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AVAILABLE FOR SALE

ROAD RESEARCH

SINCE NOVEMBER 1960 WE HAVE
BULLETIN NO. 7

BEEN DOING PILING WORK IN INDIA

REPORT ON THE EXPLRIMENTAL PERFORMANCE OF DIFFERENT ON THE PATENT PRESSURE PILING

TYPES OF BASE COURSES FOR ROADS UNDER ADVERSE SYSTEM IN COLLABORATION WITH

MOISTURE CONDITIONS TESTED ON THE ROAD TEST THE PRESSURE PILING CO. (PARENT)

TRACK AT MAJHERHAT, ALIPORE, CALCUTTA LTD. OF LONDON.

(1949-195%) .

EASED TO DEPUTE

CONTENTS WE SHALL BE PLEAS DEPUT

OUR ENGINEER TO EXPLAIN HOW

Part I Series A Tests on comparative performance of three different

types of base courses made of boulders, laterite and moorum PRESSURE PILING CAN MEET YOUR
commonly in usc. REQUIREMENTS WITH ADVANTAGE.
Series B:  Tests on stability of different stabilized base and WE CAN ALSO  ARRANGE TO
sub-base courses over clay embankment in water-logged arcas. DEMONSTRATE THE SYSTEM IN

(Series 1949 51) OPERATION.

M ~ . e
Part 11 Tests on comparative performance of various thicknesses of =
stabilized soil base courses under adverse moisture conditions, C: L
(Series 1952—-54) ADDRESS YOUR ENQUIRIES T@ '
Part 111 Tests on relative behaviour of four different types of stabilized = b g ¢

soil base courses of cqual thickness under adverse moisture

conditions. (Series 1955+ 56) e >
. N . . o \ . 4 NS
part IV Tests on performance ol one inch thick asphalt stone chips D( ,/ ] A “LoaR -
carpet faid over different types of stabilized soil base courses N e B >
N . N n (Tt ok
{Series 1957- -58) ) TR

Price  (including Postage):

Rs Seven or Ten Shillings.

THE PRESSURE PILING CO. (INDIA)
PRIVATE LIMITED

N
« BRIDGING INDIA'S RIVERS ”

A very uscful auide fgr .road z}nd bridge engincers giving an account of PATENT COMPRESSED CONCRETE PILES
v gl bridges built in India during the First and Second Five-Year FOUNDATION AND CEMENTATION SPECIALISTS

hotographs and Drawings.

TELEPHONES : 263941 & 261456, SAVOY éHAMBERS,
156 Pages AY B 11— Price Rs. 7 (including postage) TELEGRAMS : PRESURPILE BOMBAY, WALLACE STREET,
& B ‘ POST BOX NO. 319. BOMBAY-I. FORT BOMBAY .

= o ""' .
%\A)‘Qm’ue got ey of copies of the above-mentioned publications are
’ erested may apply at once to the SECRETARY, INDIAN

JAMNAGAR HOUSE, MANSINGH ROAD, NEwW Please mention this journal when replying to advertisements
opies will be sent by V.P.P. :
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FOR ROAD TRANSPORT SERVICES

CONTACT
THE PREMIER ROAD TRANSPORT COMPANY

in North india

ASSOCIATED TRADERS & ENGINEERS PRIVATE LTD
20, ASAF ALI ROAD, NEw DELHI. .
Phone: 224821

*

Booking & Delivery Offices :
Naya Bazar, Delhi (Phone: 226733)
Mori Gate, Delhi (Phone: 220063 )

®
Regular Service between :
Delhi & Kanpur
Delhi & Lucknow
Dethi & Calcutta via Kanpur
Delhi & Bombay to Bangalore & Madras
Delhi & Dehradun
Delhi & Nagpur
Delhi & Amritsar

Branches & Agencies :
ALL OVER INDIA

Please mention this journal when replying to advertisements
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The Jet Ag'eiv ”
is Here

|
|

needs of ever increasing traffic.
Colossal construction feats developed
over night. To comply with planning
and controf demands of: Speed,
Accuracy and Reliability. Three
excellent reasons to turn to Wild
tevels and theodolites, o

For higher requirements:

Wild Surveying Instruments

...world wide recognition for precision

WILD
| HEERBRUGG |

Wild T2 Universal Theodolite

‘Wild Heerbrugg Ltd., Heerbrugg
Switzerland

SOLE AGENTS :
RAJ-DER-KAR & CO.,

44,6, Regal Building,
Connaught Place,
NEW DELHI-I.

Telegram: “RAJDERKAR
Telephone: 46761

Sadhana Rayon House,
Dr. D. Naoroji Road,
FORT, BOMBAY-I.

Telegram: « TECHLAB”,
Telephone : 26-2304.
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rTHE HINDUSTAN CONSTRUCTION CO., LTD.

We operate on an extensive scale
as

CIVIL ENGINEERING CONTRACTORS

FOREMOST IN THE FIELD IN
ROADS, CAISSON AND MONOLITH SINKING,
RAILWAYS, BY DREDGING AND UNDER

ROAD AND RAIL BRIDGES, COMPRESSED AIR,
CONCRETE DAMS FOR WATER FOUNDATION WORKS FOR POWER

SUPPLY AND HYDEL SCHEMES, HOUSES, ETC,
EARTHWORKS, PRECAST PILING,

RAILWAY AND HYDRO TUNNELS, | BUILDINGS,
ETC. DOCKS AND JETTIES, ETC.

WE ARE ALSO SPECIALISTS IN GUNITING,
CORE DRILLING AND GROUTING
AND
SEWAGE PURIFICATION AND WATER TREATMENT
WE UNDERTAKE PILING WORKS UNDER
HINDUSTAN ZEISSL PROCESS

*

THE HINDUSTAN CONSTRUCTION CO. LTD.

HEAD OFFICE:
CONSTRUCTION HOUSE, BALLARD ESTATE, BOMBAY.

PHONE: TELEGRAM: _
26-5021 (5 lines) «“HINCON” - BOMBAY.

Please mention this journal when replying to advertisements.
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'NO TROUBLE AT ALL

BITUMEN
EMULSION

IN ONE EASY APPLICATION

Bitumen cmulsions are efficient and economical for surface dr
premix work and soil stabilization. They require no heating, H
no fire hazard . . . no annoying smoke.

essing,
ence —

Just open the drum and you’re ready to start work, Bitumen emulsions
are specially suitable for repair work, and factory and residential roads

SHALIMAR TAR PRODUCTS (1935) LIMITED

CALCUTTA . NEW DELHI . BOMBAY | LUCKNOW , CHANDIGARH
Agents : The Bombay Co. Private Ltd.,, Madras-1 e R. C. Abrol & Co, (Private) Led., New Delhieg

IWTISTP 78

———
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UNIVERSAL RANGE COVERS

I. CONCRETE MIXERS: 5/3.5, 7/5, 10/7 and other big sizes

VIBRATORS of all types: Platform, Needle, Screedboard
External, Pneumatic, Vibrators with 42 volts motor, etc.

VIBRATORY ROLLERS for compacting footpaths

VIBRATING TABLES for making concrete pipes & Blocks, etc.
ASPHALT MIXERS (Hotmix)

TOWER HOISTS

N

For any technical enquiry and detailed literature,
please contact:

UNIVERSAL ENGINEERING CORPORATION

34-DLF’s INDUSTRIAL AREA

NEW DELHI-IS5
Phones: 51580, 52335 Grams: *‘MACHINIX®

Please mention this journal when replying to advertisements
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= Lonenle

have
Built-in

Char Minar Road, Hyderabad

SAFER STQPPING— Concrete’s textured surface ensures
safer and surer stops in all kinds of weather

ight, concrete’s
BETTER VISIBILITY — By c'lay. or night,
light reflective action distributes light evenly 4
over the road surface ahead

SKlD-RESISTANT—The gritty textured
surface of concrete enables tyres to
get a firmer grip, even on wet roads

EASIER DRIVING - Concrete’s
low crown and all time
cven riding surface
assure minimum
driving

effort

Pen Panvel Road

the hallmark of
top quality
cement

I1WT.CMI. 2823

THE ASSOCIATED CEMENT COMPANIES LTD. « The Cement Marketing Co. of India Ltd.

Kingsway, Matunga, Bombay

—— Please mention this journal when replying to advertisements
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PREVENTION OF RIBBON DEVELOPMENT

Improvement of communications is one of the primary requisites of any
scheme aiming at the planned development of an area. This implies widening and
upgrading of existing roads, providing bridges over water-ways and the construction
of new roads. More important than all these aspects. the improvement of
communications includes yet another vital aspect, namely, proper control of road
usage and prevention of haphazard building development in parallel strips along roads
particularly there “having arterial " character. This results in what is called “ Ribbon
Development™ which throttles the free flow of traffic. Without proper control of
this tendency, much of the utility of our efforts towards the expansion of our road
network will be considerably defeated. In the context of the phenomenal growth in
the population of our country and the rapid trend towards urbanisation, this problem

has already assumed serious proportions and is pregnant with grave consequences  if
not checked in time.

Ribbon development is not only a serious obstacle to the free movement of
traffic, which itself is a great ioss to the nation by way of reduction in the transport
capacity due to loss of time resulting from obstructions, but is also a grave source
of traffic hazards. Day in and dayout, reports are received of the loss of precious
human lives in road accidents. Not a few of these tragic incidents are due to this
evil of ribbon development which is fast growing in and around our urban areas.

Various solutions have been suggested to tackle this problem. Acquisition
of sufficient land keeping in view the future development is, of course, one solution
which suggests itself to one, at the outset. This is, however, circumscribed by
financial difficuities and has its own limitations.
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Formulation of a comprehensive highway legislation s et
suggested to tackle this problem. The main point made o yet another
tion is to consolidate at one place and to empower one s
Highway Authority, to exercise the various measyres
problem, @rii., fixation of building and controf lines, restrictions on buyildi
highway boundary and building lines and between building and con ul|d.|ngs between
of compensation for the imposition of restrictions on atrol lines,
prevention of encroachment and unauthorised occupation on ¢
progress has been made in this direction.

' solution
Ut in making this sugges-
ingle authority, p;z., the

ne
cessary to tackle this

Payment
uildings_
Already some
ally as ff'aming

the erection of b
he road, etc.

has | | : But the pace is rather slow, especi
of a legislation is essentially a time-consuming process and is bound
oun

Nonetheless, this is a very important matter and needs to be gj
by all concerned. given

Yet another solution suggested, is to educate tf

. . > tne  public ini
the media of poster publicity, films, radio, etc. It needs hardly tOPLnlon thrOUgh
that unless we educate the public opinion about the great ev'lo N e.mphasised
haphazard building development alongside roads, no amount of oy o lies behing

) lega ion i
to provide any permanent solution to the problem. g2l action is going

Group Development is another solution which can
especially in newly developed areas. Steps should, therefore,
this pattern having self satisfactory road circulation system by
development of self contained “units sufficiently away from the r
only to residential areas but also applies in greater measure t
where concretion of traffic is likely to be more intense.
especially the arterial roads is also important and needs to

ensure a gafe pattern

Courage
Nce the
This applies not
and workshops
access to roads
Cient attentjop,

be takep to en
Planning in agy,
oads.
o factorjes
Control over
be given suff
[t is true that there is already a growing awareness
problem, but the paceat which it is being tackled is not satis
stepped up considerably if any tangible results are to be ach
the magnitude of the evil. It is, therefore, high time that the e

in detail and steps are taken to gear up the whole machiner
action on all fronts.

to the 8ravity of this
factory and needs to be
leved Commensuyrate with
Ntire problem s reviewed
Y to ensyre expeditioyg

“ I consider the existence of good roads ag 4 vi
determining whether our society can become an
homogeneous one or will continue merely as g conglomeratig
social groups leading their own separate lives .and maima‘n' of
different levels of social and economic development. g

tal factor in
equalitarigy

—DR. RAJENDAA PrAsaD

GUJERAT STATE ACHIEVEMENTS IN
CONSTRUCTION OF ROADS AND BRIDGES
IN THE SECOND FIVE-YEAR PLAN
AND ASPECTS OF THE
THIRD FIVE-YEAR PLAN

““ The dominant economic fact of our own age the
development not of the manufacturing, but of the

transport industries .

Introduction

THE recently constituted State of

Gujerat has population of 16.25 mil-
lions and area of 72,137 sq. miles,
which includes a number of erstwhile
Princely States. Most of these Princely
States neither individually nor collec-
tively had either the vision or the
resources for launching a comprehen-
sive road development plan of this
region ; as such, this State has to-day a
very low road mileage in spite of the
efforts made by the ex-Saurashtra and
Bombay States.

The data relating to milage of new
roads constructed and expenditure
incurred in this State, during the First
5-Year Plan, Gujerat State will show
15,000 miles of roads against the
Nagpur Plan target of about 24,000
miles. Excluding sub-standard roads,
the mileage of roads constructed would
be 13,202 miles.

Achievements of Second 5-Year Plan

During the Second 5-Year Plan,
completion of National Highways No. 8

Marshall

U. J. BHATT

Chief Engineer, Public W.
Department, B & R, Guje
Ahmedabad

and 8B and most of the State Highways
are important landmarks on the road
development of this State.

Utility of these roads would have been
incomplete but for the construction of
various bridges, including the prestressed
concrete bridges across river Rangholi
on Rajkot-Bhavnagar road (S.H.), river
Mahi at Vasad on N.H. 8, river Purna
on N.H. 8, river Tapti at Mandvi;
balanced cantilever bridges across rivers
Khari, Rupen, Pushpavati, and Saras-
wati on Ahmedabad-Mehsana-Abu road
(S.H.)); R.C.C. solid slab type submer-
sible bridges on rivers Khari and Rupen
on Sami-Panchasar road (S.H.); steel
truss bridge on river Uben on Vanthali-
Manavadar road, R.S. joist, R.C.C,
decking, R.C.C. piers and pile founda-
tion bridge across river Khari at Raipur
on Ahmedabad-Nandol-Dehgam road,
R.C.C. hollow box girder type bridge
across river Karjan on Ankleshwar-
Rajpipla road. Construction of these
bridges is example of wide variety of
design and advance construction
methods and technique employed
by the State P.W.D. in bridge construc-
tion,

5
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reat achievement of the
Seé)l:%tg%rYeir Plan is the Sett]'rtlgt:p (:lft
Engineering Rese;arch (Instl c?ertaken
Baroda. This Institute hdS“ ur:_rl ken
Statewide project of co ekcili gsyste-
testing aggregates angi- m}z]i Sicgal ste
matic study of their p_yeconomiC
chemical properties for their
use in road construction.

i r Works from the Second
Spillove 5-Year Plan

likely to cost Rs 1,200 ]alghs
areweigzited tc))/ spill over to the _Third
5-yvear Plan. Also there will be-splllovﬂ-
ofya major portion of 235 miles long
Ahmedabad-Kandla National Highway
No. 8A. This National Highway
on ;:ompletion will connect Ahmed.abad%
the biggest industrial city and capital o
the State, to Kandla, a fasp developing
major port of Western India, and alsc}
many important towns and cities g
Saurashtra. This  work will inclu §
construction of one m_lle l.ong.road-cum-
bridge (the biggest of its kind in Westenﬁ
India) over the little Rann of Kutc
likely to cost Rs 150 lakhs.

ruction of bridges over rivers
Pafhf)g(gl;;ganga, Kolak_Auranga and
Kaﬁﬂpari on National Highway No. 8,
which connects the 320 mxlgs length of
N.H. 8 in Gujerat State with Delhi and
Bémbay via Ahmedabad will spillover
to the Third Plan, con}pleted in the
first year of the 1II Five-Year Plan,
Out of the proposed total allocation
of Rs 1,6501akhs, Rs 1,200 lakhs l_lave
been earmarked for the above descpbed
works and Rs 200 lakhs for village
approach roads. The nett balance of
Rps 250 will be available for new works.

New Works

oposals for the Third 5-Year
Plajlrnhe I?”:)rp Rs 600 lakhs have been
formulated.

Criteria for New Works

olicy governin_g new schem.es_ in
thc;r'lll'iifd 5-Year Plan is for providing

December 1961
all-weather roads

headgqarters with district headquarters,
providing dralpage works and missing
culverts on mportant  State routes,

constructing missing bridges on State
Highways and Mg:

_ ajor District Roads,
Qonstr_uctlon of new roads such as miss-
ing links, construction of village
approach roads, and arboriculture along
the roads,

Connecting

Details of Third S-Year Plan
Construction of

_ cross drainage
IMportant routes to make
them all-weath

er roads are proposed.
This programme will have to be carried
over to the Fourth Five-Years Plan. It
is proposed to complete 92 bridges under
construction in the Second 5-Year Plan,
to start the Construction of 136 new
bridges during the Third Five-Year Plan,
and to complete missing links so ag to
establish inter-district communications,
Construction of 1,755 miles started in
the Second 5-Year Plan shall be comple-
ted during the Third 5-Year Plan in
addition to completion of improvement
to 723 miles of roads also started in the
Second Plan. The new works of construc-
ting 316 miles of missing links, and
improvement of 15 miles will be taken
up during 111 Five-Year Plan. [In order
to properly landscape the roads in the

tate, extensive an i

Gujerat has Teasonable agriculture
cconomy due to jig fertile alluvia] soil
0od power poten-

tial for industria] dgvilopn?ent. lg(e)cent
discovery other minerals
in t_he.Sta‘te together with the programme
of irrigation and power schemes, has
Immensely Multiplied the probable rate
6

eCembel 19
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Photogrd h of experinm S ase in Mile No 46/0 to 47/(
P P imental as ph‘d]t road over soil cement b o . ( ‘ )

’ i Mehsana of Ahmedabad-Kalol-MehSd a=
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Mahi River Bridge near Vasad on N.H. No
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R.GLCoselid T Beam & Slab 3 dirder system bulunced
cantilever type Panam Bridge near Lunawada completed in 1957

Bridge over Mahi River at Sevalia (Dist. Kaira), Bombay Stat
19 prestressed Concrete Deck spans completed on 29th t]ud ¢ showing
ne, 195¢

Bridge over Khari River at Raipur

R. C. C. 3 T Beam and Slab Bulunced Cantilever Bridge over
8 river Panam at Sant Road completed in 1959
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ROAD DEVELOPMENT IN
UTTAR PRADESH ENDING MARCH 1961

\6L

JAGDISH PRASAD
Chief Engincer,
P.W.D.,B&R.,, UP., Luch

Ambika Bridge neur Matwad (Navsari) on Bombay-Ahmed:
Road. N.H. No. 8 Aimedabad

of development. Keeping these in view,
there is a very sound and reasonably
justifiable casc for this State to have
even greater mileage of roads than that
envisaged in the Nagpur Plan, which
must be carried out to avoid strangula-
tion of industry and agriculture.

With the proposed allocation of
Rs 1,650 lakhs as against estimated
expenditure of Rs 2,100 lakhs during the
Second 5-Year Plan the mileage achieved
at the end of the Third Five-Year Plan
will be about 15,900 miles against the
target of 13,203 miles for the Second
5.Year Plan. It is very important to
note that while most of the States of the
Indian Union would be exceeding the
Nagpur Plan targets, Gujerat will be
deficient to the extent of 45 per cent if
cart-tracks and sub-standard —mileage
are not accounted for. Even at the end
of the Third 5-Year Plan, the length
of the roads in this State will be shortby,

35 per cent of the mij
ile

the Nagpur Plan tar

the States of Indian

4ge envisaged in

Uge_ts while many of

achieve nion would

‘{8:?“1361258 ll’e[l)‘l cent targets of thl';a;g
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road communications
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industries and aqric’:ul
quent economic stand
uent econ ard of the pe
EssegzenTak?veé'sely affected to ap g(;galli
A ) € dlate is rich i
A Q ln
{)cesicr)lurces, has got a big potenti: ity of

g a modern industria] State, for

want of communicat; L
atio :
ble to fully exploit it. 18 1L1s mot possi-

stice long as far
are concerned
development of
ture and conse-

lity of

If Nagpur P :
be achieved at alrtlx targets are aimed to

S-Year Plan, the ¢ end of the Third
RS 7,000 lakhg, ogohall need about

‘ , unforty
Rs 1,650 lakhs have been pr;?)tveilged f(())I;ly
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UTTAR Pradesh is one of the most

thickly populated State in India. It
has a population of 73.75 million
according to 1961 census against 63.21
million in 1951.

Majority of the people live in rural
areas, they are handicapped socially and
economically for want of good road
system and find it difficult to provide
good schooling, medical facilities,
carry their agricultural produce econo-
mically direct to the markets 10
get better price, etc. Lack of roads
also account for the migration
of the rural population to urban areas
leading to growing congestion in the
cities. The only answer to this problem
is to develop the road system in the
rural areas as quickly as possible.

Since the era of Independence, this
State embarked on the development of
communications first under the Post-
War Development Plan and  subse-
quently through the Firstand the Second
Five-Year Plans and even then has only
about 14,500 miles of roads in all, this
falls short of the Nagpur Plan Targets
by about 2,000 miles. The road milage
per hundred sq. miles area comes to
12.83, and per thousand of population
0.23 based on 1951 Census against 32.26
and 0.51 respectively of Madras State.

2

Though progress made SO far in
the development of road system in the
State of Uttar Pradesh is very meagre,
the Chief Engineers in their Report on
Road Development Plan in India (1961-
81) have provided a target of 48,700
miles of roads in Uttar Pradesh by the
end of March 1961. This has awakcn_ed
the public opinion to the imperative
necessity of providing roads which pre-
cede all other developments.

In the First Five-Year Road Develop-
ment Plan of this State, the ceiling of
expenditure was limited to Rs 500 lakhs,
yet both the financial and physical tar-
gets were exceeded, and resulting in to
an increase of about 2,150 miles of roads
bringing the total milage to 11,534, In
the Second Five-Year Plan for roads and
bridges, expenditure ceiling was Rs 16.14
crores, this amount did not include
schemes financed from Central Road
Fund allocations or those sponsored by
Government of India, or those financed
from other sources, such as construction
of Cement Concrete’ Tracks, surface
treating roads to sugar factories
sponsored by the Cane Development
Department at a cost of Rs 247 lakhs
to encourage development of sugar-
cane industry. During the Second Five-
Year Plan ending 3lst March 1961,

11
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an expenditure amounting to Rs 144,126
lakh was incurred to build 190 miles of
roads under the scheme of cane develop-
ment department. The remaining work
is proposed to be carried out during the
3rd Five-Year Plan period.

Special scheme for development of
border roads to cost Rs 54.0 lakh in the
3rd 5-Year of the 11 Five-Year Plan was
sanctioned by the State Government.
Road Construction Programme of the
Second Five-Year Plan was also supple-
mented by the Backward Area Scheme
and Additional Backward Area Scheme
sanctioned during the 4th and 5th years
of the II Five-Year Plan at a cost of Rs
107.46 lakh and Rs 131.42 lakh respec-
tively. Expenditure amounting to Rs
28.32 lakh was incurred by 31st March,
1961 on Special Border Area Scheme,
Rs 73.932 lakh on Backward Area and
Additional Backward Area Schemes.
Government also sanctioned scheme for
roads for rehabilitation of displaced
persons in connection with reclamation
of land at a cost of Rs 43.637 lakh
against which 31 miles of roads were
constructed at an expenditure of Rs
35.95 lakh.

December 1961

Under the Second Five-
agaimnst expenditure ceilingeo¥i§1; 1%?2
lakh, expenditure of Rs 1,414.85 lakh
was incurred with the implementation of
all these schemes the milage of roads j
Uttar Pradesh reached a figure of 14,50l[)rl

Bridges

Bridging the rivers is as cssential ag
the construction of roads. The problem

of bridges in this State is very |
and ticklish due to the Ty important

. ve
number of rivers, having ajl ) e

uvial beds
very flat bed slo >
meanderings. bes and large scale

ridging smaj|
total cost of Rs 95 Jak}, Webndges at a

Five-Year Plan period.

variety, viz., steel, masonry
reinforced cement-concrete’
concrete bridges, A f, Y

level bridges comple

|
SL No.  District |
1. Shahjahanpur

road N.H. Route

2. Muzaffarnagar
Budhana road

Bridge over Xhanaut in mijl

Bridge over Hindan river in mile 1

T

Description Cost
(Rs in
lakh)

e 104
g of Lucknow~Bareilly

9 of M([za‘ﬁ‘a’rna’gal“:- 811

3. Meerut B‘;‘ige over Ganga at Garhmuktesway on N.H. Rop 8.09
e houte
4. Almora Bridge over Ramganga at Th: o mm
Read. ganga at Thal on Bageg}lwar_Askot 7.97
Some of the important bridges under construction are ¢j 5
; e .00
1. Azamgarh Tons bridge on N.H. Route 29 given belgy, -
2. Bareilly Ramganga bridge on Bareilly-Mathura Ropg 12,489
3. Faizabad Sa?]u bridge at Ayodhya on N.H. Route 23 . 5888
4. Gorakhpur Bridge over Rapti on N.H. Route 98 e 182,04
5. Jhansi Bridge over Betwa at Naughat, - 4143
6. Mathura Bridge over Jamuna on Bureilly-Mathurg gpq 7 2400
7. Muzaflarnagar  Bridge over Jamuna at Kairang, oa s 2878
12 56.01
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National Highways

All works connected with the con-
struction and maintenance of the
National Highways within the State
boundary are financed by the Govern-
ment of India and are executed by the
State Public Works Department. There
were 1,502 miles of the National High-
ways in the State, recently another
22 miles length from Agra to Fatehpur
Sikri have been added, increasing the
total to 1,524 miles. Many miles of the
National Highways have been improved

f e e

81 No. Type of Highways

Cement
j concrete
i
1 National Highways 275
2. State Highways 3
3. Major Distt. Roads 224
4 Other Distt. Roads }
5 Hill Carts Roads —

6. Roads to sugar factories —
Grand total ... 499

Length of various types of surfaces (in miles).

December 1961

by widening, improving the surface,
constructing  by-passes and over-
bridges, etc. The most important bridge
over Ganga on National Highway
No. 28 has been completed and the
work of the bridge over River Sarju at
Ayodhya is in hand. On Agra-Delhi
road, which also has the tourist traffic,
widening of the carriageway and cement
concreting work is in hand.

A statement showing milages of roads
with various types of surfaces on
March 31, 1961, is given below :

v ] Cement
Black mit:é concrete | Total

top tracks
1,110 28 — 1,413
4,980 4,998 — 10,202
— 702 — 702
— —_ - 401 o 401 B
6,090 5,728 401 12,718

The milage of metalled roads with local bodies are not included in the

above statement.

Length of roads completed in Uttar Pradesh costing Rs 5.0 lakh or more

during the year 1960-61 are given below :

Roads
! 3
- J Length | Estimated cost
Sl. No. District ' Name of road Mile Fur. ’ (Rs in lakh)

1. Muzaffarnagar Budhana-Khatauli 15-2 8.000
2. Garhwal Karanprayag-Lobha-

Dwarhat 15-0 9.870
3. -do- Mohan Domain

Baijrao 29-6 12.000
4, Moradabad Sambhal Hasanpur 21-4 7.475
5. Banda Nariani Kalinjer 15-1 8.245
6. Kheri Pallii-Tirkullia-

Khajuria 21-4 18.091

13



ROAD DEVELOPMENT OF
KASHMIR VALLEY

e
2 p
< "
AL ] f’.‘ﬂ"

P. N. WANCHOO,
ef Engineer, R. and B., Kashmir.

IN the absence of Railways, as an alter- roads )
native means of transport, develop- First Fri?,se:t{zaz%l)m]les
ment of roads forms a vital item of mately Rg 102.00 lan ¢
economic development in thed State of Duting i -00 lakhs
Jammu and Kashmir. The road develop- uring the Second F; '
ment, therefore, received due attentic?n road length jn the glt;?;Y?dr Plan, the
during the First and Second Five-Year 1-294 miles, In addition, g II}Creased to
Plans. miles wag improved. urtace of 510

i T
diture  on the CO“struche total expen.

The total length of roads in the and major brid es i tion of roads
Kashmir Province with the P.W.D. the Second Plalf-waéllg;ezva“ey during
before the First Five-Year Plan period The targets of rq. .
was 623 miles. Marked progress was the Valley and hr.odd de
made in road development during the Second F; Chieveme

b){ the end of
sting  approxj-

velopment in

ve-Year P]annts during the

First Five-year Plan and thc length of below : are  given
Turgers )
(a) Upgrading of Roads miles A"’”C’}’ement
1. From metalled to black topped 151 miles
2. From shingled to metalled 172 139
.
3. From fair-weather to shingled 213 4
, 204
Total ... 53¢ —_—
— 510
(b) New Construction of Roads —
1. Jeepable to fair-weather 247
2. New construction 237 272
e 27
Total ... 479 >
— 547
14
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In addition, out of the major bridges
Sopore Bridge with 510 ft waterway
and Rajbagh Bridge with 490 ft water-
way costing Rs 7.064 and Rs 7.462 lakhs
respectively were completed during the
Second Five-Year Plan period.

In spite of considerable progress
made, most of theroads are narrow, have
sub-standard surface, inadequate thick-
ness of road crust and have many
nallahs without bridges.

According to the Chief Engineers’
Report on the Road Development Plan
for India (1961-81), the State should
have the following length of roads by
the year 1981, in Kashmir province
alone.

Miles
National Highways 200
State Highways 400

Major District Roads 600
Other District Roads 1,000
Village Roads 1,600

Total: ... 3,800

N

Against this, we have at the end of the
Second Five-Year Plan 1,294 miles of
roads, Thus, additional 2,500 miles of
roads shall have to be constructed during
the next twenty years.

The above increase in the milage
will be in addition to the upgrading and
improving of existing roads.

December 1961

For the preparation of the Third Five-
Year Plan, the following points have
therefore been kept in view :

1. Existing roads have been
classified on all-India basis.

2. The first priority has been
given for completion of the
spillover works of the Second
Five-Year Plan under each
classification.

3. Suitable upgrading of roads
has been provided for roads of
various classes.

4. Construction of additional
roads.

5. Proposals have been formu-
lated for construction of new
bridges and strengthening of
old bridges for higher loading
according to priority.

During the Third Five-Year Plan, itis
proposed to carry out the following
wortks estimated to cost Rs 423.60 lakhs.

Miles

1. Road milage to be
black topped 179.80

2. Road milage to be
converted from shingled
to metalled 237.10

3. Road milage to be
converted from fair-
weather to shingled 433.75

4. Jeepable to fair-weather 449,05
5. New Construction 403.75

“I have come to the conclusion that one thing to which we
must give topmost priority is roads—roads of all kinds, not only
very up-to-date bitumenized or cement roads, but roads of any
kind, to open vast areas of this country which are closed up
today and which you cannot reach unless yau walk or ride......... I

give roads first priority.”

—SHRI JAWAHARLAL NEHRU
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WEST COAST ROAD IN KERALA

By

C. S. PADMANABHA 1YER*

Introduction

WITHOUT properly developed and

maintained roads, the industry and
agriculture cannot develop and prosper.
The West Coast Road in Kerala was
one of many roads taken up for improve-
ment during the post-war period.
This road is 198 miles long, runs mostly
along the coast in the erst-while Malabar
area. Beyond Kerala, it extends in
north up to Bombay, and in south up
to Kanyakumari.

History

Due to financial stringency, West Coast
road in Kerala State was excluded from
the list of National Highways given in
the Nagpur Plan. Due to the Madras
Government’s justified and continued
advocating to include the West Coast
road in the system of National High-
ways, the Government of India in 1953
agreed to its development on a 50-50
expense basis. However, in 1955, the
Government of India on reconsideration
agreed to meet the full cost of the
construction of this road as a single-lane
fully bridged black topped road and
also let the State Government provide
wider carriageway if they so desire at
their own cost. Additional funds could
not be provided out of the State Plan, as
such only a single lane carriageway is
being provided.

The West Coast road in Kerala State
comprises of portions of a number of
existing State Highways, the important
among these are given below:

1. Cochin Frontier to Edapal
Road.

* Chief El’g?neer, P.W.D. (B.& R.), Kerala.

1

2. Edapal-Kuttipuram road
3. Kuttipuram-Valenchery road
4. Ram i .
road anattukara - Thlrurangadi
5. Madras-Cal;
o 40312, s-Calicut road M. 435/3

6. Calicut~
to 60/0. tt-Cannanore

7.

road /0

Baliapatam~Taliparamba road

8. Mangalore.Ch
road M. 45/6 10 57)2

9, Kalladakka-Kanjanagad road
10. Kasargode-Jalsoor road anci

1. Mangalore.
road M. 7/7 1o 28/4.Ch6ruvathur Coast

€ruvathur Coast

Standards
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Perumbai Bridge
in West Coast
Road

(588

18
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Nileswar Bridge
in West Coast
Road

Transport-Communications Monthly Review

500 ft in rolling countries and 300 {t to
100 ft in ghat or mountainous sections.
The gradients are provided as per L.LR.C.
standard for single lane roads (given in
the L.R.C. Paper No. 156). In the first
stage of development, bridges and
culverts with less than 18 ft roadway
and those not safe to carry a 12-ton
road roller will be reconstructed to
carry 2 lanes of LR.C. Class A loading
or 1 lane LR.C. Class AA loading
whichever produces maximum stress.
Culverts will have 32 ft width (including
the parapets) and the bridges will have
24 ft clear roadway.

Administrative Facilities

For speedy construction, the Govern-
ment of India increased the powers of
the State Government to sanction esti-
mate for road works from Rs 5 lakhs to

19
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Kuppum Bridge in
West Coast Road

Rs 25 lakhs and for bridge works from
Rs 3 lakhs to Rs 5 lakhs.

Progress

Out of the 198 miles of West Coast
road, work on 40 miles length has been
completed and the remaining 158 miles
are under completion. Out of the 27
bridges to be constructed or recon-
structed, 4 have been completed and 4

are in progress.
General

The West Coast road running along
the Coastal regions of Kerala when
completed will provide better means of
road communications essential for the
development of the {ndustries, transpor-
tation of agricultural and other produce
of the coastal areas, viz., fish coir,
mineral sands, etc., which is sure to add
to the prosperity of the region.



K. BARUA
Chicf Engineer & Scoy.,
2D, B. & R., Assam, Shillong

IN

AT the end of Second Five-Year Plan

period, the State of Assam comple-
ted about 9,000 miles of motorable
road consisting of 1273 miles black
topped, 141.5 miles wetalled, 4,425.5
miles gravelted, 2160 miles earthen and
1,000 miles under local bodies. Ten
maior bridges out of 23 nos. undertaken
during the Ist and 2nd Five-Year-Plan
period were completed.  In addition
10,240 rft. of bridges and culverts were
reconstructed.

According to the report of Chief
Engineers on Road Development Plan
for India, 1961-81, State of Assam
should have 22,000 miles of motorable
roads by the end of 1981, This means
construction of at an average of 3,250
miles of roads in each Qf the next Four
Plan periods.  In view of difficult
financial position it 5 proposed 1o

ROAD AND BRIDGE PROGRAMME

ASSAM IN THE

THIRD FIVE.YEAR PLAN

construct only about 1,600 miles of
motorable roads.  (of these, 600 miles
are expected to be financed out of the
proceeds of the Central Fund), In
addition it is proposed to metal and
black top 274 miles of roads, upgrade
nearly 500 miles of existing low stand-
ard roads and to complete 13 major
bridges which were under construction
at the end of Second Five-Year Period,
Besides this, it is proposed to undertake

construction of 5 more major bridges,

and reconstruct and strengthen 21,000

ft. of existing weak and temporary

%nggz‘s: during the Third Five-Year Plan

It is proposed 1o take in hand
estimated to cost Rs 1250 lakh (\ﬁx(;fs;
the Third Five-Year Plan period and
limit the expenditure to Rs 900. lakh
Break-up of these works is given below :

Name of Schemes ( Admis

1. Spillover Schemes 186 miles of
trom 2nd Five-Year tion of ‘13
Plan construction

bridges and

Amount allocated

(Rs in Jakl)

roads, construc-
major bridges,
of 780 rft. of
culverts, recon-

struction of 11 weak bridges,
liguidation of luabilities of

land acquisition costs, eto,

265 .00

20
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2.

6.

-1

Name of Schemes

Metalling and black
topping of impor-
tant P.W.D. Roads
{State level)

Metalling and black
topping of roads
{district level)

Improvement  of
existing low stan-
dard P.W.D. roads

Reconstruetion of
weak bridges and
culverts and con-
struction of timber
bridges

Construction of per-
manent major
bridges

ITmprovement
of new roads

Construction of
roads for the Indus-
tries

Aims

134 miles

400 miles

500 miles

21,000 rft.

o NOosY.

1,000 miles

219 miles

Total ...

Amount allocated
(Rs in lakh)

30.00
100,00

NOLOO

115.00

§5.00

575.00

Rs 1250.00 lakh

ALWAYS ON THE ROAD

A healthy man once went to a doctor; the latter asked him
the secret of his good health.

The man replied . ““ Doctor, when I married I entered into
a pact with my wife that when I beeome angry she was 1o laugh
and when she became angry, I had to leave the house. So,
doctor, [ am always on the road and that is the reason of my

good health.”
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MOTORWAYS TO STAND STRESS OF
MODERN TRAFFIC

DETAILED REVIEW OF ROAD IMPROVEMENTS

IN BRITAIN

By
N. W. JENSON*

THE five years to 1961 has been a

period of considerable activity in
the construction of major traffic routes
in Britain, with a motorway system of
about 1,000 miles currently envisaged.
About 150 miles of motorway have
been completed and it is possible to
draw conclusions from the experience
gained. The Institution of Highway
Engineers devoted four of its meetings
during the 1960-61 session to studying
and discussing the lessons learned in
the hope that thesc might be applied to
future works.

This article is not intended to be a
learned engineering treatise, neither can
it include statistics or any measure of
detail in the space allotted, but much
publicity has already been given to the
overall figures and specifications. 1t is
intended to give a broad picture of
how British engineers arc tackling the
designing and building of roads and
bridges to carry the modern volume of
traffic swiftly from place to place. No
attempt is made to deal with design or
construction for urban traffic, which
presents entirely different problems and
requirements.

Preliminary Work

While works of the magnitude of
those under consideration stem from
similar basic procedures, control is
achieved in various ways. With trunk
roads, the county authority is almost
invariably the nominated agent for the
Ministry of Transport under the various
Acts of Parliament dealing with this

* Secretary of the Institution of Highway E“gineers U.K

22

subject. The cou ..
rate with the IJ[“Y authorities collabo-

) inistry to des;

rat _ esign

Cogﬁac»:énchf 18 usually put ogut tl:g

il th;s Cor construction, Frequ
, ount i s

oo y authority employs

for the des; i
gn of -
:\rzlz;l;s, cE;lﬂthough the roadworks t:\rrll?igfn
fany ¢ sbes the bridges, are ’usuall
worﬁ d eynt'thel ccc)iunty. Motor-roag
rk _entirely  diffy
Ministry is unrestrictedert?;t;nyar:)dvel};lﬁ

agency agreements i
. $ with th
authorities. G € county
. . e .
Ministry of nerally speaking,  the

Transport considers that

uld signed by co
ambaolgttailn continuity of désign b
grammeal‘f the_current motorwa’ o
g 18 being handled by )cloElrl(t);

councils as the a
Transport, gents of the Minister of

It he i
oy nlzttgri)vzybson}:; ]dnisde fthat trunk-
4 Imct
iggoﬁzrntyd roads, are g p;?tmotfrutrlllk
natic mglr(l) for road transport ; trunke
oad 1 Gorways are financed frorr;
Cer limnedvernment funds and ar
P thmmiied by county boundariese

motorw .
constructed for g \imit:c}ilsse are  being

population and ction of the
large. not for the public a¢

hif';l;lh;g z;re segregated from the eXistin
numbery ,fnecgssnatmg a considerablg
pumt ?un?trigiﬁgses and viaduct strucﬁ-:
are onl
rea i .
sonably long Intervals w);th E(1:(ej:tr:ta?r:

pre-selected ma;j
. In traffic ¢
major centres of pOpulati:)(r)luteS serving

Transport-Communications Monthly Review

Before actual construction can begin,
a lengthy programme of preliminaries
has to be carried out, broadly as follows:

Preparation of a draft scheme by
the county authority or consul-
tant and its submission to the
Ministry of Transport.

Discussions of the draft scheme,
settlement of variations and ulti-
mate acceptance by the Ministry
of Transport, culminating in the
making of an official order under
the Special Roads or Trunk
Roads Act, following, if neces-
sary, a public inquiry into the
scheme.

The working up of the complete
scheme and preparation of con-
tract documents. ,

Issue of invitations to tender and
placing of contracts.

The acquisition of the necessary land
is a major item in a geographically

December 1961

small country such as Britain, where
almost every piece of land has its earn-
ing value to the owner. Arrangements
have to be made for the local hearing
of objections and their settlement,
often necessitating changes in route,
before all necessary land is acquired
and the final order issued. Itis, therefore,
obvious that the art of public relations
plays a considerable part in the early
stages.

General Design and Layout

Motorways construction has so far
adhered strictly to the motorways lay-
out prescribed by the Ministry of
Transport. This has been arrived at
first by experience in other counties
where motorways are established, and
with the economy of land use in mind,
and second from experience of the first
British motorwavs which led to a varia-
tion in the width of hard shoulders and

verges.

A scene during the building of the Birmingham to Preston motorway,
M. 6, in Britain. This picture shows the massive 80 feet high reinforced
concrete portal frame piers. They will carry the 28-ton approach span
girders of the superstructure for the one and a quarter mile long Thel-
wall Viaduct. This viaduct will carry the motorway over the Manchester

Ship Canal and the River Mersey
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A view of part of the 15-miles Doncaster (Y

England. It cost 6,000,000 pounds and has more than 30 bridges, Sy
been a difficulty here because of coal workings and both the road
have been made flexible, the bridges with readily accessible jacki
contractors were Cubitts-Fitzpatrick-Shand, 455 Old Ford Road,

Originally the standard dual two-lane
carriageway had a net overall width of
88 feet, comprising dual 24 feet wide
carriageways separated by a 13 feet
wide median strip plus a twelve inches
wide marginal strip; eight feet wide
hard shoulders were separated from the
carriageway by a twelve inches wide
marginal strip and on the outside of
the hard shoulders a three and a half
feet wide verge was provided. The
dual three-lane carriageway had a
similar layout with twelve feet added
to each carriageway.

Through experience it has been
decided %o incrrf):ase the width of hard
shoulders from eight feet to ten feet
and the verge width from three and a
half feet to ten feet, with the result that
the net overall width of a dual two-lane
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Construction work on the Ross Motorway to link the Welsh industrial areas with
Liverpool. The illustration shows Queenhill Bridge with the south carriageway
completed and the north carriageway under construction

where future traffic volume is likely to
make this necessary. In the current
programme provision has been made on
schemes amounting to 115 miles which,
although built or planned to dual two-
lane standards initially, have provision
for a third lane in each carriageway.

Making the Motorway Attractive

Hard shoulders are a feature of
motorway construction to accommodate
disabled vehicles and so on and to keep
the carriageway clear. [Earlier hard
shoulders had a width of cight feet only
and were grass finished, but nine feet,
and subsequently ten feet, have been
authorised. Generally speaking, hard
shoulders are now built to the same
thickness as the carriageways, the
fundamental difference is that the sur-
facing consists of two inches dense

25

bituminous surfacing, surface dressed
to provide contrast in texture and
colour with the carriageway.

The location of interchanges on a
motorway is usually governed by the
presence of existing trunk and other
important roads, but they are kept to
a minimum. Siting is important, and
whenever possible interchanges are
located in cutting, thus giving a
gradient which works for, and not
against, vehicles entering and leaving
the motorway.

One of the cardinal rules for design
appears to be the co-ordination of
vertical and horizontal curves, though
achievement of this can prove costly in
excavation. It does seem, from experi-
ence, to be more important to avoid a
great extent of even gradient, which
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seems to look more unnatural than do
straight lengths of road in plan.

Every effort is made to make the road
as attractive as possible and to merge it
into the landscape. The Minister of
Transport has appointed a Landscape
Advisory Committee consisting  of
eminent authorities in this field. Their
advise is obtained before the line of the
motorway is fixed, and on occasions
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alterations have been made to
alignment to implement the advice
given. In addition the Committee also
gives advice on planting schemes for the
new read. Thus the responsible autho.-
Ty preparing the contract details has
cxpert aesthetic opinion on the align-
ment  proposals  before details arc
worked out.  Attraction in appearance
can sometimes be achieved by incorpo-
rating otherwise useless small, seve?ed

the
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A view of Queenhill Bridge and viaduct, with Bushly Viaduct in the back
ground, part of the work on the Ross Motorway, which will link the
industrial areas of South Wales and the English Midlands
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The erection of the main superstructure of the Hammersmith, London,
flyover, completed after eight and a half months. There are 16 spans
totalling 2,043 feet and they were put up on an average of one span every
17 days. The flyover is part of the London section of the Great West Road
improvement. The London section alone is costing about 4,300,000 pounds

areas of Jand into the motorway, and
using them for tree-planting.  Addi-
tional means of providing amenities are
by widening the central reservation to
preserve existing trees or by separating
the levels of the carriageways on side-
long ground.

4

Standard Pattern of Bridges

A standard pattern of bridge design
appears to have emerged on motorways
so far constructed, primarily to provide
full headroom over a wide formation,
coupled with economy in design. The
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trend is for the structures to be of the
light open type, with open parapets,
giving the minimum of interference with
the sight line.

Overbridges are generally four-span
designs using bank seats where the
motorway is in cutting or skeleton abut.
ments where the side road is on filling.
Piers are at the minimum thickness which
will accommodate the beams which have
to rest on them. Underbridges are either
three-span or single-span, with a tendency
towards the latter.

From the contractor’s angle, the adop-
tion of some form of universal bridge
design, at least on each major section of
a motorway, is advantageous as was
shown on the first motorway, M.1.,
where there are only four main designs
of bridges. Obviously there has to be
individual variation according to loads
to becarried and span, but the standard;-
sation of steelwork alone results in
economy of materials and labour.
While there may thus be a certain
tendency towards basic standardisation,
including universal concrete construc-
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gon, variety i_n appearance is achieved
ay ?umerous individual surface finishes
ngles of skew, curvatures of span’
3

depths of
va?iants. profile of parapets and other

Improving the Piers

So far as detailed d
substructures hay
spread footings, the piers bein
at the.ff_:et with the deck expansion
transml'ttl.ng to one abutment though
the variation has been adopted’of ﬁxirgl
the centre pier and transmitting th%
expansion  equally in each direction
Where the skew becomes large and thc:
motorway is wide, the pier design has
been spllt mto halves, partly becaus
the d'esxgn. of a pier of more than fo .
legs is tedious, but also in one distritcl:

particularly — to counter ini
subsidence. 4t mining

Another method of obtaining g slight-

ly Jighter appearance i

] to th
been to cantilever the ymos has
outer leg, though care
the necessarily rather

lintel beyond the
18 needed to avoid
large linte] ends

A new footbridge in Britain, built with ramps instead of ste

DS to help

cyclists and people with perambulators, This is on the Maidenhead

Motorway near London
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breaking up the line of the bridge soffit

in elevation. The development of rubber .

bearings has helped the problem of the
bearing of beams on narrow piers.

The substructures of single-span
underbridges are normally in the form
of counterfort walls, although reinforced
cantilever abutments have also been
used. Another method employed on
one motorway is the use of wing walls
slung from the back of the abutment.
With regard to superstructures, pre-
stressed concrete is almost universally
used for motorway bridge decks, except
for small underpasses and culverts, and
its economy and minimum depth span
ratio are telling points for road over
road bridges, in addition to the achieve-
ment of lightness.

Central Piers

There has been considerable develop-
ment in the pre-casting industry in
Britain, which has influenced the deve-
lopment of pre-stressed concrete on
rather different lines from those on the
European Continent. Using pre-cast
members, the standardisation is of
moulds rather than of beams, because it
is possible to alter spans slightly by
means of different cable arrangements
within the same beam section.

Most motorway overbridges have
embodied a central pier, though there
are exceptions. These are fine-looking
structures and, with the clean lines which
the absence of a central pier gives, there

-is a greater degree of lightness and better

visibility. The presence of a pier in the
central reservation is a potential hazard
to the fast lane traffic and it is now
standard practice to provide it with
some form of safety fence or kerb. The
latest practice is to eliminate the central
pier, but on skew spans it is not always
possible.

Choice of Materials

The early motorway construction
called for the execution of the works in
a 19-months’ period. Experience has

29

December 1961

shown that although this period can be
achieved, bad weather would severely
handicap the contractors and later
contracts have been far from 21 to 30
months.

A 19-month construction period
represents an overall time of some 21
months from the order being given for
work to start. This allows for prepara-
tory planning, including ordering and
delivery of initial materials and plant,
marshalling of labour and arranging the
layout of work. Ideally in Britain the
contract should be awarded in the first
three months of the calendar year, which
allows a start to be made immediately
the bad winter weather is over and
completion during the fine weather well
before the difficult winter months two
years later.

Leading contractors, however, consi-
der rapid construction, with as great a
mileage of highway as practicable in
service as quickly as possible, to be in
the interest of national economy.

It is not possible to deal in any detail
with the subject of excavation, which is
so dependent upon local conditions and
these vary almost from yard to yard in
Britain.

With regard to the construction of
embankments, care is required in the
selection of materials to be placed and
compacted, otherwise difficulties are
likely to occur in the wet season. Some
authorities have suggested that layers of
imported granular filling material should
be considered under very wet conditions.
With the speed of progress required, the
construction of embankments during
very wet conditions presents serious
problems and to allow contractors
facilities for moving on tops of embank-
ments immediately below sub-base levels
revised specifications call for light qua-
lity fill at that level.

Foundations and Drainage

On the question of depth, some doubt
has been raised as to whether the practice
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viding a standard foundationdepth
gzgr?he ful% width is right. The C;.ih-
fornia Bearing Ratio method of design
depends on the frequency of the heaviest
loads. Heavy vehicles are invariably on
the inside lane, and. it might be more
economical to provide extra depth in
the slow lane and reduce depth gradua}lly
across the width of the road to a mini-
mum at the central reservation. This
would increase the crpssfall of the
formation and assist drainage during the
construction period.

s been found that allowance for
shfitnlllczge of fill can be underestimated,
for various reasons—the use of big plant
for stripping top soil results inaslightly
greater depth being removed than 11?
specified ; the passage of the plant itse
gives more compaction of the CX1Stll1ng
subsoil, the compaction obtained gv en
rubber-tyred scrapers are used blemg
very good. It is therefore advisable to
allow for an excess of fill. A Sfl‘lbstarfl‘;
tial allowance needs to be made for so t
material which needs replacing anh
sufficient land taken for normai1 et';mk
cutting. It is easier tO hand 1 ac1
surplus land than to acquire adfim?na
land to allow for a variation in slope
from that predicted.

Construction drainage 18 essent.lall a?]d
has, on occasion, been lmked lvylt the
permanent drainage by msta%lmg bt e
drainage when the earthworks ha:g ein
completed to the first stage, that is, (;
road level. It is becommghgenﬁr?
practice to lay a sub-base over the whole
formation, so that there 1s a greater
width of smooth tract for plant to rt\llln
on and less chance of breaking up ?
material, while similar extens!g?h of
base material over the .wholeh wi trol
the motorway, ipcludmg t_et c(ei?a'?l-
reservation, considerably assists i

age.

Where heavy marginal haunches have
been used, or a raised central resetrve
laid, these have been found to trapaW:er,
which discharges on to th<:1 C?ﬁ;l %aiseg
during construction, an
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central reserve will continue to do
so after the motorway is in use.
The latest specifications have deleted the
use of the heavy marginal haunch,
increased the amount of subsoil drain.
age and adopted dished central reserves
with drainage facilities. If the base
materjal is carried over the whole width,

drains can be provided at the outside of
the hard shoulders.

Sub-base materials, being low grade,
are susceptible to moisture changes and
it is worth sealing by means of surface
dressing, material suitable for such
treatment, if it has to stand for a time.,

Base Material and Surfaces

Base material has, in most cases, been
put down in two distinct lays to provide
adequate compaction with the machinery
currently in use, but experiments are
being made to see whether a satisfactory
single-pass laying can be achieved, as
obviously more economical. Wet mix,
using local aggregates, has been used on
many works, with base course asphalt
laid in short sections behind, to give it
immediate protection.

The type of surfacing on mo
in general has been flexible,
concrete finish has
successful,
hot laid surf
initial tem
asphalt,
The latte

torways
though a
proved equally
The application of the final
ace at once, or the use of an
porary surface of fine cold
has been subject for debate,
( r does give more facility for
adjustment of small settlements which
are likely to occur, but the application of
the hot laid surface (which has consider-
able_ strength  in  tself) gives the
maximum strength to the whole road

when it most needs it and the Ministry
of Transport at present favours thjs
course.

Precast Concrete Bridge Units

The constructio
has fallen largel
substructure wh
work and the s

n of motorway bridges
Y 1IN0 twWo parts—the
ich is invariably in sjte
uperstructure, which is

(Continued on page 37)
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THE PROBLEM OF MOTORWAYS
IN FRANCE

FRANCE has an exceptionally close

network of roads as, inaddition to
82,000 kilometres of National High-
ways, it includes 1,350,000 kilometres
of roads of different administrative
classifications, namely, * Departmental -
(i.e., State Highways), ‘‘Communal”’
(i.e., Local Body Roads),  Rural ”’ (or
Village Roads) and < Urban Roads *.
This network is a heritage which has

come down to us progressively in the
course of many centuries.

It can thus be seen that the problem
of building motorways in France has
arisen in quite a different way than in
the case of other countries, and that the
comparison between the length of
motorways existing in France with that
in the neighbouring countries is not as
unfavourable as would appear from a

superficial examination of the ques-
tion.

Again it is necessary to add, as the
data of the problem, the great diversity
in the geographical, demographical,
economic and political conditions in

France and the neighbouring coun-
tries.

When towards the end of 1935, the
development of automobile traffic led
the Highway Engineers to re-examine
the road network, the conclusion was

31

that, exceptin certain very exceptional
cases—e.g8., bye-passes at big towns or
cities—the best use of the highway funds
would be to improve the characteristics
of the existing roads, particularly on
some important routes selected in view
of their importance.

And yet it was at that very time that
the construction of the Western Motor-
way at Paris, and of the motorway links
in the City of Lyon was taken up and
the construction of a motorway connec-
ting Paris with the North of France and
Belgium was projected.

After the Second World War auto-
mobile traffic increased by leaps and
bounds, and as a result of the creation
of the Highway Investment Fund, the
programme was extended to the construc-
tion of four motorways meant to bye-
pass the great urban centres of Paris,
Lille, Marseilles, and Lyon.

Then, in 1955, a Five Year Plan
comprising 640 kilometres of motor-
ways connecting cities was drawn up.

As aresult of the implementation of
this Plan, and those preceding it, 217
kilometres of motorways have upto now
been opened to traffic.

This programme was extended by a
decision taken in 1960 concerning 3,306
kilometres of motorways, the comple-

A. RUMPLER
President, Permanent Internatio
Association of Road Congresses,
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Southern Motorway——Paris
Connection with the Ring Road of Paris Southern Motorway—Paris
View taken from the North Three-level structure

Western Motorway—Paris Esterel-coat D’Azur Motorway
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Esterel-Cote D'Azur Motorway~ Toll post at Mandelieu (Aeriel View)
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Western Motorway—Paris
Access Tunnel

tion of which is expected during the
period 1960—1975. The programme has
three degrees of priority :

1st priority ... 1,828 kilometres
2nd priority ... 571 kilometres
3rd priority ... 907 kilometres

If to this, the length of motorways in
use or under construction is added, in
1960 we get the total length of 3,560
kilometres.

The choice between the construction
of a new motorway and the improvement
in the characteristics of an existing
National Highway rests essentially on
the volume of estimated traffic. A
motorway is the onlyreasonable remedy
applicable to the main routes, called
upon, in the near or distant future, to
carry heavy traffic, thatis to say, going
upto 10,000 vehicles per day.

Moreover safety of traffic under such
conditions implies the characteristics of
a motorway :

Control of access—suppression of
crossings, separation of traflic in oppo-
site directions. Expericnce gained so

5

far shows that, for equal traffic volumes,
the motorway leads to 60 to 70 per cent
reduction in the cost of accidents as
compared to a road of normal design
characteristics.

The general characteristics of motor-
ways are clearly defined in France by
legislation:

< Highway routes with special
destinations, without crossings,
accessible only at points meant
for the purpose, essentially
reserved for  mechanically
propelled vehicles”’, and on
which ¢ the abutting proper-
ties do not enjoy any right of
access .

Statutory provisions impose certain
restrictions on traffic of motorways,
notably :

prohibition of parking on the
carriageways or on the berms,
except under circumstances
beyond one’s control, and in
that case, obligation to do
everything possible to clear the
roadway quickly ;
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prohibition of the use of open-
ings in the central verge meant
for needs of maintenance, and
making “U’ turns through
them.

What are the gcometric characteris-
tics of motorways.

As regards the cross-section, two
carriageways of 7 metres each are pro-
vided, being increased to 10.50 metres
each on sections common to two motor-
way routes. The carriageways are sepa-
rated by a central verge of 5 metres
width and are flanked by berms whose
width is determined by topography and
environments. The formation width,
accordingly varies between 25 metres
and 27.50 metres for a motorway with
two 7-metre carriageways, and between
30 and 33 metres for a motorway with
two 10.50 metre carriageways.

The carriageways have a uniform
slope of 1.5 per cent to 2 per cent to-
wards the outside, carried through cur-
ves on 1,000 to 1,500 metres radius but,
in that case, towards the interior pf the
curves.

The radii of horizontal and vertical
curves are fixed as a function of the
design speed, which again depends on
topography and site conditions.

Wherever possible cvery effort is made
to impart to the Plan as 10 the longitu-
dinal section characteristics correspon-
ding to a high design speed but as the
chief merit of a motorway is c.ssel}tially
traffic capacity, a high capacity is pre-
ferred 1o a high design speed.

For instance, the design speed was
fixed at 160 kilometres per hour for the
motorway in North of France (plain
country) and 80 km per hour for the
Esterel-Cote d” Azur motorway h_uilt in
a very markedly mountainous region.

As regards the choice of the type of
pavemcnt--—~bituminoug carpet or cc;ment
concrete- -it depends, in each particular
case, only on the initial cost of construc-
tion and the present value of the
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subsequent cost of maintenance an
renewals,

The entries and exits from the motor-
ways as well as intermediate accesses
consist only of lateral disengagements
without any cutting across, and are
hmlled in number, as each ZlCCCSS isa
point of conflict creating disturbancc\ilcl
traffic. At intermediate access points
acceleration and deceleration lanes of
200-metre lengths are provided,

Motorways compri 1

iS¢ certz -
mentary works: ' eriain supple
On  straight alignments the
central verge is planted with
shrubs, arranged in groups, to
prevent headlight glare in sec-

tions where street lighti 1
: ight y
not provided : srme s

A tele-communication table is
laid to serve telephonic cal|
boxes for assistance regularly
spaced to enable contact with
one or more buildings where
SEIvices in charge of enforce-
ment are located;

And, of course
toll roads tof]
are situated at

» in the case of
collection posts
access points.

As a matter of f, it i
act, 1t is admj
;]em\f on thte) one hand, motorways I::'lhtltglcll
IVC as Dye-passes in the ne;
ye-pa nej -
hood of big citjes should be frggtt)‘?grrn

tolls because it s i
Import; '
should attain the ma i, g aat they
city and because the
very small on the short | i

' : engths of
motorways. On the other hand 'tthﬁse
been decided that I et

. S mnotorwa
Ing big cities should be toll ggac‘l::“nect-

return from toljg is

iu;{?ﬁc dein?tilplc olf this levy is, indeed
E ¢d, althouy 1 it i )
drawbacks : Exu%l . It involves certain

) : ost of cons ;
and some evasion by traflic - truction

The t.oll is not a fiscal measure

ut 1s a rem .
. Muneratjon
Service rendered ; for
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It prevents the development of
disparities betwecn  different
means of transport ;

And above all it lightens the
burden on the national budget
and thus brings nearer the
time when the construction of
a motorway can be taken in
hand.

To bring tolls into effect, the Govern-
ment has constituted societies with

-mixed economy in which public bodies

as well as private concerns are associa-
ted. The works are then financed by
capital contributions or by raising loans,
the interest and amortisation of which

(Continued from page 30)

largely precast. The quality of precast
units has reached a high level and the
finish is, for the most part, excellent.
The small compact anchorages and
smaller stressing gear currently used
have made easier the secondary pre-
stressing and transverse-stressing in
restricted spaces.

Much experience has been gained in
high-grade concrete and this can now
be produced with consistently high
strengths. By early striking of shutter-
ing, rubbing down with a wooden float,
and the filling of blow holes with a
silica sand, grout can effectively be
done. Bush hammering is frequently
used as a surface finish and also point
tooling, though the latter is more
expensive. Plastic linings to shutter
panels are being used to give a large
and rugged block finish. It is essentijal,
however, whatever the finish, for good
shuttering and good concrete to be
used,

As far as decks are concerned, a plain
line seems desirable ; ornamentation of
the deck face does not enhance the
appearance of the bridge.
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are guaranteed by the income from tolls,
the loans being furthers-inderwritten by
the public or private bodies concerned.

The first toll motorway built in
France is the Esterel-Cote d’. Azur Auto-
route which runs along the Mediter--
ranian coast for 50 km and was opened
to traflic on July, 1961.

(The above article was very kindly
translated from French to English by
Shri J. M. Trehan, Deputy Standards
Officer, Government of India, Ministry
of Transport & Communications, Depart-
ment of Transport, Roads Wing, New
Delhi.)

Further research seems necessary to
overcome difficulties arising from settle-
ment at the point of junction between
bridge abutments and main banks. Tt
is possible the use of a wedge-shaped
piece of weak concrete might allow
compacting plant to be used right up to
the abutment.

Among the many bridge works so far
completed, the Don Viaduct, 760 feet
long, has an interesting design, to cope
with anticipated extensive mining subsi-
dence ; Barton High Level Bridge, 2,455
feet long, carries the road over the
Manchester Ship Canal at a height of
100 feet; Creswell Viaduct, half a mile
long, has three bridges connected by
embankments which are built on rein-
forced concrete rafts, bearing on piles
carrying the load down through peat to
the strata below.
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THE BASIS OF THE IMPROVEMENTS TO THE BELGIAN
ROAD SYSTEM (NETWORK)

By
H. HONDERMARC *

BELGIUM is a small country situated
in the Western part of Europe

between France and

Germany and

Holland and opposite to England. 1is

area is 30,507 sq. km.

its population

has reached 9 millions and has increased
on ‘average
years. Tts density of population is one
of the highest in Europe.

by a million,

every 25

The road network is also very dense,
surfaced roads, inclusive of the urban
thoroughfares, total to nearly 53,000 km.
important routes of
communications happen to account for

Of this total,

about 23,000 km. Oy
are in the charge o
The length of free w :
(auto routes) so fa?y?norurs?tiosr-lfgds’
200 km. 1L IS envisaged that their l(enotlf:
would rise to 550 km by 19l65 "
ultimately reach 1,528 km, Simulta o
sly, the standardisation of the oSt
Important routes will be proceeded wi(t)fslt

The problem of ;
. improvem
zjhe Belgian road network js at grrlé:emt
al(l)tr1111121]t;‘:(i by the growth of number gf
endomfo iles. Its development since the
of the war is given in Table 1

t of this 10,000 km
f the Government,

Tanry |

Development of Belgian Automobile

Year Motor cars Auto bus ! Lorry ‘
e ) § 3 l Total
1944 12,957 141 25 2%’ Co
1045 16,120 261 60,234 41,364
1946 86,001 790 91 039 106,615
1947 129,329 1,439 10,732 177,830
1948 177,2~8 1,942 125’73; ?41 L300
1949 226,961 2,176 ]3”’8“ 304,969
1950 273,500 2 325 142 941 359,945
1951 304,044 2,493 151 450 418 165
1952 343,000 3,069 147306 38,0149
1953 365,057 3,363 159026 4903 375
1954 439,623 3,352 132 135 530 446
1955 re 575,025
1956 537,131 4,389 144 146
1957 685, 666
1958 633,349 5,058 155,915
1959 T 794,329
1960 782,111 3,500 170,259
- 157,893

*Director General of Bridges and Rowds, Belgtung
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COMPARATIVE INDICES OF THE GROWTH OF VEITICLES AND OF 'TRAFFIC
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Fig. 1

It can be seen that before long
we would reach a figure of one million
vehicles. The largest portion consists
of private vehicles above 80 per cent,

0

and small proportion of commercial
vehicles viz. about 20 per cent which has
increased less rapidly than the private
vehicles. None-the-less from the point of
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view of traffic, reverse isthe case. Atia-
ched diagram, fig. 1 shows that since
1949, the index of traffic of utilitarian
vehicles have increased more rapidly
than that of total number of vehicles
in circulation where-as the index of traffic
of private vehicles, on the contrary,
has remained constantly below the
index for the total number of private
vehicles.

For the entire traffic, it can be said
that 1t has increased in the same
proportions as the total number of
vehicles. But this is not true on the
whole: on certain roufes, particularly
important ones, the traflic has increased
more rapidly than the increase in total
number of vehicles. Also notwith-
standing the density of the network,
most of the roads have attained or
exceeded the admissible level of satu-
ration.

The estimates of the  growth
of total number of vehicular auto-
mobiles and the traffic in the ensuing
years is no less impressive. The
investigations made on many sides
make one to think that in about
20 years, the number of vehicles would
reach or cxceed a figure of 3 million
vehicles and that it would continue to
increase upto about a limit of 400 to 500
vehicles per 1,000 inhabitants. It Could
be expected that at that time the actual
number of vechicles and the traffic gene-
rated will be five times higher

On account of the rapid increase of
the traffic, unfortunately it Is very
frequent that the improvements of roads
carried out do not correspoad to the
future needs of the traffic and only cater
to the traffic level which has ajready been
exceeded since many years. In that case,
the realisation of the urgent mmprove-
ments necessitate measures which are,
generally more costly than those initial-
ly needed for the requirements of
traffic.
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The Belgian Roads Administration
has thus been led to conceive of
combmed plan, taking into account thé
maximwm - anticipated needs of thL
traffic and those which would bri :
about the integration of the measumg'
aimed at the progressive adoptation rets_
road network to intermediary {eye] of
nafﬁc..Of course, the system of Sl?f
exccution of works is influenced t‘oe
factors other than the traffic andin d
ticular the  economic contingcn(}:)'ar-
But what is essentially of importanc)e's:
1bat the improvements realised pro Fes.
sively should be consistent withgrei]s.
ultimate solutions and safeguard the
possibilities of their realisation the

How 10 face the econo
finances available
demands of traffic?

mic‘situations,
and the Increase in

The study of this question
for some years in Belgium, hag led to

conclude that it ig ]
' 18 possibl ‘
satisfactory solution of this ;rotglefiﬁd !

undertaken

Tt can be stated that, iz
traffic is very unequally ;gstcrt‘_,b:ll:edroad
the arteries of the road system (n -~
in as much as that aboyt 79 per e\twork)
the total traffic is concentrated o
per cent only of the length of the nz:)tli}on3 Ol
a

some main roads or h

the centres of economic activit CO?nem
country. By limiting the con}s[t0 the
of new roads of very hig cmcufm
to these axisitis possible 1o LoCiY
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The map, given below, Fig. 2, repre-
sents what the Roads Administration
has estimated necessary for the ensuing
period of 20 years. Thefreeways repre-

Deceember 1961

than 5,000 population. The network
thus constituted, would in their turn
be completed by a network of
sccondary roads, not represented here
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sented by a double line are laid out new
in site, to a formation of sufficient width
to permit their ultimate widening.
Their length totals to 528 km.

The primary network, represenied by
a single line, does mnot differ in
fundamentals from the present network
improved by widening and standardjsa-
tion. The new roads only totaling to 423
km. Thisnet work divided into two cate-
gories of roads, called primary 1 or
primary 11, according to their import-
ance, serve all localities with more

of road system 1960

and having a total length of about
3,000 km.

On the whole, 1,307 km of freeways
and 423 km of new roads must, still, be
constructed while 2,187 km of roads
must be converted from 2 to 3 lanes,
156 km 3 to 4 lanes and 327 km of 2
to 4 lanes.

The manner of improvement of the
Belgian road network would be integrated
harmoniously with important European
itineraries defined by the Organisation
of the United Nations (Fig. 3).
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Standards have been drawn up for the
construction of the new roads or the
improvement of the cxisting.  The
section would comprise, at least, two
lanes of traffic with cach 3 meters
width.

The roads which form a part of the
international nectwork have been dealt
with in a manner to take head of all the
international standards promulgated at
Geneva.

Fig. 4 gives the number and the width
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Category of the road

Number of

Width of

Standard

Traftic lanes lane Class T+ Class IT | Class 11T
|
Freeways 4+ and more 3.75 A B 3
Pritnary Jort 350 B C D
System |
Primary 2 3or .50 G b E
Systern 11
Secondary 2 3 D 1 K
System
Tig. 4
Belgian Standards
]: Longitudinal Section
‘ ——
| In plain s a ‘
g oA Straight |Final max., . ’
‘ . Safe Speed | Minimum | 5. : Maximum Cross
Standard in Km/h Radius in Ah_"n ment MGradfeflfh gradients Sections
} m "R. Convex | Visibility . in ~ Max.
‘ minimum ; min. | per cent |in per cent
N | o imem | inom S R
‘ A 120 770 19,500 300 4 3
B 100 470 9,200 200 b 4
C 80 260 3,700 130 6 5
D] ) 130 1,200 70 8 6
) 40 50 300 35 10 8
Tig. 5
Practical Capacities
Volume
: Number of .Absolute Index of capacity
Category o , - index of
lanes ! i . per lane
= Hourly |Per day & capacity
— - [ —
Fre&way 2 x4 7,000 60,000 10 2.5
N 2 % 3 5,500 45,000 .5 2.5
" 2% 2 3,500 30,000 5 2.5
Ordinary 4 2,500 20,000 3.3 1.66
Road
’ 3 1,200 10,000 1.7 1.11
I 2 750 6,000 1 1
Fig. 6
6 43
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The international standards recom-
mend routes with more than two traffic
Janes for a traffic flow of more than
600 vehicles per hour with 30 per cent
of heavy vehicles or 900 vehicles per
hour without heavy vehicles. It is
further recommended that every time
it is possible, divided highway with a
central marginal strip  should be
provided.

This layout has been adopted for all
the Belgian Freeways and Expressways,
Yet, in the modernisation of the exist-
ing roads, simple 3-lane roads have
equally been provided for 30th peak
hour volume corresponding to 750 to
1,200 vehicles per hour.

3.lane roads have, sometimes, been
represented as excessively dangerous.
In reality, for a volume of traffic between
5,000 to 10,000 vehicles per day, their
accident rate is lower than those with
two-lanes. On the contrary, they are well
adapted to a traffic volume unequally
distributed in both directions, which
is generally the case of peak volumes.
And they permit accordingly animprove-
ment of the itineraries when, asitis
the case in Belgium with high density of
population, the widening of form-
ation for the construction of a divided
highway would lead to mass scale
destruction and expenses of expro-
priation outrightly prohibitive.

When a divided highway is impera-
tive, the economic solution in our
country is generally the construction of
a new road outside the built-up areas.

Figures 7 and 8 represent the typical
cross-sections of different categories of
roads constructed with reference to the
above standards.

The width of the traffic lanes are to be
increased in curves. Cycle paths have

. been provided with for a daily average

volume beyond 500 cycles per day.
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The distance between the alignments
normaily permits the provision of a
parking or safety zone of 2.50 m. to
3.00 m. between the carriageway and
the cycle path.

When the normal width between
alignments is not realisable, one sacri-
fices successively the berms, the ditches
and finally the parking strip.

The photograph given below shows
an example of recent constructions of
a freeway, of roads with 4, 3 and 2 Janes
of traffic of a primary network and also
one road belonging to the secondary
network.

There is still to say a word about
financing the works provided in the road
programme.

In principle, the financing of road
works is the responsibility of the State.
Nevertheless, the necessities of the
financial policy of the Government often
hinder the grant of as much credit to
road works as would be necessary for
permitting continuous realisation of
a rational programme. That is why the
Government created in 1955 a special
organization for financing road works,
called ¢ Autonomous funds for roads”.
This organization enjoys a legal indivi-
duality distinct from that of the state
and can by itself issue public loans
upto total amount fixed for a period of
15 years.

The financial responsibility of these
loans is guaranteed by the State, which
reserves to itself the right of the finan-
cial administration of the funds,

This organization has given vigorous
impulse to the road works in Belgium.
During the first 5 years of its existence,
it has to its credit of making 1,829
allocations totalling to 13.043.000.900FB
having permitted the construction of
187 Km. of freeways, improvement of
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ROAD CONSTRUCTION IN EGYPT

By

Y. EzZELDINE

Introduction

MOTOR vehicles are influencing in an

ever increasing extent, the popular
economy of all countries. If roadsareto
be useful they must give the shortest con-
nection between all parts of the country
and must be so built that they should
remain smooth and serviceable with a
minimum expenditure for maintenance.

Since the vo'me of traffic and the
number of motor vehicles is conti-

nuously increasing (in 1959: 1,03,000
vehicles), the road construction has
become an all-important problem of life
in Egypt.

The real development of the net-work
of roads in Egypt began only since
1952 ; when the revolutionary govern-
ment instituted studies on industrialisa-
tion and construction, special attention
was also devoted to road construction
projects.

—  Surfaced Roads 1952-60

;
K Jsmailia
\.éf“u""”
kY

—-‘._,4----[--__--",§

Cairo-Alexandria Motor Road
------ Five Year Plan for the extension = ~-==- Planned Motor Roads
1960-65

Fig. 1 Extension Scheme for the roads in the Nile Delta upto 1965,

(a) Surfaced roads 1952—1960.
(c) Cairo-Alexandria Motor road.

(b) Five year plan for the extension 1960—65,
(d) Planned Motor Roads,
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Geographically, Egypt possesses a
remarkable position. It lies at the
intersection of the principal routes of
three continents, Africa, Europe and
Asia. The significance of this position
for international traffic both on land
and sea as also in the air cannot be
sufficiently emphasised. It is, therefore,
important that we must devote the
greatest attention not only to the plan-
ning of our internal road system but
also to their construction in accordance
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History of Roads in Fgypt

The history of ro
history vad construct; i

Egypt.‘ls lost in the darkness ol#it}:gn o
cen.tuues till 2,700 before the periO(IlmSt
g;:t era, whpn mankind constructed ﬂOf
connecting way between the st "
quarrics in the Eastern NiJyfer 'mii (3116
< e

the pyramids, The

connecting way or road—about 1 k
| m,

with the necessary standards.

S wa

_Alexandrien

7
o

7

)‘

Assiyt B8 \

Fig. 2. Lxtension Scheme for roads in upper E

(a) Road already reinforced before 1952
(c) 5 year plan for the extension 1960-65.

It is obvious that the level of road
construction in our country must be so
maintained that the constructed roads
cannot only take up the increasing
traffic resulting from our own develop-
ment, but our roads must also be suita-
ble for the task within the network of
international connecting roads between
the countries of the Middle and Near
East,
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Public Works, which in those times was
predominantly concerned with irrigation
problems and roads were used only as
facilities for the maintenance of irriga-
tion canals. In 1912, this small depart-
ment was separated from the Ministry
of Public Works and the Department of
Roads and Bridges—now called the
Roads and Inland Trafiic Department—
was founded and was concerned with
the maintenance of the non-metalled
roads along the canal dams, in order to
connect the different parts of the
country with cach other. In the period
between 1912 to 1936, the maintenance
of the non-metalled roads was its chief
task, and only 400 km of roads were
actually metalled—an average of only
17 km per year.

In 1936 the activity of this depart-
ment increased, and on an average, up-
to 1952, about 130 km of roads per
year were improved. Duringthe 7 years
after that, the annual average of newly
strengthened roads increased to 300 km.
Today there exist over 5,700 km of sur-
faced roads in Egypt and more than
2,000 km are under construction, though
atthe same time we find still 12,000 km
more of non-metalled roads as in Figs. 1
and 2.

Problems of Road Construction

The Government has clearly recog-
nised the importance of establishing the
greatest possible lengths of roads in the
shortest time, since roads are in demand
for the national security and defence as
well as for the national wealth and
economy.

Besides the administration costs of the
Highways Department and the costs
for maintaining the non-metalled roads,
the yearly budget for the actual road
construction amounted to not more than
4 million Egyptian pound. From 1952 till
to-day the yearly budget for road cons-
truction has increased step by step upto
6 million Egyptian pound. At the same
time the collections from taxes on motor
vehicles, petrol, tyres, etc., are esti-
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mated at about 14 million EgyptianPound
for 1958. We can, therefore, say that
less than § of the money collected from
the road users is spent on Road Con-
struction.

1. THE EGYPTIAN POTENTIAL FOR
ROAD CONSTRUCTION

(a) Favourable conditions for road
construction

There are many conditions in Egypt
which are favourable for road construc-
tion and for the possible development
of a suitable road system.

Weather and Topography

The weather as well as the terrain in
Egypt are favourable for road construc-
tion and maintenance. Since heavy
rainfall and frost with its damaging
effects for the road surface do not occur
in the greatest part of the country, the
necessary expenses for adequate roads
are very much reduced. The terrain is
generally flat and well drained and these
conditions also considerably reduce the
average costs of new roads.

Materials

Egypt is in the lucky position of pos-
sessing more than sufficient quantities
of sand, gravel, rock, bitumen and
cement required for road construction.
There are numerous quarries for these
material in the deserts and hills on both
sides of Nile valley.

The Refineries in Suez can produce
yearly 1,60,000 tons bitumen. The esti-
mated consumption of this product
generally do not exceed 1,20,000 tons.

The three cement factories existing in
Egypt can produce yearly 1,20,000 tons
of cement. The requirement of cement
for road construction do not, however,
exceed probably 5% of this quantity.

Public Support

Today there is in Egypt a genuine
public interest in better roads which
supports all road programmes,
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Itig.
Making the foundation with
motor grader.
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Fig, 3

Use of levelling Caterpillar

tractor for making the
substructure,

Fig. 5
Grushing of Clay sojj with

Pulvi-mixer.
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Fig. 6.
First class road
after completion,

Technical Personnel

Finally the success of every road con-
struction programme depends, to a
great part, on technical personnel which
is responsible for carrying out road
structures. A centre for training techni-
cal hands has already been established.

(b) Unfavourable conditions for road
construction

Unsurfaced Roads

The large number of unsurfaced roads
of several kilometres, which probably
most be taken into account in construc-
tion programmes, represent a basic
problem which cannot be avoided, but
the problem of classification and
urgency and even the removal of some
roads from the system of the country
can be gone into and solved by sound
technical planning.

Transport of Material

Although there are several good quar-
ries for aggregate material in Egypt and
the deserts provide material for the buil-
ding of local roads, there is a percepti-
ble want in aggregate material in large
regions, especially in the delta. This
problem of transport of aggregate
material was very serious in the past and
had increased the costs of surface-build-
ing considerably in many regions.

Soil Problems

The type of soil, occurring in the
delta, often presents serious problems

7
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for the production of sub-grade and
earthwork. In many regions, the land
is very costly and the roads must be
logically built on embankments of the
canals. In addition to the stated charac-
teristics of the delta soil, the problem is
made still more difficult by the fact that
every soil which is disturbed in its
natural structure no matter since what
time it may have been filled up, requires
very careful and costly methods of con-
struction in order to give a reliable
foundation for surface covering. High
ground-water level below the road sur-
face is like-wise a frequent problem.

Problem of Machinery

We have the problem of insufficient
deliveries of road building machines and
spare parts, since the countries which
already possess a large number of im-
proved roads, according to all appear-
ances, employ essentially more imple-
ments during the construction and for
maintenance of these roads. The speci-
fications of road building require the
employment of modern machines which
every building contractor must possess.

3. ROAD GONSTRUCTION IN EGYPT
Road construction practice before 1950

The building of first-class road sur-
faces in Egypt was limited only to a
few general types; a large part of this
surfacing has a substructure built by
heavy stones with various bituminous
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basis. Other types include also concrete
surfaces.

The use of the stronger hand-built
basic layers for the substructure is ex-
pensive, even when relatively cheaper
hand-labour may be available. Although
till 1950, thesingle layer method of con-
struction was employed in road-build-
ing, this method of construction has
been abondoned.

The bituminous method of construc-
tion for high class road surfaces inclu-
des impregnated macadam, asphalt con-
crete mixtures and soil cement stabilisa-
tion.

Road construction practice after 1950

The most important development in
road building in the past 10 years was
the revolutionary step in the use of road-
making machinery. This increased the
output considerably and improved the
quality of work. The soil could be
better compacted, the substructure can
be laid down with greater accuracy and
consolidated, and the surface can be
laid with incomparably better wearing
qualities.

(a) Substructure and earthwork

Till now practically all the roads
were built on canal embankments and
consisted of the silt excavated during
the construction of the canal. This silt
soil forms a very weak substructure for
the roads. Egypt has carried out resear-
ches for long years for improving this
soil. No doubt in the past years the
knowledge of the soil and its treatment
has developed more quickly than the
knowledge of any other facts in road
building.

The part which the water content plays
in the behaviour of the soil is of funda-
mental importance. Due to 1ts property
of binding together the soil particles,
a limited quantity of water contributes
very much to the bearing capacity of
clay soil, while on the contrary, too
high a content of water reduces very
much - the bearing capacity
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Now-a-days before plannin

\ g any new
rogd. in Egypt very thorough and de¥ailed
soil investigations are made,

For road and embankments, the syste-
matic consolidation of the soil is recom-
{ner}de'd. The soil must be consolidated
in limited thicknesses of layer of 15 to
25 cm, Whgreby the degree of consoli-
dation attainable depends on the water
content. Modern earth moving appara-
tus like the ¢ probe bucket’, have a good
consolidation, but very often special
consolidation apparatus like rubber
wheel rollers, smooth wheel rollers and
vibration rollers are used in special situ-
ations systematically for consolidation
Tests are carried out on the construc.
tion site in order to find out the degree
of consolidation and to ascertain the

necessary quality of the ¢ i
iy onstruction

(b) Surface construction

The practice of fixi
thickness according to I:lgne tsfcl)fi:l S%fi;e
ties and the traffic load has been inrt)ro:
duced only in the last 10 years. The
basis for the surface construcfion is
formed by the experiences of our
Engineers on the results of the concerned
roads and the study of factors which
lead to damages. One of the best known
methods which is applied by our depart-

ment is the California Beari r
(C.B.R.) test. caring Ratio

(c) Construction

of the foundati
roads Joundation of

fA fundamental cha
of materials for the substruc
S ture h

taken p!ace; in Egypt. The necessity fgi
mechamsatlgn had led to the giving up
ilgiﬁ“d entirely, of the traditionai
m od of employing hand-set basic

yers and instead of these broken mate-

rials are employed. Th i
of foundation are now 352(2111'0Wlng wpes

nge in the choice

(a) Ordinary concrete
substructure
(b) Broken limestone

(c) Pit gravel

15 cm thick.
20—25 cm thick.

15—25 cm thick.
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Till then they were not used for the
substructures for road building. This
kind of substructure of sufficient strength
contributes, however, very much toa
solid quality of surface and is very much
more economical, thereby costly foun-
dation material can be replaced.

(d) soil-cement stabilisation

The soil-cement stabilisation is a
development which has perhaps contri-
buted more to economy in road building
than any other process. In Egypt especi-
ally in the north of the delta where sub-
structure material cannot be made, the
soil-cement stabilisation is successfully
used to a great extent.

Various kinds of additions are made
for the stabilisation. Very good results
were obtained by addition of cement
and granular substances, whereas experi-
ments with bitumen or oil were unsuc-
cessful.

Approximately 200 km of road were
built with stabilised substructure.

It is necessary to carry on further ex-
periments with the Egyptian soil before
bigger programmes could be carried out
by using the soil stabilisation method.
The Egyptian soil has qualities which
must be carefully studied among which
also the problem of a high ground-water
level particularly in the agricultural
regions.

(e) Road surfacing

In the construction of road surfaces,
enormous progress has been made in
Egypt. All types of surfacing were laid,
beginning from the surface-treatment in
a thickness of 1 in. upto asphalt-concrete
of 10 cm thickness and concrete-surfac-
ing of 20 cm thickness. The principal
types of surface commonly used in Egypt
are:

1. Impregnated

macadam 5 cm thick
2. Double surface
treatment 2 cm thick
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3. Sand-Asphalt

mixtures 5—10 cm thick.
4. Cold Asphalt
mixtures 5-—7 cm thick.

5. Asphalt concrete 4—10 cm thick.
6. Concrete 10-—15 cm thick.

Modern machines and implements
were employed in surface-construction
in Egypt. The specifications for the con-
struction of qualitatively high grade
surfaces are very strict.

The Engineers in Egypt as in every
other country are faced with the pro-
blem of making the right choice with
regard to the asphalt mixtures, the
aggregate substances in the mixtures and
the laying of the surface.

It requires still further patient investi-
gation to find out the best mixtures in
relation to the bearing capacity and
investigations of material to find out the
best aggregates for the surfacing.

The motorable qualities of the roads
are now-a-days essentially better than
before.

3. IMPORTANT ROAD STRUCTURES IN
EGYPT

(a) Cairo-Alexandria Motor Road

The most important road-building
carried out in Egypt was the Cairo-
Alexandria Motor Road.

’\\ e A0 - -
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Fig. 7 Cross section of the Cairo-Alexandria
Motor High Way

(a) Track for local traffic 10 cm. gravel
base, 2, 5 cm. bitumen covering.

(b) 10 cm. asphalt concrete, 25 cm.
gravel, 15 cm. stabilised sand.

This road was planned as part of the
connecting ways which connects Cairo-
(Capital City) with Alexandria (the
principal port). It has a length of
200 km and cost more thana 6} million
Egyptian pounds. It consists of a four
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surface treatment.

asphalt. © g &
A sand basis consolidated with

(c) Old Gravel sand road. clay.
(d) 15 cm. clay 1ayer reinforced with sangd
lane road witha central strip 2to 4 m as subgrade ip
wide. the motor roud

The main characteristics of the cross- with the old road

sections where
was covered

covering,
section are: 3. g“f’er‘;zﬁ of hot-mix for groad
1. The substructure was formed 4. Theb g .
of pit gravel for the first time - ee inl;lemg_of over bridges at
: Isections wj
in Eg)"p't. roads and railw:ysv,mh canals,
2. The giving of the old surface- 5. Thelargequantities f i
covering which was used only which were used ion ngat'iril.al,
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and indeed more than 4.5
million cbm. soil working,
350,000 cbm. sand, one million
cbm. pit gravel, 200,000 cbm.
broken aggregate substances,
and for surfacing, 32,000 tons
bitumen and 30,000 tons. filling
material.

This road was open to traffic last year
and carries traffic of more than 6,000
vehicles perday.

On the basis of the success of this
road, the department is studying plans
for a system of motor roads which con-
nect the principal towns of the provinces
with each other.

The total length of the system of
motor road amounts to about 1910 km
and 3 stages of construction have been
provided.

1, Section 700 km 28 mil. Egyptiar pounds
2, 670 km 27 mil.
3. . 540 km 22

12

(2] ”

For every section, a building time
of 8 to 10 years was calculated accord-
ing to the means available. The financ-
ing of such a system of roads must be
considered by the Highest Authorities
and must be defrayed from the provi-
sions of the Government Budget.

(b) Road in the Nile valley

In the last seven years more than
1,700 km of surfaced roads were built
in the Nile valley which corresponds
to a doubling of the existing surfaced
road construction according to different
methods. It is interesting to know that
more than 20 different types of roads
were built simultaneously. No doubt we
had many roads which were a success
but of course failures also were present.

The substructures of the road were
built of limestones, coarse gravel,
impregnated macadam and of stabilised
soil with bitumen sand clay, and sand
asphalt. The surfaces were laid with
surface treatment, cold mixed substan-
ces, sand asphalt mixtures, asphalt con-
crete, asphalt spilt and concrete.
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During this time the department
gained great experience which helped
to find out the best method for econo-
mical road construction.

The following remarks might give an
idea of the problems of construction
which faced the department and which
had to be solved.

1. Planning problems because of
want of information on the
density of traffic load and
frequency. The want of
accurate information and
experiences of investigations on
the availability and quality of
road-building materialin Egypt.

2. During the construction of
the different types of road
many problems cropped up.
The sand-clay stabilisation was
not successful on account of the
bad quality of the Egyptian

" clay soil. Clay with L.L. 80
and P.I. = 30 can only be
pulverised with great difficulty,
and mixed with sand. Soil
with 10 per cent cement proved
not suitable under the above
circumstances although better
results were attained in other
regions where the-soil condi-
tions were differ ent. The soil
stabilisation with bitumen was
a failure on account of the
lack of adhesion between the
clay particles and bitumen.

We had also a few defects in road
surfacing which were for the most part
traceable to the problem of material.
Lime mixtures proved unsatisfactory
in many regions. We had also difficul-
ties in the use of surface treatment on
account of the fact that material and
implements were not satisfactory.

On the other hand, we have very
successfully built roads according to
the following methods :

a. Broken rocks
b. Coarse gravel
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Fig. 16
Concrete road in Egypt.

Fig. 17
Road Bridge in
Reinforced concrete.

Asphalt impregnated macadam
Sand asphalt mixtures
Asphalt concrete

f. Cement concrete

There are 5,700 km. of black top roads
and 400 km of concrete roads. The

concrete construction is used to a great
extent in Air ports.

(c) Desert Roads
We possess already over 2,500 km of

o a0

surfaced roads and further 2
in the course of building.r 000 km are

Actually we have no i

! problem
construction of roads in the I(Iilestcget
regions. All building materials are
avallqblc and there does not exist an
subsoil problem. y

The r.oads‘ now under construction
ared bu_llt with ‘& substructure of hot
Sand mix, on which asphalt concrete is
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applied as a wear-resisting layer for
attaining sufficient firmness.

Most of these roads in the desert were
built to suit the needs of industrialisa-
tion. Further investigations were carried
out corresponding to the necessities of
mining.

4. FUTURE PLANS FOR ROAD
CONSTRUCTION IN EGYPT

The plans for the future road con-
struction in Egypt distributed over the
next five years contain the following:

a. Surfacing the road sections of
the road system of the first order which
were till now neglected (see map), which
connect the provincial towns with each
other, and the second step, the surfacing
of the roads of second order which
connect the district towns.

Their length amounts to some
1,200 km and the costs of construction
are estimated at 7.5 million Egyptian
pounds.

b. The metalling of 1,000 km roads
of the third order which connect villages
with the system of surfaced roads. The
cost for this is about 2.5 million
Egyptian pounds.

c. Improvement of old roads and
maintenance of roads. We have
approximately 1,800 km roads which
must be strengthened by new wear-
resisting coating ; the cost of this and
for the maintenance of theroadsamount
approximately to 6 million Egyptian
pounds.

37

December 1961

d. Tourist roads of 100 km length
for which the cost proposed were
approximately a half million Egyptian
pound.

¢. Four bridges over the Nile and
bridge-crossings which cost about
6 million Egyptian pounds.

f. The building of the Port Said
Mataria road through the Manzal sea
for a length of 30 km leads to expenses
of an estimated 3.5 million Egyptian
pounds. The total cost of the road con-
struction within the Five-Year Planis
estimated to be about 26 million Egyp-
tian pounds.

This means that more than five
million Egyptian pounds must be provi-
ded yearly for road-building in the
departmental budget. In addition there
is also the money which is required for
the construction of leading roads to the
mines which need about 10 million
Egyptian pounds in the next few years.

To an increased extent in the next five
years, will also be bulit roads from the
villages to the consumer markets whose
total length amounts to 1,000 km and
for which a cost of about 2 million
Egyptian pounds will be incurred and
which must be provided by the local
authorities.

The conclusion from all this is that
we are facing in the next few years in
Egypt a powerful swing in favour of
road construction since President Gamal
Abd El Nasser and his Traffic Minister
Dr. Mostafa Khalil are for it. More
roads will be built which denotes a
better life for all.
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{inister for Local Government and
Minister for Highways

ROADS give access to land, minerals,

forest, work places and homes, and
serve to transport men and goods from
the places where they are to the places
where they are required to be. With-
out road access, the lands and other
natural assets of a country are largely
inaccessible and unavailable for use. It
is means of transport, especially roads
which give value to potential resources.
Industry and commerce are equally
dependent on the existence of roads,
and the better the roads, the cheaper is
the resulting cost of transport.

As well as serving an economic func-
tion, roads are also the first essential
of social life, to recreation, and all cul-
tural and leisure activities.

Governments are dependent on roads
to aid in making possible the many
public services needed by the modern
community, such as education, police
protection, ambulance, medical and
hospital services, water supply, electri-
city, gas, sewerage, drainage, telephone,
and fire-fighting. Defence also depends
considerably on the availability of good

roads.

In March, 1960, there were 2,802,914
motor vehicles, including motor cycles,
in Australia corresponding to 3.7 per-

HIGHWAY DEVELOPMENT IN
NEW SOUTH WALES

sons per vehicle, 959,296 of

vehicles were in New South Wales these

The roads of New South w
. al
total milage of 127,095 miles.es hxi;]eaet1

30th June, 1957. th
structed as follows :: roads were con-

Dus}less surfaces, mainly
bitumen
Gravel

Earth surfaces

11.24 per cent

34.60 per cent

iy 54.16 per cent
¢ corresponding percent

the United States are as Follows%gzlfg

per cent, 37.2
per ¢ 4 per cent, and 31.33 per

In both countries about 20
of the recorded road milagepecl:.aceent
negligible traffic, and may b i
regarded. Yo dis

A map showing ajj
South Wales wou%d the road

pattern of lines which
to comprehend at fi

s of New
show a confusing
1t would be difficult
st glance. How-
all serve the same

evident tha
roads may be “ranked ” or pltltttil;

““classes ”’, in ord igni
Bt er of significance
a State point of view. I win from

describe the position in the couxili:rSt
areas of the State outside the Coumrz
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of Cumberland which comprises metro-
politan Sydney and its immediate rural
CRVITOTS.

Classes of Roads

Roads in the first class are those
which link this State with other States,
or conncet the vast interior with the
coast. Thesc are the most important of
our Main Roads, and are called State
Highways. The State, through the Com-
missioner for Main Roads, meets the
full cost of constructing and maintain-
ing the State Highways. Most of them
are named, c¢.g., Hume Highway, Oxley
Highway, and so on. The State High-
ways have a total mileage of only 6,504
miles, and thus represent only 5.11 per
cent ot the total recorded road mileage
of New South Wales, but they carry
about 45 per cent of the total vehicle-
miles of travel in the State.

The next roads in order of import-
ance are those Main Roads which,
together with the State Highways, link
the main regions of the State. These
arc known as ““Trunk Roads”’, and by
reason of their importance, the Statc,
through the Commissioner for Main
Roads, meets three-quarters of the cost
of their construction and maintenance,
and the Council in whosc arca they are
situated mects the balance of the cost.

Then, and only a little less in import-
ance, arc the remaining (or ¢“ ordinary )
Main Roads, which, together with State
Highways and Trunk Roads, form a
network linking all districts and all
centres of population throughout the
State. The State, through the Com-
missioner for Main Roads, meets two-
thirds of the cost of the construction and
maintenance of ““ordinary” Main
Roads, and the Councils through whose
areas they run mcet the balance. All
Main Roads together, i.c., State High-
ways, Trunk Roads and ordinary Main
Roads, total 22,423 miles in length, i.e.,
approximately 17.63 per cent of the
total recorded road milage in New
South Wales. The Main Roads, how-
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cver. cariy at least 75 per cent of the
total vehicle-miles of travel in the
State.

The remainder of the roads of the
State, comprising 82 per cent of the
total recorded mileage, but carrying not
more than 25 per cent of the total
trafc, are the roads of local interest,
i.e., side roads giving access to pro-
perties, and their upkeep is a local
responsibility of the Municipal or Shire
Council, although Councils receive
some financial aid as described later.

In the County of Cumberland, which
includes metropolitan  Sydney, the
pattern of roads and road classification
is very similar to that elsewhere in the
State. However, in this case, the Com-
missioner for Main Roads is fully res-
ponsible for all works on Main Roads,
whether State Highways or otherwise.
The Councils are responsible for all
other roads in the County of Cumber-
land, but receive financial assistance
from the Commissioner for Main Roads
on certain ¢ Secondary’ roads which
are accepted as serving to relieve traffic
on Main Roads.

Who carries out the work

The task of the Commissioner for
Main Roads is to carry out the provi-
sions of the Main Roads Act, and in
particular to see that the Main Roads of
New South Wales are maintained and
constructed to meet the needs of road
users to the extent that available funds
will permit. The actual work of main-
tenance and construction on the Trunk
and * ordinary > Main Roads is carried
out by the Municipal and Shire Councils,
who also do all the work on local side
or access roads. In the case of the
Country State Highways, however, and
the Main Roads of the County of
Cumberland, which are the direct
responsibility of the Commissioner for
Main Roads, the greater part of the
construction and maintenance work is
done by the Department of Main Roads,
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the balance being done by Councils by
arrangement with the Commissioner.

Where the Funds come from

The total annual expenditure on
roads in Now South Wales is about
45,000,000 pounds. The funds expended
by the Department of Main Roads total
about 20,000,000 pounds perannum,
and are drawn mainly from Stale taxation
on owiers of motor vehicles, and from
grants from the i‘ederal  Government
known as ~ Commonwealth Aid ™. (The
Federal Government has exclusive rights
in Australia to tmposc a tax on motor

fuel.)

The amcunt which Councils them-
selves contribute to Main Roads works
is drawn mainly from ratingon land and
to a lesser extent from loans. Work by
Councils on local side roads is
finunced partly fyvom these sources, and
partly from a special proportion of
< Commonwealth Aid » which the Fede-
ral Government requires shall be spent
on rural roads which are not Main
Roads. In addition, funds may be
provided by the Commissioner for Main
Roads towards the constiuction of
“Developmental  Roads™ i.c., roads
which have not been previously con-
structed and which if now built will
bring abcut rural development.

Maintenance and Construction

Nearly hall’ the money spent cach year
on the Main Roads of New South Wales
is spent on maintenance, i.c., repairing
the ravages of traffic and weather, so
that the roads and bridges will at all
times give as satisfactory & standard of
service as they arc capable of without re-
building.

The balance of the money is spent on
construction, which mcans providing
facilitics supcrior to those which exist,
for example constructing new bridges
in place of old structurcs, or at sites
where no bridge has ever existed;
rebuilding country Main Roads to
modern standards—sometimes involv-
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ing extensive deviations from existine
routes; rebuilding old road pavcmcu(}i
tbat ‘havc worn  out; constructin:v
bml‘mmous surfaces in place of zzmveti
surfaces 'in the country ; wid’cr‘linv
m.etropolltan roads and constructin%
higher-class pavements; and so on &

Road improvement trying (o catch
up with Tratlic Growth

The Department of Main Roads was
established in 1925, and since thc‘n u"ct
n}cndops progress has been made b
’(V,ouncﬂs and the Department in imnrov}i
ing the Main Roads of New South Wales
qu example, we now have about R 006
miles of bitumen-surfaced Main Ro"\ds
whereas in 1925 there were scarcely L-u{ ’
dustless surfaces outside towns und‘ wi
can now travel at high specds o,vcr long
distances throughon the State. Since l‘Dg

1,700 new bridges have also been
built on Main Roads. This progress
has been  obtained in face of

serious  difficultics, cspecially, in tur
the economic depression of the * thirticls];
then World War 1T and finally the inf]
tion of post-war years, Simultuncoulsl
with the growth in population and S
motor vehicle ownership, A mo‘st o
able icatur.c of the post-war trallic nlot—‘
been the big relative increase in the 1ms
of heavy commercial motor VChicll‘s‘c
A}Lhough post-war road revenucs sos LSd
with the growth of motor vehicle vxs('“L
the value of the money has 1|{cxc<1l§cd
200 per cent in the post-war years ‘ t;'
eflective work value of the total ‘aV”lil‘llc
ble motor revenue is little more tl‘la;l §0
per cent.  In excess of that available in
pre-war years.  Thus traffic needs hay
advanced far more rapidly than ca ‘le
met [r_om revenues avatlable \nd many
road improvements urgentl,y
both city and country cann
undertaken.  Nevertheless
grammes of work are comin,g t
and others are being instituted.

a-

and many
needed in
ot yet be
blg pro-
o fruition

Current Works

On the avera
ge, each year, at pres
the Department of Main ’Roags eriti,
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Councils on Main Roads are converting
about 500 miles of gravel road to bitu-
men-surfaced road, and are rebuilding
and strengthening about 100 miles each
year of heavily traflicked State High-
ways built many years ago in order to
adapt them to modern traffic. In
addition. about 60 to 70 new bridges
are builteach year on Main Roads.

1n the maintenance and construction
of Main Roads the Councils and the
Department cmploy somce 7,400 mcen
and large numbers of all types of
modern road plant, cspecially motor
graders, dozers, scrapers, loaders and
trucks. .

Some very large road works involving
heavy earth works which are in hand on
Main Roads in the country include the
construction of a new route for the
Gwydir Highway from Grafton to Glen
lnnes through rough mountainous
arcas, a length of 74miles of new road;
the reconstruction of the Trunk Road
betwecen Canberra and the coast, also
through much mountainous country, a
length of 77 miles; the deviation of the
Pacific Highway between a point near
Raymond Terrace and Taree (79 miles
of new road); and road construction on
the Prince’s and Snowy Mountains High-
ways on the south coast. Progress in
bitumen surfacing on State Highways
is making especially rapid progress at
present in plains. Large bridges under
construction include a steel bridge over
the Hastings River near port Macquarie ;
a stcel and concrete bridge over the
Lane Cove River at Figtree; a steel
bridge over the Richmond River at
Lismore ; a pre-stressed concrete bridge
over the Murray River at Albury; a pre-
stressed concrete bridge over the Parra-
matta River at Silverwater and a long
span concrete arch bridge over Parra-
matta River at Gladesville.

Future Works

Plans in preparation for large new
bridges include a steel bridge over the
south arm of the Hunter River at
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Newcastle ; a bridge over the Richmond
River near Ballina: a bridge over the
Clarence River near Maclean;a bridge
over the Hunter River at West Maitland»
and a bridge over George’s River bet”
ween Rocky Point and Taren Point
At least a hundred new bridges of all
sizes require to be built on Main Roads
cach year.

In the country, immediate objectives
additional to bridges, are the extensions
as rapidly as possible of bitumen sur-
faces on all Main Roads where this is
warranted, and the improvement of the
Main Roads serving Newcastle and
Wollongong.  Considerable improve-
ment will also be undertaken on the
principal inter State routes.

In Sydney, Newcastle and Wollon-
gong the Department of Main Roads
has planned the future development of
the Main Roads systems including the
provision of modern ¢Xpressways Serv-
ing the metropolitan arca and beyond.
This planning has been done in close
association with other aspects of the
town planning of these cities.

In the metropolitan area, the main
immediatc objectives of the Depart-
ment of Main Roads, additional to
provision of bridges, are first to widen
the principal arterial roads serving
indusirial areas and the new residential
areas. In addition the Departinent has
put in hand surveys and designs for
work on part of the proposed Warrin-
gah Expressway, which is planned to
lead north from the Harbour Bridge
and serve all north shore suburbs, and
also for that part of the Western
Distributor which will link the city
markets area with Ultimo and beyond.
On account of inability to obtain suffi-
cient additional experienced staff
locally, the surveys and plans for these
latter works are being done by a firm
of experienced American engineering
consultants,

The most heavily-trafficked rural road
in New South Wales is the Sydney to
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Newcastle portion of the Pacific High-
way. This road is mainiy only of two-
ane width, and much of it passes
cither through steep vocly terrain, or
through close-settled arcas.  The provi-
sion of a four-lanc road of expressway
type is highly desirable, but funds
cannot yet be provided Tor i, Propo-
sals have therefore been invited for the
construction and opevation of such a
road by private cnforprise. ona toll
base.

OCther expressways have been planned
by the Department of Main Roads
extending from Sydney, south as far as
Kiama, south-west as far as Mittagong,
and west the Blue Mountains.  Thesg,
together with meiropolitan expressways,
will be amorg themost important wo; ks
to be undertaken in the future, simul-
tancousty with the further improvement
ol thc Meain Roads svsteim as  exists
today, together with such additions to
the systemras time and traflic may show
to be necessary,

Highway Fugincoring A Challenge

Growth in weight and volume of
traflic on city strects and on country
roads is onc of the cutstanding features
of the age in which we Hive, and it is the
tack of the Hizhway Engineer to develop
ways and mceans of cconomically meet-
ing the needs of this traflic for safe,
speedy and convenient movement,  New
problems are constantly appearing, and
research plays an increasingly important
part in the scarch for solutions. The
Department of Main Roads in new
South Wales has large laboratories for
testing materials and for day-to-day
rescarch, and co-operates in this work
with similar bodics in  other States
through an inter-state organisation
known as the National Association of
Australian  Statc Road  Authorities.
Recently the Association has established
the Australian Road Rescarch Board
further to widen the ficld of road research
in Australia and to co-ordinate all road
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research activities. The Board will hold
periodical conferences, and publish the
rcsult.s of road rescarch work, as well '1:
granting funds to universities and oth‘""
vodies tor undertaking specific picees of
road rescarch. preces of

The field of road research covers not
only road materials, road I‘ﬂ’ik'lo(t
mc(l}ods, and the characteristics 01" rc;']ti
traflic, but also rescarch o ﬂn'md'(‘
and administration, and mto nfmtt\
r‘oud needs.  An cxtensive study into
future road needs in Noew South Wales
has recently been carried out by the
Department of Main Roads.

New  South Wales s fortunate in
having at the University of New South
Wales Chairs of both Highway Fvw\i«n
g and Trailic Engincering - In '1!33['—
tion, the University authoritics il‘l‘C()L]:-
juction with the I)cpartrncntixi' Maj \
Roads, arc planning {or (he cwt'\lwlAi;lm
ment at the University of in‘i';oi‘t"n:;
road  research facilities, Thux‘lym; g
engineers in this State are e;‘.pcci-t;]{b
tuvpurcd tocquip themselves g b ’] » ,
engineers. o ey

' }lll-bl,w‘ly Engmcumg comprises the
application of science and en

i gineeri
practice to the new SLoeTIng

and particufarly

pre;smg problems  resuiting from
nlm cen traflic, Highway Engincering js
therefore a challenge (o crs,

young engineers,
bility in manaec-
often relative isoly-
ge bodies of work-
or it may be speciy]

involving early responsi
ment, sclf-reliance,
tion, control of jar
men and equipment,
}i:?r?rlgﬁl a/t\smgnments in desien  and
SLALCAL Australia has need fo
sear _ 8 need for man
lsug?way cngicers  because g r()uZ{
O);‘Sdeelzllslare still only in (he initial stage
; Coe opment for the nmotor age
o MI:I);&](? highway enginecring (o
AR dot Ereat and increasing
o el lam administrative interest,
. . . i
dcriv::d i‘e wh(?rc satisfaction can be
rom visible accomplishment,

(From  Myin Roads ™ Muareh 961.)
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REPORT ON ROAD AND TRAFFIC PLANNING
IN SWEDEN

By
Erik HASSELQUIST

TN November, 1957 a specially appointed

Cominittee, which included road and
traflic experts and specialists on eco-
nomic and industrial geography and
social planning, and representatives of
industry and the motoring organizations,
put forward proposals for a road net-
work and investment plan for Sweden
bascd upon investigations on the deve-
lopment and localization of the popula-
tion, on industrial and economic trends
in different parts of the country and on
traffic developments in general. The
Swedish Government has adopted in
principle this 20-Year Road Plan and,
since 1958, investment in roads has kept
close to the plan: regional plans (com-
mon summary plans for a number of
communities), master plans (Plans for
one community) and town planning are
all based upon it.

The programme for the development
of the road nctwork was not intended
to be dcfinitive : rather was it the inten-
tion to produce a skeleton plan which
could be translated into an active pro-
gramme by the working out of yearly
plans, but could be successively revised
in accordance with technical and eco-
nomic developments. A contlinuous
revision of the plan would thus be
carried out in the light of ncw results
and experiences in the relevant fields.
In this way, it would also be possible to
make use of, inter alia, the results of
current investigations abroad, and it
would be easy to adapt the plan todeve-
lopments in other social spheres.

In the year 1955 the population of
Sweden was about 7.3 millions of whom

*Chief Engincer, Royal Board of Roads & Waterways.
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5.1 millions, that is 70 per cent, were
living in built-up areas. An assessment
based upon, among other things, deve-
lopments to date, and upon certain
assumptions concerning the continued
flight from agriculture, the structural
changes in the timber industry, the
growth of the urban trades and indus-
tries, and the gencral building develop-
ment in scttled areas indicated that by
1975, 80 per cent to &5 per cent of the
population, about 7.8 millions, would be
living in built-up areas.

Investigations carried out with respect
to industrial and economic development
show, infer alia, thata continued mecha-
nization and specialization in both
stationary industry, and in building acti-
vities and agriculture, must be expected,
entailing increased or new transport
needs.  With current transport tenden-
cies in mind, it is most probable that
these will be met by road transport.
The present and continuing development
with respect to surface transport leads
to the prognosis—especially in view of
the increased call for door-to-door
service—that a continued switch to road
goods vehicles for the shorter distances
is likely ; at the same time new trans-
port needs will be met by this transport
form. The closing down of smaller
railway lines may also be expected to
contribute to the growth of truck traffic.

The future increase of production in
stationary industry has been estimated
to amount to about 3 per cent per
annum. In view of the fact that the
domestic movement of goods seems to
be increasing more than production, a
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IFig. 1. AsVterefierd Bridge, part of a4 new major roud proje

Tjorn and Orust, with the maintand. 'I'h

with u clewrance of 135 ft. (Photo by the Contructors, S

future annual growth of transport on
the railways, by road vchicles and by
water, is estimated at4 per cent to 5 per
cent. Allowing for the trend to road
transport, a futurc annual increasc in
road goods transport of 7 per cent to 10
per cent has been assumed, and a four
to six times increase by 1975 over 1955,
Results of transport support this assum-
tion. If the above mentioned level for
domestic goods traffic is reached, by
1975 one-half to two-thirds of the
domestic goods transport in Sweden will
be by road as against scarcely one-third
today. By far the greater part of the
assumed increase in passenger traffic in
Sweden of a minimum of 3 per cent per
annum is cstimated to be in personal
transport, primarily the motor car.
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Ct connecting the islands
12-9t tubulare stepl arch
ska (f(‘n:«‘nlQ}uu‘riol)

Growth in Personal Transport

¢ bridge hus 0 9

~An important feature of a modern
mdustr_lal community is the marked in-
creasc in the daily Journeys to and from
work, and  the purchase of motor
:ehxclgsdtor this purpose is lacilitated in
Cgl;l(?itxir;n?trlcs by loans on fayourable

As lqr as can be judged from deve
ments in Sweden, no marked
Inerease i personal transport over long
distances nced be anticipated. Expan-
sion of domestic flying and express lr:tin
traffic underlines this. Thus, as reg"a‘rds
road passenger and road g(;ods tnfans-
POrt, one is probably justificd in estima-
ting that the main increase is likely to
be in relatively short distance transport,

lop-
relative
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Among Buropean countries, Sweden
has gone farthest in regard to motoriza-
tion. Whereas in 1950 there was one
motor vehicle (motor cars, lorries and
buses) cvery 20 inhabitants, today there
is one to cvery six inhabitants. (If
motor bicycles and motorized bicycles
are included, however, there is one
motorized vchicle to every 3.5 inhabi-
tants.) According to an actuarial
forccast, by 1965 there will be one motor
vehicle for every 4.5 inhabitants and by
[975 one to cvery threc inhabitants

(Fig. 2).
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If onc assumes that in future the
motor car is used on an average to the
same cxtent as now, it will be respon-
sible by 1965 for 75 per cent, and in
1975, 80 per cent to 85 per cent, of the
total number of vehicle/kilometres of
public and private transport, compared
with 55 per cent for 1957,

On the whole, from available data
concerning the number of vehicles and
trailic flow, it would appear that traffic
growth follows, roughly, development
on the vehicle front. Thisemerges from
a comparison of the factors affecting the
traffic growth with the corresponding
factors as regards vehicles. Investiga-
tions carried out with reference to traffic
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growth on different types of roads show
that traffic—both the annual average daily
traffic and the summer average daily
traffic, June-August—tends to increase at
a quicker rate of busier roads than on
others. Thus, a comparison of the
results of the 1936 and 1953 nationwide
traffic counts shows that on the majority
of the national main roads, and the
more important county roads, traflic
during the period 1936 to 1953 increased
by from four to five times as much, and
traffic on the more local road network
of the country districts by two to two
and a half times that for 1936. On an
average, traffic on all roads tripled
during these years. The corresponding
tendency is seen as regards the volume
of summer traffic in relation to the
annual average for daily traffic. The
marked increase in recorded traffic dur-
ing the summer months is also more
pronounced on the national main roads
than on the cross-country roads. The
samc applies to the latter in relation to
other county roads.

Determination of Road Standards

The norms, proposed as a basis for
{future road standards, arc determined
with raference to the sumimer average
daily traffic estimated for 1957. 1In
certain cases where c¢stimated traffic
volume is so great that dual carriage-
ways may be nceded, variation in
hourly traflic throughout the year is
also taken into account. This is to
preclude the possibility that the number
of hours during the year when trouble-
some queue formation or traffic blocks
occur may be more than can reasonably
be tolerated when set against the great
expense of the subsequent conversion of
a two-lane road to a dual carriageway.

It may be mentioned that the total
road transport for 1955 amounted to
approximately 12,000 million vehicle
kilometres, The multiplier in relation
to the traffic for the year 1953, used in
this connection for the year 1965 nor-
mally between 2.5 and 4.0, and for the
year 1975 between 4.5 and 6.0. In
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certain cases, higher multipliers than
those given above have been used for
the calculation.

Extensive irafite counts and origin
and destination surveys play a most
important part in the preparatory work
on which Sweden’s Road Plan is based.
Road traflic intensity is calcutated from
systematic traific counts and the last
manual  count covering  the  entire
country took place in 1936, Since then
manual counts have been made at 130
points seven times a year from Friday
to Sunday in order to obtain informa-
tion on the variations in traflic and its
composition (Fig. 3) and on the increase
from year to yecar (Fig. .

Since 1951, these counts have been
supplemented with mechanical counts at
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Yig. 3. Traflic flow muap for the outer ureu of Stockholm showing annual average daily traffic
(black bund) and average duilytruffic during summer time. Maps of this type are
mude up for a number of more densely populated areas

cerning the origin, destination and
purpose of the trips. The surveys were
mostly restricted to one week-day
during the spring or autumn and one
week-day during the summer. In some
cases, week-end traffic was studied also.
The purpose of the surveys was
primarily to reveal the origin-destina-
tion pattern of the traffic, and the
relation between traflic to and through
the principal urban areas along the
present road network. The structure of
long distance traffic, and the distribu-
tion of travel distances was studied at
local observation points, as well as
along the whole of a certain stretch of
the road. The distribution of trans-
port mileage between various travel
distances and types of road was analysed.

9

Furthermore, analyses were made of
traffic field structure around urban areas
and along various types of roads.

To carry through, within reasonable
time and costs, field work analyses of
the data obtained, a sampling method
was used. The method decided upon
was to study during a certain period of
the day-—in most cases from 6 a.m. to
10 p.m.—the traffic flow at special points
along the road, which were generally
selected immediately outside urban
areas. This made it possible to register
both long distance through traffic and
the more intensive local traffic to and
from the area. The sampling method
enabled each interviewed group to cover
within one period of 16 hours two or
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three different stations outside the built-
up area. All drivers passing the station
in one direction within a quarter of an
hour were interviewed. After a pause
of five minutes, the interviews were
resumed on the other side of the road
for another |5 minutes, to cover vehj-
cles travelling in the opposite direction,
The intervicwer were then given 20
minutes to move to another location
where the same procedure was repeated.
During the day, the personnel thus
moved from place to place according to
a fixed schedule. Each interviews
usually took 20 to 30 seconds. The
answers were recorded on a tape recor-
der and registered on punch cards.  To
facilitaic the computation of travel
distances with modern clectronic com-
puters and the co-ordination of the
data obtained at different stations, the
places of origin and destination of each
trip, as well as certain points on the
road, were given in co-ordinates relative
to the Greenwich Meridian and the
Equator.

For road planning it is cssential to
know which roads are the most impor-
tant to commecrcial traffic. For that
reason, special kinds of surveys have
been made to obtain figurcs of the annual
number of ton/kilometres on roads of
special importance for goods transport,
For instance, traffic flow maps have beep
prepared, showing the importance of
different roads uscd for transport by the
timber industry.

In addition, the National Swedish
Road Board has tried a method of
weighing the traffic, which is now
considered to be sulliciently tested to
enable a programme to be instituted
covering 210 weighing stations. The
country is divided into five districts, and
each district is served by a patrol per-
forming weighings at three adjacent
stations at the same time. After weighing
for a week, the patrol moves to another
group of three stations. The machines
work automatically and are only
inspected twice a day. The weighing
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plat_e, which is boxed in the carriageway
is dimensional and placed in such a way;
as to permit weighings of only one wheel
on ecach axle. Recording is made on a
paper strip as the vehicles pass over the
pla'te.' When weighings are linished. the
weighing plate is removed and GClZICCd
by a wood plate and the instruments

gloaxccd moa transportable instrument

On roads with heavy traflic flow, one
weighing machine is placed’in cach lanc
of the‘carrlageway. On smaller roads
there is only one weighing plate is one
of the lanes ; the other lane is shut off
and the dlre_ctmn of every vehicle passing
over the weighing plate is automaticall?
recorded_. A speed limit of 20 km/hr
(12.5 mlleg/hr) is necessary for accu-
rate recordings. The weighing machine
also serves as a traffic counter and it is
possible 10 separate  the ’registcred
vehicles into various classes according
to the number, size and gaps of the
axle load registrations. The weighing
equipment used for these surveys has

been developed at the i
Research Institute. ¢ Swedish Road
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meet future traflic
traffic blocks and qued
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but also on the
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s shown that the
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uc formation may
eral, notonly in the
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afford sufficient space
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;%rrrilggt{]m%e congested, and the trans-
port bo Ol persons and goods is subject
o asing delay. At the same time

© accident curve jg tending, dcspitc’

garnibs/enilsasrures taken to regulate traffic,
traffic, Proportion to the growth in

usgogrtlgeurlce)gd inventory two cars are
transoaen 1raecc11u1pmg11t includes radio
meters, - nd receivers, trip odo-
gyroco’m o lnometer§, superometers,
Do relcl:)v ses and wire recorders. All
retardess ant to road standards are

+ Toad section, type of surface,
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curvature, gradients, super-elevation,
intersection, bridges and underpasses,
roadside obstacles, off-street parking
spaces and visibility, both on the road
itself and at intersections. Data has
been obtained for all national main
roads—about 9,000 miles.

The priority classification is based on
such data. Within scale of 100 points,
technical standards (condition of road
surface, bearing capacity), driving condi-
tions (width of carriageway, alignment
and passing possibilities) and road safety
(width of carriageway and shpulders,
stopping distance, unity of alignment
and accidents hazard), have been given
25, 30 and 45 points. The sum of points
received for each part of the road is then
corrected inrelation to the traffic volume.
For these purposes a special formula is
used. The standard of 100 points is the
standard that fulfils the design standards
now in use. For each road a diagram is
drawn up which shows the sum of points
for each section along the road.

Classification and Standards

The road plan includes the following
classes of road, all of which are to have
a carrying capacity of 10 tons axle-load
and 18 tons bogie-load :—

(a) Divided highways, median strip
and wide Tbearing shoulders.
Width, of pavement 7.0 m.
(234 ft), width of median strip
normally at least 7.0 m. and width
of shoulders 3.0m. (10 ft). Paved,
0.5 m. ( 13 ft) wide border
strips directly adjacent to the
pavements, constituting part of
the medium strip and the shoul-
der. This type of road is con-
structed either as a freeway with
grade separated intersections or
asa four-lane road with at-grade
intersections where the terrain
and the traffic conditions do not
call for grade separated intersec-
tions. Design speed for freeways
is 120 kmjhr. (75 miles/hr) and
for other roads 100 (62 miles/hr.)
to 120 km/hr.
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(b) (i) Road with 7.0 m wide pave-
ment and 3.0 m wide bearing
shoulders. In the case of
larger volumes of traffic, 0.5 m
wide paved border strips are
constructed on the shoulders
directly adjacent to the pave-
ment. Special shoulder parking
facilities are to be provided
where this is considered neces-
sary, Design speed is normally
100 km/hr.

(i) Road with 7.0m wide pavement
and 1.0m (3% ft) wide bearing
shoulders. Regular shoulder
parking facilities provided
along the road. Design speed
normally minimum 80 km/hr.
(50 miles/hr).

(ii) Road with 6.0 m. (20 ft) wide
pavement and 1.0 m. wide bear-
ing shoulders. Shoulder park-
ing facilities are provided
where considered suitable in the
light of the traffic conditions
obtaining. Design speed is
normally minimum 80 km/hr.

For two-lane roads in hilly country
special lane should be provided on steep
upgrades for the slower truck traffic.
Divided roads with two three-lane pave-
ments are deemed necessary in certain
cases. It has not been thought necessary
to deal specially with such roads, as it
may be assumed that they will be found
only locally and will then be given
special consideration. This classification
for the national main roads may also be
applied to county roads. As a rule,
however, the requirements for design
speed should be made less stringent
because in the main they will serve local
traffic only.

Since in addition, a large number of
county roads will, according to cal-
culations, be carrying a relatively
inconsiderable amount of traffic, the
Committee thought it possible to
reckon also with smaller road widths
than the standard proposed for national
main roads, with 6.0 m wide pavement
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and narrow shoulders. Types of ro.ad
that have been considered are those with
6.0 m pavement without shoulders, and
one-lane roads in this connection w.nh
3.5m (11} ft) pavement a.nd passing
facilities. The former type is presumed
to be the normat type for county roads,
and it is proposed that the latter type
should oniy be considered for  roads
carrying very little traflic, ¢.g., roads in
the less developed arcas.

The volumes of traflic for the time
being proposed as a basis for the design
of the network of national main roads

are:
Future summer average

Type of road daily traffic
A 9,000
B -1 3,000—9,000
B2 1,500-—3,000
B: 3 1,500

For county roadsa 6m pavement and
narrow shoulders are proposed to be
used for design traffic volume bctw‘ecn
1,000and 2.000 and 6 m pavement with-
out shoulders for volumes between 150
and 1,000. For lesser volumes than 150
vehicles, a 3.5m pavement with passing
facilitics is considered suflicient.

The road plan, in contradistinction to
earlier official road building programmes
in Sweden, is based upon a detailed
inventory of actual need, and isregarded
as a solid basis for an investment plan.

For the roads in the county districts,
the development has been estimated to
cost a total of 1,120 mitlion pounds and
it is proposed to make at least 35 per
cent of the investment in national main
roads and extremely important county
roads during the [0-year period, 1958-
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1967 is considered reasonable. Such an
allocation has been deemed fully justified
because of the urgent need to improve
the more heavily used and industrially
Important roads. Thus, during years
1958 to 1967 nearly 40 per cent of the
total expenditure in the country districts
will be invested.  About half. or 220

million pounds, will be for national maijn
roads,

Financing the Programme

As: to State assistance, the towns
obtain 95 per cent of the cost of road
mvestment and maintenance {(roads
and streets of importance for through
traffic), and it has been estimated that
including both national main roads and
log:eq roads, this will amount to 290
million pounds. In allotting investments
to the two periods, it has been assumed
that_65 per cent of the investment
requirement for the national majn roads
in the towns would be met during the
years 1958-1967. The traffc difliculties
that may be expected on the approaches
to the towns thus seem to Justify a
greater immediate contribution jn the
towns than in the country districts, For
local town roads it has been ass.umed
that about 30 per cent of the investment
would be made during the first period
and approximately 45 per cent of the
mvestment need would be met durin
the periods 1958—19¢7. According tg
ghe investment plan, investment in voads
in the county districts wil| increase from
7.3 million pounds tg 20.6  million
pounds. According to the calculations
these costs, as well as those for mainten.-
ance, will be covered by the funds that
on the basis of current taxation wil’l
accrue from motor vehijcle traffic,
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ROAD STANDARDS

ROUND THE WORLD

The Indian Roads Congress issued enquiry relating to Geometric Standards

in the form of a questionnaire to various countries.

The following countries have very kindly sent the replies :—
U.S.A. (Bureau of Public Roads, Washington)
Burma
Canada (Department of Highways, Ontario)

West Germany

Great Britain

{ran

Israel

New Zealand (National Roads Board)

The ensuing tables have been prepared from the information supplied by
the above countries and from the following sources :—

(I) Technical report on the Phillipines Highways, September, {958,

(II) Report on the first Session of Expert Working Groups on Inter-
national Highways for zones I, 2 and 3 in ECAFE region :—Pro-
posed Geometric Standards for roads outside built up areas were
prepared for study by Ad hoc Zonal Working Committee and will be

presented in final form to the Governments concerned for approval
and eventual adoptation.

(I11) BULLETIN DE L’ASSOCIATION INTERNATIONALE PERMA-
NENTE DES CONGRESS DE LA ROUTE :—Geometric Standards
for International Roads in Europe.

(1IV) Proceedings of the Indian Roads Congress :—Geometric Standards

for roads discussed in the technical papers in the Annual Sessions
from time to time.

The Indian Roads Congress is very grateful to the above mentioned
countries for the information supplied.
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BRIDGING INDIA’S RIVERS
BUROI BRIDGE

(By the Courtesy of Chief Engineer, P. W. D., Assam)

History : The bridge has been con-
structed over river Buroi at 68th mile of
the North Trunk Road (East) between
Tezpur and North Lakhimpur in Dar-
rang District in Assam.

ferry boat which used to take long time
for crossing and was very inconvenijent
The river Is perennial. The arrangement
was most inconvenient

and hence pro-
posal for construction

of a permanent

QUre Pean OF Bura Brioge
N

5 weng

| T Puan

"6 L Seace 1 L LT T
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There was no bridge over this river

: . prestressed coner i :
and the river was crossed by means of clear roadway W:stetatlzg:g:p \2/#1;92422 ft
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Site: The North Trunk Road (East)
crosses the river at the foot of hills and
is subjected to floods and frequent earth-
quakes. A thorough survey was made, 8
miles upstream and 2 miles down-
stream of the ferry crossing for a suit-
able site. But no ideal site was avail-
able. After exhaustive study of all
possible sites, the present site at a dis-
tance of about 1,700 ft downstream of
the ferry crossing was finally selected.
At this site, the channel is more well-
defined and both the banks are pretty
high. But during floods, the water spills
over a long area.

Hydraulic Data: The maximum cal-
culated discharge of 77,830 cusecs has
been adopted for design purpose. The
linear waterway provided is 1,000 ft.
Since the river carries drift timbers, etc.,
vertical clearance of 9 ft between the
H.F.L. and the underside of the girder
has been provided. Other particulars
are given below:—

(i) Calculated
velocity . 4.73 ft/sec
(i) Calculated
scour depth ... 17.70 ft
(iii) Design depth
of  scour
below H.F.L ... 35.40 ft

10

December 1961

Buroi Bridge

(iv) Catchment

area ... 254, sq.mile
(v) H.F.L. ... R.L.97.00
(vi) L.W.L. ... R.L. 84.00
(vii) L.B.L. ... R.L. 82.00

Design Load and Forces

(i) Live Load—Two traffic lanes of
I.R.C. Class A or one lane of LR.C.
Class AA loading whichever produces
more severe stresses in any member of
the structure.

(i1) Horizontal loads due to wind,
water current, longitudinal forces,
buoyancy effects, deformation, secon-
dary, and erection stresses have been
considered.

(iii) Allowance of G/10 was made
to withstand effccts of horizontal seismic
forces.

(iv) Temperature variation consi-
dered for + 30°F.

Working Stress : Permissible stress for
concrete for flexural and compression
stresses was 750 psi and for reinforcement
steel in tension was 18,000 psi with the
modular ratio of 15 in R.C.C. works.

Each prestressing cable consists of 12
Nos. 0.2 in. dia. high tensile steel wires
with a breaking stress of 100—110 tons
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per sq. in-and a minimum 0.1 proof
sticss of 80 tons per sq. in. After allow-
ance for total shrinkage creep of con-
crete plus relaxation of steel stress the
stress in. the cables assumed to b’c 50
tons/sq. 1.

General Arrangement: Tl bridge
consists of cight intermedjate spans of
106 ft between centre of piers and two
end spans of 104 ft between centres
of end piers and end of decking; the

B!L:t.izi ’El',l‘.';_i"EEEﬂ‘ffi—m V

P pon -
PHIADOE Tt g g VL
B R R T

t . g 4 ' M . .
1?(();‘61;32:“1 of decking provided being

Substructures - Each nicr - bui-
+ Wells placed at about 20 ft
\c:erﬁ;i:] 5Tfhe outside diametre of the
tion of pie t 9 in. except for the founda-
are placp:jLr No. 6 (where two rockers
under fe ) and abutments, Each well
ab oundation of pier No. 6 and

utments js 17 ft 3 in. dia. The
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thickness of steining is 2 ft 3in. The
wells have been taken down to R.L.
47.00. Reinforced concrete well cap
17 ft 3 in x 36 ft x 2 ft thick was provi-
ded under each pier.

The R.C.C. piers cellular type with
semi-circular ends are 14 ft 9 in. high,
they are stiffened transversely by four
cross walls each 6 in. thick running
throughout the height of the pier and
located directly under the prestressed
concrete beams.

The R.C.C. box type end abutments
with front and side wall in beam and

December 1961

slab construction rest on strong R.C.C.
well cap.

Bearings: Cast Steel Rocker and
Roller bearings are provided alternately
over the piers under each of the four
beams.

Superstructure: Each span is a com-
plete unit designed on the Freyssinet
system of prestressed concrete and sup-
ported on piers and abutments and con-
sists of 6 in. thick deck slab over four
main beams placed at 5 ft 0 in. centres.
The decking is stiffened transversely by
R.C.C. cross diaphragms spaced at 16 ft
6 in. centres. The deck slab is supported
by four prestressed concrete beams
and is designed for bending in one
direction only with due allowance for
continuity. Each prestressing cables
consists of 12 Nos. 0.2 in. dia. High
tensile steel wires placed around a 16-
gauge wire helix of about ? in. pitch
and covered by a protective sheath of 32
gauge iron sheet.

The road surface consists of an
average 3 in. thick Jayer of 1: 2: 4 cement
concrete reinforced with two layers of
} in. diameter hoops atabout 3 ft centres
to prevent cracking. The railing is in
reinforced concrete and consists of pre-
cast hand rail and open web units
joined together by cast-in situ R.C.C.
post and pillasters.

Cost of the Bridge:—The total cost of
the bridge is Rs 19,04,300.00 which
includes Rs 32,500.00 for approach road
and Rs 4,36,500.00 for guide bund
pitching.

The construction of the bridge was
started in 1957 and completed in 1960.
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YAMUNA BRIDGE

By

A, K. CHATTERJTE®

General

RIVER Yamuna crosses Mathura-Raya

State Highway in mile [ of the
Road, just outside Mathura Town in
Uttar Pradesh. Road traffic used to cross
the river over a Road-cum-Rail Bridge
builtin 1883. During the recent past the
rajl traffic increased manifold, resulting
in more oftener detention of the road
traffic causing very great inconvenience.
The Railways wanted to regirder this
bridge to carry their heavier present-day
loading. Allthisledto consideringeither
to provide a separate Road bridge or to
provide double deck girders, one deck
for the Railways and the other for the
Road which would have involved cop-
struction of very costly high approaches
in congested built up areas involving
greater expenditure than that of provid-
ing a separatc Road bridge. Therefore,
it was decided to build a separate Road
bridge.

Site

The Road bridge was located approxi-
mately 1,900 ft downstream side of the
existing Railway bridge. The site was
nearer to the town, permitted constryc-
tion of good approaches without involv-
ing demolition of large number of
buildings, and complied to the Defence
Ministry’s requirements not to have two
major bridges within 1,200 ft of each
other.

Hydraulic Data and Waterway

The maximum discharge at the
proposed bridge site worked out to
200,000 cusecs, for which according to
the Lacey’s formula 1,200 ft of water-

Exccutive Engineer, Temporary Division, P.W b, Mathura,

way was required. The existing Railway
bridge had 1,050 ft waterway, viz., 7
spans of 164 ft 6 in. centre to centre.
This waterway had been found satis-
factory in the past. Therefore, 1,000 ft

waterway was provided for the Road
bridge.

General features of Design

(1) Superstructure :—Balanced canti-
lever box type reinforced concrete
girder with 7 intermediate spans cach
140 ft and two-end spans of 55 ft
including a floating span of [0 ft were
provided. The bridge has 22 {t wide
carriageway between kerbs and 5 {t wide
footpaths on cach side. The bridge
was designed to carry two lanes of
LR.C. Class A loading or single lanc of
Class AA loading whichever created
Scverer conditions,  Each box girder
has 3 ribs cach 9 in. thick 11 ft 6 in.
high at the support and 5 ft 6 in.
high at the centre. The ribs arc stiffened
by cross beams spaced 17 ft 6 in.
centre to centre.  The soflit slab is 6 in.
thick and the deck slab 7 in, The work-
mg stress allowed for concrete and
steel were 950 1b per sq. in. and 18,000
Ib per sq. in. respectively. The beams

rest on cast steel rocker and roller
bearings.

(i) Substf‘ztc'ttlr'e and  Foundations :
Each pier rests on dumble shaped
twinwell 31 ft long, 16 ft wide, 3 ft
9 in. thick steining and 8 ft 6 in. dia.
dredge holes. Foundation wells were
sunk down to 75 ft below L.W.L. R.C.

Curb with stee]l cutting was
provided. ting  edge

SUN IR
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Concreting of main
beams & articula-
tions. (Note the
hopper which is
being used for
pouring concrete)
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Trial borings revealed existence of
hard clay with kankar at depths of 16 ft
and 65 ft below the L.W.L.

Construction

Out of the total of 8 foundation wells,
3 were sunk to full depth of 75 ft below
low water level, the remaining 5 wells
were left at the depths ranging between
63 to 73 ft, due to the difficulties
encountered in well sinking. The first
25 ft of sinking was easy and was done
by dredging with heavy grabs without
much kentledge. Some wells could be
completely dewatered and excavation
below the cutting edge upto 40 ft depth
was possible by manual labour. For
sinking wells below 25 ft depth kentledge
upto 100 tons per well had to be
provided.

At about 40 ft depth porous water
bearing strata consisting of kankar
was encountered which made dewatering
of wells very difficult. As such, sinking
through hard clay had to be done
under water. As the grab could not
be effective in hard clay, a heavy chisel
worked by a diesel engine operated
winch and crane was resorted to and
found very effective.  Blasting with
gelignite was also done.

In spite of all efforts well No. 3 could
not be sunk for a month even when
loaded with 8 cwt per sq. ft. kentledge.
Therefore, repeated blasting was done
and at the same time the sump in the
well deepened. One day suddenly the
well went down 22 ft without either
damage to the steining or any tilt or
shift.

Staging and Centering

The staging comprised of Bailey
Bridge components. Intermediate sup-
ports were necessary for these trusses to
carry the dead load of 140 ft span. These
supports were also made out of Bailey
Bridge components which rested on
grillage foundation of sleepers on the
bed of the river. The side shuttering of
the beams was of steel plates bolted
together and held in position by timber
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battens and brackets. The leakage of
mortar through joints was prevented by
the use of rubber packing between the
joints.

Reinforcement and Jointing of the bars

The main reinforcement consisted of
13 in. dia. bars joined by threading
the ends of the bars and providing a
coupling box. The coupling box was
7 in. long with 3 in. threads at either
ends. 3/8 in. round holes were left on
each side of couplings to facilitate
inspections and tightening of the coupl-
ing. The end of the couplings were fillet
welded alround to compensate the loss
in the sections of the steel due to
threading.

Construction joints and sequence of
Concreting

To start with, the soffit slab was
concreted in its entire length upto the
top level of the bottom fillets. Concret-
ing proceeded from each pier towards
the articulation point on the cantilever
side and towards centre in the main
span, the two parties moving out from
piers to the centre of the main span
meeting at the centre at the end of the
day’s work, without necessitating any
construction joint. It was ensured before
laying the soffit slab that the reinforce-
ment and side shuttering of the main
beams were erected to such a stage that
it was possible to concrete all the 3
bez:)ms within 7 days of laying the soffit
slab.

The three ribs were then concreted
one by one and upto the bottom of the
top fillets, simultaneously with the cross
beams. No construction joint was given
in the main ribs but construction joints
in the cross beams were left at 3 and 2
of their spans in alternate beams, to
stagger the construction joints. Special
care was taken near the articulation
where richer mix (1:1}:3) was also
used.

After concreting all the 3 ribs the
staging for the deck slab was erected and
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reinforcement placed. Carc was taken
to expedite the work so that concreting
in the deck slab could be placed within
7 days of the laying of the first rib.

Wearing Coat

Wearing coat with slightly stiffer mix
was laid simultaneously, with the deck
slab.

The River Training Works

The river flows in a more or less
straight reach between cxisting Railway
bridge and the new bridge site. The right
bank is made of stiff clay and therefore
a short guide bund with pitching on the
slopes of the approach road only was
needed. The left bank is however gently
sloping. To train the river to flow
through the new bridge during floods it
was considered necessary to provide
guide bunds 430 {t long on the upstream
side and 70 ft on the downstream side.
One foot thick boulder pitching and 6
in. thick inverted filter was provided on
the slopes of guide bund. Flexible
apron was provided at the noses and
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shank of the guide bund to cater for the
maximum anticipated scour.

General and Costs

The work was started in December,
1959, sinking of wells and construction
of picrs was completed by March, 1961,
Winter  floods during Pebruary, 1961,
caused a great setback in the work. Thp
waltcr suddenly rose up by about 10 ft
above the low water leve]l and com-
pletely disturbed the staging work of three
spans.  Fortunately, by that time the
span which had been concreted had
attained sufficient strength and no struc-
tural damage was caused. As a rtesult
of this sctback only 3 main spans and
one suspended span could be concreted
before 1961 monsoon. The remaining
main span and 2 suspended spans arc
expected to be completed by the end of
March 1962 and bridge opcned to
traffic before the rains of 1962.

The total cost of the project is likely
to be Rs 28.78 lakh including cost of
approaches and river training works.

DAMODAR BRIDGE AT BAGNAN

Oon

NATIONAL HIGHWAY No. 6
(CALCUTTA-BOMBAY)

Introduction

THIS bridge forms a part of Calcutta-

Bombay road route, now designa-
ted as the National Highway No. 6.
Beyond Howrah Municipal arca,_thi‘s
Highway runs almost west until it
reaches the State border. On comple-
tion of developments of different sec-
tions, contemplated under the 3rd Plan

programme, the route mileage will be
about 105.  In West Bengal, there is no
separate cxistence of Calcutta-Madras
Highway, which starts a short distance

off from the Subarnarekha river bridge
in Bihar.

Between Calcutta and West Bengal
b'order, there used to be 4 unbridged
rivers on this route, making communi-

DAMODAR BRIDGE

S. N, GUPTA,

Chief Engineer, Special Roq

Developmant Deptt.,
West Bengal.
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cations by road practically impossible.
Of these, the first bridge, completed in
1957 over the river Dulong near Bihar
border, serves local needs at present in
view of the remaining gaps.

is the Mundeswari and falls into the way, \yhich historically is well known as
river Rupnarayan. The other course, the Orissa Trunk Road. The road bridge
now dwindling into a comparatively stands at abou§ 2,000 ft upstream of
small stream, retains the name Dat}loday the Railway bridge. The present loca-
and discharges into the river Bhagirathi. tion was found to be quite suitable and
The Damodar so long known as th’e,
«Rjver of sorrows and destructions
for people of Burdwan and Hooghly
districts is not SO destructive now, due
to the dams built 1n the upper reachps
by the D.V.C. The maximum d1§-
charge has been controlled to remain
within 4,00,000 cusecs. The lower reach
of the Damodar carries a maximum
flow of about 30,000 cusecs. The river
is tidal in the lower reach and is navi-
gable during high tides. A headroom of
about 12 ft above H.F.L. has been
provided under the bridge for boat
traffic.

The Damodar Bridge is the second
bridge completed in this route. It was
opened by Shri Raj Bahadur, Minister
of State for Transport and Communica-
tions, Government of India, on the [7th
June, 1961. The 3rd bridge, over the
Kangsabati, is in hand and is expected
to be completed by the end of 1962,

CAMTALA

Thus, there is only one unbridged
river, viz., the Rupnarayan, over which
no work has been possible so far. After
trying for several years, it has just been
possible to select a bridge contractor.
The actual construction works may !
begin after this monsoon.

. Location
Though the distances are short, the

Calcutta and industrial areas have
remained cut off, so far as road trans-
ports are concerned, from Midnapore
district and part of Howrah district, by
these unbridged rivers so long. When
fully bridged, this road route may serve
the needs of the State of West Bengal 4
no less than those of the whole country.
People all over India are eagerly waiting
for the day when the Rupnarayan bridge,
the last and the greatest obstacle in this
State, will be ready for use.

The bridge site hasbeen selected quite
near the crossing of the existing high-
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It may be mentioned here that for | |-
ferrying public vehicles across the Rup-
narayan, some special arrangements are
being made and it is hoped that an un-
restricted service may be opened to pub-
lic after the rains and after a lessee can
be appointed for the purpose by Civil
Authorities.

Prestressing cables in
position
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the alignments of the road approaches
have also improved in consequence. To
maintain proper grades, constructions
of about $th mile of new approaches
have become necessary.
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Preparation and Execution of the job

After detailed investigations, the
designs, estimate and drawings were
prepared by the State Engineers and
were forwarded to the Government of
India for sanction in 1953. The scheme
was approved by the Government of

River Damodar

oamvunL

The Damodar has her origin in the
Choto-Nagpur hills of Bihar near Haza-
ribagh and flows for a considerable dis-
tance till she merges with the Barakar
river at the State border. She then flows

MAP OF WEST BENGAL
SHOWING THE ALIGNMENT OF N.H. 6 {CAL TOBOMBAY)

B1est s 3219
¥ .5

AND THE SITESOF MAUOR BRIDGES

S
BALARALORA

through the Durgapur Barrage and after | [==—=2 v Beam being launched on India in March, 1954, at an estimated
some distance, divides and discharges I.: S < bed trollies cost of Rs 12.29 lakh. After completing
into two channels. The Western chan- | | ; 123

nel carrying the major portion is known | .
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preliminaries, such as the selection of
the contractor, preparation of detailed
drawings, land acquisitions, etc., the
work was started in 1954 and procee-
ded satisfactorily for a year or so, when
well sinking operations received a sct-
back m mecting with a decp strata of
soft mud at a depth of about 30 fi
below bed.  In the deep slime were
many buried logs or bits of wooden
boats obstructing the sinking of the
wells. The nature und extent of the soil
tvpe could not be fully appeciated dur-
ing preliminary investigations. Means
for proper explorations were not avail-
able at that time. However, fresh
investigations were carried out into
lower depths till suitable soil strata were
detccted at about 75 ft below the river
bed. This soft strata had extended well
below the designed depth of 45 ft for
the wells. After neccessary tests, it was
decided to found all wells in sandy
strata. at a depth of about 80 ft below
the river bed. This was a tremendous
change and the construction arrange-
ments had to be much modified. The
sinking of wells through the slush,
meeting occasional buried obstructions
was really a challenge and the difficult
problems were dealt with all available
resources and determination.  But these
opcrations took much time and delayed
the completion of the bridge by more
than 2 years. This bridge which was
scheduled to be completed in 1958, was
practically so by theend of 1960. The
problems did not disappear with the
sinking of all wells. Due to unavoidable
tilts and shifts of the wells, the design
of the entire superstructure had to be
changed from the conventional type of
R.C.C. hollow-box girders to that of
prestressed concrete beams and decks.

Design of the Bridge

(a) Waterway—The existing Rly.
bridge, built in the last century has a
clear waterway of 670 ft. Due to dete-
riorations in the lower region and con-
struction of Dams in the upper reach, it
was decided in consultation with the

December 1961

[rrigation and t(he D.V.C, authoritics
tq allow for a lower volume of flood
discharge. Accordingly, the waterway
has been fixed at 500 1t clearand 545 ft
between faces of abutments.

(D) Foundations-- Al piers  are
lom}dcd on wells, about 80 U in depth,
1'csung. on coarse sand, The abutments
arc built on open excavations, the bed
being compacted by sal piles.  The
double D-shaped  wells have two
dredge holes cach and are built in brick
masonry. stiffened by R.C. Columns

and bands at intervals and have ¢ ’
thick R.C.C, Cap. wean

. (©) Piers--R. C, C. Cellular
prers, stiffened vertically
tally with crosg walls
are adopted 1o reduce |
dations. The aver
is 23 ft,

type
and horizon-
and diaphragms,
oadson the foun-
age height of the piers

(d) Abutments. -R.C.C. open
abutments have been uscd,
of the abutment jg 28 ft.

type
The height

Embankments behind the abutments
being very high, two approach sp'm\s
have been added and the earth s]o‘acs
have been allowed to spill frecly u\rmlmd
the abuument structures and  hgye bee;
protected by brick pitchings, ]

(c) Superstructure-—The superstruc-
ture consists of simply Supported spans
of varying lengths, cach span is com:
posed of 2 numbers of prestressed
concrete main beams with 01‘oss-girﬁcrs
and deck slab which also are prestressed
All presiressing  works were doné
accordmg t0 Magnel-Blaton system
The main  girders having 3 "4e tl‘
of  8-71" were precast  on I:hl
casting bed made u "
road embankment and were prestressed
by means of 4 cables, three of wh\ich
were composed of 48 numbers of 7 mm
Wires and the fourth cable had 64 wireé
of same size, Afier initial prestressin
of the 3 cables, the girder was moveg
sidewise on rollers to the shore trolly

(Continued on page 150)
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PRESTRESSED CONCRETE SUSPENSION BRIDGES AND
THE INFLUENCE OF TIME EFFECTS ON THE
MAGNITUDE OF THE PRESTRESSING FORCE

By

DANIEL C. C. VANDEPITTE®

Summary

[The Author outlines the general ideas underlying the concept
of the prestressed concrete suspension bridge and briefly dis-
cusses the range of application of that type of structure. After
giving some information on actual construction of such bridges,

he shows how the decrease of

the prestressing Jorce, due to

shrinkage and creep of the concrete and relaxation of the main
cables and suspenders, can be predicted from the properties of
the materials.  Knowledge of the relationship between the initial
and the final magnitude of the prestressing force enables the
designer of a prestressed concrete suspension bridge 1o dimension
it properly. That relationship is not as simple as for conven-

tional prestressed concrete beams.

Relationship between the Prestressed
Concrete Suspension Bridge and
other Structures

IN a number of publications, some of

which are listed at the end of the
present paper (1 to 5), the writer has
expounded in some detail the general
ideas underlying the concept of the pre-
stressed concrete suspension bridge. He
has also described the existing bridges
of this type. He will not repeat here
all he wrote elsewhere, but will summa-
rize the main points developed at length
in those previous papers.

A prestressed concrete suspension
bridge is, in fact, a self-anchored suspen-
sion bridge, differing from conventional
self-anchored suspension bridges in that
the steel stiffening girders, which resist
thrust and bending, are replaced by con-
crete stiffening beams (Fig. 1). Whereas
the steel stiffening members of an
ordinary self-anchored suspension bridge

]

require a considerable amount of addj-
tional steel in order to be able to resist
the thrust as well as the flexure, the
concrete stiffening beams of a prestres-
sed concrete suspension bridge are pre-
stressed by the horizontal component of
the pull in the main cables and therefore
they need very little reinforcement, pro-
vided, of course, that they be adequately
designed.

A prestressed concrete suspension
bridge may also be regarded as a conven-
tional prestressed concrete bridge, whose
main girders are prestressed by cables
that have large eccentricities, much
larger in fact than the depth of the
stiffening beams.  Since large eccentri-
cities in prestressed concrete are in order
when the spans grow long, it follows that
the prestressed concrete suspension bridge
is suitable only for crossings of suffici-
ently long span. The live load produces
a non-negligible increase of the pull in
the cables of a concrete suspension

*Professor at the University of Gent,
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bridge, which thus carry directly a por-
tion of the tive load. The stiffening
beams are correspondingly relieved and
they have to resist smaller live load
moments  than the main beams of an
cquivalent prestressed conerete bridge.
This eifect also becomes more important
as the span length increases.

There is, tnally, a close relationship
between a prestressed conerele suspended
beam and a bowstring girder with g
very flexible arch. In the former, the
tensite member, the main cable, is
curved and has no stiffness, and the
compiession  member,  the stiffening
beam, is straight or practically straight,
In the latter, the compression member,
the arch, is curved and has little stiffness,
while the tensile member, the beam, js
straight and possesses rigidity. Both
structural systems behave very similarly.
Prestressed conerete suspended beams,
like bowstring girders, may be used as
the main carrying members of roof
structures of very long span as well as
of bridges.

Comparison between the Prestressed
Concrete Suspension Bridge and
Alternate Structures

Comparison of a prestressed conerete
suspension bridge with a true or a self-
anchored steel suspension bridge yields
the following points :

(1) The former structure is heavier
and needs larger foundations
to carry the vertical loads,

(2) It requires no external anchor-
ages having to resist large hori-
zontal forces, as a true suspen-
sion bridge does.

(3) tu the former type of hridec a
much chicaper conerete super-
steucture replaces the  steel
superstructuare,

(4) Ina prestressed conerete sus-
pension bridee steel is reguived
ounly for the main cables apd
for the hangers; the (ol
amount  of steel thus iy very
much smaller than the amount
required-for a truc steel suspen-
sion bridge, and the difference
is even greater in the case of a
sell-anchored steel suspension
bridge.

(5) A prestressed concrete suspen-
sion bridge needs very little
mamtenance.

(6) A prestressed conerete suspen-
ston bridge is much more rigid
than an cquivalent steel struc-
ture, whether a true or sclf-
anchored suspended structure.

Provided that the spans  arc long
enough, the stiffening beams of a pre-
stressed concrete suspension bridge are
much shallower and contam far less
concrete than the main beams of its con-
ventional prestressed conerete counter-
part.  Moreover, since the cables of the
tormgy have larger ceeentricities, the
Tequisite prestressing force is CoOrrespon-
dmgl)f smaller and the amount of pre~
stressing steel is considerably reduced,

When a prestressed suspended beam
and a bowstring girder with a flexible
archare compared, it is seen to be easjer
and cheaper to install a cable than to
cast a concrete arch high in the air.
Lateral buckling is much more of a
problem for such an arch than for a
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prestressed suspended beam, which in a
bridge is normally part of a relatively
wide, monolithic superstructure comp-
rising two such beams.

Range of Application of Prestressed
Concrete Suspension Bridges

The considerations above show that
the prestressed suspended beam has some
definite advantages over alternate struc-
tural systems unq that 1t tl)cx'cfore pro-
vides an cconomical sofution to many
bridge problems. Sweeping generaliza-
tions are, of course, not warranted. The
author is of the opmton that pr.estresse.d
concrete suspension highway bridges are
technically and economically feasible in
the range of spans between, say, 175 ft
and about 1,700 ft.

The limitation dqcs not reflect any
technical impossibility to exceed the
limits indicated 'but dcnvc§ from econo-
mic considerations. It s nq Wor.th-
while to design highway suspension
bridges for spans of less than 175 ft
length, conventional p\‘est_ressed concrete
bridges being the more suitable solution,
For very long spans cxceeding abou}
1,700 ft, a conventional true steel sus-
p;:nsion bridge, the mechanical proper-
ties of the foundation soil permitting,
would probably be cheaper tha~n a pre-
stressed concrete suspension design,

The two figures given arc intended
only to indicate the order of magnitude
of the limiting span lengths. Obviously,
no single figure can tepresent the true
economic maximum or minimum in all
possible cases spce both _depend. on
many factors, such as the ratio of width
to span length (for the lower hm.xt), the

uality of the soil, 'and the relative cost
of labour and building materials. Only
a comparative study of alternate designs

an, in any given case, decide whether
gne,or the other is the cheapest.

Construction of Prestressed Concrete
" Suspension bridges

oncept of the prestressed con-
Cr‘;l;ge scuspenpsion bridge has left the

December 196

realm of speculation and entered that
of actual construction. Two specimens
have been built and a third is under
construction in the vicinity of Gent,
Belgium. The two completed structures
are described in more or less detail in
previous papers (3, 4 and 5).

Figures 2, 3, 4 and 5 show the eleva-
tion, the longitudinal section, the cross-
section and a portal of the bridge which
is now being built at Merelbeke., It
spans the access channels to twin locks
and to a weir. Part of the wall between
the flow channel and one of the naviga-
tion channels provides support for the
bridge portal on the right-hand side in
fig. 3.

Although the natural range of spans
for the type of bridge discussed extends
far beyond 330 ft, none of the spans
yet built or a building exceeds a Iength
of 330 ft. They have proved to be
very economical structures. Opportu-
nities to build longer spans in Belgium
are almost non-existent.

The concrete for all three suspen-
ded structures was or will be cast in
shuttering supported by scaffolding,
That procedure was and is the most
convenient, for the bridges span a canal
not yet dug at the time of construction,
It is, however, quite possible to build a
prestressed concrete suspension bridge
without making use of any scaffolding.

Prestressing of all three bridges was
or will be achieved in the following
manner. When the floor structuse and
the two portals are concreted, the
latter in a position several feet (depend-
ing mainly on the span length) below
their design elevation, the main cables
are strung without any tension and ali
their connexions with. the suspended
structure are installed. The two portals
are then alternately jacked up with
respect to the piers by means of hydrau-
lic presses until they reach their design
elevation, and steel hinges are inserted
subsequently under the tower legs. The
elevation of the roadway above the
piers is not altered by the prestressing
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operation, for each portal is entirely
independent of the roadway and of ity
connexions with the pier.

Again prestressing can  be carried
out in other ways, but the procedure
described appeared to be the most
eflicient in the cases at hand.

Figures 6, 7 and 8 show the clevation,
the cross-section and the portal of a
prestressed concrete suspension bridge
with a centre span of 720 (t and
proposcd for a river crossing in Vene-
zuela. The suspended structure is made
up of precast scctions.

Properties of materials and other
parameters involved

We now come to the main purpose of
this paper which is to discuss the Joss
of prestressing force likely to occur
in a prestressed  conerete suspension
bridge due to time effects.  The
problem diflers from the corresponding
and extensively investigated problem in
conventional prestressed conerete con-
struction and it therefore  requires
special treatment.

We assumc that the stiffening beams
are prismatic, symmetrical with respect
to the centre of the bridge, and continu-
ous over their interior supports, and
that their axis is parabolic in clevation
(the straight linc being a special case)
in each span taken individually. We
also suppose that the shape of the main
cables is, in cach span, a polygon
inscribed in a parabola,

We use the following notations
(Fig. 9):

I=Ar, the moment of inertia and
A the cross-sectional arca of onc
concrete stiftening beam

Ac=1the cross-scctional area of one
main cable

As and A's = the cross-sectional area of
one suspender in the centre span
and in a side span respectively
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L and (=) L the fength of the
centre span and of one side span

f.and f - the camber of the stiffening
beam in the centre and the side
spans respectively

f,and r; ~the sag of the main cable
i the  contre and  the side spans

respectively
e
rl - ri "" f.:

.= r'
TN

¥, 5 and A" the slope of the
cable at three differeny points

athe downward eceentricity of the
cable abo Y

ve the end supports

m= 20 4 2/\“1 + Xa
3

the moment produced above cach
mtermediate supporg by two forces
=lacting on the ¢nds of the
supposcedly cut cable (iig. 9), these
forces being the only load on the
clastic system

E, Ec and Es the modyli of clasticity
for loading of very short duration
respectively of (he conerete,  the
mam - cable and ) suspenders ;
F],1 1S supposed to be measured at
:iocnu’mc1 of the prestressing opera-

and not tp merease appreci-
ably thereafter.

Zls and SV the sum of
of all the suspenders t
to one stiffening pe
in the maijn Span
span,

the lengths
hat are ticd
am respectively
and in one side

¢ = the rclative displ
lap) of both endsp
;:ablef mstantancouys
WO forces, P, act
(Fig. 9) "

W i[he lotal permanent 1oad per unit
tf}:\ngth _Of “one stiffening  beam :
¢ weight of the main cable and

acement (over-
of the severed
ly produced by
g on thoscends

Tmnqport-CommU“iC“‘iO“S Monthly Review

of the suspenders is included in w
wL”

p() B 81

Po (1 -+ a) thc»initialmagni@ude of
the prestressing force in  one
stiffening beam

P, (1 - ) the final magnitude of the
prestressing force, P (a~ ¢) dgn?t-
ing the loss of prestressing force
due to time cffects.

@ =sa= (1-5)

¢ =g e — (1)

¢ = the unit shrinkage of the concrgte
“of the stiffening ‘beam§ OCCUI'}I]\E
after prestressing is carried out; i

the concrete 18 several months old

when it is prestressed, s may be

about 0.0001 in a moderate climate

E the final value of the modulus of

clasticity of the concrete for loads
of very long duration qppl'\qd afgeir
the prestressing operation , in other
words : the stram instantancously

produced by aconstant compressive

.7 o . i
stress o 18 g but it increases wit
time due to creep, and its final

value is g . k is supposed to be
inde Jtofa;kmaybeofthe
indepencel 35 ‘or 275 for good

concrete, depending on its age at

prestrcssing time
creep of the main cable
erage permanent work-
it sustains in the struc-
i gs o¢ it sustains m .
)tn%es'tzi othber words : the magmtqde
ouf the strain produced by the

p the unit
under the av

.. Oc .
constant stress dc 18 Es initially,
but it gradually increases slightly

. Oc i
and its final value1s o (14 pp

2

1all, about 0.01 or 0.02,
ebsl];s made up of paral}el
sed wires of good quality
tress cqual to or

is quit
for ca
galvani !
with a working §
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slightly exceeding half of their
ultimate strength.

the final value of the modulus

of elasticity of the suspenders under
the average permanent working
stressas they sustain in the structure ;
in other words: the magnitude of
the strain produced by constant stress

.o :
O is mitially, but it gradually
S
increases due to creep, and its final
. hog .
value 187 -+ no= 1 for suspen-
S

ders consisting of solid steel bars,
but perhaps n = 1.3 for strands

-
the prestressing force.

N = (; ag the relative decrease of

Deformability of the Superstructure

By virtue of Castigliano’s theorem, 3
is equal to the derivative, with respect
to P, of the internal energy W stored in
the superstructure (Fig. 9):

M N
o 1 — 1 - g
W= zf i fEA ds

and

aw 1 (.. dam
_— M g
AP “mj Moap

1 Y
+32 0 f N e

all integrations being carried out over
all parts of the superstructure.

¢ =

Working out the latter expression,
one finds:

P PL .. )

C T I K= E’i(l\bM + KbN
Ke 4 Ks ) e (1)

4 — 8, —_ 2 _ m "

Kom = 5 (f—m) sz(4f 7m)

+%>~ [a’ - m(-m+2f, + a)

ot o Ey ] - (2)
KoN = (1 4 22) r? e (3)
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with F (a) denoting the function

Fe) = tga (31 2ela) see a 4 3 lg
(sce a - tea)
K. Koy Ke and ¥y respectively

M ; 14

PL

(T N terme ¢ . of
denote the effect, in terms of o

the curvaiure of the beam, tl.;c contrac-
tion of the beam, the f:l(mg;}u(m ol the
cable and the clongation of the suspen-
ders, on the clatic dxscrg;}z‘.ncy = due (o
the two forees PoSovand Kgare \\i\?\\'\aﬂ_y
emali with resnect 1o Kam ““,d K¢ ;.H.ns
(ransiates the fact tl\:\t_ the dgtorm;\b\h\y
of the superstructure 1‘s‘m.umly due to
the flexivility of the stfﬁcnmg beam and
(o the clongation o the main cable.

The larger Kow with respect to Ke,
the more rigid the cable with respeet to
the beam and the more the live load
mements in the beam decerease due to
interaction between beam and cable. The

ratio KoM increases with  increasing
MO,

span lengths.

One could add Ell.l()th(:‘l' term to the
four terms appearing in the above
expression for ¢. The hfth‘term woul.d
reflect the influence on ¢ of the clastic
shortening of the towers. 1t is, howcv?r,
found to be entirely negligible with
respect to the others.

When two constant forces P act during
a very fong time on the cut ends o.f the
;‘ziblc the overlap ¢ increases and in the
loneg run its value becomes :
™
v = [‘f‘[ [k‘KbM 4 kRKpN 4 (3 4-p)

Ke 4 nKs] :
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The value of ¢ for loads of short and
long duration is useful in the analysis of
the effects of live foad and of a tempera-
ture diferential between the cable and
the beam.

Magnitude of the Prestressing Force

Efficient  design of  a  prestressed
concrete suspension bridge requires the
prestressing force to be such that the
upward forces exerted on the suspended
structure by ithe suspenders and through
the camber of the beam exceed, on the
whole, the sell weizht of that structure.
Under these conditions,  the stiffening
beam deflects clastically as shown in
Fig. 10 in the absence of five load,
and the permancnt bending stress in the
upper edge of the beam is compressive
above the interior supports and tensile
at the centre of the main span.  Since
the live foad gives rise to curvatures and
bending stresses of  opposite sign, the
deflected shape pictured in Fig. 10 s
indeed desirable, as in the case of

conventional  continuous  prestressed
concrete beam.
YTty o « > \\'[" H
A foree equal to Py, -

gp im the
cable develops forees in the suspenders
of the centre span and upward forees dye
to the hogping of the bheam. which
together are exactly in equilibrivm with
the sclf weight of the suspended structure
in the centre span. 1t is worth noting
that the [ appearing in the denominator
of the expression for Po is not the sag
{, of the cable, but the sum of that sag
and of the camber £, of the beam, for the
combination of thrust in
the beam produces arch action

, ] and
contributes to carrying the load.

A prestressing force exceeding Po thus
18 necessary to gencrate curvatures of the
sign shown in Fig. 10, Let Po(l +a
denote that force, or, more precisely, the
initial value of that force.

The prestressing force decreases witl
time duc to shrinkage, creep and relaxa
tion. Tt is desirable that the curvature
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of the beam under permancnt load alone
not change sign while these phepomena
run their course, hence that « in  our
notation Po (I - #) for the final valug
of the prestressug force, 'a_lthoug-
smaller than «, still be positive. ¢
cvidently depends on «a.

The problem now is 1o find the
relationship between g and «.

Relative Displacements of the ends of
the severed cable due to time cffects

> that ain cable is
We supposc that the main e
cut imm(}:diatdy after the prestressing
operation 1is performed, and we apply
on the cut ends of the cable two forces
which are cqual, at any given moment
(o the tensile force existing at the same
moment in the cable of actual structure.
The two forces consequently are }nade to
vary from (I - a) Po initially to
(1 4 &) Po finally.
relative displace-
¢ now study the rela .
e\?l]t of the cut ends of the cable which
would gradually occur due to each time
cffcct taken separately.

Shrinkage
Shrinkage alone obviously produces an
overlap given by
n, = (14+2N)Les

Relaxation of the main cable

Since the elongation of the main cable
under two equal forces P instantaneously

PL
produces a total discrepancy Ko gy »

the differential discrepancy studied here is

Po L
A = Ke(L+D L+ F ~ Ke

1+ P(EIL = Ko [p +{Ape

]PoL
~a

B
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Creep Contraction of the Axis of the
Stiffening Beam

The beam finally shortens a  total

Lo P, K
‘! %;(])? ’ }\ L (1 2X\), while

the immediate contraction generated by
the prestressing operation itsellf s

(1 J/ZE? Po (1 4- 2\). The overlap

amount

due to creep contraction consequently is
O, =420 Kk 4 ke = 1 = a)
I PoL )
A° L =020 K= ke - a)e
LP,
El

.

Creep Flexure of the Stiffening Beam

The forces aeting on the beam consi-
dered as a frec body immediately after
prestressing and in the absence of live
load are indicated in Fig. 11. They
are :

—the permanent load w (including the

weight of the cable and of the suspen-
ders)

—the uniformly distributed upward load
Po. 8
(1_4—_(%__0___ =(14-a)w in the
centre span

—the uniformly distributed upward load
(1+a)Po 8 f f, 8P, f
‘= (1-4a) sw in both side spans.

—the thrust (14a)P, at both ends

—the end moments (1 + a) aP, due to

the eccentricity a of the cable above
the end supports.

We have taken the camber of the
actual beam into account by drawing its
axis as a straight line on the one hand
and by including the effect of arch

action in the upward forces on the other
hand.
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The net loading initially acting on the

beam is shown in I'ig. 11-b, with
aw=(1 - a)sw—-w=w [sa—(1=ys)]

The net loading finally acting on the
beam is obtained simply by replacing
cverywhere

a by gand a’ by & = Sg—(1-8),
The initial bending moment My over

the interior supports is easily found to
be given by

B 4+ 2NN, =P 12 o f 2N¥ a 'f
+Aa (] -+ a)l.

The initial moment in the left-hand
side span at a distance x=t]=t)\ L{rom
the left hand end support is

< alwl?
M=—(-0@+aul £ - Y

> i - a’ wl
Hl—t) = —(L 4 a)al, 4 t’[M() _alwie

alwl?

4 (1 a)al, ]_1. b S

The moment in the centre span at a
distancet XL from the left-hand interior
support is

‘ A aw L®
M=M - =3 Bl — 1) = M, —t.
aw I.* L AWEN
2 TV,

Initial bending of the beam would
produce a total overlap A " given by
I dMm’ ) . . dM
A= g g M " p dx, in which “dp
represents the derivative, with respect
to P, of the moment M’ induced by two
equal forces P pulling on the cut ends of
the cable. 1t is casily found that

1
dx) =—a - t{m--a-4f )+ 1*.4f,

in the left-hand side span and

dM’ TEE .
4P = + m — td4f + t°.4f in the

centre span.

’
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Performing the integration, one linds,
alter some manipulation of the symbols :

Al b ) (Za—m o2y oy
a2 (S5m0 S L (= Smyly
Py 1,

1510

Thc_ total - discrepancy A7, brought
about i the long run by flexure of the
beam s found by replacing a by &« by

- £ Lo

E by K i the expression for /.'

A= (] 8 (Za— el 26 - 2f

IS (D - T - 8f)) - & (- —3m) )3

]\l’() L

I5 164

The discrepancy due to creep flexure s

/S( == A.|” - A’|.
Ha and g are replaced by their expres-

. £ i

sionhx lf (L1 a)—=1 and &

A vep ey =1,
s linally found that

Oy=1 (k- 1y n 1B (Za—m - 27y
(=1 (B 5 s1,)] M

|84

ke
-J- SN [SNa (3\a NI+ 6a
12 (1 - INT—TONT, =5\ a)
- PooL
RNy e
15 191
Lo,
= (Ad-k Bs~Ba) ©
Kl

) |
with A = 15 (k=4[50 (Za—m + 2f))

2N ~1) Ga—sm - 8f . (6)
1

15 (5 42)0) N a@BNaw - INf,

20 N TN = 5 a)

LA RPN DY A (7)

and I3 --

Relaxation of the suspenders

The initial clongation of the
penders would

L' =Ks (1 4

SUS~
produce a total overlap

Py, L
a) "}‘3'1 , Which increases

132

Transport-Communications Monthly Review

gradually and finally becomes A ;"= Ks

nPo L
a+ 9 E(; . The overlap 2 ; due to

relaxation of the suspenders hence is
A,=A". - ,=Ks (n—~14ne—-a)
P L
El

This expression slightly overestimates
the discrepancy, for we calculated Ks
on the assumption that the full force P
in the cable induces tensile forces in the
suspenders, whereas part of the actual
cablepull (14-a)Po or (14-€)Po serves
to carry the own weight of the cable and
does not stress the suspenders. The
error is quite small unless the spans are
very long, and can be easily corrected
if the need arises.

Relation between ¢ and a

Actually there would be no discre-
pancy in the real structure if the cable
were severed, neither immediately after
prestressing, nor at any time afterwards,
for the prestressing force varies in such
a way that the cut ends permanently
remain in contact. The final value
(1 — ) Po of the prestressing force is
governed by precisely that condition.

We may write therefore :
Al +Ag +A3+A4+A5=0, or

(1+4-2X\) Les + 11—(;1[‘ %ch +4 (1 2X)

(k=1) r* 4+ A + (n—1) Ks+ & [(1
“+ py Ke - (1 4~ 2X\) kr? 4 kB
4+ nKs| — alKc- (I + 27\) r®
+B4+Ks]} =0

or &[(1 - p)Ke 4 (L 4- 2\ (kr? 4+ kB
4+ nKs]=a [Ke+ (1 +20)r2 4+B
+ Ks]—[pKc + (1 4 2x) (k — I)r?

EI
+ A+ (n-1)Ks+4 (1 4 2x) EIsP—O]
We thus find a linear relation of

the form £=Ca—-D (9), with C < 1
and D > O. The numerical values of C
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and D are easily computed from for-
mulae (4), (5), (6), (7) and (8), pro-
vided, of course, that the properties of
the materials, notably E, E,, E,, ¢,, k, P
and n, are known or assumed, as well as
all the geometrical characteristics of the
structure. When a value is selected for
a, hence the magnitude of the initial
prestressing force (14-a) P, is decided
upon, formula (9) yields =, and the final
value (1--¢)Po of the prestressing force,
the loss (a—¢)P, and percentage loss

n= 97 of ing f
17—}-—7(1 (o} prestressmg orce are

known immediately. Knowing & ena-
bles the designer to calculate the pres-
tress  distribution  prevailing  after

shrinkage, creep and relaxation have
taken place.

Conversely relation (9) enables the
designer to select an adequate value for
a. He can write the initial prestress in
two or three critical cross-sections as a
function of ¢ , and the final prestress
in the same sections as a function of
£, hence also a. The condition that
the prestress combined with the live
load stress may not exceed the stresses
allowed by the governing specifications
is translated into a number of ine-
qualities in which a appears as the
only variable, and by means of these
the designer can decide upon the most
suitable value for a.

a= oyields e<o. Consequently, if
the initial prestressing force is such that
the forces acting upwards on the stiffe-
ning beam in the main span are exactly
equal to the permanent load, the beam
will, after a while, sag below its un-
stressed shape in that spanunder perma-
nent load alone. This merely confirms
what could be expected intuitively.

In the case of the Merelbeke bridge
shown in figures 2, 3, 4 and §, equation
(9) becomes ©=0.72 @ — 0.055. The
most satisfactory value for & turned
out to be 0.19, and, consequently

= 0. dn = %% _ 0.091.
€ 0.082 and 7 iTa 0.091
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Decrease of the prestressing force in a
conventional post-tensioned beam—
comparison with a prestressed con-
crete suspended beam.

We assume that the concrete beam is
prismatic and that the prestressing cable
coincides cverywhere with the axis of
the prism.

Let P now denote the initial and
(1—n) P the final magnitude of the
prestressing force.

1f the tendon is detached from one
end of the concrete beam, the time
effects considered above for the suspen-
sion bridge cause the following discre-
pancies between the end of the concrete
prism and the loosened end of the

cable:
_ shrikage of the concrete prism :
A, = (1 + 23) Les
_ relaxation of the tendon: A, =(1

P

+ 22 L [ (14p 1-m-1 ]m
fc

=({1-4+22)L [p—— (1 +P)'7]‘ES—

if fs = :&I% denotes the allowable

steel stress, which is supposed to be
reached in the tendon during
prestressing

—creep contraction of the beam :

_PL
A, = (1420 (k=1-KI) 5 -

Flexure of the prism does not cause any
discrepancy and there are, of _ course,
no suspenders. We may write again A, +

A3+A3=0 Af
E s
or’)[(l—l—P)-ﬁc‘- P +k]
AE E Afg
_ il S 2 1 k—1,...(10

This equation immediately gives the
percentage loss of prestress 1, when the
P. .
average prestress —-1in the cross-section
of the concrete beam is known.
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The working stressfs in the tendons
of a conventional post-tensioned beam
is normally a larger fraction of the ulti-
mate steel strength than the working -
stress in the main cables of a prestressed
concrete suspension bridge. Conse-
quently p is also higher for the former
than for the latter, at least when the
suspension cables are made up of
parallel wires.

But even when idential values of &5 ,
k and p are introduced into the equa-
tions (8) and (10), the percentage loss
of prestress 7 turns out to be smaller
for a prestressed concrete suspended
beam than for a conventional prestressed
concrete beam. This is due to the fact
thatthe former system isless rigid than
the latter as far as relative displacements
caused by tensile forces in the cable and
corresponding thrusts in the concrete
prism are concerned, and, in conse-
quence, any discrepancy induced by
shrinkage, creep or relaxation is
cancelled out by a smaller variation of
the cable pull in the former structure
than in the latter.

The percentage loss of prestressing
force 7 in a prestressed concrete suspen-
sion bridge decreases with increasing
span length.

References.

(1) Self-anchored suspension bridges with
prestressed concrete stiffening girders—

International Congress on Prestressed
Concrete—Gent 1951

(2) Le pont suspendu a’ poutres de rigidit’~
en beton precontraintes par les cables
porteurs—Anales des Travauvx Publics de
Belgique—Octobre 1955

(3) Le pont suspendu en beton precontraint
de Merelbeke—La Technique des Tra-
vaux—ijuillet aout 1957

(4) Prestressed concrete suspension bridges—
Proceedings of the International Con-

ference on Prestressed Concrete—San
Francisco—1957

(5) Hangbruggen van voorgespannen Beton—
Beton—27 maart 1959

. and Cement—April 1959
and in German translation, under the title
Hangebriicken aus vorgespanntem Beton

llastsc;n—l-lerstellung—Verwendung—-Mai

134



’ PLATE |

T
. |

4600-151" L | 100,00 - 328" 46,00 - 151’ |

i ety ¢ i T R T I[—_ . l

Fig. 2. W12 Merelbeke Aanzicht Elevatiop

R

' (+15,749) T T
(+14,505) o T S
i T BERER

PR T 1 T 1 1 i | T
T

Fig. 3. W12 Merelbeke Langsdoorsnede Longitudinal Section Coupe Longitudinale

135



Transport-Communications Monthly Review

December 1961

LARGE PRESTRESSED CONCRETE BRIDGE
COMPLETED

OVER MANN RIVER AT JACKADGERY

(By Department of Main Roads, New South Wales, Australia)

THE construction of a large prestressed

concrete bridge across the Mann
River at Jackadgery has recently beqn
completed by the Department of Main
Roads. Itis on the new route of the
Gwydir Highway between Grafton and
Glen Innes. (The construction of this
73-mile road link through mountainous
country was described in the March,
1961 number of *“ Main Roads’’.)

The Mann and Nymboida Rivers,
which together drain over 3,000 square
miles of the eastern slopes of the Great
Dividing Range in northern New South
Wales, are major tributaries of the
Clarence River. The Mann River, which
is joined by the Nymboida River a_few
miles upstream from Jackadgery, flows
into the Clarence River about 45 miles
northwest of Grafton. At Jackadgery the
river runs between steep high banks over

a rocky bed strewn with boulders and
shingle. Normally the flow is small,
but in flood times the river may run
forty feet deep over a width of nine
hundred feet with an average velocity
of about 16 feet per second. During
floods heavy boulders are rolled along
the bed while drift timber of all sizes is
carried by the river.

At the bridge site a hard sedimentary
rock, greywacke, outcrops in the river
bed and the banks are relatively stable.

Design

The working drawings of the bridge
were prepared for the Department of
Main Roads by Messrs Maunsell and
Partners, London. The design is for
nine spans of simply supported post-
tensioned prestressed beams with a rein-
forced concrete deck acting compositely
with the beams and continuous for the
full length of the bridge. The girders
are prestressed by the Freyssinet system,
using cables consisting each of twelve
0.276" dia. wires. The reinforced con-
crete piers are of the plate type measur-
ing 26 ftx 3 ft for the greater part of
their height.

There are seven spans each 105 feet
long and two end spans of 95 ft 6 in.
The overall length is 938 ft and the dis-

g tance between abutment faces is 923 ft.

Construction of bridge over the Mann River
at Jackadgery—Pier base—showing
placing of section of cap

Because the western bank is higher than

B the eastern bank the deck has been built

on a grade of 1.5%,. At the eastern end
of the bridge the undersides of the gir-
ders are 1 ft above high flood level, esti-
mated to be 49 ft above normal stream
level, while at the western end the clea-
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rance is 15 ft. At the centre of the

bridge, the deck is approximately 65 ft
above normal river level.

The eight piers are founded on rock
which forms the stream bed. The base
of each pier measures 37 ft x 10 ft and is
set a minimum of one foot into sound
rock. Pier stability is provided by the
dead weight of the structure, but in the
three central piers additional stability is
given by 1} in. dia. stecl bars extending
8 ft into the rock. The base of each
pier is of reinforced concrete cast-in situ
to a suitable common level. Above that
level a segmental type of construction
was specified using precast concrete
shells set on top of one another and
progressively filled with heavijly rein-
forced concrete. The shell segments are
three feet high, the lower five being
tapered, and joints between them are
recessed to give horizontal lines for
appearance.

The abutments are constructed on steel
piling driven to rock at depths of about
50 ft at the eastern abutment and 30 ft
at the western abutment,

The superstructure consists of three
lines of prestressed concrete beams at
10 ft centres, supperting a reinforced
concrete deck. Each beam is 6 ft deep
and weighs about 50 tons. The super-
structure rests on fixed supports at the

eastern abutment and is freely supported

on roller bearings at the western abut-
ment and at all piers. The eastern abut-
ment serves as an anchor for the super-
structure. Beam ends over each pier are
stepped so that the beam in one span
rests on the beam from the adjoining
span, which in turn is supported by the
roller bearing, as shown in Fig. 1.
This necessitated progressive construc-
tion from the eastern bank.

After the beams were stressed and
positioned in adjoining spans, the con-
crete deck over the central three-quar-
ters of each span was placed. The next
concrete placed included the joints bet-
ween the stepped ends of the beams,

(34
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transverse  diaphragms between the
beams, thus enclosing the joints, and
finally the remaining short section of
deck over the pier. This method of con-
struction allows the beams in each span
to act as simply supported beams in
carrying their own weight and much of
the weight of the deck, while the deck

slab provides continuity for sy X
the live load. pporting

The carriageway is 24 ft wide bet-
ween kerbs 3 ft wide which serve as
pedestrian walkways. The handraijls are
of welded tubular steel. The cross-sec.
tion of the bridge is shown in Fig. 2.

Specified concrete strengths  were
6.000 1Ib/sq. in. at 28 days for the

prestressed concrete and 3,000 1b/sq. in.
for all other concrete.

Construction

Construction of the bridge was carried
out by contract and supervised by the
Depa}r}ment of Main Roads. Rasic
facilities provided by the contractor
were a site batching and mixing plant
on the eastern bank with casting beds

RUBBER BEARING PADS
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for precast concrete sections, 2 §tee1
towered cableway spanning the r:lve};;
and two steel erection trusses used 1
placing the beams In position.

r dams of steel sheet piling or of
sar?do%eags were used during excavation
for the foundations and casting in sifu
of the pier plinths. Precast pier seg-
ments were carried from the casting bed
to the cableway by mobile crane and the
cableway was then used to lower the
segments into position on the piers. In
situ concrete for the piers was also
carried in hoppers on the cableway.

Temporary rails were bolted to the
edges of completed piers to carry the
crection trusses. Each truss was desig-
ned to be supported at the top c‘hord on
the rails, and sideways motion was
achieved using hydraulic jacks. Inco;-
porated in the truss were hydraulic
jacks for raising and Jowering the com-
pleted beam and a screw jack to move
the beam longitudinally.

The beams were cast in segments
weighing upto 5 tons each. Ducts for
the stressing cables, were formed by
inflatable rubber tubing. Following
curing, the beam segments were trans-
ported by cableway and assembled on
the steel erection truss placed between

~ -/fré{, b

~ e

bridge over the Mann River
at Jackadgery—Girder sections and
precast endblocks at right

Construction of
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the two piers. Joints approximately 3 in.
thick between the segments were poured,
again using inflatable tubes to form the
cable ducts, and the high tensile steel
cables were then drawn through. Con-
crete samples from the joint concrete
were tested after three days and, subject
to their strength exceeding the specified
minimum of 6,000 b/ sq. in., stressing
was authorised.

The number of stressing cables in each
105 ft outer beam was 11 and 13 cables
in each inner beam. Specified net exten-
sion for each cable in these beams was
6.95". Standard Freyssinet jacks were
used with concrete anchorage cones.

After stressing, the cable ducts were
filled with cement grout by pumping
from one end, a small quantity of alu-
minium powder having been added to
counteract shrinkage. The end cavities
were then filled with concrete and
the beam was manoeuvred into position
and lowered into its final position, using
the inbuilt truss jacks. The erection truss
was then disengaged and moved sideways
into position for another beam, or, when
all three beams were in place, moved to
a position between the beams, when the
rear end was lifted by the cableway and
placed on a skid frame resting on the
adjacent completed beams. The leading
end of the truss was then lifted and a

< “ihand winch used to move the truss for-

‘ward into the next span. Temporary

o steel bracing frames were attached to the

i completed beams pending deck casting.

The designers specified a precise
casting order for in situ deck concrete.
' In any two spans the central section of
deck 81 ft long and 21 ft wide in each
span had to be cast before the interven-
ing length of deck and the transverse
 diaphragm over the pier. The addition
of the cantilevered sections of the deck

and the walkway kerbs, beyond the outer
 beams, was carried out at a lagging
distance of almost two spans. A bond-
ing compound was applied to the
longitudinal construction joint between
the deck and the cantilever immediately
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Construction of bridge over the
Mann River at Jackadgery—
Expansion rocker in position

under girder
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Construction of
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the Mann River
at Jackadgery
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Construction of the
bridge over the
Mann River at

Jackadgery—Erec-
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for cantilever
section of Deck
slab




Transport-Communications Monthly Review

December 1961

Construction of Bridge over Mann river at Jackadgery

prior to placing the cantilever concrete,
to reduce the risk of water penetrating
the joint.

The forms used in the work were of
steel except for some non-repetitive sec-
tions where timber was used. Concrete
aggregates were obtained in part from a
commerical source at Grafton and partly
from local river deposits of sand and

gravel, the latter being passed through a
small portable crusher.

During construction, concrete consis-
tency was checked using the slump test
for the 3,000 1b/sq. in. concrete. For
the drier prestressed concrete, Compac-

tion Factor apparatus was used. Field
strength tests were carried out at the
Department’s Divisional Testing Labo-
ratory at Grafton.

The contractor for the construction
was Thiess Bros. Pty. Ltd., the amount
of the accepted tender being 226,114
pounds. The construction of the bridge
occupied slightly less than two years.

Supervision of the work was the
responsibility of the Department of Main
Roads Divisional Engineer, Grafton,
who at the start of the work was
Mr.. R. J. S, Thomas and later
Mr. W. J. C. Orr.
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CURRENT TREND OF THE RESEARCH IN THE
FIELD OF DESIGN OF CARRIAGEWAY IN FRANCE

By

J. BONITZER *

WHEN the French Engineers build

roads, they use in very general
manner the empirical methods elabora-
ted by the American before and during
the last World War. These empirical
methods, viz., C.B.R. and method of
group index, furnish results which even
if summarily valid, do not permit a pre-
cise design of the structure of the roads’.
When both the two different methods
are applied simultaneously, there is
significant difference in results. Besides,
any one of the methods though more or
less satisfactory, does not permit taking
into account the effects of rigidity that
would exist for example in layers of soil-
cement or relatively thick layers of
bituminous concrete. The inadequacy
of these empirical methods are well-
known for a long time. In France, as
well as in most of the advanced count-
ries, efforts are being made to replace
these methods by methods more modern
and satisfactory. With regard to these,
genuine progress has already been made
in a manner to permit the use of new
methods of designs for road pavement
projects. These significant advances,
have upto now been in two directions,
viz., (1) mathematical reckonings of
mechanics of structures and (2) methods
of investigation of these structures with
vibrations. In spite of certain partial
results of special interest, these recent
efforts do not yet permit formulation of

really satisfactory methods. In continua-
tion of the work of JEUFFROY AND
BACHELEZ* the French Engineers have
for few years made thorough critical
investigation aimed at resolving the
existing impediments which so far
prevented the working out of practically
useful methods.

To begin with, we shall give briefly the
conclusions of those critical investiga-
tions relating to the design, and later on
the experimental methods.

Methods of Design

The investigations made upto present
have shown very large similarity in
essential characteristics and differ only
in points of details. These were similar
to investigations by BURMISTER in
1941-—-1943. The main assumptions are:
the layers of the pavement are supposed
to be constituted of materials that are
elastic, homogeneous and isotropic, and
the loads are static. The numerical
calculations have been limited to cases
where the soil (represented by a semi-
indefinite mass) supporting a single
layer (this case is known under the term
“twin layer”) or two layers (case of
““three layers’’). Except FOX, who has
made use of finite differences, all the
other authors have, for their calculations
used the mathematical methods of stress
functions and semipolar co-ordinates

* Chief Engineer, Central Laboratory, Bridges and Roads, France,

1 1t is to be pointed out that the method of group index is generally not correctly used in
France, where the engincers wrongly neglect the findings of Steele which permit taking into "considera-
tion to certain degree the rigidity of the upper layers.

® The methodical explanation of the tests and experience of Washo (Revwe Generale

Routes-September, and December 1957)

des
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adopted by BURMISTER. Finally by
way of details still not unimportant, ail
the computations have been made for a
value of 0.5 (exceptionally 0.25) for the
Poisson’s co-efficient.  Stresses and
deformations have been calculated only
at the intersection of the axis of load
and the interfaces of the layers (only
Jeuffroy and Bachelez have made the
calculations for the other points, for
investigating the case of twin tyres).

These investigations suffer from the
following inadequacies :

(1) The hypotheses relating to
the conditions of rupture of the pave-
ments are very inadequately defined.
JEUFFROY and BACHELEZ, for
example, have admitted that the rupture
could arise from two causes only:
either that the vertical pressure on the
soil is excessive or that the tensile stress
on a plane axial to the base of pave-
ment is excessive. It appears that this
conception is particularly defficient on
two points:

(a) Due to fact that the pavement
shows visco-elastic-plastic characteris-
tics, its rupture depends on the pace of
loading during the time of its applica-
tion in a manner which is still not clear.
It seems doubtful that the proposition
by the engineers of Shell Company of
substituting the maximum tensile defor-
mation to maximum tensile stress
permits satisfactory resolution of the
problem and it appears that more
research about the reheology of bitumi-
nous mixtures is necessary.

(b) Question more important:
it is not sure that the rupture of a pave-
ment can be due only to causes that have
been envisaged. In particular, observa-
tions and reasoning give food to the
thought that many pavements could be
subject to deterioration with origin in
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the upper part of the base layer, which
may be.subjected to high shearing
stresses either outside of the axis of the
load or at some distance underneath
the pavement—base layer interface
wherp tensile stresses in a noncoherenz
medl_um could be observed. Referring
to Fig. 1, it could be said that besides
the critical regions I and IV, generally
considered as origins of possible
ruptures, it would be useful to investi-
gate what happens in the regions II and
ITI. The ruptures of non-coherent base
could be at first unsuspected, whereas
they lead to intense attrition which
can cause alteration of the physical and
mechanical qualities of the stratum
constituting the base layer. The rupture
observed on the pavement could thus
be a result of an invisible rupture in
the base layer and not initially due to
the deterioration of the surface.

These possibilities show that it would
be of interest to explore several points
which have been omitted upto the
present.

(b-i) It is necessary to get an idea
of the real values of the Poisson’s
coefficients. They have, indeed, a consi-
derable influence on the stresses in the
base layer, especially in the vicinity of
the interface. The assumption of
v=0.5 could lead to grossly erroneous
results®. It is necessary to examine if
the assumption of a static load is not
unduly optimistic does not one hazard
to observe, in the case of a dynamic
lqagl, concentrations of stress at the
vicinity of the interfaces due to the
partial reflections of the elastic waves ?

(b-i) It is necessary to examine the
stresses outside of the axis of the loa
(in region 111).

On the other hand one could adopt, at
least in a first step of analysis, a condi-

3An excess value of the Poisson’s coefficient of the base layer leads to high values of shear at the
interface, high values of the perpendicular compressive stress on a plane vertical to the axis of the load,
and low values of normal tensile stress in the same plane. This consequently leads to conclusions
which are too pessimistic in the critical region I and too optimistic in the critical region III. It has

only a slight influenee in the regions I and IV.
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tion of rupture in the base layer ded\.xced
according to the theory of Mohr’s circle
and the intrinsic contour curve.

(2) The methods of computations
adopted upto the present refer toa
period wherein there was no possibility
of automatic computations. As these
procedures lend themselves badly to
automatic calculations and due to the
fact that with hypotheses more complete
than those adopted by Burmister (dyna-
mic load presence of visco-elasticity in
certain layers of the pavement) still
more complicated computation are to
be expected, taking in account of such
hypotheses has been uptill now post-
poned. For the same reason the number
of layers of the road pavements under
investigation had been limited.

We are convinced that the progress in
the mathematical methods of resolu-
tion, of partial derivative equations
linked with use of the big digital compu-
tors justifies reconsideration of these
questions. A certain number of new
methods are being investigated in France
with the object of reducing calculating
time of each particular case, and for
taking into consideration visco-elasticity
and dynamic loads, as well as eventually
structures which are finite in the horizon-
tal direction, and the case of unsym-
metrical loads.

Computations in the case of dynamic
loads would be justified for not only
because, it is far from being reliable,
that static loading computations furnish
even proper approximation but also
because techniques of non-destructive
pavement testing (investigation w.ith
vibrations) go more towards utilisation
of dynamic methods.

Even if we succeed so far, a very
serious difficulty would still exist due to
the fact that the problem depends on a
large number of parameters which do
not permit their explicit consideration.
We do not know yet how it would be
possible to manage it.
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(3) Till now the computations
have been essentially in a *“direct”
sense, i.e., the stresses and deformation
in relation to geometrical and mecha-
nical parameters of the problem have
been sought after. Itis known thatin
the choice of elastic (or visco-elastic)
parameters of the layers it is at the risk
of making it difficult, due to the inade-
quacy of laboratory test methods. It
would be of great interest to attempt to
deduce these elastic parameters from a
testing of actual or experimental pave-
ments. Thus one is led to pose an
‘““inverse”’ problem in which the question
relates to the computation of the elastic
parameters in reference to certain defor-
mations. The first attempt in this direc-
tion has been made to our knowledge,
by Jeuffroy and Bachelez, who deduced
values of the elastic moduli of the layers
from deflection observed when applying a
staticload on circular surfaces with vary-
ing diameters. These tests, due to the fact
that they have been resorted to with static
load, do not permit the computation of
the characteristics of the varying course.
On the other hand, they do not give any
information on the Poisson’s coefficients,
which has very little influence on the
deflections. But one could envisage
following Jones, of the Britieh Road
Research Laboratory proceeding from
values of wavelength of Rayleigh waves
or those of the mechanical impedance
of the pavement, varying when applying
sinusoidal load according to the fre-
quency.

This “‘inverse’ problem is not less
arduous than the direct one and investi-
gations made up to now imply conside-
rable simplification. We shall seek to
deal with the inverse problem only when
more advance will have been made
about the direct one.

The investigations explained above,
alone would permit of verifying,
without doubt, upto which point the
hypotheses of linearity and isotropicity
are sufficient to give an answer to the
characteristics of the layers of the
pavement.
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EXPERIMENTAL METHODS
A. Laboratory Methods

A number ol laboratory methods for

the investigation of the properties
of bituminous coatings are in hand. For
investigation of their visco-clastic pro-
perties, methods of vibrations have to be
resorted to enable computation from
rheological models. Nevertheless, the use
of these methods has certain difficulties
which are far from being solved, and
which would have to be handled more
systematically than in the past. These
difficulties relate to the choice of the
modes of vibration, fabrication of the
test pieces whose composition has to
be identical for all vibration tests to be
performed, to the role to be played in
test involving inevitable anisotropicity
and the mode of transmission of the
stresses, which should avoid the flow of
the test piece, to the kind of thermos-
tatic regulation, etc.

For investigation of fatigue of coat-
ings, an apparatus capable of applying
sinusoidal flexural stresses on a test piece
in the form of a prism with trapezoidal
section set up by the Shell Laboratory,
appears to be more to the point. We
would like nevertheless, to be able to
apply on the test pieces repeated stresses
separated by a time of rest to permit
in a way the relaxation of the m.aterlal.
If it is possible, it would be of interest
to investigate the fatigue in the case of
various deformations other than flexural.

However, we arenow not badly equip-
ped to progress the knowledge and
methods of tests on bituminous coatings
of the pavements.

1t is the same with regard to materials
with relatively high cohesion, such as
soil cement. On the contrary, there are
very serious difficulties in the case of
non-cohesive materials. These materials,
used in bases and sub-bases, have upto
now been investigated in connection
with the problems of foundation design.
From this point of view, the bearing
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capacity under static loads alone is of
any importance, while for the design of
road pavements bearing capacity under
rapidly varying loads is most impor-
tant. Whereas in the design of founda-
tions, the conditions of plastic rupture
alone plays a part, for the design of
road structures, the elastic-bearing capa-
city, in the region between upper and
lower equilibrium limits must be known.
It is necessary to say that from this
point of view, at present we are entirely
lacking in reliable laboratory tests. The
only practical tests are triaxial tests:
the materials are subjected to very slow
varying stresses, and the results vary
considerably according to the test
procedure because of the interference of
the phenomena of elasticity with pheno-
mena of adaptation. From these tests
it is difficult to calculate anything
similar to Poisson’s coefficient even
with little precision.

The investigation of the phenomenon
of fatigue of soils (fragility, attrition,
physico-chemical decomposition linked
with the presence of water, and interac-
tion of all these effects) appears to present
less basic difficulties, Nonetheless, it is
only l_}eginning and it is difficult to say
when it will bear the frujts.

B. Experiments at site

The Qeﬂicie_ncies in the means of labo-
ratory investigations, especially, with
non-cohesive soils or those with little

cohesion gives great importance to the
methods of experiment at site.

These require the application of
certain loads to the pavements and

measurement of the displacement, strain
or stresses caused.

(a) Purely static loads are applied.
The measurement of deflection is
made mostly under the wheels of
loaded trucks. The apparatus utilises
loaded circular plates. M. CLAEYSSEN
has used hydraulic pads to get as
well as possible, uniform distribution of
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the vertical load and eliminate hori-
zontal stresses caused by friction: the
pads were used with two types of
loaded trailers. The use of trucks or
static loading apparatus has the draw-
back, giving practically no data about
the role played by the pavements and
generally speaking rather poor infor-

mation.

One is therefore interested in appara-
tuses for dynamic loading, which can be
ranked into two categories: generators
of sinusoidal vibrations and impulse
generators. In the field of sinusoidal
vibration generators, the main investi-
gations have been made in Holland, by
NIJBOER and HEUKELOM (Shell
Company) who have set up a heavy
vibrator of very low frequency (6 to
60 hertz) and a medium frequency vibra-
tor (upto 10,000 hertz) and in England
by JONES (Road Research Laboratory)
who has used vibrators with medium and
high frequencies (upto 60,000hertz). We
have started using the same means. In
particular, it appears to us that the heavy
Shell vibrator, whose new prototype 1is
now being set up, is more convenient
could offer means of the dynomic testing
which could be used on a large scale for
routine requirements than theoretical
studies.

On the other hand we are now
inventigating an impuise generator
utilising the drop of a ball on a system
of springs.

(b) The characteristics measured
could be displacements, the strains or
stresses. .

The measurement of the stresses has
been tried for some years by means of
rigid cells of rather large dimensions.

We are at present rather skeptical as
to the capacity of such cells which
could only be utilised rather in a
large depth, disturb not only the stress
distribution, but also the plastic con-
solidation of the soils, and permit, only
measurement of stresses perpendicular
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to a horizontal plane. The hydrostatic
cell that has been envisaged seem to
come up against similar objections.

We have not attempted to measure
strains though the use of strains gauges,
flat and not very cumbersome, do
escape some of the objections which
have been made against the pressure
cells.

The only measurements utilised are
the displacement ones (or at times in the
case of dynamic loads, measurements
of speed or accelerations of the dis-
placements).

The most primitive measuring device
is the Benkelman beam only appli-
cable to static loading cases, of which
there are forty or fifty in France.
Another more perfect instrument also
very much in general use, is the JOBIN
and Yvon-CLAEYSSEN, optical de-
flectometer, used with static as well as
slowly moving loads. This apparatus
gives the maximum deflection at the
centre of the loading or at the points
nearby.

One would therefore like to have at
his disposal apparatus permitting on
one hand, the recording of the vertical
displacements under the dynamic loads
and on the other hand investigate the
surface of the pavement under a more
or less extended zone. For this pur-
pose frames to serve as bases of
reference, resting on supports not in-
fluenced by the loads, have been con-
structed and these frames support about
ten electro-magnetic feelers whose read-
ings are recorded. Such a system has
been used with ball deflectometers as
well as with trailers for static loading.
On the other hand at present, investi-
gations are in hand on an optical
apparatus with a movie recorder for
recording the vertical displacements of
a luminous source placed on the surface
of the pavement.

In the case of vibrating loads, one can
work mainly in two distinct ways.
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On one hand one measures the
mechanical impedance of the pavement
when the frequency varies. This is
what has been done with Shell Machines.
One is equally interested on the surface
waves and measurement of their wave
length. In certain range of frequencies,
the accelerometers which have many
interesting peculiarities could be utilised.
It permits the dispensing with of
reference to bases and can record not
only vertical accelerations but also hori-
zontal ones.

These measurements are concerned
practically with the surface pheno-
mena, although theoretically one can
in certain cases explore what happens
at depths. Due to the fact that one
can make use of supplementary para-
meters, for example, the frequency of

December 1961

vibration, when one resorts to sinusoidal
vibration generators, and for this reason
one can also measure not only a single
magnitude but a functional series, the
information thus obtained is much more
valuable. We cannot still say what
exactly would be involved in this
information and whether it would
permit particularly the still difficult
problem of determination of the para-
meters such as the Poisson’s coefficients
of the base layers to be solved.

[The above has been very kindly
translated from French to English by
Shri S. K. Rajagopalan, Divisional
Engineer (Consultant), Government of
India, Ministry of Transport & Com-
munications, Department of Transport,
Roads Wing, New Delhi.]

(Continued from page 124)

It was then pulled towards the river
until transferred to the bed trolly and
was next moved on rails laid on the
river bed upto the opening, over which
it is to be placed. Finally it was pushed
sideways over the pier caps, till it could
be placed exactly over the bearings. The
operation of launching heavy girders,
the heaviest weighing about 135 tons
without any incident, was possible only
because of a really good organisation
at site.

The bridge deck provides a 24 ft
wide roadway, with wheel guards and

railings on either side. Tt is designed to
carry two lanes of Class A or a single
lane of Class AA loading of I.R.C.

In designing the superstructure, all
the criteria prescribed under Bridge
Codes, including those for the Prestres-
sed concrete had to be satisfied. As the
aim was to reduce the weight of the
structure, it was possible to cut down
the quantity of cement used in super-
structure by about 30%, and of steel mate-
rials by about 90%, Of course, the cost
pf the deck structure, including the
imported materials used, could not be
made any cheaper in this job in view of
the circumstances prevailing.
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ESTIMATION OF SUBGRADE MOISTURE DISTRIBUTION

By

K. RUSSAM, B.SC., A. INST. P., A.M. INST. H.E. AND D. CRONEY, B.SC.*

Summary

[Research into soil moisture has been conducted at the Road Research
Laboratory in Great Britain for a number of years, and methods have been
developed for estimating the ultimate soil moisture distribution under imper-
vious pavements. This paper shows that the main factor controlling the
moisture distribution is the position of the water-table when it is close to the
surface but that the local climate becomes increasingly important as the depth

of the water-table increases.]

Introduction

THE natural stability of soil depends

largely on the water present between
the particles and on their surface. Local
climate is therefore a major factor in
determining the engineering problems
which any particular soil will present.
For this reason soils of predominantly
the same type are very differently re-
garded in different parts of the world.
In relation to the design of road pave-
ments the engineer is generally interested
in the long-term stability of subgrades;
in particular he needs to know whether
the natural soil is likely to become
wetter when the pavement has been laid
and how any such tendency can be
taken into account at the design stage.

This is a problem largely in the field
of thermodynamics. It is now recogni-
sed that the factor which causes water to
move in soil is a gradient of hydrostatic
pressure (irrespective  of yvhether the
actual pressures in the soil water are
greater or less than atmospheric pres-
sure). Differences in moisture content,
expressed on a weight basis, provide
little information on the direction of flow
of soil water, since movements may take
place from regions of low moisture

content to regions of higher moisture
content if such factors as difference of
soil type or state of compaction or
disturbance are present. [Itis for this
reason that special consideration has
been given at the Road Research Labo-
ratory ' and elsewhere * to the factors
which govern the hydrostatic pressures
in soil water.

Soil meisture

At any point in a mass of soil the
actual measurable pressure of the water
in the soil pores (pore water pressure) is
determined by two factors, the pressure
exerted by the surrounding soil, and the
stress-free suction of the soil arising
primarily from surface tension and
associated absorption effects. Thus in
any thin stratum of a semi-infinite mass
of soil the suction, s, the pore water
pressure, u, and the vertical pressure, P,
due to overburden are related by the
equation :

u=aP+s (D)

where a, the compressibility factor, is
the fraction of the normal pressure
effective in changing the pore water
pressare. Since values of sand u are
normally expressed from a zero corre-

Kingdom.
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sponding to atmospheric pressure, s in
equation (1) is always negative and a P
positive. Thus if s is numerically
greater than « P, u is negative, the
condition generally prevailing above a
water-table, and if s is numerically less
than a P, u is positive, the condition
prevailing below the water-table. The
value of the suction, s, can be measured
very simply from the energy required to
extract water from a small unloaded
sample of the soil, and a from the effect
on this energy of an externally applied
pressure. Equipment for making these
tests has been developed at the Road
Research Laboratory and is described
elsewhere.’

Again, techniques have beendeveloped
for studying the relation between
suction and moisture content’ and
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equation ' can be used for expressing
any measured pore water pressure in
terms of an equivalent moisture content
provided that the appropriate values
of @ and P are known.

Beneath an infinite impervious sur-
facing, and in the absence of temperature
gradients the ultimate pore water pres-
sure at any point in the soil is determined
by the level of the water-table, being
less than atmospheric pressure by an
amount equal to x feet of water at a
point x feet above the water-table, and
greater than atmospheric pressure by the
same amount at a point x feet below the
water-table. In practice, a ground water-
table existing close to the surface domi-
nates the soil moisture regime under
wide impervious pavements and, in these
circumstances, equation (1) can be used
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Fig. 1. Relation between suction and moisture content
for various soils drying from saturation
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to determine the equilibrium distribution
of suction and moisture content \_VJth
depth. If of course the soil is stratlﬁed
the appropriate relations between suction
and moisture content for the (hﬁerent
strata must be used in estimating _the
moisture content distribution. Typical
relations between the suction and
moisture content for various types of
soil are given in Fig. 1. The value of
the compressibility factor, a, may vary
with the moisture content but a useful
guide to its value may be obtained from
the plasticity characteristics of the soil
as follows:

Plasticity index < 5; a =0
Plasticity index > 40; a =1
5 = Plasticity index £ 40 ; a =
0.00275 P.1.—0.125
Although temperature gradients give
rise to differences to vapour pressure likely
to modify the moisture distribution with
depth, investigations suggest that this
effect is not large under most practical
conditions. In applying the theory to
the practical case of the road or airfield
pavement a more important factor
is the limited size of the impervious area
provided by the pavement. Because of
this the theoretical moisture distribution
based on the position of the water-table is
tikely to be influenced by ‘ edge-effects’
which will depend largely on the
moisture content in the adjacent un-
covered soil and hence on climate.

Soil moisture and climate

The moisture condition of exposed
soil depends mainly on the relative
amounts of rainfall and evapotranspira-
tion. When rainfall exceeds the
evapotranspiration, water is available
for storage within the root zone of
plants and trees and some subsoil drain-
age and runoff may also occur. The
change in the number of inches of water
stored in an exposed soil profile is equal
to R— E~D, where R is the rainfall_ in
inches, E the actual evapotranspiration
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in inches, and D the drainage in inches,
all occurring in a given time.

When water is not draining through
the soil the moisture balance may be
referred to the moisture holding or field
capacity, C, expressed in inches of water,
of the soil profile. Here the field capa-
city, C, is defined as the amount of
water held in the soil after the excess
gravitational water has drained away and
after therate of downward movement has
materially increased.’ Thus, in this
case, the number of inches of water
stored in the soil profile s C — E 4 R.

The actual evaporation is difficult to
estimate. This can in part be over-
come by replacing E by Ep, the poten-
tial evapotranspiration, defined as that
evapotranspiration which would take
place in a given climate if the soil and
vegetation were provided with an un-
limited supply of freely-available water.
The amount of freely-available water
in the soil at field capacity will depend
on the depth and texture of the soil and
on the distribution and extension of the
root systems. In practice, between
2 and 8 inches of water, depending on
site conditions, is available in the soil
profile at field capacity but for most
soils with normal vegetation the mean
appears to be about 4 in. of water.®
The amount of available water, M,
contained in the soil profileis then given

by:
M =44 Ep - R.

When the readily-available water has
been evaporated from the soil profile a
soil moisture deficit, d, occurs. Since in
dry soils the potential evapotranspira-
tion will exceed the actual evapotranspi-
ration by an unknown amount, d has a

qualitative significance only.

Many formulae have been proposed
for the calculation of Ep from meteoro-
logical data such as those due to Pen-
man?, Thornthwaite® etc. . The
normal weather data can thus be used
to give the rainfall and potential evapo-
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transpiration each month throughout
the year and the soil moisture balance

Calculation of the mojsture balance, Madras, India.
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constructed as shown in Fig. 2. A
measure of the overall availability of
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throughout the year can
obtained from the

moisture
conveniently be

Thornthwaite Moisture Index® defined
as:
160.D - 60.d
Moisture Index = - Ep

where Ep, D, and d have the meanings
previously ascribed to them, but taken
over an annual period.

Three climatic categories can conve-
niently be distinguished: Dry (D=o
always), Wet (d=o always) and Inter-
mediate (d =0 for some months, D=o
for other months).

Subgrades in regions with a wet climate

The heavy rainfall on sites in this
category will keep the soil wet and little
change of volume, moisture content or
strength, will occur with season. Th.e
surplus water draining through the soil
will normally form a water-table, the
depth of which will depend on the per-
meability of the soil strata. The mois-
ture distribution under a sealed road or
airfield pavement can therefore be esti-
mated using the approach outlined
above. Wetter conditions than the esti-
mated distribution might be expected to
arise at the edge of the pavement.
Monthly measurements at two sites in
this category, Tengah Airfield, Singapore
(during 1951—55) and Kai Tak Airfield,
Hong Kong (during 1952-53), shgv_ved,
however, that the moisture conditions
under the pavement became slightly
drier near the pavement edge. The cli-
mate at both airfields is tropical mon-
soon. It would appear therefore that
evaporation from the exposed soil toge-
ther with the normal drainage measures
can more than counteract the effect of
heavy rainfall and surface run-off from
road and airfield pavements. The sub-
grades at both air fields, at Tengah asilty
clay and at Kai Tak a clayey sand, were
derived from decomposed granite of
very variable properties. Laboratory
suction tests carried out on samples of
the soils showed that the moisture con-
tents observed under the central part of
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the pavement were consistent with the
position of the water-table which varied
between depths of 1 and 2 ft at Tengah
and 2 and 8 ft at Kaj Tak.

Subgrades in regions with a dry climate

An arid climate where the monthly
rainfall is less than the evapotranspira-
tion gives rise to desert or semi-desert
conditions. The conditions at Abu Sueir
Airfield, near Ismailia, Egypt, falls within
the dry category and monthly measure-
ments of soil moisture content were
carried out at this airfield during 1953-54,
No watertable was located in the medium-
fine sand. The tests showed that the mois-
ture content of the top few feet of the
exposed soil and of the subgrade under
the pavement was of the order of 3 to §
per cent. The annual rainfall was less
than one inch and was too small to have
more than a temporary effect on the
exposed surface soil. Laboratory tests
on soil samples from Abu Sueir showed
that the generally prevailing moisture
conditions corresponded to a soil suction
of about pF 5.8, which is consistent
with the soil moisture content being
controlled by the average humidity of
the atmosphere. At such high suctions
the effect of the overburden pressure on
the moisture distribution may be neg-
lected and in these circumstances the
moisture content of the subgrade can be
taken as the moisture content of a
sample of air-dry soil.

Even in desert regions water-tables can
exist relatively close to the surface of
the soil and these may affect the soil
moisture distribution. The water-table
inan arid region is usually due to a
nearby river or the sea. Underground
seepage of water also occurs and at
times this water may be within a few
feet of the surface in what may appear
to be a completely waterless region. 1In
the latter circumstances, the water-table
may again become the main source of
subgrade moisture under a pavement.
Thus at Khormaksar, Aden, where a
water-table is maintained in the medium/
fine sand at a depth of 2-3 ft by the
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adjacent sea, the measured moisture con-
tents were found to be similar to those
in a column of the sand which was
allowed to reach moisture equilibrium
with a water-table. The average of the
monthly moisture content determina-
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tions carried out at Khormaksar during
1953—55, when the annual rainfall was
about 3 inches, is given in Table I and
this shows the extent of the drying out
in the sand near the edge of the pave-
ment due to the arid climate.

Taprr 1

Average of monthly soil moisture contents—Khormaksar Aden
(April, 1953—February, 1955)

Depth Moisture content

6 in.—1 ft 6 in.
1ft6 in.—2 ft 6 in.

2 ft 6 in.—3 ft 6 in.

Moisture content under
pavement

; \
under bare soil 3 1t | 10 f 25 §4
from | from from
edge | edge edge
S R R
14.2 D139 | 154 | 155
20.8 207 | 229 | 21
|
27.6 ; 28.0 28.1 29.8
i

The rate of movement of moisture
through unsaturated soil is extremely
slow as compared with saturated or
nearly saturated soil and as the depth to
the water-table is increased it is possible
that subgrade moisture may be more
freely available from run-off at the edge
of the pavement than from the water-
table. The availability of this water
will affect the rate at which the ultimate
moisture distribution is approached. An
example of these circumstances was
found atKhartoum Airfield, Sudan, where
a water-table varied in depth between
23—32 ft. Monthly measurements taken
over a period of several years showed
that the moisture contents in the top 2-3
ft of exposed clayey sand soil varied bet-
ween 3and 7 per cent according to season.
It was therefore likely that the moisture
content of the top foot of subgrade was
within this range when construction gf
the 50 ft wide taxiway was completed in
early 1952. The changes in the moisture
distribution which then took place in

the top foot of the subgrade under the
taxiway are given in Fig. 3.

Although the annual rainfall at
Khartoum is only about 8 inches this
water when concentrated, by surface
run-off, at the edges of the pavement
soon resulted in wet conditions in the
subgrade in this position. The rapid
wetting of the soil during the rains was
followed by a very slow drying of the
subgrade during the following dry
period, and little subgrade moisture
appeared to be lost before the onset
of the next rainy period. The resulting
moisture distribution six years after
construction was such that the subgrade
was much wetter than the comparable
unpaved soil and became wetter with
increasing distance from the edge of
the pavement. Although the arid cli-
mate produced the drier subgrade near
the edge of the pavement, the mois-
ture condition measured under the
centre part of the taxiway in 19358
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approximated to the estimated moisture
content for the soil in equilibrium
with the water-table.

Sub’grades in regions with an inter-
mediate climate

A shallow water-table also dominates
the climatic factors and has a major
influence on the moisture distribution
beneath pavements in this chmatl.c
category. Where the water-table is
deep the factor controlling moisture
conditions under a sealed pavement is
the moisture available at the edges.
Seasonal rainfall may produgq large
variations in moisture conditions of
subgrades within 2-3 ft of the verge.
The relatively stable moisture regime
existing near the central part of the
pavement will then be affected by the
comparatively small amounts of water
entering and leaving the road subgrade
during the wet and dry seasons. Thus
the availability of water at the edges of
the pavement will not only affect the rate
at which the moisture equilibrium is
approached but also the general soil
moisture regime in the subgrade. A cli-
matic classification of the water balance
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sand subgrade, Khartoum

between rainfall and evapotranspiration
may therfore be related to the moisture
conditions beneath road pavements,
though other variables will be the shape
and type of construction of the road and
verge, and the soil permeability and
local topography.

To examine this possibility an investi-
gation is now being carried out to
determine the moisture conditions under
roads in East Africa and Nigeria which
have been sealed with a bituminous sur-
facing for at least five years. The results
to date suggest that, in the absence
of a shallow water-table, the subgrade
is unlikely to become wetter than field
capacity (Fig. 4). At field capacity,
published figures*™ suggest the suction
of the soil is in the range pF 1.6 to pF
3.2, the lower figure corresponding to
loose sands and the higher figure to
heavy clays. To give rise to wetter
conditions in the road subgrade it would
appear therefore that a water-table should
be within about 2 ft of the top of the
subgrade in the case of loose sands and
at greater depths for the heavier soil
types down to a limiting value of about
50 ft for very heavy clays.

157



Transport-Communications Monthly Review

The range of soil moisture conditions
found under roads in a given climatic
area has emphasized the importance
of a knowledge of the unsaturated
permeability of soil to water. Labo-
ratory research into the unsaturated per-
meability of soils together with the
method of flow-net construction may
provide the means of obtaining an
accurate prediction of subgrade mois-
ture distribution in this climatic cate-
gory; thisapproach is also being studied
at the Road Research Laboratory. At
the present, however, the semi-imperical
approach outlined above may prove a
useful guide to the road and airfield
engineer,
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laboratories field evidence is scanty and
as mentioned earlier, moisture migratior’l
due to thermal effects does not appear
to be a general problem to the road
engineer. Measurements at three air-
fields in Rhodesia have provided some
data on these phenomena.® The
airflelds were situated on unsaturated
sandy or silty clays and the increase
in moisture content of the subgrade
took place duringthe cool season imme-
diately following the rains. The build
up of moisture approximated to that
found when a temporary water-table
was formed during the wet season. It
therefore appears that the level of the
temporary water-table could be used to
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Variation of suction of soil samples from roads with Thornthwaite

moisture Index

Thermal movement of subgrade moisture

Temperature gradients in the soil can
cause the migration of water in both the
liquid and vapour phases. The move-
ment may be rapid and it is possible
that a sudden cooling of the road
structure could result in an increase in
the soil moisture content at the top
of the subgrade. Although these effects
have been simulated many times in

estimate the highest subgrade moisture

content likely to occur in such circum-
stances.

Conclusions

Long-term measurements made under
roads and airfields in both tropical and
sub-tropical countries have shown that
under sealed pavements the seasonal
variation of soil moisture content is
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much reduced but large changes in
moisture content may take place over a
period of years. The most important
change from an engineering point of
view usually occurs where the soil has
previously been desiccated, the reduction
in the rate of evapotranspiration follow-
ing construction of the pavement per-
mitting the accumulation of moisture
in the subgrade. This is clearly a matter
which must be taken into account at
the design stage of any road or airfield
project.
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ROAD RESEARCH IN U.P. AND ITS APPLICATION

(By the courtesy of the Chief Engineer, P.W.D., B. & R., U.P., Lucknow)

THE U.P. P.W.D. Research Institute
" was established in the year 1947 with
neucleus stafl’ trained in soil stabiliza-
tion work and has since been tackling
various problems of buildings and roads
construction out of which only items of
wide application have been chosen for
inclusion here.

From the year 1957 onwards, the
number of failures of road miles assumed
a large proportion and has been increas-
ing in every subsequent year. Investi-
gations were carried out which revealed
that in most cases the thickness of road
crust was inadequate for the wheel loads
passing over the road. This required
devising of remedial measures to save
the State’s roads from major damages.
The soil under most of the roads was of
A4 and A6 type which had very low
resistance to deformation or had very
low C.B.R. value under saturated condi-
tions. The thickness of crust required
over such subgrades usually worked out
from 18 in. to 24 in. whereas the exist-
ing thickness of pavement was hardly
9in. Study of these failures and required
thickness of crust brought out the mag-
nitude of the problem and decision was
taken to increase the crust thickness to
11 in. This did not solve the problem
fully and it became imperative to use
some locally available material with
higher value of C.B.R. which could eco-
nomically replace a part of the road
crust thickness. The solution liesin lime
treatment of soil or providing a sub-base
with graded soil. The U.P. chose the
latter, it was decided to provide top one
foot of embankment of all new roads
with graded soil compacted mechani-
cally at optimum moisture content
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to give a C.B.R. value exceeding 10.
Road crust {1in. would then suffice
over this specially prepared sub-base
and the roads are expected to behave
well even under worst condition of
weather and traffic. The organization
and equipment for soil survey work,
test and control of 600 miles length of
new roads which are to be constructed
in third S-year plan have been arranged.

This decision was backed by experi-
ence gained on stabilization of soil on
Beni Harauni and Lucknow-Mohan
Road. On these roads the base course
consisted of 3 in. course stabilized soil
with sand content exceeding 50 per cent
and P.1. of 5—7. The wearing course
consisted of 3 in, thick stabilized soil
with a P.I. between 8 to 10 and sand
content of more than 30 per cent and
mixed with 40 per cent soft aggregate.
These were compacted at optimum
content to Proctor’s density and were
topped with 1in, stone chipping grafting
and 2 coats of surface dressing. In
some cases kankar and in other brick
ballast aggregates of one inch size were
used for wearing course. Some control
lengths of 6 in. thick water-bound sur-
face have been constructed side by side.
These were constructed during last five
years and fair amount of experience on
these has been gained by now. So far in
the miles with light traffic have stood
well but lengths where traffic has reached
500 tons or more patches have appeared
and signs of distress are exhibited. The
reasons for this are being investigated.
However, it is manifestly clear that fail-
ure by creep occurs in between the graft-
ing and the top course of stabilized soil.
The crust gives way at places of exces-
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sive creep, a patch is then formed, the
soil aggregate mixture of top coat gets
pulverised and the patch deepens.
Record of the patches occurring and the
maintenance cost being incurred is being
maintained. The base course in all
cases have been found to be more or less
intact. Our observations exactly tally
with the findings of the I.LR.C. on their
test-track* which suggest that there
should be 3 in. thick coat of waterbound
macadam over stabilised soil base course
for satisfactory performance of soil stabi-
lised roads.

The problem of finding suitable, cheap
and simple specification not requiring
too much of technical control of super-
vision for village roads is another major
problem. Low cost roads with stabilized
soil require strict control of field labora-
tory. Village roads do not carry pneu-
matic tyre traffic. A simple specification
lies in providing pavement of layer of flat
bricks or brick on edges with high com-
pressive strength bricks, commonly
known as engineering bricks over base
which may consist of compacted sandy
soil. The engineering bricks have com-
pressive strength of 6,000—8,000 1b
per sq. in. against 3000 Ib in average of
ist class bricks have high flexural
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strength, very low water absorption, are
highly resistant to abrasion, they do not
break under wheel load, and transmit the
stresses to the base without being dam-
aged. In due course the base would thus
get compacted to a greater extent and
develop higher C.B.R. The use of these
special engineering bricks has the
advantage that crust can be added on to
it without dislodging them. The speci-
fications though simple to follow and
ideally suited for village roads, involve
the problem of production of engineer-
ing bricks. Successful experiments on
a semi-field scale in Down Draft Kiln at
Chinhat, Lucknow, in producing engi-
neering bricks have been made.

Use of Engineering bricks for road
construction may not be limited only to
rural roads. Layer of Engineering
bricks with a premixed black top laid
with use of suitable primers have been
tried on important provincial highways
carrying a traffic of more than 1,500 tons
a day with success.

There are several other problems
tackled in this State Engineering Labora-
tory they are still under observations and
implementation of findings will have to
wait till the results are finalised and
advantages are conclusively proved.

* Report published in Indian Rodas Congress Research Bulletin No. 7
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PRESENT TREND IN THE ART OF BUILDING
HISTORICAL BACKGROUND

By

Dr. A. CARBONE*

TODAY therc is quite a good amount
~ of research work at the disposal of
the Engineer, who practices the Art of
Building, which gives him ideas,
hypothesis, experimemal.results in S}lch
a rapid evolution that he is often obliged
to revalue the real soundness of th_e
assumptions on which is basegl his
project, assumptions chosen by hnpself
or imposed by official spccxﬁcatlox}s,
which often are successively contradic-
tory.

Against such a mass of studies the
Engineer may ask whether the birth of
a new Engineering Static, more simple
and exact than the present one is possible
in a near future.

We will outline, for clarity, the uvto-
date ideas, well-known to all the T;chm-
cians, and express some considera-
tions of a general character on the
possible results of a more close collabo-
ration between Physicists and Engineers.

It is well-known that the formation
of the Theory of Structures (as it is
defined the branch which studies the
stability of deformable bodies subject
to forces that stress them), after the
first intuitions of Leonardo da Vinci, the
researches of Galileo (first half of the
XVII century) and the famous Rol_)cr’f
Hooke’s Law: ‘‘sic tensio utvis
(1676), has taken a development in the
last century reaching the solutions of
the most complex problems, cspecially
after the studies of the French Englpeer
de Sant Venant who put the basis of the
Mathematical Theory of Elasticity
(1821).

The fundamental assumption of the
Theory is that the materials are isotropic
and perfectly elastic, that is, by hypo-
thesis, they should resume the primitive
form whenever the forces which have
produced the deformations cease.

With the formulation of the mathe-
matical theory of elasticity the majority
of the engineers felt that the last word
was said in the theory of -structures.
But few, enlightened, started raising
objections. Nervi wrote “Do building
problems, even in their most technical
aspects (for instance, stability) permit
unique and objective solutions obtain-
able by the application of mathematical
formulas ? Or, on the contrary can they
be solved correctly only through a
supertor and purely intuitive re-elabora-
tion of the mathematical results, because
of the complexity of the intervening
factors, the inherent deficiency of our
theoretical knowledge and the wide
discrepancy between theoretical premises
and physical reality ? >

And he goes on: ¢ It would be absurd
to deny the usefulness of that body of
theorems, mathematical developments
and formulas known by the rather in-
accurate name of ¢‘Theory of Struc-
tures’. But we must also recognise and
state unequivocally that these theoretical
results are a vague and approximate
image of physical reality”’.

Another weak point of the Theory of
Structure is the fact consideres—as Nervi
says, ‘ our buildings as being out of time,
in a kind of eternal stability and in-
variability. But the simple and commqn-

#*Member, BPT-Copp. Committee on Plan Projects, Planning Commission.
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place fact is that all structures decay,
and after shorter or longer periods of
time become unstable or at least show
excessive displacement and amount of
damage.”

“No soil is perfectly stable nor setties
uniformly as time goes by. All building
materials flow viscously. The daily and
scasonable temperature variations are
irregularly distributed in the structure
and because of prevented displacement
create stresses of unforeseen magnitude
and direction. Cement and limes keep
hardening for decades and even for cen-
turies. All materials are slowly being
transformed. Every building has a
physical and chemical inner life, whose
existence is ¢learly shown by the sudden
failures of even very old structures.”

““In other words, Theory of Structu-
res may be compared to the physiology
of perfect organism, which are perma-
nently youthful and untouched by disease
or functional deficiencies. This kind of
physiology is certainly indispensable in
a school of medicine, but such a school
would graduate very poor doctors if it
did not take into account the ditference
between this ideal conception and phy-
siological reality.”

Every time a new idea, along with a
new material or new possibilities is born,
it has always found a designer of strong
personality who has conceived and rea-
lised immediately the big application
(les intuitions here uses des pioniers, as
Colonnetti says).

The phases, as the new achievement
starts, are always the same: A resound-
ing bewilderment in the technical world,
after few rarc delusions, comes with
some delay, often excessive, the plethora
of the prudent checkers, in the end the
equilibrium is reached, the new idea is
accepted.

Eiffel, built the viaduct on the Trujere
at Garabit in 1884 with a central arch of
185 meters, few years after the industry
had produced the mild rolled steel.
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Next year the Firth on Forth bridge
reaches a span of 521 meters.

Hennebique in 1909 built the marvel-
lous Risorgimento bridge in Rome using
a concrete of 150 Kg/em® (against the
700 and more reached today).

In 1936 Freyssinet built his famous
bridge in prestressed concrete on the
Marne with a span of seventy meters.

The Maracaibo bridge, designed by
Morandi, which will be shortly opened
to traffic, has a central span of four
hundred ten meters. This road-cum-
railway bridge is nine kilometres long

and under it will pass the big ocean
liners.

Reinforced Concrete Structures

The artificial Portland cement, whose
industrial development goes back to
1880, for its properties of resistance and
stability has originated the modern
theory and technique of reinforced
concrete which has modified rapidly and
deeply the Art of Building.

The principles and characteristics of
reinforced concrete are too well known
and we will not speak about them. In
Civil Engineering the freedom of the
layout, the rational utilisation of the
space in which few columns have sub-
stituted the sysiem of internal support-
ing walls, the possibility of big open-
ings, cantilever balconies and big spans
are absolute merits of the reinforced
concrete which has determined a period
in the history of the Building Art.

This material frees one’s structural
imagination, but we must note with
regret, that except for a few exceptions,
there is a strange tendency amongst the
Engineers to use all schemes reducing
its use to the forms and structural
shapes, typical of masonry or steel.

In the field of bridge design we had
too, since centuries the arch bridge,
always subject to the limitation (as
concern the selection of the span, the
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curvature and its dimensions) that the
curve of pressures should be contained
at every section in the Kernel of intertia
{the middie third), to avoid that the
masonry, the concrete or the stones, in
which the arches were built, should
support tensions of traction under diffe-
rent load conditions and by effect of
thermic variations.

The addition of few bars of mild steei
in a concrete arch, and the possibility
of a more complete knowledge of the
tensions in a structure, have produced a
big jump in the possibilities of appli-
cation.

Far more than a thousand years, an
arch of fifty meters span with a ratio
raise/span of 1/4 1o 1/5 has represented
the maximum possibility in the solution
of the theme.

Today the arches in reinforced con-
crete with a span of more than hundred
meters cannot be counted. There are
many arches of more than 200 meters
and the tendency is to go towards 300.

Analogously we have seen especially

in Italy the development and the pro-

gressive reduction in weight of the arch
in reinforced concrete. Hennebique
(1909) did build the Risorgimento bridge
in Rome (span m. 100.00 raise m. 11.00)
adopting an arch with solid spandrels.
The resisting structure is formed in this
bridge by all the material contained
between the intrados of the arch and
the road slab.

Krall in 1930 has designed the Africa
Bridge in Rome in which the spandrels
support only the accidental loads and
the tensions due to variations of tempe-
rature, while the remaining loads are
supported by the arch. Morandi (1946),
in the design of the San Niccolo bridge
in Florence, has discarded the use of the
structural spandrels. The same Morandi
(1956) has gone further in his Nueva
Repubblica viaduct at Caracas. He
has designed and built a shell arch
without spandrels of 90 meters span
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with a raise of m 6.50 which gives a
ratio raise/span of about 1/14.

Also the beam-bridges have had a
great development for economic and
stability reasons. Today girder bridges
in reinforced concrete of 60, 70 and 80
meters span are found everywhere.

_In the multi-span bridges the exten-
sion of the idea, generated by the steel
structures, to make isostatic a conti-
nuous beam with the so-called Gerber
joints, has relieved the reinforced con-
crete brlc_ige designer of the pre-occupa-
tions which are derived from possible
differential scttlement of the supports.

The improved technology of concrete
and the use of quality steel has contri-
buted to produce in these last few years
bigger and bigger reductions in the
dimensions of the resisting sections.

In 1939 a Gerber beam of three span
(30.00—40.00—30.00 meters) was ges—
cribed by Gerber himself, who proudly
gave the figure of m*® 0.75 of concrete
Per square meter of deck. Today the

common value is m® 0.45 per square
meter of road.

A logical evolution in the process of
thinking, which created the reinforced
concrete, has lead to the prestress con-
crete  structures. From the idea of
absorbing with steel rods the tensions of
traction existing in a zone of the bent
section of a reinforced concrete structure
to the idea of using the same steel rods
to produce in the same zone tensions
of compression, in order to eliminate
the tractions, the step is short.

In a few words the structure is put in
a state of co-action in such a way that
this state, realised with the known
technique of compression, contributes
to the resistance of the system.

I will not give here descriptions,
knqwn to-day, to all the technical men.
I will only note that the technique of
stressing concrete, born in France and
in Germany around 1930 (not taking
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into account early timid attempts) has
developed with such series of studies and
applications to justify the old definition
of Freyssinet: ‘a revolution in the tech-
nique of reinforced concrete .

The application of co-action combined
with the modern conceptions of thin
supporting elements have produced
marvellous achievments.

Shell of 150 to 170 meters span are
starting to be fairly common. In Paris,
it is possible tosee a vault which reaches
two hundred meters with a thickness of
few centimeters.

n Rome, the Maestoso Cinema, (des-
cri{)ed in an article of the L. C.J.),
designed by Morandi, is one of the
most important structures 1m the world.
Its portals, of 40 meters span, support
a three storied buildmlg. 'l;he ls?'rgﬁ

ndi has given an elegant soluti
}\g?ntlhe new gundergroupd Hall of the
Motorcar Exhibition in Turin. The
special portals of seventy meters span
support an earth filling which allows the
growth of big trees.

I have already spoken of the Mara-
caibo bridge (Venezuela); at Genova
a bridge with beams of two l}undred ten
meters js under construction on the
design of Morandi. Since many years
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the Rhine is crossed by beam bridges of
120 meters span.

Parallel to this development of the
building technique we have another
interesting phenomenon-—the pre-emi-
nence of the structure as a fundamentat
clement of stylistic expression. Little
by little the structure frees itself from
its character of a frame hidden in the
mass of masonry, which do not support
anything, showing the true architectural
form.

The boundaries between Engineering
and Architecture are no more clear:
‘““the technocracy has proposed the
limiting synthesis in which the Engineer
becomes a poet and the Architect be-
comes a Scientist; it is possible to speak
of Architecture only when for Architect
we intend a man capable of producing
in terms of poetry the requirements of
his age”’.

These new ideas have created in Italy
a typical trend: the ¢ Structuralism”,
which has produced and is producing a
noticeable quantity of works of very
high standard. But the “* Structuralism’’
may degenerate, as Nervi says, in the
false one, which instead of being the
natural materialisation of static and
constructional requirements is originat-
ed by a formal presumption.

Modern Trend

LET us examine how the most recent
trends in the researches made. to
improve the knowledge of the bchav19ur
of the structures in order to design
them.

We have already said that all the
theory of the Building Art has been based
up-to-date on the linear law (Hooke law).

The dimensioning of a section is made
according to the calculus of resistance.
The maximum tensions which the mate-
rial is to support, under external loads,
are determined and we control that such

tensions, supposed to be contained
between linear limits, result sufficiently
far from the limiting tensions conven-
tionally indicated as tensions of failure.
This scheme seems sufficiently convincing
(apart from the hypothesis of the linear
proportionality, valid within limits only
for some materials) as regards the solid
formed by homogeneous and isotropic
materials.

In the particular case of reinforced
concrete, that is in a structure composed
of heterogeneous materials: the steel,
coming from the blast furnaces and a
rolling process: the cement, coming
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from a chemical and milling process;
and the aggregates as they are in nature,
the scheme has been extended assuming
the equivalence of the sections considered
homogeneous, that is formed by the
compressor concrete and the steel area
multiplied by a co-efficient equal to the
ratio of the moduli of elasticity, dis-
carding completely the concrete under
tensions of traction.

The scheme is very far from repre-
senting the truc state of tensions for
materials which, 1tis well known, even
for light loads, do not follow the liner
law. This fact leads to the determi-
nation of safety margin very far from
the reality, both for the fictitious mean-
ing of the allowable tensions as well as
for the consequent assumption of two
different co-cfhicients of safety: one
for the concrete and another for the
steel.

The interpretation of the idea of
safety in a structure is still under dis-
cussion.

It is sufficient to consider thatin a
reinforced concrete structure the dis-
persion ,in the statistic sense, of the resis-
tance due to the defects of fabri-
cation is much more for the steel, and
that, especially for what we will say later
on, when we will speak of the failure in
the plasticfield, any section of minimum
resistance may modify scnsibly the
degree of safety of the structure, consi-
dered as a whole.

Another dispersion is determined by
the difference between the stresses result-
ing from the calculations and the real
ones. The difference is due both to the
necessary inaccuracy of the calculations
themselves, as well as to the not exact
valuation of the external forces assumed
in the calculations. The influence of
such inaccurate valuation varies enor-
mously from type to type of structure.
In effect, admitting that it is easy to
determine with sufficient accuaracy the
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self weight of a structure, the accidental
increase of the overload (for instance,
hundred per cent) witl have much more
importance in a roof, in which they
determine eighty per cent of the total
tensions (due to self weight and over-
load), than in a big bridge in which they
will determine only twenty per cent of
the total tensions.

Recently it has been suggested, the
adpplion of diflerent co-eflicients of
salety for different types of structures,
in consideration too of their economic
importance, in relation to the statistic
probability that the heaviest condition

of load, assumed in the caculations may
take place.

These statistical studies have been
started by the areoplane builders and

have passed in the field of Civil Engi-
necring.

Some years ago it was proposed, and
today is more and more applicd, the so
called plastic theory (failure in the
plastic phase). For the particular case
of a section under bending it is assumed
a diagram of tensions near the failure
point, taking into account the plastic
deformations of the materials.

This diagram is no more linear, the
co-efficient »n has no more meaning and
the behaviour at breaking point is
influenced by the quantity of reinforce-
ment assumed “in the design. The
collapse of the structure will depend
evidently from which of the two mate-
rials: concrete or steel, will first reach
the failure limit. The determination
therefore of the degree of safety of the
section will result one and much more
adherent to the reality.

Having entered in this field of ideas
and for the usual case of hyperstatic
structures it has been observed that, in
the field of deformations elasto-plastic,
we have the phenomenon of redistri-
bution of the tensions, that is, the

166

Transport-Communications Monthly Review

tendency to decrease the tensions where
the so called general elastic limit
has been exceeded, with conse-
quent increase in the zones in which
initially the resistance of the materials is
less utilised. This phenomenon obliges
to examine the degree of safety of
sections which the theory of elasticity
does not consider as sections of
maximum strain.

This is another step towards the
understanding of the behaviour of a
structure, a step forward in the determi-
nation of its real degree of safety.

For instance we will say that the
calculation to failure tell us thatitis
not correct to put steel in compression
at supports of a continuous or encastre
beam and that the failure will never
happen in correspondence of the sec-
tions of maximum moment, if there are
noticeable  differences amongst the
various sections of the beam.

But even the calculus to failure can-
not be considered sufficiently exact.
It pre-supposes in effect the hypothetic
assumption of diagram deformation-
tension geometrically defined, (especial-
ly for concrete) and an hypothetical
force of the diagram of the internal
stresses of the bent, sections near the
phase of failure. This form is very
important and many hypothesis have
been advanced by different researchers,
that try with experiments, often of
doubtful value, to prove the greater
approximation of their hypothesis in
respect of others and also in respect
of the reality.

For the calculation of hyperstatic
structures some authors have been ad-
vised to assume, as a more reliable value.
The average between the results of the
calculus to failure and the traditional
one of the theory of structures (elastic
calculus).
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At this point it is natural that the
Engineer would ask: Is it possible to
take into account, during the calcula-
tions of a structure, its real elastic and
anelastic behaviour, intending as ane-
lastic both the behaviour above the
limit of viscosity as well as the ane-
lastic one, in the small deformations
as creep, relaxation damping of vibra-
tions and fatigue?

In other words is it possible to des-
cribe all the facts with a few para-
meters practically utilizable ?

To answer this question, we must
distinguish between the description of
the various anelastic phenomenons
and their correlations, that it is the re-
duction of the number of the determin-
ing parameters.

The description of the phenomenons
would appear a fact already ascertained
by more than a century of experience
and experiments on materials. In reali-
ty the mechanical variables of the con-
tinuous systems, as soon as we go out
of the little deformations, become very
hard to manage.

Bruno Morandi gives us a clear idea
when he writes, ‘“ for the components of
the tensor of deformation it is necessary
to consider also the quadratic terms in
the derivatives of the displacements,
with the consequence that, for instance
components of the same index are no
more equal to the unit elongation: for
those of the tensor of tensions we
must distinguish between the Eulerian
and the Lagrangian derivatives with
different expressions of the work of
deformation”

These problems, known since many
years to the Physico-mathematicians
have been taken into consideration only
recently by a few Engineers, with the
result that many of the experimental
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tests of the past cannot be compared
and therefore are useless.

We have hinted at these questions
because they appear to our mind, any
time we are dealing with a diagram ten-
sion deformation, extended beyond the
field of the little deformation, in which
it is not specified any definition of the
o and «, represented on the axis, or
which is completely misrepresented by
an inadequate definition of the variables.
Besides they make very little cxpressive
each vatue of the failure tensions quoted
without any further specifications.

About the problem of reducing to few
the parameters which may describe alf
the numerous and complex phenomenons
of the mechanical behaviour of the
materials, the most important attempt
had been made ten years ago and goes
under the name of Rheology. The Rheo-
logy is the systematic study of the flow
and deformation of the matter in the

time.

Even if the aspiration of the first
rheologists, to make the little models of
the various linear bodies corresponq to
real phases of the materials, has falle_d
with the necessity of considering conti-
nuous distributions of infinite times of
relaxation ; the fundamental relation-
ships between the different types of
deformation has remained. For instance
the correlation between the viscous
deformation under constant load and
the relaxation under constant deforma-
tion. The present codes for prestressed
concrete are, in definitive, its conse-

quence.

It is known that the attempt to take
into consideration the anelastic beha-
yiour, that is the failure calculus, utilises
only the most elemeniary scheme, the
one of perfect plasticity and isotropy.
There is still a long way before we may
answer the problem formulated above.

Let us now outline the phenomenons
of which we know very little.

December 1961
The Fatigue

We have had recently very important
researches, but a disheartening impossi-
bility of correlating the results of the
different tests. Even to day we do not
know, generally, how to calculate from
the number of the cycles supported with
a given oscillation, at a given average
tension, and with a given frequency, the
number of cycles which the same mate-
rial will support at a different frequency,
oscillation and average tension.

The Photo-Elasticity

In this field we know ouly that for
few materials, with the variation of the
tensions, varies the index of refraction
(variation of the optical properties).

The Pieze-Electricity

We know that for some crystals the
tensions produce effects of electric
polarization.

Such examples induce us to ask
another question: Will it be possible to
reduce the description of ail the pheno-
menons, from the mechanical behaviour
of the materials to the structural and
atomic properties of the solids, disclosed
by the recent progress of Physics, to few
parameters? Will it be possible to
express the various parameters, which
describe such phenomenons, through the
properties of the atoms and the
molecules?

That is : which possibilities we have
today to derive the mechanical properties
af the materials from their intimate
structure !

Here 100, it is necessary to make a

distinction and hint at the three possible
approach levels on three different scales :
the microcrystal, the molecules or
intracrystal (atoms considered as entire)
and the intramolecular and atomic
level.
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The study of the microcrystals and
their properties is old.  The tensorial
and the matrix calculus aliow easily the
calculation of any type of anisotropy.

At the second level, (molecular or
intracrystal) the position and the energy
of the atoms in the crystals and their
defect have been investigated with very
good results, especially with the X-rays
diffraction pattern, which allow us to
measure, with exceptional accuracy, the
patterns and distance of theatoms in the
periodical structures.

Another powerful means of research
is the measurement of the absorption of
the mechanical vibrations, atthe various
frequencies, with the construction of
the relaxation  spectrums  partially
analogous to the optical absorption
spectrums.

On this scale have origin the plastic
and viscous phenomenons. Many the-
ories have tried to interpret them. Their
multiplicity show that we have not yet
a satisfactory one. We will quote as the
most important, that of the dislocations,
which attempt to calculate the elastic
limits of the crystals from the cxamina-
tion of a particular type o‘flmpe‘rfecnon
of the grid and from the kinematic study
of its diffusion through it.

After all, the elastic properties of the
solids are born from the mutual action
(interaction) amongst 1176 §mgle atoms.
They represent the most intimate mecha-
nical propetty which explains, why, by
example, the moduli of elasticity of the
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steels depend very little from the metals
dissolved in them and from the thermic
treatment.

Here the method of approach changes
completely for fundamental reasons.
Insuch a small scale the law of the
classic mechanic are no more valid and
they arc replaced by the quantum
mechanic, that is we pass completely in
the field of theoretic physic.

The road to the future development is
mMost probably that of the classic theories
modified with quantistic conditions or
vice versa through simplified models.

The day in which the complete union
between a simplified atomic theory and a
clear and deep description of the pheno-
menons will be realised, a new Engineer-
ing Static will be born, more simple than
the present one (any approach to the
deep reasons produces a simplification)
with whom we may perhaps:

(a) takc into account, at one time
the elastic and anelastic phenoi
menons. The latter are treated
today as incidental while instead

they are aspect of the same
reality.

(b) create adequatc measuring appa-
rati of the internal tensjons and

(¢) dispose also of equations more
manag_egble than those indefinite
of equilibrium, for the solution
of the various problems.
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TOday, by Toad, lt takes 4 houTS! Because today’s
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DIESEL transport. These asphalt roads last longer, ride safer and provide more miles of wider
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ROLL OUT
THAT

sMoOTH ABINACIKe

—it’s made of STANVAC ASPHALT

Stanvac Asphalt is manufactured in India

to meet India’s urgent need for more and
better highways!

Available in bulk and in drums,

Stanvac Asphalt is easy to use, economical
and long-lasting too! Ask for free
technical and laboratory service 1o solve
all your problems on road construction.

S

STANVAC ASPHALT
paves the path
for lasting progress

&

STANDARG.VACUUM OIL COMPANY
{Incorporated i the U.S.A. with Limited Lisbiiily)

IJWT-v, 2146

MILLARS

HIGHWAY COMBINED DRYING & MIXING
MOBILE UNIT

Batch Capacity: 8 Cwt. or
10 Cu. Ft. mixed material.

Output: 4 to 7 tons per hour,

[ ]
Most Mobile.

[
Rapid Mixing.

]

Mixes any type of asphalt
including hot sand asphalt.

Mix analysed and approved by Road Research Board,
UK., and the Federation of Coated Macadam Industries.

e Extremely efficient drying from controlled airflow through drum.
e Positive Removal of damp air prevents recondensation.

e Special design of bitumen hopper ensures accurate volumetric
measurement and clean discharge into drum. '

e No risk of bitumen igniting because combustion chamber can be
sealed off,

e Over 100 units in use in india.

MILLARS’ TIMBER & TRADING CO., LTD. -
BOMBAY 27. ‘

Please mention this journal when replying to advertisements.
X

Please mention this journal when replying to advertisements
xi



Transport-Communications Monthly Review

December 1961

Transport-Communications Monthly Review

December 1961
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FRONT END”

The going is good with
*“ Contact your Dodge and Fargo

Passenger vehicles
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-
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(
Manufactured by: THE PREMIER AUTOMOB|I.E8 LTD. Agra Road, Kurla, Bombay-70
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\
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Towed on its own
pneumatic tyres.

Completely new Barber-
Greene Model 873 Finisher
has proved its superior per-
formance in paving all types
of jobs, under a wide va-
riety of conditions.

NEW BARBER-GREENE
MODEL 873 FINISHER

New folding hopper in raised position.

paves on crawiers .. . travels on rubber

With crawler traction and flotation for the variety of
bases encountered in paving all types of jobs—and
crailed at cruck speed on its own hydraulically retract-
able pneumatic tyres, this _new finisher includes
advancements never before available.

atched tamping, levelling and thickness
gr:rrol principles of the larger Barber-Greene Model

879-B Finisher.
Paves on crawlers. Paving all kinds of jobs, the 873

has crawler traction and flotation for base conditions—
especially less stable bases.

see your

Barber-Greene
sk, hoks about-it-

Travels on rubber. Hydraulically lifts irseif on pneu-
matic tyres for trailing with its own towing hitch.

New hydraulically folding hopper. Maximum capa-
city and truck clearance in open position. Sides
hydraulically raise to feed automatically, No dead areas.
Reduces transport width to 8’

New simplified controls. Single steering lever. New
hydravlic controls for materiat flow, screed hoist.
towing wheels and folding hopper.

Paving widths from 6’ to 12’ in 3" increments.

Paving speeds to 50 fpm. Towing speeds to 30 mph.
Converts from paving to towing in seconds.

distributor

William Jacks & Co.Ltd.

{ Incorporated in England. Liability of Members Limited ) ».

CALCUTTA BOMBAY

MADRAS  NEW DELHI
Sole Agents for
Barber-Greene Overseas, Inc. Aurora, Hlinois, U. S. A. Barber-Greene Olding & Co. Hatfield, Herts, England.
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you can depend on J AN springs

'JA? Springs possess just the right tension and
resiliency to give the right spring. That is why
*JAY’ Springs are so right for your vehicle.
Progressively manufoctured by :

THE JAMNA AUTO INDUSTRIES,

Yamunanagar (Punjab)
Distributors for South India:

UPPER INDIA TRADING CO., PRIVATE LTD.
Always use JAI Springs Stronger by far I 18, Mount Road, MADRAS.2
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« DESIGN OF SMALL BRIDGES AND CULVERTS”

Paper No. 167

by
GOVERDHAN LAL

Price Rs. 2/- including packing and Postage.  Copies can be
had from the Secretary, Indian Roads Congress, Jamnagar House,
eie R 0ad, New Delhi-11.

Reliable
Wheels

A perfect landing...how much of its success depends

»
Reliable
on the aircraft’s wheels and the smooth, reliable
runway... RunWays

The best runways are treated with Burmah-Shell
Bitumen—an inexpensive, easy-to-handle, durable
material. Bulk handling of Bitumen, pioneered by
Burmah-Shell, has considerably lowered its cost. In
addition, services of skilled Burmah-Shell engineers
are made available.

Wherever there's need for better roads, airfields
or hydraulic works, there’s need for Burmah-Shell
Bitumen.

In 1959, Calcutta’s Dum Dum runway surface was
strengthened 10 carry the heavy jet traffic of the
modern age—the Boeing 707. This was achieved by
resurfacing with 3 Shebnacadam and pre-coated
grit seal using Shelspra BS. It can now say boo
to a Boeing.

BURMAH-SHELL BITUMEN FOR RELIABLE RUNWAYS
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