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VIBRATING MACHINE

FOR
278 in. CONCRETE CUBES AS PER B.S.S. 1370.

The Vibrating Unit of this machine consists of an eccentric flywheel mounted
on a spindle which rotates at high speed in ball bearing housing. On top of this unit
is mounted the mould and hopper. The whole unit is suspended on springs, so that it
vibrates at approximately 12,000 vibrations per minute when the spindle is rotated by
an electric motor coupled to it through a belt. The 1,2 h.p. electric motor runs at
2,800 r.p.m. and is for use on 220,230 volts, 50 cycles, single phase A.C. supply.

The Vibrating Machine is one of the range of specialised equipment for Soil,
Cement and Concrete testing now being manufactured in India.

CONSULT
~ ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LTD.

INDIA HOUSE, FORT STREET, B-5, GILLANDER HOUSE, SUNLIGHT INSURANCE BUILDINGS,
P. 0. Box 119, P. 0. Box 2316, 26-27, ASAF ALl ROAD,
BOMBAY-I. CALCUTTA. NEW DELHI.
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stand the test of
time and traffic

The ever-growing traffic in India
needs concrete roads, because:

Concrete Roads

@ Cost less to build than any other road
of equal toad-carrying capacity

® Cost less to maintain

® Give long years of service
® Give better visibility

@ Help to avoid accidents

THE ASSOCIATED CEMENT COMPANIES LIMITED
The Cement Marketing Company of India Private Led
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LEYLAND COMET
THE [£7/)€] cHAsSIS FOR THE

The LEYLA :

wheelbase P:gn COTET- is the longest easy maintenance have made it the idesl

Its large body s lger chassis made in India passenger transport vehicle everywhere.
Yy space accommodates at least No wonder LEYLAND is the first choice in

»
—plenty available
six more passengers in ever i .
y trip than an asse i i
other make. Its low fuel consumption anz rrounndl:;e!::::lpdo.n in over 50 countrs a co" ro e prlce
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Accidents can be reduced by 30%

with p“lll PS

or more

PLANNED STREET LIGHTING

Experiments and statistics have proved,
time and again, that planned lighting
of roads reduces traffic accidents dras-
tically, And in the field of planned

streetlighting, Philips’ know-how and
experience are unrivalled,

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

plan the lighting for various types of
roads. That’s why you wifl find more and
more Philips streetlighting cquipment
lluminating the roads of modern India.

.Why 10t ask the Philips Lighting
. l.ce Bureau for advice on all street-
hghlm.g prodlems in your town ? This
exclusive Philips advisory service is free.

PHILIPS INDIA LiMiygp  |PHIUIPS

Calcutta . Bombay . New Delhi
Patna . Lucknow |, Kanpur

- M.dm
- Bangalore
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MILLARS’

ROAD AND BUILDING PLANT
°

Australian Hardwoods JARRAH & KARRI

for

Railway Sleepers, Wagon Building and Marine Work
{
GREENHEART

for
Marine Construction Purposes

° -
Himalayan FIR AND PINE TEAK AND HARDWOODS

[
SPECIALISED SERVICE

MILLARS’ TIMBER & TRADING CO. LTD.,

(Incorporated in England )

VICTORIA HOUSE - VICTORIA ROAD - BOMBAY-27.
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Exporter:

RUMANIA

Sole Agents for India:
MOHANWI CORPORATION PRIVATE LTD.

Post Box No. 555.
26-K, CONNAUGHT CIRCUS, NEW DELHI.

“INDUSTRIALEXPORT "

Bucharest, Str. Gabrie! Peri 2.

Weight: 10/12 tons

Driven by a 37 HP Diesel Engine
for use especially on the road

for heavy duty and durability
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Euclid §-7.
7 yds. struck capae

Lever action of
bowl, apron and
ejector.

Euclid S-18.
300 h.p. engine
with Torgmatic

Drive. 21 yds.
struck capacity.
Planetary

Drive Axle

with NoSpin

Differential.

Euclid TS-24.

Twin Power Scraper.
Two diesel engines give
total of 518 h.p. Struck
capacity 24 yds. The big
Scraper for the big job.

A Scraper for every job— that
is the proud claim of Euclid. Ranging
in struck capacity from 7 cu. yds., to 24 cu. yds.,

Euclid Scrapers are clearing the way and helping to lay the founda-
tions on which the new Industrial India is being built,

Euclid Scrapers for all round performance cannot be beaten. They cut
and transport more dirt faster at cost-trimming figures than any similar
equipment at present in use.

A record of steady production, with every trip a maximum pay ~ load has
made Euclid Scrapers the first choice of construction men the world over

Assisting the Second Five-year Plan

MLACKWOOD HODGE (INDIA) PRIVATE LYD,

. Associated Companies, Branches, Works and Agencies throughout the World, EG/78

> - . : -
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city. 143 h.p, LY

21 BLACKWOOD HODGE (£)

Whoa ! not that type of FILLING

... at least,not from Shalimar Tar Products ! However,
we are experts in the production of equally as essential

Joint FILLING and SEALING Compounds

SHALITEX

for concrete cons-

tructions, runways,

roads and buildings
of all kinds.

WRITE FOR OUR BOOKLET

SHALUET

where jointing mate-~
rials un-affected by
fuel spitlage from
jet exhausts are
required.

R PRODUCTS (1935) LIMITED
SHALIMAR TA RODbUS ( )

CALCUTTA

Agents : The Bombay Company Private Ltd.,

e BOMBAY ® LUCKNOW
Madras-| ¢ R. C. Abrol & Co,, (Private) Ltd., New Delhi-1

CHANDIGARH
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FORUM OF HIGHWAY PROBLEMS

HYDERABAD, the Capital of the newly formed State of Andhra Pradesh, will be the

venue for the annual session of the Indian Roads Congress for the second time, the
first session having been held here in 1938, A City of rich historical and cultural associa-
tions, its glittering lakes, beautiful gardens and parks, magnificent edifices and other
imposing public works and, what is more appropriate, its good roads, will be an inspiring
background for the discussion of India’s road problems. These, it is now agreed by all,
centre round the provision of more and better roads for the country. The Nagpur Plan
was the first concrete evidence of the realisation of this need and its successor, the Second
Road Development Plan, following the same trend, provides for doubling the road mile-
age with due emphasis on higher types of roads.

Side by side with construction of new roads and improvement of the existing ones,
maintenance of the road system ina satisfactory condition is important in the interest of
overall transport economy. The needs of modern transport point towards progressive
attainment of uniformity throughout the major routes and, for this purpose, it is necessary
to have a measurable and uniform yard-stick to assess the condition of a road in relation
to the various elements which affect its efficiency and performance. Such a measure
would be a guide not only for the preparation of planned programmes and priorities but
also for the correct utilization of available funds.

In addition to the heavy traffic loads to which the roads are now subject, the
floods of recent years have caused considerable damage to roads. Even concrete and
black-top pavements have given way under the ravages of floods, much to the detriment
of smooth flow of traffic. Studies of pavement failures are, therefore, important for
evolving remedial and precautionary measures. In the case of concrete pavements,
failures may be due to higher induced stresses due to load and temperature effects as
strength of concrete, effect of repetition of load stresses,
e underlying soil, etc. In the case of black-top roads,
hickness of the pavement, weathering of the binder,

3

compared to the flexural
swelling and shrinkage effects of th
failures may be due to insufficient ¢
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waterlogging, etc. In all these cases, it is only after careful observations and investi-

gations both in the field and in the laboratory that the causes of failures can be traced
and recommendations made to avoid their recurrence.

Not only traffic loads are increasing but the traffic tangle on our roads is becoming

complicated, especially in urban areas. In the case of new cities, we can build wide

roads, limit access to them, provide over and under-passes, introduce properly designed
intersections and so on, but in the case of old cities it is a question of making the best
ase of the existing roads. There is probably no hard and fast rule by which we can do
it, but the approach seems to lie in the rehabilitation of over-loaded roads and streets
by effecting various engineering improvements, rearrangement of the traffic pattern in
some cases, and adjustment to the traffic pattern in others by proper regulation and
control. However, before any of these methods are adopted, a detailed study of the

traffic conditions in a city is required without which no satisfactory solutions can be
found.

From traffic to pavement is but a small step as the pavement has to suit the
traffic which it is meant to carry. Brick is an old material which has been used in
building construction including roads with remarkable results, By a proper selection of

the soil and regulation and control of temperature for burning bricks

. their quality can
be considerably improved for use in road pavement.

Field experiments carried out in
certain parts of the country indicate that this material can be economically used on

certain types of roads. More study and experimentation are, however, required in
this direction.

Transporting ourselves to the hilly regions, it might appear at first sight that
roads in the hills do not bristle with difficulc problems once they are constructed. But a
hill road is as difficult to maintain as it is to construct, on account of landslides and
hill slips to which it is frequently subject. Here again, detailed investigations are
required with the aid of latest advances in soil mechanics before any recommendations
are made regarding both remedial and precautionary measures to be adopted. Mere judge-
ment and rule of thumb may lead to uneconomical results.

Roads are not complete without bridges and consequently bridge building forms
an integral part of highway development schemes. The type of bridge to be iuilt at
any place depends upon several factors and different alternatives are generally worked
out before the most suitable and economical design is selected. Box girdersy are not
very c°";";f’" ;" '"dfia’ but experience so far available shows that where there are no

; Feulti d .
::o;:zon;mi:althles of construction, the cellular type of bridge deck design may be suitable

These are some of the highway problems round which the discussion will centre
at the general session. There may not be any surety of arrival

. at

for specific highway problems but the forum of a professional body gl?::ralh SOqutio::
Indian Roads Congress can certainly build a fund of knowledge and ex that o tb
used and drawn upon by the members. perience to be
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THE 23RD SESSION OF THE INDIAN ROADS
CONGRESS—HYDERABAD—JANUARY 1959

Al the invitation of the Government of

Andhra Pradesh, the 23rd Session of
the Indian Roads Congress is being held
at Hyderabad from the 6th to the 13th
January 1959. Seven Papers, brief sum-
maries of which are given below, will be
discussed at the I.R.C. Session. A general
report on road research done in India will
also come up for discussion on the 7th
Jan. There will be a panel discussion on
« Roads in Water-logged Areas”. Many
technical Committees of the Congress will
meet during the Session. It is expected
that about 300 delegates from all parts
of India and some delegates from abroad
will attend the Session. An Engineering
exhibition in which the Ministry of Trans-
port & Communications, Government of
Indis, State P.W.Ds. E-in-C., AH.Q.,
and engineering firms will participate, is
also to be held on this occasion. A
gpecial feature of this year’s exhibition
is that it will form part of the All-India
Industrial Exhibition being held at
Hyderabad. The Governor of Andhra
Pradesh will inaugurate the Session on
the 7th January morning.

Summaries of Papers

1. Paper No. 206— ¢ Construction
of an R.C. Cantilever Hollow Girder
Bridge over Betwa River at Jharar-
ghat '’—P.N. Srivastava.

The Paper describes the investigations,
salient features of design and the con-
struction of an R.C. hollow box girder
bridge over the Betwa river in Jhansi
District in mile 25 of N.H. 26. The bridge
consists of 31 spans, 66 ft 8 in. each, of
hollow girders continuous over 3 spans
with 12 it cantilevers on either side of
which 42 ft 8 in. suspended spans rest
over cast steel rocker and roller bearings.
The bridge has open foundations resting
on solid rock. The abutments, wing walls
and piers are of coursed rubble masonry
in 1:5cement mortar. Features regarding
centering and shuttering for hollow
girders and their concreting are described,

so also the construction of approaches of
the bridge.

2. Paper No. 207— Adequacy As-
sessment of Highways'—D.G. Bhagat.

The Paper gives proposed assessment
ratings for the various elements of a road
with a view to judge its adequacy.
Detailed analysis of the factors involved
in the rating system is given both in
tabular and diagrammatic forms. Correc-
tion factors to be applied in the ratings
are also explained. Hints for operation
of this method of assessment in the field
are given and a specimen condition rating
for a road is appended at the end of the
Paper.

3. Paper No.208 — ** Traffic Survey
In and Around Calcutta > —S, K. Laha,
A.K. Das Gupta and S. Chatterjee.

The Paper deals firstly with the study
of external traffic on roads leading to Cal-
cutta City. For this purpose, traffic counts
were taken at eleven stations on the
outskirts of the city in September 1957.
A similar study was carried out earlier
in1950. The city was divided into various
zones and the average daily traffic flow
between the counting stations and the
various zones was determined. Thus
traffic flow diagrams for daily traffic were

obtained from which hourly average could
be deduced.

The traffic flow on various important
roads in the city due to external traffic is
then analysed and the effect of the pro-
posed Greater Circular Road in relieving
congestion on other busy roads is shown.

The Paper then describes the study of
internal traffic for which traffic counts
were taken at each important crossing
within the city during rush hours. Both
fast and slow traffic was counted and
equivalent fast traffic worked out. The
traffic capacities of carriageways and
intersections of different internal roads
are then analysed and various improve-

ments are suggested to relieve congestion
in the city.

9



Treansport-Comuunications Monthly Reciew

4. Paper No. 209+ An Investiga-
tion of a Concrete Pavement Failure”
Dr. Bh. Subbarajuand Y. C. Gokhale.

An investigation carried out for deter-
mining the probable reasons for an early
development of cracking  of slabs of &
cement  conercte  pavement  has  been
described in this Paper. The  probable
cause of failure was attributed to  the
excessive differentind swelling wnd shrink-
age propertioes of the particular subgrade
gsoil.  Utilizing existing knowledge, an
attempt has heen made to cvaluate in-
dueced stresses based on thepretical consi-
derations and also to estimate the prob-
able crack expectancy period bhased on
flexural strength values obtained from
beams cut out from the road slabs., Nome
remedial and precautionary methods have
been suggested both for already laid
concrete pavements as well as for new
conerete Pavement construction on highly
expansive soil subgrades.

5. Paper No. 210-- Brick Pave-
ment in Highway Construction ’—D. C.
Chaturvedi and J.C. Tayal.

The Paper outlines the possibilities of
using bricks in highway construction in
India. Brick roads are alrcady existing
in Western countries like Holland and
Germany.

A Bull's  kiln was  established  on
Lucknow-Sultanpur  road  to  produce
bricks of superior quality to he uscd on
this road.  The fuactors aficcting  the
quality of bricks are discussed and the
effect of increasing the duration of firing
on the quality of bricks is shown. The
temperatures obtained in the kiln and
the results of tests on bricks and brick
ballast are discussed.

Specifications adopted in laying ditte-
rent types of brick pavements and their
behaviour are described.  The behaviour
of surface dressing and premix carpet on
brick pavement is also discussed and
broad conelusions given.

6. Paper No. 211 —*Investigation of
Failures of a Bituminous Road ”’--C. G.
Swaminathan and S. Arumuga Swami.

This Paper deals with o detailed in-
vestigation that was carricd out on an

.)ntm:(ry 1954

important road to study the canses of the
extensive surface cracks that hod  deve-
foped on it Trenches were cut, in the
road bo expose the subgrade in various
locations along the road, where the rond
LAY 5().1111(1 and at others whore the roud
i failed. Data regarding the ty pe and
t]'m thickness of the courses, th(\lpl'npvl‘-
ties of the road material, the consisteney
of the extracted binder as well g« field
C.B R and plate bearing values of the
subgrade soils saturated in places, were
determined, ’

MeLeod’s chart for the design of fleyible
pavements was used to determine as to
whether  the failures of the pavement
were due to inadequate thickness
based on the fie)d C.BR.
and cone bearing values. ;\n approximate
correlation hetween  the field (B B and
hon-repetitive plate bearing tost values
within spe

hin ; cific h}nihs I set forth hased
on the investigation daty,

or not,
plate hearing

- Causes of the faihires
1.nt() three categories, vig.,
from an unsatisfactory .
adequate thickness of

were 3_((‘()11;1(‘(]
those arising
foundation or in-

of pavement, those
. " ’
due to failures of the base course or loenl

H_uhsnl('nvv, and those due to the wenthe-
ring of the binder,

In cortain g 2 i

oot sandy subgrade  sites  the
bresence  of hair  ergeks
<_iur1ng the investigation an
Is made to explain thiy

was observed
dan attempt

Ti' Paper No., 212-.
vestigation and Treatme
—G. C. Sharma.

’l‘his.l’u]vmr deseribes the |
F’l(‘lllls 11'.“10 State of Assam  in general
(‘L\Tl.l(t' m‘ulmly. on l)ima,pur-ImplmlhI{-mul,
Savional Highway  No. 39, Mothods
adopted 50 fup to contro) landslides are

(l(’,‘i(,‘l il)(‘d i i ¢ <
g I.n(l Sllh!f(“lt}lo
lalobd ns are m Ul(‘ bo
l)r(‘\ Ult thblr occur rence

Present day i

. ay informatio i

: v regarding the
theory and causes of ] L

. : andslidey -
sidences, investig; lides and sub

ation proceduyy :
the k . . Procedures with
he knowledge of soil mechanics and

, .

geology, analysis of $oil  studies and
.;ss'(,].\sn‘mnt of correct solutions of indivi-
aual problemsy faeed by
have, as far aspossihle
In the Paper.

andslide  In-
nt in Assam’’

andslide pro-

highwa Y engineers
, been incorporated

Transport-Communications Monthly Review

January 1959

BRIDGING INDIA'S RIVERS

THE PAMPA BRIDGE
(By Courtosy of tho Highways Dopartment, Andhra Pradesh)

The Site

TH'E Rivor Pampa rises in the Kastern
(ihats and passing through the
Kast Godavari District of Andhra Pradesh
crosses the Madras-Calcutta road, i.e.,
National Highway No. 5 in Mile 413/1, 2
and joins the Bay of Bengal. Formerly
there was an arched bridge of 4 spans of
28 {6 6 in. at this point, which was breach-
ed during floods in the year 1949 due to
the inadequacy of the ventway. This
being a road of strategic importance, the
reconstruction of the damaged bridge had
to be taken up. The newly constructed
bridge is located 100 ft-O in. on the down-
stream side of the damaged bridge.

RAVUTULA PU DY

SANKHAVARAN

TONDANG)

UppPu CHERVVY

BRIDGE SitTE

Hydraulic Data and Waterway

The catchment area of the river above
the site of the bridge is 136.89 square
miles. The discharge calculated from
Ryves’ formula with the coefficient of 1,200
comes to 31,420 cusecs. The active chan-
nel in summer is only about 50 ft wide
but in floods the water spreads to nearly
300 ft. At the point of the bridge there are
two hillocks on either side not very far.

The bridge is designed as a high level
bridge.

General Features of Design

The bridge consists of 5 spans of 50 ft
clear at bed block level. The superstructure

N

TO WAIWAIR

MAMSAVARAM

PAILDIKONDA

BAY OF BENGAL
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is of reinforced cement concrete with
deck sltab over T-heams and is designed
for one lane of LR.C.class < AN ouding.
The beams rest on piers of coursed rubble
masonry on open foundations. The work-
ing stresses adopted for conerete and steel
are 750 1h per square inand 18,000 h
per square in. respeetively. The bottom
of decking will have a free hoard of 3 ft
above the maximum flood level of 100,00,

Foundations

Trial borings ot the bridge site showed
sandy soil for a depth of 5 ft over hard
clayv 12 1t thick overlying hard rock.  But
as it was found unnccessary from conside-
rations of scour and bearing capacity of
soil to take the foundations to the rock
bottom, they were taken to sufficient
depth to have a grip of 6 ft in hard clay.
The foundations adopted are of the open
type.  No major springs were metb with.
The maximum intensity of pressure on
the roil in foundations comes to 2.3 tons
per sq. ft.

Piers and Abutments

Tiers are constructed in coursed rubble
masonry, lst sort in cement mortar 1:5
and are o1t wide at bed block level
(101.50) and 6 ft wide at sill level (87.00).
The thickness of piers has been  increased
by providing suitable offsets at dilferent
heights as shown in Fig. 1. They are
provided with individual R.C.C.  bed
blocks on top. ‘The abutments have a
batter of 1in 12 in front. The wings
are separated from the abutments and are
kept at a higher level.

The width of abutment at top is
5 {t-0 in. and 11 -0 in. at level 81.00, the
length being 32 ft-2 in. The width of
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wing wall at level SEO0 i3 11 f6-0 in,
aradunlly  decreasing to 2 {60 in. at level
105,70, with part face vertical and a
length of 13 -0 in. at level ST.OO,

Superstructure

The superstructure consists of 4 R.C.
T-beams and deek slab, The beam ribs
are 20 in. x H8 in, and the deck stab 7.5 in.
thick. The decking  provides for a 22 {t
clear roadway with 9 in. thick kerbs and
protected on  the sides with R.C.(!, hand
railing. The beams rest on 1X.C.C. indivi-
dual bed blocks 5 ££-0 in. x 6 f6-Sin. x } ft
6 in.  The deck slab is designed ws span-
ning in one direction only and
slab  continuous over the beams. 1t is
designed for T.R.C. Class  AA loading,
the main reinforcement adopted being
5/8 in. diameter M.S. rods at 6} «'c,
the  transverse  reinforcement  heine
38 in. dianmeter M.N. rods at 4! in. <-'(T.'
The "T-beams are designed for I.R.C.
Class AA xingle lane loading.  Kach of the
two intermediate beams is designed for
(;L‘ track load placed directly  on the beam,
T'he same moments are assamed for the
end  beams also, although the moments
and shear in theend beams will b slightly
less than the  intermediate beamu, ° For
constructional facility the same scetions
with the same detaily of reinforcoment are
adopted for all the 4 bheams :
reinforcoment in cach he '
M.S. rods of 1 in.
M.S. rods of 1} in.

also as ¢

The main
beam consists of H

diameter and § Nos.
diameter.

]"l}‘ho 'centring for the beams and deck
slab was put up in teakwood planks
supported by wooden frame

PI 8. The locally
available casuaring posts wore crected in

stages from tho bed lovel t
L , e} to su 't t)
planking for the R.C.(. (lccking,l)]’\(\)’ltvtlg;(-:
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Photo 1. Laying Reinforcement for the deck slabs.

Photo 2. Centring for the beams and deck slab
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were used wherever necessary for fine
adjustments to get the centring to the
correct levels.

The conercte (P22 04y ordinary gracde
was mixed with conerete mivers, Cranite
chips 31 in. size were obtained from a
quarry  al Yeleswaram, 27 miles away
from the work spot. 'The sand avaitable
in the river bed was fonnd to be well
suited for the work and was used in the
bridee construction.  As 1t was not pox-
sible to conerete a complete span in one
day, the heams were first conereted. On
the suceeeding day, the top surface was
lichtly seraped, neat cement in water was
applied and the deck slab wax iaid.

9" \»-—— s‘ro"-‘i—— &' ,+_ 6~o"—,1

CROSS SECTION

Y1346 (T3 510 lMcurs

To make up the required lengths, the
main reinforecement for the  heams was
welded from  considerations of space and
economy. Samples of welded picees were
picked up at random and were tested  in
the laboratory for tension. The results
obtained were good,  None of them broke
at the welds.  This was also  convenient
in concreting  the deck slab as, other-

COPPER STRIP S 'wiDE
WITH fo x
€O RAUEATION 1w CENTRE

o |O O 14

“

3
‘L o O O _L
1% MOLES 4" PiTen
cor TRIP

Janwaey TG

wise, it would have bheen ditheult if the
s]mlrt‘ lengths of IS ft rods were to bhe
sphiced with the required overlaps

One cad of the heams wis fixed and the
other end was free

over the  gupports
Any one of the .

: : piers had either of the
vml.\'_ni adjacent beams with fixed or free
hearings on it. The fixed ends of the
heams were anchored Lo e pier by
means of dowel rods 1 iy diametor, 210 in
l-(\l\f_ﬁ and spaced ot 30 55 <~(>nt‘|'v;_'nt‘t:
g through cast-in-sity cement n‘ullu't‘\l‘
o by aront pad 1Y i, thick  The fr‘t'\t'
vll"l.\‘ of bheams were shiod with 3”5 in
mild .\'t‘(-vl‘f(mt,pl;l,tt* futted with inverted
holts T i, dismeter anchored into the
beam andd sliding over @ wandwi-
ched copper sheet 116 in. thick
over osimilar mild steel bottom
bearing plate fixed 1o the pier

a
[N vy v a1 N N
‘ i lvl. CXPROSION joings were
{m[)\l 1.<lv<l with lntvunwn-hvmp filler
weid o positj &
POsItion by a copper sheet.,

e .
I'he Wearing  cont gy .3

COment,  conerete 31 in. thick at
contre and 20 G0 a4 gides, T4

Wils ('!l]}l[i:l.('t(‘(l hy tiamper-cnm-
.\"(-Irm-n‘l vibrator, The arrerade was
B6-2°3 nee cont of | m Hqiyh(- me il

and 33-1 3 pereent of 3716 iy, l;, "{ ‘| i “
graded chips,  Phe WenTing cong T
after all the slabs wiere mnnh
centringe for the

at was laad
' pleted and the
decking Femoved,

Drai .,
rain holes were provided jear the
with 3 in.

lw‘nw the

kerbs ot 6§ centres
pipes dipping 6 in,
of slab,

bottom
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Approaches

The abutments having been designed
for cquivalent earth surcharge due to
moving loads, approach slabs were dis-
pensed with. The approaches on glth‘er
gide are taken at a gradient of 1 in 30
with 100 ft flat lengths from the bridge.
The approaches are aligned in suitable
curves to join the old road.

Costs
The cost analysis for the bridge is given
below :—

Foundations 24,000
P(i)ers and Abutments ... 74‘1,000
Superstructure e 1 1;3,000
Approaches .. 64,000

275,000

11

(d)

SECTION

GIRDERY

INCH LSS

Analysed Costs

Per running foot of the bridge
Rs 982,

Per square foot of the carriage-
way Rs 45,

Per square foot of entire eleva-
tion area enclosed between the
line connecting the lowest part
of the foundation and the line
connecting the uppermost points
of superstructure Rs 28,

Per cubic foot of bridge from
bottom of foundation to top of
roadway Rs1.25.
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ROADS AND ROAD TRANSPORT

Grre Prrsitan,” BoSe, (Bawcuesrir), ML, (1

ON the occasion of the Annual Session

of the Indian Roads Congress to be
held in Hyderabad, the Capital of Andhra
Pradesh, it would be proper for one
connected with the State Road Transport
Undertaking to give his views on matters
concerning roads, ax the N'T.C! happens to
be the principal user of the hichwavs, [t
is, therefore, a matter for sratification to
take the opportunity of contributing a
short article on the subject to the annual
number of the Transport-Communications
Monthly Review published by the Tndian
Roads Congress,

Greater emphasis is just now beine
laid on conserving forcign exchange :uuri
it is stated that by spending money on
roads we shall not save foreign exchange
which otherwise can he done if the same
amount iy spent on the development of
industries which can produce coods tha
are now being imported. A Boad Trans-
port Engineer has a very much different
view in this matter.  The maintenanco
cost of vehicles operating on good roady
ts half that of the cost of operation on
bad roads. With the improvement  of
roads, therefore, there is  substantial
saving in the expenditure on maintenance
of vehicles. The expenditure invelved in
the import of sparc parts is so heavy
that this will result in  considerablo
saving in foreign exchange. [t is, there-
fore, but proper to stress the importance
of upgrading the roads as g significant
factor in the national economy.

The intensity of traffic has to be
taken into consideration before such
upgrading is taken up and in this con-
nection it is felt that a close liaison s
necessary hetween the large transpor
operators (Nationalised Roadl Transport
Undertakings) and the Highways Depart-
ment in the matter of pl;u'ming the
upgrading of roads and fixing priorities.

*Chief Lxecutive Ollicer, Andhry I

Ly

Nm.\),

It i3, ther

3, therefore, s ‘

il ,A!) ufmt, sugeested  that

! silite alround  tmprovement in rowd

{ fLlnsport, a close co-ordination  should

l))( rought about by laving the
8 ] il » 1

'l‘](p(utm;nt,T the  Nationaljsed Loud
ans=port Undertakinges . )

o ,I : Unds rt:,.Ll\lx)gs and the State
mepmt Authority (in charge of the

tnlorcement of the Motor Vehieles Aet)

under one \[ <L .
Ministry — of  the State
(;()Verlll]lt‘nt' State

to

Highways

To illustrate the point

. farther
Instances are urther,

oo not l;““ki”,‘l when  bridges
gt onstricted without proper
up ()f' :Ll {::::I\H: Plis results in locking
otherwise \:(, l.immmt of capital which
rot/m'ns‘ilynm Oll'l ¢ llu,vc: l{cgu“ to  give
have been (-00( lu‘tcly_ National Highways
MOVe e, L ]wtl‘l(:t_(‘,(l to fucilitate faster
nmnplru'n, of traflic ; yet, we find  at
only ’11'(()-]:1:1(-{:]&‘9%08 obstructions which not
hut (71‘(“/Lto ;lt 'l({ﬂ])c(s(l of motor vehicley
ﬂcrinus/(:w;-i ;‘xutzmonﬂ which can result in a
Actu:bllyj ' :(“ or ‘h““}"g(" to the vehicles.
plivco (”; ﬂ- (rll}lous aceidents have taken
Dmnomu-(\‘]u(]’l Spots where  there  aro
dupres%io/n( MUIps on culverts or steep
of Whilch :‘r(‘“l ‘Yl‘dallu.hg or streams, both
vehicleg, ';‘\‘r-l\il( ry dangerous for motor
of roady Wh({DI(‘(} [t]l’ ‘wo, have some patches
the speed is red o ]S"rflwo I 4o bad that
or even 15 m’iluv%( to less than 20 miles
WAYS, it g (?: an hour.  On the high-
are not cong 1-)1,“’“ noticed that berms
it s difiye Solidated with the regult that

1enlt for two vehicles gravelling

even at 15 1y ph to

ove b1 .p L. cross each other
ﬂl)h safety.  Both i vehicles  have
erefore to come to nd

& halt and one of
track for the other
£ 80, it gets stuck

them has o get off the
to pass by, and in doin

in N :

«-:,u:(}wl.: 1]1(:::0%” on the herms and this

rainy S(!;L‘-&():(vtwnv""v delays during the

S-foct Wi(l \1. '\\‘.mh the introduection of

become e Vehicley  the piroblem  has
ne  still more acute, ay the main

l'ddouh’ State Road o e e

"o
Fransport, Corporation,
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portion of the road is not generally wide
enough for two such vehicles to cross each
other with safety at a reasonable speed
and without getting stuek up during the
rains in the loose mud on the fringes.
There are still curves in many  places
which contribute both to u rveduction in
speed and, il one is not careful. to an
accident,  IMurther, there are no road sign
boards at the above mentioned points.
Every one will agree that this is a serious
matter for our present day traflic on roads.
A narrow culvert on a wide National
Highway 1is a death trap for a driver.
Very serious accidents have taken place
at such points.  Yet again, both National
and State Highway stretches pass through
municipal limits of towns which are
anattended.  There is, therefore, imme-
diato necessity to bring all roads under
one management.

Tt will also not be out of place to
mention that the Highways Departments
have been rather conservative in restrict-
ing the movement of heavier loads on
roads.  This has  been causing  great
handieap in development of goods traffie
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by road. 1t is more economical to operate
a veliicle with a bigger pay load than five
tons. A culvert or a small bridge that
cannot take loads higher than, say, five
tons, should not be the restricting factor
on a stretch of road which is otherwise
capable of taking the trafhe. It would be
far more cconomical in the long run to
remove  this  obstacle than  to restrict
carrying heavier loads. This matter
requires  careful examination by the
authoritics concerned.

There is another aspect which also
requires emphasis. While we are concent-
rating on the construction of more and
more new roads or upgrading some of the
existing ones, the maintenance of roads
already constructed is sometimes sadly
neglected. While we imagine that we are
getting the benefit of more good roads on
one side, we arc losing on the others
already laid. It is, therefore, imperative
that these two aspects must go hand in
hand. There is no doubt that it is much
better to spend on keeping uniformly
satisfactory surface on all roads than to
up-grade some and negleet the others,

DEFINITIONS OF HIGHWAY ENGINEERING TERMS

CURTAIN WALL: A thin wall used as a shicld or protection against
scouring action.

CUT-OFF WALL: A wall, collar, or other structure intended to cut
off or reduce percolation of water along smooth
surfaces, or through porous strata,

WORDS OF WISDOM

Although this may seem a paradox, all exact science is dominated
by the idea of approvimation.  When a man tells you that he knows the
eract Druth about anything, you are safe in inferring that he is an

ineract man.

—BERTRAND RUSSELI,

13
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ROADS IN ISRAEL

by

S, Towsrer,

Chief Fngineer of Roads and Bridges

History and Development

OADS were not unknown in  Ancient

Isracl, The Romans had also built
strategic roads, traces of which can still
Le seen.  Later the country was laid bare
for o number of centuries. 'The Turkish
Administration however, had made a new
start in road building around the begin-
ning of the present century, which was
intensified during World War T. During
the British Mandate (1918-1948) road
building came to the fore, in the wake of
the introduction of the motor vehicle. A
network of asphalted main roads was built,
during this period, with the object  of
connecting all urban  centres. During
World War 11, a wide programme of road
construction had been undertaken to meet
strategic needs,

When New Israel took over from the
British Administration in 1948, it soon
beeame evident that the existing highway
system was not adequate to meet the ever
increasing demands of the New State.
Among the major causes necessitating a
wide road construction and improvement
programme the following may be cited :

1. Discontinuity of several main
roads as o result of changes in the inter-
national boundaries. The cut off sections
had to be by-passed by new roads.

2. Prior to 1948 most agricultural
villages had access from main roads only
via tracks suitable for horse drawn carts.
From the first days of the new State,
agriculture and .tho transport of its
produce became highly mechanised. This
necessitated a net of all-weather farm-to-
market roads.

3. Development of new agricultural
arcas and industrial centres which were

14

spread intontiorml]y all over the country
for the absorption of increasing inflow of
returning sons of Israel.

4. Exploitation of the mineral resour-

ces of the country especially in the Negev
zone,

5. Development of the most southerly
v
town, Eilat, a port on the Bed Sea and
construction of its harbour.

6. The growth of commercial traflic in
number and weight of vehicles,

Present Constitution

Different categories of highways and
theiradministration —The Isracl Il.ighwzw
systemo comprises three  categories  of
roads :

—Main Trunk Roads, which serve cross-
country and inter-urban traffic;

—-District Feeder Roads, which link up
main roads and as the name implies link
up sceveral places in one district ;

—Approach roads, giving access to
villages.

These roads are constructed, adminjs-
tered and maintained by the Public

Works Department of the Ministry of
Labour. '

There are also communal roads which
serve internal communication in built up
areas. The management of these roads

is in the hands of the Local Authority of
cach community. '

For administrative purposes and execu-
tl.on of works the country is divided into
districts, each headed by District Kngi-
neer responsible to the Director of Public
Wm'ks. The Districts are further sub-
divided into sub-districts managed by

¥
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foremen in charge responsible to the
District Engineer concerned.

Fach sub-district is adequately stalfed
and cquipped to he able to carry out
independently — all - maintenance  and
construction  works.  Only in special
cases, the sub-districts receive reinforee-
ment in personnel, and in cquipment,
from the Distriet  or from  the  Head
Office.

The Design of roads and bridges is the
duty of Head Oftice stafl who are also in
charge of supervising  the  technieal
aspects of the exceution of the works
and  control the expenditure incurred
thereon.

Statistical Information

The lengths and growth of the Tsrael
Highway system  excluding  communal
roads are given in the following table

Year 1948 Year 1958

1,035 kms 1,500 kms
835 kms 1,

4
100 kms 5

Main Roads

,
. — .
District Roads 7o kms

Approach Roads 75 kms

Total ... 1,970 kms 3,550 kms
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The expenditure on maintenance and
improvement of roads is not chargeable
to special funds. Tt is provided for in the
state yearly budget under one general item.
Funds for construction of new roads are
also provided in the state yearly budget,
weh project appearing under a separate
item. With regard  to approach roads
to  villages, however, local authorities,
sich as Regional Councils; do participate,
to o certain extent, in the expenditure on
these roads.

IFor the last four vears amounts spent
on roads have been, in millions of Israel
pounds, as shown below -

1955 1956 1957 1958
Maintenance and
improvement of

existing roads, +,2 +2 43 4,4
Construction of
new roads, 65 50 6,5 6,0

During the first deeade of its existence
Tsracl has spent a total amount of ecighty
million pounds on Highway activities.

Design and Construction
(Standards, Methods and Materials)

The minimum design standards adopted
for the various types of roads are given
below :

dight of way reservation

Total width of road

Width of asphalted carriageway
Design weight (wheel load)

Design speed

100 km hr.

Main District Approach
Roads Roads Roads
40 m 30 m 200 m
It m S m 6 m

7 m 5m 4m

6 tons 4 tons 3 tons

80 km'hr. 60 km/hr.

Maximum gradient (*) 4 p. 100 G p. 100 S p. 100

Minimum horizontal curve radius (*) 500 m 300 m 100 m

Minimum vertical curve radius (*)

l (‘onvex 7,000 m 3,000 m 1,200 m
Concave 2,000 m 1,200 m 400 m

Minimum sight distance (¥) 180 m 130 m 90 m

* Those figures are rolaxed somewhat in mountainous regions.
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Isracl, though being a small country, is
confronted with the whole variety of
problems in design and execution of road
construetion arising from types of soils
and terrain, which are: peat bogs, heavy
clay  (black cotton soil), sand «lunv.i,
rocky mountains and desert zones with
deep layers of loes.  These problems are
tackled and solved by the use of modern
principles of soil mechanics, bituminous
mixtures and mechanical  equipment.
The Public Works Department has its
own central laboratory at the head
office, fully equipped to perform routine
tests on all kinds of road materials,
necessary for design  purposes. The
district statl have at their disposal the
necessary tools for carrying out the
tests needed to ensure compliance with
the prescribed design standards in the
execution of works. The suitability of a
goil for fill is investigated and determined
by the Atterberg limits. ‘The compac-
tion of fills are controlled by measuring
the dry density in comparison to the
previously determined maximum density
by the Proctor compaction test. The
thickness of the pavement is determined
by the C.B.R. method.

In various parts of the country there
are important deposits of natural ;;lrzmul;lr
road materials, known under the local
names of :

Hizrich: A metamorphosed, disinte-
grated  bagalt  stone containing per-
centage, usually not excessive of clay
particles:

Kurkar: A calcarcous sand-stone, in
the making stage, with various propor-
tions of free lime spread in the granular
mass and serving as binder ;

W k'l,(]l gravel: River pebbles varying in
grading and consistency,

These materials if properly exeavated
and carefully selected are suitable for sul)-
base or base courses.  When used locally
the cost of construction is 1‘(‘(111(:(:‘(i
materially. The Kurkar is also used
with an admixture of bitumen as g
kurkar-asphalt base or even binder-course
of district roads.  The wadi gravel in the
Negev zone is of suitable grading and
very clean, free from clay: mixed with
bitumen, it forms a very good low cost

Fannary 1954

wearing course.  The hand laid Telford
base which was in common use VeArs ago
has now heen substituted l;v All hil;
crusher run material, graded from 2! in
down to dust. Stones are hound t,mn*t];‘;r l)\.'
a shirey formed by aliberal {L[)M}:‘:Ltri()!l of
water during rolling,
[,\v””t‘f,](:(f, 3,}::“};::1\ O\f\ l‘():_uls maintained

A ()l']\N
2,880 kms are asphalted,
mixtures generally used

1

Department
The asphaltic
n _ are cither cold-
ald Plant Mix or hot-laid Plant Mix.

Movbe b . .
- Plants for cold-laid mixes are
In the country. and such mixtu

supplied in practically
ties. )

abundant
es can be
unlimited (uanti-

Jcrus-.llem-ll'.n‘

tuv road,

‘Typical view of

terrain prior to earthworks

Il (> 23 Al
n;Lm(()‘ry(,‘:LL;];]\H};L}I‘M for hot-laid mixces, or
Those lL\'ail'Ll‘,l(\l(' conerete, are still rare.
the demands o 08 capable of meeting
quarries are .n:(}'do on them. The existing
sipply g e MO yet ina position to
cationy f’x:’ ‘%‘L’t](.m. Lo standard specifi-
matter is mn;uvl\(:uf"t Quantitics.  The
that conditio N (’“'m h;m.(l:m‘l it is hoped
near future. l&(jzt\l:t}ll,(cl o Proved in tho
verthelesy, ; alt
surfaces on most of the mem’in (thlnuni:“})(]):t::

LG
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Jerusalem-Hartuv Road.—Hewn out of
rock, 12 m deep

are made of asphaltic concrete, meeting
the following minimum requirements :

Aggregates, per cent wear determined
by Los Angeles abrasion test : 40 p.
100,

Asphalt Mixture:
Stability (Marshall Test): 450 kgs.
Plow (Marshall Test): 8-18.
Voids : 3-5 p. 100.
Voids filled with bitumen: 75-85
p. oo,

Asphaltic cold-laid mixes are used on
gocondary roads. In remote places H,S})h.:LIt
macadam surface courses (Penetration
Method with Hot Asphalt Cement) are
resorted to.

All-weather earth road surfaces are
treated with Caleium and Magnesium
(‘hloride, with satisfactory results. Sur-
faces are dustless and vehicles can travel
at 60 kms. p.h. without discomfort.

All road works : grading, earth moving,
paving and surfacing are mef:ha,nlsed.
The mechanical equipment available for
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this purposc consists of bull-dozers, scra-
pers, motor-graders, various kinds of
power loaders, mechanical pavers, sheeps-
foot, pneumatic and smooth iron wheels
rollers, asphalt mixing plants. Tt is

Ashdod Prestressed Concrete Bridge.—
Precast Central Girder, Reinforcement and
Cables in position

expected to complete shortly this list with
the addition of soil stabilizers and vibra-
tory rollers,

Ashdod Prestressed Concrete Bridge.—
Launching Central Girder, length 13 m,
weight 28 tons

Maintenance works are also mechanised
as far as possible. Motor-graders are
used for reshaping ditches and shoulders,
mechanical grass mowers are used to
dispose of the vegetation at the sides of
the road. Chemical weed Kkillers have
been tried, but these have proved too
costly and causing damages to cultivated
arcas adjoining the roads. The matter is
sbill under investigation by Government
stafl dealing with conservation of land.

17
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Drainage

Pipe culverts, single and mulbiple tyvpes
are nsed to drain catelunent hasins BRI
roads. These are  cither  precast x;mlr'\
conerete pipes or cast-in-sity reinforeed
conerete pipes. The mintmum divneter
used is 80 ems to permit onsy cleaning.

| g

Ringle or multiple reinforeed conerete
box culverts have also beon sz():u\d:n‘di'/v‘d
upto 4 meters spans, and  are used ‘10
cross small water conrses, |

During the last two years thype major
bridges have been built s the desien of
three more are in hanid, °

A bowstring  steel bridge  has been
erected over the Yarkon river in Pl
Aviv: it is A single span bridge
metres opening founded on pre

of 53
[CHE o TS PN

Junmaury 195G

forced conerote piles. Two precast pres
Htl'.t'ssvd and post-tensionsd  conerste
bridges have been crected, one in the
f“_y"ﬂl and the othey in the south.,  These
are three Spans structures with o muaxi-
mmn <:¢~ntr:x.l span of 20 metres: the deck
1S earried on veinfopeed conereto picrs and
abutments founded in an spread footings.

Lsrael stands now ab the dawn of ibs
H(ﬁt.'(.)}l(! decade, Among the wreat ocono-
{:;\y‘h‘:ll'mrvl]npn'u\‘nt fn.i‘i\'iﬁ(\x lying ahead.
r'éc(l by renstraetion will surelv not be
tit(i‘x) t\.;\\.:ljlhttj]]l:'znftz, ]4‘()}" the completion of

. T thesiate s onow  far hotber
SquIpped in tools and plants and know-

](‘ l"(‘(’ft} i - ~
{ ) Leoart ()‘ l]l‘h Vay ')‘Ui I”TL, ”l
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CAUSES AND TREATMENT OF HILL SLIPS

Ly

A, C. Durr, *p.so. (Glas), AM.1LT.,
Assoc. M. AscCE.

General

LIPS or slides—as the American terlmx-
nology goes—causc conmde_mble loss

in men and money, and resalt in serious
communication bottlenecks, unless cleared
withous the least delay. They, there'forc,
call for sertous studies a'nd mvestxgntxopg.
The object of this article is to describe
the various problems and their solut{ons’
as cvolved by experience OVer fw.“;mg;
period in the Himalayan areas 0"1 g}s
Bengal, and to describe in detail the
various methods in use for various types

of slips.

Causes of Slips

Generally, land slips or slides de}relop
due to cither of the following causes.—

(a) Super - saturation of the soil eap.
(b) Defective or blocked drainage.

{¢) Springs.

(&) FHrosionatb the foot of steep banks.

(¢) Quarrying and resulting denuda-
tion of vegetable cover of slopes.

(f) Loosening of tree roots by strong
wind.

It has been noticed that even conti-
nuous downpour of approxx.mately 6 in.
over 6 hours or over & shghtl'y longer
period, would cause disastrous slips in the
Darjeeling Ares. This indicates that for
the particular slope and terrain of the
Darjeeling Area, 6 in. of rainfall over &
period of 6 hours, i.e., 1in. an hour I8
sufficient to super-saturate the particular
soil cap, resulting in slips of catastrophic
magnitude, It is similarly possible in
other areas to determine the total rainfail
over a perjod of time that would contri-
bute to such disastrous consequences.
Local populations may then be given a

* Superintonding Engineer,

Wostern Circle, Works and Buildings, West Bengal.
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warning by the concerned authorities on
the basis of such forecasts to evacuate
$0 safer zones so that at least death and
injury may be minimized.

During the monsoon season in West
Bengal, the gullies and depressions or
« Jhoras”, as locally termed, through
which the accumulated rain water run-off
from a particular catchment area finds its
way down the hill slope, may be incapable
of Qaccommodating the ever-increasing
volume of run-off, due to inadequate
capacity or due to partial blockage of the
dopression by displaced debris. If in-
capable to take the full discharge for
cither of the two reasons, the water aceu-
mulates as long as the blockage can act
as a dam, but with greater and greater
pressure being built up behind the bloc-
kage, it is dislodged along with a little of
the adjacent land and this gees down and
along its way may also act in a chain
reaction sort of way in dislodging and
carrying with it more and more rocks and
boulders and finally constituting a major
land slip.

A part of “Jhoras” or gullies may be
underground and in a similar way as
explained above, the original channel may
get blocked and the water may find
another way down through a nearby soft
rock, thus making a new underground
channel. These underground waterways
get exposed due to difference of grade of
the channel and the hill slopes and
emerge as springs. The boulders and
rocks in the way are thereby displaced
and depending on the number and volume
of debris so displaced, constitute slips of
varying magnitude.

In the mountainous areas of West
Bengal, hill slopes are considered stable as
long as the slopes are not steeper than
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37¢, but sbecper slopes eoxist in nany
locations and they manage to stay on as
long as the soil cap is covered by vegeta-
tion. Buta strecam of a “Jhora” may
gradually encroach and ultimately start
cutting the toe of such a steep slope,
resulting in slip of the unstable portion of
the hill side.

Denudation of vegetation cover either
for agricultural purposes or cven by
grazing of cattle affects the stability of
hill slopes. Not only do the roots of trees,
shrubs and grass help to hold the soil
together but the leaves also break the
force of rain and allow the water to drain
off the land very slowly, thus lessening
the risk of soil cap being least disturbed.

The question that may well be asked
is: ¢ Are such damages inevitable and
can nothing be done to prevent or at least
anticipate or lessen the damages?” The
answer fortunately would be in the affir-
mative, as much of the damage can be
anticipated, and some prevented, and
may be repaired in a comparatively
simple and inexpensive manner.

In the hilly areas, jungles are arbitra-
rily cleared by the hill people, and trees
cut down for raising crops. Often the
value of crop is far below that of the
timber destroyed, but due to want of a
get policy and bold and vigorous action
by (overnment, no success in stopping
this destruction has so far been achieved,
If people have to have some sort of cash
crops, the authorities may induce them to
plant such money earners as cashewnuts,
pepper or coffee instead of the present
rice or potato. Grazing leaves the soil
cap bare and pelting rain does the rest
and so grazing must also be controlled.
The easiest solution is to declare such
areas as Forest Reserves.

It has been noticed that cven big trees
get uprooted due to storm and in that
process the surrounding rocks and boul-
ders get dislodged and in coming down
they further dislodge some more jutting
out crops, which are not strongly embed-
ded, and thus a slip dovelops, the serious-
ness of which depends on the loosencss of
the slope over which the up-rooted trees
roll down. It may not be out of place to
state that slips may be caused due to this
reason even wheun there is no rain.

20
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Finally, quarrying, anless quarries arc
very earcfully selected wnd ocated, would
obviously induce stips

due to loosening of
the soil cap. v

Examination and Treatment of
Slips

Slips occurring due to super-situration
of soil cap arc usually due to water perco-
lating through the surface soil which may
have badly weathered and cracked or is
of permeable nature, Water gencrally
percolates through such pervious rocks
until it meets an impervious one, the top
pervious rock then glides over the imper-
vious one, causing it to slido. In such
casos, the slips uncover the hard rocks the
surface of which is unlikely to cause
furtl_ler trouble, at any rate due to the
particular cause under discussion.

Since a certain area thus gets its loose
and deleterious terrain shaved off s0 to
say, the soil cap just above it is usually
left overhanging ‘or at o dangerously
steep angle.  If further slipping of the
soil cap is not likely to extend to any
great distance or seriously to afiect land
In use or valuable pmpe.rty above, it is
usual and preferable to lot nature take its
course till all the loose soil iy removed
leaving a hard sound slope. Watch should,
however, be kopt to sce that no (1001;
seated cracks are revealed in the new rock
face, but if unfortunately theso arc
present, action should be taken to revet
the slope without loss of time. 4

The unsheathing,
crackless soil cap by
above, occurs but ve
fortunately more ug
uncovered soil cap
badly broken up loo
carth clods : mue

S0 t0 say, of a hard
slipping, as doscribed
ry rarely, It is un-
ual to find the nowly
to be composed of
se boulders or oven

b of the surface ma
even be of mucky consistency which wilbi

not stand at o slope angle considerably
flatter than the angle of repose of the
adjacent R'lopes. Conditions such as these
generally indicate the presence of springs
Within the slope itself of entrance of
water at the head of the slipped surface
from the slope above, When this happens
the first step is o examine the affected
area and locate the suspected ingressing
water and limit its flow within a c;).tch‘
water drain arrangement and divert it to
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one or preferably both sides of the slip
over sound soil,

These catch-water drains are usually
made of local wood planking in the form
of chutes, being locally available at com-
paratively cheap rate, The up hill side
of the chutes should be lower than the
down hill side and they should be sunk
into the ground wherever possible or if
the ground over which the chute is placed
18 not very sound, the sides of the chutes
should be anchored and the hill side
should also be strengthened by a row of
pegs driven so that they go through the
soil below the chutes. If a defined stream
is located, such a stream also should be
carried over a wooden chute clear of
broken and mucky grounds to prevent
erosion.

Should the surface of the slip be suffi-
ciently firm to allow mazdoors to walk
over it, the ultimate damage can bhe
minimised by driving a row of local
wood planking deep into the surface at
more or loss 30 ft distance measured
along the slope of the hill. This treat-
ment would generally be applied in the
case of comparatively small slips. In
the case of large slips, wooden stakes at
say 5 ft 0 in. intervals in a row whose
axis would be at right angles to the
axis of the slip, each such row being
10 to 12 ft distance vertically, may be
driven hard till at least 1,3rd of the
stakes are securely fixed into the sound
soil under the slipping surface. The
value of this form of protection is con-
siderably enhanced by twining creepers
about the stakes in the form of rough
basket work.

The treatments described above are of
an ¢ expedient type’’ which are called
for to minimize or prevent hold-ups
during the slips, but for permanent treat-
ment the following points must be
attended to:—

1. Proper drainage.

2. Revetting.
3. Planting.
4, Horizontal drains.

Proper Drainage

On a slipping surface, catch water
draing should be constructe_d above the
broken edge of the slip if possible.

4 21
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As regards drainage on the surface of g
slip 1t is necessary either to slope the slip
surface from either side towards g central
drain running down from the top to the

PLAN

Fig-1.

bottom of the slip or drain away from the

centre by means of a series of drains
(Fig. 1).

The central drain may be of the ordi-
nary square section with dry rubble
masonry as ordinarily wsed in road side
drains, or it may be roughly dressed stone
laid as a broad shallow saucer in courses
at right angles to the line of flow, This
form of drain is generally called a dyke
Both the types are shown in Figs. 2 & 3.

///§
2
S
Zaea | G e
2]z [N~
Dry Rubbie Masonry
Drain
Fig-2.

e
) Ans "
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Cement Rubple Masonrs
Dykes

ngv-'5.

N
2

Catch water drains should have the
soling and downhill wall cement pointed
orat least ‘‘pugged” with stiff clay to
make them as water tight as possible, the
uphill wall being however of dry rubble
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masonry in order to admit scepage to the
greatest possible extent.

Defective  drainage  may  specifically
affect the following:

i « Benching” iec., cutting ftat of
the hill side to accommodate a building,
tennis court, pluy-ground or terrace for
cultivation.  In order to obviate damage
accruing due to bad drainage it is neces-
sary to make the flatslope inwards, i.e.,
towards the hill side, sufficient to carry
all surface water into a drain running
along the foot-of the inner slope of the flat
as in Fig. 4.

Benched

— Slope {nwards

Dram

Fig 4

(ii) Construction of a road or pathway.
In this case also the same principle as in
(i) above should be followed.  The water
in the drain being discharged at frequent
intervals into the nearest natural water
course.

(iii) In case of seepage of water into
a pocket or depression already saturated
with moisture, the treatment should be to
disperse the scepage through a herring
boned system of drainage, asalready men-
tioned and finally leading the collected
water through the central or main drains
on the boundary of the pocket or
depression.

Revetting

Revetment walls are toe walls built up
at the bottom of the slip to support and
prevent further slide of the slope above
such revetment or wall at the toe. The
usual practice is to build walls up to 14 ft
height in dry rubble masonry, and above
that height to lay a band of cement
masonry rubble preferably 2 ft thick at
each 14 ft interval.

The rule of thumb method used where
time or personnel for exact calculation ig
not available for determining the section
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Vertical

Typicat Section

Fig-—s'

of dry rubble masonry  walls in the ease
of a non-surcharged or surchargeil wall is
as given in Fig, b,

Thickness ut top =
)
whoere # = vertical hoight
Batter tho outer face at 1 : 4
Keep the back face of wall vertical
Keep the base at right angles to the
batter.

_ For surcharged walls the rule adopted
i3 the same excopt that the leight is
assumed to be 1.5 times the actual height.

Fig-e.

thx}nen the hgight of the slip is so groat
oot otne? wall is impractical or insufticiont
etaln  the earth slope from top tr

22
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hottom the usual practice is to break up
the slip-surface by building walls at inter-
vals, such intervals being regulated by the
rule that the slope of the soil above should
never be steeper than ¢ the angle of
repose” i.e., the angle at which the
carthen slope would rest without artifi-
cial support. In the area under discus-
sion, the angle of repose is approxi-
mately 87°.  Further, such walls must
not be interspaced at more than 30 ft
vertically. Fig. 6 illustrates clearly how
a serics of rovetments is built for different
cases.

As such revetment walls have to be
built with the least delay during the
slipping period in all locations in the
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All stones, both in length and width
should generally be arranged so as to
break joints. A through stone or a line
of bond stones should be laid at five feet
intervals in each course and should not
fall immediately over the bonding line in
the course below.

No gstone should be greater in height
than its breadth or length and they
gshould be laid on their natural beds.
Every stone should be a header rather
than a stretcher.

All dry stone revetments should be
built with a face batter of 1in 3 with
vertical backs and with the courses laid
at right angles to the face,

A188 3YsFY A-16812 57F

A=17T 44 §F7 A196°26 8kt
44 -6 ‘
’ o
5 .A
&~
4 e
3:7’;' M
[ T ' —~—
T

A LI6°00KFT. A= 229°90 SFT.

23-0°
240"

SECTION FOR SURCHARGED
WALLS OF DRY PUBBLE.

BATTER 1
Fig. 7.

hilly areas, the typical sections of such
revetment walls correctly designed for
surcharged and unsurcharged walls are
given in Figures 7 & 8.

The general specification followed in
the case of such walls is given below :

TFoundation to the required section
should at least go down two feet into firm
soil or preferably to bed rock. The bed
is to be made at right angles to the
batter.

23

3.

All revetment walls should be built up
solid to the required section and the use

of unnecessary spall or chips should not
be allowed.

Weep-holes should be provided at every
4 ft horizontal and every 4 ft vertical
intervals in walls, commencing with the
first course above the ground level,

Planting

The planting up and turfing of slip
areas is one of the most important and
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effective  methods of protection, gn(
together with efficient drainage will oftey
suffice even on slopes which are stecper
than the anglo of repose without revet-
ments. Trees and shrubs for the purpose
of planting should be sclected with regard
to the ultimate size and the root binding
power. In the Darjeeling District of West
Bengal State, the indigenous plants and
trees most useful for the purpose are
grouped according to elevation as given
below :

{a) High Elevation — Agare (Vibernum

(6000 1t to 7000 ft) Spp.) and Falido
{Erythrina Spp.).
Sdur (Betula al.
noides) sowings
are also ugefyl.

(b) Medium Eleva-  — Cuttings of Falido
tion (3000 ft to and planting of
5000 {t) local bamhao off-

sets  are useful.
Nowings of Utiy
(Alnust nepalen-
818), birch (Betula

24

Letween the Lil

sido atd the odgo of the road-heneh 18 availnblo,
suitablo height. "FPhe width of

alnoides and B.
Cylindrostachys )
and Malata (Maca-
ranga Spp.}, Sow-
ings of Chilaunc

(Schima walli-
chii) might be
useful,

{c) Low Klevation

= Cl tt} i l m-
(up to 3000 ft) 1ttings of ba

boo rhizomes and
Falido,Jharu grass
(Thysonaloena
agrostis) and Jeol
(Lanea  grandis)
would be useful.
Planting and sow-
ings of Chilaune
48 well as Ialido,

alata, Lampate
(Duabanga Spp.)

are also nseful.

. (;msﬂka.nd bamboos having spreading
lgotsystcfm CAR cover up slips easily.
00t cuttings of Kikuyu grass offer good
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protective covering for bare surfaces
hetween 4000 ft to 8000 ft. Willow
cuttings are good provided these are close
to Jhoras. Cryptomeria japonica (Dhupi)
and Pipli need elaborate nurseries and
cven then C'ryptomeria is not very cficc-
tive as a soil cover and Pipli is very
seéverely lopped off by villagers and
therefore it is advisable not to be planted.
Perhaps the most effective, when a ‘quic_k
growing tree for immediate protection is
requirved, is Phalida,.

The planting of scedlings or broadcast
seattering of seeds are methods resorted
to in order to cconomise.

Horizontal Drains

These have not been tried in VVgst
Bengal so far due to diffieulty in obtain-
ing cquipment due to import I‘ESt.t'lcblor'ls
bt these have been tried extensxve!y'm
the State of California in U.S A, with
very satisfactory results.

PARKING METERS

Parking meters have finally come to Great Britain oWy
doesn’t like them. The Royal Automobile Club and the

Westminster, @ London administrative unit. All money collected from

Jannary 195y

The procedure is to drill horizontally
into the unstable hill side, and when the
desired depth of drilling is made the holes
are cased. The holes are made in all
directions and are made to converge into
a central hole which ultimately emerges
out from the slope and discharges the
water through a proper drain into a
culvert outside the unstable area. Tt has
been noticed that by inserting horizontal
drills, a progressively worsening slide is
gradually stabilized as long as the inserted
drains function properly.

A modified version of this method has
been used by the Railway Authorities in
Assam and is known as ¢ Adit Drain °.
In this the drain is of a bigger size so
that a man can borrow in and as he goes
in the sides and tops are supported by old
railway sleepers more or less in the samo
way as the coal mine galleries are hewed
out. This has been very recently tried
out but the success of this meflfd“ia the
Darjeeling Area has yet to E’f obser;cd.’“‘-.

5
. 2

the wmeters is (o he used for construction of off-street parking lots.

—AMERICAN MUNICIPAL NEWS (August 30, 1958),

WORDS OF WISDOM

Ideas must work through the brains and the arms of good and
brave men, or they are no belter than dreams.

- 2

—EMERSON
N
DN -2, Nbp

NbET /4y
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THE TESTING METHODS IN VOGUE FOR

4
4

EVALUATING THE BEARING VALUES OF
SUBGRADF, SOILS - A REVIEW

Ly

.1, Urparn, & DoveiNoer Sivan !

THE bearing value is defined as the

intensity of pressure which a given
goil can withstand for a given amount of
settlement under a set of known condi-
tions. As such, it depends, apart from
the characteristics of soil, on many other
variables such as the size of the “loaded
area, the type of structure comine over it
and the amount of specifiod Sptzl(,n“,nt
The various tests enipirically evolved fm.'
evaluating the bearing value of subgrade
soils widely differ in testing ])1‘00(3?‘111’(%;
and work under certain limitations
thereby making the subject of l)(‘,:u'in;:r
value yet more complex. The caleulated
bearing value of each goil stratum (liﬂ'oiw
for diltforent types of structures (t()rniﬁ;f
over 1t and varies with each test nl(\,Lh()(ri
for designing the thicknesy of the pave-
ment. Hence each test resulg 1, .
specific meaning and reference when
with a particular design: procedure.

as g
used

A study of the different togty
testing procedures would reve
are numerous limitationy tc
and it is felt that a knowledge of their
limitations and relative meritg should be
& Necessary pre-requisite for 4l judicious
C!IOICO of a particular method for evalua-
ting the bearing value of subgrade soil.

and their
al that there
» each tess,

Of the numerous tests ang the te

! . sting
procedures only the main tests in vogue
are discussed in the order I)regcn?;od

below :
Plate Bearing Test
California Bearing Ratio Test
North Dakota Cone Test,

and shear
test such as

Direct Shear Test

* Contral Road Roscarch Institute,

New Doliii,

ofn

e -
Triaxial Compression Test

e N
lmmlnnzul Near Test (Vane Test)
and

Unconfines] Compression Pest.

Plate Bearing Test

The Plate Bearing  Toest enjoys a wide
acceptance in the UK. and the US.A,
perhaps beeause of the fact that it has
already been in vogue in the design of
lllll'l(]lllf_[ foundations and other struetures,
It is a ficld tost usually carried oud right
at the  spot wherever one 15 interested to
know the bearing value, which may cither
be subgrade, hase op surface, l

'l.‘h.(\, test cssentinlly consisty of Joading
a rigid steel plitte of the reauired size and
noting the load required for obtaining a
specified deflection. The tost, data is used
I some of tho design procedures of hoth
lle}u}:!o and rigid pavements,  In practice
the size of the plate wsed iy selected
(lepondlng upon the load dispersion arca
due to the prevailing traffic on the strata
under tost, thus simulatine the exact
conditions under which the subgrade 18
loaded under actual traffic conditions,

(*:) 21891 Ay jo uouduasa(l Jorag
There iy no stand
the wsual procedure
organisations ig

ard test procedure ;
adopted by various
as follows .

The plate is set 44 le
the spot to be tested
by means of .

vel as possible on
Loads are applied
4 hydraulic jack working

against a iacki .
5 Jacking frame Mhe e o
for lo sirame.  The reaction

ading may he
or any other
reactions gre
the bearing pl

a loaded truck, trailer
structure, such  that its
at least 8 ft away from
ate.  The actunl load is
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applied after scating Lhc equipment
properly. ‘The load is applied at a speci-
fied rate. Kach load increment is allowed
to act cither for a period of time such that
the rate of settlement of the plate is cqual
1o or Jess  than 0,001 in. per minute or
until the individual load increment has
acted for o period of 30 minutes, dopcnd—
ingon whichever is earlier. The load incre-
ments are continued till the required settle-
ment is reached,  Load settlement curves
are then drawn. From the curve, the value
of the modulus of subgrade reaction ¢I°
( stress )
(deformation) ’ )
as Ib/sq. in. in. or as ton’sq. {t/in.

is caleulated and expressed

For the design of tlexible pavements the
hearing value of the subgrade has been
used Dy CGold Beck!, Hubbard and
Tield #,” Campon and Smith®, Qom-
mittee on fexible Pavement Design?,
Vokace and U.S. Navy Department °
Burcau of Yards and Docks. Velz and
Vokne Roland!® took the bearing value
as the unit-load required to produce 0.2 in.
deflection from the load settlement curve
using the bearing plate of 12 in. diametor.

Variation in bearing value with size
of bearing area

The bearing value decreases as the size
of the bearing arca increases and hence
there is a considerable difference in the
results when plates of different diameter
are used for the same dpformatmp.
W. S. Housel'! plotted applu_zd loa,d. in
b/sq. ft. for a given deﬂ’ectlon against
perimcter—area ratio in ft/per sq. ft. and
found that it resulted in alinear equation.
Straight line equation has a distinct
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advantage in correlating the bearing value
for a plate of any bearing area, having
known the value with a given area. Such
a straight line equation as shown in the
figurc has been derived on the basis that
the total load carried by a given bearing
area may be expregsed as the combined
effect of the two stress reactions, one as
perimeter shear and second as developed
pressure.

The equation is as follows :
W=(mP -+ nd)

in which W =Total load in
pounds

m =Perimeter shear in pounds
per lineal foot of peri-
meter. )

n=Developed pressure in
pounds per sq. ft.

P =Perimeter in ft
A = Area in sq. ft.

The above equation in terms of bearing
value may be obtained by dividing both
sides of the equation by the area of the
load application and is as follows :—

])
p= (mA + n)
Where p is bearing value in pounds/sq.
ft.

The values of m and n can be found
from any two linear equations obtained
by using two different bearing areas at
any given amount of settlement. Varia-
tion in bearing value with dimensional
properties of an area is shown in Table T
and Fig. 1.

Table 1

Variation in bearing capacity with dimensional properties of an area

Bearing Capacity

M Diameter Perimeter Area |~~~ U
::1}([*3 2fl.t}flt0. ft. Ratio ft/sq. ft. Tested ! Figured
lbs/sq. ft. |  lbs/sq. ft.
1 113 3.55 15,300 15,250
2 1.60 2.51 11,550 11,900
s 2.26 177 10,150 9,500
9 3.39 1.19 7,300 7,570
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General Limitations
These arve :

(1) The difticulty in  selecting a
proper critical deflection value.

(2) Deformations produced are both
due to volume change and shear
deformation, whereas in general
the latter need only be conside-
red.

(3) It needs massive equipment and
hence very expensive.

(4) In practice it is difficult to bring
the test area to the anticipated
worst moisture condition and
from the existing information it
is also not possible from field
tests alone to predict the test
results from one moisture con-
tent to another. However, an
atteapt has been made by Mid-
dle Brooks and Bertram in
order to approximate the <K’
value for subgrade soil after it
has reached its maximum mois-
ture content in situ by perform-
ing consolidation tests in the
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laboratory on representative sub-
grade soil samples.  The soil for
one test is placed in tho consoli-
dation device at a density and
moisture  content  oquivalent
to those at the time of fickd
testing.  The soil for second test
Iy placed in the same manner as
in the first after which it is
saturated by immersion. During
the immersion period, a load of
5 1b/sq. in. is applied to prevent
surface expansion of the satmple.
If 1 i3 the pressure roquired in
the plate bearing  test to cause
settlement of 0.05 in. and P, is
the pressure required in the con-
solidation test on the soaked
sample to cause a deformation
cqual to that produced by pres-
sure ’ in the consolidation test
on the unsoaked sample, the
value K, of the modulus of sub-
grade reaction allowing for sou-

lti.mg is obtained from the equa-
ion

L
Ka:[\’n X ’;)
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California Bearing Ratio Test

'The California Bearing Ratio (U.B.R.)
tost was developed by the California State
Highway Department. Compared to other
tests for the design of flexible pavements,
this test has gained a wider acceptance in
the UK. and the continent. Thisis an
empirical method of design and was
developed by an extensive field perfor-
mance study of the highway pavements
in California : a set of design curves were
ovolved to suit different wheel loads.
Later, the U. 8. Dept. explorated the curve
upto wheel load value of 73,000 1b fqr
airfield construction. The test was modi-
fied by the Army KEngineers by su})stltu-
ting a dynamic method of compacting the
soil and this change is now acceptqd as the
standard procedure. The test 1s made
use of in evaluating the relative value of
bearing strength of base course and r.;ub-
erade materials as compared to the stan-
dard Dbearing strength of compacted
crushed stone.

The C.B.R. valuc is expressed as a per-
contage of the unit lgnd requlr'ed to forcl(i
a piston (3 sq. in. In arca) into the soi
divided by the unit load required to force
tho same piston to the same depth into 3.
standard sample of compacted crushe

gtone.

Test unit load % 100

. — T T}
CBR = Gfandard unit load

¢ ari values
The standard loads for various
of lpenctratiou for the standard crushed
stonc which are used for calculating
(.B.R. are given in Table 2 below :

TABLE 2

Standard Loads versus Penetration in
GC.B.R. test

. — © Standard load in
Penctration 1n | pounds per

inches. 1 square _,'!PCh'
1,000
02 1,500
O. 3 1,900
0.4 2,300
0'5 2,600
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This test can be used to determine the
relative bearing value of base, sub-bage
and subgrade materials either in soaked
or unsoaked conditions and can he con-
ducted either in situ or in the laboratory.
The laboratory samples may be either
undisturbed or remoulded.

Brief Description of the Test. 13,11

Briefly, the test consists of causing a
cylindrical plunger, 3 sq. in. in end cross-
section, to penetrate a sample of soil at
the rate of 1/20 inch per minute and
measuring the load required to cause a
penetration of 0.1 in. or 0.2 in. This
load is expressed as a percentage of a
standard load and is known as the Cali-
fornia Bearing Ratio., The Standard U.S.
Corps of Engineers procedure requires the
sample to be tested after soaking it for
four days or such time till the volume
expansion is negligible, with a view to
simulate worst field condition. Before
test, the sample is allowed to drain for 15
minutes. In order to obtain true pene-
tration loads from the test data, the
stress-deformation curves should bo
drawn and the zero point adjusted to
climinate the initial error. In applica-
tion, the bearing ratio is determined for
the subgrade soil and base materials and
the required thickness taken from the
design curve for a specified wheel load.
Areas subjected to vibrations of slow-
moving or warming-up planes such as
aprons or taxi-ways are designed for
wheel loads 25 per cent greater than the
static load. TFor areas used less fre-
quently, the thickness is selected as 80
per cent of that given by {he design
curves.

+

General Limitations of the Test
. These are as follows :

(1) This test is applicable to all types
of soils, except to those which contain
materials larger than 3/4 in. Such coarse
materials should be removed and replaced
with an equal proportion of materials
between 0.18 in. and # in. insize. With
such substitution, it is doubtful how far
the test sample represents the prototype
material which is actually used in the
pavement or in the road bed where size,
larger than # in. are involved.
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(2) tn ilexible pavement  design,
the wse of this test has been mainly lini-
ted with respect to subgrade or sub-base,

(3) The results of C.BRL in the case
of clean gands are usually inconsistent
and henee the test iy not reliable for pure
sands.

(4+) The test does not provide in-
formation with respect to the amount of
settlement to be expected in the pavement
surface as a result of consolidation in the
base courses and in the subgrades.

(7)) C.B.R. test does not specitically
furnish information about the quality of
the material to be used as base course or
sub-base and hence the criticism that o
base composed throughout of 4 high
quality material is not considered to have
any advantage over a layercd base of the
same thickness with inferior materials in
the lower part.

(6) It is to be admitted that an
entirely satisfactory nicthod of preparing
the specimen to duplicate the condition
in the prototype has not been developed,

(7)  'There is no definite rel

between the laboratory (.B.R.
field C.B.R. tests,

ationship
and the

(8)  Under the conditions and limita-
tions_whon test were conducted by Baker
and Drake '*) it was found that designy
based on this method were succos.:ful
only with 83 per cent probability.

(9) C.B.R. test results give an in-
sight only for a thin layer of the soil as
the distribution of pressure under the
C.B.R. plunger does not go farther than
10 em. "%, yet  pressure  distribution
by large pneumatic wheels of trucks and
aeroplanes reach deeper layers which may
differ in nature, moisture and density.

(10) C.B.R. results often Vary in
situ with the moisturc content of the
soils. This being a main disadvantage of
the test, this phase necds further study.,

(11) In extremcly clayoy soils,
C.B.R. test procedure needs some modifi-
cations, as the initial applied load and
load of the piston itself can cause somo
settlement and hence lead to a totally
wrong C.B.R.
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(12)  Another criticism of the C B,
method is that the ammount of hase thick
ness obtained by this method is too hivih.
The test in the faboratory is done on
remoulded soils when they are completely
saturated. To cusure complete saturation,
samples are kept in water for nearly fonr
days, but in the prototype the conditions
of maximum field moisture may oceur
(2} immediately, (b) over aperiod of vear:
and (¢) never in some  instances where
ground water, drainage conditions and
soil types are  particularly favourable.
Hence OB B method tends to he criti-
elsed beeause its use results in pavemoents
whicli are too conservatively designed.
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SOIL EXPLORATION

Eldridge B. WaRD,

Jimuary 1959

FOR FOUNDATIONS*

Laboratory Engineer

Houston Urban Expressways

HE ficld of soil mechanics has made
great progress in the past ten to
twenty years. Iven with all the improved
exploration and tosting equipment, there
are still a fow engincers who regard
foundation exploration and testing asa
waste of time and money. Some of these
engincers may not have been exposed to
woil mechanics, others may have been just
plain Incky, so to gpeak. Still others may
have had a failure or have taken the
exploration and test data but still have
had a failure due to the improper analysis
of the results, Examples of subsurface
failures which could have heen prevented
by proper foundation mvestlgatlgn would
fill a couple of books. The time and
money spent in  soil exploration and
testing is only a small fraction of the cost
compared to life and property damage
resulting from subsurface failures.

Our main purpose in soil exploration
for foundations is, first of {Lll, to make the
structure safe for the public and second,
to arrive at a safe foundation with a
minimum cost. The quzmhty of our work
can result in tremendous savings, or waste
a great deal of the tax-payers’ money.

Only last summer I vyitnegsed an
example of what not to doin soil explo-
ration. I went on a job to l}el.p familiarize
myself with a new drilling rig that
helonged to one of the 'local companies.
While waiting for the drill truclf to arrive,
the representative of the engineer came
on the site and paced off a location where
the greatest loads would be according to
the plans he was holding. He made a small
clearing with his foot al?out the size of a
shoo. Then, he stepped into the area and
placed all his weight on the heel of his
shoo and bounced up and down a _couple
of times. Stepping back and seeing no
depression where he had made this test,

* Speech presentod at the Thirty-second sh

he remarked, ““Since I weigh approxi-
mately 180 pounds and my heel has
almost ten- square inches that makes 18
Ibs per square inch, or 1.3 tons per square
foot.” He then looked around and said,
“ About a sixteen inch grade beam should
do it.”” The soil boring along with the
testing results proved to be a lot more
reliable than his test. It just so happened
that there were about two feet of stiff
material on the surface and below that,
cight to ten feet of soft to medium silty
clay with an allowable bearing capacity
of Y00 pounds per square foot. We could
say this fellow falls in the group which
has not been exposed to soil mechanics, or
has been just plain lucky.

All structures must have a foundation.
It is the purpose of the foundation to
transmit the loads of the structure to the
material beneath it. The ideal condition
would be to place the foundation in solid
rock. Those of us from east Texas or
the Gulf Coast know that it will probably
he anything but rock; that is, unless
we penetrate some 1,500 to 2,100 feet.
Since a foundation cannot be carried to
such extreme depth, we must be content
to find a material beneath the structure
which will support it without excessive or
harmful settlement. The foundation
may be piles, spread footings, under-ream
footings, or a heavily reinforced concrete
mat. Since there is a great difference in
the cost of these foundations, we must
determine which is the most economical.
This problem cannot be approached with-
out first having made some type of soil
exploration or foundation investigation.
The purpose of such an investigation is to
determine the extent and physical charac-
teristics of the principal soil strata, the
ground-water table, and to obtain the
necessary field test and samples from the
various strata for testing.

ort course.
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Subsurface investigations can be divi-
ded into two groups, preliminary and
detail. In both cases, the majority of
the explorations are made by borings.

Preliminary  explorations are usually
made to locate and classify the various
strata.  These  explorations  consist of
hand-auger borings, continuous power-
auger  horings,  wash borings,  fishitail
Lorings, and thickwall core-harrvel
Lorings.  The use of the hand-auger is
somewhat limited to depth and is slow,
besides  being hard work., Information
obtained by use of the continuous power
auger, wash boring, and fishtail borings
is very unreliable and about all you have
to show for your efforts is a hole in the
wround. However, they arc helpful in
locating rock formations, Most widely
used for preliminary borings is the thick-
wall core bharrel, or what the Highway
Department calls a dry-harre) sampler. 1t
can penctrate a wide range of formations
with a good percentage of sample
recovery. Due to the thick walls, the
sample will be disturbed but can he
casily classified.  The strata changes can
be located v_vith more rcliubility with this
type of horing than with any of the types
mentioned before.  Very few fosts can he
made on any of the samples taken from
preliminary borings.

Detail investigations are by far the
most beneficial, but the maost expensive,
They consist of test pits and undisturbed
core  borings.  Test pits are seldom
employed, except where large undisturbed
box samples are required. The undistur-
bed core horing is the most widely used in
foundation investigations. In recent
years, a wide variety of core bharvels for
taking undisturbed soil samples has
appeared. As most of you know, the
Texas Highway Department uses the
four-inch  Denison  double-tube core
barrel as standard equipment on jts
drilling rigs. The Houston Urban
Kxpressway uses the threc-inch Shelby
tube. Some of you might immediately
ask, why use the Shelby tube when the
State-owned rigs are equipped with
Denison barrels? There are a couple of
good reasons for employing the Shelby
tube, the most important being the higher
percentage of sample recovery—at least
for this area. Another reason is that a
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Shielby tube is easicr to handle and dors
not require the time to assemble or dis-
assemble that the Denison barrel does.

Al structures of any major importance
should have detailed subsurfaee investigan-
tions made.  For building, the minimum
number of horings to locate the extent of
the strata is three. However, if any
unusual condition is cncountered,  there
should he additional horings made o
define  the  horizontal limits of such
stratas, There is no set rule for the depth
of & horing, but it is o general practice on
borings for building to carry them to a
depth of one and one-half to two times the
least, dimension of the building.  As for
bridge investigation, theve are boo many
intangibles involved to state the number
of borings and their depth. The  Bridge
Division in Austin requests one boring at
each abutment and a sufficient number
between the abutments, not to exceed
250 feet, T would like to add to this.
adverse conditions  exist, it would hoe
advisible to have o boring at each bent in
the bridge. Tf it is evident from the
borings that piles aro going Lo he nsed, at
least one of the borings should extend to
a depth of 100 to 150 feet to diselose
nnusual soft deposits, if any

In the Houston area there is o wide
variation in the ground-water table,sowe
prefer to hegin onr push barrels with o
dry hole until the water-table i¢ reached.
Then the use of cireulating water carries
Fhe boring below the ground-water table,
The main disadvantage in starting with a
dry hole is that the sample is often
difficult to remove from the push-barvel,

Normally, push.barrel samples  are
taken continuously, When  the push-
barrel is brought to the surface, it is
clamped into a hydraulic juck, known as
a sample extractor, and the undisturbed
gampl(;. its1ejec}tcd from the tube. It is
immediatoly classified and logged in the
field book. " If the sample iy t%Lbo ‘éestml
in ﬁeld,.it is prepared for testing., Tf the
sam})le is tp be sent to the laboratory for
testing, it is wrappod in aluminium foil
and plac?d in an ice cream carton, then
sealed with parafiin o preveont loss of
moisture. A jar sample should always be
baken whether it.is tosted in the ficld or

sent to the laboratory. Our office has used
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both methods of handling the sample, that
is, field testing and laboratory testing.
There are cortain advantages and dis-
advantages to either method, but I perso-
nally Dbelieve that better a_md more
consistent results arc obtained with
laboratory testing.

The Bridge Division in Austin requests
that penctrometer tests be made at least
cvery ten feet, whether the material is
sand or clay. However, if all the .test
data is to be forwarded to the Bridge
Division and they are to design the
foundation, it would be advisable to have
the penetrometer test made as often as
every four feet.

The penetrometer test consists of
driving a three-inch solid metal conical
point into a formation by dropping a
170-pound weight a distance of 24 inches
at the rate of 24 to 30 blows per minute
and recording the number of blows it
takes to drive the point a total of twelve
inches. The blows are recordegl f'or the
frst six inches and the secqnd six inches.
If, however, the point is driven into a very
dense or hard formation, the blows a,:e
recorded as the inches travel for cach 50
blows of the hammer.

[ case someonc might have a question
coflr(:ebra;ﬁng the penetrometer tgst, 1 took
all our triaxial test results, which covered
approximately 90 test holes, and used
only those tests that were 1n the same
stratum and within two feet of the
penetrometer test and plotted our own
curves to check the cur(\)fes furgssllxe;lwg‘%

idge Division. ur curve

;};;i)u]gr%g per cent higher than the .1952
correlation curves. The Bridge DlVlSl:)n
rovised their correlation curves in 1955,
and we are still higher. After having
checked on these correlation curves, I
have no fear in using them. They are
well on the conservative side for design.

field classification of the soil
corxl;ifined in the various strata is very
important, and only competent persqxﬁs
should be in charge of logging and classifi-
cation of the material. When the matoe-
rial is taken to the laboratory fo_r testn:[‘g,
it should be checked and yec]asmﬁed. i g
my knowledge, therc 18 no stan r;{
terminology for classifying soils. _015
recommende | terminology and basic 8
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symbols, as sct forth in the ¢ Texas
Highway Department’s Foundation Ex-
ploration and Design Manual”’, are very
good and should be used in preference to
any other. However, there are a few
additions I use which T have found to be
helpful for field identification of consis-
tency of cohesive and cohesionless
materials.

Improper soil classification can be
misleading and very costly. One example
of such an incident might insure more
thoroughness in classifying material
properly.

About three years ago, a soil investi-
gation was made on an overpass structure
with all classifying and testing of samples
carried on in the field. To my knowledge,
there were no jar samples taken. The bor-
ing logs and test data were turned over to
the laboratory, and it was decided that
an under-ream-type foundation could be
used, based on the logs and triaxial test.
Footings were to sit in a stiff sandy clay
at about 20 to 24 feet,

The contract was let and construction
started.  Material removed by the
under-reaming company indicated that
the material was a clayey sand. The
shaft was carried to SO feet and still
nothing could be belled for an under-ream.
The contractor moved to the other side
of the structure and the same procedure
was followed. Still no stiff, sandy clay.
The contractor was ordered to stop, and
a foundation core rig was put on the site.
Six borings were taken and the sandy-clay
strata turned out to be a clayey sand.
The entire foundation had to be rede-
signed and steel H-piling used. Field
change alone was approximately 18,000
dollars, All this extra work and cost
resulted from mis-classifying the material,

Recently we have found it money well
spent if an under-ream is actually attemp-
ted prior to letting a contract. We
drilled nine shafts and bells to the size
ghown on the plans for a cost of 2,300
dollars. This is only a small percentage
of what a field change might cost if the
material cannot be successfully under-
reamed.

1 would like to bring to your attention
that there are a number of well-qualified
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men in the Bridge Division in Austin who
are willing to help you with cither explo-

L COLOR
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finger.

Al
Core can be casily imprin.
ted with fingers.

. . .

Can b(} imprinted  with
considerable  pressure
fram finger.

. . .

(‘m. be imprinted  very
slightly  with pressure
from fingers,

A . .

ot be imprinted with
fingers : may be pene-

trated with pencil,

Jutranrs U

ration or design with normal or unusual
soil conditions,

dominating color

Consistency of cohiesive soils

Laboratory identifi-
cation
Less than 025 Ts«f un-

confined COMpressive
strength.

04.25-0.50

H.50-1 00

1.00-2.00

2.00-4.00

Over 4,00

1

Hard (
Classification by Stand
Loose

Medium dense

Relative density of cohe

Besistance :
— 0 to 12 Llows per {t

wesionless soils
ard Highway Penetration

dense—30 to 50 hlows per ft
— 12t , '
12 to 30 blows per ft Vory dense—50 and above,

Stickensided—Cut by old fracture pl
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TRAFFIC AND SAFETY

TIHE WORK OF THE HARMONDSWORTH ROAD RESEARCH LABORATORY

The following information whicl is (iif) A reduction in speed from 20

Iighvays ™, Gctober, 1955 |

of particular interest to our readers
has been extracted from the report of
the Director of Road Research which
is published in Road Research,
1957% " the Annual Report of the Road
Research Board.

TRAFFIC ECONOMICS

The highway needs of Great Britain

A survey indicated that 1 per cent of
the whole road system carried 25 per cent
of the traffic and more than 10,000 vehicles
a day, 10 per cent carried 60 per cent of
traflic and more than 3,000 vehicles a day.
On the other hand the least busy 50 per
cent of the road system carried only
5 per cent of vehicle-milage and less than
5000 vehicles o day, so that a large
proportion of traffic could be ::Lffeete(%
by improving a gmall proportion o
total road milage.

'he number of motor \*'ctlicles in Great
Britain was shown to have mcre'nsed aﬁt a
compound rate of 8.2 per cent since 1946
and at this rate would be doubled Dby
1966. Vehicle-milage had heen increa-
sing by about 7.4 per cent equivalent to
a doubling in 10 years’ time. Trqnds of
vehicle ownership and real income
suggested that t[}is present rate of in-
crease would continue.

i sducing delays to
The importance of reducing
road vehicles was illustrated by the follo-
wing facts:
i) 27 per cent of total vehicle-milage

was performed by commercial vehicles.

v 50 per cont of the drivers of pri-
va(‘:e:)cars tgavelling between Londo‘n and
Birmingham during working hou:is We;f
travelling on business, and in Lon c;n’J '
per cent of car drivers, 22 per cent of taxi
occupants and b per cent of bus passengers
were travelling on business.

- P;lgl}shed for D, 8. L, R. by

mile/h to 10 mile/h due to congestion in
Central London increased fuel consump-
tion of traffic by about 50 per cent.

{(iv) Tests comparing car fuel consump-
tion on a rural trunk road with that
under motorway conditions suggest that
the same steady speed on the motorway
as on the ordinary road would save about
24 per cent in fuel consumption, whilst
an increase in motorway speed to con-
sume the same guantity of fuel as on
the trunk road would reduce journey
time by 25--40 per cent.

It was estimated that in 1956, about
25,000 million vehicle-miles were travelled
in urban areas at an average speed of
about 20 mile/h, and about 30,000 million
vehicle-miles were travelled in rural areas
at an average speed of about 32 mile/h.
Making no allowance for non-working
time it was estimated that 7 million
pounds per annum in rural areas and 29
million pounds in urban. areas would be
saved if traffic could be speeded up by
I wmile/h and that further, if the speed
of traflic under congested conditions
could be raised to that under light traffic
conditions, there would be a total saving of
170 million pounds per annum, excluding
the value of non-working time. If non-
working time were valued at the same rate
as working time, the estimated cost of
congestion would be 510 million pounds
per annum. These costs were now in-
creasing at more than twice the rate of
growth of traffic, i.e., by more than 14
per cent per annum,

It was estimated that in 1956 road
accidents cost property about 110 million
pounds of which damage to property cost
97 million pounds, loss of output due to
ipjury 40 million pounds and medical
treatment ¥ million pounds. Of the total
costs of accidents some 70 million pounds

H M. Stationery Office,
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Fig. 1. Estimcted troffic on
London - Midlands Motorway

was attributable to accidents in urban
areas whilst 40 million pounds was attri.
butable to accidents in rural areas. In
an_investigation of roadworks which
reduced accidents and for which costs
were available it was estimated that i21

Jaraaey 1050

personal-injury aecidenty per annum were
saved by an expenditure  of 190,000
pounds, i.e., on average an expenditure
of 1,000 pounds resnited I saving one
bersonal-injury aceident a vear, B
special steps were to he taken tnerease
e traftic conld confidently b expect-
ed o vesult iy oan Cinerease in
casualtiey, although  these  incereases
are tikely 0 e somowhat, less than the
merease in traific, Between 1932 and
1956, vehicle-miles in Britain increased
at a rate of 7.4 per cent per annum, futa-
lities by 8.4 per cent per annum, serious
casualities by 5.1 per cent per anmum and
reported slight casualtics by 7.1 per cent
per annum. )

Unless

A sample investigation indicated that
for rural ronds, the traflic on 62 per cent
of trunk roads, 23 per cent of class | roads
and 6 per cent of class 11 roads now ex-
ceeds the design capacity of these roads,
A gven in Ministry  of Transport aud
Civil  Aviation Circeular No. 727 The
traffic on 13 per cent of  trunk roads
exceeds twice the design capacity. The
mllftgﬂ of road on which traflic excecds
flesugn capacity is about 8,000 miles and ix
inereasing at tho rate of about 700 miles
berannum. Tt was estimated that to
provide the additional lanes at present
required for these rural rowds would cost
;1.1?01};; 420 million pounds, and, with a
O(}a:{”:]‘(:tdo]ix});l):)nﬁ:'))f)Frnf‘ﬁc, an expenditure

V2 tHiion pounds would be

required in order 4 eate rithi
Ty T oup within 10

London-Midlands Motorway Study

Z‘;:]e m‘v.ostlgati'on being carried out in
I,Sir}]:'n(,’t}lon with  the University of
5 ngham into the cconomic effect of
mlpropospd motorway between London
:?(t}the ngllands has provided ostimates
o tl.(l traffie {.low on the motorway and
me  savings to thiy traffic. These
Were obtained by studying the origins
?ndddqstlnatjorls of traffic, op existiné
o(i)ajos‘slrlgecogjunctlon with measurements
motorwa.y 1111110_, and by assigning to the
ootor J all journeys that would take
S time by using it Because of uncer-

f)?)ltl;t'y gs to the speeds which would be
ot ined on the motorway, three different
Assignments were carried out for the three

sets of ag ! ¢
Table 1. sumed mean 8peeds given in
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The final clioice from the three assign-
ments will depend mainly upon the speed
limits adopted for goods vehicles on the
motorway. The values used in the first
assignment arc based npon measurements
on existing good rural roads carrying
light traflic and would probably be appli-
cable if speed limits were qho _same as on
ordinary roads. However, if higher speeds

J anuary 1950

were  permitted on the motorway, the
second or possibly the third assign-
ment might be more appropriate. This
problem is being investigated by study-
ing vehicle speeds on roads on the
Continent.

Kstimates of traffic flow and  timc
savings arc given in Table 2.

Table 1-—Assumed mean speeds on the London-Midlands motorway

First Second Third
Class of vehicle assignment assignment assignment
. (mile/h) (mile/h) (milejh)

Car 50 50 50
Light goods

(up to 1} tons unladen) ... 40 45 50
Medium goods o )

(14-3 tons unladen) 35 10 45
Heavy .

(over 3 tons unladen) 30 35 40

Table 2—Estimated traffic flow and time savings on

London-Midlands motorway

(Based on 1955 traffic)

First assignment

|

Traffic flow
(vehicles per day¥)

Average over whole of

motorway
Percentage of light vehicles in the traffic

Annual time saving:s**
(millions of vehicle-hours)

Additional milage incurred per annum
(millions of vehicle-miles)

Second Third
assignment | assignment

On most heavily tratficked
section of the motorway 15,200

16,500 17,200

10,700 11,700 12,100
54 50 48
1.56 2.20 2.74

3.1 16.2 18.9

* In both directions per 16-hour week-day

**+ Includ es week-ends and nights.

’

June/July.
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The results in Table 2 refer to 1955,
when the traffic studies were carried out
and, because of the general growtlh in
traffic, they underestimate the savings

January 1959

limits for goods vehicles. The measure-
ments, which were carried out with tho
co-operation of the highway authorities

Transport-Conunieations Monthly Review
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Tavry +

Mean speeds of different classes of vehicle on the Continent
and in England

(Straight and level sections of rural road)

. . in the various countrios
y ? . ‘ ! >3,  embraced 2 »
gl})léggdwtgltg;%g “',:‘l‘:{:]Lt‘};eshzmt(:;w:l);}m t'%ltcs on straight level S(x(:ti(nl\t:roLfL(:.tm(ll \
L fic. - Table 2 shows that the The results IR . o Ordinary main roads
predicted traffic .ﬂow is not very sensitive Tables 3 a:moi)t"“md are summarised in . Motorways B y e ds,
to the assumptions made but that the - Class of vehicle on the o
time savlmgs Shovcj cons1d¢?r:tble variation, Table 3 shows o marked degree of con- t Continent Continont England
being a me)St ftwm}e as high for the third sistency between the mean speeds obtain- 3
assignment as for the first assignment, ed on the various continental nlxo.torwz‘myx. Car 5 47 49
The flows on lndivi_dual sections of the l}hese mean speeds are somewhat higfxer 8 2
motorway for the first assignment are gxz‘m the value of 50 mile/h assumed above Light goods 44 42 33
given in Fig. 1. or the London-Midlands motorway, and
speed's on ordinary main roads on the Lorries and heavy vans
RURAL TRAFFIC Continent are also higher than on their (2 axles) 39 a8 33
] . counterparts in ngland,
Speeds on roads on the Continent . 8 Torries and heavy vans
During 1957, members of the Labora du} ‘l‘ P?MO : tfhc ehioge Povds for indivi- (3 or more axies) 7 i i
. faite SR . al classes of vcehicle are consiste
g(;!ti’ s:;;(‘i’gsl()tﬁdutl}(‘)io(;(x;t;:e;lﬁ({co m;estx- hxglher on continental nmtorw(woylilxstl;\t':xl\ltiﬁ
' ! . ! ordinary  ordinary continental r p o
ads \ ) . yce 3 oads, wavier
rural mm(ril £?ads in lfﬁllgmm,ﬂolla.nd, Ger-  the vehicle, the smaller is th(:llf.tf]l( av 1‘0\1
many an rance. 18 work was under- The T s ailterence. 5000 .
taken as part of the investigati . 1e Table also shows that on comparable ©
the economic effect of the pl‘ogf)ose(:ln Ilr(;ltlo I("oadtg goods vehicles travel faster on the Satueahion llow in 1 ,
don-Midlands motorway, with the objont »;)nblrll)ont than in England. This is ) London cooo| 0RO FLOW.= PLECICIED fiow //
of checking the validity of the Sp(‘,e(ig {:}?ala ly a:‘, least partly duc to the higher g 5 (Brghen s ove & 2ctcrord m::.;»‘;;gm <7
assumed on the motorway and of assess. né’nt ?{:0(8 llmlt.‘i)n force on the Conti- 33000 E] \){;’}’T
ing the effect of adopting higher speed b all ome cases there is no limit 2 %‘000 ‘ ‘ Bya/v
] ,: nab,dyv
z /s
TasLe 3 gzoooﬁ P/_/'t ) &L’
< . < z o
Mean speeds of cars on straight and feye} sections of motorwavys z L z 5
and ordinary rural main roads j d ways o 0 Group of tram utes in Glosqow X P £s
n different countries < 1000 @ Group of sites in Glasgow without trams * 2000 L
2 All sites odjusted for the presence of g o8/
< right-turners ond commercial vehicles & € 9/
I (]) (2) Dif{c . v No porked vehicles present § / 7
i rence in
Country N OtIOI‘Wa,ys Ul‘dmmy roads ﬂpc:\d l 1000 Z
MCiALIl” : TR (l) — (2) o 10 0 30
speed (mile/h) (mile/h) APPROACH ROAD WIDTH = feet
. —_— Fig. 2 (left) Comparison of saturation flows in ° B00 000 00010005055
Belgium 52 _ London and Glasgow MAXIMUM FLOW GIVEN BY FORMULA - veiclas fhour
Holand 53 - Fig. 3 (right) Weaving tests: comparisons of observed maximum flow with value given by formula (where
47 " necessary the predicted maximum flows have been ccrrected for wet weather)
Germany Ba 45
. 9 . . I . .
France 6 N INTERSECTIONS flow, i.e., the maximum rate of discharge
50 9 ) . . of vehicles from the queue during
Average for continental Traffic capacity of some intersec- the green period, for some groups of
countries 53 tions in Glasgow: Glasgow intersections with some London
’ ' 47 6 An investigation of the capacity of results; obt.ained previously. The reduced
England S0* some intersections controlled by traffic capacxty in Glasgow was mainly due
42 S signals was made in Glasgow in May, to vehicles not always queueing up
1956. Fig. 3 compares the saturation in lanes and making full use of the
* Aggumed on London-Midlands motorway, 39
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available road space. Tt is estimated
that, on the average, 3to 41t of roadl
width is not used at some of the narrower
Glasgow intersections.  As o resull, a
parked vehicle on the approach side of the
junction was found to have little etlect
on the capacity of the junction, except
on those streets with trams, as shown
in Table 7.

The vehicles turning right at an  inter-
section reduced the saturation flow not
only of the stream containing the right-
turner but also of the opposing stream.
Although there was cousiderable secatter
in the resuits, the average effect was a
reduction of about ! per cent in the
saturation flow of ecach stream for cach
1 per cent turning right from cither of the
streams.  The effect is unlike the one
found at many places in London where
the reduction in general ocenrred almost
entirely in thestream containing the right-
turner. This difference may he due 1o a
difference in driver behaviour. In (Hlax-
gow the opposing stream often allows the
right-turners to pass in front of it but
this is not the case in London. A high
proportion of right-turning traffic caused
the saturation flow to fall off after ahout
10 seeonds of green period hoth with and
without trams. Incither eage it would
appear to be better to have signal cycley
rather shorter than would nbrmztlly be
used in order to prevent thig cffect be-
coming too serious.

A tram was found to have the same effect,
on capacity as 2} private cars This
is not much greater than the effect of
a bus in London. However, it would be
relatively greater if vehicles made fuller
use of the available road space. The
effect of heavy and medium commercia]
vehicles was slightly greater than in
London, being a reduction in capacity of
§ per cent for each 1 per cent of medium
and heavy vehicles.

Traffic capacity of a weaving sec-
tion of a roundabout :

In “ Road Research, 1955 ” the
results were given of experiments at
Northolt Airport todetermine the ultimate
capacity of a weaving section of g
large roundabout, the lengths of the

*Agcording to tho zwﬁniti;rﬂlmﬁ
aver 1 tons unladen,

40

ed by tho Ministry of Transport and G

January 1950

weaving sections considered heing either
200 or 300 1t Further experiments
have been made at the same place and
with o similar lavont to extend the earticr
results to cover a comprehensive range of
the dimensions of o weaving seetion.

Ay before, upto 120 vehicles took part,
including a number of London Transport
double-decker  huses, goods vehicles  of
various sizes, cars and tayis

On the basis of all the experiments &
new formula has heen derived which takes
account  of the weaving  length  and
includes  the effect of “heavy ? goods
vehieles ™ as well ag huses, The revised
formula is:

g o B e (3
P (05671 1)
where @ = Maximum  flow in weaving
seetion in dry weather, dny-
light, without pedal eyecles or
pedestrinns, in vehicles per
hour.

v == width of weaving seetion in
It (range 20 to 60 ft)

¢ = mean width of the two entries
to the weaving section in ft
(range 0.4 v to )

I = weaving length in ft (range
2.5 w to 7.5 w).

P = proportion of weaving traffic
(range 0.4 to 1.0).

= proportion of heavy vehicles

including buses (range 0 to
0.25),

) In wet weather the ultimate capacity
18 reduced by 10 per cent.

The degree to which the above formula
fits the maximum flows observed during
the tests is shown in Fig. 3. The average
error is about b per cent and almost all
the experimontal results lie within 10 per
cent of the value given by the formula.
The errors are not much greater than
those duc to the inhoereng variability of
the data. Comparison with obsorved
maximum flows on a fully loaded weaving
section at Hyde Park Corner, 55 ft, wide
and 180 ft long, showed very good agrec-
ment.  Observed maximum flows nndor

ivil Aviation, i.e.,
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normal conditions at Chiswick roundabout
were about 20 per cent below those given
by the formula, possibly because of the
absence of full loading, the awkward shape
of some of the weaving sections and the
presence of pedal cycles.

The formula shows that one ‘““heavy”
goods vehicle or bus is equivalent to 2.8
“light” vehicles (cars, taxis, or light
vans) in terms of the eapacity of a weav-
ing section. In three of the tests police
control of tratfic entering the weaving sec-
tion raised the maximum flow by abhout
20 per ccut.

Tasni O

Lffect of parked vehicle on capacity
of a junction

{Glasgow)

? - .
Clear dis-  Percentage drop in capacity
tance of ! |
parked N | )
vehiele from | Sites . Sites
stop line (ft) | with trams ® without trams
: i

I

(1-40 28 6
40-80 20 7
Over 80 No effect No efiect

In onc test the number of vehicles
taking part was varied, thus increasing

41

FLOW ~ vehicles/ hour

the flow to the maximum which the
weaving section could handle. The rela-
tion between the average journey time
through the scetion and its approaches
(including atl queueing time), and the flow,
is shown in Fig. 4: the average journey
time started to increase rapidly as the
flow increased above 90 per cent of the
maximum value.

Although there had been an exception-
ally high accident rate (almost ull damage
only) in the earlicr tests, there was only
one damage accident during the two days
of the second series. This may be partly
due to the much smaller number of non-
professional drivers who took part (15
instead of 40).

The results of these tests provide useful
information on the design of roundabouts,
although they must bhe treated with
caution. The ultimate capacity of a
roundabout cannot be greater than that
of each individual weaving section, and
owing to the possibility of interference
between adjoining weaving sections and
“locking” it may be considerably less.
Further research is required on these
points, but meanwhile the value of maxi-
mum tow given by the formula must be
modified to take account of wet weather,
darkness and other factors, and should be
regarded as ‘*an upper limit which should
onty be reached on rare occasions if at
all”’,

{(To be continued)
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HERE AND THERE

1. BRIDGES OF PRESTRESSED CONCRETE

@® THI application of prestressing to
bridge work has inereased rapidly and
over 250 bridges have been built in this
country since HH0 the majority for spans
of less than 50 ft. This span is not, of
course, the ecconomic limit but merely
reflects the nature of the bridge building
programe. In this country Wwe o were nog
faced with the mass destruction of bridges
suffered on the (‘ontinent and so have not

abroad  that it iy the most cconomical
solution of most bridge designs and at the
same s time it releases steel for other
engineering works.,  For short spans the
most common solution has heen the use
of inverted T-units and there are many
standard designg on the market to-day.
l“o_r larger spans composite eonstruction
usimg prestressed ¥ or T-beams with an

Transport-Communications Monthly Review
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m-situ deck has been more common. For

I'hoteo 1.

had the opportunity of constructing many
long span bridges. A few greater than a
100 ft span have, hewcever, bc(\,.n cons- - bridgoe, Nottingham (Photo. |

tructed, although the economic limit for  yged although  portal COHHt.ru)(:t'hM )'“f';‘
prestressed bridges is at least of the order s!opmg legs might be the form ¢ f‘l.()ll ‘\\flt L
of 500 ft.  An excellent resume of long  tion of the future., o construcs
gpan bridge construction in prestressed
concrete is given in reference 3* althouglh
even this does not cover many of the
(lerman and other Continental bridges,

larger span hridges cantileyey

! ha 2 and sus-
pended span construction wyel 44 Clifton

Prestressed conerete  hag heen

to many foat bp; i e

in Nt‘ ’y vy’ }”,mg(*s of which {}0 latest is
opimes s Park (Photo 2) and is ofen

ocon(_nm(':l,l sinee the greatest part of the
load iy usttally the golf Wweight, |

applied

Tt appears from experience at home and

* Cuyon, Y. Long-span Prostressed Conereto Bridiges construeted .. the 1o, .
. = | , i
Proe., LCI5L May 1957, Nsine,

Nyatem,'
42

Photo 2.

2xcept for the Clifton bridge mentioned process to which prestressing lends itself

above little use has been made of the admirably.
(lerman method of cantilevering out of

o From ““ Reinforced Conereie T 3
form work from the finished work, a (Fro Jorced Conerete Revion )

June 1958).

2. TIME TABLE AT BUS STOPS

T merchandise city bus SQI‘YICe, Detroit’s
l.)opwlr(t)mcnt of Strect l"milways (DSR) ‘posted fb.lés
schedule signs at bus stops lepng the m“lt:l?tl S
new Imperial Express. The signs are bla,'c‘l et ers\
painted on a white metal background. [‘ 1e]y é:.rc
bolted to the posts that hold the regular coach-stop
signs. . .

Yiders say they like the posting of tm')ﬁ
schedules because, knowing exactly ‘wths}n a.bblfss:(r.)l
arrive, they spend less time walting Lml 1(?_d 1151 rir{),
Bspecially enthusiastic are those wll)ot“ e (Else%
the off-peak hours when the time ])e .weenﬂ- 1e3,k
may bo as long as 30 to 45 mmut'es. uring o ger
hours on the Imperial Bxpress line, b‘usels 11*1;)1:1;38 y
30 minutes, every 10 minutes during rush h .o

This is the first time in eight years thaAt the‘rl?(;SE:
has attempted to post bus-stop sched}ul}es. a‘greall)a;;l-
attempt using plastic-coated schedu e; bv:z s sban-
doned when the schedules were destroyed by ju
almost as soon as they were posted.

(From < The American City”,
Oclober 19395).
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3. OLD ASPHALTIC CRUST

@® THE Morida State Road Depart-
ment in the United States recently rebiilt,
@ seetion of State Road 361 in an unusnal
way,

The old surface was badly broken as the
L to 1 in. of sand asphalt had heen lavidl
on a soft sandy base.

Searifying the old surface with the
State’s Huber-Warco4D-115 motor arader
was the first step. Next the broken
pieces were windrowed into the middle of
the road. A seaman-Andwall pulverizer
pulled by an Oliver super 77 tractor made
six or eight passes through the windrow
ta break up the hard mixture. To further
pulverize the sand  asphalt, an older
model H--W 10-ton 3-wheel voller made
approximately ) passes over the win-
drow.

The motor ¢rader spread the windrow

danuary 1959
SALVAGED IN RESURFACE

over the road and then searifiod the rond-
bed 6 to 8 in. deep. The asphalt and
sandy hase were mixed 12 sepinrate tines,
to o depth of 6 in. by the pulverizer.
During this phase, a Ford tractor pulling
adise harrow went over the road many
times o assure complete mixing,

Hot liguid asphalt was spread during
the last fow mixing passes. This pro-
duced a fine sand asphalt approximately
6 1n. thick.

AMter the asphalt and sand base were
thoronuhly mixed the grivler spread the
mixture everdy over the vond. A large
tandem roller compacted the asphalt.

This procedure repartedly resulted in
one of the “ smaothest ronds possithle 7,

(From < Warld Construction®
1138),

Octaber

)

4. SAHARA DESERT ROADS

® WORLDWIDE interest to-day
centering in the Sahara Desert becnuse of
oil and mineral deposits discovered there
and  awaiting development,  What s
little known, according to African romdy
and trausport, ix the fact that awt present
20,000 km. of pistes or tracks more or lows
negotiable by motor vehicles exist in the
Nahara region.

s

These roads, builg h:mplm’/.:u'dly, have
been intended until recent years to link
oasis and military outposts.” Several of
the lines have developed  into tourist
routes, such as Hoggar Imperial Piste,

Most arcas of the Saharn are stony
desert, with sand dunes confined to cor-

tuin regions onfy.  Speeial teehimiques
are required Lo build roads of any dura-
bility to sand dune revions. Any road
project quickly involves a plan of drilling
for water to supply - workers and machi-
nery,

According to African Boads and Trans-
port, a program of building at least
Fkm. of highway perday is needod to reach
some of the oil ficld outposts in a period
of less than 1o vears.  Huge concentra-
tions of road building machinery must

be instatied and high speed techniques
adopted.

(From S Waorld Construetion:

October
1958 3

—_—

5.
Great Kurop

® LAST week, with little ceremony, a
new stretch of Autobahn, 62 miles long,
connecting Hanover and Hamburg, was
opened to traffic. 1t will form part of a

NEW 62-MILJ AUTOBAUN OPENED

can Motorway Network Extended

360 mile motorway stretehing eight across
the  country  from Bastle to H{amburg,
which is scheduled for completion in 1961,

St ’
his, in turn, will form the German part
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) ‘ot motor-
of Buropean Doute Four, @ :f;](('“]t;.mi(. to
. . e H L
way ehain stretehing from

the Mediterrancart,

No tolls are charged on these |-();ullh‘(.lqt]l;(hr
cost, of  canstruction 471‘»)(NN)“];"(‘{‘(‘)\‘(‘H_“.
mile  heing met by the Federal G
mient.,

- v )pr()\’(‘,d
TN cogramme i
Unider the revise 'l, pros nds is to be
st year, 3,000 million V”“l Jmen and
S h ol + . ' b «
sln-nf nn’ extending the A”w\)it(:ut 1 250
improving other main 1-()‘(‘»«].}%.‘ imi]t (1(;‘11)_
miles of Autobahn M;. v )r(;»Q(\x)t ’Wstmn
. . the rese RAS
ling the length of . \I”-(‘q(-nt system
within the length of the preses 55 2
within the federal frontiers. i"'»U iles
miles have heen (:()mplutml and 2

are ynder construetion.

Juropeatt network has
)

extensions. z\pfu‘t
are being

The prupn.\'('tl It

.o

alsa enlled for more xtenat
from Route Four, exten

6. A NEW WEDGE ANCG

have now
® McCALLS Macalloy, “.t(l‘;;-i]) for use
developed a wedge anchor " r qystem.
{0 he Lee MeCall prestressing s
With the f.oce . ¢ .
onlace the
"T"his new anchorage does not repli
1IN i b

io an addition to
threaded anchorage, but 13 ‘Ln)l.i(.;l’t}ion u
increase  the  range of applie

vauuary  avoy

built for Route Three, connceting Paris
with Northern Europe. Others are already
reaching out to the Low Countries.

Goenerally speaking, it is impossibl.e.to
drive through most of the large cities
without making detours, and the new
plan is designed to remove many of the
CoTners,

Medium-sized cars, it is‘(:laimcd, can
travel from Bonn to Berh‘n, about}()'()
miles, in six and a half hotg& !If f}hlS]lS
too long for the bu:s'y business man, l}e
can arrange to receive te]eph]o_ne]‘cz‘m )
along the way at road—housesf( ;Sp‘&ylﬁg
the names and car numbers of t 1}0%6 w do
are wanted. The food served in t,‘l(/ I:Qa (i
houses can be good and cars are service
and cleaned while their drivers are eating.

¢ ] ¢ 3 { 1;7‘1’1/(11/,,5- (Hl(/
{From Highv ays e . g
Fugineering Works™, October 1, 1958.)

HOR GRIP FOR PRESTRESSING

Macalloy bars. The b:msig difference bet-
ween the two anchorages 18 th:}t the W(i)dg(\,
can be anchored ;mywhere_ m'th‘e 1M’
whercas the thren'dod end ]S‘ limited to
units of prcdetermmed lengths.

The stressing opomti(_)n with] .wedlge
grips I8 gimple and specdier even than the
threaded anchorage.

Advantages claimed for the new ancho-
rage aro that:

]. Length tolerances in manufacture
of concrete members are not exacting.

9  TPars Iin stock lengths can be

ordered and used for any size of concrete

member.
3. The tensioned member presents a
nc:m.rly flush end.
initial jacki tress
ommended initial ]ac]?mg 8
T}ligmz(imclloy bars zmcho_red rvvxth wedge
frorl;ps ;s 45 tons per sq. in. The present

¢ remaing at 42 tons
E’hreade(} anchorage
in.
per sq. .
and end plate Jahways and  Bridges and
Macalloy wedge grip anchor "':11(1 holes are (From ‘e ]],19111{(.’.”%() toher 8 1.’1;;]8)
with taper hole, The two smd formwork o eering W orks ™, Oc TR .
7:16 in, dia, for fixing plate 1o ”"“qed fingneerer
; ' | flanges sed.
and holding grouting
e
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7. ELECTRONIC CHAUFFLEURS FOR U.S. SOON

® DRIVERS in the United States may
soon be able to nap, read a newspaper or
watch television while motoring on elee.
tronic highways, according to highway
authorities now concerned with develop-
ing controlled, automatic roads to redicee
accldents and tedium.

When all the difficultics are solved, o
driver will be able to travel to an elee-
tronic  highway, push an < automatic
pilot-type ** button and relax and forget
about travel problems as his driving at
prescribed safety speeds will he handled
by electronics.

The electronic  roads, according ¢t

)

8. BRIDGE TO
® A proposal for a 24-kilometre (141
mile) bridge to link Europe and Africa
across the Straits of Gibraltar was ont.
lined in a lecture given in Madrid,

Senor Alfonse  Pena Boeuf, ghe ox-
Minister of Public Works in Npain,
explained the scheme, which he has been
working on for some years, to bhuild Q
bridge across the NStraits at an estimated
cost  of some 5,000 million

pesetay
(43,000,000 pounds).

The bridge would carry six lancs of
road traffic and two rail tracks, and
wonld have seven arches of 3 kilometrey
(nearly 2 miles) cach and two ¢ half-
arches 7.

A

technicians, will function from buried
calles and strands of wire in or alongside
the highwav which radinte signals that
cun be received by tiny  transistorised
receivers inside the car.

There will be three different, frequen-
cies, one controlling the steering mecha-
nistm, another warning of obstacles ahead,
while the third will announce exists from
the highway to nearhy ecities.  Once the
driver leaves the controlled highways, he
switches off his  clectronic  drive and
reverts to regular motoring.

(From < A frican Rowds and Troans-
poirl 77N, plenihe r"()r'/l)/u,r, 14938).

FRICA PLANNED

The lLongest

Nothing like such a bridge has so far
been attempted. Famous bridges include
the  Golden Gate ™ bridge, 1,270 metres
(1,200 feet) in length- the longest single
span of suspended steel in the world —
which crosses the channel leading  into
San Franeiseo port at a height of 72
metres (238 feet) above the water,

S(mm' Pena Boeuf  believes  that by
using modern techniques spans of 3 kilo-
metres (nearly 2 miles) long, resting on
concerete towers, are quite feasible,

, (Fronc =<\ frican Rouds o nel Vyanisport
Ne plem her'Octobey 1958 )

9. GERMAN ROAD FINANCE

@ WESTERN Germany is to channel
almost the entire revenue derived from
oil, diesel oil and petrol taxes intoa road-
building fund.  From 1959 (when the
scheme is to come into existence) to 1963
revenue from oil is expected to total some
448 million pounds for the four years,
while increased diesel oil and petrol taxes
are estimated to produce between 12 and
16 million pounds annually. The road

programme between 1959 .6

; 3 will require
80mo 5650 million

pounds,  Any balance
needed will he made up by raising money
through public loany or honds. Accord-
Mg to the proposals as agreed by the
Rundestug only 48 million pounds anuu-
ally from oil” ang petrol taxes may be
spent on projecty other than road.

(From < British Roa

A EFederation Bulle-
on 0 Novembhe, 1958) rraton

46

b icati nthly Review
P ransport-Communiications Monthly

January 1959

10. ROADS IN CITIES

Study Groups

JPEAKING during his tour of road
a:h(n?l%}:in tho West Midlands last month,
Mr. Harold Watkingon, Minister of
Transport, announced that  urban road
study groups” were to be set up in the
larger cities to plan new roads in built-up
areas that would be complementary to the
fast inter-city motorways.

The aim was to prevent new motor-
ways from beginning and ending in tra{f’ﬁc
bottlenecks. It would be frustrating
for a driver to reach the end of one of the
motorways and find a major traffic jam
awaiting him”’, he says.

i ity would
Eventually, every big city .
i te its parti-

tudy group to investiga
23;};11'apsroblgn%s. He envisaged that each
roup would include repres'enmtlves of
fhe Jocal authority, business interests and

to be Set Up

the Ministry, and would have the techni-
cal assistance of the traftic engineer.

In planning new roads in urban areas,
the Minister said, one of the chief aims
must be to separate the pedestrian from
motor traffic to a far greater extent than
at present.

The Minister was not yet convinced
that the American type eXPressway
through motor trafficin towns was the
right answer for Britain. In many cities,
as in London, it would not be right to
demolish large areas of existing property,
much of it with historic associations, to
make way for elevated motorways.* In
some places double-deck roads might
be the answer; elsewhere roads might
have to go underground.

(F'rom ¢ British Road Federation Bulle-
tin 7, November 1958.)

* Soe Urban Motorway for Newport, page 207.

FOR BETTER, FOR WORSE

A friend of mine, awakened by her husband’s snoring, called to

him,

L y 2 "
«« Frank, turn over—youw re SROTIRG "

« Okay "> he said, and stopped for a while. But he tuned up again

screral times,
fast, she said,

and she had to tell him to stop. Next morning at break-
« What o night I had!”

« 111 say you did 1 her husband exclaimed.  “ You talked in your

sleep all night.”

ROAD SIGN

Vain road open for traffic while detour is being repaired *’.
“i ‘

WORDS OF WISDOM

The great pleasure in i

fe is doing what people say you cannot do.

—WALTER BAGgEHOT
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ABSTRACTS

ATURAL BUILDING STONES—
DPI?ITERMINATION OF RESISTANCE
TO WEAR BY ABRASION; Press
Note No. 218, Indian Standards,
Institution, 29th Agust, 1958,

) ian Standards Institution has
Hlitzglﬁa?]la a draft Indian St'andard
Method for Determination of Resm.ta,x}ce
to Wear by Abrasion of Natural Building
Stones Doc: BDC 6 (399) for the com-

ments of interested persons,

Natural Building Stones, used in steps,
flooring and pavements of buildings, are
subject to heavy wear and friction. Their
durability under such circumstances can
be ensured only when they have adequate
hardness or abrasive (wear) resistance.
This standard gives a laboratory method
for ascertaining abrasive values of stones
intended for use in buildings.

(Continued from page 30)

10. Vokac, Roland—** Thickness of Suriacg
and Base course for flexible pavements
Proceedings, Highway Rosearch Board,
23, (1943).

11. Housel, W. 8.—* Design of Floxible Pave-
) ments’’, Proceedings Association of
Asphalt Paving Tochnologists, 13 (1942)

88.

. Middle Brooks and Bertram, ** Soil Tests
1 for Runways’’, Proceedings, Highway
Research Board, 22 (1942) 149,

13. Office of the Chief Kngineers, War
Department—*‘ Designing of Runways,
Aprons and Taxiways at Army Air
Force Stations ”’—Lngineering Manual
(1943)

14. “Dovelopment of OBR
ment design for Airfield
sium ’'. Trans
Society of ¢
597

flexible pave-
. Is—A sympo-
ansactions of the Amorican
ivil Engineers, 115, pp. 453-

15. Baker, R.F. and Drake, W.B.—** Invosti-
gation of field and laboratory methods for
eva.luatmg' subgrade support in tho
design of highway floxible pavements ’’,

Proccedings, Highway R h Board,
28 (1v48) 00-76.g Y Tosourch Boar

16. Paper No. 26—T

X enth Congregs, Pormanent
International

nal  Association of Road Con-
gressos, 1935, 2, Rue Puul—Ce’zannes,
Paris-8,

(To be continued
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SELECTED RECENT LITERATURE IN ENGINEERING JOURNALS

X. BRIDGES AND OTHER
STRUCTURES

. Notes on Materials for Prestressed

Concrete; FavrL W. AB.LES, .Concreta
and Constructional Ewngineering, Vol-
41, No. 9, September, 1957, pp. 297-
310,

. Ultimate - Strength Design of

Reinforced Concrete Sl‘abs; G. }}N.
GrirrroN, Oivil Engineering, Vol. 27,
No. 8, August 1957, pp. 62-63.

_ Prestressing Strengthens Wrought

i ; 3 BERRIDGE
Iron Bridge; P.S. A, B ,
Civil Engineering, Vol. 27, No. §,
Avgust 1957, pp. 38-39.

The Complete and Enact Calcula-

i indrical Sheels
ion of Circular Cylindrica
:)lfo?]onstant Thickness; JEAN HAR-
RAs, [ravauz, Vol. 41, No. 276,

October 1957, pp. 523-527 (French).

Prestressed Bridge—A 120 Ft Span

" Erected Daily; Jinginecring News

Record, Vol. 139, No. 14, October 3,
1957, pp. 40-46.

A New Centering S){stem for Brid-

il Engi d Public
. Civil Engineering an
%I?:r}cs Review, Vol. 82, No. 617,
November 1957, Pp- 1255-1257.

Design of Cross Connected Grillage

" Beams; JEaN COURBON and ROGER

x, Annales des Ponts et Chaus-
I;l::m%;ol. 127, No. 4, July-August
1957, pp. 391-443, Part’ 4 (In

French),
The Use of Welding in the Cons-

" truction of the New Road Bridge

; M
Save at Belgrade; M. M.
gxglc;axovm and M. WID‘MAN, Anna-
les de I’ Institut Technique du Bagtz-
mente des Travaux Publics, Vol.87é
No. 117, September 1957, pp. 863-
(In French).

49

9.

10.

11

12.

13.

14.

Reinforced Holes in Plates—Total
Weight Reduced by Varying
Thickness of Reinforcement; Ray-
MOND Hicks, Engincering, Vol. 184,

No. 1773, August 30, 1957, pp. 280-
281, :

Masonry Arch Bridges: A Study;
CYRIL STAPLEY CHETTOL and WiL-
LiaM HENDERSON, Proceedings of the
Institution of Civil Engineers, Vol. 7,
Session 1956-57, August 1957, Struc-
tural Paper No. 53, pp. 723-774.

Recent Highway Bridgeworks in
Glamorgon, with particular Refe-
rence to Prestressed Concrete
Design and Construction; Epwarp
WirLiam Davis, Proceedings of the
Institution of Civil Engineers, Vol. 7,
Session 1956-57, August 1957, Paper
No. 6334, pp. 897.900.

Highway Bridge Design and Cons-
truction in America—Recent Deve-
lopments with Prestressed Con-
crete: Progress in New York,
California and Florida; 7The Syr-
veyor, Vol. CXVI, No. 3410, August
31, 1957, pp. 907-908.

Design Features and Construction
Methods on long Floating High-
way Bridge in British Columbia ;
B. W. PrcuscH, Roads and Engineer-
ing Construction, August 1957, Pp. 82,
84, 124, 126 & 146.

See Also Engineering News Record,
Vol. 159, No. 20, November 21, 1957,
pp- 46-56.

Plastic Hinging at the Intersection
of Beams and Columns; G.C.
ErNEsT, Journal of the American
Concrete Institution, Vol. 28, No. 12,
June 1957, pp. 1119-1144,

Review of Changes in the ACI
Building Code Requirements for
Reinforced Concrete; Frank
KEerERES, Journal of the American
Concrete Institute, Vol. 29, No. 3,
September 1957, pp. 185-195,
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16.

17.

18.

19.

20.

21.

22.

23.

Explanatory Notes on Appendix
(Ultimate  Strength Design) to
« Building Code Requirements f(’),r
Reinforced Concrete (ACI318-56)";
Raymonp C. REEsE and J. P. THomP-
80N, Journal of theAmerican ( ‘oncrete
Institute, Vol. 29, No. 3, September
1957, pp.197-204.

The St. Alban Bridge Over Rhgin
in Basel: (. OBERHOZER, Sechweize-
rische Bauzeitung, Vol. 75, No. 28,
July 20, 1957, pp. 453-462 (In German),
and also Vol. 75, No. 34, August 24,
1957, pp. 538-546 (In German).

Devolopments in Prestressed Con-
crete—A Review Prepared by the
Prestressed Concrete Development
Committee; Procecdings of the Insti-
tution of Civil FEngineers, Vol. §,
Session 1957-58, November 1957, pp.
203-322.

The Analysis of Grid Frameworks
of Negligible Torsional Stiffness
by means of Basic Functions;
LESLIE GoRDON JAEGER, Proceedings
of the Institution of Civil Engineers,
Vol. 8, Session 1957-58, November
1957, pp. 323-327.

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

World Conference Focuses on
Prestressed Concrete in Road
Progress; HUBERT C. PERsoxs,
Roads & Streets, Vol. 100, No. 10,
October 1957, pp. 70, 121, 122 & 136.

Plastic Design of Pitched Roof
Postal Frames; JAEQUEs HEYMaAN,
Paper No. 6220, The l’roceedmgs of
the Institution of Civil Engwneers,
Vol. 8, Session 1956-57, October 1957,
Pp. 119-140.

Langstone Bridge, Hampshire;
J. W. MerLrosE and W.A. EvYourg,
Paper No. 6227, The Proceedings of
the Institution of Civil Engineers,
Vol. 8, Session 1956-57, October 1957,
PP 141-160.
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27,

28.

30.

31.

. Design  of

. Analysis of Multi-Sto

January 1939

High Strength Bolt-Field Connec-
tions at Burdekin Bridge; J. E.
Kisprer  and W, HansuN, The
Jowrnalof the Institution of Engincers,
Sdustralia, Vol 29, No. 7-8, July-
August, 1957, pp. 169-178.

2. Completion of the Velsen Tunnel ;

The FEngineer, Vol. 204, No. 5308,
October 18, 1957, p. 577.

Fixed Bridge Proposed Across the
Itcher at Southampton; 7'he Surve-
yor, Vol. ('XVI, No. 3418, October
26, 1957, pp. 1105-1108.

Plastic Design of Warehouse Saves
Steel; Epwarp R. Brres, Civil Engi-
neering, Vol. 27, No. 9, September
1957, pp. 44-47.

Lateral Deflections and Stresses in
Building Frames; Roserr K. Moc-
ORLLAN, Procecdings of the American
Socicty of Civil Engineers, Jowrnal of
the Structwral Division, Vol. 83, No.
ST 5, September 1957, Paper No.
1354, pp. 1 to 18.

Multi-Level Guyed
Towers: Wind Wading ; Epwagrp
CoHEN and HENRrI PrrsoN, Procee-
dings of the American Nociety of Civil
Engineers, Jowrnal of the Structural

Division, Vol. 83, No. ST 5, Sep-
tembor 1937, Pape ’
ot r 1957, Paper No, 1355, pp.

Earghquake Revealed Defects in
Design and Construction s FREDRICK
S. MERITT, Engineering News Record,

Vol. 159, No.' 7, August 15. 195
pp. 38-48. gust 15, 1957,

Column Design Simplified ; Ricu-
Arp H. J. Prax, Proceedings of the
American Society of Civil Engineers,
.{/m;ﬂ;c%l %Tf the Structural I)Iivision,
ot. 33, No, ST 3, Mav 19

No. 1231, pp. 1-1 y 1967, Paper

5.

rey Buildin
Frames; T. F, HICKERSO{I, Proceedg-

ings of the American Society of Civil
Ingineers, Journal of the Structural
Division, Vol. 83, No. ST 3 May
1957, Paper No, 1233, pp. lol!),,
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RECENT ADDITIONS TO THE LIBRARY OF THE
INDIAN ROADS CONGRESS

««12 Foot Seals” (Engineering
Note No. 48-1954); Country Roads
Board, Kxhibition Building, Carlton
N. 3, Victoria {Australia).

¢« Theory of the Fissurat?on of
Reinforced Concrete : Practical Re-
sults”’ (Reprint); M. L. P. Brice,
Country Roads Board, KExhibition
Building, Carlton N. 3, Victoria
(Australia).

Report on Researches and Investi-
gations-1953 (Tlie Japanese Com-
mittee of Soil Mechanics and
Foundation Engineering); The
Japan Society of Soil M_echamc‘s nnd
Foundation  Engineering, Tokyo
(Japan).

« National Practices for the Oper-
ation and Protection’of School
Zones and Crossings ’-An In.for-
mational Report—BY Comumittee
on Traffic ; American Assocu}txgn ofl
State Highway Officials, 917-Nationa

“Progs Building, Washingtoen 4, D.C.

« Specifications for Highway
Guards " (1951); American Assoc:-
ation of State Highway Officials, 917-
National Press Building, Washington
4, D.C.

i i Road-
« Policy on Maintenance of
way Sg,rfaces”-Adopted, January
15, 1948 (Reprinted January 1955);
‘American Association of State High-
way Officials, 917-National Press
Building, Washington 4, D.C, :

«« Polic on Maintenance of
Slfouldzrs, Road Approaqhes. and
Side-walks-Policy on Maintenance
of Roadsides ”’ (1949) ; American
Agsociation of State Highway (_)fh-
cials, 917-National Press Building,
Washington 4, D.C.

“ icy on Maintenance of Safety
anl:l()l’l‘cryaffic Control. Dexices and
Related Traffic Services Adopted
August 1954 ; The Amencu{x Assx(om-
ation of State Highway Officials, 917-
National Press Building, Washington
4, D.C.

9.

10.

11.

12,

14.

16.

51

*“ Road User Benefit Analyses for
Highway Improvements-Part I-
Passenger Cars in Rural Areas”
Informational Report by Com-
mittee on Planning and Design
Policies: Reprinted January 1955;
The American Association of State
Highway Officials, 917- National
Press Building, Washington 4, D.C.

‘““ Annual Report for the Year
Ending 31st August 1955 of the
Institution of Engineers ({India),
Central India Centre, New Delhi,
The Institution of Engineers (India),
Central India Centre, New Delhi.

Transport and Communications
Review, Volume VII, No. 2, April-
June 1954; The United Nations,
New York, U.S.A.

Transport and Communications
Review, Volume VIiI, No. 3, July-
September 1954; The TUnited
Nations, New York, U.S.A,

3. «“The Value of Phenolic Resins in

Railways and the Unique Proper-
ties of Their Indian Substitutes ”’-
Technical Paper No. 332 (1956):
S. Ramanujam, The Director, Rail-

way Testing and Research Centre,
Lucknow.

B.S.2542:1954 “Recommendations
for the Use of Bitumen Emulsion for
Roads” ; British Standards Institu-
tion, British Standards House, 2,
Park St., London W. 1.

* Proceedings of the Sixteenth
Annual Highway Engineering Con-
ference’, March 7, 8, 9, 1955-
Bulletin No. 71, Vol. 46, June
1955, No.5 of the University of
Utah; A. Diefendorf, The Univer-

sity of Utah, Salt Lake City, Utah,
U.8S.A.

I.S: 5-1955: ¢« Indian Standards
Colours for Ready Mixed Paints*
U.D.C. 535.61-2: 667.624 (083.74)
(54) (Revised); Indian Standards
Institution, 19, University Road,
Delhi-8.

(Continued on page 54)
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BUDGETS AND ADMINISTRATION REPORTS

GOVERNMENT OF WEST BENGAL BUDGET FOR 1958-59

The following extracts have becen taken from the (love. of West Bengal (Civil

Works) Budget for the year 1958-54,

Revenue (civil works)

Heads

(In lakhs of Rupees)

Actuals l‘{eyise(i 11 Budget
1956-57 Estimate Estimate
195758 1958-59
Rents 6.71 7.00 7.00
Ferry Receipts 2.44 2 00 2,00
Tolls on roads 4.55 5.00 5'00
Recoveries of Kxpenditure 3.8 3.50 2'00
Transfer from Central Road ’
Development Account 37.96 44 .46 40.46
Miscellaneous 14.22 21.50 19'00
Grant from Govt. of India on account ‘
of construction of State roads of
economic or inter-State
Importance 21.30 14.55 11.85
Deduct—Refunds — .05 — .04 _ '04
90.31 97.97 87.27
Expenditure (civil works)
Buildings
Original works 12.45 15.73 9.09
Repairs 105.60 108.70 10;,:00
Communications
Original works 93.05 56.79 4961
Repairs 107.70 96.20 92‘00
Miscellaneous )
Original works
Repairs 9 Y
Establishment 5()_02 49'32 ’Sl“‘fg
Tools and Plant 11.80 9.55 O
Grants-in-aid 20.29 21-.65 l‘;g?
Suspense 2.02 ~9.98 - 3‘98
Development Schemes 43.97 46.51 _52‘2 1
Deduct—Recoveries on ‘ :
account of Establishment,
Tools and Plant ~b.75 -06.00 6.00
441.40 386.42 349.57

§2
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Capital Account of Civil Works outside the Reveaue Account (excluding
Development of State Roads).

(In lakhs of Rupees)

Heads Actuals ]‘%e\.’ised Bl{dget
195657 Estimate Estimate
1957-58 1958-59
Original work T T
Buildings 166.86 147.16 127.22
Communications 8.20 5.49 7.04
Miscellaneous 1.27 2.37 2.15
Development Schemes
(i) Other Development schemes 328.78 211.53 179.93
(ii) Centrally sponsored schemes
outside the State Plan —_ 16.42 11.00
Deduct—Receipts and Recoveries
on Capital Accounts—Qther
Receipts -3 -3.77 —
Total 492.74 379.20 327.34

Budget Estimate of Expenditure under ¢ 81-Capital Account of Civil Works
Outside the Revenue Account—Development Schemes—-Development of State Roads *’
in West Bengal for the year 1958-59.

(In lakhs of Rupees)

Provision in| Actual

the approved| Expendi- | Revised Budget

Second Five ture Estimate | Estimate
Year road during 1957-58 | 1958-59
programme | 1956-57

Name of minor heads

————

R 1 . \ \ ; :

Development Schemes
Development of State Roads
Original works

ildi - .08 .06 20
Buildings '
C:mmuiications — 250.48 261.10 217.33
Establishment f — 23.62 23.20 31.00
Deduct—Recoveries 0

Establishment — - ?.04 —-2.84 —3.901
Tools and Plant — 23.81 26.85 26.00
Deduct Recoveries on

:.ccount of tools and plant — —~.b4 -.71 — .08
Suspense -- 16.31 1.34 19.36
Deduct—Receipt and

recoveries on

Capital Account T~ —8.89 -9.00 -9.00

1710.60 301.83  300.00  280.00

Total—DeveloPment of State Roads

538
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(A Brief Review of the Budget)

THE revenue and expenditure of West

Bengal for the yeur 1958-59 zbl‘(‘:‘.\‘tAl—
mated at Rs 6,886 lakhs and Rs 7,260
lakhs respectively indicating a deficit of
Rs 383 lakhs.,  The revised ostimutes for
1957-58 revenue  and (\,xplvmht,um are
¥ 6,998 lakhs and Rs 7,264 l’a,kl)ls res-
pectively leading to a deficit of Rs 266
lakhs forthat year.

The budget estimate of expenditure on
civil works to be et from revenne for

L5554 forms 5.1 per cent of the revenue
for that year as against the carresponding
figures of 5.5 per cont arrived at from the
revised  budeet for the previous year
(1957 58).

The provision for capital expenditure
on civil works outside the revenue
account in the current vear is Rs 607.34
lakhs, out of which Rs 280,00 lakhs have
been allotted for development of State
roads under the Second Five-Year Plan.

(Centinued from paye 51)

17. ** Report on Work Done by the
B & R Research Laberatory
Karnal, During the Year 1954-55"";
Secretary to the Govt. of Punjab,
P.W.D. B. & B Branch, Chandigarh.

18. Tour Report of Scientific Institu-
tions and Documentation in South
and South-FEast Asian (}Quntrics
(January-February, 1956); I. Sheel,
Indian National Scientific Documen-
tation Centre, National Physical
Laboratory, New Delhi-12,

19« Statistical Analysis of Highway
Accidents Highway Research
Board Bulletin  No. 117 (1956)
Publication No. 404; Highway
Researeh Board, 2101, Constitution
Ave. Washington 25, b,

200 “Lffects  of Chlorination  and
Microorganisms and Constituents
of Asphalts ™’ Highway Research
Board Bulletin No. 118 (1956)
Publication No. 405; Highway

lescarch Board, 2101, Constitution
Ave., Washington 25, D.C,

VERDICT OF HISTORY

Civilization is o mocement and not o condilion

a harbour.

y (- royage and not

—ARNOLD TovyNprg
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Calcutta Office:

WELL SINKING IN PROGRESS

R.C.C. BALANCED CANTILEVER BRIDGE OVER RIVER
MORA RAIDAK IN COOCH BEHAR ON NATIONAL HIGHWAY
UNDER THE ROAD DEPARTMENT, WEST BENGAL.

Construction by
BRIDGE & BUILDING CONSTRUCTION Co. (PR|VATE) L.

Gauhati Office :
PALTANBAZAR.

90-A, SYAMAPROSAD MOOKERJEE ROAD,

CALCUTTA-26 GAUHATI, ASSAM.
Gram: ‘DESIGNER’. Grams: *STHAPATY".
Phone: 47-2922 Phone: 450

. S jif O =

Please mention this journal when replying to advertisements,
ix
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Multiple-aggregate continuous asphalt plant

produces highest type mixes

The Batrber-Greene” Model 840-B Con-
tinuous Asphalt Plant offers high-capac-
ity production of multiple-aggregate
mixes which meet the most exacting
specifications requiring screening after
drying. The plant consists of the mixer,
gradation unit, dryer and cold feeder.
A fines feeder may be added if required.

Two dryers are available for use in
this plant. The model 839 produces
capacities to 45 tons per hour and the

Model 832 produces up to 55 tons per
hour. Both offer greater capacity, more
complete portability and lower mainte-

nance costs than any other dryers of the
same cubage.

Other advantages of this plant are
speedy setup, fast and thorough mixing,
easy mix setup, real portability, high
discharge, interlocked proportioning of
aggregate and asphalt, and hydraulically
operated pugmill discharge hopper.

Write for information abous this low-cos, high-quality asphalt plant.

see your

Barber-Greene

distributor

sk, (/da(é‘ aboud— &~
William Jacks & Co.Ltd.

(Incorporated in England. Liability of Members Limited)
CALCUTTA BOMBAY  MADRAS
Sole Agents for
Barber-Greene Overseas, Inc. Aurora, llinois, U.S.A,
Barber-Greene Oiding & Co. Ltd., Hatfield, Herts, England,

59.512-A

saunuury 1ypy

Full depth frame
of increased stock
thickness
Heavy-duty wrap -
round front springs
Five-speed gear
box

More seating
accommodation

wes o Heavy-duty, full floating
T \.’fz\ hypoid rear axle
‘(/\ e Heavy-duty front
axle with roller

thrust bearings

e More trips
"~ Per galion
Q

" 4L wheelbase
trich chasss for

noods transport

Contact your

nearest dealer.

- 1A PALMS me

Please mention this journal when replying to advertisements.

Please mention this journal when replying to advertisements.
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MYSORE LAMPS

" BEST IN THE MARKET
- AWARDED GOLD MEDALS & CUPS
AT SEVERAL EXHIBITIONS UNDER
GOVERNMENT OF INDIA
RATE CONTRACT.

" OUR MANUFACTURING PROGRAMME COMPRISES.

8 STEEL STRUCTURES A
PRESSURE VESSELS

S All types of Lamps Manufactured
¥ INDUSIAL rs T The Mysore Lamp Works l-td.)

. P
MALLESWARAM, BANGALORE:S: e

Telegram : Telephone:

S G oy egram: lephos
: CORVEYORS & e
m A ELEVATORS 4 S
§ DRYING & $iZiNg
: CYLINDERS
B STEAM, AIR, WATER &
ACID VALVES & PUMPS
MAGMA PUMPS &
<F PILTER PRESSES '

Garlick & Co.

! PRIYATE [71p .
SRANCHES:
COX STREET, COIMBATORE,
26, SRRABALU CHETTY STREET, MADRAS, N e

TOMCUE momaav
188 NIZAMUDODIN WEST, NEW DELW

- Ploase mentioh this journal when replying to advertisements,
xiii
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: No stalling, no boiling
TATA-MERCEDES-BENZ
s5 ™2 hauls non-stop
round the clock

At the very first early-morning start, the TATA.
MMaps-BENZ engine leaps to life. Later, when

its highest and the other overheated
_ along the highway, the TATA-
\ streaks ahead ! Steadily, through
sk and the suddenly cold night,
travelling—non-stop! And an-
Jisafely. speedily and comfortably.
B of TATA-MERCEDES-BENZ have
ue oil heat exchanger so that
Bines give you controlled heat for
iciency. The larger radiator area
Armostat, which control and regulate
Woerature of the engine, enable TATA-
TERCEDES-BENZ vehicles to give you non-stop,
round -the-clock haulage!

TATA-MERCEDES-BRENZ
TATA LOCOMOTIVE &

ENGINEERING COMPANY LIMITED
Automobile Division:

148, Mahatma Gandhi Road, Bombay-|.

TELCO5E.13A ) U-L—- EVEREST

Please mention this journal when replying to advertisements.
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