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The Indian Roads Congress as a body does not

hold itself responsible for statements made, or for

opinions expressed, in the Papers, Research and Infor-

mation Sections or discussions in its Proceedings, ete.
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CONGRESS., TWENTY-SECOND SESSION.

INDIAN ROADS

SHRI M. S. BISHT, President, 1957-58.

Shri Madhab Singh Bisht was born in Naini Tal on April 7, 1903. He
received his early education there and later joined St. George’s College.
Mussoorie. He subsequently joined St. Joseph’s College at Naini Tal and
from there passed into Thomason Engincering College, Roorkee, in 1922,
After graduating from Roorkee in 1925 as an Asgistant Engineer he was
posted to Sarda Hoad Works Division, which he joined in October the same
year. Subsequently he completed his apprentice period in II Division Sarda
and after spending 1} years in Irrigation Department, he was transferred to
B & R Department in April 1927. He remained Assistant Engineer until
tho ond of 1937 during which period he carried out important construction
works including remodolling of the Ganges Bridge in 1931.

He was elected as a Member of the L.R.C. in 1937.

As Executive Engineer he was responsible for the construction of many
aerodromes during the War period and carried out important Military
projects, Ho was decorated by the then Government for his outstanding
work in this connection in January 1944,

He became Superintending Engineer in April 1944, In April 1947 he
wont with the Second Road Delegation to America where he spent 5 months.
On his return he was appointed as Chief Engineor (East) in December 1947,
As Chief Kngineer, U.P. since February 1952, he has been responsible for
considerable Roads, Buildings and Bridge Projects, being executed under his
dircetion. L



INDIAN ROADS CONGRESS
NOTICES AND ANNOUNCEMENTS

I. CONTRIBUTION OF PAPERS FOR THE
TWENTY-THIRD SESSION OF THE
INDIAN ROADS CONGRESS

The next General Session of the Indian Roads Congress will
be held at Hyderabad in January 1959. The exact dates and
programme will be communicated in due course. Members are
requested to contribute Papers on any subject connected with
Highway Engineering for discussion at the Session.

2. 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
Secretary, Indian Roads Congress, complete in all respects and
with original drawings, photographs, ete., 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,

3. 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 at the last moment, when
the Congress Office is busy on work connected with the Session.
As it takes a long time to get Papers printed in the Journal and
as it is desirable that Members should have time to study Papers
well in advance of the date of the Session, it is hoped that
Members will make an effort to send their contributions as early as
possible.

Members may please note that Papers received late in the year
are likely to be carried over to the next year.
1
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4. The younger engineers are
contribute Papers which, if require
by the Indian Roads Congr

5. MEDALS:

particularly requested to

d, will be suitably edj
ess Office before publication. v edited

The following Medals are available for award :
(i) The Mitchell Medal :
For exceptionally good Pa i
. pers contributed to 4
Indian Roads Congress in any year. 'This hasobegr?

instituted to perpetuate Sir Kennoth Mi ’
tion with the Congress. + Hitehell's conne-

(ii) The Indian Roads Congress Medal :

For Papers considered by the Council of the Indian

R b i
mg?ﬁ: Congress to be of a decidedly more than average

6. The Council have reserved the ri
one Medal in any year or to withhold t
any year without assigning
for the award of the Medals

ght to award more than
he award of a Medal in
any reason, All Members are eligible

7. Rules and Regulations for the contributi
ution of T i
Papers and the award of Medals arc published on pages Qetc(fl rlxicg%

Volume XXII, Part 1 of ¢ i
Yo XX 195; of the Journal of the Indian Roads Congregs

II. NEW ADMISSIONS

List or MEMBERS OF THE INDIAN RoaDs CONGRESS
ENROLLED FROM 1-12-1957 T0 10-4-1958.

Serial
No,

[

<

10

11

12

13

14

Roll
No.

2334
2335

2336

2337

2338

2339

2340

2341

2342

2343

2344

2345

2346

2347

Name

B. A. Kapadia
G. Ayyaswami
M. K. Mital
G. Dastagir
M. M. Yussouf

M. P. Dhir

K, G. Kale

R. K. Dutta

R. P. Srivastava

S, M, Mohiudeen

Capt. L. V. Rama
Krishna

A.D. Midha
V. N. Ramdos Rao

G. Palanivelu

Address
88, Charni Road, Bombay-4.

Lecturer in Higher Engineering,
College of Engineering, Guindy,
Madras-25,

Assistant Engineer,P. W.D., B. & R,,
Datia (Madhya Pradesh).

Assistant Engineer (H), Chintapalli,
(Vizag District).

Agsistant Engineer, P.W.D., J. & K.,
Banihal (J & K State).

Senior Scientific Officer, Central Road
Rosearch Ingtitute, Okhla, New
Delhi-20.

Executive Engineer, P. W. D., 10,
Walkeshwar Flats, Malabar Hill,
Bombay-6,

Sub Divisional Officer, P. W. D.,
Doboka P. 0., Nowgong District
(Assam).

Assistant Engineer, P. W.D,, At &
P.0. Madhipura, District Saharsa
(Bihar).

Bitumen Engineer, Burmah Shell,
Madras-1,

Staff Officer, Planning Section, Army
H. Q., Engineer-in-Chief’s Branch,
Kashmir House, New Delhi,

Junior Engineer, Thatipur Colony,
Morar P. 0., Gwalior (M. P.).

Assistant Engineer, Highways Re-
search Station, Madras-25,

Junior Engineer (Highways), High=
ways Workshop, Guindy, Mad-
ras-25,
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New Apwmissroxns

Serial] Roll

No.

15

16
17
18
19
20

21

22
23

24

26
27

28
29

30

No. |

2348

2349

2350

2351

2352

2353

2354

2355

2356

2357

2358

2359

2360

2361

2362

2363

Name

Address

B. Venkataramaiya Technical Assistant to Chief Engincer

Dr, M. L. Puri

R. C. Mangal

D. 8. Thakur

Basavanna
Kenbhave

B. B. Sarkar
B. Sudhakar Rai

M. C. Rudraiah
N. Madhava Murthy

H, 8. Verma

A, K, Sircar

N.C. De

J. 8, Gurnani

M. K. Noble
P. R. Bellubi

D. N, Varma

(General), Bangalore (Mysoro),

Senior Scientific Officor, Contral Road

Resoarch Institute, P. O., CRRI,
New Delhi-20,

Distriet ¥ngineer, I'. W, D., Sultan-
pur (U.P).

Senior Assistant Ingincor, Bombay
Municipality, Mohau Bagan, 60-

Khareghat Road, Hindoo Colony,
Dadar, Bombay.

Executive Engineer, P. W, D., Gul-
barga (Mysore State).
Technical Assistant, Burmah Shell,

24-A, Napean Sca Road, Bom-
bay-6.

Junior Engineer (Highways), Muda-

bidri Post, South Kanara District
(8. India),

Junior Engineer, Office of the Chief
Engincor (General), Bangalore-1,
Supervisor, Office of the Chief Engi-

neer, (General), Bangalore-]
Assistant Engineer, Govt.

Bengal, 54, Hari Ghose
Calcutta-6,

of Wost
Stroct,

Assistant Engineer (W & B), Govt. of
West Bengal, Marikpara Road, P,0,
Isharpur. Nawabganj, Dist, 24.
Parganas (W, Bengal).

Assistant Engineer, Develo m
(Roads), West Bengal, 66/1,pSa(;[}112
Bushan De Street, Calcutta-12,

Deputy Engineer, P. W. D,
Sion Sindhi Co

16-A/6,
bay-22.

lony, Sion, Boma

Exepqti_ve Engincer, Poona R & B
Division, Poona,
Asgistant Engineer, P, W,

D, K
Dist.Karvar (Mysore State), umnte,

Executive Engineer, P, W, D., Gaya

(Bihar),

- 158101 1
NEw ADMISSIONS 5
Serial | Roll \ Name Address
No., 1 No.\ ‘ :
i i Engineer, Corporation o
31 2364 T. Sethuramaiah As;/ll:gs;::, T{gipon B, ‘Mad-
ras-3.
i hief
i t Engincer, Office of the C
32 265 8 A Bald Asl%lr?;?:eer (B & R), Motimahal, Gwa-
Hor (Madhya Pradesh).
i i ingi P.W.D,
Superintending ngineor, C.P.
33 2366 Durga Dutt u&ew b
i Ingi P. W. D,
i Executive Engineer. C.
34 2367 Harish Chandra }ge‘\lw e n
i Engineer, Development
3 2868 Ashoke Sen Gupta A?Eiﬁiﬂs‘;, 153, %\Eannath& Dutt Road,
Calcutta-37.
General Manager, Hind
36 2369 K.C. Ayya De(lj);lrgtructions, 8, India Exchange
Place, Calcutta,
0 ive Engineer, Provincial Divi-
87 270 P. N. Roy E}:;glrllt,ni’? W.gD., Gorakhpur (U.P.).
i i istant to the Chief.'Engi-
38 2371 T. C. Muthukalyani Teﬁ?:;?all?isgslllzvays, e e naton
Road, Madras-5.
i i Bridges
3 Assistant Engineer, P. W. D,, ,
39 2372 Manmohan Das Seth T B,
i i Research
i Assistant Engineer, P. W. D.
40 2378 J&Tg;l;li Chandra SlIsn;stitute, Lucknow.
i i Bridge
tant Engineer, P. W, D.,
4 23nd Sun:%ndra. Komar Aig;ssign Division, U.P.,, P.W.D,
Odba Lucknow,
i i D., 105
in Assistant Engineer, C.P. W. D, .
42 2375 Suresh Chandra Jain sDa,ry&ga.nj, St
i i P.W.D.,
Aggistant Engineer, U.P., P,
43 2376 Jagmohan Lal SSix o e e (0. ).
. . be
i t Engineer, Bridges Su
i 237 P. B. Thomas Aslgifzti:irgn, Magirbkara P. O. (Kerala
State).
.. RN . ity of
i Principal, Polytechnic, Universi
4 2378 N.K.Vaswan! ngogkee, Roorkee (U. P.),
tive Engineer, Yeotmal Division,
4 2379 M. C. Sarvate E%?ggtmal (Bgomba.’y State).
7 2380 C.V.Sarma Municipal Engineer, Guntur (Andhr
4 . V.

Pradesh). -
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NEW ADMISSIONS

Serial| Roll |

oria ol | Name Address
48 2381 B. K. Panthaky Drawing Section-in-Chargo, Cjo H'—
dusta{l Construction Co., Ltd Bni‘
lard listato, Fort, Bomi)ay A
40 2 P Mi : .
382 J. F. Mistry Assistant Lngineor, Mahavir Swamj
Pole, Raopura, Baroda (W. Rlyairm
50 i !
2383 K. Krishnamurthy JuEior Engineer (Highways) CJo. Chiof
ingineer, Highw : " ¥
(Andhra Pradesh) = Hyderabad
51 i
2384  N. R. Sadarangani Exceutive Engineer, C. P, W.D
) vices Division, Néw i)eihi + D Sor-
2385 P ‘
5 V. P. Chaphalkar E);ac%xtive Engineer, P. W.D., R d
tive > P. W.D., Roads
] St ings, Aurangabad (Bombay
2386 i G
G. George Jacob Assistant Engineer Highways, 5, R
quet Court Lane i irapalll
) N et State).aue’ Tiruchirapalli
H
arbans Swaroop E};)e.cut.ive Engineer, Sub-Soil W
1vision, 16-B : y e
o New penis ® Havelock Square,
3 88 A. Ethiraj i
thirajan Assistant Enginoor (Design
%f the Chief Engineer!3 ;’), ngﬂce
. - - [R., Gwalior, > - WDy
rﬁ?z&&;xgh Junior Engincer, P, W. D B
Bhadra,” Dist.  Srighnwmages
. - on (Rajasthan). ganagar,
. P. Chhab i
abra Juﬁl:log Engincer, Dosign Section, Chiof
in ! N o 3 ' 1
) _ 0%. eer’s Office, Motlmahal, Gw:-
S.N. A i
garwal Assistant Municipal Engi i
. o y cipal Board, Luckrwwg noor, Muni.
2 h i .
(i{}(};mfl{a“muua Assistant Engineer, P. w
II\)’Ia,nzil, Somaji Guda Ig:i rarhat
o s A s n.-4 (Andhra Pradesh), - 2Pad
yanarayana  Chief Tnstructor, Soils, R
Sohool, O. 1, Wine'a g}?dg&Airﬁeld
i n Poong-3. 8 C. M. L., Kirkeo,
R.A, Andiappan Junior Engi i
Street, gﬁl:jeafvagl oye), Baat
. Tinnevelly, ‘puram,  Dist,
M. Chokka]ingam Junior Engj
. i s e S, L
63 2396 N. K. P, Sinha e, Madras-d.

Assistant Engi
n s
Gaya (Biharg)' eor, District Board,

NEw ADMISSIONS 583

S%:fl 11?\;:? Name Address
64 2397 A. K. Deb Barman  Assistant Engineer (W. & B.), Clo 8j.
O.

66

67

68

69

70

71

72

73

74

75

Jogesh Ch. Deb Barman,
Agartala (Tripura).

2308 T. M. Gurn Siddaish Assistant Engineer, P. W. D., Bellary
(Mysore State).

2399 M. L, Passi Assistant Engineer (Roads), (Planning
& Designs), Chief Engineer’s Office,
Himachal Pradesh, P. W. D., Sim-

la-4.

Student Engineer, P. W. D. Office,
Muzaffarnagar (U. P.).

2401 Hari Prakash Vyas Junior Engineer, Bhakra Roads Pro-
jects, Hanumangarh Town (Rajas-
than).

2400 8. C. Jain

Asgistant Engineer, Kolar (Mysore
State).

Assistant Engineer, P. W.D. (B/R),
Teohsil Bhadra, Dist, Ganganagar
(Rajasthan).

Taluke Officer, P. W.D., Post Chin~
choli, Dist. Guilbarga (Mysore
State).

2402 R. Siddaiah

2403 Brij Gopal Sharma

2404 (+. B, Jahagirdar

2405  B. K. Agarwal Fxocutive Engineer, P. W. D., Tempo-

rary Division, Kheri (U. P.).

Building Design Division, Chief Engi-
neer P, W.D., B/R’s Office, P. 0.
Shillong (Assam).

Asgsistant Engineer, Kathua (Kash-
mir).

2406 P, K, Lahiri

2407 Ved Pal Gupta

Assistant  Engineer, Development
{Roads) Department, Govt. of West
Bengal, P.O.Plassey, Dist. Nadia
{West Bengal).

2408 D. P. Maitra

ASSOCIATE MEMBERS

¢ £’ Block, Mercantile Bank Building,

69 M/s. R. C. Abrol &
Connaught Place, New Delhi,

Co., Ltd.

70 The Railway Testing Ministry of Railways, Alambagh,
& Research Centre Lucknow.

71  The Municipal Board, The Exooutive Officer, Munioipal
Ghaziabad. Board, Ghaziabad, Dist. Meerut
(U. P.).

em——



DEATHS

The Council have received with regret intimations of the following

Address

8. Raghbir Singh

C. Janardan Rao

Retired Chicf Engincer, B/16, W
Khas Enclave, New D’elml.b.’ e
Executive Engineer, P, W. D., Special

Division No. 1, Kurnool
Pradcsh). (Andhra,

1V. ADDRESSES WANTED

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

o ; | )
Serial | Roll Name : Address as last known
No. | No.

i

1 2113 Adhiraj, T. Assistant Instructor, Enginecring Col-

lege, Guindy, Madras-25.

2 2112 Anantha Krishnan 539, Pioneer Hall, University of Min-

nesota, Minneapolis-14, Minn,
(U.S.A).

3 1410  Asim Mukherjee 1523, 6th Street, Minneapolis-14,
(U.S. A.).

4 1634 Chakravarti, A, C.  District Engineer (Retired), Quarter

No. C/15, Kast Gardiner Road,
Patna-1 (Bihar).

5 168 lieeleston, W, T. 300, Greenford Avenue, Hanwell, Lon-
don, W, 7,

6 652 Guruswamy, S, No. 8, Appaswami Koil Street, P. O.
Mylapore, Madras.

7 1302 Mehndiratta, M. R. Boarthur Avenue, 8. E.,, Minneapo-
lis-14, Minnesota (U. S. A.).

8 183 Nawab Ahsan Yare Afsar Manzil, Jubilee Hill, Hydera.
Jung Bahadur bad-Deccan,

9 417 Parang, Hari Ram  Retired Executive Engineer, Lal
Chowk, Qila Gujar Singh, Lahore
(Pakistan).
10 589 Rao, B. M. Resident Engineer, Messrs. Thadani &
Co., Lid., 6A/DBZ (South), Gandhi-
dham (Kutch).

11 194 Sankaram, G. B. Door No. 8.12.8, Police Club Road,
Gandhi Nagar, Kakinada, East
Godavari District (Andhra Pra-
desh).

12 12 Sowani, D. G. Bhide Wada, Shevde Bol, 851-A, Sada-
shiv, Poona-2,



V. REMOVALS FROM ROLLS OF THE SOCIETY PROCEEDINGS OF THE TWENTY-SECOND

SESSION OF THE INDIAN ROADS

List of Members of tho Indian Roads Congress whose names havo hoen
struck off from the rolls in default of paymont of arrears of subscription.

CONGRESS
¥ u
S%yl I]?\?o_ Name of Member
Vol. XXIT-Part + NEW DELHI January 1958
1 152 M. A. Rangaswamy -
2 176 ¢ ¥
N Vil PRESIDENTIAL ADDRESS
3 423 M. W. G, Mani
4 611 .P. R, Guha The Twenty-Second Session of the Indian Roads Congress
5 15 Lo ) was held at New Delhi from the 4th to the 8th January, 1958, and
? M. IK. Siva Subramaniam was formally opened by Dr. Rajendra Prasad, President of India
6 1021 1. U. Philipose at 12-00 noon on the 5th January, 1958, in the spacious premises
v 1048 P. K. K of Vigyan Bhavan. The proceedings opened with an Address by
P e urup Shri M. 8. Bisht, the President, the full text of which is given
8 013 P, K. Chatterjee below :
9 928 , o _
H. 8. Sathaye It is & privilege and an honour to extend to you, Sir, a most
10 1162 A. K. Bannerjee respectful welcome on behalf of the Indian Roads Congress. We
11 987 K. C. Ray are most grateful to you for the honour you have done us in
12 1200 D having graciously agreed, and found time amidst your manifold
- N. Prasad engagements and urgent affairs of the State, to be present with
13 1208 N. Krishnan us and inaugurate this, the 22nd Session of the Indian Roads
3 g-’ .
14 1330 L. K. Kujur Congress, in the Capital of our Country.
15 1340 B. N. Sarkar This is the second time that a Session of the Indian Roads
16 1386 A.N. Th Congress is being held in Delhi; the first was held in December,
1 149 o s 1934. Since then much water has flowed under the bridges and
8 M. N. Guha great changes have taken place during recent years.
18 1585 8
19 1629 - B Shah The country is pulsating with new life and energy and fresh
G. 8. Desai hopes fill the heart of the nation. During the ten yecars of our
20 1713 K. Krishna Mohan Rao }ndep.endence vast phanges have taken place and decades .of
21 1734 RS2 Inaction are being wiped out by the collective effort of the nation
5. Melkoto to develop the country and thus ameliorate the condition of the
22 1736 J. T. Dikey masses.  All this creates new horizons for all of us.
23 1738 .
04 K. Pattabhi Ram Reddy In this short period of our freedom we have marched forward
1769

H. H, Mamtani

in the face of incredible difficulties and registered successes,
econcmic, political and social, which to the future historian may
seem miraculous. The partition brought in its wake serious
disruption of our cconomy and truncation of our already inade-
quate and overstrained transport system. The uprooting of
millions of people from their homes when the country was already
in the grip of food shortage caused by the Second World War
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tended to paralyse the nation. In those distrossine circumstances
we ]u»fl little to support us but the cournge in (m:ho:ul-ts' “n(‘ln;]("t
faith in our destiny.  Much of this now :(wms past ili\:t(();'lj : l(l'
we l()ok'b;wk with satisfaction at what has been zl,(:)lie\"(wl 1\1 (Lin\(.
your wise guidance and the hrilliant leadership of our Pn'( "
Minister. The nation has survived the crisis and cont ot
forge ahead. 8 continues to

The President of LR.C. delivering his speech

We have made s 4
valley projects havge%?é%uli;dﬂ?fﬁ% on all sides.
completed ; great strides have belen‘mb
ptowert:} rail transport system i bein
streng . big ¢ . ; ;
o ;liﬁlt\::(i‘:cbégrsir:]drMna]l‘lmlustrles arespringing up and glant
much has been ( e In t}.le watter of road transport, t
! een done and our National and State Highwivs 00,
vecn considerably improved and extended. M; BUWaYS have
have been built and MANY MOre are in the o rse of osing bridges
Many miles of missing road links have b(sce;O(::)I;?etOf ?Ollstructim)_
surfaces improved. Considerable work sti)l I.OI;&EEEF(EL ‘d{l)(l rload
O ¢ done

Big ri

. lver
x(\i and many Successfully
ade 1n generation of electrip

g Tapidly rehabilitated anq
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to make our road system play its proper role in the expanding
economy of our country.

We have abundance of manpower but are short of equip-
ment and some essential materials of construction. Many
industrial plants are producing materials in increasing quantities
but production is outpaced by the demand arising from the
ascending pace of developmental activities all round.

We completed the First Five-Year Plan successfully and are
now in the midst of the Second Five-Year Plan. During the
First Five-Year Plan period, a sum of Rs 27.62 crores was spent
in the Central Sector on the development of National Highways;
636 miles of missing road links and 30 major bridges were con-
structed. Also, the surface of 4,000 miles of existing National
Highways was improved and asphalted. A sum of Rs 6.75 crores
was spent on improving the surface of selected roads other than
National Highways and a sum of Rs 15 crores was spent from
the Central Road Fund in addition to Rs 106.46 crores (includ-
ing expenditure on Community Project Schemes) in the State
Sector. Thus, the overall expenditure was about Rs 155.83
crores. It is gratifying to say that the targets set were not only
achieved but exceeded in some cases. Modest-as the sum provi-
ded was, it helped in a significant measure to integrate the road
system of India in accordance with the Nagpur Plan and -to
encourage development of road transport. Since money was
required for so many purposes, roadsreceived a modest share of
the available resources.

The Second Plan makes a provision of Rs 263 crores for
roads and road transport. The share of National Highways is
Rs 55 crores and this provides for construction of 1,200 miles of
missing links and construction of 116 major bridges. At the
close of the Second Five-Year Plan, the National Highway
system will have emerged stronger and better capable of meeting
the transport needs of the country with practically all the miss-
ing links completed and most of the major bridges either comple-
ted or in the course of construction. In the State Sector, the
Second Plan provides for expenditure of 164 crores of rupees
under which 60,000 miles of new roads of which 18,000 miles
would be hard surfaced, would be constructed. At the close of
the Second Five-Year Plan, the country will have in all 1,44,000
miles of hard surfaced roads and 2,356,000 miles of unsurfaced
roads against the Nagpur Plan target for 1,23,000 miles of hard
surfaced and 2,08,000 miles of unsurfaced roads. Itshould, how-
ever, be pointed out that although the targets of the Nagpur Plan
in terms of milage will have been more than reached at the close
of the present Plan, there will be several shortcomings such as
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unbridged river crossings, sub-standard road surfaces and road
widths, ete.

The share of roads jn the Second Five-Year Plan continues
to be modest. We are also faci

ng certain difficulties, particularly
in the construction of bridge i
Although foreign exchange re ed for road projects is modest,
even that is not available. I bring this to the notice of Govern.
ment so that this difficulty is not allowed to hamper the road
plan,

With the targets of the Na
we have now to formulate a n
we are in the process of doing,

gpur Plan about to be achieved,
ew road development Plan. This

I would like to mention some of the salient features of the
new plan for road development for the next 20 years after the
Second Plan.

1. Nowvil

y age should be more than 3 miles from a metalled
road.

2. No village should be more than 1} miles from an un-
metalled road.

3. Every town with a population of 2,000 in the plains,
1,000 in semi-hilly areas and 500 in hilly areas should
be connected by a metalled road.

4. All industrial and development centres, places of
pilgrimage, places of historical importance, Places of
excursions for tourists and health resorts should be
connected by metalled roads,

All administrative unitg of a district such ag Tehsit
Headquarters, Police Outposts, etc., should be inter.
connected and connected 4o District Headqua.rters,

which in turn should be connected to adjacent District
Headquarters.

6. Rail milage should not be taken
working out the total mila,
systems have distinctly separ

into consideration in
ge required as the two
ate functions to perform.

At this stage it will be as wel] to compare our achievementg
at the close of the First Five-Year Plan in respect of road develop-
ment with other countries of Asia and & 1 have purposely
refrained from mentioning America b
ahead of us in the matter of road develo
inexhaustible funds that are made avai
their highway system.

pment and because of the
lable for development of

,
PRESIDENTIAL ADDRESS 591

i i dred square miles
t 23 miles of surfaced roads per hun . )
of aré\f?rllnsllis country, United I\mgdoql had 209 miles, I*lx;zgicse
237, Italy 89, Ceylon 70 and Germany 95. On popula;}on ha,d,
aga’inst 82 miles per lakh of population thaflttv}slfe h{a;ve, ! m?}?it ad
i 7 It wi us be seen
1502, Australia 5769, U.S.S.R. 840, b will At wo
' i i tries in the matter of ro
are much behind the aforesmgl coun ) ' S road
d population basis. g
development on both area basis an plation basis. A great
has, therefore, to be made in this pect. .
g:?rlel(g ﬁi:?};nuzi keep pace with development in other ﬁell(\il[s I:n
the cmrl)ntry and in fact in n;any reslpects()t};ll'lt;:(;(riletﬁg.absea;lc)é
tal activities cannot proceed sm 0 '
g?‘;f)fé)smaex?dmruml development in particular is handicapped.

Seminar on “ Low-Cost Roads”’

The main objective of our Second Five-Year Pl'a,n istﬁ?sb:ﬂg
up a ‘“ Socialistic Pattern of Society” and t(l)) a,chlg;;zr i i
rapid industrialisation of the qount:}iriv:;’ll t}(:en;r(;ssurey'on b
i ing tempo of economic acti s .
fxlll:ar;:cr:fa‘ Slch:)%nmunpica,tions, particularly roaisé if :lcl)gr:)(% tlgg
increase necessitating more and better roads. A tlled nd of the
First Five-Year Plan we had 1,21,617 mlles.of me 3 t?he oads ont
of which only 31,240 miles were modernised an ho rost had
low type water-bound macadam surf?ces. lyT?:irmzvrg:ther b
i 1,95,051, but this was large s
rlﬁelil?hg:rv::?sed nor bridged and unusable for son(lle nillctrvlvtglast}llzrthiz
ear. If this milage is to be upgraded and ma ? a weather, it
‘?; not difficult to imagine what colossal amount of capita 7
required according to the normal specifications.

Alternative methods of road construction a.rﬁd Iﬁlzngnzgg?
have, therefore, to be evolved so that we should TE.B‘ roblem is
struc’t our roads at a;or;lp%r at;)\;etly tcl)o“;.-l(iostt;l'le unlzell')-developed

: a . s

Egzntgglg’ pIeca:,lrlxiaglag torga,y that with this Session of the Infd:;al':;
Roads Congress we are going to hold, undt,?,r the ax;s%)ﬁgesse(l)nmar
ECAFE, a Seminar on *° Low-Cost Roads.” I tn;s_ ;-;d o in:
will evc;lve suitable processes ff)r the construc 1(':}11)1e Gipan e
tenance of low-cost roads utilising as far as POS;} purally, the
materials available locally in these count'rles;.h &discuss,ionS-
study of soils will play an important part in these d so useful
We Za.nnot think of any other material so Chesallx)remi:he Sominar
for the construction of roads as earth. I a‘ni‘\'sat.ion of earth
will devote its careful attention to the utili hat, a8 a result
for the construction of low cost roads. We ho}fet aall)lg to find a
of the deliberations in the Seminar, we may iding more roads

roper solution to the baffling problem of provi m% the world
Et (Is)heaper cost for the under-developed countries o .
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Work of the Indian Roads Congress

Until this Congress was founded 23 years ago, thore was no
forum for Highway Engineers and allied professional bodies of
men and they shared a common platform along with the other
engineering Institutions. Perhaps, until then roads were very
much in the background and with an ever increasing railway
system, roads had been relegated to a secondary position.

It was only with the invention of the internal combustion
engine and the advont of the automobile that roads began to
take on a new meaning. = As the automobile began to be manu-
factured in larger numbers at a reasonable cost, the demand for
roads grew. 1 am mentioning all this because the automobile
was slow in making its appearance in this country and in becom-
ing a popular mode of transport. It was only in the late twenties
that motor vehicles in any appreciable number began to use the
roads and the road user began to make his voice felt.

During all these years since its inception, this forum of the
Indian Roads Congress has been well utilised by highway
engineers and its voice has been heard by Governments. In for-
mulating our road policies, this Congress has had a dominang
voice. That is only appropriate. After all who else could
speak more authoritatively on matters “concerning highways ?
The Indian Roads Congress and the Roads Wing of the Transport
Ministry have, between them, helped to bring out prominently
the need for developing an efficient highway system designed
and built to meet the growing transport needs of this country,
With the passage of time and with the alround development
that is taking place, these needs are becoming more and more
complex every day. Standards that were good enough 20 years
ago are not so now and it would be prudent to look well ahead
in both administrative and technical matters, The responsibi-
lity on this Congress has, therefore, assumed greater purpose
and it is not enough to merely pass resolutions and to end up the
Session by discussions. We have to make our voice more effective,
and in dealing with technical problems, apply our minds more
seriously. That this Congress has been standing up to its
responsibility is fully borne out by the fact that in recent years
various aspects of highway design and execution have been

codified and we have now standards which ensure uniformity
throughout the country, .

Importance of Roads

A very careful examination of the targets
of commodities mentioned in the Second Fij
shown that there will be an increase of about

for the production
ve-Year Plan hasg
110 per cent in the
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950—51
irements of the country as compared to 1 :
tf:;iﬁs"ltpi(;rst relcguix;e estimated that by. 1.961 the tOt'?,‘lhtra'fﬁ(;l::a,bi
moved will be of the order of 181 million tons. 1e r.a,n rea);_
t to make a big contribution towards meeting the inc
'expif d by large scale procurement of rolling stock, increase
;Irlxg li?llgagapa};ity and improvement in t}txe -opqlizlxtii)onta.lbgeilr(lisa:
i i ommission they wi e in
AGC_c;I.‘dmgt tocg;(:yPi?lmalzg a,(()lditiona.l traffic and the facxhtu:}s
ggg;il(?;d b(;f them may fall short of the estimated requirements

by about 10 per cent.

i s & Transport Development Asgociation
has Té;)et{x?sd ;%na%(i)g}?er figure and consider that agax}xst a sh;gt;fa.iltl;
of ]EIi)million tons it may well be 33 million tol?sf; n a,a?; ctra,’fﬁc
is obvious that there is going to be a big gap be we::enbe > traflic
offered and traffic moved and efforts have now Oment ado to
provide alternative means of transport for move

traffic.

i d vehicle
i tain that to carry this traffic the present roa
capa&bl; Ic)irls the annual growth of road tra.nsporttwﬂlvne%ti :ﬁgﬁcﬁi
Either we shall have to increase the output (c;f m'l(‘)hgrla.tter os in
this country or to import them from abroad. ) ter scom:
to be out of the question because of foreign excf anggs liffiou it} .
The solution lies in speeding up manufacture of goo .

i ider what burden

i bject it would be as well to conside rd
th Ondtl*z:‘:: grt carries in this country. Va.rloqs quﬁhorgﬁle;
h o ot d g)axation of motor vehicles in India as higher a(.1 '
&g;:vzzz‘:szfse in the world. Motor vehicle taxation here stands

i i Rs 800/- in France,
- vehicle per year against .
aftts g%lz_ﬁ?f/ﬁxria, Rs 1,300/- in' UK, Bs 1,5f§0/- in Italy and
Rs 1,200/-in Germany. The taxation consists of :

(a) The Central taxes comprising :

1. Central petrol duty. ‘

9. Tmport duty on the vehicles or such conveyances
" as are imported.

3. Import duty on spares.
4, Excise duty on tyres and tubes.

(b) The State taxation comprising :

1. Vehicle Tax,
2. Petrol sales tax, .
3. Sales tax on vehicles and accessories.
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The sum total works up to a formidable figure.

Certainly, the high cost of vehicles plus similarly high cost
of fuel does not help to lower the operation cost or encourage
the growth of road transport. If it is developing in spite of

};hese handicaps it only serves to emphasise the great demand
or it. :

Perhaps, with the increase in the number of motor vehicles
and increase in the overall consumption of motor fuel, it would
be possible to lower the taxation burden as after all it is the over-
all revenue that matters and not the incidence of taxation per
vechicle or per gallon of fuel 0il. If by lowering the overall
taxation, more vehicles can be put on the road, then surel
revenue is not likely to suffer and the cause we all have at hea,rg
i.e., growth of road transport will be greatly helped. In this matter
the aptomobile industry can play a very notable part b
_re.du.c!ng prices and it is to be hoped that the Oil and Ga};
Division of the Govt. of India will also play an equally notable
part in the matter of fuel in the near future.

The Govt. of India have already taken a lead b
the Motor Vehieles Taxation Act of 1939 which im
unnecessary restrictions on road transport. More and b
roa,dg will undoubtedly go a long way in helping road trans;zﬁr
and if all these factors are taken into consideration collectively’

we shall have provided the necessary stimul i
the growth of road transport. v stimulus for accelerating

Yy amending
posed many

Also, allied with this problem is the one of issi

weights of motor vehicles on roads. There is a p;:ﬂf:fb}ieeggzg
on the part of trade for higher laden weights. The introduction
of djesel driven trucks and buses has helped to reduce operatin

cost by permitting heavier loads to be carried, but our roads a.rg
not a.lw?,ys fit to carry these heavy loads. I have seen many
modernised roads go to pieces under these heavy diesel trucks
because these roads were not designed and built for either high
speed or the weight of these heavy vehicles. Roads with a low
crust thickness are utterly unsuited for modern vehicular traffic
Then the widths of our roads are also an important considera.:
!;ion. Therefore, the problem of widening our roads and improv-
ing their carrying capacity is assuming very great urgenc

Serious consideration has to be given to this question a,ny(j
required funds have to be made available to meet this important
problem before it develops into a crisis, "

The Road Transport Development Committee of the Indj
Roads Congress which went into this question have subn?i(ti;:gg
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their report recently. They have suggested the following
measures :

1. Maximum permissible limit—laden weight of vehicles
be raised to 27,000 1b.

2. Truck trailer combination or articulated vehicles be
permitted.

3. Short distance railway traffic be diverted to roads by
adopting the following measures :

A. Railway freights on ¢ Small’’ should be so
adjusted as to divert to roads the bulk of this
traffic.

B. The first limit in the railway class rates should be
raised from 300 to 450 miles,

4. 1Inview of the large gap in the transport capacity,
provision for road development in the Plan should be
increased by 50 per cent.

The Committee has worked out in great detail that additional
requirement of trucks and buses up to 1960-61, exclusive of
replacements, would be of the order of 3,20,000.

Tt is obvious that unless our production of these vehicles is
considerably increased, nothing like this number will be
available.

Employment considerations are strongly in favour of road
transport, as it provides employment to a very large number of
people at comparatively cheaper cost. Currently, the Indian
Roads Transport employs about 15 lakh workers and it is
controlled by some 47,000 operators. Considerable employment
is found for our labour both skilled and unskilled in road con-
struction as well as maintenance. It is estimated that at the
current rate of construction and on the overall milage that we
have, some 628 thousand men are employed per day on new con-
struction and 554 thousand on maintenance, bringing the total
to 1 million 182 thousand. In this way some 2 million 700
thousand people are employed in road transport.

I shall now give some practical instances of how rural
economy is helped by construction of a new road. In the Tarai
region of Uttar Pradesh, farmers had been struggling to develop
their farms by clearing forest land, cutting bushes, and breaking
up land with the aid of tractors. The Tarai region is noted for
its malarial character, surrounded by dense forest and inhabited

3
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by wild beasts of every description. There is a meter gauge
railway line running through this region and it has been in exis-
tence for over half a century. Land reclamation did not seem to
be making much progress in spite of the best efforts of agricultu-
rists and farmers aided by modern machines and implements.
Construction of a road through this region was taken up. It took
over three years to build this 40 miles length of road through
swampy infested region. The moment the road became fit for
carrying trucks and vehicles, the condition of these farms began
to change. In a couple of years the grass lands had been cleared
and the forests cut down, the land completely broken up and food
began to grow. In the scheme of things there was only one
missing factor and that was good road communication. I have
already stated that the railway line existed there for a long time
and yet only when the road made its appearance, the whole 40
mile belt of territory on both sides of the roa,

d developed in a
new way and took on a new meaning.

In another case, up in the hills, cash crops like fruits and
potatoes used to be exported to the nearest railhead some
hundred miles away on pack ponies and mules,
motor road was built connecting these fertile re
head, freight dropped from sixteen rupees to ab
a maund and the producer began to earn 100 to
than what he had been earning before,

.glaring case of orchards situated at a dis
motor road. The moment the motor ro
10 seer box of apples dropped from Rs
producer began to save Rs 2/-
These instances only serve to
tive to a grower or a farmer t
cannot market them economi
some saving to him.

As soon as the
gions with rail-
out three rupees
200 per cent more
I will cite an even more
tance of 15 miles from a
ad was built, freight on a
2/8 to annas eight and the
straightaway on 10 seers of fruit,
show that there can be little incen-
0 grow cash crops for export if he
cally at a price which would mean

How dangerous it can be to de
transportation system was borne out in the last war, when the
seas became unsafe to go round India and everything had to be
transported from the ports by rail. Great quantities of materigls
accumulated at the ports. These had to be moved by road. It
was a common sight to see military convoys of a thousand
vehicles or more passing every day on some of our arterial roads
across the country. The roads were bad, disconnected and great
efforts had to be made to make them fit for use. The importance
of roads was realised none too early by the then Government,
Much was done during the war inspite of so many handicaps to
build roads and when that great military strategist, Lord Wavell,

later ascended the Viceregal Gadi, he gave the highest priority to
roads,

pend too much on one type of
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Highway Economics

Highway economics comprehends the following essential

phases or factor groups:

1. Costs
2. Revenue
3. Benefits

i i i i hrough the
Every problem in this field can be directly studied t
Propgrpco-relation of these factors and the soundness of a,trllly
development or extension proj.ect can be measured by the
various ratios of their inter-relation.

i ts, otherwise
Revenues must be sufficient to balance costs,
eventlfalenbankruptcy will be inevitable. Highway revenues
must not only be sufficient to meet costs bub must, in addition,
be warranted and backed up by the resulting beneﬁts, else th(e;
set-up eventually collapses for lack of public support’ an
sanctions.

i d varied and
The benefits of highway transport are many and varl

they impinge upon several groups of beneficiaries in d.lfferﬁnz
ways and in different degrees. It is from these beneficiaries t a,t
revenues must be derived, and therefore it l;;acotme; necg:sarg;lr'eré(;
on} te total benefits but also to effect a benefit segrega-
tir:n)l, :c()) t%‘;.atl;hll':vznue imposts may folloyv benefit dlstrlbutlc()ln in
an equitable manner. The beneficiaries may be grouped as
ollows :

i d facilities fur-
Governments because of improve I
A I'fi}sied by faster transportation of short dlstaﬁce
hauls, facilities for inter-State commerce, and other
factors.

hicular operating

he road user because of decreased ve '

b (':rosts, increased riding comfort and safety and other
factors.

i dity

1 public because of decreased commodit;

¢ rfc?szsgepnrfra‘no&on of public health, better police facili-
ties, efc.

i d/or adjacent property because of certain
D {:;}:al::tigllnfe?lgﬁés accl;!uing thereto over and above general
community benefits.

In regard to * A’s, it would be appresiated that highfwags
have legitimate claim on the general ﬁr_mnclal resources o tte
country because of the benefits accruing to the Government,
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While it is true that all the taxes on fuel, petrol, lubricants and
oil, etc., in fact, all revenues derived from road taxat.ion are
being ploughed back into road development, yet little is bc.amg
made available from general revenues. Total revenues derived
during the year 1955-56 are estimated at Rs 43.83 crores by the
Centre and Rs 27.58 crores by the States. The total revenue
derived by both Centre and State Govts., thus comes to Rs 71.41
crores. Against this, allocations from the Central Road Fund
and other grants for roads have amounted to Rs 76.70 crores.

Under ¢ B, the road user, I mean the motorist and the truck

owner, pays perhaps the highest taxation imposed anywhere in
the world as already stated.

The same, perhaps, is not true in the case of' bullock cart.
Suggestions for imposing wheel tax have been coming up now and
then, but for certain reasons it has not been possible to take up

this form of taxation seriously and an important source of revenue
is being missed.

It is estimated that the number of bullock carts in this
country is in the neighbourhood of 102 lakhs and even if a tax of
Re 1 per month is imposed, the total revenue from this source
would be about 12 crores of rupees. Were this money to be get
apart entirely for development of rural roads it would mean that
something like 5,000 to 6,000 miles of katcha, village roads would
be metalled and made all-weather roads every year. What this
would mean to the rural road user in lowering the cost of trans-
port of his village produce, heavier loading capacity of his bullock
cart, increase in the life of his cattle and appreciation in value of
land and property, does not nsed to be narrated at length,

Under * D°, although thers is no taxation on property but a
betterment tax is usually levied in other countries. Assessment
is based on the value of land and improvement. This betterment
levy is only imposed for a limited period, i.e., up to such time ag
the expenditure on the road is redeemed by the tax after which
betterment-levy ceases. If an area on an average of three miles
on either side of a new road is benefited, then for one mile of new
road construction the area liable to be taxed would be 3,840 acres.
Assuming for the sake of argument that

Rs 2 per acre is imposed
as a betterment levy, then for one mile

of new road construction
the yearly revenue would be Rs 7 ,680. At the close of the Second

Five-Year Plan, the metalled road milage is expected to be
1,44,000. 'Therefore, the total revenue from this source would be
about Rs 110.0 crores.

It will be seen that so far the
mostly carried by the motorists w
not paying though they also deriv

burden of taxation has been
hereas other beneficiaries are
e benefits resulting from road

) ‘ .
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i ¢ they should share the
1 t. It is only reasonable that
;::;i?gx?lgﬁrden and helyp promote road development and road
transport.

Non-lapsing Funds

I would also like to draw the attention of ou;‘ ad;}l:n;l;tlgﬁﬁi
to the necessity of providing & non-lapsing fund for 'nebhis offico
tion and maintenance of roads. My pl‘edeIGeSSOIif‘i llike P
have stressed this point time and again and T wou L fiko bo roter
t0 it once more. We are all fully aware how roa.t Horss and
programmes have suffered in the past on a,ccound oy un
ooty of unds ey e e o e
has had to be drastically cut )y bl f construotion.
ha me the difficulties in thg initial stages o t
Todp(l);,rse: ct(l)le highway budgets outside the r«_aalrr; og ?or;cgfl‘;ar:lcli?g’
it is essential to create a statutory non-lsa,pslllgwufll1 ve ab Dresent
the development and maintenance of roads. e ha N Eimila,r
the * Central Road Fund’’ which does not lapse Mll{ to which
fund can be created in each State for the. State wor hs o s
the budgetted amounts passed by the LengIag“r% °&9n&e3; to plan
be credited. Such a step will enable the Bf'iO&basisngl
his projects on a more rational and scientific .

At present, the expenditure on roads is mu:h lesists; g}fﬁl gt(;)h:
user taxes collected by the Centre and the Sta.des:f It will goa
long way to improve the standard of our r(;f‘ ssz ntors” toad
collected from road users are credited to the et by o
Fund and their diversion to other purposes 1spr

Road Research and its Benefits

i in Indin in
i ad research was qqt_ca.rned out in
the Eg:ttm:lz?rfl; odue to lack of facilities. de}v;vevgx(;,n ;1; %)rasg:(z
the posit,;ion is different. We have now lll)alh' ?or e oo
esearch Institute functioning at Ngw elhi fo o s
Other Research Laboratories and Institutes are B e
in several States, finding solutions to ma,n‘yl pro o
to them by the field Engineers. There are stil solr‘n St et
laboratories have not yet been set up. It is ve0 s,);ible Aiready
these States have such laboratories as early as Pes has' b
8 broad scheme for establishing such la.bora,'tox;’l R
Pared by the Central Road Resea.rch.Irlxs’oltu o, ,
should be implemented as early as possible.

8
The function of a road is to ena:ble tlraﬁic d(:‘fiv::; kcl;'ldof
whether of car drivers, cyclists, pedes!vrla.nsl,l ol:r):za.rts to’ or of
farmers with their animals z_a.nd their bu focfrta.bly. ,
safely, expeditiously, economically and com
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The Government and the local

limited funds at their disposal. We must perforce compromise
and do our best to give the greatost return for the money that
we can spend. Hach road, whether it is a district road or a main
highway, is to be constructed to perform efficiently, safely and
economically the task for which it is built according to its class.
The traffic to be catered for and the type of road-making
materials near at hand largely determine the type of construction
employed. All these aims, including improvement of design and
layout, promotion of safe traffic flow, reducing operational costs
and adopting different methods of construction, can be achieved
by & systematic and co-ordinated research work.

authorities have, however,

It is very essential that activities of all the Resear
sations in the country should be co-ordinated. Alr
committees of the Indian Roads Congress, like the Roa
Organisations and Soil Research Committees are d
work in this respect by including representatives
Research Organisations in these committees.

ch Organi-
eady some
d Research
oing useful
of various

Application of the results of research is very necessary. We
have already embarked on an ambitious programme of construct-
ing many thousands of miles of roads of all types and this

opportunity of applying results of research carried out in this
country and elsewhere should not be lost.

The primary bottleneck appeam to be lack of funds to the
extent required. Besides, we should be prepared to take certain
risks and not be daunted by failures in experimental work,

It has been sgggosted that a small
construction may be earmarked for road research. In America
14 per cent of all available funds are set apart for research and
there is no reason why we should not follow the same policy.

The Council of Scientifi

percentage of the fundg for

! _ ¢ and Industrigl Research have
constituted a committee known as the *“ Road Research Com-

mittee ’.’ in orde}r to promote, guide and co-ordinate road research
in India. This committee is initiating andg fostering road
research by recommending financial grants when required for

various schemes. All possible efforts should be made by engineers
and research workers to take advanta ge of this financial agssis-
tance.

Geometrics

I would now like to dea
Geometric design of highways
features of the highway su
widths, slopes, grades,

1 with Geometrics on our roads.
deals with dimensions of the visible
ch as alignment, sight distances
etc., as distinguished from structural
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design which deals with the thickness of pavements, composition
of materials, load carrying capacity, etc.

. . £
Available finances do not always permit of \constructmn o
the ideallin highway design. It is generally behevgd,dhows(x)rglré
that when economy is necessary it should be practlset on ome
feature of the highway design other than thfa ge(zlmet ric. b
road section can always be impr'oved_ and widened a tx;a,ren e
able cost if necessity arises. Likewise, the paven;:zn ca n b
widened and strengthened wgen ﬁnjnqelgeré?;:al;%t;: 3;:%3;;:11 otrio
f ignment, grade and sig
1221131111323 iorftoa‘}ihg;]andscage and tied down to the pavement sur-
faces, are most expensive and difficult to rectify.

i i long the old
There is a tendency at present to align the road al
existing village tracks and fO(f)tpa.ths g;;svo;;lea.cg%ﬁzsrl;lllo; grfolglr:;i(i
The result is that many -of our ro: 1
and ur?tsilt:lfor fa.st-movingytra.fﬁc. This tendency has to b(tla cu‘l}‘lr)e
ed, as there is little room for compromise In this regar L We
must follow the set geometric standards invariably u;ha u;lves
constructions. Particular a.ttentio_n musb be paid t:h e v(;e vos
and grades. Traffic on our roads is growing f&stezh ax;w o can
anticipate. It is not only necessary to constructd e(fca,ter e
for the present-day requirements but to plan aheazoanea;rs’ r o
the traffic likely to develop, say, in another 10 t;) 2 3; 2 econom};
Even existing highways must be improved for safety a
of vehjcles plying on our roads.

This naturally brings us to the necessity and I%Pog::‘ﬁu‘;{
road safety measures. In progressive countrxesl; tra : (:n o mical
tiplied many-fold in the last decade. The num te}:‘ Otraﬂ“lc on-
vehicles now plying on the road has increased ! Et,; o mbrol
8ity considerably, throwing up problems of Ea‘e ythis country

igorous road éaiety campaigns are conducte_ in D the Tooal
Periodically by the Government In co-operamgn WA O of
authorities, Police and Education Departments. heaz o e
Pedestrian crossings has been introduced at ma(rlly consg'uction
points and at some places where subways are under e have
for pedestrians. But much more remains t0 be oclile.vvn o rtain
to apply our minds to this problem and lay Tge i of
standards regulating the conduct of road userls. e etrians
motor vehicles as well as bullock carts and also X P
have to be trained so as to develop proper road sense.

Need for Scientific Design of Rigid and
Flexible Pavements

: t
It is well over a century since Macadam Pm::!?;lr :vuighﬂ;ﬁe
the entire load imposed by traffic on & road, tog |
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weight of the road itself, are reall
yet it was not until some twe

soil became the subject of
gation.

y borne by the soil beneath,
nty or twenty-five years ago that
systematic engineering investi-

The reason why research on soils was ne
that no effective means existed of tackling the problem. 'The
subject of soils does not lend itself to simple theoretical treat-
ment in the same way as the theory of structures aud the strength
of materials which developed rapidly in the past century as
branches of applied mechanics. No real advance in Soil Science
was made till Terzaghi developed soil mechanics as a partnership

between applied mechanics and the study of the physical pro-
perties of soil as they exist in the field.

glected for so long is

One of the most im

portant applications of soil mechanics to
road engineering lies in

the formulation of methods of calculating
the thickness and strength of pavement which is to be placed on
a soil foundation to provide a stable riding surface for specified
traffic loads. This problem is known as pavement design. The
rigid pavement, as we all know, includes all concrete roads,

whereas flexible pavements cover all bituminous, water-bound
macadam and kankar roads.

As the considerations involved in
rational method for the design of pavemen
has not been possible so far to evolve suc
In the absence of well-established ratj
various organizations in the world have adopted mostly empirical
methods based on experience within the

. ir own spheres. It hag
now been realised by all highway engineers that correct applica-

working out g purely
ts are very complex, it
h a method anywhere.
onal design procedure,

In the past and even at present in most cases in our country
the design is based merely on the pas experience. Much the sa,mq;
thickness of construction is sometimes placed on a weak clay as
on a strong gravel subgrade., It hag happened that in some cases
insufficiently thick pavements have been laid on weak subgrades
leading to failures. A small expenditure on preliminary sojl

testing and the intelligent use of design methods will lead to
fewer road failures and lower the cost of construction.

The road system in India is develo
thousands of miles of roads will be cons
few years. It is, therefore, very essentj

pingat a fast rate ang
tructed within the next
al that the best possible
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' . ign (such
use should be made of available empirical metgodzigf %%Sg;gnnt(o e
a8 the California Bearing Ratio method) by a ;IP fﬁcg climate and
conditions existing in the country as _regard}s: 11‘3 D iractod to
subgrade conditions, ete. Investigations s ou.1 ble to. highway
this aspect immediately and results made avaﬁ a(-l e thads of
engineers. It is also necessary to develolz metho
design of pavements suitable for our country.

i f road
For the evolution of suitable r{lethod.s gf dei:(g);lk (;Vill bo
Pavements, n log of research and investgatiof WOre o - o
necessary both in the laboratory and in | et. n of such work
arrive at some conclusions early, co-ordina lo'g essential. The
among the various Research Organizations l‘ff ctively and it
Indian Roads Congress can fulfil this task Very.;3 gle methods of
is hoped we shall soon be able to ev.(’lvi-suclo?mtry,
design for different conditions existing in this

Bridging Activity

o ti and

Bridges are vital links in a communioafion SYSer B

Without bridges roads are generally rendere £ bridges limits the
tho ra.iny geason. Kven in summer, absence ol bridg

utility of roads.

: i i in the
Bridges are, however, the most exPenm}Ye-Slnﬂﬁsgﬁ?ﬁon is
Communica.tion, system and, as such, t il;] in this country
usually postponed to a later date. Unfornﬁna uS)(;’ construction of
this postponement has done great harm ffari ht from the last
bridges over big rivers has been postponod WBNL E
century up till now, i.e., ever since roads beg
this country.

. ears.
However, a great deal has been done in the .rlla'sig‘nfivee lza.lar,

Many big bridges havo been constructed, 'forA:ldhra.; Kathjuri

Pugalur and Coleroon in Madras ; Pennar 1n Punjab; Mahi in

and Kuakhai in Orissa ; Ghaggar and Bein in Uttar Pradesh;

Bombay; Baigul, Bhakra and Jhararghat lm d Akaraghat in

Ma.hana,d’i in Mad’hya Pradesh ; qukar’tKI;:n:ﬂIfl.

ihar; Kaljani and Darakeshwar in Wes

. ted in
As already stated, all told some . brl(cilgq:W:l:: §2S‘$§13 (Ba‘ive-
the course of the First Five-Year Plan and t:> o il
Year Plan, 116 major bridges are propose

i ranch of

Bridge building is a_preciso end fxo?i]g;(l?ﬂ:tega:)a of the

engineering. Collection of the cOI‘T_e(’t %thorough knowledge

rivers to be.bridged is the first essential an istics is another
of river training works and river characterl

4
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essential. Foundation problems are often difficult both in design
and execution and the decision as to the ri

ght type of bridge to
be built is yet another matter that needs sound judgment. There
is a variety of types to choose from and very often the most
economical type decides the choice.

While reinforced concrete was the material of choice for
superstructure when cement and steel were easy to procure we aro

now beginning to adopt prestressed concrete because of the
economy in both cement and steel,

High tensile wire is not being manufactured in this countr

and we have to import it. This brings us to the great difficulty
of foreign exchange. Ordinary steel is in short supply and has
to be imported in large quantities. Thercfore, no saving in
foreign exchange accrues by adopting reinforced concreto in
preference to prestressed concrete. It is hoped that manufacture
of high tensile wire will be taken up before long in this country.

For_ building our big bridges over alluvial rivers, foundation
difficultios are very considerable and conservative methods of
sinking wells are both difficult and expensive in comparison to

the modern methods of sinking caissons. Air-lock system has to
be adopted in certain circumstances.

It is heartening to see a number

in this country taking up bridge co

of big engincering firms
modern methods. Brid

nstruction and adopting
ity on a large-scale

ms undertaking big bri tic
on a rising scale,

So far as engineering personnel is concerned, I a
ceri , m glad to
say that a great majority of States are undertaking botlgl con-
struction and design of brid e and small—with
and ability and h

courage
this respect.

sclves in
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i speets of
in design and cxecution. To mention S(;)mt?h of(::élfaog?cgl s of
higl "g engineering, we have surveys ©o A g oo raiic
oodotio t(31 sometimes aerial surveys, sol sut 27“;1 Ve
ovors, pav ent designs, bridge designs, river tliiisl x;g:;,rious
SSurve'yls" tpazsgneers are required tg deal with W:se;) oy
bf&e:l:){;).é: of highway engineering. Iill)( tﬂllel(llogtoengineers o
Engineering Colleges imparting genera now gwere T od 1o
dlffgrerﬂs branlfgl(fi;plﬁl(:lvlznﬂséhese branches. Ngturall);,nét ﬁ;)l(;ﬁ
gg?n;:in}lrepflgr the young engineers to gain dprf(:){icliexﬁ%ﬁrting hosts
then they remained a liability. ’_I‘he nee por i and many
raduate training to qualified engineers was e i in different
gEn ineering Colleges in India now offer ralr;o 5 0 O oo
bra%)ches of Highway Engineering. This is Engblé) Tt e tho
such engineers will undoubtedly prove valu
Highway Departments of the States.

i Departments.
now separate Highway ¢
Mar;y St:::ss b}a::lf many States had but one de&a&rt&eﬁl;o%v
g;;tg s\bNe];r gnder one Chief Engineer yvho was ;x%elfblic ealth.
all about Irrigation, Roads, BmldmgsNo‘f:n as far as I know,
Luckily, this state of aﬁ&gs haézggx('i:&d from other branches ig
. ildi have been ] ds an
el th Sebes Nihongh s S, Lo
a5 i o be one depart ’ R nd
gl;ﬁgl;lgfi:&?:;?:iev;nce by Separatmé roa.(ti]‘s“;rg}iak?ﬁlgdlgg:hathe
: : ts. enerally s} »
%]f_v fl’ll"p‘n%?lf?tm};g ea?x?; tﬁi: nRoaud:s and Bullﬁlggss Departments
arleg fﬁgtionli)ng properly in their respective spheres.

i he
i ious expert engineers under t

The time for havi®e 'va‘rml‘x“?a,nihes has come. All_these

o Engin(ier l%rﬁlzﬁh;’: 1;:::3; Ehe gupervision of a Suﬁ)e(x;;ntt?;

dperts shc_m a " charge of Planning and. R.esesn.r(oi OF o

e _Englnger ;Enn sineers, one in charge of bridges an the other

_S\lpermtendmg '{:1 a,nd, Research, shopld the expgnl'l e in-

v charg_c Of’ Pl?’tl;l nnngg‘ other words, the 'c_lme fo_r sp:lina. lszuntries
Vqlved ]usnfy'léering has come. Th_is is so m.g e}glec
gx:ghtv}vxg}i)g%%iltnthat accrues thereby is very considerabie.

i 1 of
i have taken quite a good dea

La.'dxes a.n(;i I(?;%x;%e:g%né&i your patience any lﬁngqr. O]g::;f?;

Yo recapit Mtl: what I have said, I have stressed' the ;mcﬁlr tanco

o Pecapltulg iy d transport in the imple:mentatlon o _our Five:

Yo P dr o gsed the question of highway ecolilo fos—how

e ot flscuts revenues and benefits have to be ¢ rolated
?;S ;&gz(l);;:edcgsevélopment, pointed out the need for co-or
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road research and a scientific approach to the
of pavements and road structuroes,
focussed attention on the question of
specialisation in our P.W.D. or Highw

problem of design
and last but not the least,
engineering personnel angd
ay Departments.

In conclusion, T might say th
efforts and progress by a successio
Each session of the Indian Roads
long and uphill task of building roads through the length and

breadth of this sub-continent, a humble contribution in the
mighty adventure of building up the nation.

at we advance by a series of
n of strivings towards the goal,
Congress is a milestone in the

May I now request you, Sir, to declare the session open.

INAUGURAL ADDRESS

by
Dr. Rasnxvpra Prasap
President of India
New Delhi, January 5, 1958

It gives me great pleasure to be here today to inaugurate the
Segsion of the Indian Roads (7011g1'(>:ss. I »thl(:()me this oppor-
tunity to associate myself with this functloin, because Pll?ugli
I have been the patron of the Indian l’uou,ds. _Longrf»ss for some
years, this is the first time that I could participate in a function
connected with it.

The President of India delivering the Inaugural Address

In a vast country like India which is known for its lfo_r;g
distances and for the variety of its terrain and the modes‘o 1 2
transport, roads constitute one of thg most important mea,tl){s ((;f
¢communications. At the present ‘time we have a netwc;r o
railway system and a fast-developing airways ar}fl }a._s;fsdgglnce
river transport both traditional and modern, yet all t nts&m oo
in the manner and speed of transport has not detracte zfm Wm-
from the importance which roads occupy in our system of co
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munications. In actual fact, far from having an adverse effect
on the role of the roads, the present-day developments have
tended to make it more and more necessary to improve surface

transport of which roads constitute such a significant part.

During the last ten years or
menting our reconstruction prog
old roads and the laying of new ro
of attention. We have now con
roads and declared them as N
tenance and upkeep are directl

8o we have been busy imple-
ramme. The improvement of
ads have attracted o good deal
tralised most of the important
ational Highways. Their main-
¥ the concern of the Union (jov-

ernment. The national highways generally connect the various
States with one another and

: are therefore of great strategic
mmportance. They fully deserve the attention which the Govern-
ment and the Indian Ro

ads Congress
glad this Congress a

aredevoting to them. I am
5 also the Union g

nd State Governments have

eeder roads connecting the
countryside wi

are of equal importance. Actually
roads bringing the far-flu
situated hamlets within
system is so imperative that without acecomplishing it our plans
of economic development would ever remain incomplete and
infructuous. If our road system has to supplement the railway
system and other means of commu

nications, it must look for
coverage in the field which it has not been possible for our Rail-
way to cover.

L reas segregated them, throwin
them on their own resources and i i
phere of remoteness, 1, therefore, consider the existence of
good roads as a vital factor

. development. This social and
cultural aspect of roads is not in any way less important than the

economic aspect. After all, it is not human beings alone who
travel by roads. Tt is not goods or commodities of various kinds
alone which are transported through roads. The traffic of ideag
also takes place through social inter-mingling which ig made pos-
sible by roads.  This last aspect of roads is, in my opinion, of
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i ¢ try like ours
i : articularly for a coun _ o
flm'dqu('mtmo l‘rﬁggg‘(';anbc;, crc)mlmunities and grourgl): belonging
‘V)'vzil;}cr}ilnglqevléls})of economic and social development.

. d be
When we have recognised these fa.cs_S, Psoltilflt;ng (I;luurc};;tii n is
. f roads in a nation ] dier
said 'iggutfyﬂtl}?er(i)}iza? of equal opportumtlﬁs tf;ot‘rha,ll a(.}r;%c%f 3geew ilth
nspi d areas so tha ey .
the backward a {
devehpmf}ggelzi)ed areas. This is a problem for the sorllliii?;f;n ‘}
th}f'nlmtfﬁo development of our road SZStet.[;ll is Vf;iy :?s:he Indian
which i tance to e Wwo .
t 1mporta
f‘hemfor?’ at:::sh g’{‘(}aﬁ)ugh this work belopgs to tIILeh Se;e:f:a;i
Roads Cong d has to be executed by engineers, avconomic
engincoring Mt]; as having & tremendous bearing ofl't(')urlea.dvance.
?okeldpxg)g:tl our social a.WaJkenir;g‘J ha:nd g‘;f)tggti;lciz‘ies of your
ovelo U 1 proud of the great po
You can legitima 1;ev}gekfeien Fhat-spirit for the xmpm;’leme““o%itgi
undgrt&k;ﬂngnhave and the providing of roads where n
roads tha

present exist.

i ticularly the construc-
o road making, par . : s
In the‘mOdeE: a.&%lighly technical under?a,km%, amVlVi!tth };ﬁe
tion of bridges, independent branch of engmegrlt h%. Ly iEh the
develope(})? :ez:arches in the field ofdsﬁlqﬁ;en ;I}lms also undergone
progress technique of road-bul o Do
are ’i{ now?i%xea:nt;ez Modern engineerstargdcaz}l;dinlg’:gencies of
great marn ich may be able to sta in the forms
struct roa.}(}is nvc‘;rllléctoo inf{'equent vagaries of. n?&tﬁlilti ltrzl-é,fﬁc might
ergth?ir, 2agthquakes etc., and the gr;a)zlzt Etgilnni Jues o mest theso
[8) 00a8, ’ lVing suif,a, e e s
them. Forevo d problems and persis
put upon o-ordinated study of road p . ro
i . . tructing them a
requirements a ¢ he materials used for cons hns done
tent research tn_ho 10 ect that your Congress ha
It is in this resp t on technical matters.
necess&l‘y. ; .« . the Governmen [e) : . h
by advising ) hnical committees, the
yeoman Service does through various techni d soecifi-
Punctioning as it do has successfully evolved standard specifl
i techni-
Indian Roads Congress b s items of road work and new ve
cations in res};%c:d:f ;lr?\:(l)(l)\lrled in constructing rpa.(if;.n Y;:;‘;elz::'ch
ques 1a,n<1i igl eemphasis on guiQing and coif)r;lmlf-owe% or, parti-
Thght yd&and bridge engineering. What ?o‘,blem of low-cost
oularly i terested me is your study of the pthe matter of roads
cularly HIlndia. because our requirements in O horo aro 00
o 11; nd °;1r resources are limited and eve e which does not
Many tl?er claims on them. No road programm jcal use of the
nc1\'w‘y ote wastage and ensure the most econoxf? coverage at the
z:la.ni:;:'liZI available and provide for the Illcz‘x;g’es I am very happy
ractical for our country. 1arl t have
zhe]z‘s::: :1;):1? ;’zllll g:.é)e not only kept this point in view bu
)
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been conductin

fiel {peri :
objoctive g field experiments for the achievement of this

of considerable utility to th hods which have proyeq
their road-building P};ogran?m?ate Governments in carrying out

I ho ; X
useful work and achieve . pe you will cong :
I ' ac] still greater suc . Inue thig
gggéfpmg India with a road system in keecg?g mw)ilz)};” offorts for
opment and suited to our economic resou%ces our plan of

I wish the Indian R \
with it the best of ook sigsh(,ongress and all thoge contnected

this Session of the Congress. “Ve great pleasure in inaugura.ting

IL.LR.C. PRESIDENT’S CONCLUDING REMARKS'

On behalf of the Indian Roads Congress and on my own
behalf I wish to express my deepest gratitude to Dr. Rajendra
Prasad for giving us his valuable time to-day to inaugurate our
Annual Session. His presence here is a source of inspiration to
us and will greatly encourage us in our task in contributing our
mite to the service of the country. We gather inspiration from
his towering personality and his life of dedication to the cause

of the country.

_We of the Indian Roads Congress have had the real privilege
of listening to his counsels of wisdom and it shall be our duty to
follow his advice in the minutest detail.

I thank our numerous distinguished guests for responding
to our invitation and for gracing the session by their presence.

I thank you all ladies and gentlemen.

May I now request you to award * The Indian Roads Con-
gress Medal” to Messrs K. C. Ray, R. Subramoniam and
S. Badaruddin for the following Paper contributed to the Indian
Roads Congress at their last Session. ‘

Paper No. 193 - ““Influence Fields for Finite Concrete
Slabs supported freely along Two Opposite Edges and
free at the other Two .

I also request you to announce that the following Papers
have been highly commended :

(1) Paper No. 191 - ¢ Resistance to Abrasion of Concrete
Pavements ”’ by Messrs P. J. Jagus & M. R. Chatterji.

(2) Paper No. 192 - *“ Design and Construction of a Prest-
ressed Concrete Bridge Across River Coleroon ” by
Messrs. K. K. Nambiar & P. G. Nambiar.
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to
The 22nd Session of the I1.R.C.

Suri K. C. REppY,

Ministor for Works, Housing and Supply, Govt. of India.

‘“Highways of the country are the arteries of Industry and
any effort towards the improvement of our Highways will
materially contribute towards the industrial advancement and

the economic progress of the country. I wish the Congress
all suecess .

2. Wishes for the success of the Session have also been
received from the following:

(i) Prime Minister.

(ii) Governor of Uttar Pradesh.,
(iii) Minister for Finance, Govt. of India.
(iv) Sir Kenneth Mitchell.

(v) Shri G. M. McKelvie.

(vi) Shrid. B. Vesugar.

Institutions:

1. American Society of Civil Engineers.

2. The Bureau of Public Roads, U.8.A.

3. Highway Research Board, U.S.A,

4. American Road Builders Association,

5. The Institution of Civil Enginecers, UK.
6. The Institution of Engineers, Australia,
7.

Main Roads Department, Australia.

THE INDIAN ROADS CONGRESS

S LLHI -
TWENTY - SECOND SESSION—NEW DEL
JANUARY 1958

st to the
: : ntry, played hos

N 1hi, the Capital of our cou ss. The 5th
2"ndx3V1Vnch-Hu:Set.§;ion Lf the fI ndtlﬁn Clo)vl?gl('lessscvgl?eglrle‘;}?e President
s 58 a proud day for the i and two
g(fm{l;lt(ll'ixl”i';\mrrgl‘?x&gz(l the Session. Three hundred

d(,l . . ) < . Tl .L
< ario p(' s 0 aed > .
d e;—,’ ‘:t’CS {I om various 11 IS f 111(11& a:bbe]l 1 1 bhe yeSS810N 118

; ‘ Congress
el f the Indian Roads ’
was the second time that a Session o 1 in December 1934.

. Vo . 1
was held in New Dethi: the first was helc ‘

q “ . . .
. . 7
me thngs were h.eld n bhe S[)&ClOllS pIeIIIISGS Of ; @gl an

2 L(HL, h}le venue Of bhe I‘ecent IJNlAbCO Sesslon.

Vigyan Bhuvan, the venue of the I.R.C. Session

; h ¢ nt,
Shri M. §. Bisht, Chief Engineer, Public “ffﬂ‘;ifiﬁe"r:gﬁiﬁ_
Uttar Pradesh, in his Presidential Address eXptd Plan.  He also
cance of the new All-India Road -De‘felori;{gigomi”s- " He stated
dwelt at length on the subject of Highway fioient to meet costs
that hi hway revenues must not only be sufficie e resulbing
but muft in addition, be warranted and backed :p- r)(; Jmany and
benefits. The benefits of highway f,mnspord I} derived from
Varied“ It is but proper that revenues should be
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the beneficiaries, and therefore,
evaluate total benefits hut
an equitable manner.

it hecomes necessary not only to
also to effect a benefit distribution in
No far the burden of taxation had been
mostly carried by the motorists whereus other beneficiar
not paying though they also derived benefits r
development. It iy only reasonable that they
taxation burden and help to promote road
road transport.

ies were
esulting from the
should share the
development and

The President of the Indian Lo

ads Congress also emphasised
the need for providing a non-i

apsing fund for the construction
and maintenance of roads. Such g step will enable the Road

Engineer to plan his projects on a more rational and scientific

basis. The need for setting up separate Highway Departments in
every State was also emphasised.

Other subjects dealt with in the Presidential Address
need for utilization of the benefits of ro
proper geometric standards on highways
and flexible pavements, etec.

were
ad research, adoption of
» seientific design of rigid

The President of India in his Inaugural Speech gave a new
touch to the subject of roads when he said that he considered
the existence of good roads
as a vital factor in deter-
mining whether our Society
can  become equalitarian
homogeneous one or will
continue merely as g conglo-
meration of social groups
leading their own separate
lives and maintaining differ-
ent levels of social wnd
economic development. The
traffic of ideas also takes
place through social inter-
mingling  which g made
possible by roads, This last
aspect of roads is, in hijg
opinion, of fundamenta]
importance, particularly for
a country like ours which ig
populated by communities
and  groups belonging to
varying levels of cconomic
and social development,

The President of India arrives to

n .
inaugurate the Session The President also stated

that development of roadg
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h'l‘” l('tl » \v\'itrllin t}h(? nCtWOI‘]( ()f 0111.1 1('() " i our lil,nll_ . ;
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i i H i 1t accomplis 1ng t p i s of e I(l) 1omic
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good luck.

; 39 ¥ 17 was awarded to Mesgrs
X ’“ iy Irldi:n} i‘)‘"l?::l(é:)i(;?x?%z[ve;?]gzaed(%ﬁuddin for their i:gefl;é;ﬁ;
:\‘).IS(J‘.‘II)W ?lrx’xeljmf; li")ie(lds for Finite Concrete Slabshzgp¥$o, d freely
l g r{‘] o Opposite Edges and free at th(elz ‘oe. ) Bapor No
othor Pay 3 Iwhich were highly commended are: ) e
?g}llei %zz;)iesrtba,nce to Abrasion of Concrete Pa:ver{}(e)n 1392—-:‘ -
P.. I— -Iégus S Chagterfiié%?(\ndd(ig)%l)cfzzs?%rlidée across River

3 i a Prestressc g 5

zér;(lleafo%?f?f‘{)c;ll(\)/[r:}sgrf's Ji\'. K. Nambiar & P. G. Nambiar.

N e
dal
The President of India awarding the Me

i Minister of India,

Mes roodwill from the Prlme‘: ! [ndia,

G Mehmg?sUOIf’ ;’g’i)i(n‘;;ter of Works, Hou;s[‘mg s&oriu}]))%v);sion.

overnor‘0 were read. The Chief of the ra.fnorpthe oy
%fg?gll?ao;ll;;iead (;ut a message of good wishes

Pd.pers were discu._sed. About SeVenty-ﬁ p
Se\ren B q ve S eakers

took part in the discussions.
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With o view to obtaining and exchanging up-to-date in-
formation and experience on the use of soil in all-weather road
construction, a panel discussion was arranged.

The Report on Road Research carried out in Indi.a for
the period ending the 31st March 1957 also ¢ame up for discus-
sion, Many speakers took part in the_dlscussan. This wag
the sccond report, the first report was discussed In May 1957,
The discussion aroused keen interest among engineers engaged
in construction and research workers working in various fields
of research. Tt is believed that such an open discussion on the
subjects of common interest will help a great deql for the
proper blending of research. and ity .n.pp.hca,tlon in actua.l.
practice which is a pre-requisite for «cientific advancement of

highway engineering. The discussions will also help in avoiding
duplication of work,

Various Committees of the Cougress also met
Session and examined various problems entr
Npecifications and Standards Committee
and location of petrol service stations so that they do not prove
a hindrance to traffic. The next question which came up for
discussion was design of cycle tracks. The results of research
carried out by the Punjab P.W.D. and the C.R.R.l. were
discussed. Tt was felt that the problem of cyclists was moro
important in Delhi than at any other place and it might con-
tinue to be so for some more time until some other cheap
transport was available. The problem needs serious attention
as the same ditficulty might he faced in other cities also when
the number of cyelists increases there. The Committec also
discussed the method of numbering bridges and culverts on
account of the adoption of kilometers on our roads.

during the
usted to them. The
discussed the design

The Test Track Committee (is

cussed various specifications
being tested at the Road Test T'r

ack, Calcutta,.

The Education Committee discussed the question of includ-
ing Highway Engineering as one of the subjects in the curriculum
of Engincering Colleges,  Another subject discussed by this
Committee was about Refresher Courses for Engineers.
pointed out that the States should be urged to spare engineers
for this course. Another subject which came up for discussion
was syllabus for Refresher (‘ourses for junior engineers. A suh-
committee was appointed to look into the question,

The Road Transport Operation (‘ost
Wwas appointed at the instance of the Qov
study (i) the cost of operation of motor
classes of roads and (i) the economy

Committee whijcl,
ernment of India to
vehicles on different
resulting from road

-
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i experiments
i 3 i 1 the results of the various ‘
1.m]7’:0‘170/m0tnt;;’ C](;r(])t:]([l::‘s( and Uttar Pra,.dfash .btff,tesu'l‘;imir;;pc;)r}t’
;z:‘r(;‘éi::akoilrllgs a?;cording to degign atnd -?Feecll)ggszmél:ndugted | oy
is C ittee. The experiments are be ' 1, both
gﬁll‘:é(?}[g.ma;t\fz{)im.cca roads. The Commflttee %ﬁg;he(;ia tg,lere\reg]ed
on til(} analysis of the data r'ecelved S0 ‘talv:;a,g”decided Jevened
some deficiencies in observa.tlons_;md i ..mar.v ded to evolve
a more rational form of co-relating tfhethgnstud_y iy
" i iden the scope o uding
fll;fltl:(e)}m(;lseiiggqxrt)?l wAssum and Hx_mq.cha.l Pra.dezllzts}overn
Would'be z;,pproa.ched to conduct similar experim .

2 ittee
A meeting of Research Organization Comm

. ks
isati ittee examined the poin
X 3 Organisation Commi e st
"‘risi;ll;%lﬁez%a;}ft}:dis%ussion on the ﬁll‘ft ggzgrgzéear[‘he oport
discussed at the last Sessxop of t'e AL TS
R.esef‘trch Report of the period ending
discussed.

R f
. iscussed the stabilization o
. ‘ch Committee dlsc.usse € me up for
blacl;r.}clst:grlll sfffls(i?ll India. Other subjects . }Efglckzafor ulrzgemb
discussion by the Committes w'af‘is S:_ll-cen;g? stabilized soil base
i i orks: specifications esearches,
I(‘xt)‘;er pmtgc\:;zf;inv; courses ; applications of res:llzze(ia‘fl e
spo;z,?r?:g the use of soil as a road making
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The Traftic Enginecering Committee at their meeting decided
a programme of their Work. It was alto  snggested that
¢ Study Weeks ™ in Traffic Engincering and Road Safety should
he organised as is done in various foreign countries and the
T.R.C. should associate itself with this work.

50th Council meeting

The Council at their 50th meeting in addition to transacting
the ordinary business of the Congress, made very important
recommendations suggesting ways and means to inerease the
road transport capacity both on a long-range basis and for the
implementation of the Second Five-Year Plan. One of the main
recommendations was that the Central and State Governments
should be requested to allocate more money for roads in order
that it may be possible to cope with the increased transport
requirements. Particular emphasis was laid on improvement of
existing roads to enable them to carry heavier loads.

sxot The General Body of Members at their meeting held on
the 8th forenoon transacted the ordinary husiness or the

Congress. They also reviewed the work done by various

Committees and the Council. The new Council was also elected.

51st Council meeting

Y et VIR ) SESSTON— ¥ ele 1Y
NEW I)LLI[I 1 5% 6
l WENT Nl N1 SESSTON \ \

i a8 iy the afternoon.
The meebing of the new (To!mml‘ was _hellt}“l?lll) ombay Was
Sri W, X. Mascmvnhas, (hief l‘,r.)ngG)bl, 1;()(;%1-;;‘955. T nowW
electe(i new President of the lndw;nI l{?ml’bi;hw':ni Sujan Singh
"iee-] i g » Messrs. J. M. Rijpwand, 3 .
*ice-Presidents elected werc » & : S acretary.
‘\nflblirf‘su\l‘%mrlnm Shri A.J. D'Costa was re-elected as
< . . Y Q.

itute
1.R.C. Delegates visit the Central Road Research Institu

i ighat the
On the 9th January after paying hoinabge aigryRaggd o
delegates visited the National Physwa} 3 o:r[n T enoon,
inspected the Hindan Bridge near Gaziabad. In the te,
they were taken round Central Road Researc

i i ing exhibition
On the occasion of the Session an engl.neqlézrllli o o
an account of which is given elswhere in this 1}
organized by the Congress.



INDIAN ROADS CONGRESS

TECHNICAL EXHIBITION
JANUARY- 1958

On the occasion of the 22nd Annual Session, the Indian
Roads Congress organized an Engineering Exhibition at Fxhibj.
tion Grounds, Mathura Road, New Delhi. The exhibition was
opened on the Sth January 1958 by ShriRaj Bahadur, Minister of
Shipping, Government of India. Speaking on this occasion, the
Minister stated that the need for such exhibitions was Very great,
They enable the Highway Engineers to know the improved
methods and techniques of design and construction developed
after prolonged research and tests, These exhibitions also serve
to educate the common man about the scientific methods
their application. Some details of the exhibits

("omplete text of the speech of the Minister iy
where in this issue.

and
are given helow
reproduced  else-

A Stall at the Exhibition

(1) Central Road Research Institute, Okhla, New Delhi

In the soils seetion, exhibits dealing

with the strengthening
of black cotton soil, stabilized soil ro

ad construction, importance

3 621
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concrete pave-

of subgrade treatment, etcf, Werz:;i)xgé Jii‘;?ﬁre resistance of
3 v « Or m « .

ments section, apparatus embrane curing,

ii lace of cement, m

y use of surkhi in p ] 1DI& rote

S(())rr\lfcl ert;ff’:thod of testing concrete without destrqymg_ l%ucsogz;}rpet

.cutting machine, etc., were exhibited. Tn thfe blt;:,gngf o in

2 i)

section various design charts, Sug.gesmorlls tlcl)g road design and

bituminous work, etc., were on View. . n S e mavament,

construction section, several design char_ s 0 e were

traffic counters, line markers, brak}e teIStl?‘gt 2g‘ac%ua.lly’lnid three

i iti se, the Institu !
displayed. In addition to these, b1 . tions.
secLior)llq of road constructed to three different specifica

itute
Stall of the Central Road Research Institu

ications,
(2) Ministry of Transport & Com:inu\t;vlic:gl
Department of Transport, Roads

i ious stages of

Jawahar Tunnel, roads in variou S bi.

devollvi?)?reléig fa,fl}(lledesigns of difficult road Jugig:gsm:;s showing

ted ) Photographs of important bridges al'{ . | Statistical

N%€10,1m1 Highways and other roads were also 'rs T o the other

(-};a,rts :)f interest to road and traflic enginee d grade crossings
e;‘(hibits displayed. Models of intersections and g

were also on the view.

(3) Ministry of Works, Housing.& S-upply
& National Buildings Organization

. nd National
7 onle i Supply and

n .. f Works, Housing & Adine research
Buildi}rll(:gsl\/[(l,;ll‘{gsatflgzaot;ion showed work done on building

and low-cost housing.
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Stall of the Roads Wing of the Ministry of Transport and
Communicationg

Stall of the Govt, of W
of West Bengal Stall of the Govt. of U. P.
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(4) Central Public Works Department, New Delhi

The Central P. W. D.; showed various models and photo-
graphs of buildings and roads.

(5) Indian Council of Agricultural Research, New Delhi

The Indian Council of Agricultural Research showed results
of improved methods of agriculture and animal husbandry.

(6) Government of West Bengal

The more important exhibits were the models of approaches
to Calcutta,low-cost bridges, and reinforced concrete bearings. In
the research section were indicated methods of collecting undis-
turbed soil samples and of determining bearing pressure of soils.

(7) Government of Bombay

Charts showing progress in the first and second Plans of the

State and models of prestressed, bowstring girder, steel truss,
ete., types of bridges in the Bombay State.

{8) Government of Rajasthan

In keeping with the position of Rajasthan in the field of
production of precious stones, a road map made with stones of
different colours was exhibited. Other exhibits were models of

important bridges construeted or under construction on National
Highways and other roads of the State.

(9) Government of Uttar Pradesh

Qn exhibits were models of an ideal road crossing with the
meeting of roads at different levels, Garhmukteswar bridge,
Banaras Ghat, Alaknanda bridge, ete.

There were also charts
of traffic flow, the second plan, ete.

(10) Punjab P.W.D. Laboratory, Karnal

In the general section, soil samples, constituents and blocks
were shown. In the roads section models of surfaced and unsur-
faced stabilised soil roads were exhibited. Tn the buildings

section sun-dried bricks with waterproof plaster, bricks of cement
and saw dust, etc. were shown,

(11) Government of Bihar

A road map of Bihar, models of several bridges, two models
showing steel reinforcement in bridges and various samples of
stones found in the State were exhibited.

VZY
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(12) Government of Madras

d plans,

i rogress in thev first gnd Seconinc]\lding

ot ntation of soveral soil stabilized X80P0 ol

the road logding to the pilgrim centre 01 r and .Coleroon rivers

of prestressed concrete bridges across Pl in Madras City were
a.né)a, motiel of a proposed grade soparation

exhibited.

e . wing:
Other participants in the exhibition were the following

The Associated Coment CompaniIeSdI'At)cl.
iati f India
he Concrete Association © ‘ |

M('T :ssocia,ted Instrument Manufacturers (Indnz;) iFstd

. isbributi & .
M}/s Burmah Shell Oil Storage Distributing Co. of Indi
M/s Escorts (Agents) Private Ltd.
M/s Kailash Bros. Private Ltc'l.
M/s Marshall Sons & Co. (India) Ltd.
M/s Millars’ Timber & Trading Co. Litd. }
M/s United Provinces Commercial Corporation.
My
M/s Voltas Limited. . '
M/s Willcox (Buckwell-Indm) Private Ltd.



SPEECH

by
SHRI RAJ BAWADUR,
Minister of Shipping, Govt. of India

Mr. President, Ladies and Gentlemen,

It is both a pleasure and a privilege for me to declare open
this Technical Exhibition organized in conjunction with the 22nd
Annual Session of the Indian Roads Congress. I am indeed
grateful to the Indian -Roads Congress for giving me this oppor-
tunity of meeting you all here.

Evidently the need for such exhibitions as the one you have
organized here is very great. On the one hand they enable the
Road Engineer to acquire in a concrete form an’ idea of the
improved methods and techniques of design and construction
developed after prolonged research and innumerable tests ; and
on the other, they help to educate the, common man about roads
and road-building activities going on in the country, along with
the scientific methods and their application, the various processes
and materials employed in the construction of roads and bridges.
As a tax payer, he comes to know how the available funds are
being utilised to the best advantage and this enables him to
understand and appreciate the difficulties and problems that
confront us today regarding the improvement, expansion and
maintenance of our road system. An exhibition of this type thus

serves to establish the much-needed contact between the * road
builder ” and the ** road-user *’.

Our country today is engaged on a vast and unprecedented
programme of development on all fronts-—be it education, health
and sanitation of the community, harnessing of turbulent nature
in the shape of training wayward rivers or generating power,
These gigantic developmental activities have unleashed cologsal
demands and pressures on roads and road transport system of
the country, as not all the construction materials and other re.
quisites, and the output of our farms and factories can be trans-
ported by railways.  Even if they could do so, to reach the rajl-
heads from the widely scattered villages which dot our country-
side, roads and road transport are of primary importance,

like to emphasise that our energies and
efforts should be directed towards providing cheaper roads to

connect villages with the nearest markets or the railheads, so
that the farms can transport their produce economically to the

u - R ] 2
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: i uirements
consumers and, in turn, be able to receive their rle(tlo rovide
from Ollt'%i((l(‘ 'We have to ensure that in Ou'rll Ze:s After all

B 7. . ’
t00d roads in citics, we do not neglect the vi aJgerit of every
$ 'S, ,
%oa,dq are vital to the social and economic prosp y
region.

i i ices,
The Community Projects and National Extg;:onhssgvgone
e e e oot swakening of rurl Tndia
e much- ling
zrlgnhiyea%,ogﬁ:’sag(‘ldZtttention on rural cqmmux}lcz?tl(;rrl‘sa exItI:;y?sri(xler:
that t(his work may be continued more mtentswe;izrity ctensive:
ly roads will have to be given the topmost p
roads all progress is tardy or temporary.

ore
In this connection, as a layman, I would Stl;li%igzisttio?a(ﬁ )llcl)ca,l
investigations should be carried out on thet}?a,t zation of loca
materials for the construction of roads, sol eIl e
steel ami cement, which are in short supp )i,t (;nay be diverted
Whote o e e betion o %?iv%leoggf;l :jn stages so that, as our
truction cou § ; u
(:‘;}g:l’ﬁ(})l;ryr;)i%rc:;ss the road crusts could be gradually built up
carry more and heavier loads.

Tt gives me great pleasure to lealrnk 'q};atpr};%lilgin%rgr%r;g:tgtog

> lot of research work in ¥ ls at
%gﬂ;:_e;lr:tadby d?xila?k?ng use of stabilized soil a_xid 021;02031(;1;1 %2
methzlds Ofy construction, so that a greater ml 2g§rhen e line
built for the benefit of many. In this mdodfarnﬂz:g > when starbling
2nd teshmalo developmenglj mo (]:erlzlgp}ﬁi:i%ei;nbeing laid on the use
ore and mor hasis e

2?(11112(:}}1}2111(;L%glyéqr1[11ipment in the various schemes of developmen

i th of man-
like India where there is no dear ual
PoweIrn ar’ntcrg}lll:rgzya,tion would not be a substltutzrgtzl(‘) gllzf}lr o
la.bour, but a complimentary aid to it. It has at'gn of roads and
all forms of development not excluding con‘struceés L 04 the Semi
bridges. I hope the deliberations of the (.Jongg‘h.s S hibition has
nar on Low-Cost Roads, under whose a,uspl?_es le of mechanized
been arranged, will evolve some way of making ufs available local
equipment_side by side with the utlhzaﬁloc;l z?able roads suited
resources in the construction of cheap an u
to the needs of the country.



ECAFE SEMINAR ON LOW.COST ROADS AND
SOIL STABILIZATION

NEW DELHI--JANUARY 1958,

New  Delhi was the venue of the Seminar on Low-Cost
Roads and Soil Stabilization organized by the Kconomic Commis-
sion for Asia and the Far Bast. The meetings were held in
Vigyan Bhavan from the 10th to the 18th January, 1958,  Dele-
gates from 15 countries including Malaya, Burma, Indonesia,
Thailand, Japan, North Borneo, U.S.8.13. as well as the U.S.A.
and the U.K. attended the Seminar.

Delegates at the Inaugural Session of the ECAFE Seminar

The Seminar wasg inaugurated b
Minister for Transport and Communications, Government of
India. Addressing the Seminar, the Minister said that a for-
midable task which faced the under-developed countries of the
region was to build themsclves up. What was needed was an
all-out and concerted effort in practically every sphere of activity
including transport. The present condition of road transport
facilities in the ECAFE Region was not generally satisf
The countries concerned need lifting

a higher level so as to moeet the deman
generated by development plans,

y Shri Lal Bahadur Shastri,

actory,
their transport system to
d which was being rapidly
The most serious handicap
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ion it
was that of finance. With the present C?St IOf eflon(?gflllllcttrlizg to
was’obviously impossible for the xvm(ler-( f;fezg](:ct o demands
have an adequate road system which WC‘N“‘D t expanding eco-
of development programmes {Uld th(? rosu d{m er;;,tive need for
nomy. Hence there was an lmmedmt(? ﬂnThlemt}échniques, which
cheapening the construction of roa-ds" to the maximum extent
encouraged the use of local ma.ﬁe“‘r"l;S rcx)s ort of materials of
possible, greatly reduced the cost of tra p)recia,ble reduction
road construction, thereby resulting m;m] aLip]ues' required some
in highway construction costs. The techn 1qouid try to arrange
knowledge of soil science and the CO““‘”“GSIS.1 this fiold.
for the necessary training of their personnel 1n

The Minister also cxpressed the view thit ?dsggc?rle;::(;i.
for financing rural road development plans s ogf e CARE
He also suggested that the Member counﬁnss e nstitutes
should help each other by throwing open their tra
for providing training to the engineers.

Shri M. S. Ahmad, Chief of the ECAFE Tra.?spc;xifa‘nll)é\éls;%r;
welcomed the experts to the Seminar. He 1a.dg,o hanked the
Government of India for the facilities f'or ho 1ngﬁ0n mirar
and the Indian Roads Congress for their co»(g)lerare n. Inbis
address to the Seminar, he stated tha:t to meet1 ea " (%)e oments
of rural transportation, it was essen.t,.la,.l to dgve {)p teciniques oad
which was easy to build, while utl!ls‘m.g simp et O et be
available local resources, so that }nltlal investm i ho
kept down to a minimum employing at the 1smrilanua,l e the
maximum possible extent the cheap and abundan
available in many parts of the region.

Delegates seeing Soils Division,
Gentral Road Research Institute
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Shri Sujan Singh (Viee-Preside
Congress) was happy to associate the
and he briefly cxplained the work

nt of the TIndian Roads
Congress: with the Sem,nar
done by the Congress.

Delegates seein

g Bitumen Division,
Central Roaq

Research Institute

e

Delegates seein
Central Road

g Traffic Division,
Research Institute

The Semng,p electeqd Shri H. P,
(Road Development) and Joint

: velopm the Government of
India as 1ts Chairman, Luang vige Yontrakich (Thailand) and
Shri T. Morj (Japan) were elected g4 the first ang second Chaijr-
man respectively, The delegates then formed themselveg into
different groups to deg i i general report
was later made by these
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lenary
. d adopted at thep
. ‘ . ort was discussed an tions made
*;erf;i{,’f, ((L)rr]ldt}ii}(;lih‘rt‘ﬂ)szua,l‘y 1958, _Thef recg}?;m:sii%lishment of

 the Seminar included o suggestion for tl various
o) e Si?emrlcr)l:(; ;Srcllc;l fo(r the building of thlch t?j:z: Coor;t Road
a separa, 4 ’ definitions of a '
. d. The de . by the
;zlecrlnfx vcvgaires?ogfeﬁgite investigation were also laid down by

DI'O

Seminar.

f funds
p ded that the allotment o

ol et “talzg ;ﬁf)(ixlf]dmig non-lapsable. Sllsirsss;r:lg ;);ptrl‘lf
Sovayond DGVOl?p'mra,l roads, the need for ea.rn:iar a)Sg e
de_"elopmer}t ° fltlixe Road Fund for these roads ‘ana,tions fed.
Othor R oty o which the Seminar n}ade reclommost tions aro
0o e o ineers in the technique pf ov;-clow_cost (Con
i t”’jlnmg o etngldards for the construction o G e e
:ﬁr%c“soila;nd@v&ifltig gradients ete.; (3) cheap type

ch a

Institute
A social function at the Central Road Research In

i lsore-
i idges on roads. The Seminar a

eonStI‘UCtlont?f :l;lﬁegﬁi}?;‘(iltgrﬁ%h regard to traffic c;tntilggi)z};g;lll(:
Oomn']ended o highway authority. Another mto , mportant
oo e Dion 1 c%e by the Seminar was abou 'tsh bilization
recorpmenda,tlon. mathe properties of the .sml met w;l e oite
ot i Imp?i?l‘lna,n%riew to enable it to wﬁhsta.n(;it(f F“e dlaintogra-
O'f g oo Wflt affic reduces the cost of the roa oo minimum.
Mot eﬁec'ts Vot il stabilized roads have b(?en e i
Inag;gj alﬁgeisn g(f)nsgl other countries of the region. i
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pooled the knowledge available in this branch of engineering and
made recommendations on the technique of design and constr.c-
tion of such roads. The adoption of the recommendations, it is
expected, will reduce the cost of construction considerably, espe-

cially in areas where the conventional road-building materials
arc costly or are not available.

The technique
evolved to withstand
bullock cart traffic
has been used with
some success in 1ndia.
The method, in brief,
consists of suspending
soft aggregates, which
can withstand the
wear and tear of the
wheels of the bullock
cart, in a matrix of
soil whose properties
have been improved
by suitable blending

Delegates inspecting surface treated of different types of
stabilised soil roads near Batala soil. Itis*found that
(Punjab) this  type of road

Delegates inspecting stabilised soil roads near Batalg
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cou'd stand low traffic intensity. When the traffic increases the
surface could be improved by the u.pplica.tion. of a bituminous
surface. Specifications in regard to this technique were recom-
mended at the Seminar.

. . The delegates were taken round the Central Road Research
Tnstitute on 14th January. On the 18th evening, they went on
Inspection Tours to Batala and Bhakra Nangal. They travelled
by a special train to these places. The delegates inspected the
stabilized soil roads near Batala on the 19th January and the
next day they visited the Bhakra Nangal Project andsaw the
various stages of construction of the mighty Bhakra Dam. Thus
the Seminar came to a successful end.



Minutes of the 50th Councij Meeting of the

INDIAN ROADS CONGRESS
held at New Dejpj on the 4th January 1958

Present :

M. 8. Bisht — President
M. P. Apto V. V. Gopalkrishng Ayyar
Brig. 8. K, Bose Dr. R. K. N, Iyongar
U. J. Bhat B. 8. Jootla
S. K. Ghosh Kishore Lal
D. G. Bhagat - X. Mascarenhag
K. Barua 8. R. Mohra
R. N, Dogra E. A, Nadirshah
N. Durrani 8. C. Nayak
A. D. Dhingra B. Pershadg
N. D, Daftary D. C. Sharma
L C. Degai P. L. Shivdasanj
C. J. Fiolder Shobha Ram
H. R, Gupta H. P, Sinhg
C. 8. Ganapathy . L. Varma

Dr. 1. ¢, Verman
A, J. D’Costiy — Secretary

The following ¢o-opted members attended:

N. D, Daftary
J. M. Rijhwani
Sujan Singh

The following attended b

M. S. Ahmad
J. K, Banerjee

y invitation -

D. D. Suri
J. M. Trehan
R. 8. Bhalla

1. Confirmation of the Minutes of the 49th Council Mmeeting,

The minutes of the 49th Council meeting held at Shillong on
the 16th May 1957 Published at Pages 589 to 593 of Volume XX7.

part 4 of the Journa] of the Indian Roads Congress  werg
confirmed.

3. Audit Report for the year 195657,

The Report of the Auditors for tpe year 195657 was
recorded.

l g ) NG OF 1 D OUNCIL 6

Members
\- Draft Report of the Council to the General g::yl 9«;1; . e
v for the period Ist January to the 31st Decem

/

The Jdraft report was approved.

~.#7 Budget. .
The budget estimate for 1957—58 was qpprove .

lerances.
6. Definition of the nominal sizes of road stones and tole

i f the Specifi-
Jouncil considered the recommendations OStandaI‘d on
ca,tioTllsleag?iuSnt(Zrlx;ards Committee that the B;g?lsa,hggregates and
the definition of the nominal sizes for ro-nin the Flakiness
folerances as well as the method of detergll teg It was agreed
Indox (B, 8. 63 1951) may bo tentatively adopted. ~ 1t was agreod
that )fzh(e ;nka.tter.may be further recons1de2re bey fuced due to the
viow of tho difficulties thag l;llighf& ?:;Zse‘:xta.tive of the Iq;iti:::
. om. 1 .
cS};:ﬁngo(fseilfstﬁfgég :}ﬁuld also be co-opted on this Commij

t Com-
7. Recommendations of the Road Transport Developmen
mittee.

i da- -
i i il the wvarious recommen
i idered in detail t rommenda
tion;r}rf&ggubr;c;lhgogzad Transgorgt]):: eé%%?rer?rfleggsm should be
i entral an at : should bo
g:f;:gz(tle; }tl;zttaﬁ?: ngcessary action on the following rec
tions :

1. l he ( ’U"["[[‘ 1;88 8 esiil]llal/e ()f bh.e tI uck quullemellts
Ehou

scrutiny and action.

i ‘ t very long)

i ads (even if they are no 18)

Yoo polrtxofn 2a,r(:'§7ir110; loafis of 27,000 1b and 1111:(11'2 i?d:r

hold b urged to issue permits for these oAlso nder

;hoz'lg be72rgof the Motor Vehiclfes Ai;ing e oo

ngths apable of car ing 27,

lﬁngtligs boaf rﬁﬁ?ﬁifﬁ azg gn}(:oura.ge applications for

S;oe(:'ll;nits for heavy vehicles.

in towns
i ions of roads between main |
5ot thl? purggiiegorst}iggld be treg.ted se;l)a.;ggel%eai.gg
}(ir tr?'e(il?o%a.dcs allowed on them, lighter lo
eavi

tions.
allowed on weak por . o
4. Where warranted by fairly uniform and adequ

o . S f . l
Sb&ndal ds Of ge()metl 1c dOSIgH pel mlts 434 ] ar tlcu a'bed
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1960—61 about 2,000 miles of National Highway< will
have two-lane widths. In addition there will be some
State Highways also.

In sections where bridges are weak and the rivers and
nallahs are dry for 6 to 8 months in a year div.=sions
should be provided as temporary measures until the
bridges are strengthened to carry loads of 27,000
1b 50 that there may be continuous traffic at least for
a good period of the year.

In the case of District Roads the permissible limit may

not be below 18,000 1b and may be well above this
figure.

To subject all bridges and culverts, which prima facie
are considered weak, to a static test of 3 times the
standardload of 27,000 1b. Wherever design data of
existing bridges may be available it should be used to
determine the load a bridge can carry.

States should also be requested to give top priority to
the work of strengthening weak bridges and to earmark
upto 10 per cent of their allocations on roads from the
Central Road Fund.

To facilitate the employment of heavy trucks, with
truck-trailer combinations were feasible, adequate
maintenance and upgrading of the road structure
wherever necessary should be provided generally on

the routes selected for such traffic and particularly on
their weak section.

States should be asked to take action under the new
Motor Vehicles Act to put goods transport by road on

an organised basis with particular reference to the
following :

a) Permits for road traffic should be given more freely,

b) Provision of receiving centres and storage facilities,
) Licensing of booking agents. ‘
d) Insurance for goods carried,

There are a number of kutcha roads in the country on
which demand for passenger transport from villagers
has been increasing. The main difficulty in meeting
it is that there is no authority at present in many
States to look after these roads and to maintain them.
States should take stepsto provide the necessary
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hi 1so applies to roads
‘1108 for these roads. This & onds
%?12{2033;; Oéommunity Development and Nationa

\

Extension Service Projects.
)

. : d Development) may be
12 The Consulting Engutl-,eg;(glgaprogress of a wide-tyred

7 requested for a repor Thi since 1950/51

bullock-cart wheel in and around De

to-date. ' be possible to
. H e Ppo
Further, it was decided that, 1n order it may he C%ntral and

. dations, t
impl above mentioned recommendations, - e mone
Sta%: né%rzrgg(:nents should be requested to allfo c(;’* 1133?) gnilx‘r): priorig"
for roads; particularly they should be roques T)le them to carry
to the improvement of existing roads %o efna ising more funds
heavier loads. Suggestions should be made for ra

for road development.

8. The Council unanimously decided to enrol ECAFE as an

p . As
Honorary Associate Member of the Indian Roads Congress

rar
the present rules do no provide for the emo}m{?ilcl)tx(ff Ergggdiné
Associate members, it was decided that the ques

rules may be taken up ata later date.

. . b
9. The Council decided that the Bridges Cg;nm(;gf;eéa gllx)(;gilgc;
asked to release for printing Section 11 of the ?ndia, d Specifics
tions and Code of Practice for Road Bridgesin in
Ppossible.



Minutes of the Business Meeting of the

INDIAN ROADS CONGRESS

held at New Delhi on the 8th January 1958
"5

The Twenty-second Annual Gene i .
! _ _ ral Meet f
}Aell\(/} atIl:Zlel ];Seglllll\4011 l\)Vednesday, the 8th Jalnnugal?y 1}%5;1811):;81(;7;(8)
M. embers and 18 Invij ) icula
at pages 643-650) attended the Sessril;rlfees (names and particulars

2. Confirmation of the Minutes of the [ast Business

The minutes of the ] i ] .
on the 15th May 1957,(& ast Business Meeting held at Shillong

as printed at
Journal of the Indian Roag Pages 545 to 588 of the
December 1957 were conﬁrmgd.S Congress, Volume XXI-part 4,

Meeting.

3. Audit Report.

(i) The Audit Report for
th
the 30th September 1957, ;a.

(i) It was decided to re-appoi
‘ -appoint Messrs, Walker. i
:cx)ld C(;).., Chartered Accountants and AudIi‘t’:or?m]l)del]l;}E
audit the accounts of the Indjan Roads Cong’ress l

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

The Report of the Council
and approved.

period 1st October 1956 to
ges 651-653, was recorded.

(pages 655-681) wag taken as read

5. Resolutions of thanks.

The following resolutions were passed ;

W %‘rlxlgi;niiia;lhRoaqs Congress thank the Government of
cations fo :h Mln}stry_of Transport and Com 0
second Se:sioﬁnc;fkl&d Imvjtation to hold the wa:;;-
Delhi and for up . e Indian Roa,ds’Congress in New

1 ory excell
connection therewith,y ent arrangements made in

(ii) The Indian Roads ¢
. ongre j
rasad, President of Indgia. E1fsor ﬂl;?:;y])igati?zﬁi?;a

the Twenty-second Segs;
. very inmstructive &n?issmn of the Congress and for his

. inspiring Adg
occasion and gl ; g Address on that
Addross 8o for hig Permission to print his

(vi)

(vii)

(vili)

(ix)

(x)

(xi)
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The Indian Roods Congress thank Shri Raj Bahadur,
Minister of Shipping, Govt. of India, for kindly
declaring open the Technical Exhibition organized by
the Indian Roads Congress and for his encouraging
speech made on that occasion and for his permission
to print the speech.

The Indian Roads Congress thank Shri Jawaharlal
Nehru, Prime Minister, for his good wishes to the
Congress.

The Indian Roads Congress thank the Governor of
Uttar Pradesh for his kind message to the members of
the Indian Roads Congress, :

The Indian Roads Congress thank Shri K. C. Reddy,
Minister for Works, Housing and Supply, Government
of India, for his encouraging message to the members
of the Indian Roads Congress.

The Indian Roads Congress thank Sir Kenneth
Mitchell, ShriJ. B, Vesugar and Shri G. M, McKelvie,
Past Presidents of the Indian Roads Congress, for their
good wishes for a very successful Session.

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

The Indian Roads Congress thank the ECAFE for their
message of good wishes, and to Shri M. S. Ahmad,
Chief of Transport Division, ECAFE, and Shri K. N.
Chiengmai and Shri George Reme for attending the
Session. ' )

The Indian Roads Congress thank Shri J. M. Rijhwani,
Chief Engineer, C.P.W.D., Shri T. B. Bhonsale and
Shri V. Kandaswamy, Superintending Engineers,
C.P.W.D., Shri Harbans Swaroop, (Local Organizing -
Secretary, Indian Roads Congress), Executive Engineer,
and other officers and staff of the Central Public
Works Department for the excellent arrangements
made by them for the Session and for the convenience

of the delegates.

The Indian Roads Congress thank Triveni Kala
Sangam for kindly arranging a Cultural 8how for the
delegates. ‘ A

.
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(xii)

(xiii)

(xiv)

(=v)

(xvi)

(xvii)

(xviii)
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The Indian Roads Congress thank the Ministry of
Works, Housing and Supply, Government of Tadia,
for kindly placing the Vigyan Bhavan at the ¢ gposal
of the Congress for holding the meetings and govern-
ment Quarters at Pandara Road for use  of the
delegates and for kindly allowing the holdin‘g»-qf a
technical exhibition at the Exhibition grounds. ~

The Indian Roads Congress thank Sri Lal Bahadur
Shastri, Minister of Transport and Communications,

Government of India, for kindly inviting the delegates
of the Congress to an ‘ At Home’.

The Indian Roads Congress thank the Ministry of
Information and Broadecasting, Government of India,

for kindly covering in their newsreel selected moments
of the proceedings of the Session.

The Indian Roads Congress thank the firms and
Government Departments who participated in the
Technical Exhibition organized on the occasion of
the Session, arranged demonstrations of Road Making

Machinery, and offered technical films for being
screened.

The Indian Roads Congress thank the Director, All-

India Radio for kindly relaying the proceedings of
the Session.

The Indian Roads Congress thank the State Bank of
India, Railway authorities, Indian Airlines, Air India
International, Post and Telegraph authorities for
kindly opening their branch offices in Vigyan Bhavan
for the convenience of the delegates.

The Indian Roads Congress thank the various news-

papers and periodicals for giving prominence to the
proceedings of the Indian Roads Congress. |

Scrutineers for the Election of Council Members.

Messrs. C. J. Fielder, Kishore Lal, Goverdhan Lal
and 8. C. Nayak were appointed scrutineers for the
election to the Council under Rule 9-j of the Rules
and Regulations of the Indian Roads Congress.

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

Council,
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9-g. (i-) Representatives of Associate Members other than public

servants.

ia, Dr. E. A. Nadirshah
fa' ¥ ﬁttlea’ ' L. R. Patel
. J. Fielder Sujan Singh

9-g. (i) Representative of Associate Members other than non-

public servants.

L. C. Verman, Dr.
Representative of District Board Engineers.
Nilkanth Sinha

| Representative of Municipal, Improvement Trust anel

Cantonment Engineers.
K. Sinha

Representatives elected by the General Body.

S. N. Gupta S. N. Sinha
R. K. N.plyexlgar, Dr. P. Sirajuddin

3. Under Rule9-a, b, c,d and e, the following were nominated

by their respective administrations as Members of the Council.

Name of participating

Name of Representative
Administration _ .
9-a Andhra N. Durrani
Assam K. Barua
Bihar B. Prasad
Chief Engineer, Roads
Bombay and Buildings.
: Chief Engineer (High-
Madras o
Madhys Pradesh H. R. Gupta
Orissa B. 8. Jootla
Uttar Pradesh M. S. Bisht \
Punjab D. C. Sharma
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Name of participating N > /’r"“'
Administration ; ame of Representa}'/,/e

West Bengal . R. C. Roy ﬁb o
Mysore G. 8. Ganapathy L
Rajasthan Kishore Lal
'Kerala. V. V. Gopalakrishna Iyer
Jammu & Kashmir D. N. Gupta
Himachal Pradesh J. Mukand

9-b. Engineer-in-Chief, Army

Headquarters Brig. 8. K. Bose
9-c. Central P.W.D. J. M. Rijhwani

9-d. Consulting Bngineer

(Road Development i
Govt. of IndiéJ ) H. P. Siaha

9-e. Director, Central Road

Research Institute S. R. Mehra
10.  Past Presidents.
9.
P. L. Varma
K. K. Nambiar

¥ MEMBERS WHO ATTENDED THE TWENTY-SECOND

Lis
SEQNNON OF THE INDIAN ROADS CONGRESS HELD AT
NEW DELHI IN JANUARY, 1958
Rk No. of delegates
S. No. Name of State, ete. who attended the
LR.C. Session.
ABSTRACT
1. Government of India:
(a) Ministry of Transport & Communications,
Department of Transport, (Roads Wing) 36
(b) Ministry of Works, Housing & Supply 2
(c) Central Water & Power Commiasion 2
(d) Central Board of Irrigation and Power 1
(e) Central Public Works Department -14.
(f) Central Road Research Institute 19
(¢) Engineer-in-Chief’s Branch . 6
(h) Railway Board 1
(i) Hindustan Steel Limited . 1
2. Assam 8
3. Andhra Pradesh 10
4. Bombay 39
‘5, Bihar 18
6. Delhi 28
7. Kerala 2
8. Kashmir 1
9, Madras 16
10. Madhya Pradesh . 7
11, Mysore . 9
12, Orissa 3
13. Punjab 15
14, Rajasthan 9
15, Uttar Pradesh 28
16, West Bengal 22
17. Sikkim L
18. E.C.A.F. E. . 3
19, Pakistan _____’:
Total 302
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NEW DELHI FROM THE 4th TO THE 8th .)‘ANUARY:,J

LIST OF DELEGATES WHO ATTENDED THE 22nd /f/
SESSION OF THE INDIAN ROADS CONGRESS HELD AT

8.

No. Roll No.

3.
38.

30,
40.

b et ot et et ot
S e e e Y L A T S

1958,
Name U w-
GOVERNMENT OF INDIA
(a) Ministry of Transport & Communications, Deptt, of

266
783
322
1446
1892
758
1078
1387
2188
Invitee
879
785
Invitee

1880
747
705

1146

1274

1878
950

Invitee
790
885

2020
762
724
723
1901

1280

1210
637

1532
918

1879

(b) Ministry of Works,

658
2063

Transport, (Roads Wing).

Bhagat, D. Q.
Bhargava, T. N.
Bezaz, 8. L,
Bhalla, R. S.
Chandiramani, K. M.
D’Costa, A. J,
Gursahani, R. L.
Grover, D. T,
Gajria, H. B,
Ghosh, N. C.
Goverdhan La}
Hardyal

Harbans Singh
Hedge, G. M.
Kadiyali, L. R.
Kathuria, S. L.
Lal, M. B. ’
Mirchandani, N, D.
Menon, M. D.
Murthi, B. S. N.
Navaney, M. K.
Nagarsheth, M. P.
Narayanan, C, V.
Oza, M. G.

Poonen, P, C,
Rao, B. Balwant
Ramaswamy, N. 8,
Rajagopalan, §. K,
Subrahmanyam, J.
Sinha, H. P,
Sadarangani, T, .
Subbiah, C. P.
Surya, N, S,

Sehra, P. T,
Trehan, J, M.
Venkatesulu, G,

Housing & Supply
Bhatia, M. 8,
Selvam, L, G,

(c) Central Water & Power Commission

708
78

Gidwani, M, M,

Khatri, K, 0,
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8. N&\ Roll No.

Name

(d) Central Board of Irrigation and Power
41 Invitee Baleshwar Nath

£ (e) Central Public Works Department
Bahl, D. R,
:g gﬂ Chattelgjee, P. L.
. ¢ Dutt, D. -
i‘} ggg? Harish Chandra
43. / 2387 Harbans Swaroop
a1, 2090 Jain, R. C.
s, 2375 Jain, 8. C.
49. 2210 Keswani, J. W.
50, 915 Mittal, O. P.
51, 559 Rijhwani, J. M.

62. 1221 Rao, A.L K.K o
53, 965 Rajagopalan, K. .
. 39 Saigal, Balbir Sing
gé 2%84 Sadarangani, N. R.

(fy Central Road Research Institute
56. Invitee égaavg:l,Lthj‘u.
57. Invitee Dh!;r s P
5. Toi4 khale, Y. C.
59 1014 Gokha AR
80. 833 Iyengar, R. K. R
el Invitee Krishnamachari, R.
62, 857 Khanna, T. S.
63. © 271 Mehra, S. R. .
64, 1907 Mazumdar, B. ¢
65, 2202 Naigar%anf,, T. K.
6T Inwites Nonan B, L.
67, Invitee da, B
68 '2349 Puri, M. L.
89. 1913 Rao, N. Mo ah
. 1311 Subbarsju, Bh.
7 b Swami, 8. A. G
7 Ehn Swaminathan, C. G.
',;g ig;g Sankaran, K. 8
4. 847 Uppal, H. L.
(¢) Englneer-in-Chief’s Branch
5 Arjan Singh, Col.
70 2111 ‘Avtar Singh, Lt.
;g %;18 Bose,fn . 8. K. _
. b, A K.
7o Tnosees llgsax;a.krishna, Capt. L. V.
Zg' ﬁﬁ Radhey Shiam
(h) Railway Board
8. L.
81, 43-Associate Kumar, ,
(1) Hindustan Steel Limite
82 2082 Guha, 8. K.
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8. No. Roll No. Name
2. ASSAM g
83. 889 Barua, Major K. -
84. 2227 Choudhury, 8. C. <,
85. 2342 Dutta, R. K. )
86. 2163 Kataki, D, K,
87. 1968 Kharkongor, F.
88. 53-Associate Rajkhowa, P.—Roep. : M/s. Assam Qil Co.,
_ Ltd., Digboi,
89. 1961 Sharma, G. C.
90, 1960 Serajul Islam
3. ANDHRA PRADESH
91. 246 Durrani, N.
92, 2383 Krishnamurty, K.
93. 1082 Padmanabham, Y.
94, 1980 Prasad, J. V.
95. 1945 Rao, K. V,
96. 767 Rao, R. Rama Mohan
97. 1263 Rao, K. Rama Mohan
98. 233 Rao, H. R. Sayoji
99, 2380 Sarma, C. V. B.
100, 2110 Saxena, K, R.
4. BOMBAY
101, 60-Associate Amin, Dinkar T.—Representing Pasha-
bhai Patel & Co., Ltd., Bombay,
102. 1522 Apte, M. P,
103. 383 Batlivala, H. S.
104. 1882 Bhosale, B. Y.
105. 1050 Bhambhani, B. 1.
106, 214 Bhatt, U.J.
107, 2385 Chaphalkar, V. P,
108. 1322 Desai, C. N.
109. 614 Dhingra, A, D.
110. 1739 Desai, 1. C.
111, 1336 Daftary, N. D,
112, 1942 Ghosh, D. K.
113. 663 Gupchup, N. S.
114, 2360 Gurnani, J. S,
115. 2205 Harris, C. D,
116. 1129 Iyengar, C. L. N.
117. 1474 Jagus, P, J.
118. 2033 Jayawant, M. B,
119. 1450 Joglekar, K. V.
120. 315 Joshi, 8. B.
121, 374 Lakdawala, R. M.
122. 2382 Mistry, J. F.
123, - 19468 Mascarenhas, W. X,
124, 1621 Mehta, Y. K.
125. 23 Nadirshah, E. A.
126. 2361 Noble, M. K.
127. 1528 Patkar, B. B.
128, 1780 Pimple, J. 8.
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S.““\;% Roll No, Name.
\\;\ s
129, 1869 Padwal, M. J.
130, 2381 Panthaky, B, K,
131 1008 : Raghavan, P,
P 1944 Raju, V.
133. 12879 Sarwate, M, C,
-134. 1148 Shivdasani, P, D,
135, 2353 Sarkar, B. B.
138. 1432 . Sujan Bingh
137. 1501 Taylor, N. H.
138. 2351 Thakur, D. S.
139. 1600 Vibhakar, P, K,
5. BIHAR
140, 1637 Amanullah, N.
141, 602 Dubey, B. P.
142, 1962 Lal, G. P,
143, 434 Misra, C. P,
144. 2007 Nath, S.
145, 1626 Prasad, 8. N.
146. 733 ) Prasad, B,
147, 1092 Sinha, D. K. |
148, 2071 Sinha, 8. B. P.
149. 1902 Sinha, 8. P.
150, 871 Sinha, 8. N.
151, 706 Sinha, P, P,
152, 1291 Sinha, Nilkanth
153. 2329 Sinha, D. B.
154. 1331 Sen, 8. K.
155, 1978 Sinha, B. K.
156. 2363 Varma, D. N.
157, 1827 Varma, R, P,
6. DELHI
158, 69-Asgooiate Abrol, R. C.—Representing M/s. R. C.
Abrol & Co., (P) Ltd., New Delhi,
159, 42 Brij Mohan Lal ’ i
160. 53 Bishamber Dyal
161, 484 Bhupendra Nath
182, 399 Bahl, M. L. .
163, 1619 ) Bhandari, V. D.
164, 1888 Chakraverty, N.
185. 2208 .  Dawar, A. R.
168. 1837 : Fondekar, P, B.
167. 1910 Green, John A
168, 946 Goel, R. R.
169, 1756 Jain, Prem Chand
170, 52 Jagdish Prasad
171, 1536 g&;%f-lﬁ-
172, 2087 ali, L. . ; 1liaz
- iate Kaura, M. R.-—~Representing M/s. Williara
173, 56-Associat J“és’ Nelgv Deihi. ‘
174, Khanns, I. N, A
178, u;’f Khanna, P. N. .
176. 2230 Madhavan, T. P,
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/e
S.No. Roll No. ‘Name, ’
177. 1009 Mohindra, O. P. ¢
178. 1183 Nazareth, C. V. 4
179, 1776 Prinja, K. C. :
180. 356 Sandhawalia, N, 8.
181, 23-Associate Sud, M. R.—Representing M/s. Wllleox
(Buckwell-Indla) Ltd., New Delhi, -
182. 40-Associate Shahani, T. C.—Representing M/s. Stand-
ard Vacuum Oil Co., New Delhi.
183, Invitee Sehan, Surjan, 8.
184, 491 Varma, P, L.
185. 58-Associate Varman, Dr. L. C.—Representing Indian
Standards Institution, New Delhi.
. 7. KERALA
186. 1599 Ayyar, V. V. Gopalakrishna
187. 2377 Thomas, P. P.
8. KASHMIR
188, 1624 Gupta, D. N,
9. MADRAS
189. 2335 Ayyaswamy, G.
190, 894 Devarajan, K, 8,
191, 2387 George Jacob, G.
192, 2022 Kohli, D. R.
193, 2037 Karnik, A, V,
194, 2371 Muthukalyani, T. C.
195. 671 Meeran, M.
198. 660 Nayak, 8. C.
197. 2347 Palanivelu, G.
198. 2346 Rao, V. N. Ramdoss
199, 219 Sirajuddin, P,
200. 1775 Selvam, T. T.
201. 680 Sivaprakasam, P, 8.
202. 2364 Sethuramiah, T.
203. 630 Thadaney, K. V.
204. 1178 Veeraraghavan, T. M,
10. MADHYA PRADESH
205. 1547 Agarwal, G. D,
2086. 2365 Baly, 8
207. 1575 Ghatpande, G. S.
208. 1643 Gupta, H. R,
209. 2299 Karnik, 8. G.
210. 2286 Wasan, O. P,
211. 578 Yadav, H. J.
i1, MYSORE
212, 2362 Bellubi, P. R.
213. 1641 Ganapathy, G. S,
214. 2050 Iyengar, C. K. Rangaraja
215. 23562 Kenbhave, Bagavana
216. 1668 Manchigiah, M. H,
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List
A
S.®o. Roll No. Name,
Ny
217, . 2356 Murthy, N, Madhava
218, |}/ 2354 Rai, B, Sudhakar
219, 2355 Rudraiah, M. C.
P 2348 Venkataramaiah, B,
12. ORISSA
221, 285 ° Das, P, C.
222, 304 Jootla, B.S.
223. 2204 Mukherjee, P. K.
13. PUNJAB
224, 892 Basant Singh
225, 2108 Dharm Pal
226, 457 Dogra, R. N,
2217, 1242 Gurcharan Singh
228, 18156 Hukam Singh
229, 2143 Kohli, J. P,
230. 446 Khanna, G. C.
231. 2176 Mintzer, Olin, W,
232, 1948 Marya, R. K. S.
233. 729 Mohindrs, S. K.
234, 1135 Singh, R, C,
235. 504 Sharma, D. C.
236. 1870 Sehgal, O. 8.
237. Invitee Uppal, L. 8.
238. 2182 Virdi, 8. S.
14, RAJASTHAN
239, 2218 Bhargava, 8. P.
240, 2209 Bhim Singh
241. 1751 Calla, V. N,
242. 940 Desai, C. B.
243, 331 Kishore Lal
244, 864 Mathur, C. B.-L.
245, 1764 Malhotra, Jag Mohan
246. 2211 Sexena, 8. K.
247, 1955 Vyas, 8. 8.
15, UTTAR PRADESH
248, 2388 Agarwal, Srinath Pragad
249, 877 Banerji, P. K.
250. 1524 Bishnoi, A, 8.
251, 205 Bisht, M. 8.
252, 213 Bagehi, C. C.
253, - Dinesh Mohan
254, 222 Fateh Chand
255, . 1543 Gahlowt, R, 8, ,
256, 1923 Gauba, J. C.
257. 1588 Gupts, L. N.
258, 2376 Jagmohan Lal
259, 2206 Jain, Rajendra
260. - 9284 Lakshman Swarup
281. 1176 Mahabir Prasad
262, 1973 Mathur, J. 8,
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650 Twext Y-SECO
8. No. Roll No,
263, 302
- 264, 2350
265, 999
266, 2374
267, 2370
268, 1423
269, 490
270, 960
271, 2372
272, 1889
273, 115
274, 2373
2173, 2378
16.
276. 910
277, 962
278. 4!-Associato
279, 2359
280. 2250
281, 231
282, 936
283. 808
284, 2368
285, 2369
2886. 1566
287, 38-Associate
288. 67-Assoeiate
289, 488
290. 21-Associato
291, 1544
202, 1785
293, 1010
204, 2158
295, 1231
296, 2357
297, 65~ Associate
2908, 707
299, Invitee
300, Invitee
301. Invitee
302 1549

19,

— —
Naino, .
A
. - . v
1 4
Mirza, M. A, ’
Mangal, R, C.
lisra, K, N.
Ojha,’s, K. .
Roy, p, N.

Srivustavu, A K.
S8hohy Ram
Sinha, K.
Seth, M. M. Dag
Satish Prasad
Sharma, H, 8.
Tayal, J. C.
aswani, N, I,

WEST BENGAL

Bxumrjoo, 8. R,
Hunorjue, J. K,
e, K, C.—-Roprvsenting Mis.  Bengal
()homicul, Calcutta,
0, Nirma] Chandrg
De, P, L

Fie]dor, C.J,

Gupta, 8. N.

Ghogh, §, K.

Gupta, Ashoke Sen

Iyya, K. C,

Laha, §, K.

Mathur, U.—Reprosenting M/s,

Sons & Co, (India) Ltd.,, Calcu
Mahadevan, M :
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INDIAN ROADS CONGRESS

A Transport-Communications Monthly Review
INCOME & PXPENDITURE ACCOUNT FOR THE YEAR ENDED 30TH SEPTEMEBER, 1957,
EXPENDITURE
] ) Rs nP. INCOME Rs nP.
To Paper Consumed 4,131 56 By Sales & Subscriptions of the Journal 2825 o7
,, Printing Charges (including Rs 606/- paid as proportionate salary , Advertisements
to Represontative at Madras and other incidentals) 6,792 50 ’ ! . 9,609 00
Note : —Subscriptions for unexpired i
. Postage 1,568 60 adjusted in the accourlx)ts. peried have not been
» Telophone & Miscellaneous Kxpenses 194 27
»» DBank Chargos 94 35
,»  Balance heing Fxcess of [ucome over Lixpenditure copried to
Balance Shoet 653 69
Total 13,434 97 Total 13,43¢ 97
BALANCE SHEET AS AT 30TH SEPTEMBER, 1957,
LIABILITIES Rs nP. Rs nP. ASSETS ]
BOOK DEBTS Rs nP. Rs nP,
SUNDRY CREDITORS ) .
For Advertisement (of which Rs 222-06 nP are
For Goods - 1,011 30 considered doubtful) 3,761 56
For Sale of Journal *‘33 60 3,795 16
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Balance as per last Balance Sheet . 11,470 55 STOCK IN HAND (Certified as to quantities &
values by the Secretary) 2,449 01
Add : Balance being excess of Inecome over
FExpenditure as per annexed Income STAMP IN HAND o 97
& Exponditure Account - 653 69 12,124 24
Total 13,135 54 Total 13,135 54

(Sd.) A. J. D'COSTA,
23—11—1957
Secretary.

We have audited the Balance Sheet of the INDIAN ROADS CONGRESS (Transport-Communications Moqthly Review) as at 30th Sgptember, 1957, above set
forth, along with the Income & Expenditure Account for the year ended upon that date and have obtained all the information and explanations we have required.

In our opinion, the above Balance Sheet set forth givesa true and correct view of the state of the affairs of the Congress according to the best of our

information and explanations given to us and as shown by the books.

41-1, Connaught Cirous,
New Delhi.
Dated, this 25th day of November 1957.

(8d) J. C. CHANDIOK,

B.A.,, A.C.A. (England & Wales), F.C.A,,
For Walker Chandiok & Co., Chartered Accountants.




INDIAN ROADS CONGRESS

REPORT OF THE COUNCIL TO THE GENERAL
BODY OF MEMBERS FOR THE PERIOD 1ST JANUARY
TO THE 31ST DECEMBER 1957

[The report covers the period from the 1st January to the 31st
December 1957, though a few matiers referred to in it are carried
beyond the latter date for convenience and completeness of record].

1. GENERAL

The Twenty-first Session of the Indian Roads Congress was
held at Shillong in May 1957 when 272 members and 10 invitees
attended the Session. The 10 Papers published in the Journal of
the Indian Roads Congress Volume XXl-parts 1 to 4 were read
and discussed. Fourteen Committees were reconstituted to deal
with various engineering and administrative problems. Three
new Committees, one to consider the Prevention of Ribbon
Development, the other to deal with Community Projects Road
Maintenance and the third to deal with Traffic Engineering were
appointed. The Executive Committee held one meeting at New
Delhi on the 30th November 1957.

2. ADMINISTRATION .

Shri M. S. Bisht, Chief Engineer, P.W.D., Uttar Pradesh was -
elected President at the Shillong Session. Shri H. P. Sinha,
Consulting Engineer to the Government of India (Road Develop-
ment) continued to function as Honorary Treasurer. Shri
Goverdhan Lal, Additional Consulting Engineer to the Govt. of
India (Roads) continued to work as Honorary Deputy Treasurer.
The Executive Committee at their meeting held on the 30th
November 1957 elected Shri D. G. Bhagat, Deputy Consulting
Engineer (Roads) as Honorary Deputy Treasurer.

Shri J. Subrahmanyam continued &8s Honorary Secretary till
the 16th May, 1957 when Shri A.J. D’Costa was elected as

Honorary Secretary.

3. OFFICE

The office continued to function in New Delhi. It disposed
of 9,600 receipts and issued 22,000 letters during the period under

report.
The staff worked satisfactorily.
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4, MEMBERSHIP L

(1) The number of members on the rolls o ¢
September 1957 was 1593 (1556 ordinary and 37 gs:g:iaigg?
During the year there were 153 new admissions and 54 removals
from the rolls. The removals were the result of resignations
26 ; deaths 8 ; non-payment of arrears of subscription 20.

(2) 'Life membership: During the Congr
bpr 1956 to the 30th September 1957g, 9 membgel?ssiv}ejg:rér}:;llogt:;
life members. The number of life members on the 30th Se et'.em-
ber 1957, was 142. This number is, however, included ip the
total number of ordinary members. The fees r’eceived fromnth
have been transferred to the Building, Museum and Tech ‘eni
Fund after deducting Rs 10 per member for initial expenscesmca

5. DEATHS

It is with deep regret that the C i
the following Men?bergs : at the Council records the deaths of

L. N. 8. Bibhuty

G. 8. Gnana Prakasam
G. P. Sengupta

J. 8. Narasimham

S. M. Madbhavi

6. BUDGET

The budget for the year 1957-58 and the ¢ A

¢ t »
1956-57 were approved by the Executive Commit%e:a};; 1;th'r
meeting held on the 30th November 1957. The estimates h v
been placed before the Council at their 50th meeting. The(:\,sctuzg

for 1956-57 show 1 :
deficit of Rs 15,732‘." surplus of Rs 4,131 against an estimated

The total contribution received fr
India and State Govts. during the year gl?ditlh; t}ioggz}llmslen:e o
ber 1957 amounted to Rs 40,600. The defaulter States a.x‘eli) ing
urged to expedite payment of the outstanding contributi n e“ﬁ
is expected that the outstanding contributions will bt:(;::lized

during the current year., § ;
received after the 30th Septe‘:nnkt:rfofgg;?g Rs 11,600 have been

Part ¢ A’ States were approached i .

art ¢ in 1949 to sancti

(éonf{;r{l)lutﬁon éor five years at 3} per cent of their sﬂgf':ao?r:;n:l::
entral Road Fund or a fixed sum on. that basis subject to &
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minibum of Rs 2,000. Part ‘B’ States were also making contri-
butiont to the Congress. The question of approaching the States
for fresh sanctions as & result of the reorganisation of States,
is being examined and they will be addressed shortly.

The arrears of subscriptions at the beginning of the Con-
gress year 1956-57 amounted to Rs10,117/62 which were due
from 203 members. The names of 20 members, who had failed
to pay their subsoription, were removed from the ro_lls. Con-
sequently, a sum of Rs 2,025 standing as arrears against these
members was written off by the Executive Committee during
the year 1956-57.

A sum of Rs 2,485 was realised from 83 members during
1956-57.

After adding the arrears for 1956-57, the total as arrears on
the 1st October 1957 stood at Rs 13,128/35 due from 200 mem-
bers. Efforts are being made to realise the arrears. )

7. AUDIT

At the Twenty-first Session at Shillong it was decided to
appoint M/s Walker, Chandiok and Co., Chartered Accountants
and Auditors, Delhi, to audit the accounts of the Congress for
1956-57. The report was examined by the Executive Committee
on the 30th November, 1957. It was also placed before the
Council at their 50th meeting on the 4th January, 19568.

8. PUBLICATIONS

There was & steady demand for the publications of the Indian
Roads Congress during the year under report.

The balance of the publications on the 30th September, 1957
was a8 under:

Name of Proceedings Volume Balance

1. R. C. Proceedings I to VIL-partsl & 3 Sold out
Do. ViI-part 2 46
Do. VIIL Sold out
Do. 1X-part 4 . 118
Do. IX (Bound) 73
Do. X-parts 1 to 3 Sold out
Do. X-part 4 217
Do. X (Bound) Sold out
Do. XI-parts 1 & 2 20
Do. XI-parts 3& 4 24
Do. XI-part 4 . 1566
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Name of Proceedings

Volume

I. R. C. Proceedings XII-part 1

Do.
Do.
Do.
Do.

Do.
Do.
Do.
Do.
Do.

Do.
Do.
Do,
- Do,
Do.

XT1I-part 2
XII-part 3
X1I-part 4
XII-part 5

XII-parts 1 to 3 (Bound)
XII-parts 4 & 5 (Bound)
XIII-part 1
XIII-part 2
XIII-part 3

XIII-part 4
XIII-parts 1 & 2 (Bound)
XIII-parts 3 & 4 (Bound)
X1V.part 1
XIV-part 2

XIV-part 3

XIV-part 4

X1V-parts 1 to 4 (Bound)
XV-part 1

XV-part 2

XV-part 3

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

XVI-part 2

XVI-part 3

XVI-part 4

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

XVII-part 2

XVII-part 3

XVII-part 4

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

XVIII.part 2

XVIII-part 3

XVIil-part 4

XVIII-parts 1 to 4 (Bound)
XIX-part 1

XIX-part 2

Balance

6
404
385
445
419

323
138
274
360
711

Sold.out
501
72
283
372

284
409
444
713
323

327
394
479

Sold out
98

115
146
553

48
124

Sold out
Sold out
640
Sold out

6

28

122

370
Sold out

20
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Name of Proceedings Volume Balance
I.R.C. Proceedings XIX-part 3 Sold out
Do. XIX-part 4 45
Do. X1X-parts 1 to 4 (Bound) 657
Do. XX.part 1 31
Do. XX-part 2 22 .
Do. XX-part 3 64
Do. XX-part 4 162
Do. XXI-part 1 220
Do. XXTI-part 2 383
Do. XXTI-part 3 . 380
Road Research Bulletin No. 1 102
Road Research Bulletin No. 2 122
Road Research Bulletin No. 3 843
Nagpur Report 915
Paper on «“ Water-Bound Macadam ’ Sold out
Type Designs for Boundary and Furlong Stones 3580
Route-Marker Signs for National Highways 2906
Dimensions and Weights of Road-Design Vehicles 1369
Type Designs for Highway Milestones 1785
Recommended Practice for the Location and Layout
of Roadside Motor-Fuel Filling Stations 414
Standard Specifications and Code of Practice for .

Road Bridges - Section I-General Features
and Design 2925
Paper No. 167 - ¢ Design of Small Bridges and Culverts »’ 22
Lecture on Statistics and Road Research by Prof. K. B.
Madhava 16

It is noticed that the demand for she last Part of every Volume
18 smaller than that for the other Parts. This is so because the last
Part does mnot contain any Paper. The discussions on Papers are
printed in the last Part of each Volume and they are as important
as the Papers, as they bring out fresh points of view. Steps have to
be taken to improve the sale of these issues.

Members who do not possess a complete set of the Journals
of the Society will be advised to purchase them before the
Volumes in hand are sold out.

On a reciprooal basis, copies of the publicatiqns_ continued
to be supplied to several technical institutions in India, the
United States of Amerioa, the United Kingdom, Australia,
Switzerland, Germany, Japan, New Zealand, U.S.S.R.,epo. Cppxgs
were also sent to the offices of the United Nations Organization in

8
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the Far East. Reccently some more Institutions have agreed for
the exchange of their literature with our Journals. A list of the
periodicals which are being received in the I. R. C. library is
given in the Appendix.

The Transport-Communications Monthly Review, The
Indian Roads Congress is popularising modern ideas on Road
Development and Road Engineering for the benefit of Engineers
who, owing to their whole-time pre-occupations with official
duties, are not able to keep abreast of the advances in the science
of Road Engineering. Original articles on roads and bridges are
also being published in the Review.

The members of the Indian Roads Congress, subordinate
engineering staff and engineering students can obtain this publi-
cation at a concessional rate of Rs 8 per annum against the
ordinary rate of Rs 14 per annum. At present there are 310
subscribers for this publication.

Complimentary copies of the Review are being issued as
usual to important persons and engineering colleges in India.
Also complimentary copies of the issue for June 1957 were
given to all 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 attend-
ed to. The subjects on which information was sought are given
below :

(1) Sign boards at bus stops on National Highways.

(2) Painting of Mile Posts, Caution Boards, Gang Beat
Boards.

(3) I.R.C. Standard Specifications & Code of Practice for .

Road Bridges in India.
(4) Design of Bridges & Culverts.

(5) Specifications for the Rocker Bearings for R. C. C.
Bridges

(6) Carrying Capacity of Bridges & Cross Drainage Works.
(7) Specifications for Steel Bridges.
(8) Stone Masonry Arches for Submersible Bridges,
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(9) Steel Bearings for Bridges.

(10) Adoption of Metric System in the Classification of Roads
and Bridges.

(11) Caution Signs.
- (12) Traffic Lines. »
(13) Black and White Markings.
(14) Type Designs for Highway Mile-Stones.
(15) Location & Siting of Petrol Pumps.
(16) Rolled Concrete Construction.
(17) Soil Stabilized Roads.
(18) Basis of Road Development Plans.

10. LIBRARY

A large number of technical journals of Institutions in India
and abroad were received in exchange for the Indian Roads Con-
gress publications. Some new books and:standards of the
British, Swiss, German, and the Indian Standards Institution
were added to the Library of the Congress. Members can borrow
books from the libraries of the Congress, and the Consulting
Engineer (Road Development) by writing to the Secretary, Indian
Roads Congress. The rules regarding the loan of books are
published in Volume XXII-part 1 of the Journal of the Congress.
Lists of additions to the two libraries are published monthly in
the ‘ Transport-Communications Monthly Review.” Further,
lists of selected literature, classified according %o subjects are
being published for the information of Members. Abstracts of
more important books and articles are also published. Members
are requested to make fiee use of the Library,

95 books were issued on loan during the year under report.
This ie & very small number considering that the Society has a
membership of nearly 1,600. Members have 0 be urged to make

~ more use of these libraries. Photostat copies of any article can

be supplied on payment.

11. MEDALS AND PRIZES

The Executive Committee, in their meeting during the Session
&t Shillong, noted that the Papers Committee had commended
the following Paper:

Paper No. 180—* Stabilized Soil Construction in the For.
mation of Tuticorin—Tiruchendur Road” by E. C,.
Chandrasekharan and T. 8. Chandrasekhar,
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12. COLLECTION OF PARTICULARS OF BRIDGES

The Indian Roads Congress have been ¢ i

! ollect i

(f)f bridges of lengths of 100 feet and above for pu{)?igc:agfgxgl?ulzﬁs
_orall of a book. The information collected is under com ilnt’ e
in the Roads Wing of the Ministry of Transport and Comxrr)xutlilc(;n-

tions. As soon as compilation i i
publication will be t&kf}:l upl. 's complete, the question of Its

13. MEMBERSHIP OF SOCIETIES

(1) The Indian Roads Con i
} b gress is a member of i
National Society of Soil Mechanics a.rfdo BP(})ISnIdIﬁlizE

Engineering. Shri 8 X
of the Indian Roa(lls Cgﬁgi{:::a is the representative

(2) The Congress is a sustaini
8 a sustaining member of i
gvtiaérﬁdtailréls Itx}syligutlon and maintains a.o' clt;)}:; {&(-lmn
activities of the Institution through repret;e(ilIt

tatives nominated to
A - serve on thei : N
with subjects which have a bear?rllg 0(;):111 tglal.t(‘it: s dealing

Shri Goverdhan Lal w i
. as nominated i i
%1rrl1h.a, as johe ;‘)e'px:es-senta.tive of the Ind?anlﬁogl(?scecg rrons o the
gineering Division Council of the Indian Standggégsslr?;:z'the
itu-

tion as the latter was i s
the 1 B.C. not in a position to continue to represent

The following continued
. . to repre ineci
aél‘t;(ialrél_atwﬁ representatives of the Iim;?a.nlf B?‘:a,ghecprmmpa‘l and
ing Division Council of the Indian Sta.nd:rdsolnfsr:' 18 t?.n the

o itution.

Principal Representative

Alternative ~8hri 8. B. Joshi

T on M. S. Bhatia

The other re i
; ! presentatives
Sectional Committees of that Ins(;fitllei(:)r? (;I;gr'ess on the various

i3]

EDC: 2—
2—Ceoment <. Shri B. P, Nicolaides

EDC: 20— i
DC: 20—Drawings ... Shri H. P. Sinha

Shri K K. Nambi
__ Shri Brijmohan Llaair
‘ i~ Terminology Y Shri
%?gtsa,tlé)::t.and Dra,w-w‘> :;pgéslgf\'tlal“:ieél )
ngs ional Com- [ Shrij dJ. Subrahufg,nya,m (Alt
native representative) -

EDC: 7—Bitumen &
Tar Products }

(Principal
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BDC: 7—Structural 7 Shri D. g, Desai (Principal
)

Steel Sectional N representative)
Committee r Shri M. P. Nagarsheth (Alter-
}  native representative)

3 Shri J. Chambers (Principal

BDC : 14—Bridges | representative)
Sectional Committee ?Shri D. S. Desai (Alternative
J representative)

The following are the principal and alternative representa-
tives of the Indian Roads Congress on Tar and Tar Products
Subcommittee :

Principal representative — Shri 8. N. Gupta
Alternative . — Sbri G. C. Khanna
(3) Shri K. K. Nambiar continued to represent the Indian
Roads Congress on the Prestressed Concrete Group.

(4) Expert Panel to guide the indigenous development
of Road Making and Constructional Equipments.

The Government of India, Ministry of Heavy Industries have
formed an ¢ Expert Panel’’ to gather data to guide the indigenous
development of Road Making and Constructional Equipments.
Shri K. K. Nambiar continues to represent the Indian Roads
Congress on this Panel. '

(5) GCouncil and Committees for the Central Road
Research Institute.

The following represent the Indian Roads Congress:

Executive Council—President, Indian Roads Congress
: “ (Principal).

8hri D. G. Bhagat—‘-(AIternative representative)
Scientific Advisory Committee—Shri Goverdhan Lal.
Road Research Committee —Shri J. M. Trehan.

14. TECHNICAL ACTIVITIES

(1) Specifications and Standards Committee

The Committee held meetings on the 15th May 1957. The
following subjects were discussed.

(1) Method of Numbering Brigdes and Culverts.
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(il) Specifications for borrow pits
(iii) Scheme for detai

Tor ailed study of t
communications in under-geseloggdlizg?cﬁf: of road

(iv) Relaxations i
. n Recommended Practi
gfii’.‘gn for Location and La,youtzmc}nc;/[ for _the

illing Stations. o otor-Fuel

v .
(v) Form for recording test values of stone metals

(vi) Type Designs for V illage and place name Signs

'(vii) Tolerances fo :
) r Ind
sizes of Road Stox?esl_an Roads Congress Standard

The Committee a :

ii pproved th . )

(i1) above. These will be publislelesdt :rﬁgxgs given at items (i) and
Under item (iii), th .

a ’ e sche .

fits of Road CommunicatiOn;n iif?nzg‘fmﬂed study of the bene-

discussed. is i i
Ma.nda.;a.m B,I(:‘a, és( l\lInIt-;Ienlt\lIed to study th%eii::ep i(% f}‘fglg{n& was
traffic. It was also . u ; d by . as been recentlo oned to
boon  solontas oo thn erstood that a road near Ay(fpened to
studies both at A © burpose. The Committee flinntsar had
earricd ontin o mritsar and at Ramanatha elt that the
up £0 g0 into 1“hgs‘;(;et‘zbol_lla,bofra,tion. A small Subc%lgiln}tts}mum be

e ails of the E : 1ttee was set
to make suggestions and to co-ord);gzzﬁigt:v :1;{ both the places,

T
Item {iv)—The Commi .
mm

ments to the Recommend;fitef) approved the following amend

Roadside Motor. Fye] Filling St ;:ic(:)trirse for Location & Layout of

“ IIl the case of e
. > OI existing pu .
newing t ; pumps, whi) N
meritsg a;lg 1!lcences, each case may %ecgnsk.lermg the re-
standards a,ll?)::()(;‘able relaxation from Ortlgldered on its
is ensured.” 0 long as the safoty of th: rlt))lz;.edsct“béd
? raffic

Items (v) & (vi)—T

! he C i
cording test value Olmittee approved

or place name signs. ofTsﬁ;one motal and T Dosig

under eonsideration, e question of th

e form for re-
ype Desl.gns for village
eir publication is now

Item (vii)}—The Commj
tive adopti ommittee decided -
normal slgz:a(smfgi :c])l: 4 British St&ndarg o?:if: oi‘)lmex}d. the tenta.-
oo o e oo Ty ot o
ommitt akiness i 8 well as the
ee further recommendeq tl;:g e};é%rg: Bi:dl 951). The
-ordinated research
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.

should be carried out at the C.R.R.I. and some other road
research Jaboratries before any modifications in the tentatively
adopted standards are suggested. .

As desired by the Committee, the recommendations were
placed before the Council at their 50th meeting held on the
4th January, 1958.

The question of standardising the Affinity Test was entrusted
to a subcommittee and the report is awaited.

A specification for 3.in. light chipping tar carpet is under
consideration. :

The Committee at their meeting in January 1956 discussed
the Paper on ‘‘ The Influence of a Superimposed Layer in Increa-
sing the Load Bearing Capacity of & Rigid Pavement” by Brig.
S K. Bose. The Research Organization Committee had been
requested to initiate action in regard to () research on methods
of strengthening cement concrete pavements to form the basis of
suitable specifications, (b) investigation regarding temperature
stresses in rigid pavements under Indian econditions, and
(c) development of heat resisting bituminous pavements. The
research will be carried out at the C¢.R.R. 1. The Highways
Research Station, Madras, also agreed to conduct research on
item (b) above. The results may be awaited. .

The Central Road Research Institute and the Punjab P.W.D.
have been requested to investigate the volume of cycle and other
vehicular traffic which would justify the provision of separate
cycle tracks and to determine the limiting gradients which should
be adopted. A report of investigation by C¢.R.R.I. has already
been received. The report of Punjab P.W.D. is awaited. The
information will euable the LR.C. to issue a standard for the
Design and Layout of Cycle Tracks.

- The Standard of Road - Rail Level Crossings were revised in
light of the comments of the Committee and bave since been
forwarded to the Roads Wing of the Ministry of Transport and
Communications with a request to finalise them in consultation
with the Railway Board.

Some members of the Committee had sent lists of subjects on
which standards and specifications were required. These will be
considered by the Committee.

The following subjects are under consideration of the
Committee :

(i) Design of Road Intersections at Grade,
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(ii) Standard Form for Recording Traffic Census.

(iii) Specifications for Water-Bound Macadam.

(2) Bridges Committee

Of Sections I & II of the Brid

Committee for printing, Section I dealj i

) ) ) ! ealing with General F

ﬁf Design has since been printed and a.‘ggood numbe: of e:ggli::

“aI\Jre I()ieen sold out. ”The printing of Section II dealing with
oads and Stresses’ has not, however, been possible since tho

Cfortx;mlétee dg:;res to reconsider some of its Clauses

of the Committee are awaited. The Committee held meeti i

May and August 1957, Joint meetings of Prestressedegéﬁgieltz

Subcommittee of the 1.S.I. and Brid i

: -».1. ges Committee

were also held in May and June 1957 to conside::}?ef ctl'lte I'.R'C'
Prestressed Concrete Bridges. riteria for

ge Code released by the

The views

Sections of the Bridge ¢ ; : .
have been under stud;f :ge ode dealing with the following subjects

(i) Prestressed Concrete,
(ii) Steel Structures.
(iii) Masonry Structures.

(iv) Reinforced Cement Concrete.

(3) Test Track Committee

The Committee held its i
: . t
following subjects were discuxsns?i l:ng on the 11th May, 1957. The

(1) Specifications f ;
Test Track, or the 11th series of tests at the Road

(i) Scheme for cons
e fo al test track at

L hau p;l miles south of tle;

g test track and of constr } '

track on Diamond Harbous Roa,du;?%ga 1: nitra.ight test

tructing a new oy

(iii) Suggestions for fut
f ure t 7 . . .
subject, the Committee deecsi?e;d o hile dlscussmg this

® b . a8 under :
u(;ingeecga rzign:l?g- t:::n sutggegtion that instead of
gates might bo tuiad ent-soil bases, brick aggre-

(b) Specifications about
t .
mortar used in Pund:i)u.se of brick metal in soil

should b
test track at Calcutta to see howef::“:liym;oz}llg
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be usod successfully on field experiments in wet
areas. It was also considered that similar specifi-
cations should be tried on some of the West Bengal
roads to see how they behave under actual road
conditions.

The 11th series‘ of tests at the Road Test Track will have the
following specifications :

There will be 5 test Sections, 4 in the two straight portions
and one in the curved portion of the Test Track. Each test
section will have the same length.

1. The sub-base in all the test sections will consist of
5 in. thick soil-sand stabilized course.

2. The base course will consist of :

1st Section:

(i) 4 in. thick sand-soil-coment (7 per cent cement ap-
proximately) stabilised course.

(ii) Grafting with 10/12cu. ft. of 13 in. Gauge Pakur
stone metal per 100 sq. ft.

(iii) Priming coat with a suitable Primer.

(iv) 1 in. precoated asphalt carpet with 9 cu. ft. of chips
and a seal coat.

2nd Section:

(i) 4 in. thick sand-soil stabilized course mixed with 35
per cent brick ballast of 1 in. gauge.

(ii) Grafting with 7 cu. ft. of 1 in. gauge Pakur stone
metal 100 sq. ft.

(iii) & (iv) Same as above.
3rd Section:

(i) The specifications should be the same as for the
second section but without stone or brick metal
grafting and instead of two-coat surface dressipg,
the black topped surface should be the same Vviz.,
one inch premixed asphalt chipping carpet over &
coat of & suitable primer as provided in the first
section. ' It was further decided that the top surfg.ce
of the two curved portions shall also be covered with
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one inch premixed asphalt chipping carpet, over a
suitable primer to have uniformity and facility of
construction.

4th Section :
(i) 4 in. thick sand-moorum stabilized course.

(ii) Grafting with 7 cu. ft. of 1 in. gauge Pakur stone
metal per 100 gq. ft.

(iii) & (iv) Same as those in lst Section.

5th Section:

(i) 4 in. thick sand-soil-cement stabilised course.

(i) 3 in. (loose) stone metal W.B.M. course, (curved por-
tion),

(iii) 2 coats of surface dressing to serve as control
section.

Tests on Surface Dressing laid on the Delhi-Mathura Road
near the Central Road Research Institute, Okhla, (Delhi) had
been under study for about 4} years. A detailed report
presenting the details of various specifications together with
their cost analysis and service performance received from

C.R.R.I. has been referred to the Test Track Committee for
their consideration.

(4) Research Organisation Committee

The Committee held a meeting on the 11th May 1957,
It was decided that to f

As decided by the Committee, the note on ¢ i
Chloride and Sodium Chloride in Soil Stabilization * a.logglcv:’lilgl

ished in Volume XXII-3
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The Committee discussed in detail its duties and functions
and recorded as under :

To study highway research done in the country and
to decide on which subjects research should be
carried out and where ; to keep an eye on the results
of research and on their application and implemen-
tation ; to consider the general report on highway
research along with the discussion thereon at the
sessions of the Indian Roads Congress and to take
steps for organising further research where
necessary.

The Committee also discussed the methods of desigp of
airfield pavements and runways. The representative of E-in-C
was requested to formulate specific problems for study by the
Committee. The problems are awaited.

While discussing a note on sand bituminous stabilisation
for road construction, the Committee at their meeting on the 11th
January, 1956 felt that where the subgrade was sand, a_carpet
could be laid directly over it (without any stabilized sub-base)
by providing brick-on-end - edging on both sides to confine
the sand under the carriageway and rolling the confined sand,
The Director, Central Road Research Institute was _reque_sted to
carry out laboratory experiments to study‘ the specification. A
hote on the subject received from the Director, Central Boa.d
Research Institute is being examined.

The recommendation of the I.R.C. regarding the earmarking
at least 1 per cent of the Central Road Fund allocation of each
State for equipment and maintenance of road research -and
testing laboratories in the State has already been considered
by the Govt. of India and the State Govts. have been urged to give
the matter their careful consideration.

As desired by the Committee, the Chief Engineers of State
P. W. Ds. were requested to send annual reports of their road
research stations to the Secretary, Indian Roads Congress as
early as possible after the close of the year ending the 3lst
March 1957. The annual reports were studied and & general.
report has been published in Volume XXII-3 of the I. R, C.
Journal for discussion at the Session of the Congress at New
Delhi. This is the second research report. The first report on
road research published in Volume XXI.3 of the I. R. C. Journal
was discussed at Shillong in May, 1957.

The Central Road Research Institute and the Madras Road
Research Station agreed to conduct research on temperature



670 TWENTY-SECOND SEssioN—New Dermr 1958

stresses in rigid pavements under Indian conditions. The pro-
gress may be awaited. The methods for strengthening concrete
pavements and their resistanco to abrasion is already under
investigation at the Central Road Research Institute.

The specification for the development of heat-resisting
bituminous pavements were obtained from the manufacturers of
tar and bitumen and passed on to the Central Road Research
Institute for further action.

As decided by the Committee at their meeting held on the
14th May, 1955, more information had been called for from the
Engineer-in-Chief on his note on ‘“Rapid Road Construction ”’,

After this information is received, the note will be circulated to
members. :

The list of resecarch problems prepared by the Committee
will be sent to research laboratories after priorities are fixed.

(5) Soil Research Committee

The Committee held a meeting on the 13th May, 1957. The
following subjects were discussed.

The Committee discussed a note entitled A Suggested
Classification of Black Cotton Soils of India’’ by C.R.R.I. The
Committee decided that the proposed classification for black
cotton soils in India should be adopted provisionally for the
construction of pavements and that, based on practical experience,
the Road Research Laboratories should suggest modifications

by the next meeting of the Committee. The suggestions received

from the Road Research Laboratories will be placed before the
Committee.

The Committee noted that the subject entitled ¢
Pulverisation of Black Cotton Soil
was under investi
awaited.

Degree of
. for Cement-Soil Stabilization *’
gation at the C.R.R.I. Further progress may be

The Committee noted that the specifications and practices
for stabilized soil base-courses and wearing courses received
-from various State P. W. Ds. had been passed on to the
(']‘R..R..'I. for study and drafting out specifications for adoption
In various States. A draft note on the subject was circulated
to Members of the Committee wit

h the request to send i hei
comments on it within three months, 1 in their

The Committeo noted that there was a feeling that
" although considerable progress had been made in the knowledge.
about soils and the possibility of their uses in developing low
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i iti flicient use
cost all-weather roads, under suitable conditions, su .
was not being made of that knowledge. ~Certain suggestions
were considered. It was agreed that these should be circulated
to the mombers of the Committee for their written comments.

ommitteo also decided that the State Govts. should
be rerfl}lll(:}s(zed to exploit the local materials (soil and soft alggre(i
gates) to tho greatest extent possible and that the Centra ?41;1
State Govts. should earmark a certain percentage of their hlg 1-
way budgets for constructing rogds using such local .ma.t%rla..
The recommendations were considered by the Executive 01}111-
mittee at their meeting held on the 30th November, 1957. The
Executive Committee decided that suitable specifications for the
use of cheap type materials for road construction should 1be
prepared before recommendations of the Committee are circula-
ted to authorities.

i iscussed a note on ¢ Soil Classifications for
Indig’}te %;mglrl.ﬂﬁ? Els Uppal and Shri Bhatia. Members were
requested to send in their written comments. It was agreed tha.tf;
the C.R.R.I. would take into conmsideration the comments 15o
various members, as well as the v;fork. done by thq Colmtqut :e
previously, and prepare an authqutatlve note for circula lontho
members. The record of the studies made in the 1. R. C. on 3
classification of soils for road purposes had already been passe
on to the Central Road Research Institute.

i i ign for thickness of
With a view to evolve a method of design
ﬂexible: pavements under Indian conditions, a programme focxl'
study has been drawn up and the actual investigation is expeci;eh
to be commenced shortly at the Central Road Researc
Institute. -

ommended by the Committee, the. specification on
the ﬁ:erz(; soil-cement yblocks in place of stones forf iu'g_ent
protection work in rivers, issued by the Central Board 0f Sré'l%‘a,;
tion and Power, was circulated to Road Departments of 1 a ed
for field trials and to various road resea}‘ch stations for tria a.nh
comments. This subject was also discussed at the (;esl?a:vcr
committee meeting of the Central Board of Irrigation ; 0 lf
held at Mysore in July 1957 and the specifications Werg .n:. 1};
approved. As a tesult of research work in various la,bor;. ;me , i
is more or less established that cement soil can be used for con
struction of river banks during floods as an emergency (;neixsul::.
It needs further o be established that cement:sml shoul :1.1 so1 :
used as s permanent material of construction and in the las
meeting of the Soil Mechanics & Foundation Engmzermg
Research Committee of C.S.I.R. a scheme on the subject was
approved.
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As decided by the Committee, the Central Road Research
Institute has been requested to study the economy of the use of
Seaman Pulvimixer by conducting full-scale experiments.

As decided by the Committee, the subject of fixation of
optimum size of particles of black cotton soil for stabilizing it

with cement for sub-grades has been referred to the Central Road
Research Institute for study and further action.

The Committee also discussed a report of the work done
during 1955-56 in the Roads & Buildings Research Institute,
West Bengal.

(6) Education Committee

The Committee held its meeting on the 11th May, 1957,

Following up the reply from the All-India Council of
Technical Education stating that the universities could not
switch over to the I.R.C. Education Committes’s syllabus for
Highway Engineering taking up 60 hours of study in the Bachelor’s

Degree course, an inquiry was made to find out how
of study were devoted f many hours

of study 4 or this subject at present in the different
institutions. Their replies indicate that 3 ous of the 4 institutions
have already more than 60 hours’ duration for Highway Engineer-
ing in the curriculum of their degree course in Civil Engineering,

of the existing

. 3. A syllabus for the M.Sc. de
ngineering at Punjab College of Engineeri
have curtailed the period of study, fgrom t‘}?eg;r
16 months to ope year, is under circulation
amongst the members i

Chgndig&rh, who
original plan of
at their request

4. The Committee noted that Refresh
Engineers working in Highway Depa,rt::::lselftrsCv:'mrseSf
ted at Roorkee and were proposed to he condu

or Highway
ere being conduc-
cted at Madras and

gree examination in Highway
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also at Chandigarh. The Committee had requested the g&l::
Engineers’ meeting last year to endorse to .the fv}&ﬂmo}leeers oo
Governments the need for a liberal participation of Lngl
Refresher Courses.

i draft syllabus for a
mittee had already pre;_)a,red a .
Refrr:;;?el('}%?ur;e. "1t has to be finalised by the Committee.

(1) Provincialization of Local Bodies Engineering
Services Committee.

The Committee held a meeting on the 13th May 1957.

. d
mittee noted that the Ministry of Transport an 1
Com'xlx‘lienig;lil:ms, Roads Wing had addressed the State r('}xcl)vesxg;-
ments on the subject of the grovingag;ztagioilngfaeﬂg;xze: xlprge ser.
i f Local Bodies. The Govern ] g
Zﬁgezl?inion that the Special Officer appomte:ii for uﬁldlfir::tl?;ﬁ%
s study of the development of rural roa coImzln‘ atios
shouldyexamine the proposa} made by the In la;vices de
Congress for the provincialization of the eng'meta‘;ntgtfl1 o s
Local Bodies. They have also expressed the view ha o existing
arrangements available with Local Bodies llfor t e;g: ntenanco
of roads in their jurisdiction are not in a ]c?ai,ses eri((l)d to. A
ood deal of work has been done in the First Plan p riod on the
%onstruction of roads in municipal a.m.i ru_ralla,xi}ea.s'; ucrll‘eme arious
programmes and it is continuing anC B ULt not bo wasted,
a .
oromas I;lrf; exir;n(:;zdtfagrtthe maintenance of roads WOul}il 1;?‘:;
Emll:ern?ade & The Government of India have supported tl'eatlion
t;)la.t?the solution to this problem would be the provincializ :

of the engineering services of Local Bodies.

i requested that in view of the fact that some
of thrl;hseta(.jt(t)amGn;gt?;e a,refl actually cons}dermg Cprowgllc;?.lélzl:tlxoa 8i .
the Engineering services of local bodies, the Counci f the 1.0,
should recommend to State Govts. that the engineeri 1% g
of Local Bodies be placed at par with the otlier gef nogring
services of the State by placing such personnel un
P.W.D. Chief Engineer in a common Cadre.

i i 6th May, 1957
i1 at their 49th meeting held on 1 ;
exprgslzl?adcg;:: c;ie:v that the State Govts. th.emselvgsovgﬁg f;;lzzlr);
to take into consideration the length of services an Other faotors
while fixing the seniority of Engineering person  oF Local
Bodies in Sgta.te cadre at the time of provincislizing su:he orvices.
The Council felt that the LR.C. should emphasise ho nead o
have a common cadre of Local Board Engineers u

Chief Engineers.
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The Committee exp..ssed the opinion - that factual data
relating to works carried out by the different Local Board
Engineers in various States, and particulars relating to the road
works such as budget, milage, ote., is of great importance. The
Committee felt that in addition to the questionnaire issued by the
Ministry of Transport relating to rural roads, it was necessary to
have detailed information relating to the service conditions of the
Local Bodies Engineers in the various States. They, therefore,
requested that the Indian Roads Congress pursue the matter and
obtain from the various State Governments their annual reports
relating to the administration of works carried out by the Local
Board Engineering personnel.

(8) Manufacture of Road Making Machinery and Mech-
anization Committee.

The Committee held a meeting on the 12th May, 1957,

The Manufacture of Road Making Machinery and Mechani-
zation Committee at its meeting noted the manufacturing pro-
gramme of the three units which have been established in India
for the manufacture of steam and diesel road rollers. One unit
has already started producing road rollers and the other two

units are expected to bring their road rollers in the market
shortly.

The Committee also noted the progress made so far in regard

to the indigenous development of stone crushers/granulators
industry in India.

) Another important subject examined by the Committee was
to investigate the suitable equipment to handlz supplies of Bitu-
men in bulk. The advantages claimed are the saving in costs
frequent and quick deliveries of hot bitumen in bulk, ’

The Committee also oxpressed the view that the present
methods of laying asphaltic carpet should as far as possible be
replaced by mechanical methods on account of its advantage of
quality control resulting in longer life for the road and the
service value. The Committee passed a resolution in which it has
been urged that all the State Governments and the Central

Goverpment should use as far as practicable complete asphalt
surfacing plant from Crusher to Finisher depending on the work
to be undertaken,

(9) Road Transport Operation Cost Committee

G This (iommitte;e was appointed at the instance of the
overnment of India to study (i) the cost of operation of motor

RePORT oF THE COUNCIL 675

vehicles on different classes of roads; (ii) the economy resulting
from road improvements.

The Committee after a study of the data received in response
to a questionnaire issued by them and taking into consideration
the results of extensive experiments conducted in the U.S.A. on
the effects of speed, nature of road surface, -frequency of stops,
etc., on operating cost had expressed the view that the various
operators were working under widely different conditions and
consequently the figures supplied by them were not comparable.
It was, therefore, decided that two major State Transport under-
takings should be requested to carry out scientifically designed
experiments under controlled conditions.

The details of a suitable design for the experiments were
presented in the form of a Paper published in Volume XX-2 of
the Journal of the Indian Roads Congress. The Paper was
discussed at the Session held at Nagpur in January 1956. It

was also circulated widely among technical experts for com-
ments, '

Necessary modifications in the design of the experiments
were made in the light of the ‘comments and discussions and
communicated to the U.P. and Bombay State Transport Under-
takings who are conducting the experiments. The U.P. State
Transport has put seven new Leyland 40-seater buses on six
routes viz., one concrete, four black-topped and one water-bound
macadam, all with good surfaces. The Bombay State Transport
has put four new vehicles Kew Dodge type on four separate routes
having surfaces of concrete (good), black top (good), water-bound
macadam (good and bad). Daily data on milage travelled, con-
sumption of fuel, lubricants, spare parts (inclusive of tyres and

tubes) and average speed maintained each day are being collec-
ted.

The Committee at its meeting held on the 14th May, 1957
considered an interim report containing the results of the analy-
sis of the data received. The Committee recommended that the
experiment should continue for a period of 2 to 3 years more, the
scope of the experiment being broadened by the inclusion of
earth roads and that the expert advice of Oil Companies should
be obtained by the Bombay State Road Transport Corporation

regarding the condition of engine oil after difforent milages are
covered,

The Bombay State Transport Corporation have'a.greed to
continue the experiment till the end of March, 1959, while a reply
from U, P, is still awaited in this direction. The U. P. State
Transport have intimated their inability to extend the experi-

10
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ment on unmetalled roads while necessary action is being taken
by the Bombay 8. T. C. to include the earth road surface in the
experiment. The Bombay State Transport Corporation have
further asked for the expert advice of the four leading oil com-

panies of Bombay as to the condition of engine oil after different
milages,

The Committee have further received daily data for 9 months
from U. P. and for 10 months from Bombay in addition to the
daily data for 12 months from U. P. and monthly data for 6

months from Bombay already received earlier. The analysis of
the combined data is under progress.

(10) Cement Concrete Road Surfacing Committee

A meeting of the Committee was held at Shillong on the
14th May, 1957.

The finalised answers of the Panel Discussion prepared by
the Committee were considered along with the comments made by
some Council Members and required amendments were circulated
for comments by the members. Now these answers are being
endorsed by the Committee for purposes of publication.

A form of questionnaire for condition survey of concrete
roads in India was circulated with a view that collection of infor-
mation of some typical lengths would help appraising the adequa-
oy or otherwise of the present standards of design and construe-
tion for modern traffic. Comments from the members will be
discussed at the next meeting of the Committee.

(11) Road Transport Development Committee

A meeting of the Committee was

held at Shillong on the 14th
May, 1957. Tone onthe

The Committee has prepared a report suggesting ways and
means to increase the road transport capacity both on a long-
range basis and implementation of the Second Five-Year Plan.
The report was considered by the Council at their 49th meeting
on the 16th May, 1957, As decided by the Council this report

was examined by the Executive Committee at their meeting held
on the 30th November, 1957.

(12) Stabilized Soil Roads Committee

The Committee has been constituted to inspect the Stabilised
Soil Roads already laid in the Punjab and other places and to
give an assessment of the usefulness of the technique on the basis
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of service value given by these roads in relation to the first copt
and subsequent maintenance, and in the background of prevail-
ing traffic, climatic and subgrade moisture conditions.

The Committee will then make necessary recommendations
for different areas in the country. The Committee will also
suggest steps which might be taken for introduction of this type
of road construction in various parts of the country.

15. MISCELLANEQUS
(1) PAPERS

8 Papers were received during the year. 11 were already
in hand. Out of these 19 Papers, 7 were accepted for publica-
tion, 4 were returned for revision, one was accepted as a note, 2
were rejected, and 5 are under consideration for the next session.

The first and foremost objective of the Society is advance-
ment of the science of road building, towards which contribution
of good Papers by mombers is essential. Members are requested
to constantly bear in mind that the knowledge they have
acquired must be passed on to their fellow-Members and that a
record must be kept for the benefit of posterity in the Journals

of the Congress or the Transport-Communications Monthly -
Review,

The Council should also suggest to Members, especially the
senior Members, that they should encourage the taking of notes
and photographs during the progress of important works with the
object of writing Papers for the Journal of the Congress and for

contributing articles to the Transport-Communications Monthly
Review,

(2) TEST VALUES OF ROAD STONES

The Government of India, Ministry of Transport and Com-
munications 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 State
P.W.Ds. has been received. After the information ifrom all
States has been received, it will be compiled and published.

(3) POINTS ARISING OUT OF PRESIDENTIAL ADDRESS—20TH
SESSION ‘

The Executive Committee at their meeting held on the 21st
April, 1956 considered the various suggestions made in the
Presidential Address of the 20th Session. It was decided that
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draft memorandum on the following subjects should be prepared
for consideration by the Council.

(i) Establishment of non-lapsing funds for financing all
road development and maintenance programmes.

(it) Creation of an All-India Service of Engineers

(4) INDIAN NATIONAL GROUP OF THE INTERNATIONAL
ASSOCIATION FOR BRIDGE AND STRUGTURAL
ENGINEERING

The question of organising a National Group of the Inter-
national Association for Bridge and Structural Engineering has
been under consideration with the Government of India, Minis-
try of Transport and Communications, Roads Wing and the
Indian Roads Congress for some years, The aim of such a
group is to promote knowledge of bridge and structural engi-
neering by arranging periodical discussions, publishing technical
papers, ete. In addition it will work as an agent of the parent
body and transmit to members the Papers and other literatare re-
ceived from the International Association. The idea of organizing
such a National Group has been well received by the engineering
profession in India.  Accordingly, a Committee consisting of
. representatives of the Govt. of India, Ministry of Transport and
Communications, Railway Board, E-in-C, C. W. & P.C.. C.P.W.

. D., Business interests, was constituted to draft a constitution of
the Indian National Group of the IABSE. The Committee at its
meeting held on the 13th May, 1957 finalised the constitution. It
was later considered and adopted by the General Body of persons
interested in this Group at their meeting held on the 15th May,
1957. The formation of the Indian National Group has been
brought to the notice of Central and State Governments and
other organisations interested in it. The Constitution of the
Group has been published in Transport-Communications Monthly

Review for September, 1957 and in Volume XXI-part 4 of th
Journal of the Indian Roads Congress. par o e

(5) PANEL DISCUSSION ON SURFACE DRESSING

A questionnaire on Surface Dressing was discussed during
the 19th and 20th Sessions of the Indian Roads Congress held in
June, 1955 and January, 1956 respectively. The discussions and
written replies were studied by the Central Road Research Insti-
tute and note on the subject has been received for discussion by
the Specifications and Standards Committee.
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Minutes of the 51st Council Meeting of the
INDIAN ROADS CONGRESS
held at New Delhi on the 8th January, 1958.

The Council met with Shri M. 8. Bisht in the Chair,

Present

M. P. Apte W. X, Mascarenhas
J. K. Banerjoe 8. R. Mehra
8. K. Boso, Brig, E. A. Nadirshah
N.D. Daftary S.C. Nayak
N. Durrani B. Prasad
C.J. Fiolder K. Sinha
H.R. Gupta ' S.N. Sinha
S. N. Gupta D.C. Sharma
V. V. Gopalakrishna Ayyar G.C. Sharma
R.K.N. Iyengar, Dr. N. Sinha
B.8. Jootla H. P. Sinha
Kishore Lal P. Sirajuddin

Sujan Singh

P.L. Varma
AJ. D Costa—Secrotary,

The following co-opted Members attended :

M.S. Ahmad

Hardayal
Goverdhan Lal

P.D. Shivdasani

The following attended by invitation :

R. S. Bhalla G. C. Khanna
U.J. Bhatt

8. K. Ghosh
R.N. Dogra Hukam Singh

A.D. Dhingra

Harbang Swaroop

1. Co-optations and invitations.

The Council approved the action ta
Committee in co-opting and inviting cer
the Council Meeting.

kt.an by the Executive
tain members to attend

2. Confirmation of the Minutes of the 50th Council Meeting,

The Minutes of the 50th Council

Meeting held at New Delhi
on the 4th January, 1958 were confir

med,
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3. Office Bearers.

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

President —W. X. Mascarenhas
Vice-Presidents —dJ. M. Rijhwani
D. C. Sharma
. Sujan Singh
Honorary Secretary —A. J. D’Costa

At this stage, the newly elected President, Shri W. X. Mas-
carenhas took the Chair.

4. Venue of the next Session.

The Council accepted with thanks the kind invitation of the
Government of Andhra to hold the next Session of the Indian
Roads Congress at Hyderabad in December, 1958 or early
January, 1959. The Executive Committee was authorised o fix
the dates and programme of the Session.

5. Committees.

, The Convenors of Committees were appointed as under
(1) Specifications and Standards Committee Goverdhan Lal

(2) Bridges Committee S. L. Bazaz

(3) Test Track Committee R. C. Roy

(4) Research Organization Committee H. P. Sinha

{5) Soil Research Committee Director, CRRI

(6) Education Committee E. A, Nadirshah

incializati 1 Bodies .

o Pli:])rv;gilgéz?izna; lé);v(;faeg%?;nmittee Fateh Chand

(8) TPapers Committee H. P. Sinha
i ‘('5)? Manufacture of Road Making Machinery )

& Mechanization Committee. R. 8. Bhalla

(10) Organization Committee H. P. Sinha
(11) Road Operation Cost Committee N. D. Daftary

(12) Local Committee of the Test Track
Committee to supervise Delhi-Mathura

Road Tests Director, CRRI
13) Cement Concrete Road Surfacing .
43) e()ommmit;t:ee . E. A, Nadirshah

11
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(14) Road Transport Developmoent Committee Dr. . P. Antia

(15) Traffic Engineering Committee D. G. Bhagat
(16) Prevention of Ribbon Development
Committee H. P. Sinha

(17) Community Projects Road Maintenance
Committee

6. Action on points arising out of Presidential Addresses.

Various suggestions were made in order to ensure that the
recommendations made in the Presidential Addresses arc given

due consideration by the Central and State Governments. Some
of the points brought out were :

(i) The Council should meet more frequently.

(ii) The suggestions made in the speeches should be refer-
red to the existing Committees if they fall under their
purview; otherwise, new Committees may be appoin-
ted in order that they could examine the suggestions
in detail for further course of action.

(iii) The possibility of discussing road problems with the
Chief Ministers and P.W.D. Ministers and even
arranging a Conference of P, W. D. Ministers in order

to put before them forcefully the views of the Con-
gress should be examined.

(iv) The work of publicity should be carried on through-
out the year.

(v) The Secretariat of the Indian Roads Congress should

be strengthened in order to cope with the increased
activities of the Congress.

7. The Council decided that the Technical Secretary to
be appointed by the Indian Roads Congress should be either a
Senior Executive En
Chief Engineers of States should be requested to suggest ‘he
names of officers whom they consider suitable for this post. ‘

8. The Council passed a vote of thanks for the excellent

work done by the Executive Committee and the Secretariat of
the Congress during the year.

K. K. Nambiar

gineer or a Superintending Engineer. The

Discussion on Paper No. 199 *

“ Construction of A Bridge Across Pennar River
At Nellore '

By
J. V. Prasap

Sunday, 5th January, 1958.

Shri B. Prasad (Chairman) introduced ShriJ. V. Prasad
(Author) and called upon him to introduce his Paper.

Shri J. V. Prasad said that the Paper described the general
features of the bridge and gave details of its construction.
Difficulties encountered during the construction had also been
enumerated. The bridge was tested before it was opered to
traffic. The behaviour of the superstructure was very interesting
and the conclusions arrived at were embodizd in the Paper.

Shri S. Pal wanted to know the reasons for the following

7 deviations from the Indian Roads Congress Bridge Code.

(i) Roadway was 22 ft instead of 24 ft for N. H. bridges
catering for double lane traffic.

(ii) Clear headroom provided above H. F. L, was 4.12 ft
againgt 5 ft minimum as per requirements of the
Indian Roads Congress Bridge Code for a discharge
of over 1,00,000 cusecs.

He also wanted to know whether the river was tidal at the
bridge site, which was only 15 miles from the sea.

Further, he desired that tests results of laterite rock which

» adtved as foundation might be stated, if available, to compare

with pressure on foundation allowed in the design. Also, the
minimum thickness of such rock stratum as was considered safe
for bridge foundation might be mentioned.

The south abutment was very high, about 41.5 ft from
foundation to road level. He wanted to know if it would not
have been more economical to adopt R. C. counterfort type
abutment and tied-back return walls or, in the alternative, tc

* Published at pages 19-73 of the Journal of the Indian Roads Con
gress, Vol, XXII-Part I, November, 1957,
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add one more smaller shore span and adopt open-type abutmoent

with no return-walls, allowing the carth to spill through and
round the abutments ?

He requested the Author to state if any special anti-corrosive

measures had been taken to prevent rusting of the M. 8. plates of
the bearings.

Sliding plate bearings were usually recommended for com-
paratively small spans and in cases where the intensity of
pressure did not exceed 400 1b per sq. in. of sliding surface. He
wanted to know the capacity of the bearing in this case. The
sliding surface was only 21 in. by 4 in. or 84 sq. in. and the safe
load at the rate of 400 lb per sq. in. worked out to only 15 tons
per bearing. If the design load coming on a bearing was higher
than 15 tons, which was most probably the case, it would lze/

worthwhile to know how the bearings were behaving 4t
present.

There were only four cross-beams per span, two at the ends
and two at the third points. As these were, for all practical
purposes, pure and simple stiffeners he would like to know if it
would not have been better to leave a gap between the cross-
beams and the deck-slab so that the deck-slab remained uniform

all through the span. The stiffeners could easily be made deeper
for greater rigidity.

The Author might enlighten whether the contractors had
supplied their own equipment. If any departmental work was
done, it might be interesting to compare finished item rates with
those quoted by contractors assuming that the departmental
work was done by daily or monthly paid labour.

The speaker desired to know if for day-to-day observations of
the longitudinal centre line of the pier wells in deep water, any
special contrivance was adopted for the reference line on the spot,

as the temporary islands would get disturbed with the progress
of well sinking. . :

!

Pier No. 21 was resting on well foundation at R. L. llfSi)
but the adjacent pier No. 22 which was only 70 {t away had open

foundation with major portion of the foundation at R. 1..4-27.00
and only a small portion at R. L.--16:00. How was it ascertain-
ed that this sudden change in the type and depth of foundation

was quite safe to be adopted in a major bridge with a design
discharge of over 6,00,000 cusecs ?

It might be explained if the cutting edge angle 6 in. x 6 in.
% 14 in. was intact in all the wells during sinking. In West
Bengal, from bitter experience of the cutting edge angle getting

- 41%0, whether it had been tested before
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badly twisted and consequently spalling off the embedding
concrete from the R. C. curb, these angles were now being gene-
rally fitted with the vertical leg pointing upwards i.e., the cutt-
ing edge of the well became somewhat blunt but there arose no

trouble during actual sinking on account of loosening and twist-
ing of the angle.

It might be explained how the passages where sand blowings
occurred were detected and packed with empty gunny bags and

steel wedges. It appeared that the passages were not closed up
after’sand blowing had ceased.

He also enquired whether the central well was sunk first and
then the two outer wells, or they were all sunk simultaneously.
As distance pieces could be inserted only at the top of the
steining but not at any depth below the water level, the speaker
wanted to know how the bottom portions of the outer wells could
be prevented from coming closer to the central well.

The maximum tilt or shift that had occurred in any well
might be stated. It would be interesting to know how often
the wells were dewatered. The maximum tilt and shift which
was allowed to remain might also be mentioned.

He enquired whether any well was tested under load and if‘

/ plugging or after pluggin
and in what manner. It might also be made clear wheltjshe%gthg
accepted rate of Rs 135 per rft.,was for each separate well or
for three wells together. It had been stated that the actual cost
of sinking in sand was about Rs 50 per rft. Assuming Rs 6

per diving hour, it might be explained whether the well could be
sunk by 1 ft in sand in 8 diving hours.

. Referring to bottom plug, the speaker stated that dewater-
ing after one week appeared too risky. The Author might state
whether he had found any leakage through the plugs. If so,

=~whether this was measured. The ma¥imum head of water

acting on the plug,

}' g when completely dewatered, might also be
Wted.

Reasons for unsatisfactory plugs, if known, might be stated.
The small springs at the bottom of wells could pierce through the
concrete whatever be the method adopted for laying it. If there
was any advantage in using the steel box it might be explained.

To prevent the porosity of the freshly laid concrete caused
by the action of small springs, he wanted to know whether it
would not have been better to fully refill the plug pockets with
water immediately after the concreting of the plug was completed,
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Positions and sizes of cracks might be explained. It was
presumed that 1:3:6 concrete was used for extra plug laid on

detection of cracks in the steining after normal plugging and
dewatering. This might be confirmed.

Provision of sufficiently deep haunches say 12 in. x 12 in.
would probably have prevented the cracks at the curbs,

He wanted to know whether the Author would advocate the
system of sand filling in layers with watering and ramming where

the depth of well was quite appreciable say above 50 ft or'60 ft.
Tn this connection he would also like to know the magnitudo of
the hydrostatic pressure at the base of the well plug during the
fully dewatered stage of a very deep well.

It appeared that all the capping slabs were cast above low
water level (about R.L. 28.00). How could all the capping slabs
of wells be concreted only in the driest part of the year ? 'The
margin above the low water level might be given. It required

clarification whether this was one of the reasons why it took five
years to complete the bridge.

For ease of sinking and for eliminating tilts and shifts, he
wanted to know whether a composite well would not have been
better than a set of three or even two independent wells? The
concreting of the capping slabs then became easy by erecting s
light cofferdam built on the periphery of the well itself.
requested the Author to enlighten whether in any other bridges
in his state composite type of wells with double or triple pockets
had been adopted and, if so, the relative merits and demerits as
regards cost and practical execution might be given.

He also wanted to know whether i; was for
convenience that pier shutters had to remain for the complete
height of the piers. These could have been easily utilised for con-
creting other piers after sinking of wells within three days or so.

any practical

The consolidation ‘of concrete b

y iron rods mightb lained
and it should be stated whother the gatbe explaine

1 it C cement concrete was
a similar manner as lime concrete. Also

, it might be mentionéd
whether vibrators did not suffice for 1: 3: ¢ cofcrete. o

What was meant by mass concrete in cement tar1:3
might be elucidated. 0t mortar

Referring to superstructure, he stated that there were four
R. C. Tee beams 21 in. x 89} in. (overall) for 71 ft spans and
20 in. x 71 in. (overall) for 61 ft spans. It appeared that con-
siderable economy could have been made by making the rib of
T-beams I-shaped,

He

doss jin
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Referring to scour meters he stated that if the pipes were filled
up with silt previously these might .not be cleared even d}mng
heavy scours, Then the probe rod might not work. Also, if the
probe rod got down into a scour hole it might afterwards be filled
with silt and as such it might be difficult to pull it up to the
normal position later on.

He wanted to know the time-gap allowed betweez} the earth
filling at the back of the abutment and the concreting of the
approach slab. The present condition of the 6 in. thick slab
might be given and it might be stated if any allowance was made

for sinkage after a lapse of time of that end of theslab which was
removed from the bridge.

Shri N. C. De enquired why a unit of three wells for pier
foundations was considered more advantageous than a single well
of bigger size. Usually a single well could be sunk more quickly

than s unit of three and’ tilts and shifts could be rectified with
less difficulty.

On page 36 of the Paper, tilts and shifts occurring . in wells
had not been mentioned. In actual practice tilts and shifts, how-
ever small, must be present. So he wanted to know the maximum
tilts and shifts developed during the course of sinking and how
far they were rectified and how much was allowed to remain. He

« “A80 wanted to know whether any of the residual shifts required

slight adjustment in span lengths.

From Fig. 8, page 33, it was observed that the edges of the
wearing course at the expansion gap were not given any protec,-’
tion. Actually, after some time, the so called * resilient filler
would be depressed and the wheels were likely to damage the edge

lines by hitting directly on them. So he wanted to know the
precautions which were taken to prevent this.

In para 7. 3. 16, page 38, it had been stated that some well
steining% had developed cracks in the corners. The bending
moment due to the horizontal pressure developed on dewatering

subfected the outer face of steining at the corners to tension. It

might be that the concrete failed under this tension and the
cracks thus developed on the outer face appeared in the inner
face. He wanted to know if the maximum tension thus

developed, was actually caloulated and found to be within allow-
able limit,

Shri M. D. Seth asked if the helmeted sinkers remained
inside the well while sand blowing took place, to determine and
seal the passages of sand blow. Usually the sand blowing was so
sudden and in such large quantities as to result in & watery
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grave of the workers inside the well, How was this guarded
against ? '

He also wanted to know the process adopted for giving a
blast of gelignite and whether the charge was suspended in the
dredge hole and blasted or whether the gelignite charges were put
in the holes drilled in the wells of the dredge hole. He requested
the Author to give the details of the precautions taken to prevent
damage to the steining during blasting.

The Author had mentioned that the outer wells had a
tendency to draw towards the central well. Nothing had been
said about the tendency of the wells to tilt and shift in other
directions. He wanted to know if this tendency was absent
altogether or it could be fully controlled. If so, what method

proved most efficacious and what was the maximum tilt and shift
observed in the wells.

A ]

He also wanted to know the safe limit for tilts in the wells
adopted in this case.

- The actual cost for sinking the wells in clayey soils had been
reported to be as much as Rs 400 per cu. ft. He wanted to know
if this figure represented the average cost of sinking through
clayey strata or it represented the average when dewaterin

was not possible or the absolute maximum in any particulaf‘
reach of clayey soil.

He also wanted to know the average cost of sinking per rft.
through clayey soil in this bridge.

The Author had mentioned that the wells in most of the cases
were found to be watertight. What were the measures
adopted in cases where the wells were not found watertight?
He also desired to know if the steining of the wells showed com-
plete watertightness on dewatering. If not, the measures adopted
might be stated. The Author had mentioned that the causes of
the cracks in the steining could not be ascertained. Could they

not be due to jumping and falling of the wélls during blasting X
gelignite ? J

Two beams had been reported to be concreted in one day.
He requested the Author to mention the place and nature of
construction joints in the cross beams. He also requested him
to state whether they were stepped sloping or vertical joints
and whether the smooth surface at the joints was scarified
before laying the next stage of concreting. Also it should
be stated if the concrete was laid in layers or in one lift
upto the bottom of the fillet. The factors taken into con-
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sideration for deciding the system of concreting should also be
mentioned,

_ The interval between the concreting of deck slabs and beam
ribs also needed mentioning.

Shri K. C. Sen Gupta requested the Author to give the
following information :

(i) The guiding factors for cuﬁting into 2 ft depth of
laterite rock in open foundations.

(i) Fig. 5—Well No. 17: The reasons of piercing
through the 9 ft of soft rock and not less.

(iii) Plate II: The reasons for not tapering the bed
block for piers for 71 ft 0 in. spans at the ends
whereas in 61 ft 0 in. spans they were tapered.

(iv) The material used for resilient filler in the gap of
expansion joints (on copper sheets).

(v) Tell-tale blocks: Whether the resistance to abrasion
was the same as of the wearing course? How the
top was made to be in line with the camber given
to the surface? Their positions in respect to the

width of the roadway and the intervals at which
they were placed ¢ -

. He also wanted to know what was actually meant by ¢ Varia-
tion in top of the wells was also made in the plugging . '

He felt that hand railing panels could have been cast more
conveniently by placing the mould horizontally. '

He was also of the view that the vertical grating should have
been lowered a bit below the surface of wearing course for pre-
venting stagnation of water.

Shri M. P. Apte stated that, in his opinion, an ideal site
for this bridge was upstream of the railway bridge, between the

.. Mailway bridge and the anicut. There appeared to be a belief

¥mong railway engineers that new bridges should not be allowed
to0 be constructed on the upstream side of their existing bridges.
On account of their insistence, many excellent sites were often
forbidden. ‘Pennar’ bridge appeared to be one such example.
The site to the upstream of the railway bridge had a well defined
narrow course between the railway bridge and the anicut.
Moreover, location of the bridge to the upstream of the railway
bridge would have saved reconstruction of about two miles of
approach roads. Two railway level crossings, which would
always be a source of nuisance and delay to the heavy vehicular
traffic on this important National Highway would have been
12
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avoided. When a road bridge was safe 300 feet downstream of
the railway bridge, it was not understood why the safety of the
railway bridge was in danger due to the construction of a road
bridge, say, about 400 fest upstregm of the railway bridge,

The railway bridge had a linear waterway of 2210 feet. It
was interesting to note that this conforms to I, R. C. formula

for linear waterway, i. e., 2.67 ~Q. He was, therefore, interested

in knowing the scour depth calculated for the railway bridge to
see if it also conforms to the I. R. C, practice.

To avoid cross currents and development of eddies etc., at
the instance of the railway authorities, the same number and gize
of spans as of the railway bridge were adopted for the road
bridge. There was a distance of 300 feet between the railway
bridge and the road bridge. A little change in the spans, there-
fore, in his opinion, would not affect the current of a big river.
The spans of the railway bridge were designed for different load-
ings, different. construction materials and under different
working conditions. It was, therefore, evident that adoption of
the same spans for this road bridge was not at all an economical
proposal. It would be better if, for future designs, advice was
sought from the Hydro-dynamic Research Stations about the

minimum distance from an old bridge beyond which spans of a
new bridge might not stric

Even assuming that oross currents an
developed if piers for the road bridge had not been in line
with the piers of the railway bridge, it would have been possible
to drop alternate piers by increasing the spans to 142 feet and
122 feet instead of 71 feet and 61 feet as provided. The fact
that there was a difference of more than 70 feet between the
bottom of the foundation and the top of the pier warranted the
use of longer spans for this bridge for effecting economy. In his
opinion, a bow string girder or & bala

nced cantilever design with
double the spans would have bzen che

aper than the T-beam design
with shorter spans as adopted by the Author.

The strata met with in the foundations had been descri},
as black clay, yellow clay, green clay, eto,
classification according to the

be more useful for comparing t

d eddies would have

principles of soil mechanics would
he different types of strata,

He requested the Author to enlighten on the scour depth as
calculated in the design. According to the I. R, C. Bridge Code,
the scour depth worked out to about 81 feet at the noses of the
piers and the grip to be provided should therefore be 27 ft as per
Clause 110 (e) (i). The foundations resting on clay should have

gone much deeper than R. L,—]2 as provided, This point
required clarification.

tly follow the spans of the old bridge. |

;\;d :
A more scientifi§
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For 77 feet spans, plate bearings had been adopted. The
actualoexpa.nsion inI:;his ler;ngth of concrete due to a temperature
variation of +30°F worked out to about 0.5328 in. In his opinion,
for this length of the bridge, plate bearings were not suitable.
Concrete bridges of 77 feet spans were quite heavy. The friction-
al forces operating through the plates would be quite large,
particularly when, with age, the plates would have a tendency to
rust and stick more. There was also a danger of corrosion in the
Presence of moisture from electrolytic action between the copper
and steel plates.. A roller bearing was, therefore, advisable and
particularly it was essential on the abutments. There had b.een
cases where the abutments had been pulled towards the river
bed, due to the defective functioning of such p}ate bearings.

he plate bearings as provided on ¢ Pennar’ bridge would not
allow for any rotational movement caused at the bearings due to
the deflection of the span at the centre on account of the live and
dead leads. This difficulty could have been solved by the intro-
duction of a lead plate in between the two copper plates. The
lead plate was easily compressed on one side when the span
deflected and was recommended by mauny Authors. He would also
like to add that to avoid corrosion and electrolytic action
between the copper and steel plates, stainless steel pla:tep conld
be used, if the cost of securing such plates was not prohibitive.

1t appeared that, to effect economy, the roller bearings were

changed to plate bearings at a later stage, perhaps after the piers

were started. The coefficient of sliding bearings was 0.15, which

was nearly five times that of the roller bearings originally
provided. With a maximum dead and live load reaction of about

260 tons, there would be a longitudinal force of 39 tons. The

bending moments on piers and wells upto scour depth due to all

longitudinal forces were so high that it was c.loubtful if anycheck

was at all made for the stresses in the piers and wells due to
these longitudinal forces added with wind and water loads.

"On page 36, para 7.3.3, it was stated that upto 16 ft depth
sinking was done under water by divers without any equipment.
How long did the divers stay under water without any equipment
aitd how much sand did they excavate at a time? Also, it ghould
be stated whether that did not cause undue strain on their lungs.

It was mentioned in para 7.6.7, on Dpage 40 that the railing
was done with coment conorete 1:2: 4 with 3/4 in. granite jelly.
The material ¢ granite jelly” might be defined. \

1 a 7.3.8, page 37, it was stated that there was a
tendeﬁogag)r the outtel; tgwo wells to draw closer towards the centre
well beoause the space between the wells was not uniform, ie.
3 ft at the top and 2 ft at the bottom. He did not agree with
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this. Actually the wells were too near each other and thgrefore
the soil between them was bound to be loose. The wells would,
therefore, draw nearer even if this distance was uniform,

In para 7.3.16, on page 38, mention was made about the
cracks developed in the steining. The reason for this appeared
to be the excessive stress developed in the walls of the square
wells on account of the heavy bending stresses due to the pressure
of the saturated soil and water when the well was dewatered.

On page 48, para 9.4, it was mentioned that machinery and
materials worth about Rs 2 lakhs were either submerged or
washed away due to the heavy unexpected flood. He requésted
the Author to clarify whether all this machinery and material
belonged to the piece workers or the Government and whether
Government compensated for these losses as the work was sgaid
to have been carried out departmentally through piece workers.

The results of the test loading were really very instructive
and interesting. The conclusions arrived at the Pennar Bridge
could be verified by other authorities in their constructions. Some
work in this respect could also be cntrusted to the research

laboratories, so that future designs of four beam bridges could be
made on a more scientific basis. '

Shri Fateh Chand enquired as to why the waterway of the
railway bridge, close by, was adopted for the road bridge. -

About foundation, he wanted to know if 4 ft depth of plug-
-ging was tried and whether it was not found to be sufficient.

In most cases in certain State P.W.D. a reinforced concrete
capping was provided as there was unequal settlement over the
well steining and concrete plugging over sand. Any special rea-
sons for not providing it in this important bridge might be stated.

Piers and also abutments were made in 1:3:6 cement con-
crete. Substantial savings in cost could have been made by using
brick in 1:5 cement mortar and thereby a large quantity of
cement could have been saved. He wanted to know what kind

of coarse aggregate (laterite or granite) had been used in masd

concrete and reinforced concrete work of substructure and super-
structure respectively.

Foot-paths had been made 9 in. higher than the roadway
against the usual height of 7} in. This might be clarified.

It should be stated if the wing walls were made separate from
the abutments to allow for unequal settlement of abutment
masonry resting on well foundations and of wing wall masonry
on less stable foundations, or both were made simultaneously.
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In the latter case, whether any crack was noticed at the joint as
was usual, He also wanted to know if the wearing surface was
laid along with the decking or separately. In the former case, a
thickness of 2 inches instead of 3 inches should have .sufﬁced.
1:2:4 ratio was found to be generally strong enough in most
casés. Any special reasons for using 1:14:3 mix should be
stated. The cross slope given from the centre of the roadway to

the kerbs should be mentioned. At what points and distances
weore tell-tale blocks provided ?

Rushing out of sand from below the well kerb in dewatering
appeared to be the cause of cracks in well steining. All wells did
not develop such cracks because only in a fow cases the velocity
of water and spring were powerful enough to scour sand .from
below the kerb, which did not happen inall cases. Dewatering
was not usually required for filling sand nor was it necessary

according to the theory or practice of ramming sand in layers of
21t or1 ft. :

The Author was requested to say whether the iron bars could
not be hooked or tied with a lap of 40 times diameter to obtain

the necessary bond instead of welding, as was done in most cases
to increase the length,

Filling-up of iron grating with dust could be avoided by
fxing the gratings vertically or by continuing theslope of bottom
of sprout at 46 degrees below the horizontal grating.

Reinforced approach slabs did not appear to be absolutely
necessary and most of the bridges in India were doing well with-
out relieving the abutments of the live load, which these slabs

were meant to provide. Abutments, were strong enough to take
such loads.

Only one or two marble tablets at the left end of one abut-
ment on each side with a few particulars only such as datas and

depth of foundations etec. should have sufficed, instead of 8 with
pedestals. ;

Sri A. S. Bishnol stated that the Author had mentioned,
under plugging, that a steel box with shutter at bottom was used.
It was presumed that it was open on the top. The steel box
should have a top cover to prevent floating of mortar.. Since the

wells were inspected after dewatering he would like to know if
any layer of cement was found over the top of the plugging. !

‘The Author had mentioned that the use of *tremmie’ was
abandoned in favour of the steel box. He felt that the plugging
with tremmie was not found to be satisfactory because it was
done in the dewatered well. He wanted to know whether ‘the
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tremmie was used with water in the well of not. Generally the

tremmie gave better results, if proper!
Uts, y used, than the steel box
as there was much less disturbance of water in the forx(:]esr ?:a.se.o

The next point was about th
whether the care and extra ex %;cand plug. He wondered

justified penditure in sand plugging was

Theoretically, there was no harm if no sand was filled in the

well and it was filled with water i -
not help in transmitting or instead, because the sand did

the load in any wa Th .
t f th L y- e capping slab
g&eé’a ;’ » i:. well rested on the steining and transmitted loads

As far as he knew, 70 ft span was the limij i l
4 ; , imit f
bearings. The mild steel plates would get rustéd ino fiu?éﬁ%rgza?f

time and would offer great friction to the movement

He found that a copper plate had been given betwe(:afnt};ﬁ: [;a;l(;
mild steel plates. He would like toknow if this copper plate had
been fixed to one of the plates or not. This fixing was considered
necessary as the copper plate was likely to move with the to
plate when the‘span shortened and might not go back when thg
span resumed its length. The repetition of this process would
cause progressive motion of the copper plate which might 1
in its being completely thrown out B Tosult

.
Shri N. S. Gupchup said that it had been stat ' ,

j ed
object of the tes was to subject the various membersﬂ:)a%t 311:
structure to the designed stresses, and that since there was no

direct method of measuring stresses, they coul

measurement of strain, by observing deﬂe};tionlz it}()::it(i)?aelckgfi :’y
It had to be remembered that deflection at a point was a p lnls.
tive effect of th(_a loading on the entire span and de endegumu a-
manner of the distribution of the loading, PhYSica,lp e t(}n th(;
the beam and Young’s Modulus of concrete a.ndp 't;p Tos o

synonymous with strain. ’ 1t was not

During the test, uniformly distri :
beams to produce the designed? bendir;guI;Z%;zzdi: :ﬁeapplled to
corresponding deflections were noted. It was mentio md T ihe
11.6.1, tha,.t when all‘the»four beams of the span were fmﬁ 11n bara
the deﬁectlt?n recorded was only 62 per cont of th u yl oaded,
value. This statement was likely to create an im e caloulated
the stresses under the fully-loaded condition were alp ression that
nately less than the designed stresses, which was sx(x) bProport;lo.
The reason for the apparent difference in the two deﬁo 1;.the case.
obviously due to the difference in the value of ¢ |’ ections was
computation and the actual value of ‘£’ of adopted.for
of the test. ’ concrete at the time
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It was also stated that under the fully loaded condition,
no cracks were noticed. This phenomenon alone did not give
any index of the magnitude of the stresses in the beams; it only
indicated that the stresses in the soffit—even if tensile—were
below the cracking limit of the behaviour of the beams.

The test had, however, helped to throw light-on a very import-
ant aspect, viz. the distribution of the loading amongst the
various beams of the span and emphasised that the distribution
depended on the transverse eccentricity of the load. The usual
assumption followed also in the design of this bridge whereby the
load transferred to individual beams was assumed to be equal to

the static reaction from the slabs was definitely fallacious and led
to incorrect results.

With a symmetrical loading all the beams participate more
or less equally in sharing the load; but conditions changed when
the loading is eccentrically placed. - :

Courbon’s Eocentric Factor attempts toestimate the longitu-
dinal bending moments in the beams under conditions of
eccentricity, but makes no allowance for transverse bending
moment due to transverse stiffness and tortional rigidity of
the structure. There was a general tendency to pay a greater
attention to the longitudinal bending moments only and the effect

transverse and tortional stiffnesses was often ignored. The
present trend was to take into account both these factors and
make adequate provision for bending moment in the transverse
direction. This resulted in a more balanced and a sounder

stﬁucture providing at the same time an economical design on the
whole. '

Shri K. S. Devarajan* stated that the foundation levels of
the wing walls and abutments were varying. So he requested the
Author to clarify whether any vertical construction joints were
provided at the junction of the wing walls and abutments or at
change of levels.

Provision made for drainage in the abutments and wing walls

. . might be mentioned.

As oné looked towards the bridge from the downstream side,
marks of water trickling were seen on the sides of the T-beams.
Whether this was due to want of sufficient projection and slope
of the drainage spots was a matter to be examined and necgessary
remedy provided.

Shri Devarajan wenited to know if all the wells were sunk
truly vertical and whether there was any cant and shift, and, if

* This and subsequent comments were received in writing,
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8o, to what extent? The limitations adopted for the cant and
shift might also be stated.

Bottom plugging of wells was stated to be of 6 ft depth. The
operation of laying the plugging might be described, whether the
concrete was pre-measured and the number of mixes regulated to
give the exact depth of 6 {t, or whether the quantity calculated
to give 6 ft depth was laid, in which case, there would be a bulk-
age of nearly 40 per cent, as concreting was done under water
without" tamping, which meant the plugging was done to a

greater height. He would like the Authors to enlighten him on
this point.

He desired to know whether the wells were absolutely water-
tight. For what duration was the observation of leakage made?
As it was felt that it was impossible to get a watertight seal by
the method adopted, it might be stated whether there was any
sweating even when the well was completely dewatered.

Regarding sand plug, it is stated that 1 ft of sand was
dumped, levelled and watered till the sand became completely
wet. What was the indication that it had become completely
wet ? If it was that when water appeared at the surface, then it

would not be possible to consolidate it appreciably further with

iron rammers. For the capping slab, how was a hard base

obtained for the capping slab at the portions between the well¥
Was it laid simply on sand ?

. The necessity for a drip course in the bed blocks right
through at the projections beyond the pier was not apparent.

For the reinforcement of the deck slab, for the end 2 ft of
the span the spacing of main rods were to be half the normal

spacing of main rods, but the drawing did not show as such.
This would need clarification.

Details of constitution of the mix and position of the tell-

tale blocks and also if they would not form a hindrance to traffic
in due course might be stated. ’

Shri Ziauddin Ahmed stated that as the deck system

consisted of main beams, cross beams and slab, integral with one

another, the design method stated in para. 11.4.4 was irrational.

This had been demonstrated by the Author’s load test observa-
tions and his conclusion.

From para. 11.4.5, it appeared that the nature of the applied
load was symmetrical about the bridge axis and the test results
showed that the deflection in the inner beam was 10 per cent
more than that in the outer ome; i.e. 0.11: 0.10. Therefore it

right not be quite correct to conclude that * for all symmetrical
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loading......... all beams carried practically equal loading”’. As
all the beams were assumed to have equal s'xtlffness as in para
11.5.5, symmetrically applied load should give equal deflection

in each beam, if Courbon’s theory of eccentricity is to hold
good.

He agreed with the Author that Courbon’s eccentric factor
for the end beams was on the safe side. Courbon’s method con-
tains two assumptions, (i) the method is applicable when the
ratio of length of breadth is at least 2, and (ii) due to transverse
stiffness, the transverse deflection profile is a dead straight
line. But as a matter of fact, inspite of the transverse
stiffness, as the deck system was an elastie structure, Cour-

bon’s eccentric factor gave over-estimated values for the outer
beams,

It would be appropriate to point out that another recent
method, namely, the ¢ Distribution Coefficient” method of
structural analysis advanced by Morice & Little in the booklet,
¢ The analysis of light bridge decks subjected to abnormal load-
ing’ (1956), published by the Cement & Concrete Association,
England, was a rational method for designing such a super-
structure. A few of the agsumptions in the ¢ Distribution Co-
efficient’ method are noted below :

4 (a) The deck system consisting of main and cross
beams with the deck slab, is an elastic structure,

(b) Flexural as well as torsional properties of all the

components of the structure are taken into conside-
ration.

{¢) Due to live load placed symmetrically, all the beams
do not carry exactly equal loads.

Shri J. V. Prasad (Author) in reply to the points raised by
Shri S. Pal said that the cutting edges in some wells had gone
out of position. This was observed when the wells were sunk in
hard disintegrated rock. The cutting edges were fixed to the
bond rods of the well curbs at the bottom. The bond rods got
sheared and the cutting edges had gone out of position. But
there was no difficulty in sinking the wells since the cutting
edges could be dismantled into four parts and removed. The
Author agreed with Shri S. Pal that by fixing the cutting edge
with the vertical leg pointing upwards the tearing away of the
cutting edge from the curbs could be prevented. He also said
that this was being done for the bridges under construction.

Referring to the next point regarding sinking of wells the
Author said that the three wells of a pier were sunk simultane-

ously. Tilts and cants were observed but maximum tilt observed
13
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was never more than 3 inches, The wells were not test loaded
but when the capping slab was laid levels were taken and checked
after the construction of piers and again after the superstructure
wag completed. No settlement of wells was observed. The
accepted rate of Rs. 135 per rft. was for a single well and not for
all the three wells of a pier. The cost of sinking woells in sandy
soil reported as Rs. 50 in para 7.3.12 was the average rate worked
out for sinking the wells to about 20 feet in sandy soils. The

first five foet could, however, be sunk at the rate of Rs. 10 to 12
per foot depth.

As regards the points raised relating to the plate bearings
the Author said that the bearing stress in the contact plates
would be 2295 1b per sq. in. and the bearing pressure on the con-
crete would be 605 Ib per sq. in. These stresses were considered
to be safc. He said that the bearings were behaving quite well.

Regarding the scour meter, the Author stated that he did
not think that the pipes would get filled up with silt. Further,
there was no need to pull up the probe rods to normal position.
The scour meter was meant to show the maximum scour that
takes place in any heavy flood.

Replying to Shri N. C. De the Author said that he did ‘aot

think there would be any damage to the edges of the weariity
1i the resilient filler gets depressed "

coat at the expansion joints.
the same could be filled up again upto road level.

As regards the comments of Shri M. D. Seth the Author
pointed out that sand blow in wells occurred only during the
dewatering of wells. No divers would be working in the wells at
that time. The divers would be sent in only after the complete

operation of pumping was over. As such the danger of watery
grave due to the blow was not there.

Regarding the method adopted for the blast with gelignite
the Author stated that it was enough if the gelignite was just

dropped in the centre of the well. That would shake the water
enabling the well to sink.

About the cost of sinking in clayey soils the Author said

that Rs. 400 per rft. reported in para 7.3.12 was the maximum
cost observed.

Referring to the explanation given for the cracks in wells
the Author stated that he was of the opinion that the cracks
were not due to the gelignite blast. The cracks were not observ-
ed in many wells where gelignite blast was given,

Regarding the construction joints during the concreting of

the T-Beams, the Author said that vertical construction joints
T
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were given at one fourth length of the span of cross beams. The
vertical faces of the joints were scarified before laying the next
stage of concreting, The interval between concreting of the
deck slab and the ribs of T-Beams was one day. Concreting for
the beams was done in layers and not in one lift upto the bottom
of the fillets. The Author was of the opinion that laying the
concrete in one lift was not practicable.

Replying to Shri K. C. Sen Gupta, the Author said that the
oundations were taken 2 feet into laterite rock only to see that
the foundations did not get exposed due to scouring.

As stated in para 7.5.2. it was proposed to use “N’’ type
trusses made out of Callendar Hamilton Bridge parts for center-
ing t0 augment the work during the flood season. To provide
seating for these trusses the bed blocks were left flat at ends.

For the resilient filler, bitumen, sand, cement and saw dust
were used.

Regarding the Tell-tale blocks these would have the same
resistance to abrasion as the wearing coat since the proportion
of the mix for both was the same. Further, the depth of wearing

(;2}1? be calculated only by the increase in dimensions of the
b

lo#k at top due to its wearing which was the same as of the
Jpearing coat.

Replying to the querry about the variation in levels of the
top of wells the Author explained that all the three wells of a
pier could not be sunk exactly to the same level. So there
would be slight difference in levels in the top of the wells after
sinking. These variations had to be made up before casting the
capping slabs. This was done in top plugging.

The hand railing panels could not be cast placing the mould
horizontally since some parts of the panels had sloping shape.

The Author did not agree with Shri M. P. Apte that the
upstream side of the bridge would have been an ideal site. He
said that the P. W. D. Anicut sitnated at about 2 furlongs from
the Railway Bridge was about 12 feet high and there would be
about 20 to 30 feet drop of water during the floods. This might
have caused heavy scours if the bridge had been built on the
upstream side. Also, the construction of two miles long appro-

aches would have been in any case inevitable; to xh_a;pgsg‘ the
congested towns of Kovur and Nellore on eit e of 4

Also it would have necessitated constructj
for all piers since laterite was not availa L P 3
of the bridge. Due to this, the cost of hq Mridge would h
gone up considerably. The Author agrgfd tifat gpans of 142 f
and 122 feet would have been more ecoffomigal.”:

@ 2944
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Regarding the longitudinal force on the piers due to expan-
sion of the superstructure, the Author stated that since all the
8 movable bearings were fixed on one pier and all the 8 fixed
bearings on the alternate pier the longitudinal forces due to
expansion would be cqual and opposite at cach pier and so

there was no need to design the piers for the stresses due to
expansion.

The Author appreciated the suggestion made \b\y\\S\hri
M. P. Apte to improve the plate bearings.

Replying to the querry on well sinking by divers without
any equipment. the Author said that the diver was able to stay

under water for 2 to 3 minutes. Fach time the diver excavated
about 34 cu. ft. of sand.

By granite jelly it was meant only granite metal. Granite
metal below 1 in. size was generally described as granite jelly.

The Author did not agree with Shri M. P. Apte that cracks
in wells were due to excessive stresses developed in the walls of
the wells on account of heavy bending stresses due to pressure of
saturated soil and water when the wells were dewatered.

Dewatering was done for all the wells. But cracks were obsezved
only in a few wells. r,

e

*

Replying to Shri Fateh Chand the Author stated that
welding of reinforcement rods was cheaper than lapping. Also
lapping required wider rib to accommodate the rods.

Replying to Shri A. S. Bishnoi the Author stated that the
steel box used for the bottom plugging was provided with a
tarpaulin cover on the top to prevent floating of mortar. About

2 in. to 4 in. thick layer of cement was seen in the dewatered
wells over the bottom plugging.

About the plate bearings the Author said that the copper
plates were bent downwards at the ends of the bottom contact
plates. So there was no chance for the copper plates to mcve
with the top plates of the plate bearings.

The Author agreed with Shri N. S. Gupchup that the
difference in the value of “ E* adopted for computation and the
actual “ E” of concrete at the time of concrete might be the
cause for the recorded deflection of ¢2 per cent of the calculated
value when all the four beams of the span were fully loaded.

In reply to Shri K. S. Devarajan, the Author stated that
vertical construction joints were provided at the junction of
wing walls with abutments for the northern side abutment since
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the wing walls were concreted separately after the abutment
was constructed. But in the case of the southern side abutment,
concreting for the abutment and the wings was done at one time

in a contineous process. As such no vertical construction
joints were found necessary.

The proportion of the mix of the Tell-tale blocks was the
same as that of the wearing coat. They would not cause hind-

rance to traffic since the Tell-tale blocks also would wear out
along with the wearing coat.

The drip coarse was required only at the ends for the bed

blocks but for the sake of uniformity the same was provided
right through.

Weep holes were provided in the abutments and wings above

the ordinary flood water level for drainage in the abutments and
wings.

The quantity of concrete calculated to give 6 feet depth of
bottom plugging was laid through the steel box. The Author
confirmed that therc would be 30 per cent to 40 per cent of
bulkage. This would give greater depth of bottom plugging.

thout leakage in wells the Author stated that few wells were
foradd leaky when dewatering was done. For such wells the wells
vEre again filled up with water and bottom plugging was done
for one foot extra depth. This proved very successful.

Bricks were laid and plastered over with cement mortar in
between wells for laying the capping slab. Oil was applied to the
plastered surface to prevent the same sticking to the capping slab.

Holes were left in the concrete and all the drainage spouts
were fixed at a latter date when all the spans of the superstruc-
ture were completed. During that period water was trickling
through the holes. Shri K. 8. Devarajan might have observed
the marks on the beams due to this. After fixing the spouts no
trickling of water was observed on the beams,

The Author thanked Shri Ziauddin Ahmed for the valuable

information given by him relating to the ‘“Distribution Coeffi-
cient’’ method of structural analysis.

Shri B. Prasad (Chairman) congratulated the Author for the

interesting Paper. He also thanked the various speakers who
took part in the diseussion.
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¢« Asphalt Paving Mixtures—Their Design

and Composition”’

By .
NormaN H. Tavror, m.sc. (Eng.), A. M. 1. C. E.

Monday, 6th January 1958.

Shri N. H. Taylor in introducing the Paper said he had tried
to approach the problem of bituminous paving mixtures from
the view point of the man who was familiar with soils. By a
bituminous paving mixture was meant a dense mixture which had
a life of 15 or 20 years and sometimes very much more. Therc
were few dense carpets in India; therefore, very few people in India
were interested in dense carpets and consequently they were not
studied, specified or laid. ‘

In a country like India materials were changing very rapidly
in nature and quality from place to place and it was most Janger-
ous to take some of the formulae or recipes for asphalt mixiures
developed in other countries and fry to apply them to Indirn
conditions. Attempt had been made in this Paper to show how
the best mix could be built from whatever materials were avail-
able. Some specifications, particularly the American one, give
a grading curve of which examples were shown in this Paper.
They would also suggest a range of bitumen proportions which
would include the optimum bitumen proportion. Attempt had
been made to show how an engineer with comparatively simple
apparatus could ascertain how much bitumen he should use. Test
results were given in the Paper both in the form of tables and
diagrams but a comparison between any table and the correspon-
ding diagram would show that the diagram enabled the engineer
to visualize exactly what was taking place within the mixture
with changing bitumen content. The intelligent application of
the knowledge of climatic and traffic conditions would enable the
engineer o choose the optimum bitumen content for the materi-
als and grading covered by the chart or to discard the whole series
if no suitable mixture was obtained. Shri Taylor hoped this logi-
cal approach to the problem would be found helpful,

~ Shri K. S. Sankaran said that the design of a dense graded
asphalt mixture could be expressed in a nut-shell as follows : Use

* Published at pages 135 to 194 of Vol, XXII-2 of the Journal of the
Indian Roads Congress.

AsPHALT PAvING MIXTURES 705

as much asphalt as possible provided it satisfied the stability
requirements.

Some of the stability tests now available were rational in
their approach but in the ultimate analysis they became empiri-
cal in nature. Algo, correlation between laboratory data and field
performance was necessary. A very simple unconfined compres-
sion test as suggested by Shri Swaminathan in his I.’a.per presen-
ted at the Nagpur Session would suffice after establishing a correla-

tion between laboratory tests and field performance as per Indian
conditions.

The dense graded mixture was the highest type of asphaltic car-
pet but it was also more critical than an open graded mixture as
far as asphalt content and gradation of aggregate was concerned
and good control was required in its manufacture, placing and
compaction. Again, a dense graded mix was more of a semi-
rigid type. A more flexible premix with a proper seal coat based
on practical experience would probably be more suitable for
Indian conditions on account of the iron-tyred vehicles.

In Western countries it had been established beyond doubt
that $41 the same traffic intensity and subgrade conditions the cdst
of ¢/nse graded asphalt mixture was of the same order as a concrete
p&vement. The choice of one pavement or the other depended

upon other factors, among them the availability of materials,
riding qualities of surface, ete,

In India, more of labour was used than machinery in the
construction of concrete roads and therefore the construction of
concrete roads would invariably be cheaper than that of a dense
.graded asphalt concrete under identical conditions. Hence cost

would not be the deciding criteria in the choice between concrete
and dense graded asphaltic pavements,

Shri S. A. Swami sought clarifications on the following
points in the Paper :

The author had not specified any particular minimum values
for the stability of the paving mixtures both for sheet asphalt
and asphaltic concrete, in the Taylor’s stability test. It would
also be worthwhile to know how the Taylor’s minimum stability
values compare with the minimum values stipulated in Hubbard-

Field, Hveem and Marshall’s stability test for any one particular
mix.

On page 168, under series F, it was seen that when 30/40
penetration bitumen was used in place of 60/70 ¢ the exceptions
are that swelling and water absorption in the leaner mixtures are
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reduced when 30/40 grade of bitumen is used and that the stability
and resistance to deformation are better maintained in the richor
mixtures of ¥ series >, Turther on page 190, under 12.2(d), it was
stated that ** an alternative is to use a hard bitumen at these
locations . 1In a reference by Hews and Oglesby, it was given
that the latest tendency in the U.S.A. is to use a softer grade of
bitumen which resists the action of weathering better, resulting

in less eracking. Though this was a highly controversial question,
the Author might throw some light on this point.

It was  interesting to note the effect of compaction on an
asphalt paving mix, as given in page 185, under para 10.3, that
the additional compactive effort (namely, 50 blows on each side)
had increased, reduced and unchanged values of stability and
resistance for lean, normal and rich mixbures respectively, this
fact being also observed in series F. B. on page 168. While the
behaviour of Jean and rich mixtures under increased compaction
is understandable, the reduction in stability and resistance in the
normal mix seems contrary. The Author may please explain this
phenomenon. Further, since compaction plays an important role
in a dense mix, it was necessary to achieve in the laboratory the
Same or near about degree of compaction as that under thp roller
in the field for the same mix. Among the various methods LA50T-
ted to for compacting the mix in the laboratory, it was clain g
that the kneading compactor gives a comparable compaction tb
that under the roller. The Author might give Lis experience on

this aspect, and if kneading compactor had been tried with
the Taylor’s stability apparatus, how it affected the stability
values.

Finally, it might be asked that sin
sample is 12 inch thick, what is the limit to which it can sucess-

fully be used for mixes containing stones of maximum size above
% inch for thicker layers of asphaltic concrete,

ce the Taylor’s stability

Shri Basant Singh stated that the Author had brought out
very valuable information in this Paper {

. : or the road enginecr. He
only w1shgd to touch some points on the actual execution side of
the work in the field based nal experience. He had

: . 1 r help very much. On the
sloping portions the riding surface at some places became so
skiddy that it caused serious accidents, In addition thers were
unavoidable delays in the process of mixi y

€ ng and laying the sheets
and carpets with the present available macghinery. Ving the sheo
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; i lve
To meet the needs of the Punjab, the)}" hadcgﬁ,ﬁ?ﬁg%:vind.
some other suitable specifications for ¢ (‘mmentioned " the
carried out experiments. Some of these 2&}11;}0 These specifica-
qumjab Engincoring Congress Paper, b b 'ilt-ﬁp spray grout
tions were given further trials and the bu e thod was also
specification was evolved. This built-up groial Cores taken
successfully applied in the case of brick mg L ot the roads
from the road showed very good resulls an l'r]ll behaving well
where this specification had been used were sti
after & lapse of a good number of years.

i i the
The built-up grout specification a.ccorcimg.brc: ;1;(?}11&:2: he
cheapest and quickest and till such time as foreig e ing
standing in the way of purchasing ma.ch(llnerytil ike batching
plant, mechanical mixers, spreaders etc., an uﬁa.d e
machinery was not available in‘the market, otnelndia,n depend on
such a gpecification as was easily a,da.pta,bli 0 adian condit o
and had been well tried and found to be m
Proof,

Shri C. G. Swaminathan observed that it fW§:n;:aigBa:11)g}o:
indeed that Indian engineers thought in terms o re economical
Whipl#"in the long run were more durable and mo

A the conventional open-graded pre-mix.

rye a,s
The Author had advocated his own stﬂ-b‘htty tfsii:(,)nl;ngg’fr;red
Taylor’s stability test, for the design. Bu thOP design. Some
Widely on the choice of the proper tost fm;i sme .othor stabi-
preferred Hubbard-Field, some Marshall’s an i - hoice was based
lity tests. All these were empirical tests and t xe'f t all there was
on one’s ;) inion and fancy. The triaxial f)esb,l ! a};hod of design.
any, was pthe nearest approach to a rational me {
Even there opinions were divided.

irical method
i i was the keystone for any empirica
of disl‘?gcf? eﬁpevl;’f: c(;abvious that the stipulated sftarllell;:‘%e’vag}gg
should have a definite bearing on actual field pledf' gen imee. - The
Author who had a considerable experience fcoudifferent B e
the stability limits that he would suggest O:,‘he oo
of traffic. These had not been mentioned in P

I he Pagor,bot  sabilty eguicement and & doformation
tesistance were stipulated. Sba.l?lhty value .v; e eforman
load to give a deformation of 0-2 in. while resis \?irxl'ed o e
tion was taken as the .increﬁsew::; %1;6115;:;‘:1 r:v%ether both wWere
deformation of 001 in. - .
necessary.

On pago 173, the Author bad said that for tho setes Cob,
the sta,bli)lity values were similar to those of F-B,

14
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tance values were not. The Author had not given the reason for
this. Perhaps this was due to the fact that whereas the resistance
to deformation is indicative of the inherent resistance within the
mixture, the stability value is indicative of the flow characteris-
tic. But then with about 25 per cent of stone would the inter-
locking effect of the stones play their part?

From page 156, para 6.3, it was seen that there could be four
different gradations. Were these four gradations (given in Fig. 6)
for different traffic intensities, or were they based on actual gra-
dations of the sands available in those States?

In the typical calculation given on page 157, the Author had
calculated the percentage V.M.A. as = sum of air voids (12) and

volume of bitumen (14). This may not tally always with the
V.M.A. actually determined.

Again, in the calculations of air voids,
gravity had been used. Now-a-days,
calculations either on bulk specific gravity or on bulk impregnat-
ed specific gravity—the latter being preferable as it takes into
consideration the percentage of absorbed bitumen. It had been
found that if the percentage of air voids in a mixture bascq on
apparant specific gravity is about 5 per cent, and if absorpt.nn
is '5 per cent, the nett percentage of air voids based on bulk im.
pregnated specific gravity would work out nearly to about 2 per
cent. This meant that based on the apparent specific gravity the

design was O.K. but based on the bulk impregnated specific gra-
vity, it was not.

apparent specific
it was customary to base

In addition to the percentage V.M. A, it was also cust
from the point of view of workability, to fix the percentage of
voids filled with bitumen. For if the value of V.M.A. ina given
graded mix was about 10 per cent, by allowing about 5 per cent,

it may be possible to get the minimum requirement of air voids,
but then the mix may not be workable,

omary,

In the Table on page 157, against serial No, 26, swelling was
shown as 20-~7. Could

1t not be expressed as a rati
23/117 Tt was felt tha P io such as

t the swelling induced in the sample as a
result of vacuum of pressure was likely to be very severe.

On page 168 (para 7.7) and on page 185 (para 10.2 e
Author had compared the effect of difl‘[f)eréent deg(rpees of cor)r,zptahc-
tion. It was well known that all types of stability tests were
very much influenced by the compactive effort given to the test
specimen. Tt had been claimed that for the Marshall stability
test up to 75 blows may be necessary. The nearest to the feld
method of compaction that could be obtained o far in the labo-
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. : d
ly with a kneading compactor. However, it ha

gaeg%rflomzzdoinn};lmo% all cases that higher the c(l)g;pa,g}iigvz sifltl)g:
the higher would be the stability. But on page t}; ’ sability is
had rﬁentioned that with the normal mxxtureh el s Ly
reduced. It was understandable in the case pf the ?ca}? e
that the stability is increased and also that in t et;}f; e Ve
it is unchanged. But the reason for reduction 1n &t
normal mixture was not clear.

On page 173, the Author had recqmmended the use}ffr: llllai,r;ll
grade such as 30/40 bitumen, especially at places W eon hogld
stresses were liable to be developed. Would the sa,mi re{%i o
good for roads having predominantly bullock climrt ran ? Tavs
produces much greater stresses at the surface than eve
lorry?

On page 168, para 7.5, the Author had (zlbsergedv&t;}éz{idwtifl}é
30/40 bitumen swelling was very mucgl r.e; zuce )
Author throw some light on the reasons Ior 1v:

While comparing graphs on pages 166 and 1171, 112;:13211?&1:53%
that ih the former all the lines become more or 13e(s:;2 o gdeforma,.
aboyt 02 in. deformation, whereas it is not 8o a 3 in. doforma-
tig# with F 3, F 4 and F 5 on page 171. Sfo 13;;;11 W
pStead of stipulating the load at 0'2. m.ldedorm
taken to stipulate the stability at 01 in. loac.

Shri M. B. Jayawant stated that mosb offtﬁgeanggga;&:
concrete specifications mention the gra@atlortl Othe Aoy
and the asphalt contents by weight. This Iiu s ontite speo
fication on weight basis which does not a wagls gs o tho bost
results. He fully agreed with the Author that the asp
crete design should be on the volume basis.

Dealing with the basic specifications for iéhet?:gﬁsgllc :lf;ln
crete mixtures, it was found tha.m’o more due 1;0 e the use
data based on ;.na.lysis, the practice ha.d_ been of:(}))m 83;; o 15 por
of filler in all the asphaltic concrete mlxmregd'tion of mineral
cent. For many blends of aggregates, thet_& £ (l,torv mix. The
filler was not always essential to give & Sat8Ap'e vy Br. ool
specifications should lay down the limits for vmt ; e Cuir voids
&p regates, which might be about 15 per cent,3 t e’6 er cent, and
ir% %he com’pacted mix which might vary from Ot Pether with 8
the stability of the mix. These three condltlonds Ogntal require-

latively wide grading bands constitute the fundame roto Tises
o t ofy a good design. The cost of the asph?,ltm "cozllfis Paor
aec:.:se of Ea.rrow range of gradations as specified H:lation cfulé
On the basis of the above conditions, the wider gra k
be used and the mix made much cheaper.
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Another point the Author had not mentioned was the volume
of asphalt absorbed in the aggregates while calculating tho air
voids. Unless this absorption factor was also congidercd, the
volumetric approach of the asphaltic concrete design would not
be complete. Morcover, since the values for voids in mineral
aggregates and voids filled with asphalt in a compacted mix
depend on the value select
gate—whether bulk specific gravity, apparent specific gravity, or
impregnated bulk specific gravity—and the consideration of the
absorption factor, these were important factors which must be
taken into account when designing the asphaltic concrete mix.

Dr. Bh. Subbaraju said that on

¢ of the most controversial
points in the design of the

densc carpet was how to assess correct-
ly the void content in o compacted mixture, which was the main

basis for the design of the dense carpet. In this there were diffe-
rent schools of thought. Some people adopted apparent specific
gravity and some bulk specific gravity and still others bulk im-
pregnated specific gravity. Oue view is that bitumen is not going
to fill the voids in the aggregates and so bulk specific gravity
should be taken. Those who adopt the apparent specific gravity

think that the voids are going to be filled with bitumen, The
point that is nearer to

the reality, to his mind, was “that
if a method could be e

volved by which the specific gravy
could be found after mixing the bitumen then it is immaterid

what percentage of pores in the aggregate are left out. A method
evolved in this directio

I was presented in the Highway Research
Board Proceedings, 1955, According to this method, the mix
had to be prepared according to the design and then to bo loosely
spread on a table, The specific gravity of the mix as a whole was
to be found out by adding 0.1 per cent of aerosol solution to
distilled water and then following - one of the usual methods
for finding the specific

> y finding the specific
ding aerosol or any other agent which
ension was a very useful one.

The Author had stated on page 149 that for finding the
specific gravity of the sample in case of a porous sample,
i He felt that the procedure of

order to find out the specific
in the above mentioned case.
as that the specimen should
erature of the paraffin wax,
coating with paraffin. When

gravity of the mix by ad
could reduce the surface %

coating the sample with wax in
gravity was very useful, especially
The only caution, if necessary, w

¢_correct temp
i.e., between 52 to 54 deg. C, for

-

cd for the specific gravity of the aggre-

m
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imen, if

it was intended to rip off the paraffin wax ifli‘())n(lietheFSp?tcizould be

it was immersed in a water bath at about d tl%é same sample

ealed off like the skin of an orange, an contemplated.
Eould be used again for any stability test that was

Shri 0.S. Sehgal wanted elucidation from the Author on
a few points.

i -bound
Roferring to para 2.2 he said ’o.haat in the cai)se o(f)vvgi,:srvz%l}ll )
macadam type of pavement, which was to be (; e hocause of
higher type of surfacing, one should not bo diseour tible rising to
the fact that thore is a possibility of the W&te(li heath getting
uite a high extent and the plastic maperml_ un e:;h e tural
%a.ck int;og plastic stage and thereby impairing toechoose o
stability of the road. One should ale’»Y; t;gme time try to
higher type of surfacing material and at the A b Y ihe
safeguard against the possibility of ingress o
bottom by providing a blanket course.

i the work done by
. literature available on !
Mr. Betson. b nad worked out two 01080, Ho had
com are the specifications as given in BSS- between. the
founlzl that there was not much of d}S?repanZyther it was a
S — depending on the climatic conditions WH(; ol Mr. Tay-
d};%st’a,ge?medium e 0; a vt?rriz,lwgfuf tiff{)r basis where &ng
for’s method was more of a ilabl s just taken an
i that is available was j
g“}f a,(iuonB Of, t%%gﬁ%::zate as he felt was that efiort@r }f(}al(:;le%itfji?
Ix:llalbd(:a to co‘rlxﬁne the mixes nearest to fhe BSS5S-5$1)‘ cont, bitumen
cations he had worked out required stone 6o po com;;ared with
5.6 per cont and fines 20.4 per cent. If th151Vi’&S age 22), 65 per
tho ‘specification B oo lesii?i)gfﬁii and 28.8 to ’29.8hpe§
.2 to 6.2 per cent 0 uch 0
2232 gi ?‘1%);1 :’g;ngga.tes w%re required and there was not m
a difference between the two.

ibility of treating the
had been made as to the possi as & mortar
i Sls s o e 0 egregeis ivmen Bsass 8 2003
Whic}'l wouédbdegengoggdttﬁazuthe surface area of the ;%%regg:
that it had | f(bre npthe amount of mortar that was re%urial fong
had no begrma o age 177 that ¢ the omission of ma een ineers
had ;nen%otne BSZaI.)nd and stone was thought by marclg'i ong’ inoots
mediate ehwe ixture less harsh and to a,s.smt.cong)lat tho system
o rendet t’feltl;ntlha,t there was & clear m.d}catlon ; tho oxtent
personally fe had given better workability, theret yf e £ bo
Of Compaction 1had been decreased by the a,mou'nho as diroutly
of surface f' e there was better compaction whic v;l folt thee
Eﬁi“ffaseﬁféif& of better workability. He personally
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it was not correct to make a general statement of such a
nature.

Shri G. C. Sharma* stated that in the synopsis the Author
had stated that the design of paving mixture was based on the
analogy of soil and cement mixture. Workability dictated the
selection of the grade of asphalt to be utilised and the grade of
asphalt in turn dictated the design procedure of the paving
mixture. The same conception as for hot mix asphaltic concrete
design could not be applied in the design of liquid paving
mixture. So, he suggested that while designing paving mixture
and its control, the subject might be divided into three parts,
viz., (1) Design of liquid asphalt paving mixture, (2) Design of
asphaltic concrete and (3) Field control of road mix and oil
processed mixture. There was no test developed so far for deter-
mining the workability, but experience in mixing would enable
t0 judge the harshness, stiffness or gumminess of the mixture.
Harshness might be reduced by mixing a low Percentage of coarse

aggregate, stiffness by low percentage of sand and filler and
gumminess by lowering the bercentage of asphalt content and
filler,

The criteria of design and control of Asphalt Paving Mix-
ture as developed by the United States Army Engineers Weare -
(1) Flow, (2) Percentage voids in total mix-compacted, “¥3
Stability, and (4) Percentage of voids filled with asphalt. The
following were the limitations which give satisfactory asphaltic
concrete mixture validated by the traffic behaviour which might
be taken into consideration while designing paving mixtures in
India. Their findings were :— Stability at 140° F at 500 b
minimum by Marshall Stability Test, flow value not more than
20, percentage of voids of the total mix 3 to 3, and the percentage
of voids filled with asphalt 75 to 85. A mixture having flow value
more than 20 proved to be unsatisfactory regardless of stability.

In para 4.5, the Author had laid more stress on the impor-
tance of water resistance. The degree of swelling was of great

ped the ‘“ Immersion Compression
Test”” which evaluated the

water resistance Properties of
complete mixtures as well as of the individual material contained
t this test should be tried which
haracteristics of the mixture and
d with other results.

In review of the test results, the Author had stated in para
12.2 (g) that the quantity of bitumen which can be used in an

* This and subsequent comments v

vere received in writing.
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ids i regates
asphaltic mixture is determined by the voids in rtglea.tzgg Oz‘rgle of
and has no relation to the surface area of the agg n';gixtu.re is the
the most important problems in design of Pavmtgent for the mix.
determination of actual amount of bltu‘m.en 0(;:1 1 contents viz.,
Out of the two main methods of determining t F 22} area method
(1) Void content and (2) Surface area, the Sm;,::lent gives very
developed by the California Highway Depalr)'l't and economy.
satisfactory results as regards stability, dura 1_11 yed 40 samples .
Shri Wagner of New Mexico University had ana yls " atont fom
taken from the road surfaces by extracting the oi tical calcula-
them, worked out and compared tl}e results on t'}ie:;fio from New
tions of eight available methods viz., (A) by oi formula, (C)oil
Mexico formula, (B) by the modified New Mex‘fo (E) Mean Wyo-
by Mckesson formula, (D) oil by Stanton formu a’(G) Mean oil by
ming formula, (F) minimum oil by -Smfa’ce afrea., area, and found
surface area, and (H) Maximum oil by sur a((ieliforn’ia Highway
that the surf’a.ce area method developed by. a tisfied all the
Department was the only method which f?hela traffic.

above requirements along with the behaviour o

The samples had been tested for' sta,bll];ty Wl}?;wt}iz v?:r)]’:g(li
Stability Machine. Of course, he did not hném‘;)een found that
in coraparison to the other tests. But it &t Mmeasure any par-
Wiﬁfthe exception of triaxial, none_of the te:hs o ombination
ticular physical properties of the mix but raliar to the testing
of all the properties including ghose pecull ired a long period
device employed. Therefore, cach of t;l'lem'reqt}lr various pave-
of service correlation to establish a cnterla,t 'Oxia.l o ehioh
ments for which they were used. The (rila hesion of the
measures the angle of internal friction and co 6 to the
mixture was not gaining favour for bituminous m:‘)g operation.
large size of specimen required and time c;)lnau e o method
For this reason, Dr. Caleron of Mexico city ha ression test and
by getting the Tesults from Ungonﬁned CompMohr Ciroles. A
Normal Shear test and then plotting them at?he o w6 of internal
Mohr envelope is then developed which gives

friction and cohesion.

E]
Shri K. P. Nair stated that the hardnesstci)efsaofstarll: g;]ai.
seldom an irﬁporant factor in the wearing pllrﬁpclar O orushed
shed surface. The soft aggregates were Il e.ze O
undel: traffic, expose uncoated area surfaces, glz e O ot
water, cause stripping of the binder and resu
the road.

I remix, the bitumen film was compa,rau13i}xlr.elya;;l‘liicli:I:l 1;11112
the ﬁ]r:naig a den,se asphalt paving mixture was :b 1rn b breck
presence of water its adhesion to the mlr{eral r(;l_a.. ie might breals
down and the mixture would then ra.pldly isinteg .
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dense carpet water would not accumul
premix, and the possibility of adhesion failure was more in an
open graded premix. It is also said that the thinner the film the
better the adhesion. Again the degree of compaction obtained
should be comparable to that obtained with modern machinery
on the roads. He wanted to know how that was checked.

ate as in an open graded

Referring to the Fig. 18—Grading curve for a city in India,
he wanted to know its basis. Referring to stability he stated
that it might be high when the air voids were over 5 per cent (3
to 5 per cent was the limit as given in page 148). He wanted
to know if there was any relation between per cent voids and
stability.

Shri N. H. Taylor in his reply to the discussion stated that
in his Paper he h

ad tried to cover the fundamentals of the
subject in such a way that directions f

or research could open up
and that the researcher would tackle hi

s problem well equipped.

Several speakers had questioned the method of stability

testing used and suggested that simple unconfined compression
tests or triaxial tests might be substi

tuted. The reason for using
the Taylor test in the research described was
been using that test

for the past twenty-seven years and the
machine was available. He preferred this method of testing .~

others because (a) the test piece was similar in thickness to that
of the material laid on the road, (b) the test piece could be readily
compacted, (c) the loading and its effect werc measured and not
the resistance of the sample to increasing deformation ag was the
case with the Marshall and the Hubbard-Field tests, (d) if the
sample was confined in a ring, the results obtained could be com-
pared with the results obtained on actug] road surfaces, (e) asthe
deformation was measured from the commencement of the test,
the effect of the repetition of low pressures could be studied. The
test was, of course, empirical but so were the Brinell Hardness

Test and the California Bearing Ratio Test—the latter tost was
similar to the Taylor Test.

pion: , As it was
' ' eac ow, the weight gave a pro-
nounced kneadmg action and gave good results. 8 Negverthellc)ass,
the machine was expensive both in first cost and in upkeep and
» @ tool available in most labora-

5
AsprALT PaviNne MIXTURES 71

i i hat 25
His experience wast

i 7 lly good results. e was that 20

oo Zcﬁqslilge }(;f %he specimen gave a'eﬁmpagf]xgncognpacting

o oo 'elar o that given by modern finis m}% A

oqui Slmlt on the road, while 50 blows on eac ide gate & ool

;ggz?ﬁegimilar to that givgn by se;rreirna.; yt(;a;rs e avity

i ked comp he s

C?It?}?ac;l;%lewgsm;;fse; in tS}’le laboratory with that of a sample

of the s

cut from the road.

. ies J
10.3. he had mentioned that in t}{e ca?;tziesserlvs:re
& Tgntﬁgrztab.il’ity and resistance of I;?\I;glgffoxﬁ,l This obser-
: ‘1 increase in compac e from
reduced follow mgegncomment from Shri 8. A. S\;Vfl:’nl ot;rfl;gxt om
g;t{og e Z,Tﬁin but it must not be read out o :lsv(:'as not a
;Pgr)lli;(‘;v aJ"ul(])mnorma’l mixtures .oi th:t tﬁzrﬁcsh&:nd of the limis
ki L. normal mix ure ion if, on
genelr‘a ltlza’gut)niloins);ability and resistance to dgfo;‘én:tézt;y e
?,m;hu o oaction the voids became redl}c: res which might
url . ﬁomp observ"ers had noticed that mixtu e unstable after
E:“;;e.behaigg perfectly for a year or 80 hadIbe:l?;nseries S and JB,
having been further compacted by traffic. In o that the fine
tho fire sand No, 2 was used end i the stability, as this effect
. o , 8 b
sand Lontributed to tj,h%slcgve:::lg KB where sand No. 2 was re
was not evident in seri 2

piaced by Sand No. 1.

both stability and
. inathan wondered whether b o
. ShrlC.Gt' fgizﬁli%ﬁs were necessary. The presssrlil;: ]djeif:d o
rgmstance dete hown in the Papel: only ford fg S vald show
fon o i f these curves in Figs. 10 an T ortional
an exa.mmatlo.ri.;) and the resistance were notI;{ £ t?hat o
thaat tgﬁ 'Sta‘é)vlv;g)ina.than had himself ?l!ﬁazr :heet asphalt
an ri . B (stone .
resistance values acftc;;n)se:vl:?e Il-llighe(r than those f:;r %;;eisii;l Bg
with heavy lcon]-?h heavy compaction). If an erign}ud e
gi&?fnﬁiﬁﬁ(&l gfw tlesting for routine Woﬁﬁ’a};efm? thé ac%ual values.
e as W ) .
ture from the Sh:ﬁ)se()fwie f;fg off from the curlvl'e s;:;}i);ﬁsbi’e:il;
Tlhe' rgs;s;?::fi:i ndicator having the slopes of the
plyin

tances marked on it.

d that a mixture might

i want had suggeste e might

Shrl‘ n ?b{ﬁ{; value and a lo.w ﬂow ve§1ue ea(.ix;;iti?; under

hav% Y hl’%‘}llm: ;lotted curve would mdxc_a:en é?ﬂ e iod by

o | i i has a high resistant od by

Ifni.i(ture fl:er Z.hgtl;fnp’a;‘:&vely amallfdeit})lrmzflli(:ir;. 'll;h:i gﬁlﬁlm lple
% the e i was o further . :

Of't}}lxi i)anilxgil;c:f::;ﬂf?rrilrgldentation in the centre, while a lean

mig e

tered.
sample might be completely shatte
15
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Shri S. A. Swami and Shri C. G. Swaminathan had asked
if stability limits could be suggested. He had found a 500 psi
minimum stability and a resistance from 45 to 80, theso valucs
being measured at the maximum road temperature, satisfactory
for most heavy traffic conditions. In urban districts, the bus-
stops would usually be the portions of the surfacing most likely
to suffer from deformation. He was sure that som® interesting
research could be carried out to ascertain the optimum charac-
teristics of heavily loaded areas of asphalt paving. The shadoe of
the pressure-deformation curve, of which examples were given in
Figs. 10 and 13, showed that some deformation occurred even
under low pressures and a repetition of comparatively low pres-
sures might give a deformation beyond the acceptable limits.

Referring to the point of penetration of bitumen raised by
M/s Swami and Swaminathan,  the Author said that if expori-
ence in the U.S.A. had shown that softer bitumens were more
durable than the harder bitumens formally used, it was unsafe to
assume that very soft bitumens would be satisfactory in the
tropics. In regions subjected to tropical rainfall, the use of a
comparatively hard bitumen such as 60/70 or 30/40 was essential.
The mixture had to have a reasonable stability at high surface
temperatures such as 60°C and yet to prevent the absorption of
water the voids had to be sufficiently low from the time the mix-
ture was laid and it was not enough to know that the voids wourd
reach the design figure after a year or so of traffic. As the voids
in a mixture were lowered, the stability became increasingly
dependent on the viscosity of the bitumen-filler mixture while the
effect of grading and particle interlocking decreased.

No better example of the compaction difficulties which had to
be faced when a high penetration bitumen was used could be
given than the results quoted in the official report on the WASHO
Road Test. This full scale road test on flexible pavements with
controlled truck traffic was carried out in 1952 and 1953 by the
Western Association of State Highway Officials in the State of
Idaho. The bitumen co

1 ntent of the asphaltic concrete wearing
course averaged 5.27 per cent and laborat

; ory tests gave averages
of 4.8 per cent voids, 9751b Marshall stability and 0.07 in flow.
The bitumen was soft, having a penetration of 120-150. Different
weights of rollers ranging from 7 to 13 tons were tried to deter-
mine the best consalidation procedure. This consisted of an
initial rolling with a 7-ton roller and a final rolling by & 9-ton
roller about three hours later, after the temperature of the mixture
had fallen to 100-125°F. Tests on cores cut from the test
tracks before the asphalt was subject to traffic showed voids from
9-12 per cent, stabilities from 120-620 1b and flows from 0.28-
0.66 in. Such mixtures wou

1 1 ould have no chance of survival under
tropical conditions and his own experience indicated that the
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compaction difficulty experienced with this mlxtlglrt%;a,igloli?nt:go
the high penetration of the bitumen which, leVex; ter_cooling,
had insufficient viscosity to retain the particles o ef nixturo I
the compacted condition which followed the passage o .

Shri Swaminathan, Shri Jayawant and Shri S?I;)l?ggﬁgnhﬁg
raised questions on the subject of the a'bSOI'PtIODPO rl recluded
the aggregate. The limits of length set for the ageoé) ago 103
the publication of results on absorbent aggregates :1? tiOnpto this
under the heading Bitumen ”, he had drawn attention to this
omission and made suggestions on how this Prot ; Wer% used
solved. He was well aware that in thq U.S.A. .fac orlsb T e
in an ;;,ttempt to allow for the absorption .of blt}xmen eztl o
aggregates. An example was quoted to him quite re(;.m lz of a
test made in o laboratory with advanced ideas (1’(111 l? Sseer? oozing
paving mixture from which surplus bitumen cou & bo 5¢% absorp-
from the surface. By the application (?f the appr?Pgtmtory was
tion factors for the aggregate in the mixture, th?} 2 cent of air
able to report that the mixture contained over %f:ns made by
voids and was quite satisfactory. The determ{)na;t e for freshly
the methods described in the Paper will only be tru re kept and
prepared mixtures but if the compacted test p1ec? cor dition and
were Lested at intervals, both in their compacte ?-,gfil the effect
a.fte'r‘being heated and broken down and .xk')ecomga.c()bv,i o er
oi bitumen absorption, if any, would elclom' time for bitu-
instance, if a sample was recompacted after a OfWIEg sample would
men to become absorbed, the specific gravity (1) ‘ e‘xed Ia),nd com-
be found to be higher than that of the freshly nﬁle basis of the
pacted sample. A calculation Of- the v‘01ds e 1d often show
known specific gravities of the ingredients vllt?u On the othor
negative voids, an obviously impossible result. diately that
hand, the wa.t:ar absorptionldt'esgizva.otl;m\lw;};zzerl?hr:}? were eXces-

: would in
:iovlg SO:V fxlc‘)i pr‘i‘ignv:a:ns%re that it was always da'pge;: ufsortcs,olizg
a.bsorption.fa.ctors 3?}??&2(; r:g’tfgaﬁlzp;:%;z ;Y‘}vg;::o mako tosts
es and tha
gghggraé%gggﬁgles containing the aggregates to be used,

Shri M. B. Jayawant had suggested that SPeC}ilﬁcjtéﬁ‘;:
should {):3 widened as & narrow range of gra,dat.l‘(:: I;?;tu:e. As
specified in the Paper would resultklsn a:rll :XOP}en&le objects of the

. : 3 1 emarks, . . .
Sentioned tm sﬁcl)sw?:xnixivring mastered the basic Prlnclp}f}sbcl)ef,
Pager vﬁ‘ls e(:l ineer coul’d nge the materials most readily a.w;fli:na& "1
dqzl}il)llib dz eligding on grading curves or formul:e re::rlg‘ Ry
{)Vl me otll)xer authority. Having decided wha ;n 8"a. rading to
tg, 1?3 used, the engineer would then hm}rle toes?g:(li yremga,ined the

y ity of bitumen he spec -
g;:?;euzlllaf;ﬁ};zt%;«ntgg 0would not specify a grading before
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ascertaining that materials
grading could be met.

Shri Q. S. Sehgal had reacted in an entirely different way
to the suggestions in the Paper. He said, “1 feel Mr. Taylor’s
method is more on a trial and error basis where wo just take any
gradation of aggregate that is available and mix it.””  His reply
to that was, let the errors be confined to the laboratory ; in the
ultimate paragraph of the Paper, he had suggested that errors
should have no place in actual construction work,

Shri Sehgal had felt that the alternagive to the method of
design outlined in the Paper was to confine mixtures to the BSS-
594. The mixtures covered by BSS-594 were based on no theory
but the schedules included mixtures found by trial and error on
the roads in the United Kingdom to be satisfactory. Not only
did he fail to see why mixtures found to be satisfactory in the
United Kingdom should necessarily be satisfactory elsewhere but
he considered that even in the United Kingdom, the continued
use of BSS-594 was due to the skill of the experienced contrac-
tors in deciding the exact proportions of materials to be used in
the mixtures, Shri Sehgal had quoted a mixture from Table 11,
page 22 of BSS-594 which specified 5.2 to 6.2 per cent of bitpmen,
Somewhere within that range of 1 per cent was the optimum bitu-
men content and whatever it might be, any variation more than
0.1 per cent on either side of it would affect the characteristies of
the mixture. BSS-594"was silent on how the exact bitumen per-
centage should be determined and he maintained that this
specification was useless except in the hands of experienced
contractors and engineers. For the surfacing of runways in the
United Kingdom and in the Colonies, the Air Ministry used void
determinations with stability tests for designing the asphalt
mixtures, having found that a logical approach to the design

of asphalt surfacings was essential in view of the heavy loadings
by modern aircraft.

were available with which that

It was quite possible that the Californija Highway Department was
right and the rest of the worl

d was wrong. Until this had been
Fm‘ve(li, he could only suggest that the voids method was the more
ogical,

Shri K. P. Nair had asked for the basis of the grading curve
suggested ““for a city in India”. The reference in the Paper
indicated that it was taken from a Publication issued by an oil
company in India. It was ga grading which had in practice
proved to give satisfactory results and was simply given to jllus-
trate the method of proportioning available materials to give
a mixture of a specified grading.
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Shri Jayawant was of the opinion that, more due toﬁ tra,d‘iaféii(;n
than to data based on facts, it had been the practlcg 0 _i;;uregf
considerable quantities of filler in asphalt concrote glé fros-
The reasons for the use of filler were given 1n pa,rg 3.2 and &
comparison of the results obtained in Serics C anf D showed
clearly the improved results which followed the useho v substan.
tial quantity of filler in sheet asphalt mlS);tltres..n ’I;he; utg 3t ler

found unnecessary in some States in S.AL
Zgghgf’s Iclon?slll'gte mixtures. Filler could be omitted in the following
circumstances.

' i te was such that
When the grading of the aggrega
the voi(gg in the compacted aggregate a.pmoached 1151' perrcceer;ttand
the addition of filler would reduce the voids below 15 pe ,

and

The aggregate was limestone or similar stone which had a
natural affinity for bitumen.

i d there was no risk of
When the rainfall was low an .
strippi(rlbg of the aggregate following the absorption of water,

and

\ i i t the use of filler to increase
iy ffic intensity was such that the ’ t
the st;figt?y and resistance to deformation of the mixture was
not necessary.

i been established
i . karan had stated that it had
beyo?ll(;r(;olﬁi)ts is a;?r&estern countries t(llla.t the cost o:e;i:gsivgrg,gﬁg
i f the same order as a conc : b,
?vs}?i}ll: l;hnr]iug;sr:rsltwgiil(g)h had come to the conplusan followu‘:v%1 ﬂ)lﬁ
very unfortunate experience with is};plaagsigﬁgéngtr}lll;t:tggis;l—lndi&n
, not correctly — )
onedmay ﬁsnlt);;t ;V::ZVailable, built-up surface drgg.smgs.(v;v:uolﬂ
gleaqii?l?:r and cheaper than asphalt .conti'gtel.)apﬁr 115)511;33 n on
i be out of place in this F
rilatlvekaSt:mzzlll)grecf when making comparisons between hthl:
o waysf po ent concrete and asphaltic concrete, that ha,iptha;
sty cemtures could often be laid on qutmg roads,if a la.'dy
conf(;elt;e mlgned to traffic almost immedlabely a.fteli bent]fe o a,lse’
0}?“ t?;l;)epend of their useful life they could elthe(;' born; ihe ba
zo:t: further layer of asphalt concrete or could be ta P
reconditioned and relaid. .
Chairman in his concluding rema,rk.s atated tl}a,t;shgofsllg
{}txl'e Paper suggested the methods by which Fur hI'mXVa.lua,ble
e d Pro erly. He thanked the Author for his luable
oo ii?i)gurﬁonpan% the various speakers for participation 1
con
discussion,



Discussion on Paper No. 201*

«« Construction of Prestressed Concrete Superstructure

for The Bridge over River Hindan at Ghaziabad”

By
A. S. BisuvnoIl & J. S. MaTHUR
Monday, 6th January 1958.

Shri E. A. Nadirshah (Chairman) called upon the Authors
to introduce their Paper.

Shri A. S. Bishnoi (Joint Author), while introducing the
Paper, said that before the advent of fast motor traffic the bridges
normally had a narrow roadway of 12 to 14 ft, which presented a
pottleneck to the smooth and rapid flow of traffic on the main
routes. These crossings were now to be improved either by
rebuilding the whole structure or by widening the superstruc-
ture only where the substructure and the foundations were sound
and safe for modern heavy traffic.

Hindan bridge in mile 11 of N. H. 24 had a roadway of 14 ft
6 in. only on an important road connecting U. P. and Delhi.
Sufficiently long piers being available, it was decided to widen
the superstructurc and to keep the increase in foundation bearing
pressure to a minimum, the lightest form of superstructure had
to be selected. Obviously the choice was a prestressed concrete
structure. The Freyssinet system of prestressing was adopted,
the special feature being that in addition to longitudinal pres-
tressing transverse prestressing of the slab was also done, which
resulted in a saving of about 22 per cent in the use of concrete
and about 60 per cent in mild steel. The roadway is 24 ft wide bet-
ween thekerbs, and the wearing coat consists of 3 in. thick cement
concrete.

To see if the bridge was safe for the design load, one span was
loadsd so as to give the maximum bending moment and the
deflections were measured. These compared favourably well with
the design assumptions. Full control on the quality of concrete was
maintained and the mix actually used was better than that pro-
vided in the design. During construction, to avoid hold up in
traffic, a temporary timber pile bridge was erected over a diver-
sion and this worked very satisfactorily.

* Published at pages 197 to 259 of Vol. XXIL-2 of the Journal of the
Indian Roads Congress.
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Shri Fateh Chand said that it was stated in the Paper that
the foundations were 9 ft deep. But it was not known what was
the scour depth, the maximum flood level and what the dis-
charge should be and what it actually was. Further, 20 per cent
increased load had been put on the foundations on the assump-
tion that the factor of safety would cover it. This was wrong.
This being a scientific problem, it should be based on definits
calculations as the bridge had a two-lane carriageway and
additional load would come over it.

Shri Fateh Chand was of the opinion that beams should be of
uniform length and the reinforcement mentioned as 6 in. centre
to centre of 3/8 in. bars should not have been fixed arbitrarily
but based on definite calculations.

. Regarding expansion joints, Shri Fateh Chand said that
Instead of steel angle irons and plates, some sort of bitumen or
other resilient filler should have been used. Were there any
Special reasons for using steel?

. Referring to the maximum size of coarse aggregate used,
le., $in,, he wanted to know if greater size could not be used,

especially in the decking slab where the reinforcement was 6 in,
centre to centre.

Shri Fateh Chand further wanted to know whether in
prestressed concrete the coarse aggregate gave the same quan-
tity of ready-made concrete as in 1:2:4 cement concrete which
gave 100 c. ft of concrete for 88 c. ft of coarse aggregate.

Regarding water-cement ratio of 0.4, he desired to know
whether it took into account the amount of humidity in the
atmosphere and the water content in the aggregate. 1f so, what
were the conditions prevailing at the time of construction ?

_ He asked if it was absolutely necessary to use reinforcement
In the wearing course, or it could be avoided as the wearing
course had been separated from the deck slab.

Regarding protection of guide bunds, Shri Fateh Chand
pointed out that nothing appeared to have been done in this
regard when he happened to pass over the bridge and he enquired
if it was proposed to do grass-pitching or stone-piteching.

Shri Dinesh Mohan wished to comment only on two

points, viz., the quality control of concrete and the design
stresses used.

He remarked that the quality control had been not only
good but excellent. The concrete was designed to an average
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strength of 7,250 lb per sq. in., expecting that the minimum to
be obtained at site would be 5,360 b per 8q. in., which was 0.74
of the average design strength. Actually, the average strength
of the cubes was found to be 6,575 1b per sq. in., which gave a
relation of minimum to average of 82 per cent. But according
to the work done in England and at other placcs, the minimum
strength that could be obtained for very good control with weigh
batching, ete., was only 75 per cent of the average, while in this
bridge a value of 82 per cent was obtained even with volume
batching. He asked the Authors to express in greater detail the
various controls used in the mixing of concrete.

Regarding stresses given in Table 2 of the Paper, while
appreciating the advantages taken of the stresses induced by the
applicd dead load, he felt that the concrete strength had not been
fully made use of. At transfer, the stress was 1,730 1b per sq. in.
as against 1,900 1b per sq. in. (allowable temporarily) and still

less under working load-—being only 978 1b per sq. in. as against
1,600 1b per sq. in. permissible.

While watching the progress of a prestressed concrete bridge
at Hardwar, he felt that there was considerable difficulty when
the contractors wanted to vibrate the concrete in the web of the
beam. It was also not possible to vibrate effectively with immer-
sion vibrators. So, he wanted the Authors to explain whether

they had used any special method to make sure that the concrete
in the web was fully vibrated.

Shri Dinesh Mohan then suggested some precautions to be

taken to obviate toppling of beams during construction as it re-
sulted in unnecessary losses.

Shri D. K. Ghosh asked as to how the spacing of the cross
beams in the span was determined. Was it done with due regard
to the distribution of load or on assumption based on experience ?

He said that ultimate and working stresses of concrete
seemed to be very low and wanted to know the reason for this
low stress assumption. He felt that with a certain amount of
quality control a concrete strength of much higher value, say,
6,500 Ib per sq. in. could conveniently be adopted without any
additional cost. Shri Ghosh further asked as to why 4 in. cubes

were taken as the general convention in India was to use 12 in.
cylinder or 6 in. cubes.

Referring to para 2.1.5, he enquired about the arrangements
made to take the shear at the junction of the top flanges and the
in-situ slab.
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In para 3.3.1, the Authors had given mix of 1:1:2:8. Shri
Ghosh felt that a much higher strength should be obtained with
this mix. He also wanted to know as to why the water-cement
ratio of 0.4 was not kept constant throughout the working period.

In para 4.3.2, the Authors had stated that 5 ft extra length
of wires was kept for stressing purposes, and which was cut after
stressing. This length worked out to about 6 per cent of the
effective cable length. He wondered if these short pieces were
utilized or were mere wastage.

Lastly, Shri Ghosh stated that no mention had been made in
the Paper as to whether the bridge was constructed department-
ally or through contractors.

Mon. H. Claudot was very much impressed with the vast
progress made in India in prestressed concrete. He referred to
Pages 227 and 229 and thought that slight adjustment could be
done regarding the measurement of the elongation of the cables.
He was of the opinion that the best method of calculating these
elongations, while prestressing, was to take the measurements at
about 100 kg. per sq. cm. corresponding to 1,000 1b per sq. in.,
depending on the reading of the metre gauge.

Regarding bearings, Mon. Claudot stressed that rubber bear-
ings should be used in bridge construction, as they would save a
lot of money on rigid bridges. He cited the instances of the
Coleroon bridge in Madras and several other bridges constructed

in the territory of French Cameroons for the last 7 years without
any trouble. ‘

Dr. Bh. Subbaraju replying to Shri Fateh Chand who had
put a question regarding the advisability of separating the wear-

. ing course from the deck slab said that it was not only a puzzle

to them but it was a world puzzle. A lot of research had been
going on in this respect. In the U.K., they were trying to
separate the two. But in the United States, it was not laid
separate. So it was not fully established which was nearer the

- reality. This problem cropped up after the second World War

to find out which was the best of the two. A study was taken
up to actually measure the stresses in both the cases, in one
case separating the two layers by interposing some lubricating
oil and in the other by & monolithic slab. It was found that
the stresses transferred to the bottom slab, where the layers were
insulated, were less when compared to those obtained in the
absence of insulation layers. That meant that stress transfer
was lowest in the case of insulation as most of the load was to
be borne by the upper layers, '
16
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Shri M. M. Gidwani remarked that no details for checking

up of foundations of existing sub-soil structure to take additional

loading were given in the Paper and the entire matter had been
disposed of in a few lines. Also, no waterway calculations were
supplied. Further, it was not explained how it was worked out
that the increase in bearing pressure on foundation would not be
more than 20 per cent. Reliance on unknown factor of safety
would, therefore, be presumptuous unless it was substantiated by
detailed calculations. He then asked the Authors whether any

test on the existing piers was done to see what was the settlement
under the additional load imposed on them,

Regarding adequacy of waterway, Shri Gidwani said that
the Hindan bridge had been outflanked in the past due to heavy
flood discharge, thereby proving that the existing waterway was
insufficient. Since the utility of the bridge had increased, he
asked whether there was not a case for revision of the waterway
to cope safely the floods of higher intensities.

Referring to Plate I where the depth of the foundation of
piers was shown about 9 ft below the river bed, he asked whether

any calculations on scour depth had been made to see that the
foundations were secure,

Shri P, J. Jagus differed with Shri Dinesh Mohan regarding
the quality control exercised on the job. On page 211, the
Authors had given the volumetric proportion of coarse aggregates
Nos. 1 and 2 size as 2.25 and 1.25, which added up to 3.5, and
ultimately they arrived at a proportion of coarse aggregate to
cement of 2.8. This did not take into consideration the shrin-
kage factor on account of mixing of the two aggregates. So the
final proportion worked out by him was in the neighbourhood of
1 cement : 1 sand : 2.4 coarse aggregate, which gave a very rich
mix. He felt that the economy of the mix on the job had been
sacrificed in the interest of lack of control, apparently because
the mix was too rich. Therefore no contractor would probably
consider using as rich a mix as that if he wanted to make the

tender a success, unless cement was supplied by the Government
free of charge.

Shri Jagus continued that work on prestressed concrete brid-
ges’ was normally done by weigh-batching. On this particular job

it was done by volumetric batching, which showed that the’

control was very poor because 1‘;he aggregates available from the
quarry might or might not be within the specified limits.

Shri Jagus also felt that the separation of the wearing course
from the decking slab was an important issue as separating the
two would mean that it was expected the wearing course would
take all the load on point supports. For instance, the top course

i
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which was very thin, viz., 2 to 3 inches, would be out of contact
with the base slab and the initial failure would start at corner
cracking. Shri Jagus commended the use of reinforcement in the
wearing coat as in India they could not think of adopting inte-

gral concrete on account of the problems of bullock cart traffic
which caused rutting on the surfaces.

In reply to Shri Fateh Chand and other speakers regarding
details of foundations, Shri A. S. Bishnoi (Joint Author) said
that the Paper, as was clear from its title, dealt' merely with the
details of the superstructure, hence the question of waterway and
foundations had not been given in detail., However, this
information would be given in writing if the members so desired.
He added that foundations were tested and calculations were
made for the bearing pressure and they were found safe. .

Regarding Sri Fateh Chand’s comment that the end spans
should have been kept the same as the intermediate span, the
Author said that if they had shifted the bearings towards the
front of the abutment, the eccentricity of load on the abutment

would have increased which was not desirable,

The mild steel reinforcement in the deck slab was provided
arbitrarily because theoretically no reinforcement is required.

In the expansion joints if steel angle iron and plates are not
provided and the edges of concrete are left as such, there is a.
danger of breaking of the concrete slabs at the joints.

A size of aggrogate thicker than 2 in. could not be used as

cover allowed over the reinforcement in the beams as well as
deck slab was only 1in.

The quantity of ballast required to produce 100 ou. ft. of
concrete depended not on the fact whether it was reinforced con-
crete or prestressed concrete but on the mix. In our case as
the mix was richer than 1 : 2 : 4 the quantity of coarse aggregate

required was less than 88 cu. ft. per hundred cu. ft. of concrete as
inl:2:4, ‘

The reinforcement in the wearing coat was essential as it

had been separated from the deck slab and had to take care of
local stresses,

As regards protection to the guide bunds, théy did provide

the stone pitching in front. Of course, this had not been done on
the back side.

To the query raised by Shri Dinesh Mohan and some other
speakers regarding quality control, the Author said that he had
alroady explained the point in his opening remarks. Probably
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they could economise by using leaner mixes and have the stresses
corresponding to the design analysis.

As regards vibration, they had used external vibrators as
mentioned in the Paper. Two electric vibrators were used ex-

ternally and they gave very good concrete and no honey-combing,
etc., was found.

As regards toppling of the beam, of course it was a mishap.
The precautions taken by them had been described in the Paper.

In reply to Shri D. K. Ghosh’s comment about the reasons
for adopting lower stresses, the Author said that their field
conditions and control were probably not as good and this fact
had to be considered when doing concrete work with higher
stresses. In this particular case, there was difference in the
design mix and the design stresses in the mix actually used ; it
appeared they had used a very rich mix. In other words, they
exercised a better control than probably what was expected.

The spacing of cross beams was provided on the basis of ex-
perience but advantage of the cross beams was taken in the design
of main beams as the distribution of load taken on various
beams was based on the assumption that the cross beams were
infinitely rigid compared to longitudinal beams. The shear at

the junction of top flange and in situ slab was taken care of by
the prestressing force.

Regarding 4 in. cubes, the Author said that Indian Stan-
dards Institute specifications provided for testing 4 in. cubes. No
cylinder was used as was the practice in the U.S.A. and other places.

The water-cement ratio was 0.4, but it was slightly varied
when the season was very hot and dry, and allowance was also
made for moisture in the aggregates. The test results showed
that the strength did not go down. Of course. cubes were tested
whenever the ratio was varied as a guidance for future mixes.

The extra length of cable used was negessary as otherwise
prestressing jacks could not be fixed to them, Five feet overall
length was only 30 in. on either side of the beam.

The Author regretted the omission of mentioning the name

of contractors, viz., M/s. Uttam Singh Duggal & Co. (Private
- Ltd of New Delhi, who constructed the bridg%.g (Frivate)

Mon. Claudot’s suggestion regarding rubber bearings was
worth consideration. The Author said that it was for the Indian
Roads Congress to recommend as to what type of bearings should
be used. He thought the use of these bearings would definitely
effect a saving in the cost of bridges.

W
¥
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Mon. Claudot had suggested that the elongation should be
measured from an initial reading at about 100 Kg. per sq. cm.
Actually we had measured it from an initial reading of 5Q kg. per
sq. cm. and allowance made for the same. In my opinion it
does not make any difference.

In reply to Shri P. J. Jagus, the Author said that cement
was issued departmentally to the contractor and its cost was
recovered from them. It was nof issued free of cost.

Regarding checking of the grading of the aggregates, the
Author said that it was done before using it in the mix.

The Chairman, Shri E. A. Nadirshah, winding up the
discussion remarked that the Paper under discussion was yet
another interesting one in the series of Papers on prestressed
concrete bridges published in the Journals of this Congress. Each
of these brought forth more and more interesting and useful
information both from design and practical points of view. He
suggested that the Authors of future Papers might try and
minimise pure repetition of information and devote more time
and space to new points and factors that they came across with

and suitably deal with them so as to make the Papers more
instructive.

The most important point in this Paper was the distribution
of live load taken on various beams based on the assumed
indefinite rigidity of the cross beams which made the entire
decking act as a monolithically rigid one, This certainly was a
step forward in refinement of the design procedure in order to

bring it in line with the actual conditions met with in practice
and results of experiments.

The Chairman then drew the attention to the important
provision of footpaths on either side of the carriageway on a
bridge for the safety of the pedestrians. He strongly recommen-
ded the authorities to consider the question of providing at least
5 ft wide footpaths on either side of the carriageway as 24 ft
width was good to take care of the two lanes of carriageway but
did not leave enough room for the pedestrians. T

Shri Nadirshah emphasised the importance of proper selection
of construction materials and the need of scientific control on
the manufacture of quality concrete in the field.

The Chairman thanked the Authors for their very interesting
Paper and the various speakers who had taken part in the
discussion. '



Discussion on Paper No. 202*

‘“ Experimental Soil Stabilized Road Construction in -

Black Cotton Soil Area”

By
J. F. MistrY

-

Monday, 6th Junuary 1958

Shri S. R. Mehra (Chairman) called upon Shri J, F. Mistry
(Author) to introduce the paper for discussion.

Shri J. F. Mistry (Author) in introducing the Paper stated
that in Bombay State, black cotton soil was found largely in
Kaira, Baroda and Broach districts and the construction of
roads in the usual cenventional manner did not prove successful

in these areas, Hence some scientific approach to construct
successful and cheap roads was thought of.

The method of soil stabilization adopted in this case was
mechanical stabilization. By studying the pressure bulbs under
a concentrated load and also by studying the resistive strength
of different soils by means of the ‘ California Bearing Ratio”
test, some graphs had been evolved and then the thickness of
the total road pavement and that of the different layers therein

were determined. The method of designing the road pavement
was described in the Paper,

The main advantage in adopting the method of designing
the pavement on ‘¢ California Bearing Ratio® was that the
design for the road pavement in different stretches of the route

could be changed according to the availability of the local
materials.

In this method of construction, the soling of bricks or of
rubble had been omitted and the base course was designed in
two layers viz., one of sandy soil and the other of a mixture of
sandy soil and pure sand. The cost analysis for the soling was

worked out and the percentage saving was 42.48 per cent per 100
sq. ft.

In working out the cost for the base course, the cost of
depreciation or the rental charges for the machinery used had

* Published at pages 261 to 296 of Vol. XXII-2 of the Journal of the
Indian Roads Congress, December, 1957,

,‘,
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not been taken into account because, when the works are carried
out departmentally, such cost of depreciation is generally not
accounted for in small works but only in big project works.
However, he had worked out the total cost of depreciation for
the machinery used and it reduced the nett savingin the base

course from 42.48 per cent per 100 sq. ft. to 38.70 per cent per 100
sq. ft.

As regards the behaviour of the road he stated that the full
traffic had not started coming on this road as it wasan intermedi-
ate section of the State Highway but local traffic viz., bullock-
carts and some heavy lorries used for the construction of the
state highway were passing on this road. No uneven settlement
was observed on the surfacing even after the monsoon season.

Shri N. Amanullah stated that it was a coincidence that
the soil used was more or less clayey loam and not a typical
black cotton soil. Also, sand and sandy soil was available in
the vieinity where mechanical stabilization had been tried.
This happy coincidence was not always possible and therefore

the stabilization of black cofton soil by this method could not
be universally adopted.

The first difficulty faced by engineers in stabilization of
black cotton soil was regarding pulverisation and mixing of the
soil with sand. Even if the sand was easily and economically
available in the area, theabove two factors made it uneconomi-
cal. That difficulty was experienced on Bihar-Ekargarh Sarai
Road in the district of Patna. It had been planned to stabilize
two miles of black cotton soil in the above road but the project
had to be abandoned after doing only about three furlongs due
to the fact that pulverisation of the soil and thorough mixing
with sand was becoming extremely tedious and uneconomical,
This was one of the reasons why mechanical stabilization was
not recommended for very clayey soils by the research laborato-
ries inthe UK. & U.S.A. The Paper was quite silent on the
methods adopted for mixing sand with the black cotton soil.

Another difficulty in the application of mechanical stabili-
zation was the differential settlement in the road. It had been
observed by several workers that mixing the sand with the black
cotton soil even by mechanical devices such as rotators etc., had
not produced a very homogeneous material. There would always
be pockets in the sub-grade of a3 clayey soil and with the
movement of traffic, differential settilement might develop.
Batson haq recommended in his book an allowable differential
settlement of only } in. This led to the conclusion that even

. _if the road was successfully completed with mechanical stabili-

zation it would not be long before the differential settlement started
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causing failures. That had actually been observed in the
experimental strip of stabilized base course work dome in the
63rd mile of Makameh-Dorabji Road, Bihar.

The attention of the Author may also be drawn to the fact
that according to Winterkorn, the C. B. R. curves should not be
applied for a soil which had a C. B. R. value of under 5 per cent
and a swolling of over 3 per cent. As typical black cotton soils
exceed both these limits, it was suggested that standard C. B. R.
curves should not decide the thickness of the pavements in such

cases. In his opinion, the triaxial test was more appropriate
in these conditions.

Shri Dinesh Mohan observed that the Author had used
mechanical stabilization, resorting to the C. B. R. method for
determining the pavement thickness. He had tested the
compacted samples for the C. B. R. value after soaking them
for 4 days so as to produce a severe subgrade condition
comparable to the one met with in the field during monsoons.
It would be worthwhile to know the value of the moisture
content on various layers of the sample after 4 days’ soaking and
the per cent saturation that it represented.

Opinion differed widely as to the wisdom of testing the
sample for C. B. R. in the completely saturated state as it was
unlikely that with the waterproofed wearing surface and proper
drainage of the shoulders on either sides the completely saturated
state would ever arise in acbual practice. 1f this was true,
unduly conservative designs had been made. But since the road
had already been constructed with a total thickness of about
18 inches, it would be worthwhile to measure the actual moisture
content in the covered subgrade just after the monsoons by
making a few boreholes in the centre of the road. The mischief
of the black cotton soil lies not so much in its clay content, but
in the dominating clay mineral, viz., montmorillonite which
makes it a highly expansive clay. It is the differential swelling
and shrinkage which does the greatest injury to the road surface.
The super-imposition of an impermeable blanket over the clay
layer disturbs its natural equilibrium and while the clay layer
close to the edges does not behave very different to the open
ground, the layer at the centre, if covered during a dry period,
gradually gains in moisture content till an equilibrium is reached.
This gain in moisture introduces swelling and pressures of the
magnitude of 2 tons per sq. f6. have been measured when black
cotton soil swells from shrinkage limit to saturation. It would,
therefore, pay to construct the road just after the monsoon when
moisture content is at its maximum and the soil’ had least
chance of subsequent expansion. The British Road Research
Laboratory had done a useful work in predicting the equilibrium

w
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moistures at various depths below a road surface based on the
negative pressure concept but the values hold true for their own
conditions of climate. If a reliable method could be discovered
for our own soils also, it would be possible to put the design
of bases for roads as also foundations for buildings in the black
soil areas on a more rational basis,

Another method of stabilization which was well worth a trial
was by the use of admixtures. Lime had a promise as had been
shown by Mehra and Chadda! who recommended 10 per cent
of hydrated lime for satisfactory stabilization. Grawger?, on
the basis of tests on samples of black cotton soil for Southern
Rhodesia recommended 4 per cent of hydrated lime together
With 2 to 3 per cent of wood tar for waterproofing. The problem
of mixing the soil on the site would no doubt have to be solved
but if an economical method was found there was little doubt

that this would form the most satisfactory method of stabilizing
black cotton soils for roads.

Shri C. D. Harris stated that he also did not think that
the type of sub-grade was true black cotton soil. He was not
familiar with conditions in India, but in Sudan they would
expect the black cotton soil to have liquid limit around 70 and
P. 1. approaching 20 as compared to 40 and 20 in Baroda.

The Author super-imposed the first layer on the subgrade
and limited his compaction effort to 90 per cent of Proctor which
was the degree of compaction he had used in the C. B. R. test.
Considerably improved densities could be attained with 12 and
16 passes of the roller. Perhaps the Author had been considering
to establish fresh C. B. Rs. at these high densities, which might
in turn have permitted his second layer of 3 inches. This in
any event, must have been extremely difficult layer to put
down from the construction point of view. Similarly, it was pos-
sible that the Author had decided that high clay content of the
sub-grade precluded additional compaction effort. But addi-
tional C.B.R. tests in the laboratory might have shown whether
it was worthwhile to try to obtain higher densities and improved

'C.B.Rs.

The Author had not mentioned how he had distributed the water
through the additional layer—whether it was done by hand or by
blade-graders. He presumed it was not done by spraying water

1. Mehra 8. R. & Chadda L.R., ‘Some Laboratory investigation

. for improving black cotton soil in road construction’ Indian Roads Congress

Road Resaa.rch Bulletin No. 4, 1957,

2. Grawger G. D. ‘ The stabilization with lime and & local wood tar
of a black cotton soil from Southern Rhodesia ; Br, Road Research Labora-
tory Road Note : No. RN/1778/GDC Sept. 1952, ’
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on the road and leaving it to soak in. The Author had taken
considerable trouble on his sub-base layer. He was wondering
whether he had tried to improve the water-bound macadam layer
by substituting perhaps machanically stable layer. Also, he
would like to know what binder was used in his water-bound
macadam.

Regarding plant hire, he had a feeling that Rs 400 a month
(presumably the work was done for a month only) was perhaps a
little low. If the P.W.D. was hiring the plant-from some one
else, he would think it would be something like Rs 1,500,

Shri N. Mohan Rao stated that from an analysis of the
Paper, it could be scen that the main recommendations suggested
for arriving at a rational design of road bed in black cotton soil
areas around Baroda were :

(1) That the existing crust of 93 in. over the black cotton
goil sub-grade was insufficient to ensure necessary load
dispersion and hence the overall thickness should be
increased to 18 in. based on the C.B.R. method of
design.

(2) That the brick soling wasto be replaced by sandy soil
and stabilised soil mixtures, presumably to cut down
the cost as wellas to improve load dispersion characte-
ristics of the pavement.

Referring to the design, he stated that the traffic was only of
the order of about 600 tons consisting of about 60 loaded vehicles
and 150 bullock-carts. The Author,had selected the C.B.R. design
curve corresponding to 9000 lb wheel load for estimating the
required thickness. Personally, he considered that these traffic
conditions did not warrant the use of 9000 Ib wheel load design
curve and probably lesser thicknesses would suffice. These curves
were evolved on an empirical basis depending on the experiences
of the California State Highway Department. Each design
curve is supposed to give the thickness requirement over a sub-
grade of given strength for a definite range of volume and fre-
quency of traffic. Hence the values of 9000 1b, 12000 1b etc.,
associated with C.B.R. design curves should be considered only
as a rating given to different ranges of traffic prevalent or antici-
pated and not as an exact'index of the maximum wheel load that
could be supported by the pavement,

Referring to the work of the Road Research Laboratory,

London whose design curves the Author had adopted, -

he stated that these were evolved on the basis of actual
investigations on roads in England and the C.B.R. design
curve of 9000 1b wheel load was recommended by the Road

N
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Research Laboratory, London for use in the design of roads
carrying traffic of 1500-4000 tons per day with 150-450
load vehicles plying in a day. That was why, he considered
that for the traffic figures given in the Paper, the thickness
based on 9000 1b wheel load design curve was on the high side
unless any other considerations apart from traffic, such as bad
drainage, field difficulties in achieving good and uniform com-
paction ete., had weighed upon in the selection of that design
curve thus ensuring a greater factor of safety.

Regarding the method adopted for rolling and compacting
black cotton soil sub-grade, the Author had mentioned that the
rolling was attempted at optimum moisture of 17.6 per cent to
achieve a density equivalent to 90 per cent of Proctor’s density,
though finally a moisture of 10 per cent was adopted to give the
same density. In this connection, he would like to point out
that considerations of optimum moisture and maximum density
were not very relevant for the case of expansive soils like black
cotton soils unless these values were linked up with the expansive
characteristics of the soil, since from the point of soil expansion
each material was supposed to have a stato of equilibrium re-
garding density and moisture for a given condition of confine-
ment. At a given density, maximum expansion occurred when
the voids were approximately full of water. To ensure that no

shrinkage should occur in this case, drying of this layer should be
prevented.

Basically the problem of design of road beds in black

cotton soil areas, should be dealt with keeping two considerations
m view :

(1) Designing the thickness of the crust to ensure safe
+ stresses on the sub.grade, which the Author had
already tackled in his Paper; and,

(2) Designiﬁg that the crust is safe against swelling and
shrinkage which is inherent in black cotton soils,

Swelling pressures were often detrimental to the stability of
the pavement ard might eventually cause its failure even though
the thickness may be sufficient not to overstress the pavement.
With the present knowledge, it could be said that the second pro-
blem could be tackled either by inactivating the black soil by
some chemical treatment or by adjusting the density of moisture.

‘and confined pressure in such & way as to eliminate this pro-

blem of expansion swelling. In the absence of exact data on
equilibrium density and moisture for no swell state, it might be
a better solution to réll the sub-grade at the natural moisture if
it was feasible on the field. '
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Regarding the design densities adopted for sandy soils, it
was not known why the density was fixed at so low a value as
102.6 1b per cu. ft. when the field density was as high as 110 to
113 1b per cu. ft. Results of rolling showed that it was possible
to get dry density of 122.7 per cu. ft. with 12 passes. It would
have been desirable to lay the sandy soil at this density, which
might have resulted in considerable increase of its C.B.R. value,
thus giving scope for reduction in the thickness of stabilized soil

and metal by increasing further the thickness of locally available
sandy soil.

He was of the opinion that, with heavy compacting machi-
nery easily available in the market, it was no longer justified to
stick on to the old practice of designing densities in the low
order of 90 per cent of Proctor’s density. With this very back-
ground, the laboratory compaction test was modified abroad some
years back with a view to give higher compaction,

Lastly, it would have been better, had the Author adopted for
the design moisture for rolling, that moisture which was optimum
for the plant under use rather than the value obtained in the
laboratory. Proctor compaction test as the optimum moisture for
any soil depended primarily on the compactive effort.

Dr. Bh. Subbaraju stated that the volumetric swelling of
the soil given was not more than 0.3 per cent. He doubted
whother it could be called black cotton soil, and whether it could
be included in C.H. group with liquid limit greater than 50 and
high P.I. The soil content of the sub-grade material had not more
than 23 P.I. and the swelling percentage was not more than 0.32.
He would like to know from the Author (i) how he had classified
his soil, whether by triangular specification or otherwise and

(ii) how he had classified his clay loam and whether his sbil came
under that group.,

From the soil swelling characteristics given in the Paper he
wondered how the cracking could go up to 10 £t depth.

. The ?Ja.ble which gave the number of passes versus the densi-
ties obtained revealed that the first layer had given very attrac-

tive densities. So, when such wonderful soil was available as

given in Survey No. 274, it was not clear why the Author should
have gone in for admixture of sand for the second layer. In the
beginning of the Paper it was said that the mixture of 1 : 4 (sandy*
soil to pure sand) was used and that gave a C.B.R. value of more
than 20. If so, why a mixture of 1 : 2 wag adopted. He wanted
to know whether the borrow material obtalne

d from the surve
was more costly than the admixture used, ¥
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Shri P. L. DE stated that it was not clear how the Author
had classified the sub-grade as black cotton soil. The P.I. and
the classification of the soil were quite different from black cot-
ton soil; the sand content was high, the clay content was rather
low. Sandy soil which had been used seemed to be quite suitable
by itself for stabilization. It gave high density and the grada-
tions were also quite suitable for stabilization. It was not clear
why further admixture of sand was necessary. Sand had been
mixed up to 200 per cent which he did not think was necessary
for such types of sandy soils.

In Table 1. the optimum moisture content for sample 996
was shown ag 10.2. It was not clear how it differed so much

from other samples given in the same Table, whose other proper-
tic s were the same,

In para 4.8 it was mentioned that rolling of second layer had
been done with 20 passes of roller. The number of passes seemed

to be too high. Generally after 8 or 10 passes, the density does
not increase much.

The cost had been shown as Rs 9.69 per 100 sq. ft. fora

12-inch thick base course.” He did not know how such a low
value could be obtained.

Shri A. K. Deb stated that it seemed it was high time now
that a suitable terminology was evolved to name the different
soils in India. Any soil which looked black in colour might not
necessarily be black cotton soil. The Author had not given any
soil profile of the area. When he had got such good clay loam he
would have probably encountered better material (granular) not
at very great depth from the surface which could have been made
use of by makin_ quarries at the site itself.

On page 286 of the Paper, the Author had mentioned that 20
passes weré required to compact the second layer of 3 in. design
soil mix by a 8-ton roller. He certainly did notget good results
because cracking and caking were bound to appear with so many
passes and with such & heavyrolier. If a pneumatic roller and

less number of passes had been used that would have given satis-
factory results,

Shri M. M. Gidwani stated that one of the speakers had
sought confirmation regarding the depth (10 ft) to which cracks
had extended in black cotton soil as referred to in para 1.1 at -
page 262 of the Journal. From his experience of works in river
valley projects in black cotton sdil area in Surat District, which
was very contiguous to Baroda District, he could confirm that
such cracks had extended to depths of even 10 ft. 1t all depended
on what was the depth of overlying black cotton soil strata.
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The rate analysis given in the Paper would not be complete
unless it was fully known what was the life span of the road and
what would be the annual cost of repairs. - In the present stage,
the Paper was only of the nature of description of an experiment,
on which conclusions were yet to be drawn. In order that the
Paper might be ultimately useful to the engineers in field, what
was required at the moment was observation on the behaviour of
the road for some time. After a lapse of time a'supplementary
Paper on the subject supported by realistic cost analysis might
be published by the Indian Roads Congress.

Dr. H. L. Uppal stated that reference had been drawn to
the C. B. R. curves for adopting them in black cotton soil areas.
It was clearly indicated in the work done in the U. S. A. that
though the C. B. R. curves were not meant for very expansive
type of soils, and the percentage expansion for which the test was
prohibited was about 10 to 12 per cent. He did not think that
the soil dealt with by the Author was as highly expansive as that.

The other difficulty about treatment of black cotton soil was
the pulverization and the mixing of admixture with the black
cotton soil. The author had not gone into that aspect in detail
which was really very important when dealing with black cotton
soil, The work recently carried out in the Central Road Research
Institute has shown that an addition of 5 per cent lime to black
cotton soil cuts down the plasticity index considerably. To see
the efficacy of laboratory results in actual field practice an ex-
perimental length was laid at Bhopal. It was observed that like
all other soils black cotton soil can also be conveniently pul-
verised at a particular moisture which ranges between 20-25 per
cent. The treatment with lime considerably improved the soil
by raising its C. B. R. froma 2-25 per cent, thereby justifying
that almost half the thickness of road pavement which is nor-
mally built up in stone, can be replaced by treated soil.

Another point that had been mentioned by one of the
speakers was that it is very essential that before the thickness
could be designed the highest moisture to which the subgrade is
wetted should be determined. The work in England and other
places has shown that their sub-grade which is generally very
clayey in nature attains moisture which is very much helow
saturation. This moisture is called ¢ Equilibrium Moisture Con-
tent”’ and is used for C. B. R. tests. This unfortunately is true
for moderate climatic conditions and therefore cannot be applied
to tropical countries. '

With the object of determining the highest moisture attained
" by sub-grades, an all India survey was made in areas of different
goil type and climatic conditions, the two main factors responsi-
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ble for rise of water table. The preliminary investigations
reveal that there are large areas where the sub-grade is below
saturation, and therefore for purposes of pavement design the
C. B. R. tests should be carried out at those particular degrees

of saturation and not at complete saturated conditions as is the
practice now. ’

Shri Fateh Chand observed that the proportion of 2:1 was
used because 4:1 proportion was costly. He thought even a little
difference in proportion should materially affect the quality of
the work. It was preferable to obtain stability on correct mix
and correct proportions even with a little extra cost. Com-
paction at optimum moisture was important. It was not the
compaction of black cotton soil but the compaction of the

stabilized base. Therefore, optimum moisture was as important
as anything else.

The Author had adopted a thickness of 92 inches. He
doubted, if it was even that. It could not be 92 inches because
he had taken two layers of 4} inches, which meant it was only

9 inches. Similarly, the crust thickness of 5} inches given by

him could also be less.

Shri K. R. Saxena * pointed out that reference to para 1.1
showed that the road had failed in miles 0/0 to 2/0 and 11/6 to
15/3 only, although the whole road passed through B. C. soil
area. In view of this failure of local character, it would have
been better to explore the sub-soil strata to know the depth of
B. C. soil and the ground water table so as to take necessary
precautions in the design. In fact a reference to table 5 showed
that soil No. 997 of the existing sub-grade contained 15.92 per
cent moisture which was very near to the optimum moisture

. content for that particular soil.

Reference to Table I showed that the existing soil of the
sub-grade belonged to ‘clay loam’ type which falls in A-4 group
of P. R. A. classification system. The gradation characteristics
of the soil also indicated that sand content varied between 50 and
42 per cent and clay content between 22 to 16 per cent. The
maximum liquid limit value was 43.50 per cent and maximum
P. I value was 23.20. Even the maximum dry density of the
goil was 107.0 1b per cu. ft. The soil, therefore, could not be
classified as B. C. soil, for which the values of L.. L. and P. I.
should have been of the order of 80 and 40 respectively, the Proctor

density 80 to 85 lb per cu. {t., and clay content more than 35 per
cent. ‘

* This and subsequent comments were received in writing,
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There was no necessity to mix sand to the so called

soils’ clagsified as sand in Table ‘sandy

'  sar 2 and containing sand
per cent, for stabilizing them. Various mixes ofgsa‘ar:ldy?oiltoax?g

existing sub-grade soil should have been tri
t e . . ed
mixes might have given even higher values lof SSBOI;,IG t(;xf thtelie
gn;a obigmped é}?r sand and sandy s6il mixture of 4:1. roover,
efore fixing the proportion of sand and sand il th
' ¥ soil the dust rati
Sgi sLﬁoI;ai;ls%ypfh]; Y(:lfi riihe mlxturte should have been de:eimr?rfe:c?
i imum criteri i
bilised soil in base and sub-bas;lo?zlzalg:l down for use of sta-

Moreover,

Shri R. Krishnamachari obse

1&%2E;§k£?:i:;quiIrsdéhC.éB.lg. {,Iests had been conducted at 0.9 of

1 . e tield the densiti i hi

%n%ltRwat;s eg'rone(zlus to take 09 of sx}):‘zz&al.‘d (?:zgitgult%fh;%};
- B. R. test was done on the average val si

a lesser thickness of pavement woul%l ha.v:ebgefnﬁzlrtllodel}llsmy’ thep

would have been more economical ugh and this

rved that for determining

On page 284, first line, it i
) , , it should be Fi
?x;Oi'I;hxs graph shows that there was sharp rise in density from

sture contents of 12 to 16 per cent. He was not sure ghezﬁg‘

the Author was correct ¢
i o take ¢
moisture content for compaction pl?:povszlsue °f 10 por cent as

gure 5 and not Figure

The Plasticity Index of i i
mentioned. For )srelection oftxlxlxeixdlﬁerem moinos had not been

: for the vari
from grading, the valu rious courses, apart
account, es of P. I. should also have been taken into

Sri E. T. Chandrasekhara
F : n hoped i
undertaking of this experimental worﬁ, tﬁgatr:n;t

of the road from 2/0 to 1 r
be constructed of s/;ta, 0 15/7 of Baroda-Dabhoi R

h. t_he successful
alning portions
oad would also

data would be made available re i ' ¢ Jurthor useful

The black cotton clay i
: 1 clay in the sub-grade of t} '
;gtixsrz;nedé};rssgllasmiity Eth the plasticity indl:xr(\)rz(li'yli)g;s?:zﬁ
: - ucntly, that did not i
hlglh swelling and high shrinking soil thzefﬁe tt:?ar be bla ypically
soil was normally associated with. e obok cotton

made on the experimental work woul%oljzegf I"i bhe Sbservations

construction of roads in simil i M Yelue for
0 ar soil areas. ’

reguestefi to furnish particulars of water t:l?)] e _Autho_r was

rainfall in the areas. ° and intensity of

From the cross-section of th i
- ) e e -
given in Fig. 3, it was observed thatxzﬁzln‘}:;f;a{ilstablhsed road
12 feet wide and the stabilised soil layers of sa.ndyg szt;{ia{fs i
mix-

PxPERIMENTAL SoIL STABILIZED RoAD CONSTRUCTION 739

ture of sand and sandy soil were 14 feet wide. That gave an
offset of 1 foot of the stabilised soil layers beyond the edge of the
wearing courses. The defails of provisions for the berms on the
sides were not shown in the figure. It was, however, presumed
that for a road of State Highway standard with a black-topped
wearing surface, special provisions for the berms would neces-
sarily have to be made. In the Madras practice, the stabilised
soil foundations were extended on to the sides by about 3 to 4
feet beyond the edge of the wearing surface so that this extended
portion afforded additional stability to that immediately below
the ends of the wearing surface. Also, this extension provided a
stable foundation for the berms to be used by the crossing traffic.
Construction experience in Madras State showed that the end
portions of the stablised soil layer (about 2 to 3 feet wide) did
not get as well compacted as those at the centre and this obviated
the need for an increased width of the foundation courses. The
Author was, therefore, requested to furnish details of observa-
tions, if any, on the relative compactibility of the stabilised soil
layers at the centre and at the ends. It was, however, suggested
that in conducting observation studies on the surface behaviour
of the experimental road, special watch might be kept to note
deficiencies at the ends of the wearing surfaces.

In para 2.2, page 267, of the Paper it was stated that a mix
of sandy soil to pure sand of 1: 4 gave a C.B.R. value higher than
20 and because of the availability of onlya limited quantity of
pure sand the actual proportion was changed to 1 :2 forreasons
of economy. Presumably, if additional quantities of pure sand
were to be used this material would have to be imported from a
longer distance. However, it seemed quite worthwhile to make a
comparative study of the possibilities of obtaining a combination
of sand-sandy soil with as high a C.B.R. value as possible so that
the thickness of the more costly upper layers might be reduced to
a minimum. As for example, on.page 288, it was stated that the
actual cost of the 12 inches of stabilised soil layer was only”
Rs 9.69 per 100 sq. feet while the cost of an extra § inch thick
metal used above the conventional thickness of 41 inches came
to Rs 4.69. Obviously, if advantage was taken of the avail-
ability of the higher value of C.B.R. value for thestabilised sand-
sandy soil mix, this extra thickness of metal could perhaps have
been omitted. For instance, a C.B.R. value of 30 would warrant
a thickness of 53 in. for the upper layers in which case the thick-
ness of metal provided would get reduced to 4} in. Also, as a
matter of general procedure, the more expansive a layer the lesser
should be its thickness, provided this was consistent with con-
sideration of availability of materials. A reduction in the thick-
ness of the metal and an increase in the thickness of sand-sandy
layer might be not only more economical but would have also
facilitated a better compaction which was found wanting due tQ

18
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the thickness being small (3 inches) as reported in Table 10 of
the Paper. In his opinion, the minimum thickness of the
sand-sandy soil should be at least 4} inches (compacted).

Table 9 of the Paper showed that the sandy soil was capable
of being compacted denser than the design value on a slight
increase in the number of passes of the roller. In his opinion
the sandy layer with a higher density would show a higher value;
of C.B_.R. and advantage could be taken of this feature to reduce
the thickness of the other layers provided the extra cost involved
for a greater compaction did not exceed the resultant savings.

In the method of construction described in the Paper, no
mention was made as to how water was incorporated into the
soils and whether any mixing was done. He requested the
Author to give details of the actual procedure adopted.

In figure 3, mention was made of the provisi
3, . on of a metal
layer of 51 inches thickness. It was not inown whether :his
referred to water-bound macadam. If so, the actual procedure
ad'(l)p;;ed in ]a..);ilng t::he water-bound macadam on the stabilised
soil layers with observations on special di i i
experienced, might be stated. pociel diffoulties, if any,

The results of compaction for the sub-grade soi

sandy soil layer showed that dry density eqlgxa,l to i%lzal.t%?%5tlt:§
100 per cent of Proctor’s was obtained in most cases. In the case
of the sandy soil-sand combination, however, the compaction was
only 90 per cent Proctor’s or even less in some cases, which had
been attributed to the adoption of a thin layer of 3 inches asg
stated by the Author in Table 10. Analysing the general trend
however, it appeard more practicable and economical to have the
design based on higher values of densities namely around 95 to
100 per cent Proctor’s rather than limiting to 90 per cent P

tor’s which, in his opinion, was rather low, P o

It was presumed that the cost gi tlisec
1 ¢ ¢ given for the stab i
took into consideration the hire charges for the pla,;tau;}alc?ed 'i‘(})ll;

hire charges for the various plant per d i :
the department might be furrll)ished}'] ay of 8 hours in vogue in

Shri J. F. Mistry (Author)
comments stated that the propert
clay-percentage was not as hi

in his replies to the various
ies of the soil showed that the

; gh as many of th
described. The clay-percentage was vargr’ing froemsgzak;;: c};?l(ti-,

to 25 per cent and hence from the triangular-classi i
goil was clasmﬁed.as .cla,y loam. Its Ca%iforni;&sﬁégi?;éorﬁ,a?ils
vg,lue was 3.50 which is very close to the lowest limits 2-3 of
highly clayey black cotton soil. Secondly, the C.B.R. method of
design was adopted only because of the very low ez‘( s;.n i
- perty of the soil, vide Table No. 5.  xpansive pro-
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The water table was observed to fluctuate from top of the
road in monsoon to a few feet below in summer and hence the
C.B.R. test was performed under severe conditions after 4-days
soaking in water and not at equilibrium moisture content as
suggested by one of the speakers.

It was quite obvious that one would be easily attracted to
the high densities of the first layer of sandy soil and would think
of determining the C.B.R. value at higher density and providing
it in a greater thickness, thus probably avoiding the second
layer of mixture of sand and sandy soil. But this would have
been a costlier process as, firstly, the first layer would have to be
laid in three stages instead of two stages because of its greater
thickness and, secondly, to get the higher density it would
require rolling of at least 20 passes i.e., 24 times more expensive
than one layer, and the rolling on the third stage would have .
been extra in addition to the rolling on the first two stages.
Thus it would have proved definitely costlier.

As regards adoption of 9,000 lb-wheel load-design-curve, he
stated that the maximum lorry-weight in Bombay State was
taken as 19,000 1b, and taking two-thirds of it as the reaction on
the rear wheels, the wheel load comes to (3 x 19,000 x 2/3=6,333 1b).
Thus the design curve for light traffic with 7000 1b-wheel load
could have been adopted, but to allow for an increase in the
laden weight of lorries, the 9,000 lb-wheel load curve was adopted.

The second layer was mixture of sandy soil and sand laid in
3 in. thickness. According to the graphical solution, vide Fig.
2 on page 266, four parts of sand and one part of sandy soil
should have been added for a very stable mix, but with this pro-
portion of 4: 1, three values of per cent passing were falling out of
the standard specification-size-distribution—vide Table 4 on .
page 278. After various trials with a higher fraction of sand, it
was observed that the per cent passing B.S. 200 sieve was
getting reduced to below 10. It was quite necessary to keep the
per cent passing B.S. 200 sieve within 10-25 per cent as it
was this fraction only which acts as a binding material in the
mixture. So with a lower fraction of pure sand, viz., 2 parts of
sand and 1 part of sandy soil, the value of the per cent passing
B.S. 200 sieve was brought within the specified limit. Also, this
mixture (2 parts of sand: 1 part of sandy soil) gave a C.B.R.
value of 20 which permitted laying of 3 in. thickness. _

‘In reply to the speakers who were desirous %o know how
black cotton soil was pulverised for mixing purposes—he stated -
that B.C. soil was not at all used in the mixture. It was only
the sub-grade which consisted of black-cotton soil which being
very poor in bearing strength, a proper th_ickness of the road
crust was provided so that the load was distributed on a larger
area of the sub-grade, thus reducing phe intensity of pressure.
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As to the values of the moisture content on various layers of
the sub-grade soil sample after 4-days soaking and the per cent
saturation that it represented, he was sorry to say that this
information was not collected during the tests.

Generally, when small works were carried out departmentally,
depreciation and rental charges of the machinery were not taken
into account in the cost of the work. However, the cost was

worked out from schedule rates and it came to Rs 418.00 for
base course only.

The suggestion made that the second layer should have been
rolled with a pneumatic roller was a good one as it would have
been possible to get a higher density without cracking.

Regarding the behaviour of the road under traffic and
weather he would try to collect the necessary information and
send it to the Secretary, Indian Roads Congress in due course.

Shri. S. R. Mehra (Chairman) in his concluding remarks
stated that the laboratory work had far outpaced the field work
and it was time that steps were taken to put in 5, 10 or 15 miles
of road backed by proper laboratory testing and so on, so that
results could be watched and the actual behaviour of the treated
black cotton soil in the field could be known.

He appreciated that a young engineer had gone into the
trouble of actually designing his pavement. At least four States
in India had got full-fledged laboratories, but he was not aware
if any State was designing its pavements with black cotton soil.
Most of the time pavements which were far short of the require-
ments of traffic and sub-grade were laid, and the result was that
the road suffered damage. Once a hard crust was put down on a
sub-grade and it was covered with bitumen treatment as was done
now-a-_days, any damage or deformation became extremely
expensive and difficult to rectify, exXcept by doing patch work.
And a8 the damage went on increasing, the patch work got
heavier and created further deformations in the surface of the
road. Shri Mehra, therefore, pleaded that those States at least
which had laboratories should design their pavements with
treated black cotton soil, and he was sure it would pay them
handsome to do so. It only meant putting in certain amount of
labour in the field. There had been a scheme circulated recently
for testing and control laboratories costing about Rs 2 lakhs, and
with Central aid it should be possible for all the States to e;tab-
lish such testing and control laboratories, which would in the
course of time develop into full-fledged laboratories,

He thanked the various g
congratulated the Author for h
a very useful Paper.

peakers for their comments and
aving taken the trouble to prepare

—i,

Discussion on Paper No. 203*

«Study and Investigation of Performance and

Failure of Road Pavements in Uttar Pradesh™

By
H. . VErMA AND D, C. CHATURVEDI

Monday, 6th January, 1958

i i i i habir Prasad,
Shri Hukam Singh (Chairman) asked Shri Ma..
in the unavoidable absence of the Authors, to introduce the
Paper.

i ir Prasad read out the introductory remarks
ha,ndigrolvlz/{'ag(l)al?igl Ey the Authors. He said that the presenta-
tion of the Paper was timely as at present arbitrary methods
were being adopted for fixing the thlc}iness of road pavement
based on past experience. This resulted in uneconomical construc;
tion in some cases and in others the thickness of the pa,vleénen
was insufficient, resulting in the failure of the pavement. was
for these reasons that the need for designing pa.veme(lllt§ .(;nr a
scientific basis was being increasingly felt now. Roa a:tl : :z
were not frequent. But whenever they occur, they pro'vblle gn
opportunity for studying the various factors refspol?_mh > for
failures and give a lot ofdinfofrntmtion ;m :{1198};;»:11; :b:;;hut};ypes ok
failures can be prevented in future. ln thi o TR

ents, viz., rigid and flexible, had been dealt with.

gz:?llgrs had tried 1%0 examine how far the thfaorgrl o: p:,hv:n:ﬁril:
Sk AR S twelsfrgv?}?;‘gh Wl?:d a‘bl«)agixwatri:d i(;l U.P. and
bonded cement concrete slabs . o I
had found that the theory might not be full}:l app ety
slabs. For flexible pavements C.B.R. mei;hob wa.ds st lzness b
ted. On the basis of C.B.R. values of the subgrade, k !

i hs for various types o
pavement was found from different gral}: o portant
traffic loads and intensities. It was, however, : ortans

R. value of soil should be determined under a con

i ent which wou )

:Vllll(}cllxl“t);}lls; ‘slx]c::lc:vl;ts} likely to have during the life of the road.

i i i i is Paper per-
i . ations of failure described in this P
taingiht?ol:;gsﬁ)ga:is, viz., the G.T. Road betwee'i‘lh Gh&rztliz];agf?;(:
Bulandshahr and the Meerut-Baghpat Road. o po

* Published at pages 347 0 393 of Vol. XXII-3 of the J oumal_of the’
Indian Roads Congress, December 1957,
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(()}f.'f([).‘.ift_)ithll?élgr investigation had a rigid pavement consisting
oL in A in. mé cement concrete slabs, while the other road had a
floxit wfit'ﬁmesh of black top surface over water-bound macada(rll
| conditionsl gf ?) present Paper, further investigations abo b
conditic 19597 _subgrade on the G.T. Road were carried ou13‘El
G aober 1 ha(;ni)medla,tely :}fter rains. Tt was noticed that m'llg
: r ¢ ces. The C.B.R. i
glashi(ilézllted portluon and another portion in the tw;aisctir??trmedhqult
was in t}fe {zzfa %dﬁtha% the C.B.R. in the former casgwgs 303
er 6.6. The moisture at diff i .
i?;:)n:; %ase wt?,s also higher than the latterl. eﬁg:egapthtsh v lfhs
nle of Lucknow-K
:ﬁ;s:‘?;;;é;:v}(: éudr.lo.ngs had been giving trouble a'z:lrﬁilrdljrzid. 1915%
line; indicatead ' 1stlﬁltegrated. Investigations carried out gn the
i Crnd jeated 1;0rt?01;ap§1' re\;ealed that the thickness of crust
ol 1 n, viz., furlong 2, was 71 i i
rg;(;)ncirél;i::ihu;};gaiem goo;l c(?ﬁndition, it was f4nilgl(:§2san('11‘hli2
ro beavy traffic being an im ati
ci:,%;}(l;wiz aI:vdttﬁli thmkpess of the crustgin f11r1§nogtgn;a§?ﬁ;0ur§l
e tix st and it. Moreover, the moisture content in
Dt s & top subgrade was found to be more tha tllln
plastic mit and also the soil was not well compacted 'frl‘lh o
siudie ft(:}r)lﬁ?(sie?lut t?lle.neggssity of compaction of subgra'de so(i)lsse
s ' soil in the sub i .
economical in some cases and migmd‘tﬁe a:(li(cl)pi:?ln soling could be

The drainage under roa

which needed attention. Sui d pavement was another aspect

table specificati i
be evolved for the benefit of field é)ng;n;}::slonsTfa?lfin?lzh:hzgld
. se

¢ ;
of the Meerut-Baghpat Road itself, there was a heavy rainfall

in that area in 1955 % :
area remained Waﬁerloggvevgsfigout 28 inches in three days. The

was not well drained the road hag fg.);‘fet;y long time and as it

Shri R. L. Nanda said
. o e t
determined by the Authors on 1113?‘12 tho 0. B . values had been

thickness of pavements estj natural moisture content

. estimated o . ents and

table in those sections was 4 ft ton ;h?tt'; ]gasiif Wa.ilelt:h th;a' Watex;
. © time o

investigation. But in June 1956, vi

] t , vide T i

zﬁgiet;e;cmons varied from 1 ft 1 in. eto thfltel‘l’irf he v‘:l?'teli e I
area was waterlogged. Therefore, it‘,woullg bzhtr)n“;i%

rational to take soaked C. B
. B. R.
values for the design of flexible pavgzigszs rather than unsoaked

Shri Nanda referred ¢
the Paper and said that th%
on the basis of (., B, R,

page 375 and Table 9 on pa

: 37
Authors had designed rigidppf\?emgngg
values with 20 per cent reduction,

k3
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whereas the C.B. R. method was devised for the design of
flexible pavements. It was not reasonable, he said, to accept
this assumption without any experimental data, It was also
borne out in Paper No. 20 of the Road Research Laboratory,
England, that it was not desirable to place any reliance on
assumptions unless further studies on the performance of existing
concrete roads lead to new empirical C.B.R. ocurves for

concrete roads.

Shri C. G. Swaminathan said that as long as their methods
of design were empirical as the C. B. R. and the plate bearing
tests, performance and failure of roads should be studied in

. detail and brought forward so that it might be possible to have

some empirical procedures for the design of pavements.

He sought clarification from the Authors about the
statement made in para. 3.1.1, page. 354, that a flexible
pavement was one having little or no inherent resistance to -
deformation under applied loads and wondered whether that was
the correct definition of a flexible pavement. He thought that
a flexible pavement was one based on its strength, :

Referring to para. 3.2.1 on page 357, regarding wide
distribution of wheel load pressures, he wondered whether there
was any correct definition regarding distribution of a load. He
thought that the so called method of distribution of a load or
dispersion was dependent on the method of loading it. He
wanted the Authors to throw some light on this point.

With reference to sub-para. 3 of para. 4.1.2, Shri Swami-
nathan asked how the energy stored in the subgrade by each
passing wheel could be a destructive force. He was of the
opinion that a road was no better than the amount of work put
into it as greater the energy stored in the pavement as such
the better it would be for the road itself. :

He wondered how consolidation data could tell about the
moisture content as had been stated by the Authors in para.
4.2.1 on page 360 that moisture content under an impervious
pavement could be estimated for clay soils from the suction or
consolidation characteristics of the soil.

Regarding the use of C. B. R. method for obtaining overall
thickness of concrete and granular base, as stated in third para.
on page 375, by allowing 20 per cent reduction for greater
rigidity of concrete a8 compared to wholly flexible construction,
Shri Swaminathan thought that the C. B. R. data could not be

relied upon for concrete roads.
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higher water table or water-logged conditions, and an uncom-
pacted subgrade with ungraded soil, together with inadequate
thickness of pavement in certain places. The use of ungraded
soil from borrow pits should be discouraged and the soil blended
to yield the required characteristics. This should not be diffi-

cult now that almost every State had a highway research
laboratory.

Regarding the subgrade not properly compacted, Shri Swami
said that it was a problem to be tackled at the time of forma-
tion of the road. Leaving the new formation during monsoon
for traffic consolidation was not enough. Tt would do good to
insist on a.certain minimum density for the subgrade soil
before a pavement was laid. Further, the thickness of the pave-
ment also became less on a well compacted subgrade. He then
cited an investigation conducted by the Central Road Research
Institute on the G. T. Road, where it was observed that a pave-
ment of about 7 in, thickness on well compacted subgrade with-
stood a traffic of about 3,000 tons per day much better than a

12 in. pavement on a relatively poorly compacted subgrade,
other conditions being the same.

Shri Swami concluded that though the C. B. R. curves served
the purpose for the present, it was widely felt that the inter-
pretation of these curves for traffic consisting of iron tyred
vehicles required modification. -

Shri C. L. N. Iyengar commented that as far as rigid pave-
ments were concerned, the Paper lacked considerable analysis in
the sense that each type of failure, whether in respect of orienta-
tion or magnitude of the cracks, told a different story. Also, un-
less these observations were tied up with experimental findings
about the failure of the subgrade, either near the corners or near
the edges, and the stress transmission, the actual type of failure

could not be made out. He felt that the report needed to be
intensified before making good use of it.

Shri Iyengar agreed with Dr. Subbaraju that there was no
point in treating a concrete slab when it had fragmented very
largely, because once the fragmentation had taken place there
‘'was no interlock between the adjacent areas. Therefore, it was
obvious that, if at all the benefit of the study should be made use
of, reconstruction of the road should really be done at a stage
when the initial signs of failure were noticed, and not when the
entire fragmentation had taken place.

Shri Iyeng_ar suggested that the question of blow-ups which
was very peculiar to certain locations and notto the general type

~of failure in concrete pavements, should be separated from the
masain study.

N
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ing the question of validity of Westergaard’s formulae,
Shril%;iigir gbser\;led that there had always been doubt abou:& J;:-lns
except in the U.S.A. where it was ac_cepted in entirety. fer
observing the trends of British investigators during the last few
years, it was seen that opinion had completely cl_langed from re-
jecting Westergaard’s formula to totally accepting it, and now
it was the nearest rational approach for designing concrete pave-
ments,

Dr. H. L. Uppal was glad that attention of highway engi-
neers had been dggwn to the importance of the subgrade. So far
the practice had been that pavements of diﬁerent thicknesses
were put on certain subgrade without knowing whether they
were poor, lean or fat.

rding the reduction of 20 per cent allowed for greater
rigidliq{:irgﬁf ::oxglcrete, Dr. Uppal said that this had been taken for
soil mechanics for road engineering. ]}‘or cement-soil, Whncl} had
only a flexural strength of 50 b persq. in., generally a reduction of
20 to 25 per cent was allowed. But cement concrete had much
reater flexural strength, rather 10 times that, and should ha.ve_»
%een given more reduction in thickness. :

Dr. Uppal said it appeared a very strange way of putting
Proctor’s density as 90 per cent or so, because a soil in the laborg—
tory could not probably be compacted to more than 1.8 and,
therefore, calling it 90 or 95 per cent in the field did not appear
logical. It should be called by the specific gravity that was
aimed af.

age 388 it was stated that movement of the capillary
mdisg;)lilrepcguld be resisted by interposing a requisite thickness oﬁ
low capillarity something like sand or gravel.  Before - suc]
courses were laid in between the wearing course fmd the base
course it was very essential that the capillary fringe ofithes.e
materials should be very carefully mgasured, qtherwxgeﬁlg
was no use putting a sand layer of 2 to 3 in. and being _sa(.itls ie
that it was not likely to pass on moisture to the upper grade..

. Uppal continued that it was a very wrong assumption
tha.t]i)frthepgva.ter table was kept at 4 ftdepth it was probably
safe. Recent work had shown that even when tpe area was Very
dry, there was always the possibility of the moisture gettmﬁ a0~
cumulated under the sealed surface, because apart from -ca.1;()11 Iairy
moisture the movement of moisture in the subgrade could also

. take place through the vapour phase.

i i* . 2.2.4 on page
‘ . Krishnamachari* referred to’_pa,ra Q
351 v?llllel;'lel:he ‘Authors had mentioned Kelly’s formulae for caleus

# This comment was received in writing. -
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lating ti_xe total stresses in concrete pavements. He said that for
calculating thermal stresses a temperature differential of 3° F.
per inch had been assumed. This data was obtained from foreign

countries ar}d. it was quite erroneous to assume the same for
Indian conditions.

Regarding the non-failure of 4 in. slabs, as mentioned in
para. 2.2.7 on page 352, Shri Krishnamachari thought the reason
could be that the assumed maximum whee) load of 5,000 1b might
not have been reached. He also felt that the assumed figure of
1,000 Ib per sq. in. for K modulus of subgrade seemed to be on

the low side. Plate bearing tests could have been carried out to
determine the value of K.

¥n reg?,rd to laboratory C.B.R. tests on the subgrade sam-
ples in thelr patural moisture content, vide para. 5.2.5 on page
363, Shri Krishnamachari said that the test should have been

done at a moisture content that would have been prevalent in the
subgrade soon after the rains.

To support the statement on page 375 that the stability of
affected subgrades was affected by the rise in moisture content
over the plastic limit, the Authors should have determined the
moisture content of the subgrade soon after the rains,

Beferripg to para. 5.2.8 on page 377, Shri Kri’shna.ma.-
chari enquired how the thickness of 3 in. or 2 in. was fixed

for the overlays constructed over the disintegrated concrete
pavements.

’

Shri Mahabir Prasad stated that deta

comments made by various speakers would
Authors in writing. '

iled replies to the
be given by the

Regarding the failure of the G.T. Road, he said that this
road was constructed about 20 years back and since then the
traffic had increased considerably and the water table had gone
up. These two factors would probably provide a rational basis

for the investigation of the failure of the cement concrete pave-
ment. ‘

Regard}n_g M_eerup-Baghpa.t Road, Shri Prasad said that the
heavy precipitation in 1955 of about 28 inches in three days
when the area was water-logged might h
failure of the road.

AUTHOR’S REPLY

The Authors were grateful to the vario
taken part in the discussions on the Ps
observe that it had aroused considerable

us speakers who had
per and were glad to
interest, particularly

ave been the cause of
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among those who were connected with investigations and prob-
lems of pavement design.

The discussions had indicated that some of the} spea!:ers.did
not agree to the lines on which some of studies or investigations
had been carried out. The purpose of writing this Paper was to
bring before the Engineers and Research Workers the results
of detailed study on the performance and failures of road pave-
ments and factors responsible for the success or failures of
different types of pavements in order to ascertain what other
Engineers or Research Workers were doing in similar cages 80 as
to have the benefit of their experience in this field. This purpose
has been served to a great extent.

Shri R. L. Nanda had stated that soaked C. B. R. value
should have been taken instead of unsoaked value. Although it
was possible that the ground might have been water-logged in
some portions, yet it could happen that saturated condition
below pavement was not created. Determination of C. B. R.
value under soaked condition wouldhave given very low value of
C. B. R. and consequently higher thickness of pavement than
was necessary. There were anthorities® who did not recommend
soaked C. B. R. values for this reason. It was stated that
C. B. R. values determined in-situ (i.e. unsoaked) gave .thickness
in some agreement with the thickness found to be satisfactory.
Another objection to the soaking procedure was that it produced
a specimen with more sudden changes in density and moisture
content within a small volume, owing to swelling and softening
of the top } in. of the soil, than were likely to occur in practice.

Attempt was made to carry out investigations in these por-
tions soon after rains as already stated in the introductory
remarks so that C. B. R. test may be done in the worst condition
of moisture but the results were not conclusive.

It was agreed however tha.t’ if com'iitiqns were such as to
create saturation of the subgrade, determlpa.tmn of the C, B. R.
value under soaked condition would be desirable.

The Authors agreed with Shri Nanda that C. B. R. method
was mainly devised for the design of flexible pavements but this
method was adopted for rigid pavements on the basis (’)’f infor-
mation given in  Soil Mechanios for Road Engineers* which
says that overall thickness of concrete and . granular base
obtained by C.B.R. method may be conservative and 4
reduction of as much as 20 per cent is perhaps reasonable to
allow for the greater rigidity of concrete as compared to wholly
flexible construction.

* ¢ 8oil Machanios for Road Engineers” published by H. M. 8. 0., U, K.
(Chapter on Pavement Design). - o
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In the Technical Paper No. 20 of Road Research Laboratory,
U. X, it was stated that too much reliance cannot be placed on
the assumption that one inch of concrete is approximately
equivalent to two inches of flexible construction,

It would have been useful to carry out plate bearing test to

determine modulus of subgrade reaction but as no equipment was
available this could not be done.

The Authors, however, agreed that further study of the
performance of existing concrete roads was essential and it may
lead to new empirical C. B. R. curves for concrete roads giving
the variation of total thickness of construetion with C. B. R. of
the subgrade for different proportions of thickness of concrete to
thickness of granular base. These curves would be useful for
ensuring that subgrade is not overstressed but theories of stres-
ses within concrete slab like those of Westergaard would still be
required to check that concrete slab is not overstressed.

Shri C. G. Swaminathan.had sought clarification regarding
definition of flexible pavement given in para. 3.1.1. To Authors
there appeared to be no anomaly in this definition, According
to the publication referred to earlier a flexible pavement is able
to resist only very small tensile stress.and any change in the
shape of the subgrade is followed by a corresponding change in

the road surface. If flexible pavement has resistance to defor-
mation, then it is not flexible.

Regarding method of distribution of load or dispersion, the
Authors felt that the problem was still not completely sofved.
Methods had been evolved based partly on theory and partly on
experience, as well as based wholly on mathematical analysis of
the stresses and strains. However, there was no method of design
yet devised which had a sound theoretical basis throughout.
Research was in progress in foreign countries in this connection
and we might in future be able to la

. ' lay hands on a reliable method
of design based on true analysis of stress distribution and soil
strengh. ’

As regards subpara. 3 of para. 4.1.2, the Authors f
to Highway Research Board (U. 8. A)) Bulletin lvég‘.ﬂldlief(?rl;
“ Pavement, Deflections and Fatigue Failureg »’ by F. N. Hveem
The Authors. did not agree with the remark that the greater thé
energy stored in the pavement the better it would be for the road
itself. Repetition of load, in the opinion of the Authors was &
destructive force and not a’ strengthening one. ’

. Regarding estimation of moisture

content under an imper-
vious pavement for clay soils from the tior

sucbion or consolidation
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characteristics of the soil, the depth of the water table and the
surcharge imposed by the pavement, the Authors would refer to
Paper on  (Calculation of the moisture distribution beneath
structures” by D. Croney, W. A. Lewis & J. D. Coleman,
published in the ¢ Civil Engineering, London” 1950, 45 (524)
103.6 and to Road Research Technical Paper No. 20 on * Pave-
ment Design ”’. s

Dr. Bh. Subbaraju had expressed doubts regarding specifi-
cations recommended for strengthening the failed concrete
pavements. So far as specification No. 1 was concerned, viz.
resurfacing with 3 in. coat of stone ballast, it was not understood
how this top coat would fail when load came over it as the
stresses would be distributed through this top coat and the
concrete pavement would be serving as intercoat for which it had
sufficient strength.

It had been stated that once unreinforced concrete was
extensively cracked it became virtually a flexible type of con-
struction. It was possible that by trafic moving over the
cracked portion of the concrete road, the concrete pieces might
have got interlocked. As such, the premix carpet laid over such
a surface should behave quite satisfactorily. In fact, the reports
go far received from site indicated that these experimental
portions were standing quite satisfactorily.

Complete removal of slabs might have meant a huge expen-
diture, As stated in para. 5.2.8, such specifications were being
adopted in several other miles of this road and behaviour of
such lengths would be watched with interest.

At present the shoulders of roads were not being designed on
any basis. On the roads which carry heavy traffic, the efiges
were liable to wither away and, therefore, an edging was provided
in the form of strips of water-bound macadam at least 12 in. wide
and 4} in. thick using stone, brick ballast or kankar. Brick
edging was also sometimes provided. When the road was to be
widened at a later date the edging was removed and the road
extended by adopting the usual specifications.

As regards under-designing of extended portions, the Authors
agreed with Dr. Raju. In the present case, a thickness of about

9 in, would be provided on extended portion and if the subgrade

was compacted, this thickness should be sufficient to take the
traffic. .

Shri N. Mohan Rao had considered the approach to the
problem not strictly scientific. These remarks were very vague,
as’ the jnvestigations of the failures of pavement had bheen
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carried out on the basis of procedure recom
Research Laboratory of U.K. mended by the Road

The reasons for adopting the value of wheel load of 5,000 Ib
for calculating stresses in concrete pavement had alreadgr been
given in para. 2.2.6. Curve D or E was adopted to find out the
depth of crust on the basis of traffic intensity coming over the
road. Curve D was for a traffic intensity of 160 to 450 vehicles
per day exceeding 3 tons loaded weight and curve E for a traffic
intensity of 450 to 1,500 vehicles per day. These curves were not
bfa.sed on wheel loads although earlier curves were based on
different wheel loads indicating light to heavy traffic. Ado ting
a load of 9,000 Ib for the concrete pavement would pha.ve
resultgd In very much higher stresses for which a thicker slab
than indicated in para. 2.2.7 would have been necessary.

In Australia, a standard wheel load of 5,000 Ib w d
and G.B_.B,. curves were given for different nﬁmbers o? stzggs:gd
of repetitions of this load. For example, one 9,000 1b wheel load

was considered as equivalent to 16 iti
5.000 b load. T repetitions of the standard

A value of 1,000 for ‘X* the modulus of su i
had. been assumed in the absence of any othel:‘gr:g?a.;le: 03;.(1);2
available for a subgrade consisting of well compacted kankar or
other material. It had already been stated in para. 2.2.8, that
even this value might be higher in actual practice. o

Similarly, there was no error in assuming a val

) ; ¢ ue of fl
stren_gt?h of 650 1b in sq. which could be obt%ined under Zi::l‘:i
conditions. Thus, for 650 1b per in. sq. strength, the corresponding

compressive strength would be about 4,615 1 i ;
should not be difficult t6 obtain in the field. b per sq. inch which

It was not possible to cut concrete cubes i

in size out of conerete pieces obtained froozin:;zze ?323 2%’1'111115
Authors felt that it would not have made very much diiference
in the strength of the concrete cubes had these val b

converted to those corresponding to standard cubes foroover.
no data was available on this aspect :
relationship of compressive strength:'i 1
6 in. concrete cubes and 6 in. square secti.on

Moreover,

beams were tested.

If 50 per cent reduction in thickness

as ecalcul
C. B. R. curves was allowed, the thickness of pavemlélf‘ttig lflll-:(;g
would have been much less and no inecrease in thickness q 9
have been necessary. wou

Regarding gradation limits fixed by the Bure i
Roads, U.S.A., the Authors understood that gra datioaﬁul ;:]f1 i’:g:s

For arriving at the
X flexural strength, -

z
~Z
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been fixed for effective subgrade soils* which could also be applied
for base course soils,

Shri C. C. Bagchi had referred to the possibilities of
chemical reaction taking place which might have caused the blow-
ups in concrete pavements. In this connection, petrographic
study was carried out on the concrete specimens as stated in
para. 5.2.7, and it was stated on page 377 that there was no
deleterious mineral present in the coarse aggregates _which could
cause alkali-aggregate reaction.

Regarding width of cut through the pavement for purpose of
study, the Road Research Laboratory, U.K. recommended a 3 ft
wide cut but it had been possible to carry out tests with 2} ft
wide cut. Such a wide cut was essential as it was required to
take out samples from the subgrade for tests in the field as well
as in the laboratory.

The Authors had not tried the different methods for checking
the capillary rise of moisture and it was therefore difficult to
give comparative costs of such methods. As they understood,
different specifications were proposed to be tried on different
roads in water-logged areas by the Government of India and it
may then be possible to obtain data of comparative costs of such
treatments.

The querry made by Shri Bagchi regarding Appendix 3 was
not clear. The first coat of painting was done with } in. to § in.
grit and tar No. II and the second coat of painting was done with
1/8 in. to 3/8 in. grit and mexphalt 80/100. These were the usual
specifications followed by the U.P. P.W.D.

The Authors agreed with Shri S. A. Swami that ungraded
s0il should not be used but it should be blended to yield soil of
required characteristics. So far as Uttar Pradesh was concerned,
necessary instructions had already been issued by the Chief
Engineer in this connection and the importance of subgrade
compaction before laying pavement had been gtressed. The
Authors agreed with ShriSwami that investigations should be
carried out regarding interpretation of C.B.R. curves for traffic

_ consisting of iron tyred traffic and they hoped that the

Central Road Research Institute would take up this problem
sooner or later. :

Regarding Shri C. L. N. Iyengar’s comment, the question
of blow-ups in concrete roads was mentioned in this study as it
was considered that this aspect should also be looked into when
the prevailing atmospheric conditions cause wide variations in

* Hyderabad Engincering Research Laboratory Annual Report (Tech-
nical) for 1950 (pages 70-71}.

20
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temperature leading to considerable expansion and contraction
in concrete slabs.

Dr. H. L. Uppal had stated that as flexural strength of
cement concrete was higher, a much higher reduction in thick-
ness calculated from C.B.R. curves could be allowed. As already
stated in para. 2.2.2, the reduction of 20 per cent was more or
less arbitrary. It might be possible to increase this reduction
but before this was done, further investigations were necessary.

As regards expressing compaction of subgrade soil as a
percentage of Proctor’s density, it had been seen that in a
highway work, the degree of compaction of embankment usually
varies from 90 to 100 per cent of the standard Proctor’s density
and if the field density is less than 90 per cent of Proctor’s
density the soil is generally considered not very well compacted.
In U.S.A. Highway Engineer’s Group Index method of designing
pavements, the design curves were based on the assumptions
that compaction of the subgrade was to be not less than
95 per cent of maximum dry density determined by the standard
A A8 H.O. test (which was equivalent to the B. 8. test),
and compaction of sub-base and base not less than 100 per cent.
It was, therefore, evident that there was nothing strange about
expressing the degree of compaction in the above way. As
regards keeping the formation level 4 ft above the water table,
this had been suggested by the Road Research Laboratory, U.K.
It was not based on any experience gained in this country. The
Authors believed that investigations on this aspect for conditions
prevailing in this country were already in progressat the Central
Road Research Institute, New Delhi.

Shri R. Krishnamachari had stated that assumption of
temperature differential of 3°F. per inch may not be applicable for
Indian conditions. This may be correct but in the absence of
any such data available for Indian conditions, this value was
assumed for study. The Authors agreed with Shri Krishnamachari
that the modulus of subgrade reaction might be higher than what
was assumed. As regards wheel load of 5,000 1b it was known
that for a 6 ton four-wheel-lorry, the maximum wheel load is
2 tons and hence it was reasonable to assume that this maximum
wheel load was coming over our roads. The Authors agreed that
C.B.R. tests should have been carried at the moisture content in

the subgrade soon after rains. This was attempted but conclu-
sive results could not be obtained.

Regarding basis for fixing the thickness of 3 in. and } in.
(vide para. 5.2.8), these were adopted from practical consideration
as provision of lesser thicknesses than these would not have been
possible. Economy was another consideration,
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i i or introducing
hoe Authors thanked Shri Mahabir Prasad for in
the %a;eruon their behalf and all the members who had taken

part in the discussion.

i kam Singh (Chairman) winding up the discussion
said 2::3 It{huer;1 was nogdm(xbt that the thickness of the crust and
the design of the subgrade should not be worked out from any
empirical or rule-of-thumb formule but should be based on
detailed study and scientific design, modlﬁegl where necessary to
suit local conditions. Considerations of capillary action of water
and increase of moisture content were important as some portions
of the G.T. Road seemed to have collapsed badly due to these
causes. He also stressed the need for giving greater attention to
the earthwork of the road. It must be properly .compa,cted and
blended to serve the required surface ; otherwise, the trouble
could not be solved except by digging up the whole surface.

In the end, he thanked the Authors for their interesting
Paper and the various speakers who had taken part in the
discussion.



Discussion on Paper No. 204*
‘‘Scientific Aspects of the Road Traffic Problem "

By
TrsBir 8. KHANNA

Tuesday, 7th January, 1958

Shri J. M. Rijhwani (

Chairman) called upon Shri Tejbir
S. Khanna (Author) :

to introduce his Paper,

Shri Tejbir S. Khanna in introducing the Paper said that
increased number of road accidents and road congestion were
often explained as a result of lack of proper enforcement. This
analysis was as false as it was brisk. As a matter of fact there
were several factors which made traffic conditions safe or unsafe.
Some of these factors were
umes of traffic including pedestrians,
roads and intersections,
traffic flow,
animals,

(3) geometric design of
(4) planning, control and regulation of
(5) the behaviour of road users and (6) stray

The object of the science of road traffic is to discover the
laws which govern traffic—the relationship between speed, traffic
flow, traffic density, road design, vehicle characteristics, acci-
dents, driver characteristics and road users’ behaviour. One of

its main object is how to predict the effect of quantitative
changes in any of these variables.

Regardless of what action was initiated to secure better
roads, a planned and continuous effort was required to secure the
best possible efficiency of roads as they existed at any one time.
This could only be achieved by setting up Traffic Administration

in every big city of the country and regional traffic administration
units in each State,

The role of prafﬁc administration in civil defence in develop-
ing a well conceived plan of traffic operation for any emergency
is also important.

It was fortunate that in the field of traffic science expendi-
ture could be supported in terms of savings which were effected.
Although it was difficult to assig

to a D accurate monetary values, it
was known that a reduction in accidents, a de

crease in delay due
» Published at pages 395 to 423 of Vol
the Indian Roads Congress, December 1957,

XXII-part 3 of the Journal of

(1) the type of vehicle, (2) the vol- *

ScienrtiFic AsPECTS OF THE Roap Trarric ProBrEM 759

i i hich might come
tion and other improvements w
fiqrtel;::?ic fi‘%lgeas slgientiﬁc a.pproa.cl} to the traffic .problem had
v;lues {hat could be greatly recognised by the public.

ini ion’ 1d be found partly
for Traffic Administration cou _par
f 1\%2;?; ox? I‘vehicle:s, petrol, ete. and partly from contribution
bro%usiness interests in urban areas, commercial vehicle opera-
tgrs, local bodies and parking meters.

i i i ident there
end Shri Khanna said that in an accider
j Tlowa(;rndes zllll?ng better than the presence of mind, i.e., t}w
;squgc}; of body. Appealing to the house to work for that dis-
cussion was opened. . .

i d a car in
i Fateh Chand said that every 2} men owne
th I?lérz Fv?hile in India this number was much bigger, but the
e'des'n"us were a8 many as 70 per 10,000 motor vehicles as against
a"cclln; in the U.S.A. In other countries also the number of acci-
3lgnts was low. He felt there were five precautions to prevent
agcidents and he would call them 5 1:1’5. viz., f}?roper]_j‘li)::,éxg;n&gli
i ini lice, prosecution, and precaution.

Ev%bllgdofénltﬁr’ tI:)oplanr?ing. We had to design our roads and

signposts according to the needs of the traffic.

i f accidents. During

tion was one of the causes o )
Chrigg;llggsﬂ;gre were 80 many accldent(sls 1(;1 the U.S.A. llA(;)ci:Lel?:s

i t be avoided even on we

caused by congestion could no e et by promar

the number of accidents cou e r X
rng;izugtwh?ch includes proper parking, notice boards, or?‘a.t;n%
Era.fﬁc gense in the public, etc. At present the bulloc -qa;,r
would not care to get away from the road to provide way for
motor vehicles.

Shri Fateh Chand referred to the District Traffic Con;lmié;tees
which were functioning ab0111t 20 or 2d5 yea.rs; s}i)&fé];'islf;zn %n‘:;
i 1d frame bye-laws and sugg . Bu
E;g?::iogﬁone would not help unl(iss it was sugﬁ)ogte;i bﬁ;sﬂuﬁg

ini tion of people by levying small fin
?tglgilfzﬁi;. P\?}:qu tla.king ptra%ic census on all important roads,

. causes of accidents should also be recorded so that preca.uﬁons to -

avoid them in future could be taken.

blem as dealt
. L. N. Iyengar stated that the proble: :

. th-sigrtih(e: PI;per a,p};)lied to cities only. Traffic Engineering was
zgplicable even to places having a qu vehicles.

ineeri ically related

i that traffic engineering was ba:sxcal y re
hnﬁvsz;sili‘:‘:gvement. Actually traffic planning was inter-
:)?)seltilg between preliminary surveys and final surveys. If
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complete data, viz., classification count, classification of traffic,
volume, origin and destination of traffic, the desire of the traffic
as to how fast they want to move were recorded properly for
different locations, it would not be very difficult to comprehend
the various implications of the problem. Actually, research
workers in this field were trying every day to find new methods
to express themselves so that the characteristics of different
streets and different routes were put in much clearer form.
Every journey was measured in terms of the quality of traffic
transmission which was related directly to the journey speed, the
number of speed variations during the journey and the frequency
with which the speed variations were made, multiplied by some
constants to allow for certain intangibles. Irritation to the road
user was caused if the frequency of stops was too high.

There was always hesitation to believe in* the application of
this method where the traffic classification was very complex as in
this country. In the U. K. and the U. 8. A. there was the diffe-
rence that the smaller types of vehicles such as motor-cycles and
cycles were not as great in number as in Europe. Dr. M. E. Feuch-
tinger, a German authority on traffic engineering, had found
out the equivalent for each type of vehicle in terms of average
motor vehicles and that had enabled him to analyse the problem
almost on the same lines as adopted in the U. 8. A. Our approach

should also be on similar lines so that it was possible to find
equivalents of our slow moving vehicles.

Dealing with Engineer’s responsibility to the road user,
Shri Iyengar stated that the former could not achieve accident
reduction in entirety. But he was responsible to the extent
that the driver should be entirely relieved of his attention as for
the soft spots on the road, the cross roads, etc., and was only

allowed to concentrate his mind on complexities arising out of
traffic hazards,

As far as rural roads were concerned he was of the view that
traffic engineering should be the responsibility of the P. W. D,
and as far as city roads were concerned, they should be the sole
responsibility of the municipality. For example, in most of the
cities in the U. 8. A., police was a department of the munici-
pality ; of course, that situation did not arise here. If at least
the financial burden of traffic improvement was taken away from
the police and given to the municipality, possibly it would be a

more effective way of carrying out engineering improvements for
traffic.

Shri A. Sen Gupta stated that planning of road junctions

etc. had become no less important than the design of paves
ments.

oy
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He also felt that the Hi%hwqy Er;}glima;; xcicl;li(il d:fzalciggzl;
i i f roads and planning the i ‘
zg:};ngh\?eﬁ:;%no(f) traffic for which training in Traffic Engineering
would be necessary.

( ive in hi lies some idea as
d the Author to give 1n his rep A
to hgn? ligq;::;zsed to draw up the traffic flow sheets proposed in
the last para. of page. 399.

The Author had rightly stressed the point oid pedzst;{la;;
study at page 401. In this connection, he pomtgth our that
specg,a,l walk signals had been installed in Calcutta with Very g
results.

He did not agree with the Author that the _relationgl;;g
between the distribution of parking space an.dhtht?htlnll‘gaaeq#;ers,
for a vehicle to be parked was connected wit e

psychology.

He folt that an automatic flow of traffic Wpuld benlélgsei
advisable than prohibitive measures. (;The:gi(éreérégsggs e
that improvements to existing roads, ros ,

?:;y plaaces, If;'oc, were carried out and pla.n\nmg of future roads
was done with care.

i i tion. In this
d the necessity of public educabior
ngc?t?(:;ohsg ﬁ:% the example of Calcutta.‘where pohc; v;ni;l ;t
Z?rzry crossing advised cars and pe(1c3§tr1ans a.&'.i Tus ula,t(i)ons'
Children were helped to learn the A.B.(’s of trathc reg ot a,n(i
He also stated that they had carried out a traffic survey
around Calcutta.

i for research he
ile supporting the plea of the Author ;
statsg lé;}:t geI())II)netric plan;{ing .(;f dl;;;z;i‘s;egnd Ir{?%v a(;rgzsé;:gsvv;:.;
i i e attention i . He '
Itl}?:tbtelizligegvlv:zna.tfl;eling of shyness about designing grszde;sis:fg,:t
ations which were omitted on the plea off hea:z);lfcos Aoyt
ascertaining whether the cosb might pa,yh or 1 Sin. Dogont! é
while designing 2 single-leaf fly-over at the crz_ss gan 2
d 6 near Caloutta, they had difficulty in getting (Sererm‘an
amf and had therefore to resort to Amgnca.n and G rmen
o ert?pce Even then the available books did not fum;s o
bort l(;esf.nforma,tion gought for and so they had pa.rﬂ% 8 a.nﬁ
Sortho‘ lown judgement. Publications of th(_a A. A S. .ot'
c’Dl;:vszlrl;’s books were no doubt of great help in this respeocs.

i tables of friction
1ility of adapting Prof. Mayer’s ) :
1 o ;?;sal;;l;ézing curges and islands had to be 1nre5st;%a:g<:
V‘: rou v;xl and he felt that the choice of sglec{mg ﬁiée e he
if}a.c(:)tla‘c?:'l %f g’a,fety had to be worked upon both in the o

the field,
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Shri Walter P. Hedden* stated that his observations were
confined to Delhi region with brief visits to Bombay, Agra and
Amritsar. Referring to Shri Khanna’s Paper he said that the
only sector not mentioned was that of the railroad level cross-
ings where one often met with excessive delays’ and some
potential hazards. He had personally encountered delays of 20
to 25 minutes at one crossing on the Agra-Delhi Road and had
records indicating that such heavily travelled roads in Delhi as
West Patel Nagar and Rohtak Road were closed for 30 to 45 per
cent of the time during peak morning and afternoon road traffic
periods. The traffic delay was serious to all except the cyclists
who detoured the crossing gates at some hazard.

Since  fly-overs >’ were expensive the economic justification
in establishing priority for financing them was another job
for the traffic engineer. Where ¢“ fiy-over »’ could not be justified
because af lower traffic density, the road traffic engineer might
co-operate with the railway engineer to devise a safe but speedier
system of communication between the station master and
the gateman to cut down excessive periods of gate closure.

He agreed with 8hri Khanna that traffic engineerig units
should be established in the bigger cities to undertake the
functions he had outlined. The gathering and analysis of traffic,
accident and pedestrian flow data; the improvement of street
patterns and intersections; matters of signs, lighting, traffic
regulation and pedestrian as well as vehicle control, all required
special training, knowledge and experience.

In big cities, however, he considered that the Traffic
Engineer should be an important part of the municipal administ-
ration rather than that of the State, since he must act closely

with the police and courts and the local law and the budget
making bodies.

Vehicle inspection and licensing, which appeared in Shri
Khanna’s outline of functions, were traditionally associated with
the State authorities and might well remain there.

The municipal traffic engineering department should be
an action agency to carr

the resulting benefits, and not merel

agency. Much of the detailed fact-gathering and research on
traffic problems might be carried out by Universities or the
Central Road Research Institute so that the municipal traffic
engineering staff could be kept within modest bounds of budget.

* Shri Walter P, Hedden, Transport Consultant from New York
(U.8. A.) was in_ Delhi on 3-month visit studying Indian Traffic in Trans-
port Problem with the Ford Foundation, )

¥ & research and advisory

y out a programme and to demonstrate .
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rder to make progress in getting in motion a programme
to ha:.[xllld(l)e(}ohe many faI:Jetsg of the big city traffic problems' ;n
India, the Indian Roads Congress, through an appropriate
committee, might outline the structure, functioning, p(_)v?ers1
and duties, and the required personnel and budget of a Municipa
Trafic Engineering Department and urge prompt action in
establishing such Departments.

. S. Ahuja who had been connegted with Boad
Safetsyh;; tze Secn‘eman,x')j7 of the Road Safety Adv1sory00mm1t1g>eé
stated that laying of roads was a very important problenll\I u
his observations were that roads in Colonies like Sunder ' agﬁr
were not properly laid and their. width was msuﬂ‘iclen_t,'l tle\
safety angle seemed to have been ignored altogether. Similar 3; :
there were other colonies where the width of the roads was no
sufficient even for the present traffic; there was no provision
for future traffic and there were no footpaths for pedestrians.

. . . lom
In Delhi thore was another serious problem, viz , the prob

of laying the traffic islands. We had been laying the traffic

islands with a view to controlling traffic and breaking speeds.

In Delhi the traffic islands and the police canopies were not

1it at all with the result that the'vehicles knocked against them.

Even roads needed better lights.

i i her roads in
The speaker then gave instances of various ot
Delhi andpsta.ted that unless the local municipality had a fully .
trained traffic engineer and the work was done under their
guidance, it was not possible to solve the traffic problems.

i i f traffic but as
le tracks were provided for segregation of 1t -
theyc;g,ecr: ;gg properl? laid and properly lit, oyclists avmde;g
using them. There was no safety for the cyclist as l;e cou
be knocked off by a car suddenly emerging from a bungalow.

ing to street lighting, Shri Ahuja stated that the height
of laieg(ggg;sg and the ‘lgmps being covered by trefe &ran:i%::
was a serious problem in Delhi at least. He was 0 foreroa.ds
that where we insist on having nice foliage and trees ds,
the only answer was central street lighting. .

Without proper: traffic laws and their enforcement, road

| safety problems could not be handled properly. Disposal of

i i i ht to be
ded immediate review and emphasis oug '
gti’fl coﬁasiiﬁf es:fety aspect rather than merely on {;echmca.l
faults which were sometimes beyond the control of people.

i Safety Association
ies li Rotary Club and National Safety )
had b]@?’eziletsr?il;egt&ehelp ixf solving these problems one way or t,hg

21



764 DiscussioNn oN

other. Often the trouble had been the shortage of funds for
their work. He felt that if these bodies were represented on the
suggested traffic administrations, they could be of assistance
in solving the traffic problems.

Shri P. K. Banerjee stated that traffic problems in India
were peculiar to every city or town, depending upon the
heterogenous mixed type of traffic; secondly, there were growing
suburbs in almost all the towns resulting in flow of traffic
from outside or adjoining areas into the town and vice verss.
Segregation could be tried but before this was done, the

Author might investigate the reaction of traffic to the enforce-
ment of segregation,

Blind corners and indiscriminate over-taking of slow traffic

by fast moving traffic, irrespective of the sight distance, were
other problems to be tackled. In his opinion, it would be worth-
while trying to disallow overtaking on certain stretches of a road
during certain rush hours. The selection of these points and

operation during rush hours could only be established through
trial and error.

The speaker pointed out that encroachment of road land
should not be permitted. Even parking of vehicles on the

}'oa‘d was a sort of encroachment and should be prohibited by
aw.

Huge advertisement boards and cinema posters also caused g

great amount of distraction to the motorists, Ste 8 should
taken to minimize this distraction on the road, P be

The speaker wished the Author to study the maximum
period f.or which any t_ra.ﬂic regulatory personnel Zhould be po?tltled.
Regarding traffic administration, he was of the opinion that if it
was to be handled by municipalities,
be provided with

proper magisterial powers or some sort of
enforcement powers ‘ to

Referring to knocking off of policeman’s cano

sed the view that it was better to provide traffic isples’ he expres-‘

lands.

Shri N. K. Vaswani observed that in Table 3
the Author had suggested two departments, viz.,. High;x;.)? ai)g:pﬁt:
ment or the P. W. D., and the Police Depart

ment, {
these departments had been sub-divided into various sub-lfii;)};r%-

ments. In his opinion, the Vehicle Inspection organizati 1d
be placed under the Police Department and nog underlt(;)l?e S}I}I(;;h-

way Department as it was a problem of determining the suitabili-
ty of vehicles for road use,

the set of officers should
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WRITTEN COMMENTS

i Dursa Dass (President, Provincial Motor Transport
Uniosnl)u;slta,]ge::i tgha,t where(a.s Shri Khanna had elaborated on the
width of the roads, the crossings and other connected points, he
felt that equal if not greater attention should also be paid to the
humans who drove vehicles on the roads.

int was about the issue of driving licences. His
suggzs};?of;m:vago:slllmt a thorough and rather strict test should be
given by the issuing authority both on the road and with respect
to theory, to be followed again by a probationary period of six
months before a permanent licence was issued. It would be &
good idea if the Government opened training centres where every
candidate could undergo training in the rules of the road and how
to behave on the road before a licence was actually issued.

Considering the illiteracy of most of the heavy _vehicle drivers
who come from villages, he suggested that some minimum standard
of education should also be prescribed for issuing a licence.

Another point was regarding the. slow-moving traffic which
must be segregated from the fast-moving traffic. A survey should
be made to apportion specific areas both for the slow-moving and
fast-raoving traffic.

On the main highways, bullock carts should not be allowed.
Their function should be to bring the produce etc. upto the high-
way where it should be transhipped by fast-moving vehicles, serving
only as a feeder service.

He felt that there were enough laws for controlling traffic but
strict enforcement was necessary. :

He also supported the idea that the public should be educated
on proper uses of the road.

i C. B. Dube (Deputy Commissioner, Delhi) stated that
he a.sg:-l:edcwith Shri Kl(la,nna- that there was a definite need o(f1
specialised training for traffic police to ha.ndlt_a both traffic silnt
traffic offenders properly on the road. But the difficulty was t ad
most of the police staff in the lower rgnks were not educated and
at times it might become difficult to impart to them the mtemfie]
training. But certainly an effort along this line would be useful.

ntly there should be a separate pool of traffic
polic(iO:: e&fgegesg;d by Shri Khanna. It vyoul§, homi;rer,.t‘_be
difficult to have separate pool of traffic pohcg in sma _%x égi‘
unless it was done on State level and trai_fﬁc police was distribut o
to different.cities in accordance with their need. - S
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As far as road traffic laws were concerned there could hardly
be any doubt that uniformity throughout the country was
essential as stressed in the Paper. In the past ‘keep to the left’
was the law of the road but now the traffic conditions had
changed considerably and several new regulations were necessary
for controlling, parking, loading and unloading, one-way
traffic, intersection traffic with light signals, etc. To meet all
these new demands of traffic in urban areas an ‘Urban Traffic
Code’ on an all-India basis should be framed.

He agreed with Shri Khanna that traffic courts should
develop a psychological approach to traffic offenders. Traffic
magistrates should train themselves for this approach specially
as far as motorists were concerned. But this comparatively
lighter approach to cyclists and heavy vehicle-operators, who
knowingly break traffic laws to their advantage, might not work
satisfactorily. Such offenders deserved strict punishment and

probably that was the only thing that could keep them from
breaking traffic laws.

Undoubtedly there was a need of setting up traffic
administration for urban areas in India, as suggested in the
Paper. But he was of the view that such administrations should
be under the municipalities controlling urban areas, Speaking
particularly of Delhi, he felt that ¢ Traffic Administration ’ should
be under the Chief Commissioner.

As mentioned by Shri Khanna in his opening remarks,
Traffic Administration certainly had even more important
functions to perform during war-time for civil defence purposes.

Shri A. D. Pandit (Chief Commissioner, Delhi) while
surveying the various useful points raised in Shri Khanna's
Paper stated that a traffic Advisory Council suggested by the
Authar already existed in the shape of Traffic Advisory
Committee at present, but it lacked the traffic engineer’s

bias as there was no traffic engineering wing in the Delhi
Administration.

As regards the place of traffic unit in the Administration, he
was of the view that for its effective working, it might be
attached direct to the Administration in a big city and placed
on the same level as the Engineer-in-charge of construction
and the Transport Controller. The advice of the Traffic Engineer
would then be available to all authorities who were responsible
for the planning and construction of roads as well as the
enforcement of traffic laws. Where there were differences of
opinion between these parallel authorities, these differences
would have to be resolved by the administration itself,
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Shri Pandit felt that it would be desirable for the Ministry
of Transport and Communications to advise all States to set
up traffic engineering units initially in their large cities, so that _
adequate solutions of the traffic problem, which was likely to
get more and more complicated with the rising standards of
living of the people, could be found based on scientific studies.
As cities continue to grow, there could be no final sdlution to
the problem of traffic and only a dynamic equilibrium between road
capacities and volume of traffic could be attained, but fresh
thought would have to be given to the question continuously,
which could only be done if research into the various aspects
brought out by Shri Khanna in his Paper was instituted.

Shri B. L. Ghulati (Supdt. of Police, Traffic, Delhi) stated
that Shri Khanna, in his Paper, had suggested a separate pool
for traffic police. With a separate pool of traffic police and
specialised training in this line, law enforcement efficiency would
undoubtedly increase but this would also create certain
administrative complications such as:

(@) When a certain police staff were permanently puton
traffic duty they, especially the lower ranks, were
likely to become corrupt. The corruption started
in collaboration with drivers of commercial vehicles
and other heavy vehicles. So it was hetter to keep

changing the police staff on traffic and keep bringing
in fresh blood.

(b) Traffic duty was comparatively hard and younger
men preferably not above 40 were more suited for
this job. If a separate pool of traffic police was
created these men would have to be doing traffic
duties till the retirement age (55).

(c) If traffic police were separated from the general pool,
- adequate trained staff required in very large
numbers for handling the special events, e.g.,
Republic Day Celebrations, would not be available,

He agreed with the Author. that there was certaihly a need

i of uniform traffic laws and road rules. Besides the uniformity k

in traffic laws and rules there was also a need of bringing about
uniformity in penalty standards in traffic courts. This would
be well done by pre-determining. the penalties for particular
offences and limiting the discretion of traffic courts as far as
possible, This was not a radical change as Bec. 123 of the
M. V. Act does lay down such restriction on the powers of the
court. Similar restrictions need also to be imposed for almost
all other offences under the said Act. i ‘
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He also agreed with Shri Khanna that for some offences,
which were not major and which might be due to lack of know-
ledge of traffic rules, the offender should be given a choice of
" either attending a series of safety lectures or facing the trial.

He did not agree that ¢ Vehicle Tax Collection’ work
should be done by the Traffic Police. This job, perhaps, could
best be done by post offices in the absence of Motor Transport
Department. Issuing of vehicle permits might also not be done
by the Traffic police but by the ¢ Vehicle Administration *’ (as
proposed in the Paper) instead.

It was a good idea to have a full time traffic safety organi-
sation. This organisation should be attached to the Traffic police
for routine work and for bigger functions like ¢ Safety Weeks ”
etc. and ad-hoc body might be appointed for the job by the
proposed traffic Advisory Council.

Shri S. B. Bapat (Joint Secretary, Ministry of Home
Affairs, Government of India) stated that it was a good idea to
set up Traffic Administration specially for urban areas but he
did not agree with the Author that such Traffic Administration

should work under the Highways Department or the P. W. D. It

would be better if Traffic Administration functioned under ¢ Law
and Order’. Speaking particularly of Delhi, Traffic Adminis-
tration might best be placed under the Chief Commissioner.
There was a snag in that also. All road repair, maintenance and
improvement work was to be under the Municipal Corporation
of Delhi. Approval of Traffic Administration would be neces-
sary before execution of the plans for road improvement or any
proposed changes in road or traffic conditions by the Corpora-
tion but it might not always be possible for the Corporation,
due to financial or other reasons, to carry out road work desired
by the Traffic Administration. 1In such cases the matter might
be referred to the Ministry of Home Affairs, through the Chief
Commissioner and the Corporation Commissioner, for final deci-
sion. In the States, Trafic Administration could function well

under the Commissioner who controlled both law and order and
the municipalities,

~

He agreed with the Author that besides police investigation
of ‘party-at-fault’ there was certainly a need of scientific
investigation and an up-to-date accident record keeping with &
view to finding preventive measures. As a matter of fact
accident investigation should be carried out jointly by the
Traffic Police and the Traffic Administration both from legal and
scientific points of view.

He supported the view-point of Shri Khanna that there

should be a separate pool for traffic police in order to achieve.

SCIENTIFIC ASPECTS oF THE Roap TrAFFIc PROBLEM 769

overall efficiency. However, he felt that whereas training in
developing and keeping up good public relations was necessary
to the police it was equally important to make efforts to improve
public behaviour. At times one wonders if one’s sympathies
should not be with the police. Probably, Public Support Organi-
sations could play an important part in improving public
behaviour.

From his own experience, he had found that there were
different traffic laws in Calcutta and Delhi, This was not desi-
rable. Uniformity in traffic laws for the whole country was

" extremely important for obvious reasons.

Many court cases could not be given fair trials as witnesses
did not like receiving summons or coming to the courts. To
meet this snag, he would suggest that the statement of witnesses
might be taken right on the spot before at least two reliable
persons who might be present there. These reliable persons
(M. P.s or gazetted officers) should sign on the statement and
this might be taken as evidence for trial purposes.

Shri Bapat felt that it was not possible for the police to
bring to book every offender. And, therefore, assistance of the
public should be sought in the matter. A warning should be
issued to the traffic offender when two reliable persons notified
the police (by mail) about the traffic offence and after three such
warnings the offender’s explanation should be called as to why
disciplinary action should not be taken against him.

Shri Tejbir S. Khanna in his replies to various comments
stated that Shri Fateh Chand had mentioned that  there should
be district traffic committees. Such a traffic committee was
already inexistence in Delhi and it had members of all different
interests. But according to his experience, these committees did
not do much work. They were only advisory committees having
no jurisdiction or authority to enforce anything. It was for the
executive authority to accept or reject their recommendation,

Regarding causes of road accidents, he had already stated

" that there was need for scientific investigation. It was rather

surprising that though the total number of deaths on account of
road accidents was greater than the total number of deaths due
to railway or aircraft accidents, yet no scientific investigation
in case of road accidents was carried out. .

Beginning with Delhi as a model city, the Author in colla-
boration with the police were starting scientific investigations of
road actidents. The police had only confined themselves to

* finding out who was to blame for the accident. But the scientj-
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fic investigation would go further than that ;

it would tell us how
the accident occurred and how it could have b

een avoided.

He agreed with Shri Iyengar that traffic

administration was
necessary even for thinly populated areas.

As mentioned in the

To find the equivalent slow-moving vehicles, as referred to
by Shri Iyengar, he stated that studies re
capacity were being carried out in the C.R.R.I.

Regarding police financing the golving of traffie problem in
Bombay, Shri Iyengar had said that if this burden was taken off,
efficiency would improve. But in Delhi Shri Khanna mentioned,

As regards drawing of traffic flow maps, he stated that he

would do it at some other time a3 explanation of the same would
take too much time of the house.

Regarding parking and walking distance relationship he wag
still of the view that it had something to do with the road users’
psychology in order to see what income leve] people were using
what modes of transport and up to what distance they would
want to walk. In America, they had made research on this
subject and had gone to the extent of finding out the location of
bus stops. They found that quar

: ter of & mile was the Maximum
distance a person should be made to walk from the bus stop.

Similarly, in the case of parking motor ¢ars, it appeared they
found that for 8 hours parking, the distance should be 650 f$, for

2 hours parking, about 500 ft and accordingly for 15 minutes it
should not be more than 250 ft.

He agreed with Shri Gupta that there cou]

d not be enough
police to enforce the traffic safety g

on all the points,

As regards his d
where human natgre could not b

garding the roadway

7
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Regarding magistrates who held courts, Shri Kh;::lir;; nl:.';;l‘;.
tioned that they differed in their standard of ngmgt igular iment.
One magistrate might levy a fine of Rs 40 for 8 11;:; jonlar offence
and another magistrate for the same offence mllgt rzs e offoncer
off without any penalty. This way people los ; pof ghor the
law. People were more afraid of personalities than f Sho lax
He ;Jonsidered there should be some specml tra,lznng
magistrates to bring about uniformity in the courts.

i i in taking help of
iated the idea of Shri Ahuja in i

sociz;;I einif;)irt);i?;ns in spreading road traffic education to both
adults and children. »

i tion of road users to
i Banerjee had mentioned that reac )
the sgg:egation gf traffic must be watched. Shrlx1 K{lan.mi;t vv'vtz sjt;x;:
this would be most walcorine b% all tyl:gsa x‘x)cfl ;: r:;(':oixsl;r\y e n
the cost that mattered. In urban are & 2
i Shri Khanna was proposing
there was necessity of cycle tracks. lanna we sing
iti ys on whic
to the authorities that there should be expres ; y 'ys on which
hicle should be allowed. Shade for protee
?:ir(:ta.h;fi Z?mlil‘:ould also be provided forlsu%h cgclz ei%:e::v;zﬁ.
i short o -
Such cycle expressways should necessarily be sho L oouts as oot~
i der to induce the cyclists ;
vty o hadr to feel that the cyclists
. The motorists had a tendency to ; 3
?;;1: the greatesb traffic nuisancle,t_but ghzirfzg:éctop:ggllelx
that the cycle would be the solution o mainly, booanss
in the years to come, for several rea.sonsl, o o
ired less parking place and also occup )
f:;s (;};:;8 orfe%ﬁé road, and secondly, which was even a(.l b;%lg}::
reason, it would be a necessity .in the time of war an
emergencies when petrol was rationed.

i i i i ld not be com-

Deali ith overtaking, he said that it cou q :

pletel; a{:;lr%n:d even in peak hc)fqrsh'k?elcause 1odf tfgefoTl;ﬁge s?ﬁgﬁ

. ly similar types of vehicles cou

gfrgzgli;;ng (()a;lc{ ther duz-’ipng particular hours. Bullgck-:;;f;so :;

other slow-moving vehicles could be tli)'a(,)nne(;if f:ll;eu:t:l!:igcle o rond
i k hours, i.e., time segregation of ’

gllzlar,tllnsgpg.i: segregation might be easier in built-up areas. Even

’ that would need a lot of time. »

There was a great tendency to encroach uponlthehzo:gpzrgg
by vendors and hawkers and also by some people :; 0 slept on
the road in summer time. This caused congestion i » _
the number of accidents. It was a very serious pro .

i i i on traffic duty, Shri
ing fatigue time for policeman on .
Khaf';gtgianghat i% was found by experience that tl:en{na;ﬁzﬁ
duty that a traffic policeman should be given was only

22
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in the morning and 3 hours veni
i i n the evening. His counterpart
in the police department was given 8 hours d%xty at a stgt:::cir.pa

He agreed with Shri Banerjee’s view i i
;llllegtm boz?,rds distracted the attention of motor}il:tt;. bllg{ea;iafri?irgif:t
missiozru(:)a% aald England they had banned such boards and per-
passio " o traffic department was required before such

could be put up. Regarding lights, too, there was a

provision that there should be li ; .
either for advertisement or in fnr(())nltﬁg gtfj Zf:f;;.blmg tho traffio lights

thatlﬁ:p}llyglg t? Shri Yagwani about vehicle inspection, he said
tha that& included this in the Engineering Department as he
& mechanical engineer could do a much better job on

this type of work & : ,
inspection ork than the police. Even private vehicles needed

~ Shri Tejbir S. K

‘ments stated as under:hanna in his replies to the written com-

alse II:I: :igdreted with Shri Durga Dass that attention shoul;i

Mso usé)rs’ 0 the humans who drive vehicles. That wag why
e psychology study had been suggested in the Paper

and due emphasis had been laid on this subject, P

As far as the segregati
gation of glow and fast-movij
f::ﬁ?er?t?%v :sloxfo toflthough’o had already been gi(;‘;gl%otizfcrvgﬁ‘
a.Ways possible to aliot specific areas forpslow

and fa,st-moving traffic se .
up areas or areas of high ﬁ?lr; t\er?;ixe.The difficulty arose in built-

. He had al
cycle expressways in urban areas wh already suggested
gthe_r slow type traffic was concernedeﬁ:egrﬁossmle and as far as
e time segregation. y remedy seemed to

Shri Durga Dass had righ i )
. : ghtly pointed out that
might not be permitted to ply on the main hig }frwal');;llc;o:d c:l:'::
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bullock carts should be replaced by trucks., But he did not think
this could be possible for several reasons, e.g., (i) Farmers who
own bullock carts could use them for a few miles extra without
additional cost but if they had to have their product to market
partly by trucks they would have to pay extra. (ii) It would in-
volve cumbersome process of transferring the load from bullock-
carts to trucks. (iii) Administrative difficulties would also come
in the way: : Yo

As a matter of fact there was an urgent need of tra.nsferfi‘ng
the milk-load carried on cyecles from surrounding villages to
trucks to bring the same to big cities, particularly in Delhi, ' -

He did not agree with Shri Durga Dass that there were
enough traffic laws but not enough enforcement. There was 5
need of framing proper traffic laws for good traffic control in
urban and rural areas of India. o

" As pointed out by Shri Dube it would be a difficult pro-
cess to impart specialized training to traffic police in the lower
ranks because lower rank staff was not educated. This difficulty
could be gradually solved by prescribing & minimum standarg, of
education for traffic police recruits. Traffic police recruits should
be at least matriculates with good working knowledge of Hindi,
English and the official State language. , -

He agreed with Shri Dube that to meet the needs of traffié
police in smaller urban areas separate traffic police pools should
be opened at State level. . . i

He also agreed that there was a need of framing an urban
traffic code on all-India basis. co e

Under the present circumstances there seemed to be need of
rather strict punishment to heavy vehicle operators as pointed ous
by Shri Dube but it would probably be more helpful if such
offenders were also required to attend safety course lectures in
addition to the punishment. . » D

Shri Pandit had mentioned that traffic units in the admini-

_stration might be placed on the same level as Engineer-in-Charge

of construction and the Transport Controller. He ‘thought it
would be better if the Traffic unit was placed at a slightly different
level than suggested by Shri Pandit. If the traffic unit was
placed directly under the Chie! Commissioner with the head of
the traffic unit also working as Seeretary to the Administrafion
it was likely to have better working efficiency. e

ShiPandit had very well pointed out the immediate need of
traffic engineering units in big cities of India where traffic pro~ -
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blems were likely to get more and more complicated unless
efforts to arrest the same were made along scientific lines,

He very well appreciated the difficulties pointed out by
Shri Ghulati in creating a separate pool for traffic police. (i)
Corruption in lower ranks could probably be checked partly by
changing the duties of traffic policemen from one area of the
city to another and partly by the usual secret police methods.
He did not know how far it would be correct to assume that
under the present system there was no corruption in the lower
ranks of traffic police with their three-year tenure for traffic
duties. Corruption might not necessarily increase appreciably
by creating a separate traffic police pool. (ii) It was admitted
that traffic duty in the field was comparatively hard and people
beyond the age of 40 to 456 were not suited for the hard job out-
side. But probably the Traffic police get up could be formed in
accordance with the system of Air Force where early retirement
became compulsory unless a person was promoted above a parti-
cular rank. Retirement age was on a sliding scale depending
upon the rank held. Besides, once the traffio police pool was
created and traffic administration, as proposed in the Paper,
started functioning properly there would be & number of office
jobs which field experienced traffic policemen would be best
suited to do when they were beyond 40 to 45. (iii) Selective
enforcement was necessary for performing day to day duties as
well as for handling special events. For special events of very
occasional nature the police could be borrowed from the general
pool and put on duty on non-rush routes whereas the trained
police could be put on rush routes, Probably help from volun-

teers from safety organisations could also he made use of on
such occasions.

As already mentioned in the Paper,
Ghulati that discretion of courts should be limited as far ag
possible to bring about uniformity in penalty standards. As s
matter of fact there was a need of special training for traffic
magistrates in such matters.

he agreed with Shri

There was no objection to Shri Ghul
vehicle tax collection work m

issuing of vehicle permits

C ati’s suggestion that
ight be done by Post-offices and
by the Vehicle Administration.

He agreed with Shri S. B, Bapat that for urban areas it was
more logical to have traffic administration placed under ¢law
and order’,

Shri Bapat had rightly pointed out that s
Traffic Administration should be o ot the

necessary before any r~ad work
was executed by the Corporation, Y ¥
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ini int between
s any difference of opinion on any poin _
the E:t)t};es);?l -v'{‘?aﬂic Kdministration aud the Corp(;méx(;)rr;l ;ﬁ:ﬁﬁ:}gi
aut}?orﬁaies this might be settled by the Chie mmissionor
ther than referring it to the Home Ministry. ot b%tter
fr ﬂ"fr tters at the Chief Commissioner’s .level would be
zizmcelf;ilziezcy point of view. Also the Chief Commissioner was

better equipped to do such a job since he would have more prac-
tical knowledge of actual conditions of Delhi.

i int that road accident
i t had raised a good point .
inve?igg;t]iiax'lpas‘;hould be made jointly by the TraAfgc _P?;;(r::t?;xnd
the scientifically trained persounnel of the Traffic mu;l‘ ration,
In the absence of Traffic Administration, the Cen 1:_ d
Rrwtssea.rch Institute had already .started such investigations
collaboration with the Traffic Police of Dg]hl.

i int i ting that in case
i at had raised a good point in sugges :
f&nsgzclzi];:g: the statement of witnesses might be tﬁk;n ngh:
gn the spot before at least two reliable persons (M. .‘dm;] 2
Gazetted Officer) and this statement might be taken as evide
for trial purposes.

i i lic; assistance for
i Bapat’s suggestion for getting pub
brinsil:fgl to al')%ok trafgg offenders could be usefully empl:g_ed to
imprgove road-users’ behaviour where the police force was thin.

i i ith a
i S. R. Mehra stated that this Paper was written wi
dualsolll)lj:c?ivle}, firstly to foous fflf)ie attenglg? }fifg}ﬁ:%;v:z geix!xl%;rl\‘eiaz:;
in the country to the scienti c&in.spech.eved e o o s
He felt that this had been amply achi 3 rom fhe
had received from members.
l‘eB.pO:. v t?v:.ts t&e sI:a:p;Il;ether the Indian B,oads Congress as tl;g
Ob]ec'wehi hway engineering institution in the country cc;xﬁ.
prelr?xer meg ositive contribution towards t:rafﬁc »w.fef;gi a.tE is
stage sOH &ought that could be achieved if tpe Traffic dngl-
i Cemmittee of the 1. R. C. considered this Paper and any
othor sugg stions emanating from discussions with a view }fodqee;
Otllxleé‘h sug&:ae I. R. C. could approach officially the varn}:lt}sh :h elie
x):cererfed with definite proposals on the pQints about whic
, Was no controversy. o 5 ‘
ani (Chairman) in his. concluding remar
%hrzh{;tlv{;h?ijgxuablé "and enlightening dn;oussx%n :rztfs
b 1 showed that there was a great Qeed or & zp 0
e B afie the traffic problems were assuming more and m t;
e porte a“svary day. Population was increasing, deyelopm:lxze
1mportlz:_nce ela.oe in the country, more traffic was conigng o:tern
) ::&ii?%%hpin the urban and rural areas, and the traffic pa
13

was fast changing.
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There was a genoral feeling,

that the cycle tracks which were

as Shri Ahuja had pointed out,

provided generally by the side
of the road were hardly used because they were not convenient.
If segregation was decided upon, it should be ensured that cycle
tracks were not inconvenient,

‘There should be some co-o
sory committee and the execy
gestions should be sent to th
C.P. W. D. wher

rdination between the traffic advi-
tive. He would suggest that sug-
e Town Planning Committee of the

sentatives of the Ministry of

He agreed with the Author that there should be one engi-
neering unit attached to the Ministry of Transport and Com-
munications, Of course, even today the

Ministry had been
advising regarding design of crossings, traffic islands, etc.

He also fully endorsed the Suggestion of Shri S. R. Mehra
that the Traffic Engineering Committee of the Indian Roads
Congress should consider the pro

blems arising out of this Paper
and the discussions thereon.

Discussion on Paper No. 205*

“The Importance of Subgrade Compaction in the
Economic Design of Flexible Pavement”

By
v 8. R. MeurA AND H. L. Upray

Tuesday, 7th, Janudry 1958

Shri Kishore Lal (Chairman) called upon Shri S. R. Mehra
to introduce the Paper.

. v s ke
. R. Mehra (Joint Author) in his 1_111_:roduptory remark
t te?lhlt;}ma.st: I1{11 l\\/r[iew of( changed traffic conditions in the country
:o:d crusts were required to be designed to carry greater intensity
of traffic and heavier loads than before.

thickness. of road crusts was not enough to
ca.rr;& zhg lc;%s:r?gédb;:ttern of traffic. So either ‘this thickness had
to be increaséd or it had to be designed in & scientific manner in
order to cope with the increased a,n'd.hea._vner traffic. One of t.-.he
ossibilities of doing this was by utlllza.tlol} of aggregates whm_h
gvere so far considered inadequatq for thgs. purpose. But this
had to be backed by proper testing facilities which were not
available at present.

resented details of a scientific investigation so as
t in;r hr(:)\Ir): fﬁﬁ goad crusts carrying the present and future traffic
fg ﬂIl)e next few years. It had been suggested that about.lz to
15rin of the embankment shoufldbbet io;ngacit%d a’i?hg%t:vlﬁzﬁ
ist inimum density of about 1.8 to 1.9, h
m(:;m:ll:aﬁltzsymgﬁ;t deal of scientific equipment or trained staff.
?ﬁl‘ that would berequired was a field la.boratpry on the site of tl§e
ork aJma.nned by a_ couple of scientifio assistants whose duty it
::ould be to determine the optix(xilum 1z:;;oxst;u:'ie to geaf;%dgél ]:;)e;h:
t material (soil) used on the road, an
el?:éinfh?:ifter rolling with an ordinary power roller as used lfor
. ter-bound macadam, the minimum denslty_shogld not be be ow
:&oe:{min level. The control would be maintained by the field
laboratory.

] nd. suggested that all e.ﬁorts. should be mad.e
to i:‘;ﬁmlzﬁelilshgl:':commgﬁdations contained in the Paper if

=» thy wqre considered practicable.

* Published at pages 425 to 452 of Volume XXII-3 of the Journal of the
Indian Roads Congress, December 1957,

ety
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) He did not agrec with the Authors that a saving of 9 in. in
thickness could be attained by the method suggested by them "He
considered that it was better to proceed with caution and not o
reduce the thickness of the crust. He also did not agree with the
Authors that the failure of the road was due to subgrade only.
Therg were other factors, e.g., the character of traffic, quality of
wearing coat, ¢te. which had to be taken into account. He
thought that the subgrade could always be compacte(i and
density increased to 1.9 by the method suggested by the Authors.

He was of the opinion that time had come to carry out actual

road construction by the methods suggested b i
of carrying out experiments only. 5 ¥ the Authors instead

Shri N. Amanullah observed that it had b
the Authors that an 8-ton vehicle would have an a.vei?g:h(;::;al::z
pressure of 61.51b per sq. in. giving at 8 in. depth below the
surface a stress of 18.81 lb per sq. in. In the case of a bullock
cart which had been calculated to give a surface pressure of 140
1b per sq. in., at 8 in. depth, a stress equal to 9.47 1b per 8q. in
had been worked out which on the face of it was incorrect %’hilé
referring to Fig. 1 of the Paper, he presumed that the .stresses
had been calculated on Boussinesq’s equation which was meant
only for perfectly elastic and homogeneous materials. The stres-
ses calculated by this method did not take into account th
materials of which the road was constructed. Dr. Whifin of the
R.R.L. (U.K.) had used piezo-electric pressure gauges to stud th:
actual stresscs transmitted by the different types of vehiclgs on
the subgrade and it was found that there was a difference of 600
per cent betyveen one material and another. In actual observa-
tions, according to Dr. Whifin, the values of the stresses w
much higher than those obtained from Boussinesq’s equation e?:;
was, therefore,.not appropriate to use the same type of curve.
to get a rough idea of the stresses. This was more rono eveg
when the subgrade had a water-bound macadam surfa,clz)e ove;'nil:e

" While referring to Fig. 3, he stated that scttlements had been

plotted against dry bulk density witho ioni

soil to wl}iqh those figures applizd and ;ﬁa?;{;?zl?;ncgogli% t_ypt; 0§
compressibility (gha.nge of void ratio for a unit change incslt?xgs:)
One eoulfi not imagine a general relation to exist between dr .
bulk density and settlement independent of the nature of th ?’
Even the curve seemed to be incorrect. When the drye'g'l'(:;"i;

density increased the settlement sho
uld i
been shown to be contrary in the Figurgecrease, wheroas this had

Referring to Fig. 4, he stated that it had
the Authors that whatover might be the aot
moisture, compaction, etc., the higher the

been presyi.ca Sy
her gondifions like -
density, the higher

(
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was the strength. If after the construction of a road the
moisture movement in the subgrade in the course of time
raised the water content from 6 to 15 per cent and also with the
passage of time the traffic intensity increased, it meant that
the compactive effort as well as the moisture had gone up in
the course of time. The curves showed that the higher the
compactive effort, the lower the moisture content to achieve
the best result.

1f both moisture and compactive effort were high, the excess
of moisture was squeezed out of the soil and pushed into the
carpet, thus breaking the bond between the binder and the stone
chippings. This had already been observed on geveral roads
in India.

The Authors had given in Table 5 the C. B. R. values of soils
with 3 per cent moisture which was supposed to be the natural
moisture content of the alluvial soil and, on the basis of this,
thickness of pavements had been designed. But one could not
think of designing a road pavement on the basis  of those values
as in the course of time moisture was bound to go higher than
3 per cent and, therefore, the figures given in Table 5§ would be
of no use. The correct procedure would be to base the design
on a saturated moisture content or slightly below saturation
as there was absence of full information on equilibrium moisture
in India.

The Authors had dealt with the economy of compaction-
on the basis of laboratory C. B. R. values. It might be of
interest to all the engineers that Maclean of the R. R. L. (U. K.)
in a recent Paper to the Institution of Highway Engineers had
shown that if under similar conditions the C.B. R. values and
triaxial test were tried on a soil, the failure values obtained by
the triaxial test at a lateral pressure of 50 Ib per sq. in. were
just the same as the penetration values in a C. B. R. test for
0.1 in. penetration. It could be concluded from that data
that C. B. R. test in the laboratory got automatically performed
at a lateral pressure of 50 1b per sq. in. due to rigidity of the
mould. The C. B. R. values in the laboratory and in the field
had proved quite baffling for the engineers throughout the world.
Maclean’s work provided an answer to the problem as C. B. R.
test in situ (field) at shallow depth had only a lateral pressure
of about 5 Ib per sq. in. This lateral pressure would definitely
--give quite low C.B. R. values as compared to~the laboratory

test. Therefore, the economies worked out on the basis of
laboratory test would be far from truth in the actual field.

- SKAraDinesh Mohan stated that in an article contributed
by him in 1948 to the J ournal of the Ceptra.l Board of Irrigation

23
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and Power, he had pointed out that generally monsoons were
depended upon for compaction of subgrade. The method was
not only very slow but led to grave results in the ultimate failure
of road surfaces which could not take modern heavy traffic and
caused a considerable expense at a later stage,

Shri Fateh Chand had questioned the economy as shown
by the Authors. Probably there might be certain differences
of opinion about that, but there was no doubt that if the

subgrade was properly compacted saving in the metalling and
the hard surface could be effected.

The Authors had very rightly pointed out that in the case
of black cotton soil and other expansive clays, the method of
compaction at the optimum density and moisture content did
not hold good. Such soils were to be left below the maximum
density because of swelling. A very interesting study in this
connection had been carried out by M/s. Gibbs & Holt in America
where they worked on a very expansive clay and plotted certain
contours showing the initial density and the moisture content
and the consequent swelling pressure and volumetric expansion
of soil. Similar work in black cotton soil was also being tried
- by them but no definite trends had so far been visible. He was

sure that after further trials it would be possible to give the
moisture content for such expansive clays. ’

The method of checking the density of the embankments
was a rather cumbersome and a slow process at the moment,
One method being tried in other countries was the Gama
technique or the neutron method for finding out density. He
was sure very shortly one such equipment would be available at
reasonable cost in this country also, by using which it would

be possible to obtain a quick check on the density and an
effective control on compaction.

Shri D. R. Kohli stated that it had been mentioned that the
Work_ carried out in the U.K. and in India had shown that
densities of the order of 1.9 could be attained if soil were com-
pacted at the optimum moisture. He wished that Table 2 could
be elaborated by giving the maximum dry bulk density and

optimum moisture content because, in his view, a dry density of
1.9 was attained by only a few soils.

Dr. Bh. Subbaraju made certain general observations regut-

ding planning, organization, authority and co-ordination with
reference to Shri Fateh Chand’s remarks regarding implemen-
tation of the results of research. Planning and organization were
there, he said, but unless there was authority to enf.ce ¢hiv”
results of research in actual construction the objectives aimed at
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could not be achieved. Co-ordination between the. lv.a.rltc;lqz
authorities concerned with roads was also very essential in thi
connection.

i the subject matter of the Paper he stated that
Shri(ifgyrlxguﬁ;h 1iln his c]omments had explained that stresses dute
to trucks and bullock carts given in the Paper were not conif'cli
He wanted to know the reason why a bullock cart w1tb a.d 1%11
intensity of contact pressure had given lower stress at 8 in. dep
whereas with low tyre pressure the truck had given higher str&?s
at 8 inch depth. Research work done so far indicated that 'te
induced stresses in the case of heavy vehicle loads were quite
different from those of light vehicles. On the face of calculations
the results were justifiable.

int raised by Shri Amanullah was that in some of
the iﬁ:g;t?i;tggns it was fo}:and that there was a lot of difference
between one material and another in transmitting stresses on to
the subgrade.  This contention was correct and there was ao
argument about ib, but the snag was that there was very little
data on this work and in the absence of that, the existing prac-
tice (the Boussinesq’s equation), had to be followed.

age 430, para. 1.6 of the Paper, it was sta,te.dz “In cases
Wher(e:r:;l%)e gubgradlé gets saturated.due to waterlogging, etc., tl(lie
applied load was taken up immediately by the pore water and,
due to the suddenness of application of Joad, an upward pressure
was exerted on the pavement and if the thickness of the pave-
ment was not adequate, then settlement under the load and
bulging on the sides was possible causing partial failure of the ,
subgrade due to plastic deformation.” It was not clear how the
upward force was created which caused this sort of deformation.

i i i 4.2
d not agree with the statement made in para.
on ?ee aaili(l) g; t}?e Pa.%)er. 1t had to be realised that there was a
certI:)ai%l optimum density for these expansive clays. The
optimum density was that at which the nian%nunlx) :gpagsm?fa:;l(;
i haracteristics of the soil cou e obtained.
i!’illfil:ﬁ];?sg :ea.g(:'eed with him, he suggested that it might be added
® that so long as the swelling pressure was below the optimum
density the soil could be compacted and beyond that no more
compaction was possible.

the
K. Deb stated that Table 1 of the Paper gave
whee?hlf)ia.(ﬁ' If}onta.ct areas and average surface pressures, He
thought the surface pressures given in the Paper were fairly low:
* “5omé Tike ago he had a chance to stand at one of the octroi

posts on Bombay-Poona road where all the trucks going on that

!
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road stopped. Enquiries made revealed that for trucks which
had only one tyre on each rim of the rear axle, the pressure
exerted was 70 lb per sq. in., while for trucks having two tyres
on the rear axle the pressure was 90 1b per sq. in. He considered
that if these were the tyre pressures given in practice by trucks
which were using the roads the values given in the Paper were
much lower, and this would naturally change the stress distri-
bution as given in the last column of the Table. He would like

the Authors to elucidate the basis on which those tyre pressures
were given.

. The second point, which Shri Amanullah had also men-
tioned, was about Figs. 2 and 3. It seemed more or less acade-
mic just how the dry bulk density changed with stresses. There
were 80 many variables in such cases, such as static loads,

repeated loads, etc. Scme elucidation on this point would be
welcome,

(_)n the last page of the Paper, the Authors had stated that
density of 1.6 shoald be raised to 1.9. He did not consider it a
practical proposition when the subgrade was of clay. It was
never possible in practice in the field to attain such a high
density with clay, whatever the amount of compaction might be.
It was certainly feasible when the subgrade soils were granular.

Coming to the conclusion, page 443 of the Paper, he stated
that he did not understand why the top should be compacted
only 12 to 15 inches. Why should it not be made a principle
that the entire embankment was to be compacted thoroughly,
layer by layer and adequate compaction provided. This would

certainly cut out other possible reasons for ingress of moisture
into the subgrade.

Lastly, he felt that adequate measures should be taken for
surface drainage of our roads, and it should form a very impor-
tant chapter in all specifications for road construction in the
future. He could mention one instance whichrelated to Ramnad-
Mandapam soil stabilized road. This road had gone wavy
because of heavy rainfall immediately after its construction. On

enquiry it was found that this was due to i
Oy water having clogged

Shri P. L. De felt that where it was not possible t
N . - o Uv.':'\‘
compaction of 1.9, it might be done at 1.7 oxI')l.S. Even Iét;ha.t‘.
would improve ma.tt,ers. However, it had to he ensured that this
degree of compaction was obtained for all embankments particu-

larly new ones where there was no time to allow ther;, o0 Svovic
under the rains. v

SUBGRADE COMPACTION IN FLEXIBLE PAVEMENT 783

Shri De also stated that examination of density was very
simple and where full fledged laboratories were not available,
the P.W.D. staff could be trained to do the job. In West Bengal

about 20 overseers had been trained and one batch required only
one week’s training.

Dr. H. L. Uppal (Joint Author) thanked the various speakers
for their interest in the Paper and replied to the comments,

Regarding pointsraised by Shri Fateh Chand he pointed out
that the Authors had suggested that if a certain subgrade
required a thickness say about 18 inches which was now built in
hard stone, about 9 in. of this thickness could easily be replaced
with well compacted soil, leaving the remaining 9 in. to be built
in stone only. So far as the total thickness was concerned it
would remain the same. About the second point raised by Shri
Fateh Chand, that beside subgrade, there are other factors such
as character of traffic, and quality of the wearing course, which
contribute to the failure of the road, it was stated that whereas
the wearing surface could be set right, without disturbing the
other layers of pavements, the subgrade failure was most serious
and invariably required relaying of the road, or heavy patghing
for a number of years till the required thickness was built up.

Referring tothe points raised by Shri Amanullah, regarding
his doubts about the stress distribution by bullock cart and 8 ton
vehicle, he stated that this point had already been replied by
Dr. Subbaraju, that stresses induced by heavy and light vehicles
are of different forms. Shri Amanullah had raised objection to
using the Boussinesq’s theory for determining stressdistribution
and attention had been drawn to the work done by Dr. Whifin of
the Road Research Laboratory, Harmondsworth, who had used
piezoelectric pressure gauges for studying the stresses. It was
stated by the Author that the work of Dr. Whifin had shown that
even change of temperature from summer to winter would change
the stresses distribution. He ‘had had long discussion with Dr.
Whifin and also with Mr. Maclean about the application of his
research data to actual road design. It was believed that the

work had not been able to hit upon a simple method so far.

Shri Amanullah had referred to Fig. 3 and asked how the
density increased with settlement. It had been made very clear

.luche body.of the Paper that in a 1 ft embankment originally
compacted at a density of 1.5 and taking for granted that all the

gettlement was taking place within that 1 ft, the density
increased as a result of increased intensity of traffic and when it

- wvvansd 8 density of 2.0 the corresponding settlement in 11t

sample would be 3 inches.

2



784 DiscussioN on

Shri Amanullah had also pointed out that it w
confining to C.B.R. at 3 per cent moisture. It was sta?&lgdnl;)y gﬁz
Author that in the Paper, it had been made very clear that all
subgrades in India were not likely to be saturated and there might
be la.rgfa dry areas, water-logged areas where the subgrade mois-
ture might never have exceeded that limit. The economics of
campaction had, therefore, been studied under those conditions

Another point raised by Shri Amanullah was tha

values in the field and in the Laboratory were }:ii?fgilgng.u}]{{é
agreed W‘lth him on this point, but the C.B.R. determined in the
field varied so much that one had to come back to the laborator

C.B.R. at a particular density for design purposes. The econo):
mics worked out depended upon the change in C.B.R. values
attained as a result of increased density, and should a l‘
wherever such changes in density could be brought about PRy

_ Shri Dinesh Mohan had referred to the cos
so.nl. The c0st had been worked out on the basi: (())ff ca(‘)lr)r(l)[:lic;gg
miles of roads constructed in the Punjab. It costs about Rs 500
to Rs 600 per mile per inch thickness for a 10 ft wide road
Bega.x;dmg tbe Gama ray technique for determination of den:iat, .
it was considered to be a quick device for density tests and tg’
Institute was already in touch with the manufacturers. °
Regarding raising the density from 1.6 ¢
by Shri D. R. Kohli and other sgeakers, it wgslffﬁoaSh;if:\.rlll‘ed 'tlo
would'not give equally high density and, therefore, it wa vory
essential to select not only correct moisture but also,corr St zery
of roller. In this connection attention of the speaker Wa,ecd o
to the vyork dpne by _the Road Research Laborator H mondy.
worth, in their publication No. 17 and similar Wor317(’ doarnll)onds-
Ce_ntral Road Rgsgarch Institute, India on compaction Ifle lly t.he
soils. .About giving the values of highest density att ¥ &bluvml
a particular soil, in Table 2, the same had bee Y o Tor
for purposes of convenience. " iven in Table 5,

Regarding the points raise .
stated that 1t was an esta,blishgdb¥aclzr£hl:3'insgal,)ste’;arfa]u. it was
low permeability the sudden transmission of load 1—,0 }?0118 with
resul.ts in the stresses being taken up by the Watera Pr he' surface
the .mtergra,nula.r pressure in the soil particl . is &ﬁepts
bulging. e8 and causes side

Regarding his views about optj : '
was least sw.elling,. it was stateé) é}?alzmwg:::aﬁyitat W}ﬁmh there
for less cohesive soils, in case of fat clays this o t'mlg t be tr.ue
was so low that for all contents and purpose _}:;lmum dep&‘,‘.‘_‘y
called compacted soil. poses 1t could .oy e
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Inreply to points raised by Shri A K. Deb, hestated that the
figures given in Table 1 were correct limits permissible by the
State Transport Department. If the speaker had seen a certain
driver on Bombay-Poona road with tyre pressure higher than
permissible he might be violating the law, for certain advantages
because vehicle with higher pressure could carry more load.

Regarding his second point about change of density with
increased stresses, it had already been explained that when the
subgrade moisture increased from dry to wet stage, at a parti-
cular moisture, depending upon the corresponding intensity of
load, compressive deformation took place and increased the den-
sity of the subgrade.

Regarding the increase of density from 1.6—1.9 in case of
clays, it had already been mentioned on page 441 (d) that For
black cotton soils, neither had it been possible to compact it to a
density higher than 1.7, nor had the C.B.R. value increased with
density (from 1.5-1.7)”. About compacting top 12-15 in. em-
ment Dr. Uppal stated that if the speaker thought one could
afford to compact the entire thickness of embankment it would
be better but for purposes of design it would require 20 in. of
pavement over the saturated subgrade at a density of 1.5. Nor-,
mally 8 in. of stone metal crust was provided and the remaining
12 in. could be provided in compacted soil. Dr. Uppal agreed
with Shri P. L. De that the whole technique was very simple and
the results had far reaching effect in economising the cost of
road construction. ‘

\

Shri Kishore Lal (Chairman) in his concluding remarks
stated that the Authors had brought out a Paper that was in
conformity with the principle of building roads cheaply particu-
larly for the needs of rural areas. The intention behind the pre-
sent Paper was not to reduce the thickness of the crust, but was
to make the best possible use of the local soil and thus make the
cost of construction economical.



Discussion on

‘«« General Report on Road Research in India”*

Tuesday, 7th January, 1958

Shri M. S. Bisht (Chairman) while calling upon the Director,
Central Road Research Institute to introduce the Report said
that road research should be given first priority. There are still
many States without research laboratories and in the interest of
providing cheap and durable roads he would urge those States to
take necessary steps towards this direction.

Shri S. R. Mehra in his introductory remarks stated that
there had been a growing feeling that due to lack of proper under-
standing between the research worker and the engineer in the
field, the research in the laboratory was far out-pacing field

‘practice. One of the main reasons for this was the fact that
there was a certain amount of lack of commonness in viewpoint
between the two parties concerned—the research worker on the
one side and the highway engineer on the other. The objective
of both of them was exactly the same, and, therefore, there seem-
ed no reason why they should not look at it from the same point
of view. In a gathering like the Indian Roads Congress meetings
where both research workers and road engineers discussed the
results of research on a common platform, it should serve very
useful purpose towards bringing them to the same point of view.

-l

RIGID PAVEMENTS

Shri C. L. N. Iyengar stated that four types of pavements
for tracked vehicles had been experimented upon by the College
of Military Engineering, Poona. The concrete strength as
mentioned under item (c) of the specifications is 5,000 lb per
square inch at 28 days, which he felt was on the lower side for
the heavy duty performance under wear expected of concrete.
The original impression in the minds of engineers that the wear
resistance of concrete was primarily dependent on the wearing

qualities of the coarse aggregate had since been re-oriented by ,

certain findings in concrete of higher strength than 5,000 psi.
Actually the wearing qualities of concrete made from the poc—-~+
aggregates such as limestone, gravel, etc. and those made with
good crushed rock such as trap, granite, etc. all approach the
same degree when the concrete strength is of the order of 8000 psi.

% Published at_pages 549 to 576 of tho Journal of the IndSia Roads
Congress, Vol. XX1II-3, Decomber 1957.
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Therefore it would have been desirable to test one such pavement
along with the other specifications.

Another type of pavement made by using a proprietary type
of concrete blocks manufactured by the shocking process (Ipro
Blocks) had been reported to give very good performance for
track vehicles. These blocks are of the interlocking type and
can be very easily replaced, if they are damaged.

Under the last paragraph of this subject dealing with failure
investigations, it had been tentatively concluded that highly
expansive subgrade soils were the cause of failure of concrete
slabs inspite of fairly good granular base courses. Since under
identical conditions 2-lane pavements of concrete had not
suffered similar damage as the single-lane pavements, it was

suggested that the investigations should not be finally concluded
upon without studying these cases.

Dealing with vibratory compaction of beams, Shri Iyengar
stated that the statement that hand-compacted concrete reduced
in strength with age was very much against the established
phenomenon of all types of good concrete increasing in strength
witi*age irrespective of the method of compaction; the special
reasons for such a strange finding should have been properly in-
vestigated before making a generalised statement of this type.
The finding was even more surprising as the same laboratory
had reported in one of the other Papers discussed during this

session that 1:2 : 4 hand-compacted concrete on some roads when
tested gave strengths as high as 13,776 psi.

Shri P. J. Jagus referring to the comments of Shri C. L. N.
Iyengar suggested to him to contact the Central Road Research
Institute where zephro or dumbbell shaped blocks had been pre-
pared by methods of compaction other than specialised methods
and these blocks could give wearing resistance which could
match the best type of pavements. These blocks are placed with
hardly a clearance of 1/16 to 1/32 in. between them. This
clearance is generally filled with very fine sand. Tanks of 70 to
80 tons load were made to run on a stretch made with these types
of blocks to test the heavy impact caused by the treads of the
tanks. Tanks were also made to turn round with a view to study

the frictional properties of the pavement. These dumbbell blocks
gave very good performance,

~ "It had been already found that if we could design a concrete
mix which had compressive strength equivalent to 5,000 1b and
above, the abrasive properties of concrete used play very little
Dart. ml%ied on this finding he requested the military authorities
to experiment with high strength concrete precast blocks,

24
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Referring to air entrainment, he stated that he always

wondered in his mind over the advisability of air-entrained
agent in pavement concrete.

With regard to the use of pozzolanas, it was discussed at the
last meeting of the Research Organization Committee where it
was decided that work of various research laboratories should be
collaborated with each other and a definite programme of work
formulated. It was a very good suggestion and the Central
Road Research Institute had done significant work in this regard.

Brig. 8. K. Bose referring to the remarks of Shri Jagus
stated that the work track vehicle was a very general term.
Bulldozers which have teeth in the track were the worst of the
lot. As far back as in 1949 a special concrete floor was laid in
the College of Military Engineering yard where there was this
type of machine. In spite of using a special type of concrete,
the concrete floor did not last long. From the information
available the specification suggested in B was standing well.

Dr. M. L. Puri stated that a thorough review of the work
carried out by various research workers reveals that there isa
great divergence of opinion, asto the extent to which the strength
of air-entrained concrete could be maintained by a judicious re-
design of the concrete mix. He felt that most of the workers had
not taken full advantage of the fact that entrained air acts as an
efficient fine aggregate (sand) in concrete. Definite data obtained
by following improved methods of concrste mixture design, by
using actual road making materials, is needed to find a conclusive
answer to the question as to whether the strength lost due to the
entrainment of air would be made up by reducing the quantity of
sand and water and keeping the cement factor constant by
judging the actual workability of the mixes by various workabi-
lity tests in addition to the slump test, but having more reliance

on the workability, placeability, cohesiveness and plasticity of
the concrete mixtures.

It had been fully established, as a result of several experi-
ments carried out both in the laboratory as well as in the field in
the U.8.A., that entrainment of air improves the resistance of
concrete to freezing and thawing. No doubt, freezing conditions
do not exist in most parts of India. However, recent tests,
carried out by the United States Bureau of Reclamation, had
shown that air-entrainment also improved the resistane. —-~f
concrete to disruption resulting from wetting and drying and
heating and cooling. When concrete is subjected to alternations
in moisture and temperature, it will be subjected to alternations
of stresses. The presence of minute air bubbles or aiy. ..~ =
the form of entrained air, would act as cushions for dissipation
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of these stresses, thus avoiding the disruption of concrete., Since
wetting and drying and heating and cooling conditions are en-
countered in all parts of the country, the use of entrained air
should have s wide application for concrete pavements in India.

U. 8. 8. R. had found that entrainment of air improved the
resistance of concrete to sulphate attack. Thus entrainment of

air would be useful in vast areas where concrete roads were liable
to sulphate attack. )

The expansion of mortar and concrete, as a result of alkali-
aggregate reactivity, was due to development of osmotic pressu-
res in alkali-silica gels formed. The presence of entrained air
would give some void space within the mortar, which could serve
to relieve the hydrostatic pressures, which otherwise would be
exerted against the cement paste. Where the aggregate is only
moderately reactive or where the cements are comparatively low
in alkalies, this void space may completely relieve distress with-
in the concrete, thus preventing the deterioration due to alkali-
aggregate reaction. Thus from the point of view of alkali-aggre-

gate reactivity also, the use of air entrained concrete should have
some utility in India. ‘

Some of the pozzolanas, used as admixtures with cement
result in increased water demand and reduction in strength of
concrete. In such cases, use of entrained air, due to considerable
reduction in water demand, may result in even increased strength.

Such experiments may yield valuable data and may have further
application,

It is universally recognised that entrainment of air in con-
crete greatly improves its workability and permits the use of.
poorly graded aggregates. Its use reduces bleeding and segrega-
tion and also facilitates placing of conecrete. Due to reduced
bleeding, it is possible to achieve finishing of concrete slabs

earlier and with less labour, which should be an economical pro.
position.

Due to the various advantages of entrainment of air in
concrete, as given above, Dr. Puri suggested that various labora-
tories in India should undertake work in this respeoct.

Shri M. S. Ahmed (ECAFE) stated that in the region of |

""asla and Far East, research work had been fairly well developed

in the Phillipines. They had a very well equipped laboratory

‘and it was being worked under the Bureau of Public Works, He
_thought that perhaps the Indian Roads Congress might wish to
“recora“that the Director of the Central Road Research Institute

should pay a visit to the Phillipines and also find out how our

L3



790 DiscussioN ON

research Institutes compare with that of the Phillipines and whe-
ther they are wanting in any respect. Unofficially and in his

personal capacity he would be too happy to make all the neces-
sary arrangements.

FLEXIBLE PAVEMENTS

Dr. 1. S. UPPAL referring to dense carpets, stated that a
lot of work had already been done in other countries, but our
attempt was only to check on these results, according to condi-
tions prevailing in this country. They had confined their study
only to 1l in. carpets, using the maximum size of stone passing
% in. and retained on 1 in., and passing } in. and retained on 10
mesh. About 72 gradings were made and 7 to 8 per cent of bitu-
men was used taking 30/40 as well as 80/100 penetration bitumen.
Two.thousa,nd blocks were prepared for testing stability and
grad*n.gs. An apparatus on the design of Taylor’s apparatus for
obtaining comparative results was adopted. As a result of ex-
periments it was found that proper grading increased the stabi-
lity. The effects of different temperatures on the behaviour of

these gradings were now being studied and the tests were in
progress.

_ Shri M. B. Jayawant referring to the use of 30/40 penetrat-
ion bitumen which had given better results than 80/100 bitumen,
stated that it had been proved by stability and other tests in
other countries, having similar conditions of our climate that
asphalt with less than 20 penetration was not satisf
pavement surfaces. He felt that 30/
course was not suitable.

i actory for
40 bitumen for wearing

Shri M. S. Bisht referring to flexible igi
‘ overlays on rigid
bavements, stated that some experiments were carried outgin

U. P. An investigation was carried out on an old 3 to 4 in.

concrete pavement near Aligarh which served well f 9
years and then showed signs of failure. ® or about 1

For improving the failed sections,

one was t.o overlay a bitumen carpet and the second was to pro-
vide 3 in. coarse aggregate and surface treatment. Some

members had said that asphalt overlay would \ ;
wer to that is that the concrete y would not help. The ans

avement had isi
wholly. The road was still gip M 506 b TanBrated

two methods were adopted,

ving service. 200 to 300 tons

traffic wasg passing on it every day, but the road had become in-
convenient in some places. The first experiment done over 14
years ago was very successful.

in the road surface. The second experiment of overlay wras also
proving successful.

There were no waves or rinnles
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Shri N. H. Taylor said that he was sorry to learn that, in
using the Taylor Stability Test in the Karnal Laboratory, a
1} in. diameter plunger had been substituted for the standard
2 in. diameter plunger. The larger diameter plunger had always
been used by him as it was twice the width of the largest stone
likely to be present in mixtures tested. If the diameter is
reduced to a size approaching the stone size, the test results are-
likely to be affected. He suggested that the deformation of the
sample as measured by a dial gauge should always be plotted
against pressure in order that the resistance to deformation as
well as the load at failure can be measured.

It had been stated by Shri M. B. Jayawant that a high
penetration bitumen should be used in dense asphalt carpets
instead of 30-40 penetration bitumen mentioned in the General
Report to have given good results. Although Shri Jayawant had
quoted a figure of 15 points loss in peunetration during
mixing, Shri Taylor said that he was checking the penetration of
bitumen recovered from fresh mixed material as & routine test and
seldom found any measurable change in penetration in 30—40
grades of bitumen. On the other hand, the use of high penetra-
tion bitumen, such as 180-200, in dense mixures often resulted

in a lower density in the field than was obtained with laboratory
compacted specimens.

Shri C. D. Harris in his comments stated as under:

Dense Carpets : There could be little doubt that there were
many places in India where dense carpets could be used with
advantage. However, he considered that research into carpets
should be two-fold. The first and most pressing requirement
was research into the methods of improving our existing so-called
chipping carpets. He considered that definite improvements in
gradation could be effected by gradation of the coarse aggregates
and the inclusion of upto 20-30 per cent fines.

It was obvious that the use of chipping carpets must
continue for some years to come due to plant limitation and also
the cost angle which must militate against the use of dense
tcarpets on many of our lightly trafficked roads.

Plastic Sand : He noticed in the Research Note on sand
bitnminous stabilization that reference was made to withholding
“vraffic from a sand mix surface for upto 3 months. This was
contrary to practice in many countries where sand mixes were
being used, namely Malaya, Egypt and Borneo, where it had been
_found .that early application of pneumatic tyred traffic was
a.’diranfi&ous and assisted in early compaction. Should iron-
tyred rollers have to be used, then it is doubtful whether adequate
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compaction can be obtained, as initially an extremely light roller
had to be used to avoid excessive ‘‘ pushing ** of the mix.

Flexible Overlayers on Rigid Pavements : He did not consider
it likely that a § in. bituminous premix carpet would provide
any satisfactory permanent solution to cracked concrete pave-
-ments. If the concrete pavement showed signs of failure, it was
unlikely that three-fourth of an in. will provide, any additional
appreciable strength. He expressed that the specifications pro-
posed by the P.W.D. Research Institute, Lucknow of a 3 in.

macadam stone layer followed by a bituminous surfacing might
give promising results.

Surface Dressings : He did not consider the proposals put
forward by the Central Road Research Institute for 2 coat surface
dressing as practicable.

He considered that the principle of close attention to single
stone size was an admirable suggestion and coupled with this an
attempt should be made to improve the shape of chippings by
improving crushing and granulating methods. If two stage
applications are to be made, then this could best be done by

following miore conventional methods of two stage binder
application.,

As regards the method of specifying aggregate quantities, he
thought that the question of whether volumetric or weight
methods were adopted was niot quite so straight forward as the
Authors had suggested. If weight methods were used, then

variations must arise due to the varying specific gravities of
different aggregates.

Foaming of Binder : Recommendations were made for the
use of 4 per cent lime or 2 per cent cement for preventing
foaming or frothing of tar or bitumen. The use of such quantities
would seem to be rather cumbersome and unwieldy as for even
a 200 gallon boiler, approximately 80 1b of lime would be required,
i.e., approximately one sack, It had been found that silicones
in very small quantities were extremely effective in preventing
foaming and the theoretical quantity amounted to only 3 to4

parts per million. Thus, whilst silicones themselves were expen-1

sive, their cost in application was not prohibitive. The normal
practice was to make up 1 per cent solution of silicones in, say,

kerosine and add approximately one pint of this solution to one
ton of bitumen.

Mechanised Surface Dressing : No one could dispute the
advantages of mechanised surface dressing by the use of'meclian:

cal chipping spreaders and bitumen distributors. However, he
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said that if such methods were to be adopted then our quarries
must also be mechanised so that ample supplies of aggregate
were available, and also arrange for surface dressing to be so
programmed that reasonable stretches of roads could be resur-
faced in one place. The whole advantage of mechanised surface
dressing would be lost if stretches of half a mile or so at wide
spacings were undertaken. Bulk bitumen was likely to play an
important part in mechanised surface dressing,. .
Shri C. G. Swaminathan stated that there should be no
doubt that a properly designed dense carpet would yield a surface
giving a decidedly better performance than a normally employed
open graded premix carpet. The investigation in this respect
being carried- out at the Central Road Research Institute was
not only to suggest a proper stability test, if possible, but also to

stipulate the limits such as the percentage of voids, gradation
etc. of the aggregates. ‘

The grading suggested by the B & R Laboratory at Xarnal,
he found, did not give the details regarding the filler content, nor
the stability limits or the percentage of voids, ete. He would like
to know the basis for the suggested gradation. ’

Regarding plastic sand, laboratory investigations at the
Central Road Research Institute for stabilizing fine desert sands
showed that from stability requirements a highly viscous binder
such as a cut back with 30-40 might prove better. However, as
mentioned in the Report a series of specifications using standard

RC-3 had been laid and the behaviour of the various specifications
was being watched.

As regards the work on surface dressing a previous speaker
had mentioned that it was not necessary that the aggregate should
. be in terms of weight. He would like %o invite his kind atten-
tion to Table 1 on page 42 of the Road Research Bulletin No. 4,
in which it had been very clearly shown that the quantity of
material required for shoulder to shoulder packing is the same
when expressed on the weight baeis but differs widely when it is
expressed on the volume basis. For example if a bulk density of
80 1b is taken and if the quantity of spread is 6} cu. ft. per
100 sq. ft. it is seen that the aggregates would be insufficient for
shoulder to shoulder packing. The same speaker had also men-
ti~med that there might not be a proper adhesion between the
second layer of stones and the base: 1t would be seen that since
the quantity of aggregates for the first course does not give a
complete coverage and leaves nearly 40 per cent of the area

womporaved, the second layer of stones not only gets wetted but

also embedded in the binder to a great extent. A series of small
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stretches had been laid in the premises of the Institute and it
was seen there that sufficient adhesion was present.

Perhaps to quite a few engineers, the term low temperature
tar might be something new. It is a tar which is obtained as a
result of low temperature carbonisation of some coals which are
used for domestic fuels. The by-product in the process is a very
thin liquid and although, based on physical characteristics, the
heavy {fraction of this by-product might be similar to the stand-

ard RT-3 yet, because of the high phenolic content inthe case of ’

low temperature tars, it is likely that the surface would crack as
a result of weathering of the binder. Work was being done at the
Central Road Research Institute to treat the low temperature tar
suitably, if necessary, so as to make it usable for road purposes.

Lastly, he stressed the necessity for introducing mechanical
spreaders and sprayers for surface dressing work. Perhaps it
might not be far wrong if one were to say that the success of a
surface dressing work depends to a greater extent on the unifor-
mity of spraying the binder and spreading the aggregates than even
on the exact sizes and quantitiesof the materials required about
which there was a good deal of information available at present.

Shri Sujan Singh said that under the action of tracked
vehicles, road surfaces either bitumen or concrete deteriorate’
rapidly. In this country no work had been done on flexible pave-
ments for tracked vehicles but considerable research bad been
carried out in other countries. Harmondsworth Laboratory had
done a number of trials and details of successful specifications
had been issued in their Bulletin No. 13, Specifications for both
heavy tracked vehicles and light tracked vehicles were given.
He suggested that these might be tried in our country.

Most of the Laboratories in the country were doing experi-
ments on pre-mix including dense carpets. These experiments
were being done with 30/40 and 80/100 penetration bitu-
men. There was a big gap between 30/40 and 80/100. Perhaps
some of the Laboratories were not yet aware that 60/70 penetra-
tion bitumen was also produced at Trombay Refineries.

As regards surface dressings with graded blindage, he would
like to mention one point. Graded aggregates for surface dress-
ings were actually used in the Punjab for many years. It djd
serve the purpose so long as the volume of fast-moving traffic was
small but at present the specification was given up. Possibly the
reason was that under fast-moving traffic the smaller particles of
aggregate were blown away as they were not held by bitumer He ,
strongly recommended the use of one size of stone for surface
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dressing which had proved satisfactory in our country as well as
in other countries.

Coming to flexible pavements on top of broken concrete, as
a matter of fact the section in question was referred to him and
he was against laying a bitumen carpet over it. The only alterna-
tive was to cover it with water-bound macadam which was done,
There were no two opinions that cement concrete surfaces when

broken become unstable and do not form a suitable base for bitu-
men treatment. '

The C.M.E., Kirkee, was experimenting with different sol-
vents for preparing cutbacks. A lot of work had been done in
this connection and the Indian Standards Institution had issued
a standard on series of cutbacks which covered most of the
requirements. It was suggested that these grades might be tried

instead of introducing new cutbacks, unless it was absolutely
essential to do so for special reasons.

It was interesting to note that the Lucknow P.W.D. Research
Laboratory had been experimenting with anti-frothing agents.
The agents they had used were actually meant for anti-stripping.
Oil Companies had useful information on this point and they
would be pleased to furnish the same to the party concerned.

Shri S. R. Mehra said that with regard to superimposing of
flexible pavement on old concrete roads, he considered that the
obvious thing to do was to redesign the road and try various
thicknesses. 1t was quite possible that for a year or two the sub-
grade condition might not be brought to the same adverse condi-
tion as it was a couple of years ago. This might lead to wrong

conclusion, and carrying out of large-scale work on wrong assump-
tion.

With regard to the use of dense carpets or open graded
premixes or ordinary surface dressing there seemed to be a lot
ot controversy about it. To his mind, each one of them had an
application in accordance with the circumstances. It had just
been stated that the Punjab had given up ordinary surface
dressing work probably because it was not successful. So far
»as he was aware the Punjab had not given up surface dressing
work and they were still doing it and they had made a success
of it. The trend of results of an open test track experiments
e~.aied out at Delhi seems to be that under the conditions in’
which the experiments were carried out the surface dressing
with lesser quantity of aggregate and binder gave no worse
results than open graded premix with higher quantities of

« ‘dgerouwiy and binder and therefore surface dressing work should

not be summarily dismissed like that.

It was quite possible
25
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that a lot of bad surface dressing work had been done possibly
due to defective method of spreading binder. He saw no
reason to decry surface dressing work as such and this aspect
should be looked into as in the U. K. France and many other
countries this work had been done successfully indeed.
However, where the traffic was not high enough to bring about
movement of binder from bottom upwards or where the
traffic was so low that it was not possible for the aggregate to
properly adhere to the surface, there was definite case for using
open graded premix dressings. But even there the trend of
results seemed to be that even if it was not better it was
probably equally good to use the same quantities of the aggregate
and the binder. This aspect 6f the work was being done in the
Central Road Research Institute and before long the results of
research would be available to the Congress.

So far as dense carpets were concerned quite a few States had
imported properly designed mixing equipment. There seemed
to be no reason why, where traffic conditions warranted, dense
carpets should not be used rather than to have to go for surface
treatment every year or every two years as the case might be.

As regards low temperature tar, there was a possibility that
-this type of tar would be available in fairly large quantities in
the country. Some of its properties were very favourable but
the phenolic property was high and work was being done with a
view to see whether it could be utilized for road construction
particularly for the first coat. It did not have as much
weathering resistance as other types of binders. In any case if

quantities were available at fairly reasonable cost it would not
be a bad thing to use it.

Brig. S. K. Bose said that in regard to flexible overlays
on rigid pavements, it was stated in the Report that the
important point that was to be considered in this direction was
whether it was advisable to delay reconstruction till the pavement
was completely destroyed or whether it was better to strengthen
such pavements during the early stages of cracking as a result

of structural failures. He suggested plate bearing tests for
purpose of evaluation,

WATER-BOUND MACADAM AND GRAVEL ROAD

Shri N. H. Taylor stated that he had recently completed
37 miles of water-bound macadam through an area which was
desert for ten months during the year. . The stone had to be

broken by hand because machine breaking would not, give - the -

restricted grading of 1 in. - 2in. called for in the specification.

.-
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The broken stone was laid on a 2} in. thick cushion of ea.?th
over brick soling and moorum was used for blinding in conjunction
with thousands of gallons of water per furlong, the water being
drawn from tube wells. The water-bound macadam was to be
surfaced with $ in. thick premix and ten miles of the surfacing
was completed before the monsoon. The monsoon was unusually
heavy, the rain being almost continuous for two weeks. As a
result, the water penetrated to the earth cushion, removing the
support to the water-bound macadam and resulting in ruts in
many miles of the completed surfacing.

Shri Taylor suggested that, if asphalt surfacing was to form
part of the road crust as designed, the water-bound macadam
could be replaced by a graded crusher run stone, which could
have its interstices filled with sand, stone-dust or other non-
plastic material. Properly graded stone could be consolidated

using little or no water and would form a firm, free draining
base for the asphalt.

In the case of the failure mentioned by him, Shri Taylor
considered that, had the base consisted not of water-bound
macadam but a crusher-run graded stone laid directly on the

brick-soling, with no moorum and water, such a failure might
not have occurred. ’

Shri S. R. Mehra in reply to Shri Taylor stated that it
was never intended that water-bound macadam should not be
used with graded stone if it was available at reasonable cost. The
reason why a stone of particular size was indicated in the specific-
ation was that by hand-breaking almost uniform size of stone
was obtained. Whatever small chips were obtained were usually
used to fill in the voids. In the case of limestones and sandstones
other fillers were used. It would be very nice if a totally bituminous
road could be constructed, but the question was of cost. Shri
Taylor had described a very unusual situation. This did not
happen everywhere and every year. Taking the design of under-
ground sewage system for surface drainage, it was never desig-
ned on the basis of maximum intensity of rainfall because the
cost becomes so much as nobody could afford it. He agreed that
improvements should be made in water-bound macadam.

Shri C. C. Bagchi agreed with Shri Mehra that specifica-
tions of 14 in. gauge did not mean that it should not be a graded
stone. Hand broken ballast had been used in Lucknow for long,
Machine crushed ballast had hot yet been used though grit was
being used in surface dressing and premixed carpets. From his
experience he said that hand broken ballast was better than
crushed iun material. His experience also showed that loamy
earth was better for blinding than moorum.
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~ Dr. H. L. Uppal stated that some preliminary trials made
in tk}e Punjab in 1945 where two miles of road construction was
carried out in an area of 75 in. rainfall, showed that if gravel
was properly used, it had a definite place in road construction.
The cost of gravel was very low, Experiments were being made
by the Central Road Research Institute about gravel deposits in
various States and their use in road construction.

The studies carried out in the Central Road Research Insti-
tute showed that none of the laterite available in India is

weaker than well-burnt brick. It can be used in place of bricks,
without any hesitation in dry regions.

.Re‘ga.rding wafter-logging conditions, he stated that some
preliminary experiments carried out in the laboratory showed
tha.t some of the bitumen cutbacks check the movement of
moisture effectively. This was now being tried in one of the

roads in the Punjab. Sand was also used to check capillary
action.

Regarding soap, he stated that it had gi ;

D, given very good results
and they had carried out some experiments on Wa.tgr-gprooﬁng of
mud plaster. It was high time to find out what was meant by

soap. Befo.re that was done, it would not be sound to go on
recommending any kind of soap.

SOIL ROADS INCLUDING STABILIZATION

Shri S. K. Laha stated that on the coastal a i
; : reas in West
Bengal there is a fair amount of salt in the clay. 1In the course
of one of the major road constructions it was noticed that there

was practically no settlement
Then in the ythird nt of the embankment for two years.

; _ Year suddenly the embankment started
developing undulations. He wanfed to know whether investi-
ig]:;,til:ns had been started on soil having a fair amount of salt

Shri P. L. De referring t i i i
was not sie Tt oS g to soil classification stated that he

¢ grande system with some i i

could be adopted in our country particularly for roar(;lsc?dg: a:gr?::isi
dered the PRA system was more suitable for road purposes while
the Casagrande system was suitable for irrigation purposes. So
far as he remembered the Indian Standards Institution in thejr
last meetlng at Mysore had recommended that both the systems
should be tried simultaneously in the various research labora-
tories in India and the information from different laboratories be
obtained regarding the suitability of one system or the other.

Before that was done, one system could not be recomménded
for acceptance.
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As regards bitumen stabilization, he stated that in the
Research Report only water resistant properties of bitumen
stabilized soils had been discussed, but other points, viz., 1';he
maturing period of bitumen, soil or sand and the loa.g]_ carrying
capacity had not been touched. The bitumen stabilized road
would be quite resistant to water and might have better com-
pressive strength. In actual practice it had been found that
when bitumen stabilized road was opened to traffic, there was
lot of deformation. He thought this was due to not giving
proper curing time. So these two aspects should be looked into
before acceptance of stabilized bitumen soil roads.

Regarding the cement-sand wearing course, the criteria for
fixation of percentage of cement had been suggested to be the
compressive strength only. This might be quite sufficient when
it was used as a base course. But for a wearing course, the
wearing qualities of soil-cement should also be studied as the
abrasive quality of the iron tyres conld not be ignored.

Regarding low grade aggregates, he stated that moorum was

also being used abundantly in West Bengal and roads built with
moorum had stood well.

Dr. 1. S. Uppal stated that certain experiments about the
water-proofing membranes carried out in the Karnal Laboratory
showed that if bitumen was mixed with soil in the ratio of 4 to
5 per cent and then compacted to 1 in. thickness and later

allowed to saturate with water it served as a good water-proofing
agent. :

In the second method the sand was treated with soap and it
became absolutely water resistant. The treated sand with 0.2
per cent of soap was put in a bottle. For one year the water had

not gone up by more than half an inch. Of course, this needed
further investigation.

He further stated that so {ar they had been using commercial
soap available in the market. Now they were carrying out scien-
tific research about some liquid compounds and other materials.
The results would be reported in due course.

Chemical stabilization was recommended only if the mecha-
nical stabilization did not prove effective.

Dr. H. L. Uppal said that regarding the system of classifi-
cation of soil, the object was not to have one system for dams,
one for roads, and another for buildings. The idea was to have
one system which could be used all over India. The PRA system
had certainly no drawbacks. But in the interest of suggesting
one system for all engineering projects, it was suggested to have
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the modified Casagrande system. He was himself present ab

the Mysore meeting of the Indian Standards Institution when
modification of Casa

grande system was suggested which had
turther been modified.

He did not agree that cement-soil should be used for wearing
course as experiments carried out had shown that this would not
prove successful. They had carried out both the American and
British tests with 4 in. cylindrical blocks. It was found that if
a strength of 150 1b per sq. in. was attained it ultimately covered
all the conditions. But this 150 1b strength was only good enough

where cement-soil was subjected to wetting and drying test but
not when subjected to freezing and thawing effects.

Shri C. L. N. Iyengar said that in connection with cement
stabilised wearing courses he would like to draw the attention of
the Congress to a Report made by West Germany during the
discussion on Low Cost Roads at the International Congress on
Roads at Istanbul in 1956 about the desirability of grafting
cement coated broken stone of 1 in. to 2 in. sizes into the soil
cement base by rolling and thereafter the top recesses being made
up with cement-sand grout. Satisfactory service as a wearing
course of such surfaces had been recorded upto 7 or 8 years in
housing estates. The same suggestion without cement sand
grouting would also be quite suitable for developing greater

mechanical bond between the soil-cement base and bituminous
surfacing and might be experimented upon at the Road Test
Track, Alipore, Caleutta.

Shri C. C. Bagchi stated that if kankar quarries were well
selected, the kankar from those quarries would be ag good as
stone. For example, roads in Lu

C cknow built of this material and
with surface coating had lasted 15 years.

TRAFFIG AND TRAFFIC SAFETY

Shri R. L. Nanda stated that road unevenness had been
a factor in the safoty and comfort of the travellers. This aspect
had drawn the attention of many research workers. Some of
them had produced graphical profiles with the help of travelling
profilometers while oth

ers had measured the displacement of the
vehicle. But unfortunately none of

them had been completely
satisfactory. Asa result of continuous effort by organisations
like the Bureau of Public Roads, U.S.A., Virginia Highway
Department, and Road Research Laboratory, England, the
modified Bump Integrator had been evolved. This apparatus is
satisfactory and forms a quick means of asses

sing the riding
quality of pavements. The results obtained are reproduceable.
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he item
i C. L. N.Iyengar stated that under para. 3oft
dea.liil;l;vith geomecri}«; design of roads, a suggestion ha.fd b}(leen mic:g
for a stage development for increasing the width o nt ef pa._bl
way from 1-lane to 15 ft where it was not economically Ieasibie
to have 2 paved lanes. He had a feeling 'tba.t this suggest{:on wa.(si
not very appropriate as when traffic conditions showed 1t1 e nee
for more than one-lane, things would soon prove that t ere was
need for increasing from 15 ft to two lanes. Therefore, an mt;arlm
improvement of this type would not prove satisfactory both from
operational as well as constructional points of view.

ing the suggestion that the safe speed limits at night
on mﬁz,%a}f?g?vgmys cougl%i be increased to 50 miles per hour by
insistence of lighting equipment on bullock carts, it mlght be
pointed out that at present the Motor Vehicles Act did not
impose any speed limit on private motor .ve.hlcles on rural roads
except that it expected a prudent speed limit to be adopted by
such vehicle users. Therefore, the pra(_:tma.blhty of posting
advisory speed limits of the order of 50 miles per hour appeared
to be remote, as also the enforcement of lighting equipment of
bullock carts using such roads.

Tnder the paragraph dealing with bullock cart effect on
motc};zehicle ﬂogv it gha,d been suggeste.d th_a.t where more tl.xa.n 4
bullock carts ply per hour in one direction it would be desirable
to induce platoon or caravan movement of such vehicles. It
might be pointed out that platoon movements were easily induced
by control devices such as signals when large number of vehicles
were concerned ; it was very doubtful whether such arrangement
could be achieved when the number of vehicles was very small.

In city streets where the number of bullock carts exceeded 6
per hour in one direction, recommendation had been made for the
encouragement of such vehicles to ply in singles rather than in
caravans or platoons. This suggestion had possibly been made
on the basis that lesser time would be occupied during each pass-
ing manoeuvre of the bullock cart, but as a larger number of lane
changes were involved for the faster vehicles in such an arrange-
ment, the suggestion appeared to be practicable only where the
volume of oncoming traffic was very small. Where volume of on-
coming vehicles was high, it was obvious that some sort of a

prohibition of the movement of such slow moving vehicles would
have to be enforced.

Referring to the use of sampling techniques in road traffic
counts Shri Tyengar stated that it was commendable that some
independent attempt was being made for establishing the size of
samples for different types of traffic surveys under Indian condi-
tions. However, to start with, the sizes of samples and tests for
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determining the degree of fitness of such samples as evolved by
the Yale Bureau of Traffic, would serve most of the purposes.

Dealing with the use of plastic markers, he stated that to the
best of his knowledge most of these markers were imported from
abroad and it might be desirable also to try stainless steel
markers which were being installed in a number of places in

Bombay City. It was likely that these steel markers would prove
most serviceable under steel tyred traffic.

Shri T. S. Khanna stated that Shri Iyengar had said that
instead of changing over from 12 to 15 ft and then gradually to
two lanes why not switch over to two lanes straightaway. He
must be aware that every inch of the land matters because of
shortage of money. A Paper on that subject was under publica-

tion and would fully explain the lateral displacement of vehicles
under different speeds.

Shri Iyengar believed in enhancing the speeds. The idea
was 1ot to enhance the speed but to give the highway engineer
some clue as bow to judge the speed of vehicles on roads during
day time and during night time. .

He agreed with him that the number of bullock carts might
not be regular. It would take a long time to control that but
this was only a study. On the effect of bullock carts on motor
vehicle flow and how it affected the roadway capacity he stated
that when our geometric designs and standards were evolved we
had to go by stage construction and also recommend that six
bullock carts in caravan should travel together.

Experiments are being made with plastic markers. Stain-
less steel markers was also a brilliant idea but plastic markers
were definitely better as they were easily recognisable. These

had been put on our test track and were also being installed at
certain road junctions in Delhi.

Shri J. .K. Banerjee who took Chair in the middle of the
discussions thanked all the speakers for taking part in the dis-
cussions. He hoped that not only the Central Road Research
Institute but also all the State laboratories would conduct the
necessary research on road problems. Those States which had

not set up laboratories so far should take necessary steps to do so
in the near future,

Panel Discussion on

“«USE OF SOIL IN ALL-WEATHER CHEAP ROAD
CONSTRUCTION "

SHILLONG-MAY 15, 1957 & NEW DELHI-JANUARY 8, 1958

Shri K. X. Nambiar (Chairman) while calling upon
members to comment, stated that if soil could be used for road
construction, it would help to utilise the limited funds available
to provide a greater mileage of roads to connect the rural areas.
The problem was, therefore, a big one and vital to the whole of
the country. Panel discussions on such subjects would help to
pool the experience of engineers all over India and the results

would prove very valuable to further the cause of low-cost roads
in the country.

Question No. 1:

(a) Do you use soil in road construction either as a
base course or base coat ?

(b} If so, what is the length of such roads constructed
in your State ?

() How does the cost of such roads compare with other
types of convenitional roads?

Shri S.R. Mehra (a) stated that a lot of work had been
done in the Punjab, where for the last 10/12 years stabilized soil
had been used for road construction. The first official experi-
ment was carried out in 1944, after a lot of other small experiments
had been performed. This official experiment, which was backed up
by the Roads Wing of the Ministry of Transport and Communi-
cation, consisted of building roads where both the base course
and the wearing coat were of stabilised soil without any surface
treatmen$, Surface treatment was given only to the gaps where
flood water passed. In the base course, only graded soil was used
with normal specifications accepted almost all over the
world with a plasticity index of not more than 6 or 7 and
sand content of more than 50 per cent. In the wearing course,
the mixture was of soil and soft aggregate. The soft
aggregate that was most eadily available in the Punjab, .
viz., brick ballast, was wused. Brick ballast as such was
too soft to take the traffic and it was feared that the inter-
lock would break in a short time as it happened in certain other
small experiments. The optimum percentage of brick ballast
was fixed from the consideration that there should be enough sojl

26



804 PANEL DiscUSSION oN

to surround the particles of the aggregate in order to protect them
from getting crushed within the crust itself. It is true that the speci-
fication was based on very rough tests which were done mostly
in a private laboratory. There was no official laboratory at that
time, But subsequent testing showed that as more and more
soft aggregate was added to the soil-mix, the C. B. R. value went
up from something like 5 to 90 or so and the aggregate crushing
value of the mixture seemed to go down in that way and the two
crossed in the -neighbourhood of 35 to 40 per cent. Another test
that seemed to support this percentage was the Plate Bearing test
which gave a peak value at 35 to 40 per cent. That is why these
percentages of aggregate were adopted. The mainstay of this
type of mixture was the grading of the soil as there was no inter-
lock between the particles which were kept apart. But the
binding properties of the soil and the behaviour of the soil under
changing moisture conditions had to be taken care of. This was
done by blending the soil. In the plains of India it was possible

to blend the soil reasonably economically to obtain a soil of the
required specification.

{b) Experimental roads, 10 ft wide, were constructed in an
area where the traffic was of the order of 200 tons per day consis-
ting of mixed bullock cart, both ircn and pneumatic tyred, and
heavy pneumatic tyred lorries. It was realised that a specifica-
tion without surface treatment was too weak for traffic of that
type; however, the idea was to carry out an accelerated test and,
therefore, it was allowed to be put on. The roads were : Batala
to Srigobindpur and Batala to Dera Baba Nanak, connecting
fairly important towns. These roads behaved reasonably well
for a period of about 5 years. In 1947, with the partition of the
country, the big volume of refugee and military traffic moved on
these unsurfaced roads and the wearing course was completely
worn oub. But so far as the gaps (surface treated) were concerned,
they remained in perfect order. When these miles were ultima-
tely renewed, the wearing course had to be replaced and the miles
were surface treated. In the miles not subjected to heavy
traffic the life of the wearing course was about six years, giving
a wear of abeut 3/8 in. per year, and the thickness of the crust
was 3 to 3} in. in all. After this experiment a total length of

about 250 miles of roads was constructed in the various areas, -

mostly refugee colonies, and several other community project
areas.

(c) As regards cost, whereas a water-bound macadam‘sur-
face treatedroad, 10ft wide, costs on an average Rs 35,000 per mile,
the cost of a soil stabilized road, including the surface treatment,
is of the order of Rs 20,000. Where the traffic is of a slightly higher
order and where it is expected to develop, the present practice is to
graft a thin skin of stone on top of the wearing course as normally
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adopted and then to surface treat it. 1t was, however, felt t}‘mt
this was purely a psychological expedient but it was a good thing
to continue it till the behaviour of the brick aggregate under
surface treatment was known. The danger was that under the
bullock-cart traffic, the brick aggregate might get crushed on the
surface and the surface treatment might leave it. However,

.judging from the crust that had been taken out from the gaps

laid in 1944 it appeared to be in good order and no crack or
damage had occurred.

Shri S. N. Gupta: (a) The answer was YES both for
base course and wearing coat in West Bengal,

(b} It was regretted that the exact length could not be given
off hand but it would be made available from the records. An
experimental stretch was laid in 1949-50, but since then, except
for a few short lengths, nothing much had been done.

(c) Here again, exact figures could not be given, It could

be stated roughly that the cost per mile was about Rs 6,000 to
Rs 10,000,

Shri K. Sreenivasa Rao: (a) In Madras State soil
stabilization had been mainly used for base course.

(b) The total length of roads laid was 65 miles.

Question No. 2:
(@) Do all your stabilized soil roads have bituminous
wearing coat?
(b) If so, what length ?

Shri 8. N, Gupta: (a) Yes, :

(b) Regarding length he had already stated the position in
answer to the first question. ’ '

) -
° t

Shri K. Sreenivasa Rao: (a) Yes.
(b) 65 miles.

Question No. 3:

(@) What is the type and intensity of traffic on such roads ?
(b) If bullock carts ply, what isthe nature and width of the
tyre?

Dr. H. L. Uppal: (a) The intensity of ‘traffic was of the
order of 200 to 500 tons usually per day in Punjab, but on some
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1t.;)}oi:cz.sions the intensity had gone up to 1000 tons and even beyond
at.

(b) Bullock carts did ply on such roads and the width of the
wooden tyre was 4 in. Iron tyres were used only on Gohana road.

tonsShri K. Sreenivasa Rao: (a) Traffic intensity: 2000-3000

(b) Width of tyre: About 1-1% in.
(The stabilized soil being used only in the base course).

Shri S. N. Gupta : All types of traffic used the road
r ; : ' ads that
were being built. The intensity of traffic was 300 to 400 tons per
day or even more. Bullock carts did ply on the roads and the
width of iron tyre was 13 to 2 in. and that of wooden tyre 3-4in.

Question No. 4:

How are the roads behaving wher ; )
¢ f g where soil has been '
and without bituminous wearing coal ? used both with

Shri S. N. Gupta : As already stated, all the soi iti
roads in West Bengal had bituminous we:;ring :o:g;l %&E lltlli:g
had opened one road to traffic before putting the We’aring coat
and tried it for some time. The thickness of the crust was reduced
gr.a,dua,lly. So the wearing coat had to be given very soon. But
with wearing coat there had been no failure so far .
where stabilised s0il was used as base course it was
in course of time the wearin
of the wearing coat became
80 to the extent of damagi
-thickness of the wearing co

In one case,
noticed that
g coat got pushed aside and the crust
thinner at this point, but it did not
ng the stabilised base course. The
at was 1 in. chipping carpet,

Dr. H(.1 L. Uppal: The unsurf
service and wore off evenly at the rate of b 3/8 i
1 > ¢ about 3/8 in.
g’:f:{ce ’sgfucrust Wlfth bituminous surfacing coat ga./ve 1316?;?;2;
e as s
servia urfaced water-bound macadam road for light

aced roads gave satisfactory

Shri K. Sreenivasa Rao: I

case of stabilised soil roads o hooras State there was no

without bituminous wearing course. *
Question No. 5:

What is the climatic condition of

have b s the area where such roads

Give rainfall and position of the water table.

Shri S. N. Gupta: Rainfall might be taken 15
to }8 in, fpr West Bengal and the water table in t?xz, Esgvs?gon'
ditions might be taken within 1 ft of the road level.
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Dr. H. L. Uppal: The average annual rainfall ranges
between 30-40 in. in the Punjab. The position of the water table
was about 10 £t below the surface. The water table had since
risen due to heavy rains and unprecedented floods which have
caused damage to the road.

Shri K. Sreenivasa Rao: Dry area. Annual rainfall is 30
to 35 in. for Madras.

Question No. 6:

What are the reasons for mot using soil more freely in road
construction in your State ?

Shri S. N. Gupta : This had been discussed several times as
members were aware. One reason was lack of adequate personnel.
Attempts were now being made to train the personnel as quickly
as possible. A road and building research institute and a research
laboratory had also been established in West Bengal. The other
difficulties regarding climatic conditions, etc., could be overcome.

Dr. H. L. Uppal: Question 6 does not arise for Punjab.

Shri K. Sreenivasa Rao : Wherever the stabilised soil base
course was cheaperthan other types like moorum base course or
stone soling, this was being adopted in Madras,

Question No. 7 :
Specifications:
(@) What are the specifisations for the material used in
(i) stabilised soil base course,
(i1) stabilised soil base coat, and
(t43)  wearing coat.
(b) How do you pulverize the soil and to what degree ?

(¢) How are admixtures added to the soil ?

Shri R. N. Dogra : Two coat courses were being previously
used in Punjab. Mostly the base course was laid' without
pulverization and the wearing course with hand pulverization.
The specification for the base course was more than 50 per cent
sand and for the wearing course 33 per cent sand ‘with P. 1. 8.5
to 10. Tt also contained 40 per cent brick aggregate. A surfac-
ing of the normal type was usually given. In the beginning all
the work was done by manual labour, i.e., the soil was collected
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along the road side and pulverized by hand and the necessary
amount of moisture was added the next day. The soil put on the
roadside was compacted with sheepsfoot roller but subsequently
mechanical pulverization which yields equally good results had
been resorted to. In fact mechanical pulverization had made soil
stabilisation a little more popular because people were not afraid
of the uncertain factors of manual handling of the soil. Pulveri-
zation is mechanically done with an ordinary tractor e.g., an
agricultural tractor using a road weighter behind it. Bigger
machinery had not yet been used. It was found that pulveriza-
tion in most of the cases was satisfactory. In the case of heavy
machinery it becomes rather difficult but it was found that if
water is used in the first instance pulverization in the wet stage
with heavier machines becomes equally satisfactory. For
mechanical pulverization the soil was tested at the site and its
analysis determined to find the quantity of sand to be added to
it. Then it was laid on the base and pulverized. Water was added
and was allowed to sink down for over a period of three or four

hours. Then the mixture was again turned over with a rotavator
for a short period.

Shri K. Sreenivasa Rao:

Specifications: For stabilised soil base course in Madras
samples of the sub-grade soils were tested for significant engi-
neering properties viz., mechanical analysis, consistency, limits,
Proctor density and cone bearing power with a North Dakots
Cone. For the first few experimental works the designs for
moorum-sand and sand-clay mixes were in strict conformity
with U. 8. practice with regard to both gradation and plasticity
requirements, though it is known that the specifications appli-
cable to the average soil and climatic conditions obtaining in the
U.8.A. have limited value for adoption in tropical countries like
India. ) Later on, however, these specifications were taken only
a8 a guide and reliance was placed on observation of the service
behaviour of stabilised course laid under different conditions.
In a number of cases granular soil mixes with gradations out-
side the prescribed U.S. limits and a North Dakota cone bearing
power after soaking for 3 days of not less than 200 p.s.i, and P.I.
more or less within U. 8. prescribed limits were used for founda-
tions of secondary roads and these were found to give satisfactory
service. Where sand-clay mix was used for base course the
maximum particle size of mix was 0.43 mm. while the maximum
particle size specified was 2 mm. The base course ha
satisfactory service.. The design of mixes for most cases was
mainly based on considerations of maximum density and maxi-
mum bearing power after soaking for 3 days. Where the sub-
~ grade soil was well drained and where intensity of rainfall was

d given
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not high, the maximum value of P.T. permissible was raised
to 10.

Pulverization of soil was done by use of pulvi-mixer.

Shri S. N. Gupta:
(a) Specifications for stabilised soil base course.

Both (i) soil-sand and (ii) soil-cement had been used in the
base course or sub-base course in West Bengal. In the former
case different proportions of soil (as found at site) and sand
locally available were mixed and tested in the laboratory. The
optimum mix was actually adopted. In the latter case, labora-
tory tests were carried out for finding the optimum percentage
of cement to be added with or without granular material in the
form of sand. It usually varied from 5 to 7 per cent. ‘

(ii) Base coat: Types adopted —
(i) Soil-cement and (ii) Moorum-sand.

In the former case 7 to 8 per cent cement was used as indi-
cated by laboratory tests in individual cases.

In the latter case laboratory tests were carried out to find
out the optimum mix of moorum and sand and the actual mix

wag carried out accordingly. The proportion of moorum to sand
varied from 1:0t0 1:2,

(b) The crude method of pulverizing the soil by wooden
mallets with manual labour was still adopted although in one
case a rotavator was used. It was proposed to acquire a pulvi-
mixer and a number of rotavators this year.

The degree' of pulverization was such that 100 per cent

passed through } in, mesh, the screen being placed at an angle of
45 degrees.

, (¢) The pulverised soil was arranged in a windrow and a
pre-determined quantity of cement of sand was spread uniformly
over it. The two were dry mixed with hand and spread evenly
oyer the pavement. Hygroscopic moisture was measured by the
field laboratory and hence the quantity of water to make up the
Optimum Moisture Content was added and mixed with hand and

* the mix allowed to temper over night. Next morning some more

water may have to be added to compensate for the loss by evapo-
ration. As already stated a rotavator was used in one case for
mixing, '
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NEW DELHI, JANUARY 8, 1958,

Shri U. J. Bhatt (Chairman)

road construction materials, soil was one of the most universally
available and, at the same time,

] a versatile material. It was,
therefore, essential to know and study the properties of soil and
its admixtures,

stated that among various

The Indian Roads Congress had introduced this very impor-

subject last year and those who had attended the Shillong
on would remember the discussions held at that time.

tant
Sessi

As an outcome of the discussions, the Indian Roads Cong-
ress had appointed a high-power Committee to consider the
results of experiments on actual road construction laid out in
the various States, particularly in the Punjab, U. P., Madras
and to some extent in Bombay. This was a very important
subject and he was glad that research work was being done in
many of the State research laboratories. Even a rich country
'1'1ke the U. 8. A. was paying attention to this subject and carry-
Ing out & lot of research on the construction of low cost roads.
Those States who had research laboratories should, therefore,
take up the task of designing cheap roads. The Director, Central
Road Research Institute was willing to help those States who
did not have any laboratories to carry out research for them,

Question No. 8:
COMPACTION .

(a) Wha.t thiclmesg of loose layer is generally laid for com-
paction, at a time ? - Gire details both Jor base course and
base coat.

(b) What is the com

performance ? pacting unit, and how do you find its

Shri Bhupinder Singh: 1In Punj i
3 : jab, a base course of 4} in.
loose soil was compacted to0 3 in. thickness. Previoui?yoshetll)rs]-
foot rollers' were used which would leave about 1 in. loose soil at
the top which used to be rolled smooth e

. ly b ry
tons capacity. It had been found in b Gortrns o roller of 6-8 .4

) . ' the Central Road R
Institute tha:t 9 in. thickness of loose soil could be compaiii?lﬂi}x}:
one stage, without affecting efficiency, with 6-8 ton steam roller.

Shri K. Sreenivasa Rao:
usually laid in Madras.

(b) Sheepsfoot rollers were bein

g used for compaction. The
compaction was effected first with a s she

bout 10 passes of a sheepsfoot

(a) A thickness of 6 in. was .
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roller, then with 2 to 3 passes of pneumatic tyred wheels and
finished with a single pass of a smooth power roller.

A}

Shri 8. N. Gupta: (a) The thickness of loose layer was de-

/bendent upon the designed thickness of the compacted layer. A

compacted thickness of 3 in. and 4 in. which required 4% in. and
6 in. loose layers respectively was adopted in West Bengal. Bat
probably in one case a duly compacted layer of 6 in. which re-
quired a loose layer of 9 in. was taken. This applied to both base
course or base coat depending on laboratory findings.

(b) The compacting unit adopted so far was rather crude.
Initial rolling was done first by an empty lorry and later by a
loaded lorry—a substitute for a rubber tyred roller. The final
rolling was always done by a flat tyred roller. Good results were
obtained with this type of rolling, but light field densities in some
cages were obtained. Naturally it is expected that improved
types of compacting units would have to be used.

Shri K. S. Sankaran stated that when the sub.grade was
compacted, it was always compacted at the optimum moisture
content to the maximum density. It had been shown in the labo-
ratory that even if the soil iscompacted to the optimum moisture
content, later when moisture content increases, the C.B.R. value
falls. It was very ideal to find out the equilibrium moisture con-
tent and then compact the soil to the maximum density available.
The Central Road Research Institute had taken up a survey to
find out the highest moisture likely to be attained by the base in

the monsoon. This would help to find the equilibrium moisture
later on,

Dr. I. 8. Uppal said that experience in Punjab showed that
a sheepsfoot roller was very essential for the compaction. of the
base course, although now it was being eliminated and a flat rol-
ler was being recommended. The thickness usually adopted was 4}
to 6 in. Recently a base course of soil just to replace brick sol-
ing in a desert area had been laid, 9 in. of loose soil compacted
to 6 in. There also it was essential to have a sheepsfoot roller as
well as a flat roller for purposes of compaction.

Sri J. F. Mistry said that from his experience of one
experiment of rolling the subgrade of black cotton soil, he had
found that it was not necessary to add water to optimum mdisture
content. At the time of rolling the subgrade, particularly in the
embankment, when water was added the Proctor density was 102

. and the optimum moisture was 17.6 per cent. The subgrade
+ being highly clayey became very sticky and rolling with a

sheepsfoot roller was not easy. It was necessary to wait for
24 hours to overcome the difficulty. He had experimented with
27 ’
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the moisture content varying from 10 to 17 per cent up to the
optimum moisture content and had observed that with 10 per
cent moisture content higher Proctor density could be ebtained.

Shri S. R. Mehra referring to the point raised by Shii
Sankaran stated that, in theory, if compaction was done below
the optimum moisture content and the compacted base allowed
to dry out to a reasonable moisture before imposing anything
else on it, then ingress of moisture would take place. But if the
compaction was done at optimum moisture content and it was
dried out to a suitable moisture content to obtain maximum

practical stability, then the ingress of moisture should not go
beyond this.

- There was no conflict about the point that nowhere compac-
tion should be done at optimum moisture. In relation to equili-
brium moisture, in England they had established that there was
a positive equilibrium moisture in their soils which was lower
than the saturation moisture and, therefore, compaction was done
at that moisture with the assurance that the moisture would not
go above that point, even though it was not the optimum moisture
for the soil concerned. This moisture condition did not arise

there and, therefore, they could afford to compact at equilibrium
moisture.

Dr. H. L. Uppal stated that Dr. 1. 8, Uppal from Karnal had
said that the sheepsfoot roller was very essential for sandy soil.
But the findings of the workers were that, for sandy soils, sheeps-
foot roller was not good and, therefore, pneumatic rolling should
be resorted to, for attaining higher density in the field. Sheeps-
foot roller does give good results in clayey soils. But for obtain-
ing a density of 1.8 or so, it was not necessary to resort to

sheepsfoot roller. For a density higher than 1.9, the sheepsfoot
roller would help.

Shri Mistry from Bombay had stated that he had tried
optimum moisture of 10 to 17 per cent. He would like to make
one point clear. Each soil had its own optimum moisture and
the ideal method of determining the optimum moisture for a
particular rolling and compacting unit would be to lay stretches

of different moisture and then by carrying out increasing number
of passes on them find out the

roller and not assume the results from the lab

oratory optimum
moisture. This had been done in other places.

Question No. 9:

Soft Aggregates: What are the inferior types of aggregates

such as moorum, laterite, kankar, soft
stone, shale etc., available in your State?

g

maximum density for a particular -
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Shri K. Sreenivasa Rao:

Moorum, Laterite and Kankar are available in Madras State.

laterite were
- Shri S. N. Gupta stated that moorum and X

’ aéailable in West Bengal and both of them had been used in
their roads. Moorum was used for soling but moorum stabilized
with sand had also been used and had given very good results.

Dr. L. S. Uppal said that in Punjab mostly soft aggregates
were uxs;ed in thg lls)ubgra.de, as also brick ballast. He had recently
used kankar, 80 to 50 per cent by volume of the total aggregate,
and it had given very satisfactory results.

Dr. H. L. Uppal said that a detailed stuqy of soft aggre-
gates had beenpgarried out in the C.R.R.I. with the object of
finding out which part of the road pavement could actually make
use of this material. Before using moorum it.is very essential
to know its properties; as it could vary from clayey to gravel in
composition. The word moorum has been generally confused
but technically by moorum was meant iron oxide metal red in
colour. In some parts of India, moorum was avaijlable even
with a P.I. of 40. Therefore, by moorum we should not under-

. stand the coarse fraction of it only.

In the laboratory, a detailed study on the laterite deposits
and other soft aggregates in various parts of India had been
carried out. It was found that none of the soft aggregates either
kankar, moorum or laterite was weaker than burnt brick.
Therefo,re, coarse fraction of moorum could, after screening, be
used in place of brick ballast. There were other places where
kankar was as hard as Delhi quartzite. Therefore, _w is very
essential that the soft aggregates should be put to various tests
before finding their actual place in the road pavement.

Shri M. M. Gidwani stated that cement concrete road
(Colloidal concrete process) wearing coat using laterite stone
chips as aggregate was laid sometimes in 1944 over the existing
Raniganj-Midnapur road, in the portion from Midnapur to
Vishnupur via Godapaisal, Salboni, Chandar Kona, Garbeta,
Piardoba and Vishnupur. Inthe reaches of the road passing
through villages & pre-mixed carpet was also laid over the
concrete pavement. He asked forinformation as to how the
concrete rpad had behaved in the reaches (i) within the villages
and (ii) between the villages, and whether any further work had
been done on them. What was the nature of these improyvements
-and in what reaches they had been done? Was the use of laterite
_aggregate in cement concrete recommended for future road
construction programme %
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Question No. 10 :
Surfacing :

(@)

PaNeL Discussion on

What ix mon .
hat s your experience of the performance of bam%
?

Minous hagnd X E
wearing coat over a stabilised soil base coat

b)  In suck cases, do

1f so, at what rate ?

ShriK. Sreeni
satisfactory, An l:zsa
Madras State to stud

you find a priming coat necessary?

Rao stated that the surfaci .
potimental work had bee?;m?fk‘::sé%miﬁ

with and without priy the adhesion between stabillzed soil base

mer.

Shri S. N. Gu

. N. pta stated
West Bengal, the bituminous
on the stabilized base. A

that in the field experiments i
periments 1n
carpet had not been laid directly

Track in Caloutta u small scale experiment on the T
as ca ; ost
very happy. The resscs I;x;xed out and experience had not been

of the stabilized bag
e or ¢
on the top and the car;eth

a8 that under the test load
the
e base coat formed some looses?;;zgg

o s i came out with thin } i
0 something had to be done to ensure :ylfgztgf s}());,ls;) e;ovs
n

carpeting on top of i
above stretch., pot it Ofeo

As suggested b

urse, no primer was used in the

) _ Shri Meh i
- y 1 Mehra, graftin
g tried. It was hoped to get better res%lt%fwsizinfhi:as e

evaporated the surface w
furnace oil, there was no di?gcu‘;ty

Surface treatment was also use

s0il roads without any
also proved very satisfactory.

Shri Sen Gupta wan
' ted
not be tried regarding bitumitx(l)of

ery satisfactory. In the case of

d in some of the stabilized

primer, by using tar coat first, and that

. I4
now if another method could

e.g., by using mixture of sand and %icarpets Sticking to the base,

Shri C. G, Swaminathan

tumen ?

gation about bituminoug st&bsmd that a small sale investi- -

was taken up in the Central R
sand obtaining in certain pa,rt:

ilization of sand and i
sand Is

ati IR,es_ea,rch ingtitute, Vexyysi(i)::le

ot India, round about Rajasthan,

was used. In order b
graded cut-back was use
noticed that the standar
owever, certain laboratory experime
~Zitumen were carried out and it was
satisfied the stability requirements.
were available, the test track was laid using R. C.-3 cut-back.
The overall cost being rather probibitive due to high percentage
~* binder, effort was made to cut it down by using softer aggre-
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o bring up its stability normal R. C.-3
d, and from the laboratory results it was
d R. C.-3 might not be the correct binder.
nts with hard-penetration
found that harder binders
Boecause R. C.-2 and R. C-3

es and a test track laid with these was still being observed
Jor traffic. It was hoped it would prove successful.

lestion No. 11 :
Design of Pavement:

What design methods do you adopt for determining the pave-
ent thickness for A .

(i) stabilised soil road, and
(i1) other types of flexible pavement.

Shri K. Sreenivasa Rao said that for the few eiperiment&l
rorks undertaken so far in Madras the base course had been laid
a varying thicknesses of 4 in. to 6 in. He advocated the C.B.R.

aethod of design.

Dr. I. S. Uppal stated that in the Punjab also use was being
nade of the C.B.R. method for designing the pavements.

The climatic conditions of the base, rainfall, waterlogging
sonditions and height of the embankment were determined and
on the basis of these the thicknesses were being designed both for
stabilized soil roads and flexible pavements.

Shri S. N. Gupta said that the scientific method of the
design of flexible and other pavements had not been adopted in-
West Bengal, but the stabilized base and sub-base had been:
provided on the present conventional method. The minimum
thickness varied from 10 to 12 in., depending on the local condi-
tions and the method used was the C. B. B. method.

Dr. H. L. Uppal stated that C. B. R. method of determining
the thickness of flexible pavement could also be applied to
stabilized soil roads for dry areas. But in those areas which
have high water table or, are subjected to frequent flooding, the

» subgrade shall have to be painted with bituminous ocut-back to

check up the rise of moisture before providing thickness of orust
a8 required by the C. B. R. Test.
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Question No. 12 :
Black Cotton Soil -

(@) Do you have black cotton soil areas in your Siate ?

(6) Has it cver been lreat
course ?

)
ed for use as a subgrade or base

(¢) What is the treatment adopted ? Give details.
(d)  How does the surfacing behave in such cases ?

Shri K. Sreeniva ;
black cotton soil in Mas:iar;:.a 0§a1d that there were small areas of

1 lack cotton soil wa tabili
use as base course In areas of the composite Ma.dra.;l gta‘a.lt;hs?r(}lfor
were now lying in the present State of Andhra Pradesh. e

(b) Clay-sand mix had been adopted.

() Use of common salt had been tried,

Shri Govind Das Aggarwal state

black cotton soil areas in Hog ¢, that there were deep

ha.n.ga,ba,d District in M. P,, the
; - At one pl ’
people in the N, E. 8. Block brought sand, the sizz I;fagfa?rllebl:f:gl

about 14 miles length of road with 12 in. deli)l')'olfhe construction of

) ft i
was being adopted. He would I pridgo s%%l:vsgﬁzoéé;idwsﬁys;
ic

Fine sand wag available i
in nort
Pradesh and also in the rivers, ]gﬁlz?t‘;rilv

achieved by uging this sand ;
workers would be gneeded.a'n and for thig

portions of Madhya
¢ results could he
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Orissa. Of course, good drainage conditi

Use or Soin ix ALt-WEaraER Carap Roap ConstrucrioN 817

thick rand was laid and, lastly, a 3 in. layer of gravel was laid.
The depth of black cotton soil was only 1 to 2 ft.

4 Shri M. M. Gidwani
Y

Cement concrete roads had been constructed on the existing
W.B.M. formations in black cotton soil areas in Surat District pf
Bombay State. The concreting was completed sometime in
1954-55. The reaches referred to were :

(i} Surat-Karodra
(ii) Madhi-Tarsara
(iii) Kim-Mandvi.

He wanted to know how the roads had since behaved and
whether it was proposed to repeat this specification in any other
reaches in black cotton soil areas. In case the concrete surfacing
had not proved satisfactory he would like to know the defects
and how they had been rectified.

Question No. 13:
Methods of Soil Stabilization.

Dr. I. S. Uppal stated that they had done a lot of stabili-
zation of soils. The method most commanly used was mechanical
stabilization without soft aggregates which had been used only in
the base course. Some experimental stretches had been recently
constructed using various chemicals, Cement was also used. One
stretch was taken up which consisted of ordinary stabilized soil
with a base course of P.I. 5-7,sand content minimum 50 per cent,
and wearing course of graded soil with about 30 per cent soft
aggregate of brick ballast. Side by side they had laid another
stretch where 5 per cent cement was used in the wearing course.
Molasses and lime were also used in one stretch. The roads were
constructed sometime in December 1956 and had been under
traffic till now and one monsoon season had already passed. The
traffic mostly consisted of bullock carts, lorries, pedestrians,
about 200 cycles per day and also a good number of cattle herds.
No surfacing was done on any of the stretches. The road was not
at all dusty and was behaving very satisfactorily under traffic.

Question No. 14 :
Soil Gravel Roads.

Dr. I. 8. Uppal said that about 6 miles of road near Bassi,
near Kalka, had recently been constructed, where the rainfall was
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of the order of 30 to 40 inches. They had constructed both the
wearing course and the base course with gravel. Being only

recently constructed, the behaviour wunder traffic was undpr
observation.

Shri B. S. Jootla stated that there were thousands of miles
of gravel roads in Orissa. So long segregation of traffic was
enforced by the Rajahs, there was no trouble. But with the
merger of the States, when bullock carts started using those roads,
the surface had become bad. Rainfall in the area was of the
order of 50 to 60 in. The procedure normally adopted was that
gravel was spread and it was left for a season to receive the mon-
soon. The local traffic stabilized the surfaces. Now they were
trying to convert some of the roads into water-bound macadam

Shri U. J. Bhatt (Chairman) in winding up the discussions
said that he hoped the Stabilized Soil Roads Committee of the
Indian Roads Congress would take up all the points raised during

. discussion into consideration and make available the results of
their investigations.

There was no doubt that the use of loecal materials would

be of great help in building up cheaply the extensive road milage
of the future.

So far it had behaved satisfactorily. L
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The right ‘team’ for building good roads

1
i
)
'
\

RUSTON-BUCYRUS
EXCAVATOR

AVELING-BARFORD
SHUTTLE DUMPER

e e e . — - —— A it p—

AVELING-AUSTIN
“W-H’ MOTOR GRADER

AVELING-BARFORD

AVELING-BARFORD TYPE 'GD" ROAD ROLLER

FRONT END LOADER

“hether it’s for comstruction or road
building, you want the best-the very best—
‘team’, and you can get it from one
Source - GREAVES COTTON. Backed by

Yyears of reputation and experience in
the field, Greaves Cotton ensure quality
and service of a consistently high standard.

GREAVES COTTON
& COMPANY LIMITED
1, Forbes Street, Bombay 1

Branches:

Ahmedabad « Bangalore ¢ Calcutta

“ou can always depend on GREAVES. Kanpur ¢ Madras ¢ New Dclhi
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lllystrations show a Parker ‘SPOT-MIX’
plant workin; for the Patna Improve-
ment Trust.

The ‘SPOT-MIX' is a highly-mobile,
single-unit plant producing 41-9 tons
of quality asphalt per hour. This
self-contained plant is ideal for road
maintenance and other small
area surfacing projects. It
can be quickly towed from
site to site, behind the
lorry carrying the aggre-
gate or can be set up in a
static position to supply
material for several sites.
A fixed model is also
supplied.

Drive is by 8 h.p. diesel
engine or electric motor.
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R
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7///////////////////////////////////////////////////
/ Sole Agents in India : Z

HEATLY & GRESHAM LIMITED

CALCUTTA - BOMBAY . MADRAS . NEW DELHI
i iz i

AW

USE 1007 INDIAN ROAD TAR
FR?M INiIA .COAL \

S

THROUGH
INDIAN

CHEMICAL INDUSTRY

&

ITH ROAD TAR
» PREMIXED CARPET w
LA|02INPI95I ON N. H. 34, NEAR SANTIPUR, WEST BENGAL

CONOMY
AND HELP THE NATIONAL Ewom(s i
BENGQL r(::rfnllfA::-h:n:e':'A:':::::ngﬁtutta - 13
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HIDE ROAD,

‘STEEL ROAD BRIDGES

(INDIA)

LIMITED
KIDDERPORE.,

CALCUTTA.

vii

SHALIMAR TAR

Specialists in:
WATERPROOFING OF ROOFS

DAMP-PROOFING
FLOORING & DECKING

BITUMEN EMULSIONS OF ALL TYPES
LIGHT WEIGHT ROOFS

Road Surfacing Contracts Executed

Contracts Executed Under Guarantee

—ermnnn?’

—der—
g
/ ‘
/|
SHALIMAR TAR PRODUCTS (I935) LIMITED

CALCUTTA - DELHI - BOMBAY - LUCKNOW - CHANDIGARH

Agents :
The Bombay Co. Private Ltd., Madras-|

R.C. Abrol & Co. (Private) Ltd., New Delbhi-|
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CALCUTTA ‘

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

WIiLD |

HEERBRUGG (Switzerland)

World’s
Greatest Manufacturers of
SURVEYING INSTRUMENTS
LEVELS : N-0; N-10; N-2 with
and without circles, and N-3
THEODOLITES: T-12; T-0
T-1; T-16; T-2 and T-3
REDUCTION
TACHEOMETLERS
RDS and RDH

Sole Agents :
RA}-DER-KAR & CO,,

Commaissariat Building,
D. Naoroji Road, Fort,
BOMBAY |I.

Telegrams : Telephone :
TECHLAB 26-2304

Incorporating the latest in Bus Body
designs. Park Roval-Allwyn bus bodies are
equal 1o the world's best for safery,
strength,durability ond passenger comfort.
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Another
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Now it is Delhi! Our imposing all-
metal bus bodies so familiar on the
roads of key cities like Hyderabad,
Bombay, Calcutta and Madras,

are now being built for the Delhi
Transport Service. Matching

the excellence of India’s new network
of roads are the comfortable,
durable, rattle-proof bus bodies by
PARK ROYAL-ALLWYN,
coachbuilders to independent India.

HYDERABAD

ALLWYN

METAL WORKS LTD.,
Sanatnazar P O., Hyderabad-18.
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MYSORE LAMPS

BEST IN THE MARKET

AWARDED GOLD MEDALS & CUPS
AT SEVERAL EXHIBITIONS UNDER
GOVERNMENT OF INDIA RATE
CONTRACT.

°®
All types of Lamps Manufactured

THE MYSORE LAMP WORKS LTD.,

MALLESWARAM, BANGALORE-3.

Telegram: “MYSORELAMP " Telephone: 2026

xi

The Breadwinner of the family

heavy freight safely over the roughest
roads.

Transport operators all over India
are discovering a reliable source of five-
Jihood in TATA-MERCEDES-BENZ trucks.

Everyone in the family joyfully lends 2
helping hand as Harbans Singh cleans
and polishes his TATA-MERCEDES-BENZ
truck at the end of the day.

Bought over three years ago, this
TATA-MERCEDES-BENZ truck has hauled
freight over 1,80,000 miles without
troubte or breakdown. lts rugged con-
#ruction and trouble-free service have

dded to its economy in operation.

4
~"  Transport by TATA-MERCEDES-BENZ

trucks costs less per freight-mile be-
cause their engines give maximuym mile-
age and extra years of service. The

speciafly designed chassis frame carries

TATA-
MERCEDES-
BENZ

TATA LOCOMOTIVE &
ENGINEERING COMPANY LIMITED

Automobile Division:
148, Mahatma Gandhi Road, Bombay-!.

———
TELCO. 58.88 EVEREST
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N Distributed By
= THE UNITED PROVINCES Manufactured By
COMMERCIAL CORPORATION AGRIND
FABRICATIONS LTD n r‘b

6, Ganesh Chandra Avenue, Calcutta-13

SERVING
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ANDTHE
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Ball Bearings in a Jewel Box ?

THERE are times when auto spares reliable supply. That's why, in
are as precious as jewels - prices South Ingiia, most of them insist
fluctuate, stocks may run out. on drawing their supplies from
Dealers, whose duty it is to Madras Auto Service.
keep consumers happy by selling For nearly 30 years Madras
them auto spares at reasonable Auto Service has set a standard
prices, need a constant and of prices in auto spares.
Sole Agents in South India for
Bendix Starter Drives, Bendix Hydrovac; Delco Hydraulic Brakeparts and all
other products of Bendix International-Kellogg Air Compressors and Parts
manufactured by The American Brakeshoe Company, New York-Stewart Warner
Speedometers and pane! gauges-Sudrad Wheels, Made in Germany-Wellworthy
Pistons, Rings and Liners made by India Pistons Ltd., Madras-Standard
Batteries: Standard Batteries Ltd., Bombay-Canara Springs & Leaves-Carter
Carburetors, Fuel Filters, Mechanical pumps and all other products.
The Madras Auto Service Private Limited.
Madras — Bangalore ( Unit of T.V.S.)
TVSIMAS|290A
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Picturesque *Marina"™
Madras. This was
faid 10 November 1952

with modern Hotmix
Asphaltic Cancrete

Burmah-Shell for better roads

Modern flexible blacktop roads are casy riding

duzable, non-skid and tough. They can be’

made with Mexphalte and Shelmac marketed
by Burmah-Shell.

...in India’s life and part of it

This man helped start a revolu

Xv
AT
tion in automotive transport in 1912

s v R\ ~

46 years ago, it necded as much courage to travel in a bus as was needed to run it!
The confidence of our first passenger, who boarded the bus ignoring the warnings of the
timid, is the bedrock on which TVS builds its institution.

Today, TVS. with its several units, meets the increasing demands of the automotive
.industry in all its aspects in South India. As in 1912, it is the confidence of the customer that
sustains its progress.

T. V. S. UNITS INCLUDE
T. V. SUNDRAM IYENGAR & SONS SOUTHERN ROADWAYS SUNDARAM INDUSTRIES
PRIVATE LIMITED PRIVATE LIMITED PRIVATE LIMITED
A Madurai Madurai Pudukkottai—Madras
Motor Velhicle Dealu;: Pel_uengern&ul’:rcel kl:n“d Tyre Retreaders
Automobile Engineers tanspo ndertaking ive 3
Body Builders SUNDARAM MOTORS T ORAS Oy
MA;)RAVS _;_\é}{?MlS_FS[\)”CE PRIVAglEdLlMlTED LIMITED, Madras
RIVA 3 adras
Madras—Bangalore Dealers: Fiat, Plymouth, Fargo, SUNDARAM FINANCE
Distributors of Motor Parts & Willys Jeeps & Ferguson PRIVATE LIMITED
Accessories Tractors. Madras
g- INDIA MOTOR PABTS & ACCESSORIES PRIVATE LTD., Madras
| Distributors of GM parts and accessories for all India.
4
)

T. V. Sundram lyengar & Sons Private Limited, Madurai.



XVi

Statement about ownership and other particulars about newspapers (JOURNAL
OF THE INDIAN ROADS CONGRESS) to be published in the first issue every year after
the last day of February.

132

I. x\ J. D’Costa, Seccretary. Indian Roads Congress.
that particulars given above are true to the best of my

belief.

Dato :

FORM [V
(Sce Rule 8)

Place of Publieation

Periodicity of its publication

Printer’s Name
Nationality
Address

Publisher’s Name
Nationality
Address

Editor’s Name
Nationality

Address

Names and Addresses of
individuals who own the
newspaper and partners or
sharcholders holding more

than one per cent of the
total capital

15—11-—758.

New Dethi

QUARTERLY

K. S. Krishnan

Indian

M/s. Progressive Printers.
17,Coral Merchant Street.
Madras-1.

AL, IYCosta

Indian

Secretary. Indian Roads
Congress, Jamnagar
House, Mansingh Road.
New Delhi-2.

AL J. D’Costa

Indian

Sccretary. Indian Roads
Congress. Jamnagar

House, Mansingh Road.
New Delhi-2.

Indian Roads Congress.
Jamnagar, House, Man-
singh  Road, New
Delhi-2,

- knowledge and

(5d.) A, J. D’Costa.

Signature of Publisher.

hereby declarc,

AR 7 LA L e

Sl SR

2k CaRaN

DHELA BRIDGE AT MILE 14

0" between

with a clear road width of 147

A. R.R.C. batanced cantilever type bridge

kerbs and a length of 248°-0"

the bridge

tre of pier
he wall type piers

The foundations

s one under each abutment and pier.
us in 1957 to the orders of the Chief Engineer, PW.D.

ns 76’-0” each between cen
between centres of piers;

d spa

96”-0"
The main beams rest on t

en
R.C.C. rocker bearings alternately.

tral span of
well

d abutments.

d lead sheet bearing and
20" outside diameter

Designed and co

Buildings and Roads,

made up of two

and end of decking and one cen
R.C.C. box type ¢en

is flanked by
through a fixe
consist of a 14

nstructed by
Lucknow,

xvii

INDIA PRIVATE LIMITED

CIVIL ENGINEER

HAMILTON HOUSE

GAMMON

S AND CONCRETE SPECIALISTS3

BOMBAY-1.

BALLARD ESTATE

« Gammon '’

Telegrams:

264511

Telephone:
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.LW 16

The LW 16111 h.p. tractor a versatile earth
moving machine is ideal for tank sinking,
irrigation and soil conservation projects. lts
111 H P simple design and rugged components ensure
. . long hours of easy operation at the lowest
working cost.

TRAGTOR

FEATURES INCLUDE
Fingertip air-actuated steering
8 mph travel speed
Tilt-as-you-go blade
All-wheel drive

90° turns.

dst. Sacks abod=it-

William Jacks & Co.Ltd.

{Incorporated n England.  Liability ¢t Members Limited.)

CALCUTTA BOMBAY MADRAS
wjc 308

—_ leAN ROADS CONUREDD
THE lN‘ voL XXil —4

More Roads
Better Roads

ROAD ROLLERS

Distributed By

Manufactured By
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