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opinions expressed, in the Papers, Research and
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INDIAN ROADS CONGRESS, NINETEENTH SESSION, SRINAGAR, JUNE, 1955,

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

Shri Mathrani was born at Shikarpur (Sind) on the 12th July 1901
and received his early education there. He was cducated at Edinburgh
from 1921 to 1923 and passed his B.Sc. (Eng) from Edinburgh with
distinction. Ho was appointed to the Indian Servico of KEngineers in 1923,
He rose to the rank of an Executive Engineer in 1927 and was promoted
to the rank of Superintending Engineer in the year 1942, Ho 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 became
Additional Chief Engincer, Central P.W.D. In the end of 1948 he joined
the Ministry of Transport of the Governmens of India as Additional
Consulting Engincer (Roads). In 1950 he was promoted to the rank of
Consulting Engineer (Roads). In 1953 he was appointed ex-officioc Joint
Secretary to the Government of India, Minisiry of Transport, Roads
Wing,

Shri Mathrani is a member of many Institutions in India and abroad.




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
any subject connected with Highway Engineering are requested
to intimate the fact to the Secretary, Indian Roads Congress, and
to send a short synopsis of their proposed Papers as early as
possible.

On receipt of acceptance of the subject matter of the Paper,
the Member concerned should send his contribution to the Secre-
tary, Indian Roads Congress, complete in all respects and with
original drawings, photographs, etc., as and when ready. At least
three copies of the typescript matter should be sent, typed (double
space) 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
send 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
a8 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,



552 NoOTICES AND ANNOUNCEMENTS

4. MEDALS : The following Medals are available for award :
(i) The Mitchell Medal :

For exceptionally good Pa ;

0 pers contributed i
Roads Qongress in any year. This has been inBti:l(l)tet('lh:oIndl&n
tuate Sir Kenneth Mitchell’s connection with the Congress perpe-

(if) The Indian Roads Congress Medal :

For Papers considered b :
y the C :

5. The Council have reserved the ri
¢ e right t
one Medal 1n any year or to withhold th% awaorswzlf‘da mﬁ:?ltllm:n
?nyﬂ){ear without assigning any reason. All Members are el'&'blln
dor fe award of 't,he I_\!Ieda.ls. However, only one Medal j aorar,
ed for the contribution made by more than one Auth:r - awar

6. Rules and Regulations for th .
P?l\)felis and ;ho;{ Award of Medals are epsgﬁgli:g&ltg;n oi Te<=8hnica.l
of Volume XIX-1 of the Journal of the Indian R pages 8 to 13
April, 1955, an Roads Congress,

1. NEW ADMISSIONS

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

Serial| Roli |

No. | No. | Name Address

1 1865 Vinayak Mukund Engineer, Roads & Bridges,
Bhobe P.W.D,, Cidade de Goa,
(Portuguese India).

2 1866 M. V. Virginkar Civil Engineer, Concrete Associa-
tion of India, 1-2, Queen’s Road,
Fort, Bombay-l.

3 - 1867 Framoz D. Mehta Consulting Mechanical Engineer,
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 Engincer & Secretary to the
Govt. of PLEPSU, P. W.D.,
Patiala.

7 1871 V. 8. Goel Senior Sciontifc 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, Kotcha Bala,
Srinagar (J. & K. State).

11 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. Aijal, Distt. Mizo (Assam).

13 1877  D. P. R, Cassad Shirin Lodge, Byramji Town,
Nagpur-1,
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New Abpmissiong

Serial
No.

14

16

17

18

19

20

21

22

23

24

28

27

Roll
No.

1878

1879

1880

1881

1882

1883

1884

1885

1886

1887

1888

1889

1890

1891

M. K. Navaney

Gostu Venkatesulu
S. 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. Gandhj

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

nagar House, Shahjahan R
New Dethily, oo Hoad,

Assistant Engineer, Ministry of
Transport, Roadg Win Jam-
nagar House, Shahjahar
New Delhi-2- fahan Road,

Assistant Engineer, Minj
; ) s 1str
Transport, Roads Wing, g&rr?f

nagar House, Shahj
New Deihirz, — i*han Road,

As;istant Enginoer (Highways)
Cz;)lar Bridge Construction,
ingleput, vi, Madras, ’

.

Bi i ‘ngi
tuminous Lngineer, Burmah-

Shell Oil Co.
Poona.1, 28t Street, Camp

Sub-Divisiona] Officer, P
', P W, D
P.0. Dathua (J. & K. State)

]

Sub  Divisiona] Officer
) cer, 1, W
Reasi (J. & K, State). W D,
City Lngineer, Mercan
{Suxldl{lg, dth Floor,
Gandhj Road, Fort, B

tile Bank
Mahatma
Ombay-1,

Assistant Engineer,
Nowgong (Assam),

Assistant Valuation
of India, Ministr
tation, Office of
Valuation Officer,
Colony, Rohtak.,

P. w.p,

Officer, (fovi,
y of Rehabili-
the Assistang

Municipal Engi .
. gineer, Del :
cipal Committee, Dell(:il.’ll Muni-

Bituman Engi 21/125
Road, New Dehi. | 2 Lodli
Asgistant, Engineer,

(East Godavari Digy, Hakinada

), (Andhra).

Consulting Engineer & Architect
i

H, Gandhij & Co., Mehtg,
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Serial| Roll

No. ‘

No.

Name

Address

28

29

30

31

33

34

35

36

3

38
39

40

41

42

1892

1893

1894

1895

1806

1897

1898

1899

1900

1901

1902
1903

1904

1903

1906

K. M. Chandiramani

K. D. Bhatia
U. N. Parameshwar
Rao

Sitaram Das

C. Seshavatharam

D. C. Panda

D. N. Tekchandani

U. N. Rynjah

T. S. Lamba

M. R. Malya

S. P. Sinha
S. N. Toshakhani

Avtar Singh Sachdev

Arjan Singh

Ghulam Rasool

Assistant Engineor, Ministry of
Transport, (Roads Wing), New
Delhi.

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

Technical Assistant to the Chief
Engineer (Highways), Chepaulk,
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).

Assistant lngineer, Sikkim Sub
Division No. I, Central P. W.D.,
Gangtok (Sikkim).

Sub Divisional Officer, P. W. D.,
S. J. Road Sub Division, P, O.
Jowai, (Assam).

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

Clo. Burmah Shell, Esplanade,

Madras-1,

District Engineer, Gaya.

Divisional = Engineer, Sopare
Hydraulie Division, Srinagar
J. & K. State).

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

Depty Chief Engineer, J.& K.H. Q.,
Clo. 56 A. P. O.

Assistant  Engineer, Irrigation
Deptt., Srinagar (J. & K. State).
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New Apmisstong

Serial
No.

43

44

46

47

48

49

50

52

53

54

67

58

Roll
No.

1907

1908

1909

1910

1911

1912

1913

1914

1015

1016

1917

1918

1919

1920

1921

1922

—_—

Name

B. €. Mazumdar

8. K. Hanumantha
H. Channiah

John A, Green
P. C. Roy

Om Parkash Sabhlok

N. Mohan Rao

Y. C. Gokhale

D. K. Goyal

K. Ramanna

Amiya Kumar
Mukherjee
C. P. Srivastava

K. G. Salvi

Madan Mohan Lal
5. N. Tripathi

Bala Prashad

Address

Junior Scientific Officer, Central
Road Research Institute,
Okhla, New Delhi.

Assistant Engineer, Thirthahally
P. O. {Mysore State).

Assistant Engineer, P. W, D., Ola
Public Office, Bangalore-1,

Burmah Shell, Calcutta,

Executive Engineer, W. & B,
Department, Burdwan Division,
P. 0. & Distt. Hooghly.

Sub Divisional Officer, (B & Ry,
Dalmia Dadri (PEPSU),

Junior Scientific Officer, Central
Road Rescarch Institute, P, 0,
CRRI, Okhla, New Dejhi,

Junior Scientific Officer, Central
Road Research Institute, P, 0.
CRRI, Okhla, New Delhi,

District Engineer, Utar Pradesh
P.w.pn, B/R., Fatehpur,
Assfis{,\a;ng Engineer, Corporation
o adras, 99, §
Madras-3¢, enoy. Nagar,

Assistant Engincer, Dey. {Roads)
Depa?tment, Armbagh Cona-
truction Syb Divigion, P

. O.
Armbagh, Disty, Hooghly (West,
Bengal).

Executive Engineer, P. W. D,
Vindhya Pradesh, Rewa,

Junior Scientific Officer, Central
Road Research Institute, P, (),
CRR1, Okhla, New Delhi,

Superintending Engineer, Raj ur
(Madhya Pradesh). pur,
Superintending Engineer, P, w. D,
Nagpur (Madhya Pradssh), ’

Superintending Engineer, p, W.D
Kailas, Malakpet, Hyderabadi

NEw ADMISSIONS 557
Serial| Roll Name Address
No. | No. R
S S S . -
Trust-Engineer, Improvement Trust,
59 1923 J. C. Gauba oSt Engin
. d
Engineer, District Local Board,
60 1924  J. M, Gupte gfu‘at.
5 i incipal Engineering Officer, Rewa,
o1 1923 J. N. Mitra Pr(l‘lflinlc)ihya. Pradesh).
Engineer, District Board, Rae
62 1926 B Hele Barelly (Uttar Pradesh).
i Engineer, District Local Board,
63 1927 M. C. Antin nlgijapur {Bombay State).
\f f Divisional Officer, P.W.D., R. &
o 1928 Som Nath Kaul %ull;.’ l;atlipora, Chhattabal, Sri-
nagar (J. & K. State).
i Divisional Officer, P..W.'D.,
8 1029 Dina Nath Bhan Su;')lannli‘x,lg & Project Division,
' Kashmir State, Bana Mohalla,IInd
Bridge, Srinagar. (J. & K. State).
i d
i Deputy Engineer, Local Board,
% 1930 B. 8. Kaiti e(Z:l'lill(lodi, Distt. Belgaum,
i D.
Chief Engineer, Central P. W. D.,
67 1931 R. P. Barman ll\?ew Dglhi.
.. D
i b Divisional Officer, P. W.D,,
68 1082 8. D.Gogai SuGauhati P. O. (Assam).
j Divisional Officer, Barrackpore
09 1933 D. Mojumdnr S“é)onstrllxction Sub Dvn.,, Govt.
House-Compound, P.O, Barrack-
pore (W, Bengal).
i Engineer, P.A. to Princi-
70 1034 A, Lakshman Das Aa;?;sltagz gir?egering Offisor, Rewa
(Vindhya Pradesh).
i i i D., Bhuj
5 i i Assistani Engineer, P. W. D,
71 1935 L. V. Hingorani Ry,
i i i t Engineer, Periyar Bridge,
72 1936 Ninan Kurian As:nls‘?any A (T?& O Stato)
i i D.
i t Chief Engineer, P. W. D,
73 1937 P.T. Reddy Asg?t;fﬁ“ Hyderabad, .
i d
T4 1938 Satnarayan Singh Assistant Engineer, P.W.D., Roa:

Office of the Chief Engi-
xS\:gx‘-l,eg.s\;V.D., R.&B., H_yderabad,
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NEwW Apmissions

Serial| Roll
No. | No. Name Address
75 1939 B 7 er, o Borough
5 L. M. Contractor D%%)ut:y. Erllgineer, Baroda Borough
Municipality, Wadi ¢ i
Barodg. y adi Chhelli Pole,
76 1 i
940 Sumair Chand Executive Engineer, Provincial
Division, Lucknow (Cttar Pradesh).
77 1941 Asutosh Guha A%ﬁst&nt Engincer, (W & B), West
engal, 23/1, Jadavpur Eact
Calcutta-/32. .a avpur East Road,
78 1942 x
D. K. Ghosh Suk Div‘isional Officer, (W & R)
sansol, Distt, ! X
Bonoa 18tt.  Burdwan (W,
79 1 i
943 Jagannath Mitra Assistant Engineer, (W &B), Govt
of West Bengal, 171, Pra’men;"cl;
Ghat Road, Calcutta-36,
80 1944 V. Raj i
ju Engineer, District Local Board
o Mehsana, (North Gujerat), ’
5 K. Venkateswara Rao Munio;
Municipal Engi
(Andhen). gineer, Rajahmundry
82 1946 W. X. Mascarenhag Chief Engineer, R & B P. W
N o . Secretariat, léorn'bay.” WD
. L. Chaku SuII; Divigional Officer, P, W.D
aran N i : J. & K.
Stary agar, Srinagar (J. & K.
84 1948 Rattan Kumar S
ngh  Cjo. Lt.-C
- ~Col. R.8. M j
arya Patiala, (PEPSS;y & RaghomaJra,
83 1949 K. C. S
C. Pathak Sub Divisional Officer, PW.D,(E¢
i Dy, Sibsagar, (Assam), ’
8 195 j
50 Hansraj Sharma Sub Divisional Officer, P W.D
Udhampur, (Near Post.()ﬂ-:, \
(. & K. State), ce
ASSOCIATE MEMBERS
1 35 The Burmah 0il ¢ i
: 0 0. Distrih
(India Trading) Limited Lt:ll.,mlt)(ing:bfgir (ﬂ:' %ssam Oil Co.
2 56 Mool Raj ™ -
: ool Raj Kauyrg 21, Barg, Khambg Road, New D 1hi
57 A. P, Desai ’ " O
osat Clo.  Associated E
COrporation A xports Imports
4 ) Calcutta g » Lal Bazar Street,

The Indian Standardg

Tnatioo
nstitution 19, University Road, Delhi-g
P ———— ’ .

IIl. DEATHS

The Council have received with regret
intimations of the following Deaths:

Seriall Roll
No. | No. Name Address
1 04 J. W, Edwin 34, St. Johns Church Road, Civil
Station, Bangalore Cantt,
2 27 L. K. Gupta Seles Manager, C/o. Messrs McLeod

& Co. Ltd, Calfix Dept., 3, Netaji
Subhas Road, Calcutta.

3 217 0. C. K. Krishnan Chief Engineer, Asphalt Depf:.,
Standard Vacuum Oil Co., India
Dn., Post Box 355, Bombay.

4 862 P. Veeriah ) Divisional Engineer (H), No. 10, Dr-
Guruswamy Mudaliar 8t., Kilpauk,
Madras-10.

1V. ADDRESSES WANTED

Communications addressed to the following Members have been
returned unclaimed by the Post Office. Members able to give information
regarding the present address of any of them are requested to forward
particulars to Secretary, Indian Roads Congress.

Serial | Roll ! Name Address as last known
No. | No. i

C/o. Shri Moti G. Ajwani, No. 56,
Bhagwandas Chawl, Bhavani
Peth, Poona.

1 452 Ajwani, J. M.

E] 778 Lsaha, K. P. Asgistant Engineer (Civil), Cons-
truction Division, I. B. &
1. D. V. C, Burdwan.
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V. REMOVALS FROM ROLLS OF THE SOCIETY

List of Members of .
have been struck off of the Ind;an Roads Congres
subscription. from the rolls in default of pa%m:ntv‘:)}}():ireg:lsng?

Serial
0.

Roll ,
No. J 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 a great deal to keep us on even keel. It is in the course of
contacts 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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I am very glad to announce thag wa h .
o oot o B i S,z
ggg::nggn?g?ln%; 1 %lzgesan, Deputy Minister of Transpart
mesaages. - before I proceed further I shall read those
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for the past several years and, although tﬁ:;\;gs:ggo\;stﬁgisggﬁg
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the Bannihal Tunnel.

.

Kashmi}- was tantalising the minds of alf of u
our feelings and to postpons the kolding o
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Lying in the lap of the Jofs d
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R . beauty :
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valleys of the world bay my homsge to this jewel among th
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rostrain  the urr:a fcharmg of this Paradise on Earth 3 eg:ent
straight from the gh ot aing & humble offering, """ﬂeSS ;)10!5
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Evolution, by which Life is for ever straining to pe ocest of

and intellectus! perfect; chieve physical
Beights in this mlée ’ eft; O13:uwmmst, indeed have reachedy rare

Minister, that man of destin
prevent the human race from

Iy bandsome of form ang
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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.

Kashmir, like the rest of India, is determined to push for-
ward on the path of progress and, peacefully but unswervingly,
reconstruct a stable and prosperous regime for herself. She is
conscious of what is good or bad for her aspirations and we wish
her Godspeed,

President delivering the Address.

Development of highways, as part of the essential programmes |
of a Welfare State, is not a new conception. In India, Emperor
Asoka recognised, even in the 4th century B.C., the importance
of highways for building up the strength and prosperity of his
realms. He gave the country, as we know it, a good network of
roads. Thereafter, over the centuries that rolled past, road
development was slow and chequered, depending chiefly on the
spurts of energy of some rulers who, in between their preoccupa-
tion with wars realised that roads were essential for promoting
agriculture, stimulating trade, facilitating pilgrimage, warding
off famines, and retaining control over the country.

In comparatively recent times, the invention of the steam
engine gave impetus to the construction of railways and develop-
ment of roads was neglected. But this did not provoke any
public protest because the bad condition of our roads did not
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seem to matter seriously to the bullock ¢a
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In the course of the last 21 years, it has done very valuable
work. Its activities are many and have been enumerated on
similar occasions in the past. I wish to mention that, working
through its technical committees and subcommittees, it has
prepared and published many useful standards for road and
bridge design. It has sponsored and correlated research and
disseminated knowledge gained through research. In its Journals,
it has published 170 technical Papers which have heen discussed
freely during its annual sessions.

The Congress has taken a very active hand in guiding Gov-
ernment in  regard to questions connected with the road
development policy and administration. For instance, it has been
stressing the need for provincialising District Board Engineering
Services concerned with roads, and has also been pressing for
drawing up comprehensive road development plans and for pro-
viding assured finance for them. In matters like this, the
Congress has frequently assembled conferences of all the chief
Engineers of the county t0 deliberate and make their recommen-

dations to Government.

The most important of the Chief Engineers’ conferences
the Indian Roads Congress was the one assembled
in Nagpur in 1943. The well-known historic document on road
development, known as the Nagpur Plan, emerged from the

deliberations of that conference.

sponsored by

In the year 1943, the second World War had come to our own
door and our railways were not able, by themselves, to cope with
the large-scale movement of men and materials required by the
exigencies of the war. Transport by railways had to be supple-
mented by road transport. During those days, frantic efforts
were made to build many roads for the defence of the country
and this was a forceful reminder to us of the woeful inadequacy
;s the nation’s needs of defence and trade.

of our roads vis-a-vt .
This awakened us to the imperative necessity of undertaking a
comprehensive and well integrated country-wide programme of

developing road communications,

The outcome was the Nagpur Plan which provided for
balanced development of all classes of roads and laid down sound
principles for determining priorities and phasing out execution of
road projects essential for the immediate needs of the country.

This Plan provided for increasing the length of hard surfaced
roads from 83,000 miles to approximabely 1,23,0_00 miles, and the
earthen roads from 1,32,000 miles to 2,08,000 miles, in the area of

the Indian Union.
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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 orores 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 gecond 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 mesans
of communication. It was to provide the main artery of life that
Pathankot-Jammu road was constructed in recent years at & 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 Re 3.0 orores. 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 thay
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the State Government, too, has of late bee i i
}(iwndpr?lgm?ilm'e of road_ works. During ‘:hgeoll:sgt :vbgage::;tht o
u(,i\ (;e ;).n nineteen miles of existing roads have been impre od
a.nd 2;;6 o_ped, 4,500 ft of bridging has been nearly complo: vy
§€ 12 miles of new roads and tracks have been addedlt);oe 1?1(11’
ate’s road system. By the end of 1955-56, 200 miles ¢
new roads and another 2,500 ft of major bridéing are ex mt(,:ar o
be constructed, and 263 miles of existing roads upgra.dedpe::.n(;1 :ﬁ

this is in additi i i
v ion to the 400 miles of roads maintained by the
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long railway tunnels, but the problems which oxist several
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1 carbon monoxide and until and unle th?omlglerable
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rosd tunnels, Apart from the problom of vengistien,” s
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nd necessary safety devices provided. A e carefully

many existing road tunnels of ¢ ed. After a study of

: he world, it h $
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connected by ¢ umsn beings. The two tubes will b0 nake
trom tho foapa.ri?l:solfm:s tl;rougl; which pedestrians cou]?} tater-

ne tunnel to that of th - Cross

"lix::m(:lrin;oil:: other emergency. Tt is estimateq t%thter In case of
s ventilation and safety devices, wi| at this tunnel

oror:]:. This ocost is being borne b » Will cost abouyt Rs Z;
Brofest 1n sepoeyeger-Uri road is High
oc be ) ighw "

three years. It is, howev:;:mpleted in all re giway. The
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tubes completed and brought into use in the cold weather of
1956 —57 for regulated one-way traffic. 1have 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
tunpel, when cowmpleted, will have very far reaching effects on
the development of the Kashmir Valley. 1t is not possible.today
properly to appraise the role this tuunel 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 dope 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 trials 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 a rational theory for designing
road pavement. Tremendous effort is being made all over the
world to understand the mechanics of goil 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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tl;latlin matters of researc_h, we have had to start from scratch and

:,n 1L wlll;htt}.loe 1;:;?71; ;ut 13 that we must keep alive the desire to
ak and come abreast of i
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1 cannot over-emphasize the imperati
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to be successful in his professional and technical work. And,
when he has them, his responsibilities will no longer be confined
to the tendering of technical advice only; he will inevitably
be called upon to take an active part in framing policies
on economic and administrative problems associated with his
projects.

I thank you, Ladies and Gentlemen, for your giving me &
patient hearing. I 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,

I am happy to welcome .
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) 00 ;
the centuries forests were cut k on great !mportance.

tains bored until today we
world’s land mass therey is a.ns

ifelines of Civilization
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extensive system ofrg:(:‘ag:rb of the
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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 algo
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 manner to bring about the best
possible results in the shortost 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 economic
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 gtill 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 Wwill 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 & 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 déing: all: we caniiin:the.intérnationsl i ephere %0
i sontribute i dowdrds . harmony: alld. -a. lesseming. of .fansions.
‘Nevartholdsd,we mustalways be prepaped toidefend: aggresgion

Jagainst durleountry;ad:dor this purpose a.well-daveloped aystem
of roads takes on considerable significanceu =1 risdy ni bhanlnd
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Sadar-i- Riyasat, Ladies and Gentlemen

I thank you, Sir, for i
° » DI, inaugurati i
the Indian Roads Congress and gfoz'%‘:g this the 19th Session of
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Dr. S. Radhakrishnan, the Vice-President of India.

1 am glad to know that the next gession 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.

1 have great pleasure in sending my greetings and good
wishes to 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 getting 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.

I wish every success to the Srinagsr Session.

Bakhshi Ghulam Mohammad,
Prime Minister of Jammu & Kashmir.

It was a good thought to hold the gession 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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ia urgently important for the economic development of our
counﬁ;shll;a% we yshould have & wide net-work of dependable and
cheap roads 8o that greater economic activity is stimulated t'md
accelerated in all parts. Lackofa S_OOd system of communica-
tions is & 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 Session have
also 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. 8. A.

(ili) The Institution of Engineers, Australia.

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

(v) American Association of State Highway Officials
T

(vi) American Society of Civil Engineers.
(vii) Bureau of Public Roads, U. 8. A.

(viii) Queensland Main Roads Commission, Australia.

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 Servioes
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. S. Bisht, Chief Engineer, P. W.D.,, B& R
Uttar Pradesh, ShriD. 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 e
the exhibition. A list of Gove
who participated in the exhibitio

ngineering firms participated in
rnment Departments and firms,
n, is given at page 583

Trips to Gulmarg and Veerinag—
were arranged. The inspection of B

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

the source of river Jhelum,
annihal Tunnel under pro-
and the Government J oinery

The Prime Minister, Jammu and  Kashmir 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 further
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 J
the 25th June, 1955. . ung concladed on
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Shri
Goverdhanlal
receiving
the I. R, C.
Medal.

Bakshi Ghulam Mohammad declaring the exhibition open,



Yuvraj
Karan Singhj
visiting the

exhibition.
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nts. and Engineering Firms

List of Government Departme
Exhibition at Srinagar.

who participated in the Technical
GOVERNMENT OF INDIA

Central Public Works Department

Bakshi
Ghulam
. Mohammad Contral Road Research Institute
a .
the exhibition, Ministry of Transport, Roads Wing
STATES

Andhra - Highways Department
Bombay—P. W. D.
Bombay State Road Transpo
Bhopal-P. W. D.
Bihar-P. W. D.
Jammu and Kash
Jammu and Kashm

rt Corporation

mir-P. W. D.

ir — Agriculture Department
Jammu and Kashmir— Forests Department
Jammu and Kashmir-—Publicity Department
Jammu and Kashmir —Tourist Department

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

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

ENGINEERING FIRMS

ports and Exports Limited
& Storage Co., Ltd.

WA AR i ay

M/s. Associated Im
M/s. Burmah-Shell 0il Distributing

M/s. Caltex (India) Ltd.
M/s. Concrete Asgsociation of India Ltd.

M/s. Greaves Cotton & Co., Ltd.

M/s. Standard Vacuum 0il Co.
M/s. Willoox Buckwell-Indie Ltd.

M/s. William Jacks & Co., Ltd.

a———



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, Iypr
C. M. Bennett R. N. Joshi
U. J. Bhatt K. K. Karths
M. S. Bisht C. P. Misra
D. B. Chopra, Brig. T. Mitra
R. J. Dhumal E A Nadirshah
Goverdhan Lal K. Nambiar
D. N. Gupta D. Nayar
J. Subrahmanyam .- Secretary
The following co-opted Members attended :
R. C. Roy C. Seshavatharam
P. L. Varmga
The following attenytab idedinvtiop :
K. F. Antia J. M. Trehan
D. G. Bhagat Qazi Mohd. Afzal
R. S. Bhalla W. A. Griffiths
J. N. Mitra Sujan Singh
B. V. Vagh,

The Council placed on recor

d their sorro
y the Council in the Prematur

1. Confirmation of the Minutes of the 43rd Coun

cil Meeting,
The Minutes of the 43pd Counce
Bhubaneswar on the 9th Februa
at pages 550 to 552 of
of the Indian Hoads C

il meeting helq at

Ty 1954 ag Published
Volume XVIII-4 of the Journa]

ONgress were confirmed.

I > )
Resoludior, Josord Unomvmonsly By the Counel o
Fhe ndian Soads Comaress on 4th Yenuory 1554

“The Cotmﬂigjﬁwéndwnﬂloudow
Alaces on record  ther queal affueciation of the sevvices
::,n-da]fvﬂwd 4mqnnmlwnd”w3ndmmfknod¢%nwm
n’pamrwlam.ﬂﬁlhmwmmdjmmuumnoj
C;;mbdhmmmﬂcmdhmqnmmdmmm
unx]\mjmﬂnwwgﬁbcmwhomunﬂuk%qw "

i mm“ﬂﬂ@mgmmmmdhhmﬂc
jmduﬁmqhhﬂmhmquww-ﬁnmmmmmwme
M“"’VR w,,f':}ﬁpqmlubilﬂqmnmmw s
adminalion and reshecd of all who hmew him e wos d‘mn,
&mdqloblm‘mlmqw}mwmumdz:alb&madw
ul“mdwhouxlqjﬂw(fonq«m'ﬂmdm umhnhnnbhwm
quidamce the gndian Roads Conguess wndertook .
mﬁﬁxwﬁb‘mm&dwmwm«
of the Soelely”

THE SCROLL
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2.
3.
4.

| s a

i __, -.'.! | 5‘

Shri i
G. M. McKelvie receiving the Sal
(B o T alver,
urlesy of the ‘Scotsmar® Edinbur hj
2 g

6.
1.

Shri G. M. McKelvie (seated
centre
scroll, The group also includeg (si,a::;th the sj]
MeCatlur of the Institution of Highwg ) Shri R. B, Garpegy
c¢Callum, airman of the Scottigh Y Engineerg and Sh gle,
Shri W. F. Munro, Montroge Branch, Looking riT,
! on are

Hon
Branch and Shri D, . wpger " *31Y: Scottish
N aters,

ver salver and

{ C
B OQuries 0 tke 0 éman lbd’nbu’ﬂh

587

forry-FourTa CounciL MEETING

Approval of the Minutes of the Executive Committee Meetings.

The minutes of the meetings of the Executive Committoe
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
recorded.

Draft Report of the Council to the General Body of Members
for the period Ist January to the 3lst December 1954

year 1953-54 was

The draft report was approved.

Amendment to Rules and Regulations.

The Council agreed to amend Rule 6 to read as under :

6. Entrance fee: An entrance fee shall be payable by
members on election on the follow-
ing scale : Re

Patron, Vice-Patrons and

Hon. Members Nil
Ordinary Members 26
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 basic pay on the date of his
election is not more than Rs 300.

Budget.
The budget estimate for 1954-66 was approved

Rail concession to delegates of the Indian Roads Congress.

The Council greatly appreciated the rail i
extended to the delegates by the Railway a:‘:lm;f::;gg
the following resolution :

««The Council of the Indian Roads Congress ex

their thanks to the Railway Board for grinting tf-):::i
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 tha
availing of Railway concessio

the ‘number of members
1 will increase in course

of time and request the Railwa
} | ¥ Board to i
ggcgsﬁggssionlevenhli the member availingcool}mtlsﬁ:
8 less than 100, particularly as th
number of delegates coming by Rail excg;ds l~08. total

8. Presentation of a salver and ini i
of thanks to Shri G. M, Mctl‘(ela\‘ri:.c roll containing a. resalution

The Council passed the following resolutions :

(1)

(ii)

‘ The Indian Roads Con
; A gress thank the Institut:
of nglfway Engineers, United Kingdom a?giuté?n
E‘:i‘;‘;‘;;ﬂg, 0(111 behalf olfl the Indisn Roads Congxl}essy
and a scro ini 2o8,
passed by the Congroas ::ngagguz}g. BIi;he resolution

the Annual Luncheon of ¢ ioh BonoKelvio at
Institution . of the Scottish Branch of their

‘ The Council of the Indian R
! oad

the Custom aud Exoise authorities, Unped o
cg; t:dmlttmg the import of a gilyer s&lverlnfgdom,
Shri ém SM dﬁgﬁe;‘;‘id bpuzﬁhase tax presentel;;e ‘t):

== e by the Institut; .
Engineers, United Ki tution of Highwag,
Roads Congress Kingdom, on behalf of the Indiag

ngress thank

9. Miscellaneous.

t)

(ii)

(ii1)

The Council decig d
T ) ed that the Commi
p:el;zzxzxﬁztzzz :h:;xlfc;rmeet more freq\x:::;lt;e :}:al? Iﬁ;
; 88 DOossj
Commitees should be carriedpouélg;’ctﬁe:ggﬁggnt:he
e.

peid from In dignmalgttees being held, T. A

Committe memp, ads Congress funds to th
. r o8
their employers. 8 who cannot get the same fron:

The Council decided
I R. C. Bei ed that the Sections
possible, ridge Cods shoulq be publishe

port Subcommittee will.be abolﬁl::f;nt Road Trapns.

—————.

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

The Nineteenth Annual General Meeting of Members was held
at Srinagar on Wednesday, the 22nd June, 1955 at 10-30 A. M. In
all 224 Members and 9 invitees (names and particulars
(pages 594-601) attended the Session,

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

The minutes of the last Business Meeting held at Bhubanes-
war on the 8th February 1954, as printed at pages 515 to 549 of
the Journal—Volume XVIII-Part 603-605-4-March 1956 were

confirmed.

3. Audit Report.

(i) The Audit Report for the period lst October, 1853 to
the 30th September, 1954 pages 603-605 was recorded.

(3i) It was decided to re-appoint M/s. Walkers, Chandiok
& Co., Chartered Accountants snd Auditors, Delhi
to audit the acecounts 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 resolutions were pasged :

(i) The Indian Roads Congress thank the Government
of Jammu & Kashmir for their kind invitation to
bold the Nineteenth Session of the Indian Roads
Congress and for the very efficient arrangements
made in connection therewith,

(ii) The Indian Roads Congress thank Yuvaraj Karan
Singhji, Sadar-i-Riyasat, Jammu & Kashmir State,
for inaugurating the Nineteenth Session of the Indian
Roads Congress and for his permission to print his
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(iii)
(iv)

(v)
(vi)
(vii)
(viii)

(ix)
(x)

(xi)

(xii)

NiNgTRENTH SESSION—SRINAGAR 1955

very inspiring A ;
Roads Clc:ngregssrs.ddress in the Journal of the Indian

The Indian Roads
_La.l Nehru, Prime M
instructive message.

pqngress thank Shri Jawahar
1nister, for his good wishes and

The Indian Roads Con

. ) gress thank
krishnan, Vice President, India fl:)r I]J)i:.bs'tRa'dha-
for the success of the Session, ost wishes

The Indian Roads Con
) 8 Congress thank B i
lf\(I)c;hﬁi_., Prime Mmcllstfer, Jammu and %::l:m(ihgt:g;
1s message and for kindly declari
Technical Exhibition organized by 1'31: &lggia%p%%:gs
Congress on the occasion of the Session.

The Indian Roads Congress thank S

1 lan ard
Singh, Mu.nster for Works, Housing anri gxpspv;;rf!:)n
his best wishes for the success of the Session. '

The Indian Roads Con i
0ac gress thank Shri Q. -
gesan, Dy. Minister for Transport a.nfi‘ Rag;vé;:

Govt. of India, for his inspiri
) ir
members of the Indian Roadg éx;%gl?::sage o the

The Indian Roads Con
: gress thank Shri -
;pa.m, quuteqapt Governor of Vindhya.ml)rla?c'ie%ﬁn:gr
18 very inspiring message and good wishes to’the
members of the Indian Roads Congress.

The Indian Roads Congress thank Shri A

i, Mini bdul
Ansari, Minister for P b%' 8 thank Shri )
the Conference Succes:, ic Works, Bihar for wis

qaiy
hing

The Indian Roads Congress thank Shri
; h
McKelvie, Past President of the Indiap I(i(')alc\i{s.

Congress for hi i
Sess%on. r his good wishes for a very successful

The Indian Roads Congress t
and other well wishersgwho lﬁ:nk the
goodwill and encouragement,

Institution
Ve sent messages o:

The Indian Roads Congress th
" h / ank i
Chi Engincer, Qszi Mohd. Afza. 1o O CUBIS,
choo Shgi’ Sndum Roads COngress’ Sha" Organizing
» Shri 8. Narboo, Shri D. B, Malhotye, i 2
» Divigional

6.

(xiii)

(xiv)

(xv)

(xvi)

(xvii)

(xviii)
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Engineers, Shri Dina Nath Bhan, S. 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 Jammu and
Kashmir State for giving wide publicity to the
proceedings of the Session. .

The Indian Roads Congress thank the Secretary, In-
formation 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.

The Indian Roads Congress thank the firms and
Govt. Departments who participated in the Technical
Exhibition and offered technical films for being
screened.

" The Indian Roads Congress thank the Departments

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 thank the Press for
giving wide publicity to the proceedings of the
Session.

Scrutineers for the Election of Council Members.

Messrs. Goverdhan Lal, B. V. Vagh, K. F. Antia, and

5

W. A. Griffiths were appointed scrutineers for the election to the
Council under rule 9-i of the Rules and Regulations of the Indian
Roads Congress.
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7. Election. The following were elected ag; Members of the - soe s F
i ' 9-a. Name of participating tative
Council. Administiation | Name of representa

94. () Representatives of Associate Members other than

Public servants. Jammu and Kashmir " D. N. Gupta
M, 5, 4ntia W. 4. Griffiths Madhya Bharat P. V. Divatia
M. P. Apte E. A. Nadirshah o
C. J. Fielder Sujan Singh Mysore H. Ananthachar
PEPSU A. C. Malhotra
g Representative of District Board Engineers. . i Lal
Fateh Chand Rajasthan Kishori La
S
: Saurashtra U. J. Bhatt
h. Representative of Municipal, Improvement Trust and Travancore-Cochin K. K. Kartha

Cantonment Engineers.

o i .in-Chief, Army
K. Bubba Rao i gﬁi:ﬁ;’s;r;ers Brig. D. B. Chopra
i.  Representative elected by the General Body. 9-¢ Central P. W. D. N. G. Dewan
H. 8. Batli . 9.d Consulting Engineer (Road )
10. Past Presidents:
8. Under rule 9-a, b, c and d, the following were nominated by 9-e
their respective administrations as Members of the Council: T. Mitra

9-a. Name of partioipating

Administration Name of representative
Andhra C. Seshavatharam
Assam . B. Choudhury
Bihar M. L. Bahl
Bombay Ww. X. Manscarenhas
Madhya Pradesh H. R. Gupta
Madras K. K. Nambiar
Orissa C. M. Bennett
Punjab D. P. Nayar
Uttar Pradesh M. 8. Bisht
West Bengal R.C. Roy
Hyderabad-Deocan

M. A, Khayyum Khan



Annexure I

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

LIST OF ME
SESSION

MBERS WHO ATTENDED THE NINETEENTH
OF THE INDIAN ROADS CONGRESS HELD AT
SRINAGAR IN JUNE 1955.

I. R. C. Session.

NN NN NN et b s bt b e et et
S8 BRBNRS8e g eN

[
CSpemNng oRBN

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

Total

21
4
1
3 2
1 3
8 5
* :
7 8
4 9
10
20 11
36 12
13
8 14
12 15
16
3 17
6 18
16 »
26 21
5
18
2 22
23
4 24
2 25
2
2
26
1 27
4 28
3
10
1 20
2
1
—_— 30

233

8. 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

Anantapadmanabhan, C. 8.
Bhalla, R. S.
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
Subrahmanyam, J.
Sehra, P. T.
Trehan, J. M.
Venkatesulu, Gostu

(b) Engineer-in-Chief’s Branch

1905
1818

16
Invitee

858
1931
738

Invitese

Invitee

Arjan Singh, Col.
Bose, Col. 8. K.
Chopra, 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. COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH

Puri, B. D.
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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
12(1) 1881 Rao, K. Sreenivasa
igz 1894 Rao, U. N. Parameshwar
347 Reddy, K. Ramaswami
123 1916 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 1638 Gill, A, 8.
130 154 Nayar, D. P.
131 376 Sandhawalia, N. S,
132 Invitee Uppal, Dr. 1. 8.
133 491 Varma, P. L,
134 1832 Varma, D. R.
12, UTTAR PRADESH
igg lggg Bisht, M. S.
Bachaspati Kala
137 1525 Chaturvedi, D. Q.
138 222 Fateh Chand
139 1915 Goyal, D. K.
140 1923 Gauba, J. C.
141 1398 Johorey, M. C.
142 1182 Kochhar, R. K
143 1199 Larois, D, K.
144 12}7 Misra, P, N.
145 759 Mathur, 8. B.
146 1391 Saxena, J. K
li‘g 1940 Sumair Chand
18 960 Sinha, K,
150 1080 ‘parma, H. 8,
D Wadhwani, G. B,
13. WEST BENGAL
}gzl 1628 Bose, A, K
1413 IRy
153 1324 Chattacharjes, 8. P,
154 1348 Cganda,_ R. P,
156 1496 Cha::er]egil M. K.
156 41 & opa yay, K. P,
157 57 De, K. C.

Desai, A. P,

List or MEMBERS 594
S. No. Roll No. Name.
West Bengal (contd.)
158 Invitee Mrs. Desai, Jyoti A.
159 1503 Das, Tulsi Madhab
160 231 Fielder, C. J.
161 936 Gupta, S. N.
162 1030 Ghosh, A. K.
163 1942 Ghose, Deb Kumar
164 1941 Guha, Asutosh
165 1424 Ghosal, P. K.
166 1910 Green, John A.
167 316 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.
176 1544 Ray, 8. N.
14. HYDERABAD-DECCAN
171 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. S.
186 1624 Gupta, D. N.
187 1695 Gurdip Singh
188 337 Khan, G. H.
189 1928 Kaul, 8. N.
190 1696 Laharwal, G. R.
191 974 Malhotra, D. P.
192 1445 Nanda, J. D.
103 60 Nanda, B. D.
194 15562 Narboo, S.
195 1672 Qazi Mohd. Afzal
196 1585 _Shah, 8. R.
197 1821 Sheikh Abdul Salam
198 1733 Vaidya, G. H.
199 1583 Wanchoo, P. N.
16. MADHYA BHARAT
200 567 Dhumal, R. J.
201 1575 Ghatpande, G. S,
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List or MEMBERS

fast oF MEMBERS 601

8. No. Roll No.

Name.

202
203

205

208
207

208
209

210
211

212

217
218
219

220
221
222
223
224
225
226
227
228
229

1909
1668
1358
- 1908

331
1714

214
1858

1654
1936

307

22, PATIALA AND EAST PUNJAB STATES UNION

1338
1134
1604
1912

1934
1925
1918

1183
883
1776
1432
39
40
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
Khanna, P. N,

Sachdev, Avtar Singh
Sabhlok, Om Parkash

23. VINDHYA PRADESH

Das, 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 Pragad
Sehan, Surjan 8.
Sani, G, H.
Yerman, Dr, La] C,

8. No. Roll No. Name.
25. BHOPAL
230 444 Fahim Beg
26. KUTCH

5 i i, L. V.

Moo EeRk

27, PAKISTAN

233 1549 Doctor, P. K,



INDIA *
BALANCE SHEET .
(Excluding Transpor

©

Rs A. P. R Rs A, P. Rs A,
4,101 1 9 6,395 6 3
12712 o 1,192 ¢ o
‘und ... 430 0 0 7,587 12 3
4,658 13 @ 74510 9 8,842 1
1,618 8 ¢
459 9 3
2078 1 3
20713 o 1,870 4
419 3 0 5 212 o
ontra) ... 2, 190 23 3
D
.| 1,26,806 14 9 46,192 11 0
140 0 0 4,808 1 0| 51,000 12
w | 1421813 3 141, 9,270 0 0
417 8 0
20,052 6 )
273 19 g 20, | 31,000 0 0
r T 1,535 4 ¢
5’
. 10, 360 0 o0
S 0. 3,770 0 0
142 7 0
w1 118,102 110 18 0 0| 46,543 3
> 2,652 7 0 6,155 0
1,20,754 8 10 126 0
rendi-
ne & 6,000 0 0
.. 16,912 2 4_ e 54,000 0 0
1,37,666 11 2 50,000 0 0
20,271 10 0
000 0 0 10,984 2 0| 141,255 12
21813 3 24,218 13 3 1,13, |——
: 3,167 6 6
1h‘otal 2,08 ... 892 1 o
! 2 5 0 3,031 12
(8d.) J. SUBRAHMANYAM. | 15700 0 0
Secretar 730 0 0
168 4 4
the INDIAN ROADS CONGRESS | 3283 0 0| 19,881 4
at 30th September, 1954, above
lanations we have required. 1,652 14 11
t set forth gives & true and correc .., 16 0 0 .
trding to the best of our informu *wol.l 2,09 8
pks. .. .
; (Sd.) J. C. CHANDIOK, ... 18’462 g g 18.470 0
| B.A., A.C.A, (England & Wales], :
| for Walker, Chandiok & ( 2,08,158 13
‘ Chartered Accountants, **° s
1
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INCOME AND ExpgypITURE

INDIAN ROADS CONGRESS

/
EXPENDITURE —
Rs A P
To Opening Stock of Journals 8 on lst October, 1053
,, Paper Consume o 33,75 6 O
., Printing Charges | loggg 1l 8
5900 5 6

Closing Stock of Journals 83 on

Less:
30th September; 195

» Establishment
,» Local & other Allowances
,» Honorarium to Secretary

,» T. A, to Staff for attending Moetingg
,» Bank Charges .
,» Provident Fund Contribution

,» Audit Fee
,» Postage & Telegrams
,» General Printing & Stationery

Uniforms to Class IV Servants
, Miscellaneous Expenses
, Publicity Account

18th Session Expenses
R Subseriptions to other Societies
Bad Debts written off

,» Depreciation written off
,» Balance being Excess of Income ovep .
carried to Balance Sheet * Xxpenditure

Total

5900 5 ¢
60,282 7 ©

— S 1L 2

Kashmere Gate,
Delhi.

Dated, this 3rd day of December 1954.

FOR THE

Rs A. P.

By Subscriptions :
Ordinary Members
Asgsociate Members
Members restored

\ Life Members

, Entrance Fees :
Ordinary Members

-

14,071 12 0 \

4,269

955

35,324 11 6 Associate Members
16,950 12 6
1,200 0 0 s, Sale of Publications
152 8 0| » Advertisements
202 15 3
1,767 5 2| ,, Subsidies (including arrears.)
. ,, Interest on Government Securitie!
450 0 O
4,695 1 0 Receipts on account of :
(13 o1 ¢
2,417 5 6 Delegation Fees
42510 0 Transport Charges ete.
1,340 1 3| | Donation from Shri McKelvie
600 0 0| , Miscellaneous Income
7,980 8 9
403 7 0
00
09
2 4

16,912

1,10,118 5 0

(8d.) J. SUBRAHMANYAM,
Secretary.

YEAR ENDED 30TH SEPTEMBER, 1954,
(Excluding Transport-Communicatlons Monthly Review)
clucine___ :

INCOME

Rs A. P. Rs A. P
23,865 0 O
2,865 0 O
el 395 0 O
o 40 0 0 27,155 0 0
2,000 0 O
. 360 0 0 2,360 0 O
8,037 153 0
.o 7,309 8 0 16,247 7 0
5 oto- 50,000 0 O
4,500 4 O
7,660 0 O ’
e 1,847 8 O 9,507 8
52 4 0
203 14 ©
[ —
Total 1,10,118 5 ©

-

he Balance Sheet.
ms of our report appended tot
In 16758 (ESd.) J. g CHANDIOK,

Jand & Wales), F.C.A.,
B?O;A%V?zl%eg} c!'l}%a:%iok & Co., Chartered Accountants.
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Transport-Communicath 1
PENDITURE ACCOUNT FOR T

Rs A. P. Rs A. P.
3919 4 0 s 2,718 12 0
5,068 11 9 10,687 5 6
1,232 10 6 ‘ 210 10 0
612 0| been
e 2011 6
'ried to

2,468 9 9

Total ... 13,616’171.’(; Total ... WI—T

BALANCE SHEET AS AT :

Rs A. P. Ras A. P. Rs A. P. Rs A. P
1,549 8 O
. 50 4 0
1,062 1 O 2611 9 O
. 641 4 6 601 8 6 ——
[
14 0 0
7,007 0 9 5,668 8 6
1,868 13 O
. 9,475 10 6
. 2,468 9 9 s ‘46
PR
I —
o 10,167 3 0 . 10,167 3 0
|
D
b found correct.
8d.) J. SUBRAHMANYAM, _ Chandiok,

Secretary. and & Wales), F.C.A,,
J0., Chartered Accountants.



INDIAN ROADS CONGRESS

REPORT OF THE COUNCIL TO THE
GENERAL BODY OF MEMBERS FOR THE
PERIOD 1st JANUARY TO THE 3ist
DECEMBER 1954

[The report covers the period from the 1st January to the

81st December, 1954, though a few matlers referred to in it are
carried beyond the latter date for convenience and completeness of

record.]

1. GENERAL

The Eighteenth Session of the Indian Roads Congress was
held at Bhubaneswar in February 1954 when 197 members and
4 invitees attended the Session. The 5 Papers published in the
Journal of the Indian Roads Congress, Volume XVIII-parts
1to 3, were read and discussed. Three Committees and seven
Subcommittees were reconstituted to deal with various engi-
neering and administrative problems. A new committee was
also appointed to draft answers to the questions on Qement
Concrete Road Surfacing discussed at the last three sessions of
the Indian Roads Congress. The Executive Committee held
two meetings at New Delhi on the 4th September 1954 and the

23rd April 1965.

2. ADMINISTRATION

i i, Consulting Engineer (Road Develop.
AT T v A ent of India, Ministry

ent int Secretary to the Governm .
of nTl-:xilsigxntw:s eleZted President of the Indian Roads
Congress at tl,m Bhubaneswar Session. He continued also_as
Honorary Treasurer. Shri Goverdhan Lal, Deputy Cpngu]tmg
Engineer to the Government of India (Roads) continued as
HODOrary Deputy Treasurer.

v i nyam continued as }EIonora.ry’Seorét_ary.
Shri Sxilri\{[gl'xefjl;: r:lol::x?i?m{d as Honorary Assistant Secretary till
the 30th April 1954, when he took service under the Government

of West Bengal.
Shri B, N. Shenoy continued 8s Technical Secretary.
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3. OFFICE

The office continued to function in New Delhi

of 7,963 receipts and iss '
under report. ued 17,126 letters during

It disposed
the period

The staff worked statisfactorily.
4. MEMBERSHIP

(1) The number of members on the r
ber 1954 was 1270 (1242 Ordinary and 28OX:sggiat.;}:).:g%ll:rsigpbetf.
year there were 86 new admissions and 70 removals from thegrollse
The removals were the result of resignations (22), deaths (7) and
non-payment of arrears of subscription (41) by members who

had retired from service, left Indi i . !
of a prolonged effort, ndia or failed to respond in spite

(2) Life Membership :—During th
the 1st October 1953 to thg 30th Segtem}e)ercgggzess ytla:r f{)om
enrolled themselves as Life members and the na‘em ers
one member was removed from the rolls due to deathme of
number of life members on the 30th September 1954 vys, ho
This npmber is, however, included in the total was 124,
of ordinary members. The fees received from th
been i.;ransferred t0 a separate reserve (Building e
Technical Fund) after deducting Rs 10 pe
initial expenses. per

number
m have
Museum and
member for

6. DEATHS

1% is with deep regret that th :
the following Members : ® Council record the deaths of

Brinda Roy S ii

}/Io(};d.s Abu Tarab L: g '11)?:;1;]&

A ]§u ::smg C. N. Thirupuvanam
A. awson M. N. Bhuyan

, M. N. Patni
6. BUDGET

The budget for the year 1954
1953 —54 were approved by ¢ oy ix
meeting held on the 23rq A{)l‘ilh f%lgxec'lll‘tl‘:ve mnmitieo at thetr
placed before the Counci] at its .44th °

for 1963—54 show a surplus of Rs 24,54 onaing.  The actuals

Rerort or T8E CoUNOIL 609

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 § per cent of their share
from the Central Road Fund or a fixed sum on that basis subject
to a minimum of Rs 2,000.

As the period of sanction of many States is due to expire
with the year 1954-65, 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 subcriptions 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, & 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 1st October 19564 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. AUDIT

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 1953-54. The re .
Congn NS oy SR Mo R % o
. a8 also

placed before the Council i .
 ine 1935. il at their 44th meeting on the 18th

8. PUBLICATIONS

There was a good demand fo C
Roads Congress during the year :rtg:r Igl;‘)gl‘ltcatlons of the Indian

The following new icati
e, g publications were made available for

(1) Bound Volume XVII.

(2) Type Designs for Boundary and Furlong Stones
(3) Route-Marker Signs for National Highways
(4) Dimensions and Weight of Road-Design Vehicles

(5) Recommended Practice for
. th i
Roadside Motor-Fuel Filling S::(;i?::_ ion and Layout of

(6) Road Research Bulletin No. 2—Report on E i
xperi-

mental Surfacings Tested on
. " t
Majherhat, Alipore, Calcutta (19&2‘._1%1?? Test Track at

Circulars were issued to all Sta
ﬁgmlélﬁ?g::}ons, and engineering ﬁrmstebrggogviim?e%ts-’ other
Werg’ also ml::;s’ _ Announcements regarding tgh 0 their notico
cations Month? mB,the- Journal and the Trans © publications
: hly Review. As a result, th port-Communi-
received sufficient publicity and had a brisk sa,]ese publications
e.

Copies of the booklet ‘¢ Bridgi
b I ridging India’ i T
by the Todien Touds Congress*lnt Jene wers aupplied i
e and certain important perso:: - ;\}lpp}wd s
. early 200

copies were given to the Gov
armong the Indian Embassies :ﬁg;znt of India for distribution

The balance of ¢ o
was as under he publications on the 31st December 1954

Name of Proceedings

Volume
1.R.C. Pr]ggeedmgs Ito VII-part 1 & VIII Balance
Do. VII-part 2 Sold out
Do IX-part 4 46
DO: IX (Bound) 122
X-parts 1,2 & 3 g 11(144
old out

ReporT OF THE COUNCIL

Name of Proceedings

1. R. C. Proceedings
Do.
Do.
Do.
Do.

Do.
Do.
Do.
DPo.
Do.

Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do.
Po.
Do.

Do.
Do.
Do.
Do.
Do.

Do.
Po.
Do.
Do.
Do.

Do.
Do.
Do. -
Do.
Do.

Do.
‘Do.
Do.
Do.
Do.

Do.

Volume

X.-part 4

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

XII-part 1
XII-part 2
X1I-part 3
XI1I-part 4
XII-part b

X11-parts 1 to 3 (Bound)
XIl-parts 4 &b (Bound)
XIII-part 1
XIII-part 2
XITI-part 3

XI1I-part 4
XII1-parts 1 & 2 {Bound)
X111-parts 3 & 4 (Bound)
XIV-part 1
XIV-part 2

X1V-part 3

XIV-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

X VI-part 2

X VI-part 3

X VI-part 4

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

X VII-part 2

X VIl-part 3
X VII-part ¢

X VII-parts 1 to 4 (Bound)

XVIII-part 1
X VITI-part 2

XVIII-part 3

611

Balance

244
Sold out
Sold out
Sold out

180

Sold out
409
403
496
427

416
224
290
369
720

Sold out
576
153
296
386

308
422
© B17
771
336

376
411
561
Sold out
114

156
166
723

66
152

59

172

790
Sold out
Sold out

126
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Road Research Bulletin No. 1

Road Research Bulletin No. 2 . 229

Bridge Code (1937) 595

ga.gpur Report Sold_out
ecture by Prof. K. B. Madh 176

Paper on ‘‘ Water-Bound Mag:;am” Sold_out

Booklet * Bridging India’s Rivers » 23
Type Designs for Boundary agsrs]?urlong Sto Sold out
Route-Marker Signs for National Highways nes 331

Dimensions and Weight of R . . 343
Recfommend'ed Practice for theoﬁlg;g;gfnau%ehicles 101
of Roadside Motor-Fuel Filling Stations ayout Sold out

1t 1s noticed that the demand f
_ or the last P
18 smaller than for the other Parts. This is iﬁt %{cfz,;te.;y tlfieo“le:z";:t

Part does not contain any Papers. The discussions on Papers
k Volume and they are jas

Members who do not possess & com

of the Society are advised
in hand are sold out. to complete

plete set of the Jour
them before the volur::e::

On s reciprocal basis, copies
. of ;
to be supplied to several tgehnica,ltl;gs 1;13;;1111;1.109. ‘
United States of America, the Unitedl utions
Elvgétz:;rlxzm:c’» %ﬁ:m:&:y' Japan, New Zealand, efo Copi
the For E ces of the Uniteq Nations O Opies were
v Tast. Recently some more Institu’fioorga'nlza'tion in

for the exchange of their liters i ns h

A > ] tn ave g
i}he Penod_lcals which are being rzze?;ﬁé our Journa). A liﬁze%‘;}
is given in Appendix. o¢ Inthe I R. Library

The Transport-C i
The Indian Roagd. Gongzzt;:ui:mcations Monthly Review

o . .
f’x%z(llmi]g:‘filo&)ment and Road Popularising modern ideas on
with theirs aﬁi Who, owin 8 for the benefiy of
official duties .are not able toe.tlme Preoccupation

e science of road ¢ eep abreast of the

: Congr i
publication at g concess'engmeermg students gcz‘s;, gg:’:{:ﬁ;‘fe
is

Bs 8 per annum against
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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 whick 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 comcrete arch bridges of sho
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 |
Road Bridges in India. ‘

(13) Marking of road bridges with their weight classifi
tion. ‘

(14) Road milage statistics in India and in foreign countr

(156) Road traffic signs.

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

(17) Specification of natural asphalt.

(18) Specification for village roads.

(19) Stabilized soil and soil cement road construction.

(20) Type designs of highway milestones.

(21) Standard layouts for roundabouts.
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(22) Standards for road gradieﬁts,
ourves.

(23) Use of mechanical e
hill roads.

(24) Vertical curves.

widths, and horizontal

quipment for rock cutting on

(25) Water-bound macadam specification. A
(26) Well foundation for bridges and their testing

10. LIBRARY

A large number of technical j oo
India and abroad were received ixllozrxzallll‘:ng: }:: t?;ltul)ns‘ n
Roads Copgress pu_blications. Some new books and s: ?idmn
of the British, Swiss, German and the Indian Standa ;n ards
tutions were added to the library of the Congress I'Ms Insti-
can borrow books from the libraries of the Congress embers
sulting Engineer (Road Development) by writing to S&nd Con-
Indian Roads Congress. The rules regarding thegloa. ecretary,
are published in Vol. XIX-part 1 of the Journal of then S;DZ:gks

88,

Lists of additions to the library a i
the *¢ Transport-Cgmmunications Mgntll‘lelyplg);:fsig:vdumonthly in
liste of selected literature classified according to s;1b Further,

being published for information of jects are
more important books and articleso arehﬁ:;bel:m.Ab“mcts of
bers are requested to make free Published. Men.

. u i
were issued on loan during the ;:a(:'f :Ege:'lb::;gl:t 125 books

very small number considering th i
ship of nearly 1,300. It is gurg&:etd ﬂ::;asto cﬂi,ﬁﬁ:s

make more use of these ]j
articles can be supplied on pay:l::t.;i.es' Photostas copies

member-
should
of any

11. MEDALS AND PRIZES

*“ The Indian Roa

ds C ”»
K. K. Nambiar ang (s)ﬁﬁimff odal ” to Shri

_ . Namagj
z}::;rcggp:r Np. 161 ¢ The Investiga.:is;ryal’)m _for
and ;ll.'uotmt_x of the Cauvery Bridoe e
Published in Vol. XVT1.} of the gg:;::flu o
Further, the Councj i .
medal should be a.wa:lle;uf(cl)rd%zn fhe

polio
than one Author. Y that only one

ntributions made b
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12. COLLECTION OF PARTICULARS 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 & member of the Indian
National Society of Soil Mechanies and Foundation Engineering.
Shri S. R. Mehra, representative of the Indian Roads Congress is
the President of that Society for the current year.

(2) The Congress is a sustaining member of the Indian
Standards Institution and maintains a close liaison with the
activities of the Institution through representatives nominated to
gerve on their committees dealing with subjects which have a
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 continued to represent as the principal and
alternative representatives of the Indian Roads Congress on the
Building Division Council of the Indian Standards Institution.

Principal representative — Shri 8. B. Joshi
Alternative — Shri H. P, Sinha

L 3]

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 & Shri K. K. Nambiar
Tar Products } Shri Brijmohan Lal
BDC: 1-Terminology Shri H. Sundar Rao
Notations & (Principal representative)
Drawings Sectional 8hri J. Subrahmanyam
Committee (Alternative representative)
BDC: 7-Structursl Shri D. 8. Desai
Steel {Principal representative)
Sectional Shri M. P. Nagarsheth
Committee j (Alternative representative)
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BDC: ls‘i—B}‘idges Shri J. Chambers
S ectional (Principal representative)
ommittee Shri D. S. Desai

(Alternative representative)

The following are the principal a i
tives of the Indian Roads Congrespn on 131% aél,g:.l;;mf.l?;:e Srel?resent.a.-
tee of the Indian Standards Institution. ubcommit-

Principal representative

Shri R. N. ;
Alternative representative Chatterjee

Shri G. C. Khanna

(3) ShriK. K. Nambiar continued t b i
Roads Congress on the Prestressed Concrefg l(?x%‘:;?nt the Indian

(4) Shri H. Sundar Rao continued to .
Roads Congress on'the Road Research Con:flfilt.;:‘;nste:he Ibndw,n
Council of Scientific and Industrial Research. UP b the

14. REPRESENTATION ON THE BOARD O

RESEARCH F ENGINEERING

The Prime Minister in his capacit i
Council of Scientific and Industrial Rgse;ih&:etP‘:‘;s;g?ni];; of the
%o-ongm:te fret?l?&r‘ihdm various branches of enginee:ingar%l‘;o
resident o e Indian R . . e
board. oads Congress is a member of this

TECHNICAL ACTIVITIES
15. SPECIFIGATIONS AND STANDARDS COMMITTEE

The Committee held meetings on
t!
and the 29th November, 1954, The follamie. “'d.8% February
cussed : g subjects were dis-

(1) A Preliminary Note . i
at Crado. y on the Design of Road Intersections

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

(4) Classification angd General Standards for Roads in Ing
8 1n India,.

(6) Glossary of Highway Engineering Terms

The note referred to at i
Paper and is expeocted to b o (L) above Bas been drafted as a

s e publj i
sion at the 1956 session of thg In(;?llzdl?.l:asls‘eogoumal for disous-
ngress,
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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 3 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 eclassification and general
standards for roads in India referred to at item (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
curve 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 givi i
(1 1engt§sf§:"$§ the various elements of unit transition

: erent angles consumed b i-
tion, Tht_ase will enable one to designtz?zrt?nql
tight locations. ves

(iv) Worked out examples.

These Tables are under
put on sale shortly.

The followin
Committee.

(1) Rotaries.

(2) Testing Road Aggregates.

(3) Tables on Vertical Curves.

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

A Paper on item (1) above has been Published in

Volume XIX-part 3 of the J 1 it wi .
the current session. ournal and it will be disoussed during

print and the book is expected to be

g subjects have been under study of the

16. BRIDGES COMMITTEE

_The Sections of the Bridge
subjects have been under study.

Code dealing with the following
(i) Prestressed concrete.
(ii) Steel structures.

- (iii) Masonry structures.

(iv) Reinforced cement concrete,

17. TECHNICAL SUBCOMMITTEE
(i) Test Track Division

The Subcommittee held i
February and the 15th Decegg:tml%%:n ’Ii‘sh: o January, Oth

The members of the Divisi
ivision ri ;
concluded that the stabilized basesafitf(;. 1::5 ?:;;;n‘fn?e su;faces
er the test
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conditions. They also observed that 7-in. thick soil-sanc
stabilized base compared favourably with the two layers o
brick soling. It was also decided that for future tests, data abou
humidity and temperature for the period during which tests wert
carried out should be collected.

The Subcommittee also decided that the usual test load af
the test track should be so increased as to represent the actua
loads on the roads and that the manner of loading should be sc
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 cart:
will be increased as far as possible.

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

1st section — soil-sand 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 sam
type of soil preferably clay. The wearing course wil
consist of 1} in. tar carpet. A detailed specification will b
considered by the Subcommittee after carrying out the labora
tory tests.

It was also resolved by the Committee that similar test
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 Roac
near the Central Road Research Institute, Okhla (Delhi) ar
in progress. '

The Road Research Bulletin No. 2 containing reports o
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 Membran
Method ” by the College of Military Engineering
Kirkee.
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(ii) Abstracts from the R
Laboratory, West Be r?gp:ll_'t for 1950-51 of Research

(iii) Abstracts from the Re .
Research Institute, AIIII)I(‘)iI;},Baf.g,r 1950 of the Irrigation

Later at their meeting held
the Subcommittee discussedgthe foll?):vi?ge sggggctlg? vember 1954,

() List of Research Problems.

(i) A report on “ Stabilized Earth Bricks and Tiles for

Buildings,” . .
tion. gs,” Hyderabad Engineering Research Sta.

(iif) Report of the work done at
the R ildi
Laboratory, Karnal from July 1905;d:o 31(11([116311&15%1%3

The list of Research problems
. ref 5 .
was discussed and approved with certgg;edcﬁ(;: te 1tem (i) above

ber-Secretary would suggest the prioriti ges. The Mem.
approved and circulate them to mem%l::: ltf}etshefoCl(‘)lr:.lllltleittpmb]ems
ee.

Items (ii) and (iii). Th »
Buildings Laborator§r, )Karn:l w:;-‘]; %f);;e at the Roads ang

Research Station was noted Itw yderabad Engineer;
. as d Ing
should be made to the Karnal Labora.:gxlgeiot:::d; s(‘lligf}Stion
rimen-

tal effects of magnesium sulphate on various Properties of goj}
8oils,

18. SOIL RESEARCH SUBCOMMITTEE

The Subcommitt, i
- ee held a meeting on the 7ty February

On the request of the India
) n Road
gent of Izdm had agreed to provide sfuggngress, the Govern.
cperiments on surface dressing with t, 8 for carr ing out
Jith and without tack coat in the Punjal, s
agd Tar ;hOSI(;oxﬁ:ld:g:g t};at’ Wherever poss?ll)ll(ala %)doat’;%r%s: o
that the Madras light-c’h ipolfi nt;xecpurposes of cémpariso‘;“ and

taken as equivalent to two-coat ﬂurf:lc;ge(t]"r :sggciﬁcations may be
ing,

A The Highways D
the work in hang }s,hortley?artment’ Madras wij 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
to 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
pear Jullunder.

-}9 EDUCATION SUBCOMMITTEE

;’: The Subcommittee held a meeting on the 5th February
" 19564.

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 engineers 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.
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20. PROVINCIALIZATION 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 5-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 Stape Government to provincialize the
Engineering Services of their Local Bodies as the State of Madras
had done with excellent results. The Planning Commission
have been addressed in the matter,

21. MANUFACTURE OF ROAD MAKING MACHINERY AND
MACHANIZATION SUBCOMMITTEE

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.

922. ROAD TRANSPORT SUBCOMMITTEE

~ The Subcommittee in their meeting held on the 4th
February 1964 reviewed the question of the formation of an
Indian Road Transport Congress. Members of the Subcommittee
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 condition of transport in
the country.

23. ROAD OPERATION COSTS COMMITTEE

At the instance _of the Government of India, the Indian
Roads Congress appointed a Committee of experts to study (i)
the cost of operation of motor vehicles on different classes of
roads ; and (ii) the economy resulting from road improvements.
The Committee held its first meeting at Delhi on the 25th
septem.ber 19563. The questionnaire prepared by the Committee
was circulated to various operators. Some  data has been
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collected. As soon as more information is received, the final
report of the Subcommittee will be compiled.

MISCELLANEOUS

94. PAPERS FOR THE 19th SESSION

14 Papers were received during the year, 4 were already
lying pending. Out of these 18 Papers, 9 were accepted for
publication, 4 were rejected, and 5 are under consideration 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 Departments to
supply data on Test values of road aggregates. As a result of
this circular, information from many States P.W.Ds. was
he year under report some more informa-

received. During t
tion has been collected. After the information from all States
has been received, ib will be compiled and published.

26. APPRECIATION OF THE SERVICES RENDERED BY SHRI

G. M. MCKELVIE

The Council of the Indian Roads Congress at their

meetings held at Bhubaneswar in February 1954 unanimously

passed a resolution greatly appreciating the services rendered
Indian Roads Congress. They

by Shri G. M. MoKelvie to the
also decided o present him a silver salver and contributed

towards its cost.

As Shri McKelvie was in Scotland, the Institution of High-
way Engineers, United Kingdom was requested to present, on
behalf of the Indian Roads Congress, the salver to Shri McKelvie

Soottish Branch. This proposal

at one of the meetings of their
tion and the salver was presented to

was accepted by the Institu
Annual Luncheon at

Shri McKelvie on the ocoasion of the
Edinburgh on the 25th March 1955.

Shri MoKelvie has greatly appreciated the present and

thanked the Indian Roads Congress for it.

927. The Council desires to express 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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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.

Journal 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 Concrete 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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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 ~ Present:
Texas Engineering Experiment Station News, U, S. A F. P. Antia, Ds.
The Crushed Stone Journal (American). . % I]; -
. . . Barua
The Highway Magazine. M. L. Bahl
The Indian Concrete Journal. H. 8. Batliwala
The Indian and Eastern Engineer. % gl é?»s:&ett
The Engineering Journal (Canada). M.. S.. Bisht

D. B. Chopra, Brig.
A. S. Dhillon, Major
R. J. Dhumal

Fateh Chand
Goverdhan Lal

W. A. Griffiths

D. N. Gupta

J. Subrahmanyam,

The Structural Engineer, U. K.,

The Texas Highways.

TU. N. E. S. C. 0. Bulletin for Libraries.
World Construction.

Wegen (Belgium).

Western India Automobile Magazine.

Minutes of the 45th Council Meeting of the
INDIAN ROADS CONGRESS
held at Gulmarg on the 23rd June 1955

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

=

. R. Gupta

. N. Gupta

. N. Kamath

. K. Kartha
ishore Lal

. P. Misra

. R. K. Mudaliar
A. Nadirshah
. K. Nambiar
P. Nayar

. C. Roy
Seshavatharam
Mitra

. Subba Rao
Sujan Singh
Secretary

slalla

lolo]

HH QR Y FH

The following co-opted Members attended :

K. F, Antia
R. K. N. Iyengar, Dr.

S. L. Kumar

M. N. Majumdar
L. C. Verman, Dr.

The following attended by invitation:

M. F. Beg

R. S. Bhalla

D. G. Bhagat
Qazi Mohd. Afzal

1. Co-options and Invitations.

The Council appro.ved the a
Committee in co-opting and
attend the Council meeting.

9. Confirmation of the

The Minutes
the 18th June 1955 were confirmed.

9

B. N. Roy
A. K. Sen
J. M. Trehan
B. V. Vagh

ction taken by the Executive
inviting certain members to

Minutes of the 44th Council Meeting.
of 44th Council meeting held 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. S. Bisht
D. N. Gupta
W. A. Griffiths

Hony. Secretary ... J. Subrahmanyam
[
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 Congress at Nagpur early in the year 1956,

The Council also recorded their thanks to the Gove
of Uttar Pradesh for extending invitation to the India.nrlll?.nc')]::il:
Congress to holf} t}:eill'1 next Session at Lucknow. The Council
agreed to avail of their invitation for a lat i
Indian Roads Congress. or session of the

5. Committees and Subcommittees.

The Convenors of Committees
appointed as under :

(1) Specifications & Standards
Committee

and Subcommittees were

... Goverdhan Lal
(2) Bridges Committee ... H. P. Mathrani

(3) Technical Subcommittee :

(i) Test Track Division ... T. Mitra
(ii) Research 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

(7) Provincialization of Local

Bodies Engineering Services

Subcommittee B. N. Roy
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(8) Papers Subcommittee ... H. P. Mathrani

(9) 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
to recommend to the All-India Council of Technical Educa-
tion its inclusion in the curricula of Engineering Colleges
in India.

7. Miscellaneous.

The Council decided that written comments be
invited on Col. S. 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
referred 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
Bannihal Pass which is at a height of 8,989 feet. Because of
this elevation the pass remains snowbound for four months in a
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 & 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 consist of two tubes. Each of the tubes
will have & carriageway 10 ft 6 in. wide with two footpaths 4 ft
1in. and 1 ft 11 in. wide, one on each side. The tunnel will
have an upward gradient of 3 in 1,000 from both sides, that is
there will be a hump in the centre. A cross-section and
longitudinal section of the proposed tunnel is shown in Fig. at
page 633.

The tunnel has ) been des.igned for a normal traffic of 250
vehicles per hour 1n ea.ch. dquction and can accommodate 400
vehilcles per bour 1n 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 1§) ft 6 in. at
these places. .

In the design, the carbon monoxide content has imi

to 2.5 parts in 10,000 when the tunnel is dealing bv?'(ie& 23:-233
graffic. (This limit of 0.25 parts has been found to be safe if
inhaled for long periods by human beings). The carbon monoxide
concentration is likely to increase to 4.0 parts in 10,000 durin

peak periods. During the periods of this peak mt;tor traﬂicg
pedestrian traffic through the tunnel will have to be stopped a8
this proportion of carbon monoxide is safe for short periods
only.

VENTILATION

The tunnel will have forced longitudinal ventilati
in which fresh air willbe blown into the tunnel ilnaa;)end?l?::&l:ﬁ
of &Qd ‘thmd 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 over it, and the intensi
traffic expected. intensity of

The velocity of the air will be limited to 10 £t
as greater velocities will be uncomfortable for pedestll?ieal.‘nsself:il[]ld
the tunnel. The machinery for forcing the fresh air will consis%
of a ring of blowers round the entry portal.

For a short length near the portals ther i
air which will be uncomfort&blepfor pedestr?a::.u l'}?o b;:sts of
this, separate short tunnels have been provided for the %ntrove;
pedestrians. These will join the main tunnel at about 303(7)%;
beyond the portals. Incidentally, these could be used as em
gency exits in case the main portals are blocked for any reasogr-

LIGHTING

It is proposed to have ceiling lights 80 f ; .
part of the tunnel. Near the pgortils the (;isaégil(;t; léle:?v:ema]or
lights will be gradually reduced to 10 ft so that the tr n the
from relatively dark tunnel to bright outside ansition
may be gradual. The type of lights to be used
been decided. The lights will be connected to th
circuits, two for alternate lights and third one for
light. The first two circuits will be fed only b
house while the circuit for every tenth light will bey
only to the power house but also to a series of rstoc
which will autpmatica.lly come into operation if th
fails at any time. The storago batterios will b
su ing current to the traffic 1i
thl?e%yhours. ¢ light and every ¢

in daytime
has not yet
ree separate
every tenth
y the power
onnected not
rage batteries
© power house
e capable of
enth light for

SAFETY DEVICES

. Fire ;ta.tions equipped with water h
extinguishers, sandbins, telephon . .

provided 400 ft apart. Carbo£ moﬁix;‘i%d mmrﬁirf lgpalg will be
will a.ls9 be. provided. All the fire stations ca,rb(g)nlns rumepts
measuring instruments, traffic signals and ’ventilat' m%noxlde
will be_conuected to the control room that will ing blowers
one end. will be provided ag

ydrants, chemical fire

The carbon monoxide i
bells which will ring gﬁ:ﬁe:h:l“rbte’ oo
the safe limit. atio o

nected with alarm
f this gas exceeds

Electric traffic counters
velocity and direction of tile

anemometers for measuring the
de-frosting the road surface are a

wind, sand and salt bi
lso proposed to be provid:;. for
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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 isnot 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.

(c) 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
o provided which will be supported by an inner vault
concrete of 8 in. uniform thickness.

The insulation will consist of a priming ooat, & 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. and working at a
sors: pressure of 70—80 Ib per sq. in. and having a
capacity 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

gide and three on the south 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 cu. ft. One on each side
and one standby.
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4. Venti-  Reversible units—one on each side with a capacity
lators : of about 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 cu. 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 225 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 walls and other
driven  purposes.
winches :

13. Tipper  Eight on each side for carrying material to conorete

Wagons : mixers and carrying mixed concrete for lining.
Capacity of each about 28 cu. ft.

14. Trolley Rails  weighing  55--60 1b 1lajd for 2 ¢
lines: gauge.

15. Trucks: (a) Five Mercedes Benz trucks operated by 120
h. p. diesel engines are already in use and

15 more are on order, Each one
4} tons of material. can haul

(b) One special truck for
the same make and ca
is allowed to carr
at a time,

carrying explosives of
pacity as above which
y only 3 tons of explosives
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SINDH VALLEY HYDRO ELECTRIGC PROJECT

At present electric power supply to Srinagar is ge.nerated_ atb
Mohora, 54 miles away from Srinagar, where the generating station
was built in 1904-07. The present generating capacity of .a.bout
2,500 K. W. is inadequate to meet the present demand of Srlpagar
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
99 miles from Srinagar, page 639. The power cl‘mnnel which skirts
the mountains detours a length of nearly ten miles through rugged
country for about four miles, yielding & hqa.d 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.

ting station has been built for four units of 3,000
K. W'}‘.h:agﬁr.wr?\t gresent, however, only two units have been
installed. The generation is 6.6 KV, 50-0yple, 3-phase and two
33_K. V. lines are run to two receiving stations at Khanyar and
Karannagar (Srinagar). A net.wor-k of' 63 sub-stations 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.

s rigation channel carrying 135 cusecs of water, meant to
irrig::tle1 :;,grea of 2,500 acres, takes off from _tshe forebay tank.
Besides irrigation, the water from this canal will supplement the

water supply to Srinagar town.

Diversion Weir at Headworks

.fill weir, 160 ft long at the orest, with'a 20-1t scour
chanﬁell‘ot(i,il;‘te%l with a wheel-type gate, has })een p;ov1ded, abuptmg
upon about 50 per cent waterway of the Sindh River. The weir, as
built. is insufficient to cope up with the full flow dlscharge whm_h
empi;ical]y works out as 50,000 cusecs. An extension of the weir
over the other half of the waterway remains j;o be.don.e. The
head regulator, Photo 1, with a 20 ftx 3 it opening, will discharge
600 cusecs at & pond level of 5,711, which is the cr.esf.; level of the
weir. Regulation of headworks will be done by sliding gates.

e tunnels, 3 ft x 1ft, have been provided for shingle
excln'xl;lil;; 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 asteep and rugged terrain for the first four miles. Photo 2.
The strata in this reach comprises conglomerate, hard rocks ﬁssureé
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 ach. The
small and big ravines are intercepting the canal alignment
Aqueducts and super-passages have been provided for these. '

In the next two miles the canal passes through easi i
where the strata varies from earth to shinglge a:gle{):gll'gt;;!;,
Three major drainage crossings, two super-passages and one
aqueduct, have been provided in this reach.

For miles 8 & 7, the hillside is again stee ;
of hard rock, shingle and boulders, which appgaral;(iolg;xi]:ﬁfs
loose formations. The depth of cutting in this reach is abo {
60 feet. In the elghth mile, the terrain becomes easy and t;:
balancing reservoxr{hasdbeen provided in this reach. Herein th:

t mprises of indivi : - d
;%'3130:0 prises individual big boulders and shingle and

In the last two miles, the canal passes th :
stratified rock formations. Sufficient sgtting-bal:i:lglfl t%?f}?llw ith
h&dht:hbe domla ab Plﬁc:s wherltg oozings from the hillside inte;f::'gg
with the canal excavation, ti i
p;ge 648. articulars of the canal are given on

Balancing Reservoir

In order to increase the power potenti .
station, abalancing reservoir lFa.s beeg It’?'g:'li?ile (fgvﬁl]g fenerat;-ng
of 86.1 acre—ft. It is 2,600 ft in length and about 200 ft 9&P&9(;ty
at full supply level with a bed width of 187 feet. A ;‘1 .;1 th
capable of discharging 475 cusecs has been pr(;vided pl w;y
middle of the reservoir tank. At the lower end, an e 'ltn the
has also been provided which will regulate supply of thl;e gate
the forebay tank, y ater into

Forebay Tank

The full supply level of the foreba L
100 .ft X 76 ft x 24 ft, is 5376.04. It has tly;reet:?ll:-wazhmh ”
feeding into three penstocks, of which only one has b or b":yﬂ
The bed lovel of the forobay is 86 B, L. 5602.16. A wash-ont has
been provided at R. D. 5659.78 and the floor slopped ::w—Olcxlt has
wash-out. The freeboard at full supply level is 3.4 ft, thl"_'oﬂ:;thg
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The floor of the tank consists of i
concrete laid over one foot of soil cement on1 %:;;ictliosfo(i’rmﬁl?ﬁt
w&lls. are of rubble stone masonry in lime with lime ooz;cret:
backing. The cut-water masonry has been done in cement con
crete with brick facing cement plastered. The inside of the tanl;
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, a cha %n
has been constructed for the butterfly valve and associated gn;a.: *

The control gear on the butterfly valve is set f '
more than normal intake and the balance weightt3 clg:ezott}:: rv?.?::

automatically, stopping the flow of water, should any pipe frac-

gure or any excessive leakage of the penstock p
valve has also been provided on the pegst%kc imﬁﬁgﬁt f\n afnr..
the first anchor block. oly after

Penstock

The penstock is about 1,350 ft long, ma
pieces joined with butt-type rivetted jOilfts Wi(tl':], “al’) ;;fr:5 (f)‘;l::g
Five anchor blocks have been provided with expansion Poi A p.
each l.ength between the blocks. The penstock bifurca]te: 8 1n
two pieces at the lower end, supplying two turbines. The .
charge carried by each penstock is 200 cusecs, Photo 4 is-

- The diameter of the penstock varies from 5 ft 1 i
; . t )
to 4 {t 81‘9 in. near the bifurcation piece. The bif}u‘l:at% th‘? top
are 3 ft 4 in. 1In diameter. The plate thickness of the Pliol; gleqes
;rom 15)/ 16 m‘o‘?.ghg top 131 5/8 in. at the lower end ﬁanﬁzi::
ave been provided near s .
blocks. P e expansion joints between two anchor

Between the anchor blocks th i
dle blocks spaced about 30 ft apa&.peg:?sckl:::: gported o nad-
the penstock at these saddle points and bearing PI::::S Welde% on
The .surfaces., between the saddle plates and the pad hpr°v1 ed.
lubricated with graphitised tallow, pads have been

Power House

The power house, 166 ft x 28

: . 4 € ft, h it i
:;;looth!:ls to allow for differential sei'ﬁslement:.“s g;ﬁnt:i‘i“t oo throo
Tlower own iu line with the penstock chanmel after ~race runs
r ourve behind the power house, Photo 5. negotiating a

. The main building i

k ; : g is supported

% Vertical stanchions have beelx)xp constgtxllc:«::l I:ﬁ(iix:ag St ?aflt‘ ’ 530(;1
L. whic

&‘bu'ry R. C. gantry beams on which a 8/3-ton crane is oarrigd

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 NorEs ' 646

Control room has besn constructed on the east side of the
power house adjacent to the extension bays for units 3 and¢
likely to be installed within next few years. The top of machinery
foundations is at R. L. 5212. The bed of the exit ochannel 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: S !

The power house has been built for four unite. Two
Escher-Wyss reaction turbines, rated at 4,365 horse power,
1000 r.p.m. 97 cusecs at 460 ft head have been installed. ‘

A house set rated at 25 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. ' Thé
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 ab

400 volt. JC

Metropolitan-Vickers generators, transformers, ewitohes,
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 ench generator
control panel. These are quitk scting typé and ste capable of
maintaining the voltage of the generators within 1 per cent.

. The step-up transformer and high voltage switch-gear have
been ereotedpin Ehe yard immediately outside the power "house,
Photo 6. This yard has six bays, comprising two generator-
transformer units, two Bt&ti(;il auxgi%ry t;&nsformex;; dﬂn;l tz';g
outgoing 33 K.V. lines. The oil circuit breakers are ratec &
g O by transtorment’ &t 300 K'VA, 33-KV/400-230- Vol
for the auxiliary ones. The -nedtrals of the 33 KV transformets
are solidly earthed. ' co e

have béen piovided in the oil cirouit breaker

Eleotric héaters. i
tanks, the musslifing kiosks snd transfornier 0il conservator
tanks. These » -are .nean$ 4o maintain temperatures in

the ﬂ“iPﬂ';zaﬁ i § are. fitked ot ¢, minimum level
er, N . R
\-:!J' POt o AN

during winter,: -
LIRS et 113 A
Mﬁf,"’”‘ﬂ ‘sugge . diverters have

W 3 oty 5o
On the. oukgoing lines Wy, by
been mounted ap, the structures. Thede mye meant to protect
the outdoor station from- lightning and other waves that may
strike $he 13 wiile long  ttansmission lintd. - The lines are,

%
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however protected by two earth wires running along their
lengths. An earth conductor has also been strung over the
outdoor station.

The direct current supply is from a 165-volt battery
with a tap at 110-volt. It provides power for the oil circuit
breaker "closing and tripping circuits, indicating and alarms
circuit and for the mimie¢ diagrams. There is, however, a
change-over switch from the D. C.to A. C. for the indicating
circuit. 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 is remote and is exercised
from the control room.

A workshop with a lathe, drilling machines, grin-
ders, power hacksaw and shaping machines, has been
provided. A diesel-electric unit has also been erected in the
workshop for supplying power during -construction and
breakdowns.

Receiving Stations - Karannagar & Khanyar

Each of the two receiving stations, Photo 7, has been i
with one 3760-KVA, 33-KV/6.6-KV delta/star maixia ngpdpeg
100-KVA, 6.6-K.V./400-230 volt station auxiliary transformers
There are five 6.6-KV., 3-phase outgoing feeders. At present‘
however, only four feeders have been connected up to eacﬂ

receiving station feeding a network of 63, 6.6- g
distribution sub-stations. KV/400-230 volt
Cost

The total cost of the project i :
Rs 227.821lakhs. Details are givgn ‘]mc P&;z 65%3.tlmated to be

General Data

Length of canal

ng 48,300 ft
Minimum discharge of

Rlyer Sindh in winter 825 cusecs
Maximum discharge 56,000 cﬁsecs

Normal discharge during

summ -
or 5,000 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 level 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 ft
5702.00

5698.00
20 ft x 9 ft

20 ft
3 ft

600 cusecs

5702.00
5708.64
5708.64
65727.00
31t

5700.74



NINETEENTH SESSION—SRINAGAR 1955

Tour NOTES

649

Balancing Reservoir R. D. 37800 to 40300

o o o o o Length of tank 2500 £t
=X e =] = =] .
g8 & = 2 R Bed width 187 ft
w0 o - oo Full supply depth 7.64 ft
Hillside slope 1:1
g Downstream slope 13:1
E ,§ g S e B g Storage capacity 86.1 acre-ft
8 21 ¢ ¥ 3 Bed width of canal trench 9 ft
o Side slope 1:1
Full supply depth 7.9 ft
=) Bed grade 1: 25600
8 : - b N . .
- o Discharge capacity for 100
2 cusecs Hr. Min. Sec.
10 25 31
Spillway Balancing Reservoir
= Eﬁ Length of crest 190 £t
gad & 2 @ * Crest level 5691.44
< g L] t~ - ™~
P Full supply depth 1.9 ft
3 Full supply level 5694.34
g ® Free board 1.5 ft
: S 8, » Bank top level 5694.79
< . w S — oL Maximum discharge 475 cusecs
(3] ] -~
S Forebay Tank
. ~ 0 Bed level of canal at entry 5671.26
-
g2 & = % -~ @ Crest level 5672.16
Bed level of forebay 5682.02
Fall in Forebay from canal 10.04
- ha 2 Minimum full supply level in
25 S g' forebay 5674.04
- B 2 Maximum full supply level in
forebay 5682.26
Centre level of forebay tank 5664.90
,S, g 8’ '8" g e Free board 3.4 ft
'§ S ® 2 B = § Bed level of wash-out 5659.78
S r T T T Y Bed level of extension canal
S © 8 8 8 8 at R. D,-O. below forebay 5654,78
& 2 e S
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COSTS
— Aullo];lﬁlt in " Amount in
rticulars bl i
o ikl 8 Particulars la,Ilihs
. . N ﬂ
Civil ! Electrical
Preliminaries 1.32 | Preliminaries 0.50
Headworks 6.60 i Power house and outdoor '
s:a?on and receiving
sta i
Earthwork 38.09 | Pipe line 00Ty 23’33
Silt ejectors 0.50 Erection charges 1.7’5

Lining of power channel 22.30 Workshop equipment

} and tools and plant 3.95
| ,

Approach roads 2.47 Two 13-mile long 33.KV
ngsé. telephone line
0 h
Balaneing reservoir 5.63 Two retlzzil;?:g station 7.80
buildi
Forebay tank 2.05 6.6 K.v.ngf’phm H. T 1.70
line T
Penstock and anchor Sub-stations 6.6/K V/400. 500
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
Escapes & escape ] ) 17.00
channels 2.70 OV'I‘?P};eaads. Establishment
e 3.50
Masonry works 9.18 Miscellaneous 1.0
Tools and plant 2.40 .00
Supervision & miscell-
aneous 40.8
Extension of irrigation
canal 12.00
© Total 127.22
Deduct : Salvage ' 102.10
value of tools & plant 0.50
Totsl 12572
Total for the projecs :
- : Project: Rg 227.89 lakhs.

Discussion on Paper No. 171%

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

By
P. C. VARGHESE
Sunday, June 19, 1955

. 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
describing two methods for determining 8 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
assumed ocircle 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
Fig 1 the arc ab (and investigation of cases

18- where different probable positions and
direction of S are assumed, indicate the above simple assumption
as satisfactory in arriving at the resistance curve), then the line of
the resultant § is parallel to the chord ab and acts at a distance

] .
of RLO from O, the centre of the assumed failure circle. The

* Published at pages 24 to 43 of the Journal of the Indian Roads
Congress, Volume XIX-1, April 1953, L
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direction of N was fixed by the condition that it must pass
through the point of intersection of W and § and also through the
centre 0 of the assumed failure circle. Hence a force polygon
will determine the magnitude of N and §. The dimensionless

quantities ¥ and § were then defined by the equation :
N 2 §=_5
Yo HL

Method 2. Consider an element of the mass of width dx as
shown in Fig. 2. Assume that the
stresses on the vertical boundaries of
the slices can be disregarded: then
th‘e total reaction on the base of the
s%}ce 18 equal to the weight of the
slice.

Weight of slice

= AWy = Yo hy dy

The component of the weight
in the direction normal to

the slice = Ym hg cos \[r d
The total normal load on 48 = N/ — (‘ You by 08 ) d
m X

Thus the value of N’ can be obtained graphi ' i
| phically by plot
curve of Y, k. cos \s against x and obtaining t%’le a);-ela)\ ?nﬂi?s% ?}:g
curve. The average normal pressure along the arc is th
oR%tan;;gi }:isf dWég_mg the total normal load by the length of alxl'z
. ividin ‘
g this average n?\;’mal load by v,, H we get the

dimensionless number N = — %' ___
Y. HRo

Similarly, the value of 7', the total resist;

be obtained by plotting the curve vy, h:’;‘i’g a\-}fozgaggztarc ab can
the average shear resistance along arc ab is obtaine “. aen
the total shear by the length of arc Ro. Thus

8= T
Ym HRg

The values of N’ and §' obt

resistance envelope. alned may be used for plotting the

The two methods desc

‘This was due to the diff ribed would not give identical results.

erent assumptions involvad in the éeen
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methods. For the first method the caloulation 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 ¢. Where stability was to be checked for
only one #et of shear constants, the methods currently in use
were satisfactory.

Fellinius had proved that the vertical drawn through the
mid-point of the slope passed through the centre of the critical
circle for base failure. The Author had shown, Plate IT 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 was 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 aloug 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 critical factor of safety was worked out by the Swedish
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 a weloome addition to the knowledge

on the analysis of stability of slopes.



654 DisoussioN oN

Shri R. N. Joshi observed that he had occasion to di

the su'b]ect matter of the Paper with one having consig;:-z‘lﬁ:
experience of analysis of slopes, who found that the Paper was
& valuable one. The method suggested in the Paper reduced the
amount of work involved in stability analysis.

]

Fig. 3

Considering a bank of slope « and a i
oj simplic.ity that the slip ocourred along a p?ig?glﬁhfz;b&i;&ke
tion @ , Fig. 3, even though slips occurred along arcs of oircles‘na.

H
A = N = K
= < 08 sinoc'sm(x—e)
H
sing - =
Area of A ACD = }. H H
sin 9 sin x. s1n (x -— 0)

Weight of triangular prism of soil per foot run —

Y H
We = -1, —_— :
2 ' 3m e.sin“.s.n(gc_e)

where Y, is the density of the soil.

Considering the action along the inclined plane AD
Activating shear = W sin 6 ’

Normal force = W cos @

. 8

8§ = — WSiDe
L. Y,, H.

= L
mxmeH
Ym H )

s e s *i0 (< =) sin g
- HY.y,,

X gin @
28in
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To find out the maximum value of S,

S d 1
d 0 sin . sin « cos §— cos « . 8in 29]

o “do 2sinx
_ 1 sin . sin 20 :
= m [_______2,(,., Y — co8 o« .8in2 6]
1 . . ]
Lt 20 - .
2 5in o« [sm «.co820-cos oc.8in 29

=0
- For 8 to be maximum

sin « cos 26 = cos «.8in29

i.e., tan & = tan 26 or 9 -izc

< S _ Wsing _ - ©
Foro = 5 % = Wooso tan6=tan
i For S to b —S—-tan
i.e., For § to be max. = = 9

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

(6= °—;)- The critical value of % for such value of § was

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

all shear resistance enveiopes of slopes o« = 15° to 90°
S _
i_; for the maximum value of § worked out to be nearly equal to

tan 32:—- The resultant of the sliding forces acting along an arc

might be considered to act parallel to the closing chord accompan-
ied by a moment, a8 diagrammatically explained in Fig. 4. So con-

N

<

$ »
g¢ S

S Sn
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sidering the failure along a plane did not i :
value of g, the inclination of the slitilicx)lgl;g%%?ce an error in the

In the equation for §, W,, the weight of the sliding prism of
earth had been taken as that due to tha,gt section of ba.nﬁ ll:ounded
by the chord, whereas W, the weight of earth of the sector of
the b?.nk bounded by the arc of failure, was the correct one.
That introduced some approximation. It was seen from Plate II,
that for values of g in the neighbourhood of «, R, the radius of
curvature of the critical slip arc was large, with the result that
‘W—Wc) was small. For values of ¢ in the neighbourhood of
«
PR (W~ W,) was sufficiently large; but the value W, was large.
So the error introduced was small and it was not far from correct,
to substitute W, for W in the expression for 8.  The result

obtained, namely § was maximum for 9 = ;; , was true for all
practical purposes.

In the shear resistance envelope for a given point say S, N1,

the value of ! was obtained for the critical arc having its chord
1

S
inclination @ such than tan § = i This was 80 because
8 _ Wsino _
N Woose - ene
The above relation did not involve any inac
of the value of W being taken to be equal toyW curacy because

C*
In para 3.3, the Author had mentioned that
the resistance envelope at the origin representeg tﬁl;ev;?ngel;ﬁ to
minimum angle of internal friction # requireq for the st. l})e'lq the
a bank, the soil composition of which had ne cohesionaileltyfglt:
] Sy

C = 0. This was actually the significs |
that near the origin tan § ~ tan ocgundernce of the observation

g = 8 - Wsing _
LymH LYmH ~

%in §. sin (o« - g)
2s8in ¢
NN _ Wosp
LYymH LYmH = 5o

Near the origin, both § and N weye small

small if W is small, i.e., g
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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 characteristics of soils
changed under different conditions. To add to this, the maximum
slope before failure for a 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 loous of the centres of arc of
failure given by the Author in Plate II was different for the loous
suggested by Prof. Fellinius. This shape of the locus of the cen-
tres of critical ciroles for € =60° was different from that of others
and needed a check. The ends of these locii represented the centres
of critical circles for ¢ = @, giving the maximum values of §
corresponding to the graphs in Plate . 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 wae 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 eirole
failures did not occur in flat sloped banks.

Shri Joshi suggested that engineers mighl.; oonsidpr t}‘le
possibility of increasing the stability of banks by introducing pin
headers, or say by driving 1} in. diameter concrete bars 4 %o 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 siope for banks
greater in height than 3 ft, Shri Gupta was of opinion that savings
in earthwork in high approaches to bridges might result if the
slopes were designed properly. For low banks, there was practi-

cally no savings. _

Shri J. S. Narasimham said that the Author had assumed
that the sliding mass was in equilibrium under the forces 8, result-
ant shear, W, weight of the goil and the normal force. This was so
only if the value of the ‘ resultant shear §” took into considera-
tion the neutral’ and ‘effective’ pressures developed in the

-~
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embankment. The idealised assumpti i

; ptions viz., that the earth
was not subject to changes of moisture and that the cohesion
was uniform were not obtainable in practice.

In the expression § =

N
V.8 the product Y,H had no

mathematical significance. In th i
mat! v n1Hce . e absence of any mathematical
justification for dividing the total shear force and normal force by
the product YmH_ t_he values of § and N used in the shear envelope
were purely empirical and had no rational significance.

The strength of a soil, in so far as its i

nal friction was concerned, was not reduced to tli;: gsl;amoef ellilt?;;
as that obtained by the weighted angle of internal friction, see
9xa.mple 3 of the Paper. The correct procedure was to deter;n'

in the la.bo?at.ory the values of cohesive strength and the angl mc;
}nternal friction at the moisture contents likely to be d gle ¥
in the embankment and use these in the analysis. The cewe i? P
tion of ‘flow net’ in simple cases was time co'nsumin ox;s guc-
simple amended method was generally used. In the ga.m(:lnd 3
method, the_saturated. weight of the soil below the saturatio 1'e

was taken into consideration for the driving force wh‘ln lﬁe
:zgﬁ;?ggeg) densxt)i3 of t(l;e soil was taken into consideration lfgr :h:

orces. y adopting this pro
was obtained on the safe sige an(f tlf: (cizg;i:]l)l: oga?ﬁr ?gﬁzﬁ?ﬁi

pressures’ and ‘ neutral pressure’ d
: ; evelo ;
were taken into consideration. ped due to saturation

In Shri Narasimham’s opinion the m

_ thod s
Author was questionable and had no practizal.lloga;:ll
of low embankments not subject to environmenta]

ggested by the
e except in case
A ) conditions.

ri D. N. urana* obse
field either wanted to design the a;‘;g ot%h
the factor of safety of a particular an
values of ¢ and ¢. It was difficult to dr
portions of the resistance envelopes
when the value of N exceeded 0.3
hand gave direct readings and we;-e
easily.

at the engineers in

th
the slope or to find ou:
gle of slope for known
aw taz}gents in the flatter
T glxven in Plate I specially

Ylor’s curves, on the oth

adaptable for pra.cticalo u:;

He wanted to know if the graphs connec

in Plate I were drawn after conducting expeting Sand N given

o riments.

Shri C. G. waminathan wished th

detail as to how the new method of n.na.lysies ve:: lilgseg)e;;gxi:inf tliln
of the

shear strength characteristics and
w -
any strength curve other than the ng:gl:lli;h&ﬁ&l tlligfaal.;ad o mind
one,

* Thi i
Fhis and the following Comments were received in writin
g-
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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 ab
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.

Roterring 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.

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

hri S. N. Gupta’s remark about the practical
thod, Shri Chandrasekharan said that for low
to 5 ft it might not be advantageous. But
s certainly contributed to the

Answering S
utility of the me
embankments up 3
for high banks, stability analysi
economy in design.

The division of 8§ by YmH, 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 S.

In conclusion he wished the
detail how his method was more &

Shri U. J. Bhatt (Chairman), concluding the discl_lssion
said that soil mechanics Was of great importance to r_oad builders.
Though recent in origin, much work had been done in the field of
soil mechanics and large sums of money had been saved by
adopting methods based on soil science a.n.d many failures averted..
Design of embankment slopes was specially important o road
engineers. The method evolved by the Author did not apply to
progressive failures. But the Paper was valuable in evolving &
method by which saving in the calculations resulted, when many
alternatives had to be investigated. He expressed thanks of the

Society to the Author for his Paper.

Author had explained in more
dvantageous over other methods.
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‘ Bituminous Treatment of Brick Metal
Water-Bound Macadam Surfaces In U. P.”
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D. C. CEATURVEDI

Sunday, June 19, 1955

ShriP. L. Varma (Chaj . §
vedi to introduce his Pa.(pe:lrman) called upon Shri D. C. Chatur

Shri D. C. Chaturvedi, introducing hi i

: . s ucing his Paper, said that the
;lal‘facmg described had been tried in U%ta.r Pradesh for the lagt
lyeqrs and found successful, Great care Was necessary in the
selection of overburnt bricks of good quslity. Under-burnt
3;11;’;“0511‘0“1% t;IOﬁ 11;0 used. Breaking of the brick ballast should be

nly atter the bri i cted and
Engineer-in-charge. rioks wero inspe Passed by the

. The Los Angeles Abrasion Tests on brick ballasts from
various places in the State revealed that good overb
brick ballast had a value of 40 or less. So a value of 40 had Lm“
tentatively fixed as the limit for good ballast, Thi Tue
could be altered if warranted by the behavioyr of ¢ ’
under field conditions. Shri Chaturvedi hoped that th
would bring out the practices current in other States °

value
he ballast
discussion

In Holland, high strength bricks for i
obtained by carefully controlling thejr ma?x?ﬁf:::, ;‘oa,d works were
of the soil used for the bricks was given speoi 1“1‘6. Thg grading
temperature and period of burning were l:ont? tttlalntxon. Tho
Research with a view to evolve 3 Process for the ;‘;;I;if Oéoselyf.
ufacture o

good quality bricks, under condit; or the
roadside was necessary. 1008 obtaining in Indis, by the

The treatment described ip
_vedi’s opinion, suitable for mizl;;at?:ge; w:s, a0 bz
passing through built up areas ust nuisance on roads

* Published at pages 45. :
Vol. XIX-1 April 1igs, - 02 °f the Journal of the Indian Roads Congross,
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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 occurred without the material becoming too
plastic 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, Roorkee,
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 the Central
Road Research Institute showed that the samples received were
small and in many cases it was not possible to carry out the
Deval attrition test which required 44 b of 2 to 1} in. size aggre-
gate. The total quantity of material required at the la.bora.ffory
was more than 150 1b, from which 44 b of aggregate of requ.u'ed
size could be obtained. Hence, investigations on modiﬁcatans
of the Aggregate Crushing and Aggregate Impact tests which
required roughly 8 1b of §-3 in. size aggregate and yielded results
comparable to those obtained from the original tests, were on
hand. That involved sample of approximately 30 1b only.

The American Society of Testing Materials specified 60 per
cent as the limit of the Los Angeles abrasion test value for use
in base courses and 40 per cent for the surface courses. There
was considerable difference between the load intensities coming
on to the aggregates of the water-bound macadam base which was
covered, for example, with 4 in. cement concrete surfacing and
bituminous surface dressing. The aggregate in the former could
be weaker than that in the latter. Assuming that the limits had
been specified for the worst conditions, in his opinion, an aggre-
gate giving even 70 per cent abrasion value could be used for
water-bound macadam base to be covered with, say, 4 in. cement
concrete surfacing. Hence, it was necessary to relate the abrasion
values for base course material with the rigidity of the surface

course,
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_ In addition to the Deval attrition and the Los Angeles abra-

sion tests, aggregate crushing and the aggregate impact tests
sgecxﬁed by the British Standards Institution, would havé
yielded results useful for the research worker.

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

Shri Gokhale said that research was necessary to evol

ve
tests for'aggregates 8o as to take into consideration the follov?i?:;
sgpeocts in addition to traffic load intensities :

(i) the position of the aggregate in the road struéture
viz., base course or surface course; and ’

(i) the nature of the surrounding matrix, viz., hoggin
in the_ case of water-bound macadan; bin’deréggin
bituminous construction, or cement ’ mortar in
concrete constructions.

Appendix 3 of the Paper showed that the se
urface dressing was laid over the first after a la.psec((;fn gbﬁﬁ?ﬁ %
'4 months. It was not mentioned how the intervening period
vas determined. ) In order to obtain maximum economi% le rxfo
he surface dressing, it was necessary to find out the o o
ntervening period. optimum

On page 69 of the Paper it wa i
Aligarh-Kasimpur road 80/10% bitumens w!{;:n&(égeittff b on the
'bout 39 1b per 100 sq. ft. for the first coat. The trafie | rate of
n this road was 700 tons per day. 45 |b of 80/100 b.c Intensity
00 sq. ft. for the traffic intensity of 5,500 tons (it“men per
vas about 8 times that on Aligarh-Kasimpur roager ay, which
he surface dressing work on test track on the Delhi N}V as used for
rear the Central Road Research Institute Afte: a'tthura. road
his surface dressing was in good condition and; dwo Y
srovided with a second coat. It was necessary to fi ad not been
ute minimum quantity of binder for normal s fn the abso-
work for various traffic intensities and weather co;(ll‘it?if)isdressmg

Shri R. Krishnamachari sai
bytthe ‘?StT%/I as the limit of Lo(sl ﬂ:telgf £§:a cent specified
xlzc:) ngtxé x?s :r lndm.n conditions having intensitie:mnf value did
abrasion and e::é .t'.I'racks using brick meta] ha.v'(r)l traffic of
D th bl.‘l ion values. should be laid and 1 g different

2V e object of evolving standard . observations
conditions. 8 suitable for Indian
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Referring to para 10.1 of the Paper, where it was mentioned
that 43} 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 sideu,
and

(ii) pockets of inferior or undersized brick ballast.

On the Great Northern Trunk Road in Guntur District,
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. Final 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. Reidel & Weber
Test gave an adhesion number of 5and carpets laid both with

road tar and bitumen side by side, using same quality brick
metals, were comparable in performance.

In pratice, ‘ Bull’ type Kkilns could not produce overburnt
bricks from well graded soil. Overburnt hard bricks were
produced at temperatures 1080 to 1100° C and that temperature
could not be obtained unless reverbaratory type of kilns were
used. The details of this type of kilns were given in a Dutch
book named ¢ Kliner Wegen.”’

1f & well consolidated water-bound macadam made out of
good brick metal was treated with surface dressing in the proper
way, after 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 treated in such a way as to be perfectly
waterproof otherwise penetration of water into the base course
reduced the life of the road.

It was better to do surface dressings in two coats. In first
coat sand and in the second coat chips should be used as
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blinding materials. When bigger chips 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
same 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. thick, ordinary bricks having low abrasive values could
be fused 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
attempﬁeghto just;:y t}:e servic;e é)erformance of these ;‘oa.d surfa:
ces with the results of some of the tests he h i
ges with h ad conducted in the

In para 2.2 of the Paper, the Author had i i
Los Angeles abrasion tests revealed 38.9 per gzzt}g:: %ft}g:'t%i
for the brick ballast as against a permissible value of 60 or o:ag t
The use of the Los Angeles abrasion test for brick ap e a? ,
used as a base coat was questionable. The Los Angelesgt%esg w::
justifia.ble only for mineral aggregates such as granite, trap, and
laterite etc., which were not subject to deterioration in strength
due to the absprptlon of water. Absorption of water reduced %he
streng_th of brick aggregates considerably. Hence the Los Angeles
abrasion test should be so adopted as to stimulate the gﬁeld
conditions of the pavement. 8o the brick aggregates should
be saturated with that per cent of moisture as obtained in

g:teg?vement under the adverse conditions before they were

The Author had used the imm

ini ersi :
determining the sffinity of brick ag ion compression test for

gregates, 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 quickiy.
Addition of 2 to 3 per cent of limestone dust to the brick aggre-
gates would 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 premixzed carpet or paint
coat surfaces. The determination of this optimum quantity
combined with a suitable type of stability test was absolutely
essential before the quautity 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 techniques 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 was only 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 economios
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 shou!d be renewed
to a depth of 3} in. after a period of 15 years. -In his experignce,
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 oarry the enhanced load. This
would necessitate imposing premix macadam on the existing
surface, but this would not affect the deductions to be drawn
ander normsal circumstances of roads continuing under surface

dressing over water-bound macadam,
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 oould- not
stand the abrasion and attrition of road traffic. The Paper had
sho;vn t{])&:t bnﬁl: iielded satisfactory results. Experiments to
praduce better bricks suitable for road work in ¥ i
Uttar Pradesh. ' e works were n px.-ogres?s‘u?

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

- .. Col. S. K. Bose said that the nature- .
brick ballast was made was very impgfuil:g frlggi v:;hlch the
greater amount of binder might be required to treat ba“axtamples
of montmorillonite clay than if the bricks were madBszpafie
olxy. Laboratory investigation with a view to reduce t,g illite
10 per cent binder required for brick metal followed b S oxera
the field was necessary. y trials in
~ Shri S. L. Kumar observed that the re
forward by the Author, that overburnt briciou}];::,)uu %
used successfully: as road metal in water-bounds could be
where stone metal Was scarce or very expensive appli (;naca.da.m
f9r requrced concrete work. The reinforced °’°ner};te equally
tion engineer had also to be content with brick a © construc-
similar reasons. In addition, he had to make sure légregate f9r
the brick aggregates had no deleterious effect on thea:eis!;.flgicgn

ment, such as corrosion, or cau
swelling etc. ’ sed damage to the straoture by

endation, put

~ Bbri Kumar was not
ballast burnt for obtaining
procedure proved more expe
factory in quality. The bes
burnt hricks at various kilns
have them broken to ballast
In his opinion ' i ‘
#hen olay waipion, overburng bricks were preferable because

1:hfavour of having bricks or clay
n;voverhurnt brick metal as such &
e © and the metal was less satis-

rrangement was to collect all over=

in the neighbourhood of t \
of the required size. of the work and

5
LY

burnt at a high temperature in the neighbourhood.
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of 1000° C., the' deleterious-effects which could be caused by" clay

minerals such as montmorrilonite were eliminated. o

The Author’s presentation of data on- various test lengths,
Appendix 3. of the Paper, suffered from several drawbacks
and deficiencies, e.g., in column 8 he gave the maximum traffic
intensity correct to the first 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
Etawsh District, vide item 3, the second coat of the wearing
suriace was not laid. The reasons for the omission were not
convincing. The omission might adversely affect the useful life
of the road. The quaptiies ot 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
aseful” life. A well constructed black-topped road could be
maintained indefinitely if the wearing part was renewed "&b
certain specified intervals and the berms on the sides were mains+
tained properly to give adequate support-to the road bed.

Tt was mentioned on page 84 of the Paper that re-painting
should be done when a mosaic surface appeared. Repainting on
¢ condition’ basis was not conductve to gotting a long life for the
surface. Repainting on a ¢programme’ basis, a little earhier
than the end of useful life, irrespective of the condition,
increased the life. Therefore, in his opinion, repainting should bg
done a little before the mosaic condition of the road surface
developed. ‘ o
The compsarative 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 werd to
change the-figures, the whole picture which the -caloulations and
graphs presented got changed and conclusions drawn became

valueless, =

The Author’s method of economic comparison wbs'bﬂhbef;
some. 8hri Kumar suggested that such comparisons should be
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based on the figures of annual cost of servi i '
These are based on the fundamental foilx:flea. (:A) of & mile of road.

4=14+D+4+M
where A4 = Annual cost of service for a mile of the road
I

I

Interest charges at 3 per cent
D = Depreciation charges

r(c—8) :
= 14ry-1 where ¢ = first cost, s = acrap value,

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

M = Maintenance cost.

Shri Fateh Chand welcomed the Paper speci
the use of brick metal could reduce tbe 0055 of I:‘z(t‘;lgllgybe:gus:
half in places where stone had to be conveyed over long h::v.ulsOu

Disagreeing with the Author on the poj

difference in efficiency and life of wamﬁ?gﬁnshag;ritl;:? (Y atone
ballast surface painted road, Shri Fateh Chand said t-.llx1 t's_tone
municipal area a water-bound macadam with brick metai in a
way in three months and in six months the road was in al: gl&ve
condition. It was very important that traffic conditions Oie eis;
be ascerta:med before adopting brick ballast, In his ex shou

slow-moving traffic, particularly tron-tyred traffic 500Pz;1ence,
even 200 tons of'tra.ﬂic caused greater damage to ro,ad th lis or
tons of pneumatic-tyred traffic. The nature of the trath an d,000
the total tonnage was the most important aspect to be cc and not
The crushing strength of brick was much less than tha,tol!fsxdered.
So, when & heavy vehicle with narrow iron-tyred whe?als °§§§§;

over it and moved slowly, not onl
crust got crushed. d nly the surface but also the upper

In his opinion, extra quantities of grit and binder,

ted by the Author, were not required. Only a I as sugges-
) Al . 1 .

was required in the first coat because of szo;;tfogxtr% quantity

be used ‘as successfully as bitumen, + Tar could

Shri G. D. Joglekar* referred to th :
80 per cent of hgpd broken and 40 per cezt r:r?srll:;:eﬁg alflon that
rial should be mixed and wished to know the basi g en mate-
mendation. v a81s of the recom-

® This and the following comments were rec

. S

olved 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 consvlidation 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 surtace 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.
It 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 out,

Comparison given for 30-year costs in Table 5 and Plate I1I
of the Paper was not realistic. Maintenance cost of painted
water-bound brick ballast was more under fairly heavy traffic.
In addition, there was ‘“ creep ’ in the wearing coat of & water—
bound brick ballast painted surface. Due to the *creep ’, undu.
lations developed on the top and the riding surface became un-
even. Prevention of these undulations required quicker renewal
of wearing surface. Hence, for a black top surface painted over
brick ballast, renewals should be made in 10 to 12 years and no$
15 years as assumed by the Author.

Shri Basant Singh observed that the use of stone metal was
expensive and, in fact, prohibitive where {ong hauls were invol-
ved. So, development of alternative materials was welcome.
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- “The non-satisfactory adhesion of binder to mofi i
¢ b1 gt bri -
last, mentioned in para 5.2 on page 53 of the Paper, had 'lfe]:nb;;t

over by developing the ¢ built-up-spray grout specification”’

given below.

This specification advocated the use of skin d i ick:

ry moist b :
ballast before first coat of tar was sprayed. Bajriy was sp:::g
over it and consolidated in accordance with the specification for
water-bound with some limitations.

The built-up-spray grout method was applicable
consolidation of both brick and stone metal weall)'?ng surfgizg ﬂfg
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 64 cu. ft. of bajri per 160 s
ft. laid in 4 or 5 coats. v 89

Another method employed in the Punjab was t
stone wearing surface by grooved bricks wiih 13 in(.) I;Gimt;]ca];ce trh?
mixed sheet over the usual brick soling in short lengths a.sp :n-
experilge}r:t'alk measure. Up to about a year after laying these
grooved bricks, experiments showed no def. JHg b
of the State took place. ects when the partition

Built-up-spray grout spéciﬁcation employed on Muzaffargarh Ali
S . . . -Ali-
pur-Pajnad Road in Multan Provincial Division for the consoligation If
brick metal. 0

Over brick soling and between mud wall ien) &

layer of 1 in. good clay. Over this clay spre:.d(g(()) v:)lel: ﬂc)e‘:ll:;t‘g?iha.
br'ick metal by spinning basket method in such a manner thag t,he
bg'lok metal from the lower portion of the stack (which is a ) e
dirty) was spread first and the neat brick metal from the to i
of the stack came on the surface. The use of the spinninp pt:)rt.;‘on‘
metho-d ensured ut}iform spreading against the usual gefezz. et
dumping of metal in basket heaps which led to lot of patches a.lY;
potholes later. Roll dry starting from the sides, remove unew::l

ness of the surface by adding the 10 per cent réserve of th §
brick metal kept for the purpose. ° neat

As soon as the surface was correct to t
bri_c.k metal. was ‘fairly interlocked (precall::i::u:)iliztet:};d the
avoid excessive rolling)  spray water, so that the top stgn-f e
fairly moist. A stirrup pump was found very useful 700 s
purpase. Allow. the surface to air and as soon as it was sk.ordt;he
:gspr’afy tfar No. 3 at the rate of 22 Ib per 100 sq. ft. and covm Fyl;
% ou. ft. of bajri 1-§ in. gauge per 100 8q. ft., spread eil;xv::o
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‘grades §-} in., 70 per cent, rolled and tollowed by 1-% in. gauge,
30 per cent, Dry roll lightly till the bajri was well pressed.

" Add water and consolidate as water-bound. Rolling 'shoui&
be stopped when the clay from bottom had risen up to just about

4 in. from the surfaoce.

Néxt 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 ! _
o Binder Bajri per 100 sq; f6.
) 1b per 100 sq. ft. in. cu. f6. "~ '
II coat 18 21 (1 to § in. gauge) '
TII coat to follow the second coat the same day.

20 1} to 13 (3-} in. gauge).

No traffic was allowed on the finished road for about a week

iby which time the berms etc. were completed and the road and
its adjoining land was neatly cleaned and given the final finishing

touches.

" When the traffic was first let on the road, precaution was
taken that first of all only the pneumatic-tyred traffic was allowad
to come on it and the traffic was so regulated with the help of the
empty tar drums that the traffic traversed uniformly over the road
surface and was not allowed to stick to particular tracks.
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.

Note I. In the built-up-spray grout method above described,

it was found that for the first grout coat before
adding water and consolidating as water-bound
macadam, use of tar had been advocated. Bitumen
emulsions also gave good results but it required a
heavier coat of at least 40 1b per 100 cu. ft. before it
could really serve the purpose. ]

The two sealing coats on top could be done.witix

) tar or bitumen. . . ,
Note 2. In this specification, trolly sprayers with wide wheels
e * had been found to be much more -useful than the
usual tank sprayers. . . . . & __ - - 3
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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
g0 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 &
binder should be viewed from different angles other than the usual
view points such as ccmpressive strength, crushing strength, etc.

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
quantity 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 catt;gorised Zs l:nfekno; x(limterial. The answer was that
brick ballast from such bricks had not given good results both i
the laboratory as well as in the field. 8 8 both in

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 Ag, i
. gregate Crush
mentioned by Shri'Y. C. ‘Gokhale. the Authog said :}Tat:!;ﬁg‘se::é
of aggregate sometimes influenced the results obtained in Los

Angeles Test, and this aspect dese . 5 ¢ :
ing modified test. P rved consideration while devis-

. R(;)gard(ilng lim(iits of abrasion values for a
water-bound macadam bases under different t i

51}" Chaturvedi felt that .ﬁeld studies should bip::rzge;‘gg: cvlvrl\tgl;
different types of surfacings. He thought that 70 per cent for

geregates forming
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abrasion value for the base course of a 4-in. cement conorete
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 necessary 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 factors which came into play under field
conditions. Petrographic studies should also be carried out side
by side with the physical tests as physical tests sometimes did not
give a true pioture 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 upon
traffic intensity, type of material used, etc.

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 about 3 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
as brick ballast was generally consolidated on existing road which
was not liable to become wet from below. Absorption from sides
could 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 Reidel Weber Test. That
might be due to the different mineralogioal composition of sojls

14
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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 thqre. Special 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 44 in. thick brick soling was also
suggested by Shri 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 o.f using bricks for highway construction. As men-
tioned in the introductory remarks, high quality bricks were used
for pavemgnts in Holland. In the U.S. 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

justified the service performance of brick metal road stll:'?a.c]z: p;:r
means of laboratory test. This was not the case. As ah-eady
indicated in the Paper, attrition and adhesion tests were carrj ﬁ
as far back as 1938 in Alipur Test House. re

Results of tests using Los Angeles abrasion machi i
_ ) ine, carr
out subsequently, were given in the Paper in order to sh,ow tl;?;:
the results were good with this type of test.

Shri Narasimham also had suggeste i
should be t.est.efl in the Los Angeleﬁg magh?:: ti: ec‘);rc;:arrl (;]f) I())T)ltla's';
real picture of its behaviour. In Los Angeles Abrsaion tests au;
of water was not specified while in Deval type attrition tester’ ':':t
test was done. However, the suggestion was worth consid:aring

and it would be interesting to i i
‘ballast when water was addid tos(;:, the percontago 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 heen fixed
as a 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 renmewal of surface
had been assumed at an interval of 15 years, while if efficient
and regular maintenance was done, renewals were not necessary.
1t 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 available. Investis
gations suggested by Col. Bose were worthwhile undertaking.

Shri S. L. Kumar had said that repainting should 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
comparatively 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. 8hri Chaturved}
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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 calculated for a specified period (30 years) whioh included
cost of. initial construction, apnual maintenance, periodical
repainting and renewal, and followed the method given in the
Paper ¢ Kconomics of Highway Types ’ by K. S. Raghavachary:
Kankar surface was included in the comparison as it was & com-
mon type of surface which required renewal 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 oould 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
over brick ballast might not prove very successful where iron-
tyred traffic was very heavy. But for fairly beavy traffic, the
treatment was successful.

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

Shri Joglekar had asked why 80 per cent han i
was recommended to be used. As mentioned in pa.r(i blr(? I(‘)e:)]f %11-11:
Paper, thé suggestion was based on experience gained on this type
of work. The ballast from the crusher got roundeq a dnh i
use of these shortened the life of the surface Thl'l ence
needed more experimentation, . is, however,

~ As mentioned by Shri Sriv
tenance was essential. Once ¢
exposed due to wearing out of th
brick ballast got crushed under th
It was, therefore, important tha

soon as slight stripping or orackin i

0 g of surface dressing occurred.
For the lsla!pe Téason, repainting of the surface should gbe oarritgl
out well in time to avoid damage to the surface. During
rainy season, pat‘ch repairs should be done by wet aggregate
process by using lime or any other suitable agent. '

astava, promptness in main-
he brick ballast surface got
e surface coat, the underlying
e traffic giving rise to potholes.
t patch repairs were done as
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Traffic should be distributed over the whole of the surface.
1f the traffic 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 quick.

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 16 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 }nsufﬁcl-
ent amount of grit also resulted in & so.ft 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 156 years.

The Author was thankful to Shri Basant Singh for his
comments speocially for giving gpecifications -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 th(_ase
specifications, it would be better if these specifications were tried
In other States also.

Rxperiment 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 olassified. In the field 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
criterion. Other tests like aggregate crushing test or impact test
should also be carried out and those brick ballasts which possessed
good toughness and abrasion should only be used.
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Shri P. L. Verma (Chairman) winding up the disoussions
observed that Uttar Pradesh had been following in the past
the policy of providing high quality road pavements in contrast
to the policy of providing large milage of roads at the same ocost
followed in the Punjab. It was satisfactory to mote that with
increase in the demand for larger milage & reversal of policy bad
taken place. The present Paper was indicative of the distinet
departure from Uttar 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 areus 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 & high grade fused material than at present. In
Chandigarh, experiments on a small scale were made but 'wit,h
the object of producing different coloured and varied texture
bricks for building construction. If research were carried out o
tihczise lineslghg ordixlmrydprocess for brick burning used all ovel:-

ndia, cou e easily adapted for produci i ;
compression strength. P P cing brick ballast of high

Brick surkhi dust formed by the crushin i

abscrbed moisture very quickly and det»e%iogiticl));ml;f li:l?‘“
pound macadam road occurred soon after. So with a vi . e:,'.
reduce attrition, the method and specifications suggesteedw bo
Shri Basant Singh, were evolved in the Punjab. These speci ﬁy
cations had the added advantage of stabilising the eartshp 1fsle¢i
with oils from the tar or bitumen. A stabilised earth binde
was interlocked. It was not only the interlocking of the aggre tr
but also the binding produced by stabilised clay in the lg)gd 5 ?
the pavement that gave stability. Roads built ¢ 3;1 .
specifications had lasted for 8 to 10 years in the Punjab 0 these
;ny dliﬁel}lfllei having been encountered in maintgnan;!th:;];
‘ carried hea .

Agjior. vier traffic than the ones mentioned by the

~ _Addition of lime or evéﬁ'kanka.rli

at site) will go & long way, in stabilisin me (which can be produced

g the puzzolanic content of
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the pavement produced by the grinding down of the bricks.
Experiments on this aspect was worth a 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 bad 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.



Disoussion on Paper No. 173*

« Construction of a Submersible Bridge Across River
Mahanadi Near Bhanjanagar (Ganjam) in Orissa”

By
E. V. 8. Iygr axp D. C. PaNDa

Monday, June 20, 1966

Shri C. M. Bennett (Chairman) calling upon the Authors
to introduce the Paper said that Shri E. V. 8. Iyer was
responsible 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 dealt only with the
conditions in respect of duration of interruption to traffic under
which a submersible bridge could be constructed. It was
necessary that a Code of Practice for submersible bridges, giving
among other things the following, should be drawn up:

1. Raules fixing the deck level.

2. The conditions under which low level or hi
causeways should be provided. r high level

3. Raules for calculating the scour depth.

* Published at pages 91 to 109 of the Jour i
nal of th
Congress, Volume XIX-1, April 1955, ' o the Indien Ronds
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4, The classification 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.

Sln"i 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 a permanent
basis by the department.

(3) Cpntinuity of departmental work (otherwise organiza-
tions set up for ome 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
9in. Thus the foundations provided were more expensive than
those required for a high level bridge.

2. It was observed from Plate I of the Paper that open
excavation was done for eleven feet below the ground and piles
and boulder talus encased in wire netting were provided to
protect the foundations from scour. With the provision of these
it was not clear how the foundations for a high level bridge were
costlier. '

3. The piers for the high level bridge would not have been
much expensive because the difference in the O. F. L.and H. . L,
was hardly 3.25 feet.

15
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4, TFor a high level bridge, beams and slab of the balanced
cantilever type would have effected a saving 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 spap 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 5.3 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 undue attempt 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, a structure with pile foundations and pre-
stressed concrete girders was cheaper. Pile foundations had
many advantages and serious consideration should be given to
this type of foundations. The Railways did departmental work
where 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 departmentally was not always
cheaper than contract work.

Shri Antia pleaded for the establishment of a central plant
pool as such a pool was a fundamental requirement for the

construction of large bridges and as no individ voLe
could purchase them. lividual authority

Shri S. Pal said that in West Bengal, wher i
generally had sandy beds, some of the lesse% 1ajor l?rifigzs r::;:
founded on rafts using sheet piles. Interlocked sheet piling
was driven on the upstream and downstream sides and parallec
to the bank. Where the width of the river was la,rgep e o

. . . ) ; . ’ ;
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mediate continuous sheet piling was adopted to confine the sand

in separate compartment.
T T
llN“llM\Dln( [l
AINGS. | é
[N h
L

The tops of the sheet 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.

BANK,

Shri Nivan Kurian remarked that in submersible bridges
silting 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 caleculated for 1§ D where
D was the maximum depth of scour for the maximum discharge.

For submersible bridges, sandy strata for a considerable
gepth was not a favourable condition. Rook or stiff clay was
etter. :

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 was not
clear why this was necessary. :

_ Submersible bridges and weirs were not similar. The cut-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 formulsa
whereas pressures were oaloulated by Khosla’s formula, 1t was
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ratjiona.l to apply the latter for both the caloulations, adopting &
suitable exit gradient.

Shri Fateh Chand said that he had constructed causeways
at a cost of Rs 125 per foot run. These causeways had a 4} in.
thick reinfm.‘eed brick floor with light reinforcement. For railings,
rolled steel joists at 10 to 16 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 provided cement
concrete 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 ?

A camber of 1 in 120 for the wearing coat wason the low
side.

Shri P. N. Srivastava mentioned that a box type structure
might have been economical. The thickness of the R. C. slab and
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 presence of stiff
clay 10 to 15 ft below the bed suggested that larger spans with
independent footings were cheaper.

Bligh’s theory of creep had been replaced by later met
So the Au}fhors’ Pl'ecflerence to that method wasynot cl;?;: t;ovcisl;
though the exit gradient was checked by the C
Irrigation method. y the Central Board of

The effect of contraction due to the constructio .
was not considered in the scour calculations. fon of the bridge

The calculated critical velocity was 2.8 ft i
under norma} flood conditions, the velocity upstfggni?c%a?cuzgaii
by the %\Iunnmgs formula, was 5 ft per second. In view of the
lirge (fiéﬂ'erencetl];:tweﬁnl the two it was not clear why the top of
the raft was not kept below the bed level, i
e T e partioularly when the

Rounding the end faces of the slab and aone-
or the roadway increased the coefficient of discha-r(ége ;;a,t)]; :aé?cl;{er

The necessity for filling in the entire .
the slabs was not clear. The provision ‘g‘f’l";is;nigom. between
7 ft centres was rather on the high side, n joints at

* Thig and subsequent comments were received 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-offs.

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 downsiream 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 145 1b per sq. ft. as against 112 1b 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 ft and 10 to 15 £t of coarse sand overlay stiff clay.

In submersible bridges the increased velocity caused by the
restricted waterway generally developed scour on the upstream
side. 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 carts. Many accidents
had occurred to bullock carts even when guard stores were
provided. For two-lane bridges, therefore, provision of some
sort of collapsible railings should be compulsory. If such a
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provision was not possible, he suggested that such bridges should
be designed as single lane bridges and should be closed to motor
traffic when bullock carts used the bridge.

Expansion joints 1 in. thick filled with tar and sand were
provided between the deck slabs. Such joints generally did not
gerve the required purpose because if a corresponding gap was not
kept in the wearing coat, cracks develop in the latter. It was
advisable to have only an expansion gap between the deck slabs
and stagger the joint of wearing coat just above it by providing
angle and cleat arrangement.

shri D. N. Khurana remarked that the coefficient 563 in the
Ryve’s formula used in the discharge calculations gave a low
discharge. Dickens formula with a value of 1,400 for C was
applicable to the Mahanadi basin and Orissa State where rainfall
intensities were similar to that in Madhya Pradesh.

In his opinion the 1:4:7 mix used for the raft was poor.
The raft acted as a continuous beam loaded uniformly from
below. For wider spans, it was necessary to reinforce the raft,

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. Asstated inthe Paper, a high level bridge
necessitated the construction of double banking 6 miles long to
pass the discharge. The high flood bank submerged ocostly
fertile lands. These factors influence the selection of a sub-
mersible bridge.

Shri Menon said that Bligh’s theory was obsolete. The
difference in the values calculated by Bligh’s theory and 'tha.t of
lane, an American authority, was very little. The Author
agreed with Shri Chanda that departmental work could be
efficiently carried out only if good equipment were available and
continuity of work assured. In the construction of the
Mahanadi Bridge, however, no difficulties were experienced for
want of equipment.

The departmental rules did contribute to i
execution of works. The procedure adopted itn Q%Bilsayv:o:lg v:i“sa
that departmental labour on muster rolls was engaged for
excavation of trenches for cut-offs. Payment to piece gworkers
for metal collected at the quarries was made and the transport
to phe site of work was by departmental trucks or bullock oarts
paid departmentally. Local labour was engaged for items such

as mixing concrete and laying in foundati ]
work > basis. g ions etc. 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 critical 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 because 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 hydraulic efficiency of
the structure but, 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
Qf 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
belimouthed 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 buoyancy
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 suitabj i
for a submersible bridge. The Author had anSWerl;g};l?: :rg(:i?)lttx;:
speakers. Referring to Shri Antia’s suggestion about combinin
irrigation structures with road bridges, the Chairman mentio g
that there was a weir lower down the site of the bridge. "

He thanked the Authors for the interesting Paper,

- To S ~ ) ,Bﬁmp-, . .‘.‘;;,,

“TRANSPORT-CONMINGATIONS NONTRLY REVIEW "~
C/o. .'rhe Sedrehry. B
-~ INDIAN ROADS CONGRESS,

Shahjahan Road,” .-
NEW DELH-2.
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Disoussion on Paper No. 174*
‘ Shear Failure in Anisotropic Materials *’

By
C. G. SWAMINATHAN

Monday, June 20, 1956

Shri W. A. Griffiths (Chairman) called upon Dr. R. K. N,
Iyengar to introduce the Paper on behalf of the Author,

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 acourate 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 apalysis 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.
Mcleod 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 & 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

anisotropy might be one of them.

It was well known that Coulomb’s law was purely empirical
and gave rise to many anomalies. The Paper drew attention to
this aspect when dealing with shear failure for anisotropic

materials.

* Pyblished at pages 187-188 of the Journal of the Indian Roads
Congress, Vol. XIX-2, May 1085, )
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Discussion on Paper No, 174*
‘ Shear Failure in Anisotropic Materials *’

By
C. G. SWAMINATHAN

Monday, June 20, 1955

Shri W. A. Griffiths (Chairman) called upon Dr. R. K. N.
Iyengar to introduce the Puper on behalf of the Aathor.

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 ressons and it was shown in the Paper that

anisotropy might be one of them.

It was well known that Coulomb’s law was purely empirical
and gave rise to many anomalies. The Paper drew attention to
this aspect when dealing with shear failure for anisotropio

materials.

* Published at pages 187-188 of the Journal of the Indian Roads
Congress, Vol. XIX-2, May 1955, )
18 '
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The definition of cohesion as a fundamental property was one
about which at present there was conflicting opinion. Attempts
!md been'ma.de to present a better concept regarding cohesion as
it was evident that either a different interpretation of the parame-
ters in a l_lgear law-should be given or a new law based on a clea-
rer definitions of the funiamental 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 theoretioal approach, the
Author felt that it might help the designers in giving proper
weightage-to test results in design of asphaltio 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 magnitude of
applied stress. The fact that many road materials had plastic
properties was not considered in the arguments. It wag difficult
to understand as to why the Author had given s0 much thought
to the failure of road materials by direct stress causip shga.r
failure. The Plate Bearing Test could admittedly be eoitinu d
until failure occurred, but most of the roads did not fail in th:.t
way. Failures caused by chemieal effects such as stripping, de
terioration of the binder, etc., or by repeated application of loa,d-
were usua.!. The Author showed that for purely cohesive mate-
rial, the difference bgtween the principal stréesses was constant
while for a purgly friction material there was a linear relation bet-
ween the principal stresses. For all the other possible combina-
tions of the two assumed values of cohesion and internal frictio
it was frequently_' found that the relation between them -was n ¥l
ther linear nor simple. Dr. Whiffen thought that this 1 on
did not helped much. onclusion

Professor Manton found the Paper very interesting
Professor McKay thought that the approacﬁ 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, 0, & @, namely, the U - line and the V - 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.

fe——OC} —-——s

Fig. 2

Fig. |

Thus even if & straight line variation of shear strength for
intermediate planes between the principal planes was assumed
(para 2.1 (o) of the Paper), the shear strength line corresponding
to normal stresses between the principal stresses 0y & o, 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 V the
Coulomb’s lines for the two prinoipal stresses g and o, the
strength line 4 P B for planes in.termedmte to the planes of
principal stresses, or the oritical circle or the plane of failure
could not be found by the procedure suggested by the Author.

ing U and 7 represented Coulomb’s lines for two
anis(ﬁ;izl;lizlplganes and ¢ = 8 for the V -line, a given compressive
stress 0" on the plane corresponding t0 the U - line, a shear stresy.
equal to PQ was developed, Fig. 2. By the pr_lnclpl'e 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
a shear stress of more than RQ in that plane for any value of
compressive stress. The fallacy existed even if ¢ 3 0 having
different shear developing characteristios for perpendicular 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 mechanios for the design of bitumi-
nous mixtures.

It 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
cohesion arising from applied stress. It was equally true that
most of the roads did not fail by a single heavy load causing
gshear. 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 asthe 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, etc. 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 road, but in
the design proper only the strength charaocteristics had to be
the criteria,

Dr. Whiffen had pointed out that the conclusions regarding
the non-existence of the linear relationship between the prineipal
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 relationship between the principal stresses was not
obtained. Further, it proved the anomalies that arose with the

normal methods of analysis. So, in his opinion, the conclusion
was helpful,

Prof. McKay had pointed out the questionable validity of

some of the assumptions. The discussions incorporated at the

* ¢ Oblique Shear '’ by 8. B. Joéhi and R i
Institusion of Enginers (Tadia). 100, . N. Joshi, Proceedings of the
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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
judioiously.

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 9. But the
treatment of the general case was outside the scope of the Paper.

The line of failure must always be tangential to the circle of
failure. There could never be two intersecting lines similar to
AP and PB as gshown 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-
gide 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 India, viz., Caloutta, Bombay and Madras, where
these were in use today. While the Paper was useful to the
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 oconsider the
construction of roads adopting more durable and thicker hitumi-
nous carpets than at present. So the problem of ‘“shear >’ would
gradually assume much greater importance than it had done

so far.

On behalf of the Society, he thanked Shri Swaminathan for
having made the investigation into the problem and for expressing
80 olearly his findings in the Paper.

o T )



Discussion on Paper No. 175*

« Cement Concrete Surfacing and Experimental
Concrete Road Construction on Agra—Bombay Road”’

By
R. J. DroMAL aND M.A. MEHTA |

Monday, June 20, 1956

Shri Kishorilal (Chairman) oslled upon Shri Dhumal to
introduce the Paper.

Shri R. J. Dhumal (Author) drew attention to para 2.5
»f the Paper and said that he had found membrane curing chea-
per when water for curing had to be qarned more tfhan two miles.
Vlembrane curing could be used in arid or semi-arid regions when

;here was scarcity of water,

Shri Dhumal gave brief account of how the experimental
lengths came to be constructed and drew special attention to the
cement-bound macadam experiments described in sections 7 and
8 of the Paper. By the adoption of these specifications, savings
were possible due to the following four factors

(1) Saving in cement,

(2) Use of inferior and, therefore, cheaper aggregate in the
bottom course,

(3) Saving in labour charges resulting from the fact that
almost 75 per cent of the coarse aggregates did not
pass through the mixer, and

(4) Quicker outturn.

The Author hoped that the data given in the Paper would
stimulate the employment of the specification on large construc-
tion projects and effect substantial savings.

Col. S. K. Bose said that on the Agra-Bombay Road
where the macadam crust was 12 in. or more and thoroughly
oonsolidated, certain stretohes were paved with concrete while
others were treated with bituminous surfacing. The basis of
selection. was not given in the Paper. Although it was stated
that. the present. condition of concrete pavement was very

* Published at pages 189-231 of the Journal of the Indian R
Volyme XIX —2, May 1055, 1an Roads Congrese,
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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
as a 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, a bituminous pavement would be adequate and
economical. '

In experiments 3/A, 8/B, 4/A and 4/B, the Authors had
introduced & 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 & 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 concrete pavements in two or
three layers was mainly due to limitations of the concrete-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
hetween 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, 1% 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 twq courses had not.

been given. - _ S
- Provision of cut stone edging to cement concrete roads was
not only totally unnecessary and wasteful but was also harmful

- # Indian' Roads Congress Journal, Vol. XIX.3, June 1935,
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for pneumatic-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
stres_ses 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 hy 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 the
macadam orust. If no slip occurred it was assumed that the
crust and slab behaved under load like a gingle beam. Thin
bonded concrete pavements, some of them now more i;ha.n 15
years old in Uttar Pradesh, had given satisfactory service unde
heavy commercial and military traffic, both rubber and ironr
tyred. "

Some experienced engineers, however, tho

ed concrete roads were local successes nnlyl;’i,h; zl;zt';hgg: tond-
commended for large-scale adoption. They contended thate 1;13-
preservation of the bond after a few cycles of expansion tg
contraction was problamatical. Should the bond be im a.i:nd

under such movements, there would be a tendency for the ls)labet ,
vibrate under the impact of heavv wheels. The effects of fati 0
would then arise, tending to weaken the slab and cause fail gue
They were, therefore, of opinion that the slab should be pog ure.
of suitable inertia and should not be less than 5 in tll)r ‘l’{essed
important routes or for conditions of heavy traffio -Th ok for
siderations led to experiments 1and 2 on bonded ese con-
3/A & B, and 4/A & B, in which the coment macadam cOngre!,e_
and the cement grouted methods were adopted for t}sla'ﬂ ]wmh
course. Iq experiments 3/B and 4/B, the lower con e hower
conorete mix of the order of 1;3: 7 by volume. The ;i‘:'iicual'gr:
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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 sand soil regions of the country. = Initial and
maintenance costs should be carefully 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 ot 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 .diﬂ’erence' 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 80 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, Shri
Nadirshah said that the first oracks 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 & dummy joint, once the cracking took place, the support
of the adjoining slab was possible only th::ough 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 1o§ding.
17
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Dummy groove made by means of a steel plate was
normally much wider than what was necessary. Wide joints get
revelled easily with heavy iron-tyred trafic. The use of joint
cutting machines had been found to be satisfactory in forming
very thin and neat dummy groove joints. The quantity 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 concrete
of 3 in. and 4 in. thicknesses were tried, Shri Nadirshah said that
experience elsewhere had indicated a 3 in. thioknesg was
inadequate for a fairly heavy traffic. In the experiments
which the Authors had described, it was possible that due
to the lack of camber correction in the base thq increased
edge thicknesses could have helped in preventing cracks
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 on the wearing of the slab

than on its 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
subjected to abrasion by traffic.

The use of two different methods of construction viz., ¢ Sand-
wich Method *’ for the lower 3} in. and the top 1} in. of ;ich pre-
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. It should have been better if both
the layers were of premixed 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. par
Pap_er, the first layer of sqft sandstone was seen t’opcr:llzgeoling;:
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
orfar
tendency to flow more towards edges and hence artae:th;(ilec:
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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 ofthe 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 cured

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 know if the
Authors had noted any such effect and water-cement ratios for
obtaining good workable concrete of 1: 2: 3} type.

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 thatthe 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 exerted 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
ocour and the spacing of these oracks would entirely depend on
the condition of the bonding. In unfavourable conditions,

#* « Coment Grouted Roads’’ by E. A. Nadirshah in the Journal of the
Indian Roads Congress, Volume XIX —2, May 1955,
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cracks might occur much closer than re 6d i \por:: -
. portéd in the Paper:-  He
felt that in bonded slabs the thickness of slabs inﬂueﬁoed the

uncra.gkgd lengths of the slabs because of the eccentricity between
restraining and contracting forces.

That the uniformity of bonding had to do & lot with the
cracking 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 5.5 of the
Paper. 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 curing before the road was
opened to traffic, para 2.5,

2. the behaviour of the patoch where nopowder admixture
was used, para 2.6, and

3. the basis for choosing the grading of ;
page 226 of the Paper. g g of sand given on

Shri K. Satyanarayana said that the cement-
sandwiqh metho_d worked out to be only about 2 ggg lc]gnﬂﬁ:g;?}
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. F. Antia observed that rolled concrete w '
h bl -Wa,
of reducing the initial cost of construction of a rigid sp:vzgz;sgg
The savings ranged from 25 to 30 per cent. In Britain, very le .
rolled concrete of 1 : 2 : 4 mix was used. » VOry lean

An important point which the experi i i
periments described

Paper brought out was the possibility of using 1} in. thicllﬂnogg?

crete 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 ca.vrrlie'dlodt by

other agencies showed that concrete cured by men ‘coati

developed about 80 per cent of the strength %f coiﬁ?;&n:u‘;zztlgg
water. va?‘ Authors had, however, remarked in para 2.5 of thye
Paper 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 a
) ny cubes were taken f
gopcﬁ_-_gtessla,bs cured by different methods and tested for si?en:;l?
n the absenge of core tests it was difficult to judge the accurac '

P
This and subsequent comments were received in writing :

Loy, bl

i’)l\"\,f\:r'-x\ .
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of the statement. ' There was diffioulty for water in Zalawad

district of Saurashtra. So membrane curing, if it were equally
effective as -water curing, ocould 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
successfully on such a base but where the base was not so strong
it was risky to lay a 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 in para
3.6 of the Paper. :

‘He was of opinion that the experiments should be conducte
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 cwt. Thus the total quantity of cement for experi-
ment 3/A was 53.62 cwt and 51.56 cwt for 3/B.  On this basis,
the savings in cement worked out to 47 per cent for experiment
3/A and 50 per cent for experiment 3/B.

If the cost of the experiments 3/A and 3/B had been given in
Appendix 2, it would have been helpful in judging the economiocs
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. - : »

Shri E. A. Nadirshah had enquired whether the sides of the
slabs were treated with membrane or not. The membrane was
spread through a pozzle 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,
quantities in Table 1 were worked o
as shown on page 217 of the Paper.

Shri Kishorilal (Chairman)
cement in the country. The Pap
information had been given. He§l

interesting Paper.




Discussion on Paper No. 176*
‘“Rivers And Ferries of North Bengal ”’

By
R. P. CHANDA
Tuesday, June 21, 1955

Shri M. L. Bahl (Chairman) called upon Shri R. P. Chande
to introduce his Paper.

Shri R. P. Chanda, introducing his Paper, said that during
the record floods of 1954 there occurred many changes in the
course of rivers in North Bengal. For example, the Sil-Torsa
the ferry across which was described in para 6.2 of the Paper, was
nearly 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. Onece due to poor
ferry service, when the road from Cooch-Behar to M&thabhfn "
was cut off, prices of essential commodities in the M

area had shot up. . athabhanga

For the ferry described in para 6.5 of the Pape ;
propellers were used. The assembly of the engir?e r’w:,l;re;ol? elu(.ie
the P. W. D. workshop at Jorhat. . n

The boats used for the ferries described i
same as detailed under serial No. 1 in APPenl:iiI:(aia ql.‘ileaxz the
P. W. D. had improved the stability and capacit,y' e ssa.bm
providing two lines of empty tar drums under the rafts es'i‘h y
drums were held together by cross bars and served as f{l ese
between the boats. The raft was clear of the float wh oate
but pressed down under load. en empty

In sub-para 2, under para 5.2, page 239, of ¢
last sub-para on page 249, the word ¢ l’):llall:: ’?:ﬁzl‘ l?lnd the
‘baklas’. Baklas were spliced sal logs. uld read

Ferries might be improved by : (1) e
with8harp noses, (2) making a.vailalgle) Bl;m
sufficient spare parts, (3) extensivel
jetties and temporary bridges in the

iploying light pontoons
uitable power units with
Y using light steel cribs for
fair season, and (4) providing

4Pablished at pages 233-258 of
Volume X1X-2, May 1955, . "¢ Journal of the Indian Roads Gongress,
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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 etc. by increasing the period of
lease from one year to 3 years or longer, (4) providing improved
orafts and equipment by the department on bire to the lessees,
and (5) 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
capable 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 7orl6 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 crafts are equipped with caterpillar 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.

'\ooooooo’

Fig. 1

5. 1t was possible to design craft which consolidated the
approach roads by employing powerful diesel engines. Such
vehicles would be amphibian carriers which moved in sand or

water with their own power.
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| i d dune there
6. When a ferry boat got stuck against a san
was wastage of time);nd effort. When the current wa: cfiﬂs:n‘h:ﬁ':
was danger of an accident. If a buffer was moqbn et on the
boat, Fig. 2, there was reduction of damage to the boa

impact was evened out.

Fig. 2

ient in magnitude, Shri Goelthought,
torod { sumc;?lgiol:in t%le programme of research

| 1f the pro‘ble:i ras sufio
i 1d be considered for )
;1;%(1)11; Central Road Research Institute.

Shri R. P. Chanda, Author, replying to the discussion said

of mechanisation was worthwhile on

i igh degree 2
?&at;xilrlxl:rz;‘egs, s:gicient funds were not available for employ-
ingr.)improved boats on secondary roads.

al boats plying in shallow waters had flat
bottg;sl\i.();ghﬁieggo;)ellers were slightly raised above the keels

of the boats. So, in his opinion, water jet propulsion was not

necessary. o .

To guard against the boats striking against hidden shoals or
buried trees, usually the bostmen stand in front of the boat and
check the depth of water with 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 conditions
described in the Paper existed in North Bibar also. In Bihar also
there was & Ferries Act‘ which was an old one. It was ‘Necessary
to amend the Act to suit present day condition.

In Bihar, country bpats, mar boats, aluminium boats with
or without outboard engines, pontoon bridges, and combination
of pontoon and temporary bridges were in use. Also, at Sona-
purhat a trial ferry had been successfully worked for some ydars
across & river 800 ft wide. A 1 in, diameter wire rope was stret-
ched across the river on sal ballahs.  Aluminium boats were
connected to the wire rope by means of pulleys. It took about 20
minutes to cross the river.

_ He thanked the Author for the Paper which hasfobﬁssed
pttention on ferry operation. : » TR Jooussel

Discussion on Paper No. 177*

‘“ Design and Construction of Prestressed
Concrete Bridge Across River Palar "

By
K. K. NAMBIAR
Tuesday, June 21, 1956

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 conocrete
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 two garages at Meerut and some ' hangers at Karachi
were 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 conocer-
ned the Palar Bridge was the first prestressed concrete 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 construction 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 350 of the Journal of the Indian Roads
Congress, Volume XI1X-3, June, 66,
18
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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 cracks 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 maf;'ena}s used in the
construction., Daily record of stresses and strains in prestressing

work was also maintained.

Concluding, the Author stated that the design was prepared
by The Stressed Concrete Constructions Ltd. and modified
acoording to the suggestions made by the Ministry of Transport

(Roads Wing).

Shri R. N. Joshi pointed out that the discharge measured
at the anicut 60 miles upstream of the site plus the discharge of
the 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
1946, by more than 25 per cent. The discharge at the railwa
bridge, in his opinion, was the proper guide to the possiblz
discharge at the bridge site. He enquired if discharges wer
calculated using the formula based on catchment area, °

The assumption that all the four main girders sh
equally was justified only if the cross giderg were ri ;ifie,d the load

Short specification of the machinery, for exampl
i i ; s e th
power of engines, discharging capacity of pumps, kilowatt oapacity
gf ge.nerator?i, t;’lapaeltf‘e? and pressures of compressors, wnulrsl7
ve increase . ; h ;
: :e Daper 8 e usefulness of the list given in Appendix 3 of

An advantage of prestressed concrete maj i

: l'}ghtness. .Wh_lle having the advantage of ecl(;ln:;a&misn;::r:rfg ellrll‘
lightness, it did not have the disadvantage of a light R.C.C

structure, Which did not possess the stabilising effects of de.ati.

load. If the effect of live load was small compared with that of
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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 superstrue-
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 effetes
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 techniqueof 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 1.1°¢

The failure of a prestressed concrete structure might occur
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
cables would fail first. It would be desirable to work out the
resisting movement based on the crushing of concrete also,

The diaphragms aund the deck slab were constructed in
ordinary reinforced concrete, giving an ultimate crushing strength
of 3,000 1b per sq. in. on 6-in. cubes, The equivalent cylinder
strength was about 8 X 3000 = 24,000 1b per sq. in. The permis.
sible compressive stress adopted was 950 Ib per s8q. in. Thus the
factor of safety was 2.5 only. The draft 1. R. C. Bridge Code
specified afactor of safety of 3.6. The Paper did not make clear
how a factor of safety less than that recommended by the Code

was permitted in the desiga.
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In a quality-controlled concrete, & rational design of t}le
mix was quite essential. The Author had stated that no speoial
grading was adopted. The design of the mix of the concrete
should have been left to the contractor.

There was no oross 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 a long time lag between the oasting of the _bea.ms
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
ha.ppehed 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, i
average bed level was at R. L. 92.00, Was theliogx;; l:-,!:gu:s:
from perco}ation duril}g concreting of the well caps ¢ In West
Bengal owing to the difficulty of casting a single well cap over
two separate wells, a twin well was invariably used and conecret-
ing below river bed was facilitated by erecting a temporary coff
dam on the periphery of the well steining itself. y cofter

Shri E. V. S. Iyer said borings had shown 10 o1 ,
sand on stiff clay overlying disintegrated rock. The de;?thi?tl?fs

Pavar Bripar 711

foundation rock was not excessive. In such circumstances shorter
spans of the T-beams and slab type would have been economical.

The bottom plugging was of 1:2:4 concrete. A leaner mix
could 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
slamp was not even § of an inch. 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 cast-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 with a
top flange not prestressed had a tendency to reduce 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 Constructions Ltd, of
Madras, who were responsible for the design of the superstructure
should have been made in the Paper. Shri Venugopal, the pre-
sent Director of Messrs Stressed Concrete Comstructions 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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gservice to advance the cause of prestressed concrete construction
in India.

1t would have been very useful if the Author had mentioned
how the total cost of Rs 256 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 cast-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 would be much better to reduce the width

f in-situ than the depth.

of the flange in the ratio E precast

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
conld be observed with a magnifying glass developed.

v 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 &
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 gno
sandfilling was doue. After bottom plugging was done t’;he

were filled only with water and sealed by the capping slab.’ Y

Shri R.N. Joshi wanted information on % istributi

load on the four beams and whether there was sﬁ?ﬁc(%el);t: lrl:;r(;(x): ?xf
the diaphragms to warrant such distribution. As already sta.{ed
the test condpcted indicated that there was considerable ri idit ,
due to the diaphragms and the load distribution among theg foui
beams was more or less equal when the superimposed load was
placed. c_entral to the cross section of the bridge. For eccentric
disposition of the superimposed loads, the end beams took greater
Proportlon of load than the intermediate beams. This wag noth-
ing new as, as ea.rly. as in 1933, the Oregon State Highwa

Department made similar investigations which indicated tlfat th}t;
exterior glrd_ers 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
all 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 concrete 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 capaocity of clayey soils in foundations was ascertained.
Though details of these were not mentioned in the Paper, this
matter was carefully gone into at every stage. The clay met
with in the foundations of this bridge was of a 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 dismeter 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 oarefully. . Time settlement
curves were prepared to study the bearing power and settlement.

ShriP.J. Jagus wanted to know whether tests were carried out
for ascertaining the strength of concrete used for prestressed con-
crete work. Tests made showed a_strength exceeding 6,000 Ib 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 8-in. cubes could
not be erushed by the machine, indicating that the strength was
more than 6,222 1b per sq. in. The cubes could not be crushed
even when _tl}e 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 sinkin
by manual labour. Well sinkers in Madras were experienced ang
no difficulties were experienced.

He also referred to the danger of blasting insi

The Author agreed with him that blasting W&gs II_I;:;:;G ;}ﬁz nw(;;lls;.
without proper care. There were instances in other brid on(;
the well steining having cracked owing to careless bl&stingeﬂ od
also in one case of cutting edge having been blown awa tog an

distance. Shri Nambiar said that he had given thou yht t sonﬁe
question of .bla,sting inside the well under water and ha,% o the
the conclusion that blasting inside water somewhere in th it
section of the well which was often resorted to give a Bha.]g nélddle
well to help sinking was a bad practice. Blasting should g Sane
be}ow tl}e level of the cutting edge for which a hole sh E;dOne
drilled with a pneumatic drill or other device and & ca i y (;1 d be
moderate size used for blasting. In such cases th:rzx 5;; :1; 2

danger of the steining cracki e
dar:xgage. g cracking or the kerb sustaining any

The Author agreed with Shri S. Pal t

was desirable. hat 24 feet carriageway

Shri E. V. S. Iyer asked whether 9
span. The original design for this bridge
of 100 ft bowstring girders and the re
ft R. C. C. T-beam and slab type.
for the work, an alternative design w
Engineering Syndicate, providing for prestressed concrete

superstructure with 90 ft spans. i
ecopomical, the tenders weI;e acceplz:dthls vas found to be more

0 ft was the economical
was for a number of spans
malning spans being of 60
When tenders were invited
as submitted by Associated
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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 a 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 & ‘ new fangled innovation.” Thanks fo 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 architeots as a very valuable and adaptable
method of construction......... »

Because this type of construction was new for India, 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, 8 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 completply sabis-
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
conorete bridge of 11 spans of 65 ft each had been built.

He thanked the Author for his interesting Paper,



Disoussion on Paper No. 178 *
“Traffic Rotaries ”’

By
[
THE SPEOIFICATIONS & STANDARDS COMM(TTEE OF THE
INpIAN Roans CoNGRESS '

Tuesday, June 21, 1965

Shri K. K. Nambiar (Chairman) called upon Shri J. M.
Trehan to introduce the Paper. :

Shri J. M. Trehan (Member-Seoretary of the Specifications
and Standards Committee), introduoing 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 vehloul.a.r traffic of all types had increased
and thus necessity arose to improve the roads and junctions.
Most of the rotaries whxc'h were provided by the city
planners were more for scenic effect than for meeting traffic
requirements. Automatic traffic control devices had not been
provided a8 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 ga,ineg

in the design has been incorporated i . ;
of the Members of the Congr%ss. in the Paper for consideration

The Paper dealt with the general princi ‘o
ctaes, 508 sondions. whioh fonay Tpnciples of dosigning
advantages, disadvantsges and limitations, the motho. i
chapnelizing traffic on to and out of them and n:;; ods.of
standargq. fIn formulating the recommendations the © design
followe‘l 1n loreigno countries, where the problem had b Practices
in det]'.:.l » had been considered. An important part Ofe:;: studied
;;:lshg :m;”?mplia)s of the rotaries designed au% const y P;p?r
) ori eyvl olhi. They illustrated the applicat'mcte ho
g prinoiples in actual practice. In some of thoselglxla-fnfplthe

: o8,

all the desired standards suggested in the Paper could not be

applied. That show i ses .
of ideals. ed how site conditions limited the realization

* Published at pags, . -
Congrees, Volume xfxgg’s J“'f?::(} gg? m the Journal of the Indian Roads

Trasric Rorartrs 71%

~ Dr. R, K. N. Iyengar pointed out that the
tions given in para 3.1 of the Paper that ¢ the %on:;-ioo%?:lgt
traffic rotary was justified if the volume of traffic was 500 vehioles
per hour *’ might not apply to Indian conditions as the minimum
number of vehiocles depended on the importance of the iater-
seoting roads. He suggested that this minjmum should be fixed
only after actual counts had been taken.

Referring to para 7.2 and 7.3 of the Paper, Dr. Iyengar
remarked that it was rather doubtful whether, on account of the
mixed nature of traffic, the American data would hold good for
conditions in India. For the same reasons the reduction in speed
at the intersection in urban areas (para 7.4) would be definitely
more than that observed under American conditions.

For calculating the weaving length (para 10.7), whioch was one
of the most important factors affecting the design and functions of a
rotary, periodical counts of the slow-moving traffic, e.g., tongas,
bullock-carts, oycles, etc., should have been taken into account
for obtaining the correct value. Coming to paras 10.9 and 10.10
of the Paper, Dr. Iyengar felt that the bullockeart traffic could
not be negiected on account of a general want of road sense in
the drivers of bullock carts and their zig-zag movements. There-
fore, the weaving lengths recommended might be revised after
research in this direction had been carried out. In view of the
mixed traffic, he suggested that the Committee should be more
liberal in fixing the minimum width of the rotary carriageway
and width of the road at the entrances and exits.

Dr. Iyengar pointed out that most of the standards and
recommendations on this Paper had been based on practices in
vogue in the U. K and the U.S.A. and suggested that, in view of
the peculiar characteristios of the traffic in the country, the final
recommendations should be based on extensive research and field
observations relating to the various factors involved in the design
of rotary junections. He mentioned that one of the research
problems on hand in the Traffic Division of the Central Road
Research Institute was the ‘* Investigations on Road Intersections
with Special Reference to Roundabouts”’ for evolving suita:ble
designs essential for the smooth flow of traffic and for increasing

the carrying capacity of roads.

Lastly, Dr. 1yengar said that due considersation should be
paid to the ¢ Grade separated rotaries » or ‘* Two-level rotaries
“which would segregate the fast and the slow traffic at the junc-
tions. According to this arrangement, the fast traffic could be
taken over the ramps at & higher level whereas slow traffic would

go under the rotary.
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Shri T. S. Khanna said that most ions i

i ] of the recommendations in
thﬁs Paper were based.o'n the experiences in the western countries
where the traffic 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 sugéested that studies should b
Kl a e cond
find out if in a rotary having concentric outer kerbs, Itlzh: Oﬁzgult

ing unused area could be used safely by the slow traffic, Fi

B;urther, }‘aelsugg_castedftha.t the recommezdations for th:’ lerlﬁg.tli.
shape and location of merging lanes and ch lizing i ’
might be made on the basis of field studies. snnelizing islands

MAKING _USE_oF
THE UN~USED ARE,

EXT.

—~ SLOW TRAFFIC
== FAST TRAFFIC

—— _ISLAND

Fig. 1

Shri Khanna said that field investigati
. t .
out to establish rational relationship gba;atl;)v!é;ns hi?l?:dsli)e ca.fr n;d
central island and the width of the rotary carriageway ze (; ;isg

advocated field studies regarding t i ol :
building two-level traffic r%ta.riesg. he economio Justification for

Shri G. L. N. Iyengar said that sometimes traffic rotaries

;zri ial;::; ::dllnclu(;?hsmall, circular masonry structures construc-
fict bl?t b ng’ : ese merely served to separate area of con-
uninterm tyd ﬂmea.ns, satisfied the primary requirements for

, pte ow of traffic. In his opinion, there were three
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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.8.A.), which had a very
large number of rotaries, a much lower value than that recom-
mended by A.A.S.H.O. had been adopted. For a design speed of
25 m.p.h., no driver peeded & 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 18 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 acceptable 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 calculations for capa-

city should be modified accordingly.

Lastly, he suggested that the Indian Roads Congress Stand-
ards for Highway Layouts, Street Junotions, and Rotaries should
be made available to all the town planning authorities to help

them in their designs.

Dr. Lal C. Verman supported previous speakers in 8o 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 the road. He pointed out that the -Police authorities
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seemed to think that an island placed at & junotion without rela-

ting it to the needs of the traffic could help to increase the safety
of the road. But, actually in practice, these islands enhanced
hazards to the traffic and were responsible for frequent accidents.
He pleaded that the code of practice for rotaries should force-
fully bring out this fact to the notice of the traffic authorities and
impress on them that the design of a junction was & highly tech-
nical job to be dealt with by expert engineers only.

uiroments of Intersectione’,
d out that the design
f speed as the

Referring to the ‘ Basic Req
mentioned in para 6 of the Paper, he pointed
should provide also for the g_radug,l transition o
traffic approached the rotary junction. )

One reason why tangential flow at rotaries should be discou-
raged was that in one direction drivers travelling along a tangen-

at a rotary junction altogether by-passed the

tial approach road :
ri?tar;? D their left. This should be stated in the Paper.

mum weaving distance (para 10) should be based on
the bigher of the twoO figures resulting from the two sets of calcu-
Iations given. Further, due attention mugt be paid for the.segre-
gation © slow-moving traffic in urban areas. He quoted an
example of atongs, which had the.general tendency of keeping
olose tothe central island and rushing straight at a rotary junction
from one road to the opposite road, Fig. 2. This, he said
was objectionable because the fast-moving traffic was ,thus m
pelled to cross the path of slow traffic twice. oom-

The mini

It would be more reasonable Dr. Ver i
increase in width of cycle tracks (para 19.2) n(])in ti:ldée to. " bascfa
sraffic instead of a fixed increment of 3 ft as recommendexziminy tl?e

Paper.

Finally, Dr. Verman wanted to know if the cautionary sign

for » rotary given in Fig. 17 of ¢ i
with the UN.O’s recommenda.tiom;.he Paper was in accordance

Shri S. P. Govindarajulu ;
Paper, which related to theroltl,mc: ?fn:::;il: gj:::tif ora 3.1 of the
truction of a rotary, asked as to what type of jchii’;}ng the cons-
conslfructed Hwhen the volume of traffic was less thanloléo Shonlfl be
l()Jeol;n lglilt;;.ee he rehxinarked that.the Specifications and Stvegldgs
ft wid dE ould evolve designs for junctions of & mai oad 30
wide and & subsidiary road carrying very little traiﬁacm road 30

Shri K. Sinha mention

K. S ed a few const i i i

:::h ngl(;l:l;atmps of space, carrying out cost];u%t;:?nad)ﬁcu]tles
" ny 1mprovements {0 roads and road juncti%’izsw:orglsi’
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be effected in a city like Banaras which had underground drai-
gage system. Co-operation between the road authority and the

epartment dealing with telephone and electric supply systems
was essential for prompt execution of road improvement.

Shri J. S. Narasimham eaid that as rotaries wer
constructed on urban roads, there must be some prov?s;:)sllmflz
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 affected 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-
moving traffic peculiar to India and were critical about the use of
experience in foreign countries for recommending standards.
The design of most of the elements of a rotary was influenced by
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

crossfall, were in no way influenced by the slow traffic. The
bullock cart affected only the capacity of the rotary. Research
in foreign countries in this regard had not yet reached a conclu-
sive stage. The FPaper had mentioned this in para 22.9 and
recommended that due weight should be given to the slow traffic.
Observations made in Delhi, which had still got quite a good
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percentage of slow-moving vehicles and where a ngmber pf
rotaries had been constructed according to the prinoiples 'lal'cl
down in the Paper, showed that the application of those prinol-
ples was suitable to Indian conditions.

Standards recommended in the Paper, like any otl}er
Standards, were subject to periodical review to keep pace with
new developments and experiences. Modifications, if any,

necessitated by observations under Indian conditions, could be

incorporated in the future revisions.

With reference to Dr. R. K. N. Iyengar’s commen_ts, Sh.ri
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. But to
recommend weaving lengths takmg 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 relating to paras 10.9
and 10.10 of the Paper, the minimum width of rotary carriageway
recommended had proved to be adequate in practice,

The Specifications & Standards Committee would only be too

lad to utilize data that was being collected from investigations

on hand at the Central Road Research Institute, to review the
recommendations contained in the Paper.

Grade separated rotaries suggested by Dr. Iyengar w out:
side the scope of the Paper which was conﬁne(y; oily t:rio::ry
junctions at grade.

Referring to Shri T. S. Khanna’s commen i

stated that it did not seem possible that the slowﬁggg{;g\T:::%ﬂ
could be made to use only the additional area of the rotary car-
riageway obtained by making the outer kerbs concentric with the
central 1sla.1_1d. No relationship was apparent between the size of
the central island and the width of the rotary carriagewsa The
gize of the ceqtral island had a bearing on the angle of vz;aavin

:v[:;' tvlégsw:?vm%'leng?hghwhe;'eas the width of the rotary carriagﬁ

unction of the volume
to the widths of approach roads. of traffio and had to be related

In reply to Shri C. L. N. | i i
the pointe mentioned in the coyrzlllnge?xlt;’s Sl}:::i Tﬁ:&;n t:.;ld @h:g
account in maklpg the recommendations, Reduction - in ens lttaled
was dependent, inter alia, on the size of the central island wll)xich
could not be very big from considerations of economy. Fig: 18
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of the Paper showed how cyclists and pedestrians should be taken
round the junction to reduce interference with the motor traffic to
the minimum. If, however, the pedestrian and ecyclist traffio
was heavy, sub-ways were a solution to avoid accidents.

The design of intersections at grade (other than rotaries) was
the subject matter of a 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 Highway
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 traffic police
department could mot 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 & 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 1f_ segregation of
traffic at junctions in urban areas was worthwhgle 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.

the sign post, Shri Trehan

i i rdin
Referring to his querry rega g o e Motor Vehicles

said that the sign adopted Wwas as given
Act, 1939,

Replying to Shri Govindarajulu, Shri Treban said that
where traffic was less than 500 vehicles per hour, channelization,

if possible at the site, was the answer.



724 D1soussioN oN TRAFFIC ROTARIES

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
regarding 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 obstruoct view on the
central 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 guidance,
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. 8. K. Bose
Tuesday, June 21, 1955

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 wasg 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 a flexible
overlay, Steinbrenner’s principle that the deformation of the
loaded area was equal to the maximum deformation at the
surface of a 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 respects

& Published at pages 499 to 540 of the Journal of the Indian Roads
Congress, Volume XIX-3, June 1955.
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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 the Paper.

No systematic or authentic data about temperature
variations which could be used in calculating the temperature
stresses was available. Westergaard's formula for femperature
stresses assumed that the temperature variation was linear.
In U.K. experiments were carried out and according to
Thomlinson’s theory the temperature variation was non-linear.
The experiments carried out in the U.S.A. showed that, under
American conditions, the Thomlinson’s curve required qmdlﬁ-
cation. Observations made in U.K. agreed more closely with the
values obtained from Thomlinson’s method than from the value_!s
given by Westergaard’s formulae. In the absence of 1nvest}-
gations in India, both the Thomlinson and the Westergaard’s
methods were tried. 1t was heartening to hear the President,
Shri Mathrani, stressing the need 'for Y ratlox?al design of
pavements. Evolving & rational design was possible only if the
data on which it was based was reliable. So the Authoremphasised
that authentic data on temperature stresses should be gathered
throughout the country. Perhaps the Indian Roads Congress
would use its offices in initiating such an investigation.

Shri C. L. N. Iyengar said that the Paper contained lot of
valuable information on ‘ pavement design’. Rational theories
for design of pavement thickness would be satisfactory if the
basic assumptions made in the design could be attained in the
field. If conditions in the field were same as were assumed
the pavement would behave cxactly as it was designed to
function. But problems were there and these were caused
wholly or in part, by unforeseen conditions such as (i) wheei
loads in excess of the safe maximum load using the pavement;
(ii) variable nature of subgrade, and (iii) the designer. ’

The duration of application of a load had an in

the amount of yielding that took place in the pavementﬂ:ti?xz:u(:'!;
and on the amount of stress that it created. A sustained load
caused more stress than a load applied for a short time. A
moving load' might cause less stress than a load at rest 0[; the
other hand, impact stresses of large magnitude caused 'by rough
surfaces, heavy wheel loads, hard tyres and high vehicle speeds
could be very destructive even though they act for very short
periods. Much work remained to be done before the relations
that existed were thoroughly understood.

So, much reliance had to be placed upon the ob
manee of pavements and it was not cl:)rrect tg ;i:::zdg%ﬁ::l"
observations based on the results obtajned by using rational
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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 ecale failures
on 6in. or 8 in. pavements. Surprisingly enough, even to this
day, the U.S. Corps of Engineers computed the thickness of
overlays using empirical formulae based on experience rather
than by theoretical analysis, e.g., the thickness of oconorete
overlay dc was determined by the formula

de = /(d* -cd,.?)
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 coefficient representing oconditions of existing
pavement.

If 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 statoment tha$ *‘ & 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 bo 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 invea-
tigations under Indian conditions -were needed to find out the
applicability of either Westergaard's or Tho.mlmcon (] formu_lu f(:r
temperature stresses. Shri Iyengar said .tlnt Thomlinson’s
formula was an improvement on Westergaard's formula.

aras 10.1 and 10.2 of the Paper
o selection of overlay was not
of the load bearing ocapacity.
cost of maintenance, life and

The conclusion given in P
appeared to be questionable as th
made solely from considerations
The relative costs of construction,
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resistance to the various forces to which the pavement was
subjected had to be considered. }

Regarding the development of a heat resisting bituminous
composition, to date no satisfactory indigenous product was
obtainable even for filling joints in concrete pavements exposed to
jet blasts. It was doubtful whether it was praocticable to use
heat resisting materials for take-off and touch-down areas,
taxiways and other hard standings.

Shri J. S. Narasimham said that the Paper oontaiz.l’od
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.
* Assuming the permissible deflection in concrete and the
bituminous pavements according to the assumptions made by
Burmister, the Author had calculategl 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 concrete 8-in. thick. It did
not seem correct to assume the top of the cement concrete
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 giving
the relationship between settlement coefficient and thickness of
pavement in getting the modified value for reduction of elasticity
for the subgrade. This was not correct. Further, the problem
dealt with was a 3-layered system, whereas Burmister’s graph was
applicable to a 2-layered system. The result obtained namely,
P=178,000 1b was very high.

Shri N. Mohan Rao said that the need for stren i
the road might be due to many causes but it was maigf?en&?lg
to (1) the lack of the bearing capacity in the soil below the
pavement, or (2) the pavement not satisfactorily standing the
wheel loads because of fatigue and other effects.

If the aim was only to reduce the stresses in soil, it was
not necessary to have an overlay with a modulus of elasticity
gre:zlt.elr tha.fn 11;hat of the exlisting Pavement. An overlay having
modulus of elasticity equal to that of the exiati
would serve the purpose. existing pavement

8hri Mohan Rao said that when a avement fail
subgrade deficiency, the overlay shonI;d be nlaida!:x(nllyd‘;eftx
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‘“ mudjacking > to ensure that the original pavement was again
uniformly supported.

The following factors, other than those mentioned by the
Author, had to be taken into aceount in designing a pavement :

(1) total traffic intensity,

(2) total wheel load, tyre pressure and area of contact,
(3) effect of dynamic loading, and

(4) repetition of loadings.

In a wheel load of 10,000 1b and tyre pressure of 100 1b per
8q. in., the contact area was 100 sq. in. and the intensity was 100
1b per sq. in. In wheel load of 6,000 b and a tyre pressure of 60
Ib per sq. in. also the tyre contact ares was 100 sq. in. but the
Intensity was only 60 1b per sq. in. Even though a/k was cons-
tant in both the cases, the former needed a thicker pavement. 8o
it was pecessary 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 occurred in the
pavement and each repetition contributed to the progressive
yielding of the soil. Mr. Middle Brooks of the U.S. Army had
conducted some tests in America on this effect. A flexible pave-.
ment which was loaded to 0.2 inch deflotion under a 30 in. diame-
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 allowed under
load was only 0.05 inch. Repetition of loading might not bhe a
serious problem in runways. But it is important in roada.
Employing a factor of safety, taking into account the number of

repetitions, was essential.

Shri Fateh Chand referred to the remark of the Author that
a layered construction was necessary in thick concrete pave-
ments and said that the two layers should be lsid praotioslly

simultaneously.
Shri D. C. Chaturv

slabs as thin as 3 in. were laid in Ut
tion given in the Paper was useful in

2]

edl mentioned that cement conoreto
n Uttar Pradesh and the informa-
designing flexible overlaya
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on these. He suggested that flexible overlays might be laid over
thin slabs and their behaviour observed. He agreed that
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 by U.P., P.W.D. in
1941 regarding temperature distribution and its effect on thin
coucrete slabs. The following were some of the results :

1. Variation of temperature at the bottom of a 3-in. slab
(during the month of November) was 12° againat a variation of
(96 —~61)=35° in the surface temperature.

2. The expansion of the slab was not proportional to the
surface temperature but to the temperature of the interior of the

slab.

3. Co-efficient of expansion was about 4.4 x 10-¢ for bonded
slab and 5.5 X 10-¢ for insulated slabs. The bond with the sub-
grade retarded the free movement of slab but the bond was liable
to be broken due to repeated expansion and contraction. FEx-
pansion joints were, therefore, absolutely necessary in bonded as
well as insulated slabs.

4. The variation of temperature in thin slabs was not
linear.

5. Reversal of streses in the pavement ocourr

i ed ev
hours. Fron} morning to afternoon temperature in top ]aye:ry wii
higher than in bottom while from evening to early mornin
the reverse was the case. ning

As above conclusions were based on data collected f
3 days only, it was necessary that these should be coll::m3b¢;1;:
different months and under different climatic conditions

Shri R. Nagarajan® mentioned tha icati
various methods of theoretical analysis totpil?enggtl;;c::zn,o{) .th:
to many limitations and, in certain cases, theoretical oalcula‘::'gec
gave results different from the values obtained by actual m e,
ment. For example, Burmister’s method referred to l:”u:): .
Author did not take into account the following factors : v e

1. That the soils and materials f i
very far from ideal elastic materials. orming the pavement were

2. The value of limiting displacement chosen was arbitrary.

* Comments received in writing.

_suggestion that detailed investig
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3. 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 concepts,
each with its own limitations. So, in his opinion, the conclusion
drawn should not be given complete credence except after experi-
mental verification of the various factors on a full scale.

While discussing the temperature stresses in the concrete
pavement slab, the Author had brought out many of the the-
oretical concepts. 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 aoross a 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
maximum of positive temperature gradient was far greater than
the value of the maximum of negative temperature gradient, and
the maximum value of positive temperature gradient ooourred
when a hot sunny day followed & 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 across & 6-in thick concrete slab found that the

maxi ture gradient was 381° F. The maximum
aximuim o e nt of 3 for a slab 8.87 in. thiock was

ient of 32.4° F.
temperature gradient o Germany. Shri Nagarajan was of

. Emberle in
recorded by Dr. Em lu: of temperature gradient would be

opinion that the va : ;

approximately 30°F. for6 to 0 in. thiok conorete slabs under

Indian conditions. The Author showed by his °°mp‘"’“j°“' thet

for a slab 8-in. thick, the temperature gradient was 21.5°F. for

the climatic conditions of Poonaa.oo %‘h?l I::u;;‘ln:;‘ thf:‘x:lt?; ':
; . He

higher and a safor value, namely, stion underplndisn conditions,

which will help the development of rational design proocedures for
Pavements, should be undertaken.
ty of airfleld pavements for

When discussing the suitabili
jet airoraft, the Author had pointed out the dganolum..
experienced with the flexible bituminous pavements and layers
Superimposed over oconcrote Pavomont due to the inability
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of the bituminous materials to stand the hot blasts. Similar
difficulties were experienced with the ordinary concrete pavements
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
go far heen the technical difficulties involved in the constr'uotion
itself and in the production of a high quality concrete. Wxtl_l the
experience gained in many prestressed concrefe constructions,
these difficulties should be overcome.

The first airfield pavement of prestressed concrete was
completed in 1947 by M. Freyssinet of France for the 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 aspects 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 etc.

Maintenance of the flexible pavement was easy. On the other
hand the rigid pavement was extremely cracky.

Referring to Shri J. S. Narasimham’s remarks the Author
said Burmister had made some assumptions about the maximum
permissible deformations for rigid and flexible pavements.
These _were gtven in example 7 of the Paper. The maximum
deﬂectlon for @he overlay system at the centre of the load is 0.2 in.
which is maximum for a flexible pavement minus .05 in v;lhich
is the maximum for rigid pavements. ) .

Referring to Shri N. Mohan Rao’s comments Col. B id
that it was _pecessary to go in for a rigid overlay lfav?né aos;:s:l-
!ns of elasticity higher than that of the pavement to be improved
if full value for the money was to be had. P '

~
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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 bad
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 extension to
airfields should be done cautiously. Though there were some
accepted theoretical methods for arriving at the thicknesses
of flexible 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 ocalculations 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 oconditions and as field
observations of existing pavements were 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 oart before the horse.”

Only empirioal formulse were still in use. Besides, oonn:deA
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 _laborat,o?y' at
Lockbourne airforce base and Sharonville in Ohio. It sxmul;sr
observation on overlay work already done at various airports in
Indis were collected, it would possibly help in a better appraisal
of the results obtained from these theoretical caloulations. He
hoped that Col. Bose and his colleagues would bring the praoti-
cal aspeots for a further discussion of the subject. He onoce again
thanked Col. Bose on his behalf and on })ehalf of the men}bgrs
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 m!pomnce and views expressed
in discussion were so divergent that it was & fit case to recommend
to the Council to appoint & speoisl committee or to entrust the
work to one of the existing committees to go into the various
questions involved and to arrive at & oorrect solution.
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Pages 507 and 508

Page 514, Example 7

Page 523

Page 528, first line
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CORRIGENDUM TO THE PAPER

instead of * W, read * W,'.

Page 508 in equation 2, instead of ‘2(1—W,*)’
read ¢ 2(1—#,%)’
Page 509 in equation 5, instead of ‘ %’ ’ read ‘(;(‘j .
2

instead of ¢ (0.2—0.15)m0.15’ a
¢(0.2-0.05)=0.15". ) e

give equation number

¢ u 14(a) to the
equation given.

Page 526, last but one line

instead of ¢ equation 15’ * i
pon q , read ‘equation

instead of equation ‘14’ read ¢ 14(a)’.

second line omit the figures ‘262 x 0.532.’
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Page 540
Page 541, sixth line

Page 542, Figure 1

in equation (1.2), instead of ¢ P’ read * p’.

ipstea.d of ‘equations 2 and 3’ read equa-
tions ‘1.2 and 1.3°.
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Cormack, K. K. Construction of Shil- 11l 30 4
Do. Road B N e long-Jaintiapur Rond,
¢ FurlongUlS‘:tﬁ;l'\ ot X1v-1 - - Khasi Hills, Assan,
Council of Seientific . Tentative Proposals for NI111-2
Do. Experimental Tracke i and Industrial the Establishment of
w}‘ys fi)l’l‘l\t[l(l)tulrl ’i’lxl;ﬂu X1v-3 - - Rescarch. the Central Road
on the Delhi-Mecrut ’ Research Institute.
Road. —_ . . 12
Couning, Heney, J.N. Corrugation of Water- 1 H -
Do, Experinents _— L bhound  Macadaim Road
Ao Gee SIS = -
Black Cotton Soil sidency and a Cure.
Do. Technical Noto No. 8— NIV Dally, 1. S, Technical Note No, 1, XTi-2 -
Earthmoving \AIaL:I;'- N3 - - Sclection of Plant for
nery for Road; ' Colleetion and Loading,
M . of Shingle.
Do. Bitumin Y bt N Iven : i L ,
ous Treatment X1V-3 - - Daa CGupta, N. " Primers, their NMuro; Vil : F-40 sl

of Wot Aggregates.

and Usea, ! |
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Das, R. C., and
Pal, 8. C.

Datta, A. K.

Do.

Datts, D. C.

Dean, A. W. H.

Do.

De, K. (",

Dhawan, C. L., and
Asghar, A, O,

Dhawan, B. L. &
Manohar Lal.

Dhumsl, R. J. &
Meohta, M. A,

Dildar Hussain.

] ! !
' (See Pab) '

Economy and Develop- Il
ment of Bonded Brick
Concrete Roads Plain
and Reinforced.

Development and Appli- VI
cation of Village
Cement and high Silica
Portland Cements for
the construction of
Concrete Roads.

Further Developments VIL
in Village Cementsand
Silica Portland Cements
for the construction of
Cement Concrete Roada.

Slip and Subsidence in a VI
Hill Road.

Recent Methods used for 1
the Treatment of Roads
with Bitumen and Tar
in Delhi Province.

Further notes in the T
Treatment of Roads in
Delhi Province, with
Bitumen and Tar.

Behaviour of Brick XV-
Metal in Tar Carpeta. 3 and4

(See Asghar)
(See Manohar Lal)

Cemont Concrete Sur- XIX.
facing and Experimen- 2 and 4
tal Concrete Road
Construction on Agra.’
Bombay Road.

Reinforced Concrete v
Bridge across the
Godavari at Shahgadh
in Hyderabad State,

C-39

E-41

[-39

34

154

173

D

39

it

LUl

72

1

38
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Nume of Author Title of Paper, ote,

Volume No. of |

Serial No.
of Paper in

_ J__ No. Pap":genoral index
Doraiswainy Intermediate Screw VI A4 76
Ivengar, M. S, Piles for the foundation
of bridges in soft Soils.
Farhatullnh, Mohd.  Masonry Arch Bridge VI B3 63
across the Krishna at
Deosagar, Hyderabad
(Decean).
Fateh Chand, Roads under local Bodios v ¥ 50
and how to maintain
them.
Do. Cvele Tracks X- H1 1
3and4
Fielder, €', .J. RBituminous Treatmont  IX- 09 a0
of Wet Aggrogatos, b and 4
Fleury, W. R, Transition Carves for VIL 40 R
Roads.
Garrod, W, H. E. Cement Conereting the VIIL K-43 a3
Bombay-Poona Road.
Gathlae Wilson, A Method of Caleulating IV A®) +H
the Stability of Braced
Pile Piera.
Gathlac Wilson. The Dhakuria Lake IV A() 4
Rridge. (a)
Geological Survey of (‘auses of Landalips and VI3 -
India. Suggested Remedies.
Chosh, 8. K. Failure of & Multi-arched VIt B-40 ki
Masonry bridge.
M (o o
Gopalacharya, Vitritied Bricks for 1T 23 () iy
' surfacing Roads in del-
taie Drtricts.
Gopalakrishna Highways in Australis. XIX-3 - -
Ayyar, V. V.
a7
Goverdhan Lal. The Design of Small X‘;I 1" 187 1
Bridges and Culverts. 2
v P (]

Rovitalisation of Tarred
or Bitumencd Surfacesby
mix-in-place methods

using Cut-back .\sphnh.

Graham, R. C.

-26
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Name of Author Title of Paper, ete.

t

(iroonings, L. K. The Use of Cement Con- I 7 v
1 crete for the construc-
tion of roads in the
Bombay Presidency.
Griffiths, W. A.and (See Sopwith)
Sopwith, C. E. ; ]
. | X- 107 107
Gupt .B. Maintenance of Gravel | X
tupta, B (Moorum) Roads underl 2 and 4

Heavy Traffic.
|
Do \Some observations on | XII- 130 130
) Load Testing to ascer- 4 and 5
tain the Foundation
Bearing Pressures of
Bridge wells in sandy
strata and on the !
Alterations required in ;
the Design of a Bridge '
Foundationowing to one:
well of a Pier having
gone out of Alignment. |

Gupta, B. B., Hiley,;' (See Hiley)
A.E. & Silvera, V. M.;
|

‘(See Das Gupta, N.)

(See Sachindra Nath
. Qupta and Sudhindra
Nath Gupta.)

Gupta, N. Das
Gupta, S. N.

‘Some Experiments to D-
Stabilize Moorum | . *

Roads in Chota Nagpur.'

Gupta, K. VIII

Haig, W. De H. Traffic Census and Road. 11 16 18

Diagrams.
Failure of a Reinforced | XII.' 12 ;

‘ \ > - 3 123
Concrete Brid 1 :

r Conereto Br ge in tlﬂe1 2and §

| {

‘ |

' Oil a8 & Binder for Earth! |

and Gravel Roads arth, ™ 2 %

Hardit Singh.

Hemsworth,
T.G.F.

Some Examples of Pre | XV |
‘ - II- 162 162
stressed Concret: ‘
Bridges. e ‘, i i i
| \ i
l H

|
|
|
i

Hiley, A. E,,
Silvera, V.M. &
Gupta, B. B.l
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Name of Author

Hunter, C. I,

Indiann Roads
Congress.

Do.

Indian Standards
Institution.

lyengar, R. K. N.

Iyengar, M. S.
Doraiswamy.

Iyer, E. V.S. &
Panda, D. C.

Jagdish Bahadur.

Jagdish Bahadur and
Bhagat, D. G.

Jones, R. Trevor.

Do.

Ja dish Prasad and
Mitohell, K. G.

Title of Paper, etc.

The Trend of Develop-
ment in the United Pro-
vinces in the matter of
improving road surfaces
with special reference to
Recent IXxperiments.

Analysis of Soil Sam-
ples.

Bridging India’s Rivers-
An account of sonmo of
the Bridges built under
the National Highway
Scheme.

" Rules for Rounding off
' Numorical Values.

" Well Foundations of the
Kalabagh Bridge over
the Indus.

© (See Dorasswamy )

- Construction of a Sub-
mersible Bridge Across,
River Mahanadi near

! Bhanjanagar (Ganjam),
in Orissa. 1

 Bagis of Road Planning. |

(See Bhagat)
|

'Some Notes on the Layout‘
" of Rural and Subgrbaxxi‘
Roads in the Punjab.

i

t

Layout of Roads.

! Collection of Material for;
i and Consolidation of
| Water-bound Macadam..

. i
Notes on the use of Tar 1’
Bitum

en and }.:lmul- !
:i gions in the Punjab.

i (See Mitchell)

i
i
i
L

Reference to Proceedings

Volume
No.

I

X1V-i

XVIi-
3

XVli-1.

X1I-
land §

XIX-
1 and 4

'
'
'
|

No. of
Paper

2

173

134

Serial No. of
Paper in
ge{legal in@ei(

3

120

173

134

36
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Name of Author

No. of
Paper

e 2, - .
Titlo of Paper, otec. Voluine

Name of Author
' No.

Murrell, W. L.

{ T

! Stable

¢ unstable
soils.

100

Causeways on.
foundation

IX- 100

Mirza, M. A.
2 and 4

Objects and Organisation
of a Permanent Indian Do.

Roads Congress.

Mitchell, K. G.

General review of the 1

Results of recent Road
Experiments in India
as revealed by Modern
Practice.

Do.

Do.

Optimum Weight of 111 39
Vehicles on extra Muni-

cipal roads.

Do.

Nadirshah, 0. A.

Safe Wheel Load for v 4y

Mitchell, K. G. and
Indian Roads.

Jagdish Prasad. Do.

Nagarkar, G. P. &

Trackways for Rural VII D-40 79
Apte, M. P,

Mitchell, K. G.
Road Development.

The Broad Classification VIII A-41
of Traffic and contri-
butory causes of wear

and tear of roads.

Do.

Nageswara Ayyar,A.

XII-5 Naik, B. G.

and
XIII-4

Successive Failure of 133
Two High Level Bridges

over the Barakar.

(See Sen)

Mitra, C. D. 133

Nambiar, K.K.

Mittal, S.K., Banerji,
A.C.and Sen, B.R.
(See Farhatullah)

Mohd. Farhatullah,
Nambiar, K. K.

Some Physical Aspects ° & Namasivayam, K.
of Roads and i
Tyres.

Mloss. G. L. W. 12 12

Nambiar, K. K.

I
& Raj, P. V.

Ways apd Means of
Improving the hullock-

cart.

36 40

. Repair and Maintenance
of Cement Concrete
Roads

fukerji, A. C.

(=23
<

VI - :
: B-39 Nambiar, P. G. &
maswam
Reddy, K. Y

Iurrell, W. L. A Serious Failure in the 3
Painting of a Steel " % N““R‘"‘- @R ‘
, !

Highway Bridge.

Title of Paper, ete.

Roads in India and
Australia—Qur
difficulties and some
suggestions. '

Steel Tyre Problem
unfolds.

Notes on Drag Spreading
and Drag Brooming.

Raising the Road-rupee-
Ratio with a special re-
ference to the Steel
Tyre.

(trouted Concrete Roads.

|
Cement Grouted Roads

' A New Method of

' Applying Kentledge
by Hydraulic Jacks
for Sinking Founda-
tion Wells.

:(See Ayyar)

Roads in New Zealand.

Design and Construc-
tion of Prestressd Con-
crete Bridge Across
River Palar.

The Investigation, De-
sign and Construction
of the Cauvery Bridge

at Pugalur.

Testing to Destruction &
96-foot Prestressed

Concrete Bridge Girder.;
i
i

(See Ramaswamy
Reddy, K.)

Organization of Bridgin

4
Activitien. i

Reference to Proceedings

. I Serial No.
Volume l No. of ! ofe]r’::lp('r in

No. 1 Paper jg(m(-ml index
Vi 73 73
Vil E-40 8]0
VII [-43. R4
Vil  C-41 87
XVI 157 157
1and 4
XIX-2 — -
XVIII- 185 165
1&4
XVII-
2
XiX-3 177 177
and 4
XVII- 161 181
1 and 4
XVII- 164 164
3and 4.
XV~ 152 152
2 and 4
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Neogy, I’ C,

Nicolaides, K. P.

Nilsson, D.

Nilason, D.

Nivas, H. K.

Ormerod, H. 1

Pal, 8. . and Das,
R. C.

Panda, D.C.
Iyer, K.V.S.

Patel, O. H.

Philipose, .U,

Radico, W. A,
Wilson (4., and
Warren, P. F, S,

Radice, W. A.

Reference to Proceedings

Title of Paper, ote.  yolume No. of (?Flii::)g-”i.u

V :
No. ‘ Papm gengrfa}_in.frlex
A note on ‘* Experi- Vv - -
ments with cut-backs
of Bitumen.”
Impact on Reinforced vi | L-39 - 75
Concreto road bridges 1
as compared to steel
bridges.
Some Notes on Submer- v 1 58
gible Bridges.
‘Standardization. VI K-39 74
Ajoy Bridge—TFailure of IXa 102 102

Masonry piors- Reme- 2 and 4
dial measures adop-
ted.

-« Should Delhias Capital  X- — _

of India he developed 9
as a Pilot Scheme.” 2and 4

(‘onstruction of the XVI- 158 5
Shillong-Silchar Road, ' 9 .;,‘,’{,[1 4 ' s
Assam,

" (See Iyer)

Stabilization of Gumbotil XV —
Soil for Highway Usge. N2 -

kxperimental (lrout()(l‘ XX

Cement Concrete NIN-1 - B
Roads in Travancore-

Cochin, :

Design of Highway "
Bridges, The necessity i S o
for an All India Speci-
fieation,

Franki Pile Foundati
for Bridges. 1ons; v B 4

Do. . Surface treatment of
Concrete Roads when v Q 62
outworn,
Raghavachary, K. 8. Economies of Hj ‘
o ’ . 3 g‘hwav . - - -
’l’ypes, v ) ﬂid . 103 103
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!
|
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Reference to Proceedings

Name of Author | Tit i
r itle of Paper, etc. Volume| No. of ?e}x;xal No.
‘ | No. | Paper | ° aper it
S U goneral index
Raghavachary, K.S.,|(See McKelvi | | |
& McKelvie, G. M. é( elvie) ! |
Raj, P. V. and | See Nambiar ! '
Nambiar, K. K, ( ) f
Raja Ram. | Roads and Publio Hoalth| I, 38 " 37
' in India with special ] |
reference to malaria, | ]
borrowpits and road | .
dust. !
Rajaraman, S. R. C. Bridges in Tra-  XI- 18 118
vancore State. 3and 4’
Raju, 8. P. Causeways or -Submersi-| XVI-3 . — f -
ble Bridges. ! !
Ram, Raja. (See Raja Ram) ! r ‘
Ramaswamy Reddy, Roadside Developmentsf XVIII-! 169 | 169
K. & Nambiar, P.G.| in Madras State. | 3&4 ; ]
Rangachari, H. ! Regulations and Control! Im; 29 | 33
of Motor Transport in | i
Mysore. | |
Rao, A. L. | An Economical substi= | VI ‘ N-30 | 71
[ tute for Water-bound ( [
Macadam. ! ‘
' I
Do. Some notes on the main~| VIII | G-43 91
tenance of Water- | !
bound Macadam.
Sachindra Nath Stability of Densified L XIv- 145 14
Gupta. Soil under Adverse 2and 4 .
Moisture conditions. :
Sen, B. R., and | Waterproofing of Alka- - XV-3 - -
Manohar Lal. ! line Soil by Linseed
. Oil-Cake.
XVI-2 - -

Sen, B, R., Mittal, | Coment Aggregate

8. K., and Banerji, Reaction In Concrete.
A.C. ' (A Survey of Recent

f Literature on the

, Subject.)

Shakuntla S. Joshi. | .

| applied to the Designi

| of Mild Steel Beams
and Frames.

27

The Plastic Theory 88 XIX-3.
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No. | Paper general indox o ; No. | Paper |goneral index
4 — - o ! 3 i
Shannon, I. A, T, An Aspect of Traffic v H 82 Specifications and ' Glossary of Highway . XIV-. 148 146
Statistics. St}md&rds Com- ! Engineering Terms. | 3and ¢’
mittee !
Do. Light Bituminous Sur- VI| G-39 o0 _ : 1
favings. . Do. ' Standards for Sight @ XV-' 140 149
; | Distances for High- & 3&4 |
Silvera, V. M., (See Hiley) ' ways. i ‘ :
Gupta, B. B. & ' ; : g !
Hiley, A. E. Do. . Vertical Curves for XVI- ¢ 156 156
‘ i Highways. C1&4 ‘
Sinha, H. P., and (See Abbast) i i !
Abbasi A. M, Do. | Type Designs for Boun-| XViTI- P -
= i 8 . / !
Sinha, K. Construction of Appro- | XV- 150 150 3 dary & Furlong Stones “ | !
aches to the Malaviya |2 and 4 Do. i A Note on “A Policy on; XVII- . -
Bridge at Banaras. | Road-side Adverti- 2 |
8ondhi, R. L. An Analysis of Delhi II 14 16 | sement. f !
Road I'raffic Consus. Do. Type Designs for High- XVII[-| — -
. . 1
Do. Indian Road Aggregates- III 37 4 way Milestones
Their uses and tes- Do. Dimensions & Weights | XVIII-; — -
tiog. of Road-Design Vehi- 2
Sopwith, C. E. The Road problem in I 2 20 cles.
India with some sugges- Do. Route Marker-Signs for] XVIIL-} = -
tions, National Highways, 2
Sopwith, C. E., and | Some Aspects of Bitu« v L » . XV - -
Gr.fRths, W. A. minous Road Construc- Do. G]éossga.ry °.anflg,:‘rv;f‘g" \V3 I
tion in India. ngineering )
. . ‘ 1t vIill-, - -
Specifications and Widths of Highway XI- 13 | 113 Do. %ecolriz:ze:ilg:% Pﬂi;?ﬁ: X 3
Standards Com- Pavements. land ¢ j (.(;rRoa A-Side Motor-
niittee. Fuel Filling Station,
Do. Standard Socales and Do, e . 3| 178 178
| Standard Sizos of Draw- e Do. Traffic Rotarics. Tat
+ ings for Highway
Projects. : . Srirangachary, G. | Notes on the work and . -
Do, qurizcéntal anfd Tﬁa:nsi. XI- 10 16 gggﬁ'ﬁmﬁ.}? thzla.b%ra-
| ngl;ﬂ. urves for High- | 3 and ¢4 ! g,,.% §Harmondsworth,
Pe: Staard porm for Re- | XL | 122 128 Do Low Cost Roads in Indial XIII- | 13 135
; og; ing Data on Cement| 1 and & ' d Tse of Soil Science| 1 and 4
, ncrete Surfaces. and L86 S
| for their Improvement.
Do | Policy concerning Maxi-| XIII- | 138 188 M V-2 - -
* mum Dimensions, 2and ¢’ i De. AMNote onsz}illefgrs %3‘;;9 x ‘ !
| Jreighe snd Soec Noorun Sollfor e | 1|
i otor : i !
' India. enicion in | Roads.
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Title of Papor, et¢.  vojune | No. of \ obfell;:;l)eljoi.n
eneral;index

Name of Author Name of Author

i No. Paper ,g

|
|

| Some notes on the Lay-

i out of Rural 0
| ban roadsin the Punjab.

!

Layout of Roads. i
[; Ribbon Development.

Title of Paper, otc. ‘ Volume| No. of

Notes on tho plant used

No.

r

for quarrying and gra-=
nulating and operating
costs of the Gauhati-

Shillong Road, Kbasi |
and Jaintia Hills Divi-;
sion, Assam. l

t

Notes on the Use of tar,|
| bitumen and emulsions
1 in the Punjab.

Collection of material for
and consolidation of

| Water-bound Macadam.

]

and Subur- |

v

Srirangachary, G. i Design of Road Beds. XVI- . 160 } 160 Taylor, B. T
3&4
Stubbs, 8. G. } Progress made in tho I ., 5(a) 6
; Uee of tar and bitumen \
" in the Punjab since |
the last International . }
Road Congress in !
. Washington in Octo- | Trevor Jones, R.
i ber, 1930. !
Sudhindra Nath Woll Foundations of the, XIV- L144 144
Gupta. Kathjuri Bridge. land4! Do.
|
‘ i
Do. Construction of the Xv-. 155 155
Kuakhai Bridge in 2&4 Do.
Orissa,
Do. Load-Test of the |XVI-1| — -
Kuakhai Bridge. Do.
Sunder Rao, H. A Note on Experiments: XVIII-: — - Trolli
with Aerated Con- | 1 * llp,. a5
crete. { Truscott, C. B, E.
Surati, H. M. ! Bonding a thin wearing  XI- | 115 115
i coat of Cement Con- 2and4 '
crete to an old Cement Turnbull, W. J.
Concrete Road Sur- D
face. o
Surya, N. 8. Essay on ‘ Post-war XII-3 —_ Do
%oods and Passenger -
oad Transport and
its Economics . Uppal, H. L.
Do. Essay on *‘ Village | XITI-4 - —
“ Roads, their mainte~ U 1, H. L d
| nance and their effects’ MPIK:& ., 8 .R" o
t on the development of : onra, £ 5
rural India,” : Uppsl, H. L
n i . s
Swaminathan, C. G, | Shear Failure in Anisg-| XIX- Mebra, 8. B.,
tropic Materials. ° ! an)é 41 ! 17.4 174 and Labhu Ram.
Paraporevala, J. A, | The Testing of the 1' XII- ; 1929 | 12 Do.
| R, C, C. Bridge over |4 and5 ‘ o
the Auranga River, |
Tyabji, 8. B. Submersible bri |
, e bridge over| VIII | H-43 ! 02 Uppal, 1. 8.

the Ujh river in Jam-
mu Province. ‘

|

i Corrugations on Road

Surfaces.

; Cement Concrete Roads.:
' Cement Bound Roads.

| Pormissible Stresses in |

I
I |
I

% Concrete Bridge Design.j i

i Laboratory Experi-

i
|
i zation.

| (Sce Mchra)
1

(See Mehra)

ments in Sand Stabili-;

" Laboratory Experi-

ments on Use 0

Primers in Preventing.

Capillary Rise.

' Preatment of
1 Aggregates wl
. Red oil &

for Bituminous

| Construction.

Wet
th Turkey:
slakod lime
Roa

| xIX-2!

l
|
|
i

|
|

XIX-3

1

|
!
)
| |
XV
i

aper

11

5(a)

32

k (i)

K(ii)

25
28

Reference to Proceedings

Serial No.
of Paper in

general index
gonera: -

17

36

56
58
51

10
29
32
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N f Reference to Proceedings Namse of Author Title of Paper, et¢. lyolune §°' of | of Paperén
Name of Author Titlo of Paper, ete. Serial No. No. aper jgeneral index
; b : Vl(\)Tlume go. of l of Paper in | _g_e___—-d*
; | No. | Paper |goneral index 125 128
T | Wooltorton, F.L.D. | Low Cost Roads for the | XII-
Vagh. B. V. A Design for Bullock- | IX- 101 101 East. 3an
cart Wheels, Part L. 2 and 4' ;
! . ' 1 ! 9 3
‘ ‘ Zaman, M. A, Concrete Roads in ;
Do . The Effect of Road Cam+| XII- | 121 121 Hyderabad (Decoan).
| ber on Road Mainten- |1and & L. XVI-2 - -
! ance and Wheel Design. : Zipkes, E. An Examination of
: i Black-Top Surface Dres-
Do, { A Design for Bullock X1I- 128 i2¥ sings laid for Field Tests:
i eart Wheels, Part II, |4and § in 1045 on the Bombay~,
The Hub, Bearings and : ! Delhi Road, Mile 736. |
! Axle. ! ]
g !
Do. ; Do.  Part III. | XIII-| 137 | 13:
lr 2and 4
Do. " Do. PartIV. | XV- | 148 148
1and4
Do. Do. Part V. Xv- 151 151
2 and ¢
Varghese, P, C. A New Approach to the| XIX- 171 171
Analysis of Stability| 1 and 4
of Slopes.
Vesugar, J. B. Proposals for an All VIII J-43 04
India Survey of bullock-
carts by means of
random sampling,
Wakley, A.V.T, Earth Road Develop~ 1 4 5
ment and Stabilization ’
with gravel.
Walker, W. F. Evolution of the Thin VI | A-30 . 84
Concrete Road in the
United Provinces.
Warren, P.F.8., (See Radice)
Radice, W.A., and
Wilson, G.
Wilson, Gathlac. (See Gathlac)
Wilson, G. (See Radice )
Warren, P.F.S,, and
Radice, W. A, :
Wooltorton, F.L.D, | Fundamentals of Soil Vv | )
i Mechanics. I | Les i
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Page No.
ADDRESSES Wanted 20
Administration (Highways in Australia) 425
Admissions, New 19
Advantages of Rotaries 370
Affinity of Brick Metal for Bitumen and Tar . 48
Agra-Bombay Road, Cement Concrete Surfacing &
Experimental Concrete Road Surfacing on 189
Aggregates, Fluidity of Grout and its Relations to th
size of 223
Agra-Bombay Road, Particulars of Experimental
Congrete Lengths laid on the . 291
Air Temperatures, Relation between Surface and 521
Analysis, Mathematical (Shear Failure in Anisotropic
Materials) 169
Azglysis of Stability of Slopes, A New Approach to
e 3
Anisotropic Materials, Shear Failure in 127
Assumptions and Limitations, Elastic Theory of
Soils—Pavement Design 538
Australis, Highways in 426
Authors’ Index - 761
Award of Medals, Rules and Regulations for the 8
(14 B ?»
BANNIHAL Tunnei—Inspection Tour Note
Beams, Casting Yard for Precasting—(Palar %ridge) ggf
Be]t;n}s, )Precas'omg and Prestressing of the (Pa,la:i-
ridge 0
Bearing Capacity of Road Crusts with tale 33
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The amount of traffc which can pass
over a road made with Mexphalte or Shelspra is
enormous and frankly incalculable.

Mexphalte

lasts and lasts gnd lasts and 50 does

Shelspra

PIE T LE il

b sipie s
IRV

? Two forward and twa reverse speeds

® internal expanding hydro-mechanical brakes

® Recirculating ball type steering

¢ Extremely Heavy all Steel Fabricated
Construction Incorporates the Economica,

Fordson Dicsef Engine.

MORE & BETTER
ROADS MEAN &

MALCOLM MOORE ROAD ROLLERS
by their unfailing record of trouble-fres
performance have established 8 unique
reputation for dependability in India
Hundreds of Moore Road Rollers have been
helping to establish road communications

in every part of the country,

Built to last these Moore Rollers incorporate
every modern feature in road roller
construction, A machine which combines
the best of FORDSON and MOORE
is indeed the surest sign of Quality and

Dependabitity.

Assembled & Distributed in India By
THE
UNITED PROVINCES COMMERCIAL CORPORATION

§3, Radha Bozor Lane, Calcutta-l
p_n/num/n

iti
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FOUNDATIONS
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Consult :

SIMPLEX cowesere pites quomy wro.

CALCUTTA
MADRAS

FREE TECHNICAL SE
BETTER ROADS WITH STAN

ﬁ l::iquette-of paving mix is testedon
h udbnrd-Field Stability 7 esting Machine
o determine the shear strength of the
compacted mix

STANDARD - VACUUM O

(The Liability of the Members of the

{L COMPANY

Mot T your /ﬁﬂlo'

RVICE HELPS YOU BUILD
VAC 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 2
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.

1l

STANVAC

ASPHALTS

Company i Limited)
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MUNICIPALITIES and CON-
TRACTORS all over India have
aiready 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.” MORTAR MIXER
500 cubic ft. capacity per 8 hours
driven by 5 H.P. Engine. Overhung
adjustable shaft, C.I. Rollers, Sectional

)

250 Gallons Coal Fired
200 Gallons Qil Fired

“Q.K.” ASPHALT MIXER

7/5 cubic ft. capacity driven by 14/I8
H.P. Engine—Pneumatic tyre or
C.1. Wheeled Design. Chilled C.i.
Chamber. Manganese steel replace-
able arms and tips.

“O.K.”” ASPHALT BOILER

Write for details to:
THE EAST ASIATIC CO. (iNDIA) LTD,,
Sundry Machinery Section

P.O.Box 639, BOMBAY. P.O, Box 354, CALCUTTA. P.O. Box 146 MADRAS
SECUNDERABAD and BANGALORE

i

lab. The

are of uniform
ken down to rock by open

ble bridge 200 feet long and
Each unit consists of one
h is troughed
ted to the solid s
plers rest on mass concrete foundations ta
excavation.

GAMMON INDIA LIMITED
BALLARD ESTATE

HAMILTON HOUSE

The wall type piers

feet with a 12 feet cantilever on one side,
b near supports whic

1id sla

the middle portion of the span.
cross section and are mono

lithically connec

is made up of two units of rigid frame.
an 40 feet and one span 48

The decking consists of so

E—This is another reinforced concrete submersi
sp

MINGACHAL BRIDG

vii

BOMBAY-1
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BITUMINOUS
FINISHERHS

AUTOMATICALLY

PRODUCES SMOOTHER ROADS

is simple paving efficiency—the Barber-Greene
";:;fpi:g-Legel]iﬁg Finisher that places a uniform
bituminous surface—automatically.
The B-G Finisher tamps, levels, and “strikes-off”
simultaneously. It automatically adjusts to irregularities
in sub-grade . . . automatically measures {he correct
amount of material ... leaves an automatically com-
pacted durable surface that remains stable under
rolling and traffic. -
More miles of roads have been paved by the B-G.
Finisher than by all other methods combined. A mini-
mum work force will lay a superior surface from 11 to
44 ft. per min. It assures match(es_s pe_rforn)ance on the
widest variety of hot or cold-mix bnt_ummoqs paving
jobs—large or small. Send for descriptive literature,

Barber-Greene Overseas, Inc.

\/
9
7
7

o

Barber-Greene

8.G FEATURES

Manouverability

Crawler-traction gives full steering control
for following curbs, guide lines or matching
adjacent strips .. . positive tractive power
for any paving requirement.

Variable Widchs

The normal B-G Finisher mat width of 10 fi.
can be quickly and easily reduced to § ft.
wide or increased 10 12 f1. wide.

Large Hopper

Fiveston hopper receives material direct
from trucks. . saves delays, allows Finisher
10 operate between truck loads of mix.

Ouat Control X

The B-G Finisher may be operatcd from
either side—for easier control while matching
previous mAt. Dual engine, operating and
steering controls grouped for ease of operation
Wide Range Utllity

For all bituminous paving Jjobs including
sheet asphalt, stabilized mixcs, base stone,
ctc.—the BG-Finisher is economical, efficient
The smoothness you feel in a Barber-Greene
road means fonger lifo—less maintenance.

DISTRIBUTORS OF BARBER-GREENE PRODUCTS MANUFACTURED BY

HARBER-GREENE COMPANY, AURORA, ILLINOIS, US.A.

BARBER-GREENE OLDING & CO., LTD., ENGLAND

BARBER-GREENE CANADA, LTD., CANADA

LS.

ix

GANNON, DUNKERLEY & CO., (MADRAS) LTD.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

SPECIALISTS IN

DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,

BRIDGES, BUILDINGS, WATER SUPPLY AND DRAINAGE

SCHEMES, SANITARY INSTALLATIONS, ETC.

*

Licencee for the Italian “R"™ System of Prestressed Concrete
and Licencees for Light-crete and Thermolitecrete, insulating

and acoustic boards and blocks.

.
.

‘Registered Office
14, BOAG ROAD, MADRAS -17.

88316 & 88549

VITOPUS

Telegrams:

Telephone
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MBRELLA

i d
The Public Buildings, Factonies an

Homes of India

- Writers® Building .cqlw, :

i This 240 foot Callender-Hamilton Bridge span was erected
in Holland. Similar bridges are daily in use in India and
Ceylon for road and rail traffic.

Made in various sizes they are suitable for any type of
. crossing, wide or narrow. Erection is speedy, and in cases
Bokero Power Station of sudden necessity they may be dismantled and re-

In recent’ years ‘apptox.imalel 6,00, 00 000 s Ua; eet of Sh; T asse
b t Y 6,00,00, quare f [+] imar al
alima r l '

roofing materials, made in India, fr ;
’ s Irom | ; .
been used by Public Authorities, 1ndusr:f;‘al:nr:ati:1:§is'd.by‘l {lan labour, have

and idual house owners, on Werite for Publication No. 206 on Callender-Hamilton Bridges.
Covered by patents in India.

dddIdd il

the roofs of their properties—The demand increases yearly

Shalimar Tar have built and
> are now o i i
Machine for manufacturing roofing felt inpelr:c;;:g the onty hiah speed sonfinuovs

BRITISH INSULATED CALLENDER'S CABLES LIMITED

] Esplanade House, Waudby Road, Fort, P.O. Box No. Iif, Bombay |
SHALIMAR TAR PRO - 8ranches also at:
DUCT :

L335) LTD AHMEDABAD, AMBALA, BANGALORE, CALCUTTA, COIMBATORE, KANPUR

MADRAS, NAGPUR, NEW DELHI, SECUNDERABAD (Dn.), TRIVANDRUM

6, L)’DHS Range. Calcutta 1. B he: H M Y,
« Branches DEL 1 BO BA i
. . LUCKNOW AMBAL
- ] A,

PR
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GREEN HYDROL

for rapid road construction
(Made in England)
GREEN HYDROL, produced in England since last twenty
years is a compound specially designed for accelerating the
hardening of concrete to any degree that may be desired.

This excellent product is 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 8 )

CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS,

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

S —— — -

xiii

STEEL ROAD BRIDGES

&
i

BRAITHWAITE & CO.

(INDIA) LIMITED
HIDE ROAD, KIDDERPORE, CALCUTTA.




MILLARS’

HIGHWAY COMBINED
DRYING AND MIXING
MOBILE UNIT

Single and two-coat Asphalt—Hot
process.

# The production of Pre.coated Chips.
® Sand drying; drying and warming
Chips for Surface Gritting.

#* 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
and Oil.firing Equipment and easily
transportable.

MILLARS’ TIMBER & TRADING CO. LTD.

( ESTABLISHED 1902)
Victoria House, Victoria Road, BOMBAY-27.

Make it a concrele
feature in all your construction jobs

o ’/5"/( SO U r{or
\ DNESS
SHRENGTH
STABILITY
Manufactured by :

THE INDIA CEMENTS LTD.
. ‘dFucmry: SANKARNAGAR, TIRUNELVELI DT
egd. Office: 1112, SECOND LINE BEACH, MADRAS, .

USE ALWAYS INDIAN ROAD TAR

FROM INDIAN COAL MINE

™~

- THROUGH
INDIAN
CHEMICAL INDUSTRY
WITH INDIAN CAPITAL AND LABOUR
P

&

TO INDIAN ROAD ¥

2" TARCRETE WORK IN PROGRESS

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.
94, Chittaranjan Avenue, Calcutta - 12
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