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Shri H. P. MATHRANI, L.S.E., President, 1954-55.

Shri Mathrani was born ai Shikarpur (Sind) on the 12th July 1901
and received his early education there. He was educated at Edinburgh
fr.om 1921 to 1923 and passed his B.Sc. (Eng.) from Edinburgh with
distinetion. He was appointed to the Indian Service of Engineers in 1923.
He rose to the rank of an Executive Engineer in 1927 and was promoted
1.':0 the rank of Superintending Engineer in the year 1942. He specialised
in Irrigation Engineering and Modern Mechanical construction methods.
He was responsible for important irrigation works in Sind, particularly for

diverting river Gajnai and for preliminary designs of Upper Sind and
Lower Sind Barrages.

After partition he opted for service in India and in 1948 bhecame
Additional Chief Engineer, Central P.W.D. 1In the end of 1948 he joined
the Ministry of Transport of the Government of India as Additional
Consulting Engineer (Roads). In 1950 he was promoted to the rank of
Consulting Engincer (Roads). In 1953 he was appointed ex-officio Joint

Secretary to the Government of India, Ministry of Transport, Roads
Wing. ’

Shri Mathrani is a member of many Institutions in India and abroad.
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INDIAN ROADS CONGRESS
NOTICES AND ANNOUNCEMENTS

CONTRIBUTION OF PAPERS FOR THE TWENTIETH
SESSION OF THE INDIAN ROADS CONGRESS

The next General Session of the Indian Roads Congress is
likely to beheld in January ’56. The exact dates and programme

of the Session will be communicated to Members in due
course.

Procedure: Members who intend to contribute Papers on
y subject connected with Highway Engineering are requested
intimate the fact to the Secretary, Indian Roads Congress, and
gend a short synopsis of their proposed Papers as early as
ssible.

On receipt of acceptance of the subject matter of the Paper,
e Member concerned should send his contribution to the Secre-
ry, Indian Roads Congress, com plete in all respects and with
‘jginal drawings, photographs, etc., as and when ready. At least
iree copies of the typescript matter should be sent, typed (double
yace) on one side of good stout paper of foolscap size.

2. The complete Paper, if intended to be read at the next
Session, should preferably be submitted as early as possible.

From past experience it is observed that most of the Members
gend in their contributions just before the General Session, when
the Congress Office is busy on work connected with the Session.
As it takes a long time to get Papers printed in the Journal and
as it is desirable that Members should have time to study
Papers well in advance of the date of the Session, it is hoped,
that Members will make an effort to send their contributions
as and when ready.

Members may please note that Papers received late in the year
are likely to be carried over to the next year.

3. The younger engineers are particularly requested to
. contribute Papers which, if required, will be suitably edited by
the Indian Roads Congress Office before publication.
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4. MEDALS : The following Medals are available for award :
(i) The Mitchell Medal :

For exceptionally good Pa i

0 pers contribut i
Roads Congress in any year. This has been“ig(:ti :::tetih: Indian
tuate Sir Kenneth Mitchell’s connection with the Congres(s) porpe”

(ii) The Indian Roads Congress Medal :

For Papers considered by th i /
Congress to be of a'decidedlyymor: ﬁzin::rlerzfg:hsnelggim Hoads

5. The Council have reserved i
¢ the right
one Medal in any year or to withhold thge a.wt:rgw?f.da mﬁ:‘:lzlll?g

?:rytl);:&:Wvgi:(lllzl;ttzzsi%;‘;gigs an{l_ reason. All Members are eligible
. . w. .
ded for the contribution made b; u?::: ,tIS:rlxyog: GA%ZS:: " awar-

6. ‘Rules and Regulations fo ¢

’ ' r the contributi i
f:%%r& ;x;d }2!113( _Alw(;rghofJMedals are publii;ll.:c‘a)c‘i1 t:’c;n ;iag’g: C’Sht?c:cf?}
o oms e Journal of the Indian Roads Congress,

fl. NEW ADMISSIONS

LIST OF MEMBERS OF THE INDIAN ROADS CONGRESS
ENROLLED FROM 16-2-1955 TO 30-6-1955

S%;?z 1;;’:.1 ! Name " Address
1 1865 Vinayak Mukund Engineer, Roads & Bridges,
Bhobe P, W.D.,, Cidadede Goa,
(Portuguese India).
2 1866 M. V. Virginkasr Civil Engineer, Concrete Associa-
tion of India, 1-2, Queen’s Road,
Fort, Bombay-1.
3 1867  Framoz D. Mehta Consulting Mechanical E\ngineer,
19-A, Cuffe Parade, Kolaba,
Bombay-5.
4 1868 Faujdar Thakur District Engineer, Purnea
(Bihar).
5 1869 M. J. Padwal Engineer, District Local Board,
Prabhu Ali, Pen, Dist. Kolaba,
(Bombay).

6 1870 A. C. Malhotra Chief Engineer & Secretary to the
Govt. of PEPSU, P. W.D.,

Patiala.

7 1871 V. S. Goel Senior Scientific Officer, P. O.
C. R. R. I, Okhla, New Delhi.

8 1872 Labh Singh Bassi Assistant Engineer Designs, Plan-
ning Circle, P. W.D.,, B & R.,
Chandigarh (Punjab).

9 1873 P.R. Aramadhu Executive Engineer, P. W. D.,
71/1, Katol Road, Nagpur
(Madhya Pradesh).

10 1874 Som Nath Kaul Assistant Engineer, P. W. D,
Sathu Bala, XKotcha Bala,
Srinagar (J. & K. State).

1 1875  Sardar Hussain District Engineer, P. W. D.,
1, Marris _ Road, Aligarh
(Uttar Pradesh). :

12 1876  Mrigendranath Ray Junior Engineer, P. W, D., Aijal
Lungleh Road Sub Division,
P. O. Aljal, Distt. Mizo (Assam).

‘13 1877 D. P. R, Cassad Shiria Lodge, Byramji Town,
Nagpur-1,
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New Apmissions

Serial
No.

Roll
No.,

Name

Address

14

15

18

17
18

19

21

22

1878
1879
1380
1881

1882

1883
1884

1885

1886

1887

1888

1889 -

1890

1891

M. K. Navaney

Gostu Venkatesulu

8. L. Kathuria

K. Sreenivasa Rao

B. Y. Bhonsale

0. P. Dubey
Amrit Lal

K. B. Carnac

B, N. Talukdar

Kishan Chand
8. Kanungo

N. Chakraverty
Satish Prasad
K. Subba Rao

C. H. Gandhi

Assistant Engineer, Ministry of
Transport, Roads Wing, Jam-
nagar House, Shahjahan Road,
New Delhi-2,

Assistant Engineer, Ministry of
Transport, Roads Wing, Jam-
nagar House, Shahjahan Road,
New Delhi-2. '

Assistant Engineer, Ministry of
Transport, Roads Wing, Jam-

nagar House, Shahjahan Road,
New Deihi-2,

Asgistant Engineer (Highways),
Palar  Bridge Construction,
Chingleput, Via Madras,

Bituminous Engineer,
Shell 0il Co., East Str
Poona-1.

Burmah-
eet, Camp

Sub-Divisional Officer P.W.D
P.O. Dathua (J. &i{. State). ’

Sub Divisional Officer, P. W. D
Reasi (J. & K. State), =

City Engineer, Mercantile Bank
Bulldu}g, 5th Floor, Mahatma
Gandhi Road, Fort, Bombay-1,

Assistant Engineer. P. W, D.,
Nowgong (Assam),

Assistant Valuation Officer, Govt.
of India, Ministry of Rehabili-
tation, Office of the Assistant
Valuation Officer, 75 D. L. F
Colony, Rohtak

Muyicipa] Engineer, Delhi Muni-
cipal Committee, Delhi,

Bituman Engineer, 21/125, Lodhi
Road, New Delhi | o Lodhi

Assistant Engineer, Kakinada
(East Godavari Distt.), (Andhra).

Coneulting Engineer & Architect
M/s. C. H. Gandhi & Co., Mohtq,

Building, Medows Street, Fort,
Bombay.

New Apmissions 556

Serial

Roll

|
|

Address

— ————————

Name
No. | No. &
28 1892 K. M. Chandiramani
20 1893 K. D. Bhatia
30 1894 U. N. Parameshwar

Rao

31 1895 Sitaram Das
32 1896 C. Seshavatharam
33 1897 D. C. Panda
3¢ 1898  D. N. Tekchendani
35 1899  U. N. Rynjah
36 1900 T. 8. Lamba
3 1901 M. R. Malya
38 1902 S. P! Sinha
39 1903 8. N. Toshakhani
40 1904  Avtar Singh Sachdev
41 1005  Arjan Singh
42 1906  Ghulam Rasool

. .~ . .. £

Assistant Engineer, Ml_mstry o
Transport, (Roads Wing), New
Delhi,

Executive Engineer, Madhopur
Central Division, C. P. W. D,
Madhopur, Distt. Gurdaspur.

Technical Assistant to the Chief
Engineer (Hlghways), Chepauk,
Madras-1.

Sub Divisional Officer, P w.D,
Gauhati, Panchabuti Lane,
Chenikothi, Gauhati, (Assam).

Chief Engineer (Highways),
Andhra, Kurnool.

Assistant Engineer, P. W. D,
Parlakimedi, Distt. Ganjam
(Orissa).

Asgsistant Engineer, Sikkim Sub
E;)ivision N ois I, Central P. W.D.,
Gangtok (Sikkim).

b Divisional Officer, P. W. D.,
SuS. J. Road Sub Division, P. O.
Jowal, (Assam).

Sub Divisional Officer, Bridge Sub
Division, Dera Gopipur, Distt.
Kangra.

Clo. Burmah Shell, Esplanade,
Madras-1.

District Engineer, Gaya.

Divisional ~ Engineer,  Sopare
Hydraulio Division, Srinagar
J. & K, State).

Assistant Engineer, P, w. .D..
(B & R), Sangrur Sub Division,
Sangrur (PEPSU).

Depty Chief Engineer, J.& K.H. Q.,
([}’lg. 56 A, P, O.

Assistant  Engineer Irrigs.tioi\
Deptt., Srinagar (J’. & K. State).
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556 New Apmissions
. . Seriall Roll Name Address
Sl:r?al %‘:’u Name Address No. | No. . B
. 1028 3. C. Gauba Trust Engineer, Improvement Trust,
. .. 59 T Banaras.
43 1907 B. C. Mazumdar Juﬁuor Scientific Officer, Central
oad Research Institute, : istrict Local Board,
Okhla, New Delhi. 60 1924  J. M. Gupte Enginoor, District = Lo
44 1908 8. K. Hanumantha Assistant Engineer, Thirthahally . Principal Engi ing Officer, Rewa,
’ = ‘ngineering ’
P. O. (Mysore State). 61 1925 J. N. Mitra (Vin%hya Pradosh),
45 1909 H. Channiah Assistant Engineer, P. W. D., Old Engineer, District Board, Rae
Public Office, Bangalore-1. 62 1926 B.Kala Barelly (Uttar Pradesh).
46 1910 John A. Green Burmah Shell, Calcutta. 6 1997 M. C. Antin Engineer, District Local Board,
T i Bombay State).
47 1911 P, C. Roy Executive Engineer, \B’ & B. Bijapur (Bombay )
Department, Burdwan Division . e
ie ’ Sub Divisional Officer, PW.D,, R. &
P. 0. & Distt. Hooghly. 64 1028  Som Nath Kaul B., Patlipora, Chhattabal, Sri-
48 1912 Om Parkash Sabhlok  Sub Divisional (i)fﬁcel'l.) (B & R), nagar (J. & K. State).
Dalmia Dadri (PEPSUD), .
65 1929 Dina Nath Bhan Sub Diyismnal Oﬁiper, P.'W..D.,
49 1013 N. Mohan Rao Junior Scientific Officer, Central 4 Planning & Project  Division,
Road Research Institute, P, O, Kashmir State, Bana Mohal la,IInd
CRRI, Okhla, New Delhi, Bridge, Srinagar. (J. & K. State).
50 1914 Y. C. Gokhale Junior Scientific Officer, : Deputy Engineer, Local Board,
: Road Rescarch Institute, P 0. .66 1030 B.S Kati Chikodi, Distt. Belgaum.
CRRI, Okhla, New Delhi. .
67 1931 R. P. Barman Chief Engineer, Central P. W.D.,
51 1913 D. K. Goyal DiIE’“\%;t Iflngineer, Uttar Pradesh New Delhi.
. W.D, B[R, F .
_ { atehpur, 68 1032 8. D.Gogai Sub Divisional Officer, P. W.D,,
52 1916 K. Ramanna Assistant Engineer, Corporation Gauhati P. O. (Assam).
grfl al‘\"ladra;b 99, Shenoy Nagar | o Barrackpore
ras-30. ’ ; Sub Divisiona cer, Barrao
| 69 1933 D. Mojumdar uconst'uction Sub Dvn.,, Govt.
53 1917 Amiya Kumar Assistant Engineer, Dev. (Roads) House-Compound, PO, Barrack-
Mukherjee Depa_rtment, Armbagh Cona- pore (W. Bengal).
t{ucngn lEmb Division, P, O. PA Prinei
rmbagh, Distt. H i Engineer, P.A. to Princi-
Bongato ooghly (West 70 1934  A. Lakshman Das Assmt,am:1 i:egerin Officer, Rewa
pal Eng o gh)
X . 1 adesh). .
54 1918  C. P. Srivastava Executive Engineer, P. W D (Vindhya Pr
X : Vindhya Pradesh, Rewa. - 7 135 L. V. Hingorani Assistant lingineer, P. W. D., Bhuj
i c e ch).
85 1919 K, G, Salvi Jlﬂlior Scientific Officer, Central (Kutch) s B
0% esearch Institute, P. O, . . Asgsistant Engineer, Periyar Bridge,
o . CRRI, Okhla, New l‘)t:.lllfi. ° 72 193¢  Ninan Kurian Allwaye (T. & C. State).
58 1920  Madan Mohan Lal Superintending Engi i ief Engi P. W. D.
ngeer, Rat Assistant Chief Engineer, P. W. D.,
(Madhya Pradeshy " |\ PUT, 73 1937  P.T. Reddy ‘R, & B,, Hyderabad.
67. - 1921  8.N. Tripathi Superintend: . .
perintending Engineer, P, W, D, . ; Engineer, P.W.D., Road
Nagpur (Madhyf Pradesh). ’ 74 1938  Satnarayan Slpgh Assistant Eng
58 1922

Bala Prashad

Superintending Engineer, P, W, D,
Kailas, Malakpet, Hyderabad,

ief Engi-
Surveys, Office of the Chief g
neer, PW.D,, R, & B., Hyderabad,
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Roll
No.

Serial

111. DEATHS
No.

Name Addyess

75 1939 L. M. Contractor

— The Council have received with regret

Deputy Engineer, Baroda Borough intimations of the following Deaths:
Municipality, Wadi Chhelli Pole,

Baroda,
76 1940  Sumair Chand Executive  Engineer, Provincial Serial| Roll Name Address
Division, Lucknow (Uttar Pradesh). No. | No.
77 1941 Asutosh Guha Assistant Engi o .
gineer, (W & B), West h Road, Civil
Bengal, 23/1 . W. Edwin 34, St. Johns Church Road,
Calgutta-é s Jadavpur East Road, 1 94 J.w Station, Bangalore Cantt.

78 1942 D.K. Ghosh Sub Divisional Officer, (W & B) '
1 , s Manager, Cjo. Messrs McLeod
Asansol, Distt. Burdwan (W, 2 27 L. K. Gupta Sa;e%o. aftdg’ l(‘jalf_{x Dept., 3, Netaji
Bengal), Subhas Road, Calcutta.
79 1943 Jagannath Mitra Assistant Engineer, (W & B), Govt. .

ot oy engal, 171, P ic . K. Krishnan Chief Engineer, Asphalt Dept.,
Ghat Road, Caldutta 36, "ok 3 217 0.C K.Kris iof Engincor, Asphalt Dopt,
b i Dn., Post Box 355, Bombay.
80 944 V. Raju Engineer, District Local Board,

Mehsana, (North Gujerat).

. o es : H), No. 10, Dr-
4 862 P. Veeriah Divisional Engineer (H), iloauk
81 1945 K. Venkateswara Rao Municipal i e
A pal Engineer, Ra
(Andhra), 8 Janmundry Madres-i0
82 1946 W. X, Mascarenhas Chief Engineer, R. & B P.W.D
Secretariat, Bombay." T
83 1947 B. L. Chaku Sullé Divisional Officer, P, W.D IV. ADDRESSES WANTED
a . D.
Sta;:;l. Nagar, Srinagar (J. & K. Communications addressed to the following Memb.ers.ha.ve bqen
o 1948 R x ) returned unclaimed by the Post Office. Members able to give ‘“f‘“m‘“‘mni
aﬁ,:;,a umar Singh Cjo. Lt.Col. R.8.Marya, Raghomajra regarding the present address of any of them are requested to forwarc

Patiala, (PEPSU). particulars to Secretary, Indian Roads Congress.

85 1949 K. C.Pathak Sub Divisional Officer, P.W.D,, (E &
D), Sibsagar, (Assam). ” .

Serial | Roll Name Address as last known

86 1950 Hansraj Sharma Sub R Divisiona] Oﬂ‘icer, P W D No. NO_: ;—7 o N e —— s e

Udhampur, (Near Post Office), T . L
(. & K. State). ' 1 452 Ajwani, J. M. Clo. Shri Moti G. Ajwani, No. 56,
B! ) s e Bhagwandas Chawl, Bhavani

ASSOCIATE MEMBERS. R ‘ Peth, Poona.
1 38 The Burmah Oil Co.  Digtri .

. ? o 0. stributor for M/s. A i i Engineer (Civil), Cons-
‘ (India Trading) Limited  Ltd., Digboi (Aés&m)-ssam 01l Co. : 778 Lahe, K. P. As:;?:tgttm nIg)?\:isionE I.) B. &

2 86 Mool Rai Kaura 21, Bara Khamba ROBd, New Delhi. I.D. V.C, Burdwan.

3 . BT A, P. Desai Clo. Associated Exports Imports

Corporation, 8-B, Lal B
Calcutta-1. nasr Sireet,

4 58 The Indian Standards
Institution 19, University Road, Delhi.§.

Ap———
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V. REMOVALS FROM ROLLS OF THE SOCIETY

List of Members of the Indi
have been struck off from the rollrsld;in dle?ég?gg oCongress e amen

subscription. f payment of arrears of
Sersal | Roll
No. | No. Name of Member

——\\
1 1468 T. H. Dhanokar.

——————

2 1394 R. M. Anand.

PROCEEDINGS OF THE NINETEENTH
SESSION OF THE INDIAN ROADS
CONGRESS

Vol. XIX - Part 4 SRINAGAR June 1955

PRESIDENTIAL ADDRESS

The Nineteenth Session of the Indian Roads Congrrss was
held at Srinagar from the 18th to the 25th June, 1955, and was
formally opened by Yuvraj Karan Singh, Sadar-i-Riyasat,
Jammu & Kashmir at 11-00 a.m. on the 19th June, 1955. The
proceedings opened with an address by Shri H. P. Mathrani, the
President, the full text of which is given below :

As President of the Indian Roads Congress, it is my most
pleasant duty and privilege to express our gratitude for your
having kindly consented to inaugurate this the 19th Session of the
Indian Roads Congress.

I extend a cordial welcome to our distinguished guests, ladies
and gentlemen, who have so graciously responded to our invita-
tion and spared time to attend this function. A Society like ours
derives inspiration from, and grows on the interest, which you,
the representatives of the public, take in its activities. Though
the technical details of our work may be complicated and not
easy for lay people to understand, every citizen can appreciate
good planning and good execution of roads. It is your lively
interest, judicious appreciation, and constructive criticism that
help & great deal to keep us on even keel. It is in the course of
contaots like this that our plans and problems are presented in
their proper perspective before you with a view to evoking your
understanding and co-operation.

To members and delegates who have assembled here, my
hearty congratulations on yet another year’s successes, through
hard and intelligent work, in your endeavour to improve and
expand the country’s road system. We are here to pick up again
the threads of our discussions from where we left, and go forward
gathering and disseminating knowledge and perfecting techniques
through which we hope to play no mean part in the nation’s
march to prosperity.
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1 am very glad to announce that we have received messages
of encouragements from our Prime Minister, Shri Jawaharlal
Nehru and from Shri Alagesan, Deputy Minister of Transport,

Government of India. Before I proceed further I shall read these
messages.

We are deeply indebted to the Government of Jammu and
Kashmir for inviting us to hold this Session at Srinagar, the
ancient city founded by Asoka, who was also the founder of high-
ways in this country and which is surrounded by besautiful lakes
and fine Mughal gardens. They have been inviting us so graciously
for the past several years and, although the lure of the beautiful
Kashmir was tantalising the minds of all of us, we had to restrain
our feelings and to postpone the holding of a Session here to &
time when we could see the construction of the Bannihal Tunnel.

A sincere word of thanks is also due from us to the local
officers who have taken much pains and devoted considerable

timi to the making of excellent arrangements for our stay and
work.

Lying in the .la.p of the lofty and hoary Himalayas, this
valley of Kashmir is incomparable in beauty : the world has
nothing more fair toshow. Before proceeding to the business part
of my address, I pay my homage to this jewel among the
valleys of the world. Though many poets have paid eloquent
tnbut.?s to the eternal charms of this Paradise on Earth, I cannot
rest.x:a.m the urge of making a humble offering, artless but
st.;alg!lt from the heart. Nature must have fashioned this land,
with its legends and mythology going back to the epic past, as a

sporting ground for gods and passed it on to
inherited this Earth. § P ! man when he

The people of this valley are not only handsome of £
features, they are aleo intellectually a great race. orm and

t The pr f
Evolujslon, by which Life is for ever straining to a.ohieve}) ;ﬁ;ﬁoﬂl
and intellectual perfection, must indeed have reached rare
heights in this race, from whom descends our beloved Prime

Minister, that man of destiny who is trying ever so e
prevent the human race from a.nnihila.i;iné7 ibsgelf. Arnsstly w0

Srinagaris famous for its art and craftsmanship. We sh

8 | . 1
have some opportunities between our deliberationls)bo s:esazd
appreciate its carpets, shawls, embroidery, wood and silver work.

And 1 am sure every one of us will carry home some of these
thingse as souvenirs.

. The crisp and bracing climate of this place and the fascina-
tions around us have already, within the short time we have been

63
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here toned up the body and mind. The spirit is now eager to get
down to the work that lies ahead of us.

ia, i ined to push for-
ir. like the rest of India, is determine )

é}{ a:ht?:;ri);ltheof progress and, peacef}xlly but unsvlv;arvgmhggygé
walt;n:truct a stable and prosperous regime fo_r herse d. o he b
;?)(;:scious of what is good or bad for her aspirafions an
her Godspeed.

President delivering the Address.

Development of highways, a8 part of the es;en?ahg;o%-;:ggg:
of a Welfare State, is not a.tgew%ﬁog:zfsgn.]; Cn t.},:e ix’nportance
recognised, even 1n the .C, 3 >
oAfB%li{g&hway% for building up the strength Qnd prc:)s&)x:‘;zzv ::kh(l)i
realms. He gave the country, as We know it, & lglod obwork o
roads. Thereafter, over the centuries that rolle h'gﬂ ) Joxe
development was slow and chequerec.l, dependm‘fg i rgoccupa.-
spurts of energy of some rulers who, in between tl tfa:;; P b o
tion with wars realised that roads were essen_i;m_ ep omotine
agriculture, stimulating trade, facilitating Pl 1;grlma,g R
off famines, and retaining control over the country.

i i tion of the steam

tively recent times, the inven !

enghl\elal g:ﬁpﬁfggmﬂo the construction of railways and de:;el:fy

ment of roads was neglected. But this did not pg;vgid oy
public protest because the bad condition of our roa
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seem to matter seriously to the bull

ock cart and the pack animal
which remained, until recently,

our only means of road transport.

With the advent of the automobile, however, quickly arose
an urgent and insistent demand for we]) surfaced and fully
bridged all-weather roads. It was then that the development of
roads came in for serious consideration at the hands of
Government.

The Jayakar Committee was appointed in 1927 to look into
the requirements of the situation. Ag g result of their recom-
mendations, the Central Road Fund was created in 1929. A
part of the customs and excise duty on petral began to be credited
to the Fund. Grants from this Fund were given to States for
road development, particularly in rural areas. But much work
could not be done under this scheme as the annual contributions

the country, a fair amount of wo
years has been carried out
provided by this Fuund,

rk reckoned ov

. er & number of
in the country b

Y the resources

The Jayakar Committee also stressed the need for creating
a forum for bringing together road engineers in the country, so
that they should discuss the science and practice of road con-
struction and maintenance. In Pursaance of this recommendation,
the Indian Roads Congress came into being in 1934 when the
Central Road Fund was placed on a permanent footing by
the Central Legislature,

Before the Indian Roads Congress was created, it was not
possible for road engineers in India to get together and discuss
questions relating to the administration, Planning, design,
construction, o

peration, use and maintenance of roads.
little of experimental or testing work was

view to improve the technique of road construction, and that, little
was seldqm correlated in an effective way. On policy matters,
ad no organized way
gineers in the country,
d bridge design existed for uniform ap-
¢ country. The Indian Roads Congress
P these deficiencies,

No standards of road an
plication throughout th
was created to make y

In the limited time at my disposal, it is not possible for me
to give a complete Pieture of the usefu) work done by the Congress
in the fulfilment of jts objects. 8o T will be brief,
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. ry valuable
21 years, it has done ve erated on
oo coue o b 2,700 L 2 o
work, Tts activiti the past. 1 wish to m%nommittees, it has
similar occaglond 1 1€~ ittees and Budcrds for road and
through its 1;echgif}shed meny useful stan a'hmed research and
prepared and pqu,‘has sponsored and col‘!";h In its Journals,
bridge desigr. ledge gained through res.es;lrha-ve been discussed
disseminagel{i :23?70 technical Papers whic
it has publs

freely during its annual sessions.

ive hand in guiding Gov-
n a very active ith the road
The Congross h?f t:tlf ° questions conneot:eim:cl: it has been
ernment in r(;_gar and administration. For ltn]goa,rd ’Engineering
developm:llll: P:e;(:iyfor Pl'ovmcialismf ﬁftﬁzo been pressing for
stressing d with roads, an t plans and for pro-
Servioes con0Mm:'e}nmsive road development P ike this, the
p tters like s
drawing up comp for them. In ma the chief
viding ”suredfrg‘lll::lfﬁy assembled confemnlggst;efiraI:ecommen-
Congross }:)afsthe county to deliberate and ma
Engineers

dations to Government.

ief Engineers’ conferences
i tant of the Chie onferences
b moszhlmlgl(:;i:n Roads Congress was ;(l::uoﬁgnt sombled
sponsores l.)y 1923 The well-known hlstf)rlc Lo rommn ho
i N?gp!‘llll(‘n‘): kn(;wn as the Nagpur Plan,
Y »
gg;i%elgtions of that conference.

had come to our own
second World War cope with
In the year'}gﬁ’st:(;re not able, by the“.‘“f;vf-zilﬁred%y the
door and our ra) W:Zment of men and n}aterla had to be supple-
the large-scale mo ar. Transport by rallwas('is o frantio efforts
exigenoies of the ‘:} nsport. During those day 'of the country
mented by '°‘;,dn§°m£,y roads for the defeng:oeful inadequacy
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of our roads ma-a-vzo the imperative necessl yide programme of
oo aﬁ“ke%id ::d well integrated country-w
comprehensi
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developing road communication
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the Nagpur P laid down sound
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During the last war, there was considerable activity in
respect of road development, but this slackened off immediately

the war was over, and not much progress
embarked on the first Five-Year Pllt)z.n.g was made before we

At the commencement of the Plan, tbe count 000
miles of hard surfaced. roads and 1,47,’000 mil‘;:zl 3 gzgugz;ced
roads. The Plan provides for an addition of 10,000 miles of hard
surfaced roads and 20,000 miles of unsurfaced roads. Thus. at

the end of the Plan period, we expect 1.07.000 mi
faced and 1,67,000 miles of unsurfI;ced ;oazls. miles of hard sur-

The main deficiency in our roads was i
partlcularl_y across major rivers. The incre:;ae ilzctl,‘hgf ml;{;dgegi
roads, by itself, does not give an adequate idea of the magni%.ude
of work involved in developing road communications in the
country at the present stage, when almost all the big rivers have
to be newly bl:ldged. We are constructing thousands of culverts
and small bridges and scores of very big bridges, varying in
length from 500 ft to 7,000 ft, to give the country an all-zvea;gth:ar
road system. The mighty rivers of India present a number of
difficult problems to the bridge engineer. These river d
about freely in alluvial beds and scour ver ligh floods.

In some of these rivers, the floods rise yn(aig:g 11;5111;1111 :lgIIIO%OfO di.
Bridging them requires careful selection of sites where tﬁe'
meander least and elaborate calculations to determine the bey
ble high flood discharges, the depth of possible scour p(;o e
suitable type of construction. N e

> 0 It is thes i
all the ingenuity and skill the road engin:ernggl(:nn\ll::el;‘at reduire

On National Highways alone we ha i
\ I 3 ve tak
construction of 75 major bridges and hope to c:miﬁe;: :.ll?;lt?t htal,]l?

of them during the current Plan period. Consideri
. . 0 :
ties that we have met, this is not a small ae}?is;;l:mn:ﬁtthe difficul-

In building a big bridge acros juri ri
Cuttack, we met with artesiang condit;i;ngm jooiuri river near

wplls that were beigg sunk for the founda.i{i:;:, :? :z:n bw?dﬂm
pierced through the impervious strata, the impounded wate nf o
below began to rush out through the wells. This, in turn ) ro(rin
the wells unstable and they began to sink rapid’ly by the’irma o
wmght.. It was an engineering feat to prevent them from oing
down indefinitely and to make them hold the weight of th bgc_)mg
amounting to 1,200 tons per pier. ° bridge

Coming to the progress of j i i

01 projects included in ] ive-
Year Plan, we have, speaking broadly, been a.bll:: tcl:ek?a:s; Elv:o
our programme of work and we hope to achieve the targets bypthe
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end of the Plan period. In fact, I have every hope that improve-
ment of road surfaces, particularly of National Highways, will
progress ahead of the Plan.

Road engineers are now busy preparing a second Five-Year
Plan and the Planning Commission have tentatively approved the
proposals in respect of roads in the Central sector. This Plan is
likely to provide roughly Rs 60 crores for development of
National Highways and Rs 44 crores for other roads like the
West Coast Road for the development of which the Central
Government have agreed to give financial assistance, and other
roads of special economic and inter-State importance. This
amount of Rs 104 crores will be further supplemented by grants
from the Central Road Fund to the extent of about Rs 22 crores.
Thus, the Central expenditure on road development in the second
Five-Year Plan will amount to about Rs 125 crores against the
total expenditure of approximately Rs 60 crores in the first Five-
Year Plan period.

As regards the States sector, the plans are in the course of
preparation and it is expected that the development expenditure
on roads in this sector will be of the order of Rs 225 crores,
against a provision of Rs 90 crores in the first Five-Year Plan.

Possibly at the rate now envisaged, the Nagpur Plan targets
in respect of length of roads, metalled and unmetalled, will be
nearly reached in the second Five-Year Plan. Targets in respect
of bridges may, however, take one more plan to attain. The
stage will then be set for bolder planning and greater achievement
in the years to follow.

Mention must be made here of the highlights of road develop-
ment in Jammu and Kashmir. For the hilly State of Jammu
and Kashmir, roads are its life line as there are no railways or
navigable streams, and roads provide practically the only means
of communication. It was to provide the main artery of life that
Pathankot-Jammu road was constructed in recent years at a cost
of about Rs 3.3 crores. In view of the very rapid development
of traffic on this road, widening of its carriageway to provide for
two lane traffic and replacing its causeways with bridges, have
been taken in hand and are now in progress. The construction of
Udhampur-Dalhousie road, which is required for the economic
development of a large area of the State, has also been recently
taken in hand at the estimated cost of Rs 3.0 crores. The
Pathankot-Jammu-Srinagar-Uri road has been (provisionally)
classified as a National Highway and will now be maintained and
improved from Central funds. The State started participating
the Central Road Fund in May 1954. It is gratifying to note that
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the State Government, 0o, has of late b i
, t00, een ith i
1.;wndpx-((;gra.mm_e of road works. During thgeoggt :vlvlga(;e;tht e
undred and nineteen miles of existing roads have been i roved
and developed, 4,500 ft of bridgi ool

] ng has been nearl
and 225 miles of new roads and tracks h T aded e,
’ ave b
State’s road system. By the end of 1955-566, 288nn?i?gsednfo Jue
Eew roads and another 2,600 ft of major bridging are ex ecgg o
L fi:(;:sit:‘u:fle(;l';:'andtzﬁfhm“es of existing roads upgra.dedp and :lol
itio i i X
thie 1s n e 400 miles of roads maintained by the

The most important feature of road d
s 1
is going to be the construction of the Baeve‘

the Pir Panjal range at an altitude of 7 ,3(1)1([)l lfli‘;alw'I};‘;gl?ql Tnough
less the snowline. At present, the J ammu-Sriﬁagar_Ur;S more or
main artery of the State, crosses the Pir Panjal at a lr(?ad, the
about 9,000 ft and this part of the road r n atitude of

over four months in the year. Since thi emai_n s fnowbound for
of communication between the State al:lls zg:dr;:t ?e only means

it is essential to make it an all-weather ; £ the country,
1&1‘1:. construction of the Bannihal Tuzox?cg. hZthl;) that object,
his tunnel will be over a mile and a b lfeen started.
:;:el,l bg ] onel of the longest road tunnels i‘:; 151llong and
clairl; tgmbge ::Bloglga!:) half l': 1dozen road tunnels :ha:voz{mdn’
¢ r a li :
long r:ﬂway tunnels, but thet ;rmﬁfﬁg V?Iili?:l: a'emsi;d several
g;gggf z efii lmuch_ more difficult than those of a railsv(;&' t?: nell
amount of cai?)ol;smg the road tunnel generate a cogsideral.:belc;
oas s sufficiont] d{rllonox1de and until and unless this poisonous
Sond tunnels 5;& 1 “tted, there is danger to human life in lon
are other proi)lempa-r from the problem of ventilation therg
to motor vehiol - IOI}g road tunnels, namely, fires m;oidents
taokled and n oles, lighting, etc., which have to be oarefully
many oxisti ecessary safety devices provided. After a study of
Y existing road tunnels of the world, it has been decided

:2;‘1"10‘“ e::};ﬂ(: be cheaper and safer to construct a two-tube
the tw’o -y ube for traffic in one direction, and to ventilgt
to_dilute 1;a:§02y the forged longitudinal system of ventilatios
monoxide in the tunnels suffici '
them safe for human beings. The two tubes levl;g{ lt):o make
connected by cross links through which pedest oy ‘ober-

from the footpath of one tunnel to that of th;lm;ef-o‘il;dcaz:og:

fire or some other emer, i i

B " BOI gency. It is est .

inoluding its ventilation and safety d ev?zelsma;eiﬁ t&:ﬂ; th}:s tunnel,

::Or:;. This cost is bemg_ borne by the’ Central szout Re 3
the Jammu-Srinagar-Uri road is a National High oy,

project is expected to be completed in all re ghway. The

three years. It is, however, proposed to have nggtz fil:'.haebtovlvlz

opment in the State
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tubes completed and brought into use in the cold weather of
1956 —57 for regulated one-way traffic. Ihave not come across &
single road tunnel of comparable length in the world which
was designed and constructed in a period of less than six
years from the date of conception of the idea to build the tunnel
as will be the case in respect of this tunnel. In fact, I am
not aware of any tunnel of corresponding magnitude, the
completion of which took less than a quarter of a century from
the date of conception of the idea to construct the tunnel. The
idea of constructing the Bannihal Tunnel came from the Jammu
and Kashmir Government in the beginning of 1952. At that
time no detailed ground or geological surveys were available, nor
was any information available about the meteorological condi-
tions at the site. The ground and geological surveys were
completed in the remarkably quick time of about eight months.
Meteorological data is still being collected as these observations
have to be made over a long period to get reliable data for
designing artificial ventilation of the proper magnitude. This
tunnel, when completed, will have very far reaching effects on
the development of the Kashmir Valley. It is not possible.today
properly to appraise ‘the role this tunnel will play in shaping
the future of this part of our country. We, engineers, could be
rightly proud of such an achievement.

We are now spending enormous sums of money on road
development and have to aim at getting the best out of the
country’s money. This can be done by improving our standards
and specifications so that the construction cost is lowered and
the life of structures increased. These improvements have to
be based on research—research inside the laboratory
followed by experiments on models and then by frials on the
field scale.

Research workers are busy throughout the world making
valuable additions to our knowledge. We must also redouble
our efforts in this field so that, in the context of our own
requirements, we can claim that our theories of design and our
processes of construction are not irrational and out-dated.
It is not enougb merely to assimilate what others are discover-
ing and apply it to our conditions by chopping and changing
here and there. We must find our own original solutions of the
problems that face us.

Highway engineers require & rational theory for designing
road pavement. Tremendous effort is being made all over the
world to understand the mechanics of soil and its relation to
the design of road pavements. 1 appeal to research workers
in this country to take a hand in that effort, I am conscious

3
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that in matters of research, we have had to start from scratch and
all I wish to point out is that we must keep alive the desire to
make up the leeway and come abreast of our requirements
arising out of our colossal road development programmes.

It is not only essential to build more and better roads
but we must also ensure that the roads we build remain free
from haphazard growth of building called ‘¢ ribbon develop-
ment > along them and from encroachments., This can be
done by improving the working of the present laws and enac-
ting new Highway Laws. A beginning has been made in
respect of the latter in some States but we must step up the
progress, as otherwise there is risk of our beautiful new roads
being ruined, paricularly near towns and cities by the unregu-
lated growth of buildings along them. At present road engineers
have no powers to get encroachments within highway limits
removed. All that they can do is to request the local revenue
authorities to do so. In this respect, our experience is sad,
with the result that encroachments are increasing and highways
being built at tremendous cost are being spoiled. Indeed, the
present system is working so adversely against road interests
that new legislation giving necessary powers to the road autho-

rities to remove encroachments should have preceded our embar-
king on large road development programmes.

I cannot over-emphasize the imperative need for passing
Highway Laws, if we wish to derive the maximum benefit from
our roads. The traffic must flow freely along them. You are
all aware of the congestion and risk of accidents that exist on
roads in built-up areas. 1t costs colossal amounts of money and
yet it is not always possible to improve roads, once they get
built upon, to meet the increasing needs of traffic and to ensure
safety of life. I may mention that the Government of India
are serionsly concerned with the problem of improving existing
links of through roads in urban areas, constructing by-passes
round towns, replacing level crossings with over-bridges, and so
on. The benefit that these measures are intended to give can
be made permanent only if encroachments are rigorously stopped
and ribbon development is prevented.

We, Road Engineers, are happy at the road development
but we have to be prepared to shoulder much greater responsi-
bilities and put in much harder work than ever before. For the
successful implementation of our big plans, engineers will
require not only expert knowledge but also have to cultivate
many obh.er intellectual and moral qualities, such as honesty,
courage, mdependencp of thought, sound judgment, fairness and
good sense. A practical engineer must have all these qualities
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i i . nd,
to be successful in his professional and technical wakconéned
when he has them, his responsibilities will no longer.11 Oy
to the tendering of technical advice only;‘he will itably
boe called upon to fake an active part 1n frapl;:dg v?it.h 1os
on economic and administrative problems agsocid
projects.

i iving me &

Ladies and Gentlemen, for your giving me 8

pati;[nthﬁ::rgx?gu.’ 1 request you, Sir, to declare open this Nine
teenth Session of the Indian Roads Congress.
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In declaring the Session open, Sadar Riyasat
Yuvaraj Karan Sigh said : ’

Ladies and Gentlemen,

If the venue of
I‘&.m sure your
PIring surroun-

you I expect this is your firs yiags o, JOU Work. Fo
. rat visit T many of
your stay here will be comforta;flta :g(;}h;]e‘;:ggf’ and T hope that

Roads can trul 3
. y be de .-
glvee;- slnce‘,-thhe dawn of rec:)ig:(;%? o elines of CiViliza.f,ion
206 of the earth, and ag tp .
h ’ e
?Lﬂfﬁ: 1;0 o o our logs, the Paths whereh
the centulge:c;a S0 another took on great im Z t
orests were cut, mighty l‘iversps;a,zr:::i 'g‘hrough
and moun-

tains bored untj] tod
world’s land magsg t;hera.y an o hat over a larger part of the

o i .
18 an extensjve system of roadg
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in India we have a tradition of road-building going back several
thousand years and some of our greatest emperors were keen
road-builders. Nevertheless, keeping in view the vast land space
that our country occupies and our huge population, it has to be
admitted that our road development is still far behind our

requirements.

Until recently the economic development of our country had
been proceeding upon a somewhat haphazard basis and roads also
did not come under any really co-ordinated system of national
development. With the advent of freedom, however, came the
realization that if we are to rapidly and substantially improve the
living standards of our people and add to the national wealth of
our country it was essential that our economic development
should be properly planned, so that we could use our resources in
a balanced and co-ordinated mannper to bring about the best
possible results in the shortest possible time. The first step
towards this was our first Five-Year Plan which is now drawing
to a close. Keeping in view the tremendous difficulties involved
in planning with very limited resources and without adequate
statistics or experience, I think we have no reason to be ashamed
of what has been achieved. Nevertheless this represents only a
beginning in tackling the huge problem of national ecomomic
reconstruction that from now on is bound to be our predominant
concern. In this great adventure the development of communica-
tions will play an invaluable part and, as roads are still by and
large the main arteries of travel, it is clear that the development
of roads in our country has an importance that cannot be over-
estimated. Obviously the concept of the Welfare State will not
become a reality if large sections of our population remain cut off
from the main streams of progress.

There are to my mind several aspects which bring out this
great importance. To begin with it is hardly necessary to repeat
that economic progress will be greatly hastened by an improve-
ment and expansion in the network of roads. The age-old concept
of the self-sufficient village has, for better or for worse, broken
down and it is now essential that even the remotest village in
India should be incorporated in the national economy. This can
only be done if every village is connected with a motorable road
and, however staggering the implication of this may be, it is
surely the goal towards which we must look forward. Secondly,
there is the question of defence. We are a nation pledged to
peace and we are doing all we can in the international sphere to
contribute towards harmony and & lessening of tensions.
Nevertheless, we must always be prepared to defend aggression
against our country, and for this purpose a well-developed system

of roads takes on considerable significance.
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In addition to economic development and defence there is
another aspect which, though less tangible, is certainly nonethe-
less important. Our ocountry is so vast and varied that it is
important always to keep in mind its fundamental unity and to
strengthen this in every way possible. 1t is time that we stop
thinking of ourselves in provincial or regional terms, and begin
to consider ourselves Indians first and foremost and, after that, as
members of the great brotherhood of Humanity of which nations
are after all but constituent units. In the development and
strengthening of this national consciousness an improvement in

the means of communication, particularly roads, will make a
substantial contribution.

I might now turn to the special significance of roads in our
State. This has already been well brought out by Shri Mathrani
in his presidential address and it remains for me only to reiterate
that our terrain is among the most difficult in the world and that
without a well-developed system of roads we are completely
jsolated. Since 1947, mainly as a result of the peculiar condi-
tions that arose here, great improvements have been made. The
Pathankot-Srinagar road has been tremendously improved, and
T must pay a tribute to the Engineers and men of the fndia.n
Army who have built roads over very high passes and mountai-
nous terrain in the face of great difficulties and hardships. These
roads have opened out large areas of our State which were
previously quite inaccessible except on foot or horseback, and
have thus contributed greatly towards their economic de\’relo
ment. In our development plans we are laying great stress u g n
a further improvementin our roads, and the new Bannihal Tmf nl
which has been undertaken by the Central Government willnlt3
the highlight of this programme. The Udhampur-Dalhousie roa.de

work on which has already begun, will als . h
importance. & 0 be & project of major

I would like here to take the opportunity of i
importance of road development not 1c))?lly in Kishmi:tr‘:;:;uilﬁ :llig
entire mountainous and submontane region of our northe
frontier stretching from Kashmir all the way to Assa Tlf’n
development is of great national im - te
of view and we can draw inspir

\ 1 ation from th
achievement of our friendly neighbour, the great naiiol:?fa:)i?;);e

They have completed within a comparatively short time two

mighty highways, the Tibet-Sikia i i i
B as —done 1n o Tore ng and the Tibet Tsinghai roads.

h \ of the most incredible diffi i

will rank among the major achievements of the ?'oad-b(:llﬁglie: a?g
.the _hxst,?ry gf the world. I am confident we shall n tgl
behind in this respect. _ 0t lag

portance from many points
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Finally, I would like to dwell for a moment upon the great
importance of the Indian Roads Congress, and to congratulate the
organization for the excellent work that it has been doing in the
gervice of the nation. A forum where road engineers from all
over the nation can regularly get together for technical consulta-
tion, research and co-ordination is clearly of the utmost impor-
tance, and I am confident that as time goes by it will progressively

play a still more important and valuable role in the unfolding
of our national destiny.

I wish you all success in your deliberations..



PRESIDENT'S CONCLUDING REMARKS

Sadar-i-Riyasat, Ladies and Qentlemen,

I thank you, Sir, for inaugurating this the 19th Session of

i;;;:nltx.ldlan Roads Congress and for your message of encourage-

Road engineers are conscious of the
rols:d;;1 ill: thg submontane region on th
which has been neglected in the past. Dev
rqads.has, recentl.y, been taken uII)) in righte}az.l;g::tugfleihx:
Ehrect'uve o'i our Prime Minister, and you will be glad to hear that
in this region construction of about 5,000 miles of roads, motora-
ple roads, jeepable roads, and improved bridle paths ha,s been or
is about to be commenced. We also hope that a substantial

additional length of these roads will b i
the Second Five-Year Plan. © taken in hand as & part of

great need of developing
e north of our country,

Now, Sir, may I request you to present the * i
Congress Medal to Shri Goverdhan pLa.l for his Pa;:ilzg E.o;gs
Design of Small Bridges and Culverts *’. May I also request oe
to .am.lounce_that the Paper on ¢ Stabilization of Certain Cla.y v
Soils in India *’ by Col. S. K. Bose is commended. ey

MESSAGES
to
the Nineteenth Session of
The Indian Roads Congress

held at Srinagar from 18th to 25th June, 1955,

Shri Jawahar Lal Nehru, Prime Minister of India.

I send my good wishes to the Annual Sessi
_Wishes & ession of i
(B;.oads angrgss, which is going to meet in Srinagarongg gﬂgll:ﬁl
ommunications of all kinds are essential in any system of pla.n:

ning. There is grave danger th i
oannot transport them easil%r . at while we produce goods, we

In particular,

communicatio i
hill areas which ha sons have to be developed in our

ve been largely neglected in the past.

—
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Dr. S. Radhakrishnan, the Vice-President of India.

I am glad to know that the next session of the Indian Roads
Congress is acheduled to be held at Srinagar from the 18th to 25th
June. I send my best wishes for the success of the session.

Shri O. V. Alagesan,

Deputy Minister for Transport & Railways,
Government of India.

I have great pleasure in sending my greetings and good '
wishes o the 19th Session of the Indian Roads Congress which is
meeting at Srinagar in beautiful Kashmir.

Srinagar is more than 200 miles away from the nearest rail-
head and as such, you could not have chosen a better place in
order to emphasise the importance of road communication.
Kashmir provides the proper setting for your annual confabula-
tions. I have no doubt you will be inspired by its divine beauty.
You are doubly fortunate in that the young and progressive
Sadar-i-Riyasat of Jammu & Kashmir has consented to open your
Conference. I personally know the great interest he is taking in
the development of road communication in his State, and you
will profit by his lead.

You are meeting in the last year of our First Five-Year Plan
and on the eve of the Second Plan. You may have the quiet
satisfaction of having achieved the targets set in the First Plan.
The size of the Second Plan is going to be much bigger than the
first one. You will be called upon to achieve much more during
the Second Plan period. Rural communication is bound to claim
a greater share of our attention and resources. It should not be
said at the end of the Second Plan that any village in India is left
without a road. I have no doubt that both the country and the
Engineers of the country will rise to the occasion.

1 wish every success to the Srinagar Session.

Bakhshi Ghulang\ Mohammad,
Prime Minister of Jammu & Kashmir.

It was a good thought to hold the session of the Indian Roads
Congress in Kashmir this year. There is no doubt that in the
sphere of social reconstruction of India, engineers have to play
increasingly a vital role. Progress in the modern world is a race
for mastery of up-to-date technological methods.
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It is urgently important for the economic development of our
country that we should have a wide net-work of dependable and
cheap roads so that greater economic activity is stimulated and
accelerated in all parts. Lack of a good system of communica-
tions is a sign of backwardness and it should be the concern of
all that the entire length and breadth of India is welded together
in a corporate way with common social and economic pursuits
and collective endeavour for their accomplishment.

Messages of Good Wishes and Success of the Seasion have
alsc been received from Shri G. M. McKelvie, and the
following Technical Institutions from Australia,
U.8. A, and U. K.

(i) Country Roads Board, Australia.

(ii) Highway Research Board, U. S. A.

(iii) The Institution of Engineers, Australis.
(iv) The Institution of Civil Engineers, U. K.

(v) American Associati .
Ly A‘ssocmt\on of State Highway Officials,

(vi) American Society of Civil Engineers
(vii) Bureau of Public Roads, U, §. A

(viii) Queensland Main Roads Commission, Aygt, 1i
) Talia,

INDIAN ROADS CONGRESS
NINETEENTH SESSION—SRINAGAR 1955

The Indian Roads Congress held its Nineteenth Annual Ses-
sion from the 18th to 25th of June 1955 at Srinagar, the summer
capital of Jammu & Kashmir State.

The Session was inaugurated by Yuvaraj Karan Singhji,
Sadar-i-Riyasat, Jammu and Kashmir State, on the 19th June,
1955. 233 delegates from all parts of India attended the Session.
This was the first meeting of the Congress in the State.

The  Indian Roads Congress Medal’’ was awarded to Shri
Goverdhanlal for his Paper on ¢ The Design of Small Bridges and
Culverts.” Also, the Paper on “The Stabilization of Certain
Clayey Soils in India by Heat Treatment’’ by Col. S. K. Bose
was commended.

Nine Papers were discussed. About 70 speakers took part in
the discussion.

The Panel discussion on ¢¢ Surface Dressing with Bituminous
Binders”’ was also arranged.

The following Committees held meetings during the Session :
(1) Specifications & Standards Committee.
(2) Research Organization Division.
(3) Education Subcommittee.
(4) Soil Research Subcommittee.

(5) Manufacture of Road Making Machinery & Mechani-
zation Subcommittee.

(6) Road Transport Operation Cost Committee.
(7) Papers Subcommittee.

(8) Cement Concrete Road Surface Dressing Sub-
committee.

(9) Provincialization of Local Bodies Engineering Services
Subcommittee.

The Council held its 44th and 45th meetings. The Council
reviewed the work done by the various committees and appointed
a Road Transport Development Committee to study the transport

4
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problems of the country and to make recommendations. At the
45th Council meeting, Shri K. K. Nambiar, Chief Engineer
(Highways), Madras, was elected President. The Vice-Presidents,
elected were Shri M. 8. Bisht, Chief Engineer, P. W.D.,, B& R
Uttar Pradesh, Shri D. N.'Gupta, Chief Engineer, P. W.D.,B& R

Jammu & Kashmir, and Shri W. A. Griffiths of Messrs Burmah-
Shell Co., Ltd., Madras.

On the 19th evening, Bakhshi Ghulam Mohammad, Prime
Minister, Jammu & Kashmir State, opened the Technical Exhibi-
tion arranged by the Indian Roads Congress. He visited every
stall and showed keen interest in the exhibits.

Many State P. W. Ds. and engineering firms participated in
the exhibition. A list of Government Departments and firms,
who participated in the exhibition, is given at page 583.

Trips to Gulmarg and Veerinag—the source of river Jhelum,
were arranged. The inspection of Bannihal Tunnel under pro-

gress, the Sind Hydro-electric Works and the Government Joinery
Mill was also arranged.

The Prime Minister, Jammu and Xashmir State was
also ‘At Home’

to the delegates. He congratulated the
Indian Roads Congress for its fine work and stressed on the role
of engineers in Five-Year Plans. The construction of the
road from Pathankot to Srinagar was a fine achievement
to the credit of engineers. Bannihal tunnel will be a farther
step towards the progress of Kashmir. But more and

more roads and tunnels will be required to develop
Kashmir. :

The Session which commenced on the 18th June concluded on
the 25th June, 1955. '

NINETEENTH SESSION—SRINAGAR 1955 581

Shri
Goverdhanlal
receiving
the I. R, C.
Medal.

Bakshi Ghulam Mohammad declaring the exhibition open,
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Bakshi
Ghulam
Mohammad

Yuvraj
Karan Singh;j
Vislting the

exhibition,

at the exhibition,

List of Government Departments and
who participated in the Technic
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Engineering Firms

al Exhibition at Srinagar.

GOVERNMENT OF INDIA

Central Public Works Department
Central Road Research Institute
Ministry of Transport, Roads Wing

STATES

Andhra - Highways Department
Bombay—P. W. D.

B

ombay State Road Transport Corporation

Bhopal-P. W. D.
Bihar-P. W. D.
Jammu and Kashmir - P. W. D.

Jam
Jammu and Kashmir—Fo

Jamm

mu and Kashmir— Agriculture Department
rests Department

u and Kashmir — Publicity Department

Jammu and Kashmir —Tourist Department

Madras—Highways Department
Punjab-P. W. D,, B. & R. Laboratory, Karnal

Uttar Pradesh—P. W. D., B. & R.
West Bengal —Road Development Department

ENGINEERING FIRMS

M/s. Associated Imports and Exports Limited
M/s. Burmah-Shell Oil Distributing & Storage Co., Ltd.

. M]s.

Caltex (India) Ltd.

M/s. Concrete Association of India Ltd.

M/s

. Greaves Cotton & Co., Ltd.

M/s. Standard Vacuum Oil Co.
M/s. Willcox Buckwell-India Ltd.
M/s. William Jacks & Co., Ltd.

—



Minutes of the 44th Council Meeting of the
INDIAN ROADS CONGRESS

Held at Srinagar on the 18th June 1955,

Present :

H. P. Mathrani President
F. P. Antia S. N. Gupta
M. L. Bahl H. R. Gupta
K. Barua E. V. 8. Iyer
C. M. Bennett R. N. Joshi
U. J. Bhatt K. K. Kartha
M. S. Bisht C. P. Misrs
D. B. Chopra, Brig. T. Mitra
R. J. Dhumal E. A. Nadirshah
Goverdhan Lal K. K. Nambiar
D. N. Gupta D. P. Nayar

J. Subrahmanyam -~  Secretary

The following Co-opted Members attended :

R. C. Roy C. Seshavatharam

P. L. Varma
The following attenytab idedinvtion :

K. F. Antia J. M. Trehan

D. G. Bhagat Qazi Mohd. Afzg)

R. 8. Bhalla W. A, Griffiths

J. N. Mitra Sujan Singh
B. V. Vagh.

The Council placed on record their sorrow at the loss suffereq
by the Council in the prematur i

1. Confirmation of the Minutes of the 43rd Coun

The Minutes of the 43rd Council meeting held at
hubaneswar on the 9th February 1954 a8 publisheq

at pages 550 to 552 of Volume XVITI.4 of the Journal
of the Indjan Hoads Congress were confirmeq,

cil Meeting.

.
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2,
3.
4,
5.
Shri G. M. McKelvie receiving the Salver
[By Courtesy of the ‘Scotsman’ Edinburgh]
6.

Shri G. M. McKelvie (seated centre)
scroll, '

McCallum,

Shri W, F Munro, Montrose
. Honorar
Branch and Shri’D. B. wa:'els.:.cretary, Scottish

B L}
[By Courtesy of the Svotaman’ Edinburgh)
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Forry-Fourre Counecir Mezring

Approval of the Minutes of the Executive Committee Meetings.

The minutes of the meetings of the Executive Committee
held at New Delhi on the 4th September 1954 and the
23rd April 1955 were approved.

Audit Report for the year 1953-54,

The Report of the auditors for the year 1953-54 was
recorded.

Draft Report of the Council to the General Body of Members
for the period Ist January to the 3Ist December [954.

The draft report was approved.
Amendment to Rules and Regulations.
The Council agreed to amend Rule 6 to read as under :

An entrance fee shall be payable by

6. Entrance fee:
members on election on the follow-

ing scale :
Rs
Patron, Vice-Patrons and
Hon. Members Nil

Ordinary Members 25
Associate Members 120

Povided that no entrance fee shall
be payable by any ordinary
member who shows ¢to the
satisfaction of the Council that
his basio pay on the date of his
election is not more than Rs 300.

Budget. :
The budget estimate for 1954-55 was approved.

7. Rail concession to delegates of the Indian Roads Congress.

Council greatly appreciated the rail concession
Tiextenoded to the delegates by the Railway and passed

the following resolution :

«The Council of the Indian Roads Congress express
their thanks to the Railway Board for granting travel
concession to the delegates attending the Indian Roads
Congress. While more than 200 delegates participate
in the sessions of the Congress, many of the delegates
being deputed by Governments or Local Bodies are
not eligible for the concession and only about fifty
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delegates will be able to avail of this concession each
year. The Council hope thatthe number of members
availing of Railway concession will increase in course
of time and request the Railway Board to continue
the concession even if the member availing of the
concession is less than 100, particularly as the total
number of delegates coming by Rail exceeds 100,

8. Presentation of a salver and a scroll con
of thanks to Shri G. M. McKelvie,

taining a resolution

The Council passed the following resolutions :

(1)

(i)

** The Indian Roads Congress thank the Institution
of Highway Engineers, United Kingdom for kindly
presenting, on behalf of the Indian Roads Congress,
a salver and a seroll containing the resolution
passed by the Congress to Shri G. M. McKelvie at

the Annual Luncheon of the Scottish Branch of their
Institution **.

“ The Council of the Indian Roads Congress thank

the Custom and Excise authorities, United Kingdom,

for admitting the import of a silver salver free of
customs duoty and purchase tax presented 4o
Shri G. M. MoKelvie by the Institution of Highwa

Engineers, United Kingdom, on behalf of the Indiai
Roads Congress”.

8. Miscellaneous.

t)

(i)

(iii)

The Council decided that the Committees and
Subcommittees should meet more fre

quently than at
present and that as far ag possible, the work of the
Commitees should be carried out by

To enable these Committees being he

their employers.

The Council decided that the Sectio
I. R. C. Bridge Code should be publ
possible, :

The Council decided to appoing i
Road Transport De PP a Cox.nmztbee called

problems of the
make recommendations. The
port Bubcommittes will be

—

ns 1 & I of the
ished as early as

00uéltry and to
present Road T -
abolished, ~ oDS

Minutes of the Business Meeting of the
INDIAN ROADS CONGRESS
Held at Srinagar on the 22nd June 1955.

i held
ineteenth Annual General Meeting of Members was
at ngg:gr::lfn Weduesday, the 22nd June, 1955 at 10-30 A. M. In
all 22+ Members and 9 invitees (names and particulars
(pages 594.601) attended the Session.

2. Confirmation of the Minutes of the last Business Meeting.

inutes of the last Business Meeting held at Bhubanes-
war zgiﬁ;lg& February 1954, as printed at pages 515 to 549 of
the Journal—Volume XVIII-Part 603-605-4-March 18566 were
confirmed.

3. Audit Report.

i Audit Report for the period 1st October, 1953 to
@ 31‘1}:)6308111 éepteg:\ber, 1954 pages 603-605 was recorded.

iiy It wasa decided to re-appoint M/s. Walkerg, Chandiohf
6o & (v)v:, Chartered Accountants and Auditors, Delhi
to audit the accounts of the Indian Roads Congress.

4. Report of the Council to the General Body of Members.

The Report of the Council (pages 607-628) was taken as read
and approved.

5. Resolutions of thanks.
The following resolufions were passed :

i i ads Congress thank the Goverqment

® :ffh Salgﬁ?xn GI:O Kashmirgfor their kind inyit&txon to
hold the Nineteenth Session of t'he Indian Roads
Congress aud for the very efficient arrangements
made in connection therewith.

ii ian Roads Congress thank Yuvara.j' Karan
& g}ﬁe l}jnidg'adard-myasat, Jammu & Kashmir Btate,
i %m,&gurating the Nineteenth Session of the Indian
R,of,ads Congress and for his permission to print his
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(i)

(iv)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

(xii)

NINETEENTH SESSION—SRINAGAR 1955

very inspiring Address in the Journal of the Indian
Roads Congress.

The Indian Roads Congress thank Shri Jawahar

Lal Nehru, Prime Minister, for his good wishes and
instructive message.

The Indian Roads Congress thank Dr. S. Radha-
krishnan, Vice-President, India for his best wishes
for the success of the Session.

The Indian Roads Congress thank Bakshi Ghulam
Mohd., Prime Minister, Jammu and Kashmir State
for his message and for kindly declaring open the
Technical Exhibition organized by the Indian Roads
Congress on the occasion of the Session.

The Indian Roads Congress thank Sardar Swaran
Singh, Minister for Works, Housing and Supply for
his best wishes for the success of the Session.

The Indian Roads Congress thank Shri O. V. Ala-
gesan, Dy. Minister for Transport and Railways,
Govt. of India, for his inspiring message to the
members of the Indian Roads Congress.

The Indian Roads Congress thank Shri K. Santh-
anam, Lieutenant Governor of Vindhya Pradesh, for
his very inspiring message and good wishes to the
members of the Indian Roads Congress.

The Indian Roads Congress thank Shri Abdulqaiy

Ansari, Minister for Publio Works, Bihar for wishing
the Conference success.

The Indian Roads Congress thank Shri G. M.
McKelvie, Past President of the Indian Roads

Congress for his good wishes for a very successful
Session.

The Indian Roads Congress thank the Institutions
and other well wishers who have sent messages of
goodwill and encouragement.

The Indian Roads Congress thank Shri D
Chief Engineer, Qazi Mohd. Afzal, Local Organizing
Secretary, Indian Roads Congress, Shri P. N. Wan-
choo, 8hri 8. Narboo, Shri D. P, Malhotra, Divisional

.N. Gupta,

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)
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Engineers, Shri Dina Nath Bhan, 8. D. 0., other
officers and staff of the Public Works Department of
Jammu and Kashmir State for the excellent arrange-
ments made by them for the Session and for the
convenience of the delegates.

The Indian Roads Congress thank the Public Rela-
tions Officer, Government of India in qa_mmu and
Kashmir State for giving wide publicity to the
proceedings of the Session.

The Indian Roads Congress thank the Secretary, In-
for?na.tion and Field Publicity Office and the Trans-

. port Controller, Jammu & Kashmir State for the

facilities provided by them for the delegates and the
assistance they extended to the Local Organizing
Secretary in making the function a success.

he Indian Roads Congress tha.nk.the firms g,nd

go:t. Departments who participated in the Techmpa.l
Exhibition and offered technical films for being
soreened.

The Indian Roads Congress thank the Dep_al:tments
of the Forest, Agriculture, Tourism, Electricity and
Transport of Jammu & Kashmir Government, the
Srinagar Municipality and Government College for
Women for the co-operation they extended to the
Local Organizing Secretary for the success of the
Session.

The Indian Roads Congress thank the management
of Nedou’s Hotel, Srinagar, for placing their hall at
the disposal of the Indian Roads Congress for their
meetings.

The Indian Roads Congress thahk the Press for
gi:ingnwide publicity to the proceedings of the
Session.

6. Scrutineers for the Election of Council Members.

Megsrs. Goverdhsn Lal, B. V. Vagh, K. F. Antia, and

5

. i appointed sorutineers for t'he election to the
&uﬁ;if};ﬁgsrﬁzrg-ipﬁ the Rules and Regulations of the Indian

oads Congress.
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7. Election. The following were elected as Members of the

Council,

9. (i) Representatives of Associate Members other than

Public servants.

F. P. Antia
M. P. Apte
C. J. Fielder

W. A, Griffiths
E. A. Nadirshah
Sujan Singh

g- Representative of District Board Engineers.

Fateh Chand

h. Representative of Municipal, Improvement Trust and

Cantonment Engineers.

K. Sabba Rao

i. Representative elected by the General Body.

H. 8. Batliwala
S.N. Gupta

M. N. Kamath
C. P. Misra

8. Um‘ler rule 9-a, b, ¢ and d, the following were nominated by
their respective administrations as Members of the Council :

Bysingss MEETING 593

9-a. Name of participating
Administration l

Name of representative

9-2. Name of participating

Administration Name of representative
Andhra C. Seshavatharam
Assam B. Choudhury
Bihar M. L. Bahl
Bombay W. X. Mansoarenhas
Madhya Pradesh H. R. Gupta.
Madras K. K. Nainbiar
Orissa C. M. Bennett
Panjab D. P. Nayar
Uttar Pradesh M. 8. Bisht
West Bengal R. C. Roy - \
Hyderabad-Degoan

M. A. Khayyum Khan

9-b

9-c
9d

10.

Jammu and Kashmir
Madhya Bharat
Mysore

PEPSU

Rajasthan
Saurashtra
Travancore-Cochin

Engineer-in-Chief, Army
Headquarters

Central P. W. D.

Consulting Engineer (Road
Development)

Past Presidents:
9-e

T. Mitra

D. N. Gupta

P. V. Divatia
H. Ananthachar
A, C. Malhotra
Kishori Lal

U. J. Bhatt

K. K. Kartha

Brig. D. B. Chopra
N. G. Dewan

H. P. Mathrani



Annexure 1

LIST OF MEMBERS WHO ATTENDED THE NINETEENTH
SESSION OF THE INDIAN ROADS CONGRESS HELD AT

SRINAGAR IN June, 1955,

S. No.

Name of State ete.

No. of delegates
who attended the
I. R. C. Session.

LIST OF MEMBERS WHO ATTENDED THE NINETEENTH
SESSION OF THE INDIAN ROADS CONGRESS HELD AT

SRINAGAR IN JUNE 1955.
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ABSTRACT
Government of India :

(a) Ministry of Transport, Roads Wing
(b) Engineer-in=Chief’s Branch
(¢) Central P. W.D.
(d) Railway Board
Council of Scientific and Industrial Research

Planning Commission
Andhra

Assam

Bihar

Bombay

Madhya Pradesh
Madras

Orissa

Punjab

Uttar Pradesh
West Bengal
Hyderabad-Deccan
Jammu & Kashmir
Madhya Bharat
Mysore

Rajasthan
Saurashtra
Travancore-Cochin
Tripura

Patiala & East Punjab States Union
Vindhya Pradesh
Delhi

Bhopal

Kutch

Pakistan
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22

24
25

26
27
28

29

. No. Roll No.

1.

Name.

GOVERNMENT OF INDIA

(a) Ministry of Transport (Roads Wing)

Invitee
1446
266
1892
1078
879
Invitee
785
1275
1880
1146
1288
1878
790
885
Invitee
1280
723
1532
918
1879

Anantapadmansabhan, C. S.
Bhalla, R. 8.
Bhagat, D. G.
Chandiramani, K. M.
Gursahani, R. L.
Goverdhan Lal
Gopalan, P. V.
Hardyal

Jaswant Singh
Kathuria, 8. L.
Menon, M. D.
Mathrani, H. P.
Navaney, M. K
Oza, M. G

Poonen, P. C.
Ranganathan, K.
Sadarangani, T. G
Subrahmanyam, J.
Sehra, P. T
Trehan, J. M.
Venkatesulu, Gostu

(b) Engineer-in-Chief's Branch

1905
1818

16
Invitee

658
1931
738

Invitee

Arjan Singh, Col.
Bose, Col. S. K.
Choprs, Brig. D. B.
Deb, A. K.

(c) Central P. W. D.

Bhatia, M. S.
Barman, R. Py
Vaish, V. R.

(d) Railway Board

Kumar, S. L.

2. GOUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH

30

Invitee

Puri, B. D.
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LisT oF MEMBERS
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8. No.

Roll No.

Name.

g {xneLe=

3 31313

858
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CENTRAL ROAD RESEARCH INSTITUTE, OKHLA

1014
1871

833
1857
1907
1913
1919

1721

Gokhale, Y. C.
Goyal, V. 8.
Iyengar, R. K. N.
Khanna, Tejbir 8.
Mazumdar, B. C.
Rao, N. Mohan
Salvi, K. G.

3. PLANNING COMMISSION

Parthasarthy, C. 8.

4. ANDHRA

Punniah, P. Basava
Rao, K. Bapa
§:°' %ot{x’a Subba

0, K. Venkateswa
Raj, P. V. e
S8eshavatharam, C.
Satyanarayana, K.

5. ASSAM

Barua, H.

Barua, K.

Gogoi, Saila Dhar
Rynjah, U. Nowanly

6. BIHAR

Aga, A. K.
Amanullah, N,
Boge, M. M.
Bahl, M. L.
Gupta, K,
Gautam Prasad
Misra, C. P,
Nandkishore Prasad
Narayan, 8. D,
Shas Nands

andan Prasad
8en, Bisir Kumar

8. No. Roll No. Name.
7. BOMBAY
70 32 Antia, F. P.
71 1241 Antia, K, F.
72 1927 Antin, M. C.
3 1522 Apte, M. P,
4 383 Batliwala, H. 8.
75 1050 Bhambhani, B. I,
76 343 Choksi, B. K.
77 704 Chougule, Y. K.
78 1939 Contractor, L. M.
79 1739 Desai, Ishverlal C.
80 1322 Desai, C. N.
81 30 Engineer, M. H,
82 858 Gandhi, J. H.
83 1248 Govindarajulu, 8, P.
84 80 Grifiths, W. A,
85 663 Gupchup, N. 8.
86 1024 Gupte, J. M.
87 38 Haval, A. B.
88 1129 Iyen, C. L. N.
89 1430 Joshi, R. N.
90 596 Joglekar, G. D.
9 1474 Jagus, P. J.
92 1930 Katti, B. 8
93 636 Maochs, T, K.
4 1601 Manerikar, V., B,
95 1946 Mascarenhas, W. X.
26 23 Nadirshah, E. A,
97 1012 Nadgeuda, P. M.
o8 1479 Narke, 8. P.
99 1869 Padwal, M, J.
100 1415 Patel, M. D.
101 163 Rege, D. Y.
103 1044 Rnﬁ V.
103 1148 Shivdasani, P. D.
104 1475 Unwalla, B. T
108 84 Vagh, B, V
8. MADHYA PRADESH
108 1873 Aramadhu, P. R,
107 1395 , 8. G.
108 1877 Casend, D. P. R.
109 1643 Gupts, H. R,
110 1320 Hiremath, 8. A.
11 1920 Lal, M. M.
113 1803 wade, M. V.
113 1021 Tripathi, 8. N.
9. MADRAS
114 1251 Andavan, Q. M,
115 904 Chandrasekharan, E. C.
116 1097 Kamath, M. N,
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LisT or MEMBERS

S. No. Roll No. Name.
Madras (contd.)
117 268 Nambiar, K, K,
118 1732 Namasivayam, K.
119 1581 Pillai, V. Govindaswamy
120 1881 Rao, K. Sreenivasa
121 1894 ‘Rao, U, N. Parameshwar
129 347 Reddy, K. Ramaswami
123 1016 Ramanna, K.
124 1795 Subbayya, K. B.
125 1775 Selvam, T. T.
10. ORISSA
126 204 " Bennett, C, M.
127 292 Iyer, E. V. 8.
128 1897 Panda, D. C.
11. PUNJAB
129 1838 Gill, A, S.
130 164 Nayar, D. P.
131 37@ Sandhawalia, N. S,
132 Invitee Uppal, Dr. I. 8,
133 491 Varma, P, L.
134 1832 Varma, D. R.
12, UTTAR PRADESH
136 205 Bisht, M. 8
136 1026 Bachaspati Kala
137 1525 Chaturvedi, D. C,.
8 222 Fateh Chand ‘
139 1915 Goyal, D, K,
140 1923 Gauba, J. C.
141 1398 Johorey, M, C.
142 1182 Kochhar, R, K,
143 1199 Laroia, D. K
144 1217 Misra, P. N.
145 759 Mathur, 8. B.
148 1391 Saxena, J. K.
147 1940 Sumair Chand
148 960 Sinha, K.
149 115 - Sharma, H. 8.
150 1085 - Wadhwani, G. B,
13, WEST BENGAL
151 1628 Bose, A, K,
152 1418 Bhattacharjee, 8. P,
153 1824 Chanda, R, P,
}% }i«&s} g}lmtterjee, M. K.
atto
158 i K.pgt:lhyay, K. P.
157 57

De’sai, A, P,
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8. No. Roll No, Name,
West Bengal (contd.)
158 Invitee Mrs. Desai, Jyoti A.
159 1305 Das, Tulsi Madhab
180 231 Fielder, C. J.
161 936 Gupta, S. N.
162 1030 Ghosh, A. K,
163 1042 Ghose, Deb Kumar
164 1041 Guha, Asutosh
165 1424 Ghosal, P. K.
166 1910 Green, John A.
187 318 Mitra, T.
168 1309 Mazumdar, Sailendra Nath
169 1933 Majumdar, Debabrata
170 1943 Mitra Jagannath
171 1917 Mukherjee, A. K.
172 1231 Pal, S.
173 1630 Paul, N,
174 766 Roy, R. C.
175 1911 Roy, P. C.
178 1544 Ray, 8. N.
14, HYDERABAD-DECCAN :
177 1922 Bala Pershad
178 249 Katrak, M. M.
179 29 Narasimham, J. S.
180 1937 Reddy, P. T. .
181 1938 Satnarayanan Singh
15, JAMMU AND KASHMIR

182 1929 Bhan, D. N,
183 1947 Chaku, B. L.
184 1457 Gandotra, H. K.
185 1580 Grewal, R. 8.
186 1624 Gupta, D. N.
187 1695 Gurdip Singh
188 337 Khan, G, H.
189 1928 Kaul, 8. N.
190 1696 Laharwal, G. R.
191 074 Malhotra, D. P.
192 1445 Nanda, J. D.
193 60 Nanda, B. D.
194 1552 Narboo, S.
195 1672 Qazi Mohd. Afzal
196 1585 Shah, S. R.
197 1821 ‘Sheikh Abdul Salam
108 1733 Vaidya, G. H.
199 1583 Wanchoo, P. N.

16. MADHYA BHARAT
200 587 Dhymal, R. J.
201 1575 Ghatpande, G. S,
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8. No. Roll No.

Name.

202
203
204
205

208
207

208
209

210
21

212

213
214
215
216

217
218
219

220
221
222
223

225
226
227
228
229

1909
1668
1356
1008

331
1714

214
1858

1654
19036

307

22, PATIALA AND EAST PUNJAB STATES UNION

1338
1134
1904
1912

1934
1925
1918

1889
Invitee
1314

58

17, MYSORE

Channiah, H.
Manchigiah, M. H.

Mudaliar, C. R. Krishnaswami

Reddy, 8. K. Hanumantha

18, RAJASTHAN

Mathur, Kishore Lal
Mital, K., C.

19. SAURASHTRA

Bhatt, U. J.
" Ghia, R. T.

20. TRAVANCORE-COCHIN

Kartha, K. K.
Ninan Kurian

21, TRIPURA
Sen, A. K.

Dhillon, Arjan Singh
Kbhanna, P. N.

Sachdev, Avtar Singh
Sabhlok, Om Parkash

23. VINDHYA PRADESH

Dae, A, Lakshman
Mitra, J. N,
Srivastava, C. P,

24. DELHI

Nazarath, C. V. .
Nanda, M, L.

Prinja, K. C.

Sujan Singh

Shenoy, B. N.
Shahani, T. C.

Satish Prasad

Sehan, Surjan S.
Sani, .G. H.

Verman, Dr, La] C, ,

8. No. Roll No. Name.
25. BHOPAL
230 444 Fahim Beg
26. KUTCH
231 - 1935 Hingorani, L. V.
232 1471 Vora, P. K,
27. PAKISTAN
233 1549 Doctor, P. K.

- Sr————
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3. OFFICE

The office continued to function in New Delhi. It disposed

of 7,968 recei i .
ondes report.elpts and issued 17,126 letters during the period

The staff worked statisfactorily.
4, MEMBERSHIP

(1) The number of members on the rolls
! r on th .
ber 19}?4 was 1270 (1242 Ordinary and 28 Associate(;.?’%lxlxrsigpt?l!:e
%iart ere were 86 new admissions and 70 removals from thegrolls
e removals were the result of resignations (22), deaths (7) and

non-payment of arrears of subsori bi
had retired from service, left India pozog,il(:dl )toby o o o
of a prolonged effort.

(2) Life Membership :—During the Congress
22‘:01&:(102%%1:3;11&553 tgsthi .?Oth Sep}s}ember 19§4, 4)’2%1’:;11:{"(:;
ife membe
one gmember‘ was removed from the rolli: 31?3 t:hede:t?lme Tﬁ:
'111‘11111'11 er of life members on the 30th September 1954 was 124,
o lsor ;umber 18, however, included in the total number
o t;ma.ry members. The fees received from them have
een transferred to s separate reserve (Building, Museum and

Technical Fund .
initial expenseS.) after deducting Rs 10 per member for

respond in spite

6. DEATHS

It is with dee i
the following Mempbet;g:ret tﬁat the Council record the deaths of

Brinda Roy S. B. Tyabii
'I}Io(};d.s Ahbu Tarab L. U, onzl;.{;
. C. Bahney C. N. Thi
A. Burne Lawson M. N. Bhﬁfll;ﬂ‘;"“m
M. N. Patni '
6. BUDGET

The budget for the year 1954-55 and  the
[953754 were approved by the Executive Commﬁ::: a;z thei
meeting held on the 23rd April 1955, The estimates have b on
?lacle&.a beé:reh the Council at its 44tk meeting. The act;:ln
d‘zi 1 o? Rss 60364& surplu.s of Rs 24,547 against an estimates.
e s 6,304, The_ lmprovement in budgetary position

m_economy in expenditure, better realization of

subscription, Grants-in-aj .
publications, 0, Delegation fee and & good sale of

* for
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The total contribution received from the States during the
year ending the 30th September 1954 was 49,000. The out-
standings from the Central and State Governments on the 30th
September 1954 amounted to Rs 31,000. The States concerned
are being urged to expedite payment of the outstanding con-
tributions. It is expected that the outstanding contributions will
be realized during the current year. Sums, amounting to
Rs 24,000 and intimations sanctioning contributions amounting
to Rs 2,000 have been received after the 30th September 1954.

As decided by the Executive Committee, the Governments of
Himachal Pradesh and Vindhya Pradesh were requested to
contribute towards the funds of the Indian Roads Congress.
The former has agreed to contribute Rs 1,000 per annum and the
reply from the latter is awaited.

Part ¢ A® States were approached in 1949 to sanction
annual contributions for five years at i per cent of their share
from the Central Road Fund or a fixed sum on that basis subject
to & minimum of Rs 2,000.

As the period of sanction of many States is due to expire
with the year 1954-55, the question of approaching them for fresh
sanctions in the light of increased tempo of road development
work and consequent increase in the activities of the Indian
Roads Congress has been examined and necessary requests will
be made to the States.

The arrears of subceriptions at the beginning of the Congress
year 1953-54 were Rs 10,601 due from 197 members. The
names of 70 members who had retired from service, died or failed
to pay were removed from the rolls. Consequently, a sum of
Rs 3,955 standing as arrears against these members was written
off by the Executive Committee during the year 1953-54.

A sum of Rs 2,006 was realized from 47 members.

After adding the arrears for 1953-54, the total of arrears on
the Ist October 1954 stood at Rs 9,270 due from 187 Members.
Action has been taken regarding this and some more members
have been removed from the rolls by the Executive Committee at
its meeting on 23-4-55. Details of the action that is being taken
will be reported in the next annual report.

7. AupIT o

At the Eighteenth Session at Bhubaneswar it was decided
to appoint Messrs. Walker, Chandiok .and Co., Chartered
Accountants and Auditors, Delhi to audit the Accounts of the
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Congress for 1953.

Executive Commi:ztg:' o The report was

8. PUBLICATIONS

There wag 5 good de

Roads Congress mand for the pyp)

during the v ications of the Indian

oar under report,

(1) Bound Volume X v,

9 .
(2} Type Designs for Boundary and Furlong Stoneg

3 .

(3) Rf)ute~Marker Signs for National Highways

(4) Dimensjons and Weight of R )

(5) Recommended Pr
Roadside Motor-

(6) Road Research
mental Sar
Majherhat,

oad-Design Vehicles,

actice for the Looat
Facl Filling Stations. . *"0 L8yout of
h  Bulletin Nb. 2t
fﬁ!ﬂgs Tested on the ggﬁﬁ%"‘; Experi-
ipore, Calecutta (1942-1947) o8t Track at
" Circulars were issued .
L N 0 all
th(immglsj;rat_mns, and engineering ﬁrsxz:tebrgo‘?emmen“, other
werf“u;:ﬁm?‘ ﬁﬁnouncements re,gm-dingmg b0 their not
? i ade in the Journal
cations Mont@ly Review, Ag :ndreZh?t Tl‘ﬂnsport~()ommuni-
received sufficient publicity and had o br‘}sl; stﬁ
e,

* Bridging
Min.isters at Centre and ceri'.n'gm‘ms last

The balance ¢

Was as under ; f the publications on the 31a¢ Decoembey 1954

Name of Proceedings

Volume
LEC. Pf]ggeedings Ito VIl-part 1 & vrpp Jatance
Do VII-part 2 Sold ou
Do. IX-part 4 46
Do IXX (Bound) 122
: -parts 1,2 & 3 Sol{i 44 .
oy

n the 93 S ©Xamined by the
cil at theg'j ﬁfﬂn 1955. It was aleo

Name of Proceedings

I. R. C. Proceedings
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
Do.

Deo.
Dao.
Do.
Do.
Po. .

Do.
Do.
Po.
Do.
Do.

Do.
Do.
Do.
Do.
Po.

Do.
Do.
Do.
Do.
Do.

¥ §955°¢
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Volume

X-part 4

X (Bound)
XI-parts 1 & 2
XI.parts 3 & 4
XI-part 4

XII-part 1
XIIl.part 2
XI1I-part 3
XII-part 4
XII-part 5

X1I-parts 1 to 3 (Bound)
XII-parts 4 & 5 (Bound)
XIII-part I
XIIi-part 2
XI1I-part 3

XII1-part 4
XI1I-parts 1 & 2 (Bound)
XI11-parts 3 & 4 (Bound)
X1V.-part 1
XIV-part 2

XIV-part 3

X1V-part 4

XIV-parts 1 to 4 (Bound)
XV-part 1

XV-part 2

XV-part 3

XV-part 4

XV-parts 1to 4 (Bound)
XVI-part 1

XVi-part 2

XVI-part 3
XVIi-part 4
X VI-parts 1 to 4 (Bound
XVIl-part 1
XVII-part 2

XVIl-part 3
X VII-part 4

XVIl-parts 1 to 4 (Bound)

XVIIL-part 1
XVIlI.part 2

X VIII-part 3

611

Balance

244
Sold out
Sold out
Sold out

180

Sold out
409
403
406
427

415
224
290
369
720

Sold out
576
153
295
385

308
422
517
771
336

375
411
561
Soid out
114

156
166
723

66
152

59

172

790
Sold out
Sold out

124
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Road Research Bulletin N
.1
%op.d Research Bulletin N:. 2 ggg
ridge Code (1937) d out
ihgtpur ‘li)teport 801178“
ecture by Prof. K. B. Madhava
llgzgili to n“ - W&*‘?r-BOund Macadam *’ SOld2gut
oo eDe ‘Bridging India’s Rivers ~ Sold out
Revtodurier Sigu for Naion ipeecys " o
b ] for Nationa ighways
R;z?tx;;llon% and Weight of Roa.d-DegsignyVehioles ?3?
o Ro::il led Practice for the Location and Layout '
side Motor-Fuel Filling Stations <.« Sold out

It 3 ;
18 smalxrm;;:;;d that the demand for the last Part of every Volume
art does not cf o:’ .the other Parts. This is so because the last
are printed in og;’“";‘ any Papers. The discussions on Papers
important as th ¢ last Part of each Volume and they are as
a8 the Papers as they bring out fresh points of wview.

It is hoped t ; : -
will imz;)rovs’:.at with this explanation, the demand for these issues

Members who do not possess a complete set of the Journals

of the Societ 3
in hand are Yso?(lie :lcll:lsed to complete them before the volumes

On a reciprocal basis, copies of the publicati

C R ca i

%) ‘be supplied to several technical instIi)tutiOn:milxlxs Ig?il}tmued
Sn.lted States of America, the United Kingdom, A 1, the
;v:t.zerland, Germany, Japan, New Zealand, etc ('30 ustralia,
:hso Fsent to the offices of the United Natjons drga.n'Ples. were
; e Far East. Recently some more Institutions h o
or the exchange of their literature with our J o7y heroed
the periodicals which are being received in th Olimal' A list of
18 given in Appendix. © 1. R.O. Library

The Transport-Communication
: . s M .
El';:dln]()imvn] Ro&dst Congress is popularising nglcllgn il(!ieVIew.
exeouti © 2°£ me];l and Road Engineering for the 1 ot ot
et tllre' 8 Bfﬁ wlo’d owing to their whole-time r eneﬁt.Of
with oir official duties are not able to kee %eowupatmn
atest advance in the science of road eP abreast of the
artioles on various road an engineerin

published in this Review, . " 0€° Work B oo ginal

8 are also being

_The members of the In

en%xlx‘xee:mg staff, and engi

publication at & concessiona)

the ordinary rate of Rg 14 per ::fleurgxf Be 8
? t
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Complimentary copies of the Review are being issued as
usual to important persons in India. Also complimentary
copies of the issue for March 1954 were given to all the
Members of the Indian Roads Congress.

Members and other readers of the Review are urged to take a
hand in making the Review more useful by sending articles,
photographs, etc., for publication.

9. INFORMATION

Enquiries from Members as well as non-Members on
problems relating to Highway Engineering and allied subjects
were attended to. Some of the subjects on which information
was sought are given below :

(1) Basis of fixing the expected age of a bridge.

(2). Bituminous treatment of wet aggregates.

(3) Cylinder and cube strength of concrete.

(4) Design of bullock-cart wheels.

(5) Design of a drag spreader.

(6) Design of the rotaries and intersections of roads.

(7) Design of truss bridges.

(8) Designs of cement concrete arch bridges of short
spans.

(9) Glossary of Highway Engineering Terms.
(10) Hair pin bends.
(11) Hill road alignments and half tunnels.

(12) I. R.C. Standard Specifications & Code of Practice for
Road Bridges in India.

(13) Marking of road bridges with their weight classifica-
tion.

(14) Road milage statistios in India and in foreign countries.

(15) Road traffic signs. o ‘

(16) Sizes of road aggregates & tolerances to be permitted.

(17) Specification of natural asphalt.

(18)  Specification for village roads. .

(19) S8tabilized soil and soil cement road construction.

(20) Type designs of highway milestones.

(21) Standard layouts for roundabouts,
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(22) Standards f
curves. or road gradients, widths, and horizontal

(23) Use of mechani
ch i
hill roads. anical equipment for rock cutting on

(24) Vertioal curves,
(25)

Water-bo
6, und macadam specification,

Well foun@a.tion for bridges and their testin
10. LIBRARY ’

Alarge numb
India a umber of technical jou -
Roads cﬁgg;';l;?;ﬁbggrz received ixi e';:fill:ng: }:: ht?tlgns in
of the British, Swi atlons. Some new books a o ndian

. s . d stand

tutions were addw 183, German and the Indj n ards
. ed to the lib ian Standards Insti-
¢an b 1brary of th a8t
orrow hooks from the librazies of tiecgzzglrg.;zzs al'u‘:imcl’)ers
n on-

sulting Engineer (R
: r (Ro
Indian Roads Con(gre:"s(.1 l')reh\;elopment) oY riting to Becretary

anclian B _ rules regardi
Published in Vol. XIX-part 1 of thnggnl:nga};l:)ef lﬁ%:nggnlg)ooks
ress.

Further,

being published : .

: : for informati jects

mor ion of M are

o ok e il L
Ao ma . .

were issued on loan duri:g r:l?e use of ‘the library. 195 ILJ{([)ZIII:;

very small number consideri year under report Do
i - n, . . Th
ship of nearly 1,300. It is gu:'l:gl ﬂ;;fto °’°nf” has a me::};::

embers should

m
ake more use of these libraries, Photostat
8% copies

artiol i
es oan be supplied on pPayment, of any

11. MEDALS AND PRIZES -

The Council at it
the 4th Febru 8 42nd meetin -
Papers sﬂ%‘;;‘::;yi ; ‘25‘% considered tieh:«:go;mehub’:neswar on
‘st $he Seventoenth | or the award of Medal, andatlons of the
o ession and-announced the foglo::iPapers read
ng award :

‘*“ The Indian Read ‘
K. K Namhi 28 Congress Meda] :
thoir Paper Nov 107 it K. Nomasivayem for
and, ,CODStructi O.l] (}f thq.e‘he Inve"’igationp yﬁ.;si:;
lur ‘published in VoI, XV?]?YIO?; E:dgome - Pluga-
Further, th il lai ' onma
meda] should ;e(?::l;::lle laid dow

n thl‘ ol
than one Author, o Polioy that only one

d for  contributions made by more
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12. COLLECTION OF PARTIGULARS OF BRIDGES

The Indian Roads Congress have been collecting particulars
of bridges of lengths above 100 ft for publication in the form of a
book. The information collected is under compilation in the
Roads Wing of the Ministry of Transport. As soon as compila-
tion is complete, the question of its publication will be taken up.

13. MEMBERSHIP OF SOCIETIES

1) The Indian Roads Congress is a member of the Indian
National Society of Soil Mechanics and Foundation Engineering.
Shri 8. R. Mehra, representative of the Indian Roads Congress is
the President of that Society for the current year. _

9) The Congress is a sustaining member of the Indian
Standards Institution and maintains & close liaison with the
activities of the Institution through representatives pominated to
serve on their committees dealing with subjects which have &

bearing on roads.

Shri H. P. Sinha continued to represent the Indian Roads
Congress on the Engineering Division Council of the Indian
Standards Institution.

The following cdontinued to represent as the principal and
alternative representatives of the Indian Roads Congress on the
Building Division Council of the Indian Standards Institution.
— Shri 8. B. Joshi

Principal representative
Shri H. P. Sinha

Alternative s -

The other representatives of the Congress on the various Sec-

tional Committees of that Institution are :.
EDC: 2-Cement ... Shri E. P. Nicolaides
EDC: 20-Drawings ... Shri H. P. Sinha

CDC: 7-Bitumen &

Tar Produots

Shri K. K. Nambiar
} -Shri Brijmohan Lal

Shri H. Sundar Rao
(Principal representative)

Shri J. Subrahmanyam
(Alternative representative)

BDC: 1-Terminology
~ Notations &
Drawings Sectional
" Commitfee
BDC : 7-Structural Shri D. _S. Desai
5 Steel . (Prinocipal representative)
Shri M. P. Nagarsheth

~ Seotional .
Committee (Alternative representative)
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BDC: l4—B_ridges Shri J. Chambers
Sectional (Principal representative)
Committee Shri D. S. Desai

(Alternative representative)

. The following are the principal and alternative representa-
tives of the qulan Roads Congress on the Road Tar Subcommit-
tee pf the Indian Standards Institution.

Principal representative Shri R. N. Chatterjee
Alternative representative ... Shri G. C. Khanna

(3) ShriK. K. Nambiar continued to represent the Indian
Roads Congress on the Prestressed Concrete Group.

(4) Shri H. Sundar Rao continued to represent the Indian
Roads Congress on the Road Research Committee set up by the
Council of Scientific and Industrial Researoh.

14. REPRESENTATION ON THE BOARD OF ENGINEERING
RESEARCH

The Prime Minister in his capacity as President of the
Council of Scientific and Industrial Research set up this Board to
co-ordinate research in various branches of engineering, Th,
President of the Indian Roads Congress is g member o.f thig
board.

TECHNICAL ACTIVITIES

156. SPECIFICATIONS AND STANDARDS COMMITTEE

The Committee held meetings on
and the 29th November, 1954. The fo]}
cussed :

he 4th and 8th Febr
) uar
owing subjects were diss:

(1) A Preliminary Note on the D

at Grade. esign of Road Intersections

(2) Standards on Road-Rail Level Crossing
(3) Specifications for Road Stone ang Chippings

(4) Classiﬁca.tion and General Standards for Roads in India
(6) Glossary of Highway Engineering Terms

-The note referred to at jtem

Paper and is expected to be
sion at the 1956 session of thg l{:;l

(1) above has been ‘dra,fted
ished in the Journal for disglsma-
dian Roads Congress.
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The standards on road-rail level crossing referred to
at item (2) were discussed by the Committee. They have decided
that these standards should be re-drafted in the light of the
discussion and the revised draft should be passed on to the
Ministry of Transport, Roads Wing who would finalize it in
consultation with the Railway Board. Accordingly the note has
been finalized.

The specification for road stone and chippings referred to at
item (3) were discussed by the Committee. They approved the
specification for 2 in. broken road stone. But they decided that
the tolerances to be permitted for the various sizes of stones
should be investigated and fixed.

The specifications for § in. light chipping bitumen carpet was
issued.

The specification for § in. light chipping tar carpet is still
under consideration.

While discussing a note on classification and general
standards for roads in India referred to at ifem (4) the Committee
expressed the view that the definitions of the different classes of
roads as given in the Nagpur Plan were satisfactory. The general
standards for the design of various classes of roads will be
published in the form of a pamphlet.

Item (5) Glossary of Highway Engineering Terms. A small
subcommittee has been appointed to finalize the definitions. The
definitions when finalized will be published as a separate book.

In addition to the four standards issued last year, one more
standard on Furlong and Boundary Stones is under print.

As recommended by the Indian Roads Congress, the
Government of India have brought the standards to the notice
of the State administrations and have recommended their

adoption.

A book on Horizontal and Transition Curves for Highways
is under preparation. The book contains :

(i) Tables which enable the selection of the best possible
ourve suited to any particular site for deviation angles
from 6 to 120 degreess.

(ii) Tables giving the elements for setting out Spiral
Transitions of various lengths and radii by offsets

and by a theodolite,
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(iii) Tables giving the various elements of unit transition
lt_angth for different angles consumed ‘by the transi-
tion. These. will enable one to design ocurves in
tight locations.

(iv) Worked out examples.

These Tables are under print and th i
put on sale shortly. P e book is expected to be

The followi bi
Committes, wing subjects have been under study of the

(1) Rotaries.

(2) Testing Road Aggregates.

(3) Tables on Vertical Curves.

(4) Standard Form for Recording Traffic Census.
(6) Specification for Water-Boung -Macadam.

A Paper on item (1) above h ; ;
Volume XIX-part 3 of the Journal and i::villb}?:nd- Published o
the current session. 18cussed during
16. BRIDGES COMMITTEE

The Sections of the Brid i : |
subjects have been under simldge.3 Gode dealing with the following

(i) Prestressed concrete.
(ii) Steel structures.
(iii) Masonry structures,

(iv) Reinforced cement conerete,

17. TECHNICAL SUBCOMMITTEE
(i) Test Track Division

The Subcommittee held,meet'
ings on th
February and the 15th December 1%)54.n Th: gt?)gi:sl:u::y;vgg

1952-64 series of tests

parative performance of
different thicknesses under s:;ih

The m ing
o embers of the Division after inspecting the surfaces

concluded that the stabilized bases did not fail under the test

© soil stabilized base co
verse conditions. e of
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conditions. They also observed that 7-in. thick soil-sand
stabilized base compared favourably with the two layers of
brick soling. It was also decided that for future tests, data about
humidity and temperature for the period during which tests were
carried out should be collected.

The Subcommittee also decided tbat the usual test load at
the test track should be so increased as to represent the actual
loads on the roads and that the manner of loading should be so
remodelled as to utilize the maximum width of the test sections.
The details of this scheme will be worked out by the Convenor.
In the meantime, however, the load on the existing test carts
will be increased as far as possible.

The following programme was drawn up for the next series
of tests,

1st section — soil—saﬁd stabilized base.

2nd section — soil-sand cement stabilized base.

3rd section — soil-sand bitumen stabilized base.

4th section — sand-sand moorum stabilized base.

All these base courses will have 9 in. depth.

The sub-grades under these sections would be of the same
type of soil preferably clay. The wearing course will
consist of 1} in. tar ocarpet. A detailed specification will be

considered by the Subcommittee after carrying out the labora-
tory tests.

It was also resolved by the Committee that similar tests
should be conducted on actual road and proposals regarding
this will be submitted to the Government of India.

Tests on surface dressings laid on the Delhi-Mathura Road
near the Central Road Research Institute, Okhla (Delhi) are

in progress.

The Road Research Bulletin No. 2 containing reports of
work done at the Road Test Track at Calcutta from 1942-1947,

has been issued.

(ii) Research Organization Division

At the meeting held on the 4th February 1954, the Sub-
committee discussed the following reports :

(i) Report on ‘ Curing of Concrete by the Membrane
Method ” by the College of Military Engineering,
Kirkee.
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(ii) Abstracts from the Report for 1950-51 f R
Laboratory, West Bengpa,l, of Research

(iii) Abstracts from the Report for 1950 igati
Research Institute, AnIl)ritsar. of the Trrigation

Later at their meeting held on the 30
) th N {
the Subcommittee discussed the following subjects :0 vomber 1954

(i) List of Research Problems,

(if) A report on ‘‘ Stabilized Earth Bricks and Tiles for

?uildings,” Hyderabad Engineering Research Sta-
ion.

(iii) Report of the work done at the Roads and Buildings
Laboratory, Karnal from July 1952 to June 1953,

Tl}e list of Research problems referred to at item (i) above
was discussed and approved with certain changes. The Mem-
ber-Secretary would suggest the priorities for the problems
approved and circulate them to members of the Committes,

Items (ii) and (iii). The work dome at th
Buildings Laboratory, Karnal and Hyderaba.deERx;oa‘ig: and
Research Station was noted. It was decided that a ss ezl_ng
should be made to the Karnal Laboratory to study degtzge‘33 on.
tal effects of magnesium sulphate on various properties of scl)‘;fls]en-

18. SOIL RESEARCH SUBCOMMITTEE

The Subcommittee held i
1954 8 meeting on the 7th February

On the request of the Indian Ro
ment of India had agreed to provid:dsfugggg’;::,ctlﬁ Govern-
experiments _on surface dressing with tar on Stabilisyting out
with and without tack coat in the Punjab and Madr‘; roads
Subcommittee considered that, wherever possible, both ];.'t The
and Tar should be used, for the purposes of cf;mparis ltumen
that the Mgdras llght-chlpping oarpet specification on and
taken as equivalent to two-coat surface dressing 8 may be

The Punjab P.W.D. has alread

The Highways De .
the work in hand ﬁhortlylfartment’ Madras will also take up
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On the recommendation of the Indian Roads Congress,
the Government of India have suggested to the Chief Engineers
of all States that the use of stabilized soil for base courses in
various road projects should be encouraged where stone, bricks,
gravel, etc. are not available and climatic conditions are
favourable for the use of stabilized soil.

At the meeting held on the 28th October 1953, the
Subcommittee considered the proposal for a special test track
for research on the use of soil for village road construction and
recommended that inexpensive low speed test tracks should be
set up in each State for testing different specifications for soil
stabilized road construction. Preferably these should be on
diversion of roads. The matter was placed before the
Executive Committee who have agreed with the views
expressed by the Subcommittee and decided to recommend to
the State P. W. Ds. that, where conditions permit, inexpensive
test tracks for testing different specifications of stabilized road
construction be set up alongside roads.

The Subcommittee at their meeting held on the 28th Octo-
ber 1953 decided that a detailed note on the use of machinery
in the soil stabilization work done on Ramnad-Mandapam
Road should be placed before the Subcommittee. The note
was to include information on the possibilities and effect-
tiveness of the use of machinery. As Shri G. Srirangachary
t0 whom this work was entrusted had left the Highways
Department, Madras, the Chief Engineer (Highways) Madras
was requested to entrust this work to another officer. Shri
R. N. Dogra of Punjab has also promised to send a detailed
report on a similar work done in a community project
near Jullunder.

19. EDUCATION SUBCOMMITTEE

The Subcommittee held a meeting on the &th February
1964.

They discussed the draft syllabus for Highway Engineering
in the degree course. The syllabus will be considered further
at the next meeting of the Subcommittee.

The Subcommittee also considered the details of the Refresher
Courses for ongineers working in Highways Departments.
The details will be considered further at the next meeting of the
Subcommittee. It was, however, decided by the Subcommittee
and by the Council that it was not necessary for the Indian
Roads Congress to work out details of Refresher Courses for

subordinates for the present.



622 NINETBENTHE SESSION—SBINAGAR 1956

20. PROVINGIALIZATION OF LOCAL BODIES ENGINEERING
SERVICES SUBCOMMITTEE

The Subcommittee held a meeting on the 7th February 1954.
They were of the opinion that better' organization of the techni-
cal personnel of local bodies will result in more efficient execution
of public warks under the 56-Year Plan. The Executive Committee,
decided that the recommendations of the Indian Roads Congress
should be forwarded to the Planning Commission and they be
requested to advise the Staté Government to provincialize the
Engineering Services of their Local Bodies as the State of Madras
bad done with excellent results. The Planning Commission
have been addressed in the matter. o '

21. MANUFACTURE OF ROAD MAKING MACHINERY AND
MAGHANIZATION SUBCOMMITTEE Co

The Subcommittee held a meeting on the 7th February 1954,

The minutes of the meeting were considered by the Executive
Committee in their meeting held on the 4th September 1954.
They noted the progress made in regard to the manufacture
of certain items of road making machinery in India. They also
noted that efforts made by the Government of India towards
the establishment of diesel road rollers industry in India have
not been successful so far. It was, however, expected that
steam road rollers industry would shortly be established in
India on a permanent basis.

22. ROAD TRANSPORT SUBCOMMITTEE

The Subcommittee in their meeting held on the 4th
February 19564 reviewed the question of the formation of an
Indian Road Traneport Congress. Members of the Suboommittee
considered that there was a need for the formation of an Indian
Road Transport Congress and it was decided that before the
Government of India were requested to review the recommen-
dation, the matter should be examined by the Executive

Committee in the light of the present conditi iv
‘the country. = lon of transport in

23. ROAD OPERATION COSTS COMMITTEE

Bo&ft eiihe instance of the Governme
ds:Uongress. appointed & Committee of experts to studv (i
the cost of operation of motor vehicles on d?li;érent o.lagggi gg
roads ; and (ii) the economy resulting from rosad improvementsa.

‘The . Committee held its first tir i
Béptember 1953. Tho quest .meeting at Delhi on the 25th

estionnaire prepared by the ittee
was circulated to various operatogs.PSomé ydats Clg::mbeen

nt of India, the .Indian

A sl
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collected. As soon as more information is received, the final
report of the Subcommittee will be compiled.

MISCELLANEOUS

24, PAPERS FOR THE 19th SESSION

. 14 Papers were received during the year, & were already
lying pending. Out of these 18 Papers, 9 were acoepted for
Publication, 4 were rejected, and B are under oonsideration for

the next session.

25. TEST VALUES OF ROAD STONES

The Government of India, Ministry of Transport circulated
a standard form to all State Public Works Depsrtments to
supply data on Test values of road aggregates. As a result of
this circular, information from many States P.W.Ds. was
received., During the year under report some more informa.
tion has been collected. After the information from all States
has been received, it will be compiled and published.

26. APPRECIATION OF THE SERVICES RENDERED BY SHRI
G. M. MCKELVIE
The Council of the Indisn Roads Congress at their
meetings held at Bhubaneswar in February 1954 unanimously
passed a resolution greatly appreciating the services rendered
by Shri G. M. McKelvie to the Indian Roads Congress. They
also decided %o present him a silver salver and contributed

towards its cost.

As Shri MoKelvie was in Scotland, the Institution of High-
way Engineers, United Kingdom was requested to present, on
behslf of the Indian Roads Congress, the salver to Shri McKelvie
at one of the meetings of their Scottish Branch. This proposal
was accepted by the Institution and the salver was presented to
Shri McKelvie on the occasion of the Annual Luncheon at

Edinburgh on the 25th March 1955.

Shri McKelvie has greatly appreciated the present and
thanked the Indian Roads Congress for it.

97. The Council desires to oxpress appreciation of the
continued interest shown by the members in advancing the
activities of the Society. They also wish to draw the attention
of members to the need for writing Papers or Notes on anything
of interest to Road Engineers that they observe or experience

in the course of their professional activities.
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LIST OF JOURNALS

American Foundryman.
American Highways.

Annual Reports of the Institution of Engineers (India),
Bombay Centre.

Automobile News,
Better Roads.

Bitumen Teere Asphate Peche und Verwandte Stoffe
(in German).

British Constructional Engineer.

‘British Road Federation (Bulletin).

Bulletin Technique De la Suissee Romande (in French).
Bulletin of Central Building Research Institute, (India).
Bulletin of the Institution of Engineers, (India).

Bulletin of the International Association of Road
Congresses.

Burmah Shell News.

Central Board of Irrigation Abstracts.

Commenwealth Today.

Conerete Quarterly.

Contractors Record and Municipal Engineering, U. K.
Cement (In Dutch).

De Ingenieur in Indonesia (In Dutch).

De 1 °‘Institute Technique Du Bati
Travaux Publics (in French()l, atiment et Des

Engineering News of India.

Highways and Bridges and Engineering Works.
Highway Current Literature.

Highway Research Abstracts.

Indian Journal of Power and River Vall
ments.

Indian Minerals.

ey Develop-

27,
28.

29.
30.
31.
32.
33.
34.
3b.
36.
37.
38.
39.
40,
41.

42,
43.
44,
4b.
46.
47.
48.

49.

60.
51.
62.

63.
54.
55.
56.
67.
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Indoc List of Current Scientific Literature.

Irrigation and Power (Journal of the Central Board of
Irrigation and Power).

Indian Railways.

Indian Standards Institution Bulletin.

Indian Construction News.

Journa)l of New Zealand Engineering.

Journal of Scientific and Industrial Research.

Journal of the Institution of Engineers (Australia).
Journal of the Institution of Engineers (India).
Journal of the Institution of Highway Engineers, U. K.
Journal of the Institution of Military Engineers, India.
Journal of the Institution of Municipal Engineers, U. K.
Journal of the Institute of Transport, U. K.

Journal of the Indian Institute of Science.

Journal of the Japan Society of Civil Engineers
(In Japanese).

Link Belt Speeder News.
Magazine of Goncrete Research.
Main Roads.

News Letter of I. R. T. D. A.
Motor Transport.

Municipal Gazette.

Premier Automobile Journal.

Proceedings of the Institution of Civil Engineers,
London.

Power Engineer.
Public Roads.

Quarterly Technical Bulletin (Indian), (Ministry of
Railways).

Reinforced Concrete Review, U. K.

Road Abstracts, Road Research Laboratory, U. K.
Road Builders News.

Road International.

Roads and Road Construction,
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b8.
69.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
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Science and Engineering.

Shovel News.

State Transport Review, Bombay.

Strassen und Tiefban (In German).

Strasse und Autobhan (In German).

Strasse und Verkehr (In German).

Surveyor and Municipal and County Engineer, U. K.

Texas Engineering Experiment Station News, U. 8. A.

The Crushed Stone Journal (American).
The Highway Magazine.

The Indian Concrete Journal.

The Indian and Eastern Engineer.

The Engineering Journal (Canada).
The Structural Engineer, U. K.

The Texas Highways.

U. N. E. 8. C. O. Bulletin for Libraries.
World Construetion.

Wegen (Belgium).

Western India Automobile Magazine.

9" Confirmation of the Minu

The Minutes of 44th C
the 18th June 1955 were confirmed.

Minutes of the 45th Council Meeting of the

INDIAN ROADS CONGRESS
held at Gulmarg on the 23rd June 1955

The Coqncil met with Shri H. P. Mathrani in the Chair.

Present:
F. P. Antia, Dr. H. R. Gupta
M. P. Apte S. N. Gupta
K. Barua M. N. Kamath
M. L. Bahl K. K. Kartha
H. S. Batliwala Kishore Lal
C. M. Bennett C. P. Misra
U. J. Bhatt C. R. K. Mudaliar
M. S. Bisht E. A. Nadirshah

D. B. Chopra, Brig. K. K. Nambiar
A. S. Dhillon, Major D. P. Nayar

R. J. Dhumal R. C. Roy

Fateh Chand C. Seshavatharam
Goverdhan Lal T. Mitra

W. A. Griffiths K. Subba Rao
D. N. Gupta Sujan Singh

J. Subrahmanyam, Secretary

The following co-opted Members attended:

K. F. Antia M. N. Majumdar

R. K. N. Iyengar, Dr. L. C. Verman, Dr.
8. L. Kumar

The following attended by invitation :

M. F. Beg B. N. Roy

R. 8. Bhalla A. K. Sen

D. G. Bhagat J. M. Trehan

Qazi Mohd. Afzal B. V. Vagh

Co-options and Invitations.

The Council approved the &
Committee in co-opting and
attend the Council meeting.

ction taken by the Executive
inviting certain members to

tes of the 44th Council Meeting.

ouncil meeting beld at Srinagar on
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3. Office Bearers.

The following were elected to hold office till the next
General Session :

President «. K. K. Nambiar
Vice-Presidents ... M. 8. Bisht
D. N. Gupta

W. A, Griffiths
Hony. Secretary ... J. Subrahmanysm

At this stage, the newly elected President, Shri
K. K. Nambiar, took the chair.

4. Venue of the next General Session,

The Council accepted with thanks the invitation of the
Government of Madhya Pradesh to hold the next Session of the
Indian Roads Congrees st Nagpur early in the year 1956.

The Council also recorded their thanks to the Government
of Uttar Pradesh for extending invitation to the Indian Roads
Congress to hold their next Session st Lucknow. The Council
agreed to avail of their invitation for a later session of the
Indian Roads Congress.

5. Committees and Subcommittees,

The Convenors of Committees and Sube
appointed as under :

(1) Specifications & Standards
Committee

{2) Bridges Committee
(8) Technical Subecommittee :

ommittees were

Goverdhan Lal
H. P. Mathrani

(i) Test Track Division - T. Mitra
(if) Besearch Organization
Division -« H. P. Sinha
(4) Soil Research Subcommittee ... 8. R. Mehra

(6) Education Subcommittee E. A. Nadirshah

(6) Road Transport Development

Committee F. P. Antia

(1) Provincialization of Local

Bodies Engineering Services
Subcommittee <« B. N. Roy
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(8) Papers Subcommittee ... H. P. Mathrani

(8) Manufacture of Road Making
Machinery & Mechanization

Subcommittee »» R. 8. Bhalla
(10) Organization Committee ... H. P. Mathrani
(11) Road Operation Cost

Committee ... H, P. Mathrani

(12) Cement Concrete Road
Surfacing Subcommittee E. A. Nadirshah
6. Inclusion of Highway Engineering Course in the Curricula

of Engineering Colleges in India.

The Council approved the syllabus for Highway Engineering
course prepared by the Education Subcommittee and decided
t0 recommend to the All-India Council of Technical Educa-
tionI its inclusion in the ourricula of Engineering Colleges
in India.

7. Miscelfaneous.

The Council decided that written comments be
invited on Col. 8. K. Bose's Paper entitled *‘The
Influence of a Superimposed Layer in Increasing the
Load Bearing Capacity of a Rigid Pavement ”’ publi-
shed in Volume XIX.Part 3 of the Journal of the
Indian Roads Congress.

It was further decided that this Paper should be
reforred to the Rigid Pavements Division of the
Specifications and Standards Committee.
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BANNIHAL TUNNEL ,

At present, entry into the Kashmir Valley is through the
Bannjhal Pass which is at a height of 8,989 feet. Because of

this elevation the pass remains snowbound for four months in &

year and Srinagar cannot be reached by road during the winter.
Therefore, in the beginning of 1952, the Jammu & Kashmir
Government recommended the construction of a low level tunnel
near Bannihal to make the Jammu-Srinagar road motorable
throughout the year.

After a study of over 25 road tunnels in Europe and America
the design for work was finalized. The tunnel as proposed will
be 1.6 miles long and will eonsist of two tubqs. Each of the tubes
will have a carriageway 10 ft 6 in. wide wgth two footpaths 4 .fh
1in. and 1 £t 11 in. wide, ene on each side. Thq tunnel will
have an upward gradient of g in 1,000 from both sxdes., that is,
there will be s hump ig the centre. A cross-section and
longitudinal section of the proposed tunnel is shown in Fig. at
page 633.

The tunnel has been 'designefi for a normal traffic of 250
vehicles per hour in each direction and can accommodate 400
vehilcles per hour in each direction during peak traffic periods.

Four passing places, each 200 ft long, will be provided in
each tube. The width of the carriageway will be 18 ft 6 in. at
these places.

In the design, the carbon monoxide content has been limited
to 2.5 parts in 10,000 when the tunnel is dealing with normal
traffic. (This limitof 0.25 parts has been found to be safe if
inhaled for long periods by human beings). The carbon monoxide
concentration is likqu to increase to 4.0 parts in 10,000 during
peak periods. During the periods of this peak motor traffic,
pedestrian traffic through the tunnel will have to be stopped as

ﬁ;ils proportion of carbon monoxide is safe for short periods
only.

VENTILATION

The tunnel will have forced longitudinal ventilation system,
in which fresh air will be blown into the tunnel in the direction
of and behind the traffic moving in the tube. This system of
ventilation was found to be the most economical for the length of
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the tunnel, the height of rock i i i
the expe;ted. g ck over it, and the intensity of

The velocity of the air will be limited to 10 ft per seco

o . . nd
as greater velooities will be uncomfortable for pedestgians using
the tunnel. The machinery for foreing the fresh air will consist
of a ring of blowers round the entry portal.

) For a short length near the portals there will be

air which will be uncomforta.blepfor pedestrians. t')I'o gcla:szirgf-
this, separate short tunnels have been provided for the entry of
pedestrians. These will join the main tunnel at about 300 ft
beyond the portals. Incidentally, these could be used as emer-
gency exits in case the main portals are blocked for any reason.

LIGHTING

It is proposed to have ceiling lights 80 ft apart ih the major
part of the tunnel. Near the portals the distance between the
lights will be gradually reduced to 10 ft so that the transition
from relatively dark tunnel to bright outside in daytime
may be gradual. The type of lights to be used, has not yet
bgen decided. The lights will be connected to three separate
c.lrouits, two for alternate lights and third one for every tenth
light. The first two circuits will be fed only by the power
house while the circuit for every tenth light will be connected not
only to the power house but also to a series of storage batteries
which will automatically come into operation if the power house
fails at any time. The storage batteries will be capable of

supplying ourrent to the t i :
f,hré:,- yhoﬁm_ raffic light and every tenth light for

SAFETY DEVICES

Fire stations equipped with water h i
extm'gulshers, sandbins, telephones angd?i::iﬁ sclh ?11211: avlvillﬁ':‘)z
prgwded 400 ft a.I')a.rt. Carbon monoxide measuringginstruments
will a.lsp be_ provided. All the fire stations, carbon monoxide
measuring instruments, traffic signals and ,ventilating blowers

will be con €
vl nected to the control room that will be provided at

The carbon monoxide gauges will be connected with alarm

bell i i i . .
the Bsaf?ﬂi?it. will ring when the ratio of this gas exceeds

Electric traffic counters, anemo i

> ffic ) metera for measu
Eel(f)olty' and direction of the wind, sand and salt ll;lilrlng ?;:
e-frosting the road surface are also proposed to be provided
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The following auxiliary buildings are proposed to be
constructed :

South Garages, workshop, office, control room and
Portal: 4 one-room quarters.

North Garages, workshop, control room and one one-room
Portal:  quarter.

Parking places 175 ft wide each will be provided at the

" portals.

Details of the proposed lining are given below :

(a) In non-self-supporting section, 1:2:4 cement
concrete of thickness 12 in., 15 in., or 18 in.
depending on pressures from above and on sides,

(b) Where the bottom is not on hard strata, reinforced
cement concrete invert will be provided jointed
with lining which will also be reinforced. The
thickness will vary according to conditions.

(¢) At by-passes, the thickness of lining will vary from
12 in. to 22 in. depending on the pressures.

(d) Where there is seepage of water, insulation will be
provided which will be supported by an inner vault
concrete of 8 in. uniform thickness.

The insulation will consist of & priming ocoat, a hot
bitumen coat sufficient to cover the surface, and two layers of
bitumen paper laid with hot bitumen coat between the layers
and over it.

Details of machinery used in the tunnel are given below.

1. Compres- Run by diesel engine of 90 h. p. a:nd working at a
sors : pressure of 70—80 b per sq. ID. and having &
capaocity of 200 cu. ft. per minute each. In all

four compressors will be installed on each portal.

At present two have been installed on the north

side and three on the gouth side.

9. Genera- Diesel generating sets of different capacities (10, 40
ting sets: and 60 K. V. A.) for power supply to workshop,
" tunnel lighting, area lighting and other purposes.

3. Shovel Universal type, operated by compressed air with
loaders: hopper capacity of 11 ou. ft. One on each side
and one standby.
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4. Venti-  Reversible units—one on each side with a capaocity
lators: of a.boqt 75 cu. ft. per minute. These can supply
fresh air and extract bad gasses as required.

5. Drills:  Pneumatic drills of varying lengths.

6. Tipping. Capacity 70 ou. ft. each, used for removing muck.
wagons: At present 9 wagons are working on each side but
eventually there will be 20 wagons on each side.

7. Locomo- Operated by diesel engines of 60 h. p. which can
tives : haul up to 12 wagons on level. One unit is working
on each side at present but one more will be required

on each side at a later stage.

8. Concrete One of 14/17 cu. ft, capacity on each side—operated
mixer : by diesel engines.

9. Stone Two operated by diesel engines-one of
‘breaker : them has a capacity of about 2256 cu. ft. per hour
and the other about 350 ou. ft. per hour.
Both these stone breakers have screening and

washing arrangements. |

10. Stone  One on each side to produce sand from stone.
mill : These have not yet arrived at site.

11. Concrete One on each side to pump concrete for roof
pump: lining. These have not yet arrived.

12. Engine- For lifting concrete for side wall .
driven  purposes. 8 and other
winches :

13: Tipper  Eight on eachside for carrying material te
Wagons : mixers and ocarrying mixed concrete :grooltil:;:g
, Capacity of each about 28 cu. ft. '

14. Trolley Rails weighing  55—60 .
lines: gauge. Ib laid for 2 ft

15. Trucks: (a) Five Mercedes Bengz trucks operated by 120

1115 Pl;lgli.:sel engines dm'e already in use and
are on order. E
43 tons of material r ach ong can haul

(b) One special truck for oa.rryingv explosives of
the same make and capacity as above which

is all i
e :i::ec.l to carry only 3 tons of explosives
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SINDH VALLEY HYDRO ELECTRIC PROJECT

At present electric power supply to Srinagar is generated at
Mohora, 54 miles away from Srinagar, where the generating station
was built in 1904-07. The present generating capacity of about
2,600 K. W. is inadequate to meet the present demand of Srinagar
town. The use of the waters of Sindh Nallah for generation of
hydro electric power was first thought of in 1946 and work was
started after 1948.

The Sindh Nallah has been tapped at the convex at Prang
22 miles from Srinagar, page 639. The power channel which skirts
the mountains detours a length of nearly ten miles through rugged
country for about four miles, yielding & head of 462 ft at Gander-
bal, the power station site, which is situated 13 miles from
Srinagar. A balancing reservoir has been provided two miles
upstream of forebay tank to store 86.1 acre-feet of water.

The generating station has been built for four units of 3,000
K. W. each. At present, however, only two units have been
installed. The generation is 6.6 KV, 50-oycle, 3-phase and two
33-K. V. lines are run to two receiving stations at Khanyar and
Karannagar (Srinagar). A network of 63 sub-stations 6.6-K. V.,
400-230 volts, supplies the distribution system. The installed .
capacity of the station is expected to be increased to 15,000 or
18,000 K. W. to meet the eventual demand.

An irrigation channel carrying 135 cusecs of water, meant to
irrigate an area of 2,500 acres, takes off from the forebay tank.
Besides irrigation, the water from this canal will supplement the
water supply to Srinagar town. ' '

Diversion Weir at Headworks

A rock-fill weir, 160 ft long at the orest, with a 20-f6 scour
channel fitted with a wheel-type gate, has been provided, abutting
upon about 50 per cent waterway of the Sindh River. The weir, as
built, is insufficient to cope up with the full flow discharge which
empirically works out as 50,000 cusecs. An extension of the weir
over the other half of the waterway remains to be done. The
head regulator, Photo 1, with a 20 ft x 3 ft opening, will discharge
600 ousecs at & pond level of 5,711, which is the crest level of the
weir. Regulation of headworks will be done by sliding gates.

Three tunnels, 3 ft x 1 ft, have been provided for shingle
exclusion in front of the head regulator. Fish ladder and a
long bay have also been provided in the weir,

10
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Power Channel

The power channel, after its off-take from the headworks,
traverses & steep and rugged terrain for the first four miles, Photo 2.
The strata in this reach comprises conglomerate, hard rock, fissured
at places and interspersed with shingle and boulders. The maxi-
mum cutting is about 110 ft in the hard conglomerate reach.. The
hillside above the canal is thickly wooded. About two dozen
small and big ravines are intercepting the ocanal alignment.
Aqueduots and super-passages have Leen provided for these.

In the next two miles the canal passes through easier terrair,
where the strata varies from earth to shingle and boulders.
Three major drainage crossings, two super-passages and: one
aqueduct, have been provided in this reach. -

For miles 6 & 7, the hillside is again steep and consists
of hard rock, shingle and boulders, which appear geologically
loose formations. The depth of cutting in this reach is about
60 feet. In the eighth mile, the terrain becomes easy and the
balancing reservoir has been provided in this reach. Herein the
strata comprises of individual big boulders and shingle and
boulder.

In the last two miles, the canal passes through earth with
stratified rock formations.. Sufficient setting-back of the hillside
had to be done at places where oozings from the hillside interfered
with the canal excavation. Particulars of the canal are given on
page 648,

Balancing Reservoir

In order to increase the power potential of the generating
station, a balancing reservoir has been provided with a capacity
of 86.1 acre-ft. It is 2,500 ft in length and about 200t in width
at. full supply level with a bed width of 187 feet. A spillway
oapable of discharging 475 cuseos has been provided in the
middle of the reservoir tank. At the lower end, an exit gate
has also been provided which will regulate supply of water into
the forebay tank,

Forebay Tank

The full supply level of the forebay tank which is
100 ft x 76 ft x 24 ft, is 5376.04. It has three out-water bays
feeding into three penstocks, of which only one has been buiit.
The bed level of the forebay is at R. L. 5662.16. A wash—out has
been provided at R. D. 5659.78 and the floor slopped towards the
wash-out. The freeboard at full supply lével is 3.4 ft, Photo 3, -
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The floor of the tank consists of 12 to 15 in. of cement
concrete laid over one foot of soil cement on compacted soil. The
walls are of rubble stone masonry in lime with lime concrete
backing. The cut-water masonry has been done in cement con-
crete with brick facing cement plastered. The inside of the tank
has been cement plastered 2 in. to 3 in. thick reinforced with
G. I. netting. The face wall of the tank is in mass cement
concrete. Between anchor one and the face wall of tank, & chamber
has been constructed for the butterfly valve and associated gear.

The control gear on the butterfly valve is set for 20 per cent
more than normal intake and the balance weight closes the valve
automatically, stopping the flow of water, should any pipe frac-
ture or any excessive leakage of the penstock occur. An air-
valve has also been provided on the penstock immediately after
the first anchor block.

Penstock

The penstock is about 1,350 it long, made up of 15 ft long
pieces joined with butt-type rivetted joints with a strap on top.
Five anchor blocks have been provided with expansion joints in
each length between the blocks. The penstock bifurcates into
two pieces at the lower end, supplying two turbines. The dis-
charge carried by each penstock is 200 cusecs, Photo 4.

The diameter of the penstock varies from 5 ft 1 in. at the top
to 4 it 8/ in. hear the bifurcation piece. The bifurcation pieces
are 3 ft 4 in. in diameter. The plate thickness of the pipe varies
from 5/16 in. at the top to 5/8 in. at the lower end. Manholes
have been provided near the expansion joints between two anchor
blocks.

Between the anchor blocks the penstock is supported on sad-
dle blocks spaced about 30 ft apart. Pads have been welded on
the penstock at these saddle points and bearing plates. provided.
The surfaces; between the saddle plates and the pads have been
lubrioated with graphitised tallow.

Power House

The power house, 165 ft X 28 ft, has been built in three
sections to allow for differential settlement. The tail-race runs
lower:down iu line with the penstock channel after negotiating a
curve behind the power house, Photo 5. ~ " -

The main bujlding is supported on an K. 0. raft at R.L. 5200,
Vertioal stanchions have been constructed on the R.C. raft which
oarry R'. C. gantry bea_xm on which a 8/3-ton crane is carried.

Photo 1. Head Regulator

Photo 2. The Canal



Photo 5. General view of Power House &
Outdoor Station

Photo 4, Penstock



Photo 7, Receiving Station,

Khanyar

Tour Norzs 645

Control room has been constructed on the east side of the
power house adjacent to the extension bays for units 3 and 4
likely to be installed within next few years. The top-of machinery
foundations is at R. L. 5212. The bed of the exit channel is
at R. L. 5204.3 in which water will rise to 5107 for two turbines,
The H. F. L. from the back-water of river Sindh, which is
the outfall of tail-race channel, will be 5207.6. o

The power house has been built for four units. Two
Escher-Wyss reaction turbines, rated at 4,366 horse power,
1000 r.p.m. 97 ousecs at 460 ft head have been installed.

A house set rated at 256 K. W. has been provided in the power
house. It is a pelton-wheel supplied by a 4-in. pipe which has"
been tapped-off the 40 in, inlet pipe to No. 1 machine. The
house set is run-up to start with and it supplies power to the motors
driving the governor and bearing oil pumps. An actuator gover-
nor has been provided on the unit and the generation is at
400 volt. :

Metropolitan-Vickers generators, transformers, switches,
gear and protective-gear have been installed. The generators
are rated at 3,000 K. W., 6.0 K. V. 3-phase, 50 cycle, 1000 r.p.m.
and are directly coupled to the turbines.

Automatic. voltage-regulators, with parallel running com-
pensation for'load sharing, have been fitted on each generator
control panel. These are quick acting type and are capable of
maintaining the voltage of the generators within 1 1 per cent.

The step-up transformer and high voltage switch-gear have
been erected in the yard immediately outside the power house,
Photo 6. This yard has six bays, comprising two generator-
transformer units, two station auxiliary transformers and two
outgoing 33 K.V. lines. The oil cirouit breakers are rated at 250
M. V. A. and the transformers at 300 KVA, 33-KV/400-230-Vol¢
for the auxiliary ones. The héutrals of the 33 KV transformers’

are solidly earthed. . '

Eleotric heaters have been provided in the oil circuit breaker
tanks, the marshalling kiosks and transformer oil conservator
tanks. Thesé tanks are meant to maintain temperatures in
the equipments in which they are fitted at a minimum level

during winter. '

On the outgoing lines two Metrosil surge diverters have
been mounted on the structures. These are meant to protect
the outdoor station from lightning and other waves that may
strike the 13 mile long transmission lines, The lines are,
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however protected by two earth wires running along their

lengths. An earth conductor h
outdoor station. » as also been strung over the

The direct current supply is from a 165-volt batter
:)nthka tap at 110-volt. It provides power for the. oil.circui);
reaker closing and tripping ocircuits, indicating and alarms
circuit and for the mimioc diagrams. There is, however, a
cyangeyover switch from the D. C. to A. C. for th’e indioati’ng
cirouit. The emergency lights in the power house and yard
outside are also supplied from this battery. A motor generator
set has been provided for the battery charging purpose.

The control of the system i . .
from the control room. ystem is remote and is exercised

A workshbp with a lathe,

ders, power hacksaw drilling machines, grin-

and shaping machines, has been

provided. A diesel-electric unit has also been erected. in the

workshop for supplying power

breakdowns. during construction and

Receiving Stations - Kara‘n’n‘agar & Khanyar

Each of the two receiving stations, Photo.7 , has been equipped

with one 3780-KVA, 33-KV/6.6-KV delta/star main and &
0 volt station auxiliary transformers.

’11'(;10-KVA,f6.6-K.V./400-23
ere are five 6.6-KV., 3-phase outgoing feeders. At
however, only four feeders have -bafn ngdnneot:d up tgrezzx:}iﬁ

receiving station feedin , K
distribution sub-stationg.a nekwork of 93’ 8.6-K.V/400-230 volt

Cost

The total -cost of the project is estimated to be

Rs 227,82 1akhs. Details are given-on page 850..
General Data |

- wr o Lemgthofoaml = 48,300 6 o3 1n

Mipimum discharge 61 Pyt
" River 8indh in winter 325 ouseos
Maximum discharge 56,000 cusecs
- Normal discharge during |
summer . 3,000 cusecs

Average bed grade of river 1 100

Tour NoTES

Bed soil at headworks

Headworks at Prang

Length of rockfill weir
Bed level of river
Crest level

Maximum H. F. level
over crest

Maximum H. F. level before
construction of weir

Top level of end abutments

Scouring Sluice Channel

Width of scouring channel
at gate

Width of supply channel
in front of head gate

Bed level of scouring
channel under gate & above

Bed level of scouring
channel below gates

Size of gate

Head Gate

Clear width of gate
Clear height of gate

Maximum discharge required
through head gate

Bed lovel of river in
front of head gate

Crest level of head gate
Top level of head gates
High flood level of river
Free board

Bed level of canal at
headworks

647

Big boulders, stones
and shingle

160 ft
5702.00
5711.00

5727.00

5713.00
5730.00

20 ft
20 £t -
5702.00

5698.00
20 ft x 9 ft

20 ft
31t

600 cusecs

5702.00
5708.64
5708.64
5727.00
3ft

5700.74
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- CANAL DATA

Maximum
discharge

cusecs

Full
supply

.depth

Free-
board

Side
slopes

Bed
width

ft

ft

ft

Bed
level

R.D.

Canal section

1.5 600

7.9

5700.74 11

800

0-

} 5685.39

800-16600
18100-37800

16600-18100

475

1.5

7.9

9

475

1.5

14.5

1.5 600

7.9

40300-48300 .

Tour NoTes

649

Balancing Reservoir R. D. 37800 to 40300

Length of tank

Bed width

Full supply depth
Hillside slope
Downstream slope
Storage capacity

Bed width of canal trench
Side slope

Full supply depth

Bed grade

Discharge capacity for 100
cusecs

Spillway Balancing Reservoir

Length of orest
Crest level

Full supply depth
Full supply level
Free board

Bank top level
Maximum discharge

Forebay Tank

n

Bed level of canal at entry
Crest level

Bed level of forebay

Fall in Forebay from canal

Minimum full supply level in
forebay

Maximum full supply level in
forebay '

Centre level of forebay tank
Free board
Bed level of wash-out

Bed level of extension canal
at R. D.-O. below forebay

2500 ft

187 ft

7.64 ft -
1:1

15:1

86.1 acre-ft
9 1t

1:1

7.9 ft
1:2500

Hr. Min. Sec.
10 25 31

190 £t
5691.44
1.9 ft
5694.34
1.5 ft
5694.79
475 cusecs

5671.26
5672.16
5682.02

10.04

5674.04

5682.26
5664.90

3.4 ft
56569.78

5654,78°
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COSTS
Amount in I Amount in
Particulars lakhs Particulars © lakhs
Rs Rs
Civil Electrical
Preliminaries 1.32 Preliminaries 0.50
Headworks 6.60 Power house and outdoor
station and receiving
station machinery 28.60
Earthwork 38.09 Pipe line 2.60
Silt ejectors 0.50 Erection charges 1.75
Lining of power channel 22.30 Workshop equipment
and tools and plant  3.26
Approach roads 2.47 Two 13-mile long 33-KV.
lines, telephone line
and tie line 7.80
Balaneing reservoir 5.63 Two receiving station
_ buildings 1.70
Forebay tank 2.06 6.6 K.V, 3-phase, H. T.
line 9.00
Penstock and anchor Sub-stations 6.6/KV/400-
block 2.43 230 volt plus land 14.50
Buildings 5.78 L.T. distribution 11.00
Power house 5.47 Service lines and change-
over 17.00

Escapes & escape

channels 2.70
Masonry works 9.18
Tools and plant 2.40
Supervision & misocell-

aneous 40.8
Extension of irrigation

canal 12.00

Total 127.22

Deduct : Salvage
value of tools & plant 0,50

Total 125.72

Overheads : Establishment
T.A. 3.60

Miscellaneous 1.00

108.10

"'Total for the project: Ra 227.82 lakhs.

Discussion on Paper No. 171%

‘“ A New Approach to the Analysis of Stability of
Slopes "’

By
P. C. VARGHESE

Sunday, June 19, 1956

Shri U. J. Bhatt (Chairman) called upon Shri E. C. Chandra-
sekharan, in the absence of the Author, to introduce the Paper.

__Shri E. C. Chandrasekharan, in introducing the Paper,
said that different procedures could be used for the determination
of the average normal force and average shear resistance used in
deriving the resistance curve. The Author had sent a note

deacribing two methods for determining S and N mentioned in
para 2.3 of the Paper. The first method was based on the assump-
tion that the shear resistance was uniform along arc of the
agsumed circle of failure. The? second one was based on the
simplifying assamption that the forces on the side vertical faces
of the strip under consideration might be neglected.

Method I. Consider the mass abe, Fig. 1 bounded by an
assumed cylindrical siding surface.
This mass is in equilibrium under the
action of three forces W, S and N, W is
the total weight of the mass and acts
through its centre of gravity. The direc-
tion and line of action of 8 depends on
the actual distribution of the shear
stress along the arc ab. If we introduce
the assumption that the shear resis-
tance is distributed uniformly along
the are ab (and investigation of cases
) , where different probable positions and
direction of § are assumed, indicate the above simple assumption
as satisfactory in arriving at the resistance curve), then the line of

Fig. 1

-the resultant S is parallel to the chord ab and acts at a distance

- R . . P
of Le from O, the centre of the ‘assumed failure circle. The

* Published at pa,g;s_24 to 43 of the Journal of t}xe‘lndlian. Roads

‘Congress, Volume XIX-1, April 19665,
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direction of N was fixed by the condiiion that it must pass
through the point of intersection of W and S and also through the
centre 0 of the assumed failure circle. Hence a force polygon
will determine the magnitude of N and 8. The dimensionless

quantities N and & were then defined by the equation :

= N - S
N —— =
Y H and § y.HL

Method 2. Consider an element of the mass of width dx as
shown in Fig. 2. Assume that the

RN stresses on the vertical boundaries of

the slices can be disregarded: then
the total reaction on the .ba-sa of the
slice is equal to the weight of the

slice.

Weight of slice = AWy = Yy by dy

The component of the weight
in the direction normal to
the slice = Yy ha c08 \r d,

The total normal load on 4B = N' = I Ym be co8 \rdy

Thus the value of N’ can be obtained graphically by plotting the
curve of Y, by cos \r against x and obtaining the area under the
curve. The average normal pressure along the arc is thus
obtained by dividing the total normal load by the length of arc
Ro. Dividing this average n(l);mal load by Y,, H we get the
dimensionless number N Yo HE
Similarly, the value of 7, the total resistance along the arc ab can
be obtained by plotting the curve v,, h, sin \J against z. Then
the average shear resistance along arc ab is obtained by dividing
the total shear by the length of arc BR9. Thus,

- 7
8=
Y HRO

The values of N’ and S’ obtained may be used for plotting the
resistance envelope.

_The two methods described would not give identical results.
This was due to the different assumptions involved in the two

STABILITY ANALYSIS OF SLOPES - 653

methods. For the first method the calculation of the total weight
and centre of gravity of the sliding mass, and the position of the
line of action of § were required. In the second one, the quanti-
ties required for the computation could be obtained graphically
by use of a planimeter. In practice, the second method gave
slightly more conservative results than the first one.

Shri N. Mohan Rao observed that the method advocated by
the Author reduced calculations where site conditions were
such that investigation of stability was required for varying
values of ¢ and c. Where stability was to be checked for
only one set of shear constants, the methods currently in use
were satisfactory.

Fellinius had proved that the vertical drawn through the
1mid-point of the slope passed through the centre of the critical
circle for base failure. The Author had shown, Plate II of the
Paper, that the centres of the circles for toe failures lay on a curve
asymptotically approaching the perpendicular bisector of the
slope. These two findings served as a good guides in selecting the
probable circles of failure.

The heterogeneous character of the soils met with in practice
resulted in invalidating the computations made on the assumption
that the soil mass was homogeneous. Another assumption was
that the shearing stress in the idealised mass Wwas uniformly dis-
tributed and that failure occurred simultaneously along the whole
length. Krynine had said ¢ This assumption is completely
unwarranted. In the case of actual earth masses since both
shearing stress and shearing strength of earth material are not
constant along a failure line, equilibrium will only be broken at
one or more points of the line.”” These assumptions were unavoid-
able if simplification was required. It was, therefore, very
essential that the implications involved in the assumptions were
understood and proper judgment used in the application of the
theory to field conditions.

He had occasion to design slopes in a clay whose angle of
internal friction varied from 8° to 12° as revealed by laboratory
tests. The oritical factor of safety was worked out by the Sw-ed}sh
method for ¢ = 0 and one value of cohesion. Study of existing
slopes and in situ shear tests led him to believe that the ¢ =0
analysis was conservative. So the factor of safety for various
values of ¢ and ¢ had to be worked out and each alternative
meant many trials for getting at the critical value. In his opinion,
the Author’s method of resistance envelopes did reduce the
amount of work and was & welcome addition to the knowledge

on the analysis of stability of slopes.
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Shri R. N. Joshi observed that he had occasion to discuss
the subject matter of the Paper with one having considerable
experience of analysis of slopes, who found that the Paper was
a valuable one. The method suggested in the Paper reduced the
amount of work involved in stability analysis.

]

B_ ¢ D

Fig. 3

Considering & bank of slope « and assuming for the sake
of simplicity that the slip ocourred along a plane with an inclina-
tion o , Fig. 3, even though slips ocourred along aros of circles,

H H .
A0=sin < CE = e Sin (< -9)
AD=“.£I-“ =1L

sin §
H

Area of A ACD = %. sin (& — )

sin @ sin o«
Weight of triangular prism of soil per foot run=
wYm H
2 ' gin ¢ 8in &

We .8in (& - 6)

where Y., is the density of the soil.
Considering the action along the inclined plane 4D,
Activating shear = W sin ¢
Normal force = ¥ cos §
3= 8 - W sin 0
L. v, H. H

mXYmXH

Ym H

= 2 sing aim o o0 (% ~6). in 6
5.5, X sin 9

.. 3in 6. 8in («-6)
28in &
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To find out the maximum value of S,
S _ o - 4 1

sin 9. 8in « cos 8- cos & , sin 29]

de -~ T do %sinx
= 3 siln = [smoc '2833—29 — co8 «.8in2 9]
g sin o« [sin . co8 260 -co8 . 8in 20]
=0

s For 8 to be maximum

sin ¢ cos8 29 = cos «.8in 24

iie,tan « =tan209org -

2
« § _ Wsing _ - «
Foro = 5 ¥ ~ W cosh tan = tan 5
. — S «<
i.e., For § to be max. 5= tan 3"

Therefore, on the assumption that slip occurred along a
plane, the activating shear stress was maximum along the plane
inclined at an angle equal to half the inclination of the slope

0= —g)- The critical value of —%, for such value of § was

tan %c . Study of Plate I of thePaper confirmed the above. For

all shear resistance enveiopes of slopes « = 15° to 907,

N
:N— for the maximum value of § worked out to be nearly equal to

tan g« The resultant of the sliding forces acting along an arc

might be considered to act parallel to the closing _ohor_d accompan-
ied by a moment, as diagrammatioally explained in Fig. 4. So con-

¢ -

S Sn
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o failure along & plane did not introduce an error in the

nolination of the sliding plane.

P s . qs . f
tor 8, W,, the weight of the sliding prism 0
h had been ts,(l’;zn as that due to that section of bank boundeg
cart hord, whereas W, the weight of earth of the sector
by the oko bc;unded by the. aro of failure, was the correct orlx%
1';11‘11(: 1? ?:troduced some approximation. It was seen frc;lm Pl‘;‘a,.tet5 of’
tha:; for values of § in the neighbourhood of w"t IF;; ht 2ezzltluthat
arvature of the critical slip arc was large, With h?o ult that
?W— We) was small. For values of ¢ in the neighbour

ic-, (W—W,) was sufficiently large; bub the value W; was large.
820 the error introduced was small and it was not far from correct
to substitute W, for W in the expression for S. The result

8 jmum for 6 = % , was true for all
obtained, namely S was max g 1

practical purposes.

In the shear resi
the value of S! was 0

S -
inclination @ such than tan 6 = ik This was so because

sidering th :
value of 9, the i

" In the equati

stance envelope for a given point say §1, N1,
btained for the critical arc having its chord
1

8 W sin 0

= tan @.
N Weoso

The above relation did not involve any inaccuracy because
of the value of W being taken to be equal to W,

In para 3.3, the Author had mentioned that the tangent to
the resistance envelope at the origin represented the value of the
minimum angle of internal friction # required for the stability of
a bank, the soil composition of which had no cohesion, i.e yfor

.e.,

C = 0. This was actually the significan i
that near the origin tan § = tan ccgunder 20 of the obesrvation

T = S - W sing

5 N w .
N = = %0088 _ cosf.sin(ac —¢g
LYmH  LymH ~ Tinr)

= ing.sin(« - g)
28in &«

Near the origin, both S and ¥ were small, BothS and ¥ can be
: 6 was very nearly equal t

near the origin tan o was ver yequal to «. Hence

explained why the tangent to tlfe :lf:::l'y °dual to tan . This

erigin was equal to the slope of the ba\n]::msmnm3 envelope at the
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Again, for 6 nearly equal to o, W is small which condition
was obtained when the centre of the arc of failure was on the
perpendicular bisector of the slope AC and when the radius of
curvature was quite large. The truth of this inference could be
verified from Plate II.

The accuracy with which the values of C and ¢ could be
obtained was very limited. Moreover, the characteristios of soils
changed under different conditions. To add to this, the maximum
slope before failure for & material was different from the
minimum slope after failure. Considering these aspects, the
approximate results obtained in the above analysis might prove
to be of practical utility.

Shri Joshi enquired why the locus of the centres of arc of
failure given by the Author in Plate II was different for the locus
suggested by Prof. Fellinius. This shape of the locus of the cen-
tres of critical circles for « =60° was different from that of others
and needed a check. The ends of these locii represented the centres
of critical circles for ¢ = 0, giving the maximum values of §
corresponding to the graphs in Plate I. This tallied fairly with
the remarks above for « = 90° and 60° ; but for lower values of
«, it appeared that these observations were at variance and a
check for the graphs wag desirable.

It might be noted that toe-arc failures take place only with
large values of «. The question of tallying of results with flat
slopes was a matter more of academic interest, since toe circle
failures did not occur in flat sloped banks.

Shri Joshi suggested that engineers might oconsider the
possibility of increasing the stability of banks by introducing pin
headers, or say by driving 1} in. diameter concrete bars 4 to 5 ft
in length in consolidated banks along lines radial to the possible
critical arcs of failure.

Shri S. N. Gupta enquired about the exact slope in which
failure took place. Referring to the practice of specifying a slope
of 1:4 for banks less than 3 ft high and 1 2 elope for bs_nks
greater in height than 3 ft, Shri Gupta was of opinion that savinge
in earthwork in high approaches to bridges might result if the
slopes were designed properly. For low banks, there was praoti-
cally no savings.

Shri J. S. Narasimham said that the Author had assumed
that the sliding mass was in equilibrium under the forces §, result-
ant shear, W, weight of the soil and the normal force. This was so
only if the value of the * resultant shear S took into considera-
tion the ¢neutral’ and °effective’ pressures developed in the
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embankment. The idealised assumptions viz., that the earth
- was not subject to changes of moisture and that the cohesion
was uniform were not obtainable in practice.

-8 L e
In the expression § = Iy A the product Y,H had mo

{na-t!lem&‘tioal siggiﬁcg.nce. In the absence of any mathematical
justification for dividing the total shear force and normal force by

the product ¥, H the values of § and N used in the shear envelope
were purely empirical and had no rational significance.

- T_he strength of a soil, in so far as its angle of inter-
nal friction was concerned, was not reduced to the same extent
as that obtained by the weighted angle of internal friction, see
?xample 3 of the Paper. The correct procedure was to determine
in the laboratory the values of cohesive strength and the angle of
internal friction at the moisture contents likely to be developed
in the embankment and use these in the analysis. The construc-
ion of ¢ flow net’ in simple cases was time consuming and a
simple amended method was generally used. In the amended
method, the saturated weight of the soil below the saturation line
was -taken into consideration for the driving force while the
submerged density of the soil was taken into consideration for the
resisting forces. By adopting this procedure the factor of safety
was obtainedd o‘n tht; saife side and the concept of the ©effective

ressures’ an neutral pressure’ de .
gvere taken into cons,_idera}:;ion. veloped due to sa@uratlon

In Shri Narasimham’s opinion the method
. su
Author was questionable and had no practical valu ggi?:& ?gcg};:
of low embankments not subject to environmental conditions

. - Shri D, N. Khurana* observ i i
ﬁeld either wanted to design the ang?g otfh:;etgfo;: %;ne&rsﬁ 13 th:
the factor of safety of a particular angle of slope for !;x OL-‘
values of ¢ and ¢. It was difficult to draw tangents in th t;J otv:en
portions of the resistance envelopes given in Plate I seeo?allr
when the value of N exceeded 0.3. Tylor’s curves, on thz othe)l"

hand gave direct readi
e,qsily.g o eadings and were adapta.ble for practical use

" He wanted to know in the gra h ing &
g 86 ;
in Plate I were drawn a.fter-cogdulc):tingo::;;::il;genisand N gvon

Shri C. G. Swaminatha i
detail as to how the new me?thgdv:;mhed the &
shear strength charaeteristics and
any strength curve other than the

““* This and the

e Author to explain in
f analysis was independent of the
whether the Author had in mind
normally-used linear one. -

follawing Commerits v‘r.égreoe'i.{'ed in writing.

. Though recent in origin, much wor

- method by which saving in
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In his opinion, most engineers would prefer to work out the
factor of safety from one equation rather than from a graph. For
practical purposes it was sufficient if the factor of safety was
worked out for the worst case specially because the actual surface
of failure differed considerably from the assumed circular surface.

Shri E. C. Chandrasekharan replying to the discussions,
on behalf of the Author, said that the method of arriving at
values of § and N was given in the introductory remarks. He was
glad that almost all the speakers had said that the new method
was sound and that it reduced calculation works when the factor
of safety had to be calculated for various values of ¢ and c.

" "Referring to the observation of Shri Mohan Rao, that the
analysis for ¢ =0 gave conservative results, Shri Candrasekharan
said that it was obvious because =0 gave the worst condition of
stability. ' o

Shri Joshi had by caloulations based on the assumption
that the surface of failure was only a plane instead of a cylinder
supported the conclusions drawn by the Author. -

Answering Shri S. N. Gupta’s remark about the “practioal
utility of the method, Shri Chandrasekharan said that for low
embankments up to 5 ft it might not be advantageous. But
for. high banks, stability analysis certainly contributed to -the
sconomy in design. _ S

The division of § by Y,»H, which Shri Narasimham thought
was irrational, was only a convenient artifice for arriving at -the
dimensionless factor and achieving & co-relation between ¢ and ¢

and N and §.

In conclusion he wished the Author had explained in .more
detail how his method was more advantageous over other methods.

>Shri U. J. Bhatt (Chairman), concluding tthe ((liigox_xl?ibn
said i ios was of great importance to road builders..
that soil meohanios Va8 B 8 i had been done in the field of
soil mechanics and large sums of money had bqen saved by
adopting methods based on goil soience and many failures averted.
Design of embankment slopes was specially lmPQr-tant to roa.d_
engineers. The method evolved by the Author did not apply to

i i the Paper was valuable in evolving a
D e ving § t(lale ca?lculations resilted, when -many.
alternatives had to be investigated. He expressed thanks of the

Society to the Author for his Paper.




Disocussion on Paper No. 172+

* Bituminous Treatment of Brick Mefal
Water-Bound Macadam Surfaces In U. P.”

By '
D. C. CBaTURVEDI
Sunday, June 19, 19656

Shri P. L. Varma (Chairman) called upon Shri D. C. Chatur-
vedi to introduce his Paper.

Shri D. C. Chaturvedi, introducing his Paper, said that the
surfacing described had been tried in Uttar Pradesh for the last
20 years and found successful. Great care was necessary in the
selection of overburnt bricks of good quality. Under-burnt
bricks should not be used. Breaking of the brick ballast should be
done only after the bricks were inspected and passed by the
Engineer-in-charge.

The Los Angeles Abrasion Tests on brick ballasts from
various places in the State revealed that good overburnt
brick ballast had a value of 40 or less. So & value of 40 had been
tentatively fixed as the limit for good ballast. This value
oould be altered if warranted by the behaviour of the ballast
under field conditions. Shri Chaturvedi hoped that the discussion
would bring out the practices current in other States.

In Holland, high strength bricks for use in road works were

obtained by carefully controlling their manufacture. The grading

of the soil used for the bricks was given special attention. The

temperature and period of burning were controlled closely.
Research with a view to evolve a pr

) . & prooess for the manufacture of
good quality bricks, under conditions obtaining in India, by the
roadside was necessary.

The treatment described in
vedi’s opinion, suitable for m
passing through built up areas.

the Paper was, in Shri Chatur-
itigating dust nuisance on roads

Sh;ri N. Mohean Rao said that vitrification resulted in the

formation of slag or glass like material which cemented the

Y

* Published at R . -z
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particles together and rendered the product weather resistant.
The temperature at which vitrification began and the temperature
range over which it ocourred without the material becoming too
plastio to retain its shape depended on the nature of impurities.
The defects in bricks due to warping, etc., generally attributed
to excessive overburning were due to lack of control over the
rate of cooling. Sponginess occurred only if the temperature was
greater than the vitrification temperature.

The work done in the Building Research Station, Rogrkee,
revealed that with an increased value of the ratio of active to
inactive silica, higher strength could be obtained even at lower
temperatures. An admixture of 20 to 40 per cent of pulverised
fuel ash, in some cases, Was beneficial in reducing the vitrifica-
tion temperature by nearly 100° C. Such admixtures in bricks,
which were placed in the top layers of a kiln, produced vitrifica-
tion even at the reduced temperature which prevailed in the top
layers.

Shri Mohan Rao enquired why first class bricks were classed
as inferior to overburnt bricks.

Shri Y. C. Gokhale said that the experience at th.e Central
Road Research Institute showed that the gamples received were
small and in many cases it was not possible to carry out the
Deval attrition test which required 44 lb of 2 to 14 in. size aggre-
gate. The total quantity of material required at the laboratfory
was more than 150 b, from which 44 lb_of f»ggregate of _requ}red
size could be obtained. Hence, investigations on modlﬁoatans
of the Aggregate Crushing and Aggregate Impaot tests which
required roughly 8 1b of }-§ in. size aggregate and yielded results
comparable to those obtained from the origina) tests, were on
hand. That involved sample of approximately 30 Ib only.

The American Society of Testing Materials speoified 60 per
cent as the limit of the Los Angeles abrasion test value fo';‘huse
in base courses and 40 per cent for the surface courses. ere
was considerable difference between the load 1ntensxtlesh'c<;1mmg
on to the aggregates of the water-bound macadam basefw hich was
covered, for example, with 4 in. cement conorete m;r acing arig
bituminous surface dressing. The aggregate in the honll‘ler'tcoll: d
be weaker than that in the latter. .Assu‘mm.g thg.t.t o limits ha
been specified for the worst conditions, in his opmllodni) an aﬁg;e.
gate giving even 70 per cent abrasion value cou 2 e use 01;
water-bound macadam base to be covered with, say, hm. ‘;em?n
conorete surfacing. Hence, it was necessary to }'el&ttaf tﬂo; a ra.;mn
values for base course material with the rigidity of the surface .
sourse,
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In addition to the Deval attrition and the Los Angeles abra-
sion tests, aggregate orushing and the aggregate impaot tests,
specified by the British Standards Institution, would have
yielded results useful for the research worker.

In his opinion, unconventional shapes and sizes of bricks
could be more economically manufactured. Research was neoces-
sary to evolve manufacturing of bricks economically.

. Shri Gokhale said that research was necessary t0 evolve new
tests for aggregates so as to take into consideration the following
aspects in addition to traffic load intensities : :

(i) the position of the aggregate in the road structure,
viz., bage course or surface course; and

(if) the nature of the surrounding matrix, viz., hoggin
in the case of water-bound macadam, binders in
bituminous construction, or cement mortar in
concrete constructions. '

Appendix 3 of the Paper showed that the second coat of
surface dressing was laid over the first after a lapse of about 6 to
24 months. It was not mentioned how the intervening period
was determined. In order to obtain maximum economio life for

the surface dressing, it was necessary. to find out the optimum
intervening period. )

On page 69 of the Paper it was mentioned that on the
Aligarh-Kasimpur road 80/100 bitumen was used at the rate of
about 39 1b per 100 sq. ft. for the first coat. The traffic intensity
on this road was 700 tons per day. 45 1b of 80/100 bitumen per
100 sq. ft. for the traffic intensity of 5,500 tons per day, which
was about 8 times that on Aligarh-Kasimpur road, was used for
the surface dressing work on test track on the Delhi-Mathura road
near the Central Road Research Institute. After two years,
this surface dressing was in good condition and had not been
provided with a second coat. It was necessary to find the abso-

lute: minimum quantity of binder for normal surface dressing

work for various traffic intensities and weather conditions.

Shri R. Krishnamachari said that 40 per cent specified
bytthe %.St.OT.%d.dgs the h‘?? of Iilos Angeles abrasion value did
not, apply ndian conditions havi i iti '
00 s e Lo ing intensities of traffic of
abrasion and attrition values should i i
mado with the obj uld be laid and observations
conditions,

Tracks using brick metal having different

ect of evolving standards suitable for Indian
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Referring to para 10.1 of the Paper, where it was mentioned
that 4} in. was the minimum thickness of brick metal coat to
receive surface dressing, Shri Krishnamachari desired to know
the basis for the recommendation.

Shri K. Subba Rao mentioned the following as probable
additional reasons for the failures described in para 5.1 of the
Paper:

(i) absorption of moisture from the subgrade and sides,
and

(i) pockets of inferior or undersized brick ballast.

On the Great Northern Trunk Road in Guntur Distriot,
experiment with graded and ungraded metal was tried on a gra-
nite metal water-bound macadam in 1938. Within one year signs
of deterioration were observed in the reach with graded metal.
Ballast should, therefore, be ungraded to avoid pockets of under-
sized stones. :

In his opinion, consolidation specified in the Paper was
severe for the soft brick ballast. Traffic should not be allowed
after consolidation when the surface was too wet. I_“ina.l light
rolling was desirable when the surface was slightly moist.

Shri K. C. De referred to para 2.3 of the Paper and said that
he had found that the adhesion of tar to well burnt and over-
burnt brick metal mixed together was good. Rei@el & Wel?er
Test gave an adhesion number of & and carpets laid both with
road tar and bitumen side by side, using same quality brick
metals, were comparable in performance.

In pratice, ‘Bull’ type kilns could not produce ‘overburnt
bricks ?rom well gra’dey£ soil. Overburnt hard bricks were
produced at temperatures 1080 to 1100° C and that temperature
could not be obtained unless reverbaratory fiype of kilns were
used. The details of this type of kilns were given in & Dutch
book named  Kliner Wegen.”

If & well consolidated water-bounfd mz.ca.da.m gnagltla out of
ood brick metal was treated with surface dressing in the proper
%va,y,.a,fter drying up of the macadam and had proper cross slope,
it would give good service even under moderately heavy traffic,
The surface had to be trested in such a way as to be perfectly
waterproof otherwise penetration of water into the base course

reduced the life of the road.

oi i ts. In firgt
It ‘betterto do surface dressings in two coats.. In fi
coat éézgs:);d eirri %he second ooat chips should be used as
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blinding materials, When bigger ohips were used in the first
coat, waterproofing of the surface was not secured. But use
of sand in the first coat ensured a waterproof surface and at the
gsame time sand mat formed served the purpose of cushion in
between the bigger metals of the water-bound and the smaller
chips of surface dressing in the second coat to resist wear and
abrasion of the traffic. Thus the life of the road was greater.

Shri V. B. Manerikar enquired whether premixed asphalt
carpet with graded aggregate would not give a stronger, more
compact and better watertight surface on the brick ballast water-
bound macadam, thus leading to greater durability and load
bearing capacity. If a premixed carpet was laid on brick soling
4% in. thiok, ordinary bricks having low abrasive values could
be used as they would form the base and not the wearing
surface,

Shri J. S. Narasimham said that the Paper was a valuable
contribution in regard to the construction of roads with burnt brick
aggregates. It was desirable that the construction of such projects
should be taken up after investigations in the laboratory the charac-
teristics of the brick aggregates, optimum quantity of the binder
required for such aggregates and the quantity of blindage material
required for treatment. In this case, however, these pavements
were constructed over a period of 10 to 15 years and the research
investigation followed the construction. The Author, therefore,
attempted to justify the service performance of these road surfa-
ces with the results of some of the tests he had conducted in the
laboratory.

In para 2.2 of the Paper, the Author had mentioned that the
Los Angeles abrasion tests revealed 38.9 per cent loss of weight
for the brick ballast as against a.permissible value of 60 per cent.
The use of the Los Angeles abrasion test for brick aggregates
used as a base coat was questionable. The Los Angeles test was
justifiable only for mineral aggregates such as granite, trap, and
laterite ete., which were not subject to deterioration in strength
due to the absorption of water. Absorption of water reduced the
strength of brick aggregates considerably. Hence the Los Angeles
abrasion test should be so adopted as to stimulate the field
conditions of the pavement. So the brick aggregates should
be saturated with that per cent of moisture as obtained in
gxewgavement under the adverse conditions before they were

sted.

The Author had used the immersion compression test for

determining the affinity of brick aggregates, Table 2, item 3 of
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the Paper, That test was suitable only for premixed carpets and
was not suitable for paint coat surfaces over brick aggregate
pavements. The test suitable to determine the affinity of brick
aggregates to the binder was the Nicholson’s stripping test.

In para 5.2, the Author had mentioned that in areas where
wet brick aggregates were used, patches were formed quickly.
Addition of 2 to 3 per cent of limestone dust to the brick aggre-
gatgstwould prevent stripping off of the binder in the presence of
moisture.

Road surfaces failed mainly due to the use of excess quan-
tity of binder. There was always an optimum limit for any
one set of conditions whether it was premixed carpet or paint
coat surfaces. The determination of this optimum quantity
combined with a suitable type of stability test was absolutely
essential before the quantity of binder and the quantity of
blindage material were fixed.

Shri C. J. Fielder said that the Paper, in his opinion, was
particularly welcome since it incorporated the results of labora-
tory research and full-scale road construction. The only satis-
factory way to advance knowledge of the best methods of road
construction and develop new techuiques on sound practical lines
was by the co-ordination of research in well equipped laboratories )
with full-scale road construction carried out under controlled
conditions. It was necessary that subsequent performance be
regularly observed and results recorded in & standardized
manner, It wasonly by such means that results of practical
value could be obtained. For this reason he considered the
Paper had an important significance and hoped it would be the
precursor of other similar Papers to be read before the Congress
in the future.

He drew attention to the section dealing with the economics
of the various types of treatment under discussion and the figures
given in para 11.1, Table 5. These assumed that in the case of
black-topped surfacing the water-bound surface should be renewed
to a depth of 3} in. after a period of 15 years. In his experience,
if regular and efficient maintenance by resurfacing was provided,
the water-bound macadam could normally be protected indefini-
tely and no such renewal need be budgeted for. In certain
instances, traffic conditions might develop which rendered surface -
dressing no longer adequate to carry the enhanced load. This
would necessitate imposing premix macadam on the existing
surface, but this would not affect the deductions to be drawn
under normal circumstances of roads continuing under surface
dressing over water-bound maocadam, :

13
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Shri M. S. Bisht drew attention to the fact that about 400
miles of modernised roads with brick ballast were in use in Uttar
Pradesh. The traffic intensity on some of these roads was nearly
2,000 tons per day.

There was a general feeling that brick ballast could mnot
stand the abrasion and attrition of road traffic. The Paper had
shown that brick yielded satisfactory results. Experiments to
produce better bricks suitable for road works were in progress in
Uttar Pradesh.

Shri K. K. Nambiar said that the calculations of compara-
tive costs of different surfacings were made on the assumption
that kankar macadam surface could not be surface dressed with
bitumen. The assumption on page 59 of the Paper that kankar
macadam required renewal once every three years showed that
the kankar was of a hard variety. In that case, it would be
economical to surface dress it with bitumen, using hard granite
chips for the dressing.

Col. S. K. Bose said that the nature of clay from which the
brick ballast was made was very important. For example
greater amount of binder might be required to treat ballast ma.dt;

. of montmorillonite clay than if the bricks were made of illite *

clay. Laboratory investigation with a view to reduce the extra
- 10 per cent binder required for brick metal followed by trials in
the field was necessary.

Shri S. L. Kumar observed that the recommendation, put
forward by the Author, that overburnt brick ballast coul’d be
used successfully as road metal in water-bound macadam
where stone metal was scarce or very expensive, applied equally
for reinforced concrete work. The reinforced concrete construc-
tion engineer had also to be content with brick aggregate for
similar reasons. In addition, he had to make sure that salts in
the brick aggregates had no deleterious effect on the reinforce.
ment, such as corrosion, or caused damage to the structure by
swelling ete.

Shri Kumar was not in favour of having bri
ballast burnt for obtaining the overburnt brickg mel;;l:lk 2s°rsuz:1&§
procedure proved more expensive and the metal was less satis-
factory in quality. The best arrangement was to collect all over-
burnt bricks at various kilus in the neighbourhood of the work and
have them broken to ballast of the required size.

In his opinion, overburnt bricks were
) 1 preferable because
when clay was burnt at a high temperature in the neighbourhood
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of 1000° C., the deleterious effects which could be caused by clay
miverals such as montmorrilonite were eliminated,

The Author’s presentation of data on various test lengths,
Appendix 8 of the Paper, suffered from several drawbacks
and deficiencies, e.g., in columu 8 he gave the maximum traffic
intensity correct to the tfirst digit. That gave an impression
that the figures were as accurate as to vary for example
between 623 and 625.

In the remarks column, the condition of the road was given.
Unfortunately, the time of inspection on which these remarks
were based was not given.

Again, in several test lengths on the Grand Trunk Road in
Etawah District, vide item 3, the second coat of the wearing
surface was not laid. The reasons for the omission were not
convincing. The omission might adversely affect the useful life
of the road. The quantities of materials required for the second
coat were about half of that required for the first. So, it was
far more economical to provide a second coat and increase the
useful life. A well coustructed black-topped road could be
maintained indefinitely if the wearing part was renewed at
certain specified intervals and the berms on the sides were main-
tained properly to give adequate support to the road bed.

It was mentioned on page 84 of the Paper that re-painting
should be done when & mosaic surface appeared. Repainting on
¢ sondition’ basis was not conducive to getting a long life for the
surface. Repainting on a ‘programme’ basis, a little earlier
than the end of useful life, irrespective of the condition,
increased the life. Therefore, in his opinion, repainting should be
done s little before the mosaic condition of the road surface

developed.

The comparative study of economy in Section 11 of the
Paper was based on assumed figures of cost of maintenance,
estimates of the useful life of the road bed and the period of
renewal. Since experience with brick metal roads had not been
spread over a long period, such as thirty or forty years, the
assumed figures, in his opinion, had no basis. If one were to
change the figures, the whole picture which the oaloulations and
graphs presented got changed and conclusions drawn became
valueless,

The Author’s method of economic comparison was cumber-
some. Bhri Kumar suggested that such comparisons should be



668 . DiscussIioN oN

based on the figures of annual cost of service (4) of a mile of road.
These are based on the fundamental formula :

A=14+D4+M

where A = Annual cost of service for a mile of the road
I = Interest charges at 3 per cent
D = Depreciation charges

r(c—s
T{-—T)"QT where ¢ = first cost, & = scrap value,

=

r = rate of -interest, avnd n = useful
age in years.

M = Maintenance cost.

Shri Fateh Chand welcomed the Paper specially because
the use of brick metal could reduce the cost of road by about
half in places where stone had to be conveyed over long hauls.

Disagreeing with the Author on the point that there was no
difference in efficiency and life of water-bound brick and stone
‘ballast surface painted road, Shri Fateh Chand said that in a
municipal area a water-bound macadam with brick metal gave
way in three months and in six months the road wasin a hopeless
condition. It was very important that traffic conditions should
be ascertained before adopting brick ballast. In his experience
slow-moving traffie, partioularly iron-tyred traffiec, 500 tons o;'
even 200 tons of traffic caused greater damage to road than 1.000
tons of pneumatic-tyred traffic. The nature of the tratfic and not
the total tonnage was the most important aspect to be considered.
The crushing strength of brick was much less than that of stone
8o, when a heavy vehicle with narrow iron-tyred wheels came

over it and moved slowly, not only the surface but
crust got crushed. ’ y ce but also the upper

In his opinion, extra quantities of grit and binder, as sugges-
ted by the Author, were not required. Qaly a little ext’ra quaxgl%ity
was required in the first coat because of absorption. Tar could
be used as successfully as bitumen.

Shri G. D. Joglekar* referred to the recommendatio
60 per cent of hand broken and 40 per cent crusher brok:annm?t:f

rial should be mixed and wished to k i
mendation. now the basis of the recom-

* This and the following comments were recejved in writing,
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‘Shri P. N. Srivastava stated failures of brick ballast surface
dressed roads had, in some cases, been caused by bad drainage.
Water collecting in depressions due to defective consolidation or
subsequent settlement caused more damage to brick ballast sur-
faces than to stone ballast surfaces. The reason was that brick
ballast absorbed more moisture, resulting in loss of adhesion.

Because brick ballast was softer than stone, it got crushed
under the thin surface dressing, and when bitumen got brittle in
winter the surface broke. Also, failures occurred by seepage
water getting in between the paint coat and the brick ballass,
resulting in thin suriace getting peeled out. Proper and timely
maintenance was very vital for the brick ballast painted sur-
faces.

On page 55 of the Paper the Author had mentioned the
various ways of burning brick ballast. In 1946, he had tried
burning of irregular small clay balls for work on Saharanpur-
Muzaffarnagar road with the idea of reducing the cost of mould-
ing of bricks and the cost of breaking baked bricks into ballast.
1t was found that:

(i) burning was not very good; the ballast developed
cracks ;

(ii) more coal was consumed in burning ;

(iii) during consolidation, the ballast crushed very badly
even under a very light roller ; and

(iv) interlocking action of angular pieces was lost.

He was of opinion that the conventional method of obtaining
overburnt bricks from Bull type kilns and breaking them into
ballast was the only cheap method of getting suitable ballast and
there was no short cut.

Comparison given for 30-year costs in Table 5 and Plate II
of the Paper was not realistic. Maintenance cost of painted
water<bound brick ballast was more under fairly heavy traflic.
In addition, there was ** creep *’ in the wearing coat of a water-
bound brick ballast painted surface. Due to the °oreep ’, undu.
lations developed on the top and the ndmg surf&cg became un-
even. Prevention of these undulations required q_ulokgr renewal
of wearing surface. Hence, for & black top surface painted over
brick ballast, renewals should be made in 10 to 12 years and nof
15 years as assumed by the Author. .

Shri Basant Singh observed that the use of stone metal was

expensive and, in fact, prohibitive where long hauls were invol-
ved. 8o, development of alternative materials was weloome. -
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The non-satisfactory adhesion of binder to moist brick bal-
last, mentioned in para 5.2 on page 53 of the Paper, had been got
over by developing the * built-up-spray grout specification *
given below.

This specification advocated the use of skin dry moist brick
ballast before first coat of tar was sprayed. Bajri was spread
over it and consolidated in accordance with the specification for
water bound with some limitations.

The built-up-spray grout method was applicable for the
consolidation of both brick and stone metal wearing surfaces. In
the Lahore Corporation, on account of heavier traffic intensities
thicker coats of wearing surface were designed and laid with
very good results. The quantities of materials ranged from
54 1b of binder in three sprays and 6} cu. ft. of bajri per 100 sq.
ft. laid in 4 or 5 coats.

Another method employed in the Punjab was to replace the
stone wearing surface by grooved bricks with 1} in. thick pre-
mixed sheet over the usual brick soling in short lengths as an
experimental measure. Up to about a year after laying these
grooved bricks, experiments showed no defects when the partition
of the State took place.

Built-up-spray grout specification employed on Muzaffargarh-Ali-
pur-Pajnad Road in Multan Provincial Division for the consolidation of
brick metal.

Over brick soling and between mud walls (dowlies) spread a
layer of 1 in. good clay. Over this clay spread 90 per cent of the
brick metal by spinning basket method in such & manner that the
brick metal from the lower portion of the stack (which is usually)
dirty) was spread first and the neat brick metal from the top portion
of the stack came on the surface. The use of the spinning basket
method ensured uniform spreading against the usual defective
dumping of metal in basket heaps which led to lot of patches and
potholes later. Roll dry starting from the sides, remove uneven-
ness of the surface by adding the 10 per cent reserve of the neat
brick metal kept for the purpose.

As soon as the surface was oorrect to the template and the
brick metal was fairly interlocked (precaution being taken to

avoid excessive rolling) spray water, so that the top surface got .

fairly moist. A stirrup pump was found very useful for the
purpose, Allow the surface to air and as soon as it was skin dry,
spray tar No. 3 at the rate of 22 Ib per 100 sq. ft. and cover with
84 ou. ft. of bajri -4 in, gauge per 100 sq. ft., spread in two
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grades }-} in., 70 per cent, rolled and followed by }-} in. gauge,
30 per cent. Dry roll lightly till the bajri was well pressed.

Add water and consolidate as water-bound. Rolling should
be stopped when the clay from bottom had risen up to just about
% in, from the surface.

Next day, make up the inequalities if any in the surface with
premixed bajri and seal the surface with two coats of binder (Tar
No. 3 or bitumen of suitable grade) and bajri using the following
quantities :

Binder Bajri per 100 sq. ft.
1b per 100 sq. ft. in. cu. ft,
II coat 18 2} (1 to § in. gauge)
III coat to follow the second coat the same day.
20 1} to 1§ (-} in. gauge).

No traffic was allowed on the finished road for about a week
by which time the berms eto. were completed and the road and
its adjoining land was neatly cleaned and given the final finishing

touches.

When the trafic was first let on the road, precaution was
taken that first of all only the pneumatic-tyred t.ra.ﬂio was allowed
to come on it and the traffic was so regulat.eq with the help of the
empty tar drums that the traffic traversed uniforml y over the road
surface and was not allowed to stick to particular trackg.
Experience showed that with reasonable amount of traffic this
precaution of allowing only pneumatic-tyred traffic was necessary
for about two to three days, after which all the traffic was

allowed.

. the built-up-spray grout method above described,

Note | iIbnwas found pthst ¥or the first grout coat before
adding water and oconsolidating as water-bound
macadam, use of tar had been advocated. Blt_umen
emulsions also gave good results but it required s
heavier coat of at least 40 1b per 100 cu. ft. before i

could really serve the purpose. .

The two sealing coats on top could be done with
tar or bitumen.
i ification, trolly sprayers with wide wheels
Note 2. i:ﬂ:&peguﬂd to be much more useful than the
 nsual tank sprayers. . ,
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Shri C. G. Swaminathan stated that a study of the effect of
tar impregnation on brick at the Central Road Research Institute
showed very clearly that the compressive strength of a brick was
considerably increased after treatment with tar. Sometimes there
was an increase of 200 per cent in strength, and as the values were
80 erratic it was not possible to give an exact interpretation as to
the reason or a basis for the increase. All these went to prove
that the exact nature regarding the structure of brick and its
relationship with strength was not very clear and that the
problem of studying the behaviour of brick metal treated with a
binder should be viewed from different angles other than the usual
view points such as ccmpressive strength, crushing strength, etoe.

The Author had said that the quantity of binder required for
surface dressing over brick ballast was about 10 per cent
more than that required for use over stone ballast. Perhaps this
qﬁmntity could be decreased if lower porosity bricks were used for
the base, .

The use of additives which had been developed abroad might
increase the adhesion of the binder to brick ballast. From the
laboratory analysis the Author had found that brick ballast had
better affinity to bitumen than to tar, but field reports did not
support this, ,

Shri D. C. Chaturvedi (Author) felt happy because the
Paper had aroused considerable interest.

Shri N. Mohan Rao had enquired why first class bricks
should be categorised as inferior material. The answer was that
brick ballast from such bricks had not given good results both in
the laboratory as well as in the field.

The Author agreed with Shri Mohan Rao that admixtures
reduced the vitrification temperature, and was a useful method of
getting large number of good quality bricks. The addition of
pulverised fuel might lead to low strength product. However
investigations in the laboratory were called for. ’

Referring to the modification of the Aegregate Crushing Test
mentioned by Shri Y. C. Gokhale, the Authog said that tﬁe size
of aggregate sometimes influenced the results obtained in Los
Angeles Test, and this aspect deserved consideration while devis-
ing modified test.

Regarding limits of abrasion values for aggregates formi
‘water-bound macadam bases under different fﬁ)esgof sur(f);!cni:»ngg,

8hri Chaturvedi felt that field studies should be oarried out with

different types of surfacings. He thought that 70 per cent for

Brack TopriNe oF Briok METaL WBM Surracks 673

abrasion value for the base course of a 4-in. cement concrete
pavement was high. Results of Deval attrition test were reported
in the Paper because in 1938 when the tests were made, the
aggregate crushing and impact tests were not standardised.

Attempts were made in the past to produce brick metal from
small bricks as mentioned in the Paper, but these were not suc-
cessful. However, further experiments were neceasary to produce
good type of metal at roadside at low cost.

He agreed that new tests should be evolved which took into
consideration all the faotors which came into play under field
conditions. Petrographic studies should also be carried out side
by side with the physical tests as physiocal tests sometimes did not
give a true picture of the behaviour in field,

Regarding period intervening between the first and second
coats of surface dressing, the Author referred the page 84 of the
Paper where it was mentioned that period between the two coats
should not be less than three months and might extend to six or
more if traffic was light. In practice, however, this period was
sometimes more due to many factors like availability of funds,
materials, etc. The optimum intervening period depended uwpon
traffic intensity, type of material used, eto.

Shri Krishnamachari had said that the maximum of 40
per cent for the abrasion action did not apply to Indian condi-
tions. This value had been tentatively fixed. In India, both
the iron-tyred and pneumatic-tyred traffic used roads and, in his
opinion, the value of 40 per cent was not high. ‘

Agreeing with Shri Krishnamachari that test length using
various types of brick metal should be laid and their behaviour
observed, the Author said that the value of 40 could be revised
if observations showed that it was necessary.

The minimum thickness of 4} in. of brick metal had been
specified so that the consolidated thickness was abput 8 inches.
It was not safe to provide thickness smaller than 3 inches.

Shri K. Subba Rao had given certain reasons for failures.
There was little probability of water absorption from subgrade
a8 brick ballast was generally consolidated on existing road which
was not liable to become wet from below. Absorption f.rom sides
oould be prevented by providing good drainage and edging,.

'Shri K. C. De had mentioned_that he had found good
adhesion of tar to brick metal by Re.ldel Weber Test. That
might be due to the different mineralogical composition of sojls

4
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from which bricks were made. The field reports, however, had
indicated that adhesion with tar was satisfactory in many
cases.

Difficulty of getting overburnt brick metal in large quantities
was there. Speoial types of kilns had to be divised to overburn
bricks in large quantities.

Shri De had suggested the use of sand in the first coat and
chips for the second coat in surface dressing in order to make the
surface waterproof and to prolong its life. These specifications
could be further tried in the field and behaviour of surface
observed.

Shri Manerikar had enquired whether use of premix
carpet over brick ballast had been tried. So far this type had
not been tried.

Use of premix carpet over 4} in. thick brick soling was also
suggested by Sbri Manerikar. This might be successful if bricks
used in the soling were of very high quality as intensity of load
from vehicles would be high in such cases. Use of ordinary
brick might not prove successful. Some experiments on brick
trackways were carried out on Delhi-Meerut Road, details of
which were published in Indian Roads Congress Journal
Vol. XIV-3, December, 1949. These results pointed out the
possibilities of using bricks for highway construction. As men-
tioned in the introductory remarks, high quality bricks were used
for pavements in Holland. In the U. 8. A., bituminous filled
vitrified bricks were used. Experiments should be done on this
type of surfaces in India in order to reduce the cost of construc-
tion and to promote the use of local material.

Shri J. S. Narasimham had stated that the Paper
justified the service performance of brick metal road surfaces by
means of laboratory test. This was not the case. As already
indicated in the Paper, attrition and adhesion tests were ocarried
as far baock as 1938 in Alipur Test House.

Results of tests using Los Angeles abrasion machine, carried
out subsequently, were given in the Paper in order to show that
the results were good with this type of test.

Shri Narasimham also had suggested that wet brick ballast
should be tested in the Los Angeles machine in order to obtain
real picture of its behaviour. In Los Angeles Abrsaion tests. use
of water was not specified while in Deval type attrition tester’, wet
be:(;. ?;as doxlng.b Hp\::vez;, the suggestion was worth considering
and it . wou e interesting to see the percenta i i
ballast when water was ‘a_dd.%d to it. the o loss in briok
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Immersion-Compression tests were done on different aggre-
gates in use in Uttar Pradesh as part of investigations on adhesion
of binders with aggregates by different methods, and a Paper on
this had been published in Indian Standards Institution Bulletin.
Overburnt brick ballast was also included in these tests in order
to get a comparative idea of the behaviour of brick ballast as
compared to stones generally used. It was agreed that this type
of test was suitable for premix carpets. Nicholson Stripping
Test had not been carried out.

Shri Narasimham had suggested the addition of 2 to 3 per
cent of limestone dust to brick aggregate to prevent stripping
off of the binder in the presence of moisture. Agents such as
lime, cement, were useful in increasing the adhesion of binders
to wet aggregate.

The quantity of binder and grit specified to be used in
water-bound macadam surfaces was based on experience in the
field. Minimum thickness of brick ballast had also been fixed
as & result of experience. The usual specifications in Uttar
Pradesh were first coat painting with tar, followed by bitumen
second coat, although different combination had been used.

The Author agreed with Shri C. J. Fielder who had stated
that in calculation of total cost of surfaces renewal of surface
had been assumed at an interval of 15 years, while if efficient
and regular maintenance was done, renewals were not necessary.
It was, however, intended to show that the cost would be under
‘worst conditions.

The Author was very thankful to Shri M. S. Bisht for
answering some of the points raised by some speakers.

- Shri K. K. Nambiar had stated that kankar surface
could be provided with a bituminous coat, provided kankar
metal was of hard variety. But kankar of good quality was not
easily available in Uttar Pradesh. There should be no hesitation
in surface dressing a kankar water-bound macadam.

Col. Bose had enquired about type of clay used in manu-
facturing bricks. The information was not 'a.vallable. .Investi-
gations suggested by Col. Bose were worthwhile undertaking.

Shri S. L. Kumar had said that repainting sl}ould be done
at regular intervals instead of on ‘condition’ basis as given in
specifications, The Author drew attention to para 10.8 of the
Paper where it was stated that due to several coats of paint at
eomparatively short intervals or repaint before there had been
any reduction in thickness of existing coat or coats should .be
avoided to prevent formation of waviness, Shri Chaturvedi
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agreed with Shri Kumar that surface should be observed regularly
and the need for repaint decided and funds arranged well before
the top coat was worn out.

Comparison of costs had been made on the basis of total
cost caloulated for a specified period (30 years) which included
cost of initial construction, annual maintenance, periodical
repainting and renewal, and followed the method given in the
Paper ¢ Economics of Highway Types ”’ by K. 8. Raghavachary.
Kankar surface was included in the comparison as it was a com-
mon type of surface which required remewal frequently and
because brick ballast was generally consolidated on such surfaces.

The assumption made in the calculations were mostly based
on experience. The costs of construction, maintenance, repainting
and renewal were based on present day rates. The period of
repainting and renewal had been assumed as the same for both
brick ballast and stone metal surfaces. The formula suggested by
Shri Kumar could also be used but for depreciation we had to
assume some scrap value.

Shri Chaturvedi agreed with Shri Fateh Chand that
surface dressing over stone ballast could be cheaper than on
kankar surface under some conditions. Also, surface dressing
aver brick ballast might not prove very successful where iron-
tyred traffic was very heavy. But for fairly heavy traffic, the
treatment was successful.

The conclusion that more grit and binder were required for
first and second coat over brick ballast surface was based on
experience in the field.

Shri Joglekar had asked why 60 per cent hand broken grit
was recommended to be used. As mentioned in para 10.9 of the
Paper, the suggestion was based on experience gained on this type
of work. The ballast from the crusher got rounded and hence the
use of these shortened the life of the surface. This, however,
needed more experimentation. '

. As mentioned by Shri Srivastavd, prompthess in main-
tenance- was essential. Once the brick ballast surface got
exposed due to wearing out of the surface coat, the underlying
brick ballast got crushed under the traffic giving rise_to potholes.
It was, therefore, important- that patch repairs were done as
soon as slight stripping or cracking of surface dressing occurred.
For the same reason, repainting of the surface should be carried
out well in time to ayoid damage to the surface. During
rainy season, patch repairs should be done by wet aggrogate
provess by using lime or any other suitable agent. S
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Traffic should be distributed over the whole of the surface.
1f the traflic concentrated on strips, ruts which accumulated water
and caused further damage were formed.

The edges of the painted macadam should be well protected
by edging as described in the specifications. The withering away
of exposed brick ballast edges was very quiok.

Better drainage of berms and roadside pattries was also
important. The brick ballast should neither be exposed to
moisture nor to traffic.

Shri Srivastava had raised some points about the total cost
of various surfaces. Even if the renewal period of brick ballast
painted surface was 10 years instead of 15 years, as assumed in the
calculations, the total cost of brick ballast water-bound painted
surface on 30 years basis would be about Rs 2,87,600 instead of
Rs 2,62,300 based on 15 years renewal period. Even then it was
less than the cost of stone painted surface which was Rs 2,95,100,

Precautions necessary to avoid formation of waviness had
been stated in para 10.8 of the Paper. Several coats of paint at
comparatively short intervals or repaint before there had been
any appreciable reduction in thickness of existing coat by action
of traffic led to waviness. Excess of bitumen or tar and insuffici-
ent amount of grit also resulted in a soft pliable coating. If,
therefore, formation of waviness was avoided, the renewal might
not be required after 10-12 years and might be necessary say
after 15 years. ‘

The Author was thankful to Shri Basant Singh for his
comments specially for giving specifications for built-up-spray
grout employed on Muzaffarnagar-Alipur-Pajnad road for the
consolidation of brick metal. This was very useful information.
As moist brick ballast could be successfully treated in these
specifications, it would be better if these specifications were tried
in other States also.

Exzperiment should also be tried on grooved bricks as men-
tioned by Shri Basant Singh.

Shri Swaminathan had enquired about the basis on which
different types of bricks were classified. In the ﬁelq it was
generally done by appearance. This might not be satisfactory
and the best way was to get the brick ballast sam-
ples tested before being used. Abrasion test was not the only
oriterion. Other tests like aggregate crushing test or impaot test-
should also be aarried out and those brick ballasts which possessed
good toughness snd abrasjon should only be used.
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Shri P. L. Verma (Chairman) wipding up the discussions
“observed that Uttar Pradesh had been following in the past
the policy of providing high quality road pavements in contrast
to the polioy of providing large milage of roads at the same cost
followed in the Punjab. It was satisfactory to note that with
increase in the demand for larger milage a reversal of policy had
taken place. The present Paper was indicative of the distinot
departure from TUttar Pradesh Government’s original road
construction policy.

He stated that the first step should be to improve the
compressive strength of burnt bricks. It was not possible to find
overburnt brick ballast in areas where road construction
programmes were sponsored as a by-product since in such areas
buildings construction would practically be absent. We cannot
possibly use overburnt brick ballast on road construction unless
we produce it for this very purpose. Bull’s kilns which was the
standard brick manufacturing practice in the country produced
brick for building construction and could be adopted easily to
produce overburnt bricks. Temperature in the vertical section
of the kiln could be measured and adjusted. The stack heights
could be varied. By varying the quantity of coal used for
burning and various controls mentioned above, it was possible to
produce a high grade fused material than at present. In
Chandigarh, experiments on a small scale were made but with
the object of producing different coloured and varied texture
bricks for building oconstruction. If research were carried out on
these lines the ordinary process for brick burning used all over
India, could be easily adapted for producing brick ballast of high
compression strength.

Brick surkhi dust formed by the crushing of brick ballast
-abscrbed moisture very quickly and deterioration of water-
bound macadam road occurred soon after. So with a view to
reduce attrition, the method and specifications suggested by
Shri Basant Singh, were evolved in the Punjab. These specifi-
cations had the added advantage of stabilising the earth used
‘with oils from the tar or bitumen. A stabilised earth binder
was interlocked. It was not only the interlocking of the aggregate
but also the binding produced by stabilised clay in the body of
the pavement that gave stability. Roads built to these
specifications had lasted for 8 to 10 years in the Punjab without
any difficulties having been encountered in maintenance and
have carried heavier traffic than the ones mentioned by the
Author. , - A
-Addition of lime or even kankar lime (which can be produced
at site) will go a long way in stabilising the puzzolanic content of
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the pavement producedgy the grinding down of the bricks.
Experiments on this aspect was worth & trial. He also suggested
that where crushable materials like brick ballast was used it would
be of advantage to use vibrating rollers of lesser tonnage than the
Author had used. The result would be as dense a pavement
but without a large quantity of crushed ballast. Adhesion
between aggregate and tar or bitumen was a controversial
subject, the results as given in the Paper might not be
reproduceable. In the Punjab asphalts had been used with the
primer and tar without primer. The results in both cases had
been extremely satisfactory.

He congratulated the Author for kindling the otherwise
decadent interest in the material (brick) all over India.



Discussion on Paper ¥o. 173*

“Construction of a Submersible Bridge Across River
Mahanadi Near Bhanjanagar (Ganjam) in Orissa’

By
E. V. 8. Iyer axnp D. C. PaNDa

Monday, June 20, 19566

Shri C. M. Bennett (Chairman) calling upon the Authors
to introduce the Paper said that Shri E. V. S. Iyer was

reaponsible for the design and Shri D. C. Panda was in charge of
the construction work.

Shri E. V. S. Iyer, in introducing the Paper, observed
that it was necessary to study the conditions at site before
deciding upon departmental execution of work. Within three
miles of the site of the bridge numerous bullock carts for the
transport of materials and skilled and unskilled labour were
available, making departmental execution easy and cheap.
Where such favourable conditions did not exist, contractors
generally quoted very high rates. Also, departmental execution
might be costlier than in this bridge.

The current practice was to entrust major bridge works to
specialist firms for execution according to their designs. Serious
consideration should be given, he thought, to setting up an
organization in each State for design and execution depart-
mentally of major bridge works. Large dam projects and some
railway bridges were executed departmentally,

The Indian Roads Congress Bridge Code dea i
conditions in respect of duration of igterruption l:o Oggﬁzltt?ngl;i
which a submersible bridge could be constructed
necessary that a Code of Practice for submersible bridg:
among other things the following, should be drawn u

_ It was
idges, giving
p:

1. Rules fixing the deck level.

2. The conditions under which low
causeways should be provided.

3. Rules for calculating the scour depth.

level or high level

* Published at pages 91 to 109 of the Jou

Congress, Volume XIX-1, April 1965, rnal of the Indian Roads
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4, The classificagion of the road on which submersible
bridges were to be constructed.

Recently he had designed submersible bridges with timber or
reinforced concrete piles. Even green timber piles when driven
below the sub-soil water level were durable, In his opinion, such
a type of construction had a great scope. ' :

Shri R. P. Chanda observed that departmental works were
economical only when the following conditions were fulfiled :

(1) Adequate stores, tools, implements and accessories
were readily available in departmental stock.

(2) Skilled key workers were retained on & permanent
basis by the department.

(3) Continuit—,y of departmental work (otherwise organiza-
tions set up for one work brokeup after it was
completed).

Shri R. P. Chanda said that information on the following
points would have enhanced the value of the Paper:

(1) How the labour contract was selected, how their rates
were settled, and whether the departmental rules for
selection of contractors were followed.

(2) If for any item of work both muster roll labour and
contract labour (separately) were employed, how did
the rates compare.

Shri M. P. Apte felt that the choice of a submersible

bridge was not a suitable one for the following reasons.

1. The load coming on each pier was hardly 50 tons. The
total area of the concrete in the raft foundations and the apron
was 1,816 sq. ft. and the raft had an average thickness of 2 ft
9 in. Thus the foundations provided were more eXpensive than
those required for a high level bridge.

9. It was observed from Plate I of the Paper that open
excavation was done for eleven feet below the ground anfi piles
and- boulder talus emcased in wire netting were .p_rowded to
protect the foundations from scour. With th_e provision of these
it was not clear how the foundations for & high level bridge were
costlier, : .

3. The piers for the high level bridge would not have been
much expensive becsuse the difference in the O. 'F. L. a.n_q H. F.L,
was hardly 8.25 feet, = <

156
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4. For a high level bridge, beams and slab of the balanced

cantilever type would have effected a s§ving of about 25 per cent
in the quantity of concrete,

Shri Apte wanted to know if there were any special reasons

for providing an expansion joint of 1 in. for the short span of
15 feet,

While he was glad that the departmental execution of the
work had given the staff an idea of the difficulties faced by
contractors during execution of works, he did not agree with the
Authors that departmental execution was the best method of
training,

. Referring to the details of the staff employed in the work,
given in para 53 of the Paper, the average expenditure on
establishment reckoned for the period of 13 months, February
1953 to March 1954, worked to an average of Rs 60 only. Shri
Apte thought that an urdue sttempt to show that the establish-
ment charges were low was made by the Author.,

The rates of labour for 1 : 4 : 7 cement concrete and random
rubble masonry including conveyance of rubble were Rs 7 and
Rs 13 respectively. Such low rates were possible only when
labour was paid very poor wages, not exceeding annas eight per

day.

Shri K. F. Antia remarked that it was advantageous to
combine a road bridge with an irrigation structure such as a
weir, specially so because the bridge was in a Community Project
area. In his opinion, & structure with pile foundations and pre-
stressed concrete girders was cheaper. Pile foundations Il’md
many advantages and serious consideration should be given to
this type of foundations. The Railways did departmental work
wpere reconstruction or repairs had to be carried out within &
stipulated time. In such cases, time and not the cost was the

governing factor. Work done departmentall
cheaper than contract work. P ally was not always

Shri Antia pleaded for the establishment of a cen
] tral
pool as such a pool was a fundamental requirementafof ]:lt::

construction of large bridges and as s 4. ;
could purchase them, ¢ no individual authority

Shri S. Pal said that in West Bengal i
generally had sandy b.eds, some of the lesse% IAa;EGrl?righzs r::::
foundefi on rafts using sheet piles, Interlocked shegt ilin
was driven on the upstream and downstream sides and a.?e.lle(gi
to the bank. Where the width of the river was largep inter-

. . . . 4 i
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mediate continuous sheet piling was adopted to confine the sand
in separate compartment.

-

BANK,

SANK

:Iuv(nmmn( :
V-UN“_\:

The tops of the rcheet piling were encased in a continuous
R. C. band. An R. C. raft anchored to the R. C. band was laid
over the confined sand. Thin R. C. piers and deck slab designed
as a rigid box were constructed over the raft. The cost of such
bridges worked out to be less than bridges with well foundations
by about one-third. In his opinion, the cost of such high
level bridges would compare very favourably with that of the
bridges of the type described in the Paper.

Shri Nivan Kurian remarked that in submersible bridges
gilting of the bed and erosion of the banks were common fea-
tures, and wanted to know if account of this had been taken in
the design.

Shri M. D. Menon remarked that for flooded structures, the
following precautions were desirable :

1. The floor should be kept at some depth below the low bed
level to prevent the floor acting as a weir when retrogression of
levels took place.

The downstream apron should be calculated for 1§ D where
D was the maximum depth of scour for the maximum discharge.

For submersible bridges, sandy strata for a considerable
depth was not a favourable condition. Rock or stiff clay was
better.

The maximum high flood level was not given in the Paper,
The scour depths for design should be calculated for the
maximum high flood discharge.

In the appendix giving the calculations, the scour depth for
piers and abutments were worked out separately. It wae not
clear why this was necessary.

Submersible bridges and weirs were not similar. The ocut-off
in submersible bridges was less and uplift pressures eto. had to
be based on the cut-off. :

The length of the floor was® calculated using Bligh’s formula
whereas pressures were oaloulated by Khosla’s- formula, 1t was
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rational to apply the latter for b i i
suitable oxit gradiont, or both the caloulations, adopting &

Shri Fateh Chand said that he bad construct
at a cost of Rs 125 per foot run. These causewa‘;fos ega‘(’l&xs?;ai{:
th;fk remfoz:c_ed brick floor with light reinforcement. For railings,
rolled steel joists at 10 to 15 ft centres connected by angle irons
were used. In some cases, 2 ft thick cement concrete block
in downstream apron was required to prevent scour.

Shri G. D. Joglekar* stated that he had i ‘
provided ocement
con.crete guard stones for a submersible bridge. Many of them
were washed away due to floating trees and had to be renewed
after every flood. Was there any such necessity in this bridge ?

id A camber of 1 in 120 for the wearing coat wason the low
side.

Shri P. N. Srivastava mentioned that a box type struct
might have been economical. The thickness of the R.S.,pC. sll;l.ul:’ a.ux:g
the R. C. piers would be less and contribute to reduced cost. In
Uttar Pradesh there were proposals to construct hollow piers with
6 in. thick R. C. shells and fill the hollow space with boulders.

Shri T. Krishnamurthi observed that the i
presence of stiff

clay 10 to 15 ft below the bed suggested th i

independent footings were ohe&pergg »t larger spans with

Bligh’s theory of creep had been re
s placed by 1
So the Authors’ preference to that method wasyn:tte;l;i:ﬂg:r?x;

though. - the exit gradient was ch
Irrigation method. 8 checked by the Central Board of

The effect of contraction due to the i i
was not considered in the scour oaloulatich?:trmtmn of the bridge

The calculated oritical velocit
al y was 2.8 f i
gnder normal flood conditions, the velocity up:tf::nsxec%!;(ll wih:;:i
y the Mannings formula, was § ft per second. In vi cufa
large difference between the two it was not olear why :31: :optl:)%

the raft was not kept below the bed level, particularly when the

bed was sandy.

Rounding the end faces of the
I slab -
or the roadway increased the coefficiont of dai:éih:r(:;e ;;at’l'l: zt:oll)‘er

" The necessity for filling in the enti '
enti i
Plh& slabs was not clear. The Pl‘Ovisio;e g:pﬁi; ;:ni?olx?' ,bietween
centres was rather on the high side : Jolnts at

* This and subsequent comments were ressived in writing
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Mention of the low water level was necessary as that gave an
idea of the difficulties of construction of the cut-ofis.

The inconvenience caused by the barrel shaped floor was not
sufficient, in his opinion, to dispense with timber centring. The
erection and striking of the timber centring was cheaper than
that adopted by the Author.

Submersible bridges were, generally, subject to peculiar forces
which differed with the characteristics of the river. It was, there-
fore, essential that studies of the scale models of the river and the
structure and laboratory analysis of the bed material were

undertaken.

Shri J. T. Mehta mentioned that a slope for the deck
keeping the upstream side 2 in. higher than the downstream side
was hydraulically better. He enquired if the barrel of the vents
had been given a slope towards the downstream side.

It would have been better to drive the piles at the down-
stream end of the cut-off wall keeping their tops at the bottom of

the cut-off wall.

The weight of the slab, allowing for loss of weight due to
floatation, worked out to 146 1b per sq. ft. as against 112 lb per
8q. ft. of uplift. Since the spans were freely supported, anchoring
of the slabs was necessary.

Resistance to flow was very much reduced if the upstream
face of the slab were made triangular in section and the bottom

edge rounded.

Shri B. G. Naik observed that the cost of Rs 500 per foot
run was on the high side for this type of low level bridge. That
was due, in his opinion, to the costly raft foundation with
inverted arches. Piled foundations with 20 ft spans would have
been cheaper specially as the depth of scour was not more than
20 £t and 10 to 15 it of coarse sand overlay stiff clay.

In submersible bridges the increased velocity caused by the

restricted waterway generally developed scour on the upstream

gide. With a provision of 34 ft length of apron on the down-
stream side, the timber piling on the upstream side served better

than on the downstream side.

Provision of guard stones alone did not afford adequate
protection to the mixed traffic of bullock oarts. Many accidents
had ocourred to bullock ocarts even when guard stores were
provided. For two-lane bridges, therefore, provision of some
sort of ocollapsible railings should be compulsory. If such a
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ggo:::iicg)::a (;v:s not foTSible.b he suggested that such bridges should
8 single lane bridges and should b
traffic when bullock carts used the bridgz,.ou @ be closed to motor

Expansion joints 1 in. thick filled wi

] . ith tar and sand were

provided between the deck slabs, Such joints generally did not

ierve.t,be required purpose because if a corresponding gap was not
;ptz mbthe wearing coat, cracks develop in the latter. It was

:m\;u;:.aglzel;ot}ﬁav? ?nly fan expansion gap between the deck slabs

e joint of wearing coat j i idi
angle and cleat arrangement, 8 Just above it by providing

S’hl‘i D. N. Khurana remarked that the coefficient 563 in the
Ryve’s formula used in the discharge calculations gave a low
dlscl}arge. Dickens formula with s value of 1,400 for C was
PPPIIG?I_)IB to the Mahanadi basin and Orissa State where rainfall
Intensities were similar to that in Madhys Pradesh.

In his opinion the 1:4:7 mix used for the raft was poor.
The raft acted as a continuous besm loaded unifor mly from
below. For wider spans, it was necessary to reinforce the ruft,

Shri E. V. S. Iyer, (Author) in reply to the discussion, said
that.many speakers had said that a high level bridge was cheaper
specially because the difference between the ordinary and high flood
levels was small. As stated in the Paper, a high level bridge
necessitated the construction of double banking 6 miles long to
pass the discharge. The high flood bank submerged costly
fertile lands. These factors influence the selection of g sub-
mersible bridge.

Shri Menon said that Bligh’s theor
difference in the values calcula,teg by Bligh}”s :ﬁ:o?gsgfge}shafh?
lane, an American authority, was very little. The Aut.hgr
agreed with Shri Chanda that departmental .work could b
efficiently carried out only if good equipment were available ang
continuity of work assured. In the oconstruction of the

Mahanadi Bridge, however, no di . r
want of equipm%nt. » no difficulties were experienced for

The departmental rules did contribute
exeoution of works., The procedure adopted itxg t:;filsal:ori; ;15
that departmental labour on muster rolls was engaged f
excavation of trenches for cut-offs, Payment to piece %vork -
for lxlnet?,l ocollected at the quarries was made and the tr&nspg::
to the site of work was by departmental trucks or bullock carts
paid departmentally. Local labour was engaged for items such

a8 mixing conocrete i 3 :
work " bgasis. and laying in foundations eto. on * task
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Referring to Shri Apte’s remarks that the foundations
adopted were costly, the Author said that, in his opinion, the raft
foundation was cheaper. It minimised pumping.

Misunderstanding arose in respect of establishment charges
because the Paper was published in an abstract form. There
were other methods for training young engineers and depart-
mental work was one of them.

Shri Antia’s suggestion that road bridges should be com-
bined with irrigation works was a sound one and deserved careful
consideration by the authorities concerned.

Answering Shri Krishnamurthi’s remark that the scour
depth should have been calculated for the maximum discharge.
Shri Iyer said that in submersible bridges the eritical condition
was when the flood water was just about to overtop the structure.
Under high flood conditions due to submergence of the structure
the velocity through the vents was not higher than in the
upstream side and consequently the scour depth might not be
more than under ordinary flood conditions.

Vents had been provided from bank to bank and so the risk
of scour near the abutments did not exist. Nevertheless, stone
revetment had been provided for a length of 50 ft on the upstream
and downstream sides.

The effect of end contraction was not considered beoause it
was negligible.

The top of raft at the centre of the vents was kept below the
bed level.

The Author agreed with Shri Krishnamurthi and Shri Mehta
who had recommended the rounding of the edges of the slab.
But the extra cost was substantial in small works and was not
therefore attempted.

One way camber was desirable for the hydraulio eﬂioigncy of
the structure Lut, in the Author’s opinion was inconvenient for
the vehicular traffic.

The Author did not agree with Shri Krishnamurthi’s remark
about the centring. Timber centring was actually used for few
spans and had to be given up in favour of the method adopted.
Moreover, the sand filled centring was cheaper.

Referring to Shri Mehta’s enquiry about slope for the sill
9f the barrel, the Author said that no slope was given. In his
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opinion, it was desirable to have the downstream side of the vents
bellmouthed and to reduce high velocity of flow by having fish-tail
piers. In this case, however, the velocity of flow was not
excessive and the piers were not constructed to such a shape.

The main object of piles below the downstream cut-off wall
was to protect the structure against retrogression of levels, if
any. There was no point in providing piles in the foundation
trench below the cut-off wall.

The critical condition for uplift was when the structure was
about to be overtopped. When submergence took place, the
uplift pressure was less and the loss of weight due to buoyanocy
was not of much consequence.

Anchoring of the slabs was considered risky due to possible
unequal settlement.

__Shri C. M. Bennett (Chairman), winding up the discussion
said that the main criticism was about the suitability of the site,
for a submersible bridge. The Author had answered the various
‘speakers. Referring to Shri Antia’s suggestion about combining
irrigation structures with road bridges, the Chairman mentioned
that there was a weir lower down the site of the bridge.

He thanked the Authors for the interesting Paper.

Discussion on Paper No. 174*
‘ Shear Failure in Anisotropic Materials "’

By
C. G. SWAMINATHAN

Monday, June 20, 1956

Shri W. A. Griffiths (Chairman) ealled upon Dr. R. K. N,
Iyengar to introduce the Paper on behalf of the Auathor.

Dr. R. K. N. Iyengar read out the written remarks of the
Author. Shri Swaminathan stated that although the title of the
Paper was general in its concept, the Paper was mainly concerned
with the design of dense graded hot asphalt mixtures with shear
failure as one of the criteria in design. So it was obvious that
the shear constants could not be the same across all the planes
within the mass. For an accurate assessment, variation in the
values of these constants had to be taken into account.

The usual procedure for the study of bituminous mixtures
was based on the Mohr envelope, an established procedure for
shear analysis in soil mechanics. How far this was applicable to
asphalt mixtures was questionable, especially when the viscosity
of the binder was brought into play. Dr. Nijboer and others who,
however, still used the Mohr circle in their analyses had allowed

for this.

Also, the procedures for the design of asphalt mixtures, adop-
ted by the Asphalt Institute of America and as given by Dr.
Mecleod of U. S. A., were all based on this Mohr’s critical circle
and the straight line envelope. However, in most cases the enve-
lope did not obey a linear law, but for simplicity it was assumed
to be a straight line. The curvature of this envelope might be
due to many reasons and it was shown in the Paper that

anisotr_opy might be one of them.
It was well known that Coulomb’s law was purely empirieal

and gave rise to many anomalies. The Paper drew attention to
this aspect when dealing with shear failure for anisotropie

madterials.

*® Published at pages 167-188 of the Journa
Congress, Vol, XIX-3, May 1955, p
16

1 of the Indian Roads
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The definition of cohesion as a fundamental property was one
about which at present there was conflicting opinion. Attempts
had been'made to present a better concept regarding cohesion as
it was evident that either a different interpretation of the parame-
ters in a linear law should be given or a new law based on a clea-
rer definitions of the fundamental properties should be developed.
The Paper stressed the need for modifications of Coulomb’s law.

The conclusions on page 187 of the Paper more or less summed
up the results of the investigations on the shear failure in aniso-
tropic materials with particular reference to asphalt mixtures.
Although the Paper presented a purely theoretical approach, the
Author felt that it might help the designers in giving proper
weightage to test results in design of asphaltic mixtures..

The Author stated that comments had been received from
Dr. Whiffen of the Road Research Laboratory, Harmondsworth.
Dr. Whiffen observed that the graphical solutions were particu-
larly ingenious. It was always only too easy to find fault with
any Paper which purported to compute the failure stresses in road
materials, because the arguments had to be based on idealised
assumptions which did not hold in reality. In this case, however
the Author had forestalled some of these criticisms by himself
casting doubts on his assumptions and if the arguments and con-
clusions given in the Paper made people think about the matter
then good would have been done. All the arguments were baseci
on the material obeying Coulomb’s law. He doubted whether
road materials did this, particularly when their mechanical pro-
perties were dependent on the rate of loading and magnitudg) of
applied stress. The fact that many road materials had plastic
properties was not considered in the arguments. It wag dIi)ﬂi 1t
to understand as to why the Author had given s0 much th cuht
to the failure of road materials by direct stress causin mlig
failpre.. The Plate Bearing Test could admittedly be cog t;'s ea.;
until fallu.re occurred, but most of the roads did not fail h “::ll)e t
way. Failures caused by chemical effects such as stri iln da
terioration of the binder, eto., or by repeated applicati‘:)p n%, 1 %-
were usual. The Author showed that for purely cOhes,n o o:
risl, the difference between the principal stresses wa,  onats 01-;
while for a purely friction material there was g linear r:l :?nstt?n
woen the principal stresses. For all the other possible o lmll)' o
?;ons off the two assumed values of cohesion and internaf(;:'!ilotlig?l.
it was frequently found that the relation between them was nei:

ther linear nor simple. Dr. i ; :
did not helped mauen. Whiffen thought that this conclusion

Prpfessor,Mgnton found the Paper very interesting.
Professor McKa?r though(:. that the approach-to the problem
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made in the Paper was fundamentally sound. But some of the
assumptions made were questionable and the Paper was not of
much value to soil mechanics engineers.

Shri R. N. Joshi said that the treatment in the Paper was
based on the assumption that the principal shear strengths were
developed on the planes of principal stresses, i.e., the principal
Planes of anisotropy coincided with the principal planes of applied
stresses. It was also mentioned that if this were not so, procedure
similar to one detailed in the Paper could be adopted with some
modifications such as rotating the axes, It would have been help-
ful if the Authors had explained the procedure. This assumption
meant that the Coulomb’s lines for different planes were different
and that the positions of the Coulomb’s lines corresponding to
principal stresses, 6; & 0y, namely, the U - line and the ¥ - line,
were the extreme positions of the Coulomb’s line and that at all
intermediate planes Coulomb’s line steadily changed from the U~
line to the ¥ - line.

o7

Fig. 1 Fig. 2

Thus even if a straight line variation of shear strength for
intermediate planes between the principal planes was assumed
{para 2.1 (c) of the Paper), the shear strength line corresponding
to normal stresses between the principal stresses 0'; & oy will
consist of an intersecting pair of straight lines A P B, Fig. 1.
Thus, if U’ and V’ were the Coulomb’s lines for extreme positions,
steadily changing from one position to the other, and U and ¥ the
Coulomb’s lines for the two principal stresses o, and o, the
strength line 4 P B for planes intermediate to the plangs of
principal stresses, or the critical circle or the plane of failure
oould not be found by the procedure suggested by the Author.

Assuming U and V represented Cqulomb’g lmqs for two
anisotropic planes and ¢ = 0 for the V -line, & given compressive
stress ¢'-on the plane corresponding to the U - line, a shear strt;ss
equal to PQ was developed, Fig. 2. By the principle of comple-
mentary shear, the shear stress in the plane at right angles should
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be equal to PQ. But the material was not capable of developing
o shear stress of more than RQ in that plane for any value of
compressive stress. The fallacy existed even if @ s 0 having
different shear developing characteristics for perpendioular planes.
How was the fallacy to be explained? Perhaps the solution was
to be found in the theory of oblique shear*.

Shri C. G. Swaminathan (Author), in reply, repeated that
the Paper had been written for the main purpose of adopting the
procedures established in soil mechanics for the design of bitumi-
nous mixtures.

1t was true, as Dr. Whiffen had pointed out, that the basis
of this Paper was on idealised assumptions. Road materials did
not always obey Coulomb’s law and they did develop induced
cohesjon arising from applied stress. It was equally true that
most of the roads did not fail by a single heavy load causing
shear. But when a material such as an asphaltic mixture had to
be designed for a pavement to carry a given traffic intensity,
certain assumptions such as the validity of Coulomb’s or some
modified law were necessary and also the worst type of load
for causing failure should be taken as the main factor in the
design. Hence the subject matter of the Paper was restricted to
that aspect of shear failure only. Dr. Whiffen had remarked that
the plastic property of the road material was not considered and
that the usual failures were caused by chemical effects such as
stripping, ete. But in the design of asphaltic mixtures for the
road surface, the viscosity of the binder was taken into conside-
ration and the curvature of the Mohr envelope could be partially
attributed to the plasticity of the material. Further, the question
of failure from the point of view of chemical effects stripping
etc., might influence the durability or the life of the r(’)a.d, but in

the design proper only the strength ch e
the criteria. gth ocharacteristics had to be

Dr. Whiffen had pointed out that the conelusj i
the non-existence of the linear relationship betw;s;o&zr;g;rﬁ;;gl
stresses for the general case did not help much. That was included
in the Paper for the main reason that for the general case of an
anisotropic material, even on the basis of validity of Coulomb’s
law,~.a. linear- relatxon.ship between the principal stresses was not
obtained. Further, it proved the anomalies that arose with the

normal methods of analysis. 8o, in his opinj i
ity y » in his opinion, the conclusion

Prof. McKay had pointed out the questionable validity of
s ! ty of
some of the assumptions, The discussio?m incorporated atythe

® ¢ Oblique Shear ** by 8, B, J
Institution of Engineers (Ix{dia), lug.lh

iand R, N. Joshi, Proceedings of the

L]
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end of the Paper did exactly the same. However, the assump-
tions were reviewed and the need for modification or reorienta-
tion of the existing concepts was stressed. One of the underlying
ideas of the Paper was to make the designer of the flexible pave-
ments to give thought to these and to use the test results
judiciously.

Referring to Shri R. N. Joshi’s comments, the Author
said that when the planes of principal stresses did not coincide
with the planes of principal strengths, assuming the orientation
between the two sets of planesto be 8, the angle of the plane of
failure can be computed by substituting 6-8 for §. But the
treatment of the general case was outside the scope of the Paper.

The line of failure must always be tangential to the oircle of
failure. There could never be two intersecting lines similar to
AP and PB as shown in Fig. 2.

The U and V—lines were the lines of principal stresses. For
each of the planes between the principal planes, a set of such
lines existed. The plane of failure was that the corresponding
strength line of which touched the critical circle.

Considerations of oblique or complementary shear were out-
side the scope of the Paper.

Shri W. A. Griffiths (Chairman) said that so far the type
of road construction with which the Paper dealt had not been
extensively adopted in India possibly because of its very high
cost. Higher grade asphaltic carpets could only be laid where
suitable hot mix plants were available and there were only three
such places in Indis, viz., Calcutta, Bombay and Madras, where
these were in use today. While the Paper was useful to tl.le
engineers of the Corporations of these towns, who own hot mix
plant and construct a limited milage of roads with asphaltic
concrete, it was of academic interest to others.

With the impetus which had been given to road construction
by the first Five-Year Plan, he had little doubt, however,_that. the
time was not far distant when engineers should Ponsxdgr th.e
construction of roads adopting more durable and ‘lzhmker ’l’ntumx-
nous carpets than at present. So ﬂ}e problem of shqar would
gradually assume much greater importance than it had done
80 far, :

On behalf of the Society, he thanked 8hri Swaminathan for
having made the investigatio’n into the problem and for expressing
80 clearly his findings in the Paper. ,

app——



Disoussion on Paper No. 175*

‘“ Cement Concrete Surfacing and Experimental
Concrete Road Construction on Agra—Bombay Road '

By
R. J. DEUMAL axp M.A. MEuTA

Monday, June 20, 1955

Shri Kishorilal (Chai i
introduce the Paper. ( rmen) called upon Shri Dhumal to

Shri R. J. Dhumai (Author) drew attention to para 2.5
of the Paper and said that he had found membrane curing chea-
per when water for curing had to be carried more than two miles.
Membrane curing could be used in arid or semi-arid regions when
there was scarcity of water.

Shri Dhumal gave brief account of how the i
lengths came to be constructed and drew special att:ﬁ?;:nn;gn:;:
cement-bound macadam experiments described in sections 7 and
8 of the Paper. By the adoption of these specifications 8avin
were possible due to the following four factors : ’ &

(1) Saving in cement,

2) Use of inferi i
(2) bost:o om 13031;:%1" and, therefore, cheaper aggregate in the

(8) Saving in labour charges resulting from the fact that

almost 75 per cent of the cog :
pass through the mixer, and T8¢ aggregates did not

(4) Quicker outturn.

The Author hoped that the data g i
s iven in
stimulate the employment of the specgiﬁca.ti;n Otlhelaf’aper would
tion projects and effect substantial savings, g6 construc-

Col. S. K. Bose said that
wherel. the ma.cada..m crust was 12 (i):ll. <t)lrle mﬁﬁzaﬁl(:im&ay o
g:lzllso idated, certain stretohes were Paved with concr:tl: ughh.ly
ott ex;s‘ were treated with bituminous surfacing. The b o ﬂ?
éctlon was not given in the Paper, Althougi: it was:ﬁt:d

that the present condition of concrete Pavement was very

* Published at pa - -
Volume X1X -2, Ml;ygel% 5129 231 of the Journal of the Indian Roads Congress,
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satisfactory, no mention was made of the present condition
of the bituminous surfacing. In fact, with a type of road
base as in the present case, the concrete pavement acted merely
88 & wearing surface. It was essential that the choice of cement
concrete vis-a-vis bituminous pavement was made in a rational
way. In his opinion, a concrete pavement should be adopted
only where full use of its flexural strength could be made. Where
a base course with good bearing capacity was available, as in
this case, & bituminous pavement would be adequate and
economical.

In experiments 3/A, 3/B, 4/A and 4/B, the Authors had
introduced a 3} in. thick layer of sandstone-cement-macadam,
either sandwiched or grouted, over the existing water-bound
macadam and the pavement consisted of 1} in. thick premixed
concrete. This 3} in. thick layer would contribute very little in
increasing the supporting power of a thoroughly consolidated
water-bound macadam of considerable bearing capacity. It had
been shown in example 2 of Paper No. 179* that when the
modulus of elasticity of the base course was not more than, say,
ten times the value of modulus of elasticity of the layer beneath
it, the vertical stress in the subgrade was reduced by a small
percentage (2.5 percentage in the example). It would have been
advantageous to utilize the money spent on the cement base
course in providing a thicker concrete pavement,

There was a danger in building up a rigid pavement in a
series of thin layers. The constructional practice followed in
western countries in providing thick conorete pavements in two or
three layers was mainly due to limitations of the conorete-spread-
ing machine which could finish concrete pavement up to a
specified thickness only. Where the thickness of pavement was
within the limit of one layer construction, there was no advantage
in laying the pavement in several layers. Col. Bose remarked
that 1} in. thickness was not desirable, more so, if the time lag
between the first and the second layer was large.

Shri K. K. Nambiar referred to para 2.3 of the Paper
where it was stated that coarse aggregate was of two sizes, _l§ to
1 in. and § in. down, blended in the ratio of 3:2 respectively
and said that the exact grading was not clear from this descrip-
tion. In the four inch slabs, where two-course construction was
adopted, the grading of aggregates for the two courses had not
been given. -

Provision of cut stone edging to cement concrete roads wis
not only totally unnecessary and wasteful but was also harmful

—

* Indian Roade Congress Journal, Vol. XIX-8, June 1958,
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for pneumatio-tyred fast traffic. The money spent on these could
be more usefully utilized for providing metalled berms which
gave additional width of carriageway for passing and overtaking,
and helped to keep the berms in level with the edges of concrete
pavement. The practice in Madras State was to metal the
berms for some width and provide a light pre-coated chipping
carpet, thereby ensuring continuity of riding surface at the same
level as the concrete pavement for overtaking and passing.

While agreeing with the Author that expansion joints at long
distances with dummy groove contraction joints at short inter-
vals was a very good practice, Shri Nambiar said that compressive
stress set up in the long slabs by preventing them expanding was
not an axial one. Any eccentricity in the thrust created enormous
stresses and might blow up the slabs. The argument that pre-
venting expansion induced prestress was erroneous.

In concrete pavements it was really the shrinkage and
warping stresses that matter. These were taken care of by the
dummy contraction joints and that was really the explanation.

Shri C. V. Nazareth said that it was recognised that an old
water-bound macadam crust of adequate thickness had flexural
rigidity but very limited abrasive strength and was liable to
rapid deterioration under traffic. This had led to the bonding of
relatively thin cement concrete slabs, 3 in. in thickness, to g1;he
macadam orust. If noslipoccurred it was assumed that the
orust and slab behaved under load like a single beam. Thin

bonded concrete pavements, some of them now more than 15 -

years old in Uttar Pradesh, had given satisfactor i
hea.vgr commercial and military traffie, both rub’;):: r:::g ui’;c()i:f
tyred.

Some experienced engineers, however, thou ht th
att -
ed concrete roads were local successes (’)nly ggnd couldh:g: t‘:gt;(:-

commended for -large-scale adoption. They contended that the -

preservation of the bond after a few o i
contraction was problamatical. Shouldy(i;ll?: b(t))fngx%zn?:;m '::dd
upder such movements, there would be a tendency for the glaa:b tt;
vibrate under t}le impact of heavv wheels, The effects of fatigue
would then arise, tending to weaken the slab and cause fa.ilugre
They. were, t}lerefore, of opinion that the slab should be possess d
gf suitable inertia and should not be less than 5 in tll)x kes fe
important routes or for conditions of heavy traffic .Thew oy
siderations led to experimeats 1 and 2 on bomied oo?crz(;:q'
3/A & B, and 4/A & B, in which the cement macadam sandwich
and the ocement grouted methods . were adopted for the lower
course. In experiments 3/B and 4/B, the lower courses had a
gonorete mix of the order of 1;8: 7 by volume. The pai'tieularl
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given in the Paper showed that the reduction in cost of the
two course construction was about 15 per cent of 1: 2: 4 slab of
the same depth.

In view of the success and economy of the two-course experi-
ments 3/B and 4/B on the Bombay-Agra road, Shri Nazareth
suggested that further lengths of half a mile each be laid in the
different climatic and soil regions of the country. Initial and
maintenance costs should be ocarefully recorded together with
traffic figures. Valuable data would thus be available.

The Authors stated in para 2.2 of the Paper that where the
concrete slab was greater in width than the water-bound
macadam below, the base was extended with 1:4:8 concrete
to a depth of 4 inches. He did not think that the use of lean
concrete to extend the base width was necessary and, in any case,
it was an expensive expedient. Where the earth berms were
stable, they generally were, it was simple to extend the base by
adding a 6-in. depth of metal on each side of the existing
macadam to the required width and roll with a power roller. This
method was successfully adopted for concrete pavements con-
structed on Madras-Bombay road, leading out of Madras city as
early as 1938,

Shri K. Subba Rao observed that there was no difference in
the behaviour of slabs cured by ponding and by chemical
compounds on the Hyderabad-Masulipatam road where work
was done in 1942. :

His experience was that protection of slabs by shoulders was
advantageous and that 2 ft water-bound macadam was adequate
for the purpose. Also, a camber of 1 in 60 was on the high side.
He had found 1 in 72 to be satisfactory.

Shri E. A. Nadirshah observed that the length allotted to
each type was small.and observations made from these experi-
ments could by no means be generally accepted.

Referring to experiments 12 (a), (b) and (o), where slabs of
100 ft and over were constructed without any joints, S_hn
Nadirshah said that the first cracks which were observed during
the first few weeks might be mainly due to the shrinkage of the
concrete on account of setting and not to temperature changes.

At a dummy joint, once the cracking took place, the support
of the adjoining slab was possible only through the aggregate
interlock. Load transfer through aggregate interlock was not as
effective as dowel bars. So the slab had to be designed for a

corner loading.

"
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Dummy groove made by means of a steel plate w&:
normally much wider than what was necessary. Wide joints ge
revelled easily with heavy iron-tyred traffic. The use of joint
cutting machines had been found to be satisfactory in forming
very thin and neat dummy groove joints. The gquantity of filler
extruded during the expansion of the slab was also smaller with
the result that the riding quality of the surface was good.

Referring to experiments 1 and 2, where premixed qqugﬁﬁ
of 8 in. and 4g in. thirt’sknesses were tried, Shri I}Iadlralsmh*u&dthat
experience elsewhere had indicated & 3 in. thickness was
inadequate for a fairly heavy traffie. In the experiments
which the Authors had described, it was possible ?hat due
to the lack of camber correction in the base the increased
edge thicknesses could have helped in preventing cra:cks
at the edges and the corners by heavy wheel loads. Besides
the traffic intensity of 600 to 800 tons a day with nearly half of
it in bullock carts was more severe oOn the wearing of theslab
" than on ite structural capacity.

The statement on page 211, para 4 of the Paper, that *“ whilst
the crushing strength and abrasive resistance of the top layer of a
concrete pavement have to be high, there is scope for a compara-
tively weaker lower layer,”” was not correct. Wheel loads combin-
ed with the warping stresses due to temperature and moisture
variations caused tensile and compressive stresses in the top and
bottom fibres of concrete. Therefore, concrete pavement of
varying crushing strengths through its depth was not desirable.
He, however, agreed with the Authors that concrete of superior
abrasive resistance was important for the top layer, which was
subjeoted to abrasion by traffic.

The use of two different methods of construction viz., ¢ -
wich Method >’ for the lower 3} in. and the top 13 in, ;? ;ichsal?xg-
mix concrete, required two different types of plant with sub-
stantial idle time for each of them when ‘the other method of
construction was in progress. Itshould have been better if both
the layers were of premixzed conorete using two different types of
aggregates, viz., softer grade, for the lower layer and the har-

der quality for the top. The cost of construction in this case
could have been lowered. - '

In the cement-bound macadam construction, para 7.8 of the
Paper, the first layer of soft sandstone was seen t’opcrumi)le under
rolling. It was not mentioned whether the second layer of aggre-
gates after spreading the mortar over the first layer got crushed.

In cement-bound macadam construction the m ‘
ortar had &
tendency to flow more towards edges and hence a test picoe
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removed from the middle of the slab would have been a better
proof of thorough distribution of the mortar than the one removed
from the edge of the pavement.

The penetration of cement grout depended on the size and the
grading of the coarse aggregate, the thickness of the layer, the
type of sand used in the grout, the cement-sand proportion, and
the amount of water, etc. Unless very accurate analysis of all
the above factors was made by preliminary experiments, it was
difficult to guarantee an effective penetration of the grout through
the entire depth of the material. The use of workability admix-
tures helped considerably in overcoming penetration difficulties
due to any of the above factors. Substantial lengths had been
constructed in all parts of the country using ¢ Cheecol ’’ as work-
ability admixtures *. He disagreed with the remarks of the
Authors that *‘the voids in the stone should be of such size as
will allow the grout to flow through them freely’, as the
economy in material and mainly in cement was dependent on the
percentage of the voids in the coarse aggregate. Unless voids were
minimum, large quantities of cement grout would be required
to fill all the voids completely, With the workability admixtures,
it could be possible to reduce these voids in the coarse aggregates
and hence the quantity of grout by a preliminary rolling.

Shri Nadirshah desired to know details of the powder admix-
ture used for patch repairs in mile 68/2, mentioned in para 2.6 of
the Paper, and if the vertical ends of the slabs were also oured
by the membrane method.

Shri K. G. Salvi said that from the analysis of Parbati sand
given in para 3.8, it was seen that 60 per cent of the material
between sieve No. 14 and 28 should cause particle interference
and increase the water demand. He wished to Lknow if the
Authors had noted any such effect and water-cement ratios for
obtaining good workable concrete of 1: 2: 3} type. o

Referring to the experiment with slabs of 100 ft and over with-
out joints, Shri Salvi wanted to know the thickness of the slabs
and said that the uncracked lengths should not be taken to indicate
the required joint spacings. Cracking had a lot to do with the
type and uniformity of bonding of the slabs to the base. Ina slab
which was uniformly bonded to the base, the base exert_aed equal
restraint at all places and instead of major cracks forming as re-
ported in the Paper, these would be harmless hair cracks or what
was known as crazing all over. In an ununiformly restrained
slab, cracking of the type reported in the Paper was bound to
oceur and the spacing of these cracks would entirely depend on
the condition of the bonding. In unfavourable conditions,

* 4 Coment Grouted Roads’ by E. A, Nadirshah in the J ournal of the
Indian Roads Congress, Volume XIX —2, May 1965,
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oracks might ocour much closer than reported in the Paper. He
felt that in bonded slabs the thickness of slabs -influenced the
uncracked lengths of the slabs because of the eccentricity between
restraining and contracting forces. '

That the uniformity of bonding had to doa lot with the
oracking pattern of slabs was brought out from the results of
experiments in sections 14A and 14B. Cracks did not ocour in
places where dummy groove joints had been placed, para 5.8 of the
Puper. A possible solution for this was that restraint of the base
round the dummy groove joints was substantial.

Shri Salvi desired to have information on:

1. the period of membrane ouring before the road was
opened to traffic, para 2.5,

2. “the behaviour of the patoh where nopowder admixture
was used, para 2.6, and ‘

3. the basis for choosing the grading of sand given on
page 226 of the Paper.

Shri K. Satyanarayana said that the cement-bound macadam
sandwioh method workedout to be only about 2 per cent cheaper
than 4 in. premixed concrete at the rates for the materials given
in para 3.7 of the Paper. So, in his opinion, it was not desirable
to adopt the specification for long stretches.

Shri K. ¥, Antia observed that rolled concrete was a method
of reducing the initial cost of construction of a rigid pavement.
The savings ranged from 25 to 30 per cent. In Britain very lean
ro}led concrete of 1 : 2 : 4 mix was used. ’ ‘

An important point which the experi i i

periments described in the
Paper brought out was the possibility of using 1} in. thick con-
orete surfacing with tougher aggregate over concrete using softer
aggregate. The use of overburnt brick for the lower course in areas
where good stone was scarce was advantageous.

Shri J. T. Mehta* stated that results of tests carried out b
other agencies showed that concrete cured by mer:afedboitin)gf
devt:loped about 80 per cent of the strength of concrete cured by
.vpva r. hTh?‘ Authors had, however, remarked in para 2.5 of the

aper that ““ in arid and semi-arid regions where there is seasonal
scarcity of water, membrane curing presents an economic advant-
age over curing by water and can be equally effective.”

No mention had been made if

! . any cubes were taken from

: gqn:rq‘tebs‘lqbs oured by different methogs and tested for strength.
In the absence of core tests it was difficult to judge the accuracy

» i k At
This and subsequent comments were received in writing.
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of the statement.  There was difficulty for water in Zalawad
district of Saurashtra.. So membrane curing, if it were equally
effective as water curing, could be adopted with advantage.

It had been stated in para 2.2 of the Paper that an old and
very well consolidated water-bound macadam crust of a thickness
generally exceeding 12 in. existed. A 3-in. pavement could be laid
sucocessfully on such a base but where the base was not so strong
it was risky to lay & 3-in. pavement. ' Similarly because the base
was extraordinarily good, use of a two-course pavement with
sandstone aggregate for the bottom course was successful.

Shri K. S. Sankaran enquired the reasons for changing
the gradings for experiments 1,2, 12 and 14, mentioned io para
3.6 of the Paper.

Hé was of opinion that the experiments should be conducted
on longer stretches than those mentioned in the Paper.

Shri G. D. Joglekar stated that the quantity of cement
for 1} in. thick cement mortar 1: 2§ was 19.80 cwt and for1:3
mortar 17.74 owt. Thus the total quantity of cement for experi-
ment 3/A was 53.62 owt and 51.56 cwt for 3/B. On this basis,
the savings in cement worked out to 47 per cent for experiment
8/A and 50 per cent for experiment 3/B. :

Tf the cost of the experimenfé 3/A and 3/B had been given in
Appendix 2, it would have been helpful in judging the economios
of the surface.

Shri R. J. Dhumal (Author) in reply to Col. Bose who
wanted to know why certain miles had been improved with
concrete surfacing and others black-topped, said that concrete
surfacing was resorted to where intensity of traffic was heavy and
black-topping was taken up where intensity of traffic was com-
paratively lighter. . a -

Shri E. A. Nadirshah had enquired whether the sides of the
slabs were treated with membrane or not. The membrane was
spread through a nozzle in a fine spray. The spray was effective
in an area with 1} ft radius from the nozzle. The spray was

used - at the edges for covering the sides.

Answering Shri G.D. Jogleker, thg
quantities in Table 1 were worked out
as shown on page 217 of the Paper. )

Shri Kishorilal (Chairman) saidf§
oement in the country. The Paper §
information had been given. He tha
interesting Paper, %

e
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Disoussion on Paper No. 76+
“Rivers And Ferries of North Bengal "’

By
R. P. CHaNDA
Tuesday, June 21, 1965

ShriM. L. Bahl (Chairman) called upon 8hri R. P. Chanda

to introduce his Paper.

Shiri R. P. Chanda, introducing his Paper, said that during
the record floods of 1954 there ocourred many changes in the
course of rivers in North Bengal. For example, the Sil-Torssa,
the ferr}f across which was described in para 6.2 of the Paper, was
nea.rly_ silted up, whereas another branch of the Torsa was enlarged
resulting in the collapse of a bridge. :

) It might be possible to replace ferries across National High-
ways or State Highways. But ferries had to operate on crossings
of other roads for a long time. Even though traffic offering was
small, communications are vital to the people. Once due to poor
ferry service, when the road from Cooch-Behar to Mathabhangs

was cut off, prices of essential commodities in the Mathabhanga
ares had shot up.

For the ferry described in para 6.5 of the Paper, threé blade
propellers were used. The assembly of the engine was done in
the P. W. D. workshop at Jorhat.

The boat.s used for the ferries described in para 6.1 are the
same as detailed under serial No. 1 in Appendix 1. The Assam

"P. W. D. bad improved the stability and capacity of these by

providing two lines of empty tar drums under the rafts. These
drums were held together by oross bars and served as floats
between the boats. The raft was clear of the float when empty
but pressed down under load.

In sub-para 2, under para 5.2, page 239, of the P
last sub-para on ’pa.ge 249, the word ¢ ballahs” :%zﬁxlaéni::(g
‘baklas’. Baklas were spliced sal logs.

&?"Eerries might be improved by : (1) employi i
1 3 : ng light
witl'sharp noses, (2) making available suilt)abjl’e gowgr ug(i)tc;v(;l:!i

; sufficient spare parts, (3) extensively using light steel oribs for

jg@t_ies and temporary bridges in the fair season, and (4) providing

~-4Published at pages 233-

208
Volume XIX-2, May 1955, o Journal of tho Indian Roads Congress,
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trackways of sal planks or other suitable material for long sandy
beds.

Other methods of ensuring good ferry services were: (1) the
revenue collected should be wholly utilized for the improvement
of the ferries, (2)increasing the toll charges, (3) inducing the
lessees to provide modern boats ete. by increasing the period of
lease from one year to 3 years or longer, (4) providing improved
crafts and equipment by the department on hire to the lessees,
and (6) reviewing and amending the Ferries Act passed about
60 years back to suit the present day conditions.

Shri V. S. Goel said that a proper design of the mechanical
details of the ferry boats to suit the special conditions under
which they had to work was essential. He made the following
suggestions for improving the operation of the services.

1. The boats employed should have high stability and be
oapable of plying in shallow waters.

2. The difficulty of the propeller blades getting damaged due
to striking against the bed material could be overcome if propul-
sion by water jets could be employed. ' :

3. Instead of 7 orl6 h.p. engines, truck engines whose
replacements were readily available could be used. When the craft
was 80 designed as to facilitate replacement of the engine unit as
a whole, completely overhauled engine units could be kept spare
and used. Keeping a spare engine costed only a fraction of the
total cost of the ferry craft but ensured 95 per cent availability of
the craft.

4. When the orafts are equipped with oaterpillar tracks,
Fig. 1, at the sides or pneumatic tyres, they could move when
stuck in sand. When these wheels or tracks were connected to the
engine with a high reduction gearing it was possible to pull the
craft out with high tractive effort atlow speed if it got stuck up
in sand.

\00000007'

Fig. 1

5. 1t was possible to design oraft which consolidated the
approach roads by employing powerful diesel engines. Such
vehicles would be amphibian carriers which moved in sand or
vater with their own power.
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6. When a ferry boat got stuck against a gand dune there
was wastage of time and effort. When the current was fast there
was danger of an acocident. 1f a buffer was mounted on the
boat, Fig. 2, there was reduction of damage to the boat and the
impaoct was evened out.

e rrrY
ST T T AT IR Y N T T T

Pig. 2 :
t in magnitude, Shri Goelthought,

was sufficient 1n1
it cogtfh:e%roox:alfd%red for inclusion in the programme of research

at the Central Road Research Institute.

_ Chanda, Author, replying to the discussion said
that Sv?lll‘iilelt hl:gh degree "of mechanisation was worthwhile on
imp:)rtant routes, sufficient funds were not available for employ-

ing improved boats on gecondary roads,

In North Bengal boats plying in shallow waters had flat
bottoms and the propellers were slightly raised above the keels
of the boats. S0, in his opinion, water jet propulsion was not

necessary.

To guard against the boats striking against hidden shoals or
buried trees, usually the boatmen stand in front of the boat and
oheck the depth of water vynh a pole from time to time. In swift
flowing rivers, however, it was worthwhile employing the sug-
gested buffer arrangement.

Shri M. L. Bahl, (Chairman), observed that the conditj
desoribed in the ‘Paper existed in North Bihar also. In (Ll}ioixllmi't;olrs)g
there was & Ferries Act which was an old one. It wag necessary
to amend the Act to suit present day condition.

In Bihar, country boats, mar boats, aluminj i
or without outboard engines, pontoon br,idges, ?;glzoz)git:av:itﬁ
of pontoon_and temporary bridges were in use. Also, at Sona-
purhat a h:ml ferry had been successfully worked for st;me years
across a river 800 ft wide. A 1 in. diameter wire rope was stret-
ched across the river oh sal ballahs, Aluminium boats were

connected to the wire rope by means of
minutep to cross the river. y of pulleys. 1t took about 20

_ He thanked the Author forV the - ; §
attention on ferry operation. © Poper which has fooussed

Discussion on Paper No. 177*

““ Design and Construction of Prestreased
Concrete Bridge Across River Palar”

By
K. K. NaMBIaR
Tuesday, June 21, 19566

Shri M. S. Bisht (Chairman), requesting the Author to
introduce the Paper, observed that prestressed concrete has been
in use in Europe for a number of years and that other countries
have also, of late, taken to this new technique of construction.
As may be expected when new ideas are introduced, there has
been some hesitation in India to adopt this new technique and
the pioneer effort of Madras in accepting a prestressed conorete
design for the construction of the Palar Bridge will go a long
way in popularising this type of construction and in supplying
experience in this field.

Shri K. K. Nambiar (Author), introducing the Paper,
observed that the Palar Bridge was the first prestressed concrete
road bridge to be constructed in India. Small beginnings in
introducing prestressing to concrete were made about sixteen years
ago when twogarages at Meerut and some hangers at Karachi
weve constructed in prestressed concrete. Later on, the Railway
authorities constructed three small bridges in prestressed conorete
on the Assam Rail Link. But so far as road bridges were concer-
ned the Palar Bridge was the first prestressed conorete bridge
to be constructed in India and with its length of 2,218 ft was one
of the longest prestressed concrete bridge in Asia. A large pre-
stressed concrete bridge with 14 spans of 150 ft each was under
construction across the Coleroon river in Madras State.

After the construotion of the bridge, apart from the usual
tests, " certain special tests were carried out in order to study.the
distribution of loads in the case of T-beams and slab design.
Some designers were of opinion thatthe end beams should be
designed for the loads coming on them, assuming that the deck:
slab was continuous and carried over rigid supports. The other
view was that in view of the rigidity of the structure, the end
beams took at least as much load as the intermediate beams and,

* Published at pages 301 to 359 of the Journal of the Indisn Roads
Congress, Volume XIX-3, June, 56.
18 v
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therefore, there was no justification in making the end beams
less stronger than the intermediate beams., The tests conducted
at Palar Bridge had shown that the latter assumption was nearer
the actual state of affairs than the former. :

One of the greatest advantages of prestressed concrete con-
struction was that even if fine cracks developed due to exceptional
temporary loading, the oracks closed by themselves immediately
after removal of the load. Another advantage was that the
saving in steel could be as great as 70 per cent and the saving in
concrete as much as 30 per cent. The possibility of reduction
in section depth of the section came in handy when there was
insufficient headroom.

Great care was taken at all stages of construction to ensure
that the quality of materials and workmanship was not below that
specified. A mobile laboratory was stationed always at the work
site to make tests of concrete and other materials used in the
construction. Daily record of stresses and strains in prestressing
work was also maintained. “

Concluding, the Author stated that the design was pre d
by Tl_le Stressed Concrete Constructions Ltd. and }l)nog?égd
according to the suggestions made by the Ministry of Transport
(Roads Wing).

Shri R. N. Joshi pointed out that the discharge
at the anicut 60 miles upstream of the site plus the gdisg?:rsg‘gz%
tl.xe two streams meeting the river between the anicut and the
site of the bridge differed from the discharge measured at the
railway bridge four miles downstream of the site, in the floods of
1948, by more than 25 per cent. The discharge at the railway
bf:dge, in his opinion, was the proper guide to the possible
discharge at the bridge site. He enquired if discharges were
caloulated using the formula based on catchment ares,

The assumption that all the four main girders shared the load.

equally was justified only if the cross giders were rigid.

Short specification of the machinery, for example the horse

power of engines, discharging capacity of pumps, kilowatt capaocit
of generators, capacities and pressures of compt'es:;om:),&r:voulfi7

have increased the usefulness of the list given in Appendix 3 of.

the Paper,

An advantage of prestressed concrete main beams was their

lightness. While having the advantage of economy inherent in

lightness, it did not have the disadvantage of a Ij

i 0 ht R.C.C.
structure, Wwhich did not possess the stabilgising eﬂe(l:%stofg (?eac.:d
load. Tf the effeot of live load was small compared with that of

PaLar BripeE or

the dead load, any increase in the live load beyond the specified
one affected the structure but little. For the main beam of an
R. C. C. bridge of 100 ft span, dead load bending moment was
about 70 per cent of the total moment whereas for a prestressed
concrete beam of similar span, it was about 50 per cent.

In his opinion, the procedures adopted for well sinking work
on this construction were as crude as the methods of superstruc-
ture were modren.

Shri G. Venkatesulu observed that the superstructure
adopted for the -bridge was of composite construction—composite
in the sense that part of it was precast and part cast-in-situ.
The mix of concrete in the ribs and in the flanges was different.
Their ages at any time were also different so that the effects of
differential shrinkage should also have been taken into account
in the final calculation. The article did not say why these effetcs
were not considered in the design. It was not clear whether in
evaluating the section constants of the composite section, due
allowance was made for the different values of the elastic modulii
of the precast concrete and the cast-in-situ concrete.

The factor of safety against cracking had been worked out as
1 per cent. But this appeared to be a printers’ mistake, for
actual working had shown that the figure should have been 1.1.
The factor of safety against cracking generally specified was 1.5.
No doubt, insistence on such a high factor of safety would increase
the section but since the technique of construction was new it
would perhaps be better to be a bit conservative. Would the
Author give any reference which recommended such a low factor

of safety as 1.11

The failure of a prestressed concrete structure might ocour
due to two causes—one, the crushing of the concrete and, second,
the snapping of the high tensile wire. The resisting moment of
the structure had been worked out assuming that the prestressing
oables would fail first. It would be desirable to work out the
resisting movement based on the crushing of concrete also.

The diaphragms and the deck slab were constructed in
ordinary reinforced concrete, giving an ultimate cl:ushmg strength
of 3,000 1b per sq. in. on 6~in. cubes. The equivalent cylinder
strength was about 8 x 3000 = 24,000 Ib per sq. in. The permis-
sible compressive stress adopted was 950 1b per sq. in. Thus the
factor of safety was 2.5 only. The draft L. R. C. Bridge Code
specified a factor of safety of 3.6. The Paper did not mp.ke olear
how a factor of safety less than that recommended by the Code

was - permitted in the designn :
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* In post-tensioned work it would appear that the whole beam
at.any section was subjected to compressive force equal to the
tensile force of the high tensile wires, with an eccentricity equal
to that at a section near the anchorage. In such a case, why
should one take the eccentricity of the prestress compressive stross
at any section equal to the distance of the high tensile reinforce-
ment from the neutral axis, especially when the tendons were not
bonded to the concrete. Could the Author throw any light on this
fundamental doubt ?

The Author had not stated in the Paper after how many days
of laying concrete the beams were prestressed. In his opinion,
it would be desirable to delay prestressing as much as possible so
that the effects of shrinkage might be reduced. But perhaps
delaying might affect the programme of construction adversely.
He hoped that the Author would indicate any practical diffi-
* culties from the point of view of construction if prestressing was
delayed.

The Paper also did not indicate the time lag between the
casting of the beams and the casting of the deck slab. This would
have given some idea of the differential shrinkage to be considered
in the design.

~ Concluding, he desired the Author to inform if the b
plugging of the wells was watertight and whether there Wa(;tz(ilr;
occasion to impose the penalty clause mentioned in the contract.

Dr. R. K. N. Iyengar wanted to know why the mil
cutting edge was so placed that the cutting edgeywas 6?:11. 4 :vtit:;;
Plate VII of the Paper. In his opinion, since sinking of the well

l}:ad {.)o b?b %::e ) f1zhr}<:ugh stiff clay, it would
ave been better if the cutti i
as shown in the sketch. ng edgo were laid

This type of outting edge h&d been 8
fully used for the construction of ucsess-
major bridges in India. some of the

In para7.3 of the Paper it was stated that
some boulders were encountered under the
outting edges. Water jets would-have loosened

these boulders easily. Did )
presence of bOulders? any Well get tilted due to the

Angle lron

From his experience he could sa

one pound to 1} 1b could safely be ¥ that gelignite charges from

used without much damage to
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wells. - The Author had not mentioned . the quantity of gelignite
used for each charge to remove the boulders. '

How was the sand plugging done ? Was the sand continuously
dumped into the water till the required level was reached, or were
soundings taken and divers sent down periodically to level up the
sand ?

Shri N. Mohan Rao asked for details of (i) the subsoil
strata, (ii) laboratory and field tests conducted to determine the
bearing capacity of the soil before well foundations were accepted,
(iii) the consolidation characteristics of the lower stiff clay, (iv)
the maximum pressure estimated by analytical methods, (v)
the spacing of the borings, and (vi) the design load estimated on
each well including its own weight.

From Plate II of the Paper it was seen that all the wells were
sunk down to rock except well No. & and 6, which were resting
on stiff clay. In his opinion, it would have been better if these
wells were also taken down to rock. This would have prevented
any differential settlement between the piers.

Was any observation made regarding the skin friction deve-
loped ? The wells were spaced b ft apart. Was the effect of this
spaocing on the stress distribution in the subsoil clay studied ?
Finally, were alternative designs, particularly pile foundations,
considered before well foundations were adopted ¢

Shri P. J. Jagus asked for information on the (i) actual
crushing strength obtained from tests on the concrete, (ii) the age
of the beams at prestressing, and (iii) the ratio of the permissgible
bearing stress to the actual strength of concrete at the time of
transfer.

- The actual stress in the wires was measured from the strain.
The method was somewhat approximate. He suggested that
proving rings might be used for measuring the stresses.

Shri M. P. Apte, considered that the method of well sink-
ing, which was adopted, was rather crude and hazardous. The
Author had suggested open-dredging and pumping for sinking the
first twenty feet. In his opinion, pumping should not be resorted
to in the early stages as the wells were likely to tilt owing to
“blowing’. Again, divers are likely to underout the wells to
encourage smooth sinking. This underoutting increased the
chances of blows. Agsin, the Author had stated that small
charges of dynamite were used in all the wells to give ﬂ.lem a
shock when they refused to sink. This wasa very risky method.,
It would be preferable to use kentledge in such cases,



S

710 Disovssion oX

In a quality-oontrolled concrete, & rational design of the
mix was quite essential. - The Author had stated that no special
grading was adopted. The design of the mix of the concrete.
should have been left to the contractor.

There was no cross prestressing of the beams and the dia-
phragm walls did not appear adequate. Was the deflection equal
in all the beams when load testing was done ?

There was & long time lag between the casting of tﬂe beams
and the casting of the slab. The reinforcement provided did not
appear adequate for the bond.

It was good that cement concrete 1 : 3 : 6 was adopted for the
piers. What was the assumed strength of this concrete and were
any experiments conducted to assess its strength ?

Was it necessary to sink the wells through 32 ft clay as was
done in some cases ! Was it necessary to provide 2 ft thick con-
crete plug at the top?

Shri S. Pal wanted to know why the width of roadway was
kept 22 ft and why no footpaths were provided ?

When two separate wells were sunk for carrying one pier, it
Jhappened many times that the wells tended to come towards
each other. Was such tendency -observed during well sinking
and what were the maximum tilts and shifts observed *

The width of the cutting edge was 6 inches. Did such a
‘blunt’ cutting edge not handicap sinking operations ?

Some of the wells were more than 40 ft deep, yet the thick-
ness of steining was only 2 feet. Was this not too thick for the
depths sunk ¥ Was any kentledge used for sinking? Was there any
special reason for putting the reinforcement in the well steining
on both sides of the steining instead of keeping it at the
centre

The bottom of the well caps was at R. L. 88,00, while the
average bed level was at R. L. 92.00. Was there any trouble
from percolation during concreting of the well capa? In West
Bengsal owing to the difficulty of casting a single well eap over
two separate wells, a twin well was invariably used and concret-
ing below river bed was facilitated by erecting a temporary coffer
dam on the periphery of the well steining itself.

. Shri B, V. S. Iyer said borings had shown 10 to 12 ft of
sand on stiff olay overlying disintegrated rook. The depth of the

PaLar Brivexr 711

foundation rock was not excessive. In such circumstances shorter
spans of the T-beams and slab type would have been economiocal.

The bottom plugging was of 1:2:4 concrete. A leaner mix
cotild have been adopted. .

The gradients and radii did not appear to be according to
National Highway standards.

Shri K. Srinivasa Rao, who was in charge of the construc-
tion, said that prestressing the girders was commenced after the
concrete had attained a strength of 4,000 1b per sq. in. This was
about a week after the girders were cast. Generally, there was a
time lag of about 1} months between prestressing and the casting
of the in-situ deck slab.

Shri Srinivasa Rao thought that water-cement ratio and
compaction were the important factors contributing to the strength
of concrete. In the beams electrically operated shutter vibrators
were used and the compaction was satisfactory even though the
slump was not even 3 of aninch. Test results of the cubes

showed that the strength was very good.

Shri Ratnagar had commented that the values of £ were
different for precast and oast-in-situ portions and that suitable
modification was necessary in the design on this account, The ¥
value for instantaneous loading for concrete of different mixes

was practically same.

The effect of applying a live load to a composite beam vyith a
top flange not prestressed had a tendenoy to 1:84_2‘1100 stresses in the
prestressed portion and the modulus of elasticity of concrete for
release of stress was greater than for increase of stress. Also,
modulus of elasticity in compression for concrete was greater at
lower stresses than at higher stresses. Also, the stress in the
slabs was low. In view of the above it- was considered that the
adoption of the same value of £ for both the prestressed and
in-situ work did not make much difference.

Shri R. D. Ratnagar® felt that an acknowledgment and a
reference to Messrs Stressed Concrete Construotions Ltd. of
Madras, who were responsible for the design of the superstructure
should have been made in the Paper. Shri Venugopa..l, the pre-
sent Direotor of Messrs Stressed Concrete Constructions Ltd.,
who undertook to carry out the test to destruction of the
prestressed concrete girder at his own cost, had done yeoman

* Received in writing.
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gervice to advance the cause of prestressed conorete construction
in India. ' '

It would have been very useful if the Author had mentioned
how the total cost of Rs 25 lakh compared with the cost of the
original proposal of continuous T-beams and bow-string girders.

Since the values of modulii of elasticity were different for the
precast and the oast-in-situ portions, some corrections will have
to be made before the section could be considered as homogene-
ous. If the whole section were to be treated as homogeneous, the
cross-sectional area of the in-situ concrete flange should be reduced
and for this purpose it w%uld be much better to reduce the width

in-situ
mtthan the depth.

Shri Ratnagar desired that the Author might give his views
on the suitability of prestresed concrete construction for bridge
work in India.

Shri K. K. Nambiar (Author) referred to Shri G. Venka-
tesulu’s comment about the low factor of safety and said that the
test on prototype beam indicated that minute hair cracks which
could be observed with a magnifying glass developed.

of the flange in the ratio

Referring to the enquiry about watertightness of the bottom
plugging, the Author said that after the wells were plugged they
were de-watered and were found to be watertight. ~After half a
dozen wells were tested in that manner, tests on other wells were
not done. He felt that there was no necessity of de-watering the
wells and testing them for watertightness. What. harm was there
if some water found its way into the wells? In certain bridges
now under construction on the west coast of Madras State. no
sandfilling was domne. After bottom plugging was done i;hey
were filled only with water and sealed by the capping slab.’

Shri R.N. Joshi wanted information on the distributj f
load on the four beams and whether there was sufficientr lrilglité(i):sly ?n
the diaphragms to warrant such distribution. As already stated,

the test conducted indicated that there was considerable rigidity~

due to the diaphragms and the load distribution among the four
beams was more or less equal when the superimposed load was
placed central to the cross section of the bridge. For eccentric
disposition of the superimposed loads, the end beams took greater
proportion of load thim the intermediate beams. This was noth-
ing new as, as early as in 1933, the Ore State Highwa

Depa_rtmept made similar investigations whio%o?ndit;atted tl?at th};
exterior girders took as much, if not more, load than the interior
girders, This led to the adoption by Oregon of a specification
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where the total load on the span was divided equally between
sll girders when adequate diaphragms beams were provided.
Tests in India had also confirmed the observations and he hoped
that this method of distribution will be used in future.

Shri Joshi doubted whether prestressed conorete would
be cheaper than ordinary reinforced oconcrete construction.
Comparison of tenders for this and other bridge works showed
that prestressed concrete construction was cheaper than ordinary
reinforced concrete construction, and when high tensile wires
were made in India there would be greater reduction in cost by
adoption of this technique.

The well sinking work was let on contract; even though
modern methods were not used, local labour and talent were
employed and the work done according to specifications. The
Department could not interfere with the methods adopted. In
the South there were very experienced and expert well sinkers who
could turn out a very good job.

Shri R. K. N. Iyengar suggested the use of a cutting edge
with }-in. plates welded or rivetted to the kerb projecting outside
the face of the well. The Author did not recommend the adoption
of this type of well kerb as the extra diameter of the kerb would
result in leaving a small clearance between face of the well and
the clayey soil face through which the well was sunk. Such
a clearance resulted in reduction of the skin friction. There was
no serious trouble due to any tilting or displacement of the wells.

Dr. Iyengar wanted the information on the charges of gelignite
used in the case of these wells. Only light charges were used, not
exceeding half a cartridge of ¢ blasting gelatine’ which was about
4 ounces. Heavier charges were not recommended.

Sand plugging was done under water and sand was agitated
and tamped to ensure the expulsion of all air bubbles for obtain-
ing the maximum density under saturated conditions.

Shri N. Mohan Rao wanted to know whether the character-
istics of the soils in foundations were studied and whether the
bearing capacity of clayey soils in foundations was ascertained.
Though details of these were not mentioned in the Paper, this
niatter was carefully gone into at every stage. The clay met
with in the foundations of this bridge was of & very stiff type
with satisfactory bearing power. In cases of doubt, in addition
to the laboratory investigation, in-situ tests were made after
sinking the wells to some depth to ascertain the bearing power of
soils. Two feet dinmeter and 13-ft diameter bearing plates were
used. A stanchion was loaded by the reaction of hydraulic jacks

19
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used for the purpose of transmitting the load to the bottom of the
well and the settlement was observed carefully. Time settlement
curves were prepared to study the bearing power and settlement.

Shri PJ .Jagus wanted to know whether teats were carried out
for ascertaining the strength of concrete used for prestressed con-
crete work. Tests made showed a strength exceeding 6,000 1b per
8q.in. in almost all the cases, whereas a strength of 5,000 1b per
8q. in, had been specified for the cubes at 28 days. A testing
machine of 100-ton capacity was used and several 6-in. cubes could
not be crushed by the machine, indicating that the strength was
more than 6,222 b per sq. in. The cubes could not be crushed
even when the loading was increased to 120 tons, for which there
was a provision in the testing machine though the machine was
not calibrated between 100 and 120 tons. There was no.need to
use the penalty clause for recovery at twice the issue rate as the
results of tests were uniformly satisfactory. :

Shri M.P. Apte referred to certain difficulties in well sinking
by manual labour. Well sinkers_in Madras were experienced and
no difficulties were experienced.

He also referred to the danger of blasting insi

The Author agreod with him that blasting was ri:igf vtv'iinwé’ifg
without proper oare. There were instances in other bridges of
the well steining having cracked owing to careless blasting and
also in one case of outting edge having been blown away tog

distance. Shri Nambiar said that he had given thought toso:,ﬂe
question of blasting inside the well under water and had co te
the conclusion that blasting inside water somewhere in the n‘Jg’d]o
section of the well which was often resorted to give ashaken:;l the
well to help sinking was a bad practice. Blasting should be ?1 o
below the level of the cutting edge for which a hole should O!l;e
drilled with & pneumatic drill or other device and a cart (;1 £ .
moderate size used for blasting. In such cases therl;1 vgvi: nz

danger of the steini i ini
o mga,ge, e steining cracking or the kerb sustaining any

The Author agreed with Shri S. P

was desirable. al that 24 feet carriagewsy

RRC T e

Shri E. V. S. Iyer asked whether 90 f o
L A 4
span, The original design for this bridge wos for » retbor of spans
?tf Ilt 0% ftcbovlv‘s;rmg girders and the remaining spans being gf 60
for the Work, ¢ etu]n and slab type. When tenders. were invited
Engixﬁa;:(i)xl;g’ %I;:dt&ﬁ:tlverde%g.n was submitted by Associated
) oV
superstructure with 90 ft x?pan:. mgs tflfiln‘s sl;?ﬁe:xidt §°n°'°°°
gcopomjoal, the tenders were acoepted, ound to be more
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Referring to Shri R. D. Ratnagar’s remark about his views
on prestressed concrete construction in India, Shri Nambiar said
that the object of writing a Paper was to make available to other
engineers his experience in this type of construction. No doubt
there was & certain amount of scepticism in adopting this new
technique. It was only natural. It was so even in the case of
reinforced concrete construction some years ago. Even in England
reinforced concrete had to fight a great deal of prejudice, in its
early days. The following extract from a booklet published by
Concrete Publications Ltd., London, concerning the construction
of three reinforced concrete bridges over the river Thames opened
by George VI, the Prince of Wales, in July 1937 illustrates this.

« Reinforced concrete had to fight a great deal of prejudice
in this country, particularly among the older members of
the engineering profession. This was partly due to the
fact that its use in conjunction with steel reinforcement
was first extensively developed on the Continent, and it
was looked upon here as a *foreign invention’ and,
therefore, taboo, or at any rate to be viewed with suspici-
on as a ‘new fangled innovation.” Thanks to the energy
and pertinacity of its advocates it gradually made its way
and having been tried in many forms is now accepted by
engineers and architects as a very valuable and adaptable
method of construction......... »

Because this type of construction was new for Indis, a clause
was introduced in the contract that one full scale beam of the
type to be used on the bridge should be tested to destruction to
the satisfaction of the Department. Accordingly, & test on a 96-ft
beam was conducted in June 1952 at the site of work in the
presence of a distinguished gathering of engineers drawn from
all parts of India. The results of the test were completely satis-
factory and any doubts regarding the suitability of this type of

construction were dispelled.

Shri M. S. Bisht (Chairman) said that the importance of
prestressed concrete lay in the saving that resulted not only in
concrete but also in steel. In Uttar Pradesh also a prestressed
concrete bridge of 11 spans of 65 ft each had been built.

He thanked the Author for his interesting Paper.



Disocussion on Paper No. 178 *

“Traffic Rotaries ”

By
THE SPECIFIOATIONS & STANDARDS COMMITTEE OF THE
INDIAN RoaDs CoNarESS

Tuesday, June 21, 1955

Shri K. K. Nambiar (Chairman) called upon Shri J. M.
Trehan to introduce the Paper. ‘

Shri J. M. Trehan (Member-Secretary of the Specifications
and Standards Committee), introducing the Paper on behalf of
the Committee, mentioned that Delhi and New Delhi had grown
considerably during the last two decades on account of the
circumstances created by World War II and the influx of the
displaced population from Pakistan. Consequent on the
increase in population vehicular traffic of all types had increased
and thus necessity arose to improve the roads and junctions.
Most of the rotaries which were provided by the city
planners were more for scenic effect than for meeting traffic
requirements. Automatic traffic control devices had not been
provided as the volume of traffic did not justify their installation.
Consequently many of the road junctions have had to be
re-designed to meet modern requirements. The experience gained

in the design has been incorporated in the Paper for consideration
of the Members of the Congress. :

The Paper dealt with the general princi
rotaries, the conditions whioh justified their
advantages, disadvantages and limitations,
channelizing traffic on to and out of them, and the design
standards. In formulating the recommendations the practices
followed in foreign countries, where the problem had been studied
in detail, had been considered. An important part of the:
was the examples of the rotaries designed and construtted in
Delhi and New Delhi. They illustrated the application of the
general pnpclples in actual practice. In some of those examples,
all the desired standards suggested in the Paper could not be

applied. That showed how site conditions limited the realization
of ideals. ;

* Published at pages 367 to 42
Congress, Volume XIX.3, June 1955
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construction, their
the methods of
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Dr. R. K. N. Iyengar pointed out that the recom menda-
tions given in para 3.1 of the Paper that ‘ the construction of a
traffic rotary was justified if the volume of traffic was 500 vehicles
per hour *’ might not apply to Indian conditions as the minimum
number of vehicles depended on the importance of the iuter-
seoting roads. He suggested that this minimum should be fixed
only after actual counts had been taken.

ferring to para 7.2 and 7.3 of the Paper, Dr. Iyengar
remi}:'l(:e?irthagt it wgs rather doubtful whether, on aoccount of the
mixed nature of traffic, the American data would hold good for
conditions in India. For the same reasons the reduction in spe,ed
at the intersection in urban areas (para 7.4) would be definitely
more than that observed under American conditions.

lating the weaving length (para'10.7), which Was one
of thg x(:og:li(;::porta%lt factors affecting the design and functions of a
rotary, periodical counts of the slow-moving traffic, e.g., tongas,
bullock-carts, cycles, etc., should havg been taken into a.oco(;liag
for obtaining the correct value. Coming to paras 10.9 ai.;i:d 1 .ld
of the Paper, Dr. Iyengar felt that the bullockeart traffic coul
not be negieoted on account of & g?nex:al want of road Sel':ll‘sltli in
the drivers of bullock carts and their zig-zag movements. i (;:::-
fore, the weaving lengths recommended might beIrev_xse ?thr
research in this direction had been carried out. hn vl:ievt: of the
mixed traffic, he suggested that the Committee should be more
liberal in fixing the minimum width of the rotary ocarriageway
and width of the road at the entrances and exits.

ointed out that most of the standards and
reeogrl;elnyde;:gi:;s%n this Paper had been based on practices n;
vogue in the U. K and the U.S.A. and spggeated that, mﬂ::egn(;l
the peculiar characteristios of the traffic in the oountryh, ang fnal
recommendations should be based on extensive rese(;u:o  ond fold
observations relating to the various factors mvolvef 131 e " goh
of rotary junctions. He mentioned that ome o o e; relas%. :ad
roblems on hand in the Traffic Division of the . xz ra Road
e ot i e L nvsionion i Fonl
i i o Rounda : |
Xe::lilgfé) iﬁl’éﬁg:fefff :ge t:ssmoot:h flow of traffic and for increasing

the carrying capacity of roads.

t due consideration should be

: 3
paid to the «* Grade separated rotaries ™ or “ Two-level rotaries

i - slow traffic at the juno-
Toms, "amd sogrogete theagzigzr;ﬁa;l;? the fast trafiic ocould be

higher level whereas slow traffic would

Lastly, Dr. Iyengar said tha

taken over the ramps at &
go under the rotary.
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. Shri T. S. Khanna said that most of the recommendations in
this Paper were based on the experiences in the western countries
wh.e?e the tra.ﬂ?c conditions were quite different from those pre-
vailing in India. He emphasized that field observations should
be made before finally recommending the standards.

Shri Khanna suggested that studies should be conducted to
find out if in a rotary having concentric outer kerbs, the result-
ing unused area could be used safely by the slow traffic, Fig. 1.
Further, he suggested that the recommendations for the length,
shape and location of merging lanes and channelizing islands
might be made on the basis of fleld studies.

ERGING L ANE AT THE
\‘ EXT.

! ~— SLOW TRAFFIC
, ~—~ FAST TRAFFIC.
~ISLAND

— /.

Fig. 1

Shri Khanna said that field investigations should be carried

out to establish rational relationship between the gize of the...

central island and the width of the rotary carriageway. He also

advooated field studies regardj ic iusti i
building two-level traffic r%tari:sg. the  economio justifloation for

Sh!‘i C. L. N. Iyengar said th . . .

i : at sometimes traffic rotaries
mri :.a];zl;::dllndu?l? small, circular masonry structures construc-
flict b\lx)t. by ng.meal;?es?&?;ilyd s:;ved io soparate area of con-

i : €d the primary requi ts for
uninterrupted flow of traffic. In his opiniony, thg:;revlv!:;g ELhree
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conditions which were necessary for the successful operation of a
rotary :

1. the correct use of the rotary ;
2. little reduction in the speeds of vehicles; and

3. minimum interference from pedestrians and other causes
at entrances and exits,

In some cities, rotaries could be used with advantage in
conjunction with stop-signs, or signal controls, on minor street
crossings. It would have been much better, he remarked, if this
Paper were preceded by another Paper on the design of level or
grade intersections with or without signalization.

He pointed out that, the values of friction recommended in
para 9.2 of the Paper for designing the minimum radii were on
the high side. Even in New Jersey (U.S.A.), which had a very
large number of rotaries, a much lower value than that recom-
mended by A.A.8.H.O. had been adopted. For a design speed of
25 m.p.h., no driver needed a coefficient greater than 0.28 as
against 0.43 recommended in the Paper.

The speaker felt that the width of the rotary carriageway
was rather inadequate as 30 ft on the curve did not provide three
lanes as stated in para 11.4. The lane width would be more,
nearly 13 ft to 14 ft, instead of 10 feet. Continuing, Shri
Iyengar said that the Paper should mention the minimum
number of lanes for the merging of left turning and weaving
traffic when their volumes were high. Commenting on the mini-
mum sacceptable gap (para 22.6) he said that the gap for weav-
ing was much higher than 2.1 seconds and that with lower speeds
of vehicles envisaged, anything less than 4 seconds was imprac-
tical., He, therefore, suggested that the caleulations for capa-
oity should be modified accordingly.

Lastly, he suggested that the Indian Roads Congress Stand-
ards for Highway Layouts, Street Junctions,and Rotaries should
be made available to all the town planning authorities to help
them in their designs.

Dr. Lal C. Verman supported previous spegl.:ers in so far
as the remarks related to the collection of additional data by

means of field observations under Indian conditions.

~ He suggested that this Paper should have included also the
channelization of traffic as it was an effective method of ensuring
safety on thé road. He pointed out that the Police authorities
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:g:miidtgotzhmk that an island placed at a junction without rela-
u tghe Jo d 8 xge;ls of the traffic could help to increase the safety
Nl 'th t,u iﬁactually In practice, these islands enhanced
He ploaded t;atrzh ¢ and were responsible for frequent accidents.
fully Teieg that 12 e oode of practice for rotaries should foroe-
Ha y g out this fact to the notice of the traffic authorities and

press on them that the design of a junction was & highly tech-

nioal job to be dealt with by expert engineers only.
Referring to the ‘Basic Requi o
i : quirements of Intersectione’,
:;I?tlﬁ’“ed In para 6 of the Paper, he pointed out that the design

uld provide also for the gradual tramsition of speed as the

traffic approached the rotary junction.

One reason why tangential flow at rotaries should be di

iscou-
rp-ged was that in one direction drivers travelling along a tanggg-
tial approach road at a rotary junction altogether by-passed the
rotary on their left. This should be stated in the Paper.

The minimum weaving distance (para 10) should be

the hlghe_r of the two figures resnlting from tb)e two sets ol;&?aioc:ﬁ
lations given! Further, due attention must be paid for the segre-
gation of slow-moving traffic in urban areas. He quoted an
example of a tonga, which had the general tendency of keepin
close to the central island and rushing straight at a rotary juncI;ioﬁ
from one road to the opposite road, Fig. 2. This, he said
was objectionable because the fast-moving traffic was ,thu com.

_pelled to oross the path of slow traffic twice. ® oom-

It would be more reasonable Dr. Ve i
inoreage in width of °y§le tracks (para 19.2)m«u>::;n t;?dc’le::git; "ot
aflic instead of a i
Paper. xed Inorement of 3 ft as recommended in the

Finally, Dr. Verman wanted to k ow i
for a rotary given in Fig. 17 of thenon o e o
with the U.N.O’s recommendations.

autionary sign
aper was in accordance

Shri S. P. Govindaraiju
Paper, which related to 1;he"vgluu’mce0 tnfntxent
truction of a rotary, asked as to what tm
constructed when the volume of traffi y
per hour. He remarked that the § o
Committee should evolve designg f ri
ft wide and a subsidiar Bos or |

ing on para 3.1 of the
ffic justifying the, cons-

was less than 500 vehicles

mﬁc:tionaf and Standards

unctions of & maj

¥ road carrying very little trafﬁ?.n road 30
Shri K. Sinha m

such as limitations of

ste,, before any impro

entioned a few constructi i i
: ion diffieult

vpace, Cartying out costly dmim\geﬁ w‘:)r];‘:s

ements fo roads and road junctions coulé

pe of junction ahould be 4
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Ne

Fig. 2

be effected in a city like Banaras which had underground drai-
nage system, Co-operation between the road authority and the
department dealing with telephone and electric supply systems
was essential for prompt execution of road improvement.

Shri J. S. Narasimham said that as rotaries were usually
constructed on urban roads, there must be some provision for
recesses at bus stops near them either at entry or at exit. These -
positions should be defined by painting the kerbs yellow, Simi-
larly, kerbs at entries and exits should be painted to denote

non-overtaking zones near a rotary junction.

Referring to para 20.1 of the Paper, which mentioned that
avenue plantation in the central island adversely aﬁectefi “the
view of the motorist, Shri Narasimham thought the central island
could be planted with low shrubs which would not .obstruct the
motorists’ line of sight. He stressed that landscaping not only
in the central island but also along the footpaths was necessary
in urban areas.

Shri J. M. Trehan, replying to the discussion on behalf of
the Committee, said that most of the speakers had said the
Standards recommended did not take into consideration the slow-

itical about the use of

moving traffic peculiar to India and were crl X e
experience in foreign countries for recommending standards.
ry was influenced by

The design of most of the elements of a rota u
the fast-moving traffic only. For example, the most important
elements—the radius of the central island, the entry and exit radii,

the maximum and minimum weaving lengths, superelevation and
he slow traffic. The

crossfall, were in no way influenced by ¢t
‘bullock cart affected only the capacity of the rotary. Resea.tioh
in foreign countries in this regard had not yet reached a 203110 u&
sive stage. The Paper had mentioned this in para 22. ;;1

recommended that due weight should be given to the slow trafiic,
Observations made in Delhi, which had gtill got quite a good

o0 .
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percentage of slow-moving vehicles and where a number of
rotaries had been construoted according to the principles laid
down in the Paper, showed that the application of those prinoci-
ples was suitable to Indian conditions.

Standards recommended in the Paper, like any other
Standards, were subject to periodical review to keep pace with
new developments and experiences. Modifications, if any,

necessitated by observations under Indian conditions, could e

incorporated in the future revisions.

With reference to Dr. R. K. N. Iyengar’s comments, Shri
Trehan agreed that because of the mixed nature of traffic in India
the reduction in speed and the weaving lengths might at times
differ from those mentioned in paras 7.4 and 10.7. Bug to
recommend weaving lengths taking into account this reduction
in speed was not desirable because it was not possible always to
ensure the presence of slow traffic, and if only fast traffic used
the rotary, it would be hazardous,

~ As regards Dr. Iyengar’s observations relatin to pa
and 10.10 of the Paper, the minimum width of rotagry czrrri:sgevliv(:g
recommended had proved to be adequate in practice,

The Specifications & Standards Committee w '
e ould o
glad to utilize data that was being collected from invel;?i’gst?i:gg
on hand at the Central Road Research Institute to review th
recommendations contained in the Paper, ’ ° °

Grade separated rotaries suggested by D
side the scope of the Paper which was Zongi'niﬁ elgisicr were ouf-
junctions at grade. : Y to rotary

the central island and the width .

:ng :lfx :h:e(;z:}:;lrgll islzx;ld had a b::rgtl:z ?rfatll;{a i:r;f: gg;mz&&}f‘gg
en > |

way was & fanction g » Whereas the width of the rotary catriage-

f th
$0 B0 Widthe of approacherr)zglsme of traffic and had to be related

Shri Treha id that
oo te ment illc])ned in the comments had beexfl t:;le‘il in:é

. Reduction in speed
» O the size of the central iltml:l w%ioh
m vonsiderations of economy. Fig. 13

RSRTS

oould not be very big fro
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of the Paper showed how cyolists and'pedestrians should be taken
round the junction to reduce interference with the motor traffic to
the minimum. If, however, the pedestrian and oyclist traffic
was heavy, sub-ways were a solution to avoid accidents.

The design of intersections at grade (other than rotaries) was
the subject matter of & separate Paper.

~ The reason for adopting the value of the coefficient of friction
recommended had already been given in para 9.2 of the Paper.

Normally a vehicle overtook not more than one vehicle at a
point. So the minimum width of 30 ft, for the rotary carriage-
way, viz., recommended in paras 11.3 and 11.4 of the Paper was

probably inadequate.

Referring to the minimum acceptable gap for weaving,
Shri Trehan said that 2.1 seconds mentioned in para 22.6 was
based on the observations made at the Yale University. For
details of this study, Technical Report No. 4, Bureau of Highwa
Traffic, Yale University, could be referred to. -

Shri Trehan agreed with Dr. Lal C. Verman that the design
of junctions should be left to road engineers as the tra.tﬁq pol'ice
department could not be expected to deal with engineering

aspects of road design.

Channelization of trafic was a vast subject and had been
included in a Paper on Intersections at Grade drafted by the
Specifications and Standards Committee. Gradual change in speed
near a junction could be effected if a warning sign was put up at
a reasonable distance as mentioned in para 6.2 (b).

Shri Trehan said that for reasons given in para 10.11 of the
Paper, it was not desirable to adopt the higher of the two weaving
lengths given in Table 3. He was doubtful if_ segregation of
traffic at junctions in urban areas was worf.hwhgle pressing for
as it could not be easily and economically achieved. As the
volume of slow-traffic in cities was on the decrease every day, the
problem visualized by Dr. Verman might get solved itself. The
example given by Dr. Verman, Fig.2, was ,an extreme case,
Such problems were best solved by * educating”’ the road user.

Referring to his querry regarding the sign post, Shri Trehan
said that thg sign a.(tllopteg was a8 given in the Motor Vehicles
Act, 1939,

Replying to Shri Govindarajulu, Shri Trehan said that
where traffic was less than 500 vehicles per hour, channelization,

it possible at the site, was the answer.
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Shri Trehan observed that the points raised by Shri
K. Sinha, although very important, were purely of an adminis:
trative nature. :

With reference to Shri J. S. Narasimham’s suggestion
regagdmg_ siting of bus stops, Shri Trehan replied that the
Specifications and Standards Committee had under consideration
recommendations on Intersections at Grade, wherein it was
proposed to deal with the subject. This Paper had not depre-
cated planting of hedges which would not obstruct view on the
centra) island.

Shri K. K. Nambiar (Chairman) concluded the discussions
by thanking the Specifications and Standards Committee for
producing a Paper which dealt with an important subject. He
suggested that the Indian Roads Congress should finalize its
recommendations on traffic rotaries and communicate them to all
the States for adoption. In the absence of proper gunidance,
Police authorities constructed small traffic posts at road junctions
which caused considerable inconvenience and hazards to traffic,

Discussion on Paper No. 179*

 The Influence of a Superimposed Layer in Increasing
the Load Bearing Capacity of A Rigid Pavement

By
Cor. S. K. Bose
Tuesday, June 21, 19556

Shri E. A. Nadirshah (Chairman) called upon Col. S, K.
Bose to introduce his Paper.

Col. S. K. Bose said that he got interested in the problem
first in 1949 when a team for testing airfields with a view to
evaluate their strength visited India for collecting data. The
team performed tests not only for finding the modulus of subgrade
reaction but also the load-deformation characteristics of the air-
field structure by conducting the plate bearing test on the
pavement.

In his opinion, Burmister’s theory was not applicable in
evaluating the strength of existing pavements. Also, Westergaard’s
formulae were not enough. Burmister’s method of two layer
system was extremely useful in understanding the various factors
that influenced the relationship between subgrade and pave-
ment thickness. Table 1 in the Paper and Table 1 in Appendix 1
showed how the variations in the ratio of the loaded area and
thickness of pavement, and the ratio of modulus of elasticity
of the pavement and modulus of elasticity of the subgrade
influenced the strength of the pavement. Burmister made the
assumptions that the top layer should have a modulus of elasti
city equal to or greater than that below it.

For finding a suitable formula in designing of. & flexible
overlay, Steinbrenner’s principle that the deformation of the
loaded area was equal to the maximum deformation at the
surface of & firm base, e.g., the concrete pavement, was made.
use of. The maximum deflections that were given by Burmister,
both for rigid and flexible pavements, were used. However,
the Author was not quite sure if that was the correct method
because in adopting the procedure of determining stresses the
assumption that a bituminous layer behaved in all respeocts

® Published at pages 409 to 540 of the Journal of the Indian Roads
Congross, Volume XI1X-3, June 1965.
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different from elastic layer was made. As a check '
. , the C.B.R.
method was used as explained in para 5.3 of th(:a %ca.per'f ° OB

No systematic or authentic data about tem
variations which could be used in caloulating the tzmggizzﬁig
stresses was available. Westergaard's formula for temperature
stresses a.ssumegl that the temperature variation was linear.
In UK e,xpenments were carried out and according to
Thomhnsop 8 theory the temperature variation was non-linear.
The experiments oarried out in the U.S.A. showed that, under
Am.encan eondltl_ons, the Thomlinson’s curve required modifi-
cation. Observations made in U.K. agreed more closely with the
v.a.lues obtained from Thomlinson’s method than from the values
given by Westergaard’s formulae. 1In the absence of investi-
gations in India, both the Thomlinson and the Westergaard’s
met}xods were tried. It was heartening to hear the President
Shri Mathrani, stressing the need for a rational design of
pavements. Evolving a rational design was possible only if the
data on whioh it was based was reliable. So the Authoremphasised
that authentic data on temperature stresses should be pa.th; ed
throughout the country. Perhaps the Indian Roads (%o ot
would use its offices in initiating such an investigation neross

Shri C. L. N. Iyengar said that ¢ i

valuabl_e information on ¢ pavement dt;l;?glse.per I::t?gzl:leilim 'Of
for _demgn of pavement thickness would be satisfacto ‘e;ones
}i):lséc aisfs%glp;}:.ns m.a.de;hin fihe design could be a.tta.in?d iln :l}i:
_ . nditions in the field wer

the pavement would behave exactlye ::mii a:va:et;esgssugl °
function. But problems were there and these werelgne fio
lwholly' or in part, by unforeseen conditions such as 'cau}s]e l’
oads in excess of the safe maximum load using th Q- e
(ii) variable nature of subgrade, and (iii) the deasiggnere pavement;

The duration of application of a ] : :
the amount of yielding that took place inO :}?e 1;,9;% :n!; lﬂtﬂu:nce on
and on the amount of stress that it created. A su:tf1 B auclturg
caused more stress than a load applied for a shorzlzfme oaA

other hand, impact stresses of lar i

_ ge magnitud by
gt;rflaaceg, heavy wheel loads, hard tyresga.nd hfgﬁauvs:l(iiiéizx@“dﬂ
could be very destructive even though they act for very short

periods. Much work remai i
that existed were thorough?;nz?]dz‘stgogone befo.re Ao relations

moving load might cause less stress than a load at rest g P

ma.ns:,o ;Illll’f;l::’;gieanl;:e ;1:((11 tx: be placed upon the observed perfor-
. was not correct to ma,
observations based on the results obtained by utsix}‘ge ri%?:;:}
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formulae for design of the thickness, particularly in comparison.
with one another. : '

The design of overlays on existing concrete pavements, the
real start was given by U.S. Corps of Engineers in 1943, when,
they had to strengthen airfields in United Kingdom to suit the.
operation of B-17’s and B-24’s which caused large scale failures
on 6in. or 8 in. pavements. Surprisingly enough, even to this
day, the U. 8. Corps of Engineers computed the thickness of
overlays using empirical formulae based on experience rather
than by theoretical analysis, e.g., the thickness of concrete
oveérlay dec was determined by the formula

de = \/(dk-cde’)

in which d = thickness, equivalent single slab placed directly on
: foundation, '

d,= thickness of existing slab,

k = bond coefficient varying from 1.87 for fully bonded
slabs to 2 for no bond conditions, and

¢ = a ocoefficient representing conditions of existing
pavement. '

1f the Author had given some examples of actual work done
in both flexible and concrete overlays together with their beha-
viour, his findings could have been better supported.

" Page 516, item 5.4, para (a), the statement that ¢ & bitumen
overlay can take heavier load than 8-in. concrete overlay because
of the larger deflection that is permissible in flexible pavements
than in rigid pavement ** appears to be incorrectly worded. It
should be ¢deformation’ instead of ¢deflection’ as stated ;
otherwise as the load transfer through both the types of overlays
to the existing pavement had to be at least equal, for equal
strength, the larger deflection in the overlay would cause failure

of the existing pavement.

In para 6.9 of the Paper, the Author had stated that inves.
tigations under Indian conditions were needed to find out the
applicability of either Westergaard’s or Thomlinson’s formulae for
temperature stresses. Shri Iyengar said that Thomlinson’s
formula was an improvement on Westergaard's formula.

The conclusion given in paras 10.1 and 10.20f the Paper
appeared to be questionable as the selection of overlay was not
miade solely from considerations of the load bearing dapacity.
The.relative costs of construction, cost of maintenance, life and
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resistance to the various forces to which th
subjected had to be considered. ° pavemens was

Regarding the development of a heat resisting bituminous
composition, to date no satisfactory indigenous product was
obtainable even for filling joints in conorete pavements exposed to
iotrhmm It was donlI;tfnl whether it was practicable to use
eat resisting materials for take-off and touch-
taxiways and other hard standings. noli-down. areas,

Shri J. S. Narasimham said that the Paper ocontained
valuable information and could be termed * Library Research *’.

. In example 7 on page 514, equation (1) based on
Steinbrenner’s principle given on page 507 of the Paper was used
for arriving at the maximum deflection under the load.
A.unming the permissible deflection in oconorete and the
bituminous pavements acoording to the assumptions made by
Burmister, the Author had calculated the maximum deflection
under the load as 0.15 by using equation (1). The application of
equation (1) to calculate maximum deflection in a bituminous
overlay over a rigid pavement was questionable as the medium
below bituminous pavement was conorete 8-in. thick. It did
not seem correct to assume the top of the oomont.ooncreu
pavement as top of the subgrade for purposes of calculation of
the maximum deflection by Steinbrenner’s method. The Author
had adopted the Burmister’s graph shown on page 542 givin
the relationship between settlement coefficient and ﬂliokng:. ogf
pavement in getting the modified value for reduction of elasticit
for the ’mbgndo. This was not correct. Further, the problolz
2;.]12 '::l: ‘;o“ s 2::lilay't;l:;ld system, whereas Burmister’s graph was

plica a 2-laye system. i
P 278,000 1b was vory high. The reeult obtained namely,

Shri N. Mohan Rao said that the need f ngthe
the road might be due t0 many causes bus it ::..:?sinl n;nng
to (1) the lack of the bearing capacity in the soil bolo" the

pavement, or (2) the pavement not sati , ¢
wheel loads because of fatigue and oth:: :é::.nly standing the

If the aim wasonly toreduce the stresses in sell, % Was

Bot necessary t0 have an overlay with a modulus of elasticj
. - - on
groater than that of the existing pavement, An:.ntlay h&ﬂnz

odul i
:wl.:ln.:r:: t;:‘“““y ?‘l“‘l to that of the existing pavement

8hri Moban Rao said that when a pavement fai
subgrade deficiency, ‘the overlay lhou?l: be hidau:glydm
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** mudjacking ” to ensure that the original pavement was agein
uniformly supported.

The following factors, other than those mentioned by the
Author, had to be taken into account in designing a pavement :

(1) total traffic intensity,

(2) total wheel l0ad, tyre pressure and area of contact,
(3) effect of dynamio loading, and

(4) repetition of loadinge.

In a wheel load of 10,000 Ib and tyre pressure of 100 Ib per
8q. in., the contact ares was 100 sq. in. and the intensity was 100
1b per sq. in. In wheel load of 6,000 Ib and a tyre pressure of 60
1b per 8q. in. also the tyre contact area was 100 sq. in. but the
intensity was only 60 |b per sq. in. Even though a’A was cons-
tant in both the cases, the former needed a thicker pavement. 8o
it was necessary to bring in the intensity of pressure into the
calculations.

He enquired if the Author had studied the effect of dynamie
loading in a two-layer and a three-layer system.

Due to repetition of a loading, fatigue oocurred in the
pavement and each repetition contributed to the progressive
yielding of the soil. Mr. Middle Brooks of the U.8. Army had
oconducted some tests in America on this effect. A flexible pave.
ment which was loaded to 0.2 inch deflotion under & 30 in. disme-
ter plate had stood well for static loading. But when the wheel
loads for which the pavement was designed (based on statio load
test) traversed the pavement, it was found that the pavement had
failed when the deflection was hardly 0.1 inch. The repetition of
loading was very important in & rigid pavement where fatigue
occurred in concrete and the normal deflection sllowed under
losd was only 0.05 inch. Repetition of loading might not be a
serious problem in runways. But it {s important in roada.
Employing a factor of safety, taking into soooudt the number of

repetitions, was essential.

Shri Fateh Chand referred to the remark of the Author that

s layered construction Was necessary in thiok concrete pave-
mona and said that the two layers should be lsid practically

simultaneously.
Shri D. C. Chaturvedi mentioned that cement conorete

slabs as thin as 3 in. were Jaid in Uttar Pradesh and the informa-
tion given in the Paper was useful in designing flexible overlaya

2)
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on these. He suggested that flexible i i

!zhm glabt_: and their behaviour o:sz:?:gf m;ﬁ]; ¢ :egrl:l:li :l:::
Investigation regarding temperature stresses in rigid pavements
under Indian conditions should be undertaken by various Central
and State research laboratories and the Indian Roads Congress
should co-ordinate this work and draw out a programme.

Some investigations were undertaken b i
S0me inves y UP, PW.D. in
1941 regarding temperature distribusion and its effeot on thin
coucrete slabs. The folloving were some of the resuits :

1. Variation of temperature at the bottom of a 3-i lab
(daring the month of November) was 12° against a v.ri::i‘on' ‘of
(96 - 61)=35° in the surface temperature.

2. The expansion of the slab was not proportional
:;l;lf)m temperature but to the temperature ofpthﬁnteri:)r ct:f) :hh:

3. Co-efficient of expansion was about 4.4 ¢
slab and 5.5 x 10-¢for insulated slabs. The bﬁnflo—wi:l(:rﬂt::nd%d
grade retarded the free movement of slab but the bond was li:‘ll)le.
;o. z?:io:?oki::l ?:ntomrepef.tod obxp?mion and contraction. Ex
, therefore, 0088aTY j Yod ne
well as insulated slabs. "e: Bbeciutely ne *7 in bonded as

4. Th inti . .
linear. e variation of temperature in thin slabs was not

5. Reversal of streses in the paveme
. t
ll:(mn. From morning to afternoo.f tompe:. tug:(’il:‘rr;;i’ le;very 24
igher than in bottom while from evening to earl yer was
the reverse was the case. rly morning

As above conclusions were based on da
) ta col
3 ig:yo only, it was necessary that these shoul:;o ::,ct:g"f: r“;b?ut
rent months and under different climatic oconditions ° o

Shri R. Nagarajan® mentio :
various methods of theoretioal sn.‘l';gi:l::tp?:e,:ggz“‘wn of the
to many lumt_.ttona and, in certain cases, theoret; 1 datiect
gave results different from the values obt.;ined b e t:ﬂo ‘
:‘:l:'o For example, Burmister’s method rofoyr:;l #1by the
uthor did not take into acoount the following factors:

1. That the soils &
very far from ideal elutl;g :::mll:.fMing the pavement were

2. The value of limi_ting displacement oliooen was arbitrar
* Comments received in writing. y
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8. The effect of dynamic loading, which was of considerable
importance, was neglected.

He agreed with the Author that efforts should be made to
modify the theories to conform to actual observation under

different conditions.

The Author had combined many of the theoretical conoepts,
osch with its own Jimitations. So, in his opinion, the conclusion
drawn should not be given complete oredence except after experi-
mental verification of the various factors on a full scale.

While disoussing the temperature stresses in the conorete
pavement slab, the Author hed brought out many of the the-
oretical conocepts. It might be of interest to point out that
the Road Research Laboratory, Harmondsworth, had studied
variation of temperature gradient across concrete pavement
slabs for a long period extending over years. From the annual
records of temperature gradient across s 9-in. slab presented
by Loe,’ it was seen that the total period for which the tempe-
rature gradient was positive (the top hotter than the bottom)
was greater than the total period for which the temperature
gradient was negative (the bottom hotter than the top) and for
more than 12 per cent of the time there wasno temperature
gradient across the thickness of the slab. The value of the
mazimum of positive temperature gradient was far greater than
the value of the maximum of negative temperature gradiens, and
the maximum value of positive temperature gradient ocourred
when a hot sunny day followed a cool night. For the slab
studied by Loe, the maximum value of temperature gradient
was 17° F. Sparkes® from a study of temperature records over
many years scross a 6-in thick oconcrete slab found that the
maximum temperature gradient was 31° F. The maximum
temperature gradient of 32.4° F. fora slab 8.67 in, shick was .
recorded by Dr. Emberle in Germany. Shri Nagarajan was of
opinion that the value of temperature gradient would be
approximately 30°F. for6 to 0 in. thick conorete slaba under

Indian conditions. The Aushor showed by his oompuut.tom shat
for & slab 8-in. thick, the temperature gradient was 31.5°F. for
Shri Nagsrsjan favoured a

the climasio conditions of Poona.
higher sud s safer value, namely, 30° F. He supported the Author’s
suggestion thas detailed investigesion under Indian oconditions,

which will help the developmens of rational design procedures for
pavements, should be undertaken.

When discussing the suitability of airfleld pavemeats for
job airorafs, the A'uum had pointed o::mm :n?ol:ly‘:
experienced with the flexible bituminous a0 the inabltity

superimposed over oconcrete Poml“
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of the bituminous materials to stand the hot blasts. Similar
difficulties were experienced with the ordinary ooncrgte Pﬁveme",f’s
also at the joints which were spaced at close intervals, in
addition to the pitting of the concrete surface. Prestressed
concrete pavement which had joints at intervals of 400 ft and
greater and with its greatly improved structural behaviour was
superior to other types mentioned in the Paper.

The serious objection to prestressed concrete pavements had
8o far heen the technical difficulties involved in the construction
itself and in the production of a high quality concrete. With the
experience gained in many prestressed concrete constructions,

these difficulties should be overcome.

st airfield pavement of prestressed ooncrete was
eomg;g:edﬁrin 1947 bpr. Freyssinet of France for_ !;he Orly
airport, Paris. It was standing in an excellent condition after
8 years of service. The cost studies of prestressed concrete
pavement construction, mostly applied to roads, went to show
that it was far more economical than the conventional concrete
pavement of equal strength and compared favourably with other
types of pavements as well, _

Col. S. K. Bose (Author) referred to the remark of Shri
C. L. N. Iyengar, that all the conditions assumed in the theoreti-
cal analysis were not actually in the field and said that for
simplicity sake some assumptions had to be made, If the many
variables were introduced the analysis became involved.

In the very beginning it was mentioned that the Paper dealt
with two aspeots viz. wheel load and temperature stresses. Before
final design was made it was no doubt, necessary to take into

consideration repetition of loads, changes in the moisture ete.

Maintenance of the flexible bavement was easy. On the other
hand the rigid pavement was extremely cracky,

) Referr_ing to Shri J. S. Narasimham’s remarks the Author
said ]}u;m:ster had made some assumptions about the maximum
permissible deforxpations for rigid and flexible pavements,
These were gtven in example 7 of the Paper. The maximum
de@ectx.on for §he overlay system at the centre of the load i8 0.2 in.
which is maximum for a flexible Pavement minus .05 in. which
is the maximum for rigid Pavements. -

Referring to Shri N. Mohan Rao’s comments Col. Boge said
:‘1::1; ;te;;::i:;atcesﬁsprhy tohgo inhfor 8 rigid overlay having a modu-
1 ¥ Ligher than that of the pavement i
it fnll value for the money was tq be hag, o be nnprove_db
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Shri Mohan Rao desired that factors other than those mentio-
ned in the Paper should have been taken into account. The
Paper concerned itself with the problem of the strengthening
existing concrete pavements by superimposed layers and only
two principal aspects namely wheel load and temperature varia-
tions had been considered.

Shri E. A. Nadirshah (Chairman) said that the Paper had
been received late and even a casual reading revealed that in the
present state of development, all the mathematical theories on
Pavement design required verification even for roads for which
they were originally intended. Therefore, their extenmsion to
airflelds should be done cautiously. Though there were some
accepted theoretical methods for arriving at the thicknesses
of fHexible and rigid pavements for a given set of loading,
weather and subgrade conditions, the procedure in converse
applied to examples as was done in the Paper was not likely to
give good results. Perhaps, very rough calculations or trends
could be arrived at if a large number of examples were worked
out. Hence, the only rational method appeared to be to base the
design on the observed behaviour of completed projects. Since
there were a wide range of subgrade conditions and as field
observations of existing pavements wers not available, and as
construction and maintenance costs had to be considered, the
remarks in para 10.1, page 53¢ of the Paper, might not be
Justifiable particularly when the effects of deleterious exhaust
gases from jet planes had still to be investigated. This meant
‘“ placing the cart before the horse.”

Only empirical formulae were still in use. Besides, conside-
rable amount of testing and valuation of rigid and flexible
Pavement overlays had been scheduled during this year by
U. 8. Corps of Engineers at their rigid pavement laboratory at
Lockbourne airforce base and Sharonville in Ohio. If similar
observation on overlay work already done at various airports in
India were collected, it would possibly help in a better appraisal
of the results obtained from these theoretical calculations. He
hoped that Col. Bose and his colleagues would bring the practi-
cal aspects for a further discussion of the subject. He once again
thanked Col. Bose on his behalf and on behalf of the members
of the I. R. C. in preparing a very interesting Paper and for giving
very patiently satisfactory answers to the points raised by various
speakers. The subject was of great importance and views expressed
in discussion were so divergent that it was & fit case to recommend
to the Council to appoint a special committee or to entrust the
work toone of the existing committees to go into the various
questions involved and to arrive at & correct solution,
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CORRIGENDUM TO THE PAPER

Pages 507 and 508
Page 508

Page 300
Page 514,

Page 523

Exsmple 7

‘read ' W, ",
instead of *2(1—W. %)’

instead of * W,
in equation 2,
read ‘ 21K %)’

ICI

instead  of tl) 2-0.15)=0.15° sd
+(0.2-0.05)=0.15 . ) °

give equation number

1
equation given. Us) to the

Page 526, last but one line

Page 528, first line
seocond line

Page 540

Page 541, sixth line

Page 542, Figure |

‘l":(':)‘.fl of “equation 15°, read * equation

instead of equation * 14’ read * 14(s) "
omit the figures ‘ 262 % 0.539.°
in equation (1.3), instead of * P’ read * p'-

instead of uat
uom-nz.:ﬁlsm'z““ mdo?wm

the values of settlement M r.
below 0.1 shonld 06, 0.8,
0.04, 0.083 and 002”“ 0.8, &
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b Teohnioal Noto No. 3— | X1v.3 | _ v Soloction of Plant for
| Earthmoving Machi- | i ; - ' Collection and Loading
, mery for Roads, ' ! ; . of Bhingle. ‘
Do. . . . ! | | i ' . w1
Bituminous Treatinent’ X1V -3 Pas Gupta, N. i Primers, their Natuni vir, F-40 |
i
|

of Wet Aggregates.

and Uses.
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; Further notes in the
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Gathlac Wilaon.

Gathlac Wilson.

Geological Survey of

India.

Ghosh, 8. K.
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Masonry Arch Bridge Vi B-39 63
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¢ and how to maintain
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Cye X- 11 1
Cycle Tracks s
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' Bituminous Treatment IX- 99 99
' of Wet Aggrogates. 1 and 4
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% Trangition Curves for VI  C-40 78
Roads.
! Cement Coneretin the VIII K-43 95
Bombay-Poona oad,
i A Method of Caleulating v A@) 44
| the Stability of Braoed
| Pile Piers.
" 4
!x The Dhakuria Lake 1A Y A((x;g ]
| " Bridge.

Causes of Landslips and XVII-S8 —
Suggested Remedies.
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' Failure of a Multi-arched VII B4 ;

Masonry bridge.

‘ .

Vitrified Brioks for M 28() 7
Surfacing Roads in del-

} taic Datriots.

| Highways in Australia. XIX-3 -

| i XVIII- 167 167
. The Design of Small
" "Bridges and Culverts. s&4

v p a1

| Revitalisation of Tarred
| or Bitumened Surft;eeoby
\ mix-in-place me

| using Cut-back Asphalt.
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Sopwith, C. E. Indian Roads Analysis of Soil Sam= xn
. Congrees. ples.
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Bearing Prossures of Institution. Vumerical Values.
Bridge wells in sandy fthe Nl 120 120
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Demand for more and ! Dhawan, B. I, | Cake as a Stabilizer in
better Roads in India.” ’ i Harth Construction. ! ;
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8. R. & Uppal, H.L. Mehra, 8. K. tion in unmetslled an
metalled roads in India.
I.al Chand. Roads in Rural Areas I} 23(a) 25 Vi K39 80
(village roads.) Do Stabilisation of unme-=
) talled berms of metal-
Lal, Y. K. Some Causeways on XIlI- 140 140 led roads.
Sandy Bed. 3and 4 . i 53
’ - Do The use of Soil Stabilisa- Vil H-40
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|
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unfolds.
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The Investigation, De~ 1 and 4
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8 wit -
of Bitumen,?’ut backs .
Nicolaides, E.
es, P. ‘ Ilgpact on Reinforeed VI L-39
oncrete road bridges
as compared to steel
bridges.
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ble Bridges. ]

Ram, Raja. (See Raja Ram) - ‘ i .-

i VELI-
Reddy,| Roadsido Dovelopments, X VI
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| i !
! (See Hiley) ? |
y b
! (See Abbast) {‘
; : i
Construction of Appro= | XV- | 150 | 150
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Pavements, land 4
! ‘
' Standard Scales and | Do. ' 114 ° 114
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' Engineering Terms. ‘
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coat of Cement Con- | 2and4 3 ‘ 15
o mont Gon- " Turnbull, W, J.
Concrete Road Sure
. face, ; } De.
Surya, N. 8. Essay on * Post-war XII-3 | Deo-
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The amount of traffic whick can pass
over a road made with Mexphalte or Shelspra is

enormous and frankly incalculable.

Mexphalte

lasts and lasts and lasts and s does
t

Shelspra

* Two forward and two revarst Speeds

» internal expanding hydro. ical brakes

# Recirculating ball type steering

» Extremely Heavy all Stee) Fabricated
Construction Incorporates the Economica,
Fordson Dicsel Engine. .

’ UNITED PR

MORE & BETTER
ROADS MEAN

ROLLERS

MALCOLM MOORE ROAD ROLLERS
by their unfailing record of trouble-fres
performance have established 2 unique
reputation for dependability in India,
Hundreds of Moore Road Rollers have beert
helping 1o establish road communications

in every part of the country,

Built to fast these Moore Rollers incorporate
every modern feature in road rofler
construction, A machine which combines
the best of FORDSON and MOORE
is indeed the surcst sign of Quality and

Dependability.

Assembled & Distributed in india By
THE
OVINGES COMMERCIAL CORPORATION

53, Radhe Bozor Lane, Caleutta-l ‘

erspunsifiey
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Consult :

SIMPLEX cocrere pues cuomy v,

CALCUTTA
MADRAS

ot T o dory!

FREE TECHNICAL SERVIC
BETTER ROADS WITH STANVA

mix is testedon &
7 esting Machine
th of the

A briquette .of paving
Hubbard-Ficld Stability
to determine the shear streng
compacted mix

STANDARD .VACUUM oiL COMPANY
of the Company is Limited)

\The Liability of the Members

E HELPS YOU BUILD

C ASPHALTS

LET Standard-Vacuum’s
expert technicians help
to solve your roadmaking
problems! Our well-
equipped test laboratories
will gladly demonstrate
— at no cost to you —
how you can use Stanvac
Asphalts to build hard-
wearing, long-lasting,
smooth-running roads
that will stand up to all
climatic conditions.

This free service exists
to help you, so please take
advantage of it. You
need only get in touch
with Standard-Vacuum
Oil Company in Bombay,
New Delhi, Calcutta

or Madras.

STANVAC

ASPHALTS




“0.K.” MORTAR MIXER

500 cubic ft. capacity per 8 hours

driven by 5 H.P. Engine. Overhung
'a’d]us:able shaft, C.|. Rollers, Sectional
ans.

MUNICIPALITIES and CON-
TRACTORS all over India have
already bought hundreds of
these units.

Here are three of the “O.K."”
range of strong, well-designed
Road Builders. Roads now-a-
days are built faster...more
efficiently... with *O.K.” Road
Building Equipment.

“0.K.” ASPHALT MIXER

7[5 cubic ft. capacity driven by 14/18
H.P. Engine—Pneumatic tyre or
C.l. Wheeled Design. Chilled C.1.
Chamber, Manganese stee! replace-
able arms and tips.

“0Q.K.”” ASPHALT BOILER

250 Gallons Coal Fired
200 Gallons Oil Fired

Write for details to’:
THE EAST ASIATIC CO. (INDIA) LTD.,

Sundry Machinery Section

P.O.8ox 639, BOMBAY. P.O, Box 364, CALCUTTA. P.O. Box |46, MADRAS
SECUNDERABAD and BANGALORE

eet long and
ists of one

Each unit cons

1id slab. The

th o S

ever on one side.
ted to e s

1
jers are of uniform

ions taken down to rock by open

e submersible bridge 200 f
frame.
The wall type p

tithically connec
foundat

48 feet W

its of rigid
consists of solid sla

ed concret
f the span.

piers rest on mass concrete

excavation,

GAMMON INDIA LIMITED

HAMILTON HOUSE

span 40 feet and one span

The - decking
cross section and are mono

is made up of two un

E-—This is another reinforc
the middle portion o

MINGAGCHAL BRIDG
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Barber-Greene

- BITUMINOUS = '
FINISHER‘S

8.G FEATUNRSS

AUTOMATICALLY ) E e s

for following curbs, guide Jines or matching
adjacent strips .. . positive tractive power
PRODUCES SMOOTHER ROADS || s e .ot

Varlable Widehs

Here is simple paving efficiency—the Barber-Greene e The iormal B-G Finisher mat width of 10 f.
Tamping-Levelling Finisher that places a uniform cen be quickly and easily reduced to 8 ft
bituminous surface—automatically. " Wide or increased 10 12 1. wide.

.. . Large MHopper

The B-G Finisher tamps, levels, and “strikes-off @ Fiverton. mapper  receives material direct
simultaneously. Jt automatically adjusts to irregularities from trucks .. saves delays, allows Finisher
in sub-grade . . . automatically measures the correct 10 operate betwaen truck loads of mix.
amount of material. .. leaves an automatically com- Dual Control

pacted durable surface that remains stable” under @ The B-G Finisher may be operatcd from
rolling and traffic. cither side~for easier control while matching

Previous mat. Dual engine, operating and
More miles of roads have been paved by the B-G. Steering controls grouped for ease of operation
Finisher than by all other methods combined. A min;. Wida Range Utility
mum work force will fay a superior surface from 1] to @ For all bituminous
44 ft. per min. It assures matchless performance on the
widest variety of hot or cold-mix_ bitumi

jobs—large or small. Send for descripti

paving jobs including
sheet asphal, stabilized mixcs, base stone,
etc.—-the BG-Finisher is economical, efficient.
The smoathness you fee) in a Barber-Greene
road means longer life—less maintenance.

Barber-Greene Overseas, Inc.

DISTRIBUTCRS OF BARBER GREENT PRODUCTS MANUFACTURED BY

BARBER-GREENE COMPANY, AURO
BARBER-GREENE OLDING & co.,

RA, ILLINOIS, US.A.

LTID., ENGLAND BARBIR-GREENE CANADA, LTD., CANADA

VITOPUS

.
.

Telegrams

Registered Office :

*

Licencee for the Italian “R’’ System of Prestressed' Concr.ete
and Licencees for Light-crete and Thermolitecrete, insulating

and acoustic boards and blocks.

, DUNKERLEY & CO., (MADRAS) LTD.
14, BOAG ROAD, MADRAS -17.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.
BRIDGES, BUILDINGS, WATER SUPPLY AND DRAINAGE

DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,
SCHEMES, SANITARY INSTALLATIONS, ETC.

88316 & 88549

SPECIALISTS IN

3

Telephone:

GANNON




The Public Buildings

Homes of India

EFEFFRF Y

R

Bokara Power Station

In recent ye -
; ars ‘approxi ;
roofing materiafs proximately 6,00,00,0
, mad 0 ,00,00,000 squs .
:ahcen used by Pyblic ¢ I\l:g;::'"l("” x’:om tndian ma&‘:ﬁ’é g;ctmgf Shalimar Tar
e roof: ; ities, Ind crials by lodian lab
T, by i D B
machi uilt and ar s yearly. *
chine for manufacturing rooﬂn; ?:l\: ;‘P‘Iffzgnz the only high speed coatin
i, tnuous

LY

SHALIMA
6, Lyons R R TAR P ;
ange, Calcutta |, Branches %‘E’&YC;I‘OSM(BI:‘::S) LTD,
: T LUCKNOW, A
» AMBALA,

DA%

xi

an was erected

This 240 foot Callender-Hamilton Bridge sp
e in india and

in Holland. Similar bridges are daily in us

Ceylon for road and rail traffic.
Made In various sizes they are suitable for any type of

crossing, wide or narrow. Erection s speedy, and in cases
of sudden necessity they may pe dismantled and re-
assembled elsewhere.

Write for Publication Neo.
Covered by patents in india.

206 on Callender-Hamilton Bridges.

CABLES LIMITED

BRITISH INSULATED CALLENDER’S
Esplanade House, waudby Road, Forts p.O. Box No. 111 Bombay 1

Branches alsd at:

BANGALORE, CALCUTTA, COIMBATORE, KANPUR
o AD (On). TRIVANDRUM

AHMEDABAD, AMBALA.
MADRAS, NAGPUR, NEW DELHL SECUNDERAS

8C 28



GREEN HYDROL
for rapid road construction
{Made in England)
GREEN HYDROL,

years is a compound
hardening of concret

produced in England since last twenty
specially designed for accelerating the
€ to any degree that may be desired.

This excellent product s being specified for use by nume-
rous highway engineers in the United Kingdom for rapid

hardening of base concrete in roads, for patching and rein-
statement of concrete roads and paths, etc,

Furthermore, the waterproofing action of GREEN
HYDROL increases the resistance of concrete to harm-
ful groundwater salts.

SOLE AGENTS FOR INDIA:

M. DIALDAS & SONS,
190, Princess Street, Bombay - 2,

8 B J

CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE .
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

xiii

STEEL ROAD BRIDGES

o E & CO.

A.
KIDDERPORE, CALCUTT
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MILLARS’

HIGHWAY COMBINED
DRYING AND MIXING
MOBILE UNIT

USE ALWAYS INDIAN ROAD TAR

FROM INDIAN COAL MINE

™~

~ THROUGH
.~ INDIAN
CHEMICAL INDUSTRY
WITH INDIAN CAPITAL AND LABOUR

Single and two.coat Asphalt—Hot
process.

* The production of Pre.coated Chips.
* Sand drying; drying and warming
Chips for Surface Gritting.

v

* Re-heating old Asphalt for relaying
on maintenance contracts.

* The production of all types of Bitu.
minous Macadams and Cold Asphalts,

* The Unit is completely self contain-

ed with its own Diesel Driving Engine 4 >

and Oil-firing Equipment and easily y/ X
ble.

transportable TO lNDlAN ROAD

MILLARS’ TIMBER & TRADING CO. LTD. (R

(ESTABLISHED 1902)
Victoria House, Victoria Road, BOMBAY-27.

Make it a concrete
feature in all your construction jobs

\PORTLAND B N
/ CEMENT L g

. S WEST B FNGAL

SOUNDNESS £s
STRENGTH 4» TARCRETE WORK IN PROGR

oMY
STABILITY AND HELP THE NARI:?E%%ALE&::‘KS .
THE IND IMAanufcacgﬁléyﬁ TS LTD. ' BENGAL CHEMICAL & PH:venu"" Calcutta - 12

ittaranjan
Faclory :  SANKARNAGAR, TIRUNELVELI DT., 94, Chittaran]
Regd. Office: 11/12, SECOND 'LINE BEACH, MADRAS, 1.
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