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31.  Chief Engineer, P.W.D., Maharashtra



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 Sectons or discussions in this Volume,

M
{

7 _\.

&




IF , BHOPAL, JANUARY, 1961.

» TWENTY-FIFTH SESSION

INDIAiROADS CONGRESS

Shri H. P. SINHA, LS.L..
PRESIDENT, INDIAN ROADS CONGRESS, 1060—61.

Born in 1906, Shri H. P. Sinha passed out as Civil Engineer from the
Thompson College of Engineering, Roorkee, in 1928, joined the Irrigation
Deparument of the State of Uttar Pradesh and served there for nearly five years,

In 1932, Shri H. I. Sinha was appointed to the Indian fervico of IEngineers
and, in 1934, was transforred to the Contral Public Works Department, Govern-
ment of India. In Januray, 1931, Shri Sinha joined the then Roads Organization
of the Ministry of Transpors as Deputy Consulting Engineer (Roads). After a
short period, he becamo the Additional Consulting Engineer (Roads) and, in
1956, was appointed as the Consulting Engineer (Road Development) and Joint
Secretary to the Government of India.

As the Consulting Engineer (Road Development), Shri Sinha is directly
responsible for the development and administration of nearly 15,000 miles of
Navional Highways which form the main trunk road system of the country.
In addition, he administers all roads in the centrally administered areas. Heis
alsu_ responsible for the adniinistration of the Central Road Fund, and for giving
advice to tho Government of India on all matters relating to road development.

Among Shri Sinha’s manifold activities, special mention may be made of
the keen interest taken by him in the field of planning of road development.
One of the ouistanding contributions of Shri Sinha in this field is the  Report
on Road Development Plan for India (1961—81)*’ prepared by Chief Engineers
under his Chairmanship. The Report suggests a 20-year Road Development
Plan for the country and aims at 100 per cent increase in her present road
mileage by 1981 at a total cost of nearly 52,000 million rupees. This Report
shall be the guiding star for future road development in India.

. Another activity of Shri Sinha which needs special ention is the
interest taken by him in furthering the cause of Highway Engineering in the
country, He is the moving force behind the Indian Roads Congress which is a
premier body of highway engineers in India. Hs is also closely associated
with the Institution of Engineers (India) and had been a member of its
Council for many years. Ho was clected its Vice-President during 1951—352,

. Shri Sinha represented the Government of India at the 9th Session of the
International Association of Road Congresses held at Lisbon in 1950, and led
the Indian delegation to the Seminar on Low-Cost Roads and Soil Stabilization
held at New Delhi in January, 1938, under the auspices of the ECAFE, He also
led the delegation from India to the Permanent International Association of
Road Congresses held at Rio de Janerio in 1959.



INDIAN ROADS CONGRESS

NOTICES AND ANNOUNCEMENTS

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

The next General Session of the Indian Roads Congress will be
held at Patna from the 13th to the 20th December, 1961. Members
are requested to contribute Papers on any subject connected with
Highway Engineering for discussion at the Session.

. 2. Procedure: Members willing to contribute Papers for
discussion at the 26th Session are requested to intimate the fact to
the Secretary, Indian Roads Congress, and to send a short synopsis
of their proposed contributions 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, etc., as and when ready. At least three
copies of the typescript matter should be sent, typed (double space)
on one side of good stout paper of foolscap size.

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

Past experience has shown that most of the Members send in
their contributions at the last moment, when the Congress Office is
busy on work connected with arrangement for the Annual Session.
1t is desirable that Members should have sufficient time to study the
Papers well in advance of the date of the Session. It is also
desirable that I.R.C. Journal should reach the Members quarterly. -
As it takes a long time to get Papers printed in the Journal,
Members are particularly requested to make an effort to send their
contributions as early as possible.

4. The younger engineers are particularly requested to contri=
bute Papers “which, if required, will be suitably edited befare
publication. '
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5. Medals: The following Medals are awarded for the Papers
depending on the merits of the Papers :

(i) The Mitchell Meda) :

For exceptionally good Papers contributed to the Indian
Roads Congress in any year. This has been instituted

to perpetuate Sir Kenncth Mitchell’s connection with
the Congress.

(if) The Indian Roads Congress Medal :

For Papers considered by the Council of the Indian
Roa.(Jle Congress to be of a decidedly more than average
merit.

6. The Council have reserved the right to award more than
one Medal in any year or to withhold the award of a Medal in any

year without assigning any reason. All Members are eligible for
the award of the Medals,

7. Rules and Regulations for the contribution of Technical
Papers and the award of Medals are published on pages 11 to 16 of

Volume XXV—Part 1 of the Journal f the Indi
November, 1960, of the Indian Roads Congress,

II. NEW ADMISSIONS

List or MEMBERS OF THE INDIAN Roaps CONGRESS

ENROLLED FROM 1-10-60 To 20-4-61

Seriall Roll

No. | No. Name. Address.

I 2820 A.K.Das Burmah-Shell, Hongkong House, Cal-
cutta.

2 2821  Harcharan Singh  Assistant Engineer, P.W.D., Mathura
(U.P.),

3 2822 Abdul Jamil Assistant Professor of Civil Engineering,

Mallick Ranchi School of Engineering, Ranchi

(Bihar).

4 2823 P. K. Sharma Assistant Engineer, P.W.D., Provincial
Division, Jhansi (U.P.).

3 2824 Koushik Roy Asgistant Construction Engineer, Rqads
Divigion II, Durgapur BSteel Project,
P.0. Durgapur-4, Dist. Burdwan
(W. Bengal).

6 2825 8. N. Mishra Assistant ¥ngineer, Hind Construction
Lid., Ramganga Bridge, Bareilly
(U.P).

7 2826  S.N. Tandon Instructor, Punjab Polytechnic, Nilo-
kheri.

8 2827  Virinder Sethi Assistent Engineer, Sunderbani Sub-
Division, Sunderbani (J. & K. State).

9 2828 R. L. Chouhiza Junior Engineer, Ghanti, Dungarpur,
(Rajasthan).

10 2820 K. M. Bhatia Additional Chief Engineer, C.P.W.D.,,
‘G’ Block, New Delhi.

11 2830 M. S. Ahmed Chief, Transport & Communications

(Hon. Member) Division, ECAFE, Bangkok (Thai=
land).

12 2831 Robert Graham Professor, The University of Wisconsin

Hennes TCM Projeot, Bengal Engineering
College, P.O. Botanic Garden, Howrah
(W. Bengal).

13 2832 C.K.Puri Sub-Divisional Officer, P.W.D., B, & R.,
Cfo 8hri T.C. Chopra, Retired Pro-
fessor, Near Jollowkhana, Kapurthala
(Punjab). :

4 2833  (ajendra Kumar  Consulting Engineer, 5, Lower Rowdon

8t., Calcutta-20.



422

NEW ADMISSIONS

Serial [1 Roll

No. No. Name. Address,

15 283+ B. 8. Mathur Assistant Ingincer, N.H.W, Sub-Divi-
sion, Bhim, Dist. Udaipur (Rajasthan),

16 2835 Surindar Singh Assistant Fngineer (Designg), @apital
Project. Cjo  Chief Fnginecer, Chandi-
garh (Punjab).

17 2836 . G. Patankar Civil  Engineer, Tranway  Bungalow
Aceonmmodation  Road, Colaba, Bom:
bay-1{.

18 2837 A. Sethunarayanan Junior lingineer, Block Development
Officer, Ramanathapuram (Madeas
State),

19 2838 K. H. Thakore Executive Engincer, B. & R, Jabhalpur
Divigion, Jabalpur (M.P).

20 2830 M. R. Jayanty Agsistant Fngineer (Highways), 1.0,
Chintapalli, Vizag District,

21 2840 K. 8. Mathur Asgistant lingineer, P.W.D, (B. & R,
Shahpura Jaipur Division  (Rajas-
than).

22 2841 H. C. Gupia Coustruction Iingineer, (ir. 1. H.8.L.,
Purnapani  Division, Rourkela-2
{Orissa),

23 2842 P. N. Rao Assistant Vngincer, (H) Special, Choda-
varam, Vizag (A.D.).

24 2843 N. C. Jain Assistant  Engincer Narmada Bridgo
Construction Sub-Division, P.Q. Bar-
wanl (M.P),

23 2844 C. S. Naitdu Municipal Engineer, Ootacamund Munici-
pality, Ootacamund.

26 2845 K. P. Agrawal Sub-Divisional Officer, P.W.D., (R. & B.)
Simn}eu-hl Sub~Division, P.O. Sim:
marhi Court, Muzaffarpur (Bihar).

217 2846 Y. P. Somayajulu Associate Lecturor in Civil Engincoring,
LLT,  Khatagpue Techinology .0,
Kharagpur (5.1, Rly).

28 2847 S, M. Valliappan Reader in Civil Engineering, 8-Sivapuri
Quarters, Annamalai Nagar.,

20 2848 S. €. Gupta Assistant  Fngi . ; :

sistant - Kngineer, PW.D,, ({ajr
Dist. Moradabad (U.1.), airaula.
30 2849 S. P, Sharma Asgsigtant

Enginecr, 8.0.0., P.W

! or, WA 8D, WD,
l{nc}mrgu, Construction  Suli-Division
No. 111, Ranchi Construction Division

No. 11 (Medical), Bari !
(Bibar), )» Bariatu, Ranchi
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31 2830 S. M. Agrawal 8.14, Post-Graduates Hostel, University
of Roorkee, Roorkee (U.P.).
32 28351 Surjit Singh Assistant Engincer, P.W.D. (B. & R.),
P.O. Dantewada, Dist. Bastar (M.P.).
33 2852 C. J. Khisty Lecturor in Civil Engineering, Govt.
Polytechnic, Jabalpur (M.P.).
34 2853 N. V. Partha- Resident Engineor, M/s. Garumon India
sarathy (P) Ltd., Harohar Bridge Construction,
P.0. Mankatha (Via) Luckeesaral,
Monghyr District (Bihar).
35 2854 D, 8. Paul Executive Engineer, C.P.W.D., 14, Shan
Nagar, New Dethi.
36 2835  T. Natarajan Junior Engineer, P.W.D., Manjeri
(Kerala State).
37 2856 A. S. Patwardhan  Lecturer, Civil Engincering Department,
Indian Institute of Technology, P.O.
LIT. Powai, Bombay-76.
38 2857 S. V. Subra- Doputy Director (R. & 8.), Central Water
manyai & Power Commission (Water VYmg),
Curzon Road Barracks, New Delhi.
39 2858 8. Kotoswara Rao  Lecturer in Civil Engineering, LLT.,
Kharagpur (S.15. Rly).
40 2859 G. A, Venkata~ Divisional Engineer (H), Thanjavur,
chelam Tanjore (Madras State).
41 2860 Om Parkash Consulting Engineer, .73-Masjid Road,
Sharma Jangpura, New Delhi-14.
42 2861 Bharat Prasad Assistant Engineer, P.W.D. (B. & R.),
Chief Engineer’s Office, (P.W.D.),
Secretariat, Patna (Bihar).
43 2862 K. C. Kshetrapal Assistant Ingineer, P.W.D. B. & R.,
Superintending  Engineer's  Office,
Ujjain Circle, Ujjain (M.P.).
44 2863 Sheo Mohan Assistant lnginocer (Designs), Design
Prasad Cirele, P.W.D. (B. & R.), Main Secre~
‘tariat, Patna-1 (Bihar).
45 2864  Shankar Vishnu Executive Engineer, Construction Divi-
Dravid sion No. I, P.W.D,, Bhopal (M.P.).
46 2865  Gopal Shridhar Assistant Engineer, _ Sub-Division
Palnitkar No. III, Construction Circle (Capital
Project), P.W.D., Bhopal (M.P.).
47 2866  H. Mohd. Ismail Lecturer in Civil Engineering, Indian

Institute of Technology, Kharagpur
(W. Bengal).
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NEW ADMISSIONS

Serial| Roll
R Name. Address.
48 2867 P. D, Mungee Agsistant  Kngineer, P.W.D. B. &R
Consbrucii N Divici 1 o °
(11\)'11.\;’%)[.[“)‘ ion Sub-Division IX, Bhopal
49 2868 R. B. Mathur Assistant Fngincer, P.W.D., Researc
Institute, Lucknow. v e
50 2869 10N, Durrand Uxeentive Engineer, 8 D
\S<e(l;:);g<(““.li)\.\)}?x\\ew, Sehore  Division,
51 2870 H. R. Agrawal Assistant Kngti
agis ngineer, West Sub-Divisi
P.W.D., Bhopal (M.T.). ison,
52 2871 H. N. Chakrabarty Sub-Divisional  Officer Engineerin
College, Construction Di Jisic PO
Jorhat (Assam). wision, P.0.
33 2872 R. C. Sachdev Sachd
: & Co,, « 28 Stre
bad.e]\),n, 0., James Sireet, Secundera-
54 4 Sathe ) i
5 2873 . V. Sathe Jaxccut.we Engineor, Buildings & C
munications  Department, gCh 0511—
(Maharashtra). ’ anda,
b4 2874 B. 8. Gupta xeeuti
ixeeutive  Fngineer, P.W ) '
Balaghat (M.1>,), P WD Ry
56 2875 Sheikh CGhulan \ssist
Assistant Tingincer & '
Mustafa (Jammu), incer (R.& 1), P-0.Batote
~7 (‘ ¢ U 2y .
5 2876 D. K. Darwhekar Deputy Iingineer, B, & C. D S
valya, Bombay.1. . < Daptt., Sachi-
58 2877 U. K, Agrawal Sub-Divisional Officor, P wW.D
) Barh, Patna (Bihar)’ ohDs RO
5 2878 7 isw i 3 .
C. Visweswaria Executive Yngineer, Kolar Divigj
f;?'.D.,Ag((; Siu-i K. Srikantialwslzn
JB., roca Mvsom
State). o Tumkur - (Mysorc
60 2870 S. Ramanatha
. wath Agsistant Fngi i
Pillai Offi ‘ngineer, Chief Engincer’
co (B. & R.) K iy
g ) Kerala P.W.D., Trivan-
61 2880 K. S._ Saxena Assistant  Engj
et ngineer, P.W.D, P.O
o wm olbagh, Dist. Nainital (U.P,),
. B. Mathur Sub-Divisional Officer, P.W.D,
dowae (Garhwal) (UP), = Lans-
63 2882 J. B, Das Assistant Engi Bh
: t Engineor, ad
Sub-Division, P.O. Bhufgi'{ak(R. %B)
Balasore (Orissa). ' tat.
64 2883

T. V. Sundareshan

Assistant Engineer, N,
S L » No. 2 Speci 7
Coastt  Sub-Division, Mm{:z o o
Mangalore. are Hil,
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Sertal

No,
683

66

67

68

69

70

71

76

71
78
79

80 -

81

Roll
No.

2885

2886

2887

2888

2880

2890

2803
2894
2805

2896
28907
2808

2899

2900

i w
2884 H. K. Hedge

Name.

Address.

N. K. Mittal

A. V. Sukhadoo

R. T. Atre

Chandra Bhushan

G. M. Khadki

T, H, Shaikh

J. D, Chavan
8. D. Desai
A. J. Pinto
L. K. Narain
C. D. Gupta

Y. R. Phull
A, K. Dutta
P. Jagannatha Rao

N. G. Joshi

" 8. B. Kulkarni

Junior Kngineer, Special West Coast
Division, Coondapur (Mysore State).

Assistant lingineer, Additional Bridge
Design Division, P.W.D., Lucknow
(U.P.).

' Deputy Engineer, Designs Division No.1I,

Hutment Nos. 4 & 3, Bombay-1.

Executive Engineer, Designs Division I,
Hutment Nos.4¢ & 35,0pp. CC.L
Bombay-1.

Executive Engineer, P.W.D. (B.&R.),
Sirohi (Rajasthan).

Deputy Engineer, Attached to the Office
of the Superintending  Engineer
(R. & B.) Circle, Rajkot (Saurashtra).

Doputy Engineer, P.A. t0 Superintending
Engineer, Capital Project Cirele,
Ahmedabad.

Ingineer, District Local Board, 21,
Ruikar Colony, Kolhapur.

Engineer, District Loca] Board, Kolaba,
Pen (Bombay).

Executive P.W.D., Rewa

(M.P.).

Kxecutive Engineer, P.W.D,, (B. & R.),
Satna (M.P.).

Assistant Engineer (Roads), Birhata
P.0., District Burdwan (W. Bengal).

Senior Scientific Officer, Central Road
Research Institute, P.O. C.R.R.I.,
Okbla. New Delhi-20.

Engineer,

Assistant Engineer, Design Division
No. I, Development (Roads) Defa.rt-
ment, Anderson House, Caleutta-27.

Senior Scientific Officer, Central Road
Resoarch Institute, P.O. C.R.R.L,
Okhla, New Dethi-20.

Deputy Chiof Engineer, P.W.D., Mysore,
Bangalore.

Bitumen  Engineer, Burmah-~Shell,
3-Kalpana Colony, Abmedahbad-9.



426 NEwW ADMISSIONS
Se;;‘g'l? I}’\‘;(”JI Name. ) Address.
82 2001 B. Das Gupta Executive Fnginecr, 1’-:;’56, Jodhpur
Park, Calcutta-31 (W. Bongal).
83 2002 Ashis Dutta Assistant  Engineor, P.W.D.,, Wost
Bongal, 23/26/1, Jyotish Roy Rowd,
Galeutta-33 (W, Bengal).
84 2003 8. K. Sen Assistant Engineor, P.W.D., West
Bengal, Vaduripara, Kalna P,0., Dist.
Burdwan (W.13.).
8 2004 Mohindar Singh Sub-Divisional Ofticer, Provineial Sub-
Bains Division, Punjab P.W.D, (B. & R.)
Branch, Hoshiarpur.
86 2005 D. P. Ghosoe Assigtant Fngincer (Roads), P.O. Kalna
(W.1.).
87 2006 D. R. Guha Sul-Divisional  Officer (Roads), P.O.
Malda, Dist. Malda (W.B).
88 2907 S. Samajdar Assistant  linginecor,  112-Ballygunge
Gardens, Calcatta-19.
89 2008 Dayawanso Petiya- Superintending Engineer, DPW.D,,
goda Golombo, Coylon.
90 2909 T. M. Parikh Principal, Govi. Polytechnic, Rohad
{Gujerat).
01 2010 S. 8. Mongia Sub-Divisional Officor, P.W.D, (B. & R.),
Abohar (Punjab),
92 2011 U. J. Matai Lingineer Officer to Addl. Chief Engi
rine 30 . { Engincer
LI, C.P.W.D,, G’ Block, New Delhi.
93 2012 C. P. Srivastava Superintending Engineer, P.W.D,, (B. &
R.), Bilaspur (M.P.).
9 2013 H. S. Kalsi Sub-Divisional Officer, P.W.D. (B, & R,
Gupta Kashi, Dist, Chamoli (U.P.).
95 2014 8. H. M. Rezvi Executive Engineer, P.W.D., Bottish,
Dist. Champaran, N.E. Rly. (Bihar).
96 2015 R. N. Khanna Asgistant lingincer, P.W.D, B.& R,
5-Kampoo, Gwalior.
97 2016 K. Vudayachalam Superintending Surveyor of Works,
C.P.W.D., New Delhi.
08 2917 Chakradhar Maoha- Assistant Engincer, Nimapara Sub-
patra Division, New Capital, Bhubaneswar
(Orissa).
99 2018 B. Venugopalachar Professor of Applied Mechanjes, LK.
College, Morvi ((Gujerat),
100 2019 S. R. Dubey

Assistant Engincer, Raisen {(M.P.).
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101 292(3‘ Dal Chand Jain Assistant Engineer, Construction Sub-
Division (Bhopal Division), P.W.D.,
Bhopal.

102 2021 G. N. Chhoker Sul-Divisional Officer, M/48/3, Hamidia
Hospital, Bhopal.

103 2922 N. G. Vakharia Deputy Engineer, Designs Division I,
P.W.D.,, L.D. Engg. College, Navrang-
pura, Ahmedabad-9.

104 2023 C. S. Padmanabha Chief Engineer, Buildings & Roads,

Aiyar Kerala State, Trivandrum.
105 2924  Lt.-Col. 8. P. Joga Chief Engineer & Area Manager,
Rao Gammon India Lid., 63-Richmond
Road, Bangalore.

106 2925 V. D. Deodhar Rogional Engineer, Sahu Cement Service,
5, Hamidia Road, Bhopat (M.P.).

107 2026 M. D. Arora Asgistant Engineer, P.W.D., Project
Circle, C-4, Sub-Division, Bhopal (M.P.)

108 2927 L. N. Agarwal Assistant Engineer, U.P., P.W.D., Tehri
(U.P.).

109 2028 Babu Lal Jain Engincer, B. & R., Neemka Thana, Sikar
Dist. (Rajasthan).

110 2020 M. L. Bansal Ixecutive kngineer, Rampur Division,
Himachal Pradesh, P.W.D. Rampur
Bushahr, P.0. Rampur, Rampur
(H.P.).

111 2030 K. C. Bansal Executive Engineer, P.W.D,, Border
Works, Temporary Division, Bhatwari,
Dist. Uttarkashi (U.P.).

112 2031 H. B. Francis Executive Engineer, B. & C. Deptt.,

: . Osmsanabad (Maharashtra State).

113 2932 R. Parthasarathy Bitumen Engineer, Burmah-Shell, 32,

Sarojini Devi Street, P.B. No. 11,

Secunderabad (A.P.). .

114 2033 Shiveswarup Ma- Assistant Engineer, P.W.D., (B. & R.),
thar Mandi Division, Kota (Rajasthan),

115 2034 V. N. Vijayvergiya Lecturer, Cjo Prof. P. N. Vijayvergiys,

Shahd Pratap Ashram, Lashkar (M.P.).

116 2935 B. L. Dhakar Sub-Divisional Officer, P.W.D, (B. & R.),

Survey Sub-Division, Jagdalpur (M.P.),

117 2936 8, C. Mithal Assistant Engineer, P.W.D. (B. & R.),

- H.Q. Sub-Divigion, Jagdalpur, Dist.

. Bastar, i .

118 2037  Kuldip Singh Sub-Divisional Officer, Punjab P.W.D.

(B. & R.), Winterfield, Simla-3..
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Serial |
No.

119

120

129

130

131

133

134

Roll
No.

2938

2039

2040

2041

2042
2043
2044
2045
2946
2047

2048

2049

2050

2051

o
o
<t
1353

2053

Name.

K. Sankaran

D. D, Amin

3. V. Rama Rau

R. A, Goyal

Vidyadhar Rao

M. 8. Iyongar

K. Prasad

T. P. Boso

S. Muthuveeru

shio Pujan Singh

Brig. Om Mani

M. M. Shah

S. B. L. Shri-
vastava

Narain Singh

B. V, Raghava-
swaly

Brig. Shamshor
Singh

i Address.,

Cjo Mr, T. 8. Venkataraman, Mmmgor,
South Indian  Concerns Ltd., 401,
Tolang Road, Matunga, Bombay-19,

Residont Engineer, Ragi Nivas, Doshra,
Via Bilimora, Dist. Surat (Gujorat
State).

Junior Fnginoer (Dosigns), Office of the
Chief Engineer (R. & B.), Bhubaneswar,
Dist. Puri (Orissa).

Sub-Divisional Officer, P.W.D,,
cial Sub-Division, Kulu, Dist.
(Punjab).

Provin-
Kangra

Assistant  Engineor, P.W.D. (R. & B,
Yellandu, Dist. Khammam (AP,

Deputy  Engineer, Bridgo Works Sul-
Division, Room No. 880, Willingdon
Croescent, Jamnagar (W' Rly).

Sub-Divigional Ofiicor, Project  Sul-
Division, PW.D., Ranchi (Bihar).

Assistant Engincor,  Sub-Divisional
Officer (W. &'B.), Chandraipara, P.Q.
Ambassa (Tripura).

Junior Enginecr (Highways), Investiga-
tion Division, Guindy, Madras-25,

Assistant kngineer, P.W.D. (B. & R),
Clo. Dr. H. N. Singh, M.D., M.R.C.D,
Khudabux Library Road, Patan-4),

Chief Ingineer, Projecb"l‘uskor, Clo

56 ArO

Deputy Iingineer, Bridgo Works Suly-
Division, Khambalia, Dist. Jamnagar
(Saurashtra),

Lecturer in Civil J‘]ngin(mring,
+ Polytechnic, Jabalpur (M.P)
Assistant Engincer,

Hanumangarh Town

Govt,

PW.D, B & R)),
(Rajusthian),

Junior lingineer (H),

L Vasista Bridge,
?x\rlllf)u)mtum, West Godavari District
Dircctor, Tochnical

. Administrutiun,
Directorate General of Border Roads,

Kashmir House, New Delhi-11,

' 9
NEW ADMISSIONS 42
Serial | Roll Address.
No. No Name o e
135 2054 8. G Jein o H jab Engineer-
ax 2053 3 ai Cjo Highways Deptt., Punja
s o . G Juin / ing %ollege, Chandigarh.
t
36 5 i . Engineer (H. & R. W.), Ammapet,
136 2955 N. Iyasami AsTs;;g njar;gfllrnDisg. Madvas Stato)
i ingineor ies Deptt.,
2956 C : j tant Mngineor, Industries
o 50 Chandrana Ojha AS;; SV\? ISlecl'emgriat, Patna-1.
D
3 5 < i Engineer, (South), P.W.D.,
e i 5. B. Khare Asf’lr?\z;il:ﬁ:ial IIl)gilvisicm,M()l'a(k\bad (U.P.).
i { Ingi D., Bridge
. 5 A tant Engineer, P.W.D., °
19 23 NS, Bhal Axsls)lessigln Divisg;on, U.p. PW.D, Luck
now.
Cngi , Cjo Shri V. 8, Desekan,
M 249 V- 5. Vasudovan Asg‘g}., I;Erzﬂggl?rf:efr-l,/ Corporation of Luck-
now, 1347 Narahi, Lucknow.
> . Lecturer in Civil Engineering,
H 00 R.Rlax':bhukura Asﬁltetgionil Enginecring Colloge, Warran-
gal (AP
i Engineer, Border Works
1 200l €. 8. Sunwal As%lesrtr?;:rary nig)ivision, P.W.D., Uttar-
kashi (New Distt.) (U.P.).
1 Fagineer, P.W.D. SubA-D‘ivi-
1 e B. N. Sahay Asssi:)ssalgz. 2,ngClombined Offico Building,
Dhanbad.
i i P.O. As-
< 1 tant Engineer, P.W.D., P.
e e AR Juin Aslf;ie, Dist. Pithoragarh (U.P).
ASSOCIATE MEMBERS
i i stors, 3-4-849, Bar-
hmi- Engineers & Contractors,
' % Mé?aggkﬁaﬁﬁand katpura, Hyderabad-Dn. (A.P.).
/ i Tar Products (1935) Lid.,
? % B 8 Sandhu Mlli"-]?»sllggllg,n&rnnaught Place, New Delhi.
ingi illiam Jacks &
Sales hngmoer,_ M/s. Wi
3 90 J. G. Awasty o e
Sngi , M/s. William Jaqks&
* o Samu(:’thtl){seph Saée(.)s., 11341;51,1 lelgfrst L/ine Beach, National
Prabhakar Bank Building, Madras-1.
5 92 Surjit Singh Sales Executive, M/s. William Jacks &

i d
., Ltd.,, Hamilton I'{Ouse, Bellar:
fﬂ:tate, P.O. Box No. 335, Bombay.




111. DEATHS

The Council have received with regret inbimmutions of the following
deaths:

Serial | Roll , :
No. \ No. | Name. Address,

1 2220 D, R. Das Exceutive Fugineer, Chandra Kamal

Road, Uzan Bazar, .0, Ganhati, Dist.
Kamrup (Assam).

&3

1619 V. D. Bhandari Additional  Chiof  Engioeer, Central
P.W.D,, 26, Sundarnagar, New Delhi.
2282 H. Kakati Lxeoubive Engincor, Gauhati (Assom).
4 559 J. M. Rijhwani Development  Commissioner, Kandla
(L.M) Port, Gandhidhs m (Kutch).

5 389 H. Sunder Rao Head of Departinont of Engineering,
(L.M.) Indian  Iustisute  of  Technology,
Kbharagpur (West Bengal),
6 562 V. 8. Annaswami No. 14, Chergamalam Rajuji Road, Ram-
nagar, Coimbatore.

1IV. ADDRESSES WANTED

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

Serial | Roll ﬂ

No. No. Name. i Address.
1 323 Chambers, J. ¢ Artistry Houso', 13, Park Sti
. ) ] ‘00T, -
(Lt.-Col.) cutta-16. Cal

™

2126 Ms;}il;, Sikandar Executive Engineer (Retired),
a

18, Qr. No, C 2/9B, Rourkela-3.

E:;;ae:]\tive Engineer, P.W.D., Osmana-
ad.

Sector
3 2076 Shaik Mahboob

shiv, Poona-2,

4 417 Parang, Hari Ram Retired Exccutive Engineer, Lal Chowk,
(L.M.) Quila Gujar Singh, Lahore {Pakistan).
5 12 s + . N T r Yy -
Dz;ﬁ\ldl.’)b G. Bhide Wada, Shevde Bol, 851.A, Sada-r

6  86-Ass. Tylee, C.J. Cjo. UP.CC. Private Ltd., 6, G““"ii'?*
‘ Chandra Avenue, Calcut(a-13.

A BRIEF ACCOUNT OF (THE TWENTY-FIFTH SESSION
OF THE INDIAN ROADS CONGRESS

Bhopal, the beautiful city of lakes, was the venue of the 25th
Session of the Indian Roads Congress. The Session was
inaugurated on 4th January, 1961, by Shri H. V. Pataskar, Governor
of Madhya Pradesh. His Excellency in his Address greatly
appreciated the useful work done by the Indian Roads Congress.

The President, Indian Roads Congress, receiving the Governor

He mentioned about the backwardness of the State of Madhya
Pradesh in matter of roads and emphasised the necessity for
improvement of road communication in the State. e also
emphasised the necessity of directing research to find out ways and
means for sneadv and cheaver methods of road construction.
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Shri H. P. Sinha, Consulting Engineer (Road Development) and
Joint Secretary to the Government of India, President of the Indian
Roads Congress, in his Address reviewing the progress of develop-
ment of road and road transport in the country emphasised that
much remained to be done for meeting the future transport require-
ments of the country. He mentioned that the Chief Engineers of
States in their Report of the 20-year Road Development Plan had
estimated that long distance transport pertaining to an average lead
of 300 miles, would increase from 182 million tons in 1960-61 to S00
million tons in 1Y80-81. The Railways were expected to carry 162
million tons at the end of the Sccond Five-Year Plan and 523
million tons in the vear 1Y80-81. There would, thus, be a gap of
20 million tons in 1960-61 which should be carried mainly by road
transport, and 246 million tons which was over ten times the 1960-61
figure should have to be carried by road in 1980-81.
construction and vehicles production therefore should be
considerably to meet the very large future demand.

Both road
stepped up

The Finance Minister, Madhya Pradesh,
at the opening of the Exhibition

addressing the delegates

The President then said that road r i

. sider en s : evenues in the next
vae-Yealj period including normal annual increases could he assessed
conservatively at about Rs 900 crores., That revenue justified a
much larger development plan for roads in the Third Plan, than that
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indicated by Rs 250 crores which was the same as that allg‘ott?lslhfgé
the Second Plan. Taking into consideration the fact that the hird
Plan is much bigger than the Second, and that the egmrmlngsunfair
road transport were likely to be doubled, it was ‘obwo%sil y i
that such a small sum should have been provided in the Thir .

Other subjects dealt at length by the President in his speegl;
were construction of bridges and the improvement of exmmn% {ogen
for taking care of the increase in traffic, both in vollufle a,nlt ?'oa,d
weights, prevention of ribbon development, taxation do F road
transport, road research, etc. He also empha.slsed the nee of oo
stituting a Road Board at the Centre on th‘e lines recommended by
a Special Committee of the Indian Roads Congress.

. R _ 4

A very successful Technical Exhibition depicting the curren
(levelopmegts in the road and bridges construction and ‘mamggnaigﬁ:
techniques in the country was arranged during the Sgs}?xon. a a,zlo s
charts and models explaining the latest progress on hig Wsai]y‘ e;{ i hl;i
ment were also shown. The exhibition was opened by Shri Mis
Lal Gangwal, Minister for Finance.

The following technical committees of the Indian Roads
Congress met during the Session :

(i) 'The Traffic Engineering Committee among other subjects

Traffic Engineering Committee meeting
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considered, Indian Standard Code of Practice
lighting, design pattern for strect crossings,
ribbon development along important roads.

for design of street
and prevention of

(i)  The Rescarch Organization
with the co-ordination of road rese
progress made on various items of research being carried out in road
research laboratories. They also discussed (I) specifications for
pre-moulded joint fillers and sealing compound, (2) investigation
regarding temperature stresses in rigid pavements under Indian

conditions, and (3) points arising out of the discussion on the last
General Report on Road Research.

Committee which is entrusted
arch in the country reviewed the

(iit) The Education Committec considered the syllabus of
Highway Engineering for Diploma Courses for Overseers and
Supervisors. Other important subjects dealt with by this Committce
were the syllabus for Post-graduate Degree in Highway KEngineering,
Highway Enginecring has become a specialised science and it is,
therefore, necessary that intensive training is imparted to Road
Engineers in India. With this object in view the question of

conducting refresher courses at various centres was considered. The
syllabii for such courses were also examined.

(iv)  The Prevention of Ribbon Development Committee in

,.\

Research Organisation Committee meeting
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their meeting considered the ways and means for expediting matters
regarding control of ribbon development which is presentlgg Eil
serious problem along important roads in the country. The or?d
mittee was of the unanimous opinion that immediate steps shou
be taken to arrest further deterioration of the situation.

Prevention of Ribbon Development Committee meeting

(v) The Road Operation Cost Committee set up at the
instance of the Government of India to study (i) the cost of opera-
tion of motor vehicles on different classes of roa-ds, and (ii) the
economy resulting from road improvements, at their meetlpgl con-
sidered the final report on the cost of operat‘lon of motor'lrehxc g.s ?12
different types of roads in plains, The Committee will contin
their studies on hill roads.

i) Asthe mileage of roads constructed under the Com-
munity(vll’)rojeet and Na,tioé;al Extension Service theme formsta. cox:t
siderable percentage of the total mileage qf roads in the coun 1;) ,for
was felt that there was need for a satls{actory 'arrangelgelivI f
maintaining these roads. The Community Project Road ! a.;n-
tenance Committee had already issued a Ryecommended.Pra.ctuceI or
construction and maintenance of roads under Community Devg op-
ment Projects. The Community Project Road Maintenance Com-
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Road Operation Cost Committee meeting

mittee in their meeting held

at Bhopal suggested certain amend.
ments to the abovementioned

Recommended Practice,

(vii) The Specifications and Standards
meeting considered alignment of roads on
recommended practice for borrowpits for

specifications for roadside arboriculture, standards for the construc-
tion of pick-up bus stands on National Highways, type design for
toll, octroi or check barriers on roads and standards for roads in
urban areas.

Committee in their
top of tank bunds,
road embankments,

(viii) The Soil Research Committee at their meeting congi-
dered the recommendations regarding the procedure to be adopted in
carrying out stabilized soil construction (with soft aggregate) in dry
as well as in wet areas, a method for the stabilization of black
cotton soil with lime, a method for the compaction of embankment
(both low or high), a method for use of natural soil, blended soil, and
processed soil, as a cheap material for road construction, road con-
struction in sandy areas, stabilization of sand to give a firm base,
introducing the use of soil as a road construction material, Indian

Standard Clagsification and Identification of Soils for General
Engineering purposes.
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| i i eetin
(ix) The Stabilized Soil Roads (Jomml‘otzeil?: tf]:;lrc(:;llditior%
discussed the formulation of a standard Rroge U ot factors
™ vy of stabilized soil roads so that the effects o orrectly
Sler}Cy- Il't(; and servicc of the pavements cou . O dical
e qllm l'%/eria for soil cement in areas gub]ect tobiliized T
?vaﬁtiazft?i(o’ncr:m tentative programme for inspection Oi 1S3 ea;l val. Maha-
;gzds in other regions such as Andhra Pradesh, Wes ;
rashtra, Gujerat, ete.

Y { their
(x) The Road Transport Developmentl %f)xgm(;}}te; szfentiﬁc
meeting emphasized the necessity for formula lostion is that the
i licy on road transport. Their sugge for maintenance
taxation fPO road transport should be earmarked for buting a
of rous, inferst owards cupital fovested aftr contributig |
2 e &
specine a,moun(tl ?ﬁ:ﬂgﬁfﬁl rlire;,rtllltliei?:,iom the Committeg aésrcl)1 sttO(;l;
e aor 1;9& of strengthening and widening the .r;)a ok
up the ques 1ont0 make them fit for modern heavy vehicles éat s
arterial mulg?s tions. The Committee noted that certain > ‘af; ot
txl‘alle(;‘ czfﬁril:s out required surveys for the above put?i(;s > and felt
f:hl:ftatl{c remaining States should expedite &Ct(lioghentlra de can be met
that a long standing demand of the people an
without further delay.

Water-Bound Macadam Subcommittee meeting
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(xi) The Manufacture of Road-making
Mechanization Committec examined the
manufacture of various items of road-m

Machinery and
question of the indigenous
aking machinery.

(xii) Other Committees which held their meeti
Session are (1) Bituminous Pavements
Concrete Road Surfacing Committee, (3
Subcommittee and (4) W

ngs during the
Subcommittee, {2) Cement

) Concrete Road Construction

ater-Bound Macadam Subcommittee.

The Council of the Indian Roads Congress held two meetings.
In the first meeting, the Council reviewed the work of the Exccutive
Committee, and various other Committees. The Council also con-
sidered the recommendations of a Special Committee suggesting the

formation of a Road Board at the Centre and strongly endorsed this
recommendation.

R LR

L
il

57th Council meeting

The Council appointed a Research Tm
for the implementation of the results of reg
research laboratories and to overcome the
such implementation.

plementation Committee
earch carried out in road
difficulties in the way of

The new Council at thejr meeting held on the Sth January,
elected Shri K. Barua, Chief Engineer, P.W.D., Assam, as the
President for the next year. Shri S. N. Tripathi, Chicf Engineer,

PWD, B. & R, Madhya Pradesh, Shri ¢. (' Khanna, Chief

H 49¢€
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Engineer, P.W.D., B. & R., Punjab, and Shri Pl CD. 5‘131::2?;&’;3
Chief Roads Engineer, Ms. Standard Vacuum O.X S‘o., tarv. The
as Vice-Presidents, Shri N. Sen, was r?-olectetl as | fc];eh{aty to hold
Council accepted the invitation of the (xovemmer]lf‘i ;owards the
the next Session of the Indian RoaQs Cougress'at Patna itt(;és ‘were
end of this year. Chairmen of various techmcalt’c%mg; obtaiming
appointed.  The Council also discussed the ques g‘)} vd Five. Yoar
more finance for roads and road transport in the l“ ns of aug-
Plan and stressed the need for exploring ways ana ;x;e;bo come.
menting the resources for road development in the yea

58th Council meeting

Six Papers were discussed during the Session, Brief synopsis
of the Papers are given below :

1. ““An Investigation for Evaluating an Airfield Pavement”
by Dr. H. L. Uppal and H. §. Bhatia

igati i irfield has been
An investigation on the evaluation of an airfie :
carriec{l olut bygusing the LCN system of classification ty\ntl;tg:
object of assessing its structural adequacy to carry the i}ﬁls l:i%ﬁ eylds
of traffic. Such investigations would be useful for other
also.

The investigation showed that the existing pavement failed due
to lower LCN number.

In the Paper the designs for the existing as well as for the
anticipated future traffic have been given,
3
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It has been suggested that

such investigations shoukl he
extended to the evaluation

and design of roads,

2. “ A Study in Road Failures by S. N. Gupta and P. L. De
The Paper deals with the investigation of common types of road
failures associated with subgrade, the embankment, and the natural
ground on which embankment is huilt, Typical examples of some
roadd failures which have recently ocourred in West Bengal have
been studied with particular reference to the principles of soil
mechanics and remedial measures necessary for proper design and
construction of an embankment have also been described.

3. ‘“Stresses in the Corner Region of Thin Bonded Concrete

Road Slabs * by §. Koteswara Rao and V. Venkatasubra-
manian

This Paper gives results of experiments of load stresses in the
corner region of a thin bonded conerete road slah constructed under
field conditions taken up at the Indian Institute of Technology,
Kharagpur, and the results verified with the existing theories. 1t

A Paper Discussion
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was found that observed corner load stress agreed closely with
Westergaard's theorotical values for corner load f(?rmulae. It w}as
also found that in the vicinity of the corner bisector where the
obhserved strains were maximum, the locus of the maximum strain
and the shape of the actual load break were nearly straight hnlc;s:i,
thus justifying Woestergaard's assumption. The s_tudles dre\(ia od
that Westergaard's corner load formula can be used in the design
thin bonded conerete road slabs.

The Annual Dinner

ili ions for Major
4. < Study on the Stability of Well Foundations
* Br?tti.g’esy > by A, Banerjee and S. Gangopadhyay

Based on assumptions specified in the Paper, f(;)r'mutli@e ha\:)(;
been worked out taking into CODSldel‘E'i,thIl various combina 10t;z o
vertical and horizontal forces including active and pasml\?n rih
pressures, Use of formulae has been explained by working

examples.

5. ‘Design and Construction of Udyavar Bridge ” by Dr.
A.S. Adke and C. Chidambaram

The difficulties encountered in sinking wells for fou'%dam%létzriﬁ
methods by which the same were surmounted are descri el Fra
of construction of sub-structure and superstructure, including
hydraulic data and design are also furnished in the Paper.
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Buddhist Shrine at Sanchi visited by delegates

6. Study of Parking Problems—Connaught Place and
Connaught Circus Area, New Delhi >’ by Joginder Lal

The study has been carried out to assess the parking
demand and to suggest improvements in the layout of parking
facilities in one of the busiest centres of New Delhi, keeping in
view the present and reasonable future growth of traffic ag far

possible and the innate desire of the users to park their vehicles
close to their destination as possible.

as
as

The delegates discussed the General Report on Road Research
carried out in the country during 1959-60. A very encouraging
feature is the beginning of research on bridges and structures, It
has been noticed that soil stabilization techniques, particularly the
mechanical stabilization and stabilization with the use of lime, and
cement are attracting more and more attention in many parts of the
country. The discussion was very lively and interesting indeed.

The delegates also discussed a note on ““ The use of low grade
aggregates in road construction . The results of systematic study
have shown that there are large deposits of the low grade aggregate
fairly well spread out throught the country which can be made use
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of economically even in those cases W}lerg the cost of the har'(
stone metal is not very high, provided scientific cqntrol on usage I
exercised. Many speakers took part in the discussion.

Other highlights of the Session included interesting socic
functions and cultural shows. Several technical films were show
and a lecture was delivered on (1) Second World Conference o
Earthquake Engineering and (2) Prestressed Concrete Bridge on 'tl'
River Yoshi under construction by Shri R. N. Joshi. Inspectior
of works in and around Bhopal were also arranged.
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PRESIDENTIAL ADDRESS

The Twenty-Fifth Session of the Indian Roads Congress was
held at Bhopal from the 3rd to the 10th January, 1961 and  was for-
mally opened by Shri H. V. Pataskar, Governor of Madhya Pradesh,
on Wednesday. the 4th January, 1961. The procecdings opened with
an Address by Shri H, p. Ninha, the President, the full text of which
1s given helow :

Shriman Rajyapalji, Ladies and Gentlemen,

As President of the Indian Roads Congress it is my privilege
and honour to extend to you, Sir, a most respectful  welcome and to
express our gratitude for your having kindly consented to inangurate
this, the 25th Session of the Indian Roads Congress.  To members
and delegates. T offer my cordial greetings on this happy occasion of
our annual re-union to discuss, understand and compare notes of
our past year's work and experience.

We are deeply indebted to the Government of Madhya Pradesh
for inviting the Congress to hold the meeting at Bhopal, the new
capital. We are meeting here for the first time in the 25 years’
history of our Institution although the Congress sessions were held
twice before in Madhya Pradesh, the 8th Session at (iwalior (now in
Madhya Pradesh) and the 20th Session at Nagpur (now outside
Madhya Pradesh). Bhopal has historical and culbural associations
going back to the early centuries. It is now one of the most im-
portant cities of the country and is rapidly expanding to meet the
multifarious needs of a capital. This session of the Congress is
therefore most opportune. T am sure every one of us will carry
home very pleasant memory of this city of lakes.

The Indian Roads Congress, Sir, is a technical
all-India forum for examining and assessing
munications, pooling knowledge
struction of roads and bridges, of
matters, through which we hope t
nation’s march to prosperity.

Society. Tt is an
the needs of roud com-
and perfecting techniques of con.
traffic engineering and other allied
0 play our appropriate role in the
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ROAD AND ROAD TRANSPORT

In an expanding economy like India’s, wiFth })r()'(lill_lcglozlorrx';s1lr)1§
from 130 million tons in 1950-51 to over 10;) tmlns‘oort s by
197576, it is essontial to develop all modes of transport.

The President, I.R.C., delivering his Address

oo o]
Transport must, therefore, pilay i? péu'to ;;v?g;gvetx; ;tnlssp g;(;sti Ill)er(:g:it(:{a;l
ation. The basic advantages : D
:i(;lt(:;eh:ve influenced most of the advanced countf“iia i%ocle(?;lr!‘il:d
creasingly on this form of transport. The vohime 0b s i sch
by road i;ransport is consequently growing ( ayt y d e to
countries. Thus while in India Road Transptor fﬁ:;s i
carry only about 10 per cent of all the goods ;‘355 b >4
carries about 20 per cent, in Great Britain abou N aps ent and i
Australia about 52 per cent. Aig presept, the Railways p
means for the bulk of transport in India.

It has been the aim of the Government since 1ndtepenf:;’igz ﬂtl}?g
the country should develop in such a mannerhas (; .0113‘ i
basic necessities of life to everyone. One of & etl'nlilsation Yor
taken in this context is the policy of rapid mduskl;:a& dva,ncément
the success of this policy it is not emough to ma o advance nent.
howsoever great, in isolated fields. ~All the sectors oh amon s
be integrated and should unitedly move forward in har y
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f&&r:;?‘ed lops;(lm.lt (l(?l\[rolo]nnent and to provide maximum benefit

§ an example, it will not he possible t i : Ao
: » possible to derive the fullest advantage
If we put up a fertiliser fac i ' " conomical.

: ser factory but omit to arrs i

‘ . A arrange for cconomiecal,
3\);](()((3‘tl:‘\(:!\n§n‘; and movement, of.a,)) the raw materials and also for the
md ¢ dis rr}butlon of the finished product,  The co-ordination
(I)reg:gg(:??izlitl()lll tvthz‘l't :uie ubs;\lutoly essential for the success of the

sent-day industries depend, to o lar .

ese \ - large extent, on the overall

efficiency of transport avai o i ‘ ’ St o if £
" ran: available in the countr i i

rewency of tras le > o Y. It will not do if the
;clr(n}spntlt 18 che il-]) but not sufficiently speedy. Tt will also not do if

uring transit the avticies are 11 l . s

Q ware lable to damage or pilfer i

cost of subsidiary transport ag ¢ Jnase or pilterage or if the

: stbs Y transport at the terminals iy digny i
b, I terminals is dispr oportionately

RAIL-ROAD CO-ORDINATION

gideg{lf yd‘eml;u_]d. for transport in India has already increased con-
.Of .‘"( ti y ‘foTn( »étﬂ‘s bound to grow with greater acceleration. In spite
of ;ﬁpetl(‘z}e ((;1 hat }'ms been put in so far, it has not been possible
o diﬁic;]iy ?:m?? }n_full‘ The over-crowding in trains and huses

obtaining wagons and the relyti i one
ha o py in £ o relatively high rates one

b ansporting goods by road b
T ¢ ng goods ad beecause of the prono

shortage of vehicles, are indicative of the unsatisfactory p%qi?iolxllnced

No single type of transport can be suitable for the

i(y)}l\z)niw(:‘f m‘dﬁstrllcs: It 18 the people in the industries réﬁz(rln;flvzg
i th; : really decide which type of transport should he preferred

the types of transport should,therefore,be developed. The j '
position will be to give weightage to none and let ea,I(:h . fle e
duty, Whlc].l 1t is capable of, in the fields in which it js e the
the 1pdustr1es or other consumers, But, in practice, it T piaple to
possible to.ac!here to the ideal considerations bec,:a\,uss;s n(f)t s
other conflicting needs of the country, specially in sicl?at'seveml
?ggv%etnhc;:sﬂsluch as wars and famines.  Still it does not necelz(s)::ri;)f
Lol aas ti v&fteﬁg(}:sage g}ize(r)ltt}:?e :ne szstem of transport should b}e]
various means of transport has, theri)};(s)ril,ni.so l’)l;hgar(i'?;()lr(};\?tatilt?[;u&f

a manner that the needs of the co

untry, both for day-to- i
%%ntﬁ ;:e wgélfg: for E}mergent situations, are adequ&% rsg;:é‘g-
] € Us the examples of severa] cod .

: advy i
;’;hmh hlave already. faced' this situation. Raclh (()ifV tbtr}lzced counoes
as evolved a solution suitable to its individuat needs eas,f]dc%l'mtnes
) ¢ ircum-
identical because every

stances. No two solutiony will be found to he
peculiaritics. On the

country is confronted with some uncommon
clopment of transport can be

whole, however, the trend in the dowv
ee ¢ i
seen quite clearly and leaves no one in doubt ahoyt the inecreasing

demand on road trangport,

The initial development of me

countrics took plae 1x chanical transport in all the

the expansion of railways.  After a certain
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stage, road transport came in to share more and more of the tptal
transport. Later on, the inland water transport in certain regions
captured a good deal of traffic, and last of all, the pipeline mono-
polised the transport of some special commodities, such as oil, in
certain situations, In 1957, the share of various forms of transport
in U.S.A. wag as below :

Railways 47 per cent
Road 19 ’
Inland Water Transport 17 '
Pipeline 17 '

India, though not as large as the U.S.A., is certainly large enough to
have ultimately a pattern of development of the same variety as the
U.S.A. 1, therefore, think that similar distribution of transport will
apply to our country also when it has developed industrially in
accordance with our aims and efforts. At the present time no
reliable figures are available for the carriage of goods by road
because most of the transport is done by sma.ll. operators who are
not able to maintain proper records. But it is reckoned that the
goods traffic moved by road is about 10 per cent of the total tra.ﬂ.iG ‘
in ton miles. A very greatleeway has, ther_efqre, to be made up in
the road transport system before it can attain its right place.

While there has been a visible progress in road tansport, both in
the field of roads as well as vehicles, during the last ten years, it is
necessary to point out that the pace at which this progress is being
made is altogether inadequate. Unless a concerted effort is made for
accelerating this pace, road transport is bound to become a bottleneck
and, instead of helping the industrial growth, may a_ctua.lly ret-a,rd its
progress. A great deal has been said on the question of rail-road
competition and on the priorities that should be gs_sxgr}ed for the
development of railways or roads, but the real position is that even
if both of them are developed to the maximum extent possible with-
in our limited resources, it would not be possible to catch up with the
growing needs of the country for the movement of goods and pass-
engers. Let us therefore, consider how much each system of trans-
port can be improved, both in capacity as well as in efficiency.
The question of priority will really arise in the consideration of
long range policy for development of transport. The decision on
that subject must take some time because of the multifarious
aspects that have to be balanced before arriving at a satisfactory

solution.

It has been pointed out from time to time that railway rates do
not bear ag close a relationship to costs as rates for transportation
by road do. The railway rates are adjusted in the interest of
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economic development of the country so that raw materials and
low priced goods pay lowcr rates than manufactured goods or high
priced goods. The roadway carriers are alleged to capture the high
rated traffic over the longer hauls because their cost of carrying such
goods is lower than the rate charged by the railways. Further, after
carrying high rated traffic one way at considerable profit, the road
trangport operators can even underbid the railways for low or
medium rated traffic on their return journey. '

Whilethis allegation may be seemingly true, the real fact of
the matter is that there are a number of other advantages which jlt
the balance in favour of road transport in many situations in spite
of the very high rate of taxation on this industry, '

The Masani Committee on Road Transport Reorganization
have pointed out :

‘“ The advantage of low rail freight is nullified in :
by the slow speed of a railway Wagon,gwhich covers onll;?gos? @::
miles per day at an average as against about 150 miles covered by a
truck. This is the main reason why distributors of consumer goods
among others', prefer road transport even if the cost be somewhat
higher. Tt is also argued that if the prosent restrictions on road
transport are removed, bridges strengthened to carry economic lo'u(h
road surfaces modernized and truck-trailers and articulated vehiLcls;;
permitted, road costs can be brought down mate ially and that as a

result road transport, with the added adv i
more economical to the consumer, ”’ wmtage of speed, will e

In this context I can do no better than qu
J te
the text of speech delivered in April, 1960 1()1y oMranSex}tIra?IEufrom
Chairman, Hindustan Lever Ltd. He said : o e

“ With so many hundred thousands of movements to consider

W6 are necessarily deeply interested in everythi i
transport, First, our transport costs were iny 30 aqua 12088 I

» 10 1959 equal t ;
half of our profits. They added up to considerably 1?10?:0 :ha,?]eagllxi

proposed dividend ; naturally, therefore, it is i
; , , of utmost
f)(i)l ;;se gh(z:’c thleﬁr iglould be }ixs low as possible. Secondl)’rS elirrflalgrozzaﬁngff}
§ T o1l held up at the collection points for want \
lel‘a,foieilqag"tgl transit, elvery case of SUNLIGHT or zlino(ift'll"z)lzfﬁ)l(;rl\c
1at 15 sitting in a railway wagon or ¢ i i 5
kitchen, is capital tied up earl%ing notﬁﬁé.msmad ot ina consumers

“We use every form of trans i
ort :
regard to the nature of the product I&)mrd ai:alldble o 1

transit ti i i
; me, cost and convenience of consign

i having
$ packings, distance,

ee......
0 per cent of our despatches were made by roadlzagggb‘iﬁerr ?T‘Zb;))]elrt'

cen , : ;
simt lw?jri(;i ma:}deﬁby quick transport Service, a service the rajlwavs
Ply did not offer ten years ago. OQur average transit time hag begn
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reduced from the 21 days of 1950 to 5 days now...... The result is
that both we and our dealers can operate with less stock in the pipeline.
The minimum pipeline stocks of Vanaspati, for example, have been
cut by some 2,000 tons or nearly a third, over the last 3 years.
This has led to a reduction of Rs 40 lakhs in the capital, invested in
packed stocks.”’

A high-powered Committee on Transport Policy and Co-
ordination has already been set up by the Government. This
Committee has been called upon to recommend a long term transport
policy and suggest suitable mechanism for the co-ordination of the
various means of transport. We look forwardto the findings of the
Committee and are confident that road and roadtransport will receive
their due share for development in the right direction.

TRANSPORT REQUIREMENT

The requirement of transport for the entire country can be
worked out on the basis of the targets of production for various
commodities such as foodgrains, steel, coal and cement. It is
necessary for those in charge of country’s development to take a
decision in respect of the production targets. This has been done.
The Chief Engineers of all the States, when they were charged with
the task of making recommendations for road development for the
next 20 years, i.e., 1961-81, met together during 1958 and 1959 and
assessed the total requirement of transport for the country dur@ng
this period, basing their calculations on the targets of production
accepted for various commodities. They came to the conclusion
that long distance transport, which really pertains to an average lead
of 300 miles, will increase from 182 million tons in 1960-61 to 800
million tons in 1980-81, At the end of the Second Five-Year qu.n,
the Railways are expected to carry 162 million tons. There will,
thus, be a gap of 20 million tons, which has to be carried mainly
by road transport. Similarly, the Chief Engineers assessed that at
the end of 1980-81, the railways would carry 523 million tons and the
roads would be required to carry about 246 million tons, i.e., ten
times of what they carry to-day. These estimated figures cannot be
considered as firm, but they cannot be far out in view of the trend
of road transport in other developed countries of the world.
Both road construction and vehicles production must, therefore, be
stepped up suitably to meet the future demand which is bound to
be very large indeed.

The Chief Engineers have also calculated the number of motor
vehicles that should be produced each year for meeting the demand
n road transport. They have also worked out the revenue that
would be available to the Government from these. vehicles and the
>xpenditure on development of roads to adequatestandards. In the
>nd, they find that the total expenditure on roads over a period of
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20 years (1961 - 81) should be of the ord
) she er of Rs 5,200

d'evelopmcntv and Rs 1,350 crores for maintenance. At %;%rOSaft(l)r
time they expect that revenue realised from motor transport taxati ;
would be of the order of Rg 6,150 crores, which means fhat tl;c cn:pn
progr;tlr!}ome can l()lcdself-supporting. Their recommendation g)(:'
expenditure on road development during th i ’ o
oxpencituro on ! g the Third Wive-Year Plan

I have purposcly mentioned the i i :
Engineers’ report because if road tremnﬂg(g);ltr(;f&sgil:‘(;c?(eg : tlhe Chl(ff
the country’s requircments, its (lcv(»]opment should (ﬁ)ns: reast of
a proper pacce without loss of time.  We are, however muclﬁenc0 "
ned to learn that the provision of road development du’rin r t o Thivd
Plan would amount to Rs 2350 crores only.  Obviousl: B hixd
_road transport such a poor start, there is no likelihood.f‘y’
its full contribution towards the development of the 601‘
doubt,'m the draft Plan, it is mentioned that the nmlou/l(l);mtfr}{. 1\30
crores i8 not a firm figure and may be altered on further d 1‘1()) e
but we would be deluding ourselves if we think that th('J 1ﬁ0ratlons,
be altered materially during the process of final adjcxstxnel:‘cqgur&’(}}m

is necessary is to appreciate that chi i
A clate 118 amount ig altogether j
and has to be enhanced on its own merit ogether adequate

if we give
1t to make

EMPLOYMENT POTENTIAL

thoi ];qca};lse of] the inherent advantages of ro
cir high employment potential an i i i
largor returns, fm-therputilisntion (éf c?&?f;tgyto ?;;1 gt_qmck and
automobile industry is bound to be of great COHS.O(]_uP;nCCOi 1(()111 of 'ghe
the country. In an under-developed region where econon o veloping
has to be initiated, one of the most profitable and 1;:;% &th'lty
intensive form of employment appears to lie in road c(on tcapx'tal
and in the development of road transport. Apart fro ’ rfl;ct!on
immediate erpployment, it provides an incentive for the m’ 0 oring
other economic aptxvitieg by making the place accessible I;:,m‘wtj'h of
road transport industry stands second, next to acr‘ ot o
providing facnhtles for employment. The automobil é}‘lclul‘tupe, n
offers considerable scope to small industries, It m . lim ustry also
that more than half of the automobile induétry in %y g(' Am?ntloned
by small firms employing less than 50 persons eacl, LI. I 18 served
road transport, being scattered all over the country ‘n ndia FOO’
large populatlo_n receivingemployment through smml{’ -c‘;"n. S“St"”p a
The regional diversification of employment in road ;g?k?x l::r(ll(llls,h‘g';s'
- in the

road transport industry is conceptually as i
of employment potential. P yasimportantas the magnitude

ad and road transport,

The proportion of unskilled labour utilised i
ortion r utilised
trqnsport activities 1s very large as compa?e?i tl(r>1 :Il:?llre?lad a(rl\d‘roa.d
skilled labourers. The investment in;road works therefore:m‘becbc?xl;1 o
L y y (]
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doubly rewarding hecause it generates, not only considerable
employn.lent but also provides jobs to local untrained labour whose
proportion is very high.

REVENUE FROM ROAD TRANSPORT AND
EXPENDITURE ON ROADS

In the past expenditure on road development and maintenance
wag far too low in relation to revenue derived from road transport.
.Only at the beginning of the Second TFive-Year Plan the position
improved and the expenditure on road construction and maintenance
became nearly equal to the revenue realised from motor
transport. But the position has since deteriorated again. The
revenue from road transport in India and the expenditure on roads
for the last 5 years are indicated below :

REVENUE FROM ROAD TRANSPORT AND EXPENDITURE
ON ROADS

(In lakhs of rupees)

[ Revenue from road transport Expenditure on roads

" — . ——— - —

‘ Develop-| Mainte-

| Centre ] State | Total ment | mnance Total
1955-66 4555 2583 7138 5502 2715 8217
1956-57 5231 2849 " 8080 5586 2906 8492
1957-58 6363 3778 10141 4789 2599 7388
1958-59 6414 4514 10928 5841@ 2832@ 8673
1959-60  8760* 4694+ 13454 5355@ 3115@ 8470

Source : (i) State Budgets, (ii) Supplements to Basic Road
Statbistics.

Road revenues in the next Five-Year period including normal
annual increases can be assessed conservatively at about Rs 900
crores. This revenue justifies a much larger developement plan for
roads in the Third Plan than indicated by Rs 250 crores proposed to
be allocated and which is no higher than the amount provided for
roads in the Second Plan. Considering that the Third Plan is much
bigger than the Second, and specially when the earnings from road
transport are likely to be doubled, it is obviously not fair that such
a small sum should have been provided in the Third Plan.

* Revised Est.ixx;a;gé. + Budget Estimate. @Revised Estimate for Centre
and Budget Estimate for States.
4
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In the opinion of several authorities, not only the entire revenue
from road transport should be earmarked for roads but also some
additional funds from the general revenues should Le provided for
road development in recognition of the role of roads in the country’s
general cconomy like national defence, postal services, etc.  Thoe
Chief Engineers in their report on Road Development for India,
(1961—81) have shown, however, that the rong development

programme can be self-supporting without any assistance from
general revenues. They have stated :

‘ Road construction is incscapable bec
means for linking the remotest parts of
pay if the roads are built and motor vehicl
If the production of motor vehicles is
steadily increasing demand ar

ing economy of the country, the tax receipts from those vehicles will
be sufficient to cover both the construction and maintenance costy
of roads under the new Road Plan (1961—1).

ause roads are the only
the country. But it will
es produetion lags behind.,
stepped up to meet the
ising  from the rapidly  grow-

TRAFFIC NEEDS

Construction of bridges and the im
to cope with the increase in traffic bott
are the most Pressing needs in the
At the same time, further exp
held back as it jg absolute
reach the heart of the county

provement of existing roads,
1 in volume and laden weights
field of road development to-day.
ansion of the road mileage cannot he
ly essential to open up new areas und
Y as quickly as possible.

The network of our existing roads is very sparse and even in the
arterial routes there are g number of gaps and unbridged river
crossings. These routes have mostly one-lane carriageway and many
of the old eXisting bridges and culverts are not capable of taking the
load of the present-day heavy transport vehicles, The surface of these

© strengthened., 1t is expected that even our
ystem consisting of about 15,000 miles of roads,
1 the following respects at the end of the Second
Five-Year Plan :

(1) Eighty major bridges will remain unbuilt ;

(2)  Four-hundred miles of missing links will remain to he
constructed ;

(3) One thousand mile
macadam surface ;

(4) 11,300 miles will h
cement ¢
having a

s will have single-lane water-bound

ave only
oncrete earriageway,
two-lane carriageway ;
(5)  Hundreds of road-rail level-crossin

replaced by over or underbridges ;

a single lane asphalted or
about 2,300 miles only

g8 will remain to be
and
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(6) Bypasses around most of the towns will remain to be
built.

in i s ad
Similar deficiencies will also be found in important State ro
systems.

A study has been made l.egard.ing the r equzrer.fleél gfoiil(;(;?((i)sf
during the Third Five-Year Plan p.erlod from the pt(;l(;l doring that
the volume and intensity of traffic likely to be gelgra Hioh st b
Plan.  Apart from the entire local and. feeder tra fﬁc W'Il “lso have
carried by roads, a fair share of long-distance tra tc Wlb'le Industry
to be carried by roads. The Jha Committee on 1:1(1 On;}?elnumber of
have recently recommended that, by 1965“]&” hould be about
passenger cars including jeeps, buses and true ss Ogoads for the
400,000, 100,000 and 300,000 respectively. To provide raads for the
tra,f%ic génereited by these vehicles, at least 50 per cent o il require
Highways and 25 per cent of the State I_Ilgh}i;;ags Igacessary to
widening to two-lane carriageway. Besides, it wi te ithstand the
strengthen the road crust of many sections so asil 0 lm'n o hone
load of the heavy Vehicles;l that have (;lgfggg’ itoaaf;: tg y vlv a%e o bound
N T i € major .
:S:j;(shm%};g;?gﬁgf sgsfn;ard wilJl also be necessary in many cases.

¢ been constructed under
iderable length of rural roads has _ : .
t1 (J:A (;0111?;(1'1(1?'%{’1?0)'005 and National Extension Servxctc? gclt:%rg;}:
Tl}e fmrg[elzds }yxave been constructed mostly by Xg)l}m ‘:I(;vthe roaé
T ;es(/ ake this mileage of roads a permanent ad( 1§i?ns£andard "
s stgrln of the country, it is necessary to 1mprowt ; e o,
t})xl se roads and ensure a satisfactory arrangemen orf Beir future
m:igtenanée The final responsibility hfor.;;lhz upkt;egozition o roads
ted in some agency which will be in 8itig oo
h?se:otgzs\;esfggd& Before transferring this responsnt')(xihgy,toltt }::
?iesira,ble that certain m'mimulirjl ?andf;,;dsthzxt"‘e a;l)fot\;:e (Ial | fo tho
i rtaking the construction
:ngl?(()zrllelf t‘c:r:ifintegrited plan of road development for the country
as a whole.

ive i i 1 roads for linking
cial drive is necessary in respect of rural ro -
u zﬁl S‘{)}?e villages with the road systerm. The requ:ilf;s:tiezﬁ 50
l I;*e that only a dynamic and sustamc_ad effort can Pf uco rosults.
S? : » Central and State assistance is being given Ofrth > roads.
This i 1 ver, too small in view of the magnitude of the Ed lee
:Fhls 1Srt mzveand’ scope of the assistance has to be considerably
gxﬁir;}:dei?x the context of our growing needs in rural areas.

i issi ted that for
tion Enquiry Commission suggested \
he Secg?&r;l‘ a:: rural communications, an ﬁll-lléldéz Rl?cftad
oot egpefx;{ ons Fund should be creqted,_ which sthquf Do both
S 011)1;1?;32;:? ;,nd non-lapsable. Contribution from this fu
U
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be available to all States and the Central contribution should, in
each State, be supplerented by the State Government as well as by
Local Boards and Village Panchayats {where suitable, in the shape
of free labour, etc.). From a broad appraisal of the problem of

developing rural communications, the Commission considered that
there was justification for :

(1) an annual contribution to the proposed All-India Rural
Communieations ¥Fund by the Central Government of a
sum equivalent to the proceeds of the Central Customs

and Excise duty on iotor spirit to the extent of 4} annas
per gallon, and

(2) for the provision by each State Government for expendi-
ture on rural communications of a sum not less than 25
per cent of the Central grant to the State from thig fund,

the Central grant being conditional on such provision by
the State,

In view of the pressing need for rural roa
country, the recommendations of the Taxatio
deserve serious consideration.
made from the proceeds of the

d development in the
n Enquiry Commission
A similar contribution could also be
Central Bxcise duty on diesel oil.

MOTOR FUEL

Onc of the significant factors in i
transport is the introduction of the
Higher thermal efficiency of the diesel engine provides about 30 per
ceut saving in fuel consumption, Le., the volume of fuel used. High
speed diesel oil i3 also subject to a negligible loss by evaporation,
In addition, petrol is more expensive in our country than diesel oil.
These factors go to reduce considerably the cost of operation of g
motor vehicle using diesel oil. Consequently there has been a
steep rise in the consumption of high speed diesel oil during the last
two or three years, while the consumption of metor spirit has
remained static, notwithstanding the fact that there is physical surplus
of motor spirit available in the country. The total consumption of
high speed diesel oilis now, and will hereafter be, increasingly greater
than that of motor spirit. This consumption pattern has created
the twin problem of foreign exchange expenditure on increasing
imports of high speed diesel oil and of finding export market for tho
gurplus of motor spirit. The establishment of the two new refineries

based on Assam will alleviate the first problem but will accentuate
the second.

mproving the cconomy of motor
dieselised commerical vehicleg,

Fiscal measures have been taken from time t
the use of high speed diesel oil and to correct th
but the basic advantage of
Simultaneously with fiscal

0 time to discourage

: g & present imbalance
a diesel engine cannot be done away with.

measures, a multi-pronged attack on the
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problem isessential. Already the proposal to encourage the use of
a fuel which would be an admixture of petrol and diesel is _receiving
serious attention of the trade and atthe same time a sustained effort
is being made to increase the number of cars (.especually small ca,rs')l
to utilize the surplus petrol. With an intensive programme o{) oi
exploration in the country and the encouraging results ab pam ay,
let us hope the country’s production pattern of fuel oil will match
the demand.

OTHER PROBLEMS

The efficiency with which the road transport can operate is
gotting seriously hampered due to the fast-growing ribbon develop-
ment along the country’s roads. Apart from unauthorised occupation
of the road land and extensive encroachments made even wilfully
in many cases on the roadside property have assumed a serious
character and enforcement of an effective control has becom.e essen-
tial. If this is not done early, the problem Wlll. Create serious im-
pediments in proper utilization of highway facilities. It seems in-
cumbent that the authority in charge of roads should be vested with
adequate powers to preserve the hxghvm.)7 property and control its
functional use, He should also have quick and speedy means to
acquire land, ete., whenever found necessary lfor furthera.ncg of g
road project. The Bombay Highways. Act, it is seen, contains an
appropriate answer for this purpose as it confers the necessary powers
on the Highway Authority. The adoption of this Bill is earnestly
commended to other State Governments and necessary enactment
may be initiated by the Legislatures of the States as speedily as
possible,

fact that the road transport operator isin a positmn_to ex-
tra,ctrl;?r(:mfi(:lms both on permits Ia)md also on the resale of vehicles 1:8
enough evidence to prove that there s a.w1de gap between the
demand and the supply of motor vehicles in our country. Due to
limited production of and high demand fqr \{ehlcles, 'the proportion
of over-aged vehicles retained in the service is very high. About 3k5
Per cent of the stage carriages and 50 per ce.nt of .t!le goodsftrllllc ]
are over 10 years old. Obviously, the effective utilization o ; gge
vehicles will be relatively poor. At the same time, roads in India
cannot be ulilized to their full capacity on account of the ‘hmlbed
number of vehicles on roads. There is only one motor vehicle pe&'
mile in India against 25 in Britain, 21 in U.S.A., 13 in Malaya and
8 in Ceylon.

i ith their large cities
The densely-settled regions of the country wi
and industrial );stablishments require a good network of modern

. highways to cater to the needs of concentrated traffic. But the

i i - f the
jori ulation dispersed over the vast expanses o
ggfﬁﬁ?’xgi:? z,lggpbe provided with roads as the basic neoesyty of



456 TweNTY-FIpry SPsstoON~BHOPAL 1961

civilized Yiving. ¥t is, therefore, ecessasy o build vands of all
typee so as to have s balanced development. Phe yationnl approach
wonld, no doubt, he to construct 4 road jn stages secording to tho
needs dictated by the develapment; of traftic,

Har efficient, functioning of the road brang
very important that vehicles ave kopt
Bat only garage equipment and tonts but also a timely supply of
Spares at reasonable price. At the present time, vehicles of ajl typiy
reguire ronghly a sum of Ry 40 crores anneally for the import of
spare parts, but the irmports aro aflowed €0 an extent of Rg 28
crores only due to shortage of foreign exchange, Thus there ig @

gap of Rs 12 erores, in., ahous 30 percent on the supply side. The
prices of spare parts have naturally gone up due to this seareity.
It is essential to organise in the vauntry itself the manmfacture of
spare parts of standaed auality.  Any spave part which doey not
reach sueh minimm standard i & national waste of scarce mafe.

rial and gearcer skilled labour. Tn this matter, organised small-geale
industry shounld Play a very importany role,

pors industry it is alag
nogond yepair, This requires

The motor vehicle industry is stil} far from being self-sufficient
though, during the Jast few years, the proportion of the indigenous
contents has shown considerapie vige ag j

W 33 evident from the table
below :

Indigenous content
(Getober 1959 4o

S. ‘So.é Type of vehicles
. j , ) S March 1960)

per cent
1 Hindustan Ambassador 70.5
2 Fint 1100 47.0
3 Dodge Diesel with Perkins
Engine 68.0
4 Standard Ten 32.5
5 Tata-Mercedes-Renz, Tragk B4.6
G Tata-Mercedes-Reny, B 71.0
7 Levland Comet 385
8 Jeeps 65.0
9 Meadows Engine 50.0
19 Perking P, 6 V Bare Exh.
Diesel Engine §4.0
11 Bedford Diesel with Perkins
Engine

46.0

.
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Currently the main veason for limited vnumber Olg V(;}(;wflg:
toduced is the restricted quantum (i};f forelg;z&;:;ﬁ&nﬁ gl eog] .
she import of the components not man e peth

i to make more and mo
While every effort should be made ‘ ]
compZnents Bi{n the country, it is also necessary tf) pen:)}:: tx}:ﬁe ;1;1‘&}1;}(;:
of the requisite components in suff_icxent guantity in o meantime
#o that there is no shortage of vehicles, It has beqn esxch&n | that
for an expenditure of Rs 6,000 in the form of forfexlg%x; ei oo g o
a motor vehiele, the Government gets a revenue o i invc;’tme'n vt
expenditure in foreign exch;}s;ng;%1 .mhﬂ:‘uélz f\;e;g g%xogxc}xanée P
i8] nne.  Further, the highe fore
;‘);:\lr?(%ege\r;?gl & view to increaso t{]he n;tghgefrﬁm_m soinntez;xzspzfctﬂ:;

‘ i - clen
hicle, the sooner will the country be self-su
Xﬁité;i%bik:er;a,nufacture and thus be independent of the needs of

foreign exchange.

i i ight discuss
i on the guestion of foreign t'axcha.nge: I mig
@it W i e of vy i it
m;g'i];e?rsa :dzgfanlZieelIns;ead dione Sprestregsed c?ncrete eonasgmii:o?d
"IK"}S;} ;gghnicfue of prestressed concrete eonstrucmic;m fi?inmof i rié ;; N
strides in all advanced countries. For the cogs ri;ui() L i
this technigue effects considerabls eco_nom); {abou g o be” oet)
in the cost of large span bridges. This tec ‘guq_l}llee B e e
in India where the rivers are very large and w ore & largo number
of such rivers remain to be bndgef}. It is unde I d that o few
schemes for the manufacture ?f high tentsx{e Stf}i: I\Zfl}antime, he
country have already been sancmonqd. Bu}i &1:11 the meantime, X o
essential to release necessary fox:elgn ezflfz A gi e e e
import the requisite quantity of high tonsile s:et and acoossol oo for
ﬁhep?mpor’nant bri{:;iiges télee Iaelfrgi Y:{ﬁ?reﬁgi? ?)feforeign exchan%e
i system. 1 10 o

?gf téﬁgegé(;tl?hf'gg yegrs is about Rs 3 crores, whxc}; is cggag;aga}f;vﬂg
a small amount and its expenditure can be amply ju
savings in the cost of bridges.

TAXATION OF ROAD TRANSPORT

ou that the incidence of
i own to most of you b 2
& ? v p,ﬁ?%ﬁfieﬁxilczes in India is the hzghes};}t' 1;1 tl::) xg;sﬂ%é gvei
a{:r’éga:g%n ?x?cidence of all taxes 021 ai% moggg Yg élci \:U quos 80 oo
lly against about Rs )
}};31‘0213222 g)?:;é?ieg, sugeh taxes range from Rs 800 to Rs 1
In spite of the pressing demand of the trade for reducing the
n

ive i in the various
en a progressive increase in
gfll:;)gﬁtgdgﬁxiirfg ?;:e?x:ay::rs. Ipt has been possible for the transport
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Eizigzz&e gﬁggéi?eson]if(}élsvsgezlﬂeljp;‘{oblc? have been conducted in
years. An ostimat’e m:ulohiri ﬁ’hc 'U }’( ’ 1(ndl((mtend‘z}d s the e
faving to the Hongte made in UK. sates that the annual
ing o ¢ hoad Lransport in Britain would be as much as Bs 125
;r(irosm tl a progr:{mme of road construction and improvement
: goregating to Rs 720 crores was undertaken. With adequately
surfaqed roads, the resultant annual saving in the total operation cost
%fqr?‘(;tor tx;z%nsport is estimzmteﬂ in a small country like Belgium at
a;.l | :Gy;)rgz,;.mm{ll 1(1)1rfd;:; :;o brtllnf._r to light the eﬂ'ect. of the condition
Inding Bend, Co.n" ‘ ¢ ce: O‘I‘l‘ 1© cost of operation in our count?y, the
. s ‘Hms‘s”a.lmnged to have controlled experiments
1ducted by the State I'ransport Undertakings of U.P.and Bombay
for the lust 5 years. The results show that the change of road surface
fr:om .b&d water-bound macadam to good cement concrete or
bituminous surface reduces the fuel cost to the extent of 25 per cent :
the wear and tear of tyre and spare parts are also much less on good
EOMS; and in terms of cost per vehicle mile there is a saving of 60 tg
70 per cent in the consumption of tyre and spare parts when the road
surface is good. The experiment is now being extended to hiil
regions to have a wider inference under varying conditions of roadqy
There is, however, no doubt, that the saving in vehicle running c-o‘t.;
due to the improvement in the condition of road surface can ;;n y
a time, meet the full cost of improvement in the course of‘ de n‘u]ly
if the existing road surface iy poor. This aspcc£ of a](' (‘}M( h
economics is apt to be 0}’01‘1001{0(1 perhaps because the upk el
track and the vehicles is not the responsibility of the "I ;o of the
Sub-standard roads in relation to the traffic intensit an, e Y-
be more expensive than a higher type of road .in tkhe's; pom thercfore,
is the reason why it is said that: ong ran. That

“A country pays for its roads whether it h
. § T03 g as th —
it pays more for those it does not have. *’ o or nof—and

ROAD RESEARCH

The Indian Roads Congress has, through i i i
been making its contribution towards resesl%lcllltsw‘gill;m(’)?lsl?i?}?;naftteesé
transport problems. In order to utilize the researches and im i’o?rnd
methods of road construction, it ig necessary to test the g 16
field conditions on a fairly large scale, so t anco ]

hat their perfo nd
: . ‘ > sca rmance a
economics can be assessed Ob_]eetwclyA It has, therefore been
-3

accepted that each State should devote | per cent of its Third P

alloc.:xtmn. for road development schemes on lex e:i(m 1‘: ri
speclﬁczx_tlons and new techniques, The selection of e\'p imon z)JI
roads will be made from those already included in the (ie%ili;menmt
programme so that there is no reduction in the physical tar I;{or;enf
the Plan. Ip order, however, to cover any possible ri;ks of gfailuge
of any experiment or any extra expenditure that might be incurred
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for the new specification, a suitable sum will be set apart as a sort
of  Risk Fund ",

An Assessment Committee will be formed under the aegis of the
Indian Roads Congress for selecting the experimental roads and
assessing their performance during the test. The Indian Roads
Congress in this way will be able to render further help in the
progress of roads and road transport.

INTERNATIONAL HIGHWAYS IN THE ECAFE REGION

As most of you already know, the United Nations [conomic
Commission for Asia and the Far East (ECAFE for short) have
proposed a network of international roads in the region. These
international roads will be built to certain minimum standards
which have been laid down after discussions among experts of the
countries concerned. Further development and improvement will be
by stages as the requirements of traffic demand. The network of the
highways has been decided upon in consultation with the Govern-
ments of the countries. The total length of these International
Highways, as at present envisaged, will be 49,713 kilometres.

These highways are divided into two categories. The first
category consists of main arterial routes joining the capitals of the
countries by a route as direct ag possible and either existing in passable
condition or likely to be completed in the near future. This category
also includes certain routes which could be built to improve the align-
ment of the main arterial routes. The second category includes some
other routes joining main cities, ports, etc., with the main arterial
network included in the first category.

Out of the total length of 49,713 kilometres, the length of
category I routes is 28,806 kilometres and that of category II routes
20,907 kilometres. In India, the length of category I routes is
7,040 kilometres and that of other routes, 8,376 kilometres.

Almost the whole length of international routes in India, in
both categories, lies along our National Highways. While in most
cases the National Highways satisfy the minimum standards of
international roads, a few sections will have to be constructed or
upgraded. Besides the geometrical and structural requirements there
are certain other facilities which have to be provided along
international routes. These include the provision of service
stations and petrol filling stations, facilities for rest and meals for
the travellers in the form of hotels, “ motels”, rest-houses, etc.,
telephone booths for inter-communication, first-aid posts, water 1?a,nks
in the less populated difficult areas like dry zones and mountainous

areas and so on.
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Action has, at the same time, been initiated by ECAFE for
easing frontier facilities to encourage international road traffic,
The new road links between the countries of the region will give an
impetus to ‘commerce and trade and particularly to social and
cultural contacts between the peoples of neighbouring countries.

Through the International Highways in Turkey this system of
Asian Highways will link up with the similar system already
established in Kurope. When the Asian Highways are also
established, road travel between Asain and ¥uropean countries wil
lose its hazards and will knit the people of the two continents moro
closely and help in international co-operation and understanding
besides promoting trade and commerce. Every effort is being made
to complete at least the priority routes within a few years.

ROAD BOARD

The need for rapid and extensive development of

transport, and the various associated fa,ctorg connectz(:;i?:igﬁ(iggﬁld
brings up the question of provision of an organisation capable of
directing and controlling the agency of transport in g unified l;mn

Such an organisation has to have g central high-powered bngr.
in the form of a Road Board. To-day roads are facing the ol
situation as the railways did prior to the constitution ofsatr);lle
Railway Board. In spite of the fact that the earnings of the
Railways were considerable in 1920-21, they were in o state of t;e
underfeeding. Few development works were taken up and mai?xctu ;
ance and renewals were far from adequate. The Railway Buden;
was, therefore, separated from the Central Budget. &

The revenue from road transport has gone up fr
crores in 1938-39 to about Rs 135 croresg in 1}!)60-(()3111 :Egu:tﬁlstlo
total expenditure on road development and mainten
to be about Rs 85 crores in 1960-61
of considerable financial starvation,

he
ance is not like]
The roads are thus in a statz

All the National Highways are now the gj

of the Central Government. An Inter-State Trig:;gr; eéomm. p

has also been set up with the necessary powers to develop co-or(i“;mon
and regulate the operation of motor transport on inter-S’tate T mt:te
But for a fuller utilisation of roads, timely production of vel?i?‘l :
balanced development of traffic and ailied matters and effec;tie ;
co-ordination in all fields of activity, it is absolutely necessa, ¢
establish a suitable Central Organisation. Ry e

ponsibility

'Recenﬁly, the Council of the Indian Roads Congress appointed
Special Committee to consider the question of setbing up a Roac
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Board at the Centre. This Committee have recommended that a
Road Board is essential and its constitution should not be delayed.
The Council will be considering this important recommendation
during this session and then submit their suggestion to the
Government for consideration.

We should also visualise the possibility of co-ordinated func-
tioning of the Road Board and the Railway Board and other
transport organisations under an authority like the British Transport
Commission or the United States Inter-State Commerce Commision
in the not too distant future.

In the end, Sir, I would like to express the hope that Road
Transport which plays such a vital role in the economy of the
Nation and provides a most potent means for the cultural and
emotional integration of the country will receive the fullest
attention and care by all concerned.

With these words, Sir, I request you kindly to declare the
Congress open.



INAUGURAL ADDRESS

By
Sirl H. V. Paraskag,
Governor, Madhya Pradesh at the inauguration of Twenty-Fifih Session
of the Indian Roads Congress at Bhopal on the 4th January, 1961

Mr. President, Ladies and Gentlemen
J bl

[ consider it a great honour and proud privilege to have been
invited to inaugurate this Twenty-fifth Session of the Indian Roads
Congress, I am glad to sec hefore me a very distinguished
gathering of persons engaged in the task of reconstruction of this
country by finding solutions to the various problems of transport
and road communications facing us,

I have been watching with great interest the origin and
development of this organisation ever since the Jayakar Co?nmittee
Report, and that has given me an idea of the useful work done 80
far by this Organisation and its future potentialities,

The Governor delivering the Inaugural Address
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Mr. President, I congratulate you on your learned and lucid
address, and I have no hesitation in saying that it poses before this
august gathering of Kngineers various problems that face the politi-
clan, the administrator and the technician in the development of
tI_‘ansport and road communications. In your address you have
rightly stressed the role that this Congress is playing as an all-India
forum for examining and assessing the needs of road communi-
cations, pooling together knowledge and information and perfecting
techniques of construction of roads and bridges, of traffic engineering
and other allied matters.

Your analytical examination of the whole problem in its
relation to the Nation is very exhaustive and thorough and I feel
sure it will receive due consideration from the Planning Commission
as well as the Government of India and the various State
Governments.

I would take this opportunity of placing some aspects of this
problem in relation to my State, the largest in extent in our country
but with very poor and disjointed means of communication. This
new State, rightly called Madhya Pradesh, is at the centre of our
country and as such the solution of its problems of transport will be
not only to its advantage but to the advantage of the whole of the
nation ; and it is primarily with this view that I am placing before
this all-India body some of them. I may begin by giving a few
figures which have a bearing on the point I propose to make.
They are:

Ares of the State oo 171,052 8q. miles
Population .. 26,071,637
Density of population .. 182

Forest area ce. 33,443,000 acres
Tribal population .. 3,865,254

Rail mileage ‘ eer 2,830 miles
Road mileage .o 17,236 miles

I have no doubt that a glance at these figures will bring to your
mind the special features and the special difficulties of this State.
In point of area it is the largest State in India; but in point of
density of population, it stands 14th, the last two being Assam and
Rajasthan. It is thus one of the most sparsely populated State.
From the point of view of large forest tracts and abundance of
tribal population, it is second only to Assq.m. Its ra.i} route works
out to 1.65 per 100 sq. miles and the existing road mileage, I need
h&rdly say, is extremely inadequate. As you all know, th1§ State
is comprised of four regions—Maha,koshal, Ma.dh’ya. Bharat, _dehya
Pradesh and Bhopal. Three of these four regions comprised of &
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npmbgr of former princely States i "hi
historieal fact is _not WithOll}:‘; 1ts sigx;iﬁaég?ll(l:z ir? f’e zrdn;l;ntl])ler. hie
sﬁta,t.e of communications in this State, The meaérjre road cg presel}t
zatll'mll(s of each of the former princely States were so develmmtim-
o lin 1§he areas in each State with its own capital Tlope ¥
Eommunlcatlons in th_e Mahakoshal area were also sé» .deve]m r(;)a,d
o link fohat area with its former capital Nagpur, and with ﬂOI)B or
arcas like Vidarbha which formed part of the former St e
Madhya Pmdesh: Whatevoer bridges were comtrut?g niellcl' e
constructed to suit this system of communicationl A ((}:(' ?y oo
at the road map of our present State will show timt apiﬁtlzl af gla;llce
meagreness of the length of road, whatever length is (therer?:n a,k:(e)

disjointed from the point i i
e b point of view of this large State with its

Madhya Pradesh occupies a v sition |
country, and asg such unless Izhe road\:gfzrgﬁgfgjgioﬁgsg;?ﬁ' m‘ tho
are properly rearranged as also developed and brought t el
required by modern standards, the improvement af;:ld tho fho lovel
that are sought to be achieved for the country as a wl el bgneﬁts
matter of road transport and communications will bewci(')fg i
achieve. .The ﬁrs§ and foremost necessity in this matt ot o
construction of brldges at a number of places on the rj Ny tho
such as the bmdges at Hoshangabad, Onka.r-an(Ii;l"rer Normada
Rajghat, Barv_vam‘ ete., and other rivers such ast'D} e M?‘not,
and Mahanadi. Unless all these bridges are constru .La?lan, s
see any prospect of through traffic in goods 'mna 'c 0 not
moved through this State with speed and ec y passengers beiny
but I think that so long these bridges are n Y
c‘ommumcations rearranged to suit the reqo'
b}tat?, the task of achieving emotional integration of
the State will not make much progress of the People. of

The overall paucity
y of road ications i
has another far-reaching effect‘ComnmmcmnonS u

this State is as large as 33,443.000
Infiia, and the absence of pr(;per

Madhya, Pr:
The area oceupied byyﬁoregzge?r}:

acres, th_e largest in any State in

There is still another as
oL 4o pect, looked at fr i .
li”:)laéihgoilrﬁgunécatxons in Madhya Pradesh appea(,);llll:v ?Ct}f’ extensive
rest of the nation itself Madhysa, Pr&de%hnha?; ne:essayry
extensive
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belts of mineral deposits and as many as 25 different minerals are
being exploited at present., One of the largest steel plants in th2
country has started production at Bhilai. At Bhopal we are
orecting the first and the largest factory for the manufacture of
heavy clectrical machinery. These industries cannot be made to
thrive and be of full use to the nation so long as the communications
and road transport are not adequately developed in this State.

Rail communications in this State are also not adequate nor
are they convenient for inter-communication in this large State.
Attempts to improve them are being made, but the increasing cost
of construction and the huge initial capital required are great hurdles
in making carly progress. Road construction requires less capital
investment and less time for completion. The needs of this State
and the nation can be met earlier by a properly planned programme
of road development.

I have placed some of these difficulties of our State for your
consideration. You can view these difficulties as part of the pro-
blem of communication and road development of the nation as a
whole and suggest adequate solutions to meet them.

Another aspect of your work to which T would like to allude to
in passing with a great amount of hesitation is the need for
directing your research to finding out ways and means for speedy
and cheaper methods of road construction for a country like ours.
One cftect of Five-Year Plans has been to rouse the consciousness
of people for all types of conveniences and comforts and people are
loth t0 wait for them over a long period. Tt is, therefore, of the
utmost importance to find out ways to increase the pace of road
construction. We are not a rich country and it is necessary for us
to find out methods which would in the circumstances of our
country reduce the cost of road-making.

T have no doubt that all these points are already in the minds
of you all who are assembled here for this session and that you will
be able to suggest solutions for many of the problems that face us In
the matter of adequate and proper road communications.

__ Gentlemen, T now declare the session of the Congress open and
wish you success in your deliberations.

JAT HIND



VOTE OF THANKS

By
Dr. F. P. AnT1A
Vice-Prosident, Indian Roads Congress
Your Excellency,
y

Permit me, Sir, to thank you warmly on behalf of all the delo-
gates and guests present here. Your Very grac
evidence of your keen interest in the development of roads and
road transport. It is such sincere interest which provides inspira-
tion and encouragement to us to persist in our eflorts—notwith-

standing the set-backs that we keep on receiving now and
Aagain.,
o

ious presence iy

Dr. F. P. Antia proposing a vote of thanks

Gone are the days, Sir, when roads and ro
at askance by those in authority, and especi
competing agencies of transport, Today,
brink of the Third Plan, there are few dispassionate observers and
students of the subject who deny the vital role roads and road
brz?,nsport_ are playing in the implementation of the country’s econo-
mic _destmy. In view of this, it was with no little Lpain and
surprise that we learnt that although the total size of the Third 1’1
at Rs 10,800 crores would be more than twice the size of the Sec ﬂg
Plan at Rs 4,500 crores, the allotment, for roads will stand %Gotl}\l
same figure of Rs 250 crores, Tt would be a source of gr(eftt cg f (é
to us here to feel that we have Your Excel(ency’s symgathyma?fd

support in the case we have presonted to the ( iovernment of India
for increase in this meagre allotment, ‘

ad transport were looked
ally those interested in
poised as we are on the
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And now, Sir, if you will extend to me a little indulgence may
I be permitted to blow our own trumpet—that of the Indian
Roads Congress, for just a minute.

You may have noticed, Sir, the progress this premier body
of road engineers in India has been able to achieve through the
various technical committees by bringing out standards for road
layout, construction and maintenance for uniform application in
the countrv. I am sure, Sir, you will share our joy with us when
I state that the Bureau of Public Roads, U.S.A., while extending
good wishes for the vuccess of the 25th Session, have expressed the
view that the contribution of our Congress towards the advancement
of technique and technology of highway engineering has been
remarkable, and that our work has benefited the development of
highways not only in India but in many other countries as well.
Though our country is considered under-developed as compared with
its opposite numbers in North-West Europe and North America, it
is a matter of gratification and pleasure that the technical
literature issued by us should already have proved of assistance to
other countries.

Nor, Sir, may I assure you is our interest confined to the
technical aspects of road construction and maintenance. The
Congress is well aware of the fact that the use of roads by modern
mechanical vehicles brings in its train innumerable problems, each
more baflling than another. With pardonable pride may I be
allowed to say that the Congress has them all under their ever-seeing
eyes. Committees are in session not only to consider problems
such as adequacy of vehicles vis-a-vis traffic offering, the fair
measure of taxation thereon, but also those of traffic engineering and
highway safety, and the wider sociological issues of ribbon deve-
lopment and of consequent urban layouts. If the Congress has
not been able to produce a greater impact on the highway transport
in this country on these non-technical sides, it is not because of
want of effort on their part.

Poised as we are today on the brink of the Third Plan, it
hardly lies in my mouth to emphasise that increased production
cannot carry us far without adequate means of distributing that
output, and to reiterate the importance of developing to the fullest
extent the possibilities of road and roads transport in this country.
Itis not so much a competitive agency of transport as one comple-
mentary to other agencies. And, indeed, we can neglect it only at
our peril.

On behalf of the President and members of the Indian Roads
Congress, may I thank you, Your Excellency, for having done
us the honour of being with us this afternoon.



MESSAGES

Dr. S. RADHAKRISHNAN

Viee-President of India

Iam glad to know that the Indian Roads Congress will be
held in January at Bhopal. I hope the Congress will be successful
and it will help to make road travel safe and satisfactory.

Shri JAWAHARLAL NEHRU

Prine Miuister of Indin

1 send my good wishes to the Indian Roads Congress
Session at Bhopal. Our programme for roads has been an expan-
ding one and is likely to grow. 1t is important, therefore, that we
should study the latest methods of road-making and to do so as
economically as possible.

Dr. P. SUBBARAYAN

Minister of Transport&Communications, India

Development of roads especially in an under-developed country
like India is an absolute necessity. Rural economy can hardly
progress unless agricultural produce of the villages is transported
quickly to citics by means of good roads. As railways cannot cater
fully to the transport needs of the county, development of roads is
very essential for ensuring rapid industrialisation of the country,
for bringing about its cultural and emotional intergration, as also
for promoting tourist traffic, and thus earning valuable foreign

exchange. Construction and improvement of roads for strategic
reasons hardly needs any emphasis,

I send my good wishes for the success of the Conference.

Shri KAILAS NATH KATJU
Chief Minister, Madhya Pradesh

I am happy to see the Indian Roads Congress meeting in
Bhopal for its 25th Session. I would have very much liked to wel-
come you, personally and be present during your deliberations but
my other’ pre-occupations prevent me from doing so.
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Roads are the arterics of a Nation and the tife lines of adminis-
tration. The contribution which the Indian Roads Congress is mak-
ng towards their improvement and development in our country
18 commendable.

T am sure the delegates will during their stay in this lake-
studded capital of the largest State of India, malko acquaintance
with its picturesque surroundings. The Capital Project and the
Heavy Electricals which symbolise the emergence of New Bhopal
and New Madhya Pradesh-—indeed in some measure of New India,
will he well worth a visit. Not far from here are the sacred and
ancient monuments of Sanchi which represent in many ways the
eternaf spirit of India,

I need hardly stress that what we need today is not only a
rational planning of onr communication system, but also a practi-
cal approach which would make its execution expeditions and within
our means. I hope you will show us the way in thiz direction. I
wish you all success in your deliberations.

—————

Shri 8, L. TIWARI
Minister for Public Works, Madhya Pradesh

It is Bhopal's privilege this year to play the host to the 25th
Session of the Indian Roads Congress. I welcome the delegates to
this eity known for its charming surroundings and hospitable eli-
mate. The city has been generously treated by nature; now, the
planner, builder, architect and the engineer are at work to ‘make it
the city beautiful of Madhya Pradesh. I hope yon will enjoy your
stay here.

The Indian Roads Congress has played an important role in
giving shape to an integrated road map of India. This is a task
vital in every respect to the life of the Nation. In the era of recon-
struction today, the roads stand out as the heralds of prosperity.
I would urge your attention now to the peed for evolving methods
of cheap and quick road-building from indigenous materials. This
alone will make it possible to bring our gigantic road-construction
programmes within the compass of reality in a reasc'mable. time.
I hope, the deliberations of the Congress will prove fruitful in this
respect and mark the turning point in our thinking regarding
the baffling problem of matching resources with the demand for
roads. I wish you all success.



TECHNICAL EXHIBITION

TWENTY-FIFTH SESSION OF THE INDIAN
ROADS CONGRESS, BHOPAL, JANUARY, 1961

The Technical Exhibition at the Indian Roads Congress Session
is a regular feature of the annual session. The exhibition mirrors
the progress made on roads and bridges in the country and also
brings to light developments in road research and the latest techni-
ques and machinery for the road and bridge construction.

Shri Mishrilal Gangwal, Finance Minister, Madhya Pradesh,
opening the Exhibition

Shri Mishrilal Gangwal, Finance Minister, Madhya Pradesh, on
opening of the exhibition on 5th January, 1961, expressed t;hat, the
entire economy of the country would undergo tremendous change
for the better if we succeeded in providing in speedier and efficient
means for transporting our produce from one place to another. He
stressed the role of the engineers in building up a new India and
said that rapid industrialization of the country cannot be zwh(ie(vod
without adequate and efficient means of transport. He added that
due to insufficient finances being available for road constrtictio(r)
necessity of finding cheaper methods of road construction were m]i
the more greater. ’
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The Hon. Minister was happy to note that targets set out for
the first 20-Year Plan of Road Construction have been exceeded a..nd
the second 20-Year Plan envisages double the road construction
achieved in the First Plan. The Finance Minister went round the
stalls and evinced considerable interest in the various methods adop-
ted for maintenance and construction of roads. Names qf the
various Governments and engincering firms who took part in the
exhibition are given helow :

1. Ministry of Transport, Government of India: Exhibited
charts, maps, etc., depicting the progress of road development in
the country and comparison with other countries: income derived
from road revenues and expenditure on roads, future trends of road
and road transport development in India.

2. Tourist Bureau of the Government of India: Displayed and
distributed literature about historical places in Madhya Pradesh
and other parts of India.

3. Central Road Research Institute, New Delhi : The import-
ance of continued research and its utility and the application of
research in the field was exhibited by means of models3 charts and
diagrams. In addition to other exhibits, the foll(iwu}g models,
charts and diagrams were of special interest to Engineers and
Scientists

A stall at the Exhibition.
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(a) Model of the Bastern Express Highway, Bombay,
showing the application of sand draing for embank-
ment construction in slushy pits.

(b) The road construction project in Heavy Electricals
(Private) Ltd. Project, Bhopal.

(¢) The charts and models showing the accident studv and
other traffic problems and their solutions. '

4. Bihar: Displayed models of major R.C.C. and prestressed
concrete bridges constructed, showing the details of foundations and
reinforcements. Photographs of important bridges, maps and charts
showing development, samples of materials used, and soil stabiliza-
tion works were exhibited. A film show depicting bridge construe-
tion and stabilization of soil was also shown. '

5. Gujerat: Models of bridges in addition to various interest-
ing photographs and charts were displayed.

6. Madhya Pradesh: This stall covered activitie ildi
and Roads Branch, Town-Planning and Capital Przj(;fct]ggﬂgénmis
Besides, models of major bridges, photographs and charts were
shown. The models of proposed building activitics of capital project
scheme and their layout were also exhibited. The present la\Ir)ou{; of

certain towns and their proposed improvement w
ere sh .
and charts by the Town-Planning Section. own by maps

7. Madras Highways Research Station: Out of th ibi
‘ : hibits
by the Highways Research Station, Madras, ¢ o rex
by b Mgy Madras, the following were of
(a) Model of apparatus for determining ‘< K * value,
(b) Model of test-track,

(c) Photos of Tiruvanmuir-Muthukodu road,

(d) Model of Laboratory Van with apparatus for determi-
ning the C.B.R. value in the field fixed on the van.

8 Maharashtra: Models, charts, photographs, etc., about
bridge building activity in Maharashtra.

' 9. _Punjab : Charts, models and photographs. Exhibits
illustrating the results of laboratory research with regard to cheap
roads and damp proofing the bricks were of special interest.

. 10. Oriss_a: Five important bridge models over rivers Naga-
vali, Brahmani, Mahanadi, Nuanai over Surlake cut and Suktal river

TrcHNICAL EXHIBITION 475

b;lesides about a dozen photographs of bridges, maps and charts were
snown, . '

11. Uttar Pradesh: Models of important bridges besides
photographs, charts and maps showing the road development pro-
gramme in Uttar Pradesh.

FIRMS

1. Associated Instrument Manufacturers (I) Private Ltd., New
Delhi: Exhibited a comprehensive range of soil testing, cement
testing, concrete, aggregate and bitumen testing instruments includ-
ing motorised version of triaxial shear and direct shear equipment.
A Marshall stability equipment, motorised tensile testing machine,
wagner turbidimeter, C.B.R. were also on display.

2. Burmah-Shell 0il Co. Ltd.: Their exhibits included pictures
and technical data showing the role of bitumen in road construc-
tion.

3. Caitex India, Ltd., Bombay: Pictures and technical data
about asphalt roads. ,

4. Greaves Cotton & Co. Ltd., Bombay: Besides the technical
data they exhibited Avelling Torepher road roller in action.

5. Gupta Iron and Steel Co., Bhopal: Elco and Typhoon
Cisterns and other items of sanitary fittings,

6. Kailash Bros. Private Ltd., Chandni Chowk, Delhi: Their
main exhibits consisted of testing instruments of soil, lime, concrete,
aggregate, etc. A wide range of bitumen testing equipment were
also exhibited. Motorised self-compensating accurate triaxial shear
apparatus for soil and bitumen, as well as, Desp Soil Sampling Kits
were shown in complete range.

7. Killick Nixon & Co. Ltd.: Their exhibits included equip-
ment for prestressing concrete, concrete vibrators and road lighting
fixtures for illuminating roads and bridges in addition to interesting
charts and maps.

8. Millers’ Timber & Trading Co. Ltd., Bombay: They exhibi«
ted photographs and literature of Millers’ mixers, asphalt plants and
other road-making and testing equipment.

9. Shalimar Tar Products Ltd.: Their exhibits included pic-
tures and technical data of road-building and allied suhiects.
5
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10. Uni!:ed Provinces Commercial Corporation Private Ltd.,
Calcutta : Displayed literature on Agrind-Moore road roller.

11. William Jacks Co. Ltd, Calcutta: Besides exhibiting
the working of diesel operated stone crusher and electrically opera-
ted concrete mixer, models and charts of carthmoving and construc-
tion equipments and jack boards were displayed,

OTHERS

Concrete Association of India, Bombay, oxhibited photograps
depicting details of construction and outstanding examples of
concrete roads, bridges in reinforced and prestressed concrete
analytical charts, statistics, models, etc. ’

Minutes of the 57th Council Meeting of the

INDIAN ROADS CONGRESS

held at Bhopal on the 3rd January, 1961

Present :

Sinha, H, P,

Antin, Dr, I, P,
Apte, M. P.
Beheora, 8. S.
Bhagat, D, G.
Barua, K.
Chanda, R. P,
Durrani, N.
Gandotra, H. K.
Gupta, S. N.
Iyongar, C. L. N.
Jagadish Prasad

Hukam Singh -~
Sen, N. -

—  President

Joshi, K.M,
Mahadavan, M. R.
Mehra, 8. R.
Nambiar, K. K.,
Natu, 8. V.
Rajwade, M. V.
Sinha, S. N.
Thakur, D. S.
Tripathi, 8. N.
Vishrampuri

Tech. Secretary
Secretary

The following co-opted members attended :

Banncrjco, J. K.

Nadirshah, E. A,

Vagh, B. V.

The following attended by invitation:

Bhalla, R. S.
Ganguli, Dr, M, XK.
Hardyal

Sujan Singh

Ivengar, Dr. R. K. N.
Trehan, J. M.
Vaidaynathan, P. H.
Shivdasani, P. D,

Item 1. Approval of the minutes of the meetings of Executive
Committee :

The minutes of the meetings of the Executive Committee held
at New Delhi on the 30th and 31st August and the 7th December
1960, were approved.

Item 1l. Increased contribution towards the funds of the
Indian Roads Congress :

The Council noted the latest position of the response from the
State Governments to the appeal for increasing their contributions
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towards the funds of the Indian Roads Congress. The Council felt
that it was very necessary that those states which had not increased
their contributions to their full share on the basis of 1%, of their
allocation from Central Roads Fund or 1} times their present
contribution whichever is greater, should do so as early as possible.
In some cases it may appear that therc is a groat difference between
their present contribution and the share proposed. This was only
because those States had not raised their confributions carlier in
response to the appeal in 1949 to the amounts proposed on the basis
of  per cent of their share from Central Road Fund allocation. The
Council, therefore, again urged the Governments of West Bengal,
Bihar, J. & K., Maharashtra, Madhya Pradesh, Gujerat and Kerala
to reconsider the matter with a view to increase their contribution
to the amounts proposed.

Item 111, Audit Report for the year 1959-60 :

The Audit Report for the period 1st Qctober, 1959, to the 30th
September, 1960, was recorded.

It was decided that the list of members who fall in arrears for
more than one year should be sent to Chief Engineers of States with
the request to use their good offices for the realisation of arrears,

Item 1V. Budget:

The budget cstimates for 1960--61 and the actuals for 195960
were aproved,

Item V. Draft Report of the Council to the General Body of
Members from the Ist January to the 31st December, 1960 :

The Draft Report with a slight modification was approved.

Item VI.. Draft certificate about the award of Mitchell ” and
“ Indian Roads Congress »* Medals :

The draft certificates were approved,

Item VII. Draft syllabus for Refr i
Engineers | Y efresher Courses for Highway

The draft syllabus for Refresher Courses for Hi hway Engi
yva,s.referred back to the Education Committee forg reco%sid§;§$$s
in light of the syllabus for Refresher Courses prepared by Shri S
" R. Mehra, Director, Central Road Research Institute, '

Item VIll. Report of the Road Transport Operation Cost
Committee :

The Council decided that the Report on the cost of operation of
Motor Vehicles on Different Types of Roads in Plaing should be
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circulated to the members of the Council and then finalised in light

of their comments prior to its forwarding to the Government of
India,

Item IX. Proposed Road Board:

The Council felt that in order to meet the need for rapid and
extensive development of roads and road transport and the various
associated factors connected with them, an organisation capable of
directing and controlling the agency of transport in a unified
manner was very essential. And such an organization has to have
a central high-powered body in the form of a Road Board.

The Council, therefore, accepted the recommendations of the
Special Committee and desired that those recommendations should
be brought to the notice of the Government.

Item X. Research Implementation Committee :

The Government of India having examined the question of ficld
scale experiments for application of the results of road research done
in road research laboratories decided that (i) each State may be
requested to devote 1 per cent of its provision for road development
in the Third Five-Year Plan for schemes of experimental specifica-
tions and new techniques; (ii) a sum of Rs 75 lakhs be set apart
as a sort of ‘Risk Fund’ in the Central Sector of the road
programme in the Third Plan for covering risk of losses or extra
expenditure on approved experimental work and (iii) a Central
Assessment Committee be formed under the aegis of the Indian
Roads Congress. Accordingly, the Council appointed a Research
Implementation Committee with the following personnel for the
implementation of the research results and to overcome the difficulties
in the way of such implementation:

Consulting Engineer (Road Development)—Convenor
President, I.R.C.

Director, Central Road Research Institute.

The Chief Engineers of States.

Two Directors of State Road Research Laboratories.

Two co-opted members from the State concerned (one
Chiet Engineer and the other representative of the
State Road Research Laboratory) in case none of
these persons is already in the Committee.

One member from non-Governmental Organization,

Three experts to be co-opted who have special knowledge
of the subject under consideration.
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The names of the members will be discussed in the next
meeting of the Council.

Item XI. Draft Recommended Practice for Location and Layout
of Roadside Motor-Fuel-Filling-Cum-Service Station :

Shri  Shivdasani pointed out that in the draft standard
presented to the Council for approval, certain important chahg(\s
had been made as compared to the draft standard approved by the
Specifications and Standards Committee at its Bangalorc mectin
He wondered how this had happened. The Member-Secretary gf
the Committee explained that when the minutes of the Bangalore
meeting were circulated for confirmation, certain members
suggested some amendments. These amendments were circulated
to all the members of the Committee and their approval sought
m a very pointed manner to the inclusion of the suggested
amendments in the draft standard, No objection was regeived
from any member of the Committee. It was, therefore, presumed

that the amendments had the approval of the Committee
standard, therefore, went up to the Council, mittee and draft

Shri Shivdasani then stated that h i i
) ate e had raised definite
objections to some of the amendments and had written a detailed
letter to Indian Roads Congress.  As this communication had
apparently gone astray, the Council decided to postpone considera-

tion of this item and desired the Committe ]
) ! e 10
draft in the light of Shri Shivdasani’s objections. reconsidor - the

Item XII.

The Council passed the followin

the services of Shri A. J. D’Costa, : 8 resolution in uppreciation of

“The Counqil of the Ipdian Roads Congress places on its
record its appreciation of the services rendered by

Shri A.J. D’ . .
Sec:‘etary], ’P Costa during his tenure of office as

Item XIll. Miscellaneous:

(1) The Council desired that the Chief Engineers should be
requested to encourage their young engineers to write

Papers and if necessary help them by way of allowi
them necessary time for this purpose},l ¥ of ellowing

(2) 'The Council considered a note from the Chief Enei
(nghways), Andhra Pradesh, explaining the pr:)%lilt}f:rll‘
which led to the Department in charge of Highways to
take over rural development as woll following the
pattern of highways and rural works department of

3

(4)
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Madras. The Council appreciated the reasons put for-
ward in the note but felt that the extra work might
come in the way of intensive attention being paid to
highway work. But as most of the new works would
be related to rural highways and as the prevailing
arrangement suited administrative convenience at the
present time, the change may be reviewed in detail
later after watching the working for some time,

It was decided that more efforts should be made to
obtain greater number of advertisements for T.C.M.R.
If necessary, the rates of advertisements might also be
raised. Further it was decided that in order to make
T.C.M.R. more useful, the views of Chief Engineers in
the matter should be obtained.

The Council discussed the guestion of encouraging the
adoption of Indian Roads Congress Bullock-cart wheel.
It was felt that as the steps so far taken have not
brought about the desired change in the width of steel-
tyre it was necessary that the full details of the investi-
gation carried out by the Indian Roads Congress on
the subject should be clearly brought to the notice of
the Government. The Council then discussed the
effect of narrow and wide-tyred wheels on road sur-
faces, the feasibility of adopting pneumatic-tyre and
the usefulness of the introduction of ball-bearings.
After detailed discussion, it was decided that the Road
Transport Development Committee should be requested
to study this matter in detail and report to the
Council,



Minutes of the Business Meeting of the
INDIAN ROADS CONGRESS

held at Bhopal on the 7th January, 1961.

The Twenty-fifth Annual Gencral meeting of Members was
held at Bhopal on Saturday, the 7th January, 1961, at 9 a.m. In ali
276 Members and 12 invitees attended the Session.

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

The minutes of the last Business Meeting held at Bangalore on
the 1st February, 1960, as printed on pages 763 to 812 of the Journal
of the Indian Roads Congress, Volume XXIV—-Part 5, November
1960 were confirmed. ’

3. Audit Report.

(i) The Audit Report for the period lst October, 1959, to
the 30th September, 1960, was recorded. '

(ii) It was decided to re-appoint Messrs Walker, (h di
& Co., Chartered Accountants and Auditor,:;, 'Demlrllxi l(él;

{l),gg(l)t_ é;lllfa accounts of the Indian Roads Congress for

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

The report of the Council to the General Body of M

i e / bers for
the period 1st January, 1960 to the 31st ; v
approved. 5t December, 1960, was

5. Resolutions of thanks.

() The Indian Roads Congress thank the Government of
Madhya Pradesh for inviting the Indian Roads
Congress tohold their Twenty-ffth Session st Bl
and for the very excellent arrangements made, P

(ii) The Indian Roads Congress thank Shri H. V. P
. V. Pat
Governor of Madhya Pradesh, for kindly inau;ui':fi?lrg,
the Twenty-fifth Session of the Indian Roads Congress
and for his very instructive and inspiring Address ox;

the occasion and also for his ermission t i i
fhe, occ p n to print hig

(iii) The Indian Roads Congress thank Shri Mishri
(Gangwal, Minister for Finance, Madhya I“radesl;lal},1 rlflg,:

kindly declaring open the Technical Fxhibit:
organized by the Indian Roads Congress. hibition

(vi)

(vii)

(viii)

(xi)

(xii)

(xiii)

(xiv)

(xv)

ow

The Indian Roads Congress thank Dr. 8. Radha-
krishnan, Vice-President, for his good wishes for the
success of the Session.

The Indian Roads Congress thank Shri Jawahar Lal
Nehru, Prime Minister, for his inspiring and instrue-
tive message and good wishes to the Congress.

The Indian Roads Congress thank Shri P. Subbarayan,
Minister of Transport and Communications, Goverment
of India for his encouraging message and good wishes
to the Indian Roads Congress.

The Indian Roads Congress thank Shri N. V. Gadgil,
Governor of Punjab, Shri V. V. Giri, Governor of
Kerala, Shri Vishnu Sahay, Governor of Assam and
Shri Bajrang Bahadur Singh, Raja Bhadri, Lt.-Gover-
nor, Himachal Pradesh, for their good wishes for the
success of the Session.

The Indian Roads Congress thank Shri Kailas Nath
Katju, Chief Minister, Madhya Pradesh, for his very
encouraging message and good wishes for the success
of the Session.

The Indian Roads Congress thank Shri B. D. Jatti,
Chief Minister of Mysore, for his kind message and
good wishes to the Congress.

The Indian Roads Congress thank Shri S. L. Tiwari,
Minister for Public Works, Madhya Pradesh, for his
very instructive meesage to the Congress.

The Indian Roads Congress thank Shri G. M. McKelvie
past President of the Indian Roads Congress, for his
good wishes for a very successful Session.

The Indian Roads Congress thank Shri M. Anantha-
sayanam Ayyanger, Speaker, Lok Sabha, for his
message of good wishes for the success of the Congress,

The Indian Roads Congress thank ECAFE for their
good wishes for the success of the Session.

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

The Indian Roads Congress thank Shri S. N. Tripathi,
Chief Engineer, PW.D., B, & R.,, Madhya Pradesh,
Shri 8. B. Dube and Shri K. 8. Bansal, Superinten-
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(xvi)

(xvii)

(xviii)

(xix)

{xxi)

(xxii)

(xxiii)

(xxiv)
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ding Engineers, Shri A. G. Vaidya (Local Organizing
Secretary, Indian Roads Congress), ¥.xecutive Engi-
neer, P.W.D., B. & R., Bhopal and other officers and
staff of the P W. D, B. & R., Madhya Pradesh, for
the very excellent arrangements made by them for the
Session and for the convenience of the delegates.

The Indian Roads Congress thank Shri Khirwadkar
and other artists for kindly arranging a cultural show
for the delegates.

The Indian Roads Congress thank the Publicity and
Information Department of Madhya Pradesh for
(i) Drama Show, (i1) Supply of interesting pamphlets
on historical places in Madhya Pradesh to delegates
and (iii) for giving wide publicity to the proceedings
of the Session.

The Indian Roads Congress thank the Ministry of
Information and Broadcasting, Government of India
for kindly covering in their newsreel selected moments
of the proceedings of the Session,

The Indian Roads Congress thank the fi

98 irms  and
Government Departments who participated in the
Tech'nlcabl Exhibition organized on the occasion of thé
Session and showed the films,

The Indian Roads Congress thank the S
. . t
lell!mn IS{;LI)];&’ Cfor kindly placing at the dispo:a?lr?)fu:ge
ndian Roads Congress M.L.As’ Rest H
stay of the delegates. ouse for the

The Indian Roads Congress thank the Heavy Electri-

cals f . L S
cal wo(ii SProvxdmg facilities to the delegates to visit

The Indian Roads Congress thank the Director, All-

Indi . . ) .
! }llle lSae Sggr(]l’lo, for kindly recording the Proceedings of

The Indian Roads Congress thank the State

]éhopa.l,' Railway  Authorities, Madhya Bﬁxf;lfiesl{
L]ectmcnty. Board, P.G.B.T. College, Medical Depart-
ment, Indian Airlines, Post & Telegraph authorities
for their co-operation to make the function a success k

The Indian Roads Congress thank the various news-

papers, and periodicals for giving promine
proceedings of the Indian Roads C%npgress. ence to the

6.

7.

9-g (i)

9-g. (ii)

9-h.
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Scrutineers for the Election of Council Members.

Sarvashri D. G, Bhagat, B. G. Naik, Hvkam Singh
and D. N. Endlaw were appointed scrutineers for the
election to the Council under Rule 9-j-of the Rules
and Regulations of the Indian Roads Congress.

Election,

The following were elected as members of the
Council :

Representatives of Associate members other than public
servants :

Antia, Dr. F. P. Nambiar, K. K.
Patel, L. R.

Shivdasani, P. D.

Apte, M. P.
Fielder, C. J.

Representative of Associate members other than non-
public servants :

Verman, Dr. Lal C.

Representative of District Board Engineers:

Chavan, J. D.

Representative of Municipal, Improvement Trust and
Cantonment Engineers:

Shoba Ram

Representatives elected by the General Body :

Basu, K. N.
Dube, S. B.

Iyengar, C. L. N.
Sinha, 8. N.
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LIST OF MEMBERS WHO ATTENDED THE TWENTY-FIFTH

Under Rule 9-a, b, ¢, d and e, the following were nomi- SESSION OF THE INDIAN ROADS CONGRESS HELD

nated by their respective administrations as members AT BHOPAL IN JANUARY, 1961

of the Council:

’

No. of delegates who attended

Name of participating ! Name of 5 No. Nawmo of States, ot tho LK.C. Session.
Administration ! representative -
. . R I —— . ABSTRACT
9-a Andhra Durrani, N. 1. Government of India:
; (a) Ministry of Transport & Communications,
A ‘f;sa,m Barua, K. Dopartment of Transport, Roads Wing 23
Bihar Lall, Y. K. (1) Central Board of Irrigation and Powor 1
Gujerat Bhatt, U. J. (¢) Central Public Works Department . 6
Himachal Pradesh Mukand, J. (d) Engineer-in-Chief’s Branch ee 4
Jammu & Kashmir Wanchoo, P. N. {0) Ministry of Railways (Railway Board) 2
Kerala Iyer, C. S. Padmanabha, (f) Planning Commission 1
Siraiuddin. P 2, Certral Building Research Institute 1
Madras irajuddin, P. 3. Central Road R h Institut 16
Mah htra C.E., P.W.D., Buildings . Central Roa esearch Institute :
i“ “r&s . J., . . .y by
Communications, 4. Heavy Electricals Limited
. . _ 5. Hindustan Steel Limited 3
Madhya Pradesh Tripathi, 8. N, 6. Andhra Pradesh 8
Mysore Joshi, K. M. 7. Assam 5
Orissa Behrea, S. S, 8. Bihar 13
Punjab Khanna, G. C. 9. Gujerat 12
Rajasthan Kishore Lal 10. Kerala 2
37
Uttar Pradesh Prasad, Jagdish 11. Madhya Pradesh
West Bengal C.E. (Road Devel 12. Madras e
es g “E. (Road Developme nt) 13. Maharashtra 42
9-b. Engineer-in-Chief, 14. Mysore 12
Army Headquarters Maj.~Gen. Harkirat Singh 15, Orissa 9
9-c. Central P.W.D. Endlaw, D. N. 16. Punjab 8
ltine Engi 17. Rajasthan 5
9-d. Consulting Engineer 18. Uttar Pradesh 20
(Road Development), 19, West Bengal 25
Govt. of India. Sinha, H. P. 20. Delhi 1
. 21, Himachal Pradesh 1
9-e Director, Cen‘o.ral Road 22. Jammu & Kashmir 6
Research Institute. Mehra, S. R, 23. Tripura 1
Past Presidents : 24. Pakistan 1
25. Ceylon 2
9-f Mascarenhas, W. X, s

Total 288

— e



LisT oF MEMBERS 489
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S.No. Roll No, A Namo
LIST OF DELEGATES WHO ATTENDED THE 25TH SESSION ~

OF THE INDIAN ROADS CONGRESS HELD AT BHOPAL FROM

(e) Ministry of Railways (Railway Board)

THE 3RD TO THE 10TH JANUARY, 1961 33. 43-Ass, Mukerjee, P, K.
36, Invitee Sud, P. N.
S. No. Roll No, Name
e _ {f) Planning Commission
1. GOVERNMENT OF INDIA 37. 2526 Sarup Singh
{a) Ministry of Transport & Communications, Department of
Transport (Roads Wing) 2. GENTRAL BUILDING RESEARCH INSTITUTE
1. 2020 Balwant Rao, B. 38, T4-Ass, Ramesh, Dy, C, K,
2. 266 Bhagat, D. (5.
3. 1446 Bhalla, R. 8.
4, Invitee Brij Ratan Lal 3. CENTRAL ROAD RESEARCH INSTITUTE
5. Invitee Ganguli, Dy, M, K, . ] ]
6. 879 Coverdhan Lal 39, Inv?tee Bhupinder Singh
1. 1078 Clurshahni, R. L. 40. Invitee Chadda, L. R.
8. 783 Hardyal 41, 833 Iyengar, Dr. R. K, N.
9, 1880 Kathuria, 8. L. 42, 2898 Jaganatha Rao, P,
10, 2083 Keswani, N. H. 43. 1857 Khanna, T, §:
1. 705 Mirchandani, N, D. 44. 1907 Mazumdar, B. C.
12, — Murthy, B. S, N, 45, 211 Mehra, S. R.
18, 2008 Muthuswamy, C, 46. 331‘3 Mohan Rao, N,
14, 950 Nagarshoth, M, P. 47, 2202 Natarajan, T. K.*
15. 774 Rajagopalan, S. K, 48, 2806 Phull, Y. R.
16. Invitee Sachdova, D, B. 8. 49, 234Q Puri, Dy, M, L,
17. 2263 Sectharaman, S, 50. Invitee Srinivasan, N. R.
18, 313 Sen, N, 51. 1311 Subbaraju, Dr, Bh,
19. 2453 Sikka, R. P, 5.2' 847 Uppal, Dr. H, L.
20. 101 Sinha, H, . 53, 265§ Venkatesan, M, S,
21, 723 Subrahmanyam, J. 54, Invitee Verma, P. M,
22, 018 Trehan, J, M,
elt s feats 4
. 1879 Veukatasalu, G. 4. HEAVY ELECTRICALS LIMITED
(b) Central Board of Irrigation and Power 65. 2560 Kaul, A, K,
24, Invitee Vaidyanathan, P, H, 5. HINDUSTAN STEEL LIMITED
(c) Central Public Works Department §6- 1413 Bhattacharya, S. P,
57, 2053 Ganapathy, C. P.
25. 86 Enlaw, D. N, 58. 1550 Ghose, M. B,
26. 2011 Matai, U, J,
27. 2854 Paul, D, 8.
28, 303 Rastogi, H. 8. 6. ANDHRA PRADESH
2 R ist .
5(.; ’Z?Jli \\/Iillda:;';zh{?lan\ K 59, 88-Ass, Das, Lakshman—Rep. M/s. Lakshmichand
) 2 » K. Raichand, Engineers, 4. P,
60, 246 Durrani, N,
(d) Engineer-in-Chief’s Branch 61, 2541 Prasad, J. R. K.
62. 638 Raj, P. V.
31. Invitee De, (1. 63. 2472 Ramayya, T. A,
39, 16-Ass. Duboy, Maj.-Gen. K. N. 64. 2540 Rao, G. Bapu
33, Invitee Narurkar, Lt.-Col. R, J, 63, 1945 Rao, K. V.

34, 1540 Rao, K. V. 68. 2544 Rao, P, C.
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S. No. Roll No, Nameo
160, 2849 Gupta, A. Y.
161, 833 Iyengar, C. L. N.
162, 1474 Jagus, P, J.
163. 2033 Jayawant, M. B.
164, 1430 Joshi, R. N,
165. 2340 Kale, K. ¢,
166. 2806 Key, J. W,
167. T6-Ass. Marathe, S, S.—Reop. M/s. 8. 8. Marathe &
Co., Bombay
168. 75-Ass. Moadows, 8. F.—Rep. M/s. William Jacks
& Co. L., Bombay
169. 696 Mohile, N. H.
170. 23 Nadirshah, E. A,
171, 268 Nambiar, K. K.
172, 1723 Natu, S. V.
173. 1528 Patkar, B, B.
174. 1008 Raghavan, P.
175, 1803 Rajwade, M. V.
176. 2886 Sakhadeo, A. V.
177. 33-Ass. Sani, ¢. H.—Rep. M/s. Caltex -Ltd.,
Bombay
178. 2353 Sarkar, B. B,
179. 2873 Sathe, P. V.
180. 82-Ass, Sethi, (. K.—Rep., M/s. William Jacks
& Co. Ltd,
131. 1570 Sethna, H. K.
182, 2462 Shonoy, D. 8.
183. 1148 Shivdasani, P. D.
184, 83-Ass. Siides{:punde, P. P.—Rop. M/s. Millars’
Timber & Trading Co. Ltd., Bo
185. 2351 Thakur, D. 8, 8 mbay
186. 1475 Unwalla, B. T.
187. 84 Vagh, B, v,
14, MYSORE
188, 243 Adko, Dr, A. S.
189, 2780 Chidambaram, C,
190. 2715 Desat, K. A.
Z{B;. 2884 Hedge, H. K.
92. 2924 Jaga Rao 8P
193. 2660 Tobn, G ol 8. P.
194, 2283 Joshi, K. M,
195. 2899 Joshi, N, Q.
196, 2748 Magdum, I. M.
197. 2778 Sachdev, R. C.
198. 2883 Sundareshan, T. V.
199. 2878 Visweswaria, C.
15. ORISSA
200. 328 Behera, S, S.
201. 2882 Das, J. B.
202, 2917 Mahapatra, C.
203. 623 Mohanty, A, B,
20%, 2813 Mohanty, M. R.
205, 2204 Mukherjee, P. K.
206. 1759

Padhi, A. C,
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231,
232,
233.
234,
235.
236.
237.
238.
239.

241,

Roll No. Name.
564 Padhi, S. R.
513 Parija, K. C.
16. PUNJAB
2004 Bains, Mohinder Singh
446 Khanna, G. C.
2010 Mungi, S. 8.
338 Nangea, G. R,
- 2197 Satinder Singh
1432 Sujan Singh
79 Uppal, Dr. L. 8.
— Vidyarthi, R. N.
17. RAJASTHAN
2630 Gupta, K, P.
2301 Mathur, B, L.
427 Nayyar, 8. L.
1903 Puri, Vishram
643 Rastogi, D. P.
18. UTTAR PRADESH
1186 Bapat, M. 8.
860 Bhatnagar, P. S.
2653 Goel, J. P.
1787 Gupta, G. C.
2812 Gupta, R. C.
2849 Gupta, S. C.
52 Jagdish Prasad
2102 Jam, D. C,
1398 Johorey, M. C.
2013 Kalsi, H. 8.
2081 Mathur, R. B.
2869 Mathur, R. B.
759 Mathur, 8. B.
2883 Mittal, N, K.
859 Patel, A. T.
2638 Rao, V.V, Subba
2880 Saxena, K. S.
490 Shobba Ram
960 Sinha, K.
954 Zutshi, Y, N,
19. WEST BENGAL
962 Banerjes, J. K.
1421 Bagu, K. N,
15-Ass., Bhattacharjee, B. B.—Rep. M/s. Heatly
& Gresham Litd., Caleutta
1824 Chanda, R. P, .
1347 . Chatterjes, P. N,
2893 Das Gupta, €. R. :
41-Ass. De, K.C.—Rep. M/s. Bengal Chemical &
Pharmaceutical Works, Calcutta
2250 De, P, L.
2902 Dutta, Ashis
2897 Dutta, A. K.
231 Fielder, C, J,
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8.No. Roll No. Name.
253. 1042 Ghosh, D, K,
254, 808 Ghosh, S, K.
255 2905 Ghosh, D, P.
256. 2906 Guha, D, R.
257. 936 Gupta, S."N.
2538, 2831 Hennes, R. G.
259. 2037 Karnik, A. V.
260. 2858 Koteswara Rao, Senapati
261, 1544 Ray, 8. N.
262, 1553 Samaddar, S, K,
263. 2907 Samajdar, 8,
264. 862 Sen Gupta, P. N,
265, 2903 Sen, S. K.
266, 83-Ass. Wahi, K, M.—Rep. M/s. Agrind Fabrica~
tious Ltd., Caleutta
20. DELHI
267, 90-Ass, Awasthy, J. G.
268. 2174 Bijlani, H, 0.
269. 1615 Hukam Singh
270, 67-Ass. Mahadevan, M. R.—Rep. M/s. U.PLC.C.,
New Delhi
271, 23-Ass, Malhotra, K. D.—Rep. M/s. Willcox Back-
well, New Declhi
272. 89-Ass, Sandhu, B, §.
273. 1785 Shah, Z. 8,
274, 40-Ass. Shahani, T, C,
275, 69-Ass, Taxali, R.—Rep. M/s. R. C.
Pvt. Litd., New Delhi
276. 81-Ass, Thadaid, N, M
Service
2717, 2168 Visvesvaraya, Dr. H. C,
21, HIMACHAL PRADESH
2178, 2536 Mukand, J,
22, JAMMU AND KASHMIR
279, 1607 Dogra, N. N.
280. 1457 Gandotra, H. K.
281. 1696 Laharwal, G, R.
282, 2875 Mustafa, S. G.
283. 1963 Rajinder Singh
284, 1583 Wanchoo, P. N,
23. TRIPURA
285. 2570 Debnath, D, C.
24. PAKISTAN
236. 1549 Doctor, P. K,
25, CEYLON
287. 2908 Petiyagoda, D,
288. 2121

Saparamado, A. A, D, 0.P.

~—Rep. Mfs, Sahu Cement
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LIABILITIES " i
SUNDRY LIABILITIES ‘ EQUIPMENT assEeS
i Rs nP. ! R P Bal
Sundry Creditors for Expenses i i s nt. alance as per last Balance Shee Rs nP. R
; ! i | Additions d b s ob
ncome tax payable on salarics o 6,250 18 | 8 during the year 6,729 90
Shri McKelvie’s Silver Salver Fund i 311 00 | .| 1,459 36
Advanee for Publieations ! 120 81 | Less : Sold during the year 8,189 26
% 80 35 6771 37 Less: D ool 31 40
. . N ’ €ss siati i : 3
gg;o(?m ISSUED BUT NOT ENCASHED : " LIBRARY BOOKS AND Pt s’égg 5 .
§ SOJR(.IPTIONS RECEIVED IN ADVANCE FROM.i ; 13,340 04 Balance as per last Balance ghRIODICALS I AT 0
rdinary B?emb(ars d Additions during the ye oot 3,086 22
1960—61 743 0 i » year : 317 63
1961 —62 an f i B T
95 00 ‘ ; Less : Depreciatio i 3,463 85
' - ‘ 838 00 DRAWING MATERV;TJE? oft 346 38 3
Associate Members j Balanco as per last Balance St — ST 47
1960—61 ; Additions during tho yoas 100t 15 37
N . 120 00 938 00 yoar 13 52
ITCHELL MEDAL FUND (inves ! T Less: D siati i I8 89
sted as per contr ‘ g8 ; Depreciation wri 28 89
Balance as por last Balance Sheet per contra) i ‘ INVESTMENTS ten off ___2—83___ 2% 06
Add : Interest realised e 1,980 77 | Rs 44,000/- 12 years National Saviy ifi )
! 47 50 | 2,008 97 Rs 746007 10 vears Treasury Savings ings Certificatos ... 44,000 00
BUILDING, MUSEUM & TECHNICAL FU T T ’ Re 21,300/~ 3% Loan 1963-65 eposits Certificates ... 74,600 00
Balance a 1 ND ! i 8 11,100/= 33%, National Plan L " 20,271 62
lance as per ast Balance Sheot | | Rs 3,000/-34%, Nati oan, 1964 . 10.084 12
Add: Amount of Life Membership o 1,01,109 24 | INTEREST A%}E}R’(lj')gaf)l Plan Bonds, 1967 2055 00
Intorest on Investments 923 00 PROVIDENT FUND ON INVESTMENTS *IT ] L,52,810 14
e | 7,202 00 1,49,324 24 12 years Nati i ’
| o hebe VU sy 2 1z years ational Savings Certific
RESERVE FOR BAD & DOUBTFUL DEBTS g ‘ i Interest a(:-crued thereox;gto g(r)t;fléates 40,700 00 17,1
PROVIDENT FUND DEPOSITS '\ ) 1 10,600 00 ]I3ala.nce with State Bank of Illdiae%t" 1960 e 5997 50 ,107 84
PROVIDENT FUND INTEREST DISTRIBUTABLE { J 49.012 87 MI‘;‘?IS‘I?;([{VSHCM » New Delhi 1,257 37
]jalunce as per last Balance Sheet o : Rs 1,600/- 3‘;\1]EDAL FUND L 49,257 87
dd : Intorost earned i 711 61 | Intorest a(.cr(&d}o:}n 1963-65
36 ~ | : serued th 5
Loss: Disteih | o 1,367 93 | ’Ba.lmwe with Statecll;i%rll( of Indi s 1’6:112 gg
: Distributed ! ;"fé‘f 36 i stOCK-IN-HAND ndia, New Delhi 359 34
= 161 56 918 00 ‘ortifiod a8 to quantiti . — T | 2,028 27
AI\II\/IOUNT HELD IN SUSPENSE (pending :uljustmeut)i ] i Journals a ities & values by the Secretary) ,028 27
INCOME & EXPENDITURE ACCOUNT ! 242 47 Paper 66,343 96
?alance as per last Balance Shoet ‘ | SStOCk of C.R.R.I. Paper 3,397 24
[ ess ::alance being exfloss of Expenditure over Inco ne i 1,53,880 06 \ SUggggIIPTI‘QI%};%RS - w 70,788 85
per annexe T : COoL ; > IS IN ’
R ncome and Expenditure (('1'; g"dinfiry ll\\’lembegRREARS f}zl(géw :ﬂ
o 5,413 51 1,48,466 55 ii) Associate Members R
Rote :TlllgoBdetl?llB are available for Rs 70 deposited int " SSE‘;}%’;‘E‘&E;‘EPubIications -2 l?’542 o
g an ) 1 O ) ~ . 14
by the Ba,:ll‘.d crodit whereof has not been given 1954(:850YERABLE FOR ,985 06
. 1058—59 1,000 00
SN 1959—60 11,000 00
Total ... J ADVERTISEMENTS 43,500 00 55,500 00
( 4,31,061 81 Considered good .
| o Considered doubtful 68(1) gg
Sd) N.SE SESSION EXPENSES RE 681 50
AUDITORS’ REPORT. )Secre;:rlj’ Transport Charges COVERABLE
Trans “;echa‘ve audited the Balance Sheet of the INDI . Délegatsic.)'z:)lgzgssmered doubtiul) 1,178 13
ort- icati . N J 5
i A g I N i g e ADYARCES s | e
O e all tho. nf 10 & Expenditure Account for the ye eptember, 1960, above set forth, e Deputy Controller of Stationery & Printi R 80,852 72
¢ information and explanations we hﬂ‘vey;:; G;mcéed upon that date and have it(?ff agau;st (i‘Jy'cles Purchased y & Printing, Calcutta 384 02
In our Opinion the abo red. vances 10t lbl‘ary Books . .o 700 29
th inion, ve Balance Sheet . Due from Technical S —_Shei .
exe lus;ltatt'e of affairs of the Congress accordi:et :mth gives a true and correct view of Staff for l"estivalw ecretary—Shri Hukam Singh ... l‘l’gl .
planations given to us and as shown by the bo%kso the best of eur information and Due from C.R.R.I ’g,—; 68
. . . Due from T.C M.R 1 55
ML L. X vee ,6.:
41-L, Connaught Circus, (8d.) J. C. CHANDIOK | CASH & OTHER BALANCES 18-72); gﬁ
New Delhi. B.A., A.c.A. (England & Wales)., ¥.C.A gi}':th e ]?iank of India, Now Delhi ' 5110 80 28,727 48
1 .C.A., eques pendin, isati Ay o - ’
Dated, this 16th day of December, 1060. for gall;er,d (ilhandiok & Co., - S far credited bg 1?183115322?:)1 (includes Rs 70/- not so 23,110 80
Chartered Accountants. tamps i i i .y
‘ “ 8 ps in hand (including Rs 14/- Ravenue Stamps) ... 1,0# gg
o total . 24,172 92
o m——— it 4,31,081 - R

{ .
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Transport-Communications Monthly Review
INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 30TH SEPTEMBER, 1960.
EXPENDITURE Rs nP. INCOME Rs. nP.
To Pupor Consumed .er 9,173 94 By Sales and SubSCl‘iptiOﬂﬁ of the Journal 2,956 20
» Printing Charges (including Rs 600/- paid as proportionate salary » Advertisements - 7,262 00
to Reproseutative at Madras and other jnejdentals) 8,463 38 )
»» Balance boing Excess of expenditure over Income carried to
,» Postago 1,642 80 Balance Sheet 9,130 04
» Miscollaneous lixpenses (inclndes Revenue Stamps) 771 12
|
I .
\ i
r |
Total .., ‘ 19,357 24 ' Total ... 19,357 24
BALANCE SHEET AS AT 30TH SEPTEMBER, 1960.
i |
. i Rs nP. ' AS R P. | R, .
LIABILITIES | E BOOK DERBTS SETS 8 n 8 nP
REDITORS ! ‘
SUNDRY C I [ | For Advertisement 2,708 25
Proportionate Salary of Representative at Madras for the month of i For Sale of Journal 141 70
Soptomber, 1960 50 00 | 2,847 95
STOCK IN HAND (Certified as to quantities &
DUE TO GENERAL ACCOUNT 18,724 54 l valuos by the Secretary) . 6,609 57
2 STAMPS IN HAND {(including Revenye stamps) ... f- 59 99
| INCOME AND EXPENDITURE ACCOUNT 5
| ban |
]i Debit Balanco as per last Balance Sheet 17 99 |
{ Add : Balance being excess of Expenditure l
| over Income for the year ag per annexed
! Income & Expenditure Account 9,139 04 9,257 03
Total v 18,774 54 Total oo 18,774 54

AUDITORS’ REPORT

We have audited the Balance Sheet of the
forth, along with the Income & Expenditure Accoun

In our opinion, the above Balance Sheet set forth

\

41-L, Connaught Cirous,
New Delhi,
Dated, this 16th day of December, 1960,

NDIAN ROADS CONGRESS
tI for the year ended upon that da

(Trensport-Communica
te and h

(3d.) N. SEN,
Secretary.,

cations Monthly Review) a8 at 30th September, 1960, above set
ave obtained all the informatjon and explanations we have required.

gives & 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 ae shown by the books.

(8d.) J. C. CHANDIOK,
B.A., A.C.A. (England & Wales), F.CA,
R Woilaw handiok & Co.. Chartered Accountants. .



INDIAN ROADS CONGRESS

REPORT OF THE COUNCIL TO THE GENERAL
BODY OF MEMBERS FOR THE PERIOD
1ST JANUARY TO THE 315T DECEMBER 1960

I. GENERAL

The Silver Jubilee Session of the Indian Roads Congress held at
Bangalore in January/February 1960 was attended by 317 members
and 20 invitees. In that Session, 10 Papers published in the Journal
of the Indian Roads Congress, Volume XXIV.Parts 1 to 4, were
discussed, eighteen Technical Committees were reconstituted to deal
with various engineering and administrative problems, a Special
Committee was appointed to examine the question of formation
of a Road Board and fo find out ways and means of speedy execu-
tion of works and make necessary recommendations,

The Executive Committee held meetings at New Delki on the
30th and 31st August and the 7th December, 1960,

2. ADMINISTRATION

Shri H. P. Sinka, Consulting Engineer (Road Development) and
Joint Secretary to the Government of India, Ministry of Transport
aud Communications, Department of Transport (Roads Wing), New
Delhi, was elected President at the Bangalore Session. He also
continued to function as Honorary Treasurer. Shri D. G. Bhagat,
Deputy Consulting Engineer to the Government of India (Roads)
continued to work as Honorary Deputy Treasurer.

Shri Hukam Singh continued as Technical Secretary.

Shri A, J. D’Costa continued to work as Honorary Secretary
%ill the 7th September, 1960 when Shri N. Sen was appointed as

Honorary Secretary.

3. OFFICE
The office continued to function in New Delhi. It disposed of
15,000 receipts and issued 50,611 letters during the period under

report.

The staff worked satisfactorily.
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4. MEMBERSHIP

(1) The number of members on the rolls on the 30th Septera-
ber, 1960 was 1,972 (1 Honorary, 1 Agssociate Honorary, 165 Life
Merbers, 1756 Ordinary and 49 Associates). During the year, there
were 197 new admissions and 30 removals from the rolls. The
removals were tho result of 20 resignations ; 9 death . 1 for want of
whercabouts.

(2) Life Membership: During the Congross vear. 1st Octobor
1939 to the 30th September 1960, Hgnmmbors% werg i:\lr’oflzstd(z)x(:([}\fo
Members bringing the total to 165. The fees received from life
Members have been trausferred to the Buildiug, Museum and
Pechnical Fund aftor deducting Re 10 per xnek;li(sr for initial
expenses.

5. DEATHS

It is with deep regret that the (! 1 ;
folloning memberg : i \ e Council records the doaths of the

R. N. Saxena
Daya Ram Das
R. N. Gupta
V. D. Bhandari

6. BUDGET

The budget for the year 1960-61
: Jear 1960-61 and the < A 8’ -
:;rler% t}})l»ﬁ@d before the Executive Committes at t}(::ﬁ'&};eetg?: ll?;?l gg
e 7th December 1960, lea estimates have been placed bgfore the
reeting. The actuals for 1959-60 show a

certain publications, non-pur ount -printing of
bypewriter, oto. and for Cg rchase of certain items of furniture,

rtain vicancies i "
and other small favings under the h(e R e oo

Revised Pay Seales being ad “ Bstablishment > due to

announced later,
(}ove?r?ﬁ;z(r)li? dCOH.tribuﬁOn received from the Central and State
A Rsu‘gzl%g(t)h«? a?i’%: ending the 30th Septomber 1960
and Rs 1,04,500 ashod f&f NSt an estimated amount of Rag 94,000

An appeal for incr huti
TR.C on g bas, leased contributions towards the funds of the

Central Road Fund or4lper cent of the share of each State from the

. 1 times th A
. E 0 present contrib i
1s greater, was issued to all State Governments on ‘zgg niQXlthzizir

[T ,‘»;‘('\JL‘"C"
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1959. This appeal was followed by a number of official and D.O.
letters to Chief Engineers of States to persuade their Governments
to agree to the request of the Indian Roads Congress for enhanced
financial agsistance on the basis proposed, so that the I.R.C. may
be able to tide over the financial difficulties and continue the useful
programme of work. The matter was considered by the Council at
their 55th meeting held at Bangalore on the 28th January, 1960 and
while greatly appreciating the response of the State Govts. who had
kindly agreed to contribute towards the funds of the Congress on the
basis proposed, the Council hoped that other States also would soon
agree to contribute towards the funds of the Congress at the scale
proposed. The State Governments which had not sanctioned
contributions at enhanced scale were again approacked in the
matter. The States of Bihar, Maharashtra, Gujerat, Madhya
Pradash, West Bengal, Kerala and J. & K. have not yet increased
their contribution to full. Upto date position is given below :

Oid contri- Contribution Amount

State } bution proposed by sanc-

| the1R.C | tioned
Rs Rs Rs

Andhra 3,000 4,500 4,500
Assam 3,000 4,500 4,500
Bihar 2 500 4,500 3,500
Bombay 6,500 Maharashtra 11,000 6,500
Gujerat 5,500 Reply

awaited

Madhya Pradesh 5,000 7,500 6,000
Madras 2,500 5,500 5,500
Orissa 2,000 3,000 3,000
Punjab 2,600 4,500 4,500
U.P. 4,000 6,500 6,500
West Bengal 2,000 12,000 2,000
Mysore 2,000 5,500 5,500
Rajasthan 1,500 3,000 3,000
Korala 2,0p0 =0T 4 000 3,000
Jammu and Kashmir ; 1,500
Himachal Pradesh 1,000
Total (States) : 60,500
Govt. of India : 20,000
Grand Total : 80,600 .
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The arroars of subscription from the members at the beginning
of the Congress year 195960 amounted to Rs 17,984 which were
due from 343 membors. Out of this, & sum of Rs 3,131 was realised
during 1959-60,

After adding the arrcars for 1939-60, the total arrcars on the
st October, 1969 stood at Rs 25,042 due from 328 members. Ffforts
are being made to realize as much arrears as possible.

7. AUDIT

At the Twenty-fourth Session at Bangalore, it was decided to
appoint M/fs. Walker, Chandiok & Co., Chartered Accountants and
Auditors, Delhi, to andit the accounts of the Congress for 105460,
The report was examined by the Executive Committeo on the 7ih
December, 1960. It was also placed before the Couneil at their 57th
meeting ou the 3rd Jannary. 1961.

8. PUBLICATIONS

There was markedly increased demand for the publications of
the Indian Roads Congress during the year under report.  Sale of
publications amounted to Rs 19,310 during the year ;iminut
Rs 18,299 realised on this account last year and Rs 10,231 tn tlll(‘
year prior to that. ’ ;

During the year, finalised Section IT of the Bridge (¢ .

H < . o J )(IC (l',( l
with ““ Loads and btrefsses” and Bonnd Volumes XX{iI and )&ﬁ;{;
were isswed. In addition, the Revised edition of Section I of the
B“d'gi %Od’em dealing with * General ¥eatures of Design®  was
reprinted. 1e following new standards were nri i N
year under report : printed during tho

{a) Reecommended Practi N i i
(a) Cosomm aded  Practice for Numbering Bridges and

(b) Type Designs for Highway Kilometre Stones.

In addition, the second and enlarged edition of the 3
“ Bridging India’s Rivers > was published.  This tplnb}li)oo-?tlv\iz)erf
contains an account of 50 bridges built during the 1st and le(ll‘I"ivo
Year Plans and is illustratod with o numnber of photographs and
being sold fairly fast. REaphs and s

_Copies of LR.G. publications continued to be supplied on
reciprocal Lasm.go several technical institutions in India, the United
States of Amerita, the United Kingdom, Australin éwitzer)-md
Germany, Japan, New Zealand, U.S.S.R., cte. Copies ,W(m; also (seuc’
to the offices of the. United Nations Organization” in the Flar East
Recently some more institutions have agrecd for the exchangg ‘01;
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their litoraturo with our Journals. A list of the periodicals which
are being received in the I.R.C. Library is given in Appendix.

The Transport-Communications Monthly Review :—The official
Journal of the Indian Roads Congress is published to keep our
leaders and public men informed regarding our cause and to keep
the road engineers informed regarding the latest in development,
research and technique of the science and practice of construction
and maintenance of roads. In addition to the original articles on
roads and bridges, abstructs from a great number of technical
Papers are also published in the Review.

The members of the Indian Roads Congress, subordinate
ngineering staft and Engineering students can obtain this publica-
tion at a concessional rate of Rs 8 per annum against the ordinary
rate of Rs 14 per annum. At present there are about 300 subscri-
bers for this publication. Vigorous action is being taken to get the
number of subscribers increased.

Complimentary copies of the Review are being issued to a big
number of Central and State Ministers and important public men in
addition to the Ingincering Colleges in India. Complimentary
copies of the issuc of February 1960 were also given to all members
of the Indian Roads Congress.

9. TECHINICAL ASSISTANCE

Enquiries from members as well as non-members on various
problems relating to Highway Engineering and allied subjects were

attended to.

10. LIBRARY

A large number of technical journals of institutions in India
and abroad were received in exchange for the Indian Roads
Congress publizations. 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
hooks from the libraries of the Congress, and the Consulting Engi-
neer (Road Development) by writing to the Secretary, Indian
Roads Congress. The rules regarding the loan of books are
published in Volume XXV—Part 1 of the Journal of the Congress.
Lists of additions to the two libraries are published every month
for the information of members in the Transport-Communica-
tions Monthly Review ” in addition to lists of se}ected literature,
classified according to subjects. Abstracts of more important books
and articles are also published. Members are requested to make

free use of the library.
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138 books wore issued on loan during the year under report,
This is a very small numbor considering thut the Sociaty has a
membership of uearly 2006, Members are requested to  make
greator use of these librarics,

11, MEDALS AND PRIZES

The Papers Committee after considering the Papers discussed
ot the Twenty-third Session for the award of * Mitchell Medn} ™
and the “IR.C Medal” Ud not veeommend any Paper for the
award of either modal,

As desired Dby the Council at their 5dih meeting held at
Hyderabad on 11th January, 1939, the Execntive Committes ab
their meeting held on the 20tk August, 1959 considered the practices
followed by various institutions in regard to the grant of more
than one meds} for a Paper jointly conteibuted by more than ong
Author and decided that if Paper with wore than ons Author i
awarded a medal, at least one medal and certificates for all the
Authors should be awarded. In orger 50 prepare certificates for
the “LR.C.” and « Mitchell ” Medals, vortificates issued by other
institutions were studied. Based on the information collected,
Qraft certificates for the “LR.C 7 gnd o Mitchell” Medals
approved by the Wxeeutive Committee ab thejr meeting held at New
Dethi on the 30th and 31 August 1960, were acorpted by the

Couneit at their 57th meeting held at Bhopal en the 3rd Jamary,
1461,

12. MEMBERSHIP OF SOCIETIES

1) The Indian Roads Congress is a member of the Indian
National Society of Seit Mechanies and Foundation
Engincering. Shri 8. R. Mohra is the reprosentative of
the Indian Roads Congress

{2) The Congress is a sustaining member of the Indian
Standards Institution and maintaing g cloge liaison with
the activities of the Institution through representatives
nominated 1o serve on their committoes dealing with
subjects which have a bearing on roads.

The present representatives

of the Congress on ¢ 8.1
Couuncils and Committees are : # " e IS

(iy Buildiag Division Councij -

Prineipal representasive —Shri K. ¥, Nambiar

Alternate > ~Shri V, Kandaswamy

Rerort oF tHE CouNCiL

o
&

(ii) Bridges Sectional Committee :
Principal representative —Shri 8. K. Ghosh
Alternate » —Shri R. K. Kochhar

{(iii} Cement Sectional Committee: Dr. Bh. Subbaraju

(iv) Bitumen & Tar Products Sectional Committee :
Principal representative —Shri Kartik Prasad
Alternate ” —shri C. . Swaminathan

(v) Drawings Sectional Committee:
—Shri H. P. Sinhs

{vi} Tar & Tar products Subcommittee :
Principal representative —Shri G. 8. Ganapathy
Alternate " —=8hri Balbir Singh

The other representatives of the Congress on the various
Committees of that institution are :

EDC: Terminology,) Shri J. M. Trehan (Prinecipal
Notations and Draw- £ representative)

ings Sectional Com- {Shri J. Subrahmanyam (Alter-
mittee J nate representative)

BDC: 7--Structural) Shri D, 8. Desai (Principal rep-

Steel Sectional Com- '> resentative}

mittee i Shri M. P. Nagarshoth {Alter-
J nate representative)

(8) Shri K. K. Nambiar continued to ropresent the Indian
Roads Congress on the Prestressed Concrete Group,

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

overnment of India have formed an “ Expert Panol
to a%‘l?eer c%ta to guide the indigenous development of Road Making
an§ Constructional Equipment. Shri K, K Nambiar continues to
represent the Indian Roads Congress on this Panel.

(6) Council and Committees of the Central Road
Research Institute.

The following represent the Indian Roads Congress :

Executive Council ~President, Indian Roads Congress (Princi-
val renresentative)
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Shri D. G. Bhagat—(Alternate representative)
Scientifie Advisory Committee—Shri Goverdhan L
Road Research Commiftee  —Shri J. M Trehan

al

13. TECHNICAL ACTIVITIES

Qut of 18 Technical {onmimittees
. L ad L tees and 10 8 i
Indlxm‘l’»O-‘uls ( JODGYess, only the following held ;:1{;23;?:?‘“00?‘ of the
period intervening 24th and 23th Sessions gt during the
{i) Bridges Subcommittee for Seetion ITT-—12¢h to 14th
" 5 September 1960
i 5 '
o , 0. ~—5dth and 6th December 1980
11l voad Transport Operation October N '
Cost Committee } cober lb}]g}il)h ovember

{ivy Toad Transport Develop- 3
ment, Committee P } Lith &ndmlggh August

(v)  Stabilized Soil Roads Committee—T7th April 1960

(vi) Traffic Engineering Committec—22nd to 24th Augnst 1960
"t &4 1 ! 8 OH
Gth & Tth Septr. 1960,

In order to increase standard an
Committees, it is very desirable that &mguir\lgtﬂgf}ﬂ‘m Technica)
meetings ag possible, in any case not less than two loﬁ(’l o phany
the per%o_d mi:erw?ning the Sessions should be held rr(l\e_e( e dunqg
the position relating to each Technical Commitbe - von below is

(1) Specifications and Standards Committee

The last meeting of the Commi

{ tittee was held at T
28th January and 18t Februar 96 i
2th Jan ruary, {960, The followin

angalore on the
g subjects were

(i) Design of Highway Kilometre Stones :

(ii) Recommended Practice for Location

Motor Fuel Filling-Cium-Service Statfonszmd Layout of

Type Design of kilometre st

ype : > stones was

at their a(»lf?h' meeting held at Banglore onmg}lx); C‘;ﬁl I}n{) s Jouneil
The standard has since been printed in Vo) X‘{Verary’ (0.

Journal and separate printed copj i (e of
pe printed copies are available fop sale - the

Draft Recommended Pracsi
: X LAt ' sabi
Road-side Motor TFuel Filling@u;_éﬁ;vﬁ?zﬁéon
clause 1_)y clmtsq and amended in light of S
before its submissiore to Executive Commi

v and Layout of

lz_ztlons' was discussed

wiseussion.  Howoyep
1

ttee and the Council
]
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e draft Recommended

Practice including these changes were circulated again to the
members of the Committee. The final draft revised in light of the
comments received has been considered by the Council at their 57th

meeting.

somo changes were considered necessary. Tl

The Recommended Practice for the Design and Layout of Cycle
Tracks revised in light of comments of Municipalities and various
technical institutions in India and abroad was circulated to the
mombers of the Committee and will be considered by them in the

next meeting.

As desired by the Committee, the space standards for urban
roads framed by the Town Planning Organization for Greater Delhi
were circulated to the Chief Engineers of States for their comments.
Comments received have been passed on to the Committee to
finalise standards for roads within urban areas.

The Committee agreed to proceed with the work of metricization
in matters concerning road design, etc., in consultation with the
Indian Standards Instistution and is likely to take up this subject

shortly.

The draft Recommended Practice for Borrow Pits for Highway
Embankments is expected to be finalized in the light of the com-
ments of members of the Committee and Council shortly.

A Subcommittee had been entrusted to go into the details of the
studies being made to find out the benefits of road communication in
under-developed regions. Their report is awaited.

The question of publication of the form for recording the test
values of stone metal and type designs for village or place name sign
is still under consideration.

The Council at their 50th mesting held on the 4th January, 1958,
congidered the recommendations of the Committee that the British
Standards on the definition of the nominal sizes for road aggregates
and tolerances as well as the method of determining the flakiness
index (B.S. 63: 1951) may be adopted. It was agreed by the
Council that the matter may be further reconsidered by the Com-
mittee in view of the difficulties that might have to be faced due to
the change over to the metric system. The matter is under consi-

deration of the Committee.
d-Rail Lovel Crossings revised in the light

ttoe had been forwarded to the Ministry of
(Roads Wing) for finalisation in

The Standards of Roa.
of comments of the Committee
Transport and Communications
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consultation with the Railway Board. The matter is still under
consideration with the Ministry of Transport and Communications,

The Council at their meeting held in August, 1959, discussed the
draft standard form for recording traffic census on non-urban roads.
Forms finalised in the light of comments of the Council have been
published in Volume XXV—Part 1 of the Journal,

In order to finalise a Policy on Roadside Advertisement, a draft
was circulated for comments to State P.W.Ds., various Munic’ipalities
and interested Organizations. A good number of comments were
received and are under consideration of the Committeo.

Draft Standards on (1) Road Layout, Land Widths, Building
Lines and Control Widths, (2) Road Profile Gradients (3) Road
Design Vehicles and Clearances, (4) Sight Distances and ,Set-Ba,cks
(6) Horizontal, Transition and Superelevation Curves, (6) Verticai
Curves and Shock-Free Curves at Highways and (7) Traffic
Rotaries were circulated to the members of the Committee for
comments. The comments received were tabulated itemwise and
passed on to the Committee for their cousideration and forming a
drafting Subcommittee to give the final shape to the standards.

T}}e following subjects arc under consideration of the
Committee :

(i) Design of road intersections at grade ;
(i) Specifications for water-bound macadam ;

(iit) Arboriculture ;

(iv) Standard section and profile of road on curves 3
(v) Concrete pavements ;

(vi) Bituminous pavements :

(vii) Earthwork for roadé ;

(viii) Base courses ; and

(ix) Specifications for $ in. thick light chipping éarpets,

The Committee decided to set u :
Standards and Codes of Practice. ’{‘)heavg:;&i?g;ﬁgge;{:
committee held & meeting during the Bangalore §
Arboriculture Subcommittee has not held any meeting so far. All
the State P.W.Ds. have been requested to send information .about

the arboriculture practices in their areas to enable the S ;
to make recommendations on the subject. ° Subeommittee

or drafting
cadam Sub-
ession. The
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(2) Bridges Committee

The Committee held meetings on the 28th January, 5th and 6th
December, 1960.

Revised edition of Section I of Standard Specifications and
Code of Practice for Road Bridges dealing with General Features of
Design has been reprinted. Section II dealing with ““ Loads and
Stresses ”” had already been printed. Draft of Section III dealing
with Reinforced Concrete prepared by the Drafting Subcommittee
has been discussed by the Committee on the 5th and 6th December,
1960. Tt is likely to be released as a Paper for discussion prior to
finalising it as a standard of the I.R.C.

Sections of the Bridge Code dealing with the following subjects
are under study :

(i) Prestressed and Composite Concrete Construction.

(ii) Steel Structures.

The draft criteria for Prestressed Concrete Bridges was circulated
to the members of the Subcommittee. Further action will be
taken on receipt of comments.

(3) Test Track Committee
The Committee held its meeting on the 28th January, 1960.

The lease of Calcutta Port Commissioners land on which the Test
Trak, Majherhat, was situated expired in March, 1959 and no further
extension could be arranged. It was, therefore, decided by the
Government of India to shift the Government Road Test Track to a
permanent site of its own at Pailan, 8 miles from Alipur on Diamond
Harbour Road near Calcutta so that uniterrupted research work
could be conducted and the Highway Engineers interested in experi-
mental research work may frequently visit the place and acquaint
themselves with the research activites, The detfails of traction
equipment, lighting of tracks, construction of sub-goil drain,
laying of monorails, etc., were worked out by the Committee at its
meeting at Bangalore. All the electrical and mechanical tools and
plant and the structural parts of the traction and lighting equipments
of the Test Track, Majherhat, have since been dismantled, and
removed to the new site at Pailan where construction of a new test
track has been started and is well advanced.

The proposal to build a diversion on Diamond Harbour Road
adjacant to the new test track was approved by the Test Track
Committee in their meeting at Hyderabad on 9-1-1959; it was
suggested to convert a section of the Diamond Harbour Road at
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qul{x}\ into a leldC(.l‘]ug_hway %0 that both carriagoways might bo
used for testing specifications. A luyout plan of the diversion as per

above proposal was approved by the Committoe at its mecting at
Bangulore.

Some data have been collected in connection with the behaviour
of the sand-soil-stabilized pavement and grafted sand-soil-cement
s:mblhzed pavement of some of the roads of Weét Bengal
These roads were constructed ag per specification similar to thzx‘rh ( f
the test track.  The reports were considered by the Committee a'u?d

passed on to the Rescarch Organisation Commi
: SIS ittece for
action. further

Tests on surface dressing laid on the Delhi-Mathur

! » - a road ne:
the (;entru} 1Roa,d Research Institute (Delhi) have been underlb’ stgf(?yr
for about 5; years. The report of these tests is likely to be dis-
cussed by the Committee shortly,

Road Research Bulletin No. 7 containing
. reports of tl
done :_Lt the Road 'I“est Track, Calcutta, fromol94(1) to 1958 hzxeq ‘1‘;01:1(
compiled and published. s

(4) Research Organisation Committee
The Committee held its meeting on the 28th Jannary, 1960,

At its meeting held on the 4th and 5th J
. ‘ 1d ¢ ) and 5th January, 1958 > Com-
}I{ntbeev Eonsndored the points arising out of the discgl.,%sior)l (,mﬂt},;o(/gxrgt
Joad Research Report presented at the Shilling Session of the

Congress in May, 1957. Asar o 3
was made Y, \s a result of this, the following progress

The Central Road Rescarch Insti
' he ¢ oar , stitute agreed to carr t
aneStlgiziblonS to see if some more reliable metiods than they ﬂooli:v
g::ne n%e 1odtc_oul<l be evolved for the measurement of consistency of
‘ ent-grout in grouted pavements. The Institute has reported that
they are unable to recommend a more reliable method

" On s}?ehrecommendation of the Researc
mittee, the Executive Committee, at thei i

1958, deci.ded that laboratory experimefliols‘; Iﬁge(?::gi:&l of;,}tl;etl%h, Ju'ly ’
the possibllity of wusing lean concrete mixes in ro;)demlmi:w
preferably leaner than those so far tried. The reports ofwlg,r E:i
Yesearch Laboratories which were requested to carry out experi Oat;C
are awaited, permonts

h Organisation Com-

As suggested by the Committee, the Central Road Research
Institute and other Road Research Laboratories were 1'equcs:’octd tc
carry out research on the possibilities of partial replacement ol
sand by soil in cements and mortars for masonry. U.P. and Punijal
Road Research Stations have alrecady carried out research in %(hf
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matter. West Bengal and Andhra Pradesh have agreed to carry
out experiments. The replies of other road research laborataries are
awaited.

The Central Road Research Institute was requested to draw
up a programme for carrying out laboratory and field experiments
on evaluation of stripping. It was also suggested that tests should
be carried out with various types of stone metal in use at present
on different regions. Their report is awaited.

The Government of India had been requested to recommend to
State Governments to establish, in the cases of big cities, traffic
engincering cells in the engineering set-ups of the concerned Munici-
palities or Corporations. 1In the case of other cities, it was
suggested that the problems relating to traffic engineering be
reforred to the State Chief Engineer for advice. The Offices of
Chief Engineers should be staffed with suitable specialists in this
line. The Roads Wing have invited the views of Chief Engineers
on the subject prior to addressing the State Governments in the

matter.

At the meetings held on the 11th August, 1958, and 6th January,
1959, the Committee discussed the points arising out of tho discus-
sion on the Second Annual Report on Road Research in India. As
a result, the following progress was made :

The Central Road Research lnstitute had been requested to
carry out research to establish a co-relation between the compressive
strength and abrasive resistance of cement concrete. The report is
awaited.

In order to make a comparative study of the behaviour of
flexible overlays on rigid pavements, each State P.W.D. had been
requested to experiment with different thicknesses of overlays,
designed to suit the subgrade conditions. Suitable control sections
were also to be laid for drawing comparative conditions. The
reports of State P.W.Ds. are awaited. Literature on this subject
issued by Concrete Association of India has been passed on to CRRI.

It was agreed that even though the special type of bitumen
used for bituminous pavements for tracked vehicles in U.K. was
not available in India, locally available bitumens might be tried by
the military authorities who generally use tracked vehicles. They
promised to carry out the experiments. The report is awaited.

The Central Road Research Institute and the Madras Road
Research Station had agreed to conduct research on temperature
stresses in rigid pavements. Methods for strengthening concrete
pavements and their resistance to abrasion are already under
investigation at the Central Road Research Institute.

7
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As recommended by the Committee, the State : e
La.bomtorxe.? were requested to conduct ’exporimentsf{iof L;}ojjlcl:l((u(t)}\l
the usc of alr-entrained concrete in road constriction on the sa’unv
léa;{lsl{us exper;meuts on this subject were heing conducted by th(;
B'ullét;i‘rIl'N(f\ (.1 a.pir ((l)n .thxs subject }s pul.)lishe(l in Road Research

poin No. . As decided by the ({o.mmlttco at thoir meeting held
on 2! ! G0, Bhakra Dam authoritios were requested to suppl
spemﬁcgmblons together with a report on the use of AEA Hillrlilld’}Z
as an alr-entraining agent. This matter is being followed. '

In order to investigate the cconomic ay rect of using silicones
an anti-frothing agent, the Road Rcsezfrch La.boitories wo?':
requested to carry out experiments with lime, adhevia-T and silicones
to assess their comparative merits as well as comparative economy
As silicones are not produced in India and are fairly expensive the
Committee decided that tle possibilities of manufacturing’ the
same in India should be investigated, if the material nroved
useful. In th(') meantime, the Road Research Labomborierls were
requested to intimate the C.R.R.T. their requirements of this

material for research purposes so th: i T
could be taken up. pHp b the question of its import

At t}le meeting of the Specifications and
hpld at Nagpur in January, 1956, it wag
sing the development of heat-resisting
ly:ril{;ol]; ntl;lifoilr;tr(;gggﬁ(:n of jet-grop}e:lled aeroplancs, the maintenance of

1% grounds had become difficul

Consequently, the (;.on‘n.mttee decided that the Resoal:et};L 8:‘1 ({mlco%:? 2
(I;}qutxtxmlttee §§10u1§it;n1t1imte research on this problem Tghis Sgolrcl)ln
1ttee considered the proposal at their meeting held j i

b ) 33, eld in D
19o§ and as per their decision, speciﬁcationsg obtained fer(c))?;nbt(i:‘,
(\:‘amous manufacturers of tar and bitumen were passed on to ¢} o
e:}tral Road Resea:rch I_nstitute, for processing and evolving specifli(f
(1;]? mnfs tfor adoption in India. The repiies received from the
R.a,nu a(}: urers, and comments thoreon by the Director, Central Road
t :Isiee‘uc ! lInsitltut;e, were considered by the Committee on the 28th
autllll(;lg{i’e %O(i at ]‘Sangulore. As decided by them, the Army
pathoritic rso;n e(:;(})lsolcl;.i}(j‘R;‘ tha,}re been requested to collect infor-
¢ point of view on rigid as ¢ Kible
pavements for the consideration of the (J‘omm!lgtlteedS well us flexiblo

I Standards Committeo
s pointed out, while discus-
bituminous pavements, that

The points arisin
Report for 1958-59 were disc

; ussed by the Committee in thei
meeting held on the 28th Januar 1tee In thelr
progress has heen made : anuary, 1960 As u result, the following

The Committce suggested the setti

Th 06 s » setting-up of a Research I -
mentation Committee. The Kxecutive Committee accepte(;n I’;l}?a
suggestion and recommended the necessary personnel of this Com-

L0} 1scusyt : ‘
6 out of discussions on the Road Research
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mittee for the consideration of the Council at their 57th meeting at
Bangalore. This Committee would select the experiments to ‘be
carried out by States and express opinion about success or otherwise
of the experiments.

During the period under report, the Government of India inti-
mated the following decisions :

(i) cach State may be requested to devote 1 per cent of its
provision for road development in the Third Five-Year
Plan for schemes of experimental specifications and

new techniques ;

(i) a sum of Rs 75 lakhs be set apart as a sort of ¢ Risk
Fund’ in the Central sector of the road programme
in the Third Plan for covering risk of losses or extra
expenditure on approved experimental works ; and

(iii) a Central Assessment Committee be formed under the
aegis of the I.R.C.

The Planning Commission have already started explaining to
the State Governments’ representatives during the course of discus-
sions of their Third Five-Year Plans that it has been decided to set
apart 1 per cont of their allocation under the Third Plans for the
research schemes which might bo selected for oxecution.

Out of Rs 75 lakhs mentioned in para 1 (ii) above a sum
of Rs 33 lakhs is intended for the purchase of machinery which
will be placed under the control of the C.R.R.L., who will distribute
and direct the machinery from time to time to places where experi-
mental trials are to be conducted. The hire charges involved will
be debitable to the estimate of construction of the road concerned
with suitable adjustment for travel time and haulage charges. The
balance of Rs 42 lakhs will be retained by the Ministry of
Transport and Communications (Departments of Transport), Roads
Wing, to encourage field trials in road construction with the help
of the Central Assessment Committee.

The Central Assessment Committee will include as permanent
members, the Consulting Engineer (Road Development), the Director,
C.R.R.I., some Directors of State Road Research Laboratories and
Chief Engineers from Highway Departments of a few States.
Representatives of bitumen and concrete industries or any other
suitable person may also be included. :

While examining the road projects of a particular State and
while recommending suitable new techniques for replacing conven-
tional ones, the Committee shall co-opt the Chief Engineer and the
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head of the Road Rescarch Institute, if any, of that State if thoy
are not already in the Committec. )

To avoid delays, the estimates and reports will preferably be
prepared in the Central Road Research Lnstitute in consultation with
the Chief Lngincers concerned.  The Central Roud Rescarch Insti-
tute may also process various proposals and prepave technical notes
for the use of the Committee. ( '

The Central Assessment Committee will examine the road
projects of cach State and determine the site, length, ete., of roads
wherein normal methods of construction cun bhe ruplaéc(l by a
suitable new technique evolved by Road Rescarch Laboratorics in
the country. For cach State, the Committec will recommend such
replacement to the extent of 1 per cent of the State’s allocation for
road development schemes. In selecting new techniques, as far as
possible, the Committee will confine itself to those Wilicil (ln-m;rg-
reasonable chanches of competing with existing methods of conqtr'uc v
tion as regards cost in the particular arca. i ) )

In the event of any loss occurring as a result of failure of
the road constructed according to the new technique, or in case the
total cost of construction according to the new tecl’mique ;“.wvvdl
that of the conventional method, the Ministry of Trmxspo;'t ('/L‘ll(j.

” N :
Communications will make good the loss or extra expenditure, ag the
case may be, from the  Risk Fund >, ,

The Committee referred to above is beine !
as already indicated above. " being formed by the TR.C.

The Committee agreed that it is desirable i
to prescribe ste y
and tests to assess the suitability of surkhi for upse in ltlfesg ot

i 0 -
tion of road pavements. nstrue

The Committee agreed that rescarch stations could tak
!ndependent_i study any research problems on which resea,rcill 1(1}1;;2?1582
In progress in any other research laboratory in the country. The Com-
mittee also accepted, in principle, the suggestion that its meetings
should be held, in turn, at different State Research Stations, ¥

The points arising out of the discussior
) s ari ; scussion on the last Ro:
Research Report discussed at Bangalore in January, 1960 willolt)(ln
considered hy the Committee at Blopal, v ’ ©

As desired by the Committee, the Chief Knginee State
P.W.Ds. were requested to send annual reports of théjir rogil ?(fzsi::(t](t
stations to the Sccrctary, Indian Roads Congress, as carly as
possible after the close of the yeur ending on 31st March 1960 Tllle
annual reports were studicd and a general report has been pnl;lished

1 ‘7 7___ j& M 1
ghop‘;lll_lme XXV—Part 3 of the IL.R.C. Journal for discussion at
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(5) Soil Research Committee
The Committee held a mecting on the 1st February, 1960.

It had been decided that as soon as specifications for stabilizing
black cotton soil were ready, the Chicf Bngineers of States should be
requested to lay experimentalstretches of sufficient length to those
specifications. The specifications arc awaited from the Central Road
Research Institute.

The Central Road Research Institute and the Hyderabad
Engineering Research Station had been requested to conduct
experiments to find out the most suitable particle size, to which
black cotton soil clods should be reduced for effective stabilization
with coment. The Committee, however, felt that as stabilization
with lime appeared to hold out better promise, the degree of
pulverisation for stabilization with lime should be investigated first
and for stabilization with cement later on,

At the last meeting of the Committee at Bangalore, it was
explained that the C.R.R.I. were preparing detailed specifications for
the stabilization of black cotton soil with lime. These specifica-
tions, when received, will be placed before the Committee. The
question of trying them on sizable lengths of road in black cotton
soil arcas would also be taken up.

The Committee at their mecting held on the 0th January, 1959,
decided that the degree of pulverisation suggested by the Central
Road Research Institute (hetween 60 and 100} should be given a
trial by the various road research laboratories for working out the
binder content in relation to the required strength. Modification
to the procedure could be suggested on the basis of the experience
gained. Accordingly, the road research laboratories were requested
to carry out research and to send their reports. The reports are
awaited.

Ag decided by the Committee, the Chief Engineers of States
were requested to try soil-cement blocks wherever possible as a
material of construction for protection work on rivers where velocity
of flow was not very high. The comments received were considered
by the Committee at their last meeting held at Bangalore. As
decided, the Chief Engineer (Highways), Andhra Pradesh, was
requested to supply the analysis of the cost of soil-cement blocks.
This information has since been received and passed on to the Com-
mittee for the information of its members.

The Excoutive Committee at their meeting held on the 14th July
1958, considered the views of the Committee that for a comparative
study and for finding out economic possibilities of a particular type
of machinery, the use of all types of machinery on a work was
necessary and agreed that the Central Road Research Institute
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should be requested to carry out such tests and propare a report as
early as possible. The Central Road Research Institute wero
addressed accordingly, Their reply is awaited.

The Committee decided that the clagsification of black cotton
soils suggested in Road Research Note No. ¢ should be accepted
tentatively and that the various road research laboratories should
be requested to test this classification in the field and report practi-
cal difficulties and suggest modifications, if necessary. Inparticular,
Bombay, Hyderabad and Madras should take up the investigation
and correlate black cotton soils with the new sub-groups.  The
Madras Highways Research Station has suggested some modifica-
tions which were civeulated to other research laboratorics for
comments.

As desired by the Committee at their meeting held on the 9th
January, 1959, the State P, W.Ds. were requested to try the suggested
subdivision mentionad in Road Research Note No. 6, check its
validity by actual field observations and submit reports. A map
showi]ng ;}lassiﬁcabion ;)f black cotton soils reccived from (.R.1.I.
wag also forwarded to them. The matter is bein rsued with t
it mg pursued with the

As decided by the Committee ab their meeting hel S
February, 1960, the State Road Rescarch Lubomt%riesdIimnvzh%elcsrf
requested to send to IL.R.C. samples of specific cases (accompanied
by actual data) where the Indian Standard for Classification and
Identification of Soils for General Engineering Purposes is found

wanting as compared to other systems already followed by the
laboratories.

- The CR.R.L have been requested to draft detailed specifica-
tions for the compaction of subgrade and sub-base for water-bound
macadam roads and stabilized-soil sub-base and base courses for
consideration by the Comamittee, ‘

A copy of the report of the Panel Discussion on on i
Roads in waterlogged areas held at Hyderabad in ?Ianslf;lrl;tl?gfi?)f
has been forwa.rded to the Soil Research Committee for drafting the
necessary specifications for road construction in waterlogged greas
having soils richly impregnated with sulphates and other injurious

salts. The C.R.R.I. have since taker t i
Teath spoetiontins. aken up the work of preparing

The Central Road Research Institute h 3 s
finalise the specifications for stabilized soil—bas(ilev 20151?;25 ;i((llu?: oo
courses for areas having moderate rainfall and for areas havin
rglmfall for circulation to members of tho Committee.
tions and practices for stabilized soil-basc courseg

earing
g heavy
The specifica-
and wearing
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courses reccived from various State W.Ds. had already been
passed on to them., The specifications are awaited.

The Committee had also decided that the State Governments
should he requested to exploit the local materials (soil and soft
aggregates) to the greatest extent possible and the Central and State
Governments should carmark a certain percentage of their highway
budgets for constructing roads using such local materials. The
KExecutive Committee at their mecting held on the 30th November,
1957, decided that suitable specifications for the use of cheap mate-
rials for road construction should be prepared before recommen-
dations of the Committoe are circulated to the authorities. These
specifications are awaited from the Committee.

As decided by the Committee at its meeting held at Bangalore,
the detailed apecification of the clay-sand mixture to replace double
brick soling in the base of road pavements, as practised in West
Bengal, was obtained by the 1.R.C. and sent to the Committee,

(6) Education Committee
The Committee held its meeting on the 28th January, 1960.

The Ministry of Education had intimated that the All-India
Board of Technical Studies in Engineering and Metallurgy had
noted the vicws of the Indian Roads Congress about the introduction
in the B.E. Course of the Kducation Committee’s syllabus for
Highway Engineering of 60 hours’ duration and suggested that
the Syllabus Committee for framing the detailed model courses for
the national diploma in Civil Engineering on the Five-Year Inte-
grated Pattern (which would be circulated to all the universities)
should keep the suggestions of the Congress in view. The Board,
however, expressed the view that the time set apart in the various
Universities for subject of Highway Engineering is adequate and no
special request need be made to the Universities at the stage, for
a uniform provision of 60 hours throughout the course. The views
of the Indian Roads Congress regarding the standard syllabus for
Highway Engineering will, however, be brought to the notice of
its Syllabus Committee at the next meeting which has not been
held so far.

A syllabus in Highway Engineering for inclusion in the
diploma courses for overseers and supervisors for forwarding to the
All-India Council for Technical Education is being finalised.

The syllabii for Post-Graduate courses in Highway Engineering
of Indian universities was under examination along with the syllabii
of Post-Graduate courses in Highway Engineering in foreign coun-
tries. The Committee at their last meeting decided that a general
outline of syllabus should be prepared to form a basis for preparation
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of detailed §y]l&bllﬂ' by different universities, according to tho
facilities available without curtailing the minimum coverage requi-

red. A genoral outline of syllabus is likely to be dj {
next mecting of the Committee. Y ¢ dictssed at the

The views of the Education Committee on the instituti
Refresher Courses for Highway Engineering att Exlil:rl::ggite:g r‘;rﬁ{
Co]lege_s, were accepted by the Executive Committee. The Educ;:,éion
Committec was requested to finalise the syllabus for refresher courses
Thg Exqcutive Committee also decided that in order to cover varim;s.t
regions in the country, in addition to Guindy, Chandigarh, Kharag-
pur and Roorkee Enginecring Colleges, the V..J. Technical ’Institut%r
I?omba.y, the College of Engincering, Poona, and the ]‘]nftinccrin)"
College at f}nantapur {Andhra) should also be approached fo con(luoi
Refresher Courses for the Highway Engincers. These lagt three imti-
tutions were requested to supply details of the syHabus for Refreqimr
Courses in case they had conducted or intended to conduct ;u(-}
;:ourses. Tilm sy}flszbii received from these institutions voll as

rom a number of foreign technical institutions ¢

the Committee for further action. Tho Uommitt:;e;?; &?ﬂegoﬁ?ﬁ?
held at Bangalore n January, 1960, decided that the qylllabut
approved by them in June, 1955, should be taken ag ﬁnz;,l Th;‘
matter was placed before the Executive Committee at their n'metim.;

held in August, 1960 and. as decided b
L August, 1960 and, as decid them t a ; ]
been circulated to members of the Coun);il.lmm the draft ayllabus hus

as well as

It was understood at the last mecti i
0d af cting of the Committee that the
8.R.1V’U.I. were considering the question of organising o ]’uofrcsh(l;‘
ourse at the C.P.,.B.I. under the auspices of KCAFR They havo
been requested to intimate the progress made. ' Y

(7) Provincialisation of Local Bodj
; odije i i
Services Committee les  Engineering

The Committee held a meeting on the 3]st January, 1960,

The minutes of this meeting were consj i
Comml.ttee at their meeting helc% on the 30&??2?%? s); ?\? E;Itecilg;“(r)e
As deC{ded by them, the resolution of the Committee gsu : t') ’
that Highways Departments should also look after buildin gges ltng
supply and to a small degree irrigation works, was referreg l’)a.vgf; Er
the Committee for reconsideration as it was felt that if Highwa :
Departments were entrusted with all sorts of work they migﬁt
not be able to devote as much time and attention to the roads as
was necessary. ‘

Further, as decided by the Executive Committee
s v, b > y all gti\;tc.
have been requested to intimate the progress about the provir’lcialii
sation of the engincering services of local bodies,
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(8) Manufacture of Road Making Machinery and
Mechanisation Committee

The Committee held a meeting on the 31st January 1960.

The minutes of the meeting were considered by the Executive
Committee at their meeting held in August, 1960. As decided by
them, it has been recommended to the Government of India that for
ensuring proper quality of work and quick road construction,
mechanised methods should be adopted in road construction and for
this purpose, necessary machinery should be manufactured in India
as ecarly as possible. Such items of machinery as could not be
manufacturod in India at present, should be imported from abroad
and for which necessary exchange be released.

The Committee had agreoed that the manufacture of motor
graders, bituminous mixers and bitumen distributors should be
taken up in India and decided the size and type of the machines
considered suitable for manufacture in this country. The forecast
of the requirements of these items received so far from the States
wags considered by the Committee and it was decided that further
action would be taken after all the States have supplied information.

At the instance of the Technical Subcommittee of the Road
Making and Constructional Equipment Machinery Panel set up
under the auspices of the Ministry of Commerce and Industry
(Development Wing), information about likely total requirements of
the various items of road making machinery during the 3rd and 4th
Plan periods has been called for from State P.W.Ds. in order to
consider the question of the manufacture in India of various items
of road making machinery. Most of the State P.W.Ds. have
furnished information. As soon as the remaining State P.W.Ds.
have furnished the information, it will be passed on to the Govern-
ment of India.

The compilation of a list of the machinery manufacturers,
suppliers and dealers in different parts of India along with their
addresses and the types of machinery handled by them has besn
prepared and will be published in the Journal shortly.

(9) Road Transport Operation Cost Committee

The Road Transport Operation Cost Committee which was
appointed at the instance of the Government of India to study (i) the
cost of operation of motor vehicles on different classes of roads, and
(ii) the economy resulting from road improvements, at its meeting
held at Bangalore on the 28th January, 1960, considered the revised
interim analysis of the cost of operation.
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(10) Cement Concrete Road Surfacing Committee

The Committee held jts meetin

their recommendations. gm Januury, 1960 and submitted

The Executive Committee i i

: at their meeting held j

examined the recommendationg regarding t}gle esld1 in _August, 1960,
nesses of concrete roads § it election of thick-

mittee and as decided by them, the Commit prepared by the Com-
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(11) Road Transport Development Committee

The Committee held its meetings on the 1ut February, 17th and
18th Auguss, 1960.

The Committee felt that on account of meagre foreign exchange
allotted so far, the target of the production of 40,000 commercial
vohicles by 1960-61 intimated by the Planning Commission is not
likely to be achieved and the actual production will be much less.
The Committee recommended that steps should be taken imme-
diately to step up the production of automobiles and that in the
Third Five-Year Plan, provision should be made not only to incroase
the tempo of production of automobiles to meet the increasing
demand of traffic but also to cover the back-lag of the
Second Five-Year Plan. The foreign exchange required for this
purpose should be released on top priority basis in the interests of
overall development of the country’s economy.

'The Committee at its last meeting in August, 1960 also expressed
the view that during the Second Five-Year Plan, the production of
automobiles had not been properly phased. It is necessary that
phased production of vehicles is arranged in the Third Five-Year
Plan.

The Committee reccommended that in order to carry goods by
road economically and to utilise roads to the extent of their load-
bearing capacities, all National Highways and 50 per cent of State
Highways in the country, except hill roads, should be upgraded by
1965-66 in respect of foundation, surfacing and bridges to carry
vehicles of 27,000 1b of laden weight on two axles. As a result of
this, truck-trailer combination upto an axle-load of 18,000 lb and
other modernised heavy vehicles would be able to ply on these roads
without difficulty. In this connection, the Committee endorsed the
recommendation of the Road and Inland Water Transport Advisory
Committee to permit articulated vehicles and truck-trailer
combination.

The Committee agreed that the present bridges and culverts on
many of these'routes had to be improved and in order to find out

- which of these should be improved, static load tests were necessary.

They, however, clarified that wherever the Chief Engineer of a State
was satisfied about the strength of a bridge on the basis of design
data, it need not be tested. Further, whenever it was felt that
static load test might hold up traffic for a considerable time, it was
suggested that heavy army vehicles should be employed to test the
strength of bridges.

In this connection, the Committee recommended to the Govt.
of India that if State Governments specified which particular bridges
on fairly long stretches of National Highways required reconstruc-
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tion to permit heavy traffic, they should give priority to that work
And if a bridge collapsed while conducting the static load test 01;
bridges on National Highways, the Govt. of India should bear the
cost. The States should, however, make arrangements for t(em 0-
rary bridges, like a Bailey or Hamilton bridge for use in the ogqe
of emergency. o

The reaction of State Govts. to the recommendation relatin
to the use of heavier vehicles and truck-trailer combina,tion( a.ng
strengthening (or reconstructing) of highways to make them fit for
heavy modern vehicles has been encouraging.  The Govts. of Bihar
Bombay and Madras have sent specific proposals for strongthenin(:
some of their bridges so that truck-trailer combination m:L;r I\E
allowed on some of the National Highways passing through ‘their
respective States. As regards National Highwayh route nb(\tw .
Amritsar and Agra, the Govts. of U.P, and Punjal are tzmklin A’no s,
sary steps for allowing truck-trailer combination to use the Ig'Ioutﬁ0 o

In regard to the decision of Chief Engineers Iast ye
at least two National Highways for weak bridges the Committ
expressed the view that instead of various :%ateq ;urv " oer
different National Highways, the Consulting Engincer dh.md ;‘)V ing
lopment) should sclect the two National }{igflw{mys on Wil' I ffbvf:i_
SUrVOys s]101_11d be carried out, the programme 13eing - mlc L slt(, i
that the entire length of two particular National Highwml . arrangec
yed at a time by the States covered by that highway TK :f surve-
India have been addressed in the matter, ' © tovs. of

ar to survey

In order to encourage the development of rog
Committee suggested that State Govt.q[. and/or Mi?r?gltpra?ag:rf}’x t}llg
provide shelters, booking facilities, terminal stations and m‘r‘lifo)'lml
arrangements and levy an appropriate charge on transport o cerfmt‘or*y
to recover the cost over a period of years. The operators I1)11 L’cu}S
should group themselves into viable units to utilise these f;wilities B

Thqb({orflrgittee recommended that un
permissible laden weight of motor vehicleg i i

Sm.te routes. It was suggested that where Yxiies:?f;l tl?c])adoqn ilnte]ri
be improved but it was essential that the laden Weié}{t limit g1 oul
be 27,000 1b on two axle truck, with axle load not tl S should
18,000 Ib on all National and State Highways and 19 080 e;;)ceed
two axle truck on all Major District Roads. ’ on

iformity on the limit of

The Committee at its last meeting in Augu
due to shortage of transport capacity g:md forcgigflt’et{i?\%nzzte;}asgl’at
tion, the Govt. of India had already recommended that recist “ci
laden weight of 25 per cent above the certified gross vehiclog»‘v ?‘:?1((;
could be justified in case of vehicles manufactured fr(;m ell(%’if}

onwards. The major district roads were already required to carry

REPORT oF THE COUNCIL 523

spch heavy vehicles. In order, therefore, to facilitate full utilisa-
tion of national investment both in roads and road transport, the
Committee recommended that the laden weight limits on major
district roads as decided at Bangalore Session in February, 1960, be
raised from 19,000 Ib (on 2 axles) to 22,500 1b.

The Committee discussed the question of negotiating with the
Govt, of India to increase allocation for roads, and road transport
in the Third Five-Year Plan. It was emphasised that allocation
of Rs 250 crores for roads in the Third Ifive-Year Plan was not at
all sufficient and, therefore, the Govt. of India should be requested
to reconsider the matter with a view to increase the allocation. The
Committee will consider the matter further in detail.

The Government of India have, however, been once addressed
in the matter as per decision of the Executive Committee meeting
held in August, 1960, arising out of the consideration of the points
brought out in the Presidential Address at the 24th Session.

Keeping in view the limited resources made available for road
development, the Committee decided that the following priorities
may be kept in view for road works in the Third Five-Year Plan.

National Highways :

(1) Construction of missing bridges, major and minor, ahd
missing links.

(2) Strengthening of the structures and improvement of
geometrics of roads where the traflic intensity so
necessitates.

State Highways:

The same order of priority for State Highways (depending on the
availability of funds, improvements and upgrading of road surface).

These recommendations have been forwarded to the Government
of India for necessary action.

The Exccutive Committee at their meeting held in August, 1960,
considered the recommendations about the popularising of I.R.C. cart
wheel and as decided by them, the Government of India were
requested to concentrate their efforts in the first instance in Gujerat
State only. It was suggested that maximum facilities by the autho-
rities should be provided for adoption of the I.R.C. cart wheel. It
would be desirable if the State Government would kindly manu-
f‘dfc’cure the wheels themselves for supply to villagers. If there was any
dlﬁe;rence in the cost of the present and the L.R.C. design wheel ,the
Indian Roads Congress would appreciate if the Government of India
kindly agree to pay the difference in cost.
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The Government of India in their 1 ve intim
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suggest steps which might be taken for introduction of this type of
road construction in various parts of the country.

The Committee had expressed the view that the technique of
stabilized-soil road construction adopted in the Punjab had been a
success and the same specification could be adopted in other States
also, under similar conditions and circumstances. The Director,
Central Road Research Institute, was to draft a detailed resolution
on the subject to be passed by the Council. This is awaited,

~ The Committee held & meeting on the 7th April, 1960 and
inspected the stabilized-soil roads built in the south.

The findings of the Highway Research Station, Madras, have
been referred to the Soil Research Committee and to road research
laboratories in the country for investigation.

As regards the construction of stabilized-soil roads, the Roads
Wing has been requested to approach the Chief Engineers con-
cerned to expediate submission of proposals in regared to the offer
made by the Government of India to meet 50 per cent of the cost
of 30-mile experimental lengths to be built according to Mehra’s
method.

The Committee noted that the specification for stabilized-soil
roads to be adopted in areas having an annual rainfall of more than
60 in. are still under preparation with the C.R.R.L On receipt,
these will be circulated to members.

(13) Community Projects Road Maintenance Committee

As the mileage of roads constructed under the community
Project and National Extension Service Schemes forms a consider-
able percentage of the total mileage of roads in the country, it was
folt that there was need for a satisfactory arrangement for main-
taining these roads.

The Committee studied the practices prevailing in connection
with the construction of these roads as well as their upkeep which
vary from place to place. At its meeting held on the 6th January,
1959, the Committee had finalised the Recommended Practice for .
the Maintenance of Roads constructed under Community Project
Administration and National Extension Block Services”. The
Recommended Practice which was forwarded to the Government of
India, Ministry of Transport and Communications, Roads Wing, was ..
sent by them to the Ministry of Community Development and State
Governments for adhering to the standards laid therein. Till
November, 1960, the States of Kerala, Assam, Andhra Pradesh and
Mysore had communicated their acceptance of these recommenda-
tions. No replies had been received from other States, .
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(14) Traffic Engineering Committee

The Committee held meetings on the 28th January, 225d to
24th August and G6th and 7Tth September, 1960, -

\ . . .
'Lhc; questionnaire on ¢ Parking and Loading Vehicles ® finalised
by the Committee, was circulated for comments to Corporations and
major Munieipalities. porations an
The Committee  considered  road-signs,  The concensus - of
opinion was that there was room for improving the ro-u,l/-n;‘i(q.]- it
vogue, 1t was, therefore, decided that the n(%wh set ()f‘r‘n-vul‘t%;r:ﬁ:
along with a detailed explanatory note should be forwzu‘dc‘(.l t;> 2]1;'
Government of India, Ministry of Transport and (Jommuni(w‘Lfith‘
Reads Wing, for further necessary action, The question iy zz‘l«; bei "
dealt with by the ECAFE in conncetion  with hitvn‘ut' ’ ng,l
Asiatic Highway and will be finalised aftor delil)om\'io‘-w}md
decisions of the couferences on this matter, ' o

At its 55th meeting held at Bangalore on the 28th January, 1960
the Uouncil_ decided that as introduction of additional 1"0'3](1-si(r)11;
and amending existing road-signs will involve zunendmcntg(of ‘“h\/"
Act, fully dimensioned sketches of traffic slgns as given in tl'xe Ix;(li‘ 1'
Motor Vehicles Aet and as amplified by the f:mte Indian St ..(‘;‘
Department should be published in the Tnformation Sovéion‘ofotlbs
LR.C. Journal, The modified signg adopting the mc{,fm s ‘t,\m
have been publised i Vol. XXV-—Part 3 of the Journal of {la
Indian Roads Congress, ' sournal of the

The Committee at its meeting held in Anoust
1969, discussed nomenclature for Traffic Eneine
adopted some definitions. The discussion
continued at subsequent meetings.

. and September,
ngmeering Terms  and
of thix subject will he

{A ‘note on ** Regulation of Mixed Traffic in Towns > prepared
by Shri M. Mecran was discussed by the Committee at its me ’t'[ o i
August, 1958 and as a result of the discussion, it was :urrlr(rc i_ll‘,% io
thc.Author to incorporate in the note the .’steps u(suLllvontUlm .
India and abroad to deal with the problem of ﬁxi\:etlt tr ﬂL S nd
specific recommendations should he made in the n;atvtcl"la 11[L > and
also requested to keep in view the suggession of ’ohe' D L:”S
Comunittee that location and design of traffic regulation ¢ JEH\-‘LL“ cos
at junctions such as traflic islands, should also bé %tll(l{(ftll ll\;\iulQGS
request of Shri Meeran,  the Highway Rcscm‘ch St‘l‘ﬁ'l(())(l‘ M tl't‘lm
prepared another note incorl_)omting the fresh ])éi;lté Il;ml t(‘,L’( ned
above. Both notes were civculated to the members of tl;c C o }{mod
for comments.  The Committee is now busy with the pre )‘0‘§§T}llttett
rules, regulations, and specilications for 1-égul:»tion (;fpm‘iI;cl(lll‘ tlloblf\h((),f

Draft specifications for road marki i
, . ugs were circul;
members of the Committee for commen‘cs.g These wolrlecLllalutltt:(r}ddits0
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cussed at the meeting of the Committee in August, 1960. The draft
specifications are being revised in the light of discussion that took
place at that meeting.

The Committee at its meeting in August, 1960, expressed
the view that at the present stage of development of the country only
fixed time signals were needed at road crossings and that the
standard on traffic signals should be drafted on the basis of this
consideration. Shri C. L. N. Iyengar agreed to prepare the draft.

At the same meeting, the Committee discussed the subjects of
Street and Highway Lighting and Draft Indian Standard Code of
Practice for Design of Street Lighting Installations. The Committee
expressed the view that the standardisation of road matters was
appropriately the function of the I. R. C. and the Indian Standards
Institution should have left this subject for the LR.C. to deal with.
However, they made some comments. Detailed comments on the
draft I.8.1. standard invited from members of the Committee have
been passed on to the I.8.1.

(15) Prevention of Ribbon Development Committee
The Committee held a meeting on the 28th January, 1960.

The Committee suggested that the idea or principle of Group
Development should be brought to the notice of all concerned in the
development of roads as that would be the best way of controlling
access to roads. '

The Committee desired that the Government of India, Ministry
of Transport and Communications, should be requested to obtain
legal opinion on the question of issuing administrative orders to
freeze the land where ribbon development is likely to affect con-
struction of roads. )

The Committee expressed the view that in view of the recent
trend towards urbanisation, the problem of ribbon development
alongside roads in the country has assumed great and urgent impor-
tance. They, thereforse, felt that immediate attention should be paid
to the question of proper and planned development of roads to cater
to the growing traffic and to prevent traffic hazards. e

The Committee made the following further recommendations
(a) Suitable propaganda measures should be taken thraugh
poster publicity, press articles, documentary filras, ete.
fooussing the attention of the public to the question
of ribbon development and its consequences.

(b) Special mobile Magistrates should be appointed to try

T
H
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nical equipment for road works, have been made to the Govern-
ment of India.

(3) FORMATION OF A ROAD BOARD

The formation of a Road Board at the Centre has been recom-
mended $0 the Government of India from time to time by the Indian-
Roads Congress and also by the Chief Engineers at their Conference
held at Nagpur in December, 1943. :

This proposal again came up before the Council at their 56th
meeting held at Bangalore on the ond February, 1960 when they
appointed a Special Committeo to examine the question of
establishment of a Road Board at the Centre and make suitable
recommendations for its composition and functions.

The Committee at its meeting held on the 19th August, 1960,
discussed the matter in detail and came to the conclusion that the
establishment of a Road Board at the Centre was an urgent
necessity and its formation should not be delayed any longer. The
Committes also made recommendations about the composition and
functions of the proposed Road Board.

The Executive Committee at their meecting held on the Tth
December, 1960, and the Council at their meeting held on the 3rd
January, 1961, considered the recommendations of the Special
Committee and agreed with their views that & Road Board at the
Centre is essential and its constitution should not be delayed. The
recommendations will be forwarded to the Government of India

shortly.

(49 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 digcussion and written
replies were studied by the Central Road Research Institute and
they have sent tentative specifications for single coat bituminous
qurface treatment. The specification was circulated to various
binder interests whose comments have been passed on to CRR.IL
for reconsideration of the draft specification. The revised draft

specifications are awaited.
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Appendix

LIST OF JOURNALS RECEIVED ON
EXCHANGE BASIS

African Roads & Transport.
American Highways.

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

Automobile News.

Better Roads.

British Constructional Engineer.

British Road Federatlon (Bulletin).

Bulletin Technique De la Suissee Romande (In French).

Bulletin of the Central Building Research Institute
(India), ,

Bulletin of the Institution of Engineers (India).

Bulletin of the Permanent International A iati
Road Congresses, " SSOOlatlfJ n ot

l?ulletin of International Association for Bridge &
Structural Engineering.

Burmah Shell News.
Central Board of Irrigation and Power Abstracts,
Commonwealth Today.

Concrete Quarterly.

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

Chartered Civil Engineer (Bulletin of the I.C.R., UK )
De Ingenieur in Indonesis, (In Dutch) o

De DI'Institut Techni
Publics (In French),

Documentare Technica,
Engineering News of India,
Geophysical Digest,

Hi.ghways and Bridges and Engineering Works.
Highways Current Literature,

que Du Batiment of Doy

Travaux =

217.
28.
29,
30.
31,
32,

33.
34,
35.
36.
37
38,
39.
40.
41.
42,
43.
44,
45,

46.
47,
48.
49,
50.
51.
52.
53.
54,
55.
56.
57,
58,
59,
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Highways Research Abstracts.

Indian Journal of Power and River Valley Developments.
Indian Minerals.

Ingdoc List of Current Scientific Literature.
International Road Safety & Traffic Review.

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

Indian Railways.

Indian Standards Institution Bulletin.

Indian Construction News.

Journal of New Zealand Engineering.

Journal of Scientific and Industrial Research.

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

Journal of the Institute of Science, Bangalore.

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

Journal of the National Buildingé Organisation.
Link Belt Speeder News.

La Technique Rottiere.

Le Strade (Italy).

Magazine of Concrete Research.

Main Roads.

Motor Transport.

Modern Casting & American Foundrymen.
News-Letter of LR.T.D.A.

Norsk Vegtidss Krift (Norway).

Premier Automobile Journal. )
Proceedings of the Institution of Civil Engineers, Londoi
Power Engineer.

Public Roads.
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61.
62.
63.
64.
66.
67.
68.
69,
70.
7l
72,
73.
74.
75.
786,
1.
78.
79.
80.
81.
82.
83.
84,
85.
86,
B7.
88.
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Quartely Technical Bulletin (Indi
Ministry of Raitways), a (Indian).

Reinforced (oncrete Review, U K,
Resecarch and Industry.

Road Abstracts, Road Research Laboratory, Ui
Road International, o
Road Safety in India.

Roads and Road Construction.

Science and Fngineering.

Shovel News.

State Transpors Review, Bombay.
Strassen und Tiefhag (In German).
Strasse und Autobahn (In German).
Stresse und Verkehy {Swiss).

Surveyor and Municipal and County 13

. ngineer, UK.
Texas Engineoring ’

Exporiment Station News U.s
T , US.A.
The Crushed Stone Journy! (American).

The Highway Magazine.

The Indian Conerote Journal,

The Indian and Eastern Engineor.

The Engincering Journal {Canada),

The News in Engineering (at the Ohio State Ui
The Structural Engincer, UK.

The Texag Highways, U.S.4.

Traffic Engineering (C.K)
Wegen (Belgium).

Western India Automobile
World Construction,
Traffie Quarterly (U, §. A)

Traffie Engineering & Control (U.K.)

Magazine,

——————
*

1iversi(;y}.

Committee in co-opting an
Council meeting.

Minutes of the 58th Council Meeting of the
INDIAN ROADS CONGRESS
held at Bhopal on the 8th January, 1961,

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

PRESENT

Antia, Dr. 1. P, Khanna, (,} C.
Basu, K. N. {.\?l}l‘,‘Y.Sh.R
Behera, S. S. ohra, 8. R. <
Barusa 'K Nambiar, K. X .
Bhogat, D. G Padmanabhe Aiyar, C. S.
Bhagt? 'U J ' Prasad, Jagdish
Chaven, J. D Rajwade, M. V.
D %va.né B ' Shivdasani, P. D.
Dl\;r:z;ni. N. Shoba Ram
Endlaw, D. N. Sinha, S. N.
Gupta, 5. N. Tripathi, 8, N.
Iyengar, C. L. N. Wanchoo, Py N.
Joshi, K. M. s ary

: i Toechnical Secre
iic?xk&;? Singh Secretary.

opted members attended:

. Nodirshah, E. A.
Bannerijee, J. XK. Ngngea. G

The following co-

i 1 K. N !
gggg;)tg/[; J%li—(%gnera ‘P}atxgagl;;)da‘? D.

W Lal agh, B. V.
(}}{Z\;’ergha} fl Suj%n Singh

The following attended by invitation:
Subrghmanyam, J.

Bhalla, R. S. :
i { K Vaidya, A. G.
Gan uhl, Dr. M. K. Vg,;d?nathan, P H.
Hardyn Vaish, V. R.

Nagarsheth, M. P.

1. Co-options and invitations:

i oved the action @aken
mioren T nooptt d inviting certain mem

by the Executive
bers to attend the-

§ the Minutes of the 57th Council Meeting:

2. Confirmation © "
7th Couneil moeting held ab Bhopal on the

The minutes of the &

3rd January, 1961, were confirmed.
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3, Office bearers:

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

President . K. Barua

Vice-Presidents G. C. Khanna

P. D. Shivdasani
5. N. Tripathi

Secretary e N. Sen

At this stage, the newly elected President, Shi K. Barus took
the Chair.

The Couuncil placed on record their appreciation of the excellent
and outstanding work done by the outgoing President and other
office-bearers of the Indian Roads Congress.

4. Venue of the next General Session of the Indian Roads
Congress :

Invitations to hold the next Session of the Indian Roads
Congress were recived from the Governments of Bihar, Punjab and
Uttar Pradesh.

After detailed consideration, the Council decided to accepe the
invitation of the Government of Bihar to hold their 26th Session at
Patna sometime in November or December depending upon the con-

- yenience of the host Government. 'The invitation of the Govern-
ments of Punjab and U.P. could not be availed of for the next
Session asg two Sessions had already been held in U.P. against one
in Bihar and the lagt Session held in Bihar was carlier than in the
Punjab.

The Council thanked the Governments of Punjab and Uttar
Pradesh and expressed the hope that their kind invitations would be
availed of sometime later.

The Council noted that the question of holding a Session in
Ceylon would depend upon renewal of the invitation of that Govern-
ment and the availability of the necessary foreign exchange for that
purpose.

5. Committees :

The Convenors of Committees were appointed as under:

(1) Bituminous Pavements Committee ... Shri Sujan Singh
(2) Bridges Committee ... Shri8. L. Bazaz
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(3) Cement Concrete Road Surfacing

Committeo ... ShriE. A. Nadirshah
(4) Community Projects Road Mainten- L ]

ance Committco ... Shri X. XK. Nambiar
(5) Lducation Committce ... Shril. A. Nadirshah

(6) Local Committee of thoe Test Track
Committce to Supervise Delhi-

Mathura Road Tests ... Director, CR.R.I
(7) Manufacture of Road Making Machi- _
nery and Mechanization Committee ... Shri R. 8. Bhalla
(8) Papers Committee ... Shri H. P. Sinha
(9) Prevention of Ribhon Development '
Committee ... Shri H. P. Sinha
(10) Provincialization of Local Bodies
Engineering Services Committee ... Shri N, Durrani
(11) Research Organization Committeo ... Shri H. P. Sinha
{12) Road Operation Cost Commiltee ... Shri Jagdish Prasad
(13) Road Transport Development
Committee ... Dr. F.P. Antia
(14) Specifications & Standards
Committee ... Shri Goverdhan Lal
(15) Soil Research Committee ... Director, C.R.R.I
(16) Stabilized Soil Roads Committee ... Shri K. XK. Nambiar

(17) Test Track Committee Chicf Engineer, Road

Development, West
Bengal

(18) Traffic Engineering Committee ... Shri D. G. Bhagat
The Council decided to wind up the Organization Committee

¥ which had no work at present. The Council also decided that the

Bituminous Pavements Subcommittee should henceforth be a full-
fledged Committee.

6. Resolution of Bridges Committee:

The Council considered a resolution of the Bridges Committee
suggesting preparation of joint codes with the Indian Standards.

Institution where parallel Committees were working in both
institutions. ‘
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It was brought out during the discussions that y
technical bodies were working&throngh their Oonfrlrll‘;:tevg:l e;g lsoagggd
prol.Jlem§ and specifications covering their fields of knowledﬂg thc
Indian Standards Institution noed not have parallel Committees tg
d‘eal \Ylth th_e same subjects as it would lead to duplication ‘The
Council felt that so far the standardisation in regard to the desi
and structural aspects of roads and bridges was concerned 1L h. 1%3
appropriately be done by the Indian Roads Congress, e

After detailed discussion, it was ag

. . scussion, it s agreed that the Con-
sulting Engineer (Road Development Splai ition t
the Bridges Committee. P ) would explain fhe position to

7. Selection of the

Committee : personnel of the Research Implementation

The Council selected the followi
Tplomantani g selected ¢ e foilowing personnel of the Research

(1) Consulting Engineer to the Govern-

ment of India (Road Development) Convenor
(2) President, Indian Roads Congress
(3) Director, Central Road Research
Tustitute
(4) Two Chief Engineers of States ... L. ShriJ. K. Bannerjec
Chief Engineer, ’
W. & B., W, Ben
Calcutta. &l
2. Shri.U. J. Bhatt, Chief
Engineer, Buildings &
Communications,
& oo Gujerat, Ahmedabad.
9) 1wo Directors of State Road i i
Research Laboratories - }12;2:%1 HSIQ%I htWRy
Madras, Hon.

2. Director, PW.D
B. & R, Research

Laboratory, Chandi- -

garh,
(6) Two co-opted members from the
State concerned (one Chief Engi-
neer and the other representative
of the State Road Research Labo-
ratory)in case none of these persons
is already in the Committee,
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(7) One member from Non-Govern-

ment Organizations «.. Shri B. V. Vagh

8) Three experts to he co-opted who The President,
have special knowledge of the Indian Roads Con-
subject under consideration : gress, was authorised

to select the names
of persons to be co-
opted.

(9) Secretury ... 'TheDirector, Central
Road Research Insti-
tute, wag requested
to nominate a suit-
able officer to act as
Secretary.

It was agreed that the personnel selected would hold office for
three years. There would, however, be no objection to their re-
appointment.

8. Finance for roads in the Third Five-Year Plan:

The Council while discussing the question of obtaining more
finance for road development in the Third Five-Year Plan stressed
the need of exploring all avenues for this purpose. After detailed
discussion, the Council passed the following resolution for forwarding
to the Government of India:

“In view of the increasing demand for road transport on
main roads, which is bound to increase with the begin-
ning of the Third Five-Year Plan onwards, the Council
of the Indian Roads Congress is strongly of the
opinion that the deficiencies in our present system of
arterial roads, particularly of National Highways covering
15,000 miles, should be corrected by the year 1965 in all
respects, viz., missing links, missing bridges, strengthen-
ing of road crusts, improving geometric layout and the
provision of two-lane carriageways and that, if necessary,
the assistance of bodies like the International Develop-
ment Association should be enlisted for the purpose. *’

0. Miscellaneous : .

(1) Major-General K. N. Dube, Director General of Border
Roads, desired to know as to how best the Committees
of the Indian Roads Congress could be of assistance to
his Organization in their work. It was explained to

him that the Committees of the Indian Roads Congress
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(3)

Twenty-Frera Spssion—Buoral 1961

are entrusted with certain spocific subjects.  If any in-
formation was needed, the matter should be reforred to
the Seeretary, Indian Roads Congress, who would supply
the information, if available with him or abtain it from
the Convenors of the Committees concerned.

The Council after detailed discussion agreed that
whenever any subject becomes big enough or required
a specialised study, it should be entrusted to a SO
rate Committeo in order to expedite its finalization.
Thoe BSpecifications and Standards Committee should,
however, process the draft standards if that was neces-

sary as a rosult of the deliberations of thoge Commit-
tecs,

The Council agreed that all Committees should hence-
forth follow the metric system is their work as in this
way only it would be possible to act according to the
schedule laid down by the Government of India. It
was, however, decided that the present denominations
viz., inclies, feet, ete.,, should also he mentioned ix;
parenthesis against the metric figures for some years to

come until the metric symbols become familiar to every
one.

Discussion on Paper No. 223*

“An Investigation for Evaluating an Airfield Pavement”

By
Dr. H. L. Urrar. & H. S. Buatia
Wednesday, January 4, 1961

Shri E. A. Nadirshah (Chairman) called upon Dr. H. L. Uppal,
Joint Author, to introduce the Paper for discussion.

Dr. H. L. Uppal (Co-Author) in his introductory remarks
stated that the Paper dealt with the investigation of a civilian
airfield. The method used for evaluation was the Load Classifica-
tion Number abbreviated as L.C.N. This method was selected due
to the fact that it is more or less non-destructive method of testing,
and takes into consideration different combinations of load contact
area aund tyre pressure, The method was doveloped by the Air
Ministry, England, as a result of large scale field testing. From the
load contact arca curve, it was possible to work out the L.C.N. of the
airfield and, similarly, from the load-tyre pressure curve, the L.C.N.
of the aircraft could be calculated. It should then be possible
to say which of the aircrafts could be safely accepted, the principle
being that an airfield of a certain L.C.N. should not frequently
accept aircraft of a higher L.C.N.

This technique had not so far been applied to the evaluation
of Indian civilian airfields, but it was also not certain if the Army
had tried it on some of the runways, but no published information
was available.

From the various tests carried out both on the poor and sound
lengths on the airfield investigated, it would be seen that the L.C.N.
of the lengths which were showing signs of distress was 4 a8
against L.CN. of 10 of the aircraft and for the same rcasons, it was
unable to take up the traffic satisfactorily. On the other hand, the
L.C.N. of a sound length was above 10, and that was why it was
standing well under the traffic of an aireraft with L.C.N. 10,

The thickness of the rigid pavement both for the present and
future traffic had been worked out. The thickness for flexible
pavement had also been worked out, and the choice was left to the _

* Publishod at pages 25 to 60 of Vol. XXV-Part 1 of the Journal of the
Indian Roads Congress, November, 1960, R
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construction engineer dopending wpon the economing and facilitios
aveilable at site,

As the air tralfic was fash increasing, more and moro of these
nld runways were likely to be used. In the case of intorational
and mujor sunways, it was not only the frequency of landing, but
ai'so the higher intensities of loading due to some of the n'i;’niem
aircraits, to which the runways would be subjected o, {f s
thorefore, very necessary that cach runway shoukl be e’;we};mi‘!; :
for its load-bearing capaeity and labelled on the basis of its L.C \p
S0 that airerafts of a certain capacity counld safol yuso it o

6 wus brue that the existing maways were bheing maintained to
pull on with traffic, but it was very nocessary that such m:viz:w :
should be brought on o a certain seientific lovel, e

From bhf:» details of the L.CN. system, it would appaae that there
Wete tivo variables~the load and the contach area, By indine (ﬁit
the Iailuce of o cectain pavement with Plates of difforent simes, «
curve could be dravwn which could be road off at eﬁ?rﬁoxni;inm‘(‘,’io;;:t)‘;
lead and contact avea. In the case of ranways,  had bf\éz} for d
that {or a contact ares of 200700 sy. in., the f , tondfcontar

failure loadfcontact

ares curves had the same goneral form i i ‘ o6 of
s 3 (i 1 irrespoctive of ;

pavement. ! ® ot tho bype of

It was also suggested that a general form of enrve should
howsver, be possible for contact arens of logs than 200 sg. in
Tn that eage, & curve could be developed to accornmorate c:n%;tm(
areas vanging from that of bulleck-cart with (Iii?ﬁ‘mﬂ}/'fﬂ’i‘(‘-\ifid?}{;t
to 3«ts_)n lorrxes aud to even heavier vehisles so as o .k:uiﬁ 'fhé desj ’s
for mixed fraffic in countries like Tndia, ‘ e

. & number of mod‘.iﬁ«?e«tic'»ns would have o be made in the exich
iing }{@yst?x;}, e.g., the limis of repetition of foading micht have to be
of?f.fgéi fo_ut & million as against 10,000 for the runway on acconnt
of niﬁ.a;‘;i requency of traffic.  The pormissible lnits of settiemont
or HeXible pavement would alse have to he ine o
eategories of voad, Tt would, however regnire
work to evolve o eurve, ’ ’

cased for lower
extensive testing

Shri K. K. Nambiar stated that § i
. U it G} b TOm g review LI 3

;i, was spparent that the investigations had been doneo fu%?ief;‘ém
tmitations of equipment and possibly also of sime. o name

In para 1.1 of the Paper, it had been stated that the original

. N N N R # }n + t! v 34
Q‘O\' e!ed W 1&311 p( anlxe‘d bltﬂmlnﬂus Carp@t Gf ;2} ﬂl tehi@k“‘ Y38 hl -

Experiments had shown that the tem

covered concrete surfsce was Rereiue of a Diumen-

considerably higher than thaf of an
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unprotected concrete surface, due to the increased absorption caused
by the dark colour. Thus the warping of such a slab would be
very much greater. That increase in temperature could be offset
by increasing the thickness or the bituminous surface, owing to the
greater insulation properties of thicker layers. Tests at the Road
Research Laboratory in Harmondsworth (U.K.), had shown that
for cancelling out the effects of the increased absorption due to
dark colour (so that the tomperature effects in the concretc might he
the same as for a plain unsurfaced slab), the minimum thickness
of bituminous surfacing should be about 2 in. It was a matter of
speculation to what extent, in the present instance, the increased
warping in the concrete, caused by the thin bituminous covering,
contributed to the rapid deterioration of the pavement.

In para 2.2, it had been mentionéd that despite covering with
& 2 to 3-in. carpet, therc was a large scale settlement of the slabs
within a couple of months. It would be interesting to know
whether any attempt had been made to properly treat the cracks
by sealing or whether the additional carpet thickness was supposed
to provide cover to much cracks. From what was described in the
Paper, it was not unlikely that moisture could have found access
to the subgrade throngh the unsealed cracks, weakening it thereby
and leading to accelerated settlement of the pavement.

Referring to Section 5 under the heading ‘ Investigation”,
there was no indication anywhere in the Paper about the ground
water conditions. Data regarding ground water level, its varia-
tions, etc., were of vital importance in evaluating the performance
of a pavement and making recommendations for its improvement.
The failure of a pavement could be caused as much by changes in
sub-soil water level over the site or change in moisture content of
the subgrade soil resulting from broken or ineffective drains, as by
general overloading.

From Table 1, it would be secn that the soil in the subgrade
was silty sand belonging to Group A-2-4(0) U.S. P.R.A. classification
system. Soils of this group generally constituted excellent subgrade
material, when properly drained and compacted. They have good

. compaction characteristics with densities ranging between 1.81 to

1.92 g. per c.c. (i.e., 113 to 120 Ib per cu. ft.). Soaked specimens of
such a soil, compacted to its maximum density, would have a C.B.R.
value between 8 and 30,

The average density of the soil in the field was found to be
1.62 g. per c.c. (or 101 Ib per cu. ft.) in the berms and 1.69 g. per
c.c. (or 106 1b per cu. ft.) under the pavement, indicating that the
compaction of the subgrade was inadequate. Considering that the
construction was carried out under conditions of an emergency and
8t & time when the modern principles of compaction were not widely ,
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known, it would not be surprising, if no special

altempts were made
then to compact the subgrade.

Despite this, it would be observed
that the soil had a higher density under the pavement than in the

berms. 1t could be deduced from this that after the Pavement had
been constructed, sorae compaction of the subgrade had taken Place
due to the vibratory and repetitional traffic loady. 'The non-uniform
support for the slab resulting from such compaction could, at least
in part, account for the damage caused to the pavement,

In para 6.9.1, reference wus made to the number of
at one single place considered for design of airfiel
Usnally, the life of the pavement was ex
rages, i.e., one coverage resulted when cnch point in tho traffic area
was traversed once by a wheel and number of operations for each
coverage might vary from about 4 operations of g heavy type
aircraft to nearly 25 of a light type aircraft, and usually most
airfields were designed for 30,000 to 40,000 coverages, Therefore,
the figure of 10,000 to 15,000 landings ¢

. ) g% given in the Paper as a basis
for airfield design was extremely low.

landings
d pavement,
pressed in terms of cove-

It was stated in para 8.1.1 that the loa
deflection of 0.2 in. was taken ag the failure load.  Tor o rigid pave-
ment, such as the one being investigutod, that was not tt?he right
criterion.  Conerete slabs would fail wnder load by pronounced
cracking at deflections of the order of 0.10 t0 0.15 in. The load at
which such cracking occurs was the failure load.

d which caused g

The load/deflection curves for concreto
an abrupt change of slope at cracking. The
did not exhibit the distinct cracking of the t
failure at 0.10—0.15 in. deflection ; on the
that the load/deflection ratios were fairly constant upto a deflection
of 0.30 in. That was more in keeping with the behaviour of g
flexible than a rigid pavement. Tt wag, therefore, folt that th;
deformations measured were those of the bituminoys surfacing. He
would like the Authors to throw more light on this subject. ”

pavements would show
curves in Figs. 4 and 5
ypical rigid pavement
contrary, they showed

In para 9.2, the Authors had su sgested that prope i
should be provided to keep the wiger-tzuble bcl(?;rog’,(hre él;;;ﬁgfe
fringe. It was not clear what was meant by this ag the Water»ta.bl{a
would always be below the capillary fringe, which wag orfly the
zone formed by the rising capillary moisture. Perhaps  what the
Authors intended to convey was that the capillary frings should not
encroach into the subgrade. For this, he would rather)sugqest that
the drainage system should be such ag to maintain the wdter-table
at a depth not less than 4 £t below the top of the subgrade.
Referring to Section 11, it was not clear whether i

test on the subgrade was made beneath the location of ':}1112 llg:gil:gg;
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test on the pavement, If this was the procedure followed it wag
probable that the deflections that occurred were lower than woul
have been observed, had the subgrade not been preloaded.

In calculating the thickness of concrete pavement in paras
12.3 and 12.4, the value of £ = 5 x 10¢ psi and permissible flexural
stress of 500 psi at the corner had been assun_zed. It was not clgar
as to whether this would be for construction in concrete Wlt{l brick
aggregates or stone aggregates. However, the figure of 3010 ps;
for calculating the flexural stress would correspond to a modulus o
rupture of concrete of 750 psi if used on the runways with a factor
of safety of 1.5 or 1000 psi if used with a fact9r of safety of 2 a.ﬁ
in the case of runway ends and taxiways. Tl’.lls figure was muc
t00 high for normal 1:2:4 concrete used in the construction
of runways.

From para 14.3, it was seen that the C.B.R. of the subgrade soil
had been dgtermined as 3, after compacting the soil to a density of
1.55 g. per c.c. (i.e., 97 1b per cu. ft.). It should be remembered that
the soil had a density in situ of 1.62 g. per c.c. (101 1b per cu, ft.)
in the berms and 1.69 g. per c.c. (106 Ib per cu. ft.) under the
pavement. Therefore, it was not clear why this density of 1.55 g.
per c.c. had been chosen for the specimens for C.B.R. test, %n
present-day practice, for pavement constructions, it was invariably
the rule to compact the subgrade to its maximum density. The
specimens for the C.B.R. test should, therefore, have been com.pa.ct'ed
to the maximum density of the soil and not to any arbitrarily
chosen value. This would have resulted in a higher value of C.B.R.
and a reduced thickness of pavement.

In para 14.4, the Authors had, after careful study, selected a

- crushed stone base having a C.B.R. of only 80—90 for the pavement.

It was surprising that, having drawn so much from the Paper by
Ma.cle:nuagd R%binson (Reg 13), they could have overlooked an
important recommendation therein for base ma.terl&.ls. It was
suggested there that & suitable criterion for base materials used in -
pavement built to carry wheels exerting high contact pressures
(such as in modern aireraft) would be a C.B.R. of 150 per cent und;r
a surfacing 6 in. thick, This requirement pf a higher C.B.R. for the
bage had been emphasised by other authorities as well.

The design for the flexible pavement had been worked out by
applying the %;C.N. system to the sta_n@ard C.B.R. curves. He fWopld
point out that in this system the minimum thickness of surfacing
contemplated was & in.,, laid in two courses, Viz., a 3-§n.
wearing course and 2 in. base course, as against the 215 in.
surfacing provided by the Authors. In fact, the wl}ole calcu_ ation
was based on that. This base course of the surfacing (as.dxstmct =
from the base of the pavement) was intended to absorb the irregula- -

9 ’ .
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rities in the top of the base and tlus provide smooth riding
surface. Such surface was essential for modern runways to give
aireraft a good ride at high operating speeds on very hard tyres.
Moreover, because of the high tyre pressures there was need for
high stability in the upper layers of the Pavement in order to deal
with the very high shear stresses. It should be noted that this
degree of stabilit

Y Was not attempted or achieved in the cage of
ordinary highway surfacings.

urfacing, 5 ip. thick, would cost more than
Rs 200 per 100 reported to be the cost of a

. It was further felt that it would he unreasonable to serap the
existing pavement altogether. If, instead, a concrete overlay had
been designed, even accounting for the very poor condition of the
concrete as in the case of the taxiways, a reduction of at least one

Further, he would not advo

. cate a crushed stone bage on top of
a soil cement sub-bage

s especially when the required degree of
¥ can be readily obtained by the use of a soil.
coment base itself, Adoption of a soil-cement base would permit a,
reduction of 30 to 40 per cent in the total thickness of Pavement,
In the present instance, for example, if a flexible Pavement wag
preferred, he would recommend & pavement comprising a 5-in. thiek
two course hot-rolled asphalt surfacing and a 7-in. thick soil-cement
base, the total thickness being 12 in. us against the 16 In. suggested
by the learned Authops, The soil-cement would contain a somewhat
higher cement content than 5 per cent (say, 8 to 10 per cent), the

exact percentage being chosen so a3 to give a minimum field
strength of ;

(1) 2350 Ib per sq. in. at 7 days, if used for carrying aip-
craft w(;th tyre pressures not exceeding 100 1} per sq
in., an ’

(i) 450 1b per 8¢. in. at 7 days, if uged for carrying ajp-
craft with tyre pressures higher than 1037 Ibg ag:r
sq. in.

v of : to be preferred, he would strongly
cémen -
stabilise the losa] Ont in the sub-base and bage layers to

ly occurring or imported sojlg for, b i
. > \ s , adoptin
cement-treated soilg beneath bituminous surfaeing, ecoi’lomicpang
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. ) formiby of
strong pavements could be built whu;h woul;l1 h‘u]re ao%?;ﬁglﬁn gith
supp(%r};) and a stability not so easily or cheaply

uncemented bases and sub-bases.

; : he idea of the Authors to
gard to Section 16, page 54, the idea ¢ d to be
extegg tiib}f%‘g method for road pavement desxignnC lif()iggarewithout
very far-fetched and should not have bcin rinciples to actual
afileyuato experience in the application OfNL ° &lﬁod %ag the plate
hi 1(11 ay loads. Since the bagis of the L.C.N. II; e rosts. like
’blg ny test l ’which was more cumbersome t’mn lved, they had
Ce?; ;){ﬁ ovén"in U.K. where that method was fir St:}WOC B.R. method
not 'G(;;;Sidel‘cd this possibility and they followed the C.B.R.
at present.

) . . - . 1
The sucgestion of the Authors to .ha‘ve dgf.erl'f:vxz Em%li:ilrli)c:
settier!;gnt f?)% National Higgwgyg, E;ogégg;alto blf vegf ,S e,
ral Roads did n ‘ A y 28
Bgrﬁ?qs};t?lzd:ct%feﬁgnt was better related to traffic intensity ra
Ehan the classification of the roads.

Bris. S. K. Bose stated that the Authors h&zd g;?idigotggﬁ
1‘1:,- d in failure of a brick concrete pa,vemt‘:)ndl omtad by
fc)ut f{heax?g runways of a certain airfield a,lread)lr‘ Ca n{x afectec oy
tix?sil hate action and then tried to find t%}?'ck'nc;ss T
axi-t p ks and the runways were of' same thi S ) 1o, BF e
?ﬁl rggilt according to same specification. So'lﬁe(sl sinI;ilar pra
fr%m the taxi-tracks and the runways were céﬁ?as;ame ot
the strength of the pavement being based omC R e o tak, racke
ifi ﬁon are the same. Theoretically, L . for the B e e
:g?lth?runways at the time of c&nstrt}l};tgofrcl) usllllgla.che B P b
: ors L. .
tait x til’l . Otgfrzaxg&g:d\’r:llllxz é)lfl 4 and that of the 'runwayl vagg;r;%
Koy 0243,11 There could, therefore, be two possible exp a,x:i ons
T tule tOF’ %, that the str’ength of concrete and the sub%raLec &
e same ’in the taxi-track and in the runway, or ii © fn .th(;
o 1jlhe ?3;[slethe extent of deterioration that had takent?ogce
E?{ri?t}x,'a%k and in the runway because of the sulphate action.

. ) ¢
The Authors had taken 12 in. plate bea'.rmtgh:es:v grfk 5;;\;31::}1:6
badly affected by sulphate action. From this, y18 o ot e
la ytf ilure for 18 in. diameter plate because 18 in. o gove
oad_ “alont of contact for the total loading. eyf en gase
equxv&le&xt ar?ﬁe of less than 4 for taxi-track and, tl}ezgag{ ot’a, on:
2‘11111;((1} ‘th.a.tv:he pavement failed because the L.C.N. o
10 and L.C.N. of taxi-track was 4.

i te

According to the Authors, the pavement vsms ’I.‘El‘;:ab]zc&:gors
Dakota load and it stood up for a couple of yeal.:' e
however, had not mentioned in the Paper when the : ,
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first constructed. Presumably it was constructed some time in 1945,
According to the Authors, the first aircraft landed in 1960, i.e., after
15 years of its construction. Naturally, the sulphate action was
responsible for the deterioration during these years. The Authors
then carried out tests to investigate the causes of failure, but the
Authors had not revealed the dates of test, carried out by them, it
must have been after 1957. It had been stated that they tried to
repair the track by putting in a thicker carpet and the lorry traffic
caused more damage. And since the L.C.N. of the taxi-track was
low, & new pavement was required. The L.C.N. of runway was about
14 accordin;; to Table 2 and the Dakota load had been specified.
The Authors presumed that the traffic over the runway was just
adequate, but the central portion of the runway was strong enough
for the existing traffic and the ends on the border line were likely to
give way with further rise in the water table. On the other hand, it

some of the hcra,cks being as wide as } in. and éwere Doy Cracked,
water to the subgrade. The Authors then stated vi 5
that the difference in the L.C.N. at the ends and centr;d:f &aér?uns\i?/
cpu]d be partly attributed to the difference in the degree of satura-
tion of the subgrade. In Table 1, higher saturation values of the
subgrade were given and they attributed failure at the ends of the
runway to capillary action. The point at issue was that capillary
action was bound to be there because according to the Authors there

. - t0 permit water under th
Since the Authors did not carr i i ¢ surface,

subgrade. Any investigation abo
late would not give the conditi
failure. The point at issue was

ut moisture content carried out so
on of the subgrade at the time of

' why the pavement failed and for
that purpose it was necessary to get hold of data at the time of
failure. Taking the L.C.N. value years after the pavement had failed
when more water had gone down the subgrade, more sulphate action
had taken place, was of no value,

In suggesting the design of the avement, th ¢
made use of modified Teller and Suthep ormley, ihors had

rland formulae,
like to know the advantage thereof. rmulac.  He would

Dr. Bh. S_ubbag'aju stated that it appeared that there was
confusgon of 1c!eas in the minds of the Authors regarding ecritjca’
deflection to which the concrete slabs had to be loaded in order tc
assess their L.C.N. It appeared to he

4 their idea that load
should be carried out on & concrete pavement slab to thealim‘;zsgi
0.2 in. deflection irrespective of failure and to take that load fo1

determining L.CN. That was at variance with the experience of
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the British Engincers who developed this method. Generally, rigid
pavements failed by cracking under load much before 0.2 in.
deflection was reached. Keeping this in view, it was considered
that in most cases it would be adequate if loading was continued
upto 0.2 in. deflection implying that in any case where failure did
not oceur ab 0.2 in. deflection, loading should continue till failure
occurred.

Even though the slab cracked earlier, the test should be
continued to 0.2 in. deflection, and if cracking did not occur at 0.2
in. deflection the test should be continued till cracking occurred.

i ing rigi ts for
That very important aspect of load testing rigid pavemen
evaluating their L.C.N. had been ignored by the Authors.

On Fig. 5, page 39, the load at 0.2 in. deformat@on was optalned
by oxtmpoglating tghe load deformation curve for which expengnenta,l
values were available for values of deformation below 0.2 in. It
was not correct to extrapolate the curve in the manner it was done as
it could not be stated for certain—at what stage a z_'xgxd slab would
have cracked. The breaking load could be determined only after
actual testing and not through extrapolation of a curve with limited
data.

n page 54, para 16.1, the Authors had stated that the L.C..N.
syateqn- vga,sg the oﬁly system of design which took into consideration
theaircrafts of different loads, contact areas and tyre pressure. That
was not correct as geveral other methods took into consideration
the above mentioned factors in designing pavements.

Finally, the suggestion of the Authors to extend the LCN
system ofydesign toggroad pavements with bullock-cart and truck
traffic did not appear to be rational (see page 54, para 18.1).
As could be seen from Fig. 6, page 40, there were limits of applica-
tion for the average ourve of L.C.N. system between contact areas
of 200 sq. in. to 700 sq. in. Hence the suggestion to stretch this
relationship to so small a contact area of the bullock-cart wheel in
the range of 2 to 3 sq. in. seemed to be far fetched and not realistic.

Shri S. Koteswara Rao, referring to para 12.1 of the Paper,
pointed out that it was not correct to assume that, g.t i.she corner,
there would be no stress due to temperature variations. The
corners of a pavement were not free to warp, due to subgrade friction
and self weight of the pavement in which case the temperature
differential between the top and bottom surfaces of the slab, as well
as the daily variation in the mean temperature of the slab, were sure
to induce stresses. Besides the maximum load stress at the corner
occurred at & point considerably away from the oorner, depending
on the size of the loaded area, modulus of subgrade reaction and the
thickness of the pavement ; the thicker the pavement, the greates
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would be the distance, According to Woestergaard, for the corner
load case, the maximum stress occurred at g distance /! from the

e . . . .
corner where 1, =A/ ¢ the notation given in the Paper. This
distanco for the case under consideration wor

] ked out to 31 in. It
was not justified to ignore the temperature stresses at a distance
which was more than 2} ft from the corner.,

Secondly, if the Authors considered, ¢

were important only at the centre and edges of the slab, and negligi-
ble at the corner, then it would b wrong to say that the corner was
the weakest point of the slab, for the combined stresses of load and

temperature at the edge wordd fur execed the load stresses at the
corner,

hat temporature stresses

Shri V. V. Subba Rao stated that the
depend completely upon siatic loading test:
neglecting the forces that were actu
In an airfield due to the high spo
be induced. Tt had been prov
started taking off, the major P
would bo taken up by

Authors seemed to
s for evaluation, thus
ally acting on the pavements.
eds mainly dynamie forces would
ed beyond douht that when the plane
ortion of the weight of the vehicle
wings, thus reducing tho static weight coming
on wheels.  Also, it was cssential for the load to be stationary at a
point for at least 60 seconds to induce maximum stresses in the
bavement. In the present cusc, however, the plane would o
moving at high speeds on the pavement except at the centre portion
of the runway. Hence the failure due to static load did not arise,

Further, when . vehicle moved at a high speed over g
pavement. vibrations would he induced in the pavement structure,
Thase might also cause the failure of pavements. .

In the present case, as well ag
Brig. Bose’s Paper lagt year, it w
the runway that had failed’ The fail
in the Photos in the Paper ind
due to fatigue induced by the he

in the case mentioned in
a3 only the end portions of
we pattern of the slabs as shown
icated that the failure was mainly
avy vibrations in g runway,

In the investigation, no consid
efiect of inflation pressure. In ¢
Whiffin at Road Research Laho
observed that the stresses i
with the increase in infi

eration had been given to the
he experiments conducted by
ratory, London, it had been
n the surface increased considerably
ation pressure of the vehicles. '

In view of the above fact
conduct the evaluation by vibr
tions rather than solely depend

ors, he felt that it was better to
ation methods like sustained vibra-
ing upon static tests.

In this investigation, no consideration had been given to the
effect of temperature variation. Photo 5 showed that the failure
had occurred very near the corner, indicating that the slab had failed
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just under the load, duc to shear stresses and not due to 1l;ugh to;lxzﬁg
stresses. In some of tho tests conducted by him on c:;z ov:ﬁy sla b
under bullock-cart loading, the corner failed ]uistz ;:n eTrha,tefa,iluré
though the tensile stresses induced were not u}g d i
occurred in the morning when the slab corner 1?, Wz,rgk ever;
When there was no warping, however, the other cor nex“s Ohown on
higher loads. That indicated that the fmluretof C(I)mefll” ast Sof wa i
the Photo must be duc to temperature warping the eflec

had been neglected in the present investigation,

ideri rade was considered to
In considering L.C.N. system, the subgra
be similar to o liquid. The deflection .tests'u on subgr.ade, ]la_czlwevg(r),
indicated that the subgrade was behaving like an elastic so kl T
the evaluation cught to have been carried out using Picke
Reissner’s analysis, also,

He would like the Authors to throw some light on the ahove
factors.

Shri Z. S. Shah stated that the Authors Ilqd stressed %w
effect of sulphate action on cement concrete a httga Zno_re. t'ox?
happened to see that airfleld and he could say that the de egom i n
of the concrete was due to salt, The Irr)gatxon and Power esc?rcs
Institute at Amritsar had carried m_tt various tests on Prfeca,u :jqne
to be taken for salt conditions and it might havg been .11111 z]rma, hwd
if the Authors had included some of the precautions which they ha
snggested, particularly in the Punjab.

i i i larify as to
Shri Satinder Singh requested the Authors to ¢
how dowelled pavements distributed load from one slab to tl;le other
and what suitable modification, as referred to by the Authors on
page 56, could be adopted for undowelled pavements.

» the
i Jagdish Prasad stated that, on page 44 of the Paper,
maxiiilurx;l ﬁ)%d per main wheel had been taken as 13,000 1b and
L.C.N. as 10 with 60 1b per sq. in. contact pressure. He would
like to know whether it was not necessary to add impact allowance
to the wheel load of 13,000 1b,

b
ireraft struck the runway generally at a speed of abouw
80—-—%31 e;ﬁec;' hpe: litlour and the two main wheels did not a,lwaivls
strike the runway at the same time. When one wheel struck _tde
runway first, that happened particularly w:l;;le the;x-et l:m.s c;o:so ;v;gn,

i d of the aircraft was transmi a e poi -
:t:gtegft gxe\elo;miﬁ wheel. That point should be considered by the
Authors,

i i if any
1d also like to know what horizontal force, i R
wou]g%ew;‘:;:pa.rtaés to the pavement at the time when main wheelg
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of the aircraft moving at & speed of 80-~90 miles per hour came in
contact with the pavement ; and in case there was such a force, how
should it be allowed for in the design of flexible paverent so as to
prevent deformation or creep.

.. Shri P. L. De stated that the classification of the subgrade
goil as given in para 5.1.2 was somewhat confusing.

In the unified classification system as
(ie, A.ST.M Tecl%. Pub. No. 113) there wa,
The symbol of ““Sands, poorly graded” in that clagsi i ;
SP. Now, looking into Table 1 it was found thi:s;]f:)(;a: xo(;} V‘Z}?:
samples could be classified as either SP or SF as the primary
requirement of a soil falling under that group was that the material
retained on 200 mesh should be more than 50 per cent. Hence, ag

per the classification referred to, the samples were mostly ML (inor-
ganie silts and very fine sands).

given under Reference 1,
S 10 group symbol as ST

Again in the Textural Classification as described in Ref 92
(viz., Soil Mechanics for Road Engineers—H.M.S.0., Londo:;e‘élc;:r(;
was no class as “silty sands”. The samples might proba.biy £all
under ““silty loam”, but in absence of information about the silt

and clay contents of the samples these could not be definite] i
fied according to Textural Classification. ey classi-

In this connection, he wondered why the Indian St d
Classification and Identification of Soilsyfor General Eng?&eﬁggz
purposes (IS : 1498—1959) had not been adopted and neither the
P.R}.A.Ingr theSCas:}grgnde system had been adopted. According
to the Indian Standard, most of the samples micht be clagsi
ML and as per P.R.A. A-4. ! gut o classifed as

Coming to para 14.4, the total requirement of 16 in. of flexible
pavement thickness _had been made up of (i) 8 in. soil-cement, with
5 per cent cement, (ii) 5 in. consolidated stone metal and {iil) 3 in.
asphalt concrete. As soil-cement was considered asa somi-rini(i
pavement, a reduction in the thickness by about 25 to 3 / e

0 po ;
was generally recommended. The Authors were requestedp ’cE) csert;

to account in the present case,

In the same paragraph, it had been su

P suggested that the sub ,
should be dug up toa <1epth of 9 in. and compacted so ag tosgm%ﬁid:
density of 1.75 gm/e.c. with a view to increase the C.B.R. value, The
Authors might indicate whether it would be gti]l necessary to ’havce:

16 in. of flexible pavement which had o
tion of 3 per cent C.B.R. value. ot been arrived at on the Assump~

whether this point had been taken in

The design of rigid pavement had be
. i avemen en based on the < §°
of the subgrade. No Provision of a *sub-base ’ bel(m}/1 eth(f( co\;acl;;iz

had heen suggested, He would like to enquire if the thickness of
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the concrete could be reduced by the provision of a suitable
sub-base.

Shri C. L. N. Iyengar referred to Photo 1 where from it
appeared that the deflections had been measured from average of dial
gauges set on the plate. According to the standard L.C.N. method,
the dial gauges should be set along the bisector of the corner angle,
one at the corner and the others at intervals of 9 in. upto 2 ft 6
in. from the edge of the plate. The load at failure was not only
measured by the behaviour of theload deflection characteristics of the
corner but also by the relative values of the deflection characteristics
of the other dial gauges.

In the conclusions while discussing the selection of alternative
designs, the Author had given too much weightage to the initial cost
of reconstruction. However, in making a decision on this question,
particularly with a view to long range solution, other factors would
have to be taken into account. For example, just as this airfield
had been handed over to the civil authorities at the conclusion of
the last war, there had been every likelihood of the same airfield
being turned over to the military authorities for operations of mili-
tary aircrafts in emergency. For this reason and also for the fact
that the trends in the new type of aircrafts were more for jet opera-
tion than for the piston-engined aircraft, the preference in favour of
rigid pavements became very obvious.

Shri N. Mohan Rao mentioned that the L.C.N. method was
very useful for evaluating existing airfield pavements as well as for
investigating pavement failures., But in his opinion in designing
new pavement it did not have any added advantages over other
popular methods of design like C.B.R. and Westergaard’s method. As
a matter of fact, as the Authors had also mentioned for a new
design L.C.N. had to be used in conjunction with C.B.R. testing for
flexible pavements and Westergaard’s analysis for rigid pavements,

It was true that L.C.N. method took into account aircraft load,
contact area and tyre pressures. But that was not the only method
for taking these factors into consideration, In the case of C.B.R.,
the original C.B.R. relation had been extended based on theoretical
deflection to other tyre pressures. The more general relationship’

for C.B.R. is:
~/ p (D -
p

Where t = thickness
P

1

I

wheel load

D = constant depending on C.B.R. =

1
8.1C.B.R,
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tyre contact area.

i

Also ¢

il

il

Where A

Referring to Table 2 on page 37, the L.CN. of
taxiway was worked out as 4 compared to LCN of
Dfal;lota,. This 1vulue would no doubt indjc :
of tho taxiway but did not throw any light he , :
of tho pavement. All other condit,icx}:xs ima(i)::ilti}: t}fe? 1sv';LL:neo f‘tfallure
be assumed that the load-carrying capacity of the 1‘unwé:v z;.r:d ctc.’u,].d
way hadﬂ been cqual just after coustruction. The reason f M}&1~
failure of the taxiway might be greater channelisation <;f tr'l?i}‘ the
the taxiway. That mocant that a few years back when the ‘:J on
was still serviceable, the failure load on an 18 in. diamet b
would have been of the order of 34,000 ib just as was (t} Pl ke
runway sections 11 and 14. 1e case for

the broken

' 10 for the
ate the existing condition

According to L.C.N. system, a factor of safet
allowed for taxiway design. That would bring s
to 17,000 1h which in turn would correspond to an L.C.N. of
more. Since the L.C.N. for the Dakota was only 1(). t;.he‘ i : 1(.3 or
tion if conducted earlier would have indicated tha’t the nt:»?itv}f: ]

had been safe for Dakotas. Howe i
4 s. However, experie i
0 , erience had shown it wag

¥ of 2 should be
afe allowable load

This brings us to the pertinent question
( ) whethe
gafgty of 2 allowefi in L.CN. method was adeqlxa;e ﬂ;gr faggto'r of
design. Though it was too early to jump to any conc]nsior;qmglzz

aspect should be kept in mind by all those who mj :
this method for evaluating airfield pavements.o ght be employ

. The Authors had pointed out that one
gaxlure of runway ends earlier than midd)

egree of subgrade saturation at the endg i ing
cracking was mainly due to increased stresgos ;I,l :ﬁf flfriglon’ tl&e
3y ends

on account of landing and take off 14

) o, It was :

excess moisture at the runway end wag moms.\ ‘;:rylthkely . that the
a cause. dresult of failure than

of the probable g,
€ Sections was the l:;igztgxf'

su%gestion of

: tatic n of roads in Indj

mixed traffic, Shri S. R. Pillai \

Engipecring Consultant to the ogélx'oxflee(})tk(;rlnan W Macl

published another report under the title « Ecgnor%{;’: al‘fila’ i
exi

ble Pave-
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ment Desing Developed from Canadian Runway Study *’ in the
* Engineering News Record »’ wherein he had stated as follows :

“1. The contact areas of highways wheel loads vary greatly
and this difference is even more pronounced between the tyres of a
very small aeroplane and those of the huge aircraft weighing from
100 to 200 tons. It is impracticable to have to measure the sup-
porting values of the subgrade for cach of these sizes of contact area
when working out design problems involving different wheel loads
and tyre pressures,

2. Plate-bearing tests are cpstly and time consuming and the
equipment is cumbersome to move from one project to another.
Simple tests like cone-bearing tost, Housel Penetrometer test,
C.B.R. test and Triaxial Compression test for evaluating the sub-
grade bearing capacity were correlated with the bearing plate test
values and on the bagis of these overall averages it had been found
that the best relationship occurs for the triaxial test followed in turn
by the C.B.R., the cone-bearing and Housel Penetrometer tests.
The Triaxial Compression test gives over 96 per cent of the value
obtained by tho plate-bearing test.”

Hence it appeared that L.C.N. system should not be extended
for designing roads in India and that the Triaxial Compression test
method should be sufficient and economical in designing airfield
pavements also.

Dr. H. L. Uppal and Shri H. S. Bhatia (Authors) while
replying to Shri K. K. Nambiar, stated that they agreed with him
that the warping stresses in the concrete slabs covered with thin
bituminous carpet were higher than those in the uncovered slabs.
But the main conclusions of the Authors were that the failure of
concrete slabs took place due to inadequate thickness, meaning
thereby that the warping and load stresses combined together were
greater than what the existing slabs could resist. Even though the
same thickness was used both in taxiway and runway, the taxiway
gave way earlier because of the poorer supporting powér of the
subgrade brought about as a result of rise of water table combined

. with the increased traffic, as compared to the runway.

Replying to Shri Nambiar’s enquiry on the sealing of cracks
before laying the bituminous carpet, the Authors explained that as a
result of verbal discussion with the officials of the C.P.W.D. at site,
it was learnt that the cracks were sealed as best as they could,
with sand-bitumen mixes before laying the renewal coat of the
carpet. In the opinion of the Authors, the cause of the failure of
tho pavement was due to progressive failure on account of inade- .
quate thickness of the pavement.
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Referring to the enquiries made about the position of the water
table, the Authors stated that the information had already been
given in terms of the degree of saturation. Since the tests were
conducted immediately on the recession of monsoon, the subgrade
was sapposed to be at its worst moisture condition.

The Authors agreed with Shri Nambiar that the type of sub-
grade soil was such that it was capable of heing compacted to o
higher density, but they differcd from the learned speaker that the
non-uniform support of the subgl:adc was responsible for the
Aamage caused to the pavement, as it would be seen from Table 1
that the dry bulk density insilu of the subgrade at different places
was fairly uniform and, therefore, there was no reason to helieve
that the subgrade support was uneven.

Regarding the number of landings at one single place, the
Authors invited Shri Nambiar’s attention to the Air Ministry’s
Publication No. 109/59 of the UK, Whe_rc the term ¢ 19,000 landings
at one single place ”” had been used. Since the landmg_ was never
at one particular place, the width of the landing track increases by
9 to 4 times and, therefore, the total number of passes on that
particular track would be about 30,000 to 40,000 as pointed vut by
Shri Nambiar, but the landings at one particular place still remained
at 10,000, as provided in the design.

Regarding the deflection of 0.2 in. as taken for faﬂu.m. load,
the attention of the learned speaker was_drawn to.thc Air Ministry’s
Technical Publication No. 109/59 entitled A:rﬁ.e!d . Design a_nd
Ryaluation ”” which read, ** Test loads are then app!ted in successive
increments of about 5,000 pounds and t}xe deflection measured at
each load. The loading is continued until the concrete has deflected
at least 0.2 inch. By this time the concrete will usually have
eracked.” Accordingly the plate was loa(}ed to get a de:ﬂec’mon of
0.2 in. of the concrete slab. This did not include deflection within
the bituminous course as the same had been removed before
test.

Regarding the slope of the curve in Figs. 4 and 5, which
related to field strength, it would appear that the tests at the surface
and the subgrade gave almost identical results showing thereby that
the concrete pavement had been badly cracked and was behaving
almost like a flexible pavement. The curves in Fig. 5, however
did not exhibit the same trend as the concrete pavement ha(i
some flexural strength, the exact value of which could not be
obtained for want of heavy loading required for bringing about
the desired deflection. The load settlement curves of sub-

grade in this case, were, therefore, distinctly different from
the pavement.
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The Authors stated that in para 9.2, there was a printing mistake

and it should read as *‘the proper drainage be provided to keep the
water table low enough to break the capillary influence .

In so far as the location of the tests was concerned, the Authors
stated that the tests on the subgrade and the pavement had been
performed at some distance from each other, and not at the same
place, to avoid preloading of the subgrade.

Regarding Shri Nambiar’s reference to paras 12.3 and 12.4,
assuming a fexural strength of 500 Ibjsq. in., it was stated
that by properly designing the mix, a flexural strength of
500 1b/sq. in. could be easily achieved even with 1 : 2: 4 mix.

Regarding Shri Nambiar’s point about subgrade density, it was
pointed out by the Authors that from Table 1, it would appear that
the subgrade had as low a dry bulk density as 1.57 to 1.59 gm./c.c.
The required thickness had, therefore, been calculated by carrying
out the tests at the lowest density which was assumed, after making
an allowance on the side of safety to be 1.55 gm.fc.c.

Shri Nambiar referred to the Paper by Maclean and Robinson
where it was mentioned that the material with a C.B.R. of 150 per
cent under G in. surfacing was recommended to be used for
heavy duty airfield pavement. On page 454, in the last paragraph
of the Paper referred to by the speaker, recommendations were made
for a contact pressure of 250 Ib per sq. in. The contact pressure.
of 250 lb per sq. in. would no doubt need 6 in. of surfaced carpet,
but such high contact pressures were not. in any way close to

the contact pressures which were likely to come upon the airfield
under reference.

The Authors disagreed with the learned speaker and drew his
attention to the accelerated traffic tests at Berksdale in U.S.A.
where Hansen * had pointed out that the base having a C.B.R. of
80 per cent gave satisfactory performance with bituminous surface
of 3 inches when subjected to wheel loads of 50,000 1b and a contact
pressure of 80 to 90 lb per sq. in. The loadings on the airfield
under discussion were much less than the above loadings (wheel load
of 13,000 Ib and contact pressure of 60 Ib/sq. in.). In fact, the Authors
would like to point out that there were many important inter-
national airfields constructed with natural gravel (having C.B.R.
80 to 90 per cent) and covered with surface carpet much less
than 5 inches. Some of the airfields which were designed for a load
of 50,000 1b on a base coat having 80 to 90 C.B.R. are given

¢ Hangen R.—¢Service behaviour tests, Berkedale field, Shreveport,
La”. Bymposium on the development of C.B.R. flexible pavement dosign -.
methods for airflelds, Proc. Amer. Boc. Civ. Engrs,, Vol. 75, p. 45. - g
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below :
¢ B 1 Surface
Location Neature of basc p‘ef cmit thgxzﬁzgs
in inches
Washington (U.S.A) Gravel 80—00 3
Yarmouth (Canada) . 3
Lisbon (Portugal) Crushed stope ’ 2
Rabat (Morocco) Cravel ., .
Albuquerque ’ N
N. Mexico (U.S.A) Caliche 2
Acera (Ghana) Gravel ) 33
Kingston (J amailca) . ’,’, 3

In addition to the above there : i i
United Kingdom, where on a bitumen wand base (OB g5 o o the

than 80—90¢ per cent}, surface carpet i :
- 2-3 in. had be
In fact, if recomme;ldation of &’)rill)le thi

X s .t
airfield under discussion, it wouldhllcxgvcearpet ronsod tn b
unnecessarily.

Regarding stability of y

pper layers of the
Authors. stated that. the modern trend was to use as;ls):agzﬁeﬁﬁ t}ée
a8 wearing courses in place of the bitumen macadam. By s rc:e .
mix design, it was possible to achieve Marshall’s stability va,ll:xesp g?

1,500 pounds and above. This would i il

1 . give the surf

high enough to stand under severe stresses. In view zﬁhﬁ%ﬂ&g
4

the Authors felt that the estimated cost iven by th i
: 0 stima m f
8pecifications was reasonably correct. ® v Hem for various

. Replying to Shri Nambiar on the
existing pavement by providing an ove
i{xri:er that the subgrade and even the pa
1gh concentrations of sulphate, and, therefore. it was not i

. - u 4 § CO
advisable to resort to provision of’ overlay. ’ On the contrl;sr;le:ig
: i » that some capillary cut offs w
necessary to resist the upward movement of salt.y In the pigngﬁ
case where §he pavement was badly cracked and settled uneven]
besgdes haLvmg been m.fested with sulphate, it wag considered e
advisable to use the existing pavement even as base course, o

possibilities of using the
rlay, it was pointed ot
vement was infested with

Regarding the use of stone base ovep o

. 5 r soil-ce
Authors'explmned that this wasg suggested to by S
changes in the practice of construction to which
was used. The object of providing cement-goj)

1 crust, the
Ing ahout Jeast
the present staff
base was to replace
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brick soling so that the rest of tho construction could be carried
out asusual. While proposing s thickness of 8 in. in soil-cement,
1o allowance in the reduction of thickness on account of its flexural
strength had been made as enough proof of its exact flexural
strength was not known.

If the cost was to be taken into consideration, it would appear
that 5 in. thick rolled asphalt concrete might still work out to be
more expensive than the design suggested by the Authors.

Another reason why new techniques were not suggested was
that it involved some practical diffculties as most of the contractors
were not used to such techniques at present, either for want of
machinory or for want of technical personnel and the design might
have been found to be impracticable.

Regarding extending the system to roads, it was only a sugges-
tion that was thrown to the learned audience. Since roads in India
were subjected to mixed traffic, the existing knowledge of L.C.N.
could be favourably extended for designing a particular road so as
to take up a heavier intensity of loading for shorter number of
passes as in case of bullock-cart, in addition to loadings for bigger
number of passes by vehicles with bigger area of contact thereby
bringing out a compromise in the design. As already pointed out
by the Authors, this required lot of work before it could be put into
practical shape.

The Authors agreed with Brig. S. K. Bose that the pavements
of both taxi-track and runway were built to the same specifications
and, therefore, at the time of completion both had the same L.C.N.
under similar conditions of subgrade. Since the values of L.C.N. at
the time of testing were different, it only showed the amount of
deterjoration that had taken place in the taxi-track as compared to
the runway. It was, however, not possible for the Authors to give
the exact amount of traffic that had come upon the runway except
that after it was passed on to the Department of Civil Aviation, it
had given satisfactory service for some time.

'The attention of the speaker was drawn to para 2.2 where the
complete history of the airfield had been given. It had been said
that after the runway had been in use for a couple of years by the
Department of Civil Aviation it started showing signs of distress
in 1956, but the actual test was carried out by the Institute only in
1960. The Authors further clarified that the words ¢ badly oracked *
were used in a comparstive sense With respect to the central
portion of the runway. In spite of a number of hair-cracks, it had
been giving satisfactory service, which can be attributed to the fact
that the subgrade was'fairly dry. The Authors further replied that
it was true that the end portions were permitting some moisture-
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from the surface, but the main damage was due to tho fact that the
water table was permanently higher at the ends as compared to that
in the centre. And it was due to this poor supporting power of the
subgrdde that the comparative inferior behaviour of the ends could
be attributed to, besides being subjected to more sovere stresses due
to impacts at landing,

It was regretted by the Authors that the investigation could not
be carried out earlier as the aerodrome was in chargo of another’
organization and the Institute could carry out tests only when asked
to do so. The Authors further replied that the formula modified by
Teller and Sutherland was used as it was supposed to give better

approximation in the field as compared to Westergaard’s original
formula.

Regarding Dr. Raju’s objection to the use of 0.2 in. deflection
for determining the load-bearing capacity of the concrete pavement,
the Authors said that they had already dealt with the same point;
while replying to Shri Nambiar, It was correct that the rigid pave-
ment cracked before 0.2 in. deflection but the test wag carried to
a deflection of 0.2 in,, by which time the concrete would have ulti-

mately failed. The loading had, however, to be i '
if it had nqt failed even at 0.2 in, deflection. continued further

Regarding Dr. Raju’s point that it was not ¢
; orrect A~
polate the curve in the manner in which it had been dofl?a ?gt:}:e
Paper, the Authors remarked that an extrapolated value of 0.2 in
deflection was obtained as not even hair-cracks appeared uI;to a

deflection of 0.15 in. and the trend of ] i
an oxtrapelstion. 18 curve also permitted such

Replying to Dr Raju’s point ve i N i
. garding the L.C.N. system it
stated by the Authors that the engineers dealing with tg: ZOnlst:;Zs-

tion and maint p ¢
probloms - enance of the airfields were faced with two

(1) to evaluate strength of existing pavement. For this

test, since by all other methods, one had to ¢

out of the existing pavement and th o
load-bearing capacity ; en determine its

(2) to design new airfields. The eng; . -
arity with the L.C.N. tec e engineers having famili-

. hnique for evaluation, would
find it easy to design new pavements also on the bagijs
of the L.O.N. system. The Authors would, however, be
naturally interested to know the other systems wl;ich

according to Dr. Raju, were equally efficient and stil]
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simple enough fo take into consideration the varying
contact area, tyre pressure and loads.

Regarding his remarks about the extension of the system to
roads, the question had alveady been dealt with while replying to
Shri Nambiar’s points.

The Authors invited Shri Koteswara Rao’s attention to the
1.C.A0, Doc. T791-AGA[592 2, Volume II, Aerodromes, Air
Routes, and Ground Aids Division, Chapter 6, page VII-41, which
dealt with the use of corner case loading for design of concrete
pPavements. Referring to Shri Rao’s remarks that in an edge
tase warping plus load stresses would need & higher thickness
than the one given by corner case loading, the Authors (agreed that
It was s0 in the highway pavement where the wheels were supposed
to come on the unprotected edge, but the aircraft wheel was not
likely to come over the unprotected edge of the pavement and that
was why the 1.C.A.O. recommended the use of corner case loading
for the design of airficld pavementas.

Regarding the dynamic testing of the airfield pavement, as
suggested by Shri V. V. 8. Rao, the Authors pointed out that some
work had recently been done in ¥rance and published by the Shell
International, on this aspect, The work scemed to be very inter-
esting but since enongh work had not so far been done, it could not
be applied without risk. Regarding Shri V. V. 8. Rao’s point on the
effect of warping stresses, tho same had been dealt with by the
Authors while replying to Shri Koteswara Rao.

The Authors while replying to the point raised by Shri Z.S. Shah,
stated that the detailed constructional procedure had not been
given in the Paper, but the same had been worked out separately
and passed on to the Civil Aviation authoritics for the construction
of a second runway which would be in progress soon. While work-
ing out the specification, the work carried out in the Irrigation and
Power Research Institute had also been taken notice of and finally
it was considered that two coats of primer both on the subgrade as
well as on the sides will be effective in checking.up the rise of
moisture and consequently the sulphate.

s

Referring to Shri Satinder Singh’s comments, the Authors
Pointed out that a dowel was a common element between two slabs to
avoid each slab acting independently of the other. When a load
came on the edge of a dowelled pavement, it was partially taken
up by the adjoining slab, thus not affecting the edge as severely
a8 it would have done, in an undowelled pavement.

. For undowelled and unreinforced pavements, 25 per ocent
increage in the pavement thickness, as arrived from the charts of
Piokett and Ray, was usually made, .

10
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Replying to Shri Jagdish Prasad, the Authors pointed out
hat no impact factor was considered essential in the design of a
runway. In fact, whon the aiveraft touched the runway, it was still
partially airborne and had the minimum quantity of fuel with it.

The stresses imposed on the Tunway were not, therefore, very high.
However, to meet any additiona] stresses

L Y > S the runway ends were
given 10 per cent additiona] thickness,

Referring to Shri P. L. De’s co

mments, the Authorg agreed that
there was a reporting mistake on ti

e classification of the subgrade
soil. The soil belonged to «MT,’ group in the Unified Sojl Classi-
fication system.

Regarding the reduction in thickness of the soil-cement pave-
ment due to its rigidity, the Authors stated that the question had
already been dealt with while replying to Shri Nambiar’s points,

Provision of a strong sub-base did not affect
extent the thickness of the concrete pavement.

Replying to Shri C. L. N, Iyengar, the Authors stated that only
standard procedure was adopted {or plate-bearing test, to deter-
mine the L.C.N. of the bavement. Ths Authors could not agree
with Shri Iyengar that for all modern jet afrerafts the provision
of a rigid pavemont was the only solution. In fact, many inter-

national air-fields today were buijlg using flexible Pavements and
these were Eving very sutisfactory serviee,

Referring to Shri Mohan Rao’s comments th;
failure could be due to a low factor o

out that this pavement Tailure w
was made worse due to othoer §
quate drainage, cte.

to any material

45 a cuso of under d

: esign and it
actors like the sulphate a

ction, inade-

Regarding changing the existing factors of safety of 2, for the
taxi-track, the Authorg pointed out that the work of tvha,;; nature
could not be done by a couple of observations but required a com-
prehensive study and a3 such wag pot within the scope of the
present work.

The Authors could not agree with Shrj S, R. Pillai that the
simplification of tests for the

. design of the bavement was pogsible,
In fact, this was one reason why  tests like cone bearing, Housel’s
Penetrometer, and, for that matter, even the C.BR. in ’s'itu tests
dl((li nos1 bei;ilomof very pop;clllar. The triaxia] test was quite complica.
ted and, there ore, could not be gdg ted straightaw i
Pillai thought, P ¢ W as Shri

Shri E. A. Nadirshah

(Chairman) in his closi
stated that, according to hig experience, the layer of Ing remarks

metalled pave-
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. - ent
ment should be avoided onthe top of a soil st@l};gllx.ied m‘tx)ii C:J:Ecks
becanse metalled pavements had their own ﬁe)'z[}() i rxlxa?{{ e‘up [Cracke
were liable to ocour under loading conditions. o ake up for the
metalled layer, the thickness of stabilised soil cou ,
HCCCSS&I‘Y.

i ses of failure
It should also he considered whether one of1 ’ﬁh‘el c}?ucm.cks N
was not due {o water gelting into the baze throug
developed in the pavement in the carly stages.

: s recarding sulphate
He agreed with the point raised by Brig. Bose r'eg?]r?nl:)ﬁitlmile 4
action. 1t was a very important point and 1t.re(¥£;re i i
study and to find out whethor the pavement mf ‘ n?eg or emodios,
had fajled due to sulphate action, and if 80, whzyl. re inypavements in
the Authors would suggest for preventing failures
future.

The Authors should also state whab prec;mtion)s; c;’,[)l](; sgfst;ldoftiig
2 able rising and affecting adversel ;
o pm:oerf}ct w?{t: ralt;)b gell(',1 ’ ’oh%t the Aut}xo?s should have gxzen some
Ir;?ovrzndeta,‘ils regarding the causos of failure of the pavement.

re light on the design of
s should also throw wmore lig :
d"rheqtﬁuslgljiniq into consideration the effect of Var%ung gﬁeed
z:nxzi ;ggdtin"pon the pavement when the aireraft landed or too .

In the end, he thanked the Authors and various speakers.



Discussion on Paper No. 224*
“A Siudy in Road Failures”

By
NN Guroa & PLL D

Wednesday January 4, 1964

Qi r ‘ . N . M
. Shri 5. R Mehra (Chairnwan) called upon Shri S. N, Gupta
Joiut Author, to introduce the Yuper for discussion. ’

Shri 8. N. Gupta, while introducing the Paper rema,

in the pre-war days, it had becn possiblega,nd cor{)ventionar,lke;‘,ioghat%
walt for sufficient period to allow the newly formed embankment t

settle during the monsoons before construction of the pavement hag
been taken up.  But nowadays a bank was seldom allowed to settle
properly. 'The conventional thickness of crust was not increased
and the traffic developed far too quickly than had been antici ated
All these three factors combined together in varying degrees has?t‘efed'

a road failure. Other factors . o
the Papor. ter tactors for road failures were enumerated in

Shri S. N. Sinha stated that the P; ai
the aspect of failurc of the embankment o‘:%?fe :llfjggr?gn]y fouched

There were mothods for estimating settlement,
S10% 3 nt f i
One such method was given below: s ot natural ground,

Estimating Settlement of Soft Clay Layer
Assuming :
1. Clay was normally loaded

4 Lw = M = water
and fairly insensitive. " content

per cent.
2. Clay was saturated. 5. Soil unit weight in place =
3. 0, = 0.009 (Lw-10) 110 p.c.f. B
O ’
S = settl t = — 4 Pota
S = settlemen 1+90HlogjloLﬁo——-p=AHB
whore A=YQW=QE&E&19_UWWM—M
+ e Lte 7 TTiedi
- and B = Jog 1o Po+np
* Published at pag,gs; Giitz‘S‘(R{{’olﬁ;nT; XiX‘Vh: P"

Indian Roads Congress, November, 1969, Part 1 of ale?;’;;na‘l of th—é
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H = height of clay atrata in ft
— existing effective overhurden pressure at mid-height
of clay layer
Ap = increase of pressure P
= P-P,
If water table is above clay
layer P, = 62d,, - 484, ~
If water table is below clay
layer P, = 110d.

v
|
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Coming to remedial measures, Shri Sinha suggested that it was
necessary to know the present traffic intensity and the possible
increase. Such a survey in every State could provide necessary
data for designing the pavements adequately. The second impor-
tant consideration was to adopt a design method which would be
rational and suitable to our conditions even tentatively. These
would have to be modified as a result of actual performance of pave-
ment. Tho third important aspect was the moisture condition below
the pavement and in the subgrade since this would affect the design
considerably. On the basis of these assumptions, it would be possi-
ble to design the pavement, and in case of a highly clayey soil, lime
appears to be able to improve the conditions very much. In the
case of the soil of the Patna By-pass, the following laboratory
results might be of interest :

C.B.R.value 0.M.C.

per cent
3 18
Natural soit with the addition of 1 per cent lime 12.6 26.7
Natural soil with the addition of 2 per cent lime 50.8 25
Natural soil with the addition of 3 per cent lime 60.5 24
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The density in cach caso worked t

o 1.7 gm. per c.c. The
natural soil had a liguid limit of 58.7 and i o 3.5

a P.I. value of 32.8.

Referring, therefore, to page 74, Table 3, paras 4.2.7 and
4.2.8 of the Paper, it was not understood why 5 ’pef cc;ﬂ; l‘inlle was
proposed to Lo added. The thickness could be built up by
ac}dmg dlﬂ"elii:znt layers of stabilised goil with lime havin}'
dlf‘fgrent C.B.R. values. This would appcar to be a most r‘m‘uiomﬁ
design method. As a mattor of fact, it was not necess“r'y tolpﬂt in
a more stronger sub-base or base in contact with thewnatlu“lf soil
n;henfthe C.B.R. value qf that soil was about 3 per cent. He ;1;101;1(1,
Whethor T it way Hu bty Tiore Fatlonal dosin fsrespoctiv

sed with lime or with ce he lime
C ment. The lime

o + 1 ]
and the cement eontent could mnerease as the layer moved up.

- oesiend $1 ) .
\a III]e emph(?.;im,‘d the nacessity of adequate drainage and providing
as dense a carpet as possible at top in areas where the rainfall was

heavy and where the soil conditi
. 2 . ons were poor. T v
also, il could not be treate ! o shoulders must

d cheapl : i
out the rain water. PIY, have a proper slope to drain

Shri N. R. Srinivasan stated that o go 6
the 6 types of failures listed would heo aulr’ig,htr:l iIf)aﬁSe Si’bnlxj;az v?v:é
regi«arded in the‘usu’?l sense, viz., as the natural {foundation, In that
case, ﬂ‘ao types “a”, b g ang eq could be taken to refer to
emban_xmcnts i type “o” to cuttings and type “f’ to both. H
?‘V:f; ;i i?lllxe %mgankmerm fill was also considered s, subgm.de t;;é
atlure ha separate exis i Y
with types “ ¢” and “d”. Bince tho Authors lvlv;zl E;;rlil'»(rleé’r (z)x.t cﬁl ?tr'ge%
place to type “e * failure, it appeared that they hold the vi 7 the
the natural foundation wag the subgrade. view that

‘However, the example of suber i i
ver, ! rade failure in para 7.2
ca‘setof fil!ure due to settlement Dof fill material (I))f Zn Emg;xr?k&-
ment, which suggested that they held embankment £l as ‘sub~

grade. If 0, he wondered how th istingis
“c” and “d” and type “e” f&ilm‘es.y distinguished between types

In tho example for shear failure
para 4.1, the fail

. : complete pumpij
o s «m_dJe}cent pond by its owner. The dfwm?;?&
capiilary pull in the soil, it was said, resulted in additional stresg

on the clayey soil that had been saturat i
Factor.  Thot might b e been ; rated, thus reducing the safety

I ! but as it was gene

in pumping tests that, even with a fairly powerfl%l p;ﬁlyi[? bsergr e.r.}.'
was rather difficult to lower the water-table to any 5 % 8o i)]l
~=tent beyond a distance of & few feet from the pumpiﬁg {;,col?nbcf
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the following points should be made clear :

(1) the distance from the embankment to the pond that
was pumped out; and

(2) the type of pumping unit employed or the rate of
pumping.

Shri K. K. Nambiar referring to section 2, para 2.1 of the
Paper, agreed with the Authors that shear failures and excessive
settlement were two of the principal sources of difficulty relating to
the engineering behaviour of soils. However, many factors tended
to confuse the problem. In shear failures, it was rather difficult to
estimate the existing stresses, the shearing resistance of the soil
and the exact location of the surface upon which shear would occur.
The determination of those factors caused most of the difficulty
in the accurate estimating of soil-shear behaviour,

As regards settlement, natural soil deposits upon which a
fill was placed, will tend to become more compact. In addition,
within the fill itself, some added densification could be expected.
The latter problem was much simpler of the two to control.
The condition of the compacted soil could be specified and exces-
sive densification eliminated. In fact, wunder good construc-

"tion practice, little or no scttlement within the compacted mass

was to be anticipated. Within the natural xoil beneath the fill,
accurate settlemont estimates were not easy to obtain. The
principal sources of uncertainty were due to difficulties in deter-
mining the extent and uniformity of the in-place soil, stress
conditions that existed, and the reaction of saturated soils to the
stresses applied.

In regard to the application of soil mechanics as a solution of
road problems, he would like to stress the need of adequately
trained staff. A wider diffusion of the knowledge of the principles

of soil mechanics, therefore, merited the immediate attention of
engineers.

Referring to section 4, para 4.1 where Authors had explained
the failure of the slope due to capillary pull in the soil below the
embankment, he would like to explain that weight of the material
and superimposed loads on a slope were the main forces which
tended to destroy its stability. The force that resisted this tendency
or tried to restore equilibrium was the shearing strength of the
material. Now the shearing resistance or resistance to sliding did
not depend on whether or not there was water on the outside of
the slope, provided water was not permitted to flow out from the
sliding wedge. On account of sudden draw down, there was an
increase in the weight of the slope material, caused by the loss of -
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buoyancy, and, ther ili : /
buc \fc ed,};esulting ixffé)]f:’s?il;i stability of the slope was suddenly
Referring to para 4.2, Shri Nambiar stated that .
m%x}tl m question was only 6 {t high and one Livcftilatlt rtll(l)i igll}ntrﬁ;%
?1 igh embankment, On a study of the test results, in Table 1
e found ’oh‘mt the soil in the subgrade was g cla.y, belonging to
%rl?:gcﬁ;i;l((’le ;f 1?1116 P.R.A.bpln.ssiﬁeation system. It had a i’ligh
asti “oX and was subject to high volume changes il
’(i‘fh this type constitute undesirable subgr%mdes for ﬂoxill)lllnf;zi\‘r'emgg‘é?
© Dbrovision ‘of rubble soling over such subgrade as to bo
Particularly deprecated. Entry of mois #h the pave
gof_tened the subgrade and, under the action of traffic, the soft cla
{ggr'uded into the soling, resulting in damage to,the Wemeng’
hile buxldmg roads on soils of this type, it would bI;‘ a gOOd.

ggst;ﬁ 0 Pl‘ovide 8 6-in. thick blanketing layer of good quality

the]g’R AOXC]OthC';i Sltl.ltablc soil, belonging to group Al or A-2 of
v AL classification gvstc rop ' -

construct the Pavement ovgrSti:.m’ over the clay subgrade and then

He did not agree with the Author,
_ 8 that the fail i
(v;va,s (.itue tfo the inadequate compaction of the esu"mﬁglgfag f t}’i‘lzo rgi:d
;;1;1 y of thle subgrade was 102.5 1p per cu, ft. (Table 1) whici
means a tairly good degrec of compaction for the type(of soil uged.

frlll(gthi(:’tﬁge ci‘:calilmhtad been under traffie for a number of yoars
stances i 5 | ars,
the subgrade had reache?l :;1 \V:(;eon]y regsonable to deduce that

There was another poj 2dequate degree of densification.
A pomnt which might be borne in ru; -

{:ga,lrél to soils of this type, If they are Ovel;légn;n rr;md with

uld cxhibit considerable swelling, H pacted, they

S . . : ence there
limit their compaction requirements in order thazv iie& fieed to

not swell excessively. He felt in

: . { the present instance iai
gﬁea:nélr‘r;’pﬁ;mr;ao?slfu iur‘fa:ccmgh would have helped inhi)fgw(r)gr:iigz
: bure into intaini
its strength oS tability, the subgrade and thus maintaining

soils may

Coming to the recommendation i
wag neither practicable nor sc?tf:ﬁil poliey o Tasist e that it

should not be used in embankm policy to insist that clay soils

ment and stability of the embaiﬁ;}; . From consideration of sottle.

t, the only t i
should be cxcluded were those th i oo doils that
: d wo at contained an a i
olf1 orlg(;larl;xe materials. Whatever soil was us:d?pgfgc;ﬁéigfgg?x:
18 ould be constructgd I?y spreading the materia] in rehth; ly thi
ayers and compacting it to a hi or sons, the

A h density. F i
side slopes should be flatter forg sta,bifiltg ; f(froi\.:?-:)zgrelg S?l]s’ e
soils, the recommended slopes would be 3 to 1 and 2 k’co ]10 c’lepgfldli&r;;

on whether the bank was subject to inundation or otherwise

Ref: Para 4.24, Baruipur

Here again tho pavement mer. -Uttarbhag-Canning Road:

pervious one laid over 5 clay
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subgrade. Water entered the subgrade through the pervious pavement
and softened it; the softened clay then worked wup into the
pavement, damaging it thereby. The following measures are
suitable in such a situation :

(i) provision of an impermeable base such as soil-cement,
or

{ii) provision of a porous sub-base which will trap any
water passing through the surface, leading to drains
constructed under the berms and thus preventing the
softening of the subgrade, and

(iii) provision of an impermeable surfacing.

Shri A. A. D. O. P. Saparamado stated that the main cause of
damage of Berai Bridge Approach Road, was due to the settlement
of the embankment itself. Hence pavement failure could not have
been avoided whatever the initial thickness of the pavement might
have been. TUnless the embankment had reached its equilibrium
it was open to doubt whether the remedy suggested by the Authors
would be successful as further settlement of the layers below the
compacted subgrade would eventually bring about failure in the
base. It would have been more desirable and economical to bring
the surface to a satisfactory condition and apply the remedy once
observations had shown that no further settlement had taken
place.

The failure on Baruipur-Uttarbhag-Canning Road, was due to
the failure of the subgrade. It appeared that the C.B.R. value of
the subgrade soil required a thickness of 14 inches of pavement
which would have been alright. The necessity for stabilising
the subgrade purely for the purpose of improving the C.B.R.
value was not understood. That might be necessary, on account
of high cost of base materials in order to reduce the thickness of
base course.

For preventing road failures, the Authors had suggested
construction of pavements to proper design after adequate investiga-
tion. Due to increase in tho volume of traffic together with the
increasing loads, the existing pavements which were constructed
for low volumes of traffic were rapidly deteriorating. It would have
been more useful if the Authors had suggested some practical and
cheaper methods of arresting road failures with a view to prolong-
ing their life-span till such time as these sections were taken up for
reconstruction. Excepting concrete roads where failure involves
complete rebuilding, it would sometimes be more economical to
deliberately under-design a road at the start and keep on adding
further crust as and when deformation took place. This had
been mentioned by the Road Research Laboratory, England, in thejr



568 Discussion on

Paper * Research and its Application to Road Construction ”” by
Fisher, Lec and Millard,

In Ceylon, it was observed that the main o

: ause of failure in
most of the roads was the inadequate thickness of the base course,

They adopted the course reccommended by the Road Rescarch
Laboratory in bringing up several soctions by merely adding gravel
to the road allowing the traffic to compact the same and putting
up more crust as it daformed til] stability was attained. ”

Shri 8. Koteswara Rao stated that the Authors in para
3.6 had suggested that a proper design of the pavement thickness
congistent with the expeetord traffie ihtenaitv and tho worst sui)‘-
grade condition was the cssential prerequisite of a road project
This was perfectly truc. But he would like to know which method

of design, in the opinion of the Authors, was the proper one. The
method of dasign which predicted

Authors had used the CB.R.

failure on the basis of a limiting settlement. Tt was not known

from the Paper whether the Authors in their design had given

consllélemtlon also to the shear stresses under the pavement which

would have caused shear failure of the subgrade, had i i
{ : E ad ,

of poor shear strength, ® ’ 1t been a goll

Having considered shear fuiluce
of failure of pavements, he would ]
would still rccommend C.B.R.
considering the shear stress in th

\0 us one of tho important types
ike to know whether the Authors
method of design alone, without
2 pavement,

Shri T. K. Natarajan stated that, on

of failure hy spreading’ was given.  Unfortunatel i
the slope of tho embankment or the height of tﬁé er;r?bg:ltc?rl}: (;f
ete., were given by the Authors, Analyses of cage histories telln ’
that such types of failures do not and cannot, oceur suddenly, unl -
there was fairly large layers of sand or silt strata underneat};l’ 'I?}fs
difference hetween the oxcess pore water pressure and the wod h:
of the earth due to overburden ig greater near the toe tharfv elig
where, and so the shear resistance. in the vicinity of the toes 0(; e
embankment very often 8ot reduced to zero, and a failure result:dn
It was, thereforo, Very mecessary to make g distinetion between
clay strata containing pervious seams of sand or silt and theen
without them. Tt was of course also possible that failure of o
embankment could occur even in the absence of pervious se ar;
sand or silt, but in that case tho failure should ‘have bo N don
gradual rather than sudden as s informatin

: has been reported. Some ; i
on this point would have been instructive Ii)n this como;énformatxon

page 69, a typical cage

Shri S. Radhakrishnan stated that in para 2, some of the

causes for the different types of the road failure had be sori
But the distribution of the moisture in the subgra&e sobiells] 3?1?;1{1):1?3‘
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Pavement and its adjoining area which play an important role in the
stability of the road structure, especially when clayey soils were met
with, had not been taken into consideration. Sometimes, wide longi-
tudinal cracks are developed dus to the moisture gradient set up
and there were many examples of road failure due to the above
reason.  Henee it was necessary that this aspect should also be
studied particularly in determining tho mode of entry of moisture
into the subgrade—whether the percolation was through the road
surface or by other means.

In para 3.1, it had been explained that the shear strength should
be determined by conducting cither the triaxial or direct shear and
that tho factor of safety with respect to base failure should not be
less than 1.5. But when the investigation of the typical shear
failure of a road was explained in para 4.1, no such details were
given. Tt was simply stated that at the time of failure the factor
of safety got lowered below unity. Inall such failures, the pore-
pressure developed was an important criterion and hence it was
advantageous if the nature of the examination made and the details
of the tests taken up and other stability diagram, etc., were furnished
to confirm the mode of failure. Further, in the present case, the
failure was due to sudden draw down conditions caused by the
pumping cf the water from the pond and to avoid such failure the
best remedy would bo to provide a sand blanket or a gravel filter
between the fill and the base. In that cagse, tho water would flow
down into the filter and the seepage prossuro would act in a down-
ward direction instead of outward and as such the stability of the
il would not be affected. But the suggestion of the Author for

driving of piles would not be of any help in preventing such
failures. '

The failure of the subgrade in para 4.2 on Baruipur-Uttarbhag
Road was considered due to inadequate thickness of the pavement.
But the examination of the subgrade soils and other aspects showed
that the failure might also be due to insufficient drainage provisions.
That could also be seen from the higher moisture content of the sub-
grade soil in the failed sections than the good portions. Generally, in
all such clayey embankments, a sand blanket or other filtering
medium should be provided to the full width of the road to prevent
the water accumulation in the subgrade. Such medium would also
prevent the soft clay working up into the base and help to prevent -
the disturbunce of the subgrade by traffic.

Shri S. B. P. Sinha wanted the Authors to clarify whether the
use of vertical and horizontal sand drains had been tried and whether

digging borrow pits close to road embankments was prohibited in
West Bengal. : ‘
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He suggested the use of machinery for compaction of high
embankments and approaches to bridges, and checking of pore-pres-
sure during construction of such embankments. He also suggested
provision and maintenance of stabilised flanks for proper protection
of the subgrade below pavement. '

Shri M. C. Johorey stated he had some experience of road
failures particulaily of miles 870 to 840 (Bulandshahr city to Ghazia-
bad) which showed signs of distress since 1955, but during the heavy
floods of 1958 this road started sinking badly and necessary measures
had to be taken to improve the surface. But he would like to poin't
out that the advanced stage of road failure can easily be detected
but the Authors should point out ways and means as to how failure
in preliminary stages could be detected.

Shri 8. R. Pillai stated that in every embankment there
would be cross drainage works and at the joint between the masonry
and the fill in the embankment, water would find its way and cause
failure of the embankment. To avoid this, the masonry inner face
should be made sloping. Even vertical steppings in masonry were
not recommended as water would creep through the vertical faces
causing failure. The other point was about the surface drainage;
if water flowed along the sides of road, embankment slope wouldgbé
scoured. Therefore, it was recommended that there should be
berms along the road to lead the drainage water to the masonr
slope drains to be provided along the slopes of the embankment v

Shri B. G. Naik stated that the data tabulated i} i
Paper lacked the following information which, h: ?eltm e

. . 3 Waﬂ
quite essential to ascertain the causes of failure : ’

(1) data of construction of the embankment,
(2) height of embankment,

(3) the nature and intensity of traffic on the road

In para 4.1, shear failure of \
The road had been constructed 0111yn?;‘;ra;e§:§ ul:laikv;a:d (i%scrlbed,
been a sudden settlement of four feet. The height of emb ef{e had
was not recorded and how exactly the shear failure in th an rtnent
grgund had been observed was not understood, He Wondeg (Ilm"fuml
failure had been due to the pumping of water from the oid‘ tlhe
Since half of the road was originally a part of the pond i%;) only.
likely that that might be a case of simple settlomont of vggi;giy

ment which had probably not b ) -
moisture control. P ¥ eon constructed in layers under

In Appendix 2, the Authors had given
Grand Trunk Road both for damagedgand urs)(le:;:g;()i’ :::tfilz)zgamﬁ)f
. He
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was of the view that data collected on those lines of old roads.
would be of more utility in ascertaining the real causes of failure
and arriving at more practical and sound pavement designs, than
the study of fuilures of new roads which were primarily due to poor
compaction of embankments aided by inadequate pavement
thickness.

As rogards the other suggestion of the Authors, he would refer
to para 5.3 whercin the compaction of embankment with specified
moisture content and specificd density was only necessary in cases
of embankments 15 ft or more in height. For normal road embank-
ments, between 2 to 3 ft, it was neither practicable nor necessary
to adopt these measures as the construction of roads was spread
over miles and was not a concentrated job like the dam embank-
ments, All that was necessary, therefore, as stated by the Authors
in para 5.4, was to lay the embankment in layers and compact it in
the conventional way.

In this connection he drew the attention of the members
to the subject of Proof Rolling of subgrades which had been des-
cribed in a recent issue of the ¢ World Construction’. This was a
significant development in the United States, which required
the test rolling of the earth subgrade prior to acceptance as a
support for the pavement. Several State Highway Departments had
adopted this practice. Adding little to the cost, it had greatly
improved the completeness of quality control as compared to
the field laboratory contral of samples only. This testing covered
almost every foot of the subgrade, in the construction of which the
usual construotion specification pertaining to embankment and
subgrade construction had been fully complied with.

Shri Satinder Singh stated that in para 2.1.5, the Authors
had described the failure of subgrade on account of the combined
effect of wheel load and the weight of the pavement, He would
request the Authors to survey the action of the fast moving traffic
on the subgrade s, in his opinion the fast moving traffic was much
more responsible for the failure of the subgrade in comparison to
slow moving traffic. :

Shri D. C. Chaturvedi* stated that in para 4.2.2, the dry
density of the soil (102.5 1b per cu. ft.) was lower than the desired
dry density of 105 1b per cu. ft. He would like to know whether
};ha,t small difference in dry density would lead to subgrade
ailure,

~ In para 5.3, the importance of compaction of egrth in embank-
ments had been stressed. In Agra-Mathura section of National
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Highway No. 2, mechanical compaction of approaches of over-
bridges had heen done by use of a l-ton roller driven by tractor or
bullocks. The number of passes of that roller required to give
desired density had been determined by trials, That was a q'ug 1
method of uchieving satisfactory compaction. ‘ R
e . .

.'lhe hnnt::s of consistency of highly clayey soils which should be

avoided for high embankments might be given by Authors.

 Inpara 5.6 (iv), provigion of impermeable thin film (alkathene
film) had been recommended to keep off the water from the sub
grade. Tho .1\'\1}}101‘5 should indicate if this had been nsed by them
and found satisfactory. The thickness (gauge) of sheet and pre-
cautions necessary should also be stated, E

Shri S. N. Gupta and P.L.. De (Authors) in their renly
chmcnts stated that Shiri S. N. Six(xha had )surrmt'liecltll ;v;lpliltgrtl} ;
mV{3 method for the estimation of settlement bgf natural ‘ To n‘(;-
Th.ls ‘method was generally adopted for evaluating the u(\ttle;gn utzl f
building foundations and might alto be u’dopteddfoi \ f'keétl‘ nt o
roads. However, the method sugee ., oment of

csted In the Paper was si
and bascd on the same principles. ! was simpler

Shri Sinha had asked as to why 3 & i
recommended when lesser percontages o}f7 Iirggrnclzgl}ftolf)cj Hsrtxoﬂ? b Eﬁ)een
develop adequate C.B.R. value in the soil. In the I bcmnt e
tests adequate C. B. I. values were obtained by the use ofior?lra 20 I:‘,y
3 per cent of l'1me but as several uncertainties wore involy d i
a._otual construction, e.g., insufficient mixing, unknown qualit Vef_ ho
lime, cte., and above all, as it was the first of its typeoci)f wlo{kot tlge
executed, a little higher percentage of lime was recommended to be
on the safer side. If the initial experiments failed, lot of discouro .
ment would grow in the minds of field engineers,. In later woajﬁe-
they had actually recommended lesser percentages of lime }I‘hs’
Authors agreed with the other suggestions made by Shri Sinha °

In reply to Shri N. R. Srinivasan’
] . R, n’s comm
ment19n9d that t'.he type of failure under (), viz,, * :ng};gg fé,;llthoﬁs’
}mi 1clhstmctlyldlffergnt from the types of failures of the embankmgﬁt
n the example under para 4.2.1, the road fail ‘
combined failure of the subgrade and of the emai:alxllllfm‘;vr?: gr?c? t}(x) the
there secmed to be no objection in describing it undey ¢ subg‘:gcclg

failure”. 1In fact, the remedy suggested i i .
vement of the subgrade only. y suggested in this case was the impro-

As regards the questions raised on pa:
1 para 4.1, the A '8 g
that there was practwa}ly no distance between the g(t)}rllg ?zritcjia:ﬁd
road and, in fact, a portion of the road was built on the pond itseﬁ

and this was the portion which failed. The type of the pumping

unit used or the rate of pumping could not be ascertained
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_ While replying to Shri K. K. Nambiar, the Authors appres
ciated additional information offered by Shri Nambiar in respect of
paras 2.1 and 4.1,

Regarding comments about parx 4.2.1, the Authors explained
that the failure was due to the combined effect of subgrade and
embankment failure. The density of the embankment was lower
than tlo desired density and much lower than the ‘maximum
attaiable density’. If the cmbankment was compacted upto the
“desired density’’ (103 1b per cu. {t.) it still remained lower than the
‘maximum attainable density’ and the apprehension of over-
compaction, as mentioned by Shri Nambiar, was ruled out. This
portion of the road embankment was new and not under traffic for
many years as thought by Shri Nambiar.

Regarding comments on para 4.2.4, the remedial measures
suggested by Shri Nambiar might not be fool-proof, because water
entered into the subgrade not only from the surface but more so
from the water-table below by capillary rise.

Tn reply to Shri A. A. D. O. P. Saparamado’s comments on.
the failure of Berai Bridge Approach Road, the Authors stated that
though the settlement of the embankment had contributed to the
failure, the remedial measures suggested were expected to be
successful as the embankment would get naturally consolidated and
stabilised with lime and {urther risk of failure due to settlement of
embankment would not be thero.

In the damaged portions of Baruipur-Uttarbhag-Canning Road
stabilisation of the subgrade with lime to improve the C.B.R. value
had been suggested as the provision of 14 inches thick pavement
would be costlier, the cost of conventional road materials being
very high in this region. ~

There was no denying the fact that it was not economically
possible to reconstruct all the existing roads with proper design, but
the Authors would recommend that proper design principles should
be applied while designing new roads and improving existing
ones. '

In reply to Shri S. Koteswara Rao’s comments, the Authors
would like to say that the C.B.R. test conducted on the subgrade
soil took care of the shear failure of the subgrade. = As regards the
shear failure of the embankment, however, proper embankment
design had to be made considering the shear strength of the material
and the effective stresses.

In reply to Shri T. K. Natarajan’s comments, the Authors
stated that no pervious layer of sand or silt existed within the
zone of failures.
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Shri S. Radhakrishnan had suggested the inclusion of
moisture distribution in the subgrade as a cause of failure in the
list in para 2. In fact, the moisture distribution might affect all the

types of failures listed and .as such it was considered in the
Paper.

Tt was hot clear how the provision of a sand blanket between the
61l and the base could prevent the failure described in para 4.1.
The failure was not duc to oxcess of water in the
course.

~—

hase

The failure of the road described under para 4.2.4 was 2
subgrade failure and insufficient drainage was one of the causes of
weakening the subgrade. As the area itself was low lying,
subjected to inundation during rainy seasons, tho provision of better
drainage was neither easy nor economical.

In reply to Shri S. B. P. Sinha’s query, the Authors stated
that vertical and horizontal sand drains had not been tried in West
Bengal. Digging of borrowpits on sides for making road embank-
ments was not prohibited in West Bengal but a minimum distance
between the too of embankment and edge of borrowpit was
prescribed. Regarding Shri Sinha’s other suggestion on wuse of
machinery for compaction of high embankments and on stabilised
shoulders, the Authors poihted out that these were acceptable and
were already covered by para 5, page 75 of the Paper.

In reply to Shri M. C. Johorey’s comments, the Authors
pointed out "that a closer and more frequent inspection of roads
would belp in detecting road failures in the preliminary stages.

The Authors accepted Shri 8. R. Pillai’s suggestions as
worthy of consideration.

Shri B. G. Naik thought that the failure of the road described
under para 4.1 might be a case of simple settlement of embank-
ment and not a shear failure. This, however, was apparently ruled
out as a settlement of 4 ft could not take place overnight unless
there was a sudden shear failure.

In cases where the subgrade was improved by stabilisation, the
principle of design was such that the total thickness of the pavement
plus the stabilised layer should be adequate as required by the
CBR. value of the natural subgrade and the thickness of the
pavement itself should also be adequate as required by the C.B.R.
value of the stabilised layer.

The suggestion for ‘ proof rolling’ the subgrade as adopted in
U.8. deserved attention.
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Shri Satinder Singh’s opinion regarding greater damage
caused by fast moving traffic was correct as, in addition to the weight
of the vehicle, the impact also came into play. A survey of the
action of fust moving traffic was worth undertaking.

In reply to Shri D. C. Chaturvedi’s comments, the Authors
stated that even a difference of 2.5 pounds per cu. ft. density in a high
embankment might contribute to the settlement of the embankment
as the difference between the loosest density and desired density was

about 29 1b per cu. ft. (105-76) and 2.5 1b per cu. ft. was about 9 per’
cent of it.

The limits of consistency of highly clayey soils which should be
avoided for high embankments were already given by the Authors in
their previous Paper—vide para 4.1.1 of Paper No. 213 entitled
“Some Studies in Soil Mechanics as applied to Roads in West
Bengal’ published in Vol. XXIV-Part 1 of LR.C. Journal.

The Authors further stated that the use of thin alkathene film to
keep off the water from the subgrade had not yet been tried in the
field but there was a proposal to try this on a road near Caloutta,

Shri S. R. Mehra (Chairman), winding up the discussion,
thanked the Aunthors for presenting a good Paper. He also thanked
the various speakers who took keen interest in the discussion and
brought out several useful points.



Discussion on Paper No. 225*

*“ Stresses in the Corner Region of Thin Bonded
Concrete Road Slabs ”’

By
S. Koreswara Rao & VENKATASUBRAMANIAN

Thursday, January 5, 1961.

Shri K. K. Nambiar (Chairman) called u i
. pon Shri S. Kotes-
wara Rao to introduce his Paper for discussion. *

Shri S. Koteswara Rao (Joint Author) in his introduct
or'
remarks stated that the object of the Paper was to ovaluate thi
stresses in concrete road slabs laid over water-bound macadam bases.

_ For this purpose, a 4-in. thick concrets road slab of 33 ftx 12 ft
In area was laid over a water-bound macadam base constructed as
per usual specifications. Stresses due to applied static loads were
measured and temperature stresses were evaluated for this slab.

The temperature stresses had been re orted i
§ in as
Only the load stresses were discussed herg. eparate Paper.

It was felt that the worst stre
corner off t}he pavement, when loa
corners of the pavement were loaded uniformly o i
thg strains on the surface of the slab werZ m::(::sxSrg(lir:;l:;xfx?;
points on lines radiating from the corner and deflections measured
in the corner region. TUse was made of these deflections in the
Westergaard’s formula to find out the modulus of subgrade reaction
Plate-bearing test was also conducted on the base course. ie thé
water-bound macadam, to obtain the modulyg of subgra.de; re:c\.c.t’;ion.

ss situation would oceur at the
ds were applied there, So the

The corner stresses in the slab were calculated by Westergaard’s
formula, Spangler’s formula and Goldbeck’s formula and these

stress values were compared with the stresses obtained from strain
measurements.

The conclusions arrived at were : (1) The value of the modulus
of subgrade reaction ‘K’ calculated using Westergaard’s formuls
from measured deflections was not the same under all points
in the corner area. So tho fundamental assumption for the

* Published at pages 149 t0 162 of Vol. XX V-Part 2 of :
Indian Roads Congress, December 1960, st 2 of the Joutnal of the
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Westergaard’s corner load formula, namely, that the subgrade reac-
tion was equal to KZ, i.e., the modulus of subgrade reaction deflec-
tion, did not seem to be valid. (2) The measured stresses were in bet-
ween Spangler’s minimum probable stresses and maximum probable
stresses and were nearer to the minimum probable stresses. That
showed that Spangler’s maximum probable stress which was 53 per
cent more than the minimum probable stress overestimated the stress
value. (3) The maximum measured stress compared very favourably
with the maximum stress by Westergaard’s corner load formula.
(4) Goldbeck’s corner stress formula gave a value of stress which
was more than twice the measured maximum stress. That indicated
that the main assumption involved in arriving at the formula,
namely, the corner being entirely unsupported by the subgrade or
base, was not correct at least in the case of bonded concrete slabs.
(5) When the corners were loaded to failure, it was observed that in
the vicinity of the corner bisectors, the crack was more or less
straight and at right angles to the corner bisectors thereby satisfy-
ing Westergaard’s assumption.

That observation, along with the close agreement hetween the
measured maximum stress and Westergaard’s maximum stress
showed that to estimate the maximum load stress in the thin bonded
concrete road slab, Westergaard’s corner load formula was suffici-
ently accurate.

Shri R. P. Sikka stated that the Authors had conducted a
very interesting study and it would be worth while extending it
further to study the stresses with edge loading and the corner
stresses when the adjoining slabs were connected by means of load
transference devices such as dowel bars.

The Authors had referred in para. 2.1 of Paper to the bonding
of slab with the underlying water-bound macadam by means of
spreading a rich cement slurry over the cleaned base before laying
the concrete. And on that basis, they had pronounced some judg-
ment notably in paras 2.9 and 2.10. Now the extent and effect of
this bonding was not clear to him, The bonding of a concrete slab
with an underlying rigid pavement could well be understood; but
the bonding of the slab to a flexible base was rather beyond
comprehension. Moreover, if the said bonding did actually occur,
then it should have added to the structural strength of the slab,
with the result that actual stresses observed should not have tallied
only with 4 in. thickness of the slab but rather with greater thickness,
say, 5 in. or more, depending on the extent of bonding. Since the
values of stresses caloulated in para 2.8 did not show an increase: by
way of any bonding, it could only be concluded that in actual
behaviour the effect of bonding was not reflected, and that it would
be dangerous to make any presumptions to that effect. ‘
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In para 2.4, the Authors had remarked on page 152 that
the fundamental assumption for Westergaard’s corner load formula
was not fulfilled in actual practice. It was well understood that
there was variation in support due to the working of slab, and
for that very reason Westergaard modified his original formula
for interior loading to allow for the reaction of the subgrade under
and immediately around the load being greater than if the reaction
was assumed to be proportional to the deflection. For the corner
loading also, similar modifications were effected separately to the
Westergaard’s formula by the Bureau of Public Roads, Mr. Pickett,
and M/s. Teller and Sutherland. This naturally posed the question
as to why any of these rational formulae were not used in
preference to the Wostergaard’s formula, to caleulate the stresses in
para 28. Perhaps the Authors could throw light on this point.
Anyway, it would be of interest if values of stresses caleculated
according to these formulae were also included in the Paper in

order to indicate as to which formula was more cloge to Indian
conditions.

In his opinion, the Authors had rather harshly condemned the
Goldbeck’s formula in paras 2.9 and 2.10. It was evident that
as long as the corner of the slah remained supported, the stresses
caused in the slab by any load would be considerably less than
when the slab became unsupported at the edge due to warping, ofc.,

and thus behaved as a cantiloyer. Now just because the slab had
remained supported in the isolated

did not mean that such g condition

the support of subgrade and then the stresses would definitely be
true according to Goldbeck’s formula, Contrary to what had
been stated by the Authors, the bonding of the slab had nothing to
do thh_this phenomenon. Even if the slab was bonded to the
underlying bage, such a thing might actually happen in field. In
this connection he did not understand how the Authors expected a
stress of 1035 p.s.i. to actually occur when the maximum stress of
concrete was only 490 p.s.i. The Pavement must always fail at a
stress of 490 p.s.i. but when the conditions satisfied Goldbeck’s
formula, then the failure would Ocour with a much lesser load than
in the present case.

Another point which wag not clear was
over such a thick base comprising 6 in, s
bound macadam. It was well-known th,

» why the slab was laig
oling and 4 in. water.

] » and that the base
was used only cither to form g workin

y g surface in wet weather or
prevent mud pumping on clays and silts.

Such necessity did no
seem to be there because the My

subgrade was stated to be silty sand
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Nevertheless, his main point was that if the slab was laid only on 4
in. of base, then also it would hehave in the same way.

He would algo like to be informed about the diameter of the plate
used to determine the ‘ &’ value.

Shri V. Venkata Subba Rao stated that the Authors hadgxicét
assessed the surface contact area for the.loqd Properly. Inl 145,
Paxson, during his experiments on the variation in contact area ug
to variation in load, had observerl that when the load was increase
more than 4,000 1b, or over when the load was near 4,000 lb, thg
contact area tended to be elliptical. In some of the tests cgnduihet
by Road Research Laboratory (London) also, it was recognized f ge
cven when the load was as small as 1,000 1b, the contact area woul_ >
elliptical. In the corner region, WhenA the contact aresa was elh}; hx-
cal, the load would not be symmetrically distributed about be
corner bisector. Hence the behaviour of the corner would not be
same as when the load was distributed over a circular area.

In para 2.7 on page 159, the Authors had concluded thai:
locus of the maximum strain was similar to t'he corner brea;,1
and they had given that corner break was just between the
circular arc and a line perpendicular to the corner bisector
and, therefore, the locus of the maximum straaq was algo
the same. But in para 2.6 thoy had given that the maximum strain
around the corner bisector did not coincide with the point where the
corner failed: So, he did not know how they had assumed that the
maximum locus was the same as the corner failure. He thougblit
that as they could not get a smaller strain gauge they were not Tah o
to measure the strains between the load and 18 in. dxst:,a.nce. us
they had not been able to find out the locus of the max1mumdst1t':an
throughout the area. In some of the experiments he had conduc )
which were for a 3 to 4 in. slabs, 2 ft wide, with a bullock car
loading of 1 in. diameter area and a load up tg 2,00Q 1b, tl}e locus
of the maximum strain was a circular arc of 6 in. radius which was
quite agreeing with Spangler assumption. Further, Spangleuil 8
formula for the maximum stress had assumed a circular arc as ht 10
locus of the maximum strain. The Authors had stated that their

- obgerved values were very near the minimum stress calculated

i for
ing to Spangler’s formula. The Spangler formula

i?:gli‘?nuii stress gas %or the condition when the slab had warped I;P
and the minimum stress was when the sla,'b_ had warped down. . 1;
this Paper, nowhere the temperature condition and the amoun gt
warp or any other information was mentioned. So, ib wa}:e t?z
possible to know whether the slab had warped up or w. der
warping was only less. He felt that the slab ha.d probably warped a
bit down but not fully and that was why their results were very
near the Spangler’s minimum stross,
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Some more work was necessary to find out the variation in the
stress when the contact area varied. The Authors also should have

discussed Pickett’s formula which was supposed to be nearer to
actual practice.

Shri G. C. Gupta stated that thin bonded slabs had so far
been commonly laid in several parts of the country because of their
economic advantage. There was no rational method of design of
such slabs and specifications were adopted more by experience. A

rational approach to the problem by the Authors was an important
step towards analysing thin slabs. '

Referring to paras 2——6 of the Paper, he stated that -curves
had been drawn to correlate strains and distance from corner
of slabs. Strains *had been observed only at 3 points, ie., 18 in.,
27 in. and 36 in. from the corner, Curves had been drawn through
these 3 points and had been shown to have their maxima outside
this range. Study of 3 points was obviously insufficient to draw
any curve and he would request the Authors to indicate the consider-

ations from which they inferred that the maxima would be in
between 16.5 and 18.5 inches from the corner,

Later, in same para, iso-strain diagrams had been drawn in

_F1g. 7. The ]ogus of maximum strain was a curved line whereas
in Westgrgaa.rd 8 analysis, maximum strain was assumed to occur
along a line normal to the corner bisector. The actual failure was

somewhere in between the straight line and the curved line given

by strain diagiams. He would like the Authors to explain this
anomaly.

The modulus of subgrade reaction had been observed to be
1,120 1b per sq. in. in dry conditions. Deflection studies gave figures
of 225 and 425 1b per cu. in. The experimental determination
done 9 months later outside the slab gave a figure of 405 1b per sq
in. There was a wide difference in between these observations and

in order to arrive at any conclusion it would h v 1
Authors had conducted tests for o fooen botter if the

subgrade reaction | i
conducting deflection studies. & aovion immediately after

Shri P. J. Rao stated that, in the study conducted, subgrade
modulus ‘%’ was one of the important variables. As p;)inted out
in the study, it was allowed to be a variable modulus of subgrade
reaction which varied with the moisture content of the soil. o
when the Authors conducted the tests on the subgrade, it was 1,120 1b
per cu. in., but at the time of testing the concrete slab, it was’ much
less. Asg mentioned by the previous speaker, there was some
discrepancy in it. He believed that could have been avoided by
trying to control the moisture content of the subgrade by covering
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it up from below with a plastic bituminous surfacing, or alkathene
cloth. That would keep the moisture content fairly controlled and
give the value desired by the Authors.

He would also like to mention that in para 24, page 151, the
Authors should have given the gauge length of the strain gauge.

Brig. S. K. Bose stated that although the Author in his open-
ing remarks mentioned that the results tallied f&vourably with
Westergaard, a careful reading of the Paper showed that it was
not so. The measured stress tested did not tally with the computed
stress by Spangler formula also. It was so because both Sgangler
and Westergaard had assumptions which were basically different
from the experimental slab.

Elaborating his point, Brig. Bose stated that the entire concept
of a rigid pavement was based on the flexural strengths _of concrete
and the subgrade, The value of ‘/’, theradius of relative stiffness,
was an important factor. The concept was based on the supposition
that a uniformly rigid pavement was supported on an elastic
foundation.

The relationship of the modulus of elasticity of concrete and
subgrade played a very important part in determining whether a
rigid concrete pavement or a flexible pavement should be built.
The flexible pavement was built because it had no flexural strength.
Now, where the subgrade was strong and the ‘K’ value of the
subgrade was high, the best design of a pavement was flexible ;
but where the ‘ X * value was low, the answer was rigid pavement.

The Authors for their experiments adopted a slab of 4 in.
thickness over a flexible pavement consisting of 6 in. soling and
4 in. macadam. They justified this action by calling the slab &
thin slab which was bonded to the macadam course by a
coment slurry. It was difficult to understand the aim of this slab.
Was it intended that those so-called thin slabs should work as a
carpet, say, a concrete carpet instead of a bituminous carpet, for
providing smooth riding quality and taking the wear and tear
better ? If so, why a 4-in. thickness ? 1f no use was to be made qi
its flexural strength, even a thinner slab would have done and i
would have been a very interesting study to find out what was the
minimum thickness required to give a good riding surface and tc
take the wear and tear. It has become a common practice to la]
under concrete slabs, stone and even dry macadam as a meusure o
oxtra precaution. He had shown in his Paper* that the base cours:

* Paper No 179 published at pp. 499 to 549 of Vol, XIX-3 of the Journs
of the LR.C, v i .
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under a rigid pavement was redundant. Concrete Association of
America had also stated that a base course under a rigid pavement
was useless unless there were conditions of frost action where ‘éhe
laying of a base course could be justified.

Dr. C. K. Ramesh stated that under i
‘ h para 2.2, mention
was made of temperatures and diurnal variations of the slablat
different depths. He would like the Authors to throw some light on
this aspect of the temperature variation. °

Under para 2.4, the Authors had sta
subgradq roaction did not remain constant vit??ziltigt*att;ht: Ef)urggg::ﬁ]elrsltog
assumption of Westergaard’s corner load formula. Later 0;1 th(:er
had gstated on page 161, para 2.8, that the ma;{imug
stress caleulated according  to Westergaard’s  formula  was
o, = 3p [1 - (al

0.0
i 7 ] and that the maximum stress of 480 ib

tallied with 491 b computed maximum i
stress at i
from the corner. It scemed to him that " iniance of 18 in.

] X the two things
quite compatible and ike 88 were .not
bt poipnt. and he would like the Authors to throw some light

Some of the other objections on the
> 8 g
already been referred to by other speakers,
that having had some experience of strain

by the demac gauge, over 18 i
ge, 1n. gauge length, the commutati )
vstrgsseis from strains was not quite reliable. Tt Wouldphtz;iréoﬁe()f
g;xlxtgi mte(rlﬂstmgllf Ithe Authors on the other hand had taken an 8 i?ln
160 and used the same instrument over every | tre and

C y v inch 3
lgflot:o}ilazds ;)u‘g Strt&i% data more reliably and given the actualci:}xt:i:agg
rain a in., 27 in. and 36 in. as given | )
i . as given in Tabl
;lé;i.a;;;;; :c; makei out from Table 2 at every load the va,ria,tioil %f ng
sorain ot evera{; defined distances, and he was sorry to find that he
s 1 disgr ' lt)lot' able to get any definite evidence with regard to
stra strainl c\I]. fion. Therefore, to compute stresses on this question-
R werg a,soir:; htgizn bzz,y that Sthe computed stresses in
! > ween  Spangler’s mini

- maximum stresses and that they tallied Wit%l Wester1;;m$m iy
was not a logical conclusion. BAAICLS streas,

train measurements had
He only wished to say
measurements, especiall'y

The other point on which he w
he anted the Auth
:f;ﬁe rl;é,gt vv;a}x; hOV\If gxa::lt-ly the line of demareation begsvseefloatm&z
g & thin slab should be drawn. He woul ik
know how the Authors thought that a 4-in. slab v;?;;iﬁ’zﬁge:l;%\e to

Further, in Table 2, it w

as f i
18 in. was abont 52 o ¢ s found that for 1,100 1b, the strain at

or 2,200 1b ne@rly twice, and that at 18 in,
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more or less a lincar distribution of strain with a little variation
right upto the failure existed. But at 27 in. the linearity was not
quite apparent, and more so at 36 in. He was not quite clear
on that point. He should have expected the same linearity of the
strain distribution at 18 in., 27 in. and at 36 in. upto a certain
load, say, upto 44,000 1b or minimum 33,000 1b. '.1‘1'16 distri-
bution which was normally cxpected in such conditions was
not being obtained.

The other conclusion that had been drawn, purely from an
approximate pattern of the failure of the slab, was the iso-strain
diagram of the corner bisector which was very misleading. The
fundamental value of the Paper was lost inasmuch as the Authors
had not beon able to explain theoretically why the basic assumptions
of Westergaard’s formula had not been answered. It would have
been quite interesting if some more probe had been made and certain
explanations offered.

Shri G. C. Khanna referred to the statement made by Brig.
Bose wherein he had stated that the concrete slabs should not have

.been laid on & water-bound macadam. The practical experience

of road cngineers was that concrete slabs had been laid successfully
and had been standing traffic on roads in U.P. and other parts of

" the country. After all, the base did add to the strength and

distributed the load. But he (Brig. Bose) would recommend only
the laying of the flexible pavement over a water-bound macadam.
The matter, however, required investigation.

Brig. S. K. Bose again stated that it was a nationa_l wagte
to have soling and macadam under the concrete. In his Paper
published in the Indian Roads Congress Journal he had shown
that by the introduction of a base course under a concrete pave-
ment, the reduction of the stresses on the subgrade was 2.4 per
cent only.

Shri K. K. Nambiar stated that the modification on the corner
case of loading in the Westergaard’s formulae after experiments
conducted by M/s. Teller and Sutherland at Arlington had not been
taken into account. That modification would allow for the upward
ourling of the corners during the cool hours of the night, which
condition of the slab would be more critical without load. The
second omission was the reference to the modifications developed
by Prof. Pickett to correct certain inconsistencies in the stress
values calculated by the Westergaard’s formulae for thin slabs rest-
ing on hard bases. It was found that Westergaard’s formulae gave
lowest stress for thinner slabs under those conditions whioch were
rather irrational,
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The Authors had not provided information on the time of
loading. Since high values of loads at failure were obtained when
the corners were bent downwards, as dnring the hot hours of the day,
a check on that point would have resulted in a lower load-carrying
capacity if the test was done at more unfavourable times.

The calculation of ‘K’ value at different points in the slab on the
basis of average intensity of loading was not correct, Actually, if

some pressurc cells had heen built into the pavement at desired
points of measurement, it would have o

: : given a more realistic
picture of deflection of the slab under actual pressure intensities
developed.

. La,stly,'in the computation of the factor 1, radius of relative
stxffngss which was a function of Poisson’s ratio of concrete, no
mention was made as to‘what value of Poisson’s ratio was assux,ned
for this work. The value assumed had to be varied depending upon
the mode of application of the load. For slowly applied

loads, the value was lower, whereas for impulsi ing. i
was high. pulsive loading, it

Without being over critical on the value of the work done by

the young Authors, he would only like to stress once i i
» he . onl $ again that it
would be much better if studies Ineorporating sg many gf the prac-

tical aspects than just one should be mad

. e, and results brought
before this Congress if useful purpose was to be se
study and discussion of such work. P erved from the

Shri D. C. Chaturvedi* stated that, in para 2.1
mentioned that the subgrade modulus of the prepared su
1,120 1b per cu. in. which represented the best summer
the subgrade. However, the ‘ &’ value of the base cours
in October, 1959, gave a value of 405
ence in values of subgrade and b
about the accuracy of results.

it had been
bgrade was
condition of
e determined
b per cu. in. That differ-
ase course gave rise to some doubt

That was further evident f
results of ‘ k&’ value, calculated from deflection measuremené: g;,lgr?

in January, 1960, when the moisture conditio

than in October but the average value obtainle}dwc:;lﬁlai t;‘:a?re(;gr&leg
the value of Plate test done in Qctober. When the measurement;
of ¢ Ic’.value had been done in different seasons, it was better tz
determine moisture contents of the subgrade during those seasons

and value of ‘&’ adjusted for worst moisture conditis :
dation test on soil samples. itions by consoli-

In para 2.10, the warping stresses of the slab h

red to load stresses. That might not be true as ad been comp.

repetition of loads

*.Comments received in writing.
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caused deformation not only of concrete slab but also of the sub-
grade which might not be affected by repetition of warping stresses
and hence it was not very correct to make such assumptions. He
would, therefore, suggest that the study should be made taking this
aspect into consideration,

It would also be desirable to see the cffect of load on the strain
and stress characteristics after the bond of the concrete slab had
been broken with the base course as would happen after some time
dne to expansion and contraction of slab. Many thin slabs bonded
1o the water-bound macadam behaved satisfactorily at the initial
stage but subsequently failed. That might be partly due to heavier
loads and greater intensity of traffic but, in his opinion, it was also
partly due to loss of bond between the concrete slab and base course
which modified the pattern of stresses. The difference in behaviour
of bonded slab and unbonded slab should, therefore, be investi-
gated.

Shri S. Koteswara Rao (Joint Anthor) in his reply to
comments stated that, as mentioned in the Paper, it was not
his idea to suggest whether a thin concrete road slab should
be laid or not. But thin concrete slabs were being laid on
water-bound macadam and the Authors carried out a study in
order to suggost the best solution for it.

Regarding Shri R: P. Sikka’s suggestion for studying edgo load-
ing and interior loading, it might be pointed out that edge ioading
would not be the weakest situation. One or two recent Papers
on the subject indicated that with temperature stresses, the
longitudinal edge would be the weakest point. This needed
verification.

The Authors felt that, for bonded concrete slab, the Wester~
gaard’s and Spangler’s formulae were more suitable than those
of Teller, Sutherland or Pickett as the warping of such slabs
was considerably less. However, a comparison of the various
formulae would relieve doubts entertained by some of the
speakers. It could be seen in Fig. 10* that for values of a,(!
upto 0.4, Westergaard’s corner stress formula (curve 1) would give
very close results to those obtained by theoretical curve (¢urve 2)
considering full subgrade support. In the like manner, Spangler's
modified formula (curve 3) gave almost the same values as
Pickett’s formula (curve 4) for values of a,/l upto 0.4. In fact,
Pickett in his Paper titled * A Study of Stresses in Corner

& F;gs 1 to 9 are included in Paper No. 228 published at pages 149 to 162
;;6\601. XV—Part 2 of the Journal of the Indian Roads Congress, December,
1
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*ay ) rge Loads”’

ion of Concrete Pavement Slabs under Lm.ge_borner .
sf‘:g%ctg that his formula gave stress values within f?per cent of
those given by cither Kelly’s or Spangler’s formula in the range
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of a,|l between 0.1 and 0.4. In the case of the slab under
consideration ,[l=0.354 and hence much difference in stress values
was not anticipated by the use of Pickett’s formula.

The Authors disagreed with Shri V. V. S. Rao and stated
that maximum stress and the minimum stress according to Spangler
were not for the warped up and warped down conditions of the
slab. Spangler had = taken two limiting cases for the corner
breaks, one was a line perpendicular to the corner bisector and

when the break was taken to be circular and the minimum stress
for the condition when it was taken perpendicular to the corner
bisector, hut not according to warped up or warped down conditions.

Inreply to Shri G. C. Gupta, who had stated that strains were
taken only at three points and whether these were adequate,
the Author stated that it would have been better to have more
number of points; but it was p01.nted (?ut tha:t on account of
limited number of demac gauge points being available they had to
be content with three points.

Replying to Shri P. J. Rao, the Authors stated that their study
did not cover moisture content of subgrade,
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Reply ing to Dr. C. K. Ramesh, the Authors stated that a maxi-
num difference of 18°C. between the top and bottom of the slab was
obtained during summer season. Regarding the discrepancy about
hon-linecar distribution of strain at 36 in., it was pointed out that
the subgrade reaction caleulated from Westergaard’s formula gave
different values at different points in the corner region. This may
account for the non-linearity of stress distribution.

Regarding Shri K. K. Nambiar’s comment about the time of
loading,” it way pointed out that temperature observations were

load tests had been conducted at that time.  Readings were
also taken just before the loads were applied and immediately
after the application of the loads. So the difference in these strain
readings would give the stress due to the load only.

Shri K. K. Nambiar (Chairman) in his concluding remarks
stated that although the Paper was not very exhaustive, it wag very
useful because the Authors had tried to make a rational approach to
the problem of stresses in the corner region of thin bonded concrete
road slabs. During the discussion, many new points had been
brought out and many shortcomings had heen pointed out. Thege

would surely help to carry out further investigations in greater
detail and in g more scientific manner.,



Discussion on Paper No 226*

“Study on the Stability of Well Foundations for Major
Bridges”’

By
A, BANERJEE & 8. GANGOPADHYAY

Thursday, January &, 1961.

Shri G. C. Khanna (Chairman) requested Shri S. K. Samad-
dar to introduce the Paper on behalf of the Authors who could not
attend the Session.

Shri 8. K. Samaddar, introducing the Paper, stated that
the present Paper dealt with only the investigation of well founda-
tions of major bridges embedded in sandy strata.

Terzaghi in his book * Theoretical Soil Mechanics *’ had deduced
certain formulae considering the plastic flow of soil but his treatment
was valid for weightless rigid bulkhead without consideration of the
frictional forces playing at the base and on the sides of the bulk-
head. Pender and Roscoc whose Paper came to the hands of the
Authors after publication of this Paper had deduced formulae for
stability of rigid piers and wells founded in soil, considering skin
friction and friction at base but they had not considered the effects
of movements due to eccentricity of the resultant vertical reaction
imparted at the base due to the tilting of the well. Moreover, the
equations derived by Roscoe took into account the fact that full
passive resistance of the surrounding soil would be developed in
resisting the movements due to external force. To allow for such
conditions, tho deflection at the top of the pier might become more

than permissible. Tor this reason, Roscoe’s method could not be
applied in all cases.

The Authors in this Paper had endeavoured to evaluate the
effects of horizontal and vertical forces on the well taking both hori-
gontal and vertical soil reactions into consideration. Three cases
had been considered, namely, (1) state of elastic equilibrium
(2) state when plastic flow just started, and (3) state when there wa,é
plastic flow upto a certain depth. In cases where the designer might
find that the limit of elastic equilibrium would mean deflection of
the well beyond permissible limits, he might use formulae (1) to (7)

* Publised at pages 183 to 184 of Volume XXV—Part 2 of th
the Indian Roads Congress, Deconber, 1960, @ Journal of

StasiLiry oF WELL FOUNDATIONS FOR BRIDGES 589

for finding the effects of forces on the rigid well. In addition, the
Authors had incorporated in their Paper the effects of wide surfaces
on the values of horizontal and vertical subgrade reactions as dis-
cussed by K. Terzaghi in his Paper in Geotechnique, December 1955:
As regards the values of subgrade roactions, though the designers
might use the tables of Terzaghi given there, it would be most desir-
able that experiments were taken up by different research institutes

, for evaluating those constants for different types of soils.

The Authors regretted that there were a number of printing
mistakes in the Paper which might bave created confusion in the
minds of the readers. The following corrections were necessary :

1. Page 167, para 5.1, Fig 3...... The arrow of reaction ‘R’ will
be central.

2. Page 168, para 5.1
line 19...... Py should be read as P,

3. Page 169, para 5.1

D, D,
line 1......Py = { P.dzshould bercadas Py = § p.dz.
) 0

D, -2 D, -2z

ine 4...... = -—- P = P
line 4 p D, » » D, 1
line 6...... Pl L) 5 i) Pl
4. Page 170, para 5.1
lines 1 & 2...... P, should be read as P,
line 9...... P . ’s w P
B, | B,
line 11......R = § pdxshould bereadas R =2 § p. dx
0 0
B, : ¢ B9
line 12...... _f KPl dz ’9 Y ”» 2 f Kpi dz
o o
5. Page 171, para 5.1
line l...... ‘X’ sign should be road as z
6 6P
line 18...... m P; = Dz;: ”» s o M pl = "5’:5!



590

~1

10.

11.

12.

DiscussioN on

60,

line 20........- D = b, (D) —2z) z should be read as
p = (’Dfl (D, - 2)%
Page 172, para 5.1
TiNe doveveeinrinnnines Kp should be read as P
line $o.ooovniiiianii. P =P — P, = p Kshould be read as

P=Pr —-P, -nR
last line B < Py — P, should be read as R < P, —~ P

Page 173, para 5.2

)3

ling 8..cvevenennniiaies M, = ‘ - etc. should be read as
120
B3
L o= tc,
© T 1p
Page 177, para 8
Egn. 29......should be read as P = mPz cte.

4th and 2nd line from bottom...
P, = d, should be read as p, = d,
Pages 177, 178, 179 and 180. There are several mistakes in
printing Kp as Kp.
Page 179, para 9
Fig. 14......length of well should be read as 32'-0"

r 3 b3 3 t3] y

Page 180, para 9

line 11...... dimension of K should be ¢ Kins y
instead of “kips cu.ft.” ps per cu.ft.

line 12......dimension of m should be “kips per ft*
instead of “‘kips per £t.”

line 19...... omit the sign .. (therefore),

Page 182, para 9

line 5...... “4 32 should be read as “ x 32
Eqn. (5)...... 1084 » s s s, 1085,
Eqn' (6) """ « + 16" ” 12 ) E1] 2 X 162
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13. Page 183, para 10.5.

line 21...... “ Value of ~...... from 0.45 to 0.56 ’ should be read
as ““ Value of ~...... from 0.45 t0 0.55 **,

para 11.3,

line 37...... omit the word “ slab .

Shri G. Venkatesulu referring to para 5.2, pages 172 and 173
and Fig. 9 regarding the forces acting on the structure, suggested
examination of the forces shown on page 173. .The forces acting on
the structure are ¢ P’ the external force applied, P, resultant resis-
tance offered by the soil and F, force required at the base to prevent
sliding. The definition of F was not very clear. When an external
force P was acting from right to left, the tendency for the well
would be to slide in the same direction. Hence if any force was
required to prevent sliding, it would be from left to right. As such,
if at all there was any force at the bottom, it should be from left to
right. It was not clear whether the Authors’ view that the well
would tend to slide from left to right when the external force was
applied from right to left was correct. With that approach in the
Paper, the magnitude of P was greater than the actual force to
which it was subjected to. It was not clear whether it would be
wrong to agssume that the magnitude of the resistance offered by the
soil would be equal to the force to which it was subjected. The
Authors were requested to elucidate that aspect.

In the design of a well, it was necessary to consider the bearing
pressure on soil and stresses on the steining of well. The Authors
had not attempted to show at what level the maximum stresses in
steining would occur. Would they occur at scour level, at the
bottom level of foundation or somewhere in between ?

Para 5.1 and Fig. on page 167 showed that the well tilted and
did not slide. They were not sure whether < #R * would act even in
case where there was only tilt and no sliding and the centre of tilt
was at a higher level above the bottom of the well.

The design of well foundation was rather a very intricate one.
Before attempting a theoretical approach, it would perhaps be
desirable to conduct some experiments on a laboratory scale for
ascertaining the behaviour of soil with reference to the magnitude
of various forces.

In such Papers involving many symbols it would be better if
the symbols were explained in the beginning of the Paper.

Shri M. P. Apte was of the view that in the beginning of the
Paper, the Authors should have given the three basic equations of
stability of the well against the active forces, to make the Paper

12
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more insbructive and complete. In case of & well foundation sub-
jected to a vertical load “ W™ and a horizontal force “ /> acting

W L
SCOUR VBV e ;

ab a distance of “a” above scour dopth, tho stability of the

well against the active forces was established by ing thr
basie contions shed by the following three

1) W= The ’algel‘n':tic sum of (a) the base pressure, (b) side
frgctgon induced by the tendency to tilt, and (c)
frictional resistance to downward sottloment. if
permitted. ,

(2) P= Passive pressure on one face at the top minus passive
pressure on the other face at the bottom.

(3) P (a+D) = Algebraic sum of the moments sbhout the base

centre caused by : (a) passive earth prossure, (b) fricti
I é sure, iction
on sides, and (c) by base reactions. “s, )

ol
The pass'ive carth pressuves had been evaluated by the Authors
on the basis of Terzaghi’s * fictitious subgrade reactions ”’.

Terzaghi himself had stated that in the ratio Ks= 2 , ie., the™
8 b

ratio between the intensity “p "of the earth pressure and corre-
sponding settlement “s° the pressure “ p’ was a fictitious figure in
contrast to the rcal contact pressure, The error involved was

however, compensated by Terzaghi by an adequate factor of
safety. Tho Authors had stated in para 10.2 that no factor of
safety in the evaluation of factors ‘%’ and ‘m’ was necessary.
The reason given by the Authors was that the error in thé
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evaluation of & and m would be neutralised in the ratio T:— as

the probability of error in the evaluation of the two was the
same. Such an assumption did not appear to be correct.

In para 5.2 on page 172, the Authors stated that in case
of heavy wells, sliding at the Dase could not take place as the
reaction was very high. The Authors, therefore, concluded that
D, =D,P, = Oand M, = 0. These conclusions were question-
able. When there was tendancy to tilt in a non-cohesive sandy
stratum, passive horizontal reaction on tho facc of the well near the
base would not be automatically equated to zero except under

cefzr;c)ain circumstances of loading, shape of well and area and shape
o) ase. :

1t might be of interest to study the practice followed in
Japan in the design of well foundations. According to the
Japancse practice, the following two possibilities occurred :

I. 1In casc where (a) the bearing power of the ground was
relatively small and (b) the well had great length but
very small cross scction (having small section modulus),
the resistance of earth pressure on the sides was only
considered for stability. In that case, the vertical
force was counter-balanced by the friction and hori-
zontal force by the horizontal resistance which might
have maximum value equal to passive pressure.

II. When the cross-section of the base of the well was
large and where the ground at the base could safely
bear substantial loads, the resistance of the earth
pressure at the sides and the bearing power at the
bottom both came into play.

The method used in the first case was called Dr. Mononobe’s
method and that in the second case was called ¢Ikehara-
Yokoyama’s method.

In Dr. Mononobe’s method, the distribution of horizontal
reaction of earth was taken parabolic (sketch) as experimented by
Engels, and the criteria for safe design was that p, and p, should
respectively bo less than tho passive resistance of the soil for the
respective depths,

The socond method was based upon the following principle :
The ground reaction of the well, taken as a rigid body, caused
by its rotation was calculated assuming that the foundation ground
had & ground reaction coefficient proportional to the depth of the
well under cover of earth. The well was considered stable if the
maximum horizontal reaction working on the sides of the well and
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— P

maximum ground reaction working on bottom had a safety factor
as required and did not exceed the allowable bearing power.

The Japanese Code gave elaborate equations for ov'@.luution
under both methods. The Journals of the Japanese Society for
Civil Engineers could also be referred to for details of these methods.

A handy workable method used in some countries was as
follows :

|
o g

. {SCO DEPTH
%, 1 o
%,
’>§\‘~§
dv& d
\ [ /\9&‘-
S, 0
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A straight line 4 BCD should be drawn in such a way that the
external force P minus pressure indicated by triangle S, 4B plus
pressure indicated by triangle S,CD was equal to zero. The base
must withstand the vertical load and the moments on the base
which were equal to P(a 4 d) minus moment about base due to
passive pressure S,4B plus moment about base due to passive
pressure S,CD.

Shri S. Radhakrishnan stated that on page 166 in para 4,
the first corrclation that the Authors had drawn was between the
pressure and the displacement of a vertical wall a—Db.

What was ultimately happening at the point of failure was
that as soon as the piers began to move, the passive earth pressure
came into action as well as the active earth pressure on the other
side. But this pressure would be proportional to the movement
only upto a certain stage, i.e., upto the point of failure, and at
that point the whole thrust would be in plastic equilibrium.
Afterwards, whatever movement took place, the failure occurred,
Then the earth pressure of horizontal movement would not have any
relationship to the pressure developed. In this way, a very simple
solution could be developed.

Shri B. Balwant Rao stated that in deep well foundations the
problem was not so much about the base pressure and stability as
the steining stresses.

The following Fig. illustrated a case where calculation of
steining stresses necessitated provision of reinforcement for taking
care of the steining stresses.

With reference to the Fig. below, 3, was the bending moment
at the scour line. That moment went on increasing upto a point

°
R.L-17 ™™ l"— SCOUR LINE

R 21-81 \,/ MAX .

STEINING STRESS

N3

Ri- 5800

- 65 Q0
BOTTOM RL- €5 \
QF FOUNDATION RL-§
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where the rewultant rarth pressure upto that depth balanced all
other horizontal jorces. It then went on decreasing and hecame
zero at a point as indicated in the sketch. Tt might he seen from
the sketeh that there was practically no bending stress in the stein-
ing below that point.

The Authors also had not considered the effect of shapo of well.
It is to he pointed out that the passive pressure obtained for a
rectangular well was usually more than that for a circular woll.

Shri S. C. Gupta commented that in para 8 page 167, m had

been defivad by the Authors as an empirical constant independent
of depth and is given as

where Py had been defined as the displacement required to increase
the value of resulfant unit pressure from 0 to P,. Bus the value of
Py Was given as p, =Yz (Kp—K ;) which meant p¢ depended on z,
the depth of any point below scour line. Consequently p, would
dopend upon depth wnd, thercfore, m was not a constant. Hence the

conclusion of the Authors in taking “m ’ as an empirical constant
appeared to he incorrecs,

Shri R.N. Joshi stated that in the Paper and oven in the
disenssions that followed, nobody had mentioned about the unscoured
normal ground level. Tt was not only the sconr level which was
important, but the normal ground level was also important in rivers
having considerable depths of flowing sand in floods. Unfortunately
this factor had been ignored so far. The forces that act on a wel
were the vertical force, the horizontal foree and the moment. As ¢
resuit, there was a tendency for the wall to tilt. This was resigtec
by the passive rosistance of the surrounding seil which played ¢
considerable part in the stability of well foundations. 'I'ho unscourec
normal ground level was important in the case of wells having A/
ratio more than 2. The passive resistance in the region A was mor
or less dependent on the depth of the point under consideration fron
tho scour level; while the passive resistance in the region B wy,
dependent on the depth of the point from the normal ground level
The portion of actual scour around a well was limited in expans
and the passive earth pressure at the base of the well was dependen
on the height A" from the normal ground level. This was th
recommendation of the Japanese Socicty of Civil Engineers.

It might also be noted that the actual passive resistance of th
soil would be enbanced by the head of water which was causing th
scour,
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The practice of Japancse engineers on this issue was of special
significance because Japanese engineers had done considerable work
on this subject. Well foundations were quite in vogue in Japan as
they were in India. Japan was largely aflected by earthquakes.
Jupanese engineer was, therefore, very much concerned with the
effect of Lorizontal forces on wells which in its turn called for the
study of passive resistance of soil.

Inthe dosign of well foundations, the horizontal earthquake
force dependoed upon the mass of the structure and was not to be
reduced on account of effects of buoyancy, whereas the vertical
loads had to be reduced for buoyancy. This naturaily produced
stringent conditions {or the designer,

L

While considering seismic forces on wells and piers, it was
necessary to consider the seismic impact of water for the portion of
the well or pier, when the depth below the level of water was legs
than twice the length of the pier. In addition to the usual seismic
forces, the horizontal force dus to the weight of the water enclosed
in the eylinder with the length of the pier as diamet?r, expludmg
the portion of the pier itself, had to be taken into consideration.

The Authors in a written reply to the discussions, referred to the
remarks of Shri G. Venkatesulu regarding the force ‘F’. In
para 5.2, ‘F’ had been described by the Authors as the force
required to prevent sliding which meent that F was the frictional
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registance at the base of the well.  To understand the direction of F s
it was to be considered whether the well would tend to slide at the
base parallel to the direction of the applied force or whether it
would tend to rotate with a fulerum above the base. In the case of
a deep well like that dealt with by the Authors, it was obvious that
the well would tend to rotate with a fulerum above the base ab a
force of lesser magnitude than that required to slide it along the
base in the direction of P. The direction of F would, therefore, be
as shown in Fig. 9. Shri Venkatesulu was right to indicate that it
would be wrong to assume that P = P,-P,=pR Tho

Authors regretted the printing mistake in equation (15) which should
be read as P = P, — P, — MR.

The formula for maximum steining stress had not been worked
out by the Authors as the Paper only dealt with the © stability > of
wells.  For heavy wells, the resisting moment M, in the steining at
any depth < Z’ below scour level, due to pasgsive registance of the

surrounding soil, could be found out from the fundamental equation
namely, ’

M, =pz = ’ED&(D-Z) 72
Y (Kp — K )
= — 54 (D-2) 2%

Therefore, the net moment in the steini tad AR S
P steining at a depth ¢ Z* will be

. Knowing M, at different depths, it was possible for the
designers to try and work out the maximum compressive or tensile
stresses in the steining.

The Authors were thankiul to Shri M. P. Apte for his advice
regarding elucidation of the three basic equations of stability, The
Authors still believed that no factor of safety was necessary in

luati k .
evaluating P If, however, some designer wanted to impart

different factors of safety for ‘%’ and ‘m’, there might be no
objection to the same.
The conclusions made by the Authors in para 5. i

P, = Oand M, = O had not been arbitrary. pThese 2@0?5&2?:)?51
would be automatic if one considered that .the well was unable to
slide at the base, as in that case the force P, could not be generated.
It was to be noted that (vide eqn. 15) sliding at the base occurred
only when R < P, — P (P, being zero) and F, the force required
at the base fo prevent sliding, might have a value less than HR
The Authors expressed their thanks to Shri Apte for pointing out'
the J apanese methods of design of well foundations. The methods
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were rational and were similar in line with the method suggested by
Karl Terzaghi. The handy workable method of design mentioned
by him was also in line with that suggested by Terzaghi and was
already being practised by designers in West Bengal and elscwhere.
But these methods had their limitations and, as already mentioned
in the introduction to the discussions, were not applicable for the
design of heavy wells but for the design of light wells rotating about
a fulerum above the Lase.

Regarding Shri S. Radhakrishnan’s comments, the Authors
liked to point out that the method of simplified design had already
been dealt with under para 8 on page 176. 1t was important to note
that further simplification would not be possible as the soil surround-
ing the lower part of the well and offering passive resistance would
still be in elastic state even if the soil in the upper portion offering
passive resistance had passed from the elastic state to the plastic
state (vide Fig. 12).

Shri B, Balwant Rao had expressed more anxiety about the
steining stresses than the problem of stability. On the contrary,
the Authors apprehended that the problem of stability might eause
more anxiety to the design engineers while designing foundations of
wells in regions subjected to seismic forces, The case mentioned by
Shri Rao was true only for a well having an appreciable grip length.
It was essential, however, to check up the steining stresses after
ensuring the stability of the wells and this could be done in the

- way already suggested by the Authors while replying to the comments

of a previous speaker.

Shri Rao was right in pointing out the influence of shape of
wells on passive resistance but such variations due to shape were
small. For example, for circular wells the passive resistance might
be taken as 0.92 times that of a rectangular well of the same length
as the diameter.

Referring to Shri S. C. Gupta’s remarksabout ‘m’, the
Authors liked to elucidate that P, had been assumed to be indepen-
dent of depth and as such ‘m’ was a constant.

Shri R. N. Joshi had referred to the consideration of ‘‘un-
scoured normal ground level ” in evaluating passive resistances.
The Authors were of opinion that the passive resistance for the
depth of well below ‘“normal scour depth’’ instead of ‘‘unscoured
normal ground level >’ might be considered in particular case if the
design engineer was satisfied that the likely maximum scour at the
piers (twice the normal scour) would be limited in expanse. The
recommendations of the Japanese Society of Civil Engineers on the
above matter and also on the enhanced passive resistance due to
head of water causing the scour were well worth consijderation,



600 Discussion oN STaBILITY OF WELL Fouxparions For BRIDGTS

that %:fl(.)lre(i. C I](hanna (Chairman) in his closing remarks stated
lilge oo ?lmu ac suggested in the Paper were adopted, he would
] hat these should be tried on some of the bridges which had
already been constricted. The old formulae which were of very
simple nature and on which design of wells was based had given
(I’,(f)m‘pletc. satisfaction and bridges had been in existence for decades.
o Sllllfﬁ(:l(‘,nt grip was provided in the well below the scour level, and

16 diameter of the well was sufficient for bearing capacity, the design
normally worked out to be safe and it was not nocessm\,y to work
out such a detailed analysis. However, the subject being rather
lmportant, }1e would like that thig matter, viz., desien of \:"clls be
considered in groater detail by the Bridges G(;mmiﬁéee who m’ight
make ﬁnal‘ recommendations in the Bridgo Code. Referring to
p}ara 11.1 of the Paper where it had been stated that deduction of
the formulac was bazed on cortain assumptions, Shri Khanna stated

:!xat obvwously the results of formulae would only he true if assump-
tons were made on the basis of reliable data.

In the end, he thanked Shri 8. K. Samaddar

A b and the various
speakers for the keen interost shown in the Paper

Discussion on Paper No, 227*
« Design and Construction of Udyavar Bridge ”

By
Dr. A.S. ApkE & C. CHIDAMBARAM

Thursday, January 6, 1961.

Brig. S. K. Bose (Chairman) called upon Dr. A. S. Adke (one
of the Authors) to introduce the Paper for discussion.

Dr. A. S. Adke (Joint Author) while introducing the Paper
stated that the Udyavar Bridge was one of five typical bridges con-
structed on West Coast road which ran close to the sea coast in
Mysore State. The rivers crossing that road were generally wide,
perennial, having varied depth and were subject to tidal variation.
Tho depth at which hard foundations were met with in that region
varied from 30 to 60 ft and sometimes more. It was not, therefore,
possible to have foundations other than well foundations.

Shri D. P, Ghosh stated that in para 7.1, the Authors
mentioned that sinking of wells had not presented much difficulty
as these were sunk through sand and clay to a depth not exceeding
45 feet. But he would like the Authors to enlighten whether the
wells near right bank went down without difficulties through the
20 feet layer of soft laterite and soft granite rocks.

In para 7.3, it was not clear how the verticality of the well
during sinking was maintained by checking with plumb bobs only.

As the grouting of dowel bars in the rock at the bottom of well
had to be done in presence of water, there was doubt whether
proper bonding could have been effected. He felt that benching or
some other arrangement should have heen seriously attempted
though it might have been difficult.

Instead of having a few separate wells under each pier or
abutment, single well would have been economical and easier for
sinking. An elliptical well might have been better.

Under para 9, it was stated that the design of abutment was
based on Coulomb’s theory of earth pressure taking into consi-
deration live load surcharge even after providing an approach slab

* Published at pages 235 to 292 of Volume XXV--Part 8 of the Journal of
the Indian Roads Congress, December, 1960,



602 DiscusstoN onN

10 ft long.  But Section IT of T.R.C. Bridge Code, 1956, did not
recommend any live load surcharge for design of abutment when an
approach slab was provided.

In page 255, the section of the wing wall had been made 8 in.
thick uniformly, although it was designed as a cantilever. It would
have heen economical to reduce the thickness at the free end.

On page 259, Appendix 3, in the design of roller bearing the
size of the plate had been assumed as 19 in. x 12 in. but the sketch
shows the width as 10 in. He would like the Authors to explain the
anomaly,

Under scction 13.2, the Authors had explained the reason
for adoption of hollow hox girder as its cost was cheaper than a
bow string girder. It was not understood whether the economic
aspect for the use of the halanced cantilever type of superstructure
had been explored. : '

Shri T. Achyutta Ramayya invited attention to page 238
giving the sketch of the cutting edge and stated that at the bottom
flat edge of the angle had been provided. Probably a sharp cutting
edge with steel plate 9 in. X 3/8 in. would have been better because
when the well passed through clay, there was a possibility of meet-

ing with small pieces of decaycd timber and in such cages sharp
cutting edges would work better, ’ '

Inviting attention to page 239, para 7.1, he sta
depth of sinking wa« about 45 ft andpfor that depth tt?}(,lo ;}t{::sg:z
would be 30 to 35 1b. He was not, therefore, able t,o understand
how the pressure of 151b of compressed air was sufficient for the
divers for that depth. Not only that, generally for supplying air
to divers, compressors of 110 or 250 cu.ft, capacity, which iss;ue
air at 80 to 100 1b per sq. in., were used when 2 cu.ft, of air per

minute was required. e would, therefore, re 6t
clarify the basis by which they got their ﬁgul,‘es.queS he Authors to

He wished to know whether the bottom lugei :
to take the reaction from the bottom. Tf &u%ﬁgfhgrast;ggn}?zg
been conducted regarding the strength of &
counteract that pressure. gt he bottom plug to

Shri R. Thillainayagam stated that h i
or two points not touched by the Authors. ¢ would like to say one
One was about Ryve’s formula. The Authors had
: t
value of ¢ as 1,600. Usually, for irrigation projects akizn z}l:e
State of Madras a value of 750 was taken. However that val e
was not found sufficient and they had gone upto 2,000, ~ value
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As regards foundations, for a well curb, the curb diameter was

generally 1 in. more than the well diameter to minimise side friction
of the well.

Bottom of the capping slab had been fixed at the high tide
level instead of the top of capping slab being fixed at low tide level

which would have kept the cap submerged and presented a pleasing
appearance,

Shri A. K. Dutta stated that tho value of highest discharge
as found out from Ryve’s empirical formula should have been
checked with some other standard formula such as Mannings or
modified Inglis formula. The basis of taking the value of the
constant ¢ ¢’ as 1,500 should also be explained.

Under para 7.5, it had been stated that 34 Nos. of 1 in.
diameter bars had been used to anchor the well down to the rock.
The basis for caleulation of the numbers should be given. The
bond length seemed to be on the lower side. It was doubtful
whether the bond length would be adequate in case the wells tilted.

Shri M. C. Johorey stated that in this Paper, the Authors
had given a section ¢f R.C.C. curb under well foundations and had
used & 4 in. x 4 in. X } in. angle section. He would suggest
that the Authors should have used donble angle 4 in. x 4 in. X } in,
with a 3/8 in. plate 8 in. long rivetted to it. This would have
facilitated the sinking to a great extent.

The Authors under para 7.3 had mentioned that verticality of
the well during sinking had been checked with plumb bobs. That
method of checking tilts would not be sufficiently accurate. The
Authors should have checked up the tilt by levelling instrument. In
this method, after the well curbs had been concreted with outer side
truly vertical, two pairs of diametrically opposite points were fixed
on the curve at one level. As the steining was concreted at stages,
those points were transferred to the top of steining by equal
increment of height and the verticality was checked by finding out
whether the transferred points weroe still at level.

Under para 7.6, the Authors had given a sketch of plugging
box from which it appeared that the top of lid was closed. This
would result in formation of air bubbles in concrete. The Authors had
not mentioned whether any percolation test was performed to see
that the 1:2: 4 hottom plug was practically watertight.

Shri C. R. Das Gupta stated that Fig. 1 in section 6 showed
that the inner slope of the well curb was as flat as 45°, but for easy
fiow of the grab materials the usual practice was to give a slope 30°
to 35°, i.e., 1: 1.5 approximately. He would also like to know the
rate per rft. for well sinking. :
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The abutments were of masoury for which R.C. wing walls
had been cantilevored out and designed as cantilever member
considering the flexure in horizontal divection only. Vertical ﬁexuré
should also have been considered. i

About bearings at ﬁxed'end, the Authors had stated that the
dowel b{\-l‘ﬂ were encz:vsed m coppor tubes and the annular space
filled with bitumen filler for expansion and contraction due to

change of temperature.  Filler would restrict movement at the timo
of rocking which was not desirable.

Referring~ to A_ppendix 4, Shri Das Gupta stated that tlle
pressure of 2500 p.s.i. on mortar pad was much too high especially

when there was rotation at this end, which would tend to ¢
g 1, on X
the whole load towards the edge. contrate

~ Shri R T. Atre referring to para 7.5 mentioned that under
similar condition of sloping strata at the base a 10-ft dia, well had
tilted' due to excessive water pressure. In this particular case the
velocity being rather small, 3.68 ft per sec,, the anchorage provided

might perhaps be alright. But it would have been better if

detail sulations  for : i
A?l ?ﬁo(ﬁ, calculations for anchorage had been given by the

On vpage 242, para 7.6 (b}
sand filling was consolid
why that was necegs
it was done.

, the Authors had stated that the
ated thoroughly. He did not understand
ary and if at all it was necessary how exactly

The Authors had stated that the concrete slab i
: A 8 we b
the back of each abutment. Those were approach slabl;;e {:de%ougg
definitely crack in case the fill hehind the abutment sank,

Regarding the design of superstructure §

b SESU A } ) i
generally a balanced cantilever }21 und to
Confrontod with simil
ft balanced cantilev

_ ell foundation,
_ esign was found to be economical.
ar circumstances he would have gone for a 90-
er structure with 2 or 3 beam arrangement,

Regarding the wearing coat, it was-

R _ at, not necessar

1:1}5:3 mix. It would have been sufficient if 3 in. Weulrzln t(():o;lt? W;,
1:2:4 ordinary grade concrete had been provided, ¢ °

Shri J. G. Bodhe opined that
girder would have proved more economic
view although the shuttering would h
cal. He, therefore, wanted to know
economical point of view or from

a balanced cantilever box
al from the design point of
ave been slightly uneconomi-
whether the selection was from
aesthetical point of view.

Good look of a bridge st

' ructure was also i
thing to be considered.” In e ooty important

this respect, he would invite the
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attention of the members to the discussion on the Waterloo Bridge
in Lendon.

Shri S. Seetharaman stated that the reason for assuming
that the arca velocity method was not applicable in this particular
case could not be understood. In fact, the area velocity method
was applicable cven in the case of rivers with lot of spill. Calcula-
tions by this method would havo given a check to the discharge
calculated by catchment area method.

When the wells had been founded on firm rock, a continuous
box type girder design should have been adopted more eco-
nomically.

Regarding superstructure, he mentioned that it would have been
more economical if a curved soffit slab was adopted. The detailsof
the superstructure showed that only vertical stirrups had been
provided as shear reinforcement. It was desirable to provide inclined
stirrups to counterbalance some of the tensileforces coming in the
web of the girder.

Dr. C. K. Ramesh stated that he had yet toscc a design
especially in these box girders where transverse distribution of load
was allowed on the deck when tho load was coming on to one side of
the bridge. Thongh there was justification for assuming infinite
torsional rigidity of the superstructure, he was not quite clear
whether some sort of rigorous analysis would not be required when
two lane loads were shifted to one side. Perhaps the top slab with
the ribs might have been assumed as simply supported slab and
carried out some sort of approximate analysis given by Courbon or
by the distribution ccefficient method, However, he would like
some one to throw light on the actual analysis of a box girder under
asymmetric loading.

Regarding cantilever portion of the slab, he would like some
one to give details of the Swedish method. In fact, he had worked
out according to I.R.C. formula given in Clause 207, Section IT of
Bridge Code, and found out for Class A loading 37 in. as distri-
bution width and 5,500 1b as load per foot width. It would then be
interesting to know as to how this compared with the actual results
obtained by Swedish formula.

He did not consider that the design of disphragms was satisfac-
tory. Recommendations had beenmade in this connection in Section
IV of LR.C. Code which was being drafted. Oune could also apply
distribution coefficient method given out recently by Morris and
Little in their publication.

He would like some one tothrow light as to what sort of
analysis should be made for designing an R.C.C. well cap,
especially when it was resting on a circular well with load at the
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centre. It would be quite interesting if somebody could say
what would be the exact analysis when there was a circular slab or
even a rectangular slab resting on two circular wells and subjected
to loading due to the weight of the pier and the rest of it.

Shri M. P. Apte stated that in the design bearings on
page 257, it was mentioned that, of the thrce webs of tho box
girder, the central one would take the maximum dead weight of the
deck, whereas in the calculations of shear stress in the webs on
page 271, equal distribution was assumed. These too assumptions
were contradictory. In the sketch of bearings on pagoe 260, the
centres of the contact curvature were wrongly shown.

From para 13.5, it was seen that the concrete mix was
scientifically calculated as 1:-1.9: 3.7. The test results of concrete
tested after 43 days, as seen on page 250, were so poor that on(;
would start doubting whether the scientific design of the mix wag
advantageous or not.

The chiselling donc on the sloping side of the kerb to
bond between the plug and the well as mentioned in paraegliljx_xz

appeared to him to be unnecessary and superfluous,
harm even if there be no bond between theptwo. Thero was no

The maximum foundation pressure in this desion was 5
per 8q. ft. as stated on page 275. The foundationsgwere t;l:l%Zl i%n:
depth of 45 ft to rest on hard granite rock though laterite wag
available at a depth of 23 ft as mentioned on page 237. The design
of the foundation could have been made much cheaper by reducig
tl.xe dmmef;er of the well for hard granite foundations or by increa§
sing the diameter of the well and allowing it to rest on laterite,

In para 7.5, it was stated that the grouting around the dowel
ba,lfs was done under water. It was, therefore, presumed that dewa-
toring was not possible or convenient during grouting of holes for dowe}
bars. The drilling of holes in rock also would have similarly been
do_ne.under Water: He, therefore, did not understand Authors’ des-
cription of the drilling machine in para 7.5 where it was stated that
the cutter was kept cool by water led ipto the hollow drilling rods. He
would like to know whether the drilling of holes in rock was done

after dewateri ; o ;
uttor ering the wells whereas grouting of holes was done undor

Shri B. Balwant Rao stated that in the case of xi i

' . | ‘tha ase of riverssub
to tidal action, the watcrway required for a bridge should depeJ:c(]ftgg
two factors, namely, the tidal action and quantity of incoming
fresh water. Tho more dominant fuctor would however rule ;

It was seen that the size of the fixed bearing wi
: ‘ g with the
pad was 7 in. wide. He doubted whether a 7-in. wide pad iﬁlao,rggf
it span would permit any deflection of the girder.
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Shri P. V. Raj stated that provision at the fixed end had
been made to allow slight local movement for expansion or con-
traction caused by change in temperature. He thought that no
such provision should be made for the fixed ends.

Appendix 4 gave design of the spirals below and above the
mortar pad and it was designed as a column. But no mention was
made whether picr bed block was designed as a continuous raft
or not. When column action was assumed, bearing pressure on
the masonry below bed block should have been checked.

In the design of the main box girder, an assumption was
made that the whole live load was uniformly distributed across
the width on account of the great torsional rigidity of the boxes
which he felt was correct. But it would have been very useful if
the Authors had taken some trouble in testing the superstructure
with eccentric live load to testify their assumption.

Shri Raj also suggested testing of the cantilever deck slab
beyond the web for determination of the accuracy of the so-
called Swedish formula for the dispersion of the concentrated load.

Shri S. A. Balu stated that it would be of intercst to know
whether the size of the wells for the foundations of this bridge was
decided upon based on some rational methods and whether the most
economical size had been adopted considering the bearing
capacity of the foundation strata and the compressive strength of
the steining. The maximum pressure under the piers had been given
as 5.97 tons per sq. ft. and hence the pressure under the wells might
probably be much less than what hard granite could normlly take.

Another aspect which might probably have been considered
already by the Authors was whether it would not have been feasible
to found the wells on laterite if the pressure was within reasonable
limits. From the point of view of scour, it appeared that this
might not have been impossible as the scour in this river was likely
to be much less as the linear waterway was more than even
Lacey’s regime width and, as mentioned in Appendix 6, the
theoretical velocity was only 3.68 ft per sec.

At least on the Udipi side, where the laterite strata was about
20 ft deep, it appeared that the piers and abutments could have
been founded in the laterite strata below the maximum depth of scour.
The Authors might enlighten as to whether this alternative was
considered and whether this was found impracticable and unecono-
mical. In para 7.5, it had been stated that 34 No. 1 in. diameter
bars had been provided to prevent any lateral movement of wells,
but no such dowel bars had been provided between the masonry
pier and the well cap. As there was usually very little addition
to the horizontal forces below the bed level, it was not understood
as to why these bars were considered necessary at the bottom of the
masonary pier. At least in the case of the foundation towards the’

13 :
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Udipi side where wells were taken about 20 ft into laterite, the
dowel bars could safely have been avoided if the same wero provi-
ded solely for preventing any lateral movement and not for tak-
ing any tensile stresses due to overturning moments. The method
by which the number of bars required had been calculated and
the details of calculation might also be given if possible.

The design calculations for the pier section were not given in the
Paper and hence it would be of interest to know whether any
tensile stresses were allowed in the masonry in cement morter 1:4
and what tensile stresses were developed under the action of the
maximum longitudinal forces and forces due to water currents.

The Authors were also requested to throw some light as to
whether any particular precaution in the earthfilling just below
the cantilever wing walls was taken to avoid any settloment below
the cantilever and consequent overturning of the same.

Dr. A. S. Adke (Author) in his replics stated that Shri D. P.
Ghosh wanted to know the difficultics in well sinking, He would
say that they had built a number of bridges in Mysore and in sink-
ing wells they found that they were mecting the same strata as
obtained in bore results everywhere without exception.

As already mcentioned in the Paper, the divers available were
experts. They started their operation from the centre and wont
towards the sides. In this way, the wells were sunk properly.

Sometimes, the wells tilted but being very small they could be
rectified easily.

The only difficulty encountered was rock at places. They met
with rock in the case of well No. 7 and the rock was sloping at 5: 14
(51t in a distance of 14 ft). Blasting was not used in order to avoid
risk. Pavement breakers were used to remove the rock. In one
case, 3 ft of rock was removed in that way, and about' 1/3rd of the
well had been properly seated. The remaining portion was
anchored by means of dowel bars and it had stood very well,

Referring to the argument about single well versus double wells,
the Authors mentioned that single well might be economical in
certain cases,

The size of the plate for the roller bearing was actually
19 in, X 12 in. The width of 10in. shown in the sketch was a
mistake. The dimensions are correctly shown in Plate V.

Replying to Shri Ramayya, the Authors stated that as it was
anticipated by the results of tho bLorings, that only sand, clay and
soft laterite would be met with, a flat edge to ensure uniform sink-
ing of wells was provided and it worked well. However, this was
changed to cutting edge of Shri Ramayya’s choice in other bridge
works where the strata was hard. The following Fig. will show
the different types of cutting edges used.
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In Fig. B it could be seen that the angle iron used as cutt;
wdge was fgjurther reinforced by welding a steel plate on the:' Ooutsndc:.
The angle of inclination on the inside was changed from 45° to 30°,

ing ai i id that 15 1b per
Regarding air pressure for divers, the Authors sai
5q. in, vgvas required for the average depth of 30 ft. It had to be
increased at greater depth.

The decision to fix the bottom of the capping slabs at the hlxgh
side level was taken in order to keep the capping slabs above saline
water and also for obtaining easy working condition.

Percolation tests were conducted by pumping out water. Wlhen
it was found that percolation was about 1 to 1} in. per day, plug-
ging was considered satisfactory.

Replying to Shri Das Gupta, the Authors told that they too
have 30° slope for inner side of the well curb in some cases,

Brig. S. K. Bose (Chairman) in his concluding remarks  sta-
ted that there were many aspects which had been discussed, such as
lack of proper design, construction procedure, aesthetics, and Ottlﬁ;
things which were all very important. He was also glad to note :
important role the I.R.C. Bridge Code was playing.

had used welded joints for reinforcement bars.
Ma.n;f lsli?réclﬁig?haddfailed where reinforcements were put w;thou;
adequate space for the concrete to cover the rem{::‘(tlzefn{(ind 09;3
develop proper bond. One very prominent structure aile ; \Z’I
recently. He would, therefore, like engineers to be very care
about spacing reinforcement.



Discussion on Paper No. 228*

‘“ Study of Parking Problems—Connaught Place and
Connaught Circus Area—New Delhi ”

By
JOGINDER LAL

Friday, January 6, 1961.

Shri S. N. Gupta (Chairman) called upon Shri T. S. Khanna
to introduce the Paper on behalf of the Author who was unable to
present himself at the Session.

Shri T. S. Khanna while introducing the Paper stated that it
was desirable to discuss a new philosophy that had been brought in,
that short-time parkers park their vehicles nearer the destination and
long-time parkers farther away, and all-day parkers farthest away
from the point of their destination in busy areas. In the core areas
of the city only, short-time parkers might be permitted, but the
question was how to ensure that people did park only for a short
time. This could be done in two ways:

(i) by introducing parking meters, and
(ii) by manual enforcement.

In manual enforcement, a policeman went on putting mark on the
tyres with his chalkstick and after certain specified intervals, he
came round and those cars which were parked longer than the pre-
scribed time were noted. That method was not so much accurate and
required a big number of police personnel. In the beginning, there
would be opposition from traders who felt that such restriction on

time might affect their trade. But soon they would find that, that
was not correct.

Some of the advantages of parking meters were that (i) they
provided an accurate time check by simplifying the detection of
overtime parking, (ii) they aided traders in metered areas by
increasing the turnover, (iii) only a small number of policemen

were required to enforce time restriction, and (iv) they financed the
enforcement themselves,

The next point he mentioned was about the meter charges pro-
posed in the Paper. The main idea of the meters was not to raise

* Published at pages 293 to 321 of Vol. XXV—Part 3 of the Journal of the
Indian Roads Congress, December, 1960,
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money but to ensure the type of the turnover desired. At present,
in Connaught Place and Connaught Circus areas of New Delhi,
available parking space near large number of automobile repair
shops was misused by vehicles coming for repairs and waiting long

hours. That was not a very healthy practice in busy areas like
Connaught Circus.

Shri R. Thillainayagam stated that the Author had men-
tioned that the parking survey was preceded by a traffic survey, It
would have been of interest if the Author had also given the traffic

accumulation at different hours along with the parking demands in
different hours.

He presumed that the survey was conducted manually or by
means of people travelling in a car, The curve given did not indi-
cate whether the survey was conducted on a week day, or a Satur-
day. That should also be given. N ormally only during week
days, the traffic was at its peak at morning and evening hours and
also during lunch hour to a certain extent. The traffic survey indi-
cated that the parking demand was maximum between 11.00 to
12.00 hours in some cases and between 18.00 to 19.00 in other cases.

Various parking regulations had been proposed such as less than
2 hours, between 2 to 4 hours, also all-day parking, but the details
of duration of parking of vehicles had not been given.

Mention was made of the physical inventory in the Paper, but
the Author had not given the various kerb lengths, i.e., the spaces
used for various things such as bus loading, no parking, alleyways,
driveways, etc. Generally, it was found that only about 38 to 40
per cent space was available for parking, whereas other length was

taken up by bus stops, taxi stands and other driveways for private
property, efc,

In the Paper, no mention was made regarding the various
parking stall dimensions, etc., but he assumed it as between 8 to
20 6. At most of the places, the Author had suggested angle park-
ing, ie., 45° or 90° parking. Generally, all big cities go in for
parallel parking because it interferes less with the movement of
other traffic using the road. Actually, parking regulations in
Western countries specified that unless otherwise indicated on the
Pavement, the vehicles should be parked about 18 in. from the kerb
side. 1In this case, especially because the parking area was more or
less circular, it would not be possible to mark the parking stalls in &

rectangular way although he would favour rectangular parking
Spaces. .

The speaker also wanted to know as to how the various stall
numbers were fixed for different categories of parkers, e.g., for all-
day, short time, ete. :
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He was of the opinion that before installation of parking meters,
enforcement of the regulation should be first tried by policemen, and
if proved successful, meters could be installad.

Another important point left out in the Paper was tho
provision for private parking. TProvision to park customers’
vehicles near theatres, hotels, cinemas and other public huildings
like post offices was also necessary,

He would further suggest enforcing zonal ordinances giving the
various requirements for buildings, and that when any new huildings
were put up, they should be in a position to insist on the owner to

prpvule for thp minimum parking requirement specified, even if it
might not be immediately required.

The Madras Motor Vehicle Trafic Code did not make any
provision tegarding parking of vehicles on pavements or paradlél
parking of vehicles or the method of parking. He would suggest
this point should also be incorporated in Draft Traffic Code 50 that
it was possible to enforce such a traffic regulation more rigorously.

. He was also of the view that wherever parking restriction was
imposed, it was rnccessary to mark it by means of signs or by
means of line marlgmgs, ete. At present they had probably only
. one sign .for. parking, ie., “No Parking’””. To that a definition
plate indicating direction, duration, etc., could be added. He would
suggest that new signs should be proposed to cater for our necds
specifying where parking was permitted, or not permitted, its dura-
tion, etc. Besides, striet enforcement was also necessa,rv.’ ‘

All State Highway Departments should create traffic cell
g § L 5. H
was glad to say that, in Madras, they had recently created a separat:
’é"rta{hc Engineering cell to deal with the traffic problems of Madras
o

Shri A. A.D. Q. P. Sa
demand for parking had bee
parked in the parking area.
absence of a cordon count su

paramado wanted to know whether the
n abtained by counting vehicles actually
He Wo&id also like to know how in tho
: rvey, the Author based his suggestion
;Lls t}? dth;: l;sxtra pa‘rkmg Spaces given in Fig. 4. It mightgl%e that
fie nad taken certain data from a previous survey and, if so, the
incorporation of that data in the Paper would have been useful,

The Author had indicated that the urpo: i
was not for raising additiona) revenuepbulz qf%ro(f)bga?il;ﬁilngg l?;?‘/:gf‘
turnover of the vehxclgs. Where certain restricted amount of spaco
was available for parking, and all drivers were 1o be given the samo
opportunity to p@rk vehicles, it was necessary to use parking
meters. In working out the rates, certain concessions should be
allowed to drivers who park away from the business areas, If long-
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time parking areas could be provided farther away from the
congested area, it might not be necessary to charge anything. So
an all-day parker would be induced to park his car there.

For short-time parking, the rates charged should not be fixed
on pro-rate basis but should be progressively reduced depending
upon the duration of parking, e.g., if rate charged for one hour
parking is 10 nP., then for two-hour parking it ought not to be
simply doubled to 20 nP. but should be fixed at less than that, say,
15 nP. This will encourage people to park away from the central
area thereby leading to reduced congestion.

The Author had not probed into the possibilities of finding out
off-street parking spaces which, if not needed at present, were sure
to be required with the increase in traffic. If provision for such
parking spaces was made now, the problem at that stage would be
much easier because at that stage the land values due to the develop-
ment would have increased considerably. :

Shri D. N. Misra stated that in para 3.1, the Author had
stated that vehicles found parked at 4 a.m. were taken as all-night
parkers. No census of such all-night parkers had been given any-
where in the Paper. The Author might give that information from
the data collected to give an idea of the number of such parkers.
It was common practice to use parking spaces as private garages
and park the vehicles throughout the night besides parking them
for some hours during the day also. Installation of parking meters
might discourage such parkers from continuing that practice.

Shri S. R. Pillai stated that as per correct principles of traffic
engineering, there should be no obstruction in the roadway and the
entire trafficable width of the road should be made available to
traffic. Where unavoidable, vehicles could be allowed to be parked
on the roadside but that should be controlled by the highway
authorities by the installation of meters. Parking lots where cars
could be parked in rows were either run by the Local Administration
or individuals. Multi-storeyed parking stalls were allowed to be
constructed mostly by private enterprise and parking spaces hired
out by them. Roadside parking was intended for short duration
parking only while parking lots and parking stalls were intended for
long duration parkings. In this Paper, the Author had suggested
installation of parking meters for short and long duration parkings.
That did not appear to be necessary.

Shri Pillai did not fully agree with the Author in his suggestion -
to allow vehicles to park on the sides of all roads.. Parking shonld
not be allowed even on payment of tax on the sides of very.
important roads, important from the point of view of traffic, both -
vehicular and pedestrian., »
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Coming to parking meter rates suggested by the At

feld parking meter rates as suggested Wel'(;g %oo low ziZul mé}::h((l);%e}:;
the purpose intended. The charges should be according to the
importance of the area. 50 nP. for all-day parking, in an unimpor-
tant locality might be all-right. But he felt that the same rate of
50 nP. should be charged for medium duration parking, say, 4 hours
in a more important plage and 50 nP. for one hour p’arl{ix,lg on ﬂ»‘n’
important roadside. Review of the rates and of the importance of
the locality should also be made periodically. P ,

Shri C. L. N. Iyengar stated that though a scienti
had been ca,rried‘ out, the ultimate conclusion %hat i(;lgn%fecn i{;?vii
was that the available arcas were adequate not only to meet ( the
immediate needs but also for considerable time in the future. And
only a process of reorganization of the parking area and I;mdent

behav wour Of arll th.ose people usin I) R
‘ 1 g bhOSe spaces W()uld I(qu{b m

Further, it had to be noted in measuring the i
that, same as speed, it was a variable whic% was p::};n%ig%t?&ng(;
:1}1:;&3\1111;1911) erIt fWa{]s lrllot possibée to express the demand in terms of
or of stalls required, merely because time requi
each parking varied. Some people might require it forqa. lsll‘f;?t? :',litmzf
for purposes like shopping and some might require for a whole da :
So, in between, there was quite a wide range of variation by wa, g’f
time and also in the number of parking spaces. So, in measu{m
parking demand, two or three methods were commzmly employédg
one was thq cordon count and the other a site interview at tl "
parked Yehwle. .Both were time consuming and the time taken o
conducting the investigation of either type defeated the v v
. accuracy needed in measuring the parking demand. The ﬁery
interval of cordon count adopted in the case under discussi l;ne
assessing the accumulation of vehicles, viz., 2 hours seemedoz1 Ior
m}lcl.l too large. 1In fact, the cordon should also be s’o small 2 t)e
:}I:én;g:;ﬁl fl}llzt{)cfr?ti?: o{l mox(riing vehicles to a great degree qoa‘th':t)
ach cordon was precise ‘su o

:ﬁat not more _tha.n 15 m?nutes’ intervgl shlc?ug ll;: (t);:l?én}f%rzugges!;ed

e accumulation of vehicles in each cordon. Even aft t}ssessmg
cordon count should be corrected for moving vehicl ef-, ot o
asgess the actual number of stall spaces required 8 0 properly

In regard to the question of ing i
> \ preventing int
xﬁlovemenl: of vehicles while parking and leavi%lg tﬁsf‘;‘g’llffn I‘Jotﬂllle
w% stlldg%? :ede ar;halzer.rga.zwe arrangement as shown in the lsketcghs aﬂ;
e seen that, 11 1t was possible to give access to t ki
:ga,g dtl}rfCtIy from the main road with exit only on (1;0 }gﬁep::rkvlin .
ad, the question of extra manceuvre for parking or leaving t}?ﬁ

stall both from th i -
fotally avoidod. e main road and the service road could be
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SHOWING N RED
ALTERNATIVE ARRANGEMENT Of DIRECT
ENTRANCE TO STALLS FROM MAIN ROAV
AND EXIT ONTO SERVICE ROAD.

""\- NO RIGHT TURN TO STALLS FOR PARK-
ANG, ND REVERSING FROM $YALLS TO
Man QoA

At this stage when it had been definitely established that the
demand had not outstripped the available space, it was t00 early or
premature to introduce parking meters. Whenever parking meters
were used, it should be out of necessity and the people should
support such a move; but if there was no such justification, the
move would become totally unpopular. Even if it was desired that
because of close accessibility to some of the places like theatres,
ete., the turnover of the parking should be increased, then he would
suggest that use of meters should be restricted to areas which were
very popularly used for such purposes.

Regarding the availability of parking meters, Shri Iyengar
otated that he had an opportunity to discuss the problem af
Bombay, where a real problem of parking existed. A British firm
offered to instal and maintain all the parking meters in & locality at
their own expense and maintain it over a period till they were able
to realise the cost plus the interest on investment, and subsequently
would hand over the assets to the local authorities. He thought
that would be workable if it was possible to overcome the foreign’
exchange barrier. Possibly, there would be a number of firms from
abroad interested in this investment. Also, parking meter was not’
such an intricate device which would not permnit its manufacture in
this country. He felt if some prototypes were copied by some
firms, it was quite easy to manufacture these in this country.

The undue restriction on speed whether it was a service road or
main road, for a man who was driving & motor vehicle was rather
unreasonable. To expect him to keep to a very low limit of
5 m.p.h, was almost impracticable. Even a guggestion to restrict
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speed upto 10 m.p.h. in very congested area was very difficult to
enforce. As a matter of fact, the measurements of speed within an
accuracy of about 10 m.p.h. even in the range of about 30 to 40
m.p.h. were found to be so inaccurate that enforcement authorities
left 2 margin of about 10 m.p.h. before they prosecuted vehicles
which had outstepped the speed limit. To enforee a speed limit of
5 m.p.h. was, therefore, something impossible for any ageney.
Under many conditions of congestion, the difficulty of move-
ment would itself dictate the speed limit. If there were some
reckless drivers under those conditions, they would only get
involved in accidents and penalised, Putting a low speed limit
wag, therefore, both impracticable and inadvisable.

Shri R. P. Sikka stated that para 2.1 showed that
field survey was carried out in June, 1959, There wasno fur-
ther indication that any other counts were also taken in some
other month. 'In his opinion, a count taken only for one
month, and that too particularly a summer month, did not truly
reflect the correct amount of parking needs. It was well known
that traffic requirements vary from season to season and from
personal observations he felt that parking need in Delhi was far
more acute in winter than in summer.

Again, to calculate the all-day parkers, it was stated in
second .sub-para on page 295 of the Paper that vehicles found
parked at 9.00 a.m. as well as at 4.00 p.m. were taken to be
all-day parkers. Now, while examining the curve given in Fig. 1,
it was clear that the number of the parked vehicles increased
rapidly between 10 and 11 a.m. The reason was obvious because
80 many persons coming to work to this area reached there about
that time only. Therefore, proper time assumed for this purpose
ought to have been between 10 to 11 a.m. Perhaps the Author
would throw some light as to why 9 a.m. was the time chosen.

Again, in Fig. 4, it was not clearly indicated what was the
procedure adopted to assess the future needs of traffic,

Second point was in regard to the parking meters, He felt
that instead of suggesting the use of parking meters straight-

away, there was need for proper education and for proper police
enforcement,

- The Author had overlooked the point that metering would
amount to refusal to trade in areas where parking meters were
employed if meter-free areas were also available nearby.

He found that in Connaught Place, parking spaces were
not at all marked except faint lime-wash marks which were
obliterated very soon. It would be better if parking lots were
demarcated by painted lines or with studs. No parking zones
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should also be marked on the pavements so that drivers knew
fully well as to where they were required tc park. The Autghor
had suggested 45° angle of parking. They should also consider
60° parking. From studies, it was known that 60° parking
would require about 9.2 ft of the kerb space whereas 45°
parking required 11.3 ft space. 45° was better because it would
require less manoeuverability, but where the roads were wide
particularly in Cannaught Place, say, 55 ft wide, then 60° parking
would require only 36 ft of manoeuverability while still leaving
19 ft of space for traffic. Further, where traffic was one-way only,
60° parking should be considered. By that, the space for parking
would increase by another 20 per cent.

Shri Sikka also desired that the Author should clarify the first
suggestion made in_ para 4.6.2 as he felt that it had no connection
with the parking problem at all. He would also like to know the
object of Plate II.

In the end, he suggested that all slow vehicles should be
excluded from the Connaught Place and Connaught Circus
areas altogether and that for tongas and motor cycle rickshaws,
parking spaces should be provided outside the central area.
Secondly, all the heavy vehicles should be banned from the area
from 8 a.m, to 8 p.m.

Shri P. J. Rao referring to para 3.1., page 295, requested the
Author to throw light on whether Monday through Friday counts
were taken at a stretch or scattered over a longer period to get an
overall picture of the problem.
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Coming to page 307, para 4.6.2, sub-para (2), he stated that the
stretch of ro:a,dp opposite Regal was very short in length and
was controlled at both ends by automatically controlled inter-
sections, Major fraction of traffic from Parliament Street and frotp o
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portion (A) travels on the road opposite Regal, only a little fraction
going to the Radial Road No. 1.

If that traffic was not cleared before the traffic from subsequent:
cycle reached this road, cycle failure would result and such failures
on that stretch of road were not uncommon.

Stri 'T. S. Khanna replying on behalf of the Author to the
comments made by Shri Thillainayagam stated that no traffic
volume survey was carried out and that it was also not necessary.
What had been pointed out was that the Origin and Destination
survey carried cut a year eavlicr showed that the area bLad the
heaviest parking demand, and from that they chose that area
for a sample study.

His second point was that curves did not show whother it was
for week days or for Saturdays. Curves were for week days and it
had been pointed out in the body of the Paper that for
Baturdays counts were not taken in the morning but in the
evening when the rush was the heaviest.

The information about the duration of parking which the speake:
had not been able to find out was available in Plate III printed it
the Paper but that might not be very clear.

Referring to the question of curb lengths, Shri Khanna state
that the main idea of the Paper was not to give the kerb length
hut to introduce a new philosophy that short-time parkors par
nearer their destination and long-time parkers farther away, Detail
of parking spaces were worked out on a bigger scale buthad not hee
included in the Paper as they would be too voluminous.

On the question of zoning ordinance, he felt that it was alrigl
in areas which were to be built yet, but in already built-up nl‘:ﬁ
zoning ordinance could hardly do anything, However, it was
good advice which should be mcorporated for fnture buildings,

He agreed that parking meters wore not manufactured in Tndi
at present but some start was necessary.  Some firms from aliron
were likely to come forward to instal meters, It is, howeve
expected that firmg in India would he ready to nmnuf;w%m'e the:
parking meters whenever there was demand for them.

He appreciated the point of the gpeaker th
rgstriction was imposed, it wag necegsary to mark it by means
8igns or'by means of line markings, cte., and they had a,lir(sady take
care of it by suggesting putting in of yellow colour on the kerDh
indicate no-parking zone.  That meant that as Jong as there w
yellow colour, no enc should park his vehicle within that area.

ab whenever parkir
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Shri Saparamado from Ceylon had made some comments as
to how Fig. 4 showed the parking demand. The parking demand
had been shown by the survey that had been carried out. They
were not showing an cstimate of the future demand but were
indicating the present demand. They were taking care of the
future, Ly providing about 25 per cent more.

Regarding rates for feeding the parking meters, Shri Khanna
appreciated the suggestion made by the speaker and thought it
would be worthwhile considering them and revising the rates, if
necessary. He would, however, point out that a person could
go back and again put in some monocy and use that parking meter
for 4 hours instead of 2 hours. But that should not be expected
from busy people. Moreover, that was illegal.

Regarding utilization of off-street spaces for parking, Shri
Khanna stated that they had already - explored the possibilities of
finding suitable sites and a number of off-street parking sites
had been made use of.

The speed limit of 5 miles per hour bad been misunderstood.
It was only intended for off-street parking lots available in
Connaught Place and Connaught Circus areas and not on the main
roads and he felt it was fairly reasonable because when people
came out after parking, they came out of blind spots and the vehi-
cles moving at a higher speed were likely to hurt the so converted
pedestrians. Shri Iyengar had pointed out that 10 m.p.h, relaxa-
tion was given while enforcing speed restriction. It was not
10 m.p.h. relaxation given in all areas, in urban areas 5 m.p.h.,
in rural areas 10 m.p.h. and in parking lots no relaxation.

Shri Pillai had suggested multi-storeyed parking buildings.
He thought it was too premature to start thinking of that, parti-
cularly in the area under consideration. .

He had pointed out that vehicles should not be parked on all
roads. Care had been taken to see that vehicles were not parked on
congested roads, but it was felt that there were not many roads
which were so congested in that area not permitting parking at all.
Accordingly, on some roads it was only one side parking and on
other roads it was two-side parking. But as the demand for traffic
volume would increase, parking might have to be prohibited
completely on both sides. That would be a very severe restriction ;
but it might be alright during particular hours.

Then he had pointed out that rates of parking were 00 low,
whereas another school of thought might say that there should be

no further fees charged from the motorists as they were already
heavily tazed, S R
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Shri lyenggr had pointed out that no parking problem ocxisted
in the areas as pointed out by the study. It was not that therc
were only 30,000 vehicles and there was so much more space to
park them that there was no problem. Tt was the concentration of
vehicles wanting to go to a’particular place that had created the
problem and not the total space or the total volume of vehicles.
From that point of view le could assure Shri Iyengar that the
problem did exist as poople normally wanted to clog on to a few
places which were very busy.

Service road parking idea was good as pointed out by him.
That had been taken care of as the- parking lots were right along
the main roads.

He also pointed out that meters should be used only in areas
which were popularly used for parking. 1t was not possible to use
10 or 15 parking meters; it was necessary to cover a particular ares
and that area should be a sort of integrated one. If only 20
parking meters were used, nobody would park on the parking
meters and they could find spaces eclsewhere. ¥ither the barest
minimum of meters should be installed or they need not be

introduced at all and they had found that the barest minimum
number came to about 1,000 meters.

Shri Khanna agreed with Shri Sikka that there was seasonal
variations of parking. But as he had already explained it was not
necessary to be very exact in this matter.

Shri Sikka had pointed out that on page 295, second sub-para,
vehicles parked on the road from 9 a.m. to 4 p.m. were taken all-day
parkers. It was not true. The third sentence was only a misprint.

Shri Sikka had suggested 60° angle parking. That had been
taken care of too. It had been examined as to which would fit in
best in certain areas and give the maximum capacity for parking.

Shri Sikka had further suggested a ban on slow moving vehicles
and a ban on heavy vehicles. Slow moving vehicles had to some
extent already been banned—nbullock-carts were not allowed in
Connaught Place area, but there was no ban on tongas. There was
no severe restriction on heavy motor vehicles. Shri Khanna said
that lot of problems could be solved by introducing restrictions

but the main approach should be to solve the problem with
minimum of restrictions.

Referring to Shri Rao’s yuery as to whether counts were
completed in one week or scattered over a longer period, Shri
Khanna mentioned that the idea was to take the count on typical
days not necessarily confined in a week. The survey was not
completed within one week. The particular survey took about 45
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days, one reason being the shortage of trained personnel. Besides,
it was considered that if more men were employed, more mistakes
would creep in.

Shri Joginder Lal (Author) in his written reply sta'ted
that the suggestion regarding parallel parking on the road-side,
given by Shri R. Thillainayagam was all right. But it might be
pointed out that, in the layout suggested, the question of parallel
parking did not arise as parking on the trafficable width of the
roads had been prohibited except on wide roads carrying onc-way
traffic.

As desired by Shri D. N. Misra, the Author mentioned that
all night parkers were 215 out of which 181 were car parkers.

Regarding the clarification of suggestion made in para 4.6.2,
desired by Shri Sikka, the Author stated that the two openings
were being used as entrances and exit from the parking area to the
intersections, which was totally undesirable as such enfrances or
exits decreased the efficiency of the main intersections.

The Author further stated that Platc 1I showed the parking
demand and parking spaces proposed in cach of the block and
one could at s glance find that the distance from the parking
places to the places of visit was not more than one block.

Shri S. N. Gupta (Chairman) in his concluding remarks stated
that the Author had focussed the attention of the highway engineers
to a very important problem. Knowledge in traffic engineering was
very much essential for proper highway planning and Madras had
definitely given a very.good lead by creating a Traffic Engineering
cell in the Highway Department. He believed that that would be
followed by other States also. At present, the city police
do not have adequate knowledge in traffic engineering and act as
the traffic engineer. That is not a very happy arrangement.

A very interesting discussion had taken place on the Paper and

* Shri Khanna had given very lucid replies to various comments

raised by members. The Chairman thanked the various speakers,
particularly Shri Saparamado from Ceylon who took keen interest

. in the discussion.



Discussion on

“ General Report on Road Research in India, 1959-1960%
Friday and Saturday, January 6 and 7, 1961.

Shri U. J. Bhatt (Chairman) in his opening remarks oxplaine
that discussions on General Report on Road Research have been ver)
stimulating and useful. It had now become an important featur:
of cvery Annual Session of the Indian Roads Congress. He hope
that all road rescarch laboratories in the country would cnsure tha
their reports were sent to the Indian Roads Congress in time so tha
it was possible to present to the Highway Engineors complet
information about the road research work done in the country
This would also help the laboratories in avoiding duplication o
work.,

RIGID PAVEMENTS

Shri S. N. Sinha stated that, in Bihar, they were very mucl
interested in the matter of partial replacement of cement by soi
and would have liked very fine sand such as taken from the Rive
(anges being used in the cement mortar. The availability of gooc
sand had been a problem in large tracts of Bihar, cspecially in th
area north of Ganges where all the rivers carried fine sand and i
some places it was micaceous too. The necessity for utilizing thi
sand In cement mortar was manifest in view of the fact that th

" cement required had to be transported from distances of 150 mile
or even 200 miles south of the Ganges in several important works
Some work was undertaken in the laboratory at Patna on the use o
fine sand. Although they had not been able to formulate an
conclusive results, but it was seen that there was deterioration in th
strength of the cement mortar by the total replacement of good san¢
by local sand.  They had been trying to attempt the use of mixtur
of fine sand and coarse sand to get good results. Shri Sinha adde
that they were particularly interested in the report from Madra
Research Station stating that there had not only been increase i
the workability but also in the strength of the mortar, by partia
replacement of sand by loamy soil and would like to know th
chemical and physical properties of the loamy soil which resulted i
giving good strength or similar strength or improved strength fo
the cement mortar by partial replacement, i.e., upto 30 per cent
and the results that they could get by the variation thercof as thei
own experience unfortunately did not warrant the use of very fin
sand in cement mortar and cement concrete works.

*Publishod at pegos 323—353 of Volumo XXV-Part 3 of i} .
the Indian Roads Congress, December 1960, art 3 of the Journal ¢

Roap Researcu 1§ INpia © 623

Dr. M. L. Puri pointed out a printing error in the first salient

_point on page 331 where instead of * sand’ ‘ cement’ had been printed

in the report. The results reported by the Madras Highways Research
Station on the effect of partial replacement of sand by soil were
very interesting. He requested some one from the Research
Station to explain the results fully as the information available in
their report was not enough. As the use of soil would increase the
fines in the mortar, he expected that the mortar would be more
susceptible to shrinkage than the ordinary ones. It would be
interesting, therefore, to see how the results were obtained.

Referring to the second point for discussion regarding the
advisability of using weigh batching instead of volume batching for
cement concrete road construction, Dr. Puri said that the C.R.R.L
had carried out quality control in the field for the construction of
experimental stretches on the Delhi-Mathura road and also for the
construction of roads for the Heavy Electricals Ltd., Bhopal. In
the former case, volume batching was used while at Bhopal weigh
batching was resorted to. It was felt that exercise of any quality
control when volume batching was used was well nigh impossible
because of bulking of sand and due to the amount of bulking
changing with the varying quantities of moisture from time to time
on the same day. In the case of weigh batching, there was a
preliminary objection that the speed of construction would be
reduced. By proper organization of the work it was proved beyond
doubt that there cannot be any handicap due to loss of speed. It
would be interesting to know that the coefficient of variation for
flexural strength beams cast at both the works was 8.4 per cent in

the case of weigh batching and 17 per cent in the case of volume
batching.

Now that small weigh batchers were being manufactured
in India and were readily available, there was absolutely no reason
why they should not make use of weigh batohing compulsory for the
construction of future concrete roads,

Dr. Puri stated that most of the concrete roads in the country
which were constructed some-10 to 15 years back with thicknesses
ranging from 3 to 4 inches were showing signs of distress due to the
enormous increase in the number and the weight of vehicles. = The
Pproblem was how to strengthen the existing pavements to keep them
in serviceable condition to cater to the present as well as the future
needs of traffic. The solution lay in overlaying new concrete slabs
over the existing roads. This technique was tried in U.S.A as
early as 1930 and still had wide application. For determining
the thickness of overlays, the Portland Cement Association and
Corps of Engineers of U.S.A. Army had recommended the empirical
formulae. The slabs could either be bonded with the existing slabs
or laid separate. The Americans were, however, more in favour of

14
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bonded overlays because the thickness of unbonded overlays worked
out to be much higher. Laboratory experiments carried out at the
C.R.R.L had shown that washing the old surface with dilute hydro-
chloric acid and the use of neat cement grout as the bonding media
could create very satisfactory bond. In order to study the field
performance of bonded concrete overlays, a short length on Hapur-
Garhmukteswar road, with 8 in. thick pavement, was selocted.
The actual construction of 4 in. thick overlays on that road would
be started shortly. The results of such experiments would show
whether this technique could be applied for strengthening the oxisting

thin pavements and also whether the concrete roads were amenable
to stage construction.

Dr.' Puri informed that several laboratories were requested by
the Indian Roads Congress to conduct some laboratory experiments
with air-entrained concrete. He wanted to know if such experiments
were conducted and what were the results of such experiments,

Dr. L. S. Uppal stated thut some time back they also carried
out some experiments to replace sand completely with soil in con-
nection with the plastering of mud houses in the Punjab and found
that if a soil containing 50 per cent sand was used, itdid increase the
strength.  But later on when they carried on the study after every
3 months it was found that after 9 months the compressive strength
deteriorated. The addition of soil does improve not only the work-
ability but also the permeability. When this plaster was applied to

the pucca buildings they did not e
was not very long. y ot develop any cracks but their life

Shri G.C. Gupta speakin i i
. Gu g on the question of partial -
inenb of sand by soil, stated that they carried out sc?me :Vof'(fipl\?(i:sh
fea,n cement concrete mixes. Actually this concrete was not designed
or a cement concrete road but for the foundations of buildings.

The sand used was local Gomti sand which had a fineness modulus

of about 0.75. This was replaced by : i i i
Somenlactin and materi:{) razce by a non-cohesive soil, which was

: tained on 200 mesh sieve was about
45.5 per cent ; the P.R.A. classification was A-4 and sieve :n?ml}ggs

showed that th i
a little les:. e fraction (0.5 to 0.005 m.m.) was 23.4 and of clay

The _results showed that if the s
was an Increase both in the co
besides increase in the workability

Shri G. De (C.M.E. Kirkee) stated tha i

. (CM.E. t they did
on (511011 cement yuniting with replacement of sand cgmpllétesl;n::itl‘l”sogﬁ
and found that guniting, where sand was replaced in the proportion
of 1: 10 sand: cement gave very good results. P

poingyri C. L. N. Iyengar wanted to seek clarification on a few

oil was 20 to 30 per cent, there
mpressive and flexural strength,
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On page 328, para 1.3.2, in regard to the efficiency of the
various methods of mix design, he felt the scope of objective of the
experiments was not fairly understood by the wording. He did not
know what was the actual criteria for determining the efficiency of
various mix designs. As far as he understood, the various data were
based on ideal density curve, surface area method, workability,
ete. All these methods were more or less empirical and lend them-
selves to comparison. The workability of any mix designed by
any method in the field was more important than merely making a
comparison of the mix in the office or in the laboratory.

Shri Tyengar stated that in regard to the treatment of soil by
calcination to protect concrete from sulphate attack, the temperature
was mentioned as 1000° - C. which, he felt, would be difficult in
actual practice. He wanted to know whether any alternatives like
membrane, asphalt coating, ete., which were equally effective, were
tried side by side and economy of these methods explored.

About the question of overlays, the report dealt mostly with
the work on bonded overlays. He felt it was too premature to con-
clude under a certain set of conditions whether bonded overlay
would be more efficient or unbonded and the two schools of thought
were widely divided about this point. For example, on a very
highly fractured pavement by bonding, as calculated by formulae,
cortain amount of thickness might be assessed, the tendency
for cracking when the pavement was reconstructed might be more
when it was bonded than when it was not. Probably on that
very score alone some separation layer just like sheet-asphalt
might be interposed between the bottom layer and the top layer.

Shri K. Ramaswamy Reddy informed that they did some
work on replacing sand by soil at the instance of the Ministry of
Transport but the same had not yet been completed.

In reply to one of the speakers who wanted to know the pro-
perties of the soil used, Shri Reddy stated that it was a sandy loam
with about 4 per cent of clay, about 21 per cent silt and about 75
per cent sand. He also stated that with the details available now
they did not recommend this for concrete work or for places where
it was subjected to varying conditions of moisture or wetting.

Shri N. R. Srinivasan was glad to have the clarification from -
Shri Ramaswamy Reddy for it raised some of the basic questions,
for instance, as per the I.S.I. specification for sand, the amount
passing 200 sieve was something limited and by purposely putting a
loamy soil up to the extent of 30 per cent they considerably exceeded
the particular limit. He was, therefore, interested to know how in
spite of this they could have good amount of workability, strength,
eto.. He felt more experimentation was needed to settle the.
question. '
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Regarding quality control, he said that this was often mis-
uudex".s"tood as merely testing of the strength of the mix. It was not
20't} llfx»e olperatlon started right from sctting of the formwork up
o the final completion of the finished surface with e ati
properly controllad. with every operation

~ Inregard to mechanization, Shri Srinivasan stated that it was
very often misunderstood that it would always bring about conside-
rable reduction in the lahour. He would put it rather tlic othor waiy
Actually, mechanization would help laying more roady per dey an(i
the notable change would be only that the percontage of the ;killcd
labour to the unskilled labour would be diminished. Furtller he
did not recommend adoption of mehanized methods Oveniight bus to
go about it gradually. As a matter of fact, mechanization was (:iiﬂ‘icult
with the type of equipment presently available in the country

' About the pavement design, which was a cf i g
Brig. Bose brought out an interesting point reg;l;'(()lrilixcr I()zlc:;})c]f;?(;
pavement being laid over waterbound macadam, while Sln{,i Nambiar
suggested a compromise that only in places where waterbound
macadam was not already existing, this method should be tried. It
was not a very correct picture. As a matter of fact. even sorﬂe of
the present day specifications did provide 6 to 9. i’n. waterbound
macadam even bpfore putting a cement concrete surface. He
thought that the time had come to seriously consider this prc;blem
It hac_l been very well proved, as stated by Brig. Bose, that in all
experiments done in other countries also, the base ju’st served the
purpose of working surface only, provided a uniformity of bearing
capacity, etc., was attained and did not help in the matter 5f
additional strength to the concrete pavement. °

Lastly, Shri Srinivasan stated that
action, A3 % matter of T, St o e 2%
tl;ligr; g(fl gggg ;3;1);10fﬁtecozrégctp;'e\?teelr:‘t:iig th:sg‘;vﬁxxlrag wv;%:r zﬁgﬁrﬁgﬁfé
. ﬁgglggsnléa;indbiignszggtiezt?d‘,vlfoa ex(;g(;llg,r ez%ati]:)gr v:ﬁilsll’ bggég):g
might b alright. Tt i s articular coss vae of b hings
thing different from g(lajnl(i';SI ;g’;zglfaggglyggm:ergﬁsir:; ;?igggi; }fi(g;lls;‘

. . . .

e]ll[)e[a. ure nlng h.lch hl nereas Iesiqtﬂ;]lﬂe ‘;O bhe
t t i of b"r A\’ gives T ed »

COnC‘I‘efJe aga:lﬂst Sll]phd,te alvt&(/k.

addition of calcined clay
the resistance to sulphate

Dr. Bh. Subbaraju replying t i
S. N. Saiha, informed him I’Zh);t gthg \i)arlous
Madras experiment was 15.9. .

querics raised by Shri
I. of the soil used iyn the

To the information

he wanted to add that in by Dr. Puri regarding the overlays,

t in the C.R.R.I. they were also planning
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flexible overlays over rigid pavements on Hapur-Garhmukteswar
road. There the thickness arrived at according to the empirical
formulae given by the Corps of Engineers, U.S.A., was rather on the
high side, but if the thickness was calculated according to the design
proposed by Brig. Bose in his Paper presented at Srinagar in 1955,
there was considerable reduction in the thickness of the flexible
overlays. Their interest was to find out which was the more
reliable method.

Regarding the bonded and unbonded overlays, Shri C.L.N.
Iyengar had raised a point worth considering. He would like to add
for the information of the house that in the C.R.R.I. experiments were
in progress on bonded and unbonded overlays and the criteria used
for evaluating the strength of bonded and unbonded overlays was
the flexural and the shear strength. The results of experiments
indicated that in the case of unbonded overlays the flexural strength
was as much as 50 per cent of the monolithic slabs, whereas in the
case of bonded overlays with cement grout, the flexural strength was
as much as 90 to 100 per cent of the monolithic slab.

Shri P. D. Shivdasani, referring to the experiments on
flexible overlays on the Hapur-Garhmukteswar road being done by
the C.R.R.I., stated that a lot of work had been done in other
countries. Brig. Bose also said that flexible pavements had
decided advantages over the concrete pavements. But most of the
flexible pavements were of the premixed type using asphaltic
concrete. He felt that flexible pavement of the penetration macadam
type perhaps would give a better performance and reduce the
reflection cracks which was a common feature in flexible overlays on
rigid pavements. He suggested doing field experiments on one
stretch with full grout and observe its performance.

Dr. Bh. Subbaraju, replying to Shri Shivdasani’s suggestion
of adopting the usual type of premixed as overlay over Garkmuktes-
war-Hapur road and to have full grout penetration, stated that it
was not possible to go in for premixed method because it was
impossible to mould a specimen with that open graded mix material.
Actually, the overlay being laid was a dense carpet and they were
going to determine the Z value of the asphalt concrete being
designed and the thickness was going to be controlled by the
relative E value of the cement concrete and asphalt concrete.

Shri M. S. Venkdtesan replying to the point raised by Shri
C. L. N. Iyengar, stated that the object of the study of efficiency of
various methods of mix design was to find out a design procedure
which would not be cumbersome for the designer in the field when
designing his concrete mixzes and also it would give economical
cement content. Later on, if no such method was possible, he
should be able to evolve a new method of mix design embodying the
various principles of other methods, '
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FLEXIBLE PAVEMENTS

Shri C. J. Fielder referred to ps i
des({:ritbitng(;'i ts}:l)zrée‘tresults obtained vggoilatﬁélﬁi’ezl}f ;?gggeaggesa%%g
and state at it was not clear what was meant by experi ‘ 1
track, whether it was actually a tes Y IJ amontn sest
or whether _it was a test tmcky of t;;tl\;ar]}ﬁg:h;t? Z:;p:j Mﬁ'i‘chgondm?ns
of use of primer with tar was raised some time ago’. b qugles 10?1
who carrled‘ out some work in Bihar with primers and zvas 'entlilrre'
astic about it. They tried to reproduce his results and inocl d lé.ss‘;
in the programme of Majlhierhat Test Track. Under th 0\11. . t'l
conditions there, he thought, the results recorded showeg t%:t? atl:g

primed surface did not show any advant:
to be less effective than the one \};ithou; p;ligigera e aotually appenred

Referring to para 2.1.3. (ii), Road T i
quite correct that the Germans have praéf:ls\,wclaﬁ i:ais;;%c?f}il:a?tignv;ii

%)asd A;a,r% hévmg certain features different from those adopted in
ol or an tmalciﬁg i‘;l‘-'h:é ;btrgril thl:d ma_litr;ily cort]perned with thg heavy
lrondy wrinan totho Taiuay Rebsth Tomii et ki, 22

gures given in their report because he did not agree with the o
which they had determined as ho felt it required cheoki > Ho

ad not seen any recent reports as to why the anth oono ofl
content was given so much importance in Germany. It racene oil
very interesting to know about it. Y. would be

. The added ad i
might accrue on account of durabilit vantages which
. : ) A L y, he thought, mi
difficulties over the setting time of the ca.rpgt °rm€1§§t33:?2g:

dressing, in which case tht structure mi

ng, . o might break

durability was able to come into effect. I%e suggeztedugarl;efi(r)lre e
of actual experiments with the German type of romdy ta{;r (;Ut
comparison with those adopted in India under actual traffic condoif

tions, so that they could get some i y i
ot ey they ¢ tars_g e idea of the relative effectiveness

Regarding Low Temperat ' ..
other country offorts hay e} b:, enu;ea'ggr, he was of opinion that in nc

! ith success t
perature tar into road tar. The fundWl s o turn low tem-
. amental diffi
gempera,tur.e tar due to its chemical nature (i;glcultt}" iy t}'la‘t low
rom the high temperature t s entirely different

° hi > tars a8 the former was i ‘
fviﬁgie?i In type and did not show the same duxl')al,‘le)(iil(i);n m&n(gl)
ing conditions. He was not sure if the paraffinic ba,ysellchx?é

be turned into an aromatic ba

> an al > base by any simple mes el

g}fl G;c}:)?l}:;gc# Wlﬂ} high temperature tar ojls vgas nci? lg.lcs;’i:gls ttclyl : Ruxing

tried in ome. Of the tar. .LOW temperature tars with bmm:mprovc

found thzsxzrz?)rg thfettilxper]llmontal work done in the UK Whee;; :V}fg
o of the rolled asph od

degree of polish and became slflg)p(?x};*.surfaces developed a very high

. They i
temperature tar into the rolled asphalt withyﬂ:g %c;)rﬁ?:fcag?clnﬂirfg
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ing certain amount of oxidization on the surface to give them non-
skid properties so that if the low temperature pitch was used with-
out any bitumen, the whole thing would tend to oxidize and not
just the skin.

Shri Sujan Singh referring to page 332, Design of Dense-
graded Mixtures, wanted to know if the pavements designed by the
C.R.R.I. for Heavy Electricals, Bhopal, on National Highway No. 47
z}md also for the Atomic -Energy Commission, Bombay, had since
reen laid.

Regarding Surface Dressings, this subject has been dealt with
at length by the IL.R.C. and a series of experiments carried out at
Alipore Test Track and later on National Highway near Agra. The
results, as far as he understood, were that priming coat had no
advantage if the metal ,was good. He would be interested to know
if the new findings in any way over-ruled it or experiments were
still to be conducted further.

Regarding Cold Fine Asphalt for Surfacing, Shri Sujan Singh
stated that he had seen lot of work in other countries being done
from the waste of the stone crusher quarries and strongly supported
the idea of States doing more work of this type since the work
done by the Madras Corporation had given good results and he
understood that it was still standing very well.

In regard to the cutbacks, Shri Sujan Singh stated considerable
work was done by him in Burmah-Shell to find suitable cutback,
one or two for the entire country for summer and winter and that it
was not found possible to have separate cutbacks for summer and
winter though the cutbacks now supplied by. the Oil Companies
were produced after considerable experimentation.  Certainly,
fluxing on the site in a way was easy as one could change the
percentage but it has its drawbacks. During war time, due to
various reasons the suppliers suggested and also adopted fluxing of
bitumen with fluxing oil on the site and found that always same
results were not obtained. That was why it was preferred to have
readymade stuff which was fluxed suitably in the plant where they
were homogenously mixed. Besides, it was not stated in the report
which is the fluxing oil the Authors had in mind. The fluxing oils
normally used had more value in rupees than the bitumen and it
had been the experience that whenever fluxing oil and the bitumen
were supplied separately, the fluxing oil was usually pilfered from
the road. So, before deciding this question, all the various points
might be kept in consideration.

Regarding stripping of binder mentioned in the report, these
were two entirely different types of strippings. In many countries,

. the agents used for the first type of stripping were not called anti-

stripping agents, they were called only wetting agents because
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stripping in tho initial stages only hap i
e pened due to 1 (

of the aggregate by the binder. As the work had ?1;:3; Ziux:flng

India, it was bettor to separate and define them properly. In this

report it was not clear what was the obi i
HOL & < Af Ol 8
conducted. Shri Sujan Singh adde oy e Cxporimente

d that j i

he had been he made enquirios to find out li;}?;élgzr?;g?rf n:;s ;11117?:1;’: ‘
used and the advantages thoreof. They all confirmed t%&tgth ; h&g
yet to assess whether thero was any advantage and ho Oi’n ich
They were z'dl uwsing wetting agents and not anti-strippin Wa ‘nts'
Antl-stnppmg agents were used only in very few casegp I% g(:i'n'
the use of lime, he stated that if limo was used m ent'egalw (11 ;
aggregate and also Turkey Red oj) with binder he w e tfl);
result would not be satisfactory because of some ‘moist wo. in th

aggregate, as the chemical actinn would displace tho watelzl'm ;;1! o
acting as a filler and the ojl staying on the top which Woulr;révﬁz

the wetting rather than help in i
! wetting, Thi i
whether the object of usingpthis agent v:rgals n tho e onother point

in the i
wet aggregates or for dry aggregates. case of moisture or

Coming to the advisabilit i
_ ! y of laying dense car i Suj
S;ngh st&ated that from experience it had been fou;%et:imsthriln SSUJ&I:
ptaces ense carpets would definitely be of advanta e don}l\
? ronbgly supported that these should be tried. The Sta,%es &1;1 d ,
g?;d gfol;e ?:ger hesitant in laying dense carpets and he& w:(‘
. m g i |
glad 1 ore encouragement was coming through the researcl.

Shri S. N. Sinha stated t]

' . 12t 80 far as the t i
flexible Paverent wag concerned, some worl? ;?;l t{lll(;;:ll;ness otfhu
fx?é;l}?géatigrethsmﬁybd the C.B.R. method and linear shl(')irrllkagz

& Laboratory at Patna and the (

: 0 re
i%fog?ngogimtwe. Further work was in progres:uuizeri?nmor’: 0;‘
;nent of ao:g‘ht h:a.d been that cohesion in the l;ibuminousp Ol‘a:l;-
FNOAEA (Ag%z ?qiormnt requirement for g proper pavelt)nent
ndin: o pgssieé‘i l?i?y I())f;‘c};sf ;L)'tl individual particle movement would
had sufficient cohesion in if onsti e 10D Pl o unless it

. its consti { L
pPavement which had to carry a Ezgs;ﬁ?%despecmlly in the case of a

In respect of the requi
equirement
Zug;gﬁstzd some work to be done in the ﬁghé’&o‘?lg}?nt hatructure, he
y tho Asphalt Institute of the United States of Acrr. “iBSested
tl;)}?mtp ﬂ(iab pubh:q hod In June, 1959, which Wa;s co-related
e traffic classification hut algo to the axle loadj clated not only to
also co-related to the AASH X1 loading. The ¢

: 0. : .  Chart
well ag to the visual classiﬁcationagfdtﬂ;e Sl(l)rilllﬁed soil classification as

After studying some of th
. i : o met] :
ina few States in America and W};ZS:ngr 3:: déas}lggr&ofggﬁuaent;
b.R. od o
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Asphalt Institute Chart for Thicknoss Requirements for Pavement Structiires
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CLASSIFICATION OF TRAFFIC

Trafhic Density
Maximum, per lone, per day

Daily Volume of Daily Volume of

Troffic Passenger Cors and | Commereial Trucks
Classification Light Trucks ond Buses
Medium 500 25 i
Heavy Unlimited 250
Very Heavy Urlimited Unlimited

design was being used, the chart suggested by the Asphalt Institute
had a more general application. It was found while calculating the
thickness requirement of such a pavement that according to the
Asphalt Institute chart a 13-in. thick pavement would do against
16 in. on the basis of the chart adopted by us. The rationality of
the chart, suggested by the Asphalt Institute, was such that he was

encouraged to suggest the application of this chart after proper
investigation and correlation to our conditions.

In this connection, Shri Sinha mentioned the Paper presented
by Shri Foster, Chief, Flexible Pavement Branch, and Shri Alhvein,
Chief, Special Project Section, both of the Corps of Engineers, at
the 37th Annual Meeting of the Highway Research Board, America
which laid emphasis on field moisture studies and suggested that the
thickness design procedure could be properly done if they were able
to evaluate and estimate the C.B.R. which the soil would develop
after it had been placed in the pavement system and the moisture
content became adjusted to the weakest condition. Certain results
conducted by them, indicated that the four day soaking test wa&;

conservative for non-plastic or slightly plastic material but was
about correct for plastic or very plastic materials.

Shri Sinha also referred to a Paper published in
Shri R.' 8. Millard on *Road Developm%nt in the %)%i?'s:;?;
Territories *, to support his view that differences in moisture condi-
tions had an enormous effect on the thickness of construction
required. In Great Britain, where the water table does not
vary greatly with the seasons, it could be resolved as & problem of
.statics. No such analysis was possible in the tronirs whara with
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well defined wet and dry seasons, there was frequently no regular
water table at all,

Dr. I. S. Uppal in reply to some of the points raised by
Shri Sujan Singh, stated that actually the anti-stripping agent was
not a very inappropriate word. More appropriately, they could be
termed surface active agents rather than wetting agents. These
anti-stripping agents were mainly recommended for the wet stones
and not for dry stones, as they actually helped in coating the dry
stones. Their main function, Dr. Uppal said, lies in displacing the
water from the stone surface, and each molecule of these cationic
chemicals had a little head which attached itself with force to the
stone surface irrespective of presence of moisture on it. Elongated
body of the molecule holds equally strongly to the binder, thus
ensuring & solid coating with uninterrupted regular layer of binder.
Dr. Uppal then described some of the anti-stripping agents used by
them, viz., Adhevia-T which is known to everybody, Duomeen-T,
Cationic Emulsifier. All these chemicals cost about Rs 4 to 10 per
pound, which was very expensive. The main idea was to try some
indigenous materials and hence Turkey Red Oil was in troduced,
which could be prepared even at site.

Lime had also proved of great utility in stabilizing soils. If a
cutback was not mixed in soil, generally it was not sufficient to
make it water resistant which would absorb about 16 per cent of
water. Even if Duomeen-T was kept in water for 10 days, it would
not absorb more than 10 per cent of water.

Shri Bhupinder Singh stated that no doubt C.B.R. method
had been commonly used for the design of flexible pavement, not
only in India but even in the Western countries, and the limitations
of this method had already been high-lighted in the Central Road
Research Institute’s Monograph No. 3. C.B.R. was an empirical
method and often gave conservative thicknesses. Further, it gave
quite unreliable results in case of silty and sandy subgrades.
Therefore, he suggested that group index method might be more
suitable where the subgrade was silty or sandy. Group index
method gave less thickness than C.B.R. methods of design. He
added that many organisations in the world had resorted to Plate
Bearing Test method for designing flexible pavement, a review of
which had already been given in Vol. 25, Poceedings, Highway
Research Board, 1945, Plate Bearing Test was a convenient method
to determine the actual bearing capacity of the subgrade on the
pavement by using the plate of the same ares as that of the wheel
contact area. They had developed some suitable curves which gave
the thickness of the pavement required over a subgrade of known
bearing capacity. Some of the curves also included repetitions of
loading unlike the C.B.R. curves. He also suggested that some
correlation should be derived between C.B.R. in situ apd Plate
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Bearing Test. Of course, some correlation was worked out at
C.R.R.I. yvhen soil ecement on a large seale was used as o material of
construction in cne of the heavy duty airficlds in India. Still much
work was required to be done on different types of soils which were
normally met with in the subgrades of roads, though already some
worl; in this direction was being done at the Central Rba(i Research
Institute. He hoped that other Research Organisations would do
similar study. ‘

Shri P. L. De stated that the designing of i i
red for flexible pavement was very neceésar% forﬂtlﬁet}(llltfrl'{a?l?is]‘?tre?xlrlll(i
economy of the road. Though some standard thickness adoptgd for
the entire length of a road in a particular region miglﬁ: be uite
adequate for the major length of the road, there might be gome
portions of poor subgrade soil where the thickness provided might
be inadequate, as a result of which the road might fail Hence %he
construction engineer must have some tools in his iumds fo;‘ the
quick design of the thickness of pavement, required for such bad
types of subgrade soil. The well known methods of pavement
design, viz., C.B.R. method, Plate load test method Group Index
method etc., Wl}lch the previous speakers discussed haid their advan-
tages and limitations. But all the methods required a proper]
equipped laboratory for testing and werealso time consumin gl Inpsuci
cases, in his opinion, the *“Lincar shrinkage method * ‘was tl
simplest and at the same time quickest method. *

Regarding the study of pavement perf i

: / performance, Shri D

that, in West Bengal, this study was being made, as fa,rI:;,s ;a::?glej

glhergvgr t}:llmdrcl))ads (g{&ve signs of failure. Several such examples o;‘
e study had been described in Paper No, 224 a iscus :

the current Session. P ready discussed af

Shri Z.S. Shah referring to the state ,
the C.R.R.1. was using found%y slag ot o
soling and water-bound macadam con
furnace slag was boing used in UK. g
open tcxtured constructions for some
CRR.J would like to undertake tests to way (1o Polaps the

R e tests to use thi i
bituminous aggregate. In his opinion, this woul dlsbén?lt;rfl::]l f?:-

those areas, like Jamshedpur, where glg . .
quantity and stone aggregate not so freely Ev:il?:b?;&ﬂable i good

page 329, that
at least experimentally, for
struction, stated that blast
nd Germany for bituminous

d In regm;d to the suggestion of the C.R.R
ense carpets in cases of lack of equi men't Shri

that their own organization for the sa(ulmepreasor’x }812:;l bSeSrTl;uObsertYed
such carpets depending on a sort of rule-of-thumb method fgges ing
years now and some carpets so laid have been standing v;.els]o;réi

the last 15 to 20 years. They were ready to oj i i
by the C,R.R.I. in this connection, Y10 give any details roquired

L for adopting semi-
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As regards anti-stripping agents, there was in 1957 a Committee
of the Indian Roads Congress dealing with this subject. Perhaps
the work done by that Committee would be of help in {future
experiments.

Shri M. B. Jaywant observed that the choice of a particular
type of asphaltic wearing surface depended on traffic, climate,

-availability of aggregates and the availability of equipment. It was

an established fact that dense graded surface would give better results
as compared to the present specification of open graded carpets or
even  stone sand crete surfaces”’. For want of laboratory facilities
and the hot mix plants, it had not so far been possible to adopt the
dense graded mix. But strangely enough, the report suggested going
in for a semi-dense surface even when all these facilities and equip-
ment were available. The report was probably based on the findings
of the Paper on this subject read in the last session, wherein the
addition of a filler was not recommended. It might, however, be
possible in many other locations to obtain fillers at ecoriomical rates
and, in some instances, to get a dense mix even without the addition
of a filler. It was, therefore, not logical to conclude that
semi-dense carpets should be adopted when all the equipment, such
as mix plant and the spreader finisher etc. were available. The
semi-dense mixes had their own place as base courses or binder
courses or even surface courses in certain climatic conditions.
Further, the mix criteria given on page 136, specified a stability of
logs than 500 which would not be suitable except for light traffic
and the flow value was a significant omission in the report.

Regarding addition of flux oils to cutbacks for surface
dressing, Shri Jaywant said, this needed further clarification. The
type of cutback required for surface dressing depended not only on
atmospheric temperature but also the size of aggregate. With the
help of the temperature viscosity chart for various cutbacks and
aggregate sizes plotted on the same, the suitable viscosity of a
binder could be determined under given weather conditions and
aggregate sizes.

As for any binder there wasan optimum viscosity for surface
dressing under given weather conditions, it would, therefore, be
more logical to specify viscosity of binder for given atmospheric
temperatures. The desired viscosity could be achieved not only by
flux oil but also by heating the cutback to the required tempe-
rature. It would be a good practice to standardize one or two
grades in each of the RC, MC, and SC groups and then modify the
cutback at site provided adequate mixing and testing facilities were
available, and the working conditions so demanded. However, the
criteria for the quantity and type of flux to be added should be
more clearly defined. The grade of flux oil would also have a
definite effect on the properties of the binder such as rapid ouring
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or medium curing and hence one flux oil could be speci
cutbacks used for surface dressing. pocified for all

Shri G. C. Khanna, at the outset, commended the seysions of
_thg L.R.C, wl.xcre research problems were discussed, and the
Highway Ingincers had an opportunity for refresh’ing their
knowledge of modern techniques in design and construction

An order to keep the Highway Tingineers interested in the
_subJ.ect of rescarch, he suggested that the report on road research in
India should be circulated atleast a month  ahead so that members
could study it in detail. Further, the hooklet was very brief and
some of the subjects to be discussed some time got beyond
comprehension, for instance, specifications and problems regarding
dense carpets. It would be a great help if this booklet was prepared
In greater detail and definition given in the form of appendix, so
that practical engincers could also take greater interest, Research
work being _Pprimarily intended to benefit pra.ctical' engineers
should be written in a language which they could understand, ,

Shri Khabna added that research should be i

subjects of practical benefit to the engineers, as If: rfre:ftdt}?:tt t(;r(;
much stress had been laid on research on ca,rpet:s which were beyond
the means of any State Highway official. About 99 per cent of
roads in the Punjab were surfaco dressed and this practice had
been going on f_or the last 20 years. The specifications for surface
dressing were simple and easy to adopt, but in hills where working
scason was limited to 3 months or so, much progress was not
possible due either to heavy rains or excessive cold weather He
suggested that the Central Road Research Institute should draft
specifications so that work for about 8 to 9 months during the
year could be done in order to complete the road programme,

Prof. Robert G. Hennes commeoenting on par i
of (Flexible)‘ Pavement Thickness, statedgthat 1}1)1110&11 20.% éiscll):;:;gﬁ
here dealt with C.B.R., Linear Shrinkage, and Group Index methods
fqr the' dete.rmmatlon o_f the proper thickness of flexible I;avemonts
with bituminous surfacing, It was interesting to observe that thig
topic was as controversial in this part of the world as it was in his
homel.and. Flexible pavement design practices among the Weste ;
Amerx.cgn States had developed along different lines from t?horn
preval}Ing in the eastern half of the US.A. and invited tﬁe
attenpon of ‘qhe house to the « Sta.bilomet;er Mef;hod’ei He
explained that in the accompanying sketch, the curve MN indie teg
in a general way how the swelling of the subgrade soil was contrc?il d
by the weight of the superimposed pavement structure, Durin tﬁe
monsoon, & subgrade loaded down with twelve inches of road I;‘let&]

could not become as wet (and soft) as th i ini
o tnobes o oo 88 et (3 ) 6 same s0il sustaining only

Roap REesgarcH 1N InDi1A 837

Curve QR, on the other hand, indicated that softer (wettor) soils
thouired a greater thickness of pavement to be interposed between
the tyre and the natural soil, so that the wheel load spread over a

H R Curve MN represents the
maximum subgrade moisture con-
tent that can develop under the
confining prossure imposed by
a  pavement of the indicated
thickness.

Curve QR represents the
minimum  pavemont thickness

w
A Sy I S necesssary if subgrade contact
g ! f pressure 1s not to exceed permis-
= l gible values for the indicated
E | moisture contents.
E—— - — — [ [ .
g | .
z |

0 L
2 l
g o
- | | |

I

o) L1 |

SUBGRADTG MOISTURE CONTENT

larger area of subgrade, with consequent reduction of the induced
contact pressures to values compatible with the bearing capacity of
load the rain-softened soil.

1If pavement thickness were to be selected solely on the criterion
that the subgrade contact pressure must be reduced to some arbitra-
rily standardized value, as in the C.B.R. test, then the resulting
pavement thickness corresponding to some point V on curve QR
could be sufficient to restrain the moisture content of the subgrade
(as demonstrated by point U on curve MN) from ever attaining the
assumed value. Actually, at the water content compatible with the
pavement thickness of point U, nearly double the thickness required
(see point W on QR) could be had to adequately distribute the wheel
over the confined subgrade surface.

A balanced design was to be achieved only at the intersection of
the lines MN and QR. At point P, the pavement thickness was
sufficient to spread the wheel load over a subgrade whose water
content could not exceed the value compatible with that same
thickness. In theory, at least, no other method of pavement design
could result in a better combination of safety and economy, if wheel
load distribution and soil swell were accepted to be the governing
factors. The merits of this design procedure, he said, certainly
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warranted the thoughtful consideration of highway eungineers
everywhere,

antinuing, Prof. Hennes remarked that, repetitional loading
sometimes caused the densification of underlying soil strata whose
influence was not recognised in the ];)r(x:edureb described above
Moreover, the laboratory determination of curves MN and QR must.i
always involve some arbitrary assumptions and decisions. How-
over rational the basis for road design, a considerable ei(;ment of
empiricism must be introduced to achicvo workable procedures
and these must be correlated with actual highway experienco under
the conditions prevailing in any specific geographic region. For this
reason, as well as for lack of time, it was not possible he said, to
discuss the stabilometer and swell tests that provided the (lata,’ft;r
constructing  curves QR and MN, nor the cohesiometer and
exudation tests that had also been developed in California to
supplement the stabilometer, These also were deserving of con-
sideration, but it was the fundamental principle illustrated in the
sketch that, he believed, warranted special emphasis, irrespective of

the technieal procedures employed t i i
Physieal miatiom ploy 0 establish the corresponding

Referring to para 2.1.3. (ii) on Analysis of R

Shri Fielder pointed out that the incorporgm’tion of aT&i?::ievgge;:
tars shouldno}; be given too much importance as an excess of
anthracene oil would make the tar very slow-setting, Shri
P. M. Varma stated that those who advocated tho use of anthi.
cene oil to impart a longer life to the tar did not do so without an

consideration to the setting qualities of the tar. In fact certaig
Quantities of light and middle oils were added in addition to
anthracene to control the setting of tars.

Shri Varma agreed with his su i
. ) ggestion to C.R.R.T.
performing field experiments with road tars of varyinng’)itzl?ozg

apthracene oil ratio, and hoped tl i i
bropose) Trvens p 10 Institute would consider the

Regarding para 2.1.3. (v) Low-tem erature t Shri
Fielder seemed to be too sceptical all))out th?) ;;;;;gi{?é?ezh:ft 1501:2
temperature tar being processed into a durable road binder and that
probably no country in the world makes road binders from low
temperature tar. 1Tn this conncction, Shri Varma liked to point out'i
that a test track with low-temperature tar wag alreagy being

planned by the C.R.R.T,, and the result i
show whether or not the road binders ma,des fro e foat track would
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i chemical industries. In India, the problem was somewhat
difterent. The Government of India had planned to set upa
number of low-temperature coal carbonisation units all over the
country. According to an cstimate, nearly 5 million tons of low-
tomperature tar would be produced by 1970 as a by-product, the
proper utilisation of which was vital to make the soft-coke
production an economic proposition. Thus in the absence of suitable
chemical industries in this country, road tar could be a valuable
outlet for this tar,

Dr. H. L. Uppal replying to Shri S. N. Sinha’s comment on
the design aspect of the flexible pavements with a particular subgrade
moisture, stated that it was not only important for engineers to
know what moisture the subgrade had when putting up a road but
also the highest moisture the subgrade was likely to have during the
lifetime of the road, and not for an year or two. Regarding his
reference to work in progress in the R.R.L., Harmondsworth, Dr.
Uppal stated that the results of the Road Research Laboratory were
based only on particular type of conditions such as temperature,
subgrade as well as atmospheric condition, a certain type of clay
deposit and a very little fluctuation in the water table. Those
conditions could not be applied to India and, therefore, the
C.R.R.I. started working on this problem to provide an answer to
this very serious problem. They found that conditions were still
worse here because whereas in England by just finding out the
laboratory test they could find out the moisture content characteris-
tics and from the known water table in the field could calculate
moisture content to which the different soils would be subjected,
but it was more difficult in India. As a result of few years stu:dy
it had now been decided that certain areas did get saturated during
the worst part of the year and, therefore, the design had to be
based on those worst conditions, But in large majority of areas, the
saturation varied something between about 20 to 40 to 60 per cent
for a particular fixed water table. Dr. Uppal also stated that even
though in England they were able to predict the likely moisture
content in the seal prevalent on the depth of water table, the
same procedure was not found applicable under Indian conditions
for the simple reason that continued rise and fall of water table
will leave the subgrade at a higher moisture though the depth of
water-table was the same. But so far as the division of India into
degrees of saturation of the subgrade was concerned, Dr. Uppal
stated that the information had already been sent to the Indian

Roads Congress.

Shri S. Radhakrishnan observed that whereas some of f.he
previous speakers had favoured selection of design of the flexible
pavement by C.B.R. method, others had insisted on the linear
shrinkage method. In this connection, he referred to a statement by
Dr. Glanville, Director of Road Research Laboratory, Harmonds-

15
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g;étghxsgg ?}fli;irgxplani.ng the various methods of flexible pavements

confioved that Ite Ldeengn of flexible pavements was in a state of

confusio azvaihbl? d:oed that oven though there were innumerable

some of the mtcatll(;)’dszv;'lcf?(iy m{ﬁmgﬁced f)tm;'lolby D ey s aponkerss

omo of the m g suitable as tl
gpe ;kiﬁlglll a}y%}lxeoa I](S)vif{vav:;;}szﬂw}{e ontirely agreed v::i,gh eéflznz(}uslllz
-B.R. ays on the con i i

3325;1(11311})11;0?2;;1;2 égstz;}rllce of t]he Ministry of T::;:;f)‘;;e tsl:g; c(l;llle
» 8 ¢ he correlation between the i o

d ) N ink:

. fﬁgggdzgd' 1the C.B.R. method for the design of f(ieéinl:?: ; . lu‘mk.xtg ;

pangrade oil samples were taken from throughout the Statpdvai?en 18.
uew roads but also from the eXisting roadg’ I:tn.ondo:;lhz

thickness of the pave b was desi
o Yimess of the é wement was designed both by the C.B.R. as well

hrinkage method.  So £,
had been tested. 1n this connection, h: rst::'?;f };g(a),: Oaimf)aia;gptlﬁg

highly plastic soily
X wore concerre ‘ -
high values whereas for otlxerlggd’ the G.B.R. was giving enormously

good values. The linear Shrin-plast‘,ic hed> UB.R. had given

correlation. He would, thereforgkage' method had not given any

: This indicated 5 3 i
& proper method for the pavement design sﬁoﬁgaxg;gl ge bt?zﬁ(itlio: Of
S O

Eir;;ver:;ﬂl oz;ﬂzeri%n but it should depend upon soil subgrad

fiold engineeio ate based on the judgment and exp%rie:c pn;ptetf-

they should also lozi:eﬁpoio%hzhenp‘?r » oow design wag t:k:“ “;
3 1 : existin

ments which had given satisfactory peﬁox?;:;l:?: nts and the pave.

Shri D. R. Kohli observed, referri
. . ' , refer : .

iﬁ; vg@:d rega‘l«rdmg various methods advg::lz;%e(f Ob;htii i\g:gﬁgmts put
ment; gﬁ) egﬁd ;hitl? rational method of desiging ﬂexiblepi%:rle’
et been attempted very serious) ave-

S(.)Bi{;tz:gthog Was concerned, there at least one th)i’;] A‘:afa.r as t'he
i what was the thickness designe, it wonld not pert
’ i

ickness required ags per design curves,

that in o ad hoc r i
the case of a bituminous base course, as againe; ;’n;g;endatlon
conven-

tional base course, certain reduction
3 C .

;a;lsg : t?:a5 yefa,rs, lot of work was done ?nugolﬁ):n? ?1?9: During the
L te ]1: of research workers in France wag also tryigceé England,
tion b Ie)le‘gth“?“t“’“ evolved by Burmister, to possib gﬁo ealyse
1a,bora,{or uronlc apparatus. Another machine wag d yl nd & goln.

ALory In Holland known as “The D o moreoped at the
ment , which simulated the condit yhamic Testing Equip-

. ! { ion of ;
undex: moving vehicles. So, with the coalﬁgiit?ie(};av:;“ig:hatl};oad
- ese
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to motorway standard, whereby the construction thickness could be
reduced to permit the design of a road or runway on more rational
methematical design basis than on empirical C.B.R. design method.
The wain difficulty was that they were not able to actually measure
the elastic modulii of either asphaltic mixes or granular mixes.
Quite a lot of development work was done towards finding the
stiffness or elastic modulus first of asphaltic dense types of mixes
and then of granular base courses and it was quite likely that, in
about another six months to a year, another revised set of curves
might be presented to give direct measurement or relationship of
thickness of two layers as against their elastic modulii. The
complete data about the method briefly described, he added, was
available in the hooklet entitled ‘¢ Bituminous Base Courses .

Regrading the mention made earlier about tar and bitumen
raixtures to the extent of 50 per cent tar and 50 per cent bitumen,
Shri Kohli stated that in Germany they had used a large quantity of
tar and bitumen mixes. But when they wanted to put higher
proportion of tar or bitumen, they used a specially prepared asphalt
having a certain aromatic added to it to increase the aromaticity of
bitumen, as otherwise normal tar with about 20 per cent of bitumen

would not be miscible.

Shri C. G. Swaminathan replying to Shri G. C. Khanna’s
suggestion, that the C.R.R.I. should see that greater work in the
laboratory was done by which the surface dressing work became
cheaper, referred him to paras 2.1.2 and 2.1.3 wherein he would find
that quite a good deal of work on surface dressing was being done by
the C.R.R.I. As a matter of fact, on 11 furlong stretch of Delhi-
"Mathura road, about 44 specifications of surface dressing were laid
down about 20 months ago and the data were still being processed
in the Institute and would be available to the engineers in the
country shortly. In the meantime, some of the preliminary
information obtained from the performance and behaviour of the
surfacings was given in para 2.1.2. Agreeing that there has beer
controversy regarding the use of primer, Shri Swaminathan stated
that many of the text books on highway engineering hold primer at

& must, but in 2 or 3 reports based on actual fleld performance ir
b this country, an impression was gained that primed and unprimec

surfaces behaved alike. In this partioular stretch, he addgd. th
priming was doue on a newly laid water-bound macadam and it wa
found that when spraying was done with binder, & much bette
spread was obtained on the primed surface than on the unprime
one. Later on, after a period of about 12 months. or 80, thi
behaviour of the primed sections as against the behaviour of th
unprimed sections, was found to be quite well indeed, the quantit;

of binder and aggregate size being the same. -
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Regarding the cutbacks, perhaps he should

wor'd _‘cutba.cks * when referring topt-he fluxed lbitlrl.lr(r)ferlllé veItli‘Srﬁg 1?::
their idea at all to go on adding fluxing oil to ordinary existiné cut-
back. The main idea was to give sufficient fluidity to the straight-
run bitumen by fluxing oils from 2 to 14 per cent. One ofgthe
speakers said that it was not the pavement temi)emture that
mattered in the proper choice of the cutback or addition of ﬂux'u

oil ltq the cutback, but also the size of the chipping, viz 5/8in. d o
bo 5 inch. Perhaps it was true that in the case of multi los of s(?ym
in vogue in this country, most of the time they used in)zes of %u.es
and 3/8 in. It was obvious that the most importany factor wl 'm}i
should govern the choice of the binder was the pavement te T -

ture so as to simulate’ field temperature corresponding to t};gr:?m-
when it was laid, ¢iz., in October or in March., In this connect'm:le
he stated that very often the plant was dead more or less for ne;.‘l)"iq’
8 months in the year. In order to lengthen the duration of construc}i
(timn so far as the surfacing jobs go, a series of experiments were
0one in the C.R.R.I. varying the Pavement temperature from GO}
(October temperature) to 140°F, which wag more or less mid-summer
temperature. They took the base material of 80/100 penetra,trzli]cill

t with temperatures vatying

pavement, the temperature dmppr came into contact with the

; [ d down. If chippi

spread when the bitumen was a.te 350° _ chippings were
. F., suffi idi

much better adhesion could be obtained. Tt Wazleaﬁgoﬂlfﬁggg 1?}'::;%

by adding 20 per s
gained. g <0 per cent of kerosene oil, much better performance was

Shri Swaminathan pointed out to s printing m; i

Lioata, gl.g;wen on page 336; the Marshal stabiI;ity sh%)uxl]élstlzlzeb e tl}e
or less than 500 but equal to and more than 500 and the R

gaeg:ei:t:ge ]4::){ v;%l.ds should l?e 7.5 and 12 per cent in the case 3ft ﬁt}ﬁ

sPeaIljcer' tharé if llgt §f0 P refen‘?d fo tho comments O(E ;

tho dense mix itls ailable, why not go in for

1f the filler was not avai iter

5 per cent cement was successfully tried " bo added, Addition of

where at{out 25 to 30 per cent of tar and b'm ixtures, in Germany, -

itumen had been incor-

hat it was i : i
temperature tars only. The C.R.R.Ia‘. lrevaea;'senlcré ﬂ;: ws'ig,t(;fd hlgh
) 1

page 337, related to the blendin
: Lt viending of low temperature t : i
men 1n & proportion of 50:50 and no separI;tion wasarfod:l%d tlligl:

Shri U. J. Bhatt (Chairman), in windi
) d i i

the first day suggested continuing) of &Lﬂ slensgiolrllp ;}sle 31::01;?1;(1)1?1 (:(:
®
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. report had not been disposed of. He requested the organizers to

provide sufficient time for the discussion of this very important
subject,

He thanked Shri S. R. Mehra, Director, Central Road Research
Institute, and his associates for the excellent compilation, and
requested them to bear in mind Shri Khanna's suggestion asking
the I.R.C. to send this report well in time to the members for
study so that they could come prepared with their comments and
suggestions. The Chairman also reiterated Shri Mehra’s suggestion
to the various laboratories to send in their reports sufficiently
early to enahle the C.R.R.I. to incorporate the same in the final
report.

50TL ROADS INCLUDING STABILIZATION

Shri L. R. Chadda wanted to make a suggestion to various
Research Organisations in India for conducting field trials with lime
treated clay and while carrying out these experiments they should
not ignore the basic concepts of ' lime-soil stabilization.

Some recent laboratory experiments carried out in the Central
Road Research Institute with black cotton soil had shown that the
lime treatment had a fundamental limitation. It was observed that
mechanical improvement produced with lime in black cotton soil
could be maintained only under favourable moisture conditions.
Effectiveness of lime treatment in the road sub-base or base was
likely to be reduced with wetting and drying as a result of
Auctuation in water table. What was true in black cotton soil
should be true with other clays too, for the simple reason that the
mechanism of reaction was almost similar except that with
montmorillonite clays the rate of reaction was rapid and with
kaolinite clays rather slow. :

Shri Chadda concluded that, in making this statement, the
value of lime in soil stabilization was in no way under-rated. In
fact, it had proved to be an excellent stabilizer especially for black
rotton soils, because with 5-10 per cent lime it was possible to
warden rapidly black cotton soil giving a C.B.R. value of 26-30 at
noisture content of 50-60 per cent. But this hardness could be
naintained only under suitable subsoil water conditions.

viechanical Stabilization

Shri Bhupinder Singh inviting reference to para 2.2.3 on
page 340 stated that Highways Research Station, Madras, had claimed
that there was no decrease in C.B.R. value when soil gravel mixtures
were treated either with Re-3, cement or lime, etc., and hence
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apparently no case for the stabilization of soil gravels cither with
Re-3, cement or lime which was contrary to their own statement in
para 2.2.7 on page 342 under the heading of Bituminous Stabiliza-
tion. Work carried out in some of the Western countries and Western
African countries had shown that it was becoming a common
practice with them to use cement or lime in conjunction with soil
gravel for the construction of roads for higher traffic intensities.
He desired to know from Highway Research Station, Madras, the
consistency limits and gradation of the soil gravel mixture which
they had used and what percentage of lime or cement was added to
auch mixtures.

Criteria for cement content

Referring to page 341, para 2.2.5, wherein Highways Research
Station, Madras had suggested that & minimum compressive strength
of 400 psi might be adopted instead of 250 psi which was a genera;]]v
accepted procedure and recommended by A.S.T.M., he could not
understand this deviation from the standard practice adopted for
soil-cement mixtures., This fixing of 250 psi as minimum com-

. pressive strength, if he was not mistaken, had been fixed aftor an
exhaustive stndy for almost all types of soils with an
that as soon as cement soil mixture after compaction attains 250 psi
as minimum strength would resist the cycles of wetting and dryir; y
and loss in disintegration would not be more than 7 per cent. And l%‘,
had also been claimed by S.K. Web from UK. that hiéh com-
pressivg strengths of soil cement mixtures, say, of the ordef of
400 psi and above, were detrimental because of shrinkage cracks

which were likely o develop and had thus justified 250 psi as the
requirement,

explanation

Shri S, Radhakrishnan referrin
added that if initially 5 per cent cement was added to a soil of
PI1 of about 20 to 25, it gave a compressive strength value of 350
But with added plasticity of soil, i.e., 30 per cent soil, if 5 per lcenf
cement plus 0.5 per cent of sodium hydroxide wore added the value
went up o 520, whereas oven with adding 10 per cent of cerﬁm;{; it
was only about 480. In some of the cases more than tw'/c 0:
th.mce the value of what it would be with ordina’.ry black soil : 'e'e ‘l
with 5 per cent cement was obtained. Further, he su leste ;mt’]\ ‘(1-
some qf the research institutions should take up more dgtgnilec{ Ml;
in finding a successful solution to tackle the stabilization- of hv::\!; y
clays. He stated that they had a programme to take this work 1.21
the Highways Research Station, Madras, also. He was intlarested ta

note that the Military Engineering College, Kirkee h
work in this direction, ' » ad done somo

g to stabilization with cement

As regards the use of lime in stabiliza

£ tion, one of the ;
speakers mentioned about the fund the previous

amental principle inywhich lime
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had to be used. He wanted to mention that it more or less acted_a_s
surface active agent, especially with regard to bitumen stabili-
zation,

Dr. 1. S. Uppal, restricting his remarks to the work done by
the Punjab Research Laboratory in the last one year and included
in the report, stated that mechanical stabilization of soils was no
longer new and quite hig lengths at different places had already
been tried. Recently, they had replaced the brick soling with
stabilized soil in the base course by using lime as well as soil
stabilized mechanically with sand and brick aggregate. These
lengths had behaved very well—even when they nsed lot of water for
wetting the stone metal.

With regard to chemical stabilization, he said that the work
done by Karnal Laboratory had already been published by the
National Building Organization about a year back.

Dr. Uppal stated that addition of about 0.25 per cent of
sulphated castor oil in conjunction with 1 per cent cement gave good
results. Sulphated castor oil was an indigenous product and could
be very easily prepared by mixing sulphuric acid with castor oil
Some more surface active agents like Adhevia-T and Duomeen-T
and Cationic Emulsion, had also been tried with success. He
explained that blocks prepared by thorough mixing of soil with about
0.05 to 0.1 per cent only by weight of Duomeen-T completely cut
off its capillarity. The blocks even when immersed under water for
a weck remained hard and intact, and no disintegration was noticed.
Similarly, Adhevia-T and Cationic Emulsions also improved the
resistance of the soil mass to the softening action of water, but
Duomeen-T gave the best results.

It was found that a proportion of about 1 per cent of Duomeen-T
in the bitumen cutback rendered the compacted soil containing only
3 per cent of such cutback almost completely resistant to the
capillary rise of water when placed over wet sand. Even on
immersion in water for 48 hours, the total moisture was not found
to be more than 4 to 5 per cent as compared to over 16 per cent in
the case of blocks containing no Duomeen-T.

In view of these observations, Dr. Uppal was of opinion that
Duomeen-T offered very promising material for improving the soil
and the waterproofing qualities of the bitumens used in the manu-
facture of cutbacks or emulsions required for making waterproof
mud plasters and other things.

Coming to the other point, i.e., cement, Dr. Uppal mentioned
that they had done some work on the stabilization of sand and
sandy soils using sodium silicates and found that in non-cohesive
soils 2.5 per cent of sodium silicate gave much hetter results than
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what would be obtained with 10 per cent cement, which w
more economical,

had been lying in tf
they had stood ver

Sy as much
ricks actually prepared out of this material

1e open in the monsoon for the last one year and
y well without any appreciable disintegration.

With regard to cement stabilization. invi
attention to thg report on the work done by’tlgrkg'%%?l f;‘lr)xc‘)fgtgxl'm
describing the influence of lime on the soil-cement mixtures wh'e%’
had already been published in the N.B.O. Journal, Vol. V, for Jllll :
1960, and some of the results were alse displayed in their stall in th{
Exhibition. The object of the study was that soil-cement being notl
223;:531:?31 ua;se({bc ;ﬁ%&ﬂgr bl(xlildixcllgtomateria,l whether the quantity of

q ‘ e reduce give the same stre
geﬁnﬁgngllf)ignseggcr:plactmg it par(’ltly with lime. Tt was '}fffﬁﬂﬁgz
ment was used in the clayey soil havine
zgg abou_t 11 per cent f}'actlon_ higher than 20)(7P ‘Znesh, iéL g{]:x%ol{)&:’ip lTh
hom};r?;smn _sbrepgth immediately after curing and 203 1b after 24
s immersion in water. ' ‘

But if 2 per cent cement and 1 i i
& compressive strength of 278 b af o iy "o used, it ich

ter immersion i s
Igleﬁ,nt that 2 per cent of cement and 1 per cent of ;rilm:v Z‘ﬁ; Zlhm::
bfoc(lir results than even 4 per cent cement, Similarly, when t}lxtac
dryinsg vs;e;gl:ub]%cted tofthe weathering action of six ’wetting a:fi
8, 1t was found that 3 ;
per cent of lime gave much bette per cent of cement and 1 or 2

r results than even 5
cement. We could eco i . sment, wish
He o omve could nomically and - profitably replace coment with

beenwlibh rle),ga,rd to stabilization of soil with li

done by various laboratories. Details of work d
Iéalrnailc XL‘?Jbomﬁory have been puhlished in the I.R.C(.m.?olt)l{ntf}:le
) (;)8 - X3 -1‘1‘: He pointed out a correction in the Paper on a o
» under Kig. 8, where the denomination of the graph had gegn‘

given wrong. The figures for hicher y i
Pter ooy b | graphs.or higher and lower moisture should he

nme, lot of work had

Dr. Uppal added th i e
extensively on field scale " e stabilization _had been tried

In wate :
:;:,,? a‘;ad]% d:‘?}?ged road where 4 ol are:s dl:rtgz I;ﬁgliziﬁn
maost at the ground | i §
in 24 £6 width, T%ey g (ia:zll.lt They tried about 1,000 ft length

! . to about 18 in. i
possible to get sufficient soil from the fields ’col nra.;lseepi}i: Slgrg&saﬁ?r}

ex;' . m(i}xi.ng 2 per cent of lime and
! I | —b In. compacted t i

e 8 o Lk e of e S v o
over that e peiion & pavem: in the s0il and gave another layer ;

nt proper consisting of brj i
and stone meba?, as usual. It received the full m&soonbl;:citl;(h sgc};rtlgr
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passing over this road for about a week constantly and it was
reported that once even a contingent of very heavy military vehicles
consisting of 400 vehicles continuously passed over it. So far they
had not observed even a single hair crack over this portion.
Similarly, these specifications wore tried on N.H. No. 1 between
Tanda and Dasuya and were also being tried on another National
Highway between Hansi and Hissar. The results obtained were
very good and the C. B. R. actually taken in the field after every 2
or 3 months was found to be ranging between 153 to 30 in situ,
whereas the C.B.R. of the local subgrade was almost nil under
those conditions. Tven the laboratory experiments further carried
out in this connection confirmed that the C.B.R. improved with
ageing and the report had also been sent to the I.R.C. somotime back.

Dr. M. L. Puri did not feel very happy when Dr. 1. S. Uppal
used the word ¢ surface active agent’” for soap. In the particular
experiment referred to by him he stated to have used a mixture of
soil and cement with a certain quantity of soap solution, and found
that the permeability had decreased to a considerable extent. In
Dr. Puri’s opinion, soap was not only a surface active agent but was
also an air-entraining agent. The very fact that the permeability
was reduced was due to the introduction of some air particles and
these air bubbles in an inért manner furnished the capillary
channels through which water could flow. He requested Dr. Uppal
to measure the air content of such mixtures and then probably he
might be able to explain the phenomenon better.

Shri P. L. De observed that lime brings about lot of changes
in the soil, particularly the clayey soils. It reduced the P.I,
thereby helping its pulverization, for example, 1 to 1} per cent lime
helped greatly in this process. In one case on N.H. No. 6 on a strip
having about a mile of very bad clayey soil, they had spread 1} per
cent of lime just before the monsoon and allowed it to work into
the soil for about 3 months in the monsoon. After that when the
soil started drying up it was found that the soil had entirely changed,
and could very easily be pulverized.

Dr. I. S. Uppal replying to a very interesting point raised by
Dr. Puri, mentioned that while using soap with cement, it was not
actually air-entraining reaction but the chemical reaction going on,
i.e., double decomposition. The cement on hydrolysis produces
calcium hydroxide that reacted with sodium stearates of the soap
and forms calcium or aluminium stearates which decompose in the
air and make the whole thing waterproof by actually coating the
particles. :

1 a cement block had already set and it was coated with soap
solution, it would become impermeable because of the air-
entraining. But in the case where soap was used in the cement
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mortars while preparing them, it i i
A le T ] » 16 was a chemical rveacti
the air-entraining action. on and not

Coming to the point raised by Shri De ab ini
time .required for lime, Dr. Uppal stated that ?ngo?cxl?nr;“;’lom;m
experience they should try to roll up the lime mixture as oaI:l\' ,
possible, of course, not so immediately as in the case of cement vqa.arﬂ
after 10 to 12 hours. Actually, in his opinion, once lime ;w)té
there was instantaneous action between the soil and the lime
which was really a pozzolanic action. !

Shri L. R. Chadda did not agrec with Dr, Uppal's version it
S0 fqr as the rate of lime-clay reaction was concerned ) T} l
reaction between lime and clay was quite slow and experirﬁentq i
the laboratory had shown that reaction under controlled condifi(;]:
was a long-term one. The reason why lime-soil mixture when usezl
in road construction should be immediately spread and compacted
was not apparently due to rapid lime-clay reaction, but moftl t(
prevent the conversion of lime into calcium carbonate by corgin;

into contact with carbon dioxide of ¢ iri
i ) o > he air 1 >
moisture, n the presence of

Shri S. N. Sinha, Chairman, concl
Soil Roads & Stabilization stated tha’r,c i
illuminating and wuseful.

ing the discussion on
the discussion wag very

In regard to lime treatment and the possi i
together with cement for clayey soils, his vievg onltlz)li: uls)gsg tg;e“lrxm;
done in this country and in other countries, notably the Ioor
region of U.S.A,, was that large increase in the plastic limit ol
clayey soils could be obtained by adding a small quantity of 1 o
Both the montmorillonite and kaolinite soils were eﬁectivey 0% Ilm‘(“
reagents. They _ had elements within their crystallinepqt; o &,mC
which reacted with lime to produce a cementing material ‘ ruoturr
or greater in strength producing qualities than the cemen:' cdual te
produced in the reaction of lime with flyash. It W‘\,s/ n tumg uonts
to add flyash to soil containing large amounts of( mor?tm%i?ﬁi;q:i?

e

or kaolinite when treated with I
: a f h lime. Such iti
oo nife % additions were even

.Percentage amount by oven
caleium hydroxide which could be fixed
lime fixation capacity of the soil. T

improvement of soil workability bu i i

The amount of lime added abo)\’re t}fe ?i(x)ltie %xaf&f)f?ﬁ%é?’tﬂrength'
thp ﬁxatno_n of cementing materials within the ‘c &l.y cm“?ed
Lime fixation capacity of montmorillonitic or kaolinity'cy ]smls'
soils was the same as the optimum lime additive for ¢ clayey
Increase in the plastic limit of the soil. The idea Waﬁ;l &tﬁgmﬁ

dry weight of goil 4
: nd

by the given soil was the

he lime contributed to the
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Tor 1} per cent of lime required to increase the workability -
of the soil was added, then probably if cement was used for the
stabilization of soil, better results and possibly cheaper construction
could be had. In regard to the criteria for soil-cement
construction, based on his experience in various States of the
U.S.A., Shri Sinha opined that this treatment could be divided
into three categories. Category A, using about 3.5 to 6 per cent of
lime where the expected compressive strength would be 650 to 850 1b
per sq. in. to cope with the very heavy traffic that could be expected
in a certain region. The C.B.R. value of 120, as was suggested in
the Madras report, was more or less the ono nsed at other places
and might be desirable.

Category B would have the percentage of cement varying
between 21 to 3} per cent to be adopted for light-trafficked roads to
give the expected compressive strength of 300 to 400 lb, the per-
centage of cement being raised to achieve the particular strength,
aftor 7 days of casting and wetting for 7 days.

The suggested category C should be used immediately after the
bage and might contain cement to the extent of 1} to 2 per cent.
Thig category would help to improve the C.B.R. value of the
selected material to offset tho effect of chance inclusion of adverse
clay which was possible if the entire length was laid in one day and
should provide a working table for the construction of additions at
a later date.

BRIDGES AND STRUCTURES

Shri T. K. Natarajan suggested that some systematic work on
the subject of bridge foundations should be intiated in this country by
the different organizations. In this connection, he emphasized the
importance of the comparison of actual earth pressures behind
retaining walls with those computed on the basis of classical earth
pressure theories, as well as the careful planning of the drainage
system of the backfill. He added that a study on the evaluation of
the residual stresses behind the abutment wall due to compaction
of the backfill was being initiated in the C.R.R.I. If the require-
ments of the drainage system in the backfill were not specified, the
wall would be acted upon by various agents and forces beyond the
scope of any classical earth pressure theory. If a backfill, for
instance, was loosely deposited or inadequately drained, its pro-
perties would change from season to season and during the course of
each year it would pass from the state of partial or total saturation
alternating with state of partial or total desicoation. All these pro-
cesses involved changes which had received practically no consider-
ation in the classical theories. On the basis of a.ot_ua.l observations
of earth pressures, various empirical or semi-etpplrical prooedures
could be developed to represent & useful body of information.
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Influence of swelling type of clays as backfill on earth pressure
behind retaining walls was another problem worth consideration.
Another aspect of the study receiving attention at the C.R.R.I. was
the creep strength of clay in the case of abutments resting on
backfill with soft clay. Some bridge abutments, supported by piles
without batter had advanced in the course of time until the tension
members had started to buckle owing to axial compression. The
problem of mechanics of shear failures on clay slopes of retaining
walls had already been taken up. The results so far analysed
indicated that many elays such as Bombay Express Highway clay
and the Marine clay, etc., had very low creep strength, of the order
of about 0.6 or 0.65 times the value of unconfined compression
strength. Tt was possible to conclude on that basis that if tho
weight of the backfill exceeded about .6 of the bearing capacity of
the soil, the pregressive movement of the abutment walls was
likely to be excessive even if the foundation was to be provided with
cnough batter piles to resist the backfill pressure. “Under these
circumstances, it might be necessary to substitute some light weight;
material for ordinary types of backfill.

In this connection, it
seemed reasonable to expect that open type of spill-through abui.-
ments might be more useful than the solid types of abutments.
There were other cases where tilt of the wall had changed the

clearance between the abutments. The clearance sometimes decrea-

sed until the superstructure acted as a spacer. In some ¢ases, the

clearance had increased and even threatened to increase the span
of the bridge.

The standardization of design of well foundations, the relicf of
carth pressure due to arching in the case of circular wells, the pro-
blem of scour, and a few other problems were awaiting to ho
tackled. Probably they should, in the first instance, send out g
questionnaire to the various highway departments and the railway
organizations and collect information on the behaviour of the
existing retaining walls to study and analyse the process of failure
in the case of walls which had already failed. The study should
not merely include the earth pressures acting on the backfill but
should also include the stability analysis in the case of failed
retaining walls. He felt that progress could be made in this
important field of estimating backfill pressures on some empirical

basis only by observing failed retaining walls for a number of years
and interpreting the results.

In the end, he hoped that research workers
the organizations would come forw
aspects of this many-sided problem.

individually as also
ard to undertake one or more

_Shri R. Thillainayagam stated that under the section
“Bridges & Structures ”, some details had been given regarding
the evaluation of load-carrying capacity of culverts and bridges.
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Actually, the problem of assessment of loa.d-ca.rrylpg ca,pa.cltﬁ
was important in the sense that there was growing deman
from the transportors to increase the laden weight from 9 to 12 tons.
In the Madras State the existing limit was 9 tons, but when bodies
like the Lignite Corporation and the Electricity Board, ete., having
huge projects in Madras State, approached them for the movement of
very heavy loads, they had to examine .all ‘the culvgrtg, ete.
There was, therefore, considerable delay in issuing permission for
the movement of such heavy traffic and to check all these things a
Committec consisting of an S.E., one D.E.and one A.E. was
constituted to go into the details. They personally examined various
structures and evolved some criteria theoretically for construction
slabs, piles for arch mgsonry, culverts, eﬁo. On that basis, they
were able to get the load-carrying capacity of the structures, for
instance, for the construction slabs it was decided to have a minimum
cushion of 1 ft and the thickness of the slab 6 inches. Generally,
they did not allow construction slabs in improved surf.a,ce except in
katcha roads where R.C. slabs were provided. For piles also, they
decided that the minimum diameter should be 2 ft 6 in. and
should satisfy the Class AA loading of the I.R.C.

As regards the masonry arches, theoretically they had evolved
a number of graphs and from that they were able to evaluate the
load-carrying capacity of the arches. In addition to these, they
found that the actual load-carrying capacity of the arches was much
more than the theoretical capacity. Some work had already been
done in the Building Research Institute, London, on arches varying
from 20 to 40 ft and they had evolved some criteria of probable load
for these. In order to correlate the results with what had been
obtained in England with Indian conditions, they had done some
tests on one bridge and evaluated the function of various things
like cushion, parapet, haunches, etc. The results were under
compilation and more or less agreed with those found in UK. Work
on some more bridges was being undertaken because the spans adop-
ted in England were of 20 to 40 ft length whereas in India spans
varied from 20 to 60 ft.

ShriR. P. Chanda stated that to improve the bearing capacity
of black soils, particularly for open type of foundations or where the
foundation load was not too high, they did not require deep wells.
He enquired if in some type of soils which were very poor, h]i‘:e th?
highly plastic black soils, whether by driving a large t;l&ma v:‘io
piles it was possible to compact the soil or it lust started flo fng ,
out, thereby defeating the purpose for which piles wero driven g:
compaction. He wanted some of the research people to consider t
matter and to give them their opinion after necessary trials.

Shri B. G. Naik observed that the science of prestressed
bridges had developed considerably and was mostly used on high
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lovel bridges whilst in Madhya Pradesh they mostly had small sub-
mersible bridges and only a few major ones. He requested to be
enlightened if prestressed beams could be used for submersible
bridges in higher spans, say, upto 30 or 40 it, as they generally
carried out work upto 25 ft spans. If prestressed beams could he
used for submersible bridges as in olden days by just putting in
R.S joists and some sort of arches, spacing the beams 3 ft apart
on the lower flange and covering it with concrete, it would help

to do away with the centering work and also quicken the work of
construction,

Shri 8. N. Sinha (Chairman’s closing remarks ou the Section)
thanked all the participants and stated that the discussion had been
quite useful and had brought forth the need for more work on the
structures, especially on the foundations. He felt that in the case

of balanced cantilever construction, the articulation joints had heen

a problem and there had been failures oven of bridges constructed

by very reliable firms, only a few years ago, say, 8 to 10 3 8

hecause of the fact that the articula,{ion jofntss hg:d not beegef::gpggg;
designed. In areas where the foundations were subject to unequal
settlement, balanced cantilever designs had heen adopted, the only
snag being these articulation joints, In the case of erestressed
units for culverts of small sizes about which Shrj Naik had enquired
Shri Sinba stated they could only be useful if they were precast:
For precast construction, high tensile steel was necessary, and it
might not, thervefore, he possible at the present moment to use

precast concrete for smaller size bridges whether they were high
level or submersible.

TRAVFIC & TRANSPORTATION
Shri T. S. Khanna ho

K ped that the points mentioned in tho
report were sufficiently clear

but wanted to highlight cortain points,

Roughening of roads was being tried to dissuade cyclists to use
the main intersection and to uvoid mixing up of cyelists with
other traffic on busy intersections in Delhi, purticﬁ’larly where
there were too many cyclists. He wondered if anybody knew
anything about it, whether any experiments werc tried like that and
whether any useful results were obtained. The C.R.R.I. had tried
couple of different types of road roughening methods, but were not
quite satisfied as yot. The idea was that it should be just rough
enough to dissuade the cyclists using the main road and not 40 bg,d
as to digturb the motorists, '

R.cga,rdir}g the economies, he particularly drew the attention tg
the fact that in many areas having rail-road crossings by following the
good old system of closing down the gates when a train wag oXpec-
ted often resulted in long queues of waiting vehicles, ag it took about
15 to 20 minutes for the gates to open. As such, they should sec
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whether there wus economic justification for building an overbridge
to avoid the loss by way of traffic stoppage and how it would be
balanced out by providing an overbridge. There would be slight
difficulty in exactly cvaluating the time of the motorists
$0 asto put it in terms of money. This might be possible
in the case of commercial vehicle drivers on the basis of what

+ they were being paid for. But for motorists it was very difficult.

Other things like congestion and slowing down and acceleration,

could be easily calculated. He, therefore, invited views on the
subject.

Regarding contribution of road transport to public exchequer,
It was & very important study carried out by Applied Economics
Research Centre in New Delhi and they had assessed how much
this industry was paying to the Government. A survey of the
economic benefits of road construction in under-developed regions
was being carried out by the Ministry of Transport and Communi-
cations and he wished Dr, Ganguli to throw somo light on it.

The cost of operation of road vehicles on different types of
road surfaces was also being carried out by the Ministry of Trans-
port. A similar study carried out by the C.R.R.I. for the opera~
tion of ditferent types of vehicles in urban areas included all
hired transport vehicles like tongas, taxis, bullock-carts and all
different types of vehicles using the roads. The report was under
compilation and would probably be published next year.

Regarding employment potential of road transport, being an
mteresting study it was essential for every citizen of the country
to know what were the potentialities of road transport for the
benefit of the country and how it could help its economy. The report
had assessed how much more people could be employed by the
road transport industry compared to any other industry, rupee
by rupee spent on ether industries. A comparison with the railway.
transport had also been made to show the difference.

~ Shri R. Thillainayagam stated that actually they had not
done much in regard to the problem of speed limit though the study

had been taken up. He opined that no one eould blindly put up

traffic speed limits at each place, the geometrics of the road and
the travelling conditions of the traffic would have to be taken into
consideration for evaluating these things. g

As regards cyocle traffic, they had the same problem in Madras -
where the cycles constituted nearly 50 per cent of the total traffic N
on the road. They had not tried anything like roughening of the
road because it was very dangerous sometimes as well as injurious
to the tyres and vehicles, Instead they had provided separate lengths
on oither side for oycle traffic. At intersections also, they found -
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it was necessary for cyclist to be scparated instead of mixing them
with the other traffic. They had, therefore, phased their traffic.
signals in such a way that the cyclists moved safely at the inter-
section,

As regards central control islands, he informed that now they
had portable traffic islands with umbrellas, etc., and these islands
were put inside the road at the time of peak traffic when it was

regulated by the police, At other times, it was removed from the .

roadway and kept aside. Thoy had also found that many of the
rotaries had failed in Madras City during peak hours and were being
replaced by signals.,  Ag Places, uso of traffic signals along the
rotaries was also being tried,

As regards road accidents, they had just started compiling
statistics and had not done much study about the geometrics of the
roads. They were taking brevailing strect conditions of the traffic

to lcjvalute safe speedsand posted them for the information of the
public.

Regarding parking, some study was made on the Mount Road
in Madras and it was found that ahout 72 per cent of the parkers did
the parking for less than 30 minutes, So they were proposing a
parking limit of 30 minutes in the busy shopping areas; for people
wishing to park for more than thirty minutes, parking facilities by
acquiring vehicle lengths nearby were being provided. o

The taxi stands were at present located on the pavements and

footpaths and it was proposed to shift them to separate places very-

near the bus stops and bus stands so that the passengers getting down
from a bus might immediately get a taxi

Regarding road-rail crossings, they had the same difficulty in
Madras. Actually, they had prepared a programme of replacing all
Jfhese rail-road crossings by means of overbridges and the Madras
Research Station would be very glad to take up this study.

Shri 8. R. Pillai commenting about the udo
island design, stated that these were found to be w
torily where all the four roads branching from the
more or less equal traflic hut where the tr
less than balf of the traffic on the majn
accidents and unecessarily retarded tra
road. If the junction was wide enough to provide at least 80 ft
diameter rotary, channelising and Qivision islands proved to be of
success. In Trivandrum, he added, at an important junction a
small rotury was giving rise to many accidents., When it wog
redesigned as a channelising island giving right-of-way to the main
road with the introduction of a Projecting bulbhead to the channelis-
ing island, no accidents had happened in the lugg 10 months,

ption of rotary
orking satisfac-
junetion carried
affic on the cross roads was
road, rotaries gave rise to
ftic, especially on the main
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He also suggested that the engineer must fight against the direc-
tion given by the Police authorities, who happened to be the traffic
sngineers in this country, to provide rotaries at all junctions irrespec-
tive of the importance of the junction.

Shri A. A.D.O.P. Saparamado narrated their own
experience about the traffic rotaries in Ceylon. Before the war when
traffic on their roads was not much, controlling of traffic by means
of rotaries was quite satisfactary. But since the war the traffic had
increased considerably. In the last 2 or 3 years it had been found
that most of these rotaries developed a long queue and in some
Places traffic was held up for long periods. Another danger was that
in places or a junction with light traffic, one being a main road and
the other a minor road, there were several accidents when the
motorists on the main road could not see the rotary while there was
traffic on the road and they went over the rotary. At least at one
place several fatal accidents happened during the last couple of
years. In such places, they had to cut down the rotary go that it
became more or less an oval island. After that the accidents were
eliminated. It was their objective now to do away with the rotaries
in all future designs and to use channelising islands. Rotaries in
the T.8.A. had been designed to take up the amount of traffic from
one road to other, ie., their area was such that there was
sufficient weaving length from one road to the other so that the
vehicles could weave in and out across. But such islands had to be
quite large and in Ceylon they could not afford to- provide such &
large area in the city, with the result that the method of channeli-
sation in all designs of intersections was being introduced. -

Shri 8. N. Sinha (Chairman), winding up the discussion on
the subject, stated in regard to the point about the crossing of
railway lines by overbridges, that on the National Highways even,
apart from the factthat they were necessary from consideration
of traffic using them, there hardly were many overbridges in most of
the States. The present trend of the railways was rather more
disquieting as almost all the crossings close to a city were
interconnected with the general signal system and were being
operated from thecabin. In the City of Patna itself, during the last
fow months as many as four crossings were added on and they
were being operated from the signal cabin. There the great
difficulty was that the gates were not opened until the train
steamed out of the station : as such, the gates remained oclosed for
more than fifteen minutes. People would be very happy if it
were for only five minutes, but in practice the olosure was never
less than 15 minutes. Wherever there was & shunting yard, the
Position was still worse.

16
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In respect of rotary islands, he mostly agreed with the provious
speakers on the subject and that as & matter of fact these islands
were getting more or less more dangerous to the traffic conditions
even in smaller citics than being wselul, especially because the
rvotumcg were not properly designed. 1is own oxpericnce in 7 or 8
61}&1;05 inthe U.S A, had been that the rotarics had practically
disappeared. The traffic was controlied either by signals or by
‘stop’ signs. People getting into the main road had to stop at each
intersection.

He thanked all the speakers for participting in the discussions,
especially Dr. Uppal and Shri Khanna for clarifying the salient
points. T

WRITTEN COMMENTS

shri I8 . :
" thl V. V. Subba Rao stated thal ab preseut various Labo-
ratories and lustitutions were taking active interest in Road
Besea.rch. It was essential, therofore, to have co-ordination of
wfsealcll{l Worlh1 i)ctﬂvco}ll the various laboratories so that duplication
of work could bo avoide o suveestod that :
ROW‘IPGSG&;T‘C}II'II)EL v Oit (‘i_J‘-‘ H¢ suggesbed that the Centre and State

At Ly aboratories, should take up mainly field investigations,

3t a ITnivoeraiting « - . N
ﬁlltlifz tilv Universitics and Institutions tackled probloms of academic
arest.

Shri Rao explained that the Roorkee University was having
1‘egular post-graduate course in Highway Enginecring. As a part ottZ
this course, students would be working for 4} to 6 monthy ‘on ‘
caotain problem for their M.E. thesis. Until now, the )i'obl' d‘
taar .*ed related to stresses in concrete creteways due t’O bullolck- ‘(,1;1‘-5
fricional stressos under concrete pavements, effect of mortar CLLI;;lb:
stability of bhituminous mixtures, stability o’f slopes of road em(l)or? ll(I
giﬁﬁa aa,gxgl cutt;tings Cand strength of bituminous mi};tur,es :ﬁtﬁi

regates, Currently, study of behaviour on
bavements under dynamic loads and gbudy of ‘I? Y1\(:::11ue (E(f)r 2?)22?222

Pavement design wep ¢ ’ i
Ao e g b'rh?g on hand. He requested the Director,

| co-ordinati ot
laboratories. ion of work between various

Panc! diseussion on

“ The Use of Low Grade Aggregates in Road Construction*

Bangalore, Tuesday, February 2, 1960.

Shri N. Durrani (Chairman) called upon Dr. H. L. Uppal to
initiate discussion and invited members to give information on the
questionnaire regarding ¢ the use of low grade aggregates in road
construction ',

Dr. H. L. Uppal explained that the object of this panel
discussion was to collect the information available on the subject in
India. He, therefore, requested the various members coming from
different States to give information about soft aggregates available
in their States and the practicos followed for their use. In view of
the large programme of road construetion in the country, the use of
materials other than the conventional ones have to be thought of.
Thorefore, he would appreciate if the members could give as much
information as possible, so that the Central Road Research
Institute who had sponsored the panel discussion could go into
further details.

Shri K. Ramaswamy Reddy stated that classification of
low type aggregates mercly as kankar, moorum, otc., would not be
scientific. Their classification should be based on their hardness or
crushing value. On page 669, it was mentioned that & particular
nodular kankar had an aggregate crushing value of 15 to 20, When
crushing value was high it would be appropriate to classify the
material as high grade aggregate.

Some of the soft aggregates would become o cake when
subjected to the impact test in wet condition. Under such a
condition, the test results would not give correct value. Therefore,
he felt that, for the soft aggregates, impacttests in wet condibion
could not be taken as a standard. Further, it was not clear how &
value of about 60 or 70 had been obtained from such tests.

In Table 1 on pages 675-678, the letters . L, M and K were used
to indicate laterite, moorum, kankar, etc, respoctively. In the
report on Road Research in India, tho term gravel was slso used.
Tt was desikable that clear definitions of terms like gravelor moorum,
etc., were given. :

Shri Reddy desired that the basis on which the four Tentative
specifications for use of low grade aggregate in road pavemend
were evolved » be explained.

[

* Published at pages 687 to 679 of Volume XXIV - Part 4 of the Journal
of the Indian Roads Conaress, January, 1900,
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In Madras State, generally construction of the road pavements
using soft grade aggregates was by the method of * Stage construc-
tion”. Subsequent improvements depended on the traffic volume.
Bituminous surface treatment or cement concreting was taken up
only when the crust was sufficient for the anticipated traffic, i.e.,
about 6 to 8 in. of waterbound macadam base and 8 to 12 in. of
soft aggregate sub-base.

It was not cl.ear whether the specifications recommended in the
note would permit a stage construction

Shri D. C. Chaturvedi observed that on page 6658 of the
Note, kankar was said to be nodular or mlcareot:’s. How could
this be distinguished ? In U.P,, they had two types of kankar, one
was _calle'd “Silia ™ and the other “Bichwa ”. The %ormer, was
obtained in large lumps in the form of houlders and the lattei‘ wluy;}

obtainable in small lnmps. The classificati ther
obtasmable | lcation, therefore, needed

Under specification of surface tre ier :
it was _state.d that the aggregate impact &Efezﬂuy iti(xl:;;‘l)(lllnl(lloljlniga(g;lé
@han 35 which, he thought, was rather on the high side
in U.P. after having tested about 100 samples of kan/l.mr was that
the impact value varied from 10 to 21 in dry state and from 11 (to
23 per cent in wet state. If corresponding values of abrasion were
Faken, the values would range from 30 to 33 per cent., Therefore
if the value of 35 as aggregate impact value wasg adc;pted in the

field, they might use very soft material i i
11000 tony woalny use A erial especially if a traffic of

Hxperience

Referring to page 671, Note (2), Shri Chaturvedi enquired if
;;(herle; was any test for assessing the cementitious properties of
ankar.

Shri B. K. Choksi remarked that on pa 3
. age 668 moor as
stated to bp light or dark red colour gravel, Iwtljlile in P??;EemIWgz
page 679, in the legend, moorum was shown different from disinto-

grated t‘ra,p. In Bombay State, where a large area w
trap, disintegrated trap was known ag n?oorum So he was not
clear whether moorum mentioned in the note was tﬁe vame ma.ter'ol
known as moorum in the Bombuy State. Further, moorum g
Bombay State was divided into 2 or 3 varieties accor(’ling to hm‘:lIi

ness ; the variety known as hard moor i
Hohb o ey e m was used for surfacing

as covered by

Kankar was also used in some
by the Local Boards. The type o

very small size, about } in. gauge. In addition. later;

, . . , laterite
used on the'wes.it coast. The l;terite available there wa‘:&?a?xl‘?;
hard, something intermediate between hard and soft aggregates

places in Gujerat, but mainly
f kankar available there was of
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Dr. H. C. Visvesvaraya wanted to know whether any
low grade aggregates had been used in foreign countries and what
had been their experience. In India, in certain cases where ques-
tionnaires had been issued, it was his experience that even though
the questions were very sound, it was difficult for the departments
to give very specific replies. He would like to know whether any
information had already been collected.

Dr. Bh. Subbaraju stated that, in the south-eastern and
south-western zones of U.S.A. a material similar to soft kankar
known as Calichi was used for the base course. But he never came
across any standards laid down in terms of strength for it.

Shri M. M. Katrak described the surfacing work for few
miles with low grade aggregate of ‘“soft white sandstone” on
Mulag and Bhadrachallam roads in Warangal and Khamam
Distriots, of Telangana. The white sandstone if broken to chips
would erush to powder under wheels of the roller.

On the Mulag road, the metal crust of 4 to 6 in. was uneven
and worn out. The road had traffic intensity of about 1000 to 1500
bullock carts per day for a period of about a month and a half
during the festival season. It was intended to give blacktop
surface to eliminate dust and dirt.

The section of the road was to be remetalled for which 1% in.
metal was already collected at site. Good sand was available at
site at Rs 7 to Re 10 per cu. ft.

If the conventional specification of 1 in. premix chipping
carpet, both for the base and seal coat were to be adopted, it meant
carting the } in. and 1} in. metal from Warangal, a distance of 32
miles, at prohibitive cost.

He found that the best method was to consolidate the already
collected 1} in. metal as water-bound macadam to the stage of
moorum blindage but not put the moorum. After the dry and wet
rolling was done, the surface was closed to traffic and the water was
allowed to dry out. Care was taken not to do too much rolling so

. that the metal was not crushed to powder.

A tack coat of 18 to 20 1b of 80/100 penetration bitumen was
given by using a 4 gall. empty kerosine tin as a pouring can. Sand
was premixed with 80/100 pen. bitumen at 6 Ib per cu. ft. of sand.
The premixing of sand was done in half.cut bitumen drums put on
slow fire and hand mixed by shovels. The premized sand was spread
on the metalled surface which had a tack coat on it, like blindage.
After over 100 to 200 rit of the road was covered with the sand,
the rolling was done in the usual manner. Care was taken to keep
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the roller wheels clean and dump with wet gunny bags. The surface
was rolled well to a finished surface.

The following observations were noted :

1. If the 14 in. metal was according to tho specifications,

it took about 4 to 4} cu. ft. per 100 sq. ft. of premix sand to seal

the surface.

2. 1 motal was oversized, i.e7 2 in. to 21 in., the premixed
sand used was 6 cu. ft. per 100 sq. {t.

3. If the metal was big and oversized, Le found that the
quantity of premix sand could be reduced to 4 to 4} cu. ft. per
100 sq. ft. by alittle extra rolling. This broke up the oversized

metal and thereby reduced the voids. The advantages of this
specification were :

(1) Good neat blacktop surface could be had even in
areas where soft low grade aggregate was available.

(2) The blacktop surface could take up and stand to fast
rubber tyre traffic and also iron tyre traffic.

(3) The cost of black topping the surface was Rs 6,500 to
Rs 8,000 per mile of 12 ft wide road against Rs 11,000
to Rs 13,000 for surfacing with & in. chipping.

~

(4) The tedious and costly collection of § in. chippings
was eliminated where hand broken ! in. chipping as
supplied was usually 2 in. to 1 in.

(8) The finished surface was water-tight, which was not
the case in 1in. stone chipping carpet. In cases where

.stone chips were hand broken, the finished surface
Was very open,

(6) Because of the low cost, this specification later found

use in Municipal areas, specially in residential areas

where large arcas with little or no traffic had to be
covered.

The same specification adopted at Phadrachallam road also
gave good results.

Small lengths were laid using hard granite by Municipalities,
where rollers, boilers, and power-driven asphalt mixers were
available. At one place this specification was laid on heavy bullock-
cart trafficked road. For three years, it stood the bullock-cart;
traffic well and the surface looked like asphaltic concrete,
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e suggested that the spocification should be tried on large
seale where the metal was good and hard on State and National
Highways and also where the motal was soft and poor. As the
specification had given good results with soft low grade aggregate,
it was bound to give beiter results with hard metal and good sand.
Due to low cost per mile, greater number of miles could be covered
and the work done faster as there was no problem of collection of
Y in. chippings,

He was of the view that this specification would fit well for
work on Khammamet-Rajahmundry road where work was to be
taken up shortly. The examination of the quarries on this road
gave a poor variety of stone for 1 in. chippings. Sand in this

section was good and could be had at low cost.

Dr. H. L. Uppal replying to various speakers referred to Shri
K. Ramaswamy Reddy’s remarks as to how an aggregate impact
value of 60 to 70 per cent had bcen obtained with soft aggregates
and stated that when the aggregate impact value test was carried.
out on materials soaked overnight, a loss in crushing strength was of
that order, after the caked material had been washed. Regarding
the distinction between gravel and moorum, it had already been

made clear that gravels were water-horne pebbles deposited by
rivers.

Regarding his inquiry about tentative specification for use of low
grade aggregate in road pavement, Dr. Uppal stated that wherever
water table was low, the aggregato impact value tests were based on
dry sample, and wherever the water table was high, and the aggregate
was likely to get wet, the aggregate impact value under wet
conditions was specified.

Replying to Shri D. C. Chaturvedi’s point for distinguishing
nodular and calcareous kankar, he pointed out that the nodular
kankars were generally small in size like the one met with in U.P.
and commonly called ““ Bichwa »’, whereas the calcareous ones were
softer in nature like the ¢ Silia ’ of U.P,

Regarding the aggregate impact value of 35 for water-bound
macadam, he stated that the AASHO fixed a limit between 30 and
40 with a wearing course of about 2 inches. Since the wearing
coursc consisted mostly of about 1 in. carpet in India, in proposing
the aggregate impact valuc of 35, comparatively stronger material
had been suggested.

Regarding Shri Chaturvedi’s point for determining the cement-
itious properties of kankar, it was suggested that the C.B.R.
determination might give a good indication of such materials.

Regarding Shri B. K. Choksi’s remark about moorum in
Bombay, hesaid that the word ¢ moorum ’ had been so badly confused



662 PaxeL DiscussioNn ox Low GRADE AGGREGATES
IN Roap CoNsTrUCTION

that whatever was available at site was known as moorum. When

they collected material from all over Indis, th j

: , the Rajasthan P.W.D
sent samples of moorum which were noth;j ‘ To
the overseer on the spot, moorum i) o Pute clay. 1o

£ ' Was material readily available at
site other than local sand. Normally. ¢ y
found in Bombay was more of T e onypo of moorum that was

‘ _ a shale rather than mooru

was a typical composition of a quartzite base and tltlllér;\flc;%ruﬁ

should not be confused with other types of soft aggreéateS. ’

A‘nswering Dr. H. C. Visvesvaraya,

Eﬁe %stlg'ft aglgregate * for road constructio
e L.5. K. values irrespective whether it was more olave o

zia.tndch]angbeexll) usegl in the bases of some of the roads };ri’eslr)eg:ﬁ:rrznzf,

B ; BB r. Uppal offered to supply complete information later
. e material was very strong, it might be used by all means

at the surface: if i : >
Sub-bass. ;1L 16 was weak it could still be used as a base or

Dr. Uppal stated that the
n in England was based on

Shri N. Durrani (Chairman) windin i
' : : up the discussi
zlfwéi; I;l;efsu:)ﬁectdqf the discussion was an i?npgrtant 1:1(;2881%1‘:)'1-8::;2%
urther discussion had to be deferred til] th t i
Bhopal. He asked members t i Cin et o 28
Tndian Rogds Coae o send their comments in writing to the

Panel discussion on

“The Use of Low Grade Aggregates in Road Construction”

Bhopal, Saturday, January 7, 1961 (conid. from 24th
Session—dJan.[Feb. 1960).

Shri E. A. Nadirshah (Chairman) opening the discussion stated
that questions relating to compaction, specifications, climatio con-
ditions, etc., were discussed at the Bangalore Session of the LR.C.
He invited members to discuss the questions relating to surfacing,
the design of pavements, making use of soft aggregates, etc.

Dr. H.L. Uppal stated that a survey carried out by the
C.R.R.I. revealed that there were huge deposits of inferior aggre-
gates such as moorum, laterite, kankar, shale, ete., almost through-
out India. Laboratory tests had shown that these materials could
be very profitably made use of in road construction, especially in
areas where hard stone was not readily available. Yet it appeared
that engineers in the field were hesitant in using them extensively,
probably because of lack of scientific knowledge of such materials,
some failures in the past had occurred.

He requested members from the different States to give infor-
mation about the soft materials available in their areas and the
practices prevalent for their use.

Shri K. Ramaswamy Reddy stated that generally soft grade
aggregates were not widely used in Madras for the base coat
immediately below the wearing surface. They were used in the
*¢ stage construction ’. However, in the West Coast, where the low grade
aggregate found was of very good variety and capable of yielding
sufficient C.B.R. value to take up a bituminous wearing coat, it was
used for the base coat. In such cases, the bituminous wearing
surface was done with a tack coat at the rate of 15 to 20 1b per 100
8q. ft. Their experience showed that the performance of the surface
was satisfactory.

Shri S. N. Sinha stated that soft aggregates had behaved satis-
factorily only after bituminous wearing coat had been laid over the
base course. For traffic of one thousand tons per day or even a
little more, performance of the soft aggregates was satisfactory if
thickness of the road crust was adequate, and the bituminous
wearing coat had been properly done. The wearing coat with
precoated chips, laid to a thickness of 3/4 in. or more, on soft
aggregate base coat had given satisfactory results for traffic
mentioned above, As regards question 9, Bhri Binha stated that a
Priming coat had proved to be of great help speoia.lly if the
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wearing coat could not be laid immediately. He would recommend
a priming coat with a rate of application of 25 to 28 1) per hundred
8q. ft. g

Dr. 1. S. Uppal stated that it was the practice in the Punjab to
apply a priming coat for stabilized soil roads having a base coat
consisting of soil stabilized with 33 per cent brick aggregate but
without stone grafting, but later on, it was found that the treatment
was not advantageous and was, thercfore, given up.

He mentioned that, for soil stabilized roads with brick aggre-
gates, the addition of 1 per cont surface active agent like sulpha-
ted castor oil to the asphaltic material used for the first coat
improved considerably the adhesion of the base coat with the
bituminous surfacing.

No other soft aggregate had been used in the Punjab for the
construction of base coat of a road

Shri P. L. De stated that where a bituminous wearing coat was
laid directly over a base coat constructed with soft aggregates like
moorum, the wearing coat had a tendency of spreading out and
thinning under the wheel track. There was a tendency for the
surfacing to pecl off due to lack of proper bond between the wearing
coat and the base coat.

Shri De was of opinion that priming coat might be helpful to
some extent where the peeling off tendency cxisted.

Shri 8. R. Mehra stated that soft aggregates were not being
extensively used in spite of the existence of lzyrge.depositg throughout
the country because facilities for their smentlﬁ_c testing had not
been developed. Wherever materials of varying quality wag
obtained from a quarry, subjecting the aggregates to C.B.R. or
similar test would help in the use of materials of suitable charac-
teristics in different parts of the road structure,

The object of the panel discussion was to get information from
the various States and thon to finalize the recommendations. The
main point to be considered was of economy. He suggested that
representative samples of soft materials oceurring in different areas
should be sent to the C.R.R.L. or other laboratoriey for testing to
find out about their suitability for use cither

a8 a base course or as
woaring course material.

Experimental stretches should then be laid to the specifications
given in the note, their behaviour kept under observation, These
specifications could be modified in the light of experience gained in
the field.

Dr. H. L. Uppal stated that the idea of putting this question
was as to how the pavement thickness was being designed in
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various States, especially when the pavement was constructed in
stages,

Shri 8. R. Pillai stated that, in Kerala, there were large
deposits, mostly laterites, of soft aggregates which could be used in
subgrade for road construction, They could be cut to any size
or shape. They were used as aggregate for the sub-base mainly
and as base course in minor roads. For the construction of roads
in sandy soils, they wore used as sub-baso below the base course of
water-bound macadam. In minor roads where the traffic was light,
laterites were used for base course. Generally bituminous treatment
was not done over the base course of such low grade aggregate.
Bullock-carts of 1 ton loaded weight ply over them and the roads
stand the strain. During the rainy season, wheel tracks develop
quickly, on such roads. A thickness of 6 in. is generally used for
sub-base. Compaction was done using stone rollers or light power
rollers. Spreading of sand gave a better road surface though that
was not done always. Soil-gravel mix was in practice though no
proportioning the admixture was insisted. The climatic condition
of the area varied very widely and the water-tahle was about 5 ft
below the road surface. 1In dry weather, lateritc when used on
the surface formed a good road surface, but the top layer easily
crumbled to dust. Wherever hard granite metal was available, soft
aggrogates were not used for road construction. He felt that a
bituminous wearing coat laid over a priming coat on a soft aggregate
base would stand well en roads of light traffic. QGranite quarries
were getting depleted and it was time that substitute aggregates were
popiilarised for road construction. It was made clear by Brig. Bose
that it was unnecessary to provide a hard water-bound macadam
surface beneath concrete roads. If that be 80, in places where granite
aggregates were either costly or not available, soft aggregates could
be used for base course over which concreting was to be provided.

Shri S. N. Sinha stated that there are many methods of
design of pavements and described the CB.R, U.S. Army Corps of

Engineers and the Asphalt Institute, Group Index and Hveem’s
Stabilometer methods.

In the C.B.R. method of design for maximum economy, the
different layers starting from the subgrade to the wearing coat had
to be such that they had an increasing C.B.R. value. 80 it was clear
that in that method of design, the use of soft aggregate could be
scientifically done. Softer the aggregato, the lower the C.B.R,
value and the greater the need of placing it closer to the subgrade
according to the C.B.R. value.

After a study of the performance of the Pavements under
various volumes and types of traffic, it should be possible to
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develop a method nost suitable for the various parts of this
country. "~ He emphasised that the method had to be evolved and
developed on the hasis of work done in the country itself though
advantage could be taken of the experience of other countries.

He mentioned that the best way of making the scientific use of
low grade aggregates popular would be to design the pavement thick-
ness in a scientific manner. It was only when a pavement thickness
was designed scientifically that the use of low grade aggregates could
be popularised. It was no use putting in very hard aggregates just
near the sgbgmde when a lower grade aggregate would serve the
purpose. Unless that basic concept of the design of pavement
thickness was accepted and properly understood, the use of low
grade aggregates could not be as popular as it should be. It
was, therefore, necessary to insist on the proper design of ave-
ment and to educate the Engineers concerned on the various aslljoects
gf a fiemgn so that soft aggregates available locally could be
judiciously selected and used. It was no use claiming that the low
grade aggregates could replace the hard aggregates or that the

former could always be used as wearing coat. It had its place

dictated by the pavement thickness design criteria. The lower

layers could always be the low grade aggregate.

Shri E. A. Nadirshah (Chairman) stated +
materials_ were available at <economicgl rates oxl'mthﬁ?ivll'1 el::,rk;;zgg
from a distance was not expensive, the question of utilising soft
materials did not arise. Use of soft materials arose only when
hard materials were not available or were available at a high
cost and there were plenty of soft materials in the vicinity.

He thanked various speakers for their comments,
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In 1860, it took
the Rani of Jhansi
1 day to travel
from Jhansi

to Caunpore!
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FOR
EASILY-INSTALLED
WATERPROOF
ROOF-LINING

Builders and contractors everywhere

are using film made of ‘Union

Carbide’ polyethylene on a variety

of construction jobs because of its SPECIFY FILM MADE OF
excellent moisture barrier qualities.
Take waterproofing of roofs, for
instance. Tough and tear-resistant,
unaffected by lime and other
chemicals, polyethylene film has
proved to be an extremely efficient
membrane for roof-lining. Tt is light-
weight and easy to handle. Water-
proofing roofs with polyethylene i
film li_nings costs less and saves on are increasingly used to build modern highways stretching like giant
fecurnng maintenance expenses. . . . , so used for roofing, battery boxes and

For further information and free POlyethYIGl‘le ribbons across the country, Also used for £

. v . i Y d Advice.
technical advice write to our many other items. Write for Caltex Technical Service an
Polyethylene Development Depart-

ment at P.O. Box 2170, Calcutta 1. CALTEX ASPHALTS

Madras

UNION
CARBIDE

TRADE MARK

. 1 ! >
Today, by road, it takes 43 hours! secas toda's
~ r
moedern asphalt highwavs are enginecred for safer, more comfortable and ti]uxf:dcr
. - o i C

transport. These asphalt roads last longer, ride safer and provide more miles of wi

‘o . 4 Its
roads for less money. It is not surprising therefore that Caltex Aspha

INDUSTRIAL PRODUCTS SALES DIVISION

UnNION CARBIDE INDIA LIMITED
Bombay . Calcutta . Delhi . Madras

CALTEX (INDIA) LIMITED Bombay - New Delhi « Calcutta »

CAL.I.#1. A

IWTUC 240
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ROAD ROLLER
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ROAD ROLLERS—

LONGER

MANUFACTURED BY

AGRIND FABRICATIONS LTD

Factory : P2/2, Taratolla Road, Calcutta-24

Distributed by

UNITED PROVINCES COMMERCIAL
CORPORATION PRIVATE LTD

6. Ganesh Chandra Avenue, Calcutta-13
BRANCHES AT —

BOMBAY, DELHI, GAUHATI, LUCKNOW,
MADRAS, PATIALA, PATNA.
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DRAWING
INSTRUMENTS

WORKMANSHIP o
+
DURABILITY

PRECISION INSTRUMENTS
PRIVATE LTO. ROORKEE UP,

GPanch C)ffice BOMBAY

PRECISION INSTRUMENTS
PRIVATE LT? ROORKEE

CONSTRUCTION EQUIPMENT

Kue-Ken Stone Crushers ‘
ABG Vibrators, Road Rollers, Heavy Compacting
Machinery including Road Building Machinery
Wacker Internal and External Vibrators

®
CONTACT :
ARMSTRONG SMITH PRIVATE LIMITED.

Gresham Assurance House, Faraday House,
Sir Phirozshah Mehta Road,

P-17 Mission Row Extension,
BOMBAY-1.

CALCUTTA.
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9/10-3 Asaf Ali Road,
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AVELING-BARFORD
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In keeping with the Aveli ,

. ing - Barford i
constant producg improvement, the new S\f)g:rcyMéf
is a 6 wheel drive, 6 wheel steer motor grader and
is available with a torque converter.

GREAVES
QN GREAVES COTTON & CO. LTD
I Forbes Street, Bombay |
Branches: Ahmedabad. Bangalore, Coimbatore

Kanpur, Madras, New Delhi

1859 &7 1959

CENTENARY

6. /59-28

v

A decade's labour destroyed in

a night—by an angry river! Bhiku
and his family escaped its fury.
Others were not so fortunate...

Ten years
and a single night

Every year, floods take a terrible
toll of life and property in

India. Burmah-Shell Bitumen
plays an important part in

flood control. Inexpensive and
hard-wearing, it has proved
consistently successful in weathering
flood waters. Bulk handling,
pioneered by Burmah-Shell, has
considerably lowered its cost.

In addition, services of skilled
Burmah-Shell engineers are

made available. Wherever there’s
need for better roads, airfields

or hydraulic works, there’s need
for Bitumen.

In 1957, this 3,500 ft. embankment
on Bengal’s river Torsa was
protected by Bitumen grouted 18"
boulder-pitching. This one-time
trouble spot, has since withstood ™
heavy seasonal floods. |

SURMAH-SHELL BITUMEN FOR EMBANKMENT PROTECTION
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no trouble at all...

S

BITUMEN
EMULSION

...in one easy
application

Bitumen emutsions are efh.
clent and  economical for
surface dressing,  premix
work and soil stabilization,
They require no heating,
Hence —no fire hazard ... no
annoying smoke . no heat-
ing equipment. Just open the
drum and you're ready to
start work. Bitumen emul-
sions are specially suitable
for repair work, and factory
and residential roads.

SHALIMAR TAR PRODU
CALCUTTA  « DELM o lonlr'—/

CTS (1935) LIMITED
© LUCKNOW « CMANDIGARM

Agents: The Bombay Co. Privace Ltd. Madras | o A.C. Abrol & Co. (Private) Ltd., New Delhi |

STP 39

AVELING - JESSOP
GCS-8/10 Ton Diesel driven

ROAD ROLLERS

Manufactured in our
DUM DUM WORKS, CALCUTTA

*
Agents in India for
Aveling Barford Dumpers & Graders

ESSOPG@L»

e et e A

—ENGINEERS_ -

63, NETHAJI SUBHAS RD.,
CALCUTTA-I

Distributors for .
North-west, Western and Southern India :

GREAVES COTTON & CO., LTD.
|, FORBES STREET, BOMBAY -|
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Portable, compact Mixall produces
any type of mix--on the spot

Here's unmatched versatitity in quality patching o simafl.

Y-~ the Mixall to do this wide variety ef jobr:
job paving—the small, highly pocable Batkerrs o ;e

MIX in il lacations, beause is towed and fed by truck

Mixall. Kk produces even the highest e of hot mix— foadend with aggregate—or operated at swekpile or pit

n the spor. MIX in ali quontities, from 3<u.fr. bacch up 0 10 tph.
MU in all weather 1 ailow quick repair that prevents major

Of all patch mixers, only th: Mivall hes 2 rotary drum damage.

dryer and twin-shafg pugmill. These big-plant fearures tf:ll)( oli lype‘x of asphalt parch marerials, including stabilired

ase matetial.
in t 1 of drying a ixi i
permc ¥ d”"““d"f controt of dying and mixing, wich MIX portland cement of lowee stump than can be produced
both cycles operating simultaneously.

by a conventional concrete mixer

Write for {ioimation on the most versatile patch mixer available.

‘Barber-Greene

AURORA, (LLINOIS, U.S.A,
CONVEYOkS.A.LOADERS.-.DITCNERS.,

CASPHALT PAVING EQUIPMENT

sk, ks abmt-it-
William Jacks € Ce.Ltd.

{Incorporated in Emgland. Liability of Menﬁ; U'ﬂflﬂﬁ
CALCUTTA  BOMBAY MADRAS -NEW BELH|

Sole Agen.s for : Barber-Groena Overseas, Inc Aurora Whnois. U S A Barber Greene Oy § Co Hathold, Hers,
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England.
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