, o—"ga ]

roads ofgruml Bucking- 3 ol e \ N .
hamshire gave no indi- g | W ..\ R a T a—\‘*
cation of any apprecia- 3 N \ \ .
ble change in the average . $ N P\ ~4 e
speed due to the presence 3 \e \

of other vehicles. This 3* N p—

result means that the ¥ wiori-reer

roads on which vehicle s n

speeds were being in- sou
vestigated were not being = ks e — s

used at anything approa-
ching their maximum
traffic capacity. Another
investigation on the effect of amount of
traffic on speed in Central London showed
a very marked relationship between the two
quantities. The results are shown in Fig.
3. When the amount of the traffic is small
the average running speed of traffic in
Central London is about 24 m. p. h. As
the amount of traffic increases, the speed
of traffic decreases, and this effect is very
much greater on narrow than on wide
roads. For example, for a road 32 ft wide,
the average traffic running speed goes
down from 24 m. p. h. when trafficis very
light, to 19 m. p. h. when 400 vehicles are
using the road every hour. It goes down
to about 14 m. p. h. when 800 vehicles per
hour are using the road. It will be seen
that about 800 vehicles per hour can tra-
vel at an average speed of 18 m. p. h. on
a 37-ft wide road, and at 23 m. p. h. along
a 52-ft wide road. On a road 22 ft wide
it could be extrapolated to this low speed.
It is more likely, however, that the traf-
fic would jam up and everything would
come to reet.

Capacity

Fig. 3 leads naturally to the conception
of the capacity of a road, that is the
answer to the question, how many vehi-
cles can drive along it per hour? The
method of answering this question used by
early workers on the subject was to watch
groups of vehicles following one another
along a road, to select groups in which
the vehicles were travelling close behind

3 11
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Irig. 3. Mean running speeds against total flow,

vehicles per unit time that could pass a
given point in a single lane at a given
specd. The most careful and accurate
observations of this sort show that at
speeds between about 15 m. p. h. and 60
m. p. h. about 2,500 vehicles can travel
along a single lane per hour and this
figure might therefore be called the theo-
retical traffic capacity of a single traffic
lane, i.e., 2,500 vehicles per hour per lane.
On this basis, a two-lane 22 ft. wide road
would have a capacity of about 5,000 vehi-
cles per hour. However, fig. 3 shows that
under the corditions of traffic in Central
London, it is certainly not possible to get
more than about 900 vehicles per hour
along a 22 ft wide road even at a very
low speed or 450 vehicles per hour, per
lane, less than one-fifth of the theoretical
capacity. The reason for the difference
is, of course, quite obvious. The theore-
tical capacity is calculated on the assump-
tion that vehicles are travelling at
uniform speeds in single lanes, as closely
behind one another as possible. 1n
practice, there are random fluctuations in
the amounts of traffic wishing to use a
road ; overtaking occurs since some drivers
wish to drive at faster speeds than others,
somo vehicles wish to stop to take up or
set down passengers, and pedestrians walk
across the road in front of oncoming
vehicles. These conditions reduce the
capacity of a single lane of road from
about 2,500 to a few hundred vehicles
per hour. However, road engineers and
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planners need to know how many vehicles
aroad will take under the various condi-
tions. The difficulty is that the road will
take different numbers of vehicles under
the different conditions. Tf the road
engineer is prepared for the average
speed of traflic to be low, the road will
take a much larger number of vehicles
than if he requires the speed to  be
high. Beforc one can specify the capacity
of a road, it is necessary to know
something about traffic conditions on it
and then decide on the minimum speed at
which it is desired the traffic should
travel. If it is decided that under condi-
tions of traffic in Central London, it is
desirable that the minimum running speed
should be 15 m.p.h., the capacity of a 22
ft wide road is then about 300 vehicles
per hour, of a 32 ft wide road 700 vehicles
per hour, and of a 37 ft wide road 1,100
vehicles per hour. A table of capacities
deduced in this manner is given in Table
I and compared with some results of so-
callad ‘ practical’ capacities, given by
Normann, for uninterrupted flows on ur-
ban roads in the United States on which
20 per cent of the traffic consists of heavy
lorries travelling at 35-40 m. p. h.

It will be seen that there are three sets
of vastly different results for the capacity
of a road. For a 24-ft wide road, for
example, the R.R.L. London traffic survey
results gave a capacity of 400 vehicles
per hour. Normann’s figure is 1,200
whilst the theoretical capacity is about
5,000 vehicles per hour. Although these
figures for the capacity of a road are very
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different they all represent actual condi-
tions. The column — R.R.I. figures gives
tho capacity of roads in which traffic
conditions are of the type common in
Central London, with pedestrians wander-
ing across the road whenever the opportu-
nity offers, buses stopping and starting,
occasjonal parked vehicles, and intersec-
tions close to one another, whereas Nor-
mann’s figures give the results for unin-
terrupted flow in straight rural roads.
The fourth column gives the capacity of
a road when every driver is disciplined
to travel at uniform spced behind the
vehicle in front. 1n practice, such capa-
cities are only realised at bottlenecks,
although a capacity of 1,500 per hour per
lane is quoted for American urban
CXpressways.

TABLE I
Capacity of Uninterrupted Streets
(Vehicles per hour)

Carri- R.R.L. Normmann '“‘““"'(:.tti(""'l
agoway London 20 hoavy (,lalplm.l ‘i
width Frafic | orries (33-40 | < OO
(feet) Burvey m.p.h.) ol)ﬂ(u'\’a:ti(;ns;
24 400 1,200 5,000
36 1,000 1,700 7,500
48 1,600 5,000 10,000
60 2,200 6,200 12,500

(Extracted from ‘ The Journal of Munici-
pal nginecrs’- -September 7th, 1954)

—_———

ALL FOR LOVE

A married woman sued the car owner who inrolved her in a very
serious accident from her point of view, and from the point of view of
the Court also. She was originally awarded £ 500 as damages and
when she told the sympathetic court that the accident made it painful
Jor her to kiss, the damages doubled itself to £ 1,400 ! Surely, she
must have had the support of cxpert medical men whose diagnosis
of the kiss that pain could be relied upon. To those who live by kisses
and dyvorces, an aulomobile accident of this nature could be a sure
cause to break the malerial felicity., This i3 another reason why we

should build safety into the roads.

GOOD MANAGEMENT

The secret of good management lies in spreading responsibility
not in centralising i, in making men believe that they belong to a

team and not a herd.
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FOUNDATIONS FOR CONCRETE ROADS
THEIR PREPARATION AND
PROTECTION

THIS paper describes the practical

measures that should be adopted
by road engineers in the initial prepara-
tion and for the subsequent protection
of the foundations of concrete roads.

The provision of a stable foundation for
a concrete road consists of :

(1) the selection of suitable soils for
embankments and materials for the
road bases ;

(2) the compaction of these soils and
materials ;

(3) the control of the moisture 9011di-
tions in these soils and materials.

Each of these aspects is dealt with in
turn.

Introduction

It is just as necessary to provide a
stable foundation for a concrete road as
for any other type of road. A stable
foundation can only be achieved if the
road engineer is prepared to understand
what constitutes a stable foundation and
to acquire a working knowledge of the
basic principles of soil mechanics.

The present paper indicates briefly the
conditions the engineer should aim at
achieving in his foundations, and then
describes in more detail the practical
measures that can be adopted in various
circumstances to bring these about.

Effect of foundation on design of con-
crete road slabs

For concrete roads Westergaard’s theory
enables the tensile stresses developed in a
concrete slab to be calculated in terms
of the strength of the foundation, expres-
sed as a modulus of subgrade reaction
measured by means of a loaded plate test
on the foundation quite apart from the
other factors which affect the tensile

stresses developed in concrete slabs, the
present view is that Westergaard’s theory
understimates the stresses associated with
the degree of support provided by the
foundation, since the theory postulates
uniformity of support over the whole area
of the slab, a condition which can rarely
be achieved in practice. In the design
of concrete road slabs it is thus necessary
to take into account not only the strength
of the subgrade but also the uniformity
of support it affords the sladb, and it
follows that, to enable the most economic
design of slab to be employed, the aims
should be to maintain the strength of
the subgrade soil at the highest value
consistent with the circumstances, and
to ensure that non-uniformity of support
for the slab is kept to a minimum by
creating soil conditions that will result
in only small vertical movements after
the slab has been constructed.

Factors controlling the stability of
the foundation

In practice the achievement of a stable
foundation for a concrete road comprises
the thorough compaction of the soil where
necessary and of the base material, and
the control of their moisture contents,
since both the strength of these materials
and the extent to which uniformity of
support for the slab is maintained are
dependent on the state of compaction of
the materials and their variation in
moisture content after the road has been
constructed. Some materials, for example
peat, are of course of such a nature that
neither compaction nor moisture control
can make them into a satisfactorily stable
foundation. ’

The provision of a stable foundation
for a concrete road thus resolves itself in

practice into dealing with the following
three matters :

(1) the selection of suitable soils and
base materials ;

13
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(2) the compaction of these soils and
materials ;

(3) the control of the moisture condi-
tions in these soils and materials.

Selection of soils and base materials

The practical problems that arisc under
this heading are the selection of the align-
ment of the road and the choice of materi-
als for constructing embankments and
bases. These requirements can be pro-
perly met only by a thorough survey of
the soil conditions underlying the site of
the proposed road and an exploration of
sources of local materials. It may be
assumed that road engineers are now
generally aware of the importance of these
matters in ensuring a satisfactory stan-
dard of road construction.

For a soil survey to be of real value,
the soil conditions should be explored to
an adequate depth and with bore-holes at
sufficiently frequent intervals. The extent
of the exploration depends on the parti-
cular circumstances at the site, but depths
of boring should be usually from 6 to
15 ft and the spacing of borings of the
order of 200 ft. Experience has shown
that some form of mechanical borer, such
as that developed at the Road Research
Laboratory, (3, 4) is advantageous, while
the earth resistivity method (1) is of
value in checking on the uniformity of
soil conditions between two adjacent
borings.

In examining the results of a soil sur-
vey, the following points need to be noted
in connection with the design of a concrete
road constructed on a s80il formation
in cut:

(1) The uniformity of soil conditions
both along the site and in depth

Lack of uniformity of soil type, parti-
cularly in the profile, can usually be taken
as an indication of a poor foundation for
concrete roads and should be allowed for
in tho design. For example, where the
profile consists of successive thin layers of
varying inclination and thickness of sand
and clay, the foundation is particularly
liable to give non-uniform support.
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(2) The Presence of compressible
soils

Wherever peat and highly organic clays
occur extensively in the ground, conside-
rable uneven settlements may be expected
in any road constructed upon it. In
certain circumstances it may be possible
by a suitable adjustment of the horizontal
alignment to avoid such ground, but
where this is not possiblo measures should
be taken to remove the compressible soils
if this is practicable or alternatively the
road must be desiguned to provide a satis-
factory riding surface when constructed
directly on the soil.

(3) The presence of a high water-
table

Irrespective of the type of soil a high
water-table (less than 3 ft below the soil
formation level) usually results in a poor
foundation condition., Where a rapid
lowering of the water level can be effected,
the necessary drainage measures should
be taken in order to stabilize moisture
couditions in the sub-grade beforo the
concrete slabs are constructed. Should
this be impossible, a lowering in the level
of the water-table may do more harm
than good, in which case it is preferable
to make some allowance in the design of

the road for the presence of the high
water-table.

Where a conerete road is to be construc-
te(} on an ombankment the results of the
soil survey should be uscd :

(I) To select suitable materials for
the construction of the embankment

While it is economically desirable to
use soils taken from cuttings on the line
of the road for the construction of em-
bankments, where the cuttings are com-
posed of peat or organic clays these soils
should never be used, because of their
high compressibility and low strength,
and a survey should be made to locate the
nearest source of more stable soils.

' In ad{lit,ion, cuges will sometimes arise
In practice where it would be preferable
to use a stable soil occurring near the site,
r{a,t.he.r than a soil from a cutting on the
8ite, if the latter soil was liable to be trou-
blesome under certain practical conditions.
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For example, silty sands are quite amen-
able during dry weather but are often
impossible to use for embankment cons-
truction in wet weather. In a case such
as this, where the weather is likely to be

predominantly wet, it would be preferable

to employ a local source of soil which is
less susceptible to wet weather.

Where two types of soil are available fer
constructing an embankment, the better
goil should where practicable be used to
form the upper part and the poorer soil the
lower part of the embankment. Forexam-
ple, a frost-susceptible soil should usually
be placed below asoil not affected by frost.

(2) To judge the condition of the soil
on which the embankment is foun-
ded

The main aspect to consider under this
heading is the presence of compressible
strata, especially where the embankment
is high. Cases may arise with high em-
bankments where considerable settlements
taking place over a period of many years
may occur as a result of the presence ofan
unsuspected compressible layer of soil
occurring at a depth of 10 to 20 it below
the surface of the ground.

Surveys of local sources are also needed
to select a suitable material for construc-
ting the base for the road. The materials
generally used are well-graded gravels or
artificial materials such as clinker or slag.
In either case, the criterion of quality
should be their ability to be compacted
readily to a dense and stable mass. Where
the grading of the material is poor, no
amount of compaction will produce a satis-
factory base, and experience has shown
that the use of such materials has led fre-
quently to structural failure of the con-
crete. It is also desirable to avoid the use
of materials whose stability is liable to
serious reduction in wet weather. For
example, during wet weather, a compacted
clean gravel will become unstable because
of its high permeability, whereas, a com-
pacted clayey gravel having a low perme-
ability will remain comparatively stable.
On the other hand, the clayey gravel will
become very unstable if exposed in an un-
compacted condition during wet weather,
and in drying weather it will remain un-
stable for a longer time than the clean

gravel.
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Compaction of soils and base mate-
rials

The adequate compaction of embank-
ment fills, placed subgrade soils and base
materials is essential for the provision of
a stable foundation for a concrete road,
since the poor compaction any of these
materials will result in uneven settlements,
necessitating the employment of a stron-
ger design of concrete slab if structural
defects are to be avoided.

The process of compaction involves the
increase of the bulk density of a mass of
soil by the removal of air by mechanical
means from between either adjoining parti-
cles or adjoining aggregations of particles
of soil. The state of compaction of a soil
can therefore be most logically measured
in terms of its air content, and at a known
moisture content this can be simply con-
verted to a dry density with knowledge
of the specific gravity of the soil particles.
In the specification of the state of compac-
tion required in embankment, subgrade
and base materials, it is convenient there-
fore to require the attainment of a dry
density, corresponding to a maximum
permissible air content of the material.
Dry density is a quantity simply measu-
red in practice by such tests as the sand-
replacement method (B. 8. 1377 : 1948).

Specification of State of Compaction

It is suggested the maximum air con-
tents that should be specified are, respec-
tively, 10 per cent for the main part of the
embankment fill and 5 per cent for the top
2 ft of subgrade soil and for the base
material.

1t is not recommended that states of
compaction should be specified in terms of
a dry density that is some percentage such
as 95 per cent of the maximum dry den-
gity obtained in a laboratory compaction
test, since experience has shown that this
method can in certain circumstances be
quite impractical.

Moisture Content at which to Campact

The moisture content at which compac-
tion should be carried out depends on the
type of material. With clay soils com-
paction should be at the natural moisture
content which they possess in the ground

4 15
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below the depth aflected by weather
conditions. lesearch  work on  this
subject suggests that, if this is done, thero
ig little likelihood of subsequent changes
in moisture content which, if they
occurred, would result in changes in the
volume of the soil and thercfore in
vertical movements in the level of the soil
formation. 1In practice, this means that
when clay soils are execavated for con-
structing embankments the time taken
between excavating them and compacting
them in the embankment should be kept
to a minimum. The top of the fill should
at all times be maintained in a good
shape during construction to prevent the
ponding of rain water, and pockets of wet
soil should be removed before placing the
next layer. When the embankment is
completed some time before the road is to
be constructed, the fill should be huilt
about 1 ft above the final formation level,
in order to protect the ultimate subgrade
soil from changes in moisture content due
to rainfall or evaporation.

The compaction of granular soils and
base materials should be carried out at a
moisture content which will give the
maximum dry density with the type of
plant selected for the work. Although
this usually implies a reduction of
moisture content, which is, as a rule, the
optimum moisture contents of granular
soils do not usually differ significantly
from the natural moisture content above
the water-table and below the zone
affected by weather. The change in
moisture content required will therefore
usually be small, unless the soil has been
removed from below the water-table or
has been allowed to be affected after
cxcavation by the weather. Every effort
should, of course, be made to avoid theso
two contingencies.

Thickness of Layer to be Compacted

One of the principal causes of the
uneven settlement of foundations is the
placing of layers of fill too thick to be
compacted adequately. In the construction
of embankments the fill should be placed
in layers having a reasonably uniform
thickness of about 9 in. Compaction will
reduce this to a dense layer about 6 in.
thick. The top 2 ft of placed subgrade
goils and also base materials should be
compacted in layers not exceeding 6 in,
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thick, which after compaction will form a
dense layer about 4 in. thick. The above
suggestions apply for most of the compac-
tion machines in common use.

Compaction of Surgrade Soils in
Cuttings

In the foregoing paragraphs tho com-
paction of subgrade soils has referred to
the case where they are placed as the
upper part of an embankment. A
different situation arises when the sub-
grade 18 in a cutting.

Clay soils occurring in cuttings are
usually close to saturation so that their
compaction is unnecessary ; in fact,
heavy compaction can be harmful since
the stressing of the soil may destroy the
internal structure of the soil and result in
a reduction of its strength.

Granular soils, on the other hand, often
occur naturally in a poor state of compac-
tion, so that they require further com-
paction when they are exposed in a
cutting. Sometimes this poor state of
compaction may be associated with a high
moisture content, and in such cases
drainage measutes are required before the
soils can be satisfactorily compacted.

Since a high state of compaction,
corresponding to an air content not
exceeding & per cent, is required in the
top 2 ft of the subgrade, the necessary
compaction of granular soils in a cutting
can best be obtained by excavating the
s0il to a depth of 2 ft below the final
formation level and then replacing the
soil in well-compacted layers 4 in. thick.
An alternative procedure which avoids
the excavation of the 2 ft of soil is to
compact the soil formation with either
frog-rammers or vibrating-plate machines.
These machines compact granular soils
satisfactorily to a depth of about 1 ft,
and this is probably adequate for most
lightly trafficked concrete roads.

A similar problem arises when a badly
damaged slab has to be replaced in an
existing concrete road. It is common
experience that replaced slabs do not
always remain sound as long as the
average life of the original slabs, and this
is probubly'a.ssociuted with the difficulty
of compacting the base and subgrade
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oxposed when the damaged slab is removed.
Rammers of various types and vibrating-
plate compactors are again the best
machines for compacting in the confined
area to Dbe occupied by the slab. Darti-
cular care with the compaction is required
round the edges of the area.

Backfilling of Trenches

Particular care is needed in the comp-
action of soils used to backfill trenches
which cross the formation of the road,
since the settlement of the soil in the trench
after the road is constructed would be
quite likely to result in a local failure of
the conecrete over the site of the trench.

There is no reason why satisfactory re-
instatement of trenches should not be
achieved if the basic principles of soil
compaction are adhered to. The work
should be planned so that the soil is be_xck.
filled as soon as possible after excavation ;
this is to reduce changes in the moisture
content of the soil to a minimum, The
soil should be replaced in the trench in
layers about 9 in. thick and compacted
with an adequate numbers of blows of a
power-rammer. Rammers with a diame-
ter of base of 12 in. should be used since
they help to ensure that enough compac-
tion is applied to each layer.

Wherever practical the trench should be
reinstated before the final soil formation
has been prepared, so that the soil in the
trench may be backfilled to a level a few
inches above the final level, and later
trimmed to correct level with the rest of
the formation.

Compaction plant

Generally speaking, pneumatic-tyred
rollers are the most suitable machines for
compacting soils in embankments; in
confined areas rammers for clay soils and
vibrating machines for granular soils are
particularly convenient; smooth-wheeled
rollers and vibrating-plate machines are
satisfactory for most cases of subgrade
and base compaction,

Control of soil compaction

In view of the importance of achievinga
high state of compaction in the founda-
tions underlying a concrete road it is essen-
tial to have an inspector available to con-

17

Deecember 1954

trol the compaction operations. His duties
should e :

(1) toreject soils and base materials
whose moisture contents are unduly
higher or lower than called for in
the specification ;

(2) to ensure that the thickness of lay-
er placed does not exceed at any
point the maximum value specified ;

(3) to ensure that the specified number
of passes of the plant is applied to
each layer, and that the compaction
is carried out systematically so
that no area is inadequately
treated ;

(4) to check the dry density against
the specified dry density by one of
the methods of test described in B.
S. 1877 : 1948. The mean of ten
separate measurements should be
determined for each area treated
in one operation.

The control of moisture conditions in
soils and base materials

The main object of subsoil drainage as
applied to roads is usually to lower the
water-table level and thereby achieve an
increase in the stability of the soil by a
reduction in its moisture content. The
increased knowledge of the properties of
soils and of their behaviour in practice
have shown that so far as concrete roads
are concerned, the aim should rather be
to maintain the soil at a constant mois-
ture content after the road has been cons-
tructed.

The reason for the development of this
different concept of the subsoil drainage
of concrete roads is that a change in the
moisture content of a soil, whether it be
a decrease or an increase, is usually accom-
panied by a change in volume which results
in vertical movements of the soil for-
mation. Because of the lack of uniformity
of soil properties, even within a com-
partively small volume, such vertical
movements can usually differ within the
area of a concrete slab to an extent suffi-
cient to produce a serious loss of unifor-
mity of support of the slab by the soil
formation. It is therefore considered that
to use subsoil drainage to increase the
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strength of the soil at the expense of alogs
of uniformity of support for the slab is
unjustified in the case of concrete roads.
The object should be rather to create con-
ditions in which the soil is maintained at
its highest strength consistent with no
change in moisture content occurring after
the road is constructed.

The whole problem of subsoil drainage
as applied to concrete roads thus involves
an understanding of the factors affecting
the movement of moisture in soils and
how to control them. In practice, the
road engineer can take the following
measures:

(1) control the conditions during con-
struction so that the soil is main.
tained at a moisture content closc
to the average value it will possess
during the life of the road;

(2) control the agencies by which water
can enter or be removed from the
subgrade.

These aspects are considered in more
detail below.

Control of Moisture Conditions of soil
During Construction.

The control of the moisture content of
goils used to construct embankments has
already been considered in the section on
compaction.

In the case of subgrade soils the main
problem is to protect the prepared soil
formation from the action of weather
during the period before the construction
of the pavement. Failure to provide
protection from rain is one of the commo-
nest faults in road construction, and it is
of course equally desirable to prevent
undue drying of the formation.

In concrete construction it is usually
impracticable to organize the work in
such a way that the necessary protection
can be provided by laying part of the
road structure immediately after the
preparation of the formation. In this
connection porous granular bases such as
clinker and clean gravels have the disad-
vantage of allowing the easy passage of

Decomber 1054

rainwater to the subgrade ; an impervious
base such as a well-compacted clayey
gravel on the other hand would provide

the necessary protection, but would itself
need protection.

A new technique of providing the neces-
sary protection to cither the subgrade or
the base is to apply a bituminous sealing
coat as soon as the formation has been
prepared. lxperience has shown that this
method can be successfully applied to
all soils. Tars with a viscosity ranging
between 25 E. V. T. in winter and 35
E. V. T. in summer and cutback bitu-
mens having a viscosity in the range
20-60 seconds at 40 C (Standard Tar
Viscometer) are the most satisfactory,
although rapid-breaking road emulsions
are satisfactory when applied as a double
dressing. Rates of spread of the order
of 3 8sq. yd. per gallon should be used,
and the bituminous sealing coat should be
blinded with 4-in granular material, such

as gravel or clinker. The main function °

of the granular layer is to prevent the
binder film being picked up by traffic,
but where the subgrade is very weak, a
well-compacted layer about 4 in. thick
should be laid to provide a firm working

formation on which to construct the con-
crete slabs,

Where the bituminous sealing of forma-
tions is adopted, it is important to obtain
a good shape, in order that water may be
completely shed to the side of the forma-
tion. It is also necessary to carry the
surface dressing 2-3 ft beyond what will
ultimately be the edges of the carriage-
way, in order that rain water will be
carried to a point where it will not affect
the soil under the bituminous seal.*

Control of the Moisture Content of the
Subgrade After Construction

Assuming that effective measures have
been taken during construction to protect
the soil from undue changes in moisture
content, the prevention of changes in the
moisture content of the subgrade soil after
the road has been constructed reduces to
the control of all means by which water
can enter or leave the subgrade.

* Fall details of this process are given in ¢ Transport-Communications Monthly Review.’
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An increase in tho moisture content of
the subgrade soil and base material can
occur after the roud is constructed as a
result of :

(1) Entry of surface water through
joints between slabs

To prevent this happening, the bitu-
minous sealing of joints between slabs
should be regularly maintained with a
recognized sealing material.* Any subs-
tantial cracks that form in the concrete
should be immediately sealed.

(2) Rise in the water-table level

Where there is an occasional possibility
of the level of the water-table rising
considerably above normal, subsoil drains
should be installed as shown in Figure 1
on either side of the carriageway. On a

CL".\ [PAVEMI‘.NT ICLAY
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Fig. 1. Lowering the level of the water-table
by the installation of drains.

dual-carriageway road an additional drain
may be required under the central reser-
vation. The use of herringbone drains in
the soil formation is considered to be
generally undesirable.

Where the water-table is less than 4 ft
below the formation level at the time the
road is constructed, subsoil drains should
be used to lower the level of the water-
table before the concrete slabs are con-
structed, and with granular soils before
the formation is finally compacted.
Where this is not practical because of the
low permeability of the goil it may be
desirable to accept a higher level of water-
table and to employ subsoil drains to
prevent a rise above this accepted level.

(3) Water seeping from higher ground

Where the road is constructed on sloping
ground a subsoil drain may be required to
intercept water flowing towards the road
from higher ground. The aim should be
to keep the seepage water less than 4 ft
below the formation level. Two types of

NN M N \,‘ il
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intercepting drain are shown in Figure 2
and 3.

WATER-TABLE : ==  PAVEMENT

TAMPED FILTER
MATERIAL

DRAIN
IMPERVIOUS

STRATUM /7777777777,

Irig. 2. Interception of shallow
seepage zone.

~

AMPED FILTER

IMPERVIOUS STRATUM

Fig. 3. Partial interception of deep
seepape zone,

The filter media used to backfill subsoil
drains can be any suitable naturally
occurring stone with a grading designed
to permit the easy percolation of water
and at the same time minimize the danger
of silting and thus making the drain in-
operative. Full details of a satisfactory
method of determining the desirable grad-

ing of the filter material are given else-
where (7).

A decrease in the moisture content of
subgrade soils and base materials under
concrete roads occurs generally as a result
of the transpiration of moisture by vegeta-
tion close to the road. The loss of mois-

ture is accentuated during prolonged
droughts.

This effect can be minimized in the
following ways:

(1) no large trees or shrubs should be
permitted within say 15 ft of the
carriageway ;

(Continued on page 32)

* The specification for joint sealing cogﬂgounds is given in B.,S, 2499 : 1
Communicatiopns Monthly Review October 1954’ —p. 20.
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EXCAVATION IN WET GROUND

The Well Point Method

CLASSI(L\L methods of dealing with

the inflow of water 1uto an excavation
are the open sheeting an't pumping techni-
que and the deep-well method.  Another
way to stop the flow of water is by freez-
ing the ground by artificial mecans, a
somewhat expensive undertaking.  All
engineers will be aware of the disadvan-
tages of open shecting and pumping. As
the water flows into the excavation it
carries with it a considerable amount of
the finer materials of the soil, and if
pumping is carried on for long there is a
danger of the collapse of the shuttering
due to hollows being formed behind.
Even if it is possible to convey the water
to a sump in one corner of the excavation,
the bottom on which men have to work
is wet and often sticky. If the worst
comes to the worst, a dangerous boil
occurs.

Deep-well Method

The deecp-well method consists of digg-
ing shafts around the outer perimeter of
the area to be excavated and to a slightly
lower level, and then pumping out the
water as it enters. By this means the
ground-water table is lowered at the ac-
tual excavation. Naturally, such a method
is expensive, the extra excavation and
sheeting is a cost not to be reckoned
lightly.

It is from this latter method that a new
method has originated. With its increas-
ing use during the war years and since on
new constructional work, the wellpoint
dewatering system has rapidly gained
popularity.

With the wellpoint method the water is
withdrawn from the soil before it reaches
the excavation. Eguipment comprises
the actual wellpoint through which the
water is withdrawn from the soil, riser
pipes which connect the small wellpoint
with the main water removal pipe on the
surface. This pipe, usually of 6 in. dia-
meter, runs along the surface of the
ground to the wellpoint pump, which, by
creating a vacuum in the system, draws
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the water from the ground through the
wellpoint and up the header pipe.

The wellpoint itself is approximately 3
ft long and about 3 in. in diameter, the
actual dimensions depending upon  the
manufacturer.  When placed vertically in
the ground, the upper face connects to 1ho
riser pipes by a screwed coupling, and at
the lower end is a special jetting head.
This consists of a non-return ball valve
which allows the water to pass downwards
through the riser pipe and out at the jett-
ing head. 1In this case the water travels
in the opposite direction to when dewater-
ing is taking place. The object is to sink
the asscmbled riser pipe and wellpoint
into the ground by means of the jetting
action. A non-return ball valve is pro-
vided so as to prevent sand and other fine
material being drawn into the system
through the jetting orifice when dewater-
ing is in progress.

Between the upper riser pipe connection
and the jetting head is the wellpoint
screen through which water is withdrawn
from the ground. Basically it consists of
a central steel tube, around which is a
heavy brass screen separated from the
inner tube by spacers which also serve as

filters. An average weight for a wellpoint
is around 15 1b.

Connecting the wellpoint to the surface
of the ground is the riser pipe. Usually
of 1} in. diameter, the pipe is of steel or
iron with threaded couplings. The riser
pipe delivers ground water into a header
pipe which is of light-weight steel tube of
6 in. in diameter and runs more or less
horizontally. Bosses are fitted into this
pipe at 30 in. intervals to allow riser pipes
to connect into it. Should the riser pipes
be spaced at greater intervals, bosses may
be fitted into the inlets. It is essential, if
time is not be wasted, to have some form
of flexible coupling between the riser pipe
and the header line, so that great exacti-
tude in the jetting of the wellpoint
assembly is not necessary. This is achieved
by means of the swing joint. It consists
of two halves, the header half and the
riser half, with a shut-off valve on the
header side allowing each wellpoint to be
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disconnected from the system. Tlexibility
is obtained by using a length of rubber
hose in the riser half of the coupling.

After the header line has picked up, all
the riser pipe connections 'it is connecped
to the wellpoint pump, which by ecreating
a vacuum in the system withdraws water
from the ground. With a long length of
header line and consequently a ]a.'rge num-
ber of wellpoints, and with the air contal-
ned in the ground water, a pump 18 requi-
red which can handle a large amount of
air. It has been found by experience on
work in the U. K. that a 6 in. pump of the
contrifugal type with a single impellor is
most suitable. Such a pump can withdraw
upto 1,000 gallons per minute against a
40 ft head. Water for jetting may also
be obtained from this type of pump at a
pressure of up to 20 1b per sq. in.

Often in difficult ground this pressure is
not high enough to jet the assembly
through the ground, and if a high enough
water pressure is not available from tho
mains, a special jetting pump must be
employed.

The simplest case of wellpoint flewate;-
ing is perhaps the square or circular exca-
1va.gtionpdowrf)to a depth of about 25 feet.
According to the type of ground and t‘:he
amount of water expected, the wellpoint
spacing is selected, conditions vary con-
siderably and it is difficult to generalise.
Assuming the water table is 10 ft below
the surface, the excavation is igaken out to
this depth in the dry. At this elevation
the header line is then laid around the
periphery of the excavation and the well-
point assemby jetted down into the ground
to a certain depth below the lowest level
to which excavation is to be taken out.
The necessary extra depth will consist of
the depth of the wellpoint, for, of course,
this must be below subgrade, together
with extra depth to allow for the gradual
rise of the water table across the excava-
tion. If the excavation is large in area
and the distance apart of the wellpoint
lines on opposite sides of the excavation
is great, the extra depth may be lax:ge. The
wellpoint pump is then connected into the
system and the ground water withdrawn.

Such an elementary case in a stg.tic
system is that once installed the wellpoints
remain in place until the work is comple-
ted. In excavation for such work as a
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sewer the wellpoint system must be
progressive ; it must move along with the
cxcavation. Such a system can be divided
into scveral stages which are described
below :

1. The first step is to instal the well-
point system so that the ground may be
dowatered for the next day. If the trench
is wide, two header pipes may be necessary
on either side, otherwise one header line is
set out. Valves are placed between each
section, so that when dewatering is comple-
ted each section may be cut off and the
wellpeints withdrawn.

2. Excavation is taken out, the sewer
placed in position and concreted in place,

3. As backfilling takes place the well-
points are withdrawn, and the header line
disconnected and removed to the other end
of the trench.

Where the lowest level of the excava-
tion is more than about 25 ft below the
water level, it is necessary to use a multi-
stage system. Excavation is taken out to
the water level and a wellpoint system
installed ; digging is continued with until
excavation nears the bottom of the first
set of wellpoints. The next series is instal-
led and the excavation continued. Such
a method of dewatering involves the
removal of a greater amount of material,
as the side of the excavation must be
stepped to accommodate the header lines
and pumps,

Naturally, the wellpoint system can
only be installed in sandy soils or in soils
where water can percolate to the with-
drawal points. If clay is present, the
water may be prevented from reaching the
wellpoint. Should the clay be in narrow
layers surrounded by permeable material,
it is possible to take special steps to re-
move the water. This is achieved by fasten-
ing a star shaped device to the foot of the
wellpoint during jetting. The resulting
hole formed is larger than the wellpoint,
and the annular space is then filled with
sand. The sand allows water to flow from

layers above the clay down to the well-
point.

When jetting is commenced the well-
point and riser pipe‘are assembled and held
vertically with the jetting hose attached
to the top. The supply of water either

(Continued on page 32)
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HERE AND THERE

1. BRIDGE OF UNUSUAL DESIGN ON THE OSTEND
BRUSSELS MOTORWAY

Bridge Over the Dendre

® THE BRIDGE, which is a
fine example of unusual design, is
constructed in three spans, has a
total length of 347 ft between end
supports, and a width of approxi-
mately 120 ft. The width is made
up of seventeen prestressed concrete
beams placed at approximately 8 {t
centres. The beams have a height of
6 ft throughout their length, a bot-
tom flange 22 in. wide and 8} in.
thick, and a top flange 5 ft wide and
varying in thickness from 6 in. to 7}
inches. The web varies in thickness
from 5% in. to 73 inches. The bridge
was calculated as a continuous beam
resting on four supports. The inter-
mediate supports each consist of a
series of inclined struts converging
in pairs to a common base to form
a row of seventeen Vs across the
width of the bridge. The struts are
hinged top and bottom and Freys-
sinet flat jacks are incorporated in
the bases of the inner struts.

The beams werecast in situ, using
metal formwork, which was moved
on as work proceeded. The supports
were constructed first, and then the
beams were concreted, and partially
prestressed on the Freyssinet system.
At this stage the beams rested on the
end supports and the outer struts of
the intermediate Vs. The next stage
involved the adjustment of the jacks
to take the load on to the inner
struts, after which the intermediate
slabs and diaphragms between the
beams were concreted. The bridge
was then prestressed transversely,
and lastly the longitudinal prestres-
sing was completed and the jacks
given their final adjustment.

The bridge is founded on Franki
piles some 108 ft to 140 ft long,

(From ¢Concrete Quarterly 22° -
April - June 1954).

The bridge over the River Dendre, near
Alost, (Belgium) The lower photograph
shows the V.shaped supports, formed of
inclined struts hinged top and bottom.
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2. NEW METHODS

® A NEW METHOD of in situ testing
of soil moisture and dcnsity has been
developed at the University of California
and has been used under the paved areas
at San Francisco Airport. The higher
the moisture content of the soil the
greater will be the number of hydrogen
atoms present and if these atoms are
bombarded by high-speed neutrons emit-
ted from a suitable radioactive source,
the energy of these neutrons is considera-
bly diminished and slow moving neutrons
remain which are converted into lgeha.
and gamma-rays and counted by a Geiger
counter. The extent of conversion of the
neutrons depends upon the amoux‘lb‘ of
hydrogen atoms present and the Geiger
counts thus give a measure of the moisture
content.

Density determinations are.can"ied out
by allowing gamma rays to impinge on
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OF SOIL TESTING

the soil. Scattering of the rays then takes
place and the denser the soil the greater
the scatter. The extent of the latter is
again indicated by a Geiger counter. In
order to make the tests probing tubes
are inserted in the soil to any required
depth up to ten feet and the radio-active
source and counter are lowered down the
tubes on a lead wire. Tho tubes are of
aluminium about one inch inside diameter
shod with a steel point and special
precautions are taken to avoid the
infurious effects of exposure to radio-
activity. Itis claimed that the method
is simple, cheap, and effective, although
the initial cost of the equipment js
about £ 500.

(Extracted  from *“Highways and
Bridges,” September Ist, 1954).

3. A SOIL STABILIZED RUNWAY FOR JET AIRCRAFT

® ONE OF THE LARGEST soil
cement stabilization projects ever to‘be
carried out in the U.K.is now nearing
completion at Somerford Airfield, Christ-
church, Hants. The project has involved
the replacement of a permanent grass
runway by a soil stabilized runway,
4,500 ft in length and 100 ft in width, and
suitable for heavier types of jet aircraft.

Bésic Problems Solved

In a project of this kind, firainage is a
major factor, particularly during construc-
tion. At Somford the drainage of the
runway has been effected by a 1 in 100
fall from the centre line to the edges to
provide immediate run-off to perimeter
drains on both sides of the runway. The
perimeter drains were cub to a fall and
filled with 14in. gravel rejects and further
implemented by 12 in. vertical drains
down to 12 ft depth at 100 ft intervals.
It is understood that the water table at

winter level is approximately at 14 ft and
since the underlying stratum is of high
permeability, the dispersal of precipitated
moisture is fairly rapid.

No problem has been created by the
mechanical properties of the subgrade.
The soil below formation level is a well-
graded gravel of C.B.R. value 7 per cent.
It was, however, necessary to remove the

- turf and top soil to a depth of 6 in. and to

import gravel from a borrow pit to regain
the required level. Top soil of such high
organic content as exists at Somerford
cannot be stabilised with cement with any
degree of economy.

The airfield has been required for nor-
mal flying while construction is in
progress. ‘The runway has therefore had
to be offset 2 deg. to give clearance for

aircraft at the narrowest part of the
airfield.
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Stabilization

Soil-cement stabilization to o depth of
6 in. has been carried out at the rate of
270 sq. yds. per hour per single-pass
“train’. ‘This time includes a final rolling.
The final tar or bitumen surfacing added
to the soil-cement formation has been
reduced to the minimum necessary to give
protection from mechanical and climatic
damage.
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Preliminary trials included stringent
tests with Service aircraft on seven diffe-
rent bypes of surfacing. As a result,
three types have been selected for long-
term test. Part of the runway will be
surfaced with tar and chippings, part with
a 2-in. tarmacadam carpet, and part with
‘ Jet-crete *—a special material developed
for use with jet aireraft.

(Lrtracted from < Highways & Bridges’-—
SNeptember 29, 1951).

4. A COMPARISON OF RAPID METHODS FOR THE DETERMINATION
OF LIQUID LIMITS OF SOILS

® LENGINEERS responsible for the
routine testing of large numbers of soil
samples for highway construction and
maintenance need rapid methods for test-
ing. In this study, two simplified methods
of determining the liquid limit of soil are
compared with the standard method to
indicate their reliability and accuracy.
Both are ¢ one-run”’ methods, that is, thoy
require a single determination of moisture
and a number of blows for groove closure
to calculate the liquid limit.

The methods discussed—the chart
method developed by the Washington

State  Department of Highways and a
modification of the chart method involv-
ing use of a slide rule—have been com-
pared for a wide range of soils found in
many of the States. Both of these
methods are rapid and reduce the time
normally required for testing by as much
as 30 to 70 per cent. They were found to
have good reproductibility and to have
sufficient accuracy, within limits, to be
acceptable as alternate test procedures for
the standard method used for the determi-
nation of the liquid limit soil constant.

(Public Roads, August 1954.)

5. PYRAMIDS FORM FLEXIBLE RETAINING WALL

® PRECAST TETRAHEDRA with 7 ft
sides and containing 1% yds of concrete
have been used effectively to protect the
toe of a road slope from the ravages of
high water in a nearby creck. The pyra-
mids were aligned in a row on 3} ft centres
and laced together with galvanized guy
strand. The cost of installation is repor-
tedly much less than that of a retaining

wall, A further advantage is gained
because it is felt that since the individual
blocks are free to settle if undermined,
the pyramid installation will withstand

muﬁh less damage than would acerue to a
wall.

(From * Engincering News Record ' —
Oct. 7, 1954.)

6. REINFORCED VITRIFIED BRICK PAVINGS

® IN THE FIRST TRIALS in the
Netherlands with steel reinforced vitrified
brick paving two test sections were
laid, one in a brick yard and the
other on a State Road. The bricks
were laid on a compacted sand base and
steel rod reinforcement was placed on
small mortar blocks in the joints, so that
a mesh was obtained. The joints were

filled with mortar (cement, lime and sand
in the proportions 1: §:3) which was
compacted by vibration. Loading tests
indicated a good bearing capacity. The
spreading of the load reduced the unit
pressure on the sand base to about a tenth
of the unit pressure on the surface.

(Road Abstracts)
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U. D. C. No. 693.5 ENGINEERING
STATISTICS AND QUALITY CON-
TROL by Irwing W. Burr. McGraw-
Hill Book Company—1953.

HE book is primarily written for junior
ag well as the senior students of engi-
neering and physical science. A few funda-
mental statistical measures 'such as
arithmetical mean, the mgdmn, the
standard deviation are given. The
theoretical probability curve kno?vn as
the normal curve is introduced. Control
charts and their use is dealt with at some

length,

——

U. D. C. No. 691.328: 691.71. PRE-
STRESSED CONCRETE by Y. Guyon.

. Contractors Record and Municipal

i i folk
Engineering, Lennox House, Nor
Strgeet, London, W. C. 2. Price 70s.

HE book is edited by W. M. Johns from
the original French. The Author is

the righthand man of Froyssinet whose
name is inseperably connected with

prestressing.

. inet

In 1} reface to the book, Freyssine
say: ‘l‘litli)s by reason of his .rema.rk.ab]e
moral qualities that Guyon is specially

qualified to undertake this first attempt

at clearing & corner of the field of pre-
stressing.”’

The aim of the present work is to
describe the basic phenomenon of pre-
stress and to dovelop their application to
the problems of simply supported bfaanlas.
A fairly dotailed study of some particu z:r
applications which makes it pogmble :1)
bring out the general principles involve

is made.

The book, running into 540 pages, is
divided into 3 parts, viz., Part I-General
Consideration, Part IIL - The Elastlg
Design of Simply-Supportgd Beams, and
Part III - Tests on Simply-supporte
Beams,

t

~ .
¢ headings are:
I Basic ideas
Il Prestressing Methods and Plant

IIT Materials Used in Prestressed
Concrete

IV PFriction between Cable and Duct
V Fire Resistance

VI Anchorage Zone Stresses in
Post-tensioned Beams

VII Anchorage by Bond

VIII Anchorage Zone Stresses in Pre-
tensioned Beams

IX Beams of Constant Cross-section
with Uniform Steel

Formulae for Beams of Constant
Cross-section with Uniform Steel

X1 Pretensioned Beams of Constant
' Cross-section

>

XII Beams of Constant Cross-section
with Stopped Raised Cables

XTI1I Beams of Variable Depth
X1V Tests on Post-tensioned Beams
XV Tests on Pre-tensioned Beams

XVI Cracking Tests on Rectangular
Beams

XVII Summary of Test Results on
Prestressed Concrete Beams

XVIII Factors of Safety and Elasto-
plastic Design

Many worked out examples are jn-
cluded.

U.D.C. No. 625.7 DESIGN OF FLEXI-
BLE PAVEMENTS- Research report
16-B, National Academy of Sciences-
National Research Council, 2101
Constitution, Washington, D.C. August
1954.

HIS publication includes research
papers from six state highway depart-
ments of Texas, North Carolina, Missouri,
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Wyoming, Virginia, and Kansas, which
contain actual experiences with pavements
built in accordance with the different
methods of design.  These are :—

1. Triaxial Tests in Analysis of Flexi-
ble Pavements (Texas).

2. Flexible-Pavement Design as Revi-
sed for Heavy Traffic (North Carolina).

3. Tlexible-Pavement Design by the
Group-Index Method (Missouri).

4. Modified C.B.R. Flexible-Pavement
Design (Wyoming).

5. Designing Flexible Pavements

(Virginia).

6. Flexible-Pavement Design Correla-
ted with Road Performance (Kansas).

These papers report the results of pave-
ment performance surveys of roads built
in accordance with the several methods of
design and evaluate the measures as a
measure of the adequacy of the methods.

The general discussions given at the end
of the pamphlet bring out the important
features of each of the methods and dis-
cuss the rationale of the methods.

U. D. C. No. 691.3 RECOMMENDED
PRACTICE FOR SELECTING PRO-
PORTIONS FOR CONCRETE-Jour-
nal of the American Concrete Institute,
Vol. 26 September 1954.

HE proportioning of concrete, including
mixes containing entrained air, is set
forth in this recommended practice. Tab-
les are provided which, along with labora-
tory tests on physical properties of fine
and coarse aggregate, yield information
rapidly for obtaining concrete propor-
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tions. Three examples are ineladed in the
design of air-entrained and non-air entrai-
ned mixes which utilizo tho tables. Adjust-
ment of aggregate proportions duo to
moisture present in aggregates is illustra-
ted. Laboratory tests are given in the
appendix and include those on physical
properties of cement and aggregate. Also
included|is a simple method of obtaining
mix proportions for the small job.

U.D.C No. 624.13 SYMPOSIUM ON
SURFACE AND SUB-SURFACE RE-
CONNAISSANCE. Special Technical
Publication No. 122- American Society
of Testing Materials, Race Street,
Philadelphia, 3, U. S. A.

TI{.ADITIONALLY. sub-surface condit-

lons are estimated on the basis of bore
holes to a desired depth and on tests of
samples extracted. This limited the direct
information to specific locations at which
the borings were made. Co-relations
among the borings formed the basis of
estimating continuity of strata. Provided
these borings were close enough, hapha-
zardous inferences could be avoided. To
help a proper assessment of the soil con-
ditions various approaches have been deve-
loped. This symposium which deals with
all these contains 15 papers, of which three

relate to geologic approach, two to tho
pedologic.

There arc two Papers dealing with theo
apphcqtion of aerial photography to soil
surveying. There are eight Papers on
geophysical methods dealing with both
the resistibility and seismic methods.
fl‘he panel discussions which are recorded
in two groups bring out the limitations,

advantages and disadvantages of these
methods.

TROUBLES OF A TRAFFIC ENGINEER

He daily fights pressure groups, consoles taxpayers, berates selfish
commercialism, argues futilely that the primary purpose of a st'rm’t

is to transport persons and goods, and searche

8 vainly for parking

sites within acceptable walking distance of trade areas.
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Concrete ;. Woovrow J. Harsreap
and BerNary CHa1cuN, Public Roads,
FFebruary 1954, pp. 268-278.

Commercial Concrete—The Econo-
mic Production of Quality Concrete
from Readily Available Material ;
L. Boyp Mexrcrr, The Journal of the
Institution of Engineers, Australia,
March 1954, pp. 39-46.

Effects of Fly-Ash Replacement of
Cement; Concrete, March 1954, pp.
38-41.

Concrete Commentary-- Quality
Control; Tasmax, Contractors Record
and Municipal Ingineering, May 12,
1954, pp. 17-18.

On the Bond Strength of Galvani-
zed and Black Iron Bars in Con-
crete; M. BrovEick, Schweizerische
Bauzeitung, May 1, 1954, pp. 256-257
(in German).

International Symposium on Now
Destructive Testing of Reinforced
Structures; TF. Lasxe and J. L.
Croquer,  Part I-—La Technique
Moderne Construction, April 1954, pp.
11¢-120 (in French).

Adhesion Between Cements and
Coated Materials; La Technique
Moderne Construction, April 1954,
p- 120 (in French).

Compacting Concrete by Vibra-
tion; H. S. Muissyer, Journal of the
American Concrete Institute, June
1953, pp. 885-908.

Effect of Vibration on Air Contents
of Mass Goncrete ; WALTER . CRa-
wieY, The Journal of the American
Concrete Institute, June 1953, pp. 909-
920.

Vibration of Mass Concrete ; Lewis
H. Turnirr, 7The Journal of the

American Concrete Institute, J
pp. 921-931. , June 1953,
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19.

e

24,

26.

27.

28.

29.

(8]

Application of Vibration to Con-
crete Pavement Construction: A. (.
Twams, The Jowrnal of the dmerican
Conerete Institute, June 1953, pp. 433-
942,

). Vibration Practice in Pipe, Precast

and Block Manufacture; (roncy
W. Wasita, The Jowrnal of the Ameri-
can Conerete Imstitute, June 1953, pp.
045-952.

. Vibration Practices in Structural

Work; Joun H. Banker, The Jour-
nal of the American Concrele Instibute,
June 1933, pp. 953-956,

The Variability of Concrete and
Its Effect on Mix Design; Francs
Roserr HiMswowra, Procecdings of
the Institution of Cvil Enginecrs,
Vol 3, Part I, March 1954, No. 2, pp.
163-193.

The Economics of Concrete Road
Conerele Quarterly 20, December 1953,
pp- 27-30.

Research and Experiment on Con-
crete Road Construction; A. R.
CorLins, Concrete Quarterly 20, Decem-
ber 1953, pp. 31-33.

. History and Development of Pre-

cast Concrete in the United States ;
J. L. Pererson, Jownal of lhe
American Conciete Institute, February
1954, pp. 477-496.

Evolution of Concrete Construc-
tion ; Rocrr H. Corserra, Journal
of the American Concrete Institute,
February 1954, pp. 501-512.

Method of Estimating Water Con-
tent of Concrete at the Time of
Hardening; Jamus S. Brackmany,
Journal of the American Concrete
Institute, March 1954, pp. 533-541.

Field Testing of Concrete; Svryx
Tuaanvow, Jonrnal of the American
Concrete Institute, March 1954, ACI
Newsletter, pp. 10, 11, 24 to 20.

The Workability of Vibrated Con-
crete; J. M. PLowMAN, Magazine o
Concrete Research No. 15, March 1054
pp. 127-130. ’
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30. Mix Design and Quality Control of

31

33.

34,

36,

37.

Concrete - Successful C.C.A. Sym-
posium in London.

~Ilighways and Bridges o« Engineering

Works, May 19, 1954,

pp. 1-4, Part I

May 26, 1954,

pp. 4 & 6, Part 11

—~The Surveyor, May 13, 1954, p. 411.

do do

do June 5, 1954, p, 470,

—Civil Engineering & Public Works
Review, June 1954, pp. 619-621.

—Road and Road Construction, Juno
1954, pp. 177-182,

—Cicil Engincering & Public Works
Review, July 1954, pp. 727-729.

Control of Concrete Quality for
load and Runway Construction-
Circumstances Which Necessitate
Variations in the Technique ; 7'he
Surveyor, May 22, 1954, pp. 435-436.

2. Concreting the World's Longest

Runway 5 Engincering News-Record,
March 25, 1954, pp. 44-46.

Indentation with Dropping Ball as
a Means of Measuring the Stiffness
of Concrete ; Rupvony W, Hormany
Der Bauwingenicur, Muay 1954, pp.’
160-163 (in German).

A Method of Determining the
Bulkiqg and Moisture Content of
Sand in the Field for the Control
of Concrete; N, (. Parikn, 7he
{om:nal of the Institution of Mililary
Enginecrs, April 1954, pp. 106-110.

. Notes on Vibrated Concrete Road

Construction; . H. Warws, The
Jozmgal'of the Institution of Munici-
pal Engineers, July 1954, pp. 534-537.

Story of the Trief Cement Process-
;Vigrllsgtq? Daml Scheme ; /lighways

rwdges and Engineers Yorks
Tuno 2. 105, o gineering Works,

The Use of Concrete
Mal'(ing; Lr. CoL. W. .
Indian Concrele
pp. 166-167,

in Road
ANDREWS,
Journal, May 1954,

Transport-Communications Monthly Review

38.

39.

40.

41,

42,

43.

44.

Rolled Concrete Construction for
Roads ; The Indian Conerele Journal,
Juno 1054, pp. 198-200.

Light Weight Concrete in Sea
Water-Investigation on a Goncrete
Strip Gives Useful Data; Indian
Concrete  Journal, June 1954, pp.
211-12,

Blast Furnace Cement for Scottish
Hydro-electric Scheme; Indian
(loncrete Journal, June 1954, p. 220,

Void Spacing as a Basis for Pro-
ducing Air-entrained Concrete ;
T (. Pownrs, Journal of the American

(‘oncrele.  Institule, May 1954, pp.
741-760.
Cellular Concretes—Composition

tion ;
and Methods of Prepara ;
Ruporri C. VarorE—DPart I, Jou.rnal
of the American Conerete Institute,

May 1934, pp. 773-796.

do. Part II, Journal of the
American  Concrele  Imstitute, June
1954, pp. 817-836.

Hardening and Ageing of Concrete
in Dams; MaRTIN BESSON, Schwe:i-

zerische Bauzeitung, June, 26, 1954,
pp. 371-375 (in French).

Practical Method of Concrete Mix
Design; L. Bovp MERCER,

Concrete, May 1954, Part I, pp. 6-8.

do. July 1954, Part II, pp.
36-40 & 53.
do. August 1954, Part 111,
p- 30-31 & 33.
do. September 1954, Part 1V, pp.
24-217.
Runway Construction; Concrele

Quarterly 21, January-March 1954,
pp. 16-17.

46. The Fire-Resistance of No-Fires

; Civil
teWalls; L. A, AsuroN, (¢
gz;;:eiring and Public Works Review,

June 1954, pp- 597-599-Part 1.

.Do- July 1954, pp. 799,731 Part I1.
. 841, 843-Part

.Do- Augusb 1954, pp. 8 Part
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48.

49,

50.

54.

56.

57.
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Sampling and Testing Ready Mix
Concrete ; I'vep F. Basrnr, Conerete,
June 1954, pp. 40-43.

Recent Developments at C. C. A.
Research Station, Wexham
Springs; Highways and Bridges &
Engineering Works, June 30, 1954,
rp- 4 & 6.

Design of Concrete Mixes for
Vacuum Processing ; Joun . Demrp-
sEY, Journal of the American Conerete
Institute, April 1954, pp. 677-686,

After-Treatment of Concrete
According to Modern Methods ; R.
Wourz, Strasse und Verkehr, July 1954,
pp. 288-289 (In German). ,

. Using the kelly Ball to Test Con-

crete; Ben F. Havngs, Western Consir-
uction, June 1954, pp. 77-78.

. Prestressed Concrete Roads; R, E.

Rows, T'he Journal of the Institution
of Highway FEngineers, July 1954,
Vol. 111, No. 3, pp. 72-84.

. Towards Better Concrete Roads ;

D. D. Suare, Highways and Bridges
and Engineering Works, July 14, 1954,
pp. 1 & 3.

Concrete Floors and Flaws;
Huighways and Bridges and Engineering
Works, July 14, 1954, p. 11

. The future of Prestressed Concrete

Roads; Highways and Bridges and
Engineering Works, July 28,1954, p.p
1&3.

Improvement of Workability by
the Use of Concrete Plasticisers ;
T. WaIiTAKER, Civil Engineers and
Public Works Review, July 1954, PpP.
721-722.

The Cement Concrete Road; HeNr1
MaLET, La  Technique Moderne
Construction, June 1954, pp. 193-196
{In French).

A New Method of Prestressing of
Concrete for the Construction of
Aerodrome Pavements; Pigrrg D,
Cor. La Technique Moderne Construc-

tion, June 1954, . 293
(In French), PP 221
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a0,

60.

61.

62.

63.

64.

67.

68.

69,

70.

Some Problems Involved in Dest-
ructive and non-destructive Testing,
of Concrete : Lo Jones aso Podo 1.
Wi, Roads and Road Construction,
August 193, pp. 249251,

Road Reinstatement in 6-7 Hours ;
Roads and Roud Construction, August
1954, p. 254,

Lffect of Methods of Using Small
Vibrating Screeds on the Depth of
Compaction of Concrete; R. H. H.
Kivknas , The Surveyor, August 7,
10584, pp. 673-675.

The Field of Application of High
Aluminiferous Cement ; Dg. Fritz
Branvr, Nthweizerische FPawzeitunyg,
August 21, 1934, pp. 492493
(In German),

Aerocam; Jony A, Eastwoop,
Indian Concrete Journal, August 19564,

pp. 328-333.

Curing of Concrete Road Slabs;
B. G. Maxvon, Indian Concrete Jour-
nal, August 1954, pp. 334-335.

5. Mixing and Curing Water ; Concrele,

July 1954, pp. 30 & 45.

. Production of a Good Concrete

Structure ; L. J. Murpvock, Highways
and Bridges and Engincering Works,
August 25, 1954, pp. 1 & 3.

Experimental Researches on the
Creep of Cements; M. Erio Giran-
GRECO, Annales de I’ Institut Technique
du Batiment ot des Travawr Public,
July-August 1954, pp. 665-667 (in
French).

The Importance of Shrinkage of a
Cement by a Rapid Test; L.
ViRONNAND, Annales de L'Institut
Technique du Batiment el des Travaux
Public, July-August 1954, pp. 745-747
(in French).

Comments on Concrete ; J. SINGLE-
10N-GREEN, [ighways and Bridges
and Engineering Works, September 8,
1954, pp. 4 & 11.

Concrete Quality Control at Wood-
head New Tunnel; FrREDERICK
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77.

79.

80.

81.
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AnpurEw SueryaN, Paper No. 6001,
Pyoccedings of the Tastitulion of Civil
Foagineers, Pavt I, Vol S September
1954, No. 5, pp. d64 578,

. Basic Principles of Concrete Mix

Design; J. D. Mclnvosu, The British
Constructionnl  Enginerr, September
1954, pp. 30-33.

Surface Finishes of Concrete;
J.Giscwsr, The British Constructinal
Engineer, September 1954, pp. 56-57.

Rupture Phenomenon of Concrete
Under Combined Compression and
Tension; Der Bauingenieur, July
1054, p. 254 (in German).

Autogenous Healing of Concrete in
Compression; K. ¥. WHitLaM, The
Structural Engincer, September 1954,
PP, 235-243.

Method of Testing Hard Concrete
Surfaces Through Rolling Pressed
Ball Tester; KErrcit PrLassMANN,
Beton und Stahlbetonbaw, August 1954,
pp- 185-188 (in German).

Oil-Solvent Control of Salt Scale
of Concrete—Entrained Air Insuffi-
cient in Test Cores; Highways and
Bridges  and  Engincering  Works,
September 1, 1954, p. 5.

Joints in Concrete Roads (Obser-
vations on the Practice); D. Geg-
WARD STREIT, Strasse wund Tiefbau,
August 1954, pp. 442-444 (in German).

. Grading of Fine Sand in Concrete

Laboratqries; Dgr. THEODOR EDER,
Der Bauingenieur, September 1954
pp. 335-338 (in German), ’

Impact 1\1’Iethods of Testing Con-
cvretg; Qoncrete and  Constructional
Enginecring, August 1954, p. 250,

Us:e odelg-Ash in Concrete; Con-
creie and Constructional Enqgineeri
August 1954, p. 264, rgrmecring,

Expansion and Construction Joints
in Roads; Concrete and Constructi-

onal Engineering, A
O ¥, August 1954, pp.
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PUBLICATIONS ADDED TO THE ROADS WING LIBRARY
DURING OCTOBER, 1954

Classification Class J-Political
Science (Second edition) (Govern-
ment Printing Office, Washington).

A report containing inforn}ation
regarding Welfare Schemes in res-
pect of Scheduled Tribes and
Scheduled Areas in the State of
Bihar under the Administrative
control of Departments of Govern-
ment other than the Welfare
Department (Cyclostyled).

Report containing informatiqn
regarding the Welfare Schemes in
respect of the Scheduled '.I‘nbeS
and the Scheduled Areas in the
State of Bihar.

Economic Survey of Asia and the
Far East-1952. (Research and
Statistics Division, Economic Com-
mission for Asia and the Far Fast,
Bangkok).

Ministry of Information and Broad-
casting, New Delhi.

Communications in India.
Transport and the Plan.

7. Three Years of Progress.

8. Social Welfare.
9. The Seventh Year of Freedom-Aug.

10.

11.

12.

1953-Aug. 1954. (All-India Cong-
ress Cor;glmittee, 7, Jantar Mantar

Road, New Delhi).

Engineering Research in lpdia
by gV Cadambe, Council of Scmfmﬁc &
Industrial Research, New Delhi.

H. M. S. 0., London.

A Survey of Some Mixing Plants
for Asphalt & Coated Macadam-
Tech. Paper No.27 by D. B. Waters.

Index of Publication of the Road
Research Laboratory, January 1953
to June 1953.

13.

14.

15.

John Wiley and Sons, Inc., 440,
Fourth Avenue, New York, 16, N.Y.

Text Book of Engineering, Materi-
als by Melvin Nord.

Elasticity in Engineering by Ernest
E. Sechler.

The Structural Analysis of the
Dome of Discovery by T. O. Laza-
rides (Crossby Lockwood & Son, Ltd.,
39, Thurloe Street, S. W, 7).

Eastern Economist, New Delhi.

16.
17.

18.

19.

20.

21.

22.

23.

81

The Welfare State by T. W. Kent.

Goods Transport and the Plan

by B. V. Vagh.

India in Asia. By E., P. W. Da
Costa.

Proceedings of the Thirteenth

Annual Highway Engineering Con-
ference—Bul. No. 53. By A. Die-
fendorf, (Engineering Experiment
Station, Utah, University of Utah,
Salt Lake City, Utah).

Bulletin De L’ Association Inter-
nationale Permanente Des Congres
De La Route—(Bul. No. 136).
(Science et Industrie, 2 Raue Paul
Cezanne-Paris (VIIIe) (two copies).

The Manager of

Publications,
Delhi.

Census of India-Paper No. 4, 1954
Displaced Persons-1951 Census,

Census of India-Paper No. 6, 1954,
Estimation of Birth & Death Rates
in India during 1941-50-1951
Census.

A Crusader Speaks out for Ade-
quate Roads by Clem D. Johnston
(National Highway Users Conference,
National Press Building, Washing-
won 4, D, C.).
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(Continued from page 21)

from a hydrant or jetting pump is slowly
turned on, and as three men hold the
assembly upright, it is slowly worked down
into the ground with a fourth man guiding
the jetting hose. As soon as the wellpoint
has sunk to the final position it is desua;ble
to connect it straight into the hgader l}ne,
so that if any slight mevement is required
it can be carricd out whilst the sand
around the riser pipe is still fluid.

In extremely difficult grounds, .whgre
even the use of the star-shaped jetting

Docember 1054

device might not give satisfactory results,
the standing shell technigue is employed.
Hero o steel shell or about 1 ft diameter
is jetted into the ground and then cleaned
out. The wellpoint is then inserted and
the space between the sides of the shell
and the wellpoint Glled with sand. The
shell is then withdrawn, leaving o filter
around the wellpoint,

(Fxtracted  from * Conlractors Record
Municipal  Enginecring —8September 15,
1954.)

(Continued from page 19)

(2) the amount of foliage on roadside
hedges should be controlled by
regular cutting ;

(3) weeds and grass on roadside verges
should be controlled to prevent
them growing to full maturity ;

(4) cut-off walls impermeable to mois-
ture should be provided on either
gide of the carriageway to a depth
of 3-4 ft.

The article contains 14 photographs
illustrating defects of concrete pavements
resulting from faulty foundation.

i bject
For further details about the subj
refegence gshould be made to Road Re-
search Road Note No. 6 & 9.

FERENCESt
RI?I) ROAD RESEARCH LABORA-
TORY. Soil Survey Procedure,
ond  edition, London, H. M.
Stationery Office, Road Research
Technical Paper No. 15, 1954, p. 26.

y ENGINEERING CODES

. %IFVIPIi%ACTICE JOINT COMMIT-
TEE, Site investigations, London,
Institution of Civil Engineers, Civil
Engineering Code of Practice, No. 1
(1950), p. 127.

TAYLOR, F. G. and SWINNEY,

@ S. Soil boring machine, Roads and
Road Construction, 1951, Vol. 29,
No. 340. April, pp. 102-103.

(4) TAYLOR, F. G. and SWINNEY,
S. Road Research Laboratory’s soil

+All the reiere;ncé;v ‘listed are available for loan to the

Congress on roguest.
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boring machine re-designed, Roads
and Road Construction, 1953,
Vol. 31, No. 364, April, p. 106.

(5) LEWIS, W. A, The com paction of
soil for earth-works and the perfor-
mance of plant. Proceedings of
the Third International Confe-
rence on Soil Mechanics and
Foundation Engineering, Zurich.
1953. Vol. 1, pp. 258-262.

(6y ROAD RESFEARCH LABORA-
TORY, Protection of subgrades
and granular bases by surface
dressing, London, H. M. Stationary

Office, Road Research Road Noto
No. 17, 1953. p. 4.

(7) ROAD RESEARCH LABORA-
TORY, Soil Mechanics for road
Engineers, 1st edition, London.

H. M. Stationery Office, 1952, pp.
xxiv, b4,

(8) ROAD RESEARCH LABORA-
TORY, Some cases of frost
damage to roads, London, H. M.

Stationery Office, Road Research
Road Note No. 8, 1949, p. 13.

(9) ROAD RESEARCH LABORA-
TORY, Damge to road caused by
the drought of 1947, London.
H. M. Stationery Office, Road Re-
search Road Note No. 6, 1949, p. 8.

(Extracted from * Magazine of Concrete
Research’. )

Members of tho Indi;z.xx Roads
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BUDGETS AND ADMINISTRATION REPORTS

Government of Hyderabad Budget Estimates for the year 1954-55

The following extracts have been taken from the Budget estimates of
Hyderabad for 1954-55.

(All figures are in lakhs of rupees).

Revised Budget
Alcéc5o2111;gs Estimate Estimate
1953-54 195455

Civil Works (Revenue)

Rents 8.14 5.69 7.14
Receipts from Workshops 0.01 1.99 2.50
Recoveries of Expenditure 4.58 — _
Transfer from Central Road Fund — 13.00 30.00
Transfer from State Road Fund —_ 13.28 15.78
Miscellancous -0.70 0.41 0.70
Deduct-Refunds -0.10 — -
Total 11.93 34.37 56.12

Civil Works (Expenditure)
Original Works

) qs 8.50 8.30 : 7.29
Buildings
Communications 16.19 28.03 48.25
Repairs
Buildings 18.52 20.38 21.18
Roads 66.65 67.79 67.12
Establishment 25.56 51.13 50.49
Tools and Plant 1.74 2.91 4.45
Grants-in-aid — — 0.02
Suspense -210 V_Q:?‘L__,__h_g;?ﬁ
Total 135.06 178.80 199.06

Capital Account of Civil Works outside the Revenue Account

Roads 13.24 19.25 25.00
Buildings 16.34 24.69 19.12
Works under City Improvement Board 3.98 4.28 4.98
Development Works under Nizamsagar 2.49 3.60 3.60
Rehabilitation Works 2.44 0.94 1.00
Distribution of Establishment Charges on
Pro-rata Basis 8.66 —_— _
Total 47.15 5276 63.00
33 R
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Revenue from Roads

Yecoipts under the Motor Vehieles
Taxation Act
Sales Tax on Petrol (gross receipts)

Total

Accounts Revised Budget
l(),)g,‘_,f;' Lstimate | Iistimate
s 1953-5t 1954-55
13.61 13.72 16.22
2.06 20.00 20.00
15.67 3372 36.22

GOVERNMENT OF HYDERABAD BUDGET FOR 1954-55.

(A brief review with reference to Civil Works)

THE budget estimates of the Go'ver'nment

of Hyderabad for 1954—-:’35 indicate a
revenue of about Rs 27.96 crores and
revenuo expenditure of about Rs 29.02
crores i.e. a revenue deficit of the order of
Rs 1.06 crores. The rovised estimate for
1953-54 show a larger deficit viz., Rs ]._52
crores, while the year 1952-53 closed with
a surplus of Rs 1.42 crores. One of the
budgetary measures for additional revenue
is the proposal to raise Motor Vehicles Tax
(which had been low in Hyderabad as
compared to other States) by 20%. This
is expected to fetch about Rs 2.5 lakhs
per annum.

ENE T 5 3¢

Fxpenditure on Civil Works for 1904«.50
is e’g)ima.ted at Rs 199.06 lakhs, which
forms about 7.19% of the total State
revenue. In 1953-54 it was about

Rs 178.80 lakhs (Revised Estimate)
and in 1952-53 about Rs 135.06 lakhs
(Accounts) which work out to 6.9% and
5.0% of the total State revenue for the
corresponding * years. Expenditure on
Roads and Communications (Original
Works and Repairs only) has been registe-
ring a steady increase Rs 82.84 lakhs in
1952-53 (Accounts), Rs 95.82 lakhs in
1953-54 (Revised Estimate) and Rs 115.37
lakhs in 1964-55 (Budget Estimate). ‘This
formed 3.1% of the total State revenue in
1952-53 and 3 7% in 1953-54, while for
1954-55 the budget provision is about 4.1%,
Apart from revenue expenditure, the
estimated capital outlay on roads for the
current year is Rs 26 lakhs as against
Rs 19.25 lakhs in 1953-54 (Revised

Estimates) and Rs 13 24 lakhs in 1952-53
(Accounts).

REAL MEANINGS OF OFFICIAL TERMINOLOGY

To Implement a Programme — Hire more people and cxpand

the office.

Under Consideration — Never heard of it.
Under Active Consideration — We’re looking in the files for it.
We are Making a Survey — We need more time to think of an

answer.

Will Advise in Due Course—If we figure it out we will let you know.
The Issue is Closed — I’m tired of the whole affair.

34
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LIST OF APPROVED WORKS ON NATIONAL

HIGHWAYS

S. No.

6.

10,

11,

12.

Job No.

Name of work

980 RS 5

981 RS 5

982 RS 6

986 RS 6

988 RS 6

983 VP 27

984 UP 28

997 UP 25

983 MD 7

990 MD 45

987 AH 6

993 AH 5

ORISSA

Exploratory borings for the Brahmani bridge
on National Highway No. 5 in Orissa.

Exploratory borings in connection with the
construction of a bridge over the river
Uharsuan on National Highway No. 5 in
Orissa.

Soiling and metalling of road in Tangarbilla
Section of National Highway No. 6 from
Tangarbilla to Baitarni bridge.

Soiling and metalling National Highway
No. 6 in Bangriposi Section in Orissa.

Soiling and metalling N. H. No. 6 in
Baderma Ghat Section.
VINDHYA PRADESH

Black topping 122 miles of Mangawan-Chak
Section of National Highway No. 27
(including widening the existing road from
10'to 12/).

UTTAR PRADESH

Widening miles 3/11 of Lucknow-Gorakhpur

road National Highway No. 28,

Widening miles 4/0 to 46/4 of Lucknow-
Jhansi Road, National Highway No. 25.

MADRAS

Constructing a bridge at mile 187/4 of the
Madras-Bangalore Road, N, H. No. 7,

Construction of a bridge over the Ponniyar
river in mile 104/2-5 of the Madras-Dindi-
gul Road, National Highway No. 45,

ANDHRA

Upgrading Veerawaram Kadiam Section of
N. No. 5 in Godawari Delta.

Upgrading Hukumpetla Lalacheruon Sectjon

of N. H. No. 5 in East Godawari District,

38

Amount
(Rs in Lakhs)

—_—

0.06

0.04

0.58
0.22

0.37

1.63

4.31

18.20

1.71

33.32

0.99

1,10
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S. No.

13.

14.

15.

16.

17.

18.

<

ll-

20.

21.

22.

Job No. Name of work

MADHYA PRADESH

989 CP 26 Black topping miles 3] to 42 of Sauger-Jhansi
Section of N, H. No. 26.

991 CP 26 Widening and blacktopping miles 3 to 64/F6

of Sauger-Narsimhpur Section of N. H.
No. 26.

998 CP 7  Constructing miles 46-50 of Hinganghat-
Wardha District Border Section of N. H.
No. 7.

BOMBAY

992 BM 8  Construction of four minor bridges in Karjan-
Makarpura sub-section of Karjan - Baroda

Section of Bombay-Ahmedabad Road,
N. H. No. 8.

996 BM 8 Construction of cross drainage work No. 24
in the Pirojpur Prantij section of the Bom-
bay-Ahmedabad Road, N, H. No. 8.

BIHAR

994 BR 31  Widening and strengthening Gulabbagh port-
ion of G. D Road from 31st mile fifth flg.
to 32nd mile 4th flg., N. H. No. 31.

1004 BR 31 Widening of Kharant-Rajauli Road in the
Distt. of Gaya ~ N. H. No. 31.
PUNJAB

999 PB 1 Remodelling of Munshi Khava attached to
Inspection Bungalow at Khanna in Ludh-
iana Distt. on N. H. No. 1.

JAMMU & KASHMIR

1000 JK Acquisition of land near village Nangam for
the construction of residential and office
accommodation for the staff of the Execu-
tive Engineer, South Tunnel Division.

RAJASTHAN

1002 RJ 8 Construction of a high level arch bridge, and
providing by pass at Parash in mile 13 of
Rajnagar-Dewair section of N. H, No. 8,

PRSI, S,

36

Amount
(Rs in Lakhs)

5.90

11.56

4.37

0.42

0.79

5.29

0.03

0.03

1.82

feiand,

the choice of

ever growing
Leading
State

Transport

Organizations

And Remember
LEYLANDS
LAST LONGER

COMET'90°

Progressive Manufacturers

ASHOK MOTORS LTD., ENNORE, MADRAS.

MILLARYS

MACHINERY

CONCRETE MIXERS — Tilting and non-Til'ting Types.
ASPHALT MIXERS — For Hot and Cold Mix.
ROLLER PAN MIXERS — For Mortar.

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.

MERTON OVERLOADERS — For loading in limited space.
TIMBER

HARDWOQODS - SOFTWOODS - PLYWOODS

MILLAR’S TIMBER & TRADING CO., LTD.

ESTABLISHED 1902
VICTORIA HOUSE, VICTORIA ROAD, BOMBAY-27.

Telephone : 41077 _ Telegrams: JARRAM
Branches and Agents throughout the World.

Please mention this journal when replying to advertisementa.
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/// N et

BITUMINOUS WATERPROOFING
PRODUCTS OF ALL TYPES

e ROAD TARS N
/ . \

/// BITUMINOUS MASTICS \

/ ROOFING FELTS \

! BITUMINOUS EMULSIONS \
,I Quick and slow breaking 1

. |
{ INDUSTRIAL PITCH EMULSIONS !
l |
\ !

[ ]

EXPANSION JOINTINGS /
\\ Precast and Hot - Pour /
. /
\\ , BITUMINOUS /

\ ANTI. CORROSIVE PAINTS /

A\ For light and heavy Duty Protection /

\ /

AN 4
N\

WATERPROOF CONTRACTS EXECUTED
UNDER GUARANTEE

SHALIMAR TAR PRODUCTS (1935) LIMITED

6, LYONS RANGE, CALCUTTA
Braoches : Delhi, Bombay, Lucknow, Ambala

AND NOW .... THE CATERPILLAR DW 10
tows the Super Constellation!

The precision built CATERPILLAR DW 10 115 H.P. Tractor
tows the solidly constructed 1,33,000 Ibs. weight Super Constellation without
even the least bit of jarring or shocking its delicate instruments . .

A milestone in aviation transport history — and yet another

CATERPILLAR service!
For efficient CATERPILLAR service & genuine spare parts:

Caterpillar Distributors in India

CALCUTTA BOMBAY NEW DELHI
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

" CAV/G/1E

Please mention this journal when replying to advertisements.

Please mention this journal when replying to advertisemente.
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The difference
that CONCRETE
can make

Transport recently
paved this 22-mile
long road with
concrete, Now there
are no monsoon headaches
and discomforts,

The new concrete road is a striking
example of how concrete not only guarantees
smooth skid-proof roadways, but also cuts
down operational costs of vehicles,

" Nadiad-Dakor
concrete road

Breakdowns : reduced by 90%
Expenditure on spares ; reduced by 50%
Fuel, Oil, Tytes : considerable reduction in

consuniption — longer life of tyres THE ASSOCIATED CEMENT
\) (W* Total Savings : 17% of operational costs COMPANIES LIMITED

D 1), Ropotete

/ The Cement Marketing Co.
low-cost pa of india Limited

Travelling time : reduced from 1% to 1Y, houts m

* X * X

AR

Pleaso mention this journal when replying to advertisements,
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¢

Copies can be had from the Secretary,

INDIAN ROADS CONGRESS,

JAMNAGAR HOUSE, SHAHJAHAN ROAD,
NEW DELHI-2.

amA AV A AR ama e wa uUlJlUB ~ - JN
publications of the Indian Roads Cc
are available for sale.
Price
Publications. inclusivo of postage, etc.
Rs a. P,
I. Volume IX—~Part 4—Qctober 1945 .- 3 00
2. Volume IX~—Bound—Madras 1945 . . 10 0 ¢
3. Volume  X—Part 4—August 1946 o . 3 00
4. Volvme XI—Part 4—May 1947 . . 3 00
5. Volune XII—Part 2—January 1948 . . 300
6. Volume XII—Part 3—April 1948 w 300
7. Volume XII-—Part 4—March 1948 3 0 0
8. Volume XII—Part 5—September 1948 3 00
8. Volume XII—Bound—1947-48 . . 12 0 O
10. Volume XTII—Part 1 —December 1948 . . 3 00
L. Volume XIII-—Part 2—January 1949 . . 3 0 U
12. Volume XIII-—Part 3—January 1949 .- 300
13. Volume XIII—Bound— 1948-49 1m o0
14. Volume XIV—Part 1—September 1949 300
15. Volume XIV-—Part 2—Decomber 1949 3 00
16. Volume XIV—Part 3—Decomber 1949 3 00
17. Volume XIV—Part 4 July 1950 3 00
18. Volume XIV—Bound—1949-50 8 0 0
19. Volume XV—Part 1—August 1950 ver e 3 0 0
20. Volume XV—Part 2—November 1950 . 3 00
21. Volume XV—Part 3—January 1951 v 3 00
22. Volume XV—Part 4—August 1951 . w 300
23. Volume XV—Bound—1950-51 w 900
24. Volume XVI—Part 2—March 1952 . .« 300
- 25. Volume XVI—Part 3—April 1952 w 300
26. Volume X VI—Part 4—October 1952 w 300
27. Volume XVI—Bound—1951-52 . 800
28. Volume XVII—Part 1——December 1952 . 300
29. Volume XVII—Part 2—January 1953 300
30. Volume XVII—Part 3—January 1953 . 300
31. Volume XVII—Bound—1952-53 9 0 0
32. Volume XVII—Part 4—December 1953 . 3 0 0
33. Volume XVIII—Part 1—December 1953 3 00
34, Volume XVITI—Part 2—December 1953 300
35, Volume XVIII—Part 3—-Janunary 1954 300
36. Road Research Bulletin No, 1 5 0 0
37. Road Research Bulletin No. 2 5§ 0 0
38. 1. R. C. Standard Specitications and Code of Practice for Road Bridges .
in India (1937) 1 80
39. Proceedings of the Chief Engineers’ Conference at Nagpur on the
Post-war Road Development in India w 2 80
40. Type Designs for Highway Milestones 0 80 1
41. Route Marker Signs for National Highways 0 8 0 p I:"‘
42. Dimensions and Weights of Road-Design Vehicles 0 8 0%Pac :lng
43. Recommended Practice for the Location and Layout of roadside an
Motor Fuel Filling stations. . ' 0 8 0] Postage

Printed by K. 8. Krishuan at The Progressive Printers,17, Coral Merchant Street, Madras-1, &

Shahjahan Road, New Delhi.2—a0n

Indlan Rosda Onnaeane Teeemn—- sov
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