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INDIAN ROADS CONGRESS. TWENTY-FOURTH SESSION, BANGALORE, JANUARY-FEBRUARY 1960,
&

SHRI UPENDRA J. BHATT, B. r., s. M. (Civil Eng., M. 1, 1.)
M. ASCE., M. I E, (India), President, I. R. G., 1959—60.

Shri Bhatt was born in February 1909 and obta.l:ned h.is B.E. (Civil)
degree from Bombay University in 1931, and S. M, (Civil Engineering) with
Honours from the Massachusetts Institute of Technology, U. 8. A, in 1933.

Having served as Assistant Borough Engineer for six months, in 1933,
at New Fort, England, Shri Bhatt joined the Bhavnagar State P. W. D. as
special Sanitary Engineer and was responsible for designing complete
sowage purifieation and water treatment plant—{irst of its kind in Western
Indin.  Later he served as Chief State Kngineer of Bhavnagar State from
1935 to 1948,

On the merger of Princely States, in April 1948, he was selected as Chief
Engineer and Secretary to P. W. D. (Roads, Buildings, Irrigation and Publie
Health) to the (lovernment of Saurashtra and worked there till November
1956. During this period he was responsgible for completing the First
5-Year Plan targets for roads and irrigation for the State of Saurashtra,

On the reorgunization of States in November 1956, Shri Bl}ntp came to
Bombay where he is now working as Chief Enginecr (Roads, Buildings, Ports
and Harbours) and Joint Secretary to the Govermment of Bombay.

Shri Bhatt is one of the most widely travelled Presidents of the Society.
After visiting kngland and U.S. A. in 1939, where he inspected various
Irrigation and other projects like TVA and Boulder Dam, he toured
Honolulu, Japan, Phillipines, Malaya and Ceylon. In April 1954, he was
the Leader of the Indian delegation to the Second International Congress of
Irrigation and Drainage in Algiers. After this Conyress, he visited
important Engincering works in Sweden, Holland, West Germany and Italy,
He also participated in the Symposium on Wind Power and Solar Energy
organized by UNESCO,

Shri Bhatt is one of the oldest members of the Indian Roads Congress
and has been serving ou its Council and various Committees for a number
of years. He is also a member of the Executive Council of the C.R.R.1. and
the C.B.R.L. of the (.S, & LR. besides heing & member of the Institution
of Engineers {India) and the American Society of Civil Engineers,



INDIAN ROADS CONGRESS

NOTICES AND ANNOUNCEMENTS

CONTRIBUTION OF PAPERS FOR THE
TWENTY-FIFTH SESSION OF THE
INDIAN ROADS CONGRESS

The next General Session of the Indian Roads Congress will be
held at Bhopal from the 3rd to the 10th January, 1961. Members
arc 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 next Session are requested to intimate the fact to
the Sceretary, Indian Roads Congress, and to send a short synopsis
of t’heir proposed contributions as early as possible.

On receipt of acceptance of the subject matter of the Paper, the
membe® 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 sile of good stout paper of foolscape size.

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

From past experience it is observed that most of the members
send in their contributions at the last moment, when the Congress
Office is busy on work connected with the Session. As it takes a
long time to get Papers printed in the Journal and as it is desirable
that members should have sufficient time to study the Papers well in
advance of the date of the Session, members are particularly
requested to make an effort to send their contributions as early as
possible.

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

4. The younger engineers are particularly requested to contri-
bute Papers which, if required, will be suitably edited before
publication.

1



710

NEW ADMISSIONS

Serial | Roll [ 7

No. No. } Name.
15 2641 R. R. Paul
16 2642 B. K. Verma
17 2643 Balram Thakar
18 2644 K. Srinivasulu
19 2645 Md. Hastbuddin
20 2646 S. 8. Thakur
21 2647 S. Radhakrishnan
22 2648 K. K. Madan
23 2649 B. M. Das
24 2650 V. D. Kirpekar
25 2651 J. P. Agarwal
26 2652 B. N. Tewary
27 2653 J. P, Goel
28 2654 S. J. Phadke
29 2655 M. 8. Vonkatesan
30 2656 8. Jayaram
31 2657 L. N. Maheshwari

Address.

Assistant Iingineor, E. C. C. Sub Divi
sion I, Dhalukbari, P.0. Dhalukbari,
Gauhati (Assam).

Engineer Assistant, Cjo. Shri R. K.
Verma, Advocate, Anugarh Narayan
Path, Kadam Kuan, Patna-3 (Bihar).

Sub Divisional Officor, P.W.D. (R & ny,
Projoct Sub Division, Gaya (Bihar)

Assistant Engineer, (H), Investigation,
Vijayawada-2 (A.P))

Sub Divisional Officer, D. W, D.,Rajgir,
(Patna),

Assistant Lngineer, P, W. D, B &R),

Khandwa Sub Division, Khandwa,
(M.P.).

Assistant Engineer, Highways, Re-
search (Soils), Highways Research
Station, Madras-25,

Assistant Engineer, Basoli Sub Divi.

sion, P. O, Basoli, Dist. Kathua,
(J. & K. State).

Exccut',ive Engineor, Office of the Chiof
Engincer, (R & B), P.O. Now Capital
Bhubaneswar, (Orissa). ’

Executive Engineer, Poona 1ast Diyi.
sion, P.W.D,, Poona. TVI
Assistant Enginecer, ¢, p. w. D
Jairampur (N. E, F. A, v

Sub Divisional Officer,
Koilwar, At & P, O,
Shahabad (Bihar).

. P.w.p,
Koilwar, Dist,

Assistant Engineer, P, W, D., Uttar-

kashi (Tehri - Garhwal , (Ut
Pradesh). b (Ottar

Executive Engineer, P, W, D, B. &R,
Panna (M. P ’

Senior Sciontific Officor
Central Road Research
P. 0. CRRI, Okhla, New

(Coneroto),
Instituto,
Delhi-20.

DePuty Engineer, Visnagar Sub Djvi.
sion, Visnagar (North Gujarat).
Assistant Enginecr, B, & R., P.

W.D
Digt. Sub Division Bast, Jaipup
(Rajasthan). > aTear

NEw ADMISSIONS i1
|
Serial | Roll Name. \‘ Address.
No. No. 1 , o
7 . - - . _-i o
! ssistant Fngincer (H), Cheyyar Bridg
. 2078 €. Rama Das ‘\q\b\l'sj)tr;?s, '{‘i%uvcthipurﬂm Post. N.A.
District, (Madras State.)
i 35 ivaji Nagar,
35 3 - Supervisor, 6569, Shivaji D
5 205 J‘g;;x.x Ponduran Specunderabad, (A.P.)
\ i Kngineer, DBurmah-Shell,
34 2660 George Johu Bl]t’t.llr;ogrlo' 5. Eijangalore,
i i Ixoeutive Lngincer, P. W. D., Ranga-
35 2661 Zafer Mohiuddin Eﬁ?ﬁ?g;‘ﬁa{,é]%wisién, N D angarar
Bridge, “ Dist. Mahboobnagar,
(A.P.)
q i ingincer, Special W.C.S.
% 2002 K. ]t\t Homanna- Julirl:g}rlmzlufﬁl,neSouth Il(anara (Mysorc
e State).
K i rtment, Burmah-Shell,
37 2653 Y. K. Sharma Blgxénrsrt;a];)?pa s
3 iani Engincer, Plot No. 11, Sin(}hi
% 2004 C. T Nariant Delli;llfrfigragts Co-operative Housing
’ Society Ltd., Chembur, Bombay-71,
. . as . k
5 i ffic Engineer Specialist, 77-A, Par
3 206 D. P Pavel Tlgtrget, éalcutta-lb.
{ ior Engineer, Highways, 326, Vepa~
40 2666 K. N. Bheema Rao Ju£;(;ru ng‘troet, Lighwaye, 30, P
District (A.P.).
41 2667 N. V. Joglekar Deshpande Nagar, Hubli (S. Rly.)
) ' ) » .« .
tv Engineer, Dakor Sub Division,
42~ 2068 N. H. Shah Dell)):kz‘;r, D%st. Kaira, (Bombay State).
i jor Municipal Engineer, Municipal
43 2060 J.V.Badumt serll;oard, Allahabad (U.P.)
Executive Engineer, R, & B., P. W. D,
4 2670 NP Shab Baroda Division, Baroda,
. . . 6
tant Engineer nghways, No. 46,
45 2671 D. Mohan Aszllindur Road, ’ Saidapet, Mad-
ras-15.
istant Engineer (Consultant),
46 2672 P. K. Thomas Asli’llfnistry of Transport & Communi-
cations, Deptt. of Transport, Roads
Wing, New Delhi-2.
47 2673  Ninan Koshi Asgsistant  Engineer  (Consultant),

Ministry of Transport & Communi~
cations, Doptt. of Transport, Roads
Wing, New Delhi-2,
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Serial | Roll |
Vo, No. l Name. Address,
48 2674 D. P. Gupta ;\ssi§t§mnt lingineor (Congultant)
l\lltr}lstry]gf Transport & Communi-
cations, Deptt, of Transport, R
Wing, New Delhi-2, P onds
49 2675 Ram Bhai Khushal Engi { i
i K ri%;rtl‘?;ga(% Contractor, Kharivav Road,
50 2676  Md. Hasnain Executive Engincer, P.W.D., P.O
Hazaribagh (Bihar). T
51 2677 Onkar Prasad Executive Engincor & DPersonal Assis-
%"i’t (T([\)C}\I;i](;d) to Chiof Kngincer,
P, PW.D.,  40-Cantt. ;
Lucknow (U.p). nit.  Road,
52 2678 R. K. Pandita Di{;isional Engineer, P.W.D., Poonch
oonch R & B Division, P.O. P '
(J. & K. State). oonch
53 2679 K. 8. Srinivasan Executive Engineer, P.W.D., Raipur
Division, B & R., Raipur (M.P.)
54 2680 N. M, Shah ])O?uty Iingineer, P.W.D., Narsingh’s
Pole, Kapasia, Khadki, Baroda,
55 2681 8. Venkatraman Roads Engineer, Standard Vacuum Oil
Co., P.O. Box No. 181, Bombay-1,
I'6 R 1 M
5 2682 U. C. Sanghvi Ass)lsta.nt Engincer, Madhya Pradesh
P.WDb, '(B & R Branch), 14, Sanyo-
gita Ganj, Indore (M.P)) .
!"7 ol 1
5 2683 S. 8. Panda qucuth\)'e Fngineer, Sambalpur Divi-
sion, P.W.D,, P.O./At Sa
(Orissa). / mbalpur,
58 i
58 2684 M. Prakasa Rao Special Assistant Enginoer, Highways
12/220, Gandhi Road, Madanapalle.
Chittoor District (A.P,) ’
~ = - .
59 2685 Onkar Singh Joseph Allen Strin & Associatos
A-15(3, Asaf Ali Road, New Delhi
GO 2686 V. L. Tank D r Engti istri
ogsgt{mg,meer, District Local Board,
61 2687 B.B. Kumar Assistant  Bngineer, P.W.D 189
Jhaparnagar, Meerut (U.I; ).’ ’
62 2688 K. Rudraiah Assistant Engineor, District D
ment  Couneil (D.L.B) e;;olct));;;
(Mysore State). ’ "
63 2689

T. S. Narayana
Rao

Consulting Architoct & Fon i
fos 3 ingince ¢
Mahatma CGandhi  Rogd . r}’agx?é:-’

lore-1 (Mysore State)
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70

71

72

73

74

75

76

71

78

79

2693

2694

2693

2696

2697
[
2698
2699
2700
2701
2702
2703

2704

2705

Rajendra Prakash

Jaladhar Behera

V. KX, Chitale

N. V. Srinivasiah

Nuruddin 8, D,
Khambati

S. A, Sharma

M. A. Abraham

K. Sripathy

K. Sarkar

Phalgunni Banerji

D. K. Gupta

H. C. Sanghvi

8. B. Chakrabarty

M. K. Chatterjee

Hari Har Chatterjee

Address.

Exccutive Engineer, P.W.D., Chik-
magalur (Mysore State)

Assistant Engineer, Temporary Divi-
sion, Lucknow (U.P.)

Assistant Engineer, Bridges Sub-
Division, P.W.D., P.O. Pamposh,
Dist. Sundergarh, (Orissa).

Executive Fngineer, Municipal Corpo-
ration, 14, Moghebhwan, Gokhale
Road N., Dadar, Bombay-28.

Executive Engineor, P.W.D, (B & R),
Hoshangabad (M.P.)

Executive Engineer,' Designs Division,
No. 3, Old Secretariat Building, Fort,
Bombay-1.

Superintending Engineer, Rewa Circles
Rewa (M.P.)

Lxecutive Engineer, Madras Central
Division (South), Central P.W.D.,
Madras-10.

Asgistant Engineer, Corporation of
Madras, 5/1, Kellys Road, Kilpauk,
Madras-10.

Assistant Engineer (W & B), Govt. of
West Bengal, 5/29, Dum Dum Road,
Calcutta-30.

Asgistant Engineer (W & B Deptt.),
(fovt. of West Bengal, 58, Maharaj
Tagore Road, Calcutta-31.

Executive Engincer, P.W.D,, B&R,,
Planning Division, Jaipur (Rajas-
than).

Assistant Engineer, P.W.D., Office of
the Superintending Engineer, Betul,
(M.P.)

Assistant Enginoer, Suri Construction
Sub-Divigion, Suri, Birbhum (W.
Bengal).

Executive Engineer, P-5, C,IT. Road,
(6th Floor), Calcutta-14.

Assistant Engineer
Arambagh, Dist.
Bengal).

(Roads), P.O.
Hooghly, (W.
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NEW ADMISSIONS 715
‘ ‘ .
Sertal | Lol | X : Serial | Roll |
No. No. | Name. Address. ! 1\72“ 1‘\3)” ‘ Name. Address.
80 2706 M, L.Jain ASIS’I::;L;& Enginecr, Punjab, P.W.D., 98 2724 Mabwmood Alam Sub Divisional Officor, P.W.D., Milki
: Mohalla, Arrah (Shahabad), (Bihar).
V) s 7 s f . -
81 2707 0. 8. Srivastava ASI&Tl::iIi]:a] Engineer, P.W.D,, U.P,, 99 2725 A. Krishnaswamy Iixceutive Lngineer, Special West
' Coast Division, Mangalore (Mysore
82 2708 M. D, Kulkarni Deputy Engineer, Ixpress Highways Stato).
Sub Division, Chambur, Bombay-7, 100 2726 P. Raghunatha Rao LPersonal Assistant to the Executive
83 2709 J. D. Kale Deputy Engineer, P.W.D,, Sachivalaya, Engineer, Tumkur Division, Tum-
Bombay, kur, (Mysore State).
84 2710 A. S. Bhatnagar Assistant TEngineer, UJP., P.W.D.,, 101 2127 B. N. Das Lixecutive .Engil_leer, P.W.D., P.O.
Allahabad. Phulbani, (Orissa).
85 2711 N. K. Rath Lxecutive Engineer, Canjam, R & B 102 2728 N. V. V. Kamat P, A to Su'perin.teuding Engineer,
Division, Berhampur, (Orissa). Rural Engincering Cell, Develop-
2719 LS. Kals . o nent (ommissioner’s Office, Secret=
86 2712 3.8, Kalsy Assistant lingincer, Roads Sub Divi= ariat, Patna, (Bihar).
sion, Chandigarh, (Pupjab), 03 279 TN S bl \ssistant e 383, Oth C
. rea e . . . N 272 " N. Suryakantha \ssistant lLiuginoor, , ross
87 2713 Khairu Ram LX(,.cu.tl.\e Enginocer, , Dolhi State , Raj Malleswaram, Bangalore. ’
Division No. 1, 6/7, Radha Kishan
Iéhm‘van, 6, Ansari Road, Darya, 104 2730 S. Rangaiah Junior kngincer, Cjo. T. Siddappa,
Gunj, Delhi. . . liditor, Tainad, Daily, Bangalore
88 2714 R. L. Sreshta Exoccutive Lngineer. P,W.D.. Mar- Tata Institute Post, Bangalore-12,
cara, (Mysore Stato), ‘ 105 %731 S. V. Rama Raju Assistant lingineer, No. 4, Sub Division
89 2715 K. A. Desai Junior ¥Engineer Clo  Fx . P.W.D., Chonnagiri, Shimoga Dis-
nor ixecut WL \811l,
Engineer, Dharwar Dlivision, 016)1;1:: trict, (Mysore Stato).
war, (Mysore Stato). 106 2732 Padmalochan Assistant Fngineor, Mahanadi Bridge,
90 2716 T. N. Subba Rao LEngineer, M/s. Gammon India Private - Dandapat Cuttack, (Orissa).
‘ Ltd., Bombay. 107 2733 B.Narayana Rao  Junior Engineer, No. 2, Sub Division,
01 2717 S.K. Basu Assistant Engineer, Road Dev) Kadur (Mysore State).
Department, P.0. Plassey, ¢ - . PR .
> N ¥y Dist 108 2734 K. Hema Singh Junior Engineer, No.4, Sub Division
s . & . ?
R | Nadia, (West Bengal). Yelandur, (Mysore State). ’
92 2718 R, .. Subbaraya Assistant i .
Setty Y ‘ C}:i?:ldurgEngﬁI;::I’i t Challakero, 109 2735 Mushtaq Ahmed Junior Enginecer, P.W.D., Special
State) rict, {(Mysore Bridge Sub Division, Kampi P.O.,
011 ' Bellary District, (Mysore State).
93 719 B. V. Patankar Consulting ILingineer, 407-6th Main 11 9 ; i Rai 8 intendi Engi NEFA;
Road, Malleswaram, Bangalore-3, 0 2736 J. Durai Raj uggriilllo;:;; ing ingineer, s
94 2720 N.J.DB.Kotagamu Exocutive Fngi )
¢ wela ‘\Vv‘;mfévg;“‘ii? P-W.D., Howel- 111 27387  Karam Chand Sub Divisional Officer, PW.D., (B & R},
o5 213 A AD anwa, Bivile (Coylon). Spiti at Kulu, (Punjab).
0 - LA.D.OLP, R 1
Saparamado ‘l’:(if‘;'fih‘elil:t;tute, P.W.D., Ratma. 112 2738 M. R. Sethu- Aggistant Lngineer, No. 3, K.R. Pet
-oylon). madhava Rao Sub Division, K.R. Pet (Mysore
96 2722 M. A. Mogeem Superintending  Enginoer Investi State).
i b oY SN 1ga- . . . . .
E:I;é:l%le' Hydro Electrie Projocgts 113 2739 Shieik Mohamood Junior Engineer, Mysore Ingineering
. re (Mysore State), Rosoarch  Station, Krishnaraj
97 2723 N. Y. Patil Executive Engineer, P.W.D.. Kk Sagar, (Mysore).
pur Divisi hapur. (n.olba stant Enei ,
State). on, Kolhapur, (BOmbaq 114 2740 P, C. Chouhan Agsistant Engincer, P.W.D,, Burham-

pur (M.P.)
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NEW ADMISSIONS

Sertal
No.

116

17

118

119

128

127

128

129

130

131

132

2743

2744

2745

2746

2747

2748

2749

2750

2754

2756

2151

2758

Nawie, t

H. 6. Ahdul
Hamecod

8. L, Khandapnavar

R. P, Sinha

C. Gopala Rao

H. K. Pandita
Radhya

K. Ramachandriah

N. C. Jayaraman

I M. Magdum

Kongovi Srinath

S, V. Narayana
Raju

Bhaskor T. Patel

Kulbir Stugh

B. P. Burondra
B, B.Sinha
B, V. Ramna Sagtry

P. S, Kothavale

T. V. K. Chari

Gopals Krishnan

Address.

Iixceutivo Ingincor, Mandya Division,
Mandya, (Mysore State),

Executivo ¥ngineer, Bidar, {Mysore
(State).

P.A. (Technical) to Chiof Engincer,
PW.D, (B&R), Bihar, Patna,

Assistant Engincor, Buildings Divi-
sion, Bangalore, {Mysore State).

Executive Lngineer, Buildings Divi-
sion, Bangalore, (Mysore State).

kxecutive linginecr, §

pocial Building
Division, Bangalor

e, (Mysore State).
Exeeutive ngineor, C.P.W.D., 11-0143,
Lajpatnagar, New Delhi-14,

Suporintending Engincor,

Raichur
Circle, Raichur, (

Mysore State).
Assistant Engineer,

Sindannr,
Raichur District, (

Mysore Stato).
Junior Engineer, P.w.p,,
4th  Main Road,
Bangalore.i8,

Clo, Putel. & Shah, Engincers, Opp:
BhamtbSociety, Ahmedapad-b (W,
Rly.) '

Superintending Engineer,
B&R Punjab, Jullundur

Executive En Purnaiah’y

Chattrane Road, Bangalore Cit
{(Mysore State), v

No. 152,
Chamarajupet,

rwh.,
Canptt,
gineer, 32,

Assistant Engineer, Pw
search Sub Divigion,
Road, Patna {Bihar),

.D., Soil Reo-
Patna—(laya

Assistant Engincer, No,
sion, Bangalore Divigion
{(Mysore State)

2, Sub Divi-
,Bangalore,
Municipal Engineer, §

holapur Muniei.
pality, Sholapur,( Dy (Sl

Bombay (Stato)

Engincor § Contractor, 39 Poli
0 R ico
Station Road, Basavan i F:
galore-4, ' vingudi, Ban
Technical

*hni Assistant 1 the Chiof
ungineor, P,W,D. -
dr\%m. y PLW (B &R), Trivan

NEW ADMISSIONS 717
Serial | Roll Address.
No. | No. Name., ‘ 7 -
istri i i, District
275 ‘hose Distriet Engineer, P.O. Suri, D
e o - 5 Ghose Birbhum, (W. Bengal).
i i i North
£ Fxecutive Engineer, Highways
1 o0 I.é;g:;:lchandra Division, P.W.D., Manipur, Imphal.
i i 233
: < E Lecturer, Engineering College, 2/233,
135 2761 R. Venkataraman eél:;ii:aw, I;{:urava,rkonam, i
drum-1.
Assistant Engincer, District Develop~
1 e M. 8. Aurthy ment Boagrd, Gadag, Dharwar
District (Mysore State).
i i t Engineer, (Highways), Siva-
o 08 7 Subramaniam Azs;it;;' Rar%mad District, (Madras
State).
: mali Asgistant Engineor, Highways, Tiru-
e ot 7- Romatingtn chirapalli (Madras State).
2765 ; ‘ani Assistant  Engineer, Bandipur Sub
0 26 M- M. Wani Division, Bandipur (Kashmir).
Y 3 i tt. of Civil Engineering (High-
1o 2766 5. D. Bokil Devfays), University of Roorkee,
¢ Roorkee.
. . . . K
4 cckar Txecutive Engineer, Nira Right Ban
w 20T ¥, V. Tokokar XCanal Division, Phalton, Dist,
N. Satara.
7 istant Engineer, P. W. ]?., Karan
1 2108 T 1 Raul Asl\s*i:g:r, Sritglagar’(Kashmlr).
. . ¢
: i Assistant Engineer, P. W. _D., Oﬂiqe [
e B%(}i\?x‘;mnsmgh the Chief Engineer, Capital Project,
Chandigarh-1,
Assistant Engineer, P. W.D., Raipur
¢ 270 S.R.Tamraker Circle, Raipur (M. P.).
: iliai Junior Engineer (Highways), Research
1o 2 R. Thillainayagam uStution, CGuindy, Madras-25,
i Assistant Engineer, Road Map Sub
1o 2R G R Joshi Division No. %, P.W.D., B & R.,
Jaipur (Rajasthan).
% i i .W.D., Koehima
147 2773 8. M. Basu Ex}??\gfvl?'%?gmeer, P.W.D., K ,
i Assistant Engineer (Highwas), Housing
18 B - Delakrishnan sSscheme, Ramnad at Madurai-2,
149 2715 H. 8, Thyaranna Agsistant Engineer, D.D.C. Haveri,

Dist. Dharwar, (Mysore State),
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NEW Avnrssioxs

| i

Serial Roll . ) . "

No. | No. Netwee, Addpess.

150 2776 AL Ranga Rao Juntor Bacineor, Vochnienl Section,
Ofliee of the Chicf Fngineer (High-
ways), ilyderabad-16 (A.D.).

151 2777 N, Nagappa Asxistant 1lngineer, No. 33 “Swamy
Nilaya ) Camara Park Past Extens
sion, Bangulore-1.

152 2778 M. Korah Assistant Bngincor, (R & B), P w, b,
Bolangiv 1,0, Dist, Bolangir
{Orissa),

153 2779 H. €. Bhargava Assistant Fngineer, P, W, Do, (1B & 1),
Karauli (Rajasthan).

154 2780 C. Chidambaram Assistant Pogineer (1), Special West,

Coast. Sub Division No. 1, Mangalore
S.K. (Mysore Stato).

1545 2781 .G, Sivaswiy Assistant Jngineor, P, W, ., Chik-
ballapur (Mysore State).

156 282 NV Kirpekar Deputy  Engincer, 1806 - Kirpekar
Nadan, Deshimukliwadi, Sacda Shiv
Poth, Poonu-2, -

157 2733 LD, Dutta Exeeutive Engincer, P, W D, &b,
North Lakhimpur Division, P, Q,
North Lakhimpur (Assam),

158 2784 T K. Tiwary Assistant Bngincer, P, W, D, B & R,
Nowgong Circle, Nowgong (M. P.).

L]

139 2785 Ram Mohan Assistant, IFingineer, Road Maps, Rajas-
than, P.W D, (B & R), Jaipur.

160 2786 B. L, Narayan Junior Engineer, P. W. D., 869, t\q{ip’s
Compound, 17th Cross Road, Male-
swaram, Bangalore-3,

161 2787 B. Sarangi Assistant Engineer, University Sub
Division, Capital Construction Divi-
sion, P, O. New Capital, Bhubane-
swar, District Puri (Orissa).

162 2788 S K. Kambar Juauior Engincer, Clo. Executive Engi-
neer. Bijapur Division, Bijapur,
{Mysore Stage),

163 2789 AL T Majumday Sub Divisional Yficer, (W & B), Dhan-
nanagar Sul Division, P. Q. Dhar-
managar (Tripura State).

164 2790 1ML Nahoo

Assisbant  Bnginoor, (Invostigm.i(m),

ieveonue Divisional Conmissionor's

Oitice, Northorn Division, Orissa,
Sambalpur.

1 719
NEw ADMISSIONS
Serial | Roll Name. Address.
No. ‘ No.
| i 3i t Engincer, P. W. D, B & R,
1 s Narain Prakesh A?\ﬁfﬂil)ivisi(%n, Dungarpur (Rajas-
than).
ivisional Officer, Chandigarh
166 zmz BT Shaomw S ovimial Buh Divicion, Chandi-
garh.
is t Engineer, P.V\'.D., B & R.
107 2793 P.V. Parmas Aslilr;tr?;lh, 42?, New Palasia, Indore
(MLP)
Divisi V. D., Bistu-
b Divigional Officer, P. W, D.,
168 2794 K. C. Mehrotra Sup)ur, e shedpur.
. L cal
istant Engincer, Highways, Specia
109 279 I£. Venkata Raman Az‘sl;?)f?;li\'isi(ﬁl, Theni, Madurai Dis-
trict (Madras State).
ict Iingi Narendra
District Ingineer, I'. W. D.,
170 2196 U.8. Aswal ! Nagar, (obri-Carhwal).
Snginec ) tion Sub
’ A A 1Y Deputy Lnginecr, Construc
1 2107 T. K. Ralo lgivisoin, Poona-1.
i i D.
t Engineer, Punjab P. W.D.,
it 2m98 H. XK. Nagpou! At;?;zt%l.. Br%mch, Dharubara, Dist.
- Gurgaon,
-
ASSOCIATE MEMBERS
; Construction  Equipment
! 82 G K Seth M%lei;ggément, M/s. William Jacks &
Co. Ltd., Hamilton House, Ballard
fistate, Bombay-1.
) Millars’ Tim- Victorin House, Victoria Road, Bom-
. Mille | r
2 83 M/i:(,r & Trading bay-27.
Co. Ltd.
Norinco (Pri- 14, NetajiSui)has Road, Post Box 2211,
. No ub
: o Mﬁzsate) Limited. Calcutta
i Distriet Engineer, Santhal Parganas,
4 8  Dwariks Chou District Board, Dumka (Bihar),
ey Cjo. TUnited Provinces Commercial
5 86 0. 7. Tylee C.orpora.tion, 6-Ganesh  Chandra
Avenue, Calcutta-13,
M/s. Martin Burn 12, Mission Row, Post Box No. 23,
6 87 8.

Ltd Calcutta=1,




ITI. DEATHS

The Council have received with regret intimations of the death of the
following members.

Serial] Roll ‘

No. No. Name. Address,

Dist:rict Engineer, Chaibasa, District
Singhbhum, (Bihar)

1 516 P. N. Sharma

o

1780  J.S. Pimple Engineer, Districy Local Board, Shola-
pur,

3 1783 R. N, Saxena Consulting Enginee

r, P. O. Mahend
Patna, (Bihar). ndru,

4 1560 K. V. Siddabasa- Executive Enginecr,

\ Shimoga Divi-
viah sion, P. W, D, Shimoga
State). ’ B2 (Mysoro
5 488 D. B, Nagarkar Regional Enginoer, The Conerete
Association of India, Mutual Buil-
ding, P.0. Box 56, Galcutta-],

G 1146 M. D. Menon Deputy Bridgos Officer,
Lransport ~ and
Department of T

Wing), Jamnagar Houge
Doy g ouse, New

Ministry of
Communications,

71059 (LAL)DP. S, Sharang=  Chief Lngineer (Retired)’ M, P, 30
pani Koregaon Park, Poona-1, "

o

258 (LAL)H. T, Bamji Chaman Chambers
N‘o. 2, 1st Marin
Cinema, Dhobi

» 3rd Floors Room
e Street, Noar Metro
Talao, Bombay-l

ransport (Roads’

IV. ADDRESSES WANTED

Communications nddressod to the following I\'I(yl.nbo‘rs have lzoen r\c";ﬁﬁgd
unclaimed by tho Post Office. Mombers able to give mfofnt;xtl?lnrtli‘gglms tg
tho present address of any of them are roquested to forward p
Scerotary, Lndian Roads Congress,

1

Serial, Roll _— Address.
No. } No. \ Name.
2118 hirvaj, T Assigtant  Instructor,  Engineering
' A Adhieai, T College, Guindy, Madras-25.
: S srjee, S, C istant Engineer, Jaipur Sub Divi-
* 100 Banerjee, 8. €. Ass?ubn, lDevig Bhavan, Jaccb Road,
Jaipur.
3 323 Chambors, J. ¢ Artistry House’, 15, Park Strect,
} (Lt.-Col) Calcutta-16.
4 255 Das, 5.8 Junior Engincer, Assam P.W.D., Clo.

Shri S. K. Das, Professor, Para Malki,
shillong. (Assam).

incipal & President, Indian Roa@s &
’ 1 Dalal, M. . Pr’i‘nr(;x?:port Development Association,
3-Cuffc Parade, Bombay.

0. I i Lake City
525 Lonst 1. F.D. 1030, East First South, Salt ,
6 l.b_’o Gousalves, G Utah. (U.S.A).

i il 8 P.O
‘urus y No. 8, Appaswami Koil Street, P.O.
1 652  Cluruswamy, S. oy Madsas.

. i ineer, P.W.D. (Retired),
8 148 Mahabir Prasad Chll(e))’f C?Sl}%lr(l)ig;tamani Hoad, Goorge

® Town, Allahabad. (U.P.)
i ivisi Engineer (Highways),
’ o738 Mohd. Shareali Dl}{l:;?rn;il, 25, Mogtilal Street, Tiruvel-
s lore, Chingleput District,

i ired Executive Engineer, Lal
0 47 Parang, Hari Ram R%;ll::wk, Qila Gujar Singh, Lahore,
(Pakistan).

ident Engineer, Messrs. Thadani &
Reétl).elfltd., B%XIDBZ (South) Gandhi-
dham. (Kutch),

. 8-12-6, Police Club Road,
2 104 Sankaran, G. B. D(gsfnclmnagar, Kakinada, East/
Godvarl District. (A.P).

1 580  Rao, B.M.

: ive Engineer, (Retired), Sector
13 2126 sSikandor Lol e on, Noo © 2/9B, Rourkelas3.
all
(Orissa).
14 12 Sowani, D. G Bhide Wade Shevde Bol, 851 A, Sada~

shiv, Poona-2,

5 5 < 2108, College Apartment, Utah Stabe
13 1735 Subbayys, K. B. Agricultu%'al College, Logan, Utah,
(UB8.A)




V. REMOVALS FROM ROLLS OF THE SOCIETY

List of Membhors of the Indian Roads Congress whose names have hoen
struck off from the rolls in default of payment of arrcars of subseription.

Scriad Tl Name of Member.

No. No.
1 116] Shri P De Scusa
2 1497 » o DoV Deshpande

PROCEEDINGS OF THE TWENTY-FOURTH
SESSION OF THE INDIAN ROADS
CONGRESS

Vol. XXIV-Part 5 BANGALORE January-February 1960

PRESIDENTIAL ADDRESS

The Twenty-Fourth Session of the Indian Roads Congress was
held at Bangalore from the 28th January to the 4th February, 1960
and was formally opened by Shri Raj Bahadur, Minister of State
“for Transport and Communications, Government of India, on Friday
the 29th January 1960 in the Town Hall, Bangalore. The proceed-
ings opened with an Address by Shri U. J. Bhatt, the President, the
full fext of which is given below :

L}
JSHRI RAJ BAHADUR, LADIES AND GENTLEMEN,

As President of the Indian Roads Congress, it is my pleasant
privilege to extend a very warm and cordial welcome to you all this
morning ¢h the momentous occasion of the Silver Jubilee Session of
our Organization. We are deeply grateful to you, Sir, for the
honour you have done us by agreeing to inaugurate this Session,
and t¢ you, ladies and gentlemen, for gracing the occasion by your
Presence,

We are deeply indebted to the State of Mysore for inviting us
to hold this Session in this progressive city of Bangalore which is
also a beautiful health resort with a bracing climate. Mysore has
been one of the most progressive States of India with a tradition of
benevolent rulers served by able and liberal administrators. It hag
also the distinction of achieving a balance between industry and
agriculture, science and art, education and culture. To us engineers,
it is a place of pilgrimage where the first River Valley Scheme was
conceived and implemented—TI refer to the Krishnaraja Sagar and
basin-wise development of the storage and canal system of River
Cauveri—visualised and fulfilled by that pre-eminent Indian
Engineer-Industrialist-Statesman, Sir M. Vigvesvarayya.

This is not the first time we are meeting in this beautiful city.
The Indian Roads Congress in the formative period of its life held
3
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I am voicing the senti

‘ s ments of all gathered hope
mfgiz sincere thanks to the Chief Enginoel{j, M_y.s;or}eICIL g}}mtn L Cxpress
€ clen‘ﬁ staff _101' making such excellent arrange oty L loyal and
and deliberations here. shgements for our stuy

INDIAN ROADS CONGRESS

As an organization we have
completed 25 years of life. It
how the Congress was founded
work it has done in the fulfilm
Government of India appoin

wg,lflfl erosslc)ad a landmark now having
wor Wiaot }c out of place if I roview
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¢ Jayakar Committee to rZzport
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\ and practic
maintenance. It was in pursy P e of Toad ¢

Committee, that the Ind;
, 1an Roads
1934, under the inspiration O‘(L)(flS C'Ongress Wi

the country. The Indi:
these shortcomings, e Roads

Starti i

today on gl;; rf)vllltfll aJl m o ‘m 00 rehip of 73, the ¢
ongiours o o1 0 less than 2,000 members pey © ({Ongress has
Enoi 1A ranks from Centra) and State Presenting highwa,

ngineering 50?v100s and business cone nts Mﬁim
building. ) During the twenty-five ye 3 : ) ry
general »Sessx‘ons during which we have d

apers of a high order of merit. We o hrs Wssed
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The Indian Roads Congress has also devoted attention to
matters pertaining to the training of engineers in road construction
and techniques. On the advice of the Congress, the Governmer:t pf
India sent delegations of serving Road Engineers to the UK. in
1946 and the U.S.A. in 1947 and 1949. At the suggestion of the
Indian Roads Congress, the Government of India had invited to
India, in 1946, two famous American Engineers, Major-General
P. B. Fleming, Head of the Public Works Administration in the
U.S.A., and the late Thomas H. MacDonald, Commissioner, U.s.
Bureau of Public Roads to advise on road problems. Needless to
say, we have benefited greatly by the training of our highway
engineers in other more advanced countries.

It was also as a result of a rocommendation of the Indian
Roads Congress that a Central Road Research Tnstitute was set up
in 1952. The Institute has now grown into a full fledged National
Laboratory with excellent facilities for research work on all problems
connected with road design and construction.

We have built up a very efficient and up-to-date lending
library service. The Journal of the Indian Roads Congress reaches
the 7ar corners of the world and, besides being highly esteemed
among highway engineers, has proved an excellent guide to young
enginegrs in the course of their professional work. It was gratifying
to note that many eminent engineers at the XIth International
Road Congree in Rio de Janeiro in September, 1959, whom I met,
expressed their appreciation and paid compliments to our Journal.

During the past several years, it has been our practice to hold a
technical exhibition on a modest scale at each General Session. This
has contributed in no small measure to the dissemination of know-
ledgé of the latest practices and methods of road building not only
among engineers but also the general public who as tax-payers have
%0 be aducated in the developmental activities in the country.

ROAD DEVELOPMENT

A rapid glance at our history will show how roads have deve-
loped both in the past and in recent years. The importance of
highways was recognized in India as early as 4th century B. Q.,
when Emperor Asoka built up a good network of roads to give
strength, unity, and prosperity to his realm. Thereafter, over the
centuries that rolled past, road development was slow, depending
chiefly on the spurts of energy of some rulers, who, in between their
preoccupation with wars, realised that roads were essential for
promoting agriculture, stimulating trade, facilitating pilgrimage,
warding off famines, increasing prosperity and retaining control
over the country,
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The invention of the steam engine marked the beginning
of an industrial era and  the advent of Railways.  Vestod
interests  gave impetus  to the construction of the

sometimes at the expense of road transport to such an extent
that  transport Dhecame synonymous  with  Rail Transport !
This outlook persisted for almost a century during which roads
were neglected with tonsequent poverty and stagnation of the
country-side. Tn 1928, the Jayakar Committee made f
recommendations for road development, Though
accepted by Government, the predomin
administration persisted, and continues

retarded the development of a good road communication system for
a long time. Tt ig gratifying to note that the Government have now
come to realisc that one system of communication should not ho
developed at the cost of the othoer and there is greater need to devote
attention to road communication whose development g vitally

linked with the progress of the interior of the country. Withont
transport facilities, how ¢ and industriai

an the large agricultura]
expansion envisaged in on How will the socia)

r plans be pogsible ?
service facilities for health and oducation, reach the remote party of
s which face us to-day.

the country 2 These are the many problem

T would, therefore, earnestly appeal that the problem of communi.-

cations in India over its entire field should he tackled from the

stand point of planned economic development of oyr courtry. If

that is done, T am sure, road and road transport development will

receive foremost consideration and be accorded ity rightful place g
tandard of living

& powerful and effective means of improving the s
\is at Government, level, may

of the common man. To implement t}

T once again emphasize and reiterate the suggestion put forth by
many of my predecessors for the formation of a Road Board at the
Centre.  Only a high power body like that can efficiently implement
and co-ordinate the activities of road and

D-0T > ) road transport develop-
ment in its various phases and diverse funetions,

railways

ar reaching
these  were
ant voice of the railway
to persist to-day, and this

I shall now briefly review the
since the formulation of the
neated a policy for the devel
war period and provided for increasing the length of hard surface
roads from 83,000 miles to approximately
earthen roads from 1.3 i .

»32,000 miles to 2,08,000 miles i i
Union. However, the i the e Indian

_ > activity which was seen during the war period
slackened off immediately the war wag over :
was made before Ind

1 NG ;m}nd not much progress
ependence until we ey varked o firs
Five-Year Plan, " the Fint

progress of ro;
Nagpur Plan in 1943

At the commencement of the |
had 97,000 miles of hard surf

irst Five-Yeqp Pl
unsurfaced roads. At

aced roads and 1

an, the country
the end of the First Py

47,000 mileg of
an period, the tota]
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i d
milage of roads stood at 1,21,617 miles of puclmt}(l?rbf‘?:sid)l“?:e-
1,95,051 miles of kutcha (unsurfaced) ronds.‘ 2unted o R 125
Year Plan the provision for road development MI2194 e il the
crores. T}’le Second Five-Year Plan provides }?S l:'eh a,bdut 15000
ta,rget‘s include 61,200 miles of new roads, o \lv le increasing’the
miles are to be hard surfaced, _ This will rtz;zutt ;nthe catogory of
total road milage to 3.79 lakhs in 1960-61. 1}11 0 hoen complated
b ‘-Id(reg each costing more than Rs 5 lakhs‘,’30 ave D
ililtlfe.fst(l*;ive—Yezmr Plan, 24 in the 2nd I*w:;in(:}al,‘I; }ﬁeann;unber ot

ois i addition, a very con: i
?)?igir)eslscc:sntirlll; I;e(}qs t%xral,n Rs 5 lakhs cach have been completed and
are 1C1’nder construction.

in
Thus, though road development has had a Ch(fqt‘}lg:ghcg}fge;ro-
e e g us 1t sheuld have bocn in view of the
il ey i the matier ‘of adequate road communication in
E}r?:f ?fgg;gc;ﬁrcl(g:yl,n\g;e}gjet lLJ?:;rmse to b% sa_l,tisﬁe_d thixt our liggrtt;z l?;'z
l);;:f,inning to bear fruit in as much as rapid Sftrtl}(liesFli%r‘:iYea,r fsen
in this direction with the ct_)mmencement (():1 e
though a long way yet remains to be covered.

i i hat side by side with our
T Tt tter for gratification ¢ '
¢ miilt 1(S>f {;g: 1ézveehave tagken a big step forv"rar('ir }l:l); %)l;n;u;ztglogr 11223
Second 20-Yoar (1961-81) Road glan {orsggd{)f;. Ihis Plan, as worked
/ i ineers and endors ’ t
?u(tl})y %ga(%}lgéng;gs, is before the Government for l(;otr;;zlrdirt?rtlﬁ:.l
mﬁdl;?loption It should be our eﬁdeavoprezgs c:rc;?lbead?n foratmos-
: in’its T the engin : T b
phgre lmoltsalfi)‘;l(;ur ttl)lce)thp?aﬁl;lgg and their representatives in the
and als
Parligment.

T am convinced that this is a modest Plﬁn 'coraﬁgirzloggsto?;
is
isuali over the next 20 years. ]
needs d}r;ﬁ::lz?lii d:ring the development plannsdt}llps ot?:lxl' ts:)ezt;(;x:;
%Il@t is vital and even imperative to implement thi rs ik e
he buden of irnapot o bt g and psengers which wil
i he nex . ’ 3
come £0 th?iro:?;n lvr;jzh your unanimous support and the supporz
mend its a.l :I;,n d request the Government for early am}oun&?mlent
of the peOPt ce. The new plan has been w.xth you during the las
o a.cge]i ::In sure you must have studied it being vitally interes-
YG;I‘ an tho developl’nent of road transport system of the coufn:ﬁy.
ted in th ting the temptation of enumerating t'he features o ] 1&;
W&ilrileartesi;gﬂ% I cannot help focussing attention on some vita
P ’
aspects.

W i try has
i g ment of Independer}ce,. the coun ;
mbarl;:g 1t1};)?)n ';,ttgxl'rolgra.mme of industrialization and increase in
e ‘ !
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production on an unprecedented scale.
will naturally mean increased tr
matarials have to be carried from thejr sources to the places of
manufacture and the finished goods have to be taken to the con-
sumer. It has been estimated that between 1950 and 1980 agricul-
tural produce will jump up from 68 million tons to 150 million tong
whereas the produce of industry will increase from 7.2 million tons
to 236 million tons. Tn order 1o feed the industries, the production
of minerals like coal, iron ore, otc., is expected to go up from 43
million tons to 519 million tons. All in all, long distance traffic
taken at 70 to 80 per cent of the total production is expected to
increase from 93 million tons in 1950 to 800 milljon tons in 1980,

An increase in production
ansport because the various raw

It is quite obvious that a very large proportion of this incre
long distance traffic will have to be handled by ro

By their very nature, Railways cannot he developed
to keep pace with all aspects of the development, in
country.  Road transport will, therefore, have to ¢
and it is necessary for us to foresce the requireme
adequate arrangements in time, Top this purp

must proceed hoth in regard to roads as wel]
vehicles. ‘

ased
ad transport,
and expanded
traffic in the
ake its due share
nts and to make

as road transport

The road system wil] have to compri
villages and sources of raw materials merpin t
Dist_rict Roads and State Roads. These willg u]gtim?m%iﬁ}ego lzg f0r£1
National Highways and Expressways forming the arterig| r(fn;? ;
In the network of roads all types of roads are impormnttand ;:L(:O

their own part to play. The programme
therefore, must be well balanced an%l the %ls?rfl 1;?1?29 deve{opment,
this aspect. This is evident from th ® good care of

(I f
various types of roads in the Plan, Mportance. given fo the

National Highways will increage f .
miles at a cost of Rg 980 crores ; *om 13,800 miles to 32,000

State Highways from 35,000 to .
Rs 1,580 crores 70,000 miles 3t a cost of

Major District Roads from 95 200 .
of Rs 1,360 crores; ’ o 1,50,000 miles at g cogy

Other District Ro

ads from 78 300 .
Rs 650 crores ; and to 1,80,000 mileg

Village Roads from 1,56,
Rs 630 crores.

The total cost of the
types of roads in the twe

700 to 2,25 000 Miles at g cost of

IMprovement anq ne

W .
Nty year period jg estimagggsttrIICtlon oL ol

0 be Rs 5,200

0s¢, development
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crores and the total increase in milage will be from 3,79,000 miles
to 6,57,000 miles.

i Plan i too ambitious. Even
The target proposed in the Plan is not Kve
when it is fu%ly implemented, many villages of the country (I”al,:] gtlilt];
be 4 miles from a metalled road and 1} miles from anyllroa and 1t
will take a considerably bigger effort to bring all villages in
country on to a road.

As regards the ways and means position, I wish to emp}l;:fs;f:
that in the present-day economy, roads are self—sgpporthl_ng. Priaen
the advent of the motor vehicle, the road user paid not 1I}11g i 'tiofl
towards the cost of making or maintaining roads. But the I()lo§111 on
now is that the vehicles in India are the most hgavﬂy t?‘x'?e blth ho
world. The total revenue from road transport in 1956-5 . Otota,l
the Centre and State sectors, was Rs 71 crores, while the ol
expenditure on roads was Rs 75 crores. In 1960-()1, the coxge}s{g o
ding figures are expected to be J‘{s 120 crores for income ?n s 99
crores for expenditure. Kven with the increased tempo of co

i i of the Chief
~tion and maintenance recommended in the report

Engineers, the total expenditure over a period of. 20 years is el):}izczi(;
to be Rs 6,550 crores for construction a'nd mamtenancei) WR ; o he
estimated revenue from road transport is expected to be o ‘;ery
crores. The comparatively small gap of Rs 40(1){ czoiisrment ery
easily b® bridged by levying some minor taxes, like bette

~on roadside property, road cess on land revenue, etc.

i i the production of
tioned by me a short while ago, 1c1
Vehié?:s $§2t1§::p ste);l with the development oittrafﬁct &ﬁ':::gb::;,
F i i tion. mus
of the development of industrial produc hicles ouivad a vory
i that the production of motor vehicles rece:

Egzgietﬁn?;ey:e];back duripng the current plan, with the res;llththgt tl::
number of vehicles produced will be hardly 50 per cent of t 'et airgt
sot for the plan. Steps must, therefore, be taken immediate g ﬂ(:
accelerate the manufacture of motor vehicles for carrying bo
Ppassengers and goods.

ised that the provision of a wide network of
road:trzggﬁli?lgbimflea(}:)iZers of the -country is inescapable for ';Lle
social, cultural, and economic development of t}]xe cougtrg. h‘e
roads can be self-paying only if they are adequat(la) y fmigll dy V? i-
cles. The transport needs of the countr_y cannot e fu t;e tun Zsﬁ
road transport is utilised to the ‘maximum possible extent,.
these facts clearly indicate the desnabﬂlty of simultaneous expan-
sion both of roads and road transport vehicles.

The objectives of the Twenty-Year Plan re_con.lmended_by.the
Chief Engineers can be achieved only if a beginning is made in right
earnost immediately and adequate funds are made available in the
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Third and subsequent TFive-Year Plans In the interegt of orderly
planning and the most economical use of manpower and matorials,
the funds must be assured in advance. Without such an assurance,
continuity in the development work cannot be ensured and the high-
way engincers would not he able to deliver the goods. T may also
add here that so far as the dividends from investment are concerned
they are realised more quickly from road transport than from any
other mode of transport. Further, we should also bear in mind that
the benefits of expenditure on roads are spread over large areas of
the country, and extend to a large number of people.  Such works
afford the best opportunity for the utilization of voluntary contrilu-
tion. These are weighty co

nsiderations in the context of the
socialistic pattern of society which is our cherished goal.

IMPLEMENTATION OF THE PLAN

One word to my colleagues in the Centre and the States, We
should take it as a religious duty to implement our share of the
Plan without any delay. There was g time when there were nog
enough funds for road development and we were clamouring for
more funds. To cope with the increased tempo of work as a result
of greater allocation of funds, we mugt not hesitate now to stream.-
line our organization and completely cut delays at all levels. .. Effici-
ency is judged by quality of construction ag well as speed. We must
be ready for suitable alterations in our procedure of working, if
hecessary, to cope up with increage In speed and volume of work,
There should be a time limijt for sanctioning ali projects, and I
would urge upon the Chief Engineers of the States fhat they
introduce a system of time brogramme at every stage and keep it up
by reviewing it periodically to remove obstacles and hurdles,

Another effective way to cut out delays
authority with requisite powers to take d
procedure for tackling encroac
necessary that a special 1

is to vest the highway
irect action ag regards
hment cases through courts, T is also

and acquitison officer should be on the staff
of the Chief Engineer to cut ou inordinate delays in the land acqui-
sition proceedings on the lineg proposed in the Madel Highway Bill,
The Bombay Govt. has already passed a Highway Act, T hope the

other States will follow suit. I may also point out that the High-
way authorities in the US.A, UK., and some of the Furopean
countries are vested with these powers

effectively and efficiently * and the system i functioning
and ethcien y.

» we had opportunity

] the Central Highway

& large ostablishment for land acquisition gngd the
ghways Act ang revent

] D encroachment, The
© even the special Police force undep them.,
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i -Year
While we arc on the threshold of launqhm'g tghe %Z?gggu?geg car
Plan, it would also be worth-while .to consu}tel 1‘16131 p Tho. highway
éuccéssful and timely implementamqn of t e P csmgf.u] must (1] have
system to be functionally and operationally .sfgcci r.ld the hoavy phy-
a‘dequate capacity to carry the volume oftt‘ra te(él e
sical loads imposed thereby ; (.2) be cons l‘u‘:h s - and
commensurate with the requirements of the
(3) be maintained economically.

i i of local
In a vast country like ours, there are_rva:l 1(}1(1; x%i)lar,lc(liionstruc-
materials which have not yet been fully uti 2ze ey ot rosanmch,
tion. It would therefore, be advantageous 'Ow e tising o
assess their values and process them with a ‘{wmwterials T o
struction costs. Proper solection of subgrade o(f O e
lead to a durable surface requiring a minimum

i i i in this
Road research can help in finding econon;weg lsgol:‘ggn;dg; his
respect. 'The best utilization of available ma em:Pos T
ravement design are ontirely dependent on the res s of labomtory
J’o(;%ts and, as :uch, highway research is af pre-rici;;; e sgin the
de.%iun ELI;d construction. ¥rom this pla,js orm, Jime and again the
I it tablishing research laboratories in t (Siatos has hoon
noe(h o es and I can only add my own conviction® tha nloss this
?s?l({)or?: lii‘;tawill neither be possible for 1;1)112 ti}:g lf:i?gztpgggsgmy i% s for
Jastiqg et 130(;11(‘3 Sr}::’iliog:I 1feeibzram‘cories we are fort;lmf.tie{)o ;g
hwing lékt)r:)g;gory for road resear_ch also, VIZé'thi f:}lllerjvork d
111):;\;;!;%013; Institute which is in a position to co-ordina
the State laboratories all over the country.

i iles of new roads will
, while thousands of mi

o t‘it})le ﬁgtrfc[f:d it will be nongtbeless neces}s-fxrg :geucg%rna;%?

iﬁveix?fagecof thousan(,is of miles of exmt;n% roﬁaids vvvvhlil:h ire orumb-
es i . o

i i ntensity of tra v
hntgi u';gz(:ds p(;)ee(%;)gm%}}:: avrslzirl. Road research can be an effective
antici )
gixide in this direction also.

i ity of the highway.
ion is that of transport capaci 2 ‘

¥ T}}eirrlle);'}cleq?siglo}’:au]age, an increase in the spfedfo(fu\;elgcggzrﬁ
mgrirzr‘i;grtgnt factor. Hach stage (iinbthe d(;:;lioﬁpcm‘?gmzcement odern
civilizati ccompanied by a s ad
?lvsigatﬁr‘t:}?&gﬁ:\aaon, 'II‘)he automotive ger_leratlcf)ntofa‘ﬁ)élzg ntl;zf;,(l)gr?
faCl : 'y ted s( eeds of 40 to 50 miles per hgur with sla ety and comfort.
'l?lfegghrge has? now come when slow moving vehicles wi

T i the Central Road Research
tests carried out by %, the
ato e Loty e instance of the Bombay Govornment, the
%nstltl;ﬁe g?;}exway now under construction could no p
LXpre
right lines.

4
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segregated or will have to he kept ofl at least from some of the m:'l,i‘n
highways.,  Truck-teailey combinations will be on the mcerease,  To
cope with this inerease, all the streams will have to be hridged. [
would also say that whenevep anew link of a national 1
taken up for construction or an existing r ‘
dard of a national highway, construction and strengthening  of
minor ¢rogs drainage works and bridges should go side by side, if
not precede, the construction of the improved surface.

ighway iy
oad upgraded to the stan-

1 would like to invite attention next to the maintenance of

district roads (which cover the great milage of roads, not falling in
the class of trunk and inter-state routes) on which the State Ciovern.
ments have spent largely from Plan funds o serve rural population,
Maintenance of these roads vests with the District Local Boards, Lt
Is 4 general complaint that maintenance of these rowds i3 neglected
and the swrface is fast deteviorating,  Ave we going to shut our
eyes to this for the time belng and then start afresh building these
roads in another top Year's time + The only alternative iy to
entrust these roads to the State H ighway Departments, even though
this may sound o rutr(m;rcssivvstwop in the context of attonomy of
the Loeal Self Government.

I would now come g the need of
Department iy every  State and  fop
Department, Irrigation work in India is unparaliel in the world hoth
in regard to efficiont execution and broper maintenance.  We have
& network of railways, well developed and wdequately maintained,
Both the above services lave heen Possible because of organised
services of engineers  specialised in these departmentg, » Such a
specialised organisation under separate Highway Departments, 1
am convinced, is now overdue for rapid development and proper up-
keep of our roads. T would 80 2 step further and sy that in the
Highway 1 department there must be specinlisation in all sections to
ensure modern standardy and up-to-date service, Specialisation could
only be achieved if Our young engincers are attorded opportunities
for training and to see and learn the hogt modern practices in high-

having a separate Highway
specialisation  within that

Wway engineering,

Another
maintenanee
ment,

important aspeet of
s emplovment and o
We must not, hesitate

speedy coustruetion |
wintenance of meeh
to use more and more

hel proper
anical equip-

. i such machinery
as horing ])_lemt's, drills, compregsors, erushers, vollers, trucks, vibra-
tors, batching planty, bulldo'/.m's, motor grade v

men hoilers anyl spr
cement concrete,
exeeution of worl

The Chict 1
building

s, pile drivers, bhigu-
and pavers hoth for bitumen and
4re necessary  nog only for speedy
seeuring proper Quality and finish.

planned eyy
¢ estimatod thejp

AYErs) miXepy
all of which
but also fop

- ahgineers have cfully as vegards roud
machinery and hay

total requirement with
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i i rv and those
available in the countr:
< it hat are avadla ‘ Iy steps o
a break-up of items th M1 urgs that carls ‘
i i ted. T woulk . ¢ e
ich will have to he imported, Lu ety in India
zvn}llcl((‘;lll t‘tylllt(‘lll)\up the production of mndtl)ulll(h'lifrin zs(mcre;ce h xors.
nch s coll rushers, tar boilers, cone xe
such as vollers, pumps, stone crus , e D ixors
h\‘E”‘h % ‘\(i(fk(l)si‘l}un(f}ll ’on the nmnufa.cture of l}l?:sieédistrib’utors s
(]3 ‘Cfl‘ (;nr l§i£11n10n and concrete and bltume? pllez;ewge o production
t)}o h Oij] be required in large numbers. T e in (11;fi11g IS
ley‘WI inery will rise from three’ to six tn‘rlles S ondt 2.400
o nae " yly To quote only a few items, while w{; o8l and
A oy : i ') 151 ) 3
fggérgci:llolf)ﬁl their I'quPmnentl()x;in;ld lll.zsgo‘a(i)n iQSl arly stops
5 , ¢ . :
¥ rs fr 400 in 1961 to 1, : s
otor graders from 4 ] L N hinery whic
t‘ﬁi?x]?lf Ia\emf(g)re be taken for 1mp91tmg the ;n‘a (lilll'illé' that period.
) t 1 o lanned t(; be manufactured in the comll 15;}10 Chiol Bnginoers
]I]’(I) )e'p;in advance has been recommended )y. fm:o be procor for
f lg‘mi:gglgeme;lt‘\tion of the Plan. Tt would, the}tloinﬁor,of o O %0
h N i lease foreign exchange
¢ -clease foreig et
i ent of India to release n o O e
the .(‘O‘ffg:n%rl?ch road-making machinery as C(“]“}?tﬂll)ioq r(icommenda-
‘_‘FO{OHY ft‘a) the Road Plan. T wonld nrge that thi
in India for the Boad Plan.

tion be given due consideration,
L 4

vUc I i i e Oria;l as
L4 l S l 16 "om tlnlc mim: Il}
P()' { })Ilﬂdin(o 1as neen 1()()]{@(1 18 ¥ 11 q’ff '( e b /

](,_ . 3 v l tl N < l ; l 1' f thqet
< ]@I Our ‘ln“CrnSl\' (] d(‘l\/ 1cc anc 10T (5. 18 ¢ ' Wl Ve? ['Ie C e11e a
;‘Ind })11'])0[ & enlplo Cd on ]'O(bd wor l\ \Vlll Ollﬁ,t’ thell(lb()ul HI(LId ‘1’111(:16&‘ 0 ‘

o I)k)y‘ t yIn t}li 3 Connebti '} I ;‘h l d i y d {1" 3
unem men i111S : 2010} s ()Ill( ]ll\e ‘() a” ]l Iel]q
ing 19. 20- year PL‘Ln ﬁgul CS Of l?lr ))Oul eng(lvged i()l me l]]bell-
})_9 quotlnh’ 1r] ] Yeca

i ill ri 42
i : akhs and which will rise to
* ance in 1961 which is estimated at 8 lakhs an

lakhs in 1981,

F E} th s the poss t of ievi nce bV
rone ere 1$ PoOss ibili \J a ( e

whie ‘ l T t he ntrusted to machmery a

i ]u]]] ]ll; Ol)e & riOnS OOll]d 1)0 e ns ‘ . ‘i . -
‘hl./} . cu\)‘l,tiOnH' to labour R l,hereby ensuring spee i and

{l‘ll(‘,lua,l‘y oc ¢ £

qllill“y.

i he
i ike to emphasize the role of ¢
In conc]uslf)n’ "“I%:ilr?lé]& s;llleme of things to‘ cl(?nk%ir'll’hﬁfbi%;é
pudian Roads (,onf?lw the activities of the Roads h ﬂi o
has been co-ordm‘a ‘1‘.5 the Highway Departments I0 ¢ o States,
o Tl‘ﬂ%lTI;OII’,o-ul Research Institu'tos zmﬁ ot u:lrshlrl ; gtfived
thelC.e{ltl“‘;, acncﬁl’qtt?ugti"on‘ and devclopm(zl.lb in ff)r;(lll{; i:fm;lrm ({d;,ption.
in highwa $ g e k .
o GVOIYC Smnda’zq‘:‘(ﬁ:} (éfc:}(\}g%:eogd 2()~Yea.}‘ Plan, ?1 gi;}aktei;;-s ;g_;e
- ﬂ}%']l'rzg) l\ifﬁle]f]m(lll lon this Organization zzn(l}lg 10323 :‘(;:tq Iz) f( zmd role
onsibilit £ ‘ o s ;
I:“ PP :\:}gemiy ﬁoiidglr(:ltlﬁleycgunbry, and exert 133 mf}\;x;e:(?fei(;;
o tl‘{msport etvotx(())Ir)l ‘Ll,ld effective control. Our ‘w01 (ﬁWl Ineroase
f,imely 1m'p1e{nen aith t(hc expanding road _progll;‘llr'r{?;;, j,;, d the
e ]]l}:lgrrrigl‘llt( (;Vilvlv require the highest technieal advic p
jover 3

problems.
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This function can be fulfille
Indian Roads Congress and the Ins
therefore, urge in the nationa] intevest to look upon the Indian
Roads Congress as the co-ordinating ageney that would form g pool
of the hest technical talent available in the country in the matter of
highway design and construetion and serve the Contre and the States
as the most competent, consulting agency.,

4 by technical hodies like the
titution of Lngineors, 1 would,

While engaged in a work of basic importance for cconomic
uplift of masses of our country, the Indian Roads Congress is keenly
aware that though the problems which it has

¢ : : solved in the past are
substantial, many more gtill rematn to he solved.

1 pray that the launching of the New 20-Year
coincide with a new era of technical development, anq prosperity
in our eountry and that the development. of rondly and transpovt
syszem may dovetail itself with the  development  in all othep
sectors,

Yoad Plan may

We, as members of {his
on this day of its Sjlver
service to our countryme

Congress, pledge onrsel
Jubilee Session
n through our nobk

Ves onee again
to the highest ideals of
* profession,

A_t this juncture we ook Jonvou, Sirs well known for vour
keen interest in roads and roadd transport, to take up our eduse and
lend all support from Government in ¢he promotion of ;O‘Iul jm«L
road tmnsp(w‘t development in this great country I have \'(‘er (';';"\t
ple;asz\}rfs 22}"5}1\% awspicious moment (o reguest “)"(m, S‘ir,/tn i.n;:{lg/;l‘—
. y - . - ~ . 1 . . N

rate this Nilver Juhilee Nession of the Indian Roads Congress,

]

INAUGURAL ADDRESS

By
Surt Ras Banmaour

ini ) ications
Minister of State for Transport and Communicat

Mg. PRESIDENT, LADIES AND GENTLEMEN,

May I, at the outset, express my thanks to the Ipdmn}Rozzgz
Congress for inviting me to in;mgur:_ﬂ;o .ﬂus historie _se.s‘smix.w 1enre&t
Socicty is celebrating its silver jubilee. ‘I consider f}lll? a %niér
privilege and T am glad to have an opportunity to me(?t rn‘.s lpre tl{e
hody of hichway engincers, who have taken upon themse \;oson_
task of devising ways and means for the flo\"(-lopm(mt of road cor
munications in the country on scicentific lines.

L have heard, Mr. President, with great mtercst‘ your
address in which yon have reviewed the activities of your Boi}mt{é
It is gratifying to note how the Society has grown from str(ﬁlg;&rlv
stringth during the last 24 years and today has on its ro hI] ary
2,000 members as against the modest number of 73 with w 1.(; o
started®  This is an eloquent testimony of the great progress i uas
made and of the prestige and popu]arlty_ it enjoys am?ng o
highway engineers of the country. It was quite appropriate for y13 v
Mr. President, to speak on this occasion about the valuable .c(})In r
bution ¢f the Indian Roads Congress to the cause of hig waﬁ
engineering in the field of planning, design, construction, resea{‘f
and training and about the many facet.s of its activities. 0 18
Congiess has every reason to be proud of its achievements in f:s;i
fields and let us all join in offering our tribute of thanks and hig

appreciation to all those who have given their best to make the
Congress what it is today.

I need hardly stress the importance of roads to thls;l gather-
ing of road experts who are devoting all their cnergies to the gauiss
of romd development ; nor need T dwell upon the progrless mzz ]e in
road development so far which has been dealt with ¢ aS Oéia e')t’; :
the Presidential address which we have just now heau'd,h 1111 ce it to
say that the provision of an adequate road system slou 1 occupy
a pivotal place in any scheme or process of economic planning,

ent in the various sectors of national economy whether
it is {[L);I:ill(l)]glrlr:'en industry or trade vitally depends on the existence
of an eﬁ‘icient'tmnsport system. The‘ cmterl,s’m of ei‘i:mxenqy, as
observed by you, Mr. President, are ¢ speed and. quality 7.
It is now generally recognised that in both these attributes Auto-
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mobile Road Transport excels other forms of land transport,. T‘.‘ the
nltimate analyvsig, therefore, in order to accelerate the pace of our
economic development and to carry the fruits of our successive
Five-Year Plans fully and quickly to the remotest nooks and corners
of our country, we must appreciate and vecognise the need for
connecting all our villages and ruea) areas hy an adequate and well-
maintained net-work of voads  On this occasion, therefore, T wonld
like to draw  vour special attention to this great need.  Roads are
literally the highways to prosperity and in order to put our nation’s
economy as well as sceurity on sound foundations we must provide
the country as quickly as possible with a road-system that could
meet all its needs at all times and in all circumstances.

It is indeed true that ever since the achievement of indepen-
dence and morve particularly after the commenecement of our Five-
Year Plans, the development of rural roads has all along been kept
in view by our planners and some good progress has also heen male,
but we have still a long wav to g¢o and cover a lot of ground to reach
all onr villages. The Nagpur Plan and the rocent, report of the
Chicf Engineers on the long-term 20-year road (1(‘\'(‘]()]_)111(*1\(3 referred
to in the Presidential addyess have, no doubt, laid a good  deal of
emphasis on providing casy acecss to our villages and T am laippy
to note that the Chief Engineers’ deport provides a large milage of
nearly 4 lakhs for serving our rural ar s 80 as to ensure tleat on the
completion of the plan, no village in developed agricultural arey
will be more than 1.5 wiles from a road.  May T, however, point
out, in all humility, that with the advent of independence and the
ushering in  of this new era of development and expangjon of our
economy, the flood gates of the pentup demands and ambitions of
our people, more particularly of those in the rural arcas, have been
opened and it would be difficult to resist the torrent for a long time.
At present there is o demand from each one of our five hundred and
fifty thousand villages for being connected by a road without much
delay. T wonder whether we can keep our people in the villages
waiting for a road for a long period of 20 vears. 1t sounds rather
paradoxical that people who could wait for " centuries s0 far should
have suddenly become so impatient now, but never before in our
history have the people been such complete masters of their

own
destiny, as they are at present.

T would, therefore, urge upon this
representative gathering of distinguished engineers of the country
kindly to take due note of the aspirations of our people with the
urgency that they deserve.  Some ways and means shall have to he
found to moeet the challenge of the situation,

Tt is against this background that one h
observation, Mr, President, about the 20-year road plan to the
effect that “this is o modest plan compared with our needs ”?, Tt is
indeed modest keeping in view the time factor for ity completion,

as to appreciate your
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e L1 rovernment is
So far as the accoptance of this plan l)yl ttl]x((‘ I’(z\\)ort i
concerned vou will be glad to know that ;Mh:m};“ *:;;r(\;;;lx\l(‘\\tﬂ have
under the consideration of (10\"(\1‘1\!\101\tw,’r%h.c M(\tt((: i11;li<'-uf(*(l 1 tho
en advised to £ e broad order of priortties e |
been advised to follow the bro d s o he included  in
Report for purposes of formudating road sche
the Third Five-Year Plan.

. ¢ wuitable standards in
Planned development and adoption f)? s};ﬁi?}ﬁ;L;Zt’“;‘(tltlnﬂon
respeet of alignments and la‘n(l.wulths 1‘0(11‘11;10 nlill'h("(" of those  roads
in regard to rural roads, especially as a Lnl sf(i I\] )( :(;iwmes. As you
is being constructed under the various \( 1‘@ I F‘O aponsible for the
arc well aware, a number of agencies “"Cl" Irt i« therefore,
construction and maintenance of these roz}( 31 " c;;’rlf01'm to an
essential that construction of these new 1‘O‘&Ld: -;:OSymte’ o for the
intograted plan of road development for ‘ <)l( v-(;d(by deawing up
Country as a whole. This object can be (1'611.10,\\1 on & long-term
comprehensive road maps for cach (.hstrlct‘ f(tl.»hi(;’i(on ©ith the Tocal
road development scheme prepared in const :L O ocial and
authorities after taking into account the C{(fnw t’hata cchomo
sdministrative needs of the people. [ am rgl-l};(l ;lgxiei\ited by all the
for preparing such maps is already bcmi?t} \I(Je/ntml Covernment,
State Governments with the assistance Ot' ‘l% o rdination do not
We should, however, ensure that a‘otem}l)l.'5 (Lcont;ribu‘oion to these
prejudice the chances of voluntary public O ¢ rations
brogrumnes or load tto {elgl;zellﬁtlm}())gttll:necks in the execution of
gencies and thus create delays a ; DU COPeSs
;T(ilg)';ﬁl:n(lg:, as these roads provide one of t{he m:\h’t fruitful scop
for utilising local effort in men, material and money.

i ¢ is rovision

Another problem of equal importance 1? fhcz) urp;:qmre_
of low cost roads in the country. Al:xtsltta’otcﬁt erf;x; éir’c our xequire-

i - of roads are great but t ‘

s oil the matter of road . ‘ cas are Sl
1‘1\131;2180311 no rural road pragramme which doeé 1;(‘)1; 828111)18 lo most
o nomi’cul use of the locally available materials ca Je iommit_
?(Cno the coun‘m:y‘ T am happy to know that y{ou' hmgl)ﬂ(: ‘problem. ;
tee of the Congress which is constantly sﬁuc y‘;ng)mv‘i  Jroblom. | 1
have no doubt that their labours will continue to }
sary guidance.

i road rescarch which s
' yortanee  to road vh
also attach great imj co GO ro: ch which is
fund‘ILmontal toy all rgat(l—mwkmg a,ct}w 1ft1(,s,‘ 1?;2;;?313& b
: ‘ ‘ v 1
r tods an ever before and ea
. are greater today than © an , you hu
iei(la:;??e‘to -ﬁld something to the general stm}c (1)1f lk;loj\:lheélegde o Lou);
a che add s . » gen stove of I
i ‘ oot that we sha )

1 existence.  Let us not forget ) 1he our
lzoszzl';ty not only by the cngincermg works %)I-Od(l)lfce{(lnol\g]edge
g;enemtio’n, but also by our contribumlop tox Xt‘:gf store

. o s
which will enable them to excel our achiev

i osident, regarding your suggestion
agree with you, Mr. Pmsxdpn s ‘ A ! on
for tIhedgs:tablishme{xt of separate Highways Departments in State
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for dealing with road development and maintenance.
Enginecring has already developed
Engineering and the tempo of road
increasing day by day. 1t is ossent
exclusively in eharge of roads so
all matters pertaining to rowd
the States of Madras and Andhra Pradesh have already got separate
Highway Departments.  Let us hope that other States will
follow suit in the not too distant future,

Highway
a8 a specialised branch of Civil
development in the country is
ial that a Department showld be
as to give undivided attention to
development. € am told that

I appreciate the suggestion for vesting the Highway Autho-
rities with powers for dealing  with encroachments, vihhon
development and acquisition of land for road works.  In  this
connection, I would commend the example of the Bombay Govern-

ment who have enacted g comprehensive legislation covering
all these aspects,

In your Address, Mr. President, you have rightly expressed
your concern at the set-back i the production of motor
vehicles resulting in only & partial fulfilment of the Sccond Plan
targets for automobile production.  Thig iy attributed to our foreign
exchange difficulties. "I am not awarc of any other industry
of comparable importance, production in which has fallen”
low as 50 per cent of the Plan targets as has heen th
automobile industry. This hag naturally affected the development
of motor transport  and consequently the transport capacity
of the country extremely adversely. This underlines the inescapable
need for according a relatively much higher priority to the needs of
road transport in the Third Plan in ordoer to ensure an adequate and
balanced development of the various forms of transport, keeping in

view the latest world trends which reflect almost entirely in favour
of road transport, :

as
¢ case with the

Time has also come when
the problem of safe travel on ourh
therefore, to dig

w6 must

give serious thought ¢
ighwa,

ys. It is opportune for

1 | ou,
b cuss the engineering aspect of safety on m)a,mds.
In the ultimate analysis of things, it should be clear that

all forms of transpo
in the struggle for
user.

in
rt, safety will be one of

‘ the determining factory
supremacy besides speed

and convenience to the

Gentlemen, 1 do not want to take

before T conclude T must express that it
satisfaction to note that

President in his address on
urgency and religious zeal i
projects and the implementati
is of utmost importance, be
for the realisation of their

more of

. Your time, hyg
a8 giv

eh me the greategt

due emphasis has been Jaid by the

efficiency and the Need for a sengo of
nthe execution of the variong plan
on of the plan by our engincers, Thiy
cause the faith ang hope of ouy
dreams and the fulfilment  of
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iotisn efficiency of our
aspirations, are today pinned on the ‘pz\tnotmn].\‘}1(‘1 :f)t:y(\f:\lm(& ¢ e
engineers. 1 need hardly say unyﬂnpg about ’;}lf/tm"} th(‘l eneinecrs
role of engineers in the country, H is patent »l'“‘ ’)(“.n" l/wl‘ ;,‘mm]
of the country devolves the r(-,sp(nm’th_lh.ty nf.h:un( “s1 hm-m e
resources tor .x"u‘ising the standard of living of (-()nr;;l(‘nll )m;tr\(’ i
advance towards real economie .imiepnmi(‘.nce. . 15/ (:)Od foda\' hy
maxtmum effort in this direetion and the py ;mt(;? l:ﬂ .\ conti,
a spirit of selfless service, steadfast devotion to duty ¢
ously progressive outlook,

. " eonscious of

1 hope and trust that our engineers are ]f;lllléw hi t(:i:\ec::)li;:mn
this sacred duty of theirs towards the present arm ‘ im uture unhom
generations of our countrvmen and that t}%e_y \j"\;(jn'l Lo o
zome up to the hest expectations of our people. ll 9] 'Lllxzili("mps o
not unmindful of the great and numerous (hfﬁm}ltl({t;;dkin t};e daily
hurdles against which our engineers I.MWO to) (.(ml‘(: - ih Which
discharge of their duties. To my mind th(,‘ only o { Ve faee
these  difficnlties or handicaps can be s‘mm‘o‘l'm g VA(md’ e
them boldly.  To do this a free and frank discussion a )

. . ETES rou in all
® tion of these diffieulties is necessary.  May T suggest toy

g oblems  that face you
sincerity, to discuss and analyse the plnh]uns"i};:fvs .;nd o
untramelled by any doubts or fears and state ¥?lllk]v I(hwve for
your suggestiohs to (}overnmenz fea,rle(;sly andenxt;:n . have mo
: ‘ ¥ al and State Governments g
doubt that the Central anc > oI } Give the
fullest and the best consideration to your views and sugg

~would do all that is possible to help you in solving your problems

wid overcoming your difficulties.

ank i oads
Before T close, T have once more to th‘ank the ‘Ir;)(lléanS:;iin
Congress for asking me to inaugurate t'hxs r'nemvom o V on.
Iha:fe great pleasu're in doing so -fmd.w1sh gou :stl}llccséer gréatez
delib@rations and hope your efforts will meet wi 0
success in the years to come.

JATI HIND



INDIAN ROADS CONGRESS

SILVER JUBILER SESSION -BANGALORE,

JANU,\RY-FF,BRUARY 1960

Bangadore with ) its attractions has he
for various Conferences. Tt
the SILVER JUBILEE Se
Bangalore literally

Come w populay
Was appropriately chose
ssion of the Indian

centre
n for holding

Qoady Congress,
means

“the town of hoiled  heans A R
however, a city of gardens, tanks, architectir: buildings. edueq -
tional institutions and 1ow is maore

known
phone Industriey,
an Alreraft,

for hig modern

industries [ike the Indian Tele the Hindustan

Machine Tools and the Hindust

-
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ia i ing three repre-
ious parts of India including  three ¢
Delegates from various parts o e P ittions in
sentatives from Ceylon and some represen (Im ) o ere held in
e o " y M T b d
India and abroad attended the Scs.swn. Al ;Eﬁ(vitg T)Ceult\'.
Vidhana,Saudha, a majestic huilding known s )

i ] s ress held their
This is the second time the Indian ’voexd;i LtOZi:Z?;n 1$vas e
Session at Bangalore in Mysore State. 'TheR .rsk .(,'O;]gress S e
111;\;'(‘ in 1936.  Since then both the Indian Roads (
host State-have crossed many a milestone.

INAUGURAL SESSION

S » Transport and Com-
Shri Raj Bahadur, Minister of State f01‘ [‘Efulxls}())(])lltF;lidav -
lnllll‘ir("ltiOHQ sovt. of India inaugurated the] Sessio . )
29th .izmuur;f 1960 in the Town Hall, Bangalore.

i ads Congress in
Shri U. J. Bhatt, President of the .Indmn} Ho.f.(iis dfa\(:gl%;leent
his a.ddress.(l(\,.a‘lt with the imp10ment_ut10n}of ié(é(;og)r rooelorating
plans. In this connection he qn}phnfsn:egl: 1§rqnsport of both pae
» the production of motor vehicles fo
sengers and goods.

& Communi-
tate for Transport
i hadur, Minister of S ;
Shet cft?tj)nls}aGovt of India arrives to inaugurate the Session
’ .

oot e selmaying only vhen sdogutcly wol by
rehi also stated that the objec . v if
'};i;}:xl]cﬁsc'onllr{ninh;d by the Chief Engineers can be achieved only i



Shri Raj Bahadur,
Communications, Go
Jubilee Session of the I,

Minister of State for Transport & ¢
vt. of India, inaugurating the Silver
R.C. at Bangalore on 29th January, 1960

N

Shri U. J, Bhate, President, LR.C., de
Presidential Address

Iivering the
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beginning is made in right carnest immediately and adequate funds
are made available in the third and subsequent Five-Year plans.
He further stated that so far as the dividends from investment are
concerned, they are realised more quickly from road transport than
from any other mode of transport.  Moreover, the benefits of expen-
diture on roads are spread over large arcas of the country and
extend to a large number of people. Such works also afford the best
opportunity for the utilization of voluntary contribution.

shri Bhatt also suggested that the highway authority should be
~efted with requisite powers to take direct action as regards pro-
cedure for tackling encroachment cases through courts, a special land
acquisition officer should be on the staff of the Chief Engineer to
cut out inordinate delays in the land acquisition proceedings on the
lines proposed in the Model Highway Bill. Other important recom-
mendations made by Shri Bhatt were about the formation of a Road
Board, trasfer of Distriet Board roads to P.W.Ds and the need for
setting up a separate Highway Department in every State.

Audience listening to speeches with rapt attention

Shri Raj Bahadur, Minister of State for Transmort and Com-
munications, Govt., of India while inaugura ing the <ession
stated that although the Twenty-Year Road Plan was still und 'r the
consideration of the (Govt. of India, the State Govts. hav: been
advised to follow the broad order of priorities incicated in th: plan
for the purposes of formulating road schemes to be wcluded in the
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third Five-Year Plan. The Minister also assured the Congress that
the Govt. of India will give due consideration to their recommen-
dation for the formation of a Road Board and suggested that the
Indian Roads Congress might work out ithe details regarding the
formation of the proposed Road Board.

Messages of goodwill from the President of India, the Vice-
President, the Prime Minister, the Chief Mini
Sir M. Visvesvarayya were read out. The Messages were very
inspiring and instructive  Messages were also recoived from the
Ministers for P.W.Ds of many States, Past Presidents of e
Indian Roads Congress, the President, International Association
of Road Congresses, the Chief of the Transport Division of the
LCAFE, and from many technical institutions in India and
abroad. These messages are published in the Silver Jubilee
{Souvenir publication issued by the Tndian Roads Congress.

ster of Mysore and

Shri K. F. Antia speaking on one of the Papers

Papers
After the inau

' guration, the delegates assembled to  discigs
technical Papers, one of the most important features of the
\ H H

Session. In all, ten Papers covering a

. ‘ 4 wide field, viz., soil
mechanics, road pavements, bridge design and construction, road
y

planning, road operation, road traffic, ete., were discussed during

e
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Me,mbers listening to comments on Papers with keen interest

i i ions s ar ublished in this
the “wssion. The discussions on Papers are p

Voluni- |

Committees

o

Various Committees met during the Session and 'dISCl‘lSSG(‘l 3
number of problems on various asr‘)ecps of hlgllway ?&gmi‘:;;%;gd
highway transport. Thed’[‘mt’hi .hnglnt?‘il%r;gs?g(;rglr;l;ne; the subjoct
the specifications for road markings, tre & Ject
of Stll'eet and highway lighting. The Research ()l:g&fnsflnmccl)nnggx!:s
mittee, among other subjects, discussed thel ways g}: stations
of greater co-ordination among the roac {'eseix‘tr Coﬁlmittee
in the country, The Specifications and Stanc Zr(s ommittes
finalised type designs for kilometer stones a.réll' reco nended
practice for location and layout of roadside fuel-filling-cum-serv:
stations. The Provincialization of Local Bodies Engineering
Services Committee expressed the view that in order to 1;1_creaz(;
cfficiency and economy in ndmlmstr_atlon anfld.constr\éc mtr;l f
engineering works, such as roads, bridges, buil l'n%s,Ee C. e;;n
services should be brought under the charge of Chie ngineers
charge of road works.
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A meeting of Research Organisation Committee

L ]
The Boad Transport Operation Cost Committee which '«

Appeinted at the instance of the Govt of Tndia to study (1) the ¢ st
of operation of motor vehicles on different ¢lasses of roads, ang (ii)
the economy resulting from road improvements, at it ing,
reviewed the results of further experiments carried out by Bombay,
Uttar Pradesh. and Himachal Pradesh Transport Undertakings. A
detailed analvsis of the data relating to Bombay and Uttar Pgadesh
generally confirms the findings of the previous report presented by

the Committee at jts meeting held in January 1939, namely, that
there iv substantial reduction

in the cost of operation of motor
vehicles with the improvement of road surfaces. A detailed Paper
on the subject by Shri N D, Daftary and Dr. M. K. Ganguli also
came up for open discussion before the Congress.

The Test Track Committee discussed the arrangement for
building a new Govt. Road Test Track at Calcutta for studying
varions road problems The Committee also reviewed the per-
formance of

some stretches of roads in West Bengal.
A sub-committee of the S

Pecifications and Standards Com-
mittee dixcussed the specificatior

s of water-bound macadam roads.
The Soil Research Committee discussed the subject of classifi-
cation and identification of soilx for general eng

ineering purposes,

NG : 1960 YE Yl
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. . in rivers,
- on work In Ty

use of soil-cement blocks for emergeney pr(.)t(::‘lﬂc e for roud

siabilization of black cotton and other shrin

construction. etc

tin
Road Transport Operation Cost Committee meeting

. . R t
The Road Transport Development Committee p‘mj‘:‘;‘t’iof"';,

steps should be taken immediately to mcir:a,;a’}ele i v Year

automobiles and provision should be made fion of automobiles to

pan not dnly for (i)ncmas(;:go:hirgﬂr‘i:d ‘ll)fltl also for making up

meet the increasing deman

the present back-log.

) . icher
The Committee felt that the use z{) ‘ﬁ?‘i]f: t‘:;;hk hr;usl;
carrying capacities should be permi transport omically
50 :‘ywtggoods can be carried by road -'mfuuy utilized. After
: d, at the same time, the road capacity 18 Notionsl Highways
;‘Ol:l ; :;iscussion it wa.s' stressed that all t::_e 1 e i
and8 50 per cent of State Highways, emel(’)olo“glb luieln“wedl ight{ “blyd
i Stronl:enough o mﬁ‘ve‘:izl:l: t::iliz'eombimtions and oth;r
t 18, - ith-
xlngfgéfns{sedmhe:vr;sxhizm would be able to ply on theee roads w
out any difficulty.

i f limitation
. idered the question of hm
- The S:mtnl;;tt;e a.l:: 00“!::l weight of vehicles in different

8
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States. It was felt that uniformity on the upper limit of laden
weight of motor vehicles was essential so that there was no
impediment on the smooth flow of traffic on inter-state routes.
Varying restrictions imposed on laden weight of vehicles in
different States were on many occasions leading to malpractices
by the operators which were more or less well known. It was
suggested that, if required, roads should be improved so that
vehicles of 19,000 1b laden weight can ply uniformly on all
major district roads of the various States and vehicles of 27,000
Ib can ply on State Highways and National Highways of ~the
country. At present, the restriction imposed on the laden weidin

of vehicles in many States appears to be extremely conservative
and the subject requires a careful study.

The Committee also noted that experience during the past years
had shown that the broad iron-tyred wheel has become popular in
the Delhi territory. It was possible that similar results might be
obtained in other States too and, therefore, they should be requested
to introduce the Indian Roads Congress standard iron tyres without
delay. This would minimise the damage to the road surfaces as
well as keep the bullock-cart on the road map of India as an
important feature of the 20-Year Road Development Plan.

.

The Chief Engineers of Centre and Sta

tes held two meetings.
Among other subjects,

they discussed the formulation of roa\d deve.

-
° )

The Chief Engineers discussing important

problems

TwWENTY--FOURTH SESSION—BANGALORE 1960 749

lopment programmes for inclusion in the Third Fwe-Yearf 1;12}(111 g:
Central and State Governments, reconnaissance surveys ol bridg
and culverts on National Highways with a view to strengh}lllemng n(}(())l_‘
reconstructing) the weak ones so as to make them fit fofr es,vyorks
dern loads, difficulties in the way of speedy execution o rc()ia_. W e
setting up of highway research §tatlons in the States, sending &
ving engineers abroad for training, etc.

i i i i f the Indian

The Bridges Committee finalised Section III o : !

Rogg Congreeg Standard Specifications and Code of hPractgzzmcﬁ?é_
g ‘with Plain and Reinforced Cement Concrete. The su

-"'tees of the Bridges Committee discussed Section IV of the Bridge

Code dealing with Masonry Structures and Section V dea,llng(k;:’ilgl1
Steel. Other subjects discussed by the subcommittees v(;ere Josign
standards and construction requirements of Prefabrlcated_an oy
posite construction units for culverts and bridges of medium sp
and the criteria for prestressed concrete.

The manufacture of Road Making Machinery and Mechani-

vy t1ia0 H e
- <2ation Committee discussed the possibilities of m;'nuf&cf:urmg mor
and more items of road making machinery in India.

*On the morning of 1st Feburary 1960, the A;‘“ufa’lthg%ﬁfg}
meeting (Business meeting) was held where the repo(ri ORe‘solutionS
cil was approved. The new Council was also elected.

»

<. fiking the host Govt. for the excellent arrangements made were
\

55th Council Meeting on 28-1-60
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passed. After this meeting, the delegates continued the discussion
of the General Report on road research in India. This discussion

apart from enlightening the engineers about the work being done in
the various road research la ies i i

ves the purpose
of co-ordinating the work of the different laboratories. A panel dis-
cussion on *“ The U

se of Soft Aggregates in Road Construction **
was also arranged.

The Indian National Group of the Internationa] Association
for Bridge and Structural Engineering also held its meeting., The
report of the work done by the Group was reviewed at this mee¥.y
and a new Managing Committee was elected. The M .
mittee later on met and elected Shri 8. 1. Bazaz, Additional Con-
sulting Engineer to the Govt. of India (Bridges) as Chairman of the
Group, Shri H. P. Sinha Consulting Engineer to the Govt. of India
(Road Development) as Hon. Treasurer and Shri A, J. D’Costa ag
Hon. Secretary. Other members of the Executive Committee efect-
ed were M/s

D. 8. Desai, E. A, Nadirshah, K. K. Nambiar and
K. F. Antia.

g2 s

Another view of the

55th Counci) Meeting helg on 28.1

-60
The Council of the

ing reviewed the work of

?ﬁdian Roads Congress at their 55th meet-
e
the Congress.

committees and approveq the budget of

anaging Com- -

-
X

]

ey
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i i ian Stores Depart-
Vehicles Act and as amplified by the Indian :
fmlll:nlf.omﬂ jvalsc ﬁso decided to publish the same in the Information
Section of the Journal of the Indian Roads Congress.

i t of India should be

The Council felt that the Governmen )
approacehed again to advise State Governments to take ezrirlytoa:‘trnogg
regarding prevention of ribbon éievelg{m;en&e?éc:lﬁtrgz til i
difficulties at later stages. The Council also iiage

i i tructed under the Co:

being constructed or likely to be const:
?ﬁ:;ilgzs Pr(l)jegct and National Extension Service Schemes would be
RO

Discussing a knotty problem
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considerable, it was imperative to provide a satisfactory arrange-
ment for maintaining these roads. ~The matter would be discussed
in detail by a Committee of the Congress and necessary recommen-
dations made.

Another important recommendation made by the Council was
about inviting eminent road

engineers from abroad to attend the
Sessions of the Indian Roads Congress as is done by the Indian
Science Congress.

Such visits would enable the engineers of this
country to have personal contacts and opport

unity for excha 0,
ideas with experts of other countries, ng“,f

The Council at their 56th meetin
elected the office bearers for

Consulting Engineer (Road
Govt. of India was elected

g held on 2nd February 1960

the current year. Shri H. P. Sinha,
Development) and Joing Secretary to the
President for this year. Dr. F. P

. Antia,
Shri 8. C. Nayak, and Shri K. M. Joshi, were elected ag Vice-Presi-
dents. Shri A. J. D’Costa would continue to be the Hon, Secretary.

-

Shri U. J. Bhatt
at the Annual Dinner

(President, I, R, C.) speaking

Other important functions d

e 18 during  the Session were an ““ AT
HOME *’ by the Mysore Engineers? Association, the State Dinner
at Mysore, entertainments to Cultural

Shows, and the Indian Roads

753
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" State was
Congress Dinner at which the P. W D. Minister, alﬁyé?ffrp HOME”
the Chief Guest. Various engineering firms were

to the delegates.

ks,
* Shri Channabasappa, Minister for PubiI:::‘eV:or
Mysore, speaking at the Annual D

At Home by M/s Burmah-Sheil
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An engineering exhibition arranged in the grounds adjacent to
the Town Hall was again an outstanding attraction. The exhibition
showed techniques used in road and bridge construction. Statistical
charts showed at a glance the complete picture of the present road
system in the country, its future expansion programmes, the numhber
of motor vehicles manufactured and the future programmes, expendi-
ture and income from roads, etc. The State P.W.Ds., the Centra]
Road Research Institute, etc. took prart in the exhibition and
arranged impressive displays of the work done by them. The
exhibition was formally opened by Shri H. M. Channabasaopa,
Minister for Public Works, Mysore State on the 29th J

On the Ist and 2nd February 1960, visits
Hindustan Aircraft and the Hindustan
on the 4th, the delegates visited the Indian Telephone Industries.
On the 3rd February, a visit to Mysore city and the famous
Brindavan Gardens was arranged. With these visits, the Session
came to an end. i

Machine Tools factories and

anuary 1%, ~

were arranged to the

VOTE OF THANKS

By
Surt L.R. Parer,

Viee-President, Indian Roads Congress

: ﬂ}.vi'ﬁaj Bahadur, Ladies and Gentlemen,

This Silver Jubilee Session of the Indian Rpadsf (%(;;lzg;szn;:
indeed our proudest hour crowded as it is with a sque;s Odiz during its
by the Congress in the field of road development in In e ble fime
career of 25 years. That you, Sir, have spared your v ‘s signal
to come down to Bangalore and grace this occasion i o focdly
honour which the members of this Congress will e:mongst -
remember. It also gives me great pleasure to welcome

§g1ri H. M. Channabasappa, Minister for Public Works, Mysore and
6

ank him for honouring us with his presence.

«Vote of thanks by Shri L. R, Patel, Vice-President, 1.R.C.

i t in the activi-
has always taken keen interes
ties gf‘hihlgyé%r:gﬁgg‘:? Way back in 1936, it plg{eﬁthosi;;(; (11;:3
Second Session of the Congress and the warm hospitality e
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to the delegates attending the Session is still fresh in our memories.
We are fortunate to receive that same hogspitality of the Government
of Mysore and its engineers once more on thig occasion.

Known as a premier contre of art and liferature, the Mysore
State is one of the most progressive States of our country. Tts
engineering works, beautiful spots and added to these, its bracing
climate attract visitors from far and wide. It was, therefore, only
appropriate that Bangalore was chosen as the venue for this historic
Session. 1f the second session held in this State in 1936 gavz the
impetus for achieving what the Congress has to its credit today, T
am sure that the present session will give even greater impetus to™
the activities of the Congress in the years ahead and enable it to
discharge heavier responsibilities which the 20-Year Road Develop-
ment Plan will devolve on the shoulders of the Highway Engineers
of the country. And on this accasion, your presence, Sir, gives us

gre‘a;t encouragement to march ahead in the accomplishment of our
tasks.

On behalf of the President and members of the Indian Roa(ﬁx
Congress, I now wish to thank you Sir, and all the ladies and
gentlemten, who are with us today for having graced the occasion by

your presence. Ican assure you that the celebration of the Silver
Jubilee will remain a cherished memory in our minds for many
years to come,

YN
y

>

INDIAN ROADS CONGRESS
TECHNICAL EXHIBITION — JANUARY-FEBRUARY 1960

On the occasion of the Silver Jubilee Session . held in January-
February 1960, the Indian Roads Congress organised an Engineer-
ing Exhibition. The Exhibition was opened on the 20th Ja;sﬁf'y
1960 at 4 p.m. by Shri H. M. Channabasappa, Minister fo; 1;
Works & Electricity, Government of Mysore. Mr. Channa &?&(Il)l"_)o
called on the members ofithe,Roads Congress to apply their min u
the imperative need to bring down the cost of construction of roa,l 8
and their maintenance without sacrificing the guah}}y. He a dso
urged the need for connecting villages lyingin the interior by roads.

The Exhibition which was tastefully laid out depicted ths
various techniques used. in road construction and included 'z‘;mps a.::d
charts pertaining to roads and bridges, models of bridges a

«nachinery used in road construction.

The Minister for Public Works, Mysore, opening
the I. R. C. exhibition

i ling with road
vV Government Departments and firms dea
buildi:;lzla?te;i&ls and machinery, scientific instruments, etc., parti-
cipated in the exhibition.
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Another stall at the exhibition
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o
o
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STATE AND OTHER GOVERNMENT DEPARTMENTS

Government of India, Ministry of Transport & Communi-
cations, Department of Transport, Roads Wing.

Public Works Department, Government of Bihar.
Public Works Department, Government of Mysore.

Road Development Department, Government of Wast
Bengal.

Central Road Research Institute.

FIRMS

Associated Instrument Manufacturers (India) Ltd.
Bengal Chemical & Pharmaceutical Works Ltd.
Burmah-Shell Oil Co. Ltd. B
Caltex (India) Ltd.

Gammon India Private Ltd.

Gannon, Dunkerly & Co. (Madras) Ltd.

.La,rsen & Toubro.

Marshall, Sons (Private) Lid.

Millars’ Timber & Trading Co. Ltd.

Standard Vacuum Oil Co. RN
Shalimar Tar Products (1935) Ltd.

Voltas Ltd, R,

William Jacks & Co. Ltd.

' OTHERS
Concrete Association of India, -,




Minutes of the 55th Council Meeting of the
INDIAN ROADS CONGRESS

held at Bangalore on the 28th January, 1960

Present :
Bhatt, U, J. — President
Antia, Dr. F. P. Meeran, M.
Apte, M. P, Mehra, 8. R.
Barua, K. Nadirshah, 1, A,
Basu, K. N. Nambiar, K. K.
Behera, S, 8, Nayak, 8, C,
Chougule, Y. K. Patel, L, R,
Durrani, N. Prasad, B,
Fielder, C. J. Shivdasani, P, D.
Ghosh, S. K. Sihota, Brig. 4. 8.
Jagdish Prasad Sinha, H. P, -
Khanna, G. C. Tripathi, S, N,
Mathur, B. D. Uppal, Dr. H, L.
Msscarenhas, W, X,
D’ Costa, A. J.— Sacretary,
The following co-opted members attended : -~
Autia, K. F, Sujan Singh
Bannerjee, 4. K. Subrahmanyam, J,
Bazaz, 8. L. Vagh, B, V, »

The following attended by‘invltatlon:

Bhalla, R. 8. Hardyal "
Ganguli, Dr, M. K. Iyengar, Dr. R. K. N,
Gupchup, N. 8. Trehan, J, M,

Visvesvarays, Dr. H, C.

Approval of the Minutes of the meetings of the Executive
Committee.

While approving the minutes of the meetings of the Executi
Committee held at New Delhi on the 13th Marck%, 29th Augu:t 15;.‘573
and the 13th Junuary 1960, the following suggestions were made

ltem 1 (1) of the minutes of the Executive Commi i
held_ on the 13th March 1959 regarding the reoommgn;;:;m:e:ft ;;‘115
Indian Roads Congress in regard to the Prevention of ‘Ribbon
Development along roads to avoid difficulties at later stage with the
Government as delay in taking effective action ig likely to create

very great difficulties in the future road development of the country.

Firry-rirre MEETING OF THE COUNOIL 761

Item T (2) of the minutes of the Executive Committee meeting
held on the 13th March, 1959.

The Council expressed the view that as the milage of roads
already constructed or likely to Le constructed under the Community
Project and National Extension Service Schemes would be consider-
able, it was imperative to provide a satisfactory arrangement for
maintaining these roads. The Community Projects Road Mainten-
anance Committee was asked to go through the matter in detail and
make necessary recommendations.

2, Audit Report for the year 1958—59
The report of the Auditors for the year 1958—59 was recorded.

3. Draft Report of the Council to the General Body of Mem-
bers for the period Ist January to the 31st December 1959.

©  The draft report was approved.

.4. Budget.

The budget estimates for 1959-60 and the actuals for 1958-59
werg apfproved.

5. Increased contribution from Central and State Governments
towards tl.ie funds of the Indian Roads Congress.

The Council noted the response of Central and State Govern-
ments to the request of the Indian Roads Congress for increased
contrlbutions towards the funds of the Society on the basis of }th
per cent of the share of each State from the Central Road Fund or
14 times their present contribution, whichever is greater. The
Council recorded their great appreciation of the response of the Govt.
of India and some of the State Governments who had kindly agreed
to contribute towards the funds of the Congress on the basis proposed,
and further suggested that the Chief Engineers of other State
Governments should be requested to persuade their Governments to

sanction increased contributions proposed by the Indian Roads
Congress.

6. Road Signs

.The Council accepted the recommendation of the Traffic
Eng}neering Committee regarding the dimensions for the road signs
a8 given in the Indian Motor Vehicles Act and as amplified by the
'Indmn Stores Department. It was also decided to publish the same
in the Information Section of the Journal. -
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The Council further decided that the Committee should continue

their study of d signs o N
Standar ds.y road signs keeping in touch with the International

7. Inviting eminent road engineers from abroad.

The Council endorsed a suggestion that th
Tec ; : e Govt. of i
should be re‘que'sted to invite eminent road engineers from abroIa,r(lldtl;z
atte_nd t}‘le. Sessions of the Indian Roads Congress as is done by the
Indian Science Congress. Such visits would enable the engineery of

this country to have personal contacts and i
of ideas with experts of other countries. epportunity for exchange

8. Expansion of the work of the Indian R
B oads C
composition of the Executive Committee oneress and the

A suggestion was made that the M
_ T ember-Se . i
Commnttees .of the Indian Roads Congress shou(llc(l}rf)za;zzhlpt o Jome
Asmst(;mt Directors of the Central Road Res sted to the
some {scussion, it was decided that this matte i
in defoall and necessary proposals put up to ’ﬁher é};?llrllld'lbe eramined
mocting. cil at the next

Another suggestion made wag fo i
. r "
Executive Committee so as to incaigl(f: g iho composition of

. - D‘
Researgh Institute as its ex-officio member. “Ie’ocu\:;;s(ie?tra] R‘“oad
that this matter should also be examined in detail ar;d tg il
put up to the Council at their next meeting, ® proposals

v

earch Institute. Aftem.

Minutes of the Business Meeting of the

INDIAN ROADS CONGRESS
held at Bangalore on the 1st February 1960.

The Twenty-fourth Annual General meeting of Members was
held at Bangalore on Monday, the 1st February 1960 at 9AM In
all 8317 Members and 20 Invitees (names and particulars at pages
768 to 776) attended the Session.

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

The minutes of the last Business Meeting held at Hyderabad on
the 10th January 1959 as printed on pages 645 to 691 of the J ournal
of the Indian Roads Congress, Vol. XXIII-Part 4, October 1959
Were confirmed.

3. Audit Report. *

(i) The audit report for the period lst October 1958 to the
o ° 30th September 1959, pages 777 to 779, was recorded.

(i) It wasdecided to re-appoint Messrs, Walker, Chandiok
and Co., Chartered Accountants and Auditors, Delhi to
.audit the accounts of the Indian Roads Congress for
1959-60.

4s Report of the Council to the General Body of Members.
The report of the Council (pages 781 to 812) was approved.

5. Resolutions of thanks
The following resolutions were passed:

(i) The Indian Roads Congress thank Dr. Rajendra Prasad,
President of Republic of India for his inspiring and
instructive message of congratulations for the Silver
Jubilee Session of the Congress. .

(i) The Indian Roads Congress thank Dr. 8. Radhakrishnan,
Vice-President of India for his instructive message to
the Congress.

(ili) The Indian Roads Congress thank Shri Jawaharlal
Nehru, Prime Minister of India for his inspiring and
instructive message and good wishes to the Congress,
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v)

(vi)

(vii)

(vid)

(ix)

(x)

(xi)

(xii)

TWENTY-FOURTH SESSION—BANG ALORE 1960

The Indian Roads Congress thank the Govt
. - . . . o ¢ X y Of M
for their kind invitation to hold the Silver Jlﬂfﬁgg

Session at Bangalore and for the excell
¢ ent ar
made. rangements

The Indian Roads Congress thank Shri Raj B

- v . ' a'h d
lv(lmxster of .Statc for Transport and ()ommtlmica&o:ll:’
Govt. of India for kindly inaugurating the Silver Jubilee

Session and for his very j inati i
2 g y illuminating and inspiri
Address on that occasion. ¢ piring

The Indian Roads Congress thank Shri B. D i i
e - D. Jatt
Minister of Mysore for his instructive an(im tlflgl};‘:tf;

rovokin : ;
(plongress g message and good wishes for the success of the

The Indian Roads Congress thank Shri

K i H. M. Ch -
basappa, Minister for Public Works and Electr?gi?sa
Mysf’“,’ State for kindly declaring open the Technicyi
Exhibition organized by the Indian Roads Congress. *

The Indian Roads Congress thank Sir M.

for his kind message of good wishes to theVlSVesvarayy&

Congress.

The Indian Roads Congress thank Shri M '
1\:]—.11’1'151"(3[‘ of P. W.D., and Local Self Govei(rlltr)r?:;tA%“n}lxad,
Shri Nathu Ram Mirdha, Minister for P. W. D, (oo
of Ijna]asthan, Shri Shanker Lal Tiwa,ri' nistor to
%_W.tD.,fGO\Ir)t.bIC)f Madhya Pradesh. S
Mimister for Public Works, Punjab ar i

Sharma, Minister, Govt. of Assam], Foi I‘;ilxeisrh:o]o)(labe'szw
and messages for the success of the Congress ( «»WIS *

» Minister for
hri Suraj Mal,

The Indian Roads Congre i i

Sir A‘rthur '!)ean, Shgri S%t?;ﬁlghgrllr I%,Zr]metshhmltehe“’
Muekrjee, Shri . M. McKelvie, Shri T Mitey "o
H. P. Mathrani, Shri K. K, Nambiar, Shrj p I:m, Shri
Shri M. S. Bisht, and Shri W, X, Majscarelnhl (gt
Presidents of the Indian Roads Congress f asza_ll o
wishes for a very successful Session. > for their good

The Indian Roads Con

' ads gress thank Shei
Prgm%ti)lnt}, Internationa) Association ofh}?oad Congr
2,nt. { ri) M. S. Ahmad, Chief, Transport and Con%nfssqs
ations Division, ECAFE for thejr Ies ood
wishes for the success of the Session sages of good

A. Rumpler,

}'E};zdznd[i?ré ioa;isd&ingzess thank the Bureay of Public
8, U S A, nstitutions i
sent messages of goodwill and enzosgéegzlrll};wxshem who

{xiii)

éxiv)

(xv)

(xvi)

(xvii)

° e
(xviii)

(xix)

(xx)
(xxi)

(xxii)

Business MEETING 765

The Indian Roads Congress thank Shri G. S. Ganapathy,
former Chief Engineer, Mysore State, Shri K. M. Joshi,
Chief Engineer (General), Mysore, Shri N. G. Joshi,
Deputy Chief Engineer, (Local Organizing Secretary,
Indian Roads Congress) and other officers and staff of the
P.W.D,, and general administration Department, Mysore
for the excellent arrangements made by them for the
Session and for the convenience of the delegates.

The Indian Roads Congress thank the Govt. of Mysore
for kindly inviting the delegates to cultural shows.

The Indian Roads Congress thank the Mysore Engineers’
Association, Bangalore for kindly inviting the delegates
to an ““ At Home .

The Indian Roads Congress thank the Ministry of Infor-
mation and Broadcasting, Govt. of India for kindly
covering in their mnewsreel selected moments of the
proceedings of the Session.

The Indian Roads Congress thank the firms and organiza-
tions and Government Departments who particigated in
the Technical Exhibition organized on the occasion of

" the Session and showed films.

The Indian Roads Congress thank the Director, All-
India Radio for kindly recording the proceedings of the
Session and for the assistance rendered to the Congress.

.The Indian Roads Congress thank the State Bank of

Bangalore, Railway Authorities, Indian Airlines, Post
and Telegraph Authorities for kindly giving necessary
facilities to the delegates. '

The Indian Roads Congress thank the Mysore Govt.
Road Transport Authorities for providing transport
facilities for the delegates.

The Indian Roads Congress thank the various news-
papers and periodicals for giving prominence to the
proceedings of the Indian Roads Congress.

The Indian Roads Congress thank the various firms who
were ‘‘ At Home’’ to the delegates.

6. Scrutineers for the Election of Council Members.

Sarvshri C. J. Fielder, J. Mukand and Ha,rdya.l were .

appointed sorutineers for the election to the Counecil -
under Rule 9-j of the Rules and Regulations of the .

Indian Roads Congress.
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7. FElection. The following were elected as members of the
Council :

9-g. (1) Representatives of Associate members other than public
servants.

Antia, Dr. . P. Mahadevan, M. R.
Apte, M. P. Nambiar, K. K.
Campbell, H. H. Fielder, C. J.

9-g. (ii) Representative of Associate members other than non-
public servants.
Verman, Dr. Lal C.

9-h. Representative of District Board Engineers.
Narke, S. P.

9-i. Representative of Municipal Improvement Trust and Can-

tonment Engineers.
Thakur, D. S.

9-j. Representatives elected by the General Body.

Chanda, R. P. Mathur, K. C.
Iyengar, C. L. N. Meeran, M,

[

Under Rule 9-a, b, ¢, d, and ¢, the following were nominated by

their respective administrations as members of the Council.

Name of participating

Administration Name of representative
%2 Andbra  Dumani N,

Assam Barua, K.

Bihar Prasad, B.

Bombay Bhatt, U, J,

Himachal Pradesh Mukand, J,

Jammu & Kashmir Gandotra, H, K,

Kerala Chathunny, T, S,

Madras

Naya'ki Sa C.
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Name of participating

Name of Representative
Administration

o

Madhya Pradesh Tripathi, 8. N.

Mysore C. E., (General)

Orissa C.E,P.W.D,B. &R.
Punjab Khanna, G. C.
Rajasthan C.E.,P.W.D,B. &R.

Prasad, Jagdish
C. E. (Road Development)

Uttar Pradesh
West Bengal

9-b. Engineer-in-Chief,
Army Headquarters. Maj. Gen. R. E. Aserappa

9-c. Central, P. W. D. Dewan, N. G.

*9-d. Consulting Engineer
R (Road Development), Sinha, H. P.
Govt. of India.

9-e. Director, Central
Road Research Mehra, S. R.

o Institute.

Past Presidents.

9-f. Bisht, M. S.
Mascarenhas, W. X.



LIST OF MEMBERS WHO ATTENDED THE TWENTY-FOURTH

SESSION OF THE INDIAN ROADS GONGRESS HELD LIST OF DELEGATES WHO ATTENDED THE 24th SESSION
AT BANGALORE IN JANUARY, 1960 OF THE INDIAN ROADS CONGRESS HELD AT BANGALORE
FROM THE 28th JANUARY TO THE 4th FEBRUARY 1960,
8. No. Na f States, oto. No. of delegates who attended :
e o States, eto the L.R.C. Session. §. No Roll N Name
. No, o,
ABSTRACT e e S - C —
1. Government of India: . 1. GOVERNMENT OF INDIA
(a) Ministry of Transport & Communications, (a) Ministry of Transport & Communications, Deptt. of .
Department of Transport (Roads Wing) 23 Transport (Roads Wing).
{(b) Ministry of Works, Housing & Supply 1 :
; et g & | . 322 Bazaz, S. L.
o ;III\T.at.u:nal f;llfilmgs O(;gamzatlon) 1 § 14;46 Bhalla, R. S.
c inistry o ailways (Railway Board), R K . 83 Bhargava, T. N.
Designg and Standarization Organizat%on esonrch, 1 g 2242 Bhattachazxa:]_M.
. . 5 D’ Costa, A. J.
(@) Ce‘ntral Public WoT'ks' Department 4 6. Invitee Ganguli, M. K.
() Hindustan Steel Limited 1 5 1. 1078 Gursahani, R. L.
2, CGCentral Road Research Institute 18 g Iﬁg;“ gzigm Singh
3. CQentral Building Research Institute 3 1o, 1880 Kathuria, 8. L. .
4. Engineer-in-Chief’s Branch . 5 i; 2323 : %:;;:;Z:ﬁnyﬁcb @
5. Planning Commission 3 }3. . 1818 Navaney, M. K.
6. Andhra Prad 890 Patal, B. P.
radesh 18 15, 752 Ramaswami, N. S,
7. Assam 3 16. 724 Rajagopalan, 8. K.
8. Bombay 17, 2020 - Rao, B. Balwant
: 49 18, 191 Sinha, H. P,
9. Bihar ¢ 18 19, ® 1532 Sehra, P. T.
10. Kerala 20. Invitee Sachdev, D. B. 8.
2 21, 723 Subrahmanyam, J.
11. Madras 14 22. o 918 Trehan, J. M.
12. Mysore e 52 23, 2003 Upadayaya, D. R.
13. Madhya Prad
adhya Pradesh . 15 (b) Ministry of Works, Housing & Supply (National Buildings
14, Orissa 6 Organization).
15. Punjab 12 24, 620 Malik, C. P. ’
16. Rajasthan 9
17. Uttar Pradesh - 29 . (c) Ministry of Railways (Rallway Board) Research, Designs
18. West Bengal 32 and Standardization Organization. o
19. Himachal Pradesh 2 25. 43-Ass. Gu{:t;, IVB‘giiD Nath Prasad
. (d) Central P. W. D.
20. Dethi 11 26, 2697 Abraham, M. A,
21, Andaman & Nicobar Islands 1 g;’ I;:s“ee ]%l\l:::iaﬁKl.\IM. '
22. N.E.F.A, 1 20, 2748 Jaya'raman, N.C,
23, Ceylon 3
24. Pakistan . (e) Hindustan Steel Limited,
— 80 886 Gupts, Govinds
Total 337 ' P '
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8. No Roll No. Name
2. CENTRAL ROAD RESEARCH INSTITUTE
31, Hon. Member Aggarwal, H. R.
32, . Chadda, L. R.
33, 2339 Dhir, M, P,
34, 833 Iyengar, R, K, N.
35, 2549 Krishnamachari, R,
36. 1857 Khanna, T. 8.
37. 277 Mehra, S. R,
38, 2202 Natarajan, T. K.
39, Hon. Member Nair, K. P,
40. Hon. Member Palit, R. M.
41, 2349 Puri, M, L.
49. 1913 Rao, N, Mohan
43. 1311 Subbaraju, Bh.
44, 1345 Swaminathan, C. G,
45, 1720 Sankaran, K. S.
46. Hon, Member Shukla, R. 8.
47. 847 Uppal, H. L,
48. 2655 Venkatesan, M. S.
3. CENTRAL BUILDING RESEARCH INSTITUTE
49, Invitee Deb, A. K,
50. ve Ramaswamy, G, S,
51, 74-Ass. Williams, Lt. General, H.
4. ENGINEER-IN-CHIEF'S BRANCH
52, Inv'i'tee Chaudary, Lt.-Col. P. L. N.
53. Im):wee Rao, Capt. G. V. V., H,
54. Invitee Raju, Lt.- Col. K. Rajan
56. l6-1}ss. Sihota, Brig. G. 8.
56. Invitee Sobti, Maj. H. S.
5. PLANNING COMMISSION
B67. 2526 Sarup Singh
58. Invitee Sethi, H. D.
59. 1820 Vedagiri, T. S.
6. ANDHRA PRADESH
g({ 2215%57 Atchiraju, P,
. 5 Ahmed, Syed Bashi i
82, 2502 Chandr;mouli, T. fruddin
R 22 2232 Durrani, N.
. Hussain, Mohd. Altaf
85. 249 Katrak, M. M.
66. 2661 Mohiuddin, Z,
67. 1824 Rajenna, B, V.
68. 628 Raj, P. V.
69, Invitee Rao, K. V,
70. 771 Raghaviah
71. 1945 Rao K, V.’ M
72. 1113 Reddy, T. A. Ramanath
73. 2666 Rao, K. N. Bheemana "
74. 1647 Subbarao, M,

List oF MEMBERS 771

S. No.

75.
76.
77,

8.
79.
80,

81,

82.
83.
84,
85.
86,
81.
88.
89,
90,
91,
92.
93.
94.
03

96.

7.
98.
99.

100.

101,

102. *

103.

104,

105.

106,

107.

108,

109,

110,

112,

113.
114,
115.

116.
117,
118.
119.
120,

Roll No.

2380
2130
1530

889
2258
1237

32-Ass.

1522
1241
214
2222
2634
1882
704
343
2451
2693
1837
663
2049
868
2624

1129
313
2033
2709
Invitee
2630
2708
2695
2756
1687
1046
34
1716
1482
1002
76-Ass.

268
23
33-Ass.

1565
2723
2751
1008
2718

Sarma, C. V., B,
Vijayaraghavan, G. M. A.
Yegnanarayana, X,

7. ASSAM

Barua, K.
Baruah, P. K.
Momin, G. C.

8. BOMBAY

Antia, F. P.—Representing M/s. Coment
Marketing Co, of India, Bombay.

Apte, M. P.

Antia, K. I,

Bhatt, U. J.

Bhakta, R. M.

Bobade, B. G.

Bhosale, B. Y.

Chougule, Y. K.

Choksi, B. K

Campbell, H. H.

Chitale, V. K.

Fondekar, P. B. Y

Gupehup, N. 8.

Gupte, A. Y.

Gandhi, J. H.

Gokani, P. H. - Representing M/s. Hari
Das Vithal Das, Contractor & Sons,
Dwarka.

Iyengar, C. L. N.

Joshi, 8. B.

Jayawant, M. B,

Kale, J. D.

Kapadia, B. P.

Kirpekar, V. D.

Kulkarni, M. D.

Khambati, N. S, D,

Kothavaly, P. 8.

Latnekar, 8. K.

Masoarenbas, W. X,

Mehta, J. T.

Menon, T. M.

Modi, L. K.

Mehta, M. A,

Marathe, 8, 8, - Representing M/s.
S. 8. Marathe & Co., Bombay.

Nambiar, K. K.

Nadirshah, E. A,

Narayen Singh - Representing M/s.
Caltex (I) Ltd., Bombay.

Narurkar, M. 8

Patil, N. Y.

Patel, B. T.

Raghavan, P,

Rao, T. N. Subba

S S
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S. No. Roll No. Name
121. 1148 Shivadasani, P. D,
122, 1432 Sujan Singh
123, 83-Ass. Sirdeshpande, P. P, - Representing M/s
Millars’ Timber & Trading Co. Ltd.
Bombay.
124, 2663 Sharma, Y. K,
125. 83-Ass. Sethi, G. K. - Representing M/s. Willian
Jacks & Co., (C. E. Q. Deptt.).
126, 1501 Taylor, N. H.
127. 2351 Thakur, D, 8.
128. 84 Vagh, B. V.
129, 2681 Venkataraman, 8.
9. BIHAR
130. 1655 Aga, A, K.
131, 602 Dubey, B. P,
132. 2676 Hasnain, Mohd.
133. 2728 Kamath, N. V. V,
134. 2724 Mohd. Alam
135. 2007 Nath, 8. <
136. 733 Prasad, B,
137. 1124 Prosad, G. S.
138. « 1976 Parmanand
139, 477 Pershad, B.
140. 1706 Rohatgi, N, N,
141, 1992 Sinha, D. K.
142. 2612 Sharan, A. K,
143. 1978 Sinha, B. K.
144, 2743 Sinha, R. P.
145, 2754 Sinha, B. B,
146, 881 Varma, J. N, ¢
147, 2642 Verma, Bijay Kumar
10. KERALA
I
148, 2513 Chathunny, T. 8,
149, 2758 Krishnan, Gopala
11. MADRAS
150. Invitee Cornelius, J. N. - Rq resenting M
£ . s
Goodyear Tyre & Rﬂbber Co- of (II)
Private Ltd., Madrag,
151. 2022 Kohli, D. R.
152, 2343 Mohideen, S. M.
153, 671 Meeran, M.
154+ 660 Nayak, 8. C.
155, 17 Natu, M. R,
156. 1125 Padmanabhan, ¢, v,
ig; 32; gaghavachary, K. 8.
. eddy, K. Rama,
150, 1775 Selvam, T, 1 "o
160, 2698 Sripathy, K,
181, 1312 Subramaniam, P, §,
162, 630 Thadaney, K. V.
163, 1572 Thillainayagam, R.
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8. No. Roll No. Name
12, MYSORE
164. 1927 Antin, M. C.
165, 242 Adke, A. S.
186, 2733 Ahmed, Mustaq
167. 2352 Basavanna, K,
168, 2519 Bhavikatti, A. R,
169, 2757 Chari, T. V. K,
170, 2716 Desai, K. A.
71, 1641 Ganapathy, G. 8.
172, 2056 Gopalasetty, S. V.
173. 2734 Hema Singh, K.
174, 2741 Hameed, H. G. Abdul
175, Invitee Joshi, N. G,
17e, 2404 Jahagirdar, G. B,
177, 2560 John, George
178, 1856 Javali, 8. C.
179, 2283 Joshi, K. M,
180, 2725 Krishnaswamy, A.
o 181, 2748 Magdum, I. M.
182, 869 Maddimsetty, R. 8.
188. 636 Macha, T. K,
184, 2722 Mogeem, M. A.
188, 1868 Manchigiah, M. H.
186. 2268 Murthy, C. R. Keshava
187, 1479 Narke, 8. P.
18% 1420 Naik, K. Sunder
189, 80-Ass, Nagaraj, C. N,
190, 2719 Patankar, B.V.
191, 2501 Parthasarathy, M. A.
192, 2523 Patil, S. M.
193, 2742 Pnavar, 8. L. Khanda
194, 2745 Panditaradhya, H. K.
195. 2750 Raju, 8. V. Narayana
196, o 2688 Rudraiah, K.
197, 2731 Raju, 8. V. Rama
198. 2730 Rangiah, 8.
199, 2689 Rao, T. 8. Narayana
200. 2638 Rao, V.V, Subba
201, 2726 Rao, P. Raghunatha
202, 2720 Raj, T. N. Suryakantha
203, 2733 Rao, B. Narayan
204, 746 Raju, B. L. .
208, 2690 Rajan, G. K.
2086. 2788 Rao, M. R. Sethumadhava
207. 2499 Rao, B. N. L.
208, 2744 Rao, C. Gopala
209, 2748 Ramachandriah, K,
210, 2485 Saldanha, W. G.
211. 2718 Setty, R. L. Subbaraya
212. 2714 Sreshta, R. L,
213, 2749 Srinath, K.
214. 2753 Surendra, B. P,
21s. 27585 Sastry, B. V. Rama
13. MADHYA PRADESH
218. 1873

Aramadhu, P. R.



774

TwENTY-FOURTH SrssioN—BANGALORE 1960 Lisr or Mamszps L
Name 8. No. Roll No. Name
Balu, §. A. 264, 1915 Goyal, D. K,
Chouhan, P. C. 265, 527 Jagdish Prasad
Gupta, Shri Ram 201, 1199 Latoia Dy K.
Kong oo & 268, 2434 Mittal, R R.
Patil, Y. K, 289, 2121 Muthur, R. K.
Sanghvi, U. C. o 2691 Misra, XK. N.
Sheikh Mohamood ‘ 2 Mital, K. C.
Sharma, §. A. 272, 1822 Mathur, K. C.
Sanghvi, . C. 273, 1167 Prem Mohan
Srinivasiah, N. V. 274, 2677 Prasad, anar
Tripathi, S, N. a4 oar ggr‘.‘af Singh
. zi, I, G.
¥Z§:\?’ g . JT : g;g 2383 Rajendra Prakash
[ . Srivastava, O. S.
14, ORISSA 279. 2452 Sharma, A. C.
280. 2061 Sharan, Shitala
Bahera, J, 281, 1889 Satish Prasad
%ehera, S. 8. 282, 960 -8inha, K,
a8, B. N, » 283, 2309 Sharma, H. K.
Dandapat, Padmalochan 284, 2562 Tyagi, 8. C.
g&silBNh%k " 285, 2373 Tayal, J. C.
at ilkant 286. 1085 ) Wadhwani, G. B. °
L]
15. PUNJAB 18, WEST BENGAL
%‘“Pm' H. K. 287, o 15-Ass. Bhattacharjee, B.B.— dpresentmg M/s.
leilth’ 1;‘//[[ II‘i o Heatly & .(T}r%sham Ltd., Caloutta.
an, ALK 288, 962 Bannerjee, J.
Khosla, Mghmder 289, 1421 Basu, K. N
Khanna, G. C, 200. 2248 Banerjee, A,
Kalia, R. C. 201, 2717 Basu, 8. K.
Kulbir Singh 202, 2000 Banerjee, P.
Karam Chand 203, 2704 Chatterjee, M., K.
Kalsy, B, 8, 204. 2708 Chatterjoe, Harihar
Mattoo, H. K. 205. ® 2703 Chakravorty, 8. B
Sodhi, J, 8. ¢ 208, 1426 Chatterjee, P, C.
Toki, G. 8. 297, 1324 Chanda:.D Ré P.
208, 165 Desai, D. 8.

16, RAJASTHAN 200, 41-Ass, ;De,K' C——Represantmg M/l. Bengal -
Gupta, D, K. Chemical & Pharmaceutical Workn
Kachwaha, M, §. potd. Calentds,

Lauria, P, K 300. 225(1) F?’Id:r mca.Jqo
Maroo, A.L, gg; 338 . Gheosh 5. K.
Mathur, 8. M. 203" 2 Gangopadhyaya, S. 8.
Mathur, A. R, S0a. 2096 Gupta 8. M. "
s , 8. N.
i“mh“f B.D. 305. 1550 Ghose, M. B.
a0, K. Gopinath 306 2627 Gupta, 8. N. Dutta
Shevade, 8. V. 307. 1042 Ghosh, D, K.
17. UTTAR PRADESH ey 2087 %:25‘:1?’:{ v
X , A.V,
Agrawal, Ram Smgh 310. 2631 K. Singh
Ag&rwa.l B.K 811, 1366 Laha, 8. K.
Badami, J, v 313, invites Narayanan, -—Relgrmntinn .
Bhatnngar A S. Goodyear Tyre & Rubber Co, of |

8. No. Roll No.
2117, 23635
218. 2740
219, 2489
220. 1320
221, 2583
222, 584
223. 2682
224. 2739
225. 2696
226. 2702
2217. 2694
228. 1921
229. 2608
230. 578
231, 2692
232. 328
233. 2727
234. 2732
235, 2649
236. 2711
2317. Invitee
238, 2706
239, Inwvitee
240, 2088
241, 446
242, 2331
243, 2752
244, 27317
245, 2712
246. Invitee
247, Invitee
248, 1666
249, 2701
250, 2307
251, 2095
252, 2467
263, 2456
254. 1966
255, 834
256. 800
257. 1807
258. 1782
259, 2405
260. 2669
261, 2710
262, 1525
263. 1831

Chaturvedl D.C,
Gupta, I, P, 9

Private Ltd., Caloutta, ;
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BALANCE SHEET AS AT 30TH SEPTEMBER, 1959,
(Excluding Transport-Communications Monthly Review).

LIABILITIES } EQUIPMENT ASSETS o
! Rs nP. Rs nP. Balanoe as 1 Rs nP. Rs nP.
SUNDRY LIABILITIES i Additio ({Jer ast Balance Sheet vee | . 8,521 42
Creditors for Expenses *‘,, 6,579 37 ftions during the year e | 1,188 90
Income tax payable on salaries L : 415 00 . D o . ) 7,710 32
Shri McKolvie's Silver Salver Fund I 120 8¢ L RV moion written oft I ool 980 42 ) g739 90
Advances for Publications * 18 95 7,134 18 LIB BOOKS AND PERIODICALS ) : ’
- _— Balance as per last Balance Sheet i 2,268 39
; Additions during the year ! 1,160 74
CHEQUES ISSUED BUT NOT ENCASHED | 5,392 62 i T 3,420 13
SUBSCRIPTIONS RECEIVED IN ADVANCE FR Less: De iati i ’
Ordinary Members 0,'M DRAWINé)rgzﬁ?;‘(};‘lﬁx%gn of ] Rl LS 3,086 22
}ggg-—g(l) 585 38 Balance as per last Balance Sheet | 16 87 .
- 65 00 Less: Depreciation written off | . 1 50
1961—62 10 00 ; 660 38 INVESTMENTS | . 15 387
» Rs 44,000/~ 12 years National Savin s Certificates 44,000 00
Associate Members ‘ Rs(:it??()/ - 10 years Treasury s“VlngBB 1;:;0811; L
1959—60 e 20 00 680 38 ertilicates s e 74,600 00
- —_— Rs 21, ?{00/- 3% Loan 1963-65 i 20,271 62
MITCHELL MEDAL FUND (Invested as per contra) R 3000/ 500 Rt Bl oot 1964, | 10981 72
Ag per last Balance Sheet 1,933 27 INTERES'I.‘ A&Ca ional Plan Bonds, 196 e | 579 W | 1,62,810 T4
s ’ RUE L
Add : Interest realised - 47 50 1,980 77 PI}SV;DENNT FUND D ON INVEST NTS 13.008 84
rs §
BUILDING, MUSEUM & TECHNICAL FUND Intorest ac‘;::f;iahf:r‘;ﬁgzc? g&ggt? 194 32’%22 28
Balance as per last Balance Sheet 3 1,74,982 74 . Balance with State Bank of India P i - 2754 17
Add : Amount of Life Membership 361 00 Loans Advanced | - 2501 00 | 43,207 67
Interest on Investments bos 6,193 50 MITCHELL MEDAL FUND co - ’ ply
Rent of Exhibition Stalls at New Delhi, ‘ Rs 1,600/- 3% Loan 1963-65 1,652 93 '
transforred from Suspense Account 9,162 00 1,01,199 24 Interest accrued thereon ) 16 00
o e —r——— Balance with State Bank of Indi
RESERVE FOR BAD & DOUBTFUL DEBTS '?’ 10,000 00 | STOGE-IN-HAND o e - g 1980 T
PROVIDENT FUND DEPOSITS ‘ 43,102 06 (C‘“‘}‘f"j‘i a8 to quantitios & values by the }s«ntny)
PROVIDENT FUND INTEREST DISTRIBUTABLF Papor - | 63251 13
Balance as per last Balance Sheet . J e | ® 596 64 SUNDRY DEBTORS | 88le T 70,065 85
Add : Interest earned 1,116 41 Sn?%orlgtif_ns in arrears from :
, 1,713 03 (i) Ordinary Members 17 19
Less: Distributed ° 've 1,001 44 711 61 | - (i) Associate Members "480 00 17,084 19
i Outstandings - Publ 1
AMOUNT HELD IN SUSPENSE (pending ad;ustm‘nt) 112 85 Subsidies Ri@elvrblt;e(‘:r&x:ilng Rs 3 000/¢ of /507 79
INCOME & EXPENDITURE ACCOUNT , previous year) ; 57,000 00
Balance ag per last Balance Sheet ! 1,41,5631 58 ADVE%TISEMENTS ;
Add : Balance being Excess of Income over Expendlture gnsgdereg good 2143 00
as per annexed Income and Expendltqre nsidered doubtful 19 00 1,342 00
Account fres 12,348 48 1,563,880 06 S%‘SSIONﬁEC)}EPENs(EfS ll}l‘)}f}.OVl!.‘RAB
il PR ranspo arges (of whic
; Rs 58-75 nP. considered doubtful) 15
T loee 2
otal .. 4,14,193 75 Delogation Fees 436 0 5,063 75 | 82,807 170
i Al'_[)‘hVAgCEs ¢ :
: ty C
| (84) A.J. D'COSTA, Cz 103{)& y Controller of Stationery & Pdmtmg, 165 23
AUDITORS’ REPORT. } Secretary. %t:c?)v(gf:lt?:tfgggeiliurﬁgzzfd())rg&msmg Secretary, L2lo 00
We have audited the Balanco Sheet of the INDIAN ROADS CONGRESS (excluding (against Government Grants) v \ 3,218 2
Transport-Communications Monthly Review) as at h September, 1059, above set forth, Advances for Travelling to Staff s ’Hl | o
and have obtained all the information and explanatigns we have required. Duo from T.CM.R. - 5 ‘;lji (7)(;
In our opinion, the sbove Balance Sheet set forth gives a true and correct view of Due from the Post Office, New Delhi o B
the state of affairs of the Congress according the best of our information and (cheque returned for Corrcetion) 10,624 72
explanations given to us and as shown by the, boo! CASH & OTHER BALANCES o W98 '
) (8d.) J. C. CHANDIOK, With State Bank of India
41-L, Connaught Cirous, 3ls,, A.0.s. (England & Wales), ¥.¢.4., Cheques pending realisation 29,128 51
New Delhi, | for Walker, Chandiok & Co. Stamps in hand (including Revenue Starkps) % <
Dated, thie 39t dy of Depember 000, .* . ... i Ohariaral dsoountants. ‘x I
— T Total | 424108 75



INDIAN ROADS CONGRESS, NEW DELHI
INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 30

(Excluding Transport-Communications Monthly Review)

TH SEPTEMBER, 1959.

EXPENDITURE Rs nP. Rs nP. INCOME Rs nP, Rs nP.
TTo Opening Stock of Journals as on lst October; 1958 57,382 3 By Subscriptions .
. nger Cgonsumed 26',509 73 Ordinary Members (including Rs 110/- of Members )
», Printing Charges and incidentals 21,067 07 restored) 30,815 00
,» Salaries paid to Representative at Madras 900 00 Associate Members 3,760 00
—T05.859 15 Iﬁlfe lvl{:mb‘:rs . 110 00
Less: Closing Stock of Journals as on ow Mom ers 3,760 00
30th September, 1959 83251 12 42,608 03 Associate New Membera 900 00
; 39,345 00
Entrance Fees :
» Establishment . 41,946 44 ? Ordinary Members 2,400 00
,» Local and other Allowances - 21,395 66 Associate Members o 1.080 00
,» Honorarium to Secretary - 1,200 00 J 3,480 00
,»» Bank Charges and exchange (Net) 283 55 : 4
,» Provident Fund Contribution e 2,172 00 » Sale ?‘ Publications e 18,704 47
»» Audit Fee for 1957-58 and 1958-50 - 1,200 00 Less: Sales Returns 404 50
+»» Postage & Telegrams . 8,047 95 . 18,299 97
,»» Office Printing & Stationery 2,617 31 »» Advertisements 5510 87
,» Uniforms to Class IV Servants d other Miscoll 268 00 ’
,, Telephone, Revenue Stamps and other iscellaneous C3io s .
o Ex‘; el 0,035 40 | * Subsidies (including arrears) 74,500 00
»» Publicity Expenses 600 00 .
s 23rd Session Expenses 10,106 03 » Interest on Cycle Advances 43 57
, Subscription to other Societies . 350 00 hd o
’,, Travelling and Daily Allowances on the Meeting held » Rece(:)pt];ei-;Zstl:dn %essslon -
outside the Headquarters 573 59 (ii) Tra ng wt Cl?: s ote . 8,295 00
,» Bad Debts written off 4,124 25 ranspor Tgos eLe. 2,185 00
,» Depreciation written off . . 1,324 83 . 10,480 00
., Balance being Excess of Incomo over Expenditure ,» Income for Printing ofe Road Resegrch’ Papers
carried to Balance Sheet 12,348 48 Income 10,042 50
Expenses 1,702 39 2,340 11
\ o o
|
Total t 11,63,099 62 Total 1,53,999 52

41-L, Connaught Circus,
New Delhi.

Dated, this 20th day of December 1959.

. (8d.) A. J. D’COSTA,
Secretary.

In terms of our report appended to the Balance Sheet.
(8d.) J. C. CHANDIOK,

B.A,, A.C.A,, (England & Wales), F.C.A,,
for Walker, Chandiok & Co., Chartered Accountanta,




INDIAN ROADS CONGRESS
Transport-Communications Monthly Review
INCOME & EXPENDITURE ACCOUNT FOR THE YEAR ENDED 30TH SEPTEMBER, 1959,

EXPENDITURE R P,
8 n INCOME Rs nP.
To Paper Consumed 10,400 92 By Sales and Subscriptions of the Journgal 4,937 26
,» Printing Charges (including Rs 600/- paid as proportionate salary ,» Advertisements 9
to Reprosontativo at Madras and other incidentals) 7,354 28 Bal boi " 054 16
,,» Balance being Excess of Ex 1i i
,» Lostuge 1,535 67 Balance Sheet penditure over Income earried to .
5,659 09
» Miscellaneous Expensos 63 50
,, Bad :lebts writton off 196 14
Total 19,550 51 Total ... | —13,550 51
BALANCE SHEET AS AT 30TH SEPTEMBER, 1959.
- .
LIABILITIES Rs nP. Rs nP. ASSETS Rs nP. .
. . BOOK DEBTS Rs nP.
SUNDRY CREDITORS e o .
For Advertisement 2,764 75
Salary proportionate to Representative at Madras For Sale of Journal 101 63
for the month of September, 1059 50 00 . 2,866 38
o . | STOCK IN HAND (Certified as to quantities &
DUE TO A—GENERAL ACCOUNT 5,253 72 values by the Secretary) 2,274 26
SURPLUS ACCOUNT STAMPS IN HAND (including Revenue stampas) e 45 09
. .
Balance as per last Balance Sheet - 5,441 10 PROFIT AND LOSS ACCOUNT
Less: Balance boing excess of Exponditure Balance as per contra e 117 99
over Income as por anmnexed Incomo
& Exponditure Account . 5,509 09
Balanco as per contra s B 117 99
Total 5,303 72 Total we 5,303 172

AUDITORS’ REPORT
We have audited the Balance Sheot of the INDIA

forth, along with the Income & Expenditure Agpount for the year ended upon

(Sd.) A. J. D’COSTA,
Secretary.

N ROADS CONGRESS (Transport-Communications Monthly Review) as at 30th September, 1959, abave set

that date and have obtained all the information and explanations we have required.

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

information and explanations given to us and as shown by

41-L, Connaught Circus,
Now Delhi. )
Dated, this 20th day of December, 1960.

the books.

(Sd.) J. C. CHANDIOK,
B.A., A.C.A. (England & Wales), F.C.A,,

For Walker Chandiok & Co., Chartered Accountants,




INDIAN ROADS CONGRESS

REPORT OF THE COUNCIL TO THE GENERAL
BODY OF MEMBERS FOR THE PERIOD 1ST
JANUARY TO THE 31ST DECEMBER 1959.

[The report covers the period from the Ist January to the 31st
December 1959, though a few maiters referred to in it are carried
beyond the latter date for convenience and completeness of record.]

1. GENERAL

The Twenty-third Session of the Indian Roads Congress was
12eld at Hyderabad in January 1959 when 288 members and 11
invitees attended the Session. The 7 Papers published in the
Journal of the Indian Roads Congress, Volume XXTII-parts
1 to 3, were read and discussed. FEighteen Committees were
reconstituted to deal with various engineering and administrative
problemt.  The Executive Commmittee held meetings at New
Delhi on the 13th March, the 29th August 1959, and the 13th January

1960.

o
2. ADMINISTRATION

Shri U. J. Bhatt, Chief Engineer, P.W.D., B. & R., Bombay
was elected President at the Hyderabad Session. Shri H. P.
Sinha, Consulting Engineer to the Govt. of India (Road Develop-
ment), continued to function as Honorary Treasurer, and Shri
D. . Bhagat, Deputy Consulting Engineer {Roads) continued to

work as Honorary Deputy Treasurer.

Shri A.J. D’Costa continued to work as Honorary Secretary.
Shri Hukam Singh was appointed as Tech. Secretary on the 11th

April 1959.

3. OFFICE

The office continued to function in New Delhi. It disposed
of 14,192 receipts and izgsued 39,000 letters during the period under

report.

The staft worked satisfactorily.
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4. MEMBERSHIP

(1) The number of members on the rolls on

) $ s th
Sep.tember 19:)23 was 1_805 (1 Honorary, 1 Associate Honora:'; :1}(7)?;
ordxr}ar‘y and 45 associates). During the year there were 19,8 new
admissions and 75 removals from the rolls.  The removals were the

result of . 25 resignations; 14 deaths; 36 non-
subscription. payment of arrears of

. In view of the Silver Jubilee Session of
efforts were made to increase the number of memb

: ers.  As a res
of V;EEI‘IOUS efforts made, 2()5 new members have been enrolsie':i rff}:grlrt
1-1-59 to 31-12-59. This is a record increase on the rolls of th
Congress in any particular year. l ¢

the Congress, special

(2) Life membership: Durin )
: g the Con ¢
October 1958 to the 30th September 1959, 11 membiizs:vexieig’rolllgs

as life members. The number of life members on the 3

September 1959, was 154. This number i g
959, s 154. § er 1i¢, however, in i
the total number of ordinary members. The fees recei\;)(lagd‘ﬁo;l

them have been transferred to the Buildi
' A ) ing, Museum and Technic
Fund aftér deducting Rs 10 per member for initial expenses.e( niead

5. DEATHS '
o
It is with deep regret that

the following mon e the Council records the deaths of

&

P. N. Sharma

J. P. Singh
S. K. Subramaniam J. C. Gauba
B. C. Das i ‘
Das (. N. Senapathy
J. 8. Pimple

M. D. Menon

M. Krishnamurti D. B. Nagarka
. . agarkar

K. V. Siddabasaviah
B. D. Nanda

H. E. Ormerod

Teja Singh Malik

P. S Sharangpani
J. K. Roy

N. Jambunathan
H. ¥. Bamji

6. BUDGET

The budget for the
> year 1959-60 « ’
1958-59 were Placed before the Executii:: (lc‘ig;amigtzt;la}; ’thf(')r
e1r
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meeting held on the 13th January 1960. The estimates have been
placed before the Council at their 55th meeting. The actuals for
1958-59 show a deficit of Rs 5,413 against an estimated deficit
of Rs 35412, The reduction in the deficit was mainly
due to savings under °Establishment’, ‘Equipment’ and
‘ Printing °.

The total contribution received from the Central and State
Governments during the year ending the 30th September 1959
amounted to Rs 65,000 against an estimated amount of Rs 80,000.
The defaulter States are being urged to expedite payment of
the outstanding contributions. It is expected that the outstan-
ding contributions will be realized during the current year.
Sums totalling Rs 31,500 have been already received after the
30th September 1959,

An appeal for increased contributions towards the funds of the
I.R.C. on the basis of } per cent of the share of each State from the
“entral Road Fund or 1} times the present contribution, whichever
is greater, was issued to all State Governments on the 19th March
1959. This appeal was followed by 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 assistance onthe basis
proposed so that the I.R.C. may be able to tide over the financial
difficulties and continue the useful programme of work. In
response, the Govt. of India and the following States have kindly
increased their annual contribution to the full amount requested
for by the: 1. R. C. :

Name of Govt. contg{gxtion C(;)nr{gli)g::(ilon C:;lgzi?:ﬁi%n
Rs Rs Rs
Govt. of India 10,000 20,000 20,000
Madras 2,500 5,500 5,600
Mysore 2,000 5,500 5,600
Punjab 2,600 4,600 4,500

The Indian Roads Congress is in correspondence with other
States to increase their contributions to the amounts proposed,
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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 Governments who had
kindly agrecd to contribute towards the funds of the Congress on
the basis proposed, the Council hoped that other States would also

soon agree to contribute towards the funds of the Congress at the
scale proposed.

The Council also greatly appreciated the increase in contri-
bution of the Government of India from Rs 10,000 to Rs 20,000

which will go a long way to help the Congress to undertake extra
technical activities.

The arrears of subscription at the beginning of the Congress
year 1958-59 amounted to Rs 16,868 which were due from 341
members. The names of 40 members, who had failed to pay their
subscription, were removed from the rolls. Consequently, a sum of
Rs 4,737.50 standing as arrears against these members was written
off by the Executive Committee during 1958-59.

LV

A sum of Rs 3,291.25 was realised from 90 members during
1958-59.

After adding the arrears for 1958-54, the total arrears as on the
1st October 1959 stood at Rs 18,009.19 due from 343 mempers
Efforts are being made to realise the arrears. o

7. AUDIT
©
At the Twenty-third Session at Hyderabad it was decided
: " s to
appoint M/s. Walker, Chandiok & Co., Chartered Accountants and
Auditors, Delhi to audit the accounts of the Congress for 14%8-59
The report was examined by the Executive Committee on the l3t]'1

January 1960. It was also placed hefore the Council at their 5
meeting on the 28th January 1960. o6 their 3i5th

8. PUBLICATIONS

There was a very increased demand for the icati

_ ; ‘ publications of the
Indian _Roads Congress during the year under report. Publications
amounting to Rs 17,656 were sold during the year against a sum of
Rs 10,231 realised on this account last year.

During the year, finalised Section II i
dealing with ‘ loads and stregses” and Bogf‘dth{)’o}ﬁ;f(}g eXC)(()(Ili5
and XXIII were issued. In addition, Paper No. 167 * Design of
Small Bmglges and Culverts” and * Recommended Pract;i(i for
the Location and Layout of Roadside Motor-Fuel Filling Statlions »
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were reprinted. The increase in sales is mainly due to Section 1I of
Bridge Code and Paper No. 167.

Copies of the publications continued to be supplied on recipro-
cal basis to several technical institutions in India, the United States
of America, the United Kingdom, Australia, Switzerland, Germany,
Japan, New Zealand, U. S. 8. R., etc. Copies were also sent to the
offices of the United Nations Organization in the Far East. Recently
some more Institutions have agreed for the exchange of their litera-
ture with our Journals. A list of the periodicals which are being
received in the I. R. C. library is given in the Appendix.

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

The members of Indian Roads Congress, subordinate engineer-
ing, staff and engineering students can obtain this publisation at a
concessional rate of Rs 8 per annum against the ordinary rate of
Rs 14 ger annum. At present there are 350 subseribers for this
pubiication.

Complimentary copies of the Review are being issued as usual
to important persons and engineering colleges in India. Compli-
mentary Copies of the issue for February 1959 were also given to all
members of the Indian Roads Congress.

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

9. INFORMATION

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 Cong-
ress publications. Some new books and standards of the British,
Swiss, German and the Indian Standards Institution were added
to the Library of the Congress. Members can borrow books from
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%e lilbrariestc))f {)ohe Congress, and the Consultin
evelopment) by writing to the Secretar i

The rules regarding the loan of hbooks g;elr;%gﬁsléggdsino%lglress.
XX1V-part I of the Journal of the Congress. Lists of addit'o s to
the t.wo }1brarles are published every month in the * Trang or:',o(t]ls v
munications M.or_lthly Review . TFurther, lists of selectedplite;a,t? are
c!asmﬁed according to subjects, are being published for the inforrlrt;.e
tion of members. Abstracts of more important books and article;

e al blish . are re
?ilb(i‘:r;? published. Members are requested to make free use of the

g Engineer (Road

o .. .
132 books were issued on loan during the year under report

This is a very small number considerin i

i ¢ g that the Society has:
membership of nearly 1,850. Members h: Y ke
more use of these libraries. we'to be urged to make

11. MEDALS AND PRIZES

The Papers Committee considered the Papers dj
"1“wenty-§econd S?’ssion for the award of * Mitléhell Nl[s:zl‘;slssdm?c‘i 2}}?
1. R. C. Medal ”. Tl.le Committee selected the following P: °
for the award of ** Indian Roads Congress Medal . g Yuper

Paper No. 205— The Importance of Sub
. rade ( aotion |
the Economic Design of Flexible %’a?re?ne(x;%n’l’hqgtlfog in
8. R. Mehra & Dr. H. L. Uppal, y" Shri

The Committee also hi
* Asphalt Paving Mixtures—
Shri N. H. Taylor.

ghly commended Pa
. ] per No. 200—
Their Design and Composition *’ by

The award was made by His T
Andhra Pradosh ot the Inau}g’ural 1scei§£f)lgency the Goverfor of

Session at Hyderabad in January 1959, y of the Twenty-third

12. BRIDGING INDIA’S RIVERS

The Indian Roads Con
relating to a number of bridgress had been co

ges built on Natj
gome other roads. A Booklet giving an acgﬁf}‘

llecting_ information
onal Highways and
t of about 50 bridges

copies of this publication to Mini & few complimentar
in the Subject. Inisters and hlgh Ofﬁcials interesteg

13. MEMBERSHIP OF SOCIETIES

(1) The Indian Roads ¢ .
National SocietyS ofmlgress 18 & member of the Indian

Soil Mechanics and. Foundation
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Engincering. Shri 8. R. Mehra is the representative of
the Indian Roads Congress.

(2) The Congress is a sustaining member of the Indian Stan-
dards Institution and maintains a close laison with the
activitios of the Institution through representatives nomil-
nated to serve on their Committees dealing with subjects
which have a bearing on roads.

The present represcntatives of the Congress on the Councils and
Committees are:

(i) Engineering Division Council: Goverdhan Lal
(ii) Building Division Council:
Principal representative —Shri K. K. Nambiar

Alternate s —=&Shri V. Kandaswamy

(ili) Bridges Sectional Committee :
Principal representative ~ —Shri 8. K. Ghosh
Alternate . —Shri R. K, Kochl.xar

(iv) Cement Sectional Committee : Dr. Bh. Subbaraju
B (:r) Bitumen & Tar Products Sectional Committee :

Principal representative ~ —Shri Kartik Prasad

. Alternate ) —Shri €. G. Swaminathan

(vi) Drawings Sectional Committee :

] —=Shri H. P. Sinha

(vii) Tar & Tar Products Subcommittee :
Principal representative ~ —Shri G. 8. Ganapathy
Alternate ) —Shri Balbir Singh

The other representatives of the Congress on the various Com=
mittees of that Institution are :—

EDC: Terminology) Shri J. M. Trehan (Principal
Notations and me—'> representative)

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

BDC 7—S‘oructura1], Shri D. 8. Desai (Principal

T representative)
Steel Sectional Com- ?Shri M. P. Nagarsheth (Alter-

mittee J nate representative),

10
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(3) Shri K. K. Nambiar continued to represent the Indian
Roads Congress on the Prestressed Conerete Group.

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

The Government of India, have formed an < Expert Panel” to
gather data to guide the indigenous development of Road Making
and Constructional Equipments. Shri K. K. Nambiar continues to
represent the Indian Roads Congress on this Pancl.

(8) Council and Cotmmittees for the Central Road
Research Institute.
The following represent the Indian Roads Congress:

Exccutive Council—President, Indian Roads Congross
(Principal represontative).

Shri D. G. Bhagat—(Alternate representative)
Scientific Advisory Committec—Shri Goverdhan Lal

2oad Research Committec —Shri J. M. Trehan

14. TECHNICAL ACTIVITIES

(1) Specifications and Standards Committee

The last mecting of the Committee was held on the 1¢th August
1958. The following subjects were discussed :

(i) Design of kilometre stones; :
(ii) Layout for fuel filling-cum-service stations ;
(ii}) Limiting gradients and lengths for cycle traoks ;
(iv) Numbering of bridges and culverts;
(v) Standards for roads within urban limits ;
(vi) Fubure prograpme of the Committee ; and
(vil) Motricization in matters concerning road desigu, ote.
The standard on the design of kilometre stones finatised by the
Committee was conguiered by the Council at thoir mecbing held on
the 6th January 1959 where it was decided that before the question
of finalization of the design was considered, the CRRI, should carry

out the necessary experiments and submit a complete report o the
Specifications and Standards Committee. The report of CRRI bas
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since been received and it will be considered by the Specifications
and Standards Committee at their next meeting,

The Committee discussed the various difficulties in the layout
for fuel filling-cum-service stations and decided that this question
should be examined in detail. The oil companies were requestgd
to submit their proposals, if any, so that these might be kept in
view while working out draft standards. The draft standards will
be placed before the Specifications and Standards Committee at the
next meeting.

The Central Road Research Institute and the Punjab P.W.D.
had been requested to investigate the volume of cycle and other
vehicular traffic which would justify the provision of separate cycle
tracks and to determine the limiting gradients which should be
adopted. A report of investigation received from the Central Road
Research Institute was considered by the Committee at its mceting
held on the 4th January 1958. Tt was decided that (i) further study
should be conducted to find out the maximum distance for the
Yarious gradients and that (ii) pending further investigation the
maximum gradient of 1 in 50 could be adopted on approaches to

road over-bridges. .

The Central Road Research Institute have since intimated that
the work was carried out in the field to find volume of cycle traffic
justifying separate cycle tracks and it was observed by them that
justification of separate cycle tracks also had its relationship with
the volume of other type of traffic travelling on that road. A re-
search Paper on the subject has been promised by the Central Road
Research Institute.

The Punjab P.W.D. had intimated that the intensity of eycle
traffic on most of the roads in the State was insufficient for provi-
ding cycle tracks.

The comments of various Municipalities obtained on the Recom-
mended Practice for the Design and Layout of Cycle Tracks have
been considered and draft Recommended Practice will be considered
by the Committee at its meeting at Bangalore so that a finalised
standard may be issued.

The standard entitled ‘ Numbering of Bridges and Culverts ”
as approved by the Committee and later by the Council has been
published in Vol. XXIV-part 1 of the Journal of the Indian Roads
Congress and also separately.

As decided by the Committee, the space standards for urban
roads framed by the Town Planning Organization for Greater Delhi
have been circulated to the Chief Engineers of States for their
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comments. Comments have been reccived from a few States. As
goon as comments from other States are received the Committoe

will bo requested to lay down standards for roads within wrban
limits.

The Committee decided to allot the drafting of standards on
some subjects to the existing concerned Committees of the Indian
Roads Congress. For some other subjects on their agenda, they
decided to set up subcommittees for drafting standards and

codes of practice. Progress about the work of these Committees is
awaited.

The Committee agreed to proceced with the work of metriciza-

tion in matters concerning road design, ete., in consulation with the
Indian Standards Institution.

The draft Recommended Practice for Borrow Pits for Highway
Embankments is expected to be finalised shortly in the light of the
comments of members of the Committee and Couneil.

A small subcommittee had heen 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 amendment allowing reasonable relaxation to the‘ Récom-
mpqded Pra,_cmcc for Location and Layout of Roadside Motor Fuel-
Filling Stations was approved by the Council at their meeting held

at Hyderabad in January 1959 and it has since been incorporated
in the standard.

The question of the publication of the form for recording the
test values of stone metal and type designs for village or place

name sigp as approved by the Committee is still wunder
consideration.

The Council at their 50th meeting held on the 4th J anuary 1958
considered the recommendations of the Committee that the British
Standard 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 difficultics that might have to be faced due
to the change-over to the metric system,

The standards of Road-Rail Level (!
of comments of the Committee had heen
of Transport and Communications (Ro
consultation with the Railway Board.

rossings rovised in the light
forwarded to the Ministry
ads Wing) for finalisation in
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The Council at their meeting held in August 1958 discussed the
draft standard form for recording traffic census on non-urban roads.
It was to be finalised by the Convenor of the Committee in the light
of comments of the members of the Council. The finalised forms
when received will be published.

1t is proposed to finalise a Policy on Roadside Advertisement,
after taking into consideration the views of various Organizations
concerned in the matter. Accordingly, this Policy was circulated
for comments to various Municipalities/Organizations. Some
comments have already been received. After some more comments
are received, those will be passed on to the Specifications and
Standards Committee for consideration.

The finalisation of the standard 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 Backs, (5) Horizontal, Transition and Super-
elevation of Curves, (6) Vertical Curves and Shock Free Curves at
Highways is also in progress.

JThe following subjects are under consideration® of the
Committee :

» (i) Design of road intersections at grade ;

(iiy Specifications for water-bound macadam ;
(iii) Arboriculture ;
(iv) Standard section and profiles of road on curves ;
» (v) Concrete pavements ;
(vi) Bituminous pavements ;
(vii) Earthwork for roads ;
(viii) Base courses; and

(ix) Specifications for light chipping carpets for £ in. thick
bituminous carpet and # in. thick tar carpets.

(2) Bridges Committee

The Committee held meetings on the 8th and 9th January 1959
and on the 11th and 12th August 1959.

Section I of the Bridge Code dealing with *“ General Features of
Design ”’ and Section 1T dealing with * Loads and Stresses ’’ have
already been printed,
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Sections of the Bridge Code de

aling with the following subjects
are under study :

(i) Prestressed Concrote :
(i)  Steel Structures ;
(iii) Masonry Structures: and

(iv)  Reinforced Cement Conerete.

(3) Test Track Committee

The Committee held its mecting on the 9th January 1959,

The Committee at its earlicr meeting held on 5-12-
ed the results of the 11th series of testy which rel
nous earpet over (a) sand-soil aggregate stabilized b
and without stone metal grafting, (h) stone motal grafted gand-
moorum stabilized base, and (c) sand-soil-cement stabilized base

course having stone grafted and water-hound macadam surface
under adverse moisture conditions.

58 had roview-
ated to bitumi-
ase course with

The observations indicated the necessity of a compacted |
water-bound macadam in between the bituminous surf
stabilized soil course under the conditions of the test i
could not be completely prev
the stabilized soil course.

ayer of
acing'ard the

n which water
ented from getting into contact with

1ayiqg of bitumen surfacing
avement with stone graf may be
ater can be completely sealed off and the

It is, however, to be seen whether
directly over the stabilized soil p
suitable where surface w
traffic is not very heavy.

All the reports of the work done at the Road Test Track

Calcutta from 1949 to 1958 have been compiled and check
Convenor and these will be published shortly. ecked by the

The land on which the Test Track, Majherhat i
was taken on lease from Calcutta Port Commi]ssiongré ovrvla:hg;t‘;utﬁﬁ
basis. The lease expired in March 1959 anq no further extension
of it could be arranged as the land was essentially require(i for
remodelling the yard by Eastern Railways, 14 was, therefor
decided by the Government of Indija to shift the Govern’ment R V((al’
Test Track from Majherhat t o

. 0 a permanent site of itg own at Paj
on Diamond H‘zu'bour Road near Caleutty which is aboug § grﬁi:;
from Alipur, Caleutta, so that rescarch work could he conducted

uninterrupted and the highway engineers who are interested in this
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i : y tly visit, and
type of oxperimental research work may flequen , @
a}(lzguaint th%msolvos with the research activities. All the elec};n&?;
and mechanical tools and plant zfm% t'lﬁe tstrfuctﬁral\la a%zretrshai b
traction and lighting equipments of the Test Ttrack, ‘

te at Pailan where
been dismantled, and removed to the new si
ar::n(g:ixrlnegtlatiz boing made to construct the test track on afmilw
plan. The details regarding traction equipments, hghtmgl 0 E )
tracks construction of sub-soil drau}, laylng of monora.l s, ete.,
will be discussed by the Committee at its meeting at Bangalore so
that modification to this arrangement, if any considered necessary
may be given effect to.

' build & diversion on Diamond Harbour Road
adjacl;lrl:ta; ﬁﬁzsilvﬁ test track for t(?sting' test track specification
was approved at the last Test Track Committee meeting at Hyder}a.-
bad on 9-1-1959, But it was sugge§ted to convert a section of the
Diamond Harbour Road at Pailan into a d1v1de@ hlg}_lway so that
both carriageways might be used for testing specifications. A lay‘i
ot plan of the diversion as per above proposal has been prepared .
and will be placed before the Committee for finalization.

i i i ® behavi-
3 ata have been collected in connection with the be /

our g?n}o%g d:;nd?soil—stabilized pavement and grafteq sand-soil-

cement stabilized pavement of some of tpe ro_ads pf _West Bengali

These]’roa,ds were constructed as per spemﬁeatmn SIm}lar to that o

the test track. The detailed reports will be considered by the

Committee.

; 1 i i-Mathura Road near

face dressing laid on the Delhi-Ma '

the 02(:112‘2{)111%2::‘1 Research Institute, Okhla (Delhi), bave been under
study for about 4} years.

(4) Research Organization Committee
The Committee held its meeting on the 6th January 1959.

i ing held on the 4th and 5th J. anuary 1_958, the Com-
mitté}foﬁslﬁlﬁgﬁhe points arising out of th? (_hscusau?n on the first
Road Research Report presented at the Shillong &e:szsmn of the
Congress in May 1957. As a result of this, the following progress
was made.

d Research Institute agreed to carry out
invei?;atgfrgt?(‘)l sle?;aoaif some more reliable methods than the flow
cone method could be evolved for the measurement of consistency
of cement-grout in grouted pavements. The Institute has reported
that they are unable to recommend a more reliable method.
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On the recommendation of the Research Organization Committee
the Executive Committee, at their meeting on the 14th July 1958,
decided that laboratory experiments should he carried out to e\m:
mine the possibility of uging lean concrete mixes in road wor‘kq
preferably leaner than those so far tricd. The Road Rcscarc:};
Laboratories were, therefore, requested to carry out the necegsar
experiments. The reports are awaited, y

As suggested by the Committee, the Central Road Research
Institute and other Road Research Laboratories were requested
to carry out research on the possibilities of partial replacement; of
sand by soil in cement sand mortars for masonry.

The Central Road Research Institute were 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 in
different regions. Their report is awaited.

The Government of India had been requested to recommend to
State Gpvernments to establish, in the cases of big cities, traffic
engineering cells in the engineering set-ups of the concerne(’l Muni-
cipalities or Corporations., 1In the case of other cities. the problems
relating to traffic engineering should be referred to the StateChief
Engineers for advice. The Offices of Chief Engineers should b
staffed with suitable specialists in this line. ) °

The matter was also considered by the Chief Engind \
meeting held on 9-1-1958 and they promised to senndg soors ab their

. thei i
the Roads Wing. The matter is under consideration helr views to

with th‘em,

At the meetings held on the 11th August 1
1959, the Committee discussed the points arising
sion on the Second Annual Report on road resear
result the following progress has been made,

958 and 6th Jan.
out of the discus-
ch in India. Ag g

Various road research laboratories had been requested to ce
out research to establish a co-relation between the c()mO carry
strength and abrasive resistance of cement concrete. T} PI_’OSSNG
are awaited. ‘ 16 reports

In order to make a comparative stud ~ .
flexible overlays, each State P.W.D., had 51)@2; tll‘leeq;)::éaw{xotur] of
control sections with pavement thickness designed for thce( b(: ‘?iy
condition near stretches with different thicknesses of over lsu ér’%he
Central Road Research Institute could be approached for g ays_d oo
that might be required. any advice
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It was agreed that even though the special type of bitumen
used for bituminous pavements for tracked vehicles in UK., was
not available in India, locally available bitumens might be
tried by the military authorities who generally used tracked
vehicles.

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.

As recommended by the Committee, the State road research
laboratories were requested to conduct experiments, if possible, on
the use of air-entrained concrete in road construction on the same
basis as experiments on this subject were being conducted by the
CRRI. A Paper on this subject has been published in Road
Research Bulletin No. 6.

A g

In order to investigate the economic aspect of using silicones as
an anti-frothing agent, the Road Research Laboratories were
requiested to carry out experiments with lime, adhevia-T and sili-
cones to assess their comparative merits as well as comparative

econpm:y .

The points arising out of discussions on the last Road Research
Report discussed at Hyderabad in January 1959 will be considered
by the Committee at Bangalore.

As desired by the Committee, the Chief Engineers of State
P.W.Ds. were requested to send annual reports of their road research
stations to the Secretary, Indian Roads Congress, as early as possi-
ble after the close of the year ending on 3lst March 1959. The
annual reports were studied and a general report has been published
in Volume X XIV-part 4 of the LR.C. J ournal for discussion at the
Session of the Congress at Bangalore.

(6) Soil Research Committee
The Committee held a meeting on the 9th January 1959,

Tt was decided that assoon as specifications for stabilising black
cotton soil were ready, the Chief Engineers of States should be
requested to lay experimental stretches of sufficient length to those
specifications. The draft specitications have been received from the
C.R.R.I. and those will be considered by the Committee in their.
meeting at Bangalore,

11
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The Central Road Research Institute and the Hyderabad Engi-
neering Research Station had been requested to conduet experi-
ments to find out the most suitable particle size to which black
cotton soil clods should be reduced for effective stabilization with
cement. The Committee, however, felt that as stabilization with
lime appeared to hold out better promise, the degree of pulveri-

ﬁam(‘)n fqr' St{%.l)lllm?tioll with lime should be investigated first and
or stabilization with ccment later on.

. dTl(lle t%‘ommlttee at their mecting held on the 9th Jannary 1959
deci ed hat the degree of pulverization suggested by the Central
Road l»esearch' Institute (between 60 and 100) should be given a
t];r_m(l1 b‘y the various road research laboratories for working out the
tn;hel content in relation to the required strength. Modifications
0 the procedure could be suggested on the basis of the experience

%aln‘ed. Accordingly, the road research laboratories were requested
0 carry out research and to send their reports.

As decided by the Committee, the Chief Engin St
were requested to try soil-cement blocks wherevéér e;;:ﬂobfleb?dtes
material of construction for protection work on rivers vs;llere &sl y
city of flow was not very high. The comments, received "l‘ie 10-
congidered by the Committee at their next meetin;; i T

The Executive Committee at their meeti '

July 1958 considered the views of the Goer;txilrli%tege}c%at? nfo:ile o
parative study and for finding out economic possibilities of -f' 001‘:}-
cular type of machinery, the use of all types of ma.chiner‘y I:)?lrlu:
}vorl'{ was necessary and agreed that the Central Road Researcl
nstitute should be requested to carry out such tests and prepare z:,

report as early as possible. The Central Road R p i
were addressed accordingly. Their reply is :L):sf(aitegéeawh natitute

The views of the Committee on the application of the results

of research were considered : v Chief Engi » ;
on the 9th Janmary 1656 1t the Chief Engineers meeting held

It was agreed at that meeti
gsmpr(zﬁgsacl‘iﬁl; L(iarlr)nm(ll{mbg 101 per cent of the State’s lellcl)%aftj:}ilglﬁ
» Centrs oa und for long experi
igg;lolr(} b'(i‘ , 1'ecomutlfmde(.l tlo State Govm-r%meng; fgeafgilr s:;itqcil(llzs
. e question is being examine the l ing in
consultation with the State Cﬁief ‘;Elllilpl;li(nt(l‘,erl:y the Ronds Wing in
The Committee decided that th i i
. i e clas
soils suggested in Road Research Note dl:Isol.ﬁCg t:x(})ll(l)u(l)(fi g?c&i{cmt?g
tentatively and that the various road research laboratories cﬁp eid
be reguestegl to test this classification in the field and report oract;
cal difficulties and suggest modification PO Dracti-

8, if nec . i
Bombay, Hyderabad and Madras should takgszzr{helﬁl&zl‘;tilgcafizg
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and correlate black cotton soils with the new sub-groups. The
Madras Highways Research Station has suggested some modifica-
tions which were circulated to other research laboratories for com-
ments. The comments received will be discussed by Committee at
the next meeting at Bangalore. The Committee desired that the
National Buildings Organization and Central Board of Irrigation
and Power should be requested to test the classification from the
buildings point of view. The Railway Research Centre at Lucknow
should also be requested to test the classification. The question of
addressing the various authorities is under consideration.

As desired by the Committee at their meeting held on the 9th
January 1959, the State P.W.Ds. have been requested to try the
suggested sub-division mentioned in Road Research Note No. 6,
check its validity by actual field observations and submit reports:
A map showing classification of black cotton soils, received from
CRRI has been forwarded to them.

o  The Indian Standards Institution sent for the comments
of the Indian Roads Congress the draft Indian Standard for
Classification and Identification of Soils for General Eggineering
purposes.

Copiesof the draft Indian Standard were circulated to the mem-
bers of the Soil Research Committee and their comments invited.
The subject was also discussed at the meeting of the Committee
at Hyderabad on the 9th January 1959.

It is understood that the Indian Standards Institution have
finalised their standard on the subject.
kit ]

As desired by the Committee at their meeting held on 9th
January 1959, information on road construction in sandy areas with
the technique of stabilization of sand to give a firm base is being
collected by the C. R. R.1. and the I. R.C. 'The State P. W. Ds.
have already been addressed in the matter. As soon as this inform-
ation is collected and processed by the C. R. R. 1., it will be placed -
before the Committee for further action. :

Tbe State P. W. Ds. have been addressed to supply information
regarding their experiences about the use of soil-cement in road
construction. The information when collected will be passed on to
the C. R. R. I. for drafting specifications for soil cement pavements
for placing before the Soil Research Committee.

The C. R. R. I. have been requested to draft detailed specifica-
tions for the compaction of subgrade and sub-base for water-boupd .-
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macadam roads and stabilized soil sub-base and hbase courses for
consideration by the Committee,

A copy of the report of the Panel Discussion on construction
of roads in waterlogged arcas held at Hyderabad in January 1959
has been forwarded to the Soil Research Committee for drafting the
necessary specifications for road construction in waterlogged areas

having soils richly impregnated with sulphates and other injurious
salts.

The Central Road Research Institute have been requested to
finalise the specifications for stabilized soil base courses and wear-
ing courses for circulation to members of the (ommittee. The
specifications and practices for stabilised soil base courses and
wearing courses received from various State P. W. Ds. had already
been passed on to them. The specifications suggested by the

Central Road Research Tnstitute will be discussed at the next
meeting.

The Executive Committee at their meeting held on the 14th
July 1958 did not agree to the setting up of a Research Implemen-
tation Committee suggested by the Soil Research Committee. They
felt that the Ixecutive Committec could look after this work

and that the more important cases could be referred © toe the
Council.

The Committee had also decided that the State Goyernments
should be requested to exploit the local materials (soil and soft
aggregates) to the greatest extent possible and that the Central and
State Govts. should earmark a cerbain percentage of their highway
budgets for constructing roads using such local materials. The
Executive Committee at their meeting held on the 30th Nov. 1957
decided that suitable specifications for the use of cheap maéerials
for road construction should be prepared before recommendations of
the Committee are circulated to the authorities. These specifica-
tions are awaited from the Committee.

(6) Education Committee
The Committee held its meeting on the 8th January 1959,

Following up the reply from the All-India Council of Technical
Education stating that the universities could not switch over to the
Indian Roads Congress Education Cemmittee’s syllabus for High-
way Engineering taking up 60 hours of study in the Bachelors’
Degree course, an inquiry was made to find out how many hours of
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tudy were devoted for this subject at present in the different insti-
:utiobrzls. Their replies indicated that 3 out of the 4 institutions have
already more than 60 hours’ duration for nghway EnglpeerlngT ll1n
the curriculum of their degree course in Civil Engineering. : e
substitution of the existing syllabii with the syllabii prepared by t 1?
Committee was, therefore, recommended pointing out advantages o
a uniform training method in all the colleges. It was also recom-
mended that the universities which did not have this minimum
curricular time for Highway Engineering should consider and pro-
vide adequate number of hours.

The Ministry of Education intimated that the Al-India Board:
of Technical Stu}(llies in Engineering and Mefiallurgy had noted the
views of the Indian Roads Congress and desired that the syllca,bus
Committee for framing the detailed model courses for the National
diploma in Civil Engineering on the Five-Year Integrated Pattern
(which would be circulated to all the universities) should keep the
suggestions of the Congress in view. The Board however expres-
s@l the view that the time set apart for the subject in the various
universities for subject of Highway Enng_eerm_g.ls adequate and
no special request need be made to the Universities at thjs stage,
for @ uniform provision of 60 hours throughout the course.

i i ds Con-

ired by the Board, the views of the Indian Roac -
gre%ﬁigﬁégig t}?; standard syllabus for Highway Engineering will
be ‘i)rought to the notice of its syllabus Commitee at its next

meeting.
i i i ing for inclusion in the
A syllabus in Highway Engineering )
diploma.sZm?rses for overseers and SUPervisors was being prepared
by the Committee. As soon as it is finalised it will be forwarded

to the All-India Council for Technical Education.

ii for post-graduate courses in Highway Engineer-
ing (’}:fh;nggib{}nivergitiesg is under examination along with the
syllabii of Post-Graduate Courses in Highway Engineering in foreign

countries,

i the FEducation Committee on the institution of
refreg‘}f::x" Z;i?:e: f&t TUniversities anq Colleges ‘were accepted bydthe
Executive Committee. The Education Committee was requeste t'o
finalise its own syllabus for refresher courses for Highway Engi-
neering. The Executive Committee also decided that in order to
cover various regions in the country, in addition to Guindy,
Chandigarh, Kharagpur and Roorkee Engineering Colleges, the V. J.
Technical Institute, Bombay, the College of Engineering, Poona and
the Engineering College at Anantapur (Andhra) should also, he



. bituminous mixers and bitumen distributors shoul

-
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approached to conduct Refresher Courses for the Highway Kngi-
neers.

These three institutions were requested to supply details of
the syllabus for Refresher Courses in case they had conducted or
intended to conduct such courses. The syllabii received so far from
these institutions as well as from a number of foreign technical

institutions have been passed on to the Committee for further
action.

(7) Provincialization of Local Bodies Engineering
Services Committee

The Committee held a meeting on the 9th January 1959,

There has not been any further progress in the work of this
Committee except what has already been recorded in the report of
the Council published at pages 673-674 in Volume XXII-part 4 of
the Indian Roads Congress Journal.

(8) Manufacture of Road Making Machinery ‘and
Mechanization Committee

[

The Committee held meeting on the 9th J anuary 1959,

The Committee agreed that the manufacture of motor graders

d be tiken up in
and type of the
this country. Tt
nts of the items
nsure early manu-

India. The Committee further decided the size
machines considered suitable for manufacture in
was also agreed that the forecast of the requireme
should be collected from the States in order to e
facture of these items of machinery.

At the instance of the Technical Subcommi
Making and Constructional Equipment Macllltilrllg;t;eeP:rfefhe ? o
under the auspices of the Ministry of Commerce and, Isg tup
(Development Wing), the following information hag beeri1 cu ﬁ‘llrg
for from State P.W.Ds. in order to consider the questi N ef
the manufacture in India of various items of road aakin,
machinery : ad making

(@) To what extent mechanization i | .
view the employment angle ?1011 18 desirable keeping in
(b) Likely total requirements of th i
: N k € Vva i
, machinery during the 3rd and 4th Pla,nr;)eli‘?odlﬁms o

7L :
pobpt e xq\“*q

L /
Rerorr or tHE CopsciL™ o ‘§Oih‘
i

(¢) Sizes of various items of machinery along with
numbers which have been in use in the country so
far ; and

(d) Whether the sizes which have been in use .in the
country so far would be suitable for use during the
3rd and 4th Plan periods.

The information called for pertains only to road making machi-
nery and is to be based on the likely requiremets of State P. W. Ds.
during the 3rd and 4th Plan periods. Earthmoving machinery such
as dozers, scrapers, excavators, etc., compressors, pumps and pneu-
matic tools is being dealt with separately by the Ministry of Com-
merce and Industry. The information has been received from a few
States. As soon as complete information is received, it will be
passed on to the Ministry of Commerce and Industry.

The Committee had been entrusted with the compilation of alist
of all big and small machinery manufacturers, suppliers and dealers
it different parts of India along with their addresses and the types
of machinery sold by them. As soon as the compilation is complete,
it will be published in the Journal of the Indian Roads Comgress for
the Information of the members.

Qthér subjects under consideration with the Cg
(i) the investigation of the suitable equipment to hag
bitumen in bulk, and (ii) using mechanised methgs §
struction.

»

The Road Transport Operation Cost Co n®tdoe which was
appointed at the instance of the Government of India to\gtudy (i) the.
cost of operation of motor vehicles on different clasies of ¥Qads, and
(ii) the economy resulting from road improvements, Wiey
held on the 5th Jaguary 1959, considered the revised in TR ‘:,4
of the cost of operation data of the experiments being carrie Ly~
Bombay and Uttar Pradesh State Transport Underyakings according

to design and specifications supplied by this Committee. The experi-
ments are being conducted both on katcha and pucca roads. It was
observed that the consumption patterns of fuel oil and lubricant oil

in the selected routes had almost stabilised and the conclusion will
hardly require any revision if the duration of the experiment is
extended. '

‘

So far as the lubricant oil consumption was concerned, it was
once again confirmed that the influence of extraneous factors like
crankcase capacity or crankcase dilution by fuel oil, etc., are extre-
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mely important as compared to deterioration of lubricati i

account of types and conditions of surfaces over whbizllfa\trgllﬁc(l)el}z C:;:
question travel. ~As regards the variation in the frequenc of oil
change by th(f vehicles in U.P. and Bombay, it was observedythat it
d.epended entirely on the maintenance policy of the two Organiza-
tions. It was also partly due to the variation of the cr;mkc-;ﬂe
capacity of the types of vehicles used in the two States. As desii‘éd
by the Committee, the information regarding the czmpuc.it (;f c‘r‘ nk
case fitted to the experimental vehicles were obtained fr())r,n thedtlw;)

undertakings and this information will be pl
mittee at its next meeting. plnced before tho Com.-

In order to compare correctly the consumpti -oi :
parts and tyre life on good concrete road arl;(tlloélogcfl f%ﬂ(ﬁﬁ%s pdl‘g
road, the State Transport Undertakings have been requested tsopfp .
nish to the Committee the details of the load factor, traffic inten 'ltlr_
specifications of surfaces etc. It was also recorded that factorssll'lz,’
hapdloluig olfdvle)hickla:, affect the consumption of spare parts and tlhiz

oint should be t: i i i it
gf e taken into account while analysing the consumption

The Committee noted that the life of t '

yre on good conerete ro:
and on good black-topped road had substantially deviated from tlﬁ
previous averages so far as Bombay experiment was conderned

The Bombay State Tra T . ] !
the matter.y ate Transport Undertaking has promised to look into

The Committee has so far received data relati i

; ting t ¢
route in Bombay from March 1956 to Februar; i%%ﬁ)o;:(? efrllmlejntl?’l
from DecembYer 1955 ‘to January 1959. The Himachal 'Prad'esli
Government Undertaking also forwarded data for 2 months only and

this being only for a very small period, it i
attempted so far P » 168 analysis has not been

A detailed analysis of the data relatin

1 g to Bomba, J
generall}: conﬁrms the_ findings of the previous rep(i‘ta;;iesléﬁtfd
to the Committee at its mecting held in January 1959. These

will be ‘discussed 1 i ! i : .
B el.S ussed in detail by the Committee at its meeting at

A detailed Paper on the subj

ject has also b i i
Vol. XXIV—.par_t 3 of the Journal of the Indian el?(l)ag:bggged .
The results indicate in detail that there is substantial re(luctigflesiz

the cost of operation of motor vehicles with the improvement of

road surfaces Experience of CcO i
. other i vi i i
_ untries is also reviewed in thlS
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(10) Cement Concrete Road Surfacing Committee
The Committee held its meeting on the 9th January 1959.

As desired by the Committee a note on a proposed basis for the
selection of thickness of concrete roads for Indian conditions was
circulated by the Convenor to the members of the Committee and
the Chief Kngineers of all States. They were also requested to
indicate whether they desired to make any special suggestions or
modifications to existing practice where laying of concrete for road
construction in one layer for thicknesses greater than 6 in. was
involved. The matter will be considered by the Committee ab its
next meeting.

A subcommittee had been formed to draft a standard form of
condition survey of concrete roads. But since then the Executive
Committee had taken a decision that as many of the concrete road
surfaces were sub-standard and the reasons for their failure were so
obvious, there would be no benefit in undertaking such a survey.
The proposal was, therefore, dropped.

(11) Road Transport Development Committee
The Committec held its meeting on the 10th January 1959.

Yhe Committee’s estimate regarding vehicle requirements were
forwarded to the Planning Commission for their examination and
action. After examining the proposal, the Planning Commission
have infogmed that the production of commercial vehicles in the
country is likely to be handicapped during the next few years by the
limitation of foreign exchange and have further stressed that the
Tariff Commission in their report of Automobile Industry (1956) had
estimated that the annual demand for commercial vehicles would
increase to 40,000 by the end of 1960-61. Every effort is being
made by them to reach this target and to the extent possible foreigh
exchange is being released to the indigenous manufacturers to step
up their capacity for internal production and to augment indigenous
contont of the vehicles.

Other recommendations of the Committee were also forwarded
o the Governments concerned. As regards recommendations relat-
ing primarily to the issue of permits of vehicles with laden weight
of 27,000 pounds and more and issue of permits for truck-trailers
combinations where adequate standard and geometric design of
roads permits such operation, replies received indicate encouraging
response.

Other recommendations made by the Committee were the survey
of weak bridges and culverts and the question of raising the permis-

12
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sible laden weights of vehicles and upgrading of bridges and culverts,
as also road surfaces, wherever necessary to carry additional loads.
One more important recommendation made by the Committeo was
a suggestion that on account of the pressing need to strengthen
bridges, culverts and road surfaces to carry the growing traffic, a
very high priority has to be accorded to strengthen the existing
traffic bearing roads. The response of the State Governments

cannot be fully judged at prescnt as only a few replies have been
received so far.

The question of surveying
and culverts was also discussed
in August 1958 at Bombay.
should survey at least two N
tive States and submit deta

and strengthening the weak bridges
at the Chief Kngineers’ meeting held
It wag decided that the Chief Engineers
ational Highway roads in their respec-

iled reports to the Consulting Engineer
(Road Development). Further, the State Governments were reques-

ted by the Roads Wing to carry out similar surveys in respect of
State Highways and to take necessary action to strengthen or replace

the weak bridges. The replies reccived will be considered by the
Committee.

As ragards the recommendation of the Committ
transport by road on an organized basis, the Gove
have informed that a provision has alrcady becn included in the
Motor Vehicles Act, 1939, empowering the State Governmer.ts to
frame rules for licensing of agencies engaged in the business of col-

lecting, forwarding and distribution of goods carried by public

carriers. Insurance of goods, etc., is the concern of the operator
only.

ec to put goods
rnment of India

The Committee’s recommend

ation about the maintenance of
kutcha roads by proper

) authoritics was also sent to State Govern-
ments. The replies received from Kerala and Bombay Governments
show that necessary arrangements are being made by them in

this direction. The replies from other State Governments are
awaited.

In addition to the above recommendations, the Committee
in its last meeting at Hyderabad proposed that 331 per cent of
fuel tax may be credited to the Contral Road Fund. The recom-
mendations of the Committee were put before the Executive Com-
mittee who suggested that the Road Transport Development
Committee may reconsider their proposals ag the question was
intimately linked with the much larger issue of gotting adequate
funds from General Revenues for

the road develo ment pl
and emphasising the Central Road F b plans

und at this stage may not
be advantageous. The Committee will consider this subject 1);1 its
meeting at Bangalore.
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(12) Stabilized Soil Roads Committee

The Committes had been constituted at the msta:(éﬁe O:mt%liei
Council of Scientific and Industrial Rgsearch to tzlrlxspec]&ceS stabl
lized soil roads already laid in the Punjab a,ndho her I(:n ros ahd 1o
give an assessment of the usefulness of the tec tm(tlsﬁe on the b
of service value given by these roads in relation (f) :va,iling o e,
subsequent maintenance, and in the bagkground of pr
climatic and subgrade moisture conditions.

The Committee would then make necessary reconil(xlne;g%t;?:;
for different areas in the country. The Committee v;lqut A0 e
gest steps which might be taken for introduction of this typ
construction in various parts of the country.

The Committee held mectings on the 7th Januaé'y a[rxll(ilt:(};: 3;:;1;
April 1958, The recommendations me}de })y the 1;oxlx;) e
placed before the Council at their meeting in Augus .
’ The Committee had expressed the view th%t t.h% tlela;gni&;gano:
stabilized soil road construction adopted in the t:(il]'a JDad ‘been
sucgess and the same specification (cloulgcll)ﬂlfzs%ggces mThe o

imilar conditions and ¢ . .

%J:gérl;?%;asg%zsearch Institute would d}‘&fﬁ a detailed resolution
on the subject to be passed by the Council.

i bilized soil roads built in
ittee was to inspect the sta L :
the srgggh(é?;n ISr}cla,tes before making further (Iieconi}énenéllfgmﬁz.ng;ﬁ) 11':
expected that these inspections will be made aiter

Session.

»

(13) Community Projects Roads Maintenance Com-
mittee

The Committee held its meeting on the 6th January 1959.

As the milage of roads constructe(% under the Comr(?;ll:lslitgerzi?;

ject and National Extension Sexévicedbc_heltr_f: (fglrlxr?:r;. ponsiderable
milage of roads 1n , ot

Eﬁ;?te;llfgxf cgaghitgz!:]d for ga satisfactory arrangement for main

taining these roads.

The Committee studied the practices prevailing in kconnev;:ﬁiigﬁ
with the construction of these roads as well as their Cup- ept%e bich
vary from place to place. At its last meeting, the Commi oo fne
e e oo e et Adminisiraion and National

Community Projec X A
(g;t?;:i?;dBﬁgierservices » " The Recommended Practice was 59!‘
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warded to the Government of India, Ministry of Transport & Com-
nunications, Roads Wing with the request to forward it to the
Ministry of Community Development and State (fovernments for
adhering to the standards laid therein. The Ministry of Transport
% Communications have taken necessary action.

The Recommended Practice was also circulated to members of
the Council for their information.

(14) Traffic Engineering Committee

The Committee held its meetings on the 10th January 1959 and
the 22nd and the 23rd October 1959.

The Committee has finalised the questionnaire on ‘Parking and
Loading of Vehicles’ for circulation to Corporations and Major
Municipalitics. The questionnaire will be issued shortly, '

The Committee considered road-signs. The concensus of
opinion wasg that there was room for improving the road-signs in
vogue. Tt wag, therefore, decided that the new sot of road-signg
along with a detailed explanatory note should be forwarded to the
Government of India, Ministry of Transport & Communications
Roads Wing for further necessary action. ' ’
It was also decided that as introduction of addition

and amending existing road signs will involve amendme
Vehicles Act, the I. R. C.

alroad signs

i nts of Motor
should publish the existing road signs,

The other subjects under consideration with the Committee
are: (i) nomenclature for traffic engineering terms : (ii) (a) traffic
marking and markers; and (b) traffic signals; (iii) street and
highway lighting,

A Traffic Study Week under the auspices of ECAFE
nised at Bombay.in October 1959. The Indian Roads Cor‘lvnr;is; if:;
represented at this Study Week through its eight delegafces,b

(15) Prevention of Ribbon Development Committee

The Committee held a mecting on the 9¢h January 1959.
The following recommendations of

the Executive Committee at their meetin

g held on the 13th M:
1959 were forwarded to the Government of India with thcl r(l\v{ (:’II;(;};
to take necessary action themselves and also to advise the gt-m“te
Governments to do the needful in the matter. B

the Committee ondorsed by
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. . . . dto

i) Taking into consideration the delay that is boun

0 take p%ace in enactment of Highway Bills, the Central
as well as State Govts. should immediately take steps
to enact scparate Bills to deal with the prevention of
ribbon development;

ii) High priority should be given to the preparation qf

W upio—gate agd correct land plans for roads. For tl}xsi
purpose it would be necessary to appomt specia
revenue officers to deal with this matter in an expedi-
tious manner;

(iii) Aseven the enactment of separate Bills for preven-
tion of ribbon development was bound to take time,
and as the situation with regard to ribbon develop-
ment was getting worse day by day, tl'1e Central as
well as State Governments should, pending the enact-
ment of such logislations, freeze the land adjoining

. various roads ;

imi in hi it was desir-
i Tn order to limit access to main highway, i
) able that future development of villages :uf.d towns
should be done on group development basis. This
would also mitigate the chances of future ribbon
development.

hl

The reply of the Government of India is awaited.

-

15. MISGELLANEOUS

(1) PAPERS

i i Iready in
ere teceived during the year. 8 were alreas
ha,nd26 gixzesg t‘ivlese 34 Papers, 10 were acc%)ted for Pul;ll((lzatgon, 1
ished as an article in T. C. M. R, were rejected, 5 were
Yezigl]g:ih:o j&uthors for revision and 5 were kept for consideration
for the next Session.

remost objective of the Society is the advance-
mem'-,r (})lfe tf}il?zcaiggcioof road bu]ilding,_ towards which contribution of
good Papers by members is essential. Members are requesteq tg
constantly bear in mind that the knowledge they have acquire
must be passed on to their fellow M'embers and that a record must
be kept for the benefit of posterity in the Journals of the Congress
or the Transport-Communications Monthly Review.

i ially the senior
The Council may also suggest to Members, especially
Members, tllllat they Zhould encourage the taking of notes and photo-
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graphs during the progress of important works with the object of
writing Papers for the Journal of the Congress and for contributing
articles to the Transport-Communications Monthly Review,

(2) POINTS ARISING OUT OF PRESIDENTIAL ADDRESS—
23rd SESSION

The Executive Committee at their meeting held on the 13th
March 1959 considered the various suggestions made in the Presiden-
tial Address of the 23rd Session and as decided by them various
recommendations dealing with the road finance, increasing the num-
ber of motor vehicles, organization of Public Works Departments,
All-India. Transportation Board, mechanization in road construc-
tion, improving the conditions and status of engineering personnel
have been forwarded to the Government of India.

(3) PANEL DISCUSSION ON SURFACE DRESSING

A questionnaire on surface dressing was discussed during the
19th ana 20th Sessions of the Indian Roads Congress held in June
1955 and January 1956 respectively. The discussions and written
replies were studied by the Central Road Research Institute gnd
they have sent tentative specification for single coat bituminous sur-
face treatment. The specification has been circulated to varjous

binder interests. It will be later placed before Specificati
Standards Committee for further consideration. peet Cétlons and

(4) XIth INTERNATIONAL ROADS CONGRESS

The Executive Committee at their meeting held on the 13th
Ma,rch 1959 suggested a delegation of ten representatives of various
1nter_ests to attgnd. the Eleventh International Roads Congress held
at Rio de Janeiro in September/October 1959. The Government of
India, however, reduced the number of delegates to five in view of

the foreign exchange involved. The names of delegat N
sented India at the Conference are given below: gates who repre

(1) Shri H. P. Sinha
(2) , U.J. Bhatt
(3) ,, S.R.Mehra
(4) ,, N.G. Dewan
(5) ., L. R. Patel
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(5) SILVER JUBILEE OF THE INDIAN ROADS CONGRESS

As the Socicty completed 25 years of life in December 1959, the
Executive Committee decided to celebrate the Silver Jubilee Session
this year. In order to celebrate this occasion in a befitting manner,
the following special publications have been brought out :

(i) A Souvenir containing the history of the Indian Roads
Congress, messages, articles on road development, road
research, etc.

(ii) A publication ** Bridging India’s Rivers”.
(iii) T.C.M.R. Silver Jubilee Number.

In addition to this, four issues instead of three issues of the
Journal were printed.

Special types of badges (one for use during Silver Jubilee
Session and the other for permanent use) have been issued.
A

In order to meet the expenditure in connection with the Silver
Jubilee items, an appeal for donation was issued to all membpers. It
is gratifying to note that this has met with generous response.

-
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10.
11

12.

13.
14.
15.
16.
17.
18.
19.
20.
21.

22.

23.

24.
25,
26.
27.
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Appendic
LIST OF JOURNALS

African Roads & Transport.
American Highways.

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

Automobile News.

Better Roads.

British Constructional Enginecr.

British Road Federation (Bulletin).

Bulletin Technique Dec la Suissec Romande (in French).

Bulletin of the Central Building Rescarch Institute,
(India) :

Bulletin of the Institution of Engincers (India).

Bulletin of the Permancnt Internationa! Association of
Road Congresses.

Bulletin of International Association for Bridge & Strue-
“

tural Kngineering.

Burmah-Shell Nows.

Central Board of Irrigation and Power Abstracts,
Commonwealth Today.

Concrete Quarterly.

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

Chartered Civil Engincer (Bulletin of the LCE., UK)
De Ingenieur in Indonesia (in Dutch).

De TInstitut Technique Du Batiment ot Deg Travaux
Publics (in French).

Documentare Technica.

Engineering News of India.

Geophysical Digest.

Highways and Bridges and Engincering Works,
Highways Current Literature,

Highways Research Abstracts.

28.
29,
30.

31.
32.

33.

34.
35.
36.
317.
38.
39.
40,
41.
42.
42,
44.
4b.

46.

48,
49,
50,
51.
52.
53.
b4.
55,
56,
b7.
58,
59,
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Indian Journal of Power and River Valley Developments.
Indian Minerals.

Insdoc 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‘ India.
Journal of the Institution of Municipal Engineers, U. K.
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 Buildings Organisation.

Link Belt Speeder News.

La Technique Rottiere.

Le Strade (Ltaly).

Magazine of Concrete Research.

Main Roads.

Motor Transport. |
Modern Casting & American Foundrymen.

News-Letter of I. R. T. D. A.

Norsk Vegtidss Krift (Norway).

Premier Automobile Journal.

Proceedings of the Institution of Civil Engineers, London
Power Engineer. '

Public Roads.
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60.

61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.-
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
56.
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Quarterly Technical Bulletin (Indian).
(Ministry of Railways).
Reinforced Concrete Review, U. K.
Rescarch & Industry.
Road Abstracts, Road Rescarch Laboratory, U. K.
Road International.
Road Safety in India.
toads and Road Construction,
Science and Engineering.
Shovel News.
State Transport Review, Bombay.
Strassen und Tiefbau (in German).
Strasse und Autobahn (in German).
Strassc und Verkehr (Swiss).

Surveyor and Municipal and County Enginecr, U. K.
Texas Kngineering Experiment Station Nows, US.A.

The Crushed Stone Journal (American).

The Highway Magazine. i
The Indian Conerete Journal.

The Indian and Eastern Engineer.

The Engineering Journal (Canada).

The News in Engineering (at the Ohio State University).

The Structural Engineer, U, K.

The Texas Highways, U. S. A.
Traffic Engineering (U. K)

Wegen (Belgium)

Western India Automobile Magazine.
World Construction.

Minutes of the 56th Council meeting of the
INDIAN ROADS CONGRESS
held at Banglore on the 2nd February, 1960.

The Council met with Shri U. J. Bhatt in the Chair.

i . F. P. Khanna, G, C.
pestasrai Sl Mahadevan, M. R,
Bsru;i K., Lal C. Verman, Dr.

Basu, K. N. Mathur, B, D.
Behera, S, S. Meeran, M.
Bhatia, K. M. Mehra, S. R.
Campbell, H. H. Mukand, J.
Chanda, R. P. Nambiar, Ilg K.
Chaugule, Y. K, gark?{, SS A

. Chathunny, T.S. Payad, B .
Durrani, N. rasad, B.

Fielder, C. J. Sinha, H. P.

Thakur, D. 8.
Iyengar, C. L. N. ¢ s,
. Jigd%sh'Pmsad Tripathi, S. N.

A. J. D'Costa . Secretary.

The following co-opted members attended

i Nadirshah, E. A,
Antm,. K'.}?'K Premartne, H. R.
g:x;]eseﬁ L.. ' Sujan Singh

Vagh, B. V.

The following attended by invitation

Hardyal
Eﬁﬁﬁﬁn%ﬁ" M. K. Nagarshoth, M. P,

Trehan, J, M,

1. Co-options and Invitations.

i the Executive
il roved the action ?a,ken by
Comg?fm(zo&nzz)-ogaﬁg and inviting certain members to attend the

Council meeting.

2. Confirmation of the Minutes of the 55th Council Meeting.

The minutes of the 55th Council meeting held at Bangalore on
the 28th January 1960 were confirmed.
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3. Office-Bearers.

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

President H. P. Sinha

Vice-Presidents S. C. Nayak
Dr. F. P. Antia
K. M. Joshi

Secretary A. J. D’Costa

At this stage, the newly oclected President, Shri 1
took tho Chair, sident, Shri H. P. Sinha

The Council placed on record their appreciation of the fine

work done by the outgoing President and other i
: s : office-bhearers s
the Sccretariat of the Indian Roads Congress. toe-bearers and

4. Venue of the next General Session of the Indian Roals
Congress.

The Council accepted with thanks the invitat
anks ation of the Govern-
ment of Madya Pradesh for holding the next Session gf tlig (NIOx‘\((l\ir:?n

Roads Con i
Bhopal. gress  sometime towards the end of November 1960 at

Shri H. R Premaratna, Director
sg,ated that };115 Government had earlie
ongress to hold one of their Sessions in Ce
( ] ylon but f
it had not been possible for the Indian Roads Congressu:o c::(l:ler:i?eg
zgeﬁx(; ll;f%ﬁ:s% :Vo f:r. S'Ii% eéztended an invitation of his Government
enty-Sixth Session of the Congress in his co
hoped that the Council of the Indian Roads Congress will llirel:{)yt}?:ii

invitation in view. He also hoped th i
will agree o this propeset P at the Government of India

of Public Works, Ceylon,
r requested the Indian Roads

5. Committees :

The Convenors of Committees were appointed as under :
(1) Specifications & Standards Committee. ...
(2) Bridges Committee.
(3) Test Track Committee,

Goverdhan Lal
S. L. Bazaz

C. E. (Road Develop-

ment), West B
(4) Research Organization Committee. ... H, P.) Sinha engal.

(8) Soil Research Committee. -« 8. R, Mehra
(6) Education Committee. v E. A Nadirshah
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(7) Provincialization of Local Bodies

Engineering Services Committee. .. A.S. Adke
(8) Papers Committee. ... H.P. Sinha
(9) Manufacture of Road Making Machi-
nery and Mechanization Committee. R. S. Bhalla
(10) Organisation Committee. H. P. Sinha

(11) Road Operation Cost Committee.

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

(13) Cement Concrete Road Surfacing

Jagdish Prasad

Director,C. R.R. 1.

Committee. ... E. A Nadirshah

(14) Road Transport Development Committee... Dr. F. P. Antia
(15) Traffic Engineering Committee. ... D. G. Bhagat
(16) Prevention of Ribbon Development

Committee. ... H.P. Sinha
(1’7) (Community Projects Road Maintenance

Committee ... K.K. Nambiar
(18), Stabilized Soil Roads Committee ... K.K. Nanipiar

The suggestion to give representation to the Indian Standards
Institution on Committees Nos. (1), (2), (8), (9), (13), (18) and (18)
was noted.

6. Kilometre Stones.

The design of kilometre stones prepared by the Specifications
and Standards Committee was approved (subject to necessary
modifichtion in respect of thickness which would depend upon the
material used) for publication as finalised standard of the Indian
Roads Congress.

7. Points arising out of the Inaugural Address by Shri Raj
Bahadur, Minister of State for Transport and Communi-
cations, Government of India.

The Council greatly appreciated the assurance given by the
Minister of State for Transport and Communications, Government
of India that the recommendations of the Indian Roads Congress
for the formation of & Road Board at the Centre, will be given due
consideration after a complete scheme giving in detail the outlines
and functions of such a board are submitted to the Government of
India. The Council appointed a Committee consisting of President,
Indian Roads Congress, U.J. Bhatt, K.K. Nambiar, B.V. Vagh and
8.R. Mehra with powers to co-opt two more members and examine
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the matter in association with the Executive Committee and submit
their report.  This Committee may also consider ways and means
of speedy execution of works and make necessary recommendations.

8. Miscellaneous.

(1) Arising out of the minutes of the 55th Council meeting
held at Bangalore on the 28th January, 1960, the Council

considered the following two proposals of Shri S. R.
Mehra, viz.,

() suggestion to entrust the Member-Secretaryship of
some Committees to the Assistant Directors of the
Central Road Research Tnstitute.

(b) suggestion to amend the composition of the Bxecu-
tive Committee so as to include the Director, Central
Road Research Institute as an ex-officio member.

As regards (a), it was explained that the Council at their 3Sth
meeting held at Simla on the 26th April 1952 had decided that all
Committees of the Indian Roads Congress should have Memhber—
Secretaries who should be officers of the Roads Wing. It was also
explained that according to the present practice under the rules,
the Kxecutive Committee or the President under authorization
from the Exceutive Committee appoints members of Comraitteos
or Subcommittees in consultation with the respective convenors
as far ag possible, The Council expressed the opinion that thig
practicc may be continued. It should, however, he possible to
include as Member-Secretary any official of the Central Road
Research Institute or other organizations for suitable Committees
and Subcommittees on the recommendation of the Convenors.

s

As regards (b), the proposal was discussed at 1lo
members of the Council expressed their views both for
the propecsal. DBut as there was no unanimity
Mehra withdrew his proposal.

ngth and
and against
of opinion, Shri

(2) A suggestion was made that the question of increasing
the number of scats on the Council from 4 to ¢ under
Rule 9-] may be considered. The Counci] decided that

this suggestion should be examined in detaj] by the
Exccutive Committee,

TOUR NOTES

2Ath Session, Bangalore, January-February 1960.

Some interesting bridge works are in progress on the West Coast
Road. Big projects like the Sharavati Valley Hydro-Electric Project
are in progress. There arce the Jog Falls. But these places being far
away from Bangalore, visits to such distant places could not be
arranged.

Visits were arranged to the three important undertaking under
Public Sector which are technically very interesting. They are:

(1) Hindustan Machine Tools Factory.
(2) Hindustan Air-crafts.
» (3) Indian Telephones Industries.

These places need no introduction.

®
A vigit was also arranged to Mysore City and the famous
Brindavan Gardens.

o The Brindavan Gardens are laid on the banks of the Cauvery
River near Krishnaraja Sagar. The Krishnaraja Sagar is formed by
impounding the waters of the Cauvery River by a masonry dam.

The Garden is famous for its beautiful layout, for its fountains
and the colourful illumination.

ROAD FACTS OF MYSORE

Mysore State has 26,852 miles of road for an area of 74,861 sq.
miles of the State. The road milage per sq. mile is 0.36 miles
which is a handsome figure compared with other States.

The State, as formed on States Reorganization consists of areas
coming from five different administrative units, viz., from Bombay
State (4 Districts), from Hyderabad State (3 Districts), from Madras
State (one District and a Taluk), from Coorg State (whole area of
Coorg District) and the whole of old Mysore State.

The areas coming from old Mysore State, Coorg and Madras are
fairly well served by roads. The areas from Bombay and Hydera-
bad States are comparatively poor in roads. The roads in Bombay-
Karnatak and Madras-Karnatak are classified according to Nagpur
classification. In other areas roads are not classified,
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The objectives of the Nagpur Plan were that in o highly
doveloped agricultural area, no village should be more than two
miles from “a road’ nor more than five miles from a main road, the
average distance from a main road being generally less than 2 miles
in most cases.  Nimilurly 10 von-agricultural arca, no village should
be more than b miles from a road, noy more than twenty miles from
a main road, the average distance from o main road being six or
geven miles in most cases.

According o the above objective, Mysore should have the
following milage of the roads :

Main roads 11,903 miles
Other roads 12,595 |,
Total 24,498 |,

It would be scen from the figures of the existing road milage
given helow that the milage targets of the Nagpur Plan (1943) hove
on the whole been exceeded, though we full short with regard to
main roads.

Main Roads. -
(1) N.H. 559 miles
(2)  State Highways 3,805,
{3) M.D.R’s 4,925, (approx.)

9,2_E;g '

Other Roads.
OD.R’s. 6,600 miles (approx.)
V.R.s. 10,983 miles

17,583

L

Total road length : 26,872 miles

The break up of the existing road milage into vayiows

L . : type of
surfaces 1s given below (—(figures as on 31lst March 1959), Y

Type : Milage Pereentage
.0 346, 1.30
B.T. 3,470.16 13.00
W.B.M. . 12,367.17 46.00
Unmeotalled 10,668.08 39.70

Total ‘en 26,872.04

——————
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The road milage for Mysore based on the report of Chief
Engineers on the Second Road Development Plan are given below :

National Highways 1,515 miles
State Highways 4,320 miles
Major District Roads 8,350 miles
Other District Roads 10,248 miles
Classified Village Roads 11,650 miles

Total 36,083 miles

The table given below gives a comparative study of the road milage of .
Mysore State with those of other Indian States. )

| Road mil
S | Statesand Total | Aree (in Potgula- mnl:m% age (per
1 | Territories | milage | Sq. Ml.) (in 12)1?11 8)| sq g!;ﬂg&)ar lakh of
@ : population)
‘ -
1 | Mysore 28,852 74,861 194.0 0.346 103.9
2 .Andhra. 19,305 | 1,03,677 312,86 0.183 * a7
3 | Assam 9,810 85,062 90.4 0.1030 108.02
od Blhar " 32,837 67,113 387.8 0.4800 84.72
8 | Bombay ... 3,998 | 1,90,668 482.7 0.1700 70.40
.6 | Keralae ... 8,444 15,006 136.5 0.5604 62.31
7 | Madhya
Pradesh 17,819 | 1,71,250 260.7 0.1011 66.43
8 |Madras .| 24,042 | 50,128 290.8 0.4790 80.10
9 | Orissa 11,738 60,250 146.5 0.1900 80.12
10 | Punjeb .| 10,087 | 47,062{ 1614 0.2100 62.05.
11 | Rajasthan ... 21,922 | 1,32,148 169.7 0.1700 137.2¢
12 [Uttar Pradesh] 33,733 | 1,13,422 632.2 | - 0.2970 53.30
13 | West Bengal 21,638 33,027 263.0 0.6100 81.97
14 | Jammu and .
Kashmir 1,765 85,861 44,10 0.0190 40,00
15 | Delhi 320 573 17.4 0.558¢ | - 180"
16 | Other Union - .
Territories 1,804 26,790 23.80 0.0084
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During the First Five-Year Plan 408} miles of new roads
have been formed, 1109 miles have been upgraded and 10 major
bridges have been constructed in Mysore State.

The development programmes of National Highways and other
roads in II Plan Period ( 1956-61) are detailed below :

National Highways.—Three routes

traverse through this State, covering a total length of 559 miles.
They are National Highway Nos. 4, 7and 9. Their description,
their length and the break-up of their length into type of surfaces
are given below :

of National Highways

Sl. N.H Description Total  Cement Black- Metalled

No. No. length concreted topped length

M.F. M.F. M. T M. F.

1 4 Passing  through 434 1 16 4 414 5 30
Kolar, Bangalore,

Tumkur, Chital-

drug, Dharwar and

Belgaum.

2 17 Passing  through 77 7 71 2 65
Attibele, Banga- ©
lore and Chik-
ballapur.

3 9 Passing  through 46 41
Humnabad in

46 43
Bidar District.

——— ——

Total ...558 4} 164 53235 93

———

——

—

The annual maintenance cost of these roads is nearly about
Rs 13.00 lakhs.

Under the 1T Plan, approved by the Government of India,
nearly Rs 54 lakhs are proposed to be spent, out of which Rs 20
lakhs are for new works.

During the Second Five-

have been dong - Year Plan so fa,r,r the following works
1 W.B.M. renewal and Black topping N . .
Division, ack topping N.H. 4 in Chitaldrug

2 Black topping and widenin

of f i
N.H. ¢ in Davangere Divisj g ormation to 38 ft for

on.
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3 Black topping miles 245/2 to 3531 o1 Poona—Bangalore
road (N.H. 4) in Dharwar Division.

4 Widening formation to 38 ft in various divisions for
NH.4and 7.

5 Black topping mile 67 to 85 of N.H. 4 in Tumkur
Division.

6 Widening B.T. surface mile 34/0 to 44/4 of N.H. 4m»
Tumkur Division.

i ile 5 fN.H. 4
ideni te surface in mile 5/0 to 17/0 o ]
! Y)‘;‘d(i;}i‘l.g c;(})lrcl)(ifl%:rs in Bangalore Tumkur road in
Bangalore Division.

8 Reconstruction of Hudgi bridge on N.-H. 9 in Bidar
Distriet.

. idar
9 Reconstruction of culvert No. 291 on N.H. 9in Bida
District.

i i i ile 168 in Davangere
Widening Batti tank bund in mi
v Dilvisiongon N.H. 4. (Job No. 1160 MY 4).

[ ]
« 11 Reconstruction of bridge No. 400 on N.H. 9 in Bidar
District.

Following new works are in progress:

1 Widening culverts and bridges.

i i lore-
* i bridge at mile 10/3 of Banga
? Loﬁoar(lisfa,r: ﬁgﬁi (ai\T l}lfw 4) in p%ace of a damaged bridge on
o Y tank bund.

i ile 17/4—28/4 of
ideni isting B.T. surface from mile
3 ‘gafgzgllgrgeffﬁa}drgas section of N.H. 4 (Job No. 1263
MY4).

ile 28/4 to 43[0of
ident the B.T. surface mile
* %Vafx(llgzllélfge——Madras goction of N.H. 4 (Job No. 1200
MY 4). .

i ile 43/0 to 71]2 of

ideni the B.T. surface in mi |

i %23;:11;%_1&&&&3 soction of N.H. 4 (Job No. 1250 MY
4 and 1651 MY 4).

i from mile

ideni halted width from 12 ft to 22 it fron

¢ gglgeﬁnﬁlfl%e 95%1;0 of Bangalore—Devanhally (?;[g;p;;w
seltion of N.H. 7 (Job No. 1217 MY 7 and 127 -

' k mile 5/2 to 6[4
idening the tank bund of Hebbal tank 1 Y
! legiz?aﬁorei-f)evanhally Bagepally section of ‘NI.HJ.
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. Following new wo
in the year 1960.6] :

1

10

11

12

13
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rks are to be taken up in the current year or

Reconstructi i ;
Hiriyur (\11\10. }lIO.n4()).f the bridge across river Vedavathi at

Reconstructi i i
v s;‘uc ion of a minor bridge No. 360 at mile 103

Recqnstruction of the bridge at mile
and improvement of its approaches.

Construction of Mala
Division.

87/6-7 of N.H. 4

praba bridge on N.H. 4 in Belgaum

Diversion outside Nipani town,

Diversion outside Hublj town.

Diversion near Harihar to avoid two level erossings

Improving the curve in mile

Tumkur Division N.H. 4. 58/0-1 and mile 830,in

Improvement to Tavadighat in mile 172/0 of N.H. ¢

Widening tank bund from mil 5 i l
N.H. 4 (Bangalore—Madras sect;:n)l?’lo 0 mile 14/7 of

Wi_dening culvertg
Chttaldrug, Tumkn
NH 4and NH. 7

Widening the carria e
to Hubli mile 213[5 1-,% ;%7’3%} th.VI?I.IZne from Belgaum

and minor bridges in Day

’
an
r, Bangalore and Kola o

r Division for

L

Concreting miles 91 to 17)

section of N.H, 4 #of Madras-Bangalo;e Road

Discussion on Paper No. 213*

“ Some Studies in Soil Mechanics as Applied to
Roads in West Bengal”

By
S. N. Guera & P. L. D

Friday, January 29, 1960.

_ Shri S. R. Mehra (Chairman) called upon Shri S. N. Gupta,
Joint Author, to introduce the Paper for discussion.

Shri S. N. Gupta, while introducing his Paper, remarked that
when the first experimental stretches with stabilized soil were laid
in Bengal in 1951 they had doubts about its success, their experience
however has shown that even in West Bengal having heavy rainfall
this method had proved more economical in many places ahd an in-
escapable necessity in others. He also stated that though they had
a permanent Roads and Buildings Research Laboratory in the State,
the m¥hod of construction was still mostly manual and henoe
dilatory and needed to be improved.

In regard to the classification of soils, for highway engineering
Shri Gupta® strongly recommended the adoption of P.R.A. system in
preference to the unified classification system finalized by the Indian
Standaads Institution.

Discussing the road pavement failures, Shri Gupta stated that
the investigations conducted by them had conclusively brought out
the necessity of (i) providing adequate compaction of the embank-
ment in general and the subgrade in particular, (ii) adequate thiock-
ness of pavement for the present day traffic loads, and (iii) keeping
the water off directly by water repellent treatment and indirectly by
adopting soil stabilization methods.

In the end, Shri Gupta felt that there was scope for further
augmenting the pace of education in soil mechanics in the country
and sooner it was done the better.

Shri D. C. Chaturvedi, referring to para 3.3.1, requested the
Central Road Research Institute to make available early the results
of their study about moisture content under pavements as it would

* Published at pages 27 to 89 of Vol. XXIV-Part 1 of tho Journal of the
Indian Roads Congress, October, 1959,
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be of great help in working out economical designs for road
pavements.

He felt that 2 cu. ft. soil sample might be in excess if it was to
be taken at frequent intervals. So he asked the Authors to suggest
the interval of sampling in normal cages. Also, the liquid limit of

65 for embankment soil suggested by the Authors appeared to be on
the high side, and he wondered if it could be adopted in this
country.

Shri Chaturvedi did not agree with the Authors that the thick-

ness required for concrete pavement depends on the amount of
reinforcement as it did not play any part in providing rigidity to the
pavement, .

In the specification given in para 7, it was seen that the
Authors were using dry density as the criteria for designing admix-
ture of soils for base course. He asked the Authors if P.I. and sand

content were also considered as in case of Mehra’s method of soil
stabilization.

Referring to para 8.2.2. relating to strength of soil-cement
cylinder for determining percentage of cement, Shri Chaturvedi
wanted clarification about the type of traffic and its intensity suit-
able for the specifications. He had found that grafting of stono on

soil-cement layer improves the adhesion of*black top coat to the
soil-cement surface, '

Regarding para 9.2., he suggested another reason of failure, viz.,
alternate wetting and dr

_ . ying of deleterious salts like carbonates and
sulphates which might have caused subgrade failure, o
Dr. H. L. Up

pal remarked that providing about 15 in, of
compacted layer, recommended by the C.RR.I1,, as part of the calcu.
lated thickness of the road pavement, would add cost equivalent to
an additional thickness of about 1 to 2 in. of hard crust only
This would have far reaching effect on the economy of road con.
struction especially in areas of high water table such as West
Bengal, Bihar, parts of Assam, U.P. and Punjab.

In regard to failures of road pavements on emban

Dr. Uppal stated that investigations irI: the past had indicatlégletl}llt:é
failure was due to a combination of both inadequate thickness on
weak subgrade as well as settlement in the body of the embankment
He added that proper compaction not only of soil but also of thé
subgrade was necessary before putting on g, rigid pavement Com-
paction of embankment layer by layer would prevent Sef:tlement
when it got soaked. Further, for compaction of soil it was not on)
necessary to have a high compaction o

but also 1 iati
place to place. For this purpose ho east variation from

. ; advocat ;
machinery which would also be economical, ated the use of light

: ' 3 825
SoME STUDIES IN SOIL MECHANICS

Dr. Uppal stated that use of 5 to 10 per centbcirlnezglf)?;:&l;
stabilization scemed to be rather Eugh and was prodictg’d D ndia
to conditions in other countries. ]*JXPBI’}m‘mt?1 coy; ble compaction
had shown that soils after proper blending an Sflll a 0 s 10 3
could be stabilized with as small concgntratlon 0 ffleme;;c.untrie.)s who

er cent. This was now being appreciated by other f cement for
gre now recommending use of smaller pe"cen; agef :oads and run-
stabilization of soil for lower layers of pavements o
ways.

i i Authors that addition of
. al did not agree with the Autl : ’
granglla‘trtljrll)aﬂ%riall would lower the plasticity index ﬁf sm}i?éh i[l'g 1‘;) 2,3
the fine sand fraction, not coarser than 40 U.S. mesh, w
lower the P.I. of the soils.

Regarding the compressive strength O;I' a Sc;)libc(;mllﬁntelrn:étl;;e
suitable for bottom and top layers of 250 an g st?ated ’.chaf:
respectively, recommended by the Authors, Dr. 4 tppa mittod by
the proper a,,pproa,ch would be to find out the load trans fhed by
v®hicle at various depths and to provide sufﬁcxeng szrenﬁﬂe of o
cement mass to withstand those load stresses. I.nt ac ’t?)’ oathering
zing soil with cement, two factors, viz., its resis afnge onsfderation
offeet and the resultant strength, had to be taken in t(})l cof siders pell‘
The former condition cmt;lgd_ bedszi;lls‘feiﬁ lfb ;71 2513;9“1)8100]‘ after 7 days

in i d was attaine . . 6
ﬁiiﬁ@,lgﬁﬁz f’sﬁé strength would depend on the type of vehicle
likely to use the road.

, o T

As regards stabilization of clayey soils with cetmentl,ﬂ}{)rxi] a[.Jk%P?tl;
stated thab use of higher concentrations of cemen_l vlio ld first be
uneconomical. He suggested that 13he clayey Smi 2;11 resultant
made $riable with small concentrations of lime ]ain : tities of
material then treated with comparatively smaller quan
cement than originally required.

Since the Authors themselves had admitted that comé)'a.dctgg:nc‘);
soil was very economical, it was not upd_erstood wl?é tl'leyoflthe b iry
digging of the existing crust an;lhpr«;lvz(‘l(;n%r{lzttomste af:l]'of e e

il and then relaying the ha ) ¢
18)8}(:? ghs’:gllmaégs of compacted hard stone as mentioned in the Paper.

i ad failures
i L. R. Chadda thought that the solution of roa

ca.usesdhlt;;l\;ve{:kening of the subgrade due to ca;;ﬂlﬁ,ry r;x)oxr?&x:euz;:;
to effect some improvement in the strength of t! : su %f de under
saturated conditions by incorporating small percen :;,tggs ¥eciablo
lime varying from 2 to 3 per cent which would 1‘;60811 in g)pfor ablo
increase in the C.B.R. of the order of 30 to ! per ce it for solls
with P.I. ranging from 15 to 25 and for less ¢ ay2ey sgxs bweel
1 to 2 per cent. The cost of soil compacted with 2 and 3 pe
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lime worked out to about Rs 15 and Rs 19 per 100 cu. ft, respec-
tively, when the cost of lime was taken as Rs 3 per maund,

Shri M. P. Dhir stated that structural rigidity of concrete slab
would depend on the product of elasticity modulus and the cube of
the thickness of slab and not on the elastic modulus alone as stated
by the Authors in para 5.2 of the Paper.

Regarding the usefulness of sub-base under the rigid pavement
Shri Dhir stated that sub-bases were provided not only for reduciné
the load stresses but also for other considerations, for example,
in case of very poor subgrade soils where concrete could not be laid

directly and also for counteracting the frost action or pumping
of the poor subgrade soils.

Referring to para 5.3, regarding the recommendations of
about 25 to 33 per cent reduction in the flexural strength of
soil-cement construction when designed as a flexible pavement
Shri Dhir suggested that for big projects, where feasible, McLeod’s,

method or Burmister’s analysis might be used for evaluating
such semi-rigid pavements. B

Shri D. K. Laroia stated that proper compaction of road
fills was a vory important aspect of road construction and did
not agree that fills got sufficiently consolidated under traffic if one or
two rainy seasons were allowed to pass. He cited the exampl
of failures on G.T. Road in UP, vide IL.R.C. Paper Novl 2I())§
by Messrs H. G. Verma and D. C, Chaturvedi, where C.B.R v@lues

of the subgrades in various stretches have b

$ ¢ een sho
frolm 2.5 to 9.1.f tIhf 51;§h differences could occur inwtrileto(} \]f?’a{{},’
values on one o e oldest roads havi i nder
T i T “doonen 1aving been consolidated under

the diffe i
fills could certainly vary very muc}rxfmceS i CBR. values of now

Referring to para 3.3, regarding the i
water table in the stability of froaldn,gSh};e importance of ground

. i Laroia cited
ple of certain western districts of U.P,, Wherel eg . :11]13 exag;.
level rose to within 2 ft of the ground lev water

el instead of the
to 20 f.t, aqd stressed that occurrence of similar 3)(;:(11!;:110112
should invariably be taken into account while designing road

pavements. In such cases the only safeguard needed was to

provide an additional properly compact i
which did not cost much Whilz the Ef ble ond ot 12 inches

ouble a ;
were bound to bo very much more. nd expense otherwise

Regarding results of failure given j Shri :
h}c;w th(_a thickn}ass of crust deerez%sls;gnt:)n 8']5;51:11)1119 11;161;}}1121 t? arola D»s.ked
;,a?;t ftai,llled agamst.l‘lﬁ in. found in the other portions Wg.ohpoytlons
il t ough the initial specification was the same lCR did not
to failure of 3rd furlong of 4th mile of Balighai-Moha:npu:3 feRrar:ig
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vide Table 1, the spoaker said that with P.L. of 21 and water
content of 24.4 per cent the natural state of the soil appeared to be
plastic and that was the reason of failure. But the reason of failure
of 7th furlong of 2nd mile was not clear as the C.B.R. value at 35
per cent moisture content was no doubt very low but the natural
water content was only 23.7 per cent and the CB.R. value
at this moisture content would be very much higher. Perhaps
the crust thickness was not adequate or perhaps the water content
increased to above 23.7 during some periods. 1t would be instructive
if it wore clarified as to which of the reasons accounted for the failure.

Shri Laroia also did not agree with some of the deductions made
by the Authors on page 39 of the Paper in regard to earthwork
done by machines as compared to manual work. He stated that if
these observations were assumed to be correct, it would mean that a
reduction of dry density from 108.7 to 98 lb per cu. ft. and increase
of moisture content from 25.7 to 26 reduced the C.B.R. value from
3.7 to 3, thereby meaning that higher dry density did not play a
veyy important role in the bearing capacity. He was of opinion
that more experimental data was needed for confirmation of these
deductions.

®
In the end Shri Laroia mentioned that it was seen from the
Paper that failures mostly occurred in clayey goils and clayey gravels
and sands which contained too much of clay and could not be easily
cdmpacted. Special attention for compaction of clayey soils was,
therefore, required.

Shri 2. K. Deb stated that unless adequate attention was given
to thorough compaction of the entire road embankment, mere
adequate subgrade compaction immediately before laying the pave-
ment arfd providing necessary pavement thickness corresponding to
the strength of the compacted subgrade would not be good enough
for prevention of road failures.

In regard to the use of the C.B.R. method for flexible pavement
design, Shri Deb stated that the design thickness according to this
method was based on the maximum wheel load and did not take into
consideration the intensity or the effect of repetition of loads.

" However, the chart presented by the Authors in Fig. 1 showed

pavement thicknesses against intensity of traffic. He asked the
Authors to indicate the source of this design chart. / .

Shri N. Mohan Rao agreed with the Authors in regard to the
need for soil surveys, sampling and testing of soils at different
points and locations, and added that it was essential that the
sampling done should have area significance. This could be done
only when the soil surveys were coupled with pedologioal and
geological information also. BRI £

15
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In regard to para 2, page 36, dealing with pavemont design and
investigations of failures on N.H. 2, Shri Rao felt that the statement
made therein could be misinterpreted to mean that if a very thick
pavement had been provided based on the C.B.R. design, the failure
could have been averted. He stated that the C.B.R. testas designed
and applied was mainly aimed at evaluating safety against shear
failure and did not ensure safety against settlement failure, i.e., that
independent of C.B.R. thickness requirements, there was need to
compact all layers to the maximum density. In this connection he
referred to para 9.3.2 regarding the investigation of 56th and 57th
miles of the G.T. Road, wherein it is stated that heavy subside{lce
took place in these two miles and that failure was du.e to lovy bearing
capacity of the subgrade, which was corrected by increasing pave-
ment thickness. He wanted to know whether the subsidence was

followed by lateral heaving as also the difference in the types of
failures on N.H. 2 and G.T. Road.

Referring to the statement made by the Authors that soil-
cement could be expected to give cqual service with less thickness
than in the case of flexible pavements, Shri Mohan Rao stated that
to appreciate such gencral statements, it was essential to have
further information by way of percontage of cement, strength, cte.
Similarly, in the case of Barasat-Basirhat road, 15 in. of flexible
construction was compared with 9 in. of soil cement plus 1} in.
premixed carpet. He, however, felt that unless curves are evolved
based on their own findings in the light of several ye

ars of observa-
tions, conclusions of this type might not be quite con

vineing.
Shri T. K. Natarajan felt that it would ha
the value of the Paper if the A
about the scope and limitations o
procedure. No doubt, for the cas

ve added greatly to
uthors had mentioned something
n the validity of the C.B.R. design
es set forth in the Paper this proce-
dure proved to be an expedient tool in estimating the structural ade-
quacy of the pavement, vet it leaves an impression that the C.B.R.
method is a perfected and infalliable tool in design. It was, therefore,
necessary to have fuller realisation of the implication of the C.B.R.
test for its proper application, especially in view of some of the dis-
quieting experiences, such as the erratic C.B.R. values in the case of
soils with particles larger than ! in. size, the effect of annular sur-
charges on some of the less plastic soils and also the non-uniform
density resulting from static load compaction which, in certain
circumstances,

led to increased pore water pressure resulting in
decreased C.B.R. values even with increase in density.

Concerning the investigation on g
conditions given in para 3.3.1, he spe
in submerged conditions cohesionless soils were more drastically
affected in their bearing capacity than cohesive soilg both accord-
ing to theory and practice. He, therefore, emphasised the necessity

round water and waterlogging
cially wanted to point out that,
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i in

' proper drainage in situations where waterlqggl‘ng a(rlldmif‘)ﬁl% S I%
cisted. Here, also, there scemed to be a w1deb£rea s sonerl
sanding in regard to the use of C.B.R. method as t erfe PeSor no
npression that adequate pavement drainage wa(iq o the basis 0
onsequence because the pavement was designe bon e bl to
»aked C.B.R. values and, as such, it could not be -Sunotiworthy,
amage by flooding. In this context, two facts were cnoily onsurs
iz., the soaking procedure of the C.B.R. did notd };%ecesnce Y stween
aturation and, sccondly, there was great di ler;loo ding, For
aturation and surcharging of the subgrado 1:}1110\1%1 ! G onfin
xample, in sandy soils flooding of submergence re \‘:,lbclzment o tho
ng pressure in the soil thereby' worsening the se

trength characteristics of the soil.

po : i-flexible

ferring to para 5.3, classifying soil-cement as a semi-tio nd
mveﬁeent Shgri Na%ara,jan stated that mechanically St&b:::ded:gl:fch,
»itumen stabilized soil had very poor flexural gtrengB & in the case
»y definition they behaved like flexible materials. ; uan meonfined
»f soil-cement, its flexural strength, CorreSpondmtg%% 1b per 8q. in.,
>ompression strength at an age of 7 days of abou d for 1}1)56 in roa
which is the common strength of material require thod of cconsider-
base, was of the order of 50 1b per sq. in. One rrlne " flexible or a
ing 'v,vhether the soil-cement of this strength avct_ei{ as a of the base
rigid material would be to estimate the thickness of fhe Cesg
jequited to prevent a floxural failure. Using Weste tﬁ'cknes s of soil
of analysis of stresses in a concrete (s]a,l,), 24 m'f 1010 1b per cu.in.
cement was needed for a subgrade with ‘ K’ valuet%. knessp of 6in,
for a wheel load of 9,000 1b compared with &lb 10 «q. in. Since
for concrete with a flexural strength of 50% Pefl('m%a to behave
ruich staller thicknessegtof s;) ié-nclézminltov}ifgl irffirll'ence that flexural
. i i wa Vs i
;:ﬁfli?jmuﬂztlssﬁg?f; lgiélir so that the soil-cement acted as a flexible
base material.

i { soil
refurring to para 3.2 regarding purpose oi 8 i
explosrgfiior? ' zgll:g(ﬁi the eco%mmy of construction ?nl?o :?:qu?f:l%s
of water ste;g.rnation could not determine the deptht? o e
more than 2 ft depth rendered the land permaner}c sﬁ o iy
than 3 ft depth would make earthwork uneconomi

i ts,
Regarding designing the slope of .cutmri;gsblanc(li , (fnllll()):nlg(;rv}gr; s,
he stated that mere character of. sox.l pro ad y id mot B
Tt ot e B foront types of soils, their charaoter
i dients for differ i : ® ote
g}) fo}rggg:ilcl)i gxl;?i ;ﬁe character of flood in respect of its duratio ,' »
current, wave action, etc.

. . ts, para 4.1.2, Shri Gup@b’
ding compaction of em_ba.nkmen , . compap-
folt t];:ﬂ;eﬁgwas grzmarany no time 1o resort to natural - compad p

L g
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tion. Besides, in high embankments even one season’s wetting was

not enough and it was better to use pump and hose pipe and
rolling.

In regard to failure described in Table 1, he asked if it was not
advisable either to raise the road level another foot or to have a
thick layer of sand to reduce capillary action. Unless the embank-
ment work was very hurriedly done, it did not seem probable that
lack of compaction would result in such collapse especially when
2 years had already passed. The same applied to other cases.

egarding the design of pavement thickness, Shri Gupta stated
that suitability of wearing surface depended on two conditions, viz.,
(a) breaking up of aggregate by concentrated semi-static loads such
as bullock-cart wheels, and (b) mobility of aggregate under high

speed traffic of trucks, etc., through the effect of dynamic friction
and suction.

He agreed with the Authors that improvement of subgrade by
granular stabilization was found very

effective and quoted the
example of a road in Orissa encircled by three rivers (submerged
state) where it was not possible before granular stabilization to even

cycle on $he slushy and black cotton type surface during monsoons,

In most of the cases of road failures mentioned in the Paper, the
C.B.R. tests indicated the necessity

of thicker pavementss The
Authors had also ascribed road failures to natural settlement of the
newly made bank and the alternate expansion and contraction of
black cotton soil. But, Shri Gupta felt, there might be some other
causes also such as insufficient co

mpaction of the metalli i
leard to failure of macadam pavemenlfss. wlling. whick

Shri K. K. Nambiar stated that the P
press within narrow confines a rather inexhaustible subject namely
the application of soil mechanics to the field of highway eng’ineering’
thus resulting in the omission of details in some of the important’;
gections such as site investigation and soil survey, stability of
slopes, etc. It would perhaps have been more profitable and added
immeasurably to the value of the Paper if its scope had been limited
to Pavement Design and Investigation of the Failuves of Roads
which, in fact, appeared to be its main th )

eme,
In para 2.1.1 about principal soil types, no mentj
1 : ) on had been
made of gravel which was an im ortant it l i
coatse-graned type p constituent of soil of the

aper attempted to com-

Referring to para 4.1 regardin a1
Shri Nambiar stated that theg co of Ty Of

ractice of leayj
weather and settle could be d‘p eavin

. : > dispensed with alt
ing the period of construction and resulting

embankments,
& an embankment to
together, thus shorten-
In appreciable savings
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i i ied out in layers and
in the overall cost if the construction was carrie S ar
;Iﬁe sgil compacted under controlled confiltxon?. Ho}fve\;(eir,b:ouslél(;uis:l;

t soils with certain particular gradings alone shou :
:ﬁ: v:c?;l: v‘:fvc;uld make it? unduly expensive or wholly impracticable.

In regard to the use of boulder soling on the N.H. 2 to Durgai;pur
Barrage having a weak clayey subgrade dstlsce}l)plble to Srlrlxco}issgirl:
. . : ¢
hanges, Shri Nambiar stated that boulder soling o
?r:::;gie;bly sank into the subgrade when the latter was wea,k?ne(%) Eﬁ;
moisture. He, therefore, strongly advised against the use of ru
soling for such roads. .

i ibed in para 4.1.3
He was doubtful whether the failures descri ]
could be attributed entirely to inadequacy of comp:;ctm}x; qu };ba},lie-
subgrade. An examination of the resnh;shoft theftests or im;; (;%t ol
h oad, for example, revealed that a far more
xgsg;l{;\;: tliw failure was the ingress of moisture into the dsubgrzgllg
and its consequent weakening. In the undan}aged porinon,f ue to the
hi%her density of compaction and grea,%er thlcknes: oft Su{«‘ Exl?eg; he
i to the same extent. ,
subgrade did not lose strength e O be allowed to
maintain a stable subgrade, the water table shou to
i tion. For clagey su
rise to a level less than 4 ft below the forma . i
i i Id have an impermeable
Qes, it was important that the road shou ;
g;if::é ;o Km-, thg entry of water into the subgrade is prevented.

’ Igeferring to para 5.1.2, Shri Nambiar stated that tllle Grotlllg
Index method of pavementbdqsigndw&sr 111)1111;:5)7 z;?ofnmll));;:}caé ; ;:ﬂ;nce
thi of construction being del inec : lonce
forc;{irrf{slzr'wheel loads and soils giving similar .restlil.ts gloglllaiingcéze
tion and identification tests. The dgmgn curves in this othod wore
based on certain assumptions with regard to (foallpa on and
moistufe and if these conditions were not fulﬁllf, , the us > of this
method would not be justified for.desugn ‘of. the paveme .'mate
mothod was found to be of value in providing an approxi

estimate of the thickness of construction required.

i igi ts, he agreed with
i ra 5.2 regarding rigid pavements, h

the mf}?;::;%:: saixigh bearing value of the su_bgrade did not prodlu(ls)e

a corresponding reduction in the stresses in the concrete & a,be ,

becausef;]though the downward deflection of the slab waﬁ g;eg T

for a low than for a high modulus of subgz‘)a.di If_ea%t;cs)ﬁ, ttﬁer :fo(:-z.

i d over a much wider area. On this , :

:;?ens::ﬁsnfg:: ha?ve little effect on the stresses In the concrete whex
the slab was uniformly supported.

il- t should bx

ra 5.3, asto whether 8911 cemen ‘

treatig r:sg a;(}ie:(?bllc)a&or a rigid pavement, Shri Nambiar ]rel?atr'](‘):
that Shri Natarajan of the C,B.R.I. argut;ld téxat rca,l c:a i

using Westergaard’s analysis indicated that the flexural strengtl
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of soil-cement was inadequate to prevent its cracking and so soil
cement was a flexible material. He did not agree with Shri
Natarajan’s conclusion of soil-cement being a flexible material as
accumulated evidence from actual field experience confirmed that, in
view of its appreciable flexural strength, soil-cement should be con-

sidered to be a type of construction intermediate between the rigid
and flexible pavements,

Referring to para 6.2 about lack of practical data regarding
use of material like alkathene, Shri Nambiar stated that plenty of
literature was available on the use of alkathene for subgrade

protection and it had been extensively used in Germany and
Switzerland.

Referring to Dr. Uppal’s point about using concentration of
cement as low as 2 per cent for soil-cement, Shri Nambiar stated
that every mixture of soil and cement was not necessarily
goil-cement. It was a distinctive structural material with weli-
defined characteristics of its own. The treatment of sojls with
varying amounts of Portland cement could produce a wide range(bf
engineering materials suitable for construction purposes, the most
widely used material being hardened soil-cement utilizing local soils
to produce a strong and durable paving material at low-cost,
Sometimes, however, small quantities of cement might be uged as
an admixture to change certain undesicable characteristios and
“modify” the soils into a more favourabie construction material,

SII'T}’I’ a mixture of soil and cement was known as ‘““cement modified
soil”’.

Further, he remarked, grafting of stone metal over a soil-
cement base as suggested i

In para 8.2.3, was not a very satisfactory
arrangement. For developing a bond with th

e base such a procedure
WE;,S 1tl'nneces§ary. 1The correfct approach to this problem was in the
selection and application of an appropriate priming a ent so that
firm bond with the base might be developed.p § neent so that a

Referring to road failures, Shri Nambiar remarked t|
all it should be defined as to what exa, et At of

ctly constituted the failure of
a pavement as there was a tendency to use the term ¢ failure’ to
describe all kinds of phenomena. However, cases referred to in
paras 9.3.1 to 9.3.5, attributed to lack of adequate thickness of
Pavement, on examination of test results suggested that impr;)ve-
ments to the drainage facilities and provision of an impermeable
surfs:cing woul.d have protected the subgrade soil and increased itg
bearing capacity adequately to carry the required traffic, without
notably adding to the thickness of the Pavement, o
Shri K. Ramaswam

Redd nte
failures analysed in the P y Y honimented th

at the vario
aper emphagised the s road

need of understand-
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ienti i i 'm road construc-
ing the sciontific background involved in modern road o b
tié’n and suggested that some of the important field 1de‘nt1ﬁ§£tlﬁg
tests of soils like the dropping test, sedimentation, dry strength a
shaking test might also be included in the appendix.

In investigating the causes of failure of Ba:ligahl-Mohanpur rlcl)ad,
he added, it would have been advantageous if the good as we a(si
the bad reaches were sclected as closoas possible to have a correlated
comparison. Test results contained in Table 1 attrlbutgd tl}xse tr(ﬁ;o
failure to the inadequate compaction of the road fill. du ho
oxisting thickness of pavement being about 1 l{in. in the goo re(ai
and 8} in. in the bad reach, the cause of fa11ur~e.m1ght also be due
to the“inadequate thickness of the pavement itself. Furtheri}h 33
regard to the road from N.H. 2 to Durgapur Barrage, the me >d
of construction adopted or any other field control tests were nt
mentioned. In Madras, he explained, it was the p'ractlced _c;
construct an embankment in layers of not exceeding 9 in,, ar}b ld
such a procedure had been adopted, loose pockets as describe
would not have developed.

ferring to Table 2 relating to test results of subgrade soils,
Shl‘ill{{zgd;lﬁated that in such cases where it was doubtfu} 'wb'.ether
the smbankment had not undergone full settlement, the maxn(xlmt?l
dry density value should have been ol?tamed frgﬁx stlsa.nl aéd
compaction test and the percentage compaction of the calcula
dy the following formula :

Field dry density-loose dry density.
Percentage compaction = M ximum dry density obtained in
standard compaction test-loose dry
density

In thg absence of any such calculation, the conclusion drawn

that the embankment was not fully consolidated required some
justification.

i i 33 per cent
ri Reddy felt that the suggested reduction of 25 to i
madeS }iln para 5?73.1 in regard to the design of soil cfe];nfant a8 :é as:énc:f
rigid pavement was not necessary in view of the l} ely inc uso of
loads on the roads in the next decade. Based on his O}IThexXethom’
on Ramnad-Mandapam road, Shri Reddy agreed ng 1be u e
suggestion of adopting a compressive gtrength of 40 per sq. in..
for the top layer.

if i ible to calcjxlﬁp':.

. M. L. Puri wanted to know if it was possi :
the gauired thickness for a fs(eiam1-ﬁt§ax1blle,ypaJ'»;:;n;\ti:;fl by ]ﬁfm‘ilssgér t}i
Burmister’s theory as applied to two-layer . B e
: i i t the plasticity of the
analysis, no doubt, did not take into accoun ity of the
matzria.l, bus this limitation could perhaps be overcome..to w grast
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extent by actually measuring the distribution of the stresses in the
subgrade by the use of pressure cells and applying the required
correction factors to Burmister’s analysis.

Shri Zafer Mohiuddin wanted to know if there was any
method to specify the type or mnature of the pavement once its
thickness requirement was determined by the C.B.R. or any other
method. It was essential that not only the subgrade was strong but
that the pavement itself should be strong enough to resist the high
shearing stresses under the heavy axle loads.

There appeared to be two schools of thought, he added, as
regards the shear planes under a loaded area, that is, circular and

log-spiral curve failures and he wanted to know as to how these
would affect the thickness of the pavement.

Shri Mohiuddin suggested that the Road Research authorities
should conduct studies and research on all the conventional types of
pavements in different regions of India and suggest improvements
by reducing the thickness as, he believed, the conventional typos wore
generally and unnecessarily thick. This would go a long way in
reducing the cost of road construction in the country.

Shri C. N. Nagaraj observed that 2} to 5 per cent of cement
was found to be good enough for stabilization of some alluviaksoils.
This was based on the fact that the soils tested by them were
broadly similar to those mentioned in the Paper.

In regard to the use of C.B.R. values which were suitable for
the soils and conditions of climate, etc., of other countries, he
suggested the need for correlating the C.B.R. values with actual
road failures in this country. He understood that the Centrdl Road
Research Institute had initiated work on this and the results of
their investigations were awaited.

Shri K. L. Sethi * stated that the Authors themselves appeared
to be reluctant to adopt any of the tests in regard to field investiga-
tion of soils mentioned by them in the Paper. He drew their atten-
tion to a very simple apparatus, ¢ Uppal’s Syringe’, which was used
successfully in the field during the selection of soil for 5.000 soil
stabilized houses in the Kast Punjab after partition. With this
apparatus the soil could be easily classified into clay, silty or sandy.

Shri G.C. Sharma stated that it was not clear from the Paper
whether a soil profile along the centre line of the proposed alignment
of Calcutta-Durgapur Expressway was prepared to indicate various
types of soils, though Plate I showed only the group index

coived in writing,

and

* This and the following cominents were re
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plastic characteristics of a fow soil samples at different depths.
The soil profile was of primary importance for construction of an
expressway and would indicate undesirablo types of soils like peat,
muck, swamp, otc., concealed under the bed as also the water table
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levels in vgrious seasons, based on which the height of embankment
in fills could be designed. Further, the results of particle-size
analyses and index tests were of considerable value in providing an
insight.into the probable behaviour of the soil in the field.

He also suggested that a concise table for all kinds of soil
samples at various depths showing the mechanical analyses, particle-
size distribution, chemical analyses, such as organic matter in per
cent soluble in H,O,, percentage of carbonates soluble in HCL,
moisture content, L.L., P. L., P. L, soil classifications, etc., should
have been furnished along with the Paper.

Shri Sharms felt that the dry demsity of the soil used in Tth
furlong of 2nd mile being only 85 1b per cu. ft. was unsatisfactory.
Also, it was not clear whether the new embankment was constructed
in 9 in. layers of soil properly rolled and all lumps and earth clods
completely broken before another layer of earth was thrown over it
as big lumps of earth, if allowed to remain inside the fill material,
take time to settle. Besides, the period of only one monsoon allowed
for compaction of embankment with less rainfall intensity of the
area appeared to be inadequate for 5 ft deep emba,nkment. unless
compacted with mechanical equipment. Therefore, the failure"of

16
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road surface stated to be 8} in. thick, was not due to inadequate
thickness of hard crust but due to poor compaction of subgrade and
fill materials in the embankment. The settlement in certain sections
of N. H. 2 to Durgapur Barrage was also due to less compaction of
fill materials. It was observed in the Road Research Laboratory,
Harmondsworth, that there would be no serious settlement within
the embankment provided the soil in the mass of embankment was
compacted to a density corresponding to not more than 10 per cent
of air voids and the moisture content of the soil generally not
exceeding the plastic limit. Here, also, a suitable mix of soils on
¢ Triangular chart method ’ should have been designed, spread over
the existing subgrade after rolling and then the traffic allowed to
pass. This would have quickened the consolidation of the soil mass
if mechanical compaction on controlled method was not possible.

Shri Sharma was of opinion that the above two cases were
mainly due to subgrade failure and the deformation was caused on
low modulus of deformation, insufficient strength of soilg,
compaction, settlement due to consolidation of subgrade, volumec
changes and removal of soil from the subgrade by seepage of wator
or by other agencies. He also pointed out that the distribution of

moisture in the subgrade was an important factor for foundation
failure.

poor

Shri Sharma added that the prediction of settlement in highway
embankment was a very important factor, specially in a high il
embankment, and suggested the followlng formula :

Settlement = thickness of layer times M

(e ()
where ¢, = void ratio of the natural ground before loading.
e, = void ratio of the natural ground after Joading.

The ratio of settlement could be determined from th
. . M t
goil in which excess water was drained off and reduced theeairy \If)gi((l)&fl

under the pressure of the fill materials as per following £ :
to determine the time of settlement, : g tormula used

_ In
=0, o (2
where t = time of settlement :
T = Terzaghi time factor ;
k* = longest vertical drainage path ;
C, =

average coefficient of consolidation,
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tical stresses due
He also suggested the Newmark chart for ver

to emhankmen% loads to determine eml.)zmkm.ent scttle_me;ﬂé.
Though the process was very laborious involving 9ompllcat§1
mathematical computation, still it was better to examine it as the

road proposed was to he an Expressway with high embankment
fills.

i ™ ix indicating variation of
Referring to Fig. 1 and the Appendix indica
design thickr%ess of flexible pnvement as obtained fro:‘x}ll C]ia,}:;
tests and group index method, Shri Sharma stated that he c] har!
in Fig. 1 might be modified and developed on the following h
and then the results compared :

(1) C.B.R. and Proctor density tests to be made in soil ; ‘

(2) CBR. tests to be correlated with the bearing
capacity ; ' ' |

(3) Consideration of repetition of critical loading insteac
of wheel loads alone ;

(4) Relationship of C.B.R. bearing value and P.R.A
classification to be established. .

He also supplied a typical chart prepared by Missouri State

"Highway Department on the above principles.
L]

i factor
Shri Sharma further added that the most important |

influencing the flexible pavement design were load, 1:10t]al ;hxeka:a::
and subgrasle bearing value. The equivalent whee oa.t tc‘me x
(EWL) worked out by the California Hl_ghway Departmoiln gsie !
the traffic requirement was the most gatisfactory metho. to deter
mine the past as well as the futu're traffic on consxderatloq ﬁ
repetition of axle loads over the flexible pavement. Curves n(zlx% :
be drawn on C.B.R. values with the total axle loads calculated fo

the life of the road.

Referring to para 8.2.2, Shri Sharma stated that the‘quantxt;
of cement rquuireg to produce satisfactory soil-cement xgxxtufre fi(i
each type of soil could be determined by (_1) clasmﬁcatmn o r:(?
and (2) preparation of trial mixtures cpntammg varying proportier
of s0il to cement to assess the optimum moisture content anc

maximum density.

In Appendix 2, the Authors had stated that there was lack o
grip in beﬁ;}:veen the premix carpet and soil-cement base. It waj
not known whether a tack coat was provided or not to have prope:
bonding between the two, An experiment carried out in the Roa
Research Laboratory, Harmondsworth, showed that the Pmﬁ’
surfacing was affected more by variation of binder co_ntent»t’;han by
any other copstituept, There was an optimum binder oopter "
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above which the surface became smooth, slippery and plastic and
below which the premature disintegration oceurred.

Referring to Appendix 8 in the Paper, Shri Sharma stated it
did not show clearly the grading of soils mixed with sand nor indj-
cation of basis of proportioning the soil and sand at I:1and 1:2
was given. In order to obtain relatively high shearing resistance in
base course, threc things, viz., hardness of aggregates, grading of
materials and plasticity index of soil fines and the density of com-
paction were necessary.  As the stresses imposed by traffie penet-
rated deeply into the base and subgrade, they diminished rapidly
with depth. Thoerefore, it was uneconomical to employ hig'h
quality materials in the lower section of the base ag was done in
the case of serial 3 of Appendix 8.

Shri Sharma concluded that in In
needed and, therefore, soil stabilization would play a very impor-
tant role in the field of highway engineering. ~ So, he suggested
that the Standards and Specifications Committee of the Indian Roads

Congress should examine and prepare specifications for adoption in
the country.

Shri P. L. De (Joint Author) in reply to the co
Shri D.C. Chaturvedi stated that they had also tried
of soil with lime and got good results in the laboratory.

dia more low cost roads were

mments of
stabilization
«

3

periment only dry
8y were also speci-

Regarding specifications, in the original ex
density was used hut in the new specification th
fying the P.I. and the sand content,

As regards N.H. 2 failures, some speakers had enquired about
the difference hetween the failures under paras 4.1.3 (ii) and 9.3 9
Shri De stated that actually the first one was not on the Natfoﬁa,i
Highway but on a link road newly constructed where the embank-
ment was high and the earthwork wag newly laid, In ope case the
had recommended higher thickness of Pavement ag a remedia)i
meagure for failure instead of digging out the existing road /q,nd
compacting the subgrade. In fact, the road was alread C(;DS-
tructed and it was not considered advisable to dig out they whole

road and again compact the embankment, thoy h it mi
been slightly cheaper, gh 1t might have

In regard to the differences in the results
Appendix 5, Shri De replied t}
soils and not due to moisture
different locations.

Shri A.K. Deb had asked
Actually, what he referred wa,
pavement and not for roads,

given in the Table in
1t these were (ye to the nature of

content becayge tests were done in

about the source of C.B,R,

s standard OB, ares.

curve for airfield
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Shri S. N. Gupta (Author) in his reply to Shri D. C. .Chatu;‘—
vedi’s comments that 2 cu. ft. of soil might be in excess if it was c;
be taken at frequent intervals, sm‘ged that for the purposle 0
identification only, about } Ib (one cigarette tin full) sample 1:;
collected at close intervals (say one furlong) but for the purpose o
detailed stabilisation tests it is necessary to collect about 2 cu. ft. of
soil whenever there is a change in type.

Grafting of stone on soil-cement layer, as suggested by Shri
Chaturvedi, had been successfully tried in West Bengal also.

i i i i ight cause
Alternative wetting and drying of deleterlous' sal.ts mig
subgrade failures, but in none of the cases studied in the Paper,
the subgrades contained detrimentail percentages of such salts, hence
this point had not been mentioned in the Paper.

As suggested by Dr. H. L. Uppal, due consideration is being
given to 2o§1gpact the yembankment in layers and thereby red'uce the
cryst thickness whenever this is found economical. The Authors
were grateful to Dr. Uppal for suggesting the economic and con-
venient methods of embankment and subgrade compaction,

Q

The Authors did not agree with Dr. Uppal regarding the suffi-
ciency of 2.5 to 3 per cent of cement fqr stabilising soil, for_ use in
top layer under conditions prevailing in West Bengal. This lltth;
Percentage of cement would no doubt improve the C.B.R. value o
the soil and might be adopted for the base course provided sufficient
thickness of wearing course was laid over such base. The examples
cited in thes Paper were not, however, for the base course. In this
connection Shri K. K. Nambiar’s comments might be of interest.

i terials

Thes Authors had included fine sand as granul_a,r ma ,

mostly pnss}ling 40 U. S. sieve and hence the lowering of P. 1. by
their admixture with soil.

The Authors appreciated Dr. Uppal’s suggestions for 1ow9r1ng .
the limits of compregls)ive strength for soil-cement as theoretically
required. However, asthere is always a lag between the actual
achievement in the field and the laboratory test results, the higher
limits of 250 1b per sq. in. as the compressive strength toba}:
attained in the laboratory had been ma.mta,qu a8 suggesteﬁ b.yr
the Road Research Laboratory of England in the book ‘Boil +-
Mechanics for Road Engineers . The use of small percentages @f.;,
lime for rendering highly clayey soils friable, as suggested b.y;’
Dr. Uppal, was being tried in West Bengal in the later experi- .
ments. .

i i | .R.Chadday:

With reference to the suggestions offered by Shri L.R Chadde
Shri Gllxpta. stated that the use of hydrated lime for improving she:
C.B.R. value of soil was being studied in West Bengal,
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Shri M. P. Dhir’s suggestions regarding analytical methods of
evaluating semi-rigid pavements might be justified for big projects.
However, the reduction of 25 to 33 per cent over flexible pavements
had been recommended by many Authors and found to be satis-
factory in the trials conducted in West Bengal.

Shri D. K. Laroia was correct in opining that the C.B.R
values of old subgrades might also have wide variation which was
primarily due to variation in the type of soil and disturbance of the

subgrades. However, confrolied compaction would no doubt reduce
this variation.

The thickness of the ernst as mentioned in Table 1 was measured
in dainaged portions after the failure had taken place and the exist-
ing thickness was low due to the pushing out of material under

traffic causing depression in the whoeled track and heaving up at the
centre and at the edges.

The C.B.R. value of the subgrade at 7th furlong of 2nd mile was
very low when measured at 35 per cent moisture content and might
have been somewhat higher at 23.7 per cent moisture content as
existing tn the subgrade. But it might he seen from Table 1 that
the measurement was made in February when the subgrade had

dried up sufficiently whereas in rainy season it must have contained
much higher moisture content, ®

.

Regarding the doubts of Shri Laroia
density from 108.7 to 98 Ih per cu, ft. an
tion of C.B.R. value from 3.7 to
a dry density of 98 1b per cu. f

about the reduction of dry
d the corresponding redue-
3 only, it might be stated that with

. t. there were lot of voids which were
not all filled with water as the moisture content in both the cases

were nearly the same. That means the C.B.R. value of 3%+ 90 1b
per cu. {t. dry density was not at saturation. As saturation moisture
content, the C.B.R. value would be much lower than 3 which means

higher dry density does play an important role in the he
capacity.

aring

In reply to Shri A. K. Deb’s query about the source of the
C.B.R. design chart given in Figure 1, the Author stated that these
curves had been recommended by the Road Research Laboratory of
U.K. and the ready source isI.R.C. Paper No. 205, ““The Importfince
of Sut’)grade Compaction in the Economic Design of Flexible Pave-
ment ” by S. R. Mehra and Dr. H. L, Uppal published in Vol
XXII-3 of the Journal of the Indian Ro '

ads Congress.
In reply to Shri N. Mohan Rao’s comment regardi
2, page 36, the Author mentioned that it had been cleaﬁ'}; sl’;]a,gtegmiﬁ
th:hpa}r)a,gra{p%l ghat the C.B.R. value would not help much and
rather be misleading in this case and no importance hay
been given to the C.B.R. value. P ¢ 1ad, therefore,
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i ' i 57th mile of G.T. Road the
With regard to the failure on the 5 ‘
Autshorl stnté;d that in this case the failure was dug to weak subgra(,gg
and not due to settlement of the embankment which was a very
one,

Shri T. K. Natarajan’s various suggestions regardindg {)urt]:ﬁg
advanced research and study on the subject were noted by
Authors with great appreciation.

In reply to Shri G. Gupta, the Author stated that tht} soi_ll
exploration would give valuable information about th‘(.e type'ffrsc:i;
at different depth, but the question of economy of using sol o
particular depth would depend on various cons1(1eram1;1ons}.ls e
over, the existence of any hidden soft layer at lower dept. “;(1); e
give valuable warning and guitable precautanary measureﬁ mut i
taken before the construction parthularly if the embankmen o
very high. Other points and suggestions of Shri Gupta were no
with interest.

L

Shri K. K. Nambiar had commented that to insist 011;1 soil]::
with certain particular gradings _alone for use in eml‘)a:?‘lzgi)g w'](.alie
would make it unduly expensive or whtzlly lmpracil vt ko o
Authors did not mean such insistence. The idea w}as g N
judiciqus selection of the locally available soil. If tlf ill u S i
eXtremely bad and relatively better soil be available T
reasonable distance it might, in the long run, be economica
the imported soil.

; i g i the advice against
The Authors agreed with Shri Nambiar on the ‘ :
the useeof 1i)oulder\%soling on clayey subgrade susceptible to moisture
changess

i imarily duet to inadequate
4.1.3, the failure was primarily .
com;;ct%;a;fa;f the subgrade because this allowed ingress of excegst
moisture and ultimate weakening of the subgrade. To keep the
water table more than 4 ft below the formation would mean very:
high embankment in most areas of West Bengal.

i ' ibed in
Index method of pave}nent design as dqscn

para'%l.lfzcir:cilrllpfact an approximate estimate of 17h¢=i tl;ncknessh:;
construction required and was only adopted m1 the §ar yfi‘l ag:i ‘:g o
facilities for C.B.R. tests were not availab e.P or 'ihout el
interest a comparison had been made in the}al ) aPGZhw(i ut ﬂm:
intention of giving the least preference to this method o
C.B.R. method.

3 iar’ i t improvements to m&

Shri Nambiar’s concluding remarks tha , 1 :
dmav.ina,glgal facilities and provision of an impermeable surfacing ,Wo.lgg;
have protected the subgrade soil and increased its bearing oapaci ¥

-



842 Digcussion oN

a;lequgpiely to c]-a;'liy the required traffic is correct
of readily available facilities for such protections . reeat

- ’ i e {
thlcknes:s }1de to be'suggested. Experiments were éi’n ha,r:‘d g:ga(,}rmdf: :
the feasibility of using impermeable surfacing materials. £

But in absence

legarding Shri K. Ramaswamy Reddy’s suggestions on tl
selection of damaged and undamaged spots at closer spacin tlie
Authors stated that as varying degrees of damaves hadlfl';ko g’l .
over a long stretch a worst damaged and best :n(l;mmgo’:l q’ﬁé)l?-'cci
to be located Tute apart. So long as the trafiic conditionls' v'vI t(l“
same, there did not scem to be any objection in seloctin; tlcm' o
as dqne»—the original thickness in both the damaged ;Lﬁ(l 1%11 11'0 h.I)OtS
portions were 11§ in. and the existing thickness of 81 i(n(u?l;t%i(;

damaged portion was d ‘ atapiale 2
trafﬁcg I as due to loss of materials by shifting under

Dr. M. L. Puri’s suggestions are n ith i

) ) ugges oted with sres
ties for measuring the distribution of the stresses i1 griog
use of pressure cells were not available to the Aut

Facili-
n the subgrade by
hors. -

The suggestions offered by Shri Zaf i

_ I ar M int
ducting studies and research on the different p:vhelr?\gr(lit;l nttor'cox.\-
different regions of India is worth consideration. ypos in

1Witll regard to Shri C. N. Nagaraj’s opinion on the
of 2% tp 5 per'cent cement for soil stabilisation, he invited
to Shri Nambiar’s comments on this point, , ‘

adequacy
attention

In reply to Shri K. L. Sethi’s i l
¢ Uppal’s Syringe ” for field identiﬁca.tiot?li)ggessmns for tho use of

{ clay, silt and
Author stated that there are several si v and sand, tho
field identification of soil (vide Repc?;tmgf tﬁé‘tESZ"é‘ﬁ S ethods of
{Jggvs )Cc;:}t‘; E.}(l)a,ds an(%) Soil Stagilization held in new Delhi ienmJl ;,ls:;a,(r);
1ich were Dbein i .
Bengal, g widely adopted for soil survey in Wost

Regarding Shri G. C. Sharma’s
for Caleutta-Durgapur Expressway theqX?;oho
- 2y, rs sta,

gi;g;: Shtc;;vgn 111_1 Plate 1, the various types of soil at?e(%ég?:nftrfc)lm Zﬁe
alo vgn ther: ng%gent could be indicated. The water tabl 'epl o
shown ther 'f e Plate, however, only shows a typical e of

lod ol representation and is not a com letp ot ple of
;11;);; I:IOSS‘lble tz) furnish in such a short Paper Iz;ll Gt}Il)(;CtUI‘O. o ot
o om0 St St taions
. ed compaction in layers wa le PgEostions
it was not yet feasible to' ensure this f " oade e, Howover,
tion. The formulae shown by Shri Sha,rm(;r

y about the soil survey

‘211 1-oa1ds under construc-
these had been used by Ray Webler in hig lf;;e?' f??)%;’cx?éigg (:)v;'na,‘
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method of predicting fill settlement using void’s ratio »» published in
Highway Research Board Bulletin No. 173, pages 80-93, 1958.

The correlation of C.B.R. values with other soil properties as
suggested by Shri Sharma was by itself a separate problem of
research which was receiving due attention. With reference to the
lack of grip in between the premix carpet and soil-cement base as
mentioned in Appendix 2, the Author stated that atack coat was
provided.

Referring to Appendix 8 in the Paper, the details asked by
Shri Sharma had not been given in the Appendix because such
details had already been furnished in a previous Paper by the
Authors. In serial No. 3 of Appendix 8, the reversal of the specifi-
cation was done only for experimental purposes.

Shri S. R. Mehra (Chairman) winding up the discussion,
stated that the Paper being very interesting had evoked a lot of dis-
cussion and had forcefully brought out two points.

o
The first was the necessity for properly designing the thickness
of the pavement and for using the cheapest possible material at the
bottom and using more expensive material on the top, starting with
ordinary locally compacted soil and ending up with hard type of
stone.

al
® The second point was that in cage it was not possible to design
the pavement, it should be made absolutely obligatory to compact &
reasonable thickness of about 12 or 15 inches underneath before
imposing th® pavement on top.

Regarding the very important point raised by Shri Nambiar as
to the modified soil and soil-cement, he thought the whole point was
as to what was the material expected to do and it should be designed
in relation to the engineering properties which it was required to
satisfy. Once that aspect was taken into account, there should be
no confusion as to whether it was modified soil or soil-cement.

17



Discussion on Paper No. 214*

“Design and Construction of Training Works over
River Ghogra at Ayodhya”

By
N. C. BBEARGAVA
Saturday, Janvary 30, 1969.

Shri G.C. Khanna (Chairman) called upon Shri Shitala
Saran to introduce the Paper in the unavoidable absence of the
Author.

Shri Shitala Saran introducing the Paper on behalf of the
Author (Shri N. C. Bhargava) stated that he had also been associafed
with the work as the design of the training works was done in the
Design Crganization of Uttar Pradesh P.W.D. The river train-
ing works for the proposed bridge over Ghogra at Ayodhya were u
prelude to the construction of the main bridge. Ayodhya being of
great religious importance, the necossity of a permanent crossing there
had always been felt very keenly, but due to paucity of funds the
project was being postponed for the last many years. The khadir of
the river being extensive, the training of this mighty river had neces-

sarily to be a costly affair as could be seen from the cost'of Rs 75.11
lakhs.

Shri Saran then described some of the salient features of
the work, dealt with at length in the Paper, e.g., the necessity for
change in the alignment and laying of guide bunds, erection of balli
spurs to deflect the flow of stream, laying of apron in deep water on

Ayodhya side, the quantities of boulders, earthwork used on the
works, etc.

Shri Saran stated that though originally iutended to be comple-
ted in one season, the extent of work involved was so huge
that it was later decided to split up the work intwo working seasons,

i.e., one season for Ayodhya side bund and the other for Lakarmandi
side bund.

During the construction of Lakarmandi side guide bunds it was
found that the existing pontoon bridge was totally inadequate for
transport of materials across the river from Ayodhya side, this

* Published at pag”esr?vl tl;llgl)f VolX;XI\;—P Vt 1‘*~~—-, e g
the Indian Roads Congress, October, 1959, art I of the Journal of
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necessitated the construction of three pile bridges of a total length of
1,200 rft in a record time of 35 days. Shri Saran added that great
difficulty was experienced in the extraction of piles after the bridges
had served their purpose, so much so that some piles had to be left
over to be extracted in the dry season. The construction and main-
tenance of about 4} miles length of temporary approach roads was
another headache, more so in the absence of adequate number of
chequerred and pierced steel plates.

Shri Saran concluded that the work had stood very well during
the last two floods, though a flood of the intensity for which it had
been designed had not yet been received to see its effect.

Shri D. C. Chaturvedi referring to para 6.1 regarding the
use of clay for overtopping the sand embankment, asked the Author
if possibilities of using soil-cement were explored for the work and
also in place of flat brick soling laid on top of bund.

Referring to the tests carried out in the Uttar Pradesh P.W.D. v

Rvsearch Institute on samples of Lohgra and Chunar stones, which -

revealed that Chunar sample was not durable, Shri Chaturvedi-
enquired if the Author had observed any difference in the geh&viour L

of these stones.

He also enquired about the method of compacting the 4} i"n‘.v i

brick ballast layer consolidated to 3 in. described in para 6.8.

Shri K. F. Antia stated that on the Western Railway in -

L e

difficult reaches where pitching was disturbed by strong currents, the -
practice was to grout the pitching and it had been found eminently -

successful on river training bunds of several bridges. He felt that

if grouting of pitching was undertaken, at least at strategic points, -

it might be possible to reduce the thickness of the pitching.

In regard to para 6.2 about permeable spurs not being able to ;

prevent earth from being washed away, Shri Antia stated that per-
meable spurs were eminently suitable for protection work and he
cited the case of a bridge on Kosi river on the Kharagpur-Asansol

railway line, where the river had made more than a 90 deg. bend -
and was trying to cut back behind the bridge. Permeable spurs -
consisting of ballies were driven into soft soil by tying ropes at the

top for shaking them into position with loads to help sinking and -’
the space in between the ballies was filled with brushwood weighted -
down with boulders. Within one season, silting of over 5 ft depth "
of water took place and sand was found flush thh. the top of t}w
spurs. Shri Antia felt that in the case of Ghogra river the washing

away of the earth would have been prevented if the brush.wood had -
been weighted down sufficiently with boulders and the mfgrsﬁ?mg

were reduced.
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Regarding peculiarity of training bunds, Shri Antia mentioned
another example on the West Cost line of the Western Railway. Due
to the vagaries of scour of the river under Narbada bridge, after
every monsoon a hydrographic survey had to be carried out to locate
a pot-hole which reached 75 ft below the bed level and shifted its
positon after every monsoon. Investigations carried out at the Poona
Research Station revealed that the cause of the pot-hole was the end
of the spur, about { mile away, which had purposely been kept below
the high flood level. What happened was that high flood water used
to come not only along the river but the backwater behind the spur
also used to top the spur. The result was that eddies used to be
formed resulting in a pot-hole and the position varied with the
position of the eddies. It might lead one to conclude that under
certain conditions the ends of the bunds should not be kept below
H. F. L. with a view to protecting them from sudden destruction.

The trial and error method described in para 8.2 for diverting
the subsidiary channel was, he felt, not the proper way of tackling
the job. Whether it was a branch or amain stream, to try and place
a block across it was to ask for trouble. This could have bean
avoided if permeable spurs had been put down at strategic points;
better stjll, if some investigations had been carried out at a research
station. In Bombay, Shri Antia stated, for protection of a sea-twall
tetrapods had recently been used and the possibilities of using small
size tetrapods might be investigated for interlocking pitchéing at
strategic points.  He was not sure whether the results would He
successful but it was just an idea for consideration.

Shri A. Banerjee stated with reference to para‘3.1 that it
would be of interest to know from the Author what formula was
adopted for calculation of discharge and what was the value of

constant. If Dicken’s formula was used, for a catchment of* 33,500
sq. miles and a value of constant of 800 the discharge would have
been nearly 20 lakh cusecs.

In comparison with the widths of 3,000 to 3,600 rft for the
three existing railway bridges on the same river, the regime width
required for a discharge of 1,000,000 cusecs worked out to be 2,667
t. Shri Banerjee requested the Author to explain the reagons for
adopting a waterway of 3,100 rft which was higher than the calcula-
ted regime width and that provided for the three railway bridges.
The active stream said to be 4,000 rft should not be the reason for
adopting increased width of waterway when guide bunds had been
provided. He also asked whether there were any guide bunds
provided for the railway bridges and how those bridges were
behaving with the openings provided.

_Concluding, Shri Banerjee enquired if any model studies of the
project were taken up before finally deciding on the waterway and
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suide bunds and whether cross-sections of j:he river Wer? tal;(:ln ?if‘i;::
the year 1957, during and after construction and how far the
had since scoured itself to attain a stable channel.

i i Paper gave a very inte-

Shri K. K. Nambiar stated that the P: ‘
resting account of the difficulties experienced in the corllftrlﬁ?)tvtc;r‘;e(;f
training works and methods adopted 'totovililcom}e)a ;gizn;% ; }i; pir i
felt that in order to fully appreciate the :
would have been useful if a key map showing the course 1c)af _fgle rxgrgl,l
the width of the khadir and the location of the railway bridges
upstream and downstream had been given.

i i i hat
ith regard to the mention in the introductory remarks t|

a fulmlfiaégg;ould have been costlier, Shri Nambiar rqma}x;ked zhgt

looking at the cost of bridging in L‘ttax" Prade§h given in It 2}11‘: :he

Annual Number of < Indian Builder ”’, he did not thin ) ta. the

proposed bridge would have cost more than B.s 2,000 pelx('1 :o i): ron
if it had been a bridge of 1t%1 mil: 1en%1;l(; cv;};)l:l;;v%ss ssﬁ ergre e
i dir, i. e., the cost wo . For
;%igiﬁig};% lé?i;{ha,dir, the cost would have been about Rs 2 crores: .

j i bout the cons: "
Moreover, no mention was made in the Paper a RN
trucion of approach bunds; in fact, I.)elg-bund system wou d(xllo(; vtv)g
complete unless approach bunds restricting the waterway a,nt s
guide bunds were provided to flume the river through the restrioted
Y
waterway.

i tionale of the"*
He, therefore, wanted the Author to give the ra the™
bridgee’des;;:igrrel3 whether the restriction wa(,ix a})lsolu:ﬁél}y 03350:5?136
ing was effected by this and when 1
}vlvoav; ;gui)c:l c?:slglgxcted, and whether allowing flow through the guld:a1
bunds without the cross bund would not affect the scour around
the moorhead and defeat the basic concept of bell-buud system.

i f the railway bridges
He wondered whether the existence o X ‘
downstre:m and upstream having 3,000 a.t}d 3,600 ft wa,terwa.y
had compelled the designers to adopt the restricted waterway.

. ) . i the
i R. P. Chanda asked in regard to the discrepancy in the
quan?iltl:il;zslzf boulders collected and laid in aprons, etc., ﬁvhether i;h:
Uttar Pradesh P.W.D. allowed for any sinkage a o}tivanc%e:n
boulders and other materials. As the material must kave a
collected months earlier, there was bound to be some sin 1:;89 ‘mH ’
there could also be manipulations in the me!sho%l of stacking. gz
there was a sinkage allowance, he asked, whether the same was a ,,
used in paying the contractor.

i 6.6 Shri Chanda stated that laying aprons in‘ '
deePR;?tf:na:g p: I%ifﬁcult problem. He asked if the estimates o

e
P
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the contracts provided separately for labour payments in laying
boulders in dry ground, in shallow water, in water upto 8 ft depth,
and in water deeper than 8 ft, or whether there were two items, one
for upto 8 ft and the other for more than that. If there was no
such provision, how the rates were arrived at, and whether the
initiative and method of dumping boulders in water upto 8 ft or

more rested with the contractor.” He wondered whether higher rates

had been allowed for this type of work which needed Ilot of
imagination and anticipation.

The speaker wanted the Author as well as Shri Chaturvedi to
explain whether there were any standard specifications for stone
boulders used in pitching and aprons. He was not clear whether

there was any standard laid down by the Indian Roads Congress
about the properties of stone required.

In places where the river was extremely tortuous and shifting
its course, Shri Chanda enquired what length of the river upstream
could be stabilised by means of a guide bund whose length was
probably little over the length of the bridge. ¢

About the mention of an approach bund by an earlier speaker,
Shri Chanda thought perhaps he meant a marginal bund along the
river upstream so as to keep the river in position and he wanted to

know whether the river was likely to mishehave beyond the reach of
effect of the guide hund. .

Shri H. H. Campbell stated that from his experience he had
found that asphalt could be used very satisfactorily for-pitching of
both side bunds and guide bunds, commonly known as groynes and
it was not necessary to dress the pitching while using asphalt, He
referred to Baron Van Asbeck’s book on ¢ Bitumen in Hydraulic
Engineering ”’ showing a photograph, taken as far back as 1937, of
grouting work done on the river Tegus in Portugal. Conditions
there were similar to the asphalt grouting work being done in Tndia.
The grouting could either he done with neat asphalt or bitumen, or
clse with bituminous mastic. In this connection he quoted a lot of
work dome by them on the Torsa, Teesta and Jaldhaga rivers in
West Beungal, which had survived the first few monsoon periods,
Further, one big advantage in using asphalt was that one did not

have to use water in the making of grout for apron work in a dry
area.

In regard to 3 ft thickness of pitching mentioned in para 5.3,

they had found 18 jn. thicknegs quite satisfactory, out of which
only 9 in. needed to be grouted and the bottom section flled in with
gravel. As regards the quality and size of boulders used, Shri
Campbell had found that 9 in. overall size stone was satisfactory
for such a work,
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Referring to para 6.6, he stated tllat'qulitela l.a,rg;:‘I (s:illazléntif
being done under water, particularly In .
:ilg’lf:lléiev:l:lsy }::(;;1 gmastic could be quite satisfactorily %ogﬁgds . (t;lc;e;;
considerable depth into water as it wquld flow all.ro‘unt ho stones
and hold them together in a solid matrix, although in actual p
the mastic did not adhere to the stone.

i i ¢ tial
the case of river bank protection, it was not an essen

Propelh?tyhthat the protection should be completely _1]111;%)81(;1;1)&3:))!13
because the main requirement of prptectlpr} was agm s
However, he could not agree with Shri Antia’s .sunges {)on for tho 2
of tetrapods which were doing a very goqd jobin lgm ay g
protection. But for river bank protection, he felt, one‘wc‘;ion et
washing away of the bank behind and a more dense pro
required,

i ¢ ible and would allow for
As ds sinkage, asphalt was flexi wo '
sinkagz :ﬁgaft iva,s ulsoﬁeasy to make good a sunk patch by adding

a little more on top.
»

Shri R. Thillainayagam stated that the Author wo;il(i1 have
given more details about the three railway bridges up aril) ov:;;
stream of the training works so .that 'chgy could colnll al('ie ho
functioning of the proposed bridge with those already
existepce.

i hi designed to
ding the foundation of the launching apron
withaﬁ;%&r alggourbequal to 2 bimes_thelggr(xlx)\;ﬂ scoqg g(ffﬁgé %:;v is::,:i(:
that the I.R.C. Specifications, Section , specifie
scgur cfe;th‘ v(;as; }oo be adopted only at the noses of plerrs2 %s Sagax;{i:
upstream noses of guide bunds, it should bei ?}bout . ..
wanted to know why this was not adopted in that case.

i itching, etc., normally in
‘ds sizes of boulders used for p1 , ' )
M&dléz I;ii; :hsc:y did not use anything less than 1 ft size. In his
opinion, 6 in. size was very small.

Shri RK Mathur a,g['eed with S’l;lri_ Antia that instead .02
trying to divéré the stream ‘* with a bang (‘lime 31;h€&’%>% 93), a serie
of permeable spurs would have guccessfully done Job.

Regarding certain discrepancies observed in the qua,ntli{tsieéhc;fi
boulders collected and laid in aprons and pﬂschlngd'wor : necies
Mathur asked the Author what was tlfe n.&tl}re (;,f theoi:' igiipa
50 as to benefit the engineers engaged in similar type )

Shri Shitala Saran, replying to the commonts hruond
the Author, stated that he quite agreed with & (:,edu'n the month of
of shortagc; of time the guide bunds were star Gh y in early May
January as sometimes floods came 1n the river (zhogra v .
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and being hard pressed for time whatever suggestions were put for-
ward were all tried simultaneously. Also, because they were not
sure of any of them, they could not be tried separately,

The Author to whom the comments were referred to for elabora-
tion added that the present standard methods of desi
works, in the light of experiences gained in the last couple of
decades, specially in breakwaters needed to he changed. But this
could be done only if extensive experiments were carriod out in
research laboratories. For the Ghogra training work there was no

time for such tests and, as such, the orthodox specifications and
methods of design were adopted.

gning training

In reply to Shri A. Banerjee he
catchment area, ie., 8,000 $q. miles for hilly area, 6,000 8(. miles
for tarai area and about 19,500 q. miles in the plaing, and the
value of (' for these areas was 800, 500 and 240 respectively. With
these figures the discharge came to about 14 lakh cusecs.

As to why a regime width of 3,100 ft was
calculated width of 2 607 ft, Shri Shitala Saran explained that due
to the restriction of flow, about 10 per cent extra had to be provided
for. Regarding the downstream railway bridge, it consisted of 17
spans of 200 ft each but the river flowed only under 7 spans though
there were guide bunds on both sides. '

gave the break up of the

adopted againgt a

Regarding Shri Nambiar’s suggestion about approach bunds,
Shri Saran stated there was no point in making guide bunds without
approach bunds. The work was done simultaneously but they had
not raised the bunds to full level as the design of the bridge had not
been finalised and the

approaches were kept only 5 ft ahove H.F.1,
for which the guide bunds had been designed.

Regarding his suggestion of cost of Rs 2,000 per running foot
for an unrestricted bridge, he stated that the bridge wuas being
designed for a discharge of 14 lakh cusecs and the scour from H.F.L.
was of the order of 99 ft, with the result that the wells had to be
taken down to about 140 ft below the bed and each well cost about
Rs 4 t0 5 lakhs. Naturally, making such a bridge would be very
costly.

Shri Saran added that the railway bridge with 3,000 ft water-
way was about 60 to 70 miles downstream and had very rigid bank
on one side, but the flow was concentrated between a few hundred
feet of the length of the bridge.

Regarding Shri Chanda’s observation about sinkage, Shri
Saran explained that in the first te

: nders invited 30 per cent was
permitted. But the tenders received being very high, later on jt was
decided to pay on measurement basis,

t \/v S )WVER IVER HOG 8 1
Y [V OGRA AT AYOU}[YA J

d
Regarding doubts whether payment was made Sgpzlf‘aﬁzluyldi?s,
whether therec was any discrepancy m. measurgmer} tshat o o
the Author had clearly stated on page 78 of the I apfnl bafore lnying
for cach grid wero stacked sep'zu'ntely and mc?}tne()emtions.
and strict supervision was exercised throughout the opers

i : sing asphalt
Regarding Shri Campbell’s suggestion about ‘ll?%l‘ll%‘] Mll)ridgé
Shri Sh?ta]n S:’mm stated that hc.ha(! not come across any
work whore asphalt was used for pitching.

The Author to whom the report ?n dlSG-uSSl'OnS w';fl(?;rglﬁ ft?ll:
inclined to agree with Shri Campbell’s 'content}tm}l{in and apron
technique was new to this country, grouting of {')l Othic%mess while
with asphalt and sand, with a view to reduce t freasingly p,opu]&r
providing adequate flexibility, was becoming mIt would be worth-
in the continent for breakwaters anq sea-walls. 0 on small training
while if, to begin with, this technique was tried on
works in India also.

’ radl P cour

> Regarding Shri Thillainayagam’s obsel‘\. a’tlon\m&q:t t;'}(l)ir?sion.

theory of 2.75 D, the LR.C. Code did not provide f01' tis}z:te depth
It was on (;cl‘f;‘d,il’l model tests carried out tllaft thfad fl ot

wassfixed. Model testing was not done for this bridge.

Shii G0, Kanna (Chienan) winding up <o dsousion
thanked the Author and Shri Shita].a &aran‘andthm a?llignment of the
that the latter had drawnigs with him showm‘g eother qacation it
flow of the river and was prepared to answer any

members were interested.

i o

The Chairman also felt that the cost of the gullotiznb;;rgi i;x;%s b;
the high side and that some economy could hﬁ,ve been, exer o o
using lesser thickness and width of apron as the véh > 1%7 of o o
was not much. He, however, did not agree w1t1}i khmdirawidth. ot
the bridge should have heen built for the fu dq, e ually
Punjab, some bridges were built for the full }{ha, tifs uofg adusly
the w;lterway was reduced and lesser leng
provided.

-

. ; i £
The Chairman endorsed Shri Antia’s solutlonblf?lli‘? g;ve(;f;o&gd
the channel. In irrigation, all headworks v of the headworks. Ho
and tho stream was diverted after completion ot t. tion authorities
wished the Author should have consulted the o the example of
about the method adopted by them. He also 011;':;1 game difficulby
Harike Barrage in the Punjab, where to counter the a properly tied
they had put in rails encased in stone bouldersi1 ar; 311)10 fld Y % be
and wrapped to stop the flow. In such casos thers SRORC D04
any time gap, otherwise the whole work co g ,
away, ‘

PR



Discussion on Paper No. 215*

¢ Investigation into Causes of Cracks in Certain Concrete

Pavements®’
By
Bria. S. K. Boge
Saturday, January 30, 1960,

Shri E.A. Nadirshah (Chairman) regretted that the Author,
Brig. K. Bose, was not present to introduce his Paper for dis-
cussion. He, therefore, requested Shri A.K. Deb, who was earlier
attached to the Military Engineering Services to introduce the
Paper.

Shri A.K. Deb in his introductory remarks stated that Brig.
8.K. Bose presented a, Paper to the Indian Roads Congress in 1956 on
“ The Influence of o Superimposed Layer in increasing the Ioad
Bearing Capacity of a Rigid Pavement ” and al] thoge formulae and
procedures adopted by him for calculating the stresses due to, wheel
loads and working stresses had been used in the present Paper alsc.
The problem of increasing the load bearing capacity of existing
runways was a pressing need due to the advent of very heavy planes
for which the pavements were not originally designed. n 1949, the
then Enginecr-in-Chief invited a testing team from the U.K., for
determining the K value, ie., the modulus of subgrade reaction for
all the airfields in India. Those data were utilized by Brig. Boge
in the Paper. Only about two years ago, a load testing frame, as
per details of the one brought by the UK. team, had been manu-
factured in the E-in-C’s Branch and an Airfield Inspectorate team
was since testing the airfields in India for the necessary data
required for future airfield pavement design as well as for increasing
the strength of present ones. In the light of lus previous findings on
the actual behaviour of concrete overlays as well as bituminous over-
lays on two airfields in India, Brig. Bose tried to show the validity

of his approach to the design of overlays by actual caleulations in
cach case.

Shri Deb concluded that not being associated with the Paper he

would naturally not be in a position to answer most of the points
that might be raised during the course of discussion and the same
would be referred to the Author for reply. ‘

*Lublished at pagos 117 to 141 of VoL, XXIV—Part 1 of the Journal of
the Indian Roads Congress, October, 1959, w7 ot the Journal of

INvESTIGATION INTO CAUSES OF CRACKS 853

Shri D.C. Chaturvedi observed with reference to para 2.:'3.3
dealing with a correction applied to allow for decrease in bearing
strength, that the Author should explain why the plate test could
not be carried out under saturated conditions. As for factor qf
safety of 1.5 assumed for the flexural strength, he thought it
should be 2,

The edge stresses in the concrete slab, Shri Chaturvedi stated,
were higher than interior stresses and the same should have been
calculated. Regarding the effect of decrease or increase in the K
value, not being much marked on the stresses induced in the slab, he
referred to the < Soil Mechanics for Road Engineers ”*, where it was
stated that a change from 200 to 50 1b per 8q. in./in. in K value
increased the maximum stress by 10 per cent or less. However, the
increase in stresses when K value decreased from 250 to 100, vide
para 2.4.2, was about 50 per cent. The large variation might be
explained by the Aunthor.

Referring to para 3.5, regarding new slabs in the extended
Yortion standing up well without any cracking, Shri Chaturvedi
asked the reason for this behaviour.

» To strengthen the runway with a concrete overlay of 6 in.
thickness, he remarked, it was not understood why 6 in. thickness_ of
cement concrete was adopted when 3 in. premix carpet was behaving
satisfactory. On the other hand, the thickness of concrete pave-
ment could have bheen reduced due to greater rigidity of cement
concrete compared to flexible construction.

Shri M. P. Dhir while welcoming the analytical approach
adopted in the Paper for assessing the adequacy of concrete pave-
mentsastated that all along, the flexural strength of concrete had
been estimated indirectly from compression tests. Though i.;he
method was fairly approximate, it was always better to determine
the flexural strength directly from beam specimens. Secondly, the
values of both the modulus of elasticity and the co-efficient of linear
thermal expansion assumed in the Paper appeared to be low. For a
cement concrete of 600 psi, flexural strength,rvah_les of modulus of
elasticity would lie somewhere around 5x 10° psi and thermal co-
efficicent of linear expansion 5x 10~° per deg. F. respectively rather
than 3x 10¢ psi and 3 x 10-* per deg.¥. as adopted in the Paper.

d stress on the interior of the 4 in. slab had
beenosr}lxg)xﬁeag?éOth;sli?&but on actual substitution in the formula
given it worked out to 1,100 psi. It might be noted, ho,wever, that
if the same stress was determined from Westergaard’s modified
formula, which allowed for greater concentration of reactions around
the loa.d, than the deflections, a value of 777 psi was obtained. The
discrepancy might be clarified. o
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Moreover, in view of the radius of loading ‘@’ being relatively
large, additional stress component should be added as recommended
by Westergaard in 1943 for airfield loadings. For the 4 in. runway
slab, the additional stress came to about 66 psi.

With reference to para 2.4.3, it might be of interest to note that
the temperature stress from Thomlinson’s theory would work out to
about 70 psi as against 87 psi determined from Westergaard’s
analysis for the same conditions.

Shri Dhir observed that the overlay design for rigid pave-
ments was comparatively more complicated than that for flexible
pavements and that precise formulae verified by actual field perfor-
mance were not yet available for the design of rigid overlays.
However, Dr. Henry Marcus of the Bureau of Yards and Docks of
the U.S.A. Navy evolved equations from which maximum tensile
stresses due to the wheel loads could be estimated in hoth the over-
lay and the original slabs. The main assumptions made were that
the slabs interface was smooth and that the two slabs shared the
bending moment in proportion to their rigidities. Tor 6 in. over]éy
slab calculations, on page 134, the value of Es, ie., modulus of
elasticity for subgrade, should be 4,425 psi and not 5,312 psi, as shown
there. There was some mistake in the multiplication, proba‘hly.
Moreover, for determining the equivalent £, “a’ was taken as 7.4
in.  This shonld actually be taken as 15 in. (*a’ of 7.4 in. ‘would
be on the top of the overlay slab but at the interface its value for
determining the composite K value should be 15 in.).  On incorpo-
rating these corrections, the composite K value worked oyt to 750 1b
per in. cube rather than 1,113 Ib per in. cube asg given in the P
The maximum interior load stress in the top 6 in. slab would

come to 563 psi and 470 psi respectively for Westergaard’
and modified formulae,

aper.
then
8 priginal

Since the 4 in. slab was obviously too weak to carry the wheel
load of the order of 37,500 1b, stress analysis could be eliminated
Instead, the stress analysis of the 11 in. slab, used at Poona Runwa\;
extensions and which had stood well, would, have been of grea.tér
interest. The maximum combined tensile stress for this slab for the
24,000 1b wheel load and for the given temperature conditions
worked out to about 574 psi even for the higher values of modulus
of elasticity and the linear co-efficient of thermal expansion. This
was against the anticipated 28 days flexural strength of 600 psi
Shri Dhir offered to supply details of these i

. calculations if
required.

Shri Z.S. Shah referring to para 4.2, suggested to follow the
practice of Europe to smash the broken slabs completely and then
use the pieces to build up adequate depth of base for g flexible
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pavement. Certainly it would have removed any danger of cracks
re-appearing on the asphalt overlay.

He added that though the 2 in.  bitumen macadam anfi 1 in,
shelerete wearing surface gave good results, yet it was time that
scientific methods wore used for the design of asphaltic carpets for
roads and runways. He would suggest the use of the Marshall
Design Method with the following limits for airfields:

Stablity 1,800 1h maximum

Max. flow 16

Voids in mix 3-5 per cent

Voidy filled with bitumen 75-85 per cent

Shri P. L. De referring to correction for saturated subgrade
as mentioned in para 2.3.3 by means of consolidation of laboratory
C.B.R. test values, wanted to know if the validity of this relation-
sh¥p had heen experimented with or if there was any reference in
any literature where some such correlation was done.

JIn para 2.3.5, it was assumed that the value of KX under worse
condition of saturation was not much different from that determined
in the driest condition of Junc as rainfall in Poona was only 24 in.
It wolld be of interest to know the actual difference in the moisture
content of the subgrade in June and in the monscon and whether
such difference, if any, had influence on the K values or the C.B.R.
values. Pagticularly in this case, as the subgrade was or{glnally not
well compacted, the effect of even a little increase in moisture con-
tent might be greatly reflected on the K value or the C.B.R. value.
The moigture contents corresponding to the values given in Table 1
should have been noted.

He wanted to enquire whether eleven in situ C.B.R. tests in 1955
and the moisture content and the C.B.R. values shown in Table 3
were carried out in different seasons and whether there was any
information about the moisture content of the subgrade in each -
season,

Shri M.Meeran remarked that on page 124, it was stated that
the concrete slabs at the time of observation of the cracks were
subjected to fatigue caused by repetition of loads and reversal of
stresses due to temperature changes, etc. Normally, in structural
members and in machine parts with very high revolutions of the
order of several thousands per minute, the effect of reversal and
repetition of stresses had got to be taken into account for the pur-
poses of design. But in the design of members in static structures
like buildings, pavements, and for that matter even in highway
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bridges, it was not necessary, generally, to t i i i
the repetition and reversal gf ftressos.y,Wohggllf’s'\e?};ﬁgrixé]:tldemmg
that fatigue failuves by repetition and reversal of stresses : pm'ved
several millions of repetitions before fracture could oocur foreé1 uér?
ranges of stresses and that when the stress was within certain o atm
cular range, failure never occurred. ﬁe, therefore, did not It)ﬁ? ll;
that any I:eversa,] or repetition of stresses brouéht about in 1131111
pavement either by the temperature stresses or the repetition oef,

loading on the pavement, could have contri
: ; i, © a sributed any e ;
failure of the concrete slabs, thuted any effect to cause

Reference to pages 127, 128 and 129 :

- had occurred mostly at the corners. The q}rlez::g(rll tg}:lii'tertlhe Cmﬂ(s
combmatlon.of stresses, etc., and also due to the failure of :;’1&9 ']19
grade not being capable of presenting a uniform bearin; re _6; oo,
These cracks, he felt, were more due to the lifting up o% bheSls nors
of the slabs. The remedy should, therefore, be to pr r_dcorners
normal reinforcement to regist the corner restr;zint stre};s(e):l ° some

Further, Shri Meeran thought that i
, ri Mee it was not wi ovi
staggered expansion joints in (Dzoncrea,te overlavtg Wl;?vetr(l) Pl'fc)}‘ilde
overlay slabs, their exporience had been that if t};eré w‘;’; ':)1?;

staggering of the expansion joints p
cracks sogner or later. : b there appeared sympathetic

Shri K. V. Thadaney ohserved that the i,
very.httle details qf construetion or the conditiorﬁu:;]rll?lir lss?i(lliolfg“t:;m
two jobs were carried out and added from his persona) knowl 110
that both the runways were constructed during the war inwl(;)(‘iie
Each job had to be ﬁm_shed in 3 to 4 months and thel:efmfé it ient
(E;tentlon was not pa,ld' to the proper execui’:ion of tﬁ Sllelinb
bo((l)lna, runway was laid over moorum soil and a base of g in Svory
badly consolidated water-bound macadam was provided Tll wholo
job was simply rushed through. They put the metal a d lIe WhOIe
few times and put moorum and they thought that e e
base. In_ ordinary road construction, when l‘a:yinW
they provxdfad a water-bound macadam bage allowcdg it ¢
down for six mqnths or a year and then ove; it a rigid lor oﬂ se'tge
gﬁwement was la'ld, because of expected tremendous deforma t'em ?

e surface and its settlement. In this case, road la in aohiner
was loaned to the army authorities and it w,as ﬁt’oedywitgh n:ral(l))}xl‘zl),r;?;}gr

beams, which helped obtain s
por g in. ped obtain a strength of concrete of over 600 1b

as a proper
a new road,

. ]?ﬁn‘ther, the Author mentioned on
actually it was between 0.4 and
assumed by him was on the low 51c?e5 Ao o fexural strength

) Alth i
out tests, definitely they would have gotof;,ll;gslu’zhz}(r)goldt: Zt{iggni{;

ly 0.6 water-cement ratio,
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strength and thus it would be quitesafe to assume a flexural strength
of 800 Ib per sq. in.

Shri Thadaney agreed that the thickness of concrete provi-
ded was inadequate. But he felt that the cause of cracking was not
only due to inadequate thickness of concrete but because of the
settlement of the metal base. ke was of the opinion that for all
the runways where there was no possibility of subjecting the base
to some traffic consolidation, it would be advantageous to use goil-
cement base.

In the case of Hakimpet runway, he thought it was the poorest
type of concrete work he had ever seen. The work was being done
by the Nizam’s State Railway, and they had the moorum base which
was dressed up and in certain places, where dressing was too much,
they just packed in a little moorum and laid the concrete. The
concrete itself was the coarse aggregate something between 3 to 1
in. and there was no fine aggregate, i.c., there was no smaller size of
aggregate and water was plenty. It was something like 6 to 7
gallons per bag batch, with the result that the concrete was just
laid and floated ; there was no need to compact it. The joints were
provided by leaving 1to 1} in. thick planks which were sremoved
the next day. Shri. Thadaney brought this to the notice of the
C_hlef Enginecr of the Nizam’s State Railway who said that they
did ndt have any graded aggregate and proper men to do the job
angl, therefore, they had to be satisfied with this quality in order to
finish the work in threc months.

Shri C. L. N. Iyengar observed that linking of the design
concept and the actual performance of a pavement was becoming
more ard more complicated in view of the wide range of variables
in traffic and other factors, more particularly in airfield construc-
tion, as many airfields constructed some years ago were for wheel
loads of very small magnitude and had now to carry highly
Increased loads. :

In the case brought out by Brig. Bose for discussion, even a
pavement which had been strengthened on same basis was showing
some signs of distress. Therefore, this raised another point as to
whether the strengthening layer had behaved in the way assumed in
the design or whether the strengthening was hot done to the required
degree. But, in the scope of Paper, the Author only tried to prove
that the overlay portion had been stressed beyond its capacity. No
conclusive evidence was provided as to whether the failure was
purely of the overlay or the overlay plus the existing pavement
combined. In the Paper, however, Brig. Bose assumed the total
depth of the two layer system to be 10 in., but the enquiries and
recent excavations of the existing - pavements showed that the old
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pavement was 5 in. and not 4 in. as stated. During the recent
examination it was also found that the bond between the two
layers obtained by spreading a thin layer of cement grout was not
effective at all and the upper layer could be levered up with very
little effort. Several tests taken by the Concrete Test Hammer on
the existing underlay slabs showed that the cube strengths of the
old concrete at 28 days could not have exceeded 2,000 psi asg
against the strength of the overlay of over 4,000 psi.  Therefore,
the calculations worked out by assuming the strength arbitrarily at
3,500 psi would need to he corrected and the safe loads as modified
would prove to be even smaller than what was given in the Papoer.
However, for the method adopted for estimating the stresses in the
overlay it would have been preferable to employ a moro widely
accepted method than the Burmister’s method. The A.C. L Committee
who recently produced a report on overlay for concrete pavements
still seemed to give heavier weightage to the empirical method
employed by the Army Corps of Engineers in U.S.A. and indicated
that a method proposed by Dr. Marcus and Palmer
prove to be more rational when subjected to adequate fiald
verification. He referred to an article ¢ Resurfacing of Conerete
in the Silver Jubilee Number of Transport-Communications
Monthly'Review.

might ultimately

In the calculation, the value of modulus of subgrade reaction
was taken as that of the soil below 6 in. granular base cours
not the value us at the top of such construction.
be incorrect.

e and
This appeared to
It was also favoured by many authorities that
estimates of the modulus of subgrade reaction should he done
without disturbing the equilibrium moisture conditions below the
pavement. This was best done by plate bearing tests directly on
the top of concrete and against a given load, not merely the
deflections of the plate but also the deflections of the surrodnding
area of the concrete,

Brig. Bose reported that the same overall t}

. ‘ rickness performed
satisfactorily at Poona Airport and it would be interesting to

know as to whether it was purely due to the mtensity of operation

of the heavy aircraft or whether due to properbond between the two
layers at that place.

In regard to the cvaluation of the performance of concrete
pavements, Shri Iyengar observed that merely the appearance of a
few cracks or other deficiencies need not be classified as pavement
failure. A number of defects might appear and yet the surfaoce
would be slightly aflected, if at all. The cracks and other defects
were only warning signs that the oper

. _ ational conditions had excecded
the design expectations. Therefore, the stage at which the indica-

tions §hould be reckoned as total failures was more on the bagis of
experience of the operation of pavements. :
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Shri K. S. Sankaran referring to para 2.3.3, T.egau;:;&%
correction for saturated subgrade and especxally phe formu d;,l 3 °
that to ind the K value for the worst condition they 00}1 X g
well soak the subgrade and find out the plate bea(rmg value ‘c;r t.aé d
He had found out the K value by finding out the C.B.R. f({r 82 umhat
and optimum moisture content. Shri Sankm:fm was not awar: :;Vt 2
was meant by ¢ optimum moisture content. Moisture con ection
which subgrade had been compacted and the laboratory com;l)g, ction
were quite different, Shri Sankaran felt that the Author cgu ave.
very well avoided this paragraph entirely in the Paper e((ia.;ls b
would be very misleading to engineers who go through it and try
use it,

i is ¢ had never come
Regard lays, Shri Sankaran stated that he had
across,e %?/Znuilr% 'E)lfee I:(;.}é.A., any place where the overlay thlckn?stzas
more than that of the base slab. He did not know how the Au glli
had an overlay of 6 in. of concrete, probably he could have very wi
done using a bituminous overlay.

* He agreed with Shri C.L.N. Tyengar in the point of K value for
the subgragde, They had about 6 in. water-bound macadanill .aéld (lzé)gld
fully make use of that and get a modified K value for thab. DBrig.
Bose in his calculation for these overlays by using Burmlst:rs
equation found the modified K. Assuming that K value of wa e[;'-
bound, macadam was 500, the K value for the combined S}lbgl:a,hi
@nd water-bound macadam worked out to 325. Of course, it gntgt
not alter the design criteria or the stresses much, but 11113 was be g:
that they thought in terms of the supporting power that was g
from tha water-bound macadam.

With regard to specifications for these overlays, it has been
clearly qtatedg in the la,%oratory that thp overlay conc_rei_:e should, 1;a,ss
far as possible, be of the same quality as the faxwtmg c?incre .
Apart from the same consideration we have shrinkage an cre;alp
factors, but it is better that the overlay concrete should be Xf t{; e
same order as the existing slab. He did not know why the Author
designed for a different strength than the original concrete.

Dr. M. L. Puri &tated that a wheel load of 37,500 1b with tyre
Pressure of 7&% 1b per sq. in. was definitely very high for a 4 m% i’:hu_}k-
ness of the pavement. It was not understood why for streng _enn(11g
the pavement, the thickness of the overlay was not properly designe (i _
when there were empirical formulae recommended by Portla,.nh ,
Cement Association and United States Corps of Engineers, whic

had given very good results in the U.S.A. However, one important ., .

§ . i lutely
conclusion drawn from this Paper was that it should be abso
essential to properly design the thickness of the overlays.

tion was
Dr. Puri added that the modulqs of subgrade reac
determined by the Author by plate bearing test or the C.B.R. test by
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exposing the subgrade. Load Classification Num

commonly known as the UK. method of rigid pave]il)?;ntl\{(llzt:ilgrdl,
had been found in the UK. to be very useful for determinin the;
load bearing capacity of the existing runways and it did not negessi

tate exposing of the subgrade for the determination of ’th(;
K value. He thought that method would have given better results
and should have been used in this investigation to find out the load
bearing capacity of existing pavements. o

Shri A. C. Sharma, in the absence of detai i
arma, in the ¢ etails about the 6

stone base course originally laid underneath the concrete sla{) of) tllllle

Poona runway, asked if it was water-bound macadam, and

whether the R.C.C. : .
separaired, e R.C.C. slab was found partially fixed with stone base or

Referring to para 3.1, Shri Sharma w i
anchoring of new overlay of 6 in. over theazfggti:lléaglcliitaltli' Olf
surface should have been given. 1In his opinion, some neat cemor
grouting should have been done by drilling 1 in.’dia,meter h lcement
one in each slab, to safeguard against any loose pocket(; % S%l)lr’
subgrade as appeared from a perusal of drawing No. 1. e

Sccondly, the existing surface should have been well scarified

and neat cement rendering should have b i
6 in. additional thicknessjér ave been done before laying the

Regarding joints, Shri Sharma asked the A i
o , uther to clarify i
joints had been completely taken and cleaned and hllgdczxgzgz.lf el

Shri N. Mohan Rao, referring to
\ ) , ara 2.3 i ¢ i
modulus of soil reaction stated thaé’ it pwas not I‘gia;;dltr(l)gh;’:llgg 1(3)3

what was meant by the t “ L
statod therein. y erm: *‘ the most representative value ”’

Regarding displacement used in rigid pa
» . . v i
gia:(impt;:x} gxoveI: on page 120 gave an ide% tha%)t ifonilt? n;a(;exit)gtn’o?he
mem? :IsoalnII;O‘)' in. displacement, one could reduce the disIZle:(?é:
ment al "t 1 case, the.necessary load reaction was not rI dil
ailable it might be possible to reduce the size of the plate : but. 20
was always preferable to go at least to 0.05 in. if P ot
result should have some meaning 1 mot moro, if the

In para 2.3.3, referring t i
thore apheared by Lo mgist a(J)lmcorrectuon for saturated subgrade,

. o som Le., instead of ¢ origi »
A maiaion et T Autor s i
or this purpose. ¥ i
Evréglv&vinglilflt%l?i's téleeldi}:;gllorch%dRany da,tg 01; h?s OI\(;I:V ?)glgflcl)lzﬁe{l}g
value at saturation. § ©BH test for estimating plate bearing
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_ Lastly, with regard to the type of cracks and pattern of cracks,
it was noticed that the incidence’of cracks was most prominent on
runway ends rather than in the middle portions.

This stands to reason in as much as the ends of runways were
stressed more than the middle portions. It was still the practice in
this country to adopt uniform design thicknesses for the full length
of the runway, overlooking the fact that runway ends were stressed
more than the middle portions. A start should be made in this
direction in all new runway construction jobs. Only then this type
of failure predominant at the ends could be avoided.

Shri K. K. Nambiar pointed out an error in the equation on
page 122, para 2.4.2 to find the radius of relative stiffness, where !
was given =

4EXh3 -

2
o 12(1 — p2) x K
He thought that it must be 1|— @2 and not (I — 4#2), may be it was a
printing error. )
Regarding construction of the overlays, Shri Nambiar stated,
there ‘Was an article contributed by him in the Bilver Jubilee
umber of the Transport-Communications Monthly Review which
described the correct method of laying the overlays and the specifi-
cations to be adopted. The surface of the old concrete road should
be made perfectly clean by treating it with a certain amount of
commercial hydrochloric acid of a specified concentration, 28 per
cent or g0, and then cleaning all the traces of the acid before the
cement slurry was applied. If that precaution was taken, the
overlay would act integrally with the base and would contribute in
a great measure to the strength of the slab,

Shri Z. S. Shah earlier stated that in the case of bituminous
overlay over a cracked concrete slab, there was no point in trying
to lay a bituminous overlay on a cracked concrete slab, and that
the best thing could be to smash it up and then lay the bituminous
overlay on top of that. Shri Nambiar observed that in such a case
much heavier overlay would be needed than it would be otherwise.
Besides, before subjecting the concrete pavement to the extreme
punishment of *smashing up”’, he suggested a more conciliatory
palliative such as grouting the cracks with bitumen before the over-
lay was laid, in which case perhaps the appearance of cracks or the
duplicating of the crack pattern might not happen. He would like
some experiments to be carried out on this to see whether the cracks
in the concrete slabs got duplicated in the bituminous carpets also,
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Shri Sarup Singh remarked that in the lining on the Nangal
canal, concrete ‘ sleepers’, 10 in. x 6 in., built below the joints of
the slabs with a view to prevent the travel of the moisture from the
surface to the subgrade were used. This technique had worked well
and there had been no settlement of the slabs.

Regarding the thickening of the corners of the slabs to prevent

buckling, he had tried it in his own house and it had worked satis-
factorily.

Shri R. Krishnamachary* stated that in para 2.3.1 the
Author mentioned that dial gauges were fitted with the jack. The
gauges should have heen fixed on the plate by means of an indepen-

dent datum bar, fixing gauges to jack would lead to erroneous results
and jerks.

Referring to para 2.3.2, he stated that the Aunthor had not
stated whether a prooving ring was used for recording loads. This
being a sensitive ring, the exact loadings would be better recorded.

Density data of moorum was not given. These types of soils
generally, did not show much of elastic deformation. Recovery for
successive loadings was very little for moorum soils, <

In para 2.4.3, the diurnal temperature for Poona as given by
Meteorological Department was 35°F, whereas the Author had given
as 28°F. This data may kindly be checked.

In Table 3, para 2.4.5, the density values of subgrades should

have been given to give a better idea to judge the variation of
C.B.R. values. e

Shri V. Venkatasubramanian stated that observations
were carried out over a period of 8 years on the Poona runway
pavement. The 30 ft by 10 ft by 4 ‘in. thick concrete slab laid
over a 6 in. t}.nck stone base had been subjected to considerable
traffic having single wheel load of 37,500 pounds with 75 pounds per
8q. in. tyre pressure. With the str

ength  of
agsumed in the Paper, 8 the concrete as

the wheel load had been f
maximum stress of 760 pounds per sq. in. teriay g s

m i
slab. With the same conditions the edge and 2}(;;}1113??;;0({ sgfe%g(laz
must have heen still higher, causing corner and edge brea;ké
However, since the pavement had actually withstood considerable
traffic with wheel loads of 37,500 pounds” before showing signs of
distress, and since transverse cracks were numerous, it looks as though
the seat of trouble lies elsewhere.  Also, the actual strenéth propgr-

* This and subsequent comments were recoived in writing,
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tics of the concrete and the subgrade appeared to have been
considerably underestimated.

He further stated that it was not clear whether the K value
used in the computations of the load stresses takes into account the
strength imparting power of the 6 in. stone base course. A pla;te
bearing test on the 6 in. stone base course would give a value
considerably higher than the assumed value of 250 pounds per cp.md
for the subgrade modulus especially since the subgrade consuste1
of moorum, and the general topography permitted of good natura.
drainage of storm water.

The stresses due to temperature differential had been wgr}{ed
out based on the results of temperature observations in the United
Kingdom. Actual temperature measurements were carried out at
the Indian Institute of Technology, Kharagpur, during the summer
and winter of 1959, on a 33 ft by 12 ft by 4 in. concrete road slab
well bonded to a 4-in. water-bound macadam base over a 6-in.
Telford soling of laterite stones. A plate bearing test on the
mhcadam base immediately after the heavy monsoons gave a value
of 400 pounds per cu. in. for the subgrade mpdglus. The ratio
of the amplitude of the surface temperature variation to the ampli-
tude of the air temperature variation varied within very narrow
limits of 1.35 in summer and winter, and the ratio of the tempera-
ture differontial and the amplitude of surface temperature variation
#lso varied between 0.7 and 0.9. The maximum positive temperature
differential for the 4 in. slab recorded in the summer of 1959 was

9° Centigrade. The results of these studies are being reported
elsewhere.

The values reported for the warping stresses from Bradbury’s
formula might not represent the true stresses in the slab due to the
temperature variation. In a thin slab laid over a 6-in. stone base
course, warping stresses due to the temperature differential may not
be as important as the end restraint stresses.? The slab is tied
down to the stone base by bonding, and the high resistance offered

by the stone bage will retard the contraction of the slab leading to
transverse cracks, -

Shri Venkatasubramanian thought that the major reason for the
development of these transverse cracks was due to the complete
absence of contraction joints. If load and temperature stresses were

1. “Temperature stresses in thin bonded concrete pavimenis,” by
V. Venkatasubramanian, Paper submitted to the International symposium

on goncrete and reinforced concrete in hot countries; held in July 1960
at Haifa, Israel,

2. “Introduction to Highway Engineering,” by J. H. Bateman, John
Wiley & Sons, New York, 1048, Figs. 110 (a) and (b) on pages 302-303,
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The modificd K valuc is then considered in designing the thick-
ness of overlay pavement with the help of Westergaard’s vevised
formula.

Design of overlay pavement based on empirical formula
of U.S. Corps of Engineers

Questions had been raised on many occasions how far the
approach to the design of overlay mentioned above compares with
the U.S. Corps of Engineers’ formula based on empirical data.

This empirical method reproduced below was published in
1943,

Where a concrete slab is laid directly over an existing slab, the

thickness of the concrete overlay may be determined by the formula :
he = N b7 — Che? where

he

h

i

thickness of the overlay slab.

thickness required of an equivalent single slab placed
directly on the subgrade with a working stress cqual to
that of the overlay slab. .

i

he = thickness of existing pavement

¢ = Cocflicient depending on condition of existing pavement
(€' values are 1, 0.75 and 0.35 for good, initial corner
cracks, and badly eracked slabs respectively).
If we apply this formula in respect of an existing conerete slab
6 in. thick, the thickness of overlays are given below for values of
C =1andC =075

’

Required thickness of an Overlay thickness

equivalent single slab C =1 C =75
10 in. 6.25 in. 7 in.
11 in. 7.25 in. 8  in.
12 in. 8.25 in. 8.75 in.

For the facility of comparison of results, the fo
worked out according to the two different
above.

llowing example is
methods  discussed

An 8-in. concrete slab overlays on an cXisting
ment of 8 in. thickness both having the modulus of clasticity of
3x10% pounds per sq. in. The existing slab is supported on a s'yub~
grade having the modulus of clasticity B, = 3 % 108 pounds. yer
sq. in. and K value of 170 pounds per in. cube, I

} / Asgumi 15
ft in breadth and 20 ft in length, Poisson’s ratio of 0,151?&-22,1183;“:

concrete pave-
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and subgrade, flexural strength of concrete is 750 Ib per sq. in.
and‘ design factor 1.5, area of contact of wheel load is 15 in. in
radius, temperature variation in Poona is 28°F. and amplitude for
surface temperature of concrete is 22.4°F. and temperature differen-

tial = 21.5°F., The desirable wheel load is 49,600 pounds (see
examples 11 and 12 in Ref. 1).

It is intended to apply this wheel load of 49,500 Ib and obtain
the thickness of the overlay pavement, according to the empirical
formula. In the above noted example, Westergaard’s original

formula was used. Tt is, therefore, intended to use the same for-
mula here.

The required thickness of an equivalent single slab to support
49,500 1b is determined thus. Assuming 10 in, thick equivalent
single slab, I = 35 and b = 14.69. Ijb. = 2.4,

The maximum temperature stress for a 10-in. slab will be 133

pounds per sq. in. The allowable strength of concrete is 500 1b per
8q. in.

Available flexural strength to take up wheel loads=500—133
or 367 pounds per sq. in.

N arpor L ;
Si = 0.31625 h—[4 log,, (I/b) 4+ 1.069]

. 0.31625 x 49500
B = SR (4 logy, 2.4 + 1.069)

Therefore, » = 10.51 in,

-

. The thickness of the overlay according to the empirical formula
18 )

he = MRTFT 0 ¢ Assuming ¢ = 1

for he = 8in.

= NVRTST T84 = 4.1 in. According to the
. Design Chart given at Fig. 22,
page 36, Ref, 2, the minimum
thickness is shown 5 in. for
this value.

Oq the other hand, the thickness of the overlay according to
the design method suggested by the Author is 8 in. which is thicker
than that obtained by the empirical formula.

The effect of a bage course under concrete pavements

Burmisters’ analy
system shows that t

20

8is of stresses and displacement of a layered
he load bearing capacity of a- pavement is
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dependent not so much upon the absolute value of the modulus of
elasticity as on the ratio of the modulus of elasticity of the pave-
ment to the modulus of elasticity of the subgrade. If this ratio
is low, the strength properties of the subgrade have a large influ-
ence on the supporting capacity of the system. On the other
hand, if this ratio is high, which is generally the case with a
concrete pavemont, the strength property of the pavement has
a large influence on the supporting capacity of the system. It
hag been shown in worked out example (Example 2, Rof. 1) that by
introducing a base course of thickness twice that of the pavement
and having modulus of elasticity 10 times that of the subgrade, the
vertical stress on the subgrade is reduced by 2.4 per cent of the
applied load.

The use of a base course of dry macadam or soling, which is an
essential part of the flexible pavement, has no justification
for provision under rigid pavement as it adds to the cost
without giving a corresponding addition to the supporting capacity.
Its use for the purpose of increasing subgrade support (K) value), in
order to reduce the slab thickness, is never justified. A sub-base is
needed to prevent damage from one or more of the following causes :

(a) TFrost action,
(b) Swell and shrinkage in clayey soil,

() Pumping of fine grained soil.

When used to prevent damage from the causes noted ‘above, the
resulting increase in K value for good soil (say K =250) is small.
For a 6-in. sub-base over a soil having K = 250, the value
of K on top of the sub-base is K = 275 (Ref. 2, Fig: 2 and
page 20). The use of soil-cement and soil-cement-modified soil
to produce better subgrades is used in attainment of control of
swelling and shrinkage of high-volume changing soil, prevention of
pumping on fine graded soil or for prevention of damage by frost
action, (Ref. 2, p. 22).

Behaviour of 11 in. thick concrete slab

Tt was stated earlier in para 3.5 that the extension of the
runway was done by laying plain concrete slabs 11 in. thick in
panels of five ft squares. On these extended portions from the
ends of runways the wheel load including its dynamic effect due to
engine vibrations was fully transmitted to the pavement slab.
Although the overlay pavement was showing cracks in several
panels, under wheel Iozmds_ of 24,000 Ib and ty.re—pressure of 140 b
per sq. in., these 11 in. thick slabs were standing up well. The cal-
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culation of permissible wheel load on‘these slabs shows that the
actual load is within the permissible limit thus:

The tyre-pressure of 140 lb per sq. in. for a wheel loadﬂ(l)f
24,000 1b gives a contact area of 171 sq. in. The radius of the

contact area is 7.4 in. andg = 0.67.

Since ‘a’ is less than 1.724 X b, a = 18.984.
b =AN16a% 1 1° — 0.6751 = 7.1 in.
! = 34.3 for K = 250 1D per in.?
8 x B

The permissible load P . 7% B
.31625 (4 log,, —77-1——|— 0.633)

]

= 41,740 Ib.

2 [Note :—The maximum temperature stress in Poona for a 8-
in. cc[)nere’oe slab has been worked out at Example 8, Ref. 1 and is
138 1b per sq. in. For a 16-in. slab thg value '13.12? b per
sq. in., see Example 11, Ref. 1. For 11 in. s!ab, it is taken asls
133 Ib per sq. in. The flexural strength fwallable to take whee
load is 500—133 = 367 1b per sq. in. = Si]

)

Individual Remarks

Shri DL C. Chaturvedi suggested a factor of safety of 2 instead
of 1.5 taken for the runway. He requested him to refer to selection
of safety factor (Ref. 2, page 11) regarding corner loading, see
also I.R«C. Paper 179, para 4.3.

The increase in the maximum stress due to lowering of K
values is given in para 2.4.2 for a particulax case. This effect could
be seen by studying standard design charts (Ref. 2, Fig. 7). He
wanted to know the maximum stress in the extended portion of the
runway which was already given.

Shri M. P. Dhir suggested determination of flexural strength of
concrete directly from the specimen. This was possible when one
}ad got a portable concrete saw for cutting a beam from the existing
slab. The Author had a stationary concrete saw and it was decided
that the determination of flexural strength from the values of
compressive strength would be desirable. The allowable flexural
strength of concrete used in the original slab was determined as 300
1b per 8q. in. (see para 2.4.1). He was not clear how Shri Dhir
assumed it to be 600 b per sq. in. Therefore, the values of modu-
lus of elasticity and thermal co-efficient of linear expansion of
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concrete assumed in the Paper was justified, more so, as several
speakers pointed out that this pavement was built during the last
war as a rushed job. There was a misprint in the formula quoted
at page 123. The Author used the revised Westergaard’s formula.

The Author did not agree with the suggestion that the value of
radius of contact ‘e’ which is 7.4 in. on the overlay should be 15
in. at the interface and the latter value should have . been taken.
The basis of approach to the cvaluation of the strength of overlay
had already been explained.

Shri N. M. Thadani based his views on the causes of failure of
the pavement due partially to settlement of metal base course which
he thought was not properly rolled. The function of a base course
under a concrete pavement had been explained earlier. Tt had very
little bearing on improving the strength of the concrete pavement.
Considering that the average K value of the subgrade is 250, the

provision of a metal base course under the concrete slab was a sheer
waste of money.

Shri C. L. N. Iyengar stated that the thickness
5 1n The Author could claim much more kn:;‘i:ég?ig?ﬁ v;ﬁ:
thickness of the original pavement than the speaker. Nowhete it
haq been stated that the strength of concrete wag detérmined z;rbit-
rarily. The speaker must remember that the strength of cencrete

revealed by concrete test hammer 12 years after the construction

had to b ) ¢
o?results,e evaluated to 28 days’ strength for case of comparison

. Th;a1 .Aut'hor had already explained that the metal cbase course
ur;1 erﬁ is airfield concrete pavement was redundant. That was
why the plate hearing tests were carried out on the subgrade and
not on the metal base course. TveE

Shri K. S. Sankaran remarked i
lay thickness never exceeded paa;rl‘e nent thicnem ™ US4, the over.

9 ot ment thickness, H
e The onety o i pevement - 1o e
. H. Christiansen, Proceedings of the Thirtsonth Annual Mot
of the Highway Res nnual Meeting

; earch Board, 1951, th i i
in abstract form in my previous Pape’r (Ige;fzslult;;;ew;:g? e ger

The reason for having an overla
ol Yy concrete slab wi i
%2(1;116 c?:ml;loiiluls .of glasmcﬂ:y than the existinz Zon‘:rl:& :la}}blglllla?é
. a S ]
and 543). y explained in his previous Paper (Ref. 1, pages 504

The points raised by Shri Puri a
nd Shri
z.lrzady cox;ered. The Author: had tried to sho:vl a,s gg’f?:;it };ad rgzzlﬁ
0 design of overlay. If Shri Puri thought that the Load I()}Il]z—).snsi.ﬁ.'
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cation Number Method would provide a more rational approach to
the problem, he should give details to the Author.

Shri N. Mohan Rao remarked on the plate bearing test. The
displacement of 0.05 in. on a 30-in. diameter plate is the basis of
determining K value according to Westergaard. Smaller diameter
plates, say 18 in., could be used where due to incapacity of the
loading frame 0.05 in. displacement under a 30-in. diameter plate
cannot be obtained. But the value of K obtained on 18 in. diameter
plate has to be correlated to that of the standard size plate.

The words ““original test” in the text mean the test value
obtained hefore the specimen was subjected to saturation.

Shri K. K. Nambiar pointed out an obvious printing error in
the formula for determination of relative stiffness . It should read
(1—p2) and not (I—p?) printed. With regard to his suggestion of
improving the bond of the overlay slab with the existing pavement,
by a treatment of hydrochloric acid solution, the Author did not
agree with it. The transfer of stresses at the interface can only be
ensured by inserting vertical bars between the 2 slabs at frequent
intervals but this method would make the process of laying of the
oveglay slab a difficult one.

Shri R. Krishnamachari enquired about the fixing of dial
gaugeh. Photos 3 and 4 clearly reveal how the dial gauges were
fixed and, therefore, detailed descriptions were not given. The
apparatus used was obtained from UK. and gave direct reading.
The variatjon of diurnal temperature of Poona was obtained by the
Author from the Meteorological Department, Poona, from records of
over 40 years and the graph was produced shown at Fig. 10, LR.C.
Paper No. 179, from which the value of temperature variation was
obtained.

Shri Venkatasubramanian presumed that since the slab
stood up for a considerable time, the entire calculation had been
underestimated. That presumption was not correct. The heavier
wheel loads of 37,000 1b came when the slabs were at least 9 year
old thereby gaining Inore strength due to aging. The cracks were
observed closely following the use by this type of aircrafts. The
pattern of cracks, shown in Plate I, did not occur at construction
joints which were provided in the overlay slabs

Shri E. A. Nadirshah (Chairman) in his concluding remarks
stated that the Paper had brought up an important point that most
of the runway pavements were constructed to sub-standard and
sooner or later would require certain treatment.

The Author himself stated in the Paper that in spite of the fact
that the slab was 4 in, thick (which figure was corrected by Shri
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Thadani to 5 in.), it had stood very well.
formance of conerete pavements,
Shri Thadani when he said that w
not 0.6 as given in the Paper.

This showed the per-
He was inclined to agree with
ater-cement ratio was 0.5 and

Unfortunately our Engineers though
designing concrete slabs of proper thickness
tions, were more or less compelled to
purely from point of view of econo
whether for sub-standard Pavement,
to their rescue. He also wanted the
the cost of such pavements, as in
been made to the cost of the origin
overlay construction,

they were capable of
to suit certain condi-
adopt a sub-standard design
my. He would like to know
dummy joints would not come
Author to give some idea about
the whole Paper no reference had
al construction as well ag that of

Shri Nadirshah was also inclined to
that the cause of cracking might
rubble packing which could not be properly compacted. Soil-
cement base would have served the purpose better. Another

suggestion would be to make a weaker concrete base instead of the
rubble base or soil-cement base,

agree with Shri Thadani
also be due to defective base of

The C‘hairman then thanked ¢
an interesting Paper and to the var
discussions,

he Author for bringing out such
lous members for taking part in

[
I
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Discussion on Paper No. 216

‘““ Flood Discharge Estimation for Small Catchments

By
B. BanwanTt Rao

Saturday, January 30, 1960.

Shri S. C. Nayak (Chairman) called upon the Author to
introduce his Paper for discussion.

Shri B. Balvant Rao (Author) in his introductory ren:lartks :::laétig
climinato, ‘0 r 1y possler the chunce factor in exlomlting the
imi far as possible, the
%%Smcfﬁihﬂsge, the s‘mfdy described in the Paper was take;;elxlxl’; ‘g(;
deflve the flood discharge from a consideration of the Iﬁmﬁ) jont o
clouds with the passing of time. An attempt was made
value of coefficient K on a rational basis. S

: i i dded, was
This method of calculating the flood discharge, he a )
applied, in many cases in the Highways Departme.nthof th: ﬁ)r;dglvsz
Ppade& and had given reliable results. Flood discharge ox oo
small catchments for 3 and 4 sq. miles situated very near le? h ottier
when calculated in the usual manner yv1th the emplrlc: a,l‘l) o e
gave dischamge in the proportion of their areas. But ac ullerycatch-
calculated on the basis of H.F.L. recorded at site, ﬁhe sx;:a el
ment gave a higher discharge than the bigger catchment. s e
because # was found that the slope of the catchment was

the shape was conducive to better flow.

i i tudy conduc-
Though the data given in the Paper was based on s
ted in A%ldhra. Pradgsh, Shri Balwant Rao felt that tt}llg‘rels:clet:
derived were of a general nature and could be applied to o P
as well for solving similar problems.

Lastly, he drew the attention of members to certain printing
errors for necessary corrections in the Paper.

Page 223, para 1.8, line 3... * This ”’ should be struck off. . |
Page 226, Table 1 ... The asteric should be against item 1.
, ing’ uld be
¢ ... In Manning’s formula, § sho

Fage 226, pora 2.11 raised to the power } instead of 3/2.
e . .
* Published at pages 221 to 283 of Vol. XXIV — Part 2 of the Journa‘
of the Indian Roads Congress, November, 1959,
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Page 238, Table 8 ... 4.12 instead of 9.12 in column 2.
Page 241, item (4) para, line 3 ... “a and’ should be omitted.

Page 247, para 4.4 ... Instead of « average I’’, substitute
“ I average”,

Page 273, para 2 ... Instead of “ exclusive ” substitute *ex-
cessive ”’,

Page 278, Example 6. 7', = 1.90 hours instead of 2 hours.

Shri D. K. Laroia stated that the variation in the intensity
of rainfall during the time of concentration and of the movement of
the storm centre over the catchment while assessing the values
of various constants had not been taken into account in the Paper,

1 M . -
The formula I, = T-:—Z i for finding out the critical Intensity

of rainfall, he stated, was an empirical one and

its accuracy could
be judged only by the results obt

ained by its use. The values of ¢ ¢’
worked ~ut and plotted in Figs. 8 and 9, Dages 239 and 240, did not
appear to give consistent results for lower intensities of rainfall, For
example, for a catchment having a time of concentration of 5 hours,
the critical intensities worked out to 0.49 and 0 42 in. against hourly
intensities of 1.0 and 1.25 in. respectively. Obviously, for a higher
hourly intensity the critical intensity could not be lower. It
appeared that the simple relationship assumed between the critical

intensity [, and the hourly intensity “ i’ that is, I, = ; '+—{—au, did
not hold good for storms of Andhra Pradesh and perhaps(‘t;he ahove
relationship raised to some power should have been tried.

Further, in Fig. 8 the points were so scattered upto 2.5 in.
intensity that it was not possible to give a reasonable shape to the
curve, and if the two points between 3 and 4 in. intensities were
ignored, it would not be possible to draw any. curve at all.

Shri Laroia also pointed out certain discrepancies in the values
of “a’ as given in Table 8 and plotted in Figs. 8 and 9. There also
appeared to be some confusion in the dates regarding storm data as
given in Tables 8 and 10,

Moreover, he remarked, the values of ¢4’
only a few known storms and he sugg
floods, the curves should be so dra,
critical intensities were obtained.
Fig. 9 were likely to give much lowe

were determined from
ested that to obtain the highest

p < &l )
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In regard to time of concentration, Shri Laroia stated that }‘fhig
values of @ were found experimentally to lie between 07 and 17, whi
in Table 15 the values were suggested from 2 to 28. Assu_mp‘mog
of higher values was likely to give longer times of concenﬁratmﬂn and)
thus lower flood discharges.  According to Richard and D&Waon%h
was inversely proportional to the intensity of rainfall. B;lt 'veg
suggested values in Table 15 were higher compared to }'a]qes deri d
from the relationship for lower intensities. Perhaps, in the exp&lalrl
ments conducted, the ground was not completely wet initially,
which resulted in variation in the suggested values of Q.

In Table 19, arbitrary constants were recommended to be added
to the value of K, determined from Strange’s ‘.mble, in order to
allow for heavy rain intensities. As the h%gh intensities 1of It;;.un
were expected to last only for an hour or 80, it needed consic er: mr;E
whether any such addition wasg really justified for catchments o
several hours of time of concentration.

Referring to paras 6.5 and 6.6 regarding an hourly loss of 0.88
i;. of rz{in no%ice(%)in the experiment conducted with a fairly heav.y
rainfall of 1.55 to 3.30 in. per hour, Shri Laroia observed that this
losg would tally with Strange’s table at an intensity qf 2 th. of rain
per hour. As such, there appeared to be no ]‘ustlﬁcatlon for making
any f‘}lrther addition to the values given by Strange.

Shri Laroia sent the following further comments in writing :

Fig. 12 was plotted on the data of one storm for each ares,

while it was likely that coefficients on the basis of other storms
might be higher.

Ingpara 6.3, the effect of nature of soil on t}lq yield was stated
to have been taken into account while determining the time con-
centration for the catchment. This was not totally correct. The
nature of soil affected the runoff intwo ways: (1) a more pgrmeablg
8oil would directly decrease the runoff by greater absorption, a.g
(2) the type of soil, configuration, etc., have to be taken care of by
the coefficient of discharge K.

In regard to the robability for a 4-hour eont.inuous rain for
16 in. raigfall being lpin 4, vide para 1.9, Shri Laroia t}lought thaﬁ
the rela,tionship being extremely complex it was not posmble to Word
out the probability of such an ocourrence unless it was assuz?e
that rain always came in continuous spells of short equal intervals.

Some of the calculations in Tables 1 and 2 against discharges
by Ryve’s and Dicken’s formulae were incorrect, e.g., it should ?8
3840 againgt 4640, 5250 against 6380, 19(_)00 against 23000, 6§ 0
against 8156, 9600 against 8000, 13570 against 11500, 59600 agains
41500, and 18000 against 15200. : :

21
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From the discharges in Table # by arca velocity method, it
appeared that the stream had a very rapidly changing cross-section
with the result that the water surface slope varied congiderably from
place to place. This method naturally applied only to such streams
that did not vary so much and, normally, in alluvial soil such
variations did not oceur,

Shri A. Banerjee remarked that the approach of the Author
was. scientific no doubt, bhut it appeared that cven the method
given by him did not help much in ecalculating the discharges
for big rivers.

The value of coefficient of discharge K was hased on Strange’s
table and verified by field experiments. Was this experiment really
conducted with the catchment of only .64 acres as mentioned by
the Author? This, he felt, could in no way compare with the
catchment of very big rivers of several hundred sq. miles, parti-
cularly when the nature of vegetation on the catchment, apart from
other factors, had very important effect on the runoff. Seccondly,
the time of concentration was caleulated from the maximum rainfall
intensities in 12 years, while the bridges had to be designed for a
maximuri. discharge of the past 100 years or so. This basis might
result in severe underestimation of discharge. ¢

Thirdly, there was the possibility of two or more storms peeur-
ring simultancously in large catclments, though termed by the
Author as small >, which would change the entire aspect of runoff,
Unless and until all the above aspects were thoroughly studied over
a long period of yoars and experience gained with reference to
different areas of the country, the estimation of flood discharges for
big rivers by the method advocated by the Author would, in his
opinion, remain very very approximate and they would have to stick

to area velocity method for the calculation of discharges for big
rivers.

Shri Zafar Mohiuddin stated that the Author attempted to
apply rational flood formula @ = KA4i to large catchments by
complex analysis based on hydrological data and the method of
probabilities, with the result that too many factors and assumptions
entered in the analysis and the problem was further complicated.
Admittedly, this was a controversial subject and, in his opinion,
there was no justification to adopt this formula, at any rate for the
present when there was very little data available on the subject.
Rightly speaking, the rational formula was applicable to small
areas only, say, up to 5 sq. miles, and for periods of time less than
two hours or so; even therc some error was possible. But for big
catchments, errors might be considerable because of the greater
variation in the characteristics and conditions as compared to
smaller catchments. Besides, there were two more assumptions :
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(1) that the rainfall was uniform over the entire area, and (2) that
the rainfall intensity was uniform throughout the time period
required to produce maximum concentration of flow. Hence, in

order to evaluate these factors correctly, collection of vast data and
long record was required.

Shri Mohiuddin thought that Dicken’s formula with ¢ = 1200
used in the Telengana region of Andhra Pradesh had proved alright
if the value of ! was fixed on the basis of experience in a particular
design and there were very rare cases of failure on account of
inadequate waterway. He also felt that many more examples should

have been given instead of four cases from Adilabad and five from
Mehbubnagar district.

Referring to para 2.9 he stated that the case of Sutlej river as
presented by the Author, taken as far back as 1872, was hardly
relevant to the discussion of small catchments. YKrosion and silting
was, of course, a routine phenomenon in most of the Northern India
ri.\‘rers and the changing value of ‘%’ due to the turbidity of water
might counterbalance the changing cross-sections of the river, thus
keeping the discharge constant. However, the conclusion drawn by
the Author about the chances of error on account of flooel sections
apptared to be doubtful.

Referring to para 3.5, Shri Mohiuddin stated that a map of
Andhra Pradesh (Plate 1) showing the zones of hourly intensities
had been prepared on the analogy of variation of storms at Visakha-
patnam and Begumpet raingauge stations only and the graph
(Fig. 10) slPowing the duration of storms as a function of average|
hourly intensity was based on the study of only 10 raingauge
stations, which was a very meagre data.

Similarly, isohyetal map (vide Plate II) was drawn on the
studies of average intensity of rainfall on certain stormy days. He
wanted a clarification whether it would mean preparing as many
maps as there were stormy days and the curves as plotted in graphs
(Fig. 12) would go on varying for different storms.

Shri Mohiuddin stated that -complicated and cumbersome
formulae depending on a number of variables, constants, and
assumptions by a few authorities, like Richard and Dawson, were
mentioned for determining the time of concentration, that is, the
time interval between the beginning of the rainfall and the moment
when flow from the whole catchment reached the site. It would be

interesting to note that the assumptions of one authority were con-
tradicted by the other.

In Tables 20 and 21 and Fig. 22, only eighteen years record was
taken to determine the recurrence intervals of storms. For thig .

S
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purpose even {ifty years record was not adequate to fix the pattern.
In fact, it was doubtful if there was veally any regular pattern at
all.

Shri S. Gangopadhyaya referred to the sta.teme’nt inpara 2.3
. 3 : \
that ° Dickens’ discharge isonly a function of arca”, nm} sta‘fred
that Dickens” constant was not an absohite constant and it \.ra,rxed
with many factors depending on nature of the country, rainfall,
slope, ete,

It was stated in  para 2.7 that the river ‘cm‘qiﬂz-soction
silted up after the high flood, whereas in the example in ig. 2 and
in Plate I, it was shown that the river bed was more and more
scoured after the highest flaods. Su(«_h a  case is tnusual and
required a separate study, as it was obvious that the river was not
following general rules and the maxinmum scour depth could not be
ascertained even if the discharge could be very accurately
determined, :

In Table 5, discharges at ditferent cross-sections as obtaiped
by area-velocity method were found to be varying by more than
300 per cent. In his view, the area-velocity method gave the
most reliable results if velocities at H.F.L. could he ascertained
with care.

Shri Gangopadhyaya, however, felt that it was really neeessary
to try to find out a suitable method for determining the discharfe
from the rainfall data for any particular stream, and it should be

interesting if elaborate studies were made for evaluating constants
for different parts. .

ShiK. F. Antia stated that Shri Balwant Rao’s contribution
was of considerable value particularly to engineers who have had to
cope with this problem on the east coast of the country, where the
trouble, usually during the month of October, was not so much
with big rivers but with small rivers. There was rather an unfortu-
nate combination of adverse conditions, namely, cyclonic storms
with heavy rainfall combined with a narrow coastal area backed by
mountains. The time of concentration was small and it varied from
stream to stream. Shri Antia was rather surprised that even today
the method of determination of waterways was as indicated in para
2.1, viz.,, Dickens’ and Ryves’ formula and area velocity method.
In regard to Dickens’ formula providing a constant of 1,200 both for
flat catchments and for steeper catchments, the Author had pointed
out that it should be changed. But it was changed as long ago as
1930—exactly 30 years ago, by the Railways. He did not know
why the change did not take place elsewhere.

In 1930 varying values were given to the constant »* in
Dickens’ formula, the variation boing betweon 825 and 1600
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depending upon the shape, the slope, the vegetation on the catch-
ment, and so on.

Again, other methods brought into vogue and which proved to
be cousiderably successful were not taken into consideration by the
Author, viz., Lilly’s method and Inglis’ method. Shri Antia felt that
this Paper was the beginning of a very important study which
should be taken up either by the irrigation authorities or even by
the road authoritics to ascortain the formulae and the constants
applicable to different parts of the conntry. They could not be
uniform because there were so many variables from place to place,
such as the rainfall intensity, the nature of soil, the topography, the
runoff, the time of concontration, the shape, slope and vegetation of
the catchment, ete. Such a study, he was sure would help engineers
in the design of cross drainage for roads and railways and of water
supply, irrigation and flood control projects,

Shri Y. K. Patil wanted to give some information from a
Paper that he had read before the Central Board of Irrigation in the
yoar 1945 dealing with the highest floods in the country. He had
to use the empirical formulae as thero were no other rational
formulae existing then. With the idea to solve this problem he
collacted data from various books to compile the Paper.

He found that the constants in the empirical formulae varied
vgry miuch. For example, therc were 64 cases given in Buckley’s
Irrigation Pocket Book, where for the highest floods if ‘C'’ was
worked out by Ryve’s formula, the constant varied from 76 mini-
mum to 79.20 maximum; in the case of Dicken’s formulae, the
constant varied from 58 minimum to 6340 maximum ; in the cage
of Inglis’ formula, also applicable to fan catchments, the constants
varied from 460 minimum to 14000 maximum. It was, therefore,
very difficult to choose the constants and the Engineer got confused
a8 t0 what constants should be selected for his region,

Shri Patil found that the maximum floods depend on (1) area of
catchment, its shape and size, (2) nature of the catchment whether
wooded, hilly or plain, (3) surface detention, depending on the
nature of the soil and *its condition whether dry or wet, (4) inten- .
sity, duration and extent of rain, and (5) the time of concentration.
Also, it was found that the time of concentration was the most
essential factor in estimating the floods. The time of concentration
was based on Lacey’s value of velocity and the length of river. If-
length was not available, then the time of concentration could be

1 ,
calculated from 7' = h?i%*}i, where 4 = catchment area in square

3 .
miles, f = silt factor, P = ?ntensity of rainfall. But if the length

0.95 L
of river was available, then the formula stood as 7' = —_——

A% X pg
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(for f = 1). Discharges for 17 cases were worked out according to
this formula and compared with actual observations. To site an
example: On Naveli river at Kandla in Kathiawar, Gujerat, the
observed discharge was 48,200 cusecs and the area of catchment
15 sq. miles only. According to Ryve’s formula, the discharge
worked out to 4,217 cusees, according to Dickens’ 7,620 cusecs,
according to Inglis 24,000 cusecs, whereas according to Shri Patil’s
calculation it was 39,300 cusecs which was very near to the observed

value. He offered to supply any further information required for
practical application.

Shri N. M. Thadani obhscrved that the quantity of maximum
flood discharge was extremely difficult to evaluate as was quite
obvious from the contents of the Paper. He thought it would be a
long time hefore any finality was reached on this subject, He also
wanted to relate this Paper with para 2.1 of Paper No. 217 at page
289 of the I.R.C. Journal, Volume XXIV -2, because the same
subject was dealt therein under a different set of circumstances,

Regarding Dickens’ formula, he wanted to say that it was one
of the most elusive formulae cver invented for the evaluation of
flood disoharges. The so-called constant ¢ varied from 500 to 1800
and one could take any of the values to obtain any flood discharge
to suit the money available with him for building a bridge. There-
fore, this formula must be used with a very great degree of caution,
The other formula dealt with in the Paper was the areca veloeity
method which, he felt, could be a very accurate method of evaluat-

ing discharge provided the highest flood level was, aceurately
known.

In regard to the method recently evolved on the bagis of rain-
fall data, Shri Thadani stated that the value of * 7 ’, the intensity
of rainfall per hour was often not accurately available for areas
where bridges were built. Unless there were self~recording rain-
gauges it would often be found that the value of T was far from
accurate, with consequential error in the value of the flood dis-
charge. '

<

. . 7000 4 . .
Regarding Inglis formula @ = \/A+ i given in Paper No
217, Shri Thadani stated that it was supposed to ¢

ater for floods
that might occur once in 1,000 years, and if they were to build
bridges of waterways calculated on this basis, he thought they

would go bankrupt very soon. Inglis himself realized the extrava-
gance of this formula and developed a modified formula in which
4000 was substituted for 7000, In his opinion, if the flood

discharges were calculated by the formula Q = 4@0_‘?__, reason-
NA 4
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ably accurate and workable values for flood discharges would be
dbtained.

Shri G. C. Khanna commended the value of the Papor as it
would be of great advantage to bridge engincers for the determina-
tion of flood discharges of rivers. But Shri Khanna felt that the
best method for determining the waterway for a bridge was to go
back to the area velocity method which could give very accurate
results, provided proper investigations were done in the field rather
than depending upon the various empirical formulae.

Shri M. Karimullah Khan* stated that the Paper was a
timely one in view of the large investigations being done these days
for the construction of bridges on cxisting as well as new roads.
The problem was also discussed to some oxtent in T.R.C. Paper
No. 167 on ‘Small Bridges and Culverts’ by Shri Goverdhan Lal
who recommended a value of 4 to 5 in. for area of intense and pro-
longed rainfall and 2 to 3 in. for other areas. The problem of flood
estimation was very complicated and required not only carcful
stufdy but also careful application of the knowledge.

Referring to paras 1.2 and 1.3 regarding the need for gdopting
rational method in preference to empirical methods, he pointed out
that an average engineer was liable to commit mistake in choosing
the cogrect coefficients and other factors required in the use of
rational formulae and thereby the assessment of flood discharges
might be wrong. In his view, empirical formulae were more

suitable even for small catchments if a correct value of coefficient
was adoptecs

With regard to the definition of a small catchm
1.6, he qrew the attention of the Author to the bo
Engineering”’ by K. R. Sharma, Vol.
various sizes. He then sugge

ent, vide para
ok ‘ Irrigation
11, describing catchments of
sted the following classification :

(1) Very small catchments ... &, Upto 40 acres

b. 40 to 100 acres

. ¢. 100 to 640 acres
(2) Small catchments

1 to 5 sq. miles
(3) Medium catchments

2. 5 to 30 sq. miles
b. 30 to 100 sq. miles

100 to 500 sq. miles . -
Above 500 sq. miles

(4) Large catchments

(5) Very large catchments
. Beferring to paras 2.1 and 2.9 regarding the value of C'= 1200
in Dickens’ formula generally adopted in the Telengana regiom,

* This comment was received in writing,
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he stated there appeared to be some mistake as in Tables 1 and 2 C
gave a value of 1000, T, therefore, needed clarification. Further,
it would have becn hetter if the Author had worked out flood
discharges for the stream in Tables 1 and 2 by the method suggested
by him instead of giving examples of other strecams so that a correct
idea could have been made hetween the sugeested and the conven-
tional methods.

As regards refercnce to a Paper by Sarvashri P. R. Ahuja
and Shenoy on the values of € in Dickens’ formula, vide para 2.15,
Shri Karimullah felé that the values as suggested were on the high
side and cited the example of Xurud Tank mentioned in Paper on
« The General Theory of the Storage Capacity and Flood Regula-
tion of Reservoirs” by Capt. A. Garret, R.E., published by the
Superintendent, Govt. Printing, India, in 1912, where value of €' =
1400 was adopted. As Adilabad district happened to be adjacent
to Central Provinces, a value of ' = 1400 could be adopted for
small catchments and equal to 1200 or 1000 for bigger ones.

Shri Karimullah mentioned that the examples worked out at
the end of the Paper were for strecams of sizeable catchment areas

and the Author had not done so for small strecams, say, upto 1 sq.
mile catchment area. :

It would have been botter if the Author had clearly shown

the use of various tables, cte., prepared by him on lines of I.R.C.
Paper No 167,

The method suggested by the Author for estimating flood
discharge in Andhra Pradesh could not be accepted outright unless

it was examined by a number of experts in the field and in a
greater detail,

Shri B. Balwant Rao referring to the comments offered by
Shri D. K. Laroia regarding the value of “a’ replied that, as
already stated in the Paper, the values of “a” wete obtained from
the limited rainfall data available with him. It was also stated
in the Paper that with the data available it was not possible to fix
a suitable powor to make more points to comne within the equation
agsumed. It was because of this that the value of “a” was
determined for two time intervals of less than one hour and greater
than one hour As limited number of points at higher intensities
were available the graph had been plotted in the best possible way.
Asregards the critical intensity for 5 hours at L.00 and 1.25 in,
per hour it actually works out to 0.33 and 0.42 in. respectively
and not 0.49 and 0.42 as stated. 1f this was meant for shorter
duration, where the shape of the rainfall curve was determined by
the value of “a”” it was a different matter, showing that a high
intensity burst might not produce the same average critical rainfall
as compared to a lesser intensity with a broader base.
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Regarding the value of ¢, the constants given in Table 15 were
the average of many experiments, adjusted and modified on the
basis of actual reliable discharges which were recommended. The
figures of 0.7 and 17 pointed out by Shri Laroia were the results
from one experiment. It was very difficult to get uniform condi-
tion in all cxperiments and, therefore, the value suggested was
only average and was susceptible of revision if more data were
becoming available. This had been pointed out in the Paper.

As regards corrections to the value of K, the condition assumed
was that of bleeding irrespective of the type of soil and it had

cficct only under low rainfall conditions and not when saturation
condition had set in.

Fig. 12 was plotted for the heaviest storms known and, there-
fore, could be taken as representative.

Shri Balwant Rao agreed about the complexity of the duration

of rainfall in calculating probability and stated that it wasonly a
hypothetical problem to illustrate a point.

The discrepancy was due to wrong coefficient given as 600 and
1200 instead of 500 and 1100.

 Replying to Shri A. Banerjee regarding the applicability of
this v#lue to larger catchments, the Author invited his attention to
the first para of the Paper. For example, in the case of Kaddam
Dam having a catchment of about 1,000 sq. miles, which was
recentl.y damaged due to heavy flood, the flood discharge worked out
by this method was very nearly equal to the observed discharge.
Big cloud bursts could be expected to take place in the areas of
Adilabag and Coastal Andhra which might have a 1,000 sq. miles
coverage, that is, nearly 30 miles by 30 miles. The selection of the
size 9f catchment suitable for application of this method had been
obtained by intersection of the curves of duration by a line based
on time pf concentration plotted from actual examples worked out.
From this, it could be taken that heavy rains covered a greater area
than rains of smaller gmount like 7 in. or 5 in. per day which had
been taken to cover areas of 400 to 300 sq. miles, and so on. Thus,

with.the quantity of rainfall reducing the size of the catchments
:ﬁnt“i{ued to decrease and the applicability of the method also
rank.

As regards the reliability of the cross-section method, Shri Rao
stated that one might not know the H.F.L. and the slope correctly.
He cited the case of a bridge which had been washed away in
the Andhra Pradesh. They got the H.F.L. line at the place of the
crossing and to know the slope of the flood to determine the velocity
they investigated the H.F.L. line on both upstream and downstream

of the site and got the same H.F.L. line. That meant that it
22
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was not possible to determine the slope unless special arrange-
ments were made to observe it. The same difficultics were also
pointed out by some speakers and H.F.L. rccords were most unreli-
able—ocspecially if it was not an important stream.

Many things could be said for and against Dickens’ formula,
and the rational method proposed takes into consideration tho
condition of the catchment, shape, slope and everything possible
that could be thought of, and its reliability had already

been
justified when examples were worked out.

As regards the points raised by Shri Mohiuddin, most of
them were already answered in the Paper.
a number of failures of bridges in Mchbubnagar which were
designed on the basis of empirical formulae and after that the
officers from C.W. and P.C. proposed revised valies of Dicken’s
formula to mncarly double to suit that area. Shri Mohiuddin’s

statement that methods usually followed all these days was not quite
justified as judged from facts.

About ﬁood sections which were recorded in 1872, the Author
wished to point out that they did not have similar data after that.

It wag tpken to work out an example and to show the effect of
variation of the cross-section of the flood.

About Shri Banerjee’s point whether return periods of only 12
to 18 years were sufficient, he had already stated in his Paper that
that was all the records available, and for the design of a culvert or

a small bridge it was not worthwhile to go in for data of more than
10 or 15 years’ floods,

About the use of Inglis’ formula, as Shri K. F. Antia pointed
out, it was only for catastrophic floods. Regarding Lilly’s formula,
again it took into account the average rainfall per year and it did
not take rainfall characteristic of a particular rainy month which

produces & heavy flood. The method discussed in the Paper was
an improvement over Lilly’s formula,

In reply to comments by Shri M. Kari

Author stated that he had already pointed '01f1x:1 uilnliﬁe Ii)l:;l;é ﬁi:;
disadvantages of the empirical methods. The Paper was specially
prepared for calculating flood discharge for streams in Andhra
Pradesh. By knowing the location of the catchment, the designer
could choose his coefficient and work out the flood discimrge Thus
tléere_e wtas little chance of making mistakes in the choice of co-
efficients.

Regarding the time required for ecaleulating discharse
Author was of the opinion th g dischargo, the

at it was worthwhile spendi
: ing a few
minutes more and be confiden ! 8

' t of the result than trying to get some
figure and arriving at a wrong and wasteful design, ying o gob s

Actually, there had been
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The definition of a small catchment as far as it concerned this
study was fully explained in the Paper. The definition of srr}&ll
catchment as given by Shri Karimullah appeared to be empirical

and was based on the personal opinion of an Author of a book and
as such could not be accepted.

The size of the catchments which could be considered to be
covered under 12 in., 7 in., 5 in. rainfall had been worked outas these
data were available. The size of the catchments which could be consi-
dered coming under this category could be interpreted. For example,
for eatchments between 400 to 800 sq. miles, the area should receive
rainfall between 7 in. and 12 in. For catchments between 300 sq.

miles and below it was sufficient if the areas received less than 5 in.
rainfall in a day.

Fxamples given in Tables 1 and 2 were actuals taken from
examples worked out for designing bridges in Andhra Pradesh. The
examples given at the end were illustrative and demonstrated the
method for calculating the discharge by the data given in the Paper.

The investigations by the Author referred to in para 2.15 of
the Paper were undertaken for streams in Andhra Pradesh and they

wera being followed by the Irrigation Department of Andhra Pradesh
as quite suitable.

Considering the number of bridges and dams that were washed
away recently, designed on the cocfficient now being adopted, it
should be sufficient to convinee the members that the values of «“ C
suggested by the speaker were inadequate and it showed the risk of

depending on the empirical formulae.

In conclusion, the Author said that discharges from many
strcams‘using the rational formula had been worked out by the
Designs and Investigating Branch of the Cliief Engineer (Highways)
office, Andhra Pradesh and they were getting satisfactory results.
He suggested to members to apply this method to catchments in

their areas also and inform the Congress about their experience in
due course.

Shri S. C. Nayak (Chairman) in his closing remarks, congratu-
lated the Author on his excellent Paper which had also presented
good material for further investigation. He further stated that all
the calculations and research work.done indicated that they should
follow the regime of the stream. Precaution should, therefore, be
taken except in the case of streams having sandy beds for consider-
able depthand where deep scour was expected, to adopt a linear
waterway as nearly equal to the width of the stream from bank to
bank as possible. ~This would be a safe course in conformity with
the solution indicated by nature. ' '

st t——



Discussion on Paper No. 217 *

“ Design and Construction of Prestressed Concrete

Bridges across Kunwary River”

By
Y. X. Pati & C. V. Kanp

Seturday, January 30, 1960.

Shri K. K. Nambiar (Chairman) called upon Shri Y. K. Patil
(one of the Authors) to introduce his Paper for discussion.

Shri Y. K. Patil (Author) in his introductory remarks stated
that the area between the Chambal and Kunwary rivers was full of
ravines and was inhabited by dacoits, creating the problem of law
and order there. With the idea to give transport facilities to the
police, these bridges were sanctioned. Durin
the police have been able to mobilise their forces and most of the
dacoit gangs were liquidated. With the construction of new roads
in this area, as programmed by the State Government, the dacoit
problem would be practically solved. In addition, it would help

raise the standard of the villagers when Chambal waters wow
irrigate about 7 lakh acres of this area. ond

g the last one year,

The 3 bridges were designed according to the old I.R.C. Code
Similarly, the criteria for prestressed conecrete were also no‘é
available at the time of accepting the tenders. So, the permissible

stresses of design would appear to be higher than the stresses recom-
mended by the revised criteria.,

Regarding the floods and the hydraulic data of these rivers he
explained why he chose to depend on the rainfall data. This
particular catchment was not fan shaped nor a square, but rather a

very elongated catchment. The ratio of width to length of the river
wag something like 10 to 1.

Shri D. C. Chaturvedi stated that it was not mentioned in
the Paper if the concrete mix for the bridge was properly designed
and whether the aggregates used were tested in the laboratory and
asked the reasons for adopting volume batching in the case of hich
grade concrete used. g

Referring to para 4.5 regarding strength of speci
concrete cubes at 28 days interval given as 5’%00 I ‘EII)):rcg':ll. iimﬁg

* Publishod at pages 256 to 333 of Vol. XX IV_Part 9 SO
the Indiar Roads Congress, November 1959, art 2 of the Journal of
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enquired if it was the average or minimum strength aimed in the
field.

Regarding calculations for bearing capacity of soil to base the
values of various factors on assumed value of ¢ was, in his opinion,
not a correct approach to the problem. The data available from
boring charts at the site of the bridge should have indicated the
type of strata available at different depths. At least, the nature of
strata excavated during sinking of wells should have been examined.

Shri G. S. Ramaswamy agreed with Shri Chaturvedi that it
was high time that they deviated from the practice of prescribing
concrete by nominal proportions and begin prescribing concrete
mixes by strength, at least for prestressed concrete work.

With regard to the stress distribution diagram given in Fig. 4
on page 311 of the Paper for the 4-girder arrangement, he felt that
in structures that were subjected to dynamic loads it was advisable
to have some amount of residual compression in  the bottom fibres
ungler the action of dead live load and residual prestress, and the
22 psiprovided in the design did not appear to be adequate.
According to the provision in the Draft Code for Prestressed
Congrete, they had recommended that a residual comipression
of 5 per cent of the maximum compression in the fibre should be

left behind. This was very advisable in the case of rail-road and
road bridges.

Referring to the 3-girder arrangement, Shri Ramaswamy stated
that the section was not fully utilised, for example, the compressive
stress in the top fibre was only 1170 psi as against a permissible
value of 1667 psi. On the other hand, as far as the bottom fibre
was concerned, the situation was alright, bccause, there was a
residual compression of 165 psi which satisfied the requirement of 5

per cent of the maximum compressive stress being left as residual
compression.

Shri Ramaswamy was of opinion that it should not be necessary
to demand that every prestressed concrete bridge to be built in the
country should be test loaded, especially when the design did not
incorporate any new features. To demand a test load on the
ubiquitous T beam bridge, hundreds of which had been built all
over the world and in this country, did not appear to make any
gense ; it was a waste of time and money. If at all tests were
undertaken they should be with a view to find out something which
was not known and about designs which incorporated new features.

Regarding calculations of the cracking load, Shri Ramaswamy
stated that the computation of the cracking load was ome of the
trickiest things because of the several uncertainties involved. For
example, there was no reliable method of estimating the ultimate
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tensile strength of concrete. Sometimes 1 [10th of the allowable
compressive stresses was taken as the tensile stross that the concrete
could stand; the other basis was to relate it to the modulus of
rupture and sometimes to the value specified at 8 times the square
root of Fe where * (7 ° was the cubo strength of conercte.

Besides it was well known that the actunl cracking load or tho
observed cracking load was very much lower than the computoed
cracking load. This was hocause of the presence of small shrinkage
cracks in the conercte on account of, what is gener
as, stress crazing ; and to avoid this a certain
reinforeement should be there in the section.  From the details
furnished in the Paper it was not possible to check and find out how
much mild steel was there, nor was there any data furnished with
regard to the age at which the prostross was transferred, which also
had a considerable amount of influence on the presence of shrink
cracks.  For example, if the prestress was transferred after several
months after the girder had heen lying in the yard, then there were
possibilitics of small shrinkage cracks developing.  Again, if the
transfer was made at an early date, then the creep losses were
likely to be excessive. So, when reporting Papers of thig kind, it
would be useful if the age at which the prestressed was transferred
was also mentioned. Also, it would be useful if aggregate-comoent
ratio, the water-cement ratio, and the ratio of coarse to fine aggre-
gates used were also reported. The Central Building Research
Institute were trying to compile data on the mix designs used for
all the prestressed bridges, sothat in due course the information
could be made available in a handy form,

ally deseribed
amount of mild steel

o

Shri Shitala Sharan stated that it
given at vage 294 that the waterway provided for all the three
bridges was rather on very low side. Ay stated by the Authors. the
streams were quasi alluvium and Lacey’s formula was pa'rt’ially
true, it would be intercsting to compare the waterway required
from Lacey’s formula. For g discharge of 221,800 cusees for
Budhana bridge Pw=1,250 it against 479 ft provided which is only
38 per cent of Lacey’s regime width. The cross-section of the
stream and boring chart did not show very rigid banks and clayey
strata. As the strata is sandy upto about 32 ft, it could Lo
expected that Lacey’s formula should give reasonable figures,
Usually a restriction of more than 50 per cent was mnot considered

desirable whereas in the case of these three bridges, the restrictions
of about 38 per cent was rather high

appeared from the data

As the maximum scour depth w

as caleulated by assuming the
alluvial stream, it was presumed th, Y ing the

at the depth was caleulated by

, ¢\}
Lacey’s formula D = 0.473 (;f)’ For the discharge figures

N ; 20
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shown at page 294 and Table 1 A, D comes to 24.4 ft, 28.7 ft and

29.3 ft for Dimni, Budhara and Didi bridges zmssum,ing f = 1. _'Bult
these figures are truo only for flow in full Lacey’s regime width

which comes to 995 ft, 1,225 ft and 1,300 ft respectively for the

above bridges. The modified normal depth of scour ought to have
9.6

been caleulated by the formula D = D x In and it comes to

44 It, 51 ft and 52.5 ft respectively. At noses of piers, the depth
will be given by 2D and as such the design scour level for wells
ought to be 88 ft, 102 ft and 105 ft below H.F.L. Tt appears that
the design scour level as given at item 8 of page 294 has been taken
as 20 which comes to 49 ft, 57 £t and 59 ft respectively. It, there-
fore, appears that by restricting the waterway too ‘much the
foundations have been designed rather on a very low side. For a
flow of 38 ft depth of water in case of Dimni bridge to assume a
normal scour of 24.4 ft is incorrect. He requested the Authors to
explain the discrepancy when they state that maximum scour depth
was caleulated by assuming alluvial stream.
.

Grip length below scour level:

. It has been stated on bottom of page 293 that depth of foundg.-
tion "below maximum scour depth should be only 4 ft which again
appears rather on a low side. The minimum depth of penctration
fop a riid body like the well is related to the horizontal forces szi
moments acting at scour level. Assuming the resistance from soil
to vary linearly in proportion to displacement :

whefe kb = Ws (K])-—Ka)
Kp 14 sind

1—sin ¢
l—sin @
Ke =5 Fsing

Ws = weight of soil in 1b per cu.ft. For the particular case
of Dimni bridge as given at page 303 the transverse moment Mo in
direction of flow is 280 k per ft and p = 5.3 kips per ft width of
well of 15 ft 9 in. diameter, H comes to 26.6 ft.

Thus a grip length of at least 27 ft is essential and not 4 ft.
Safe load on foundations:

At page 300, the valuo of Df has boen taken as 37 ft which is
incorrect because when the maximum scour has taken place Df =
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20, Similarly, although it has been stated that water table has been
taken upto bed level, value of 1 has been taken asg 100, Submerged

weight of sand ought to have been taken and this alone shall reduce
the value of }" to by about half.

Taking value of Df = 12 ft (below scoured depth) value of ¢
comes to only 4 tons per ft as against 8.8 caleulated in the
Paper.

Piers:

It has heen stated at page 304 that the haunched portions
between the outer walls of pier shaft and the cross walls ave designed
carrying all the Joad from givders.  As a continuous B.C.(L bearing
has been used the entire load from the girders comes through the
entire length of the outer walls on either side and these ought to have
been provided with suitable reinforcement. It is surprising to note
that instead of 0.8 per cent reinforcement in columns, only 3/8 in.
at the rate of 10 in. ¢fc has been used giving only about 0.15 per
cent reinforcement. Wven if it is considered as a well column' at
least 0.4 per cent ought to have heen used. The Author could throw
some light as to why such a deviation from Code was permitted for a
structure carrying heavy loads. Iiven 3[8 in. bars ought net to
have been 1us‘ed as_the minimum longitudinal reinforcement for
columns is § in. The thickness of diaphragms of ¢ in. for 38 ft

height is also too slender.
Superstructure:

The thickness of 5 in. wel for
less as per Guyon’s recommendation

given by ¢ = 4 in. 4 %25 = 6 in.

& depth of 82 in. is considered
for which minimum thickness is

(4]

It appears that the calculations of side shift factors are wrong—

it will be seen that for the three girder
action on outer beam shall occur when live

: absent because any | d i ¢ B
produces a negative reaction at 4. Thus tlféjgigcljf:'e (;'? (?%‘.‘LZI; f’gﬂé

come to 0.815.  Similfrly for the inner gj i 52 i

) 1 girder ag: 8P hall
be only 0.792. Tt is also not understood as to gv?}:l; tlgez,'f:)fm osultlr
and inner girder has been taken for this girder system. Both the
outer girders shall be designed for 0.779 ang only one central girder

for 0.761. Thus average factor should he 2.X 779 + .761
2

and not
0779 4 161 .
T X 3. With this correction the factor for 7 £t 8 in, spacing
given at page 309 shall come to M = 254
5 5~ = LI72
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The Authors have recommended an ideal spacing of 7 ft 8 in. for
3 girder system because of minimum side shift factor but in
what the Author claims as the ideal spacing the entire structure has
to be designed for a 17.2 per cent extra moments as compared to
only 16 per cent in case of 8 ft spacing.

It would also be secn that assuming only a rigid deck the outer
beams carry less load if spacing is increased. Thus for a rigid deck,
the increase in spacing reduces the side shift factor and thus affects
overall economy if the slab thickness is not increased unnecessarily.
For the spacing of 7 ft 8 in. claimed by the Authors as ideal, the
slab is to be cantilevered by 3 ft 10 in. as shown at page 309 and
the bending moment in the slab would be heavy. A comparison of
design bending moments in the slab for 8 ft, 8 ft 6 in. and 9 ft
spacing are as follows :

Reaction | Averawe | Vo8ign B.M. At central | At centre of
Spacing & (‘t 1o fe t" at cantilever  support — ve| span 4 ve
cvor aetor ond in.kip | B.M. in. kip | B.M. in. kip
L
8 ft 1.162 1.166 100.68 38.25 17.32
8 {6 6 in 1.152 1.179 69.77 66.77 ®34.42
9 ft 1.141 1.173 59.01 71.23 40.08
——

2

This shows that design bending moments are best for a spacing
of about 8 ft 6 in. and gives uniform depth and stecl arrangement
both at cangilever ends and supports. Regarding the arguments of
slight increase in length of piers, economy can be made by resolving
to two circular column piers with a stiff cap supporting the bearings.
This redwces the length of pier and diemensions of well also.

For example in this case the R.C.C. cellular piers can be
replaced by two circular column piers of 73 in. thickness with 5 ft
dia. at top and 8 ft at bottom spaced at about 12 ft 6 in. centres.
The dimensions of well can also be reduced and a single well 18 ft
6 in. external diameter with 13 ft diameter dredge holes shall be
more than sufficient. The volume of concrete per running foot shall
reduce from 172 cu. fb. per ft height to only 135 cu. ft. thus effecting
a saving of about- 25 per cent.  The cost of sinking a single
circular well with a bigger dredge hole shall also be comparatively
very much less as compared to the twin well. Thus a considerable
saving could be made in the case of these bridges by adopting the
above design of piers and wells. :

Then in the end he invited the attention to the question of load
distribution among the various beams in case of bridge structures,
As had ‘been demonstrated by a number of tests the multi-bem:

23 i

P
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bridge deck of 22 ft to 24 ft wide bridge behave as if cross beams
were practically infinitely rigid with the result that by treating the
deck as a continuous clastic structure resting over firm supports
give results which are very far out. Both in case of Pennar and
Kunwary bridges, equal deflections were obtained in all the beams
under symmetrical loading. Bridge over Hindan at Ghaziabad in
U.P. was tested for eccentric loading and the table given below
shows the proportion of load carried by each beam under eccentric
loading. The corresponding figures assuming a rigid and eolastic
deck are also given and it will clearly show that the assumption of a
rigid deck gives results which are near the actual. Therefore, it is
high time that structures in India are designed rationally in the way

they behave rather than taking mean of two things which are poles
apart.

Quter
beam Inner Inner Outer

1. ?ill((]tgl lfggg)ge Actual  0.393 0.312 0.188 0.125
.24 ft oadway Rigid 0.396 0.299 0.201 0.104
4 beams Elastic  0.166 0633  0.225 0.024

2. Hindan bridge at Actual 0976 0.667 + 0357
Ghaziahan Rigid 0.974 0.660 0.364
24 ft roadway
3 beams Elastic 0,548 1514 ) 0.062

3. Hindan bridge Budhana Actual 0.447 0.337 0.211
14 ft roadway i Rigid 0.582 0.333 . 088
3 beams Elastic 0,516 0.483 0

hat with th
discharge would be in the region of 1.10 5 Jormulathe

: lakh cusecs for 4 imni
bridge. Much emphasig appeared to have been 8 Jor the Dimni

given to rainfall data
elocity method which

' : : : cross section could be
obtained just Immediately after the flood, or i the available cross
d could be increased by a certain

tage,
8ay, 10 or 15 per cent, to find out the disch. Percentage

arge from that,
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In Table 1-A for the design discharge of 138,500 for Dimni,
221,800 for Budhara and 239,500 cusecs for Didi bridge, the linear
waterways provided were actually 0.38 of the regime width as calcu-
lated by Lacey’s formula. It appeared there was a particular reason
for adopting or restricting the waterway to 0.38 of the regime width.

He wanted the Authors to elucidate the point and if there was any
particular reason for doing so.

In para 5 the maximum velocity was assumed to be 13 ft per
second for the design of piers and wells. From Manning’s and
Kutter’s formulae, the velocity would be not more than 6 ft per
second, and with the increased discharge of 138,500 cusecs for Dimni
bridge, the mean velocity worked out to be nearly 7 ft per second.
Why was higher figure for the velocity adopted ?

Shri Banerjee stated that hollow piers 38 ft high were used,
whereas in the case of cross walls connecting the outer shells, no
horizontal diaphragms appeared to have been provided. As the

skells were only 12 in. thick, horizontal diaphragms should be there
to stiffen the outer and inner shells.

. He observed that whereas thickness of ribs of gridé®s for Didi
and Dimni bridges had been made 5 in., that for Budhara was
increased to 5% in. Since the overall depth of the girders for all the
three Yridges was nearly equal, i.e., 7 ft, it would be usefull to know
the reason for adopting different thicknesses of ribs for different
superstructures of the same depth. Further, the thickness of B in.
appeared tp be very narrow from the practical aspect of concreting
of girders. The usual practice was to adopt a thickness of not more
than 4 in. plus DJ40, where D is the overail depth of the girder. This
would Bave given a thickness of about 6 in., which should have
been adopted in this particular case:

He requested the Authors to throw light on the method of
shuttering and concreting of girders, and asked whethgr any dxﬂx-
culty wag experienced in conereting the webs of the girders or atty
cracks observed aften opening of the shuttering,

Referring to Table 2-B he enquired why the size of abutment
wells of the bridges was kept bigger than the pier wells and whqther
any effect of seismic force was considered in the design caloulations.

He wondered why the side shift factor, as mentioned by She
Author, was caloulated by a method other than the recogniasd.
formula and requested the Authors to throw some light on thgir
method of determining the distribution factors and to state the

correotness and advantages of that method as compared w0 Be,
conventional method, | .
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In regard to the testing of the Dimni brid
tions were recorded in all the four
centrally placed super loads), Shri Banerjee stated that this
statement would be surely erroneous for eccentrically placed super

loads. He, therefore, requested the Authors to enlighten if any

observations were made for eccontrically placed super loads,

ge where equal deflec-
girders (due, perhaps, to

Lastly, in regard to the economic
tures, he stated that the Authors had
8 bridge with three girders as aga
Yot Table 7, page 819, showed that the overalljcost per sq. ft. of
the roadway of Budhara bridge was more than that of Dimni
having a 4-girder system of superstructure, although the cost per
sq. ft. of the superstructure itself was loss than that of the Dimni
bridge, the foundations being nearly the same for both the bridges.

It would be quite useful if the Authors could throw some light on
the reason of this reversal of expected economy.

aspect of the bridge struc-
pointed out more economy in
inst that of 4-girder system.

Shri S. Gangopadhyaya reques
how the actual depth of foundation w.
of the resistance offered by soil durin
Such resistance, he held, was the fri

skin of the well steining, but w
mainly to stand i

ted the Authors to clucidate
as determined by observations
g sinking as stated on bage 294,
ctional resistance of soil on the
ell foundations were designed
on bearing power of soil. He did not agree with
e bearing power of soils, as stdfied by
nconfined compressive
strength of clayey soil had been assumed here a3 high as 8 ton per
8q. ft; such high values he felt, were rarely met with in clayey soils.
tt st desirable to ascertain the bearing power by actual laboratory
ests,

I_n regard to the side shift factor’
explain why Courbon’s op Momio’s
suitable for designing

» ho requested the Authors to
' method was not considered
the longitudinal and cross girder.,
Regarding the load testing of well No. 3 of the Budhara bri

. . a bridge,
S}}u.Gangopadhya,ya stated that the soil wag stiff clay :nd 81;)1 tghe
should be high and, ag sush, probably the well
should have been tested with an additional load of nearly 300 tons

over and above the reactions. Tt was also difficult :
no settlement would take place fo coneoivo that

on cl i N
tested with full super loads, ) ‘ourdations if the well was

; Slhri.Nth. P.f Apte remarked that besid
retical points of great importance regarding the design of bridges
the Authors had proposed the  rainfall datg method f%r aseeri:a?w
ing the flood discharge of the rivers, No doubt the Authors
calculation for finding the run off of the catchment wag very interest-
r, suggested that any formulae baged upon statistical

o8 discussing many theo-
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analyses and the theory of probability would be true within certain
limitations and to the extent the data was sampled scientifically.
Mere observation of maximum intensities of rainfall was not enough.
The maximum possible intensity of rainfall likely to occur during
the next 60 or 70 years had to be caloulated by carefully st‘;udymg
the rain cycle, The data available was generally not sufficient for
such accurate analysis. He was, therefore, afraid that the Authox:s
would before long experience a flood which would exceed thfelr
scientifically calculated figure, as happoned in the Indore area which

gave anxious times to the Chief Engineer in charge of the Chambal
Dam.

Referring to the depth of scour as per I R.C. formulae fqr
alluvial rivers, Shri Apte stated that the Authors suggested that this
formula need not have been used as the river bed consisted of cohesive
material. The assumption of a cohesive bed in case of these rivers
did not appear to be safe because onc of the wells automatmally‘tl!ted
and shifted during the floods as mentioned on page 313. Such a

phenomenon was more eommon in alluvial strata than in cohesive
strata,

He requested the Authors to give some more informatjon which
actually weighed in taking the foundations deeper by 8 to 12 ft
helow the levels designed on the basis of alluvial bod after the

experipents conducted by the Poona Rescarch Station on the depth
of scour near the piers.

Shri Apte observed that the Authors had not indicated how the
linear waterway was fixed. On a rough calculation the linear water-
way for the three bridges on the basis of alluvial strata worked out
to 905 ft, 1,150 ft and 1,222 ft as against 376 ft, 473 ft and 500 f
adopted by them. The linear waterway was almost 40 per cent of
the requirement on the basis of an alluvial bed.

Taking the normal depth of scour as 24.5 ft as calculated by
the Authors on the sgsumption of an alluvial bed, the area of water-
way provided was 376 ft x 24.5 ft = 9,212 sq. ft. only, as against
16,100 sq. ft. required. The waterway provided was thus only
5T per cent of the actual requirement. This meant that the velocity
of current would be more than 20 ft por second which was far more

than the assumed velocity of 13 ft por second even on the basis. of &
moderate discharge of 1,38,000 cusecs.

Therefore, if the actual discharge exceeded the discharge ca.lm;-
lated as per rainfall data method, there would be tremendous
velocity and a very high afflux in the river whi(:h were notf accgunted
for in the design. He folt that a substantial reduction in ’f;he
pormissible waterway could be done in case of rocky or very hard
river beds only and not in the case of so-called quasx«alluvml-bedﬁ
a8 done in the case of these three bridges. s
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Shri Apte stated that on page 313 the Authors had stated that
the dredging in the wells was stopped when it became extremely
difficult to excavate further, and wanted to know the criteria for this
‘““extreme difficulty ”. Was it the difficulty of dredging or kent-
ledge or something eclse? He also enquired how the difficulty

in sinking was indicative of the bearing capacity of the strata or
the scour depth, ete.

As for the test load of 668 tons, which was stated to be equal to
the design dead plus live load, he felt that it appeared to be inaceu-
rate and very inadequate for twin wells of 15 ft diameter, as the
wells were tested after plugging. The wells were designed for a safe
bearing capacity of 7 tong per sq. ft. which included stresses on
account of moments due to horizontal forces. The test load should
have, therefore, been calculated on the whole area at the rate of 8 to
10 tons per 8q. ft. Alternatively, the test load should have been

equal to (dead + live load) x some factor of safety - the load

required to overcome the friction hetween the well steining and the
river bed.

o

Regarding the factor of safety against ultimate strength
assumed ‘as 2.14, it was not clear whether the design criteria of the
Ministry of Transport were relaxed in the case of these three bridges
bacause these criteria lay down the following safety factors: .

For steel 2 (D4 L) or (D43 1))
For conerete 2.5 (D + L) or (D - 3.75 L).

Referrin

-

g to the permissible tensile stress of 167 1b per 8q. in.

for1:14 :3 special grade concrete, Shri Apte wanted to know

ghe?ther there were any direct tensile stresses actually allowed in the
esign.

The thickness of the web of prestressed girders was only 5 in.
and this included two legs of 3

8 in. diameter stirrups and the main
cable. He hoped there were no special difficulties in concreting on
account of the same, .

Shri Apte wanted to know whether the colerete as adopted with
60 per cent stones and 40 per cent mortar with g, weak water cement
ratio was better than 1 :3: 6 concrete with 25 per cent plums and
what were the tensile stresses allowed on colcrete 2

In regard to the side shift factor or the reaction factor, he stated
that the Authors would be interested to know that this pr’oblem had
now been theorctically solved by Engineers from the West and that
more rational methods were no

. w available for ascertaining the
reaction factor.

" “"
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Different Papers had been written on the subject of analysis of
grids and related structures by Messrs Lazarides, Ma,ssonf}’c, Ne\y-
mark, Leonhardt, Thomas, Short, Guyon, Pippard ;u}d Morris, ete., in
different journals. In particular, he invited attention to thfa contri-
bution of Messrs A. W. Hendry and L. G. Jacger in their latest
book on the analysis of grid frameworks, published in 1958.

Referring to the cost of the bridge worked out as Rs 1,800 per
foot length, he congratulated the contracting firm of giving such an
economical design to the department.

Shri Ram Singh Agarwal remarked that it was rather
strange that the mixes were not designed properly for thg high grade
concrete used in the prestressed structures. Tho batching was also
done by volume as against by weight usually done in special grade
cement. The water cement ratio had also not been given. He

agreed with Shri D. C. Chaturvedi that the different tests should
have been done.

In regard to the sinking of wells, the Au’ohprs had not given
any details and precautions that were takpn to smk_ the wells pro-
perly without much tilts and shifts, as this information ygould have
been useful to the working engineers. He also wanted to know the
method employed to find out the correct tilts in the wells during the
final stages of sinking of wells. Referring to the tilt development
thone of tho wells in Didi bridge which was left partially sunk
before the monsoons, he asked details about the actual tilt before
and after the floods so0 as to know the actual effect of the floods on
that well, #o also the depth to which the well was sunk before the
floods and whether it was given a temporary cap or not.

The depth of bottom plugged concrete of wells kept at 3 £t 6 in.
seemed to be rather less and it was also not known whether the
plug was then tested for water tightness or not. The Author
should intimate if the porosity test was carried out by dewatering
of wells after bottom plug was concreted. If it was done, the
details with results be given for the information of the working
engineers. In ‘the end, he asked if there were any standard
specifications for this test adopted in his State. :

Shri C.V. Padmanabhan referring to the distribution of load
on the girders, vide page 305 bottom, wanted to know how the
conclusion that it was rather difficult to calculate the maximum
share of each girder exactly was arrived at. In this connection be-
referred to an investigation done by Messrs Morris and Little an:l,‘
reported in their Paper read before the Institution of Structural
Enginners in which they had given the curves for distribution ooli
efficient K with no torsion given by Guyon and also with fu
torsion developed by Massonet, These curves were used in ‘the
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investigation and from the values of K available the distribution
cocfficient for the girders could be had.

On page 308 it was stated thut in the opinion of the Authors the
three-girder system gave a more rigid structure than a 2-girder
system. He did not understand oxactly what was meant by more
rigid system. In fact, if the rigidity of a structure only was taken
into consideration, it could be varied, kecping the other features
constant, by the spacing of the main beams and the section of the
cross beams. Actually, in this case itself he had found that by

, b
adopting the formula § = Sa /\(j/g ;1; » the required rigidity factor

¢ could be obtainecd by increasing the spacing in the main beams
and the section of the cross beams, and it was possible that between

3-girder and the 2-girder systems, the latter could be made more
rigid than the former.

In the case of economic spacing of girders it was stated that for
a 3-girder system the main economic spacing was 7 ft 8 in.
Actually, according to investigation referred to earlier, the most
effective spacing for 3 beam arrangement worked out to 7 ft 3 in.
With this spacing the side shift factor for
definitely less than what the Authors had worked out. Similarly,
for a 24 ft wide roadway, the same investigation suggested 8 ft

centres spacing, which also gave a factor of side shift much legs thasl
what the Authors had worked out in the Paper.

a 22 ft wide roadway was

. Shri K. F. Antia remarked that he was constrained %o raise the
ssue on hydraulic investigations because one of the speakers on

Paper 1No. 216 pinned his faith on Dickens’ formula with a
particular constant. He felt that it might apply onl to Indo-
Gangetic Plain because of the ter ¢ 2 olmost a

_ rain  being almost the same
throughout but it would not ap

ply anywhere else in India.
Actually, the best method, on information available at present, was
to compare the results of 3 or 4 methods. On the Railways,

discharge is worked out .1 by Dickens’ formula with appropriate
variables, viz., 0.2 by Lilly’s method, 0.3 by Inglis’ m&%ﬁlﬁﬂ

0.4 for large rivers, by the section-velocity method. Shri Antia
wanted to bring out an important point in Inglis’ method which
Shri N.M. Thadani touched upon while comme

nting on Pape
and particularly because Shri Apte also reforred gto it, \}r)isliggift}l?é
Chambal Hydel Project. So far as reservoirg and schemes of similar
nature were concerned, 7,000 would be the appropriate constant in
Lilly’s formula, but so far as cross drainage was concerned
4,000 was a reasonable figure. ’

_In regard to the permissible compressive stress at Pprestress
given as 2,100 psi., he believed that the strength at transfer was

. ] 0
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twice 2,100, viz., 4,200 psi, which would fit in approximately with
the age of prestressing of 19 days as given in para 6:3. But he
wanted to know that if prestressing was done immediately after

placing of the slab concrete, would it not have had adverse effect on
this slab conerete ?

Shri Antia added that some correlation on the design statements
in para 5.2 was desirable as in the first para the Authors had stated
that the piers were strong enough for the vertical loads and then
they considered the haunckes and treated them as columns g.nd
found them satisfactory. Further on it was stated that the piers
were designed to take the horizontal load. Shri Antia observed
that everything must have been designed satisfactorily, but there
seemed to be a lack of correlation between the three statements.
Incidentally, he wondered whether the slenderness ratio was
adequate if the haunched portions were treated as columns, when
there were no horizontal-diaphragms.

e Shri Antia wished to draw the attention of Author to a very
practical way of distributing loads which had been brought out by
Mon. Qurbon. This simple method which was likely to bg incorpo-
rated in the I.R.C. Bridge Code, applied to bridges with spans more
than twice the width. The fundamental conception was that the
diaphragms were considered absolutely rigid.

In reference to Morris and Little’s method and Massonet’s and
Guyon’s methods of load distribution menpion?d by previous
speakers, Shri Antia stated that Morris and Little’s method was a
combination of or a corollary to Guyon and Massonet’s methods.

Referring to para 5.3, Shri Antia felt that it would have been
more economical to use higher strength concrete for the beams and
lower strength concrete for the slabs and to allow for variation in the
modulus of elasticity. Though realising that the design was not
that of a composite section, the advantages of such a design were so
great that it was worthwhile considering this method in future
designs. .

Referring to para 5.3.1, Shri Antia stated that there were two
criteria by which to control vibrations. One was to limit the depth | .
span ratio, and for this a rule of thumb methqd is to have the depth
not less than 1/26th of the span for the combined slab and beam, or
less than 1/30th of the span for the beams alone. Vibrations could .
also be controlled through limitation of deflections. If these twa -
points were taken into consideration, vibrations could be avoxded-, ‘
and added that vibrations must not be accepted complacently,

Shri Antis did not agree with the Authors that a one girdet ;
bridge was not & practioal proposition. He referred to the singlés
24
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box girder which was becoming common, particularly in Germany
and cited the example of Unkelstein viaduct in Germany.

An important requirement mentioned by Shri Antia and which
did not appear in the Paper was that it had to be absolutely made
cerain that prestressed concrete girders were under-reinforced to
guard against sudden failure.

Shri I. G. Qazi wanted to know if temporary capping was
provided in the well which was partially sunk before monsoons and
left in that state on account of floods. It was also stated that
10} in. shift and some tilt was observed after floods in the sume well
and asked how much till was removed afterwards and in how much

depth and whether the final tilt of 3% in. was also reduced while
doing further sinking.

In the same para it is stated that tilt being Joss than 1 [60th of
the depth was allowed. This is of the order of 1/L60th. Will the
Authors clarify if this is a misprint or there is some practice by
which tilt up to 1J60th of depth can be allowed.

_Inregard tothe artesian conditions in one of the wells requir-
ing 10 ft plugging to withstand the upward thrust of the spring, he

enquired if the plugging had become waterproof and if any obsérva-
tions were taken after dewatering the well.

Shri K. Ganguly stated that the stresses assumed for ultimate
strength of concrete were on the low side for 1: 1% : 3 nominal mix
and the distribution of loads between differont “girders had been
calculated by a non-standard method. Distributions will not be
average of firm and elastic support. Method of distribution
coefficient or by application of basic function (H. Creager’s book on

Rigid Structures) may be employed to find the proper shate of load
to each girder.

Shri Ganguly added that it was not always i

ha:ve 3 girdex" systems. In many R.C.C. bridges y2 zﬁf&im;;:{iefg
with cross girders integral with deck slab (7§ in. thick) had been
economically used, which also increased the transverse rigidity of the
deck system. Reinforcements in well steining provided yat the
centre of the section should have bheen divided and placed in both
periphery to guard against constructional tensile stresses  durin
sinking. Reinforcement at centre was of no use, B ¢

Shri Y. K. Chougule stated that the djs 1 3
cusecs worked out by the Authors by the rainfalll(‘}zg:rr%l(;tgfodlf?xjigg

Dimni bridge, appeared to be very near to the di i

) : isch t
by the area 'velocmy method using Kutter's form(ixl:rgf%: r;.;‘;?\(rii:g
at the velocity. It was, however, known that the use of Kutter’s
formula gave very low results from the recognised phenomena that
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abnormal rains occurred once in 30 to 50 years causing devastative
damages to life and property, as was experienced in the Tapti Valley
very recently. Inglis formula was being used in Bombay State for
very important works, If this criterion was applied to the present
case, it would be seen that the assumed discharge was only 57 per
cent of the probable extraordinary discharge.

Similarly, the assumed discharge was much below that obtained
by the Dicken’s formula. It was, therefore, for consideration
whether the data or the assumptions with regard to the numerous

factors affecting the calculations by the rainfall data method could
be fully relied upon.

Shri Chougule added that a free board of only 5.5 ft above the
H.F.L. giving a safety of only 15 per cent as against the probable
risk of 70 to 75 per cent appeared to be comparatively low for the
deck girder type construction, It, therefore, deserved consideration
whether the bridge could be designed as a submersible bridge if
fimances did not permit a full bridge or substitute it with the arched
rib construction affording sufficient additional waterway below the

soffits of the arches and the open spandrels to take cage of any
unprecedented floods.

He requested the Authors to give the special reasons for
adoptihig the twin and circular wells in the design assinking of

individual separate wells was easier and more convenient than twin
wells,

Tn regard to the mention on page 313, para 6.2 (b), that the
dredging was stopped when it became extremely difficult to excavate
further, Shri Chougule observed that from the boring results given
on page 295 the probable strata met with at the bottom appeared to
be only yellow Padna soil or that mixed with a little kankar.
Excavation in that strata should not be difficult. In the absence of
details about the definite strata actually met with at the bottom it
wag difficult to understand the nature of the difficulty met with in
sinking. He enquired_ if at any stage of the well sinking boulders
were encountered and what methods were used to sink the well
through such strata.

In case the wells were not taken to the rock, he queried,
whether results of comparatively low static loading used for testing
the wells as against the heavy actual aggregate loads the wells were
expected to bear could be taken to give an all time guarantee as
vibrations and impacts of moving load might play a different roll..

Shri S. A. Balu stated that when the foundations had been -
taken to clayey strata it was not quite correct to adopt Lacey’s silt
factor for caloulation of scour depth because Lacey’s silt factor was..
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not applicable to cohesive soils. In cohesive soils,
would have to be determined by practical tests or by some other
method. The remark of Shri” Shitala Sharan regarding depths of
foundations being inadequate was probably due to the fact that the
scour depth had been calculated adopting Lacey’s silt factor of 1.00,
to silt whereas the foundation strata was stated to be clayey.

the gcour depth

As regads the bearing capacity of the soil, he asked whether
the pressure of 7 tons per sq. ft. was the maximum or the average
pressure, as also what was the distribution of pressure on the bottom
of the foundations. If 7 tons per 8q. It. was the maximum allowable
pressure, the whole well should have been loaded to give a uniform

pressure of 7 tons per sq. ft. on the bottom of the foundations when
the foundation wells were tested.

He also wanted to know whether an
been taken into consideration for the des
it had been designed as a fixed bulkhe
pressure of the soil below the scour de
sideration in the design of wells.

Yy cross current force had
ign of the piers, and whethor
ad or whether the passive
pth had been taken intor con-

Shri” B. Balwant Rao stated that the properties of high ten-
sile steel used in bridges tended to vary ec

onsiderably dependin

upon the method of their manufacture, packing andyst(oi{)r?g dalng
other considerations. The value of I taken in thig particular cage
was supposed to vary between 29 and 30 raised to the power of 106
Ib per sq. in., but the elongation statement did not make it
clear whether the clongations were based on the value of £ = 29 or
30. Suppose the steel was tested giving a value of & = 29 and the
calculations were hased on £ 30, the elongations would not be
sufficient and the beam would be under-stressed. Thergfore, he
wanted to know whether the high tensile steel was tested orknot. ’

In Table 5 regarding extensions, for g r

ing of 100 kg. per sq. cm., the extension w
last item showed that for

ise of & manometre read-

A as about 18/16 in. but the
i h as 26/ 161'1 lnc;iase of 40 kg. per sq. cm. the exten-
slon was as much asg . He was doubtful w} .
tion of 26/16 in. due to that last jacking stress vy oot an elonga

because it must be between the limit o

getting a stress of
tension not allo
service.

It was also not clear how the
cent proofstress. Unless

graph it would not be
0.1 per cent proofstress.

Authors had arrived at 0.1 per
they prepared an accurate gtregs-strain
possible to determine the limit of strees a$
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Shri Rao asked if the friction losses assumed to be 20 pel;3 c(«laqz
were based on some formula. Actually from the tests conducle I
was not found correct to assume friction loss at 20 per cent u}?’ ess 3
preliminary test at site was made and then corrections for this an
deformation losses were given.

Dr. H. C. Visvesvaraya referring to the figure of 1667 psi
given as the working stress for concrete, arrived at as one-third the
cube strength at twenty-eight days, stated that such figures needed
some engineering considerations. He had come across figures of
stresses in some designs which were a few pounds in excess 9f the
permissible stresses and on this score the design had been rejected.
He stressed that a structure could behave only in one way and not
the way they calculated and that was the only way in which a
structure could be judged. It was, therefore, important to }{eep. in
mind the fundamental assumptions in the calculations before judging
the vesults of the calculations. One need not work a concrete
strength to decimal and there would be no harm done whatsoever .1f
the working stress was chosen as 1670 psi or cven 1700 psi in
Place of 1667 psi, keeping in view the fact that the calculations
werg only guides towards the understanding of the tyu?h a:nd not
truths by themselves, and that immaterial of the variations in cal-

culations, a given structure under a given condition would behave
oply ifh one way.

With regard to the factors of safety against first crack given as
1.44 and 1.%5 with respect to the live load and the total load, Dl('i
Visvesvaraya stated that these figures were based on an assume
tensile strength of 500 psi for the concrete. There were two
aspects 4o consider here: (1) The basis of the figure 500 psi it-
self which was obviously one-tenth the compressive strength and ](32)
the apparent tensile stress phenomenon in p}‘estressed concrete. y
the apparent tensile stress phenomenon which some of the expgrt:
would have already observed, was meant that at the stage of T8
cracking, if the tensile stress in concrete was calculated on the basis
of the actual load at that stage, the calculated stress Woulq be very
much higher than the modulus of rupture, anq hence this st:gsa
could be only « apparent”. He drew the attention of members h'
couple of Ph.D. theses in the London University discussing this
phenomenon. It had also been corroborated by M. Guyon. . Thlé
being a peculiar phenomenon could be explained by a rationa . all)lle
logical approach only to a certain extent, but from the avgxh ath
information it was clear that the apparent tensile stress at whio 8
first crack appeared was very much higher than the calculated sg?s!
in prestressed concrete and thus the factor of safety on {irst cracking
would be much higher than that calculated on the basis of the tep-
sile strength of concrete, o

A
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Similarly, the factor of safety against ultimate strength had
been arrived at 2.14. Tt might be of interest to know that he had
occasion to check by calculations based on the Criteria for Pre-
stressed Concrete Bridges’ and the actual tests showed factors of
safety very much higher than those calculated.

Regarding extensions of cables, in Table 5, there appeared to be
gome mistake in the elongation figures at left bank in addition to
the mistakes already pointed out by others. The figure of 4 3/16 in.
before locking could not become 4 8/16 in. after locking. Like the
load deflection figures in Table 6, the close conformity between the
calculated and the ohserved elongations, in spite of the approximate
value of friction losses, was rather unusual and interesting to note.

In the end, Dr. Visvesvaraya observed that a comparison of
the modulus of elasticity of concrete obtained from the load deflec-
tion curve derived from Table 6 with that assumed on page 299
showed considerable variance.

Shri T. N. Subba Rao stated that the Authors of the Paper
had devoted a great deal to the economics of the 3-beam and 4-beam
designs for the decking. It is admitted that for the range of spans,
loading, roadway, type of bearing, and type of construction provi-
ded on these bridges, the 3-beam proposal was more economical by
way of material consumption and constructional cost. Bt the
same would not be the case if the roadway was 24 ft, type of railing
was of R.C.C., loading also included clags < AA’ tanker, decking
was cross prestressed as per acceptable methods and if the spans
were launched into position. Therefore, it was really a difficult
matter to judge the economics of any particular prestressed beam
slab system unless the various controlling factors, besides load
distribution factors, were investigated from an overall standpoint
before drawing any conclusions based on bending moment values.
Different results are obtained as a resilt of improvement in design
analysis, changing pattern of cost of primary materials, rising
cost of overheads and other many important factors, and thl’ts every
problem has to be assessed on its own merits, with due respect t0
local conditions and any generalisation would be far fetched.

A conspicuous feature of these three bridges is the provision of
R.C.C. bearings. These bearings had stood t%e test of pngzsls;onfom‘
years and were behaving remarkably well. Similar ones designed
to withstand upto 6,000 1b per in. run of bearing had been load
tested both under normal and extreme range of temperatures pre-
seribed by the LR.C. and found to give the first cracking factor of
safety of more than four. 8

He wished to point out that the term ¢ Sid, . " on
page 306 is misleading, Side shift fact Side Shift Factor” o

Or conveys the impression
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that the values obtained had been based on tho simple reaction
values as in the case of R.C.C. bridges designed as per the LR.C.
Code. The correct term would have been “Load Distribution
Factor” since this implies that the load value for which a member
had been designed was arrived at after considering the distribution
properties of the inter--connccted system.

He fully endorsed Shri Ramaswamy’s views on the subject of
testing prestressed bridges. Testing of any structure should have a
purpose and very little is derived from testing conventional
structures whose bohaviour pattern is well known.

At the time these bridges were designed, the draft criteria for
prestressed work of the I. R. C. and the now well known and
popular D.B. 11 method developed by the C. & C. A., London, were
still under preparation. Perhaps, that would make it clear to many
of the members, as to why the initial and final stresses adopted for
steel and concrete, the coefficients chosen for estimation of deferred
sfgains, the evaluation of ultimate load factor, the distribution of
loading on the basis of rigid and elastic behaviour of the decking,
etc., do not conform with present day practice. .

H.T. steel and cables

o The high tensile steel supplied to these bridges was imported
from U.K., in coils of 4 ft so that the wire paved out straight for form-
ing into cables. Every supply of five tons was supported by a test
certificate showing percentage of carbon, sulphur and phosphorous,
minimum elongation at failure on a two-in. gauge, electrically
recorded stress strain diagram, 0.1 per cent proofstress, ultimate
tensile sérength and other details. As stated on page 299, the test
certificates consistently showed that the ultimate strength was over
100 tons per sq. in., and the 0.1 per cent proofstrees was not less
than 80tons per sq. in. The modulus did lie in the range of 29/30 x
10% 1b per sq. in., but the actual extension prescribed for the

cables was obtained directly from a representative stress strain
graph. -

The high tensile cables consisted of 12 Nos. 5§ mm. wires
grouped around a central core and enveloped by a 36 gauge shea-
thing, in accordance with the procedure followed in the well known
Freyssinet System. The final cable stress adopted was 56 tons
per sq. in., the losses were estimated as 15 per cent and the
friction logses from 10 to 14 tons per sq. in. Therefore, the
initial stress at the jack end varied from about 76 to 82 tons per
8q. in., depending on the profile and length of the cable. Excepting

for a few cables in each span, & stress of more than 80 tons per sq.
in. was not exceeded.
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Mixed design for prestressed concrete work

Neither weigh batching nor any particular grading was consi-
dered necessary. Excellent coarse graded sand was available natu-
rally from the Chambal River bed. Hard blue granite supplied
from quarries avound (iwalior was used as coarse aggregate. Even
a conventional 1:2:4 mix using these aggregates with 0.45 water
cement ratio gave consistent cube strengths of over 4,000 1b per sq.
in. at 28 days. Exhaustive number of cube tests were carried out
by his firm during the construction of the nearby Chambal Bridge
at Dholpur. With this knowledge, they just adopted a conven-
tional 1:1}:3 mix, binding as per terms of contract, and periodical
tests carried out on all the three bridge sites gave consistent results
of over 6,000 lb per sq. in. at 28 days. Here again the water
cement ratio used was 0.45. During the exceptionally hot and dry
weather, the workability was increased by the addition of half a
gallon of water per bag of cement in order to compensate evapo-
ration losses. External vibrators placed approximately 6 ft apart
were used for consolidating the beam concrete. Internal vibrator
with 1} in. dia. needle was used effectively for the deck slab.

Concreting of decking

The decking of all the spans wag cast in situ.
each span were cast one after another upto the bottom of the
deck slab. It took approximately ten hours to cast each beam.
The bottom and one side shuttering was errected in advance.
The side shuttering on the other side was built up in three stages
along the height as the concreting advanced. Richer concrete of
1:1:2 mix was used in the end anchorage zone. This permitted
stressing of two cables in each beam three days after concreting,
which, in his experience, had proved necessary to avoid shrinkage

cracks developing on account of friction present between the
beam concrete and the staging.

The beams in

The staging for the deck slab was taken up as the beam con-
creting progressed. Soon after completion of the last beam. rein-
forcement was placed for the deck slab and it was concreted.’These
operations took approximately 7 days. As to how the work pro-
ceeded thereafter had been dealt with by the Authors. The above

points had been mentioned since they are slightly at variance witk
the information given in the Paper,

The stressing of the second batch of 46 ¢
commenced when the beam concrete had reached 80 per cent of the
designed cube strength of 5,000 Ib per 8q. in. It was not necessary

for the slab concrete to possess the same strength since the i
' CO! € § maximun
fibre stress in it did not exceed 550 1b per 8q. in. on stressing th

cables. Considering other factors and unusual site conditions, the;

ables per span was
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concluded, after some preliminary cube tests, that on an average 16

was safo if the second stage cables were stressed 7 days after con-
creting the deck slab.

A few cases of wires snapping no doubt occurred during pre-
stressing in each bridge. In such cases, they discarded the broken
wire and stressed the remaining ones to a corresponding reduced
gauge pressure. Such instances are rare but do take place. There
are many reasons for this and one of them is the non-axiality of the
cable with the female cone, which causes the wires on the inner side
of the bend to be stressed much higher.

Load Distribution on Decking

As alveady explained, they did not have sufficient information
regarding the actual behaviour of a prestressed beam grid, in order
to clearly predict the distribution pattern. From basic principles
and a certain amount of intuition they took the average of the
elastic and rigid behaviour of decking to represent the actual. The

method followed for the rigid analysis has today come to be recog-
nixed as the Courbon approach.

Jrom the test load results of these and other similet bridges,
they could confidently conclude that spans with beam spacings of
this type, with diaphragm centres upto 4 times the beam depth,
bghav@ almost like rigid decking and it is needless to indulge in the
more complicated D.B. 11 method. Further, the deflections showed
that although the decking behaved rigidly, their values are such
that the bending moment anticipated did not arise in each beam

and that it was somewhat less, depending on the grid system, by a
constant alpha less than one.

Eveh so, a comparison of the figures given on page 307 would
show that the method of averaging the distribution factor gives a
reduced value for the external beams only, by less than 6 per cent
than that derived by the Courbon procedure. The actual distri-

bution factor as shown by test loadings being less was not given
any importance.

a

Stress Conditions

It had been remarked that the compressive stresses permitted
in the top fibre had not been fully realised and that the minimum

compressive stress in the bottom fibre for the 4-beam systemn was
too low.

On spans upto 150 ft, they had often found with the deck
systems provided by them, that the compressive stress in the top
fibre cannot be fully attained and that a section that fulfils this
requirement is not the most economical one. The stress in the

25
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bottom fibre is above zero under the maximum loaded condition
with final prestress and this conforms to the Draft Code and also
recognised codes abroad. They had not accounted in thoir design
for the loss in cable area before grouting and for the same during
working conditions. This had the eoffect of increasing both the
maximum top fibre stress and the minimum bottom fibre stress.
As such, the girders would have much more residual compression
left in the hottom fibre than shown in the ealculations.

Deck System

One of the speakers had queried as to why the 4-beam grid was
adopted on Didi and Dimni bridges and the 3-beam grid on Budhara
bridge. This had valid justiication. They had just completed
the construction of the Mahi bridge at Sevalia for the Bombay
P.W.D., when they received orders for Didi and Dimni bridges.
The spans for these bridges were identical to those of Mahi bridge.
They, therefore, decided to utilise the same design, beam section,
and available shuttering to expedite the construction of these
bridges to their advantage. When the orders were secured for the
Budhara bridge mueh later on, the Didi and Dimni bridges were in
progress ~and the question of reutilisation of shuttering was not
feasible. As new shuttering had to be preparcd, they investigated

the economics more fully and finally decided that for the type of
railing, road width, loading, etc., the 3-heam proposal was . more
economical propositiou. '

Pier Design

The use of cellular piers for bridges was not new, He would
recommend a reference to the Inverbervie Bridge in the book « R.C.
Bridges ” by Legat, Dunn and Fairhurst, where such a pier had
been shown in detail.

With the continuous R.C.C. bearing used in the stiff pier cap
provided over the short piers, one could easily recognise that the
load distribution on the outer skin of the cellular pier was not
confined to any particular zone.

1 All that was needed vertically in
the piers was 0.4 per cent as per present codes for load bearing
reinforced concrete walls. However, they took the additional

precaution to reinforce the junctions to some extent. It would be
noticed from page 304 that the m

C aximum compressive stress in the
piers was even less than 400 1b p

: er 5. in. and reinforcing it further
would, therefore, be unnecessary.

One of the speakers had asked as to why horizontal diaphragms
were not provided in the cellular pier. He would like to point out
that such horizontal diaphragms would be necessary in the absence
of vertical diaphragms only. They are needed only to prevent
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suckling of the outor wall of the picr and this did not arise in this
case, since the vertical diaphragms did not permit this to occur.

Scour Depth and Well Design

The design of the foundations was based on the scour depths
specified by the Department.

During the construction of the Didi and Dimni bridggs, pheno-
menal earlggl floods occurred in the rivers. The H.F.Ls fixed were
exceeded. Some of the wells which had been sunk only 10 to 15 ft
below the bed were badly tilted. This incident gave sufficient proof,
(despite all the formulae we might conjure), that the scour on these

bridges would not exceed about 15 ft at the upstream ends of the
wells,

The well design was based on conventional methods accepted
then. Moments were carried down to foundation level from the
point where the horizontal forces were balan.cet;l pelow scour by the
pagsive earth pressure. He agreed with Shri Shitala Sharan tha;
they had a more refined method of design for wells in sandy ai1nt
clayey strata these days. Their present designs were based on tha
method, which accounts for both the active ar'l(P passive
pressures below scour level on the primary assumption that soil
resistance varied lineally in proportion to displacement That
methofl had been advocated by one E. B. Pender of Australia.

Here he wished to draw attention to the formula given by Sl;n
Shitala Sharan. This formula was applicable only to sandy soils
whereas on‘these bridges they met with sand mixed with clay within
a few feet from the bed. The results given by‘ it were, th‘erefore,
not representative of the actual state of affairs. Kven assuming thgt
it could he applied, he did not see any reason as to why it should c;
necessary to reduce the moments at the base to zero, which is one o
the pre-conditions for the application of this formula.

Testing

- . f the
He had already commented on the rigid behaviour o
decking, which was conclusively proved by the test. The test

‘apparatus consisted of a lever arrangement which gave recorded

readings upto 2-;—0 in. accuracy and interpolated ones uptog(—)6 in. or

less,

One of the speakers had queried the location of the
loading for the values given in Table 6. These values repres:gz
the loading position at centre of span uniformly distributed over ¥
full width of the roadway. This explained the reason for obtamm;
equal deflections in all the four beams,
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Shri K. K. Nambiar stated that the importance of gravime-
tric batching had already been stressed by more than one speaker.
Specified cube strength at 28 days was 5,000 b per sq. in, and thp
permissible compressive stress at transfer was taken at 2,100 p.s.i.
This stress appeared to be on the high side. The 1.8. Draft Code
permits a stress equal to 0.5 times F.. For F, to reach 4,200 in a
5,000 psiconcrete, it would not be possible to do the prestressing
earlier than 20 days after casting of the beams. The criteria for
prestressed concrete bridges prepared by the Roads Wing, on the
other hand, indicated 1,800 as the permissible temporary stress at
transfer for 5,000 psi concrete.

As regards the permissible stresses in steel, they were obviously
on the lower side as (6 tons per sq. in. was only 60—66 pertcent of
the ultimate strength and 82 per cent of proof stress, both of which
values were very low and would result in a higher percentage of
steel. The final working stress in the stcel with 15 per cent losses
had also become proportionately lower—70 per cent of 0.1 per cent
proof stress.

On the other hand, the frictional loss experienced in some of the
cables was said to be as high as 20 per cent and it was obvious that
the stress in steel at the jacking end had actually exceeded the 0.1
per cent proof stress of steel. Twenty per cent frictional loss could
be considered as rather high and brought out the importance of
making up of good quality sheathing for prestressing cables. It had
not been indicated how many strands in the prestressing of the
cables in any of these bridges were broken during prestressing,

In table 5, serial no. 8, item 4, elongation in inches from the left

bank, the actual elongation observed should he 4-9/16 in. instead of
4-3/16 in.

The statement made on page 305, para 5.3.1(i), that equal
deflections weie recorded in all the four girders during the testing of
the Dimni bridge appeared to be too good to be true.

In para 5.3.1 (i), the vibrations created in the bridge by even a
small live load were interpreted as the higher‘degrec of resilience in
the structure. It would be worthwhile to look into this and find out

the degree of vibrations as compared to the size and nature of
live load on the structure.

In regard to the method of calculation of side shift factors in
the case of 3 and 4-girder systems adopted for the bridges,
although Dimni, Didi and Budhara bridges were designed for the
same class of loading (Class A) and had more or less identical spans
330 and 127 {t, it was not clear why the design of the Budhara bridge
was made a 4-girder construction as compared to Dimni and Didi
bridges having 3-girder system while depths of the girders in
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both the cases were also almost identical, viz., 6 ft 10 in, and 7 ft
0 in. The Authors’ attempt to justify a 3-girder construction
as more economical than the 4-girder construction could be said
to be justified on the basis of the analysis made by them on two
different assumptions, viz., of elastic and firm supports, the method
adopted, according to Shri Nambiar, was not very rational in that
the mean reaction factors were worked on the basis of an'arlth-
metic average for the above two assumptions. Against this, t_he
Courbon’s method of cross distribution of rigid diaphragms with
their section modulii more or less identical to those of the glrder
sections would prove to be more rational. Besides, the minimum
economic spah of the slab would, in turn, also govern the overall
economy of a particular girder system. It would not perhaps be
correct to say that the threc-girder system would always be cheaper
than a four-girder system as mentioned by the Authors, as it would
depend upon the width of the carriageway, the distribution of wheel
loads, and such other factors.

« With regard to the arrangement indicated on page 315 for
testing of wells, measuring the settlement of the well by a lever.wilth
a fulerum fixed on a peg buried in soil quite near the well steining
was not likely to give accurate results. The earth around the well
also was likely to subside with the settlement of the well. Reading
with the theodolite positioned farther away from the well or some
other arrangement not likely to be influenced by the movement of
the well, should be adopted.

Shri Nambiar added that grouting being a very i'mporta,nt item
in a work of this nature, the omission to include details of the opera-
tion would tend to detract from the value of the Paper.

With regard to some cables having been broken while prestress-
ing, he asked if full cables were broken or only some tendons, and

what was done in such cases, had not been stated in the
Paper.

As regards the quantities of steel and cement furnished for the
R.C.C. design and P.8-C. design indicating the latter’s economy in -
construction, Shri Nambiar stated that the comparison was pot
proper, as the piers in the two cases were different, one being
magsonry, and the other R.C.C. If the quantities for superstrqcture
alone were compared, the enormous savings due to the adoptlon of
prestressed concrete construction would be highlighted. He asked
the Authors to furnish the figures.

Sarvashri Y. K. Patil and C. Y. Kand (Authors) stated that
for purposes of facility, they had grouped the va,'rious queries raised
during discussion according to different sections of the Paper,
instead of replying to the comments of members individually,
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Section 2. Hydraulics

The length of the bridges at the three sites was fixed according
to the width betweon the two defined banks of the river and Lacey’s
width was not taken into consideration for ﬁxin_g the length. In
case of rivers like the Ganges where ﬂood.s of high intensity pass
through for prolonged periods, tl}(» river wu]gns to Lacey’s width.
But in the present case, the duration of _maximum flood was only
for a very short period and at greater intervals, thorpfore to fix
the length of the bridge cqual to Lacey’s width for maximum flood,
where the defined width of the river was less than Tacey’s width,
was not practicable.

According to LI.C. Bridge Code, the depth of scour at the pier
works out to 2D, ie., 2 x 2446 = 48.92 ft and according to this
Code the foundation depth should be 4/3 of the maximum depth of

seour, ie., 4/3 x 48.92 = 65.23 ft. The foundations were, there-
fore, at safe depth.

Section 4: Specifications and Permissible Stresses

Colerete was befter than 11 3 : 6 conerete from the viewpoint of
the speed of construction. A maximum tensile stress of 20 1b per
gq. in.,, normally permitted in coursed rubble masonry with'l: 3
cement mortar, was allowed in the colerete wells.  Actual tensile
stress was about 17 th per sq. in. B

Section 5: Design

5.1. Foundations: The Authors agreed that the strata met
with at varvious depths should have been tested and the bearing
capacity fixed from the test results. The facilities for testing soils
not being available in the State when the construction was taken
up, the foundations of existing bridges in the region were studied for
arriving at the bearing capacity of 7 tons as specified and it was
checked from the formulae given by Peck, Hanson and Thornburn.
Seven tons per sq. ft. was the maximum pressure allowed in the design.
The minimun pressure worked out to about 1 ton per 8q. ft, Tensile

‘movements on account of cross current were also considered in the
design of foundations and piers.

5.1. Well Steining and well cap: The Authors pointed out
a misprint on page 303. The live load reaction should be 120 tons
in place of 230 tons and stated that there was no special reason other
than the one stated in the Paper to increase the diameter of wells

under abutments. Maximum foundation pressure at these wells was
only 4.6 tons per sq. ft.

5.2. R.C.G. cellular piers: Piers of Didi and Dimni bridges
are not provided with weep holes. Due care was taken to design
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the piers for one sided water pressure. In case of Budhara bridge,
however, 3in.x G in. staggered weep-loles spaced 3 ft horizontally
and 6 ft vertically were provided in order to prevent the pier walls
being subjected to one sided water pressure which could be quite
high when the water was at H. I L. Such stresses could be reduced
by this simple arrangement.

5.3. Superstructure

5.3.1. Basic assumptions: In regard to the controversial
views expressed by a number of spoakers on the assumption that
the girders and deck slab had beea treated as a homogeneous section,
the Authors stated that the test on Dimni Bridge with centrally
placed load indicated equal deflections which supported the assump-
tion as also the test at Didi bridge with cccentric loading. At Didi
bridge, the eccentric load was placed at the centre of span. It was
arranged in two equal groups, cach group supported on two sleepers
10 in. wide and at 6 ft center to center. This corresponded to IRC
Class A train, two lanes. Centre line of first lane was 6 ft-11 in.
fram the face of kerb while the other lane was 4 {t-4 in. from the
other kerb. The load was first put on one of the lanes when all the
four girders underwent equal deflections. When, howgver, the
loading on both thelanes was complete, which took ten hours, it was
found that the deflections on all the four girders were equal although
the mogdes of deflection curves were different.

5.3.2. Side shift factors: One of the speakers enquired
why conventional method had not becn used for finding out the reac-
tion factors, By conventional method, probably, he meant the
method giveh in IRC Draft Code Section III, clause 337 to 340.
Clause 337 recommends that the resction on cach girder be taken
as 8/5 or S/6 of the reaction of onc set of wheels. 'This method was
being used in the Bridge Designs Division of the now defunct Bombay
P.W.D. when the junior Author was working there. In the design
of Koyna Bridge at Helwak, a four girder bridge, the reaction
factors on girders were calculated by assuming a continuous deck
slab over firm supports for various positions of live loads. There
was considerable differgnce between the reaction factors calculated
by two methods. The problem was widely discussed. It was folt
that there could be one ideal spacing of girders in each of the three-
girder and four-girder systems for 22 ft and 24 ft wide roadways.
The ideal spacing would give minimum reaction factors for Class A
two lane or Class AA train loadings and hence the design would be
economical. Lot of investigations were carried out to determine
the ideal spacings and caleulate thereaction fuctors accurately by
considering the dispersion of contact area of wheel along the width
of slab for various positions of live loads. The Bridge Designs

Office of Maharashtra P.W.D. might be able to throw more light
on the subject.
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The comparative reaction factors by two methods were also
calculated in the design of Chhoti Mahanadi bridge in Madhya
Pradesh.  Following figures indicate the difference betwecen the
two results for a 24 ft roadway for a three girder design with girders
spaced at 8 ft centre to centre:

Outer girder Inner girder
(a) Method suggested in 0.792 W 0.800 W
clause 337 of the 1.R.C.
Code
(b) Alternative method 0.920 W 0.814 W

The problem was veferred to the Indian Roads Congress for
comments. IL.R.C. was of the opinion that clause 337 was mainly
intended to apply to girders which were not cast monolithically with
the deck slab (for example steel girder bridges carrying R. C. C.
decking). The other method proposed was, however, approved by
the Indian Roads Congress.

The assumption that the supports of slabs considered in the
above alternative method were firm was not quite correct, since the
girders doflected and there was a rigid joint between the two, As
further refinement reaction factors were calculated by assuiing
supports for the deck slab to be elastic and the average of the two
cases was considered as a more rational reaction factor. Purther
modification in this method was done by considering the offects
of diaphragms which, if spaced at suitable dist
the deflections and redistribute the re
ideal spacings quoted in the Pa
assumptions.

ances, could equalise
actions onthe girders. The
per were worked out with thesc

The Authors felt that & method b
suggested by Messrs Apte, Anti
in future. Most of the bridg

ased on the analysis of grid as
a and other speakers should be adopted

: ) es constructed in this country were
either 22 ft or 24 ft wide and designed for L.R.C. standard loadings,

the girder system normally being of two, three or four girders. The
Authors, ﬁherefore, suggested to the Ministry of Transport to invess
tigate various cases in order to work out ideal spacings and corres-

ponding reaction and side shift factors in each case. This standardi-
zation would, they felt, be useful for design offices in the State
P.W.D.

The Authors did not agree with the comments of Shri Shitala
Sharan regarding reaction factors. Tn the case of three girder system,
it was quite correct that maximum veaction on inner or outer girder

would ocenr when there was only one train {assuming firm supports),
in which casc reactions on other girders would be small. On
account of the diaphragms, the detlections would be equalised and
there would be redistribution of reactions. Extra reaction on the

. . 3
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inner or outer girder would be tl"aqsferrecl to .ot}zizr tglrdzgzhlaiz
was, therefore, quite clear that if it was desire '0‘ c ulate
maximum reactions on all girders, two Class A trains rr‘ms 0
considered simultaneously which would give double total'lesa}f' tla?]a,
on all girders. The ideal spacings worked out by Shri Shi
Sharan were not in accordance with the above assumptions.

. - . h of
The cost of deck slab was raised due to increasing the l.engt
side cantilever arms but since this reduced the !ength of piers anﬁ
well foundations, it was obvious that this saving would be mucld
more than the extra cost of decking. Shri Shitala Sharan shou
consider the overall economy of the bridge.

Section 6 : Construction

As desired by a number of speakers the method of sinking
wells is given below :

(a) Up to first 5 to 8 feet the excavation was done by h{m(};
Beyond 8 ft, dredging by mechanical grab ope.rated by winc
was adopted upto 25 to 30 ft depth from the river bed. Below
30 ft, the excavation under water was done by divers angl clearing
by « mechanical grab. In some cases a chisel was dropped from
height which loosened the bed and the loose material was removed
by mgchanical means., In the first few feet of sinking, kentledge
was not required. It was, however, necessary at greater deptl_ls.
Water from the wells was constantly pumped out. The difference in
the head loosened the grip of soil which helped the sinking operation.
On occasioms, soil blows on account of presence of loose pockets in
the neighbourhood of outting edge were experienced. In one case, &
tilt of 6 in. was corrected by éccentric loading.

(b) Shape of wells

Shri Chaugule desired to know why twin wells were at_iopted.
It is well-known that circular shape of wells is more suited to
distribute uneven forces uniformly over the cxrc}xmference duz('ilpg
sinking. 1If a single well had been prov1d:ed in Fhls case, i;hfef ia-
meter would have been too large thereby increasing the cost of foun-
dations. Two independent wells could be p.rov.lded but in that case
sinking might have presented some difficulties if the wells were very
close and not resting at the same level.

(c) Wearing coat

The wearing coat over the deck was 3 in. thick cement concrete
1:2 : 4 mix. Helical rings of 22 in. diameter with 1/4 in.
diameter bars were provided in the wearing coat at 6 ft centres in,
both directions to prevent temperature cracks.
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Across KUuNwary River

(d) Thickness of web and concreting :

The thickness of the web of girders was rather small from prac-
tical point of view. It should have been 6 in. in both the types.
Since external (side) vibrators and internal rod vibrators were used,
there was no difficulty in compacting the conerete, |

Section 7: Testing of bridge

The Authors felt that unless some defects were observed during
construction, testing of a bridge was not nocessary. Tests to verify
the validity of design assumptions should, however, be carried out

in laboratories since the field deflectometer might not give very
accurate results.

In reply to Shri Nambiar’s query as to how m
broken during prestressing,
an incident was not noticed.

any cables were
the Authors stated that actually such

Section 8 : Statistics

The Authors explained that cost per square foot of roadway per
foot height of Dimni bridge was slightly less than that of Budhara
and Didi bridges, the reason being that Dimni bridge was
located nearer to rail head. Tt would, therefore, be more froper

te compare the costs of Budhara bridge with that of Didj as tho
lead for materials was the same in both the cases,

Shri K.K. Nambiar (Chairman) in his concluding remarks
stated that the Authors had tried to compress in one Paper the
designs and constructional details of three prestressed concrete
bridges. Many of the speakers spent quite a large prdportion
of their time discussing hydraulic particulars and coefficients in
discharge formulae. He would have liked the commentators to
deal with the superstructure portion at greater length as prostressed
concrete construction formed the main attraction of these Papers,

In the end, he congratulated
Paper they had produced and al
offering useful and instructive com

the Authers on the excellent
so thanked all the speakers for
ments on the Paper,

Discussion on

Paper No. 218*—«Crystal Pattern Formula for
Integrated Highway Planning in India®’

By
K.C. MiraL

&
Paper No. 222{— Regional Concept for Highway
Planning—The Web and Lattice Pattern”’

By
. D.G. BuacaT

Saturday, 30th January, 1960.

*Shri S.N. Gupta (Chairman) called upon the Authors to
introduce their Papers.

.

® Shri K.C Mital, Author of Paper No. 218, stated that the
Paper presented by him dealt with the process of deteminatipn of
road milage and the pattern of layout of road system with a view to
achieve graatest accessibility with the minimum road milage. The
Chief Engineers of all States in their meeting held at Nagpur in
December 1943 had evolved the Star and Grid Formula for evaluat-
ing themilage of various categories of roads in the country.

This formula was revised in January 1959, and a new formula
was evolved to arrive at higher targets of road milage, but he
could hardly find any other change from the original formula except
that the constants and co-efficients had been altered in a manner as
to give greater road.milage. He did not agree with any o_f these
formulae. He was of the view that the criterion to determine the
targets of road milage for a road system should be based on some
scientific approach to the problem.

As all development was gradual and in stages, the growth of
the highway traffic was also gradual and in stages. The pattern of
our road system, therefore, needed to be designed in such a manner.

"‘P:blished at pages 336 t0 899 of Vol. XXIV—Part 2 of the Journal of the
Indien Roads Congress, November 1959,

fPublished at pages 629 to 885 of Vol. XXIV~Pait 4 of the Journal of
the Indian Roads Congress, January 1960,
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that it could be built up in stages. While drawing up the general
pattern of road development, it could hardly be fair to treat diffe-
rent areas in a different manner. There should, in fact, be no dis-
tinction between the developed and undeveloped areas. Develop-
ment of backward and undeveloped areas should not be handicapped

for want of proper means of communications though its development
may be gradual.

The theory of adopting the number of towns and villages for
evaluating road milage, did not appeal to his mind as a correct
approach. He was of the view that a road when constructed pro-
vides immediately an approach to the area surrounding it. This
could be termed as ¢ Accessibility . As soon as more than one
road appeared in an area, the accessibility to places begins to differ
from road to road and the closer the road to a place, the greater the
utility of that road to the place. As the road milage increases in an
area the accessibility from places shall reduce. This conception led
him to the conclusion that there should be some relation between the
accessibility to a road and the road milage to be laid out in any area
for its economic development. He had designed a curve, Plate 11 of
the Paper, to indicate this relation. The question as to how to assess
the proposed accessibility is also discussed therein in detail.

He had further suggested a pattern for the layout of the road
system. He had developed this idea on the basis of the layout of
the roads and tracks in the countryside in the State of U.P. which
had beon developed by people in the normal course of their lives,
and had tried to maintain the same pattern. Slight improvement
on these layouts adjustable to our problem should be the right
answer to the needs of the country. The pattern suggested by him
had the peculiarity of being elastic, i.e., the roads adopted for an
accessibility of 10 miles would not be wasted if the accessibility
was further reduced to one mile and the road system would develop

on the same pattern serving the needs of the country in the same
manner,

In the unavoidable absence of Shri D. G Bhagat, the Author of
Paper No. 222, Shri J. M. Trehan read his introductory remarks.

In venturing to write this Paper an attempt had been made to
focus the attention of the Highway Engineers to the prime necessity
of 50 integrating the road system of this country as to satisfy the
growing aspirations of the nation.

For a healthy and vigorous growth of the country, both the
urban and rural sectors have to develop in unison. The cities
because of their intrinsic economic set up, do develop instinctively,
though the manner of their growth is many times along haphazard
lines and proper planning has to be considered in that respect, while
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in the rural life an element of cohesion and stability has to be
brought about to hold the people together. Both the rural and
urban scctors have, therefore, not only to develop simultaneously
but also to support each other to their mutual advantage.

This suggests a concept of ¢ Regionalization’”. Kconomically
and socially self-satisfying regional units, for both urban and rural
areas, having inter-regional dependence would seem to be a most
feasible set-up and roads could play an efficient part in fostering
this partnership. An urban region would comprise the city’s or
town’s active core, its ‘satellite’ suburhan neighbourhoods well
served by a radial and concentric road layout, and its ** tributary ”
area with a properly planned road grid for easy accessibility. For
rural areas, a hold approach is necessary and for ensuring self-
sufficiency here, the most rational method would be to group villages
together by means of a circulatory road system. For this purpose
a vegion with about an hour’s inter-village-accessibility by foot and
covering a population of about 5,000 people would seem to be a
mgnimum bage. The regional concept can be further expanded
progressively giving eventually a ¢ zonal’ unit extending to an area
of about 800 sq. miles and covering a population of about 3 lakhs—
roughly corresponding to a district. The various compohent units
in this rural rehabilitation pattern and also the zones among them-

selves would have to be inter-connected by an integrated road
fadric?

An endeavour had been made in the Paper to evolve a suitable
pattern to suit tho above-mentioned objectives and a ““Web and
Lattice” system suggested. By this pattern, it was hoped,

no place would normally be away from a road by more than
1} miles,

The categorisatiom of the various types of roads had also been
proposed on a rational basis in keeping with their functionary
characteristics and not on their crust sufficiencies as was generally
done. The pattern had been suggested for adoption only in deve-
loped and agricultural areas, but in the other semi-developed .a.nd
non-developed areas, the intensively habited centres yvould continue
to play a pivotal role in forming the hubs of the entire surrounding
rural regions.

In the end, the Author emphasised that the proposed apprpach
was mainly symbolic and it would have to be modified very consider-
ably not only in its presentation but also in its effectiveness depending
upon the various factors influencing its application in practice.
Patterns could be many and varied and also more efficient.

A broad example of the application of this pattern in Agra
District given in the Paper was also of a preliminary character mean
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. e _
only to emphasise the concept of regionalization suggested. For a
scientific planning, it would bo necessary to carry out proper detailed
economic, physical and engineering surveys.

Shri S. Gangopadhyay requested the Author of Paper No. 218
to consider the following points:

1. As every big village or town had its own zone of influence,
it was sure that the intensity of influence of such a nucleas point
would vary with some function of the distance from the nucleus
point, Hence the milage of road should also be more near the
towns and cities and probably lesser milage would bo required at
distant places,  The erystal pattern as suggested might e suitable,

pLat)

but the aceessibility should probably vary from place to place.

2. The road milage requirements for a country should not be
determined considering the country as a whole, but one should
probably plan the N.H. and S.H. taking into consideration the
different points of importance to be connected and then other roads
might be planned in a manner as deseribed. The total requirements
should be the sum total of all the requirements. The road milage

requirements for N.H. and S.H. might be considered on individual
merits.

3. In the modified formulae, as in Appendix IV, in the'revised
1959 formulae the Author had referred to terms like K, M, N, ete.,
representing numbers of towns with different population intensities.
But a small town might have more than a lakh population whereas
a big town (big in area of course) might also have the samo popu-
lation with future scope of expansion, however the formula would
give same milage of road for both. Probably, a better formula might
be developed if the constants were expressed in sq. miles with
different intensities of population, e.g., K might represent area in

sq. miles of populated areas, having an intensity of, say, 500 men
per sq. mile, and so on.

Shri D. K. Laroia stated that the Authors of both the Papers
had tried to find out the most efficient methods of providing road
systems with a view to obtain the best accessibility distance for the
places located within the grid for a given road milage. In the
absence of detailed theoretical analysis from the Authors, ar
analysis had becn worked out by him (vide Appendix—p. 929), wit}
square grids, equilateral triangular grids, square grids with diagona
roads as considered by the two Authorsand hexagonal grid (somethin;
similar to a hexagonal wire netting). It was interesting to note tha
for an accessibility of  z’ miles, the road milage required is AJ:
in each case, where A is the area in square miles and ‘z’ th
accessibility in miles,
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It was, therefore, immaterial what type of grid was used fqr
providing the road system and that a grid suiting to the site condi-
tions at each nodal point should be adopted.

An accessibility of < 2’ could be obtained for cach point in any
area by providing only parallel roads 2z miles apart and in that
case the total milage required for tho arca A’ would be A/2r, ie.,
half of the figure obtained for various grids. Thus a milage of A[2%
was required for providing necessary accessibility and the remaining

length of A2z was meant for providing inter-connections between
these parallel roads.

Shri Bhagat mentioned in his Paper that, barring a circle, a
square was the most efficient form for obtaining the least distance
botween two farthest points. This was no doubt true but if the
grid consisted of squares with diagonal roads, then the grid would
be quite inefficient in that respect as for an accessibility of <z ’, the
sides of the triangle became (2z4-A/g2 x) and (20/2 ©+2z) miles long
and the distance between B and N became (2x4-3/2 * +A/9 & + x) or
3z 4- 28/9 %, i.e., 5.82x miles against 4z miles for the square grid.

The maximum distance in the casc of an equilateral triangl;la.r grid
would be 14 x 24/3 or 5.5 x miles.

s This showed that there was nothing much to choose between
various types of grids on theoretical considerations.

The milage required for providing any accessibility would
generally vary between A/2x and Afxz, depending upon the type of
pattern adopted.

On pages 353 to 355, Shri Mital had given the milage required
for various accessibilities on the crystal pattern. It would be seen
that for one mile accessibility road milage required was 664 miles
against 500 to 1,000 miles on the above considerations, and for
this accessibility the pattern was quite efficient. For all other
accessibilities, the milage needed was very near the upper figure in

each case and, therefore, the pattern was not efficient for those
accessibilities.

Shri C. L. N. Iyengar, in referring to para 1.4 of Shri
K. C. Mital’s Paper, wanted to know whether the Author’s statement
that this country’s communication system needed at least four-fold
development to cope with the growing requirements was based on
any rational assumptions or it was an arbitrary statement. He
would also like to know whether the observation in para 2.2.4 (a)
about the tendency for direct links for villages with different
population groups in plains, semi-hilly and hilly regions, was
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applicable to the whole of India or it referred only to the highly
populated state of Uttar Pradesh?

Also, in para 3.1, the Author had made a reference that even
the bullock carts today needed hetter roads to raise their economic
value and that they had to be co-ordinated with motor vehicles.  He
requested the Author to explain whether he meant to imply that
some restrictions were necessary for the movement of motor vehicles
on village roads in order to keep them better maintained for
exclusive traffic of the bullock carts.

Coming to Paper No. 222 by Shri Bhagat, the speaker expressed
his disagreement with the statement made in para 3.4, viz., that a
detailed study was not called for at present hecause of the country’s
present inadequate road structure and the under-developed trans-
port system. In a sense, that would defeat the very purpose of
planning in that it aimed to avoid errors of judgment by studying

on a factual basis whatever might be the stage at which the things
had to be developed.

The limitation of this pattern of development of the road net-
work of the country had been fully explained by the Authors.
Though this method was useful in fixing the milage targets, still he
felt that it was essential that side by side with this plan of road
development, a detailed working plan of road development should
be made on the basis of factual needs of the various parts of the
country and integrated so that the rate at which it could be
justifiably achieved could be worked out on the basis of the available
resources and also better system of priorities could be evolved than

on distribution of resources purcly on regional or political considera-
tions.

_ Shri R.P. Chanda was of the view that it might be unrealistic
or impracticable to consider changes in the alighment of roads in
f;mes and big villages where road alignments for the next 20 or
30 years had already been marked out. It would be different in a
large unsettled area where developments might begin from scratch
and the planner was free to choose his pattern of road system.

Where lands were in intensive use, eve
existing road alignments were much o
to speak of long or complete deviation
particular geometric pattern.

n small deviations from
pposed or even resented, not
s in order to adhere to any

| The land acquisition was a difficult
maftter in a settled area. Therefore, the existing roads had to be

followed reasonably adhering to prescribed standards in a develop-
ment programme. However, in case of minor or village roads, feeders
and links, scope might cxist to consider alternatives. But he felt
that the number of new road alignments was likely to be small in &
state’s 5-year programme in the present stage of development.
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Shri J.M. Trehan stated that he was unable to give a reply
on behalf of the Author who would give his replies later. The
remarks which he had read at the time of introducing the Paper
were given to him by the Author.

All that he had to say was that Shri Mital contended that the
Authors of the 20-year Plan had only changed the coefficients of the
old Grid and Star formula. He had been watching the drafting of
this Plan and had also been associated with the discussions in the
Chief Engineers’ meetings. His own impression was that they
obviously realised that therc was nothingto choose between the
three patterns; they had examined all the three patterns in their
varjous meetings, and they thought that the best thing to do was to
increase the coefficients because they wanted to give the country
more roads and that was the easiest method.

Shri D. G. Bhagat (Author of Paper No. 222) in his replies
stated that he was glad to find the lively interest taken in the
subject of Highway Planning under discussion. It was actually time
that the Highway KEngincer applied his mind to the question of
planning of road patterns assiduously. .

There seemed to be some mix-up of ideas in regard to the
accessjbility, milage formula and layout of road pattern. The
Negpur Report as well as the 1961-81 Report had chiefly dwelt on
the milage aspect of the road system rather than on its layout and
for the purpose of working out the milage, population and areas
are obviously the ruling consideration in the conditions obtained at
present in our country.s The area : accessibility equation would no
doubt broadly give directly the overall milage for the area as has
been shown in the Paper; but these two factors have to be judi-
ciously correlated within the accessibility target in order to arrive
at an efficient and balanced equilibrium in the milage of various
classes of roads forming the road pattern and for that purpose the
Star and Grid formulae provide the simplest approach. No layout
pattern had been specifically suggested in the 1961-81 Report, and
this has obviously to suit the future developmental mosaic of the
country in both its urban and rural sectors.

For a progressive overall development, both the urban and
rural sectors have to develop individually and support each other
mutually. A unified urban centre in its present activised concept,
having satellite settlements on its periphery and a t.nbuta.ry_ zone
around it, presents a composite picture of a self-satisfying * region ”.
In the rural areas, the decentralised community aglmlmst‘ra,tmn or
the *“ panchayat >’ system is now being adopted in an increasing
measure in our country and this system was adopted efficiently
during the earlier periods of our long history. This could best be

27



924 Drscussion oN

achieved by developing the rural sector also on *“ regionalisation ™
basis and the road is the most efficient bond in fostering and
strengthening this process. The Web and Lattice System for »
roadl net work would be one pattern which could do this effectively.
The Crystal Pattern, according to Shri Bhagat, focusses the ‘‘cent-
valisation ”” aspect of dovelopment, and this would probably be a
suitable system where attention has to be concentrated on develop-
ment of larger towns with road system providing hinks hetween
them and the outlying rural habitation units rather than integrating
the rural centres into composite units, This pattern could be very

advantageously adopted in semi-developed and underdeveloped
regions.

The ** population-density ” factor suggested by Shri S. Gango-
padhyay for working out milage would, in his opinion, make the
formulae more complicated. The range in the population density
in every big city varied very heavily aud if an average density was
taken it would automatically retlect the overall population, and it

was, therefore, simpler to take the  population™ as the workirg
factor.

He was glad Shri D. K. Laroia had, in regard to accessibility,
come to the same conclusion as has been arrived at by him. It was
true that the arca : milage equation was not truly scientific in its
formulation but its result wonld bo correct within very ecloge

approximation of that obtained with any other mathematical
formula.

Shri C.L.N. Iyengar had cmphasised the necessity of carrying
out detailed study of the various comnponents listed in para 2.2.4 (a).
The importance of this is not at all doubted. What he had sugpested
was that with the low milage of roads and limited technical per-
sonnel available today, it would probably be out of proportion to
emphasise the investigational aspect partienlarly as both the capa-
city and utility ranges of our roads had not reached their optimum.
No road of today having some significance was likely to hecome
infructuous tomorrow. The balance hetween the capacity of arterial
roads and service demands of avea commanded would be a subject

matter for study when both the components reach a saturation
stage.

Any rational road development pattern must obviously take
full cognisance of the existing road system as had been sug, .e%ed by
Shri R.P. Chanda, The question of geometrics of a r%aL(l has
however, to be related to its functionary importance. If a road has
m‘ger-regional significance, it will obviously have to be designed to
suit that purpose and its alignment need not be cramped only
because land for its improvement is not likely to become available.
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This approach could, however, he made less rigid in case of roads
having purely local importance where traflic conditions were not
severe. EKach case, has, therefore, by and large to be considered
on merits.

Shri K.C. Mital in his replies stated that the basic concept of
the evolution of * Crystal Pattern’ formula is on the basis
of ‘“Regionalisation”. However, Shri D.G. Bhagat, Author of
Paper No. 222 on * Regional Concept of Highway Planning”’, had
interpreted it otherwise thatit focusses * Centralising” aspect of
development. This aspect had been briefly discussed by the Author
in para 5.4 of his Paper No. 218,

Shri J.M. Trehan’s remark that the Chief Engineers thought
it best to increase the values of co-efficients and constants because
they wanted to give the country more roads and that it was the
easiest method to do so, showed that their approach had not been
scientific. The pattern of the layout of road system is of course of
psimary importance but the process of evaluation of the road milage
for different accessibilities had to be indicated on a scientific basis.

Shri Mital did not agree with Shri S. Gangopadfyay that
road. milage should be more near the towns and lesser at distant
places. The traffic near the town is definitely comparatively more but
for thit it is not the greater length of roads that is required but it
is the greater width which is cssential. This is true that divergent
roads or say convergent roads from and to nucleous centres will be
more than gt satellites of the towns or small villages. This depends
upon the potentiality of the individual places. The accesribilities
in different regions can differ in the beginning but when the two
regions ,have developed equally such difference in accessibilities
shall vanish. Another point which had been raised by Shri Gango-
padhyay is that the road milage requirement for a country should
not be determined considering the country as a whole. In this

connection his attention was drawn to Chapter 3 of Paper
No. 218,

Shri D.K. Laroia had pointed out that the Authors had not
indicated any theoretical analysis of their results. He had, therefore,
discussed the square grids, equilateral triangle grids, square grids
with diagonal roads and hexagonal grids in his comments and had
arrived at a conclusion that a road milage required in either case is
equivalent to area divided by the accessibility irrespective of the
type of grid used to provide the road system. He was of opinion
that the milage required for providing any accessibility would
generally vary between 500 to 1,000 miles per hundred square
miles only of area depending on the type of pattern adopted. His
concept is that the relation between the milage and accessibility
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woul(ltl})le: ;ttmight line.  This did not appear to bo correct.  Tho
curve that draws out the results arrived a shri Lo
bolow ¢ ived at by Shri Laroia is given
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ations ignored

the sub-cent are (1) the direct approa,ctgl from
(3) the Tes;  (2) the peripheral roads for
consistency in the development; of a

the nucleous to
inter-connections ;
pattern.

. . e consi i
to consider it nNecessary to modilfd; P}?iii;ogx
results which might correspond to those of gy,
esigned by the Author gives results t, satisty al] thlg;l;ocr. ’Elhe :prve
onsiderations.

The equation that satisfies thj
H. K. Crowder, Assistant Profeslsi;nc-m‘Ve had boen Suggested by Shri

the Department of Mathematics, to Dr. 8. W, Me Cuskey, Head of

University Circle, Cleveland 6, Ohioczzeb(}lrolstitute of Technology,
’ w !

' 729 2\ X
Y =8 4274 (4 _
8 (3) ‘8‘*‘\7396:: log 23

8, Shri Laroig, might have
0ncept and arrive at certain
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Here the logarithm in the last form is to the base ‘e’ and will
yield results that satisfy the curve. Assuming X for accessibility
and Y for milage, values work out as below :

Rounded figare

X Y of Y'
worked out by Author

0 99%

1 683 68.7
2 48% 48.5
3 35 35.0
4 26 26.0
5 20 20.0
6 16 16.0
7 133 13.0
8 118 11.0
9 101§ 10.0
10 9¢7

The extrapolation to 0 is of course meaningless, but the Value for
X = 10 compares quite favourably with the values worked out by
the Author.

He was grateful to Shri Crowder for his assistance and advice.
The area of the grid had been assessed by the Author to be enclosed
by a side of 42.36 miles and the road system was designed along
radial and circumstantial alignments. No place in this pattern
would be more distant than the desired accessibility and have as
direct approach in all directions as possible within reasonable limits
which was self evident.

Shri R. P. Chanda had raised the question of alignment of
roads and acquisition of land therefor. This was though beyond
the scope of the Paper, it might be usefully said that roads required
land for construction and if a minimum of 1 per cent of total area
could not be spared for the road system, the movement would
become restricted. It was for this reason that more than 8 roads
had not been advocated by the Author to spread out from a nucleus

" centre. It was by providing a peripheral road outside the town

that more roads were made to commence from there.

Shri S. N. Gupta (Chairman) while thanking the Authors
for their interesting Papers, stated that both of them had suggested
the targets of the fixation of road milage in developed, semi-
developed and undeveloped areas and proposed different patterns to
achieve them. ‘ o ‘
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Certain objections of Shri Mit
in the 2nd 20-year Road Deve]oprtx?énttolﬁle "
to by Shri Trehan. It was natural to
industrially idevelope‘d and populous areas and less milage t al
areas. In introducing his Paper, Shri Mital had saidg tho':llli‘L'
pattern should be the same in developed and under-developed a: y N
It was natural that there should e greater milage oflr '((lue&'h‘
more populous areas and comparatively lesser mi]agz in ‘cheo‘tlhis kin
populated areas. The pattern would, therefore vary from arec %
arca. After all the road system is meant to se’rve the people & (!
where there are more people, there would be more roadI mIi];Iége(LI;:)

cater to their needs and wher i 0
' s and ¢ there is lesy i
he Toss milago of ot population, there should

rgets of milage adopted
an, hadalready heen replied
allot more milage to the
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APPENDIX

Details of road milage required for a given area ‘ A’ to
obtain an accessibility of ‘X’ miles

In cach case an area enclosed by dotted lines as shown in the
diagrams was considered. The area had been chosen in such a way
that the same area could be added

in various directions to obtain the -
required grid of any dimensions. S R P
' [
1. Square grid: t f
Consider the area enclosed by dotted { I
lines. I X
(Y 4
AB = 2z accessibility = 2z R
Area enclosed by dotted lines
¢ = 4x X 4r = 162°
Fig.
Length of roads within this area 50 N
. = 16x
Thus milage required for an
arep ‘A’ ]u
162 4 A B
= —— X A = - . .
16.1:.2 X Fig. (if)

2. Equilateral tri’angular grid :
Constder the area enclosed by the dotted rhombus.

A B
FiGAil)
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For an accessibility < X’ the side of the trisngle AB
= 2° 3z
Area of the dotted rhombus = 4 A3z x 4V3x x V¥
= 24 M 3x*

24 )
Length of roads in this rhombus = 77 x 203 = 24 V3x

24: ’\/ 3

Length of roads required for an area 4 = 77 -~ % = o
24 A/ 3x* X

3. Grid consisting of diagonal roads

added to a square grid:
\ }1 ; The grid consists of repetitions of
P areas enclosed by ABCD., Consider an
area enclosed by dotted lines for working
< AL out milage of roads required
X é | Accessibility = PQ = X .
N o D Ve = P.R = PN
N < ’ - . .
. 0Q = X - X A2 /s
4
LN\ AB = 2X (1 4V?2) n
F16.() & OB =N2(1 +A2)z B R O

Dotted side in the diagram F1G.01)
at figure (i).

=24B = 42 (1 4+~V2)
Area enclosed by dotted lines = 16z* (1 + A/2)?

Length of roads needed for this area = 84 B 4 8BD
= 162 (1 +-V2). 1622 (1 4+ V2)
16z (1 4+ V2) (1 4-V2)

I

Length of roads required for an area 4

o Abe(d4nV2) 4
7162 (1 -2 T X
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4. Hexagonal grid resembling a wire netting :

FIG.(1) €16.(1i)

Counsider the dotted hexagon.

If KPis the side of tho hexagon and » the accessibility, then

2
KB = 0K = —=
'3

Side of dotted hexagon = 2x A

Areu enclosed by dotted hexagon = 6. 2. Vi3z.}

o = 632
Length of roads = 9 KP = 6V3 2

As such'length of rqads required for an area 4

_ 6V3x _4
6 A3x X

R
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Discussion on Paper No, 219*

“ Scientific Design and Laying of a Bituminous

Carpet on a National Highway”

By

S, R Mugra, Co G, Swanasariany & V. R Vaisn

NSanday, Janwary 31, 1960,

Shri N. Durrani (Chairman) called upon Shri 8, R, Mehra
to introduce the Paper for Discussion.

Shri S.R. Mehra (co-Author) in lis introductory remarks
stated that two main points were kept in mind while designing the
project. The first was that before putting down an cxpe?ls;ve
machine laid carpet, it was necessary that the hase should be made
80 strong that it would not deform under traffic and defeat the object
of laying asmooth-surface carpet. This was done by adding the
required thickness to the existing base.

J 4 v Intfe 1 i
. .Setconc_lly, the intention was to sce whether by laboratery
esigning it was possible to produee a stronger hotter carpot
dosigning it wa %-1 bl to | a stronger and hetter carpet
] pen graded premix or the crete specification alecady inuse
which needed periodical seal coat,
t

Shri Mehra said, the salient point hrought out in the Paper was
that it should normally be possible to provide a properly designed
carpet ab no extra cost than either the pre-coated chips with a cer-
tain amount of sand or sanded concrete both of which would require
a seal coat ab intervals of 2 or 3 years depending on the amount of
traffic. A properly designed carpet will not require such a seal
coat and, therefore, in the ultimate analysis it might even be (:l;ca-
per to lay a properly designed carpet than to lay the other types
of carpets which have been in vogue so far, P

Shri Mehra also stated that traffic at hich : y ;
likely to permit flow of bitumen into the voici’s afﬁin%(}}f;tel?(‘);cwul;
might be possiblo to do with a highor percentago o% voids un’der
these conditions in this country than was followed in coldér coun-
tries hoping that under traffic the voids would come down to th
required 3 or 4 per cent without much difficult o
seemed to be supported by whatever little evide

Y. The assumption
S LT t nce was available.
*Published at pages 475-516 of Volume X XIV—-P
Indian Roads Congress, Deceiber 1959,

art 3 of the Joui'llt;l of the
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Shri D. C. Chaturvedi stated that the basis for laying a
bituminous carpet of 1 to 14 in. (with a minimum thickness ofl in)
had not bheen mentioned in the TPaper. He was, therefore,
interested to know whether the thickness had been adopted
arbitrarily or on consideration of traffic intensity.

Tn Asphalt Institute Manual Series No. 1, thickness of asphalt
pavement surface has been suggested from 1 in. to 4 in. depending
upon the type and intensity of traffic. For heavy traffic, 3 in.
thickness of carpet is suggested and minimum thickness
recommended is 2 in. for light traffic.

Significance of abrasion test results given in Table 2 might be
explained particularly with reference to standard method of test
adopted for bituminous mixture for determining the percentage.
The results given in the Paper indicate that it was not necessary to
adhere strictly to the percentage of voids as specified in Marshalls
method. It was, howover, possible that due to higher voids, the
compaction by traffic might not be uniform and which might give
1% to unevenness on the surface and higher values of index by
Bump Integrator. It would have been interesting had the index
value of Bump Integrator been determined after the premix surface
had ‘been under traffic for some time to see if compaction by traffic
had resulted in a uniform or uneven surface.

i T;ble 17 suggested reduction in strength of bitumen mixture
due to lower binder content than stipulated amount. It might,
however, take sometime hefore this lower quantity of binder was
known as extraction of binder takes time and it might be too late to
adjust the binder content in the mixture which had already come
out of plant and laid on the void. Measures adopted in such cases
might b& explained.

On page 509, para 7.7, it is mentioned that where the base is
formed by manual labour without accurate controls and when the
tolerance in the base is more than 3/8 in., the quantities required
for the construction might have to be worked out for a higher
thickness. .

In U.P., water-bound macadam surface does not involve use of
costly materials and if the method of construction is strictly
followed it gives a uniform and level surface which does not require
extra quantities of premix material.

Shri D. K. Laroia: According to Table 2 on page 478, the void
percentage of a crete carpet is given as 9.06 while in para 2.2 it is
mentioned to be 15 per cent. Marshall Stability for the crete carpet
is mentioned as 9.65 which is perhaps 965. These might be clarified.
As the overall costs of the crete and design carpets were approxi-.
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mately equal, the design carpet was an improvement over the crete
carpet.

Para 2.3 on page 478 and Table 3 on page 479, show that the
surface of the open graded premix carpet even after applying seal coat
was very rough compared to the design carpet. It, however, appears
that the open carpet was laid by hand and not by a paver. If the
open carpet had also been laid with a paver, its unevenness would
have considerably decrcased. The seal coat decreases the number
of bumps from 250 to 160 and as such an open graded carpet laid
with a paver and provided with a seal coat is likely to give a surfaco
that might be smoother than the design carpet. '

While working out costs in Appendix II for the design carpet,
quantities of aggregate required have been taken as midway between
measurements of Jooge and compacted states. From the market all
materials are received stacked loose. Quantities for open graded
and crete carpets are taken as such. The differencein quantities
works out to 6 per cent. As such, a carpet 6 per cent thinner in tho
case of design mix would be obtained. The cost for the design
carpet—l1 in. thick, would, therefore, be 6 per cent higher, i.c.,
approximately Rs 25.50 per 100 sq. ft. On the other hand, the open
graded carpet with the given quantities would be 1.04 in. thick
excluding the seal coat assuming that bitumen only filled up voids,

The cost of an opon graded carpet and a seal coat would he o
mately Rs 23 per 100 sq. ft. © mpprm‘q

Comparing in another way, the quantity of aggregates was
1,300 cu. ft. in open graded carpet against 1,15()ycu. ft,éf%r %he design
mix. As such, the open graded carpet would be much fhicker than
the design carpet, firstly because of larger duantities of aggregates
used and secondly because of the higher percentage of voids,

The cost of an open graded carpet using mixi
s ] g mixing plant, paver
and En;lk bitumen being about Rs 23 including a seal coat, a.g;xinst
Rs 25.50 f(_Jr the design carpet, the open graded carpet would, there-
fore, continue to hold field where traffic was light as the scientific

know-how and equipment available could th ili
more prossing dope en be utilised for other

Coming to Table 10, ShriLaroia said that there appeared to be

some inconsistency in the results of sieve analysis At th i
the percentage of pieces above 1 in. was 14.1 W¥1ile th e hot bin

4 ) eir percentage at
pugmill was 18.6. Even assuming that the
sizes between these two sta, . oo com o166 ot Sown of

: 4 ges, the percentage can be 18.6 at th -
mill only if 14.1/ 18.6 x 100 or 75.8 per cent of the total materi:lpv:flgs
left and the remaining 24.2 per cent was waste whi

ch is very high.
He had come across Sheet Asphalt Carpets i
) R n Holl
traffic was not sufficient to keep them in good cond(i)t,iz;ll(.il w'}‘l)?;;
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might not, however, apply to this country where climatic conditions
were different. The Authors might be able to throw light on the
fact whether dense bituminous carpets would also need necessary

heavy traffic to keep them in reasonable conditions and if, so, whether
the same had been assumed.

Prneumatic traffic has a kneading action while moving over
premix carpets. Oils discharged by motor vchicles get absorbed to
some extent into the carpets due to this action which keeps the
carpets pliable and checks them from getting brittle. If the pneu-
matic-tyred traffic is low this advantage gets lost, thus making the
carpet more liable to brittleness in shorter periods. The grade of
bitumen used was 60/70 against the normal §0/100 bitumen and as
such the quantities of volatile oils would be small. The carpet might,

therefore, not have as long u life as might have been possible with
80/100 bitumen.

Shri A. A. D. O. P. Saparamado (Ceylon): The Authors
have assumed that a higher void content of more than 5 per cent
might be advantageous, but this could not be justified. Higher
voidage might affect the durability of the mix as bitumen might get
oxidised due to the circulation of air and it might also deteriorate
due to water vapour, with the result that it might not be possible
to get a durable carpet, though probably obtaining the necessary
stability. The voids of 3to 5 per cent as given by Marshall’s
method have been obtained by a series of experiments carried out
by the Corps of Engineers, U.8.A., under varying conditions and he
was of the apinion that until it was possible to get our own criteria
for void content by actual tests carried out, it would be better to
keep to the void content of 3 to 5 per cent given in Marshall’s
method. .

On page 497, the Authors had justified the higher percentage of
voids by quoting reference to the percentage of voids given by the
¢ Asphalt Institute’ method. He did not agree to this because
having used a certain test method, it was not correct to use the
criteria from another test method. The difference in void criteria
given by the ¢ Asphalt Institute’ method (which he thought refers to
the Triaxial test method) and the Marshall test was due to the
difference in method of compaction. In Triaxial method, the static
compaction was used with a double plunger whereas in the Marshall’s
system the falling hammer method was used, with the result that
the criteria in percentage of voids differed as the tests were correlated’
with field performance. Moreover, Marshall method uses apparent
specific gravity and Triaxial uses bulk specific gravity for deter-
mining voids.

On page 480, the Authors had stressed on getting‘ the maximum
density in the aggregate mass. To get a suitable mix, the speaker

3
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did not agree that it would De possible to design the mix to the
maximum density as in the case of mechanical stabilization of soils.

Referring to Table 12, the Authors in the initial stage have used
80/100 penetration bitumen obtaining a stability value of 1,286, In
Marshall’s method of design, the criteria for stability is 1,000 1b for
heavy traffic. This stability of 1,286 is much higher than the require-
ments of the Marshall’s method, but still the Authors had tried to
gain higher stability by using higher penctration grades of hitumen.
There is no harm in aiming at higher stability, but still it is not
desirable to aim at higher stability at the expense of durability.
Further, the Authors have recommended the use of 60/70 penetration
bitumen in the field. In a place like Delhi, where temperatures go
down very low, the speaker was of the view that 80/100 bitumen
wortld he better in the long run than 60/70.

Shri N. H. Taylor: It is stated in para 1.3, page 477 of the
Paper, that since a dense carpet would mean a heavy expenditure, a
directive was given to design a mixture which would not be open
graded but as dense as possible using the locally available aggregste
and keeping in view the limitations of the plant. It must, therefore,
be assumed that the mixture to be designed would not be dense but
something between a dense mix and an open graded mix. Nover-
theless, the specifications quoted and ‘“ more or less”’ followed were
those for dense mixtures and the resulting composition was referred
to ag a ‘“ designed mixture”’. ‘

In Table 2, page 478, the properties of various mixtures are
compared and one might gather from the results given that an open
graded premix had no stability and that a designed mixture had 133
times the stability of a *stone-sand crete”.  Again, from Table 3,
one might draw the conclusion, that designing a carpet resnlted in a
more even running surface, although the credit must go to tho
mechanical paver and finishing machine which could also have laid
the “premix’’ or, with minor modifications, the grouted macadam
and the water-bound macadam or even the cement concrete,

He was surprised to learn that a designed mixture. an n
graded carpet with seal coat and a crete ugype mixture, all O(I:)(?st
exactly the same when mechanical plant was used. No me’ntion was
made of the cost of the mixing and laying equipment and of the
tipping lorries required to take the mixed material

from ¢ ixi
plant to the road but Rs 3 lakhs should cover this. H}éef?lltuafﬁ

this outlay must have been ignored when the cost was estimated.
Table 18, page 505, shows this to be a material havin i
: 4 voids
ranging from 12.0 to 18.0 per cent. He did not think that tl%e mlni-

tations of the plant or lack of suitable local material db
blamed for this failure to produce a mixture complvi als could be
specifications. plying with foreign
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He felt that the first mistake was in taking graded material from
the crushers and thon attempting to remix the three grades to give a
grading almost identical with that coming from the crushers. The
term ““crusher run” had mistakenly been applied to the crusher
dust. ““Crusher run ” is the whole material coming from the crusher
or, it would appear in this case, from the granulator. This crusher
run, if passed through a 7/8 in. screen, could have been combined at
the bulk head of the cold material feeder with sand or crusher dust
to give a grading satisfying any given specification covering the
coarser fine aggregate. The Authors list the shortcomings of the
mixing plant and include the fact that there was no fines feeder unit.
If there was no fines feeder, it was impossible to prepare a dense
asphalt mixture and this project should never have been commenced
until a fines feeder had been fitted.

Because of the shortage of filler or material passing 200 mesh, the
mixture as designed failed to comply with any known specification in
respect of voids. This means that the water absorption must have been
extremely high, but no absorption results are quoted. As water is a far
more destructive agent than traffic, it is well that this material had been
laid in a district where rainfall is low. It is stated, that the
information in Table 18 was obtained to see whether the mix was
compacted or not. At location 3, the density was 2.00 and the voids
were 18 per cent while Table 13, page 500, shows that average densi-
tigs affer rolling were oven as low as 1.98 which specific gravity would
indicate voids of 19 por cent. The Authors have not commented on
the field density results obtained and it would be interesting to learn
whether the results were acecepted as satisfactory.

Shri Satish Prasad: At present with the heavy mixed traffic,
he was of the opinion that the strength of the water-bound macadam
just 13 in. below the carpet was not adequate to stand the traffic
load which was not likely to reduce very much by the top pavement.
Further, he would request the Authors to explain if it was a dense
pavement why the water-bound macadam was not constructed
accordingly and the plastic materials kept to the minimum.

Regarding the tack coat referred to in para 7.4, Shri Satish
Prasad felt that it would have been better to lay either a fluid R.C.
prime coat over the relatively dusty water-bound macadam 24 hours
in advance or no tack coat should have been given at all. The effect
of unevenly applying hot bitumen tack could only introduce & risk
of patching up the rough thin carpet.

Shri P. L. De stated that in Appendix IT where analysis for
designed carpet was given, the rate of bitumen had been taken as
Rs 286 per ton whereas in the other two cases (Appendices ITI and IV)
the rate of bitumen was taken as Rs 380 per ton. This discrepancy
needs clarification. L



938 DiscussioN ON

In Appendices TIT and IV, an item, viz., < screening” has been
included costing as high as Rs 136 for 10,000 sq. ft. of surface bub
he did not find this item in the designed carpet. He wondered why
gereening was not necessary for the designed carpet.

Now coming to another point, viz., the Bump Integrator ‘dam
as given in Table 3 (page 479), ho found the ¢ Index’ fpr designed
carpet less than that for concrete road.  He would enquire whether
the concrete road on which the measurement was done was also a
surface constructed with that much of controlled perfection as the
designed carpet surface. The present designed carpet surface was
after all laid with extreme care and control and hence the index
would naturally be less than that of other road surfaces unless they
were also laid with the same care and control,

In Appendices II, 111 and IV, the speaker found that the total
quantity of aggregate for 10,000 sq. ft. of surface for designed carpet
was slightly less than that for the other carpets whereas according
to Table 2, the void percentage for designed carpet was much less than
the others. Now the latter condition, viz., ¢ percentage voids ” indi-
cates that more material was present per unit volume of designed
carpet. Why, then, in the designed carpet while making the cost
analysis, quantities of the aggregates were taken less if the thickness
of the carpet was assumed to be the same in all the three cases ?

Shri M. B. Jayawant stated that the general gradation of
the aggregate from hot-bin analysis given shows that there was no
mineral filler present in the mix and a rough gradation would be 60
per cent retained on No. 8 sieve and 40 per cent passing No. 8 sieve.
Such a gradation of aggregate was mainly suitable for a base course
or a binder course by any method of design. It might be that the
Authors had selected the Asphalt Institute’s mix types but even
according to the Asphalt Institute’s classification, this mix was suit-
able only for a base or the binder course. While designing a dense
graded asphaltic concrete one has to keep in view the fundamental
objects. One of which is stability. Though this is an important
consideration, but it was not necessary to give it the most promi-
nent consideration as in this particular mix, Maximum stability is
not always the desirable stability. The mix which is designed for a
particular traffic should have a certain minimum Marshall stability
of, say, 750 for a very heavy traffic with 75 blows compaction. But
to achieve 1,800 or 1,400 stability at the cost of sume other proper-
ties was not at all desirable.

Another point of importance is to combine aggregates
for a dense graded mix and to find out the voids in tho
mineral aggregates when combining them for a dense graded
mix. As long as the voids in tho mineral aggregates are too
much it is not possible to get 4 to 5 per cent air-voids by any econo-
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mical amount of asphalt content in it. Once the specific gravity of
the aggregate and the absorption of asphalt by the aggregate and also
the specific gravity of the asphalt are known, then if the corrected
density of the mix is plotted against the corrected percentage of
asphalt content, all the other properties are determined at the same
time ; such as air-voids in the final mix, voids in the mineral aggre-
gates and the voids filled with asphalt. These three properties are
immediately determined by just plotting these particular curves for
given specific gravity of aggregates and asphalts. The speaker, by
drawing up a sketch, showed that in order to achieve air-voids of
5 per cent inthe final mix, very large amount of asphalt was needed,
and which would give very low stability in the mix. So, to presume
that 5 per cent air-voids would be obtained after compaction by
traftic, was not correct. There is no doubt this gradation of the mix
is suitable for an asphalt mix design, but a dense graded carpet is

not suitable for the wearing surface ; it is more suitable for a base
or a binder course.

o The second point was about the rolling. He did not know how
with three passes a certain density could be obtained and with the
increase in the number of passes of roller, the density wquld drop
down, There is a difference of 0.01 in the density with 3and 4 passes
of roller, as given in Table 13. Even one small stone from the
aggregate would make the difference of 0.01, that might be the
avewage'of various numbers of readings. But the general criteria for
checking the adequacy of rolling shounld be the comparison of field
density with the theoretical maximum density. The ideal criterion
is to have 92,per cent of theoretical maximum density after rolling,
and that is the case when the monsoon is rather away, say, some-
time in February or so. But if the carpet is laid near the monsoon,
higher density right after compaction should be aimed at. The
amount of rolling specified in the Paper gives only 85 per cent
density of the theoretical maximum and this was not enough.

It would be necessary also to find out in the laboratory while
designing the mix as to how much improvement could be obtained
in the mix by adding a Jittle amount of filler and a little amount of
sand. These figures are missing from the Paper. The Authors
might have found it extremely costly to put additional filler, but at
least the advantages that could be achieved by adding it, should
have been given for purpos:es of cost comparison.

This mix brings out the necessity of including the criteria for
“ voids in mineral aggregates” in the design of dense graded mixes,
Normally, peak of density curve is considered maximum of stability
curve, air-voids and flow index limits; but in addition the require-
ment for the minimum percentage of air-voids in mineral aggregates
must be considered. Normally, 15 per cent minimum voids in
aggregates would give desirable results, S

29
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Considering the information furnished by the Authors that, after
6 months of traffic, the voids in the field sample dropped from
14.19 per cent as given in Table 18 to about 5 per cent, it would be
necessary to investigate the other properties of the field sample as
well ; such as asphalt content, stability, grading. The resultant
crushing of flaky aggregates, excess asphalt from tack coat or some
other factors might have given less voids during the test, but the
stability or the presence of broken chips leading to uncoated particles
susceptible to ravelling under water needs to be investigated.

Shri R. C. Kalia stated that the Authors had not clarified
the moisture conditions of the subgrade at which C.B.R. tcsts were
carried out. Also, whether it was in situ test or laboratory test

and what were the average values of ¢.B.R. obtained—the word bed
wasg also not clear,

~ He would request the Authors to clarify whether all the 3
mixtures in Table 2 were laid with the help of a paver and mixing
plant.  The results would be greatly affected if procedure and

method of mixing and laying was not the same. Comparison would
be correct if the same method was used.

_In Table 3, itoms 6 and 8, the index values of 107 and 119 were
given. He felt that the designed carpet gave lower values since it
was laid with a paver whereas the concrete was laid manually.

The Authors had tried to justify the high percentage of voids in
the carpet (by saying that there is room in the carpet) to get com-
pacted further without distortion. He thought compaction under
traffic would make the surface wavy since tendency tor the traffic

is to move in the centre. The word ‘without distoration’ is thus not
correctly mentioned.

Table 3 did not seem to be correct. It should be Table 6 or 9.

He was of the view that bleeding occured when percentage voids
filled by binder was equal to or less than 100 per cent of voids ;

otherwise it does not occur and if the voids are kept 5 to 10 per cent,
chances of bleeding are very less.

Use of 60-70 penetration bitumen was not possible in winte:
when the temperature of atmosphere is lower than 250°F and the
hot mixture will quickly cool down to the same temperature.

Shri P. D. Shivadasani stated that the void content in the
specification adopted by the Authors was very high but he under-
stood that after a few months of the laying of the éarpet the voids
had come down to 3} to 4 per cent. Shri Mehra in his i’ntroduction
said that when adopting these specifications, Indian conditions
including climate which differed from conditions abroad already
werce taken into account. While climate might be one consideration,
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no consideration seemed to have been given to traffic conditions which
differ so much from other countries. In western countries, most of
the traffic was pneumatic-tyred and most of the action on the road
was of one particular type. Traffic on our roads was very much
mixed, with steel-tyred bullock carts outnumbering pneumatic-tyred
vehicles. Because of this, he felt that the compaction actually
resulting on our roads was different from that obtained in western
countries where the known laboratory procedures had been correlated
with their own traffic conditions. He had mentioned this because
according to remarks made by Shri Taylor and Shri Jayawant, this
road should not last for long. But he understood that the condition
of thisroad was better—the void content had gone down to 3} to 4
per cent! He believed that our traffic has a lot to do with it and not

so much the climate because similar type of climate was found
elsewhere also.

If for the sake of economy or even for the sake of improving on
the existing specifications more stretches of roads of this nature was
lajd, he would suggest that in their next experiments of this nature,
the Authors should try to determine the action of our traffic on these
roads. He would also suggest segregation of a portion of road only
for pneumatic-tyred traffic, & portion for iron-tyred traffic and a
portion for mixed traffic to find out what kind of action each type of
traffic would have on the design mix.

[ ]

Shri K. P. Nair stated that in foreign countries where bitu-
minous or asphaltic concrete was laid in huge quantities every year,
suitable limits were specified not only for the graded mixture, but
also for the constituents, viz., the coarse aggregate, the fine aggre-
gate and the filler, e.g., the specifications of the various Highway
organisagions of the United States of America. Hence it was possible
to give very narrow limits for the mixture gradation and the design
also was easier. But, in our country, since only a beginning had
been made in this line, there were no specifications for the aggregate
materials or the final mixture. As such, he suggested that such
specifications depending on the aggregates available and on economy
might also be laid ip our country for suitable designs of bitu-
minous concrete mixtures which would be made good use of in
greater quantities in the years to come.

In this connection, he would like to refer to a new method of
approach suggested by him called ‘* the gradation modulus method *’
and given in IR.C. Road Research Bulletin No. 6, }959, fo; a
quicker and economic design of suitable mixtures giving wider
limits for the final mixture, at the same time satisfying the require-
ments of stability, voids, ete.

Again, in order that the engineering staff engaged in“the
Produotion and laying of bituminous concrete might appreexgte the 5’
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importance of the quality of materials used, their gradation, design
of mixtures and the laboratory tests for the quality control as well
as for modern techniquos of laying, they should also be given
practical training in the subject.

Being in charge of the field laboratory for the gquality control
of the mixture at the continuous plant whose limitations had been
stated in the Paper, he would say that the main difficulty faced by
them was in the control of the gradation of the coarse aggregates,
the } in. and 3/8 in. materials mixed manually in the proportion of
2 : 3 by volume and fed through one of the two chutes at the cold
bucket elevators. But if three separate chutes could be provided
to feed the three materials, the 1/2 in., 3/8 in. and crusher run grit,
in the desired proportions, the control of the gradation of the mixture

would have been more easier in the absence of a gradation control
unit for the plant.

Considering the importance of bituminous concrete for surfacing
of our national highways and roads in and around major cities and
industrial townships in the years to come, especially when mcre
bitumen might be available from the new oil finds in the country, it
was time that the Central and State P.W.D. tried to collect different
types of aggregate materials available uniformly at the crushing
plants and to design on a scientific basis suitable mixtures either

with the facilities at their disposal or through the Central and State
Road Rescarch Laboratories, ’

But before that, a hot mix plant together with paver, finisher,
and tipper set should be acquired. For the mixing plant, a gradation
control unit was essential for the proper quality control and there
were hot mix plants both of the continuous and batch types each
with its own merits and demerits. The Central Road Research
Institute could make necessary suggestions in this direction.

Sh_ri I. P. Gupta stated that no details as to how the Authors
had arrived at the break up of the total required thickness of crust
of 15 in. X 9 in. of soling and 6 in. of water-bound macadam had
been given. It would have also been more useful if the details

of the tests on the soils and their results carrivd out on the subgrade,
etc., had been incorporated.

In Table 4, the various methods for design of bituminous
paving mixture specify a minimum percentage void of 3 per cent to a
maximum of 10 per cent whercas the Authors had recommended
voids more than 5 per cent on page 482 3o that there might not be
any bleeding due to subsequent compaction of the carpet by traffic.
He was of the opinion that a more compact carpet was definitely bet-
ter and efforts should be made to achiove the minimum prescribed
percentage of voids. No appreciable bleeding should take place if
the quantity of binder used was just sufficient, : |
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In Table 16, the voids in the laid carpet are given as 7.8 per cent
against 8.8 per cent obtained in the laboratory and given in Table
11, thereby indicating that the laid carpet was more dense than the
designed one but the values given in Marshall’s test are low in the
former case instead of higher. This discrepancy needed clarification.

Shri R. S. Shukla stated that the gradation control of mixture
design is entirely dependent on the gradation of coarse mixture, i.e.,
1/2 in. and 3/8 in. aggregate material in the proportion of 2 : 3 by
volume. During his quality control work at the field laboratory he
could see that 2 : 3 mixture especially had too much of fluctuations
in the gradation which could have been avoided if there were

arrangements to feed the three different materials through separate
chutes.

At times there was partial segregation of coarse mixture at the
stock piles at the coarse fecd and (the coarser materials rolling down

the heap) which had to be added at the feed end for the proper

control.
-

Since the mixing plant is a continuous type and the production
rate and rate of laying were not properly synchronizgd due to
varigus reasons already mentioned in the Paper, very often the plant
had to be stopped. As a result of this when it was restarted a few
cubic feet of mixture coming out of pugmill were not coated properly
begause the hot aggregates left in the hot bin got partially cooled,
bitumen also got cold. There were also occasions when pipe lines
were to be heated as they got choked up.

The void content given in Table 18 was about 10-13 per cent
while the design void® content was only about 7 per cent. An
examination of the gradation of the mixture laid on those days
showed “that they were on the coarser side (due only to the
inadequacy of the mixing of 1/2 in. and 3/8 in. in the required
proportion) and the bitumen content was also on the lower side. The
cores taken from the same place after a period of four or five months
(consolidation by traffic only) showed that the void content fell
down to 2 or 3 per cent, so it was clear that even though void
content soon after layfng was on the high side than the design, the
extra void was just enough to accommodate the expansion of the
bitumen.

Usually the continuous mix plants are provided with bin
indicators to indicate to the operators to stop the pla,nt when the
level goes below & certain fixed up minimum. This arrangement
was not provided for the plant used except that it had an indicator
at the hot bin to show whether it was full or not.

Shri B. V. Patankar stated that the carpet could be made out
of good sand—of course conforming to the usual standards—sand
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being the cheapest material available in plenty almost e~vc.arywhere(i
Although its qualities vary slightly {rom place to place, seived san
would be the hest material for the carpet. Also, it was better to
conduct some experiments on the suitability ‘of sea sand for the
manufacture of the carpet since, its salinity might not have much
adverse effect on an inert substance like bitumen. If found
suitable, all the coastal towns and villages could be served by
excellent carpet-roads made out of hitumen and sea sand.

Vertical tamping would not be satisfactory, since with all care
corrugations appear on the carpet even after rollmg.l Also, when
the roller rolls over the carpet, “ripples’’ or corrugatlc:ns oceur on
the carpet. This could be observed on a * pronounced’ scale when
the macadam road was heing rolled. When a carpet is laid on such a
gurface, the carpet assumes the profile of theso. corrugations,
Perhaps, the only manner in which the corrugzmtloné} could .be
removed, before the carpet is laid, is by means of a horizontal disc
machine on the model of a polishing machine.

Shri H. H. Campbell: Various speakers have said that they
felt 80/100 penetration hitumen ought to have been specified. He,
however,” was of the view that in this particular case the selection
of 60/70 penetration bitumen wasy justified, because for such a “thin
carpet a harder grade is desirable. 1t might even have been better

to come down to 30/40 penctration bitumen as used by Madras
Corporation.

Secondly, he did not agree with the idea that the void content
had since come down. That he thought, and he was sure Shri Taylor
would bear him out in this, was unlikely ualess the aggregate had
been crushed which would mean the carpet was breaking up and of
this there was no evidence. The void content if designed’ between
5 and 10 could hardly “ come down’ to 3} to 4 or near about.

He was fortunate enough to see the work in progress and he
felt that there was need for better programming, and greater
co-ordination was necessary between the mixing and laying control
on this particular section of the road in order to take full advantage
of the mechanised methods of road construction.

Shri Fateh Chand*: One important point he would like to

stress, in connection with this Paper, was that there were such great
variations in climatic and temperature conditions, qualities, and
types of coarse and fine aggregates easily and cheaply available, and
availability of equipment and labour, in different localities, that an
experiment, design or proportion selocted for one place, might not
be good enough or might even be a failure in another place.

—— .

* This comment was roceived in writing,
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As a rule, practice in vogue in each locality, should be the
guiding factor, subject to such modifications only as laboratory
tests and field work, carried out in such localities, clearly suggested.

As regards precautions in heating bitumen, the range of
maximum and minimum temporature, suggested by the manu-
facturers, should be strictly followed. Also, a proper gradation of
materials should be aimed at to give minimum void contents, The

aggregates should be measured by volume and bitumen by
weight.

Shri S. R. Mehra in his replies stated that there was only one
point which he was going briefly to refer to, and that was the
objection raised by Shri N. H. Taylor.

He felt that a certain amount of misunderstanding had perhaps
cropped up as a result of the title of the Paper. As he had explained
in his opening remarks, the idea was to make an improvement on
the existing practice in two directions : (1) that before a machine
laid carpet is put on a flexible pavement, it should be ensured that
the flexible pavement has got adequate thickness and that it is not
going to wave under traffic loads, thereby defeating the cbject of a
machine laid carpet which is intended to provide a smooth riding
surface. (2) The idea was to see whether in the context of
availability of materials as they are, it was possible to improve on
the engineering properties of carpets as they were being laid already
without exceeding very much in cost. The cost question is one
which could not be neglected in this country. He remembered ‘a
couple of ydars ago Shri Taylor objected violently to our not using
graded stone in water-ound macadam. The answer which he gave
then was simple enough, that our stone was broken by hand labour
and not” by crushers as is done in the western countries, and that
was the reason why it was not possible to use graded stone in water-
bound macadam ‘and not that there wag any ignorance about the
Superiority of graded stone. In the same way, though it is very
desirable to design dense carpets in the conventional method and
lay them down, if is too oxpensive for any wide usage. Ways anc
means havo to be found for simpler and cheaper methods of laying
durable carpets which would be better than precoated chips used sc
far. To that extent, he felt, as results would show, there has prob-
ably been some advancement,

With these few words, he would leave it to his co-Authors t«
reply to any other points of detail that might have arisen.

Shri C. G. Swaminathan: If a carpet was designed just a
bor practices of the Asphalt Institute there would not have beei
bny necessity of presenting this Paper at all. It was the unconven
tional approach that prompted the Authors to present this Paper,
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The requirements of a bituminous carpet are that it should be
strong and durable. There are established gradation limits and
stipulations as regards void content and void fill with bitumen, etc.,
to help in the design of a carpet which would satisfy the final
necessities as regards strength and durability. There are number of
gradation limits in the U.S.A. itself in the AASHO, ASTM, ete.
But all of them are only guides to get a gradation which would
finally give as dense a carpet as posgible with available materials.
Here he quoted one of the pioneers in the field of asphalt technology,
Mr. Menaughton who had stated that there is no doubt a good
asphalt surface can he obtained with a gradation, mecting the
requirements of specifications. But equally good or perhaps
better mixtures might be obtained from mixtures which do not
meet the grading requirements of the Asphalt Institute or some
similar organizations. Secondly, he could show a number of
instances in the American Association of Paving Technologisty
where grading had not been strictly followed to satisfy any particular
limits, yet they had been able to get the requisite stability and voids.

50, it was not necessary to lay too much emphasis on gradation
limits. What is required is to obtain the materials, test them and
if satisfied as regards the final properties, lay them.

As regards the void content, quite a number of speakers had
said that 3 to 5 per cent should have been the limit. Whereas they
had gone overboard, nearer 10, and they had been criticised thai
this percentage of voids was for the triaxial, method whereas 3 to 5 pe:
cent is related to Marshall’s and so on. A]l these are supposed tc
be related to the final compaction and the final void contedt obtained
in the field. He could give certain instancss and even referenceg
where the final requirement had been as high as 10 per cent as
regards the void content in the carpet in the field. One of tpe spea-
kers had stated that we should have expresssed in terms of 92 per
cent or 93 per cent of the Iaboratory density and so on. Now
surely one will not use a chemical balance 6 ‘ ’
It is enough if one says that the final void con

tent in the £ i
They had taken a number of carpet is

cores all along the
; 9 cases out of 10

they got void content of around 5, alth .0 .

content was 10 o 19, , although the original void

. . The reason is obvious, It is never
possible to simulate the compaction as & result of traffic in the

various laboratories i i
had always been a very i oct. and ponoond it

arrived at an exact corvelation between the degree o
which was  obtained in the field ag related to the degree of
compaction obtained in the laboratory, So, as long as it was
possible to get a low void content ’

¢ and adequate stability in the fie
he thought it should be considered satisfagtory. 10y i the field,

f compaction
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Coming to more detailed points raised by various speakers,
Shri D. C. Chaturvedi had asked as to how the thickness of 1 to
1} in. was arrived at. It is obvious that a greater thickness will be
better. But, from economic considerations and in view of the fact
that the need was only fora wearing course and pot for any
structural element, the thickness of 1 to 1} in. was adopted.

In Table 2, there is a mistake : actually the value of stability
(Marshall) for stone sand crete is 965 and not 9.65. The void
percentage of 9.06 obtained for sand stone crete was obtained by
the use of crusher run screenings of 1/8 in. and below. On the other
hand, if coarse sand was used, which is normally adopted in the
crete type of surfaces, voids as high as 15 per cent could be
obtained. It was intended to compare the designed mixtures with
the ordinary crete type of surface by using the same materials in
both of them and that was how 9 per cent was obtained in the case
of crete type and it would be 15 per cent if Badarpur sand or any
other coarse sand was used. It was intended to note the Bump Index
atyvarious intervals to note the reduction in voids. The significance
of abrasion test for bituminous mixtures was just for comparison.
The abrasion is not a standard test at all. They just wanted to
have a comparison between the two and it told them that the stone
sand abrades to a greater extent than the designed carpet.

o Sitri Chaturvedi had also asked about the extraction test and
the Authors agreed that the extraction test took a good deal of time,
If they had the hot extractor, it would easily have taken about
5 hours, but with the centrifugal extractor in about half an hour
the results would be available.

Shri Chaturvedi had stated that U.P. had developed a method
of laying the water-bound macadam to a smooth finish. He folt
this could be suggested to other States as well.

Pagsing on to Shri D. K. Laroia’s comments, Shri Swaminathan
stated that he had already explained the void bercentage of 9.06, and
referring to the smoothness of the open graded carpets in Table 3, he
stated that it was true that the smoothness of the designed carpet was
dependent upon the mechanical laying. On page 478 in para 2.3,
it is stated that the bump free surface of the figure of 110 was as a
result of mechanical laying. They never claimed that this was as a
result of the design of the carpet. As regards the increase of
quantities of materials retained on % in. as give.m in Table 10, it
should be kept in view that the sieve analysis given was for three
different lots and not the sieve analysis of the same material. But
it gives the gradation.

Shri Laroia had also referred to the bulk density between loose
and compacted materiul. Most of these designs were worked op

30



0948 Disoussion ox

weight-basis and, as such, though only 1,150 cu. ft. was useq for
dense mix, it would be a tighter mix than the 1,300 cu. ft. ay given
for the open graded mixture.

Referring to the comments of Shri Saparamado, Shri
Swaminathan remarked that wmost of the comments have
already been answered earlier. As regards Table 4, it is
true that the percentage of voids in total mix was stipulated
as 10 per cent for the triaxial test and not in Marshall’s.
But he thought that so long as it was possible to obtain a low void
content in the field, it would suffice. It is true, no doubt, that it
was attempted to get a mixture so as to have a maximum density
similar to the mechanical stablization of soils. It was attempted
by virtue of the fact that additional filler was not to he incorpora-
ted. Regarding the use of a softer grade bitumen, Shri Swami-
nathan did not agree with Shri Saparamado and he felt that in
India, in particular, it is better to go in for a harder grade of bitu-
men consistent with durability. It is true that although a value of
1,000 1b was obtained by using 80/100, 60/70 bitumen was used rot
because it gave higher stability but hecause it was folt that for
conditions in Delhi, a harder grade would he better.

Referring to the remarks of Shri Taylor, the Author stated
that there was a mistake in Table 2. The value of Marshall stabi-
lity for stone sand crete mixture is 965 and nat 9.65. The values
were given just to show as to how the various mixtures would behave
in similar conditions of testing such as Marshall. Shri Swami-
nathan agreed with Shri Taylor that the even-running of surface

was mainly due to the use of a mechanical paver and this has heen
clearly stated in para 2.3. ’

As regards the cost of the mixing plant, it is covered under the
hire charges given as item 5 on page 513. Shri Swaminathan agreed
that it would have been possible to get a mixture much denser than
the one got by them by addition of filler, As regards absorption, the
absorption test was conducted and the value of absorption was
0.1 per cent and for a district where rainfall is low such as Delhi, it
was felt that this mix would work out very sa,'tisfactorily. It is true
that the values given for the percentage of voids in Table 18 were
taken after rolling, but three months after construction, when

Specimens were taken out in the same localities, the void per cent
had come down to about 5,

Referring to the remarks o
hathan stated that the overa)
ved at after doing the C.B.R.
Shri Swaminathan himself
section 7.4,

f Shri Satish Prasad, Shri Swami-
1 thickness of road pavement was arri-
test and as such it would be adequate.
had referred to the use of primer in
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Referring to the remarks of Shri P. L. De, in Appendices IITand
1V, it may be noted that the cost based on bulk bitumen and mixing
plant had also been given on pages 515 and 516. The question of
screening did not obviously come into the picture as the design was
based on the initial sampling and gieving of the materials used. As
regards the total quantity of aggregate, it may be noted that though
the thickness of all the three carpets may be 1 in., the quantities

would vary, depending on the percentage of the void left and the
assumed value of bulk density.

Passing on to the remarks of Shri Jayawant, Shri Swami-
nathan replied that the gradation limits were taken from the manual
of Asphalt Institute in which the gradations given in the Paper were
given for use of a surface mixture as well.

Regarding the percentage of voids, Shri Swaminathan replied
that he had already made them clear earlier. In this connection,
he would refer to certain Papers of Norman Meleod wherein he had
quoted instances of well designed mixtures with an initial void
cohtent of 4 per cent, showing signs of bleeding as a result of
continuous passage of heavy traffic. This clearly shows that it is
Ppussible to bring down the percentage of voids as a result of compac-
tion®of traffic. Tt is true that it would have been better if the full
compaction had been referred to in terms of ratio between the field
density and theoretical density. But it was thought that a simple
figlire such as density as given in the Paper might be more helpful.
It is true that immediately after rolling, this ratio came to only
85, but after three months of traffic, the voids had come down.

Passing on to the remarks of Shri Kalia, the C. B. R. test was
done after soaking and as regards the use of 60/70 bitumen, some
portions f the roads were done during the months of January and
February and it was found possible to use the 60/70 bitumen quite
easily without the mixture cooling down completely.

Referring to the remarks of Shri I. P. Gupta, Shri Swami-
nathan stated that the breakdown of the thickness of the crust of
the road was obtained *based on C.B.R. values.

Finally, Shri Swaminathan thanked the various speakers for
evincing keen interest in this Paper. '

Shri N. Durrani (Chairman) in winding up the discussion
thanked the Authors for a good Paper. He also thanked the
various Engineers who took keen interest in the discussion and
brought out several other useful points.

o ——y——



Discussion on Paper No. 220*

‘‘ Road Transport Operation Cost on Various

Types of Surfaces ”’

By
N. D. Darrary & Dr. M. K. GaNovuLl
Sunday, January 31, 1960

Shri Jagdish Prasad (Chairman) called upon Dr. M. K.
Ganguli to introduce the Paper for discussion.

Dr. M. K. Ganguli stated that he would have liked Shri N. D
Dafrary (co-Author) to be present here to introduce the Paper,

In 1933, the Council of the Indian Roads Congress appointed, on
arecommendation from the Transport Advisory Council, a Committee
to study the cost of operation of motor vchicles on different types of
road surfaces and the economy of road improvement. Thg Com-
mittee having been saticfied that an experimental approach v.as
unavoidable, decided that two important nationalised undertakings
should be approsched to carry out an experiment on their behalf.
Controlled experiments were thoreafter carried out by Bombay and
Uttar Pradesh State Transport Undertakings according to design
and speeifications supplied by the Committee, This Paper gives the
details of the actual experiments and their results, The cxperi-
ments have clearly brousht out the amount of reduction in the cost
of operation of motor vehicles on different types of surfaces. The
observations show that the change of road surface from bad water-
bound macadam to good cement concrete reduces the fuel cost per
gallon from 22.6 pies to 17.4 pics, which means g saving of fuel
consumptinn to the extent of about 25 per cent, Similarly the data
regarding consumption of tyre and spare parts by the vehicles on
experimental routes had clearly brought out the amount of reduc-
tion in the cost of operation of motor vehicles on different types of
qurfaces. The variation in the cost of consumption of lubricant oil
was, however, not very much marked. The consumption pattern of
items like fuel, lubricant, tyre and spare parts had by now more or
less stabilized and valid conclusions might, therefore, be made

regarding the economy resulting from road improvements with
sufficient confidence,

* Published at

pages 517 to 540 of Vol. XXIV—Part 3,0f LR.C. Journal,
December 1959 '
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The experiments were now being extended to hill roads and, he
was sure, that with the availability of sufficient data interesting
conclusions could be arrived at on such routes also.

Before concluding, the would like to mention that the Paper
discusses in detail the Indian experiments and their results and algo
reviews the experience of other countries so that an effective com-
parison could be made.

Shri R. Thillainayagam stated that the economic gain due
to reduction in operating time and accident costs, though not easy
to evaluate these two important factors an attempt should have
been made to take them into consideration in assessing the operating

cost on different surfaces. Similar evaluations had been carried
out both in UK. and U.S.A.

As regards categorisation of road surfaces in the Paper, the
variation of surface characteristics for the different types might not
be much. For instance, in the case of black top surface, the surface
cBaracteristics of the different types of pavement were not very pro-
nounced and a bituminous concrete surface could compare very
favourably with that of cement concrete surface. Again, the surfaces
were classified as good and average, based on the speed at which the
vehicle could be operated on them. This classification, in his opinion,
did nof give an accurate picture of the surface conditions of the
p&vement ay speed was governed more by the traffic intensity,
grade, the geometrics of the road and the operator’s ability than
by the surface condition. Such a clagsification, he felt, left things
more to individual judgment. Tt should be based more on the

surface conditions ands other characteristics than on the operating
speed alone,
*

Shri A. C. Sharma remarked that such Papers were neces-
sary for convincing the Legislators about the necessity of good
roads. He offered the following further suggestions :

For purposes of experiment black top surface, specially
the lengths where premix carpet had been laid or the surface was

smooth, should be categorised with cement concrete as per practice
in America.

The routes should be taken with equal number of halts as
far as possible because larger number of halts resulted in excess
consumption of petrol and greater wear of brakes and tyres.

Shri B. V. Patankar stated that it was not clear whether the
following observations were also made in these experiments :

1. Speed versus petrol consumption—because greater the
speed the higher would be the petrol or diesel consumption,
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Uniform weight—some vehicles were overloaded and
some under-loaded ; and conseruently, the data obtained
would not he uniform.

Wet surface—the road surface conditions would vary
from ‘ dry ’ to  wet *. Hence, some more experiments,
if conducted on these lines, might give us better * data .

Shri K. K. Nambiar’s first point related to oil change, t.e.,
consumption of oil. In all the foreign countries it has been shown
that owing to upgrading of surface there had been a certain amount
of saving in the oil consumption, whereas in the experiment con-
ducted by the Authors the oil consumption was shown as the same
irrespective whether the road was water-bound macadam, good or
bad, bitumen pavement or concrete pavement. This needed to be
investigated. Probably, in the matter of oil consumption, the chief
factor was the change and not the topping of it. So, e had requested
the Authors to correspond with the authoritics who had conducted
experiments in foreign countries to find out the criteria adopted by
them for the change of oil, and whether the oil was changed when it
deteriorated to a particular standard. It should certainly show a
reduction ¢n the oil consumption if the surface was upgraded.

Secondly, in evaluating the savings or in working out the
running costs on bad and good roads, the Authors had not taken
into consideration the element of saving in fixed costs that world
accrue  due to increased number of trips at fast speed
ensured by better type of roads. The fixed costs like garage charges,
taxation and other charges would remain the same. Therefore, if
the element of fixed costs wag also incorporated into the running
costs for purposes of comparison of bad roads with good roads, it
would be possible to get realistic values for savings,

It was mentioned in the Paper that in Great Britain, if the
authorities would invest Rs 720 crores on improvement of roads, it
would result in an annual savin g of Rs 125 crores to the British
people. Similarly, if the number of trucks, buses and cars on the
roads in India was obtained along with the average milage done by
each of the vehicles, and then evaluate the saving that would acerue
to the nation by upgrading the water-bound macadam to black top
and black top to concrete and so on, it would be an eye opener to

the Members of Parliament that investment on roads was really a
very good investment,

Shri Fateh Chand * comment
any improvements made in road surfaces though appreciated by the
motorists they would not like to share with the financing authority
any portion of the savings accruing to them iy the matter of reduced

ed that unlike other countries

* This comment was received in writing,
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running or repair costs, ete. However, if the Indian Roads Congress
could convince the Government fully of the actual expenditure
incurred by operators on different types of surfaces, a system could
perhaps be evolved so as to apportion the savings accruing from any

@mplrfovement between the operators and the cost of improvement
itself,

As regards the figures quoted for U.S.A. and other countries,
these could not serve as a guide for this country as the specifications
and condition of earth roads, maintained by machinery in the
US.A,, differed a great deal from those in India, Simil&rly, condi-

tion of road surfaces, nature of vehicles and congestion of traffic
differed greatly for metalled roads.

As regards cost per vehicle-mile in Bombay being 17.40 and
1‘9,76 pies respectively for C.C. roadsand B.T. roads, Shri Fateh
Chand stated that his experience in U.P. was that there could not be
so much difference in the cost of operation on these two surfaces
urzless, of course, the black top road selected might be passing
through congested areas or there might be heavier gradients, sharper
curves, more stoppages or restrictions against higher speed as com-
pare‘d to the cement concrete road selected for the experimént.

Shri Fateh Chand suggested that experiments on larger scale
should, be made in all States with similar vehicles and conditions on
the roads affecting the cost of operation. Then only would it be

possible to arrive at some tangible steps to improve road surfaces
and to benefit the operators at the same time.

. Dr. M. K. Gangwli (Joint Author), referring to the sugges-
tion of Shri R. T hillainayagam to also incorporate economic loss
due to atcidents and savings in time in the experiment, stated that
these factors being more or less subjective were not included in the

aper. Here, their effort was to analyse whatever actual observa-
tions were supplied to them and which could be quantitatively
estimated, 80 as to focus the attention of the administrative autho-
rities over the necessity of improvement of roads. The saving in time
and economic loss due to accidents was likely to be interpreted by
different authorities in a different way and they might not be on sure
and certain ground so as to say that if these economic benefits would

not have been included in that subjective manner, the case could not
be proved otherwige. |

Regarding the condition of road specifications, ete. obviously,
he would have been very happy to put as much control as Possible on
these experiments so as to put clear cut result before the members,
but it will have to be appreciated that the practical limitations of
the operators stood in the way of controlled experiment. For
Instance, one of the speakers said that the number of halting stations
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should be made similar, otherwise the vehicles would have to run on
low gear thereby causing uncontrolled variation. The suggestion was
no doubt quite good but to have similar length of roads, uniform
curvature, uniform traffic intensity, and the same number of
haltages might be impossible to attain in reality. So, these pmcticzﬂ
difficulties have to be faced before going in for controlled experi-
ments.

Shri K. K. Nambiar had already discussed most of the points
with him. As regards his first point about the oil change,
Dr. Ganguli stated that he would refer to the Tows Experimental
Station for further details. It was not unlikely that the different
Transport Undertakings might be changing the oil after a certain
milage irrespective of the condition of the oil. The condition of
the lubricant oil in the vehicles plying on the dusty roads might
be relatively worse before a change was affected. Tt is proposed to
sample the oil before change and send it to the proper research
organisation for a report about the dustiness of the oil, which
might confirm the above conclusion,

[

So far as his second point was concerned, about calculating
the national loss, they were certainly interested in it, but the only
thing was that the results available till now related mainly to plain
roads and they were awaiting the results of hill roads from the
Himachal Pradesh Government as well as from other States. Only

. . . . . N
receipt of these details a comprehensive estimate for Tndia as a whole
could be made.

Shri Jagdish Prasad (Chairman) concluding the® discussion,
thanked the Authors for the valuable Paper that they had presented
to the Congress. The subject of the cost of operation of motor
vehicles on various types of roads had perhaps come up before the
LR.C. Session for the first time and members would agree that it
deserved further study and investigation. It is of interest to
engineers because it was very difficult nowadays with increased cost
of construction of roads to get adequate funds for improvement and
maintenance of roads. Unless it could be proved to the Legislatures
and the Government that money could be saved by improving the
surface of roads, it would be difficult to get adequate funds for
improving the roads as well as for maintaining them properly.

This problem of determining the cost of operation of vehicles
on different types of surfaces was entrusted to the I.R.C. by the
Transport Advisory Council. The TRC was rather in a difficult
position because it could not directly conduct the experiments
which had to be carried out by large Transport Undertakings.
Private motor operators generally being not so well organized the
data required for these experiments could not be obtained from
them. It was, therefore, thought that the two well organized road

Roan TRANSPORT OPERATION CoST 955

Transport Undertakings, ie., the Bombay State Road Trans-
port and the U.P. Goverment Roadways, be requested to carry out
these experiments on behalf of the T.R.C., but it seems that the
Committee entrusted with this work would probably have to discuss
the matters with the authorities of the State Transport Under-
takings in greater detail so that, as desired by Members, further
investigations might be carried out and greater details obtained.
At present the matters were being dealt with by correspondence, and
unless there were personal discussion between the Committee and the
Management of these Transport Undertakings, probably they would
not be able to understand the requirements and points of view. He
therefore suggested that the Committee should meet the Transport
Undertakings, and see for themselves where the experiments were
being conducted and what further data and details had to be
supplied by the Transport Undertakings, in order that the variables

might be reduced as far as possible and definite conclusions drawn
from the experiments carried out.



Discussion on Paper No. 221*

“QOrigin and Destination Study of Traffic of
Greater Delhi”’

By
T. S. Kuanva & T. R. SEHGAL

Sunday, January 31, 1960.

Shri Jagdish Prasad (Chairman) called upon Shri T. S.

Khanna (one of the Authors) to introduce the Paper for
discussion.

Shri T. S. Khanna (Author), while introducing his Paper for
discussion, drew attention of the members, to the historical
background of the city dating back to 1400 B.C. to 1912, when New
Delhi came into being as the seat of the then Government. Since
then the two adjacent cities of Delhi and New Delhi have developed
separately instead of growing into one unit which was mainly due to
lack of integrated planning. He added that, in 1947, when parSition
of the country took place, more than half a million refugees moved
into Delhi creating numerous problems. The sudden and haphazard
growth of the city was responsible for a number of present day
traffic and transport problems. Even now about 70,000 people come
to settle in Delhi from surrounding arcas every year.

Shri Khanna enumerated several factors which had given rise
to Delhi’s traffic problem, viz., (i) sudden rise in the population
goon after the partition, (ii) unplanned expansion of Delhi urban
areas to settle the refugee population causing ribbon development,
(iii) rising demand of transport as the refugees settled down and
found jobs, (iv) general rise in per capita income in Delhi, (v) all
types of vehicles coming on to road to meet ihis transport demand
creating serious traffic complexities, (vi) functional obsolescence of
roads built for light and slow traffic of the past, (vii) concentration
of Government offices in particular areas, (viii) lack of road sense on
the part of road users, (ix) lack of any particular organization

dealing with the problem, and (x) more people settling in Delhi fur-
ther aggravating the problem.

Efforts in the past to solve the traffic problem, he said, had not
shown impressive results. This was mainly due to the fact that (i)

* Published at pages 579 to 627, Vol. VX}gi‘IV-—Part 4 of the Journal of the
Indian Roads Congress, January 1960.
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action to provide roads, parking and transport services had been
taken independently without any definite overall concept, (ii) supply
of finances had not been able to meet the extraordinary requirements
of the essential improvements, (iii) responsibilities of the traffic
problem were divided into a number of organisations and (iv)
trained men for the job were not made use of.

~ Shri Khanna observed that there were at least 13 different types

of vehicles on Delhi roads which created accidents and congestion
problem due to great variety in their behaviour and road require-
ments.

There were about 8,000 motor cycles, 12,600 private cars, 1,700
auto-rickshaws, 1,550 taxis, 2,900 trucks, 500 private buses, 550
D.T.UC. buses, 4,500 tongas and rehras, about 300,000 cycles, 800

cycle-rickshaws, 2,650 hand-carts, 3,500 bullock carts and innumer-
able pedestrians.

A glance at Delhi road aceident records would reveal some
ifiportant facts. During the two years 1958 and 1959 there had
been 6,561 accidents on Delhi roads, 2,642 persons being injured
and 293 persons killed during the same period. For evesy 23 acci-
dents there was one fatal accident and in every 3 accidents at least
1 person was injured. Death-rate wasg increasing as one person was
killed gvery twodays during the year 1959 compared to 1 killed every
3@ays in 1958. Ten to 11 accidents occurred every day compared to
8 accidents per day about a year ago.

Exact sconomic loss due to accidents had not been calculated
but a rough and modes§ estimate showed that about Rs 15,000 loss
per day was being incurred in Delhi road accidents.

®

As far as total fatal accidents were concerned, the most-lethal
vehicles on Delhi roads were trucks and the Delhi Transport
(D.T.U.) buses. Yet the salest vehicle to travel in was a D.T.U.
bus. It was paradoxical that a vehicle which had the highest
chances of being involved in an accident should be the safest
vehicle to travel in. Redestrians and cyclists were the worst hit in
fatal accidents.

A recent study showed that Delhi Transport Undertaking
(D.T.U.) buses were involved in 18.7 per cent of 1958 accidents
whereas their daily run was only 1.3 per cent of the total vehicle-
miles travelled everyday. Auto-rickshaws and trucks were involved
in 15 per cent and 21 per cent accidents respectively whereas their
daily milage constituted only 4 per cent and 7.8 per cent of the
total daily vehicle-miles. Animal drawn vehicles constituting 7 pet
cent of the total vehicle-miles travelled everyday were involved ifi .
17 per cent of the total accidents in 1958, Taxis were involved in



958 . DiscusstoNn oN

11 per cent of accidents whereas daily taxi-miles were only 2.8 per
cent of the total vehicle-miles travelled everyday. Judging from
these figures one could see that the D.T.U. bus drivers, taxi
drivers, truck drivers and auto-rickshaw drivers needed a special
attention in driver-improvement programme.

As regards accident prone areas, Shri Khanna suggested that
Rohtak road, Najafgarh road and Elgin road needed first attention
for improving them from fatal accidents point of view ; Gurgaon
road and G.T. road demanded the next priority. Ring road,
Pusa road, Bela road, Sadar Bazar, Chandni Chowk, Subzimandi,
Gandhi Nagar were next in line to take measures for climinating
fatal accidents.

As far ag the number of accidents per mile was concerned, Faiz
Bazar topped the list with 280 accidents per mile. Next in line
were Connaught Circus, Dufferin Bridge, Elgin road, Pull Mathai,
ranging from 122 to 90 accidents per mile. Minto road, Janpath,
Parliament Street, Jamuna Bridge had about 60 accidents per mile.
Connaught Place, Panchkuin road, Chelmsford road, Rohtak rond
followed with about 40 accidents per mile.

Shri -Khanna stated that in very congested areas there were
fewer severe accidents due to slowed down speeds. But these areas
have a subtle effect on accident severity. The drivers tried to make

up for the lost time by speeding up or driving rashly in open-areas,
thus becoming more accident prone. ‘

Shri Khanna remarked that though maximum motor-vehicle
,_qpeed attained over a single measured mile, with a ranning start
increased from about 40 miles per hour ih 1898 to 400 miles per
hour in 1948. But travel speeds in city areas had been slowing
down due to congestion on certain routes. Travel speed on the
main route between Delhi and New Delhi, i.e., Delhi Gate to
Kashmere Gate, was about 16 miles per hour. Average travel speed
of the D.T.U. buses was only 12 miles per hour. Travel speed in
Chandni Chowk, Jama Masjid, Naya Bazar, Lal Kuan, Feteh Puri,
Khari Baoli, Hauz Qazy, etc., ranged from only 4 to 6 miles per
hour, 1.83 million cycle-miles were travelled everyday on Delhi
roads between the speeds 7 to 9 miles per hour.

A study indicated that about Rs 725,000 was spent everyday
on transport operations in Delhi. This included expenditure on

all types of vehicles. Annual expenditure came to about Rs 260
million,

If the average travel speed of D.T.U. buses could be increased
only by two miles per hour, i.e., from 12 mfhr. to 14 m/hr. a saving
of ahout 600 operation hours per day could he effected ; this would

mean that 10 per cent less buses could do the same service,
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Delhi was likely to continue growing for a number of years yet.
The Master Plan of Delhi recommended the development of 5 major
industrial areas covering more than 5,600 acres land to provide
employment to 170,000 persons. Future expansion of Delhi woqld
naturally give rise to further traffic problems. In old times cities
were developed around a core area and the development was gover-
ned by distance-radius. But in modern times, expansion of cities
seemed to be governed by travel-time-radius. In other words,
instead of the distance being measured as miles away it was being
measured as minutes away provided the transport cost was within
& certain limit of about 5 per cent to 7 per cent of one’s income.

Traffic and transport could be planned for cities of limited size
but not for unlimited size. The situation becomes still worse when
cities keep expanding and start bursting into each other as it has
already started happening in the U.S.A. where it is being believed that
before the turn of this century the entire Eastern sea-board of the
U.S.A. will turn into one city 640 miles long with variable width.
Aacording to the Delhi Planners, population of Delhi would be
5 million by 1980. Tt is high time that optimum size for Delhi was

fixed and no more growth permitted thereafter. °

boncluding, Shri Khanna felt convinced that professional
training to those engaged in traffic and transport problems was
abgplufely essential. Speaking particularly of Delhi and other big
cities of India in general, the responsibility of traffic and transport
problem should be entrusted to a body [of trained men who would
make traffig and transport as their career. By professional
training he did not meag only technical training as these men could
not work in  technological corral > and function only within techno-
logical professional walls. They must be equipped to cope with
administrative, social, economic and planning problems and several
other fields through which traffic cuts across. Besides the necessary
technical training of these men, their training prograrmme could
usefully include techniques in public administration, public psycho-
logy and sociology, public finance and economics, principles of

planning and of legislation, enforcement planning and technigues
and public education.

He hoped that as the needs of the country became greater, the
attitudes and actions of the Government would become adjusted to
the real needs of the people. And these attitudes and actions would
be translated into the policies of the Government. These policies, in
turn, must be applied to such concrete acts as creating increasingly
effective measures for improving traffic and transport conditions,

G. B. Shaw once said:  Unless you take care to have the things
you like you will be forced to like the things you have”. As
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revealed by the traffic studies of Delhi now, it was high time to
take care to have the things they liked in traffic.

Shri C. L. N. Iyengar observed that the O and D survey,
described in the Paper unlike some other O and D surveys reported
earlier to this Congress, was the ﬁrf&t of its kind, with a cqmpre}}en-
sive analysis of the 0O and D facts in the manner adopted in various
T.8. cities, and he complimented the .C.R:R.I, for having ta,k.en
great trouble in carrying out a routine job of almost a city
Government.

Many recommendations made as an outcgme of this study, Sh.ri
Tyengat romarked, were more or less qualitative, though to a certain
oxtent Shri Khanna had elaborated guantitatively the problems
during his introduction. Therefore, it made '1'e:mders and possibly
even some of the engineers familiar with Delhi, feel as to whether
the conclusions could not have been made just as an outcome qf
their own experience. In that context, it would have been better if
things had been put down qualitatively. By that he meant that they
had established by careful studies as to what were the actual trafic
volumes going along the various roads. By a proper correlation of
the traffis figures with the geometrics of the roads they could try
and find out as to whether capacity of the road was adequats for
carrying the type of traffic going along it‘, or whether l?y enforeing
some orderly movement or by a segregation of traffic, improvement
in speed and other functional characteristics of the road could htve
been made by these measures. Similarly, there was a reference on
page 600 about a very novel method of locating highway crossings
like bridges, etc., by moment area method obtained by he O and D
facts. Now, having found from the present data that another
bridge site over the Jamuna should be located close to the existing
bridge, a random shift, without having adequate traffic pradictions
of the development of the area in the near future near Nizamuddin
or some other place, left the application of these facts still in-
complete. Most of the traffic facts, regarding peak hour, Shri Iyengar
stated, were taken on a 13 hour basis v-nth the break-up of 15
minutes intervals without giving the classification of the traffic by
the individual trips for the 15 minutes, to find out the intensity of
traffic of short periods. This was not easily analysed by the facts
presented.

There was a suggestion made in the Paper for staggering of
office hours as a solution to relieve traffic congestion. Shri Iyengar
was not sure to what extent they could stagger the office hours
practically to resolve this congestion if peak traffic continued for 1%
hours. If the peak traffic was concentrated for a short period of
half an hour, then it was possible to stagger the office hours for 2
hours or so and it might be possible to help in this regard, but if
the peak traffic assumption remained uniform for 7 or 8 quarter
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hours, then it was impractical to achieve relief by staggering office
hours.

Shri Iyengar added that a 10 per cent sample had been taken
for analysis. For certain things, this 10 per cent sample was
adequate, but for analysing all the variables it was not adequate.
For example, the fallacy of this analysis was proved by the figures
given in Table 10 on page 598 of the Paper where it was shown that
people with income group of Rs 1,500 or above used less of their
cars than the people in the income group below Rs 1,500, i.e., of
the people in income group of Rs 1,500 or more only 74.92 per
cent used their own cars whercas in the income group of Rs 100 to
1,500 about 86.76 per cent used their cars. He thought this error
was only on account of the smallness of the sample.

Most of the engineers, Shri Iyengar thought, would be scared of
undertaking a survey of this nature unless they had some idea of
the cost of such survey and whatever might be the type of the
proplem, the factual basis was definitely better than having a basis
using pure judgment. If the cost of the survey along with an idea

of manpower required had been included, it would have substantially
added to the value of the contribution. °

Shri R. Thillainayagam stated that before O and D surveys in
United States of America and other countries were done, people were
under the impression that they could avoid the major part of the
traffic coming to the city by putting a byepass. But when they
took a detailed survey and analysed the data, they found that almost
more than 90”per cent of the traffic coming to the city was going into
the heart. Instead of a Uye-pass they started improving the road by
constructing overbridges and filyovers and other things. Here, also,
the analysis had shown that except for 19.23 per cent of the total
traffic, all the other traffic was bound to the heart of New Delhi. He
was not sure whether the figure of 19.23 per cent might be a high
figure, for the reason that many of the commercial concerns might be
located between the outer cordon and the inner cordon.

The O and D survey should be taken only as an indication of the
Present state of affairs of the traffic conditions in New Delhi and it
should not be used in planning the future locations of bridges and -
other important road and transport facilities. In America and other

* western countries, the cities were growing rapidly and they were not

In a position to correctly judge the exact future traffic pattern in a
city. 8o the city planners were now evolving a new method by
which they could assess the traffic generating capacity of & particular
area. This helped assess the traffic facility to be px:ov1d9d for the
future needs, For instance, they had a high class residential area, a
middle class residential area, a factory area, eto.; by grouping the
ares in zones they exactly knew that in a high class ares one could
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expect the number of cars greater, whereas in the low income group
the conveyauce generally used would be of a cheaper type such as
cycles, etc. He would, therefore, suggest, that instead of being
carried away blindly by the present O and D traffic surveys, the
Author should group the future land development envisaged in and
around Delhi into various zones and from that assess the future
origin of traffic in and around Delhi. The traffic thus assessed
should also be taken into consideration while fixing the traffic
facilities.

As Shri C.L.N. Iyengar had already pointed out, they could
not adopt in Indiu, where fast moving traffic was low when compared
to other countries, the limited sample of 1 in 20 or1lin L0 which
should be alright where the motor traffic was of the order of hundred
thousands. But in a city like Delhi, Madras or Bombay, where the
motor traffic was of the order of thousands, the random sampling
factor should be comparatively low. He, therefore, suggested that
the Author should investigate by taking a full scale survey and
find out the error introduced by taking 1 in 10 and 1 in 20 samples.
On the basis of the study the future sampling of traffic should
be done.

Delhi being the capital city, he thought, there should be large
fluctuations of the traffic patterns according to the season and
important events in the city. Traflic routing and facilivies will
also have to be planned for such seasonal traffic and cvents.

Dr. M. K. Ganguli stated the first point he would like to
stress was that the origin and destination of the traffic was necessarily
the same as the origin and destination of the vehicle. 1In the Paper,
he felt, the origin and destination of the traffic had been pomewhat
overlooked and the D.T.U. buses and the economic characteristics
of their users altogether omitted. Since the approach was by
stopping the vehicle, one could appreciate the difficulty for the
investigator to stop the bus and then enquire about the origin and
destination of all the passengers, their purpose of visit, etc. But
unless they knew the route that a person going from A to C or
desiring to go from A to C had been compelled to take, it might not
be possible to tackle the traffic problem properly. The same applied
to the goods traffic also.

Apart from the trips made by bullock-carts, thelas, tongas, cte.,
in a place like Delhi foot trips were also extremely important. In a
similar survey conducted by the Ministry of Transport as early as
1954, it was found that 38 per cent of the trips were made on foot in
Delhi. Such a high percentage of foot trips only indicated the lack
of proper conveyance facilities in the different routes or else the
cconomic conditions of the pcople. Since the present survey was
conducted after 3 years, he would very much like if the Authors
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could throw some light on the present position and whether there
had becn some improvement.

Regarding congestion and various other problems arising in &
modern c¢ity, Dr. Ganguli stated that sometimes, howevoer, in a city
like Delhi they got the reverse conditions, that is to say, no con-
veyance was available for hours together. In the 1954 survey, it
was found out if the travelling time of a person was one hour in a
D.T.U. bus or some such conveyance, his waiting time was about
another one hour. It was quite likely that the position had
improved in many directions, particularly due to the increase in the
number of vehicles. It would be of interest to know the change of
trend since then if the Authors could throw some light.

Dr. R. K. N. Iyengar observed that the study provided a
very good example of what could be achieved by the co-ordinated
efforts of the traffic authorities, research organisations, town-planning
departments, police departments, and all others concerned with
tmaffic, by carrying out such investigations for getting at the
amount of traffic volume and intensity flowing from one area of the
city to the other, which in turn would greatly help in the planning,
design and location of roads to cater to the ever increasing traffic.

In the Paper, the random sampling techniques adopted were
foynd® to be very expeditious and time saving and also money
saving. He thought that with suitable modifications, it could be
recommended for adoption in other cities where traffic O and D
surveys were to be carried out.

Generally speakitg, there was a tendency of random develop-
ment of roads in many of the major cities which are expanding at a
very fast rate. A properly planned O and D survey, as carried
out in the capital city of Delhi, could be useful for design of suitable
routes in other cities to cater to the ever increasing traffic, and it
would also decrease the traffic hazards which were a common feature
in most of the fast developing cities. It would be most useful if the

concerned authorities in Delhi would accept and adopt the recom-
mendations made in the Paper.

Shri R. P. Chanda stated that Shri Khanna had brought up
a very interesting subject which was highly topical and very very
urgent, i.e., the road and the transport problems in urban areas.
The cities may be ancient ones like Delhi, not so ancient, or modern,

but nevertheless the problems were or would be the same and might
get worse,

Shri Chanda stated that ¢planning’ is a tool for what was
needed. How to utilize or implement the results of planning
surveys! Every city in existence had various authorities dealing

32
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with the same problem. From traffic point of view, he could not
think of anything worse. Take, for cxample, the city of Calcutta, they
had the Port authorities who looked after roads serving the ports ;
then therc was the Municipal Corporation, the Improvement
Trust the canals and the irrigation department in addition to
the railway organizations with its headquarters, warehouses, sidings,
ete., and they required approach roads 1 the State Goverment had
its road department with some of the National Highways
going in and around the city. Thus a host of people were in
charge of rowds. Unlesy co-ordination was done, the road
planning would not succoed. For this purpose, there was the
necessity of an authoritative body to coordinate and control both
planning and implementation of the decisions arrived at. Shri
Chanda requested the Author to consider the problem of organiza-
tion in a body in different cities, which would be able to control and
work ount the details of planning as well as means and measures for
implementation. He hoped the Indian Roads Congress would also
take this matter up, prepare standards, and make recommendations
to the State governments so that they could have a City Road Board
like Metropolitan Water Board, Sewage Board.

Shri B. V. Patankar wanted to ask the Authors whether the
word ‘traffic’ did not include the pedestrians. Pedestrian survey
would, of course, be difficult, but at the same time it might.throw
gsome light on the O and D studics and also prevent accideNis
because, in all accidents there werc two partics and gencrally the
pedestrian was a greater suffercr. Unfortunately, the study of aceci-
dents was not given. But he had read in some other Papers that at
least more than 35 per cent of the accidentsewere due to the ¢ juy ”’
walking tendencies of the pedestrians.

Shri R. Krishnamachari* stated that the Authors had
suggested separate cycle tracks as well as expressways in certain
areas. In a city which had already developed, it might he very
difficult to clear the road side and provide cycle tracks. The whole
question of providing covered and separate cycle expressways might
cost the exchequer quite a lot of money. Instead of spending on
this item, it would be better if the money was spent on increasing
the number of buses in the capital. In Bombay, one would see the
gradual disappearance of cyeles from the road in the last few years.
This was because of the increased facility of public transportation.
As such, the step in the right direction would be to better the
public transport services, and to spend the money on such items
rather than on building new cycle expressways. These expressways,

in future, might not be used when better transport facilities came
into existence.

* This Comment was recoived in writing.
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Since the Subzimandi area of Delhi was already crowded, it
might bo worth while to study the possibility of shifting the market
toanother area so that the slow moving traffic could he minimized.

Shri T. S. Khanna replying to Shri C. L. N. Iyengar stated
that it was really not a routine job because if Shri Iyengar had
looked through the questionnaire he would find that the questions
asked were not routine ones. The mode of transport was analysed
with the income group. It was not a routine job, but a research
job for the planners. There were 4 or 5 other questions with which
we tried to relate the type of areas with the type of traffic that they
were likely to generate so that they could do some future planning
and provide the facility accordingly.

Regarding the objection raised by Shri Iyengar about the
location of the new bridge across Jamuna, Shri Khanna stated that
though the technical aspects warranted that the bridge should be
developed along with the existing bridge, but it would not be feasi-
hle as certain other areas have to be developed and the facility to
crossing of Jamuna to be given to other areas also. That is why in
spite of the fact that moment area method was pointing the location

of gnother bridge near the existing Jamuna bridge it hdd still not
been recommended,

~» Regarding Shri Tyengar’s comment about fifteen-minute counts,
Sbri Khanna replied that the main idea was to find out during peak
hours the traffic volumes on various roads and the warranted
improvements and all that had been very clearly stated in the Paper
and even in the travel lines the desire lines covered all the 24 hours
as well as during pedk hours. The thick black line within the
travel |jnes was the peak hour demand.

Regarding staggering of office hours, to which Shri Iyengar had
drawn attention, Shri Khanna explained that the peak demand
where there were government offices was always more than half an
hour, but it generally varied from half an hour to 45 minutes. It
was really not a 15-mjnute demand because everybody could not get
on the road and get started from the house at the same time. So,
not only this study but another study also indicated that staggering
of hours would be a very useful idea if it could be implemented.

Sample was too small according to Shri Iyengar, but Shri
Khanna was of the opinion that a via media had to be fixed some-
where in order to choose some kind of sample which would be closest
to true representative. It was not claimed that there was error within
0.1 per cent or something ; the error may be about 5 per cent or even
7 per cent. But it was to be seen up to what limit we could spend
money and get results, Was it necessary really to draw full 100
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per cent results by paying so much extra ? Would that be essen-
tial at all 2 This sample size was not his decision alone, but also
the decision of a few statisticians who were consulted. They were
first fully made acquainted with the locality, the types of area, for
instance, industrial area, the residential area, and then the geogra-
phical boundaries as well. These consultations were done not only
in India but they were also done in the United Smtes_. Mr. Walter
P. Heddon who came to India specially to get acquainted with the
Delhi conditions opined that 10 per cent sample for fast and _slow
moving vehicles and smaller samples for cycles would he sufficiont.

The cost of survey, as asked by Shri Iyengar, was fairly high.
The total cost was somewhere close to Rg 16,000 to 17,000. The
number of people employed were not regular ; they were employed
for this particular job on daily wages, and the people employed
during the days of traffic survey was close to 90. Survey was
carried out night and day with different shifts and people were

trained and given shifts. Then the analysis also cost very high,

somewhere clogse to Rs 6,000, There were 33,000 interviews. Eaah
interview represented at least ten vehicles and the variety of vehi-
cles was mentioned by him in his introduction.

Referring to Shri Thillainayagam’s comments that the
gurvey couldn’t be a guide for future because it was representative
of New Delhi traffic, Shri Khanna pointed out that the traffic survgys
were for Greater Delhi and not for New Delhi only. Ttis a guide
inasmuch as whenever a survey was made it related to existing
time and how the future requirements were judged depended on the
number of factors that have worked in the Jast and are working
and have a tendency to work in the future.

Regarding his comment on generation of traffic accof'ding to
areas, Shri Khanna replied that, as already explained by him, the
various classifications, viz., according to income group, according to
industrial area, according to residential area indicated how much
traffic would come from what type of area, and from what income
group of people and what profession of people and how frequently
would they be travelling. Al these things were included in the
Paper.

Regarding Shri Thillainayagam’s suggestion to take the dignit-
arios into consideration while deciding the trafflc pattern, Shri
Khanna observed that the route of dignitaries was not fixed ; they
would perhaps like to go to any part of the city and for 2or 3 or 7

days in a year to plan the roads to suit those 7 days, it would not
be economical.

Dr. M. K. Ganguli had pointed out that O and D of passen-
gers had not been cared for and the survey related only to vehicles,
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Shri Khanna contended that the vehicles did not move without
passengers and both the vehicle and the passengers had the same
destination. Further, in trying to plan for roads they were plan-
ning for the vehicles that have to be accommodated there. Passen-
gers were thus automatically being taken care of. D.T.U. buses were
excluded intentionally as there was no need of stopping the D.T.U.
buses and asking the passengers the questions of origin and desti-
nation, because the D.T.U. time table was always available. The
number of passengers carried by each bus was also known and from
which point to which point. All these statistics were available,
and also what time how many buses run and from which station to
which station. It was an additional study supplementing the one
in hand. In all O and D studies he would recommend not to
interview all those vehicles which were on regular service and
controlled by a department. It would mean only adding to the cost
and not gaining anything out of it.

Further, in reply to Dr. Ganguli, Shri Khanna stated that if
pedestrians were also to be included it would be too laborious to
carry out O and D studies. Pedestrian study should be taken for
particular areas and not for Delhi as a whole, and thbse areas
might be improved as indicated by the study. Shri Khanna then
added that an additional study called a Public Transport Study,
had _been carried out, in which D.T.U. buses, cycles and pedestrians
wef8 studied. The questionnaire was passed on to 40,000 employees
in office concentration areas of New Delhi to answer by what

mode of transport they were coming and it had already been
published. *

Shri Khanna agreed with Shri R. P. Chanda that there should
be some “special body dealing with the problem as the variety of
organisations required to handle it was nobody’s business, and the
Papers were passed from one body to another without any decisions
thereon. He assured the house that they could draw many more
benefits from what they were spending now than what they were
getting from the expepditure being incurred on traffic problem not
only in Delhi but in Calcutta, and possibly in Bombay too. He urged
that they should not be content with false beliefs that merely
carrying out of some technical studies would help improve the traffic
conditions. The implementatien of that study could only be done
by those who understood the problem. He, therefore, recommended
that a body of specialists who made traffic and transport their
career should be established and whose sole responsibility should be -
to look after the traffic conditions and transport improvements,

. Shri B. V. Patankar’s point whether pedestrians were included
in this study or not had already been answered,
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‘ i i ‘hai in his closing remarks
Shri Jagdish Prasad (Chairman) in ! rerna
thank(tald ShrigKhanna and his co-Author for a very mteresstmg1 Ltrl“(l'
thought provoking Paper presented before the Congress and the

mem?)ers for having offered very valuable comments.

All would no doubt agree that traffic problem in D{ell}}l a,sl 1W({)lé
as in other bhig cities was a fOI'mlda;.ble one }a.n](l 8 fouq(idor-
tackled by properly trained persons, The (.;Lty of De]~u 1{: (lon).(v] réd
ably increased in size and is still increasing further. : .np}‘t Pﬁp
that all those who were interested or were competen 11.‘1 m ;
problems were either not consulted or prol'mrb]y did not hav (,1 llI;\/
voice in the planning of new areas in Dethi. For example, pro )z; t)]y
the Traffic Engineers were not consulted in regard to the siting 0 16
new multiple-storyed Secretariat _buﬂdmgs w}'uch' have been <;ms-
tructed very mnear the Secretariat in New Delhi. They might ]m‘w?
suggested that the new buildings should be constructed ﬂom?wl rere
else, probably near the ring road, so that the present Dcf‘k our
traffic problem and congestion produced by all the traﬁ‘lc goarig
towards the Secretariat at about 10 o’ clock in the morning cou ;
have been avoided. Shri Khanpa had rightly pointed out tha
persons who have made a special study of traffic problems should'b]e
associated with planning of cities. A]so,‘ there was a limit to which
the existing roads could be improv.ed. Therefore, it was very neces-
sary that while on the one hand improvement of roads s}}ouldz be
carried out, on the other hand, adequate stress should be laid on '.ohe
training of public service vehicle drivers as well as on the training
of the general public in Traffic Rules and Regulations. ..

L4

~ the air-entrained concre

“General Report on Road Research in India, 1958-59%"

Sunday, 31st January and Monday, 1st February, 1960

Shri U. J. Bhatt (Chairman) opening the discussion on General
Report on Road Research, stated that this is one of the most impor-
tant features of the Annual Sessions and the current report was the
fourth ono presented on the road research work done in India.
It was based on reports received from seven laboratories including
the Central Road Rosearch Institute. He added that if there were
any omissions or if any laboratory’s work might not have reached

the Director, Central Road Research Institute, they should kindly
bring it up now.

Shri Bhatt then called upon Dr. M. L. Puri to introduce the
fir# section of the report dealing with Rigid Pavements.

RIGID PAVEMENTS °
Dr. M. L. Puri stated that some preliminary laboratory work
on the aise of air entrainment in concrete was carried out in the
Corffral Road Research Institute. A Paper on this subject has also
been published in the I.R.C. Road Research Bulletin No. 6.

A studyeof the existing literature on the

subject shows a great
confusion on the effect

sof entrainment of air on the strength of
concrete. Many workers have carried out research in this particular
line and there has been great divergence of opinion on how to offset
the reduction in strength of air entrained concrete by redesigning
the concrete mix. The data of various researches show that com-
plete advantage of extra workability of air-entrained concrete along
with possible reduction in sand content has not been taken. Their
stugly had revealed that if water-cement ratio and sand-aggregate
ratio are considerably réduced as a result of a judicious redesign of

te mixes, not only the loss can be offset in
strength due to the entrainment of air, but certain types of con-

crete mixes as are generally used for pavement construction in
India, can also attain even incressed strength.

The study in the C.R.R.IL, Dr. Puri continued, had also revealed
that if 4.5 per cent air is entrained in the concrete by the use of a

suitable air entraining agent and the sand-aggregate ratio reduced by
1.1 per cent for every one per cent of air entrained in concrete, about

* Published at pages 681-703 of Vo]. XXIV—Purt 4, of the Journal of the v
Indian Roads Congress, January 1960,
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half a bag of cement per cubic yard of concrete can be saved without
any loss in strength provided the w/c ratio is also reduced so as to
take full advantage of incrcascd workability of the mix duce to
entrainment of air. In addition to this, some work carried out to
find out the resistance of air.entrained concrete to sulphate attack
had shown cncouraging results. But the greatest advantage and
economy lies in the increased durability of conerete as a result of air
entrainment. A lot of work had been carried out in other countries,
ospecially in U.S.A., on the durability of air entrained concrete to
freezing and thawing. As these conditions were not generally
prevalent in India, the C.R.R. 1. had carried out durability tests with
respect to weathering of concrete. Kach cyele of weathering con-
sisted of heating the concrete to 140 deg. I and cooling the same to
50 deg. F. Tt was found that the air-entrained concrete had 1} times
the life as compared to that of the plain concrete.

Regarding the economic aspect, by a judicious redesign of air-
entrained conercte mix, there could be saving in the use of cement in
addition to the economy due to its increased workability. @

Dr. Puri explained that the air-entraining agent used in this
study was Vinsol Resin, a very well tried air-entraining sgent
manufactured in the U.S.A. Now gome air-entraining agents are
being manufactured in thiy country, but before using these for large
scale construction, it is absolutely cssential to determine the edect
of such air-entraining agents on the properties of concrete, like
compressive strength, flexural strength, workability, etc., in
addition to the durability aspect.

Shri K. K. Nambiar referred to vibration compaction and
recommended the same on the ground that it would eliniinate the
personal factor and stated that even in the case of vibrators, varia-
tions could occur due to the type of the vibrators used, the
frequency, the amplitude, the size of vibrator compared to the size
of the sample being vibrated, ete. Thercfore, for strictly comparable
results, the nature of the vibrator, its size, its amplitude, weight,
frequency, ete., should be specified. ‘

Regarding air-entraining agents, Shri Nambiar stated thut
most of them are imported ones and expressed tho view that if
greater details of the Rihand A.E.A. manufactured in India and
used on the Hirakud Project in Orissa or some others manufactured
by the 1.C.1. in India were made available, it would be more useful
and foreign exchange requirements could then be eliminated.

Regarding membrane curing of concrete, Shri Nambiar explained
that Ceremul was also used some years back in Madras and was
found quite satisfactory.
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With regard to replacement of cement up to a certain percent-
age of coment by pozzolanas, Shri Nambiar felt that as surkhi
could be made at various places with different kinds of clays at
various temperatures of burning and with different amounts of

grinding, it was difficult generally to get standard surkhi or pozzolana
- for admixtures.

Regarding the joint sealing compounds mentioned in para 1.3.7,
Shri Nambiar described his experience of recently seeing a joint
sealing work in the U K. using a stuff known as Cedspan >’ joint
sealing material stuck together by some kind of glue. He and Shri
T.R. 8. Kynnersely tested the strength of the sealed joint by pulling
the two blocks apart, but could not break the joint. Such is the
strength of this glue and jointing material used.

With regard to the items of research work being done on
prestressed conerete slabs in the Madras Research Station and the
C.R.R.I.,‘he suggested research be made on the design of composite
fx)n;strllctlon. In the UK., composite beams such as the inverted

T’ type beams and other beams were being used on a very large
scale by the Railways and the Highway authority for cylverts and
brigges. They make these inverted T--shape prestress concrete
beams, span the gaps without a centring and then put in-situ con-
crete with some transverse rods to keep the continuity; this system

héh_eb‘éen found to be very economical and very quick in making
bridges and culverts.

Referring to item 5 under salient points regarding the reinforce-
ment in sla’bs,.Shri Nambiar stated that he had not been able to find
any reference in the tekt of the report to what experiments had been

earried_out in this connection and as to what exactly were the points
to be discussed.

Dr. Bh. Subbaraju replying to the last comment of Shri
K. K.'Nambiar, stated that last year a question was raised during
the discussion of a Paper on the use of reinforcement in concrete
pavements, whether it was to be structurally reinforced or only for
counteracting thermal stresses, etc. This item was, therefore,
included just to invite suggestions based on experience on the use
of reinforcement, whether the reinforcement was to be only for
thermal stresses and for load transfer devices at joints or for
strengthening the slabs structurally also,

Shri R. P. Chanda stated that relation between water-cement
ratio and the compressive strength of concrete raised the major
problem of design of mixes and wondered whether a series of experi-
ments could be made to establish rough and ready relationship
between the voids of coarse aggregates and the strength of concrete
for a certain water-cement ratio to act as a guide for future, -

33
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Shri D. C. Chaturvedi observed that as already suggested by
him in the Research Organization meeting, the C.R.R.I. as well as
other laboratories should carry out some tests, including compression
and durability tests, using the Rihand A E A. to find out the useful-
ness of this indigenous product which is available in large quantities,

being produced by the Turpentine Oil Factory at Bareilly under the .

guidance of the Rihand Dam authoritics.

Regarding the use of surkhi as pozzolana, he wanted to know
whether all surkhis produced ordinarily did not give high resistance
to sulphate attack or whether it was necessary to burn them at a
particular temperature to make them effective. He requested
Dr. Puri to throw some light on this point.

Shri Chaturvedi also added that some experiments at Lucknow
were made on the use of burnt shale to overcome the shortage of
cement in hilly vegions. It was found that shale burnt at a parti-
cular temperature developed good pozzolanic activity, But the
difficulty was how to burn this shale locally in hilly regions. He
wanted to know if shale could be conveniently burnt at a specified
temperature in a local kiln.  Shri Chaturvedi felt that if it could be
possible to’use this pozzolana (burnt shale) in lime mortar, it might
be possible to get better results and obtain sufficient strength in big
magonry structures like retaining walls where the setting of lime
mortar was a problem. .

Regarding vibration method of testing, he asked if the present
work was in continuation of that already published by the C.R.R.I.
in the LS.I. Bulletin. He also wanted to know whether in the
vibration method, the equipment was the same as that used for
preparing cement cubes for compressive strength tests.

Regarding membrane curing, Shri Chaturvedi stated that the
product ¢ Ceremul’ was not available in India nor could it be
supplied by the Standard Vacuum Oil Co. Alkathene film had also
been tried by them and proved equally effective for curing,

Shri C. L. N. Iyengar remarked that many of the items
reported were a carryover from the last year’s note on road research
and since some points alrcady mentioned by him had not still come
within the scope of investigation, he wanted to bring them up
again.

Regarding the construction of a 12-in. thick concrete pavement
for Heavy Electrical Factory at Bhopal, he wanted to know whether
any observations were being made about the compaction at various
depths and note taken of improvement achieved through the use of
internal vibrators. At the Road Rescarch Laboratory, Harmond-
sworth, it had been proved that the intensity of compucéion goes on

Roap RestArcH 1IN INDIA 973

reducing considerably after about 4 in. depth if hand-operated
vibrating screeds were employed. Some improvisations had been
suggested by them, such as provision of some leading edges and
arresting free travel in the first pass of the vibrator. Possibly,
hefore recommending the use of internal vibration in the marginal
depth of the pavement such as 6 to 7 in., it would be necessary to
investigate the compaction achieved by using those devices.

Regarding the observation made in para 1.2.2., that 1:2:4
concrete having a strength of 2,500 Ib per sq. in. gets abraded much
faster than the concrete having higher strength, he thought that in
pavement concrete, even with the normal mix of 1:2: 4, invariably
much higher average strengths had been seen in the field and, as
such, in the laboratory this figure should be definitely higher.
Further, it is obvious that higher wearing strength than the coarse
aggregate cannot be had unless the mortar matrix is made stronger
than the stone. This is rather difficult to obtain within the range
of economical mixes. Of course, it has been shown by the Road
#Kesearch Laboratory, U.K., that for concrete strengths averaging
over 7000 psi., it was not the aggregate strength that was more
important, but actually it is the mortar cover that developed a
higher wearing strength than the aggregate itself Decause the
aggregate did not get exposed. Unless that range of strength was
reached, it would not be possible to improve upon the wearing
qvmlffy of concrete for those adverse conditions of tracked vehicles.
Besides, if abrasion is accounted for the dislodgment of particles
either by impact or by the breakdown of particles by impact to
smaller pagticles and subsequent dislodgment, in either case if there
is some method by which it will be possible to confine these particles
by certain precompression in the mass of material, there is a possi-
bility &hat the wearing resistance might be considerably improved,
which possibility was suggested by prestressed concrete. He cited
the case of Cable Company floors where they had found very high
wearing resistance by using prestressed concrete. He would, there-
fore, strongly recommended that some experiments be made by
using prestressed concrete to obtain such high wearing resistances.

' Reverting to vibration in compaction of floors, Shri Iyengar
observed that the vibrating hand screeds could be a very dangerous
tool witheut proper supervision of labour.

Regarding reinforcement in slabs, Shri Iyengar stated that one
of the greatest factors against difficulties in the use of reinforcement
was the cost.

Dr. Bh. Subbaraju replying to Shri C, L. N. Iyengar’s ques-
tion whether any tests were carried out at the Heavy Electricals,
Bhopal,to find the effectiveness of internal vibration, stated that it was
considered in the beginning, but for want of equipment it could
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not be done. However, in one case by the side of the .fm'mwork,
12 in. thick concrete was compacted using internal vibration as well
as surface vibrator, and in the other case only surface vibrator.
Honeycombing was noticed more by the side of the formwork where
internal vibration was not used. That was the only test done on a
limited scale for want of equipment.

Shri G. C. Khanna remarked that by surkhi it was normally
understood the powder obtained by grinding well-burnt or over-
burnt bricks. As this type of surkhi had large contents of sand, its
use in concrete would definitely lower the strength of concrete
considerably. It was, therefore, essential that proper specifications
for surkhi should be given. In his opinion, it would be advanta-
geous if a new name was used for this material instead of °surkhi’
as this nomenclature was rather misleading.

He doubted if 25 per cent surkhi could be used in concrete.
Even at Bhakra, where surkhi was manufactured under controlled
conditions, and specifications and grading were rigidly enforced,
the percentage of surkhi used in concrete was upto 10 per cent.
Before making recommendations, he suggested, larger number of
experiments on field scale should be carried out after successful
laboratory experiments. He would, therefore, for the presént,
suggest caution in the use of surkhi over 10 per cent.

In regard to the work done rclating to water-cement ratio &ud
compressive strength of concrete, he wanted to know whether any
original work had been done on this subject and whether any new
theory evolved. He also desired to know the type of resecarch work
that had been done in the laboratory which was not given in text
books.

Dr. M. L. Puri offered to answer some of the points raised
by various speakers so far.

Regarding comments by M/s. C. L. N. Tyengar, K, K. Nambiar
and D. C. Chaturvedi on vibration compaction of concrete, he stated
that it was a new study and the results were still unpublished. The
compaction apparatus used for casting the cubes for compressive
strength was used in this study with the only difference that
briquette-shaped  metallic weight, weighing about 500 1b, was
superimposed on the ordinary briquette mould. The results being
highly encouraging, a Paper was proposed to be published shortly
on this subject.

Regarding the point of Shri Chanda on the water-cement ratio
and strcngth relationship, Dr. Puri replied that they were using
Kennedy’s method for concrete mix design in this investigation,
which automatically took into consideration the void content in the
aggroegate,
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Shri Chaturvedi had raised the point regarding Rihand air
enfraining agent. It would certainly be tried. Regarding Shri
Chaturvedi’s mention about shale, Dr. Puri wanted to know at what
temperature of caleination he got the maximum benefit,

Dr. Puri informed Shri Khanna that at Bhakra 20 per cent and
not 10 per cent of surkhi was being used in concrete. Further, the
reactivity of the surkhi was evaluated by a well-known test known
as lime reactivity test and, in fact, the Indian Standards Institution
was laying specifications for pozzolanas in general and the C.R.R.I.
were working to lay down definite specifications for surkhis in
particular. So far as the work carried out in the C.R.R.I. on four
different types of surkhis was concerned, it had shown that 20 to 25
per cent of cement could be replaced by reactive surkhi. The kaoli-
nitic type of surkhi as well as montmorillonitic type had given
excellent results. He suggested to Shri Khanna to read the Paper on
this subject published in I.R.C. Road Research Bulletin No. 6.

® Shri N. H. Taylor replying to Shri Khanna who had asked
if any work had been done on the subject of water-cement ratio,
stated that for many years he had been suggesting that ine research
orgamizations there should be very close collaboration between the
soils department, the concrete department and the asphalt depart-
ment. .The basic principles of design of the three materials seemed
to b¥almost exactly the same but the three departments presented
their research in entirely ditferent manner.

It was well-known that when increasing quantities of bitumen
were added to aggregate or water to soil, there is at first a reduction
in voids in the mineral matter as the fluid lubricates the mass and
later on af increase in voids in the aggregate as the particles are
moved apart by the surplus water or bitumen. In the case of soils,
the amount of water giving the lowest voids in the compacted soil
is referred to as the optimum moisture content. In the case of
asphalt paving mixtures, the optimum bitumen content is always
more than that required to give the most compact aggregate as the
alr voids in the compacted mass is the important factor.

If increasing quantities of mortar of a given water-cement ratio
were added to an aggregate, there was an optimum quantity of
mortar applicable to any given method of compaction and any
further increase of mortar will increase the workability or slump
but will reduce the strength of the concrete. When people talk
vaguely about water-cement ratio, they do not always realise that
by increasing the water-cement ratio they were not only weakening
the matrix in the concrete but by increasing the volume of the

mortar they were reducing the quantity of mortar that could be

effectively used.
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When the grading of an aggregate was being des'igned according
to, say, Fuller’s curve, the object is to 1:0(11100 the voids and thus the
volume of mortar required to fill the _vmds. ..[f the volume of morfmr
pecessary to give a required consistency 1s reduced by reducing
the voids in the aggregate and the cement is kept constant, t}!e
water-cement ratio is reduced and the strength of the concrete is
increased.

The compressive strength of concrete has two contributing
factors : firstly, the strength of the mortar which will be related to
the water-cement ratio, and, secondly, the friction in the aggregate
itself. If the volume of mortar having a given water-cement ra'tm
was increased so that the concrete had ahigh slump, thecontribution
of the aggregate friction must be ignored and the strength of the
concrete will he the same as that of the mortar. To sum up,
the water-cement ratio determines the strength of the mortar and the
strength of the mortar determines the strength of the concrete
always, provided that sufficient mortar is present to fill the voids in
the aggregate. N

Shri K. S. Sankaran offered to supplement information
about vibration compaction which was referred to by various
speakers.

To test the tensile strength of cement, the I1.8.I. specification
followed the British Standard Specification specifying the spitula
method. In his opinion, with the help of this method, any cement
could be made to pass this specification. In the C.R.R.I., about
4 years back, they wanted to climinate the personal bius involved in
the test. While doing compaction they tried to eliminate these
variations and it proved to he a little better than the spatula
method. Later on, they thought of using the existing compacting
machine as it was a standardized one. It was found that the
results were very encouraging and it was to be suggested to the
1.8.1. to adept this method for specifying the tensile strength of
the concrete.

Shri Chanda and  Shri Khanna talked about the desigr
of the mix. Shri Sankaran wanted to impress on all the engineers
that the ultimate purpose of the mix design was only to start the
trial mixes, as there was no mathematical rule by which to design ¢
mix. In the C.R.R.I, they were not using the good old method:
but were trying to evolve new method of mix design. As ¢
result, they had modified Kennedy’s formula, They had tried 3 or ¢
types of cements till now and hoped to complete another series ©
tests and present the results before this body.

Shri Sankaran did not agree with Shri Taylor in regard to th
comparison between a bituminous concrete and a Portland cemen
concrete. The concept of the design of the dense graded asphal
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was to use as much asphalt as possible so long as the stability
requirements were satisfied. There was no optimum about asgphalt
content. But in the case of Portland cement concrete, the lower the
water-cement ratio the higher the strength. Secondly, Shri Taylor
gave a new concapt of mortar plus aggregate. Shri Sankaran did
not agree with Shri Taylor because even for ordinary pavement
concrete, the water-cement ratio controlled the strength. He agreed
that, in the case of high strength concrete, the aggregate had got an
important part to play for the strength properties, otherwise it did
not affect the strength of the concrete.

Shri H. H. Campbell referring to the question of rigid and
flexible overlays, stated that he had not read all the Papers in as
great detail as he would have liked but he had not seen any mention
of actual results which had been recorded. There were two or three
established materials for road construction, one of which is concrete
and another is asphalt. The two do not combine. In the past, it
was thought perhaps they would, but experience had shown that
theg do not. If cracks appear in concrete surface and asphalt is put
in over the top, no matter how thick within the reach of economy,
the cracks will eventually be transmitted through to the asphalt
layer., He would be interested to know the results of any experiments
made so far in this field. But his recommondation was—and this
possibility has been suggested before—to break up any cracked
concasit’in situ to provide the base and then lay the asphalt on top.

Shri K. S. Sankaran replying to Shri Campbell’s comment,
stated that flexible pavement was amenable to stage construction.
Now a new study was in hand to see whether rigid pavement was
also amenable to stage construction or not. For example, the con-
crete roads in the country, generally speaking, were 4 in. thick and
like some other roads, if the traffic was less, they could stand
it. But heavy traffic was now expected in the next few years and
the question was whether the existing 4 in. thick concrete pavement
could be strengthened by an overlay of concrete? Experiments
were already in hand, the preliminary results were encouraging and
showed that when an owverlay of the same thickness as the existing
pavement was bonded, the flexural strength was of the same order as
that of the total increased thickness. Shri Sankaran felt that
there was a possibility of stage construction of the rigid pavement if it
had not cracked. This will be particularly significant in the case
of those pavements which were now in a good condition and where
heavy traffic was expected after sometime.

Portland Cement Association of U.S.A. have shown how to bond
the two slabs and what type of insulation layer should be uged.
Various permutations and combinations were being tried’ in the
C.R.R.L to see how far it was feasible.
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Shri K. K. Nambiar did not agree with Shri Campbell that
when an overlay was to be laid, the rigid and the flexible pavements
could not act together. This assumption must have been of recent
origin because both types of pavement had been getting on very
well. In certain States in U.S.A., it was a standard policy to
construct concrete pavement to start with and after some years of
life, on the concrete road showing signs of wear, a layer of asphaltic
conerete was superimposed.

Even in the City of Bombay, same policy had been followed all
these years, to lay a concrete base and then to put a thick asphalt
overlay on it.

Shri S. R. Mehra referring to the question of overlays on
concrete roads, stated that the problem was much more serious than
it appeared on the surface. There were hundreds of miles of concrete
roads which were not able to stand the type of traffic coming on
them and the problem was how to prevent them from going to rack
and ruin. In the present concept of concrete roads, it was going to
be extremely difficult to convince anybody that he should put a
61-in. thick overlay on a concrete voad 3 or 4 in. thick. The other
alternative, where it was possible both within the scope of economy
and practice, was to put reasonably thick flexible overlays on rigid
bases, treating the existing uncracked roads as bases, and produce
roads which are likely to tide over for even 10 or 12 year-. Per-
sonally, he helieved that there was a possibility of getting something
out of the idea of putting flexible overlays over existing concrete
roads in reasonable condition. The calculations showed that even
5 or 6 in. thick flexible overlay might tide them over for quite a few

years. The C.R.R.I. were going the whdle hog in trying out the
idea.

R g

Shri C. L. N. Iyengar was more or less in agreement with Shri
Taylor, because what he said might not be totally untrue. Up to
now, the general concept of the maximum size of the coarse aggre-
gate in concrete was that the coarse aggregate should not be more
than 1/3rd the least lateral dimension fixing the aggregate size for a
G-in. thick slab as 2 in. and possibly for & thicker section a much
larger figure. This was the basis to get an economical yield of
concrete by increasing the aggregate size, and as the surface area of
the aggregate was reduced by increase in size, lesser mortar gquanti-
ties could give the reqnired workahility. Tn 1959 proceedings of the
Highway Research Board, there is an article suggesting that there
was an optimum maximum size of aggregate which gave the
maximum strength of concrete. Of course, there was no denying
the fact that water-cement ratio was the most important considera-
tion as far as the strength of concrete was concerned.

As for overlays, Shri Mchra mentioned the minimum thickness
of overlays being about 6 in. Shri Iyengar did not know how the
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thickness had been arrived at. They had occasion to examine the
design thickness of overlays for a badly cracked portion as well as
medium cracked portions on certain sections of the National High-
ways with 5 in. thick concrete pavement. For intensely cra,qked
sections, on the basis of experience, they calculated a 4}-in. thick-
ness of additional concrete, whereas for the intermediate cracked
sections, the thickness was of the order of 3% in. for an equivalent
depth of 6 in. of concrete. Of course, it should be borne in mind
that it was not merely the cracking that was responsible for the
damage that works into the bituminous overlays or the concrete
overlays when laid on the existing slabs. Rather, if the overlay,
whether of bitumen or concrete, was laid, without taking care of
the subgrade failure, there was going to be a lot of trouble,

Shri M. B. Jayawant clarified that out of the two grades of
Ceremuls marketed, one grade “S/V Ceremul C” was readily
available. The other grade ‘¢ S|V Ceremul M could also be
supplied ; but due to the restrictions on imports of its ingredients,
an actual user’s import licence was necessary.

Shri Sujan Singh was surprised that none of the speakers had
touched on the important subject of joint sealing compeunds. In
Bontbay, while driving on the Marine Drive one bumps all the way,
because the joints between slabs were bad. He referred to page 688
where-it was reported that some work had been done which was good
at certain temperatures but when tried at low temperatures did not
behave satisfactorily. He felt it was high time that research
workers and the manufacturers tried to produce a solution and con-
centrate onone type suitable both for roads and air-fields and for all
purposes. For airfields, certainly something special was needed
particularly with the jet airplane coming in. For roads, certainly,
it should not be difficult to design a suitable joint sealing compound
because after all the driving comfort did not depend only on the
cement slab but also on the joints. He knew that lot of work had
been done, but unfortunately the progress of the works was at such
a stage that results could not be implemented.

Dr. Bh. Subbardju referred to Shri C. L. N. Iyengar’s remark
stating that he calculated the thickness of overlay on some National
Highways as 3} in., while Shri Mehra suggested a thickness of 6 to
64 in. According to Dr. Raju, both of them might have used the
same formula, but they might have taken different wheel loads for
the design purpose and hence the difference.

Shri H. H. Campbell wanted to clarify two points which, he
felt, he possbley did not make clear earlier.

In connection with overlays, as Shri Mehra pointed out, whers
slabs had not suffered, the matter had to be considered on different
34
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basis.  But he had becu thinking of cases where the conerete bases
had cracked considerably. Tn such cases, he could only recommend
that the concrete should he broken in situ first and then a Hexible

overlay put on top. Tn cities, they have to consider the problem of
service mains underneath.

Also, if there was any crack wnderneath, it would eventually
show itself through. It must be remembered that a bitumen or
asphalt carpet has no strength in tension. Therefore, some form of
slip-sheet or isolating membrane over the crack should be placed
over the erack first. The idea of placing that there before laying
the asphalt carpet on top was to distribute the load more evenly.

Regarding Shri Sujan Singh’s point about bump over the joints,
he felt these were caused by the subgidence or settlement underneath
and he felt that something more than just jointing was needed. A
process had been devised for “jacking” the corners,
mud, a concrete mix or hot asphalt.
asphalt is that it solidifies immediately and if water is present under
the slab there is no chance of retarding the setting.  He had seen
asphalt jacking work carried out in Belgium to great satisfaction,
using a blown grade injected by an ordinary bitumen sprayer at the
rate of 14 1b per sq. in. max. @ 200°C.

using either
The great advantage of hot

Finally, this problem of cracked or spalled concrete is not-mique

. N . -
to India. In Germany, the Reich Autobahns which served so Well
during the war were cracking up now. The problem was being met
by breaking up the concrete either in situ or in crushers, and using
1t as the base for subsequent flexible pavements, ¢

o

FLEXIBLE PAVEMENTS

Shri C. G. Swaminathan, introducing the section * Flexible
Pavements ”’, stated that the criteria for the design of dense mixturc
had been discussed at length and he did not propose to raise further
points as to what should be the exact criteria for Indian
conditions. The second salient point dealt with a well-known factor
that as a result of mechanisation there would not only be rapid
progress with improved methods of construction but also it would
yield a good surface as has also been shown in his Paper, by the
comparison of bump integrator data on mechanically laid and
manually laid surfaces. Regarding the third point, he stated that
tar and bitumen could be mixed only in a proportion of 75 to 25 or
25 to 75. Some work was done in the C.R.R.I. using low tempera-
ture tar and bitumen and in many cases satisfactory mixtures were
obtained with 50 : 50 of cach. Lastly, as regards the use of emulsions,
in Kurope, emulsion was used extensively and new types of emulsions
such as cationic ones were in vogue. The only deterrent factor for
use in India was that the cmulsion costs were more or less the same

»
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s bitumen and, as such, straight bitumen was obviously prfeferre(‘ll,
FIliiowovcr he liked the manufacturers of emulsions to come forwarc
</ s

and give their opinion on this matter.

' efe s to the design of
i N, H. Taylor stated that references ‘

fl 't?]l;r:axlf\({ments tended to over-simplify the problem when relatu?‘g

})i)\('i\me;rllt thickness to the C.B.R. of the subgr:}(%e,l Fotr the llveale :}t

f your i i 81 5, it should be stressed that,

or inexperienced designers, I ‘

?}f g\?g}iﬁm the thickness of the pavement, the strength or CB}}.t }?f

t,/}n n!;a,terial nsed must increase from the hottom to the top o :

" ement. If this necessity was always appreciated they would nol

E(YLI‘(; materials with a low C.B.R., such as plastic soil being usec
above brick or rubble soling.

{ K. P. Nair, referring to the comments made by Shri
N HS'F;\’l(}i about the test devised at the C.R.?N.I. for absorptlor;e?(r;ﬁ
sm‘rell of bituminous concrete, stated tbat the C.R.R.I. test 1vv‘efs £et]10d
able to the swell test suggested by Shri Taylor, becausebm 118 methos
the compactedsspecimen to be tested was put ina chamber, evg ! 8 fed
water added to immerse the specimen at normal terntpe]rlat}llleet nd
then subjected to air pressure, while in the CRRI test a the Shive
operations were covered by a single operation, viz., imr_l.el exgcent
spedimen in water and evacuating the chamber to the estlr?( o also.
Tt had an added advantage that the temperature of the wa -0'1 ~W:)ndin
majziained at 140°F during the test, the 'temperature coiletsp emng
to the stability test temperature, and it is v.vell-known that sw g
took place as a result of stripping or absorption.

Further work to finalise the test conditions, he added, was in
progress. .

i he
Shei K. Ramaswamy Reddy stated that in one of ¢

experimental works in Madras State, i.e., In Rat‘?ambed}; z}{!agg
road, surface dressing was done over the mechanically rf' a & 1ze3
sand gravel base. The primer used in that road was Road‘ iaJr 3 0. t(.)
The entire section failed completely in a short time main g 1ue 0
the inadequate design. For the mechanically stabilized 3&;1 lf a-gfn(;
sand gravel mixes, the maximum C B.R. value was fqun 0 esfully
35 per cent and such a base course would not func:-tlon suc.c:alsc 5 wa);
immediately below the 3/4 in. wearing course. His expetrlih pvas
that for the successful behaviour of the flexible pavement, gB o
course immediately below the wearing course should have a C.B.R.
value of not less than 80 per cent.

Shri G. C. Khanna stated that in the recommendations
made on the subject of ¢ Flexible Pavements’, the Road Reic;garcg
authorities had suggested the use of bitumen upto 110 to 115h an
in some cases upto 150 Ib. The Government had'asked the gggl-
neers to devise cheap specifications for our roads while the specifica-
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tion proposed was extremely expensive involvin it

) ] g large quantities
of pztumen._ The Road Research authorities should, theref((l)re focus
their attention on evolving cheap specifications. 1

Even if 3 in. thick pre-mix carpet was used, the i
) X cé ) uantity of
bitumen used would vary from 75 to 90 1b depending on Solhe grimgil?g
of the aggregate. He would, therefore, like to know the advantages
of adopting ¢ Grout specification’ involving greater quantity of
hitumen, ' V '

Shri R. P. Chanda suggested that the producers should
undertake researches towards improving the durability of tar and
bitumen under water. Many roads in Bengal were over-to )‘ ved
d}]rmg floods and remained submerged for several days or even wégkq
Naturally, damages to the asphalt binders were severe. If r‘oqithn(.-(;
to water could be improved in the production stage‘ it w;nil(li ¢ t
down considerably the maintenance cost of the roadw:lys "

Shri D. C. Chaturvedi felt that
] i D. C. there appeared to b
:;l(sitili(fu:rrlle?am’ril'.2’ regarding simultaneous painting w?thsogi
1. eir experience was that simultane ' '
and bitumén was better than one ¢ inti ith tar eyt
bet g coat painting with tar alo
not two coat painting as mentioned, the quantity of r;)ir?(?e:ru;ﬂ

simultaneous coat bei i
with tor. ing only slightly more than one coat p&rim,ing
*nt

For open graded premi
per premix carpets, use of pre-coated chippi
?}Tglﬁoz definite idvantage over usual surface gressing;3 }ggg)grlgrg
ast sentence ““ and even better than a two coat surfade dréssing %

should be deleted, as no c is : i
o this st 0 comparison had beén made in their study

Shri C. G. Swaminathan, re
S_hn Khanna in regard to the a;no
size aggregate, stated that four
aggregate was required which woul
per cu. ft. of aggregate. As regar

plying to the two points raised by
unt of bitumen required for 1 in.

per cent bitumen by weigh% of
d roughly work out to about 3} Ib

4 : g ds the opti i i
required for bituminous penetration mac;)d;rlrxll},m;}%;fmgli?é (:fnb;rl:gﬁr

rical type of test and not a rigorous test i

. ) t i
(fluagt}ty th:ln,tg“fould be necessary. They f(?ur(l)(ll) ttafll;lt f}llg alzgxi?f;lﬁ;
or 2 In. and 3 in. macadam respectively talli i
the accepted practices of many Sptates ar{d ?nlgsgeﬁggeﬁfgqless with

Dr. Bh. Subbaraju took u i
_ p the same i i
Khanna and repllfad by Shri Swaminathan. Il’f) zliztvir:»lvseihbey o
tion posefl by Shri Khan;m was if he was able to get awaSr with%lieﬂ;
gg;mg? 11n~8ult;)fe;ce {)‘l;ies:mg, why use such costly penetration maca-
A0 Ih 2 1at was the additional advantage?
requested Shri Khanna to remember that he could ::)lt mzzt: ofuzvi]t:}(i
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surface dressing for ever as when the wheel loads increase tremend-
ously, the } in. premix or surface dressing would not do. 1t was
only as an insulation layer to partly prevent the moisture movement
from top to bottom. Penetration macadam was intended for
improved constructions giving additional structural stability where-

CVCT necessary.

Shri Sujan Singh expressed his doubts about what had been
gnid about 3 in. full grout done in Northern India his own expe-
rience was not a happy one. The climatic conditions in the North
heing extreme, if 3 in. grout with 150 or 110 Ib was used as men-
sioned in the note, it would simply give way under the bullock-cart
traffic around Delhi and right up to the North of Punjab. That is
why this specification of full grout was never popular in the
Northern India, and it was very popular in Bombay, and Calcutta
where rains were heavy.

Shri J. M. Trehan, referring to an experiment on a road near
MAdras, viz., Rattambedu village road, stated that Shri Reddy gave
the details about the road, and Shri Nambiar explained that the
failure was probably due to the particular type of traffic and not due
to amy shortcoming in the specification itself.

This particular specification, Shri Trehan added, was meant
for wiial on a village road where nothing but iron-tyred traffic could
be expected. The specification was also tried on the Road Test
Track at Caleutta. There also it failed under the iron tyred traffic,
and the failure on the Rattambedu road was exactly similar to the
one on the Test Tracl, i.e., the stabilized-soil seemed to have
softened to some extent and had heaved on both sides of the wheel
tracks. This experiment was part of the field research which was to
be carried out in two States, viz., in the Punjab and Madras. Madras
carried out the experiment exactly as laid down by the Soil Research
Committee, but the Punjab having foreseen the failure, covered the
stabilised soil with some stone metal as suggested by Shri Mehra’s
latest specification (about 7 cu. ft. of stone xl}etal per 100 sq. ft.). On
that particular road, which is in Bighan village near Sonepat, the
results had been better than those obtained in Madras.

WATER-BOUND MACADAM AND BRICK PAVEMENTS

Shri D. C. Chaturvedi explained that the experiments done
on brick pavements had already been discussed during the last
Session at Hyderabad and the present observations were based on
the further study of the behaviour of these surfaces.

He stated that the current practice in the construction of water-
bound macadam, was that the stone metal was consolidated during
rainy season and the surface painting carried out some time in
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October or November, During consolidation, mud slurry was a(.ld(!d
to il up the voids. During this period when the surface remaincd
unpainted, it had to be blinded constantly. Otherwise, metal was
likely to come out and make t_he surfaqe very r01xgh. It was depuled
to carry out this experiment in a small stretch using emulsion in the
mud slurry to stabilize it to some exteizntn Tt was observeq t!xa,t
painting could be postponed for about six months :mq no blinding
was roquired during this period. A Papev on the subject has been
aubmitted to the Indian Roads Congress and when published the
matter could be discussed in detail.

Dr. A. S. Adke reported that no experiments on brick
pavements had been carried out in his State because they had ample
quantity of stone available. He described an experiment performed
with stone cubes similar to bricks in the Kolhapur district of Bom-
bay. That road had stood very well for the last 6 or 7 years. He,
therefore, recommended that in areas where stone cubes were avail-
able in plenty, stone cubes with the cushioning of sand and with
emulsion of bitumen with sand to fill the joints should be adopted and
that would give very good ridingsurface, of course,on macadam base.

13

SOIL ROADS AND STABILIZATION

Shri K. Ramaswamy Reddy, introducing the subject for
discussion, stated that the only work done by them in black ™. “ton
qoil was on the Rattambedu road near Madras, which had failed;
there they bad mixed sand with black cotton soil to reduce plasticity,

Soil cement stabilization had been done for the base course for
a length of about 22 miles on Ramnad-Manaapam road over which
asphaltic concrete 1} in. thick was laid for the wearing surface. The
road behaved alright for a short period, but after some time, some
stretches failed. On examination, it was found that reaches with
unconfined compressive strength of the soil cement of less than 400
ps.i, had failed under the inundation condition, Butreacheseven
with design value of 250 1b per sq. in. compressive strength in areas
not submerged under water stoodvery well. From experience on
this road, it was found that a design criteria of a minimum strength
of 250 1b per sq. in. for 7 days moist curing was not at all adequate
for places with heavy concentrations of rainfall and frequent sub-
mersions. The laboratory investigations taken up in the Highways
Research Station, Madras, also confirmed the above fact and a det-
ailed report regarding this was being sent to the I.R.C.

Regarding lime stabilization, in one of the experimental
works, addition of small percentage of lime was tried for increasing
the strength characteristics of a particular gravel. But from the
various test values, it was found that though the plasticity charac-
teristics of the gravel were reduced considerably by the addition of
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sand, the strength characteristics of same did not increase appre-
ciably to the required standard.

Dr. H. L. Uppal, initiating the discussion on soil stabiliza-
tion, stated that research work had been going on in different parts
of India on the use of local materials with the object of economising
in the cost of road construction. The various lines on which work has
been carried out consist either in improving the local soil as such and
by mechanical gradation or by stabilization with lime, chemicals

or binders like molasses or bituren, depending upon the type of soil
or cost of material.

(i) Mechanical stabilization with soft aggregates: One
mile length of road was being constructed in every state to see how
far mechanical stabilization could cut down the cost of road con-
struction. Kven in predominantly black cotton soil areas, there were
some stretches where this technique could also be justified. (ii) The
other line of attack had been to improve the soils by lime treat-
ment.  There were two particular types of soils met with in the
country. Alluvial soils to which even if 2 small quantity of lime
was added, the reaction was very favourable resulting in improved
C.B.R. With further addition of lime the C.B.R. will even®go as high
as nearly 80 per cent. That meant, that these soils when properly
graded and treated with lime, would hardly need 2 to 3 in. of stone
meg-’ above it. The other use of lime was for the improvement of
clayey soils, Field experiments had been carried out on some small

lengths with concentration of lime varying between 4 to 5 per
cent,

Normally, the ecofomics of treatment of black cotton soil with
lime would depend upon the cost of stone boulders available at site.
Even if the cost of the lime treated soil base is the same as that of
the stone boulder base, it is justifiable because it prevents the stone

from sinking into the subgrade, and thus effects saving in the
maintenance if not in the initial cost.

Research work carried out on the chemiecal stabilization of
black cotton soil had shown that adddition of small concentration of

alum can considerably reduce the swelling characteristics and thereby
increasing the C.B.R.

The other experiments carried out were on the use of lime mixed
with molasses. About two years ago, this subject was discussed on
the platform of the LR.C. It was stated that since molasses were
not available in plenty for such purposes, the technique could not be
pursued. All the molasses that a factory produced could not be
removed for power alcohol and, therefore, the areas near about the
factories had still a case for the use of molasses. The molasses
would also work well in increasing the binding property of the sandy
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soily, but with addition of 2 por cent of lime and double the (uan-
tity of molasses, the crust improves considerably in strength as well
as in ity resistance to abrasion.

Cement stabilization is one line which was showing promising
results, specially for its speed in construction. The work carried out
in the C.R.R.I. had shown that there were two main points that
could be taken into consideration with soil cement.  One was its
resistance to softening effect of water, which was determined by the
C.B.R. and the other was the compressive strength which should e
cnough to withstand the stresses at various depths.

The other raw material in addition to soil is moorum. Recent
work carried out by the C.R.R.1. on the use of local material for the
construection of a road in Durgapur has shown that ordinary moorumn
having hardly a soaked C.B.R. value of about 30 to 40, when treated
with 2 per cent of lime, gives a C.3.R.of 150 or so. That shows that
treated moorum is capable of being surface treated.

Another aspect which is very essential for road construeticn,
more so for stabilized soil roads, is the degree of saturation of the
subgrade. The study conducted in Indin had shown that all the
areas are not equally saturated and, therefore, there can bhe some
flexibility in cubting down the thickness of road pavements, depend-
ing upon the degree of saturation. «

O

Shri P. L. De did not agree with the contention of Shri Reddy
that he had been able to reduce the P.I, of the black cotton soil by
use of sand for mechanical stabilization as there were lots of practi-
cal difficulties in doing this. First difficulty was powdering the
black cotton soil to that degree of fineness at which it could be
thoroughly mixed with sand. The laboratory test deteriained the
P.1. of the mix in which there weore individual sand and clay parti-
cles, the latter taking up the same amount of moisture at liquid
limit that they would have taken before sand was added. But
because there was some amount of sand, the actual calculations
gave less amount of water in the liquid limit. So, the P.I. of the
clay particles or the activity of the clay still remained there.
Inactive material like sand could not reduce the activity of the clay.
1t required some active material to reduce the P.
that could be done by some chemiculs.
lime,

L of the clay and
And the cheapest one was

Regarding low grade aggregates, now that several new stecl
factories had come up, lot of blast furnace slag will be available for
road construction. Slag has got very good abrasion values. Blast
furnace slag from Indian Iron and Steel Works at Kulti had the
Los Angeles abrasion valucs round about 20, whereas best quality
of stone available in eastern India, known as * Pakur stone »’, has
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13 to 15.  The slag compared well with good quality stone and had
the possibilities of being used in roads.

Dr. H. L. Uppal, having described the various items of
research going on in India, repeated that the major sections under
which soil had been used for purposesof roads and airfields was
either with mechanical stabilization or stabilization with lime both
for alluvial and black cotton soils. In fact, onthe basis of research
work done in India and abroad, lime had mostly been advocated for
use on clayey soils, but work now going on in India has revealed
beyond doubt that alluvial soils also react favourably towards lime,
with the result that in waterlogged areas such treatment would be of
special benefit. Further, lime-treated soil helped in developing the
C.B.R. of such an order that one could do with very much lesser
thicknesses of road pavements. ’

The other item mentioned was the use of some waste material
like molasses at Jeast for village roads, and it has been found as a

regult of some experiments, that lime and molasses go very well for
unsurfaced stabilized soil-roads.

The other aspect of road research in soils included the study of
moisture in the subgrade. In the absence of any information on this
subject, all roads in India were being designed at saturated condi-
tioga - It was not known how far these conditions were true. In
the” absence of any information, it also could not be said with
certainty whether the road was going to get saturated in its lifetime
or not. With that objective in view, an All-India survey had been
carried out and it had been shown that all areas were not saturated
80 as to justify the testing of a subgrade under soaked condition.
There is nothing like a field moisture equivalent as in England that,
once the‘road was surface treated, the subgrade attained the equili-
brium which was far below saturation.

Shri C. L. N. Iyengar stated that time and again discussions
were had on the question of a wearing surface on soil stabilized
construction and the grafting of stone as a mechanical aid to the
satisfactory bond. But having had an opportunity of seeing soil
cement construction in various parts of the country, he wanted to
place his views before the house. There should be three factors to
be reckoned with while discussing the question of the  performance
of the wearing surface on stabilized-soil base courses, viz., the type
of traffic, the elastic or structural strength of the pavement as a
whole, and the hond.

Hiy observations made on the last serics of experiments on the
test track were that the earlicst sections to fail were the soil-sand
sections, next in order were the cement stabilized courses, and then

35 . PR



988 DisoussioNn oN

the macadam courses which had been given surface treatment. Bub
along with the same sections there was a certain section along the
curved portion of the track which had a much higher structural
strength than the rest of the track portions. It was noticed that
where grafting was done, there was a drag of the top portion of the
stabilized sections along with the wearing surface, whereas in the
case of the macadam_portions there was no drag but mostly shoving
of the base course. Now, between the macadam portion of the test
section and.the other portions of the macadam in the curved
portions which had a much higher structural strength, it was
distinetly noticed that the deformation of the macadam vyvas very
little and the carpet had alone suffered. Al this indicated that in
the range where elastic deformations took place, there was a certain
amount of the drag of the base course along with the wearing
surface. If only the structural strength of the pavement was
adequate, he was sure that mere bond through surface adhesion

slcl)ould have been adequate for satisfactory behaviour of the wearing
course,

In this counection, he cited the case of a pavement near

Mehsana in Bombay which had stood well under traffic for a
consideralle time.

Another case was quoted where they had experimented with a
pour type of construction over the soil cemeunt. The cox‘d'tion‘s
there were extremely adverse to the behaviour of a perous *JIYE;‘II‘&OG
on the top of the soil cement. This was in the Bombay Cor or tion
l‘1m1ts. There was traffic in one direction only and (r)(I)ad wI:ms“Lrlloii
steep grade, with traffic ‘going down grade. In this congtruction,

very severe damage was notic i
. ge was ced after the fir¢t monsoons, T '
noticed were of two t Lmntion. of ‘the

65 c way ¢ ‘ :
surface by the entry pr S, one was complete disruption of the

f water through the poor surf
N : acing, and,
secondly, due to the unidirectional traffic, thepcreep of t(he %itumi-

3ggsls:mi-grouted surface looked as though a 8-in. surface had
e lllfli,ll(t)]llls re;lngmg from 4 to 5 in, giving the appearance as
gh the whole soil cement had actually subsided. But subse-

que(rilt; e?xcavations at a few places revealed that actually there wus
no damage to the surface of the soil cement, ‘but only failure of the
surface due to inadequate bond.

Shri C. L. N. Iyengar believed that the g
was still to get its rational explanation both b
method as Wfall as by actually consistent structural performance of
tl.le m(:Lterml itself.  After all, the idea of soil cement arose out of a
situation where cconomically no other method of road construction
could be employed in some of the southern states of the U.S.A. and
sccondly, there was also field for large scale experiments of this
material during war time when somo advance airfields had to bs con-
structed all over the Western Kurope without sufficient timse even for

oil cement technique
y way of the design
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proper testing of soils, etc., the empirical methods employed by the
engineers in the U.S.A. were transplanted both in the Western
Europe as well as on some of the airfields in Tndia. He, therefore,
suggested that in addition to the graded C.B.R. method employed
for the Agra Taxi Track, a similar pavement on the gtabilized-soil
base carried right up to within 6 in. of the top of the pavement
and over that only a 6 in. depth of structural soil cement giving &
compressive strength of about 400 Ib per sq. in. in 7 days be cons-
tructed and topped with the same bituminous surfacing, so that the
design method worked out on the basis of some theoretical formulae
could also be verified as well as the performance of the empirical
method judged.

About the structure of soil cement laid in West Bengal, some
one remarked that two years should not be adequate time to judge
whether performance of the pavement was satisfactory or not. Shri
Iyengar did not agree with that view and thought that two years
was a reasonable time for all the traffic factors to affect the
pgvement. Therefore, the conclusions drawn from those stretches
were really of a permanent nature.

Regarding the behaviour of thin wearing surfaces on some of the
rigid pavements, Shri Iyengar stated that though soil cement does
not literally come within the scope of rigid pavements, the cracking
pattern of soil cemont was governed by the type of soils that were
mét with. In the case of some of the clayey soils or soils with
predominance of clay, the cracking pattern comprised a large
number of cracks of small size which did not show up in magnitude,
whereas indhe case of some of the sandy or silty soils or some of the
soils with predominamce of sand, the cracking frequency was not
very much, though the size of the cracks was of considerable
magnitwdle. In the case of the wearing surface with cracks of
smaller order of magnitude, Shri Iyengar stated that there was no
apprehension about the behaviour of the wearing surface because of
the aggregate interlock or the friction at the planes of cracks being
sufficient to withstand any relative deformation or gettlement on
either side of the crack. As far as the cracks of a large magnitude
were concerned, definMely they created a greab difficulty in regard to
the wearing surface. So long as the bituminous wearing surface was
fresh for a year or so, there was really no fear of cracking.. But the
moment the binder content got reduced, either by evaporation or
oxidation, the real trouble started. So long as the binder content
was replenished by any method, there should be no difficulty in

maintaining satisfactorily flexible wearing surface on top of a rigid
base.

Dr. A. S. Adke suggested that in view of the extensive improve-

ments to roads and also construction of new roads on a large scale '

being carried out all over the country, the experiments that had beep
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carried out in the laboratory should be extended to the field, he was
glad to know that some field tests were being carried out in Madras
ag well as in the Punjab. Dr. H. L. Uppal informed that one mile
length of road was being taken up in each State. But on account of
the varied conditions from State to State and within the State itself,
both in regard to rainfall as well as soils, cte., taking up a mile of
road in each State would not help. He would, therefore, like that
the C.R.R.I. should, near about the place where the annual sessions
of the 1.R.C. were held, get suitable length constructed following the
specifications found successful in the laboratary, for demonstration.

Dr. Adke stated that he was in charge of the West Coast Road
where construction on a large scale was going on and he would
appreciate any help and advice by the Institute in stabilizing the
soils which were used in the base.

Shri U. J. Bhatt stated that he had no doubt that the
C.R.R.I was always willing to help but it was up to each individual
state to put up a more extensive programme instead of one mile,
say, 15 or 20 miles, and drew attention of the members to the Presi-
dential Address where also emphasis was laid on research and its
applicatioh.

In regard to the construction of embankments in the marshy
ground, item 4 of salient points nnder this section, Shri Bhatt spted
that work on the construction of embankment on the Kastern
Express Highway was being continued and the embankment in
some stretches was nearly complete. He added that if any of the
engineers happened to comc to Bombay, the Stato wuld be very
glad to take them round to the site where *for the first time sand
drains were being provided in this country.

<
Shri 8. N. Gupta invited reference to his Paper No. 213 which

was the first Paper discussed in the current session containing some
studies in soil mechanics.

He then took up the different items in the report serially. West
Bengal has some black cotton soil but the C.R.R.I. would not accept

it as such. According to the definition, a real black cotton soil
must have L.1.. of above 50.

Regarding stabilization with lime, he stated that they had
carried out some experiments in the laboratory and the results were
more encouraging than the C.R.R.I. results, though they had not
been able to take up any extensive work on the roags,

Regarding mechanical stabilization, the
number of works with this type of soil stab
good results.

v have been doing large
ilization in Benga.l with
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Chemical stabilization: As far back as 1950, the two very
short stretches of road were laid with chemical stabilization, but the
experiments werc not conclusive and they did not draw any
definite conclusions.

Cement stabilization: The report refers to the work done
two years ago only in Bengal. But prior to that, in some of the
Community Development Blocks, a soil cement road was adopted as
a low cost road and it was reported that the soil cement base and
subbase had been standing alright. The wearing course of 1% in.
premixed carpet had been given. The road pavement was only 8 ft
wide. Naturally, there was tracking of wheels, and on the flexible
wearing course of the bituminous carpet, lateral movements were
seen. Under the tracks, the carpet was getting thinner and was
moving sideways. Tt was, therefore, concluded that some method
o secure better grip between the base and the wearing course laid
directly on the soil cement base should be devised. Then the sugges-
tion came to graft the stone. This technique was used on Barasat-
Bggirhat road about 30 miles from Calcutta, and the members of the
Test Track Committee were shown sections cut from that road.
That road has been standing alright till now. As regards the sugge-
stions that just one priming coat should be enough to give adequate
grip between the wearing course and the soil cement base, Shri
Gupta stated that on the road built in the Community Development
Blog): .aentioned above, they did apply the priming coat, but that
did not help very much in keeping the wearing coat in proper
condition.

As regmds bituminous stabilization, Shri Gupta stated that
only two stretches werestried on the Government Test Track at
Calcutta. The experiments were not very conclusive because they
were notfully equipped with all the implements and equipment
necessary to have thorough mixing of bitumen with pulverized soil,
but there was a possibility of adopting this technique,

Stabilization with lime and molasses: Molasses had not
been tried in Bengal. Stabilization with lime has been giving very

encouraging results in the laboratory and it would now be tried on
the roads.

Regarding low grade aggregates, like brick, moorum, kankar,
soft gravel, etc., they were being used extensively in West Bengal.

Low grade aggregates are now being adopted as an intermediate layer
in the roads.

Shri 8. R. Mehra observed that they had been talking about
controlled compaction of soils now for a number of years, but
psychologically they had not yet accepted that it was possible to
treat scientifically compacted soil as a part of the required pavement
thickness. Tt would be an advancement towards a positive attitude



992 DISCUSSION ON

towards providing adequate thicknesses, if instead of looking upon
controlled soil compaction as an improvement of the subgrade, they
looked upon compacted soil to a given minimum d.ensity and to a
known bearing value, as a part of the pavement itself. It would
make people think in terms of the larger thicknesses of pavements
needed today, in the context of increasing traff.ic loads} a,n_d traffic
intensities. 1t might also help people to progressively thmk_m terms
of the possibility of actually designing the pavement thicknesses
instead of sticking to the thicknesses which were being based on the
past experience and which are known for certain to be not adequate
for present-day traffic. Whereas before construction it is possible
to use compacted soil at the bottom of the pavement, it is not
possible to do anything about it once the pavement has been
constructed. He, therefore, enjoined the engineers to consider the
use of compacted soil as a very cheap substitute for foundation and
as a very practical way of providing the extra thickness that was
needed for the pavements.

Shri M. Meeran referred to the two methods of surface
dressing described in the report, viz., one by grafting of chips and
the other with priming, and requested information as regards the
economics of both the methods. Based on the ruling prices, he
would like to have some comparative costs.

L
TRAFFIC AND TRAFFIC SAFETY T

Shri T. S. Khanna introducing the subjeet, particularly drew
attention of the members to the problem of parking.meters which
were proposed to be installed in Delhi and which seemed to be &
little controversial. Theve were some commercial firms who objected
to that, and he would like very much to have members’ viaws about
ib. It is very difficult to control parking in congested areas unless
meters were installed, because people left the cars overnight and

also repaired cars in these arcas without any check. Used cars for
sale were also parked permanently. :

Regarding goods traffic survey in Delhi; it was carried out by
the Roads Wing and Dr. M. K. Ganguli would perhaps give some
more details of this survey as there are a number of interesting
results which Dr. Ganguli found out from that survey.

Regarding design of kilometre stones, the work done Wwat
presented to the Specifications and Standards Committee and they
have taken the decision on new designs,

“QOrigin and Destination Survey ’ Paper had already beer
discussed in the current session but if there were any more poinﬁ
or comments he would like to hear them,
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Regarding design of traffic islands on road junctions, Shri
Thillainayagam perhaps would like to explain a little more if there
were any general results which could be applied all over India or
which might help change the geometric standards in any way.
Study on operational cost of vehicles was being carried out in Delhi
by the CR.R.I. And if there was any information that could be of
use to them, he would be delighted to have.

Shri R. Thillainayagam stated that lot of work was being
done in the Highway Research Station, Madras, on geometric designs
both for the State Highways Department and for the Corporation of
Madras and other Municipalities. Their experience had shown
that many of the existing roundabouts put up some years ago in
Madras needed to be replaced by traffic signals, because the round,
abouts were not functioning properly due to the increased traffic.
Also, due to the narrow roads where medians had been put up, the
traffic was finding it difficult to manceuvre within the restricted

roadway and they were removing the medians and providing lane
mArkings instead.

In Madras, before the war, traffic counts on all State High-
ways and Major District Roads were taken twice a year, once
during the normal period and again during the peak period for one
week. At present traffic count was being taken once in three years,
onc®” during the normal period and another during the peak
period for about a week during that year. A short study
appears to have been made by the Central Road Research Insti-
tute to expand short traffic count of one hour to get at the
probable average of daily traffic. He, therefore, suggested that the
Central Government should set up permanent traffic count stations on
all National Highways, to take traffic counts throughout the year for
a number of years. From the data it might be possible to evolve a

iac;ﬁor for expanding short count for the various regions throughout
ndia.

As regards truck traffic, Madras had proposed to set up per-
manent weigh bridge sgations on all State borders where a regular

9]1eck about the weight of the truck and of the various goods coming
into the State could be made.

_As regards parking meters, Shri Thillainayagam felt that motor
vehicles being already heavily taxed, it would be really a hardship
on them if they were going to be taxed again. He suggested that
they should ask the building owners to put up private parking
accommodation for their clistomers coming in motor vehicles. If the
planners of the buildings had thought of parking requirements
before they constructed the building, they could have at least con-
verted the basement floor into parking garages and used the other
floors for offices, etc. He added that the Corporation and building
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authorities should specify the parking spaces to be provided by the
various types of buildings and insist that the building owners should
compulsorily provide specified parking places depending on the type
of building. Similarly, cinema houses, hotels, and restaurants should
provide the prescribed parking spaces before they were given licence
to operate or before their licences were renewed.

As regards the provision of road signs and road markings, they
were providing quite a lot of signs in Madras State.  But unless
these signs were enforced, they were of no wse.  In Bangalore, there
were a number of signs indicating “ Halt and Procced ) but many
did not stop at these signs.  Tn Madras, too, signs restricting speed
limit were observed by nobody. So, he felt that the regulations

posted must be reasonable and should be followed up by enforce-
ment.

As regards road accidents, Madras had very few records. He
suggested adoption of a uniform policy throughout India. The
Police authorities, being the investigating authorities and more or kss
a non-technical body, should be advised about the information to be

collected.  For collecting this data they should have a common
form.

Shri Thillainayagam added that adoption of minimum speed
on the roads, was also discussed during the Traffic Semifie. at
Bombqy and it was finally decided that it was too carly to adopt this
in India, even though in Japan they worc going to adopt this on
their expressways. Unless separate highways for motor vehicles

were constructed, the adoption of minimum.speed limit would not be
possible.

I

parking meter ix quite a
; bu‘t any experiment in this direction
afraid, might not be a practical proposition.

Regarding traffic islands in the city of Madr.
Shri Thillainayagam he stated that in Mcudra
diﬁicul.ty in securing sufficient space at ,the inte
large circles to suit the long Leyland buses of the Public Transport,
etc., which required & minimum turning diameter of about 60 ft and
sufficient extra space for carriangeway all round. In cities like
Madras, they had not only to provide at least two lanes for fast
traffic but also extra lanes for slow moving traffic in addition to
pedestrians and the eyelists.  So, on important road interscetions
converging round the rotary, a minimmum of 34 ft carriage way
besides a raised  pavement for the pedestrians, was required, On
these lines, some of the road junctions were being redesigned in the
city of Madras. '

Shri M. Meeran remarked that
common thing in the U.S.A.,
in this country, he wus

as, referrod to by
s they found one
rsections to put in
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Shri Mecran went on to explain that till recently traffic control
dovices wero being executed at the expense of the 'local body in
Madras. About 4 years back, he took up the question whether it
was the responsibility of the local bodg to bear tho expenses or the
police being the authority charged with the traffic control: The
question was examined and it was agrecd that the Goyernmcnt
would pay for the work and the Corporation would oxecuto it.

He added that the question was now being re-examined as it
was considered that the intersections with rotarics were not quite
satisfactory in the present context of increased traffic and that the
rotaries should be replaced by automatic traffic .:s)gn'als. Though
accepted in principle, there was the question of initial cost. One
automatic traffic signal, say, a 6-phase signal, might cost about
Rs 15,000 or so plus the maintenance expense of the clectric devi-
cos, etc. Another point for consideration in the case of automatic
traffic signals was when there were a number of intersections from
the cross roads with the main road at intervals, not s_pa?,ced at
cdeulated points, there would be difficulty of synchronizing the
signals for a number of intersections. Also, there was the S{IOW
traffic mixing up with fast traffic. Some of the enginpers might
have noticed in the States that in the Grid Iron pattern of the
planning of cities, the synchronization of the signals was arranged
with a view to clear about half a dozen cross roads at one stretch
befhuse the spacing of the cross roads was very n'icely agranged.
But when the spacing of the cross roads was not uniform, it would
present some difficulty.

Regaraing the Lifq Insurance Corporation Building in Madras,
the original design provided for the entire ground floor for parking,
but the.design was changed only after providing adequate parking
space at the rear of the building. Shri Meeran added that there are
provisions in the municipal rules to insist on the parking lots in the
case of public buildings, cinemas, etc., b_ut there was no provision in
the municipal rules to insist on reservations for parking in the ca;e
of ordinary shops in the bazar areas. In the latter case, it wai the
responsibility of the, road authorities to provide sufficient parf u})g
spaces in all market arcas and public roads for the benefit of the
shopping public.

. tt observed that to copy or imitate what 'had
beensdl;;ie }I]l t‘lllo EIISaA might be out of necessity. The conditions
might not be as bad in Madras, but they were 'des‘pemte 1r;1 certain
parts of Bombay, Calcutta and Delhi. Even m Europe, the mtagi
problem facing them in the existing towns and the layout in H;S xi
politan areas was how to provide and control the motor vel ;hc o8
and their parking. He found in Rome last October that wi B 03
population of 2.2 million there were 3,50,000 cars to be provided |
and parking meters was the only answer to that.

36
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Shri S. R. Mehra, referring to the various arguments offered
against parking meters, stated that the telephone system with the
penny-slot arrangement was already working over a number of years
and there seemed no reason why the parking meters should not
work. The whole idea behind parking meters was that if people
wanted to enjoy the luxury of going to shop in their own cary
instead of public transport

, then they showld pay for it. It would
automatically have the effect of reducing the number of people

wanting to park their vehicles in congested areas,

Shri M. Meeran, replying to Shri Mehr
the telephone system working very well, stated that there was difte-
rence in the working of this system. There, only by putting in a
coin firs, one could use the phone. But in the case of parking
meters, whether the coin was put in or not, one can park the car
there and walk away. And a policeman could not be watching
all the time whether people put in the coin or not,

a’s contention ahout

Shri T. S. Khanna stated that whep the
meters, it was presumed that it was cle
meters operated. A policeman on dut
was parked, on the parking meter dia,
would get a challan receipt,

Y proposed parkiﬁg
ar to everybody how those
Y was always there. If o car
I would show red and the car

ShriC. L. N. |

yengar wanted to explain
in Bombay.

.
a few things going on

In regard to round abouts in heavily trafficked areas, so long as
traffic volume was very small, s ) ;

ome sort of weaving arrangement was

> and. But that Pposition in moust of the
cities had now got obsolete, They had heen trying a l1?ew bold
experiments to Ehm}ge the traffic islands to more orless a channelliz-
Ing arrangement. In some cases, they tried a com romise of -
ing a t‘raﬂic island type of inI(),r rﬁ.lf\sgﬁg %1;&3%})&
channelising arrangament for ¢ s 1
very encouraging, He hoped . t ey
arrangements at some future session of the Congre 15 channelising

Shri Tyengar regretted that the final report )

i \ ineeps 8 of the ECAFE
Sesasxox(ll of 'llrai’filc E“gmeeflllng and Highway Safity as ap;] ie]?l to tho
under-aeveloped areas or the countries wh LY O
predominant, had not been published. re mixed traffic was very

With particular referen

¢e to the minjm
been found that so long as ¢

um  speed limit, it had
here was even o

ne slow moving vehicle
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in the city limits where the intersection fyequency was very 1m:g<_>,
there was hardly any advantage to be gained by enforcing il mmll-
mum speed limit. A minimum speed limit would be valua‘p e only
in the case of long journeys and not in case of shorter journeys

undertaken in the cities. He thought speed limits could be recom-
mended on these lines,

As for metering of parking vehicles, this point had been discus-
sed at the Traffic Advisory Committee in Bombay and at one stage
there was a gevere objection that it was not within the rlgl}t»s Qf
constitution to subsequently tax the motor vehicles by putting in
the meters. But as a progressive idea it was worth experiment-
ing to find out how it would work under those circumstances.

Shri A. A. D. O. P. Saparamado (Ceylon), referring to the
controversy over the use of parking meters, stated that they had the
same problem of parking in Ceylon within the City of Colombo where
over 50,000 vehicles used the roads during daytime. The question
ob parking meters was taken up several years back, but due to the
same controversial issues nothing came out. Some of the earlier
speakers mentioned about keeping a check on the usesof spaces
without putting money into the meter. Tn the latest type of meter
inuse, thero was no necessity of any control, hecause once the
needle comes down, a red dial appears. This red dial was visible
frol a distance and any police officer on duty could see it.

The type of parkers was a point to be considered, e.g., there
were 3 typeg of parkers—short-time parkers, shoppe.rs_ and long-time
parkers. By using parking meters, equal opportunities for all these
types could be given by controlling the rate per hour. For instance,
for shorp-time parkers in a shopping area, a rate of twenty-five
cents per hour could be fixed. It would eliminate long-time parkers
from the area due to the high rate. For long-time parkers, parking
lots could be arranged 4+ mile or so away from the busy areas. By
charging a rate of about 50 cents for the whole day, an inducement
could be given to long-time parkers to park in that area and walk

to their offices or plages of business, instead of parking within the
congested area,

Regarding the use of traffic signals and rotaries, in Ceylon at
o time when traffic was not heavy, it was the practice to put up
small traffic circles and it worked well during that time, but the
present-day volumes of traffic required a larger area for vehicles t%
Wweave. Within a city, bigger circles requiring large areas were no1 b
economical. Several of their roundabouts which had ~worked wed
Some years back had now become .bottlenecks. Some of these(llm
een knocked off and a system of one-way streets was evolved as

a result of which the congestion within the heart of the city of
Colombo had been minimized.
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The use of traffic signals had not met with much favour in
Ceylon due to the delays caused.

Shri G. C. Khanna stated that the National Highways and
State Highways passed through some of the important citios and ho
suggested that thoy should start using parking meters in cities on
some of the National Highways and they should also be allowed to
pay for these out of National Highways’ Funds.

Shri Khanna referring to the statement made by Shri Meeran
stated that the parking meters had to he imported  involving
foreign exchange and sugeested that they shonld, thevefore, take
steps to gt these manufactured in India, 1 Indin could make
telephone equipment, including complicated telephone exchanges, it
shonld not be difficult for Tndia to manufactuwre these meters, and

suggested a reference to he made to the Ministry of Commerce and
Tndustry,

He invited the attention of the memb
king places and suggested, especi
multistorgyed huildings for p

ers to the necessity of par-
ally in big cities, construction of
arking of cars. A car narmally required
about 180 5q. ft. of plinth area for garaging it. By adding 100 per
cent extra space for traffic circulation, etc., the maximum arca
required would be about 360 8q. ft. The cost of such a multi-
storeyed building made of reinforced concrete would he about rus 10
persq. f6. So, the investment per car will be about Rs 3,600
according to Dethi and Punjab rates. This excluded cost of land
asland could he provided free by a Municipal Corporation. Even

ing. might be four-storeyed
and per storey of building would be 25 per cent of
the total cost of land. Assuming that Jand would cost Ry 60 per
8q. yd., the cost of land per storey of the building would come to Rs 15
per sq. yd. Assuming that tand required was double the arca of
the building, they would require 80 sq. yd., viz.. 720 sq. ft. of
lt:}xlnd 11101* Rgaaaggu Tgel tc1>ta,l cost of garage including land would
us be ks 4,800, Calculating in } :
return shoud b R Sculating terest at 6 per cent, the annual

Any motorist living j i K
or Connaught Place would he i ing in Chandni Chow

willing to pay easily R 30 to Rs 40 per
month. He suggested that bt broﬁlghst to It)h"
¥, Madras and Delh; where traffic

great Yamd they be requested to construet multi-
as in Western countries,

high, the cost of I

storeyed garages

Shri U. J. Bhatt,
stated that it not on)
He thank
on the G

Chairman, winding uwp the giscussion

: Y proved interesting hut also very stimulating.
ed all the members who haq taken part in the deliberations
eneral Report on Road Research.
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ING AND CONSTRUCTION EQUIPMENT OF AL

The House of Dependability...

* Andhra Stale: Nagarjunasagar

—Mach Kund-ACC *Mysore
State: Tungabhadra — Bhadra
Reservoir—Saraswati %Madras
State: Port Trust — Salem
Magnesite —Kundah % Kerala
State: Neyyat Dam #%Bombay
State: ACC—Port Trust— Naval
Dockyard — Vir — Koyna — Mula
— Ghod — Mahi —~Girna —Purna
—Borad ® Madhya Pradesh
State: Bhilai Steel — Chambal
—PWD-Hindustan Construction
— ACC — Elect. Board @ Bihar
State: Kosi — Badua —Hatia
— Sindri-NCDC - DVC ~TATA

—Indian Iron—Indian Aluminium

14F, CONNAUGHT PLACE, 4 westBengal State: Kangsabati

— Durgaper ¥ Punjab State:
Bhakra Nangal — Ferozepur
Irrigation — ACC. #Jammu &
Kashmir State: Govt. {rrigation

* Uttar  Pradesh State: Rihezne

—~Govt. Cement—Nanak Sago-
— Irrigation % Qrissa _ State
Hirakud — Rourkela

iy
TYPES

T PRINCE din

PBK 601



The wheel
of the wagon

is broken

How many whecls and axles break
during a year in each village?
We don’t know.

But we do know that there are
5,58,089 villages in India.

And that each wheel takes time
to repair. And money.

For want of a nail, the battle was lost.
Faulty road surfaces

damage motor transport 100,

And that means heavier repair charges—
an estimated Rs. 10, erores cach year.

Good roads mean a direct reduction in
the cost of vehicle operation,

And they bring indirect benefits, expressed
in terms of a higher standard of living,
Road construction demands

topmost priority.

That’s why everything to do

with roads is so important.

Bitumen for example,

One of the better road-building materials,
Inexpensive. Easy to handle.
J.ong-lasting. Hard-wearing,

Supplied by Burmah-Shell,

Burmah-Shell Bitumen is backed by & technical service,
staffed by skilled engineers, whose job it is to assist in
the creation of roads. Good roads. Cheaper roads.

THE BULK METHOD OF DELIVERY, RECENTLY INTRO-
DUCED BY BURMAH-SHELL, NOT ONLY ELIMINATES
DRUMS AND SAVES STEEL, BUT ALSO LENDS ITSELF
TO MECHANIZED ROAD CONSTRUCTION, REMEMBER,
BULK BITUMEN |5 MUCH CHEAPER N INITIAL COST.

BURMAH-SHELL
BITUMEN

FOR BETTER ROADS

.

* ‘G’ BRIDGE AT ROURKELA

- . heaviest
One of the seven railway bridges designed to carry th.e P
railway, heavy mineral loading. A frame type bridge in k- -a";

- . ; m
the central pier columns being continuous with the dec

/ i ° skew.
beams whose spans are 36, 39’ and 39'. The bridge has a 23° s

i i Ltd.,
Designed and constructed by us for Hindustan Steel Private
Rourkela, in 1959.

GAMMON INDIA PRIVATE LTD.,
CIVIL ENGINEERS & CONTRACTORS,
HAMILTON HOUSE - BALLARD ESTATE - BOMBAY-I

.o MON "
Telephones: 264511 (5 lines) Telegrams: ‘* GAM
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“Thank you, no! ‘
But I'll bet on my

TATA-MERCEDES -BENZ
every time!’’

Cocle-fights are a pretty exciting
sport. But betting on them is
uncertain, particulary when you
work so hard to earn a tiving
wage for your family. However.
V'm mare than willing to bet »
sizeable amount on my TaTa
MERCEDES-BENZ truck.

| have perfect faith in my TATA.
MEACEDES-BENZ truck —it's sturdy,
dependable and economical. .

Will anyone cover my bet on the
Star that hauls a fortune ?

TATA—RERCEDEQ-RIHI

TATA ENGINEERING &
LOCOMOTIVE CO 4PANY LTb.
Automobile Division -
148, Mahatma Gandhi Road.

Bombay |

h oy

ix

ASSOCIATED EXPORTS IMPORTS CORPORATION
8.B, Lall Bazar Street, CALCUTTA-I.

Telegrams: * EAGERNESS "
Telephone: 22-5(20 eleg

U. S. SPARE PARTS EXPERTS

srery Spare Parls o
Aeailuble ce-stoek and on Forward Delirery S{]}(m’ 1 i
o all Machinery and Equipment as wnder :—

Allis-Chalmers, Austin Western, Caterpillar, BUdal'dl'(:jteésna&ZZi.
Harvester, Gallion, Euclid, Cummins, Hercules, Woo r'l.gs ’Lister
Leyland G.M. Diesel Engines, Mercedes Benz! Per ‘lr‘]s, Moline:
Huber-Warco, Ferguson, Fordson, Ruston, Minneapoli

Massey Harris, Etc.

«“ GOETZE " originat Piston Rings for all Tractors and Déii?ld%nrgol\r:vis
like Allis-Chalmers, Caterpillar, Ferguson, Hanomag,
etc. available ex-stock,

tors,
Spare Parts for all Makes and Models of Roac,isgo;‘llifigb:?i‘i Tn:zicntain
ssors, a )
Road Graders, Dumpers & Compre : . ill be given to
requirements of Civil & Military Engineers and Co 'S
on border roads.

™~

8 B J

CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CONCRETE.
SCREWCRETE FOUNDATIONS.

FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.

P-13, MISSION ROW EXTENSION, CALCUTTA.
\




MILLARS

HIGHWAY COMBINED DRYING & MIXING
MOBILE UNIT

Batch Capacity : 8 Cwt,

material.
o

Output: 4 to 7 tons
per hour.

°
Most Mobile.
[ J
Rapid Mixing.
°

Mixes any type of

sand asphalt

>

Mix analysed and approved by Road Research Board,
U.K., and the Federation of Coated Macadam Industries.

® Extremely efficient drying from controlled airflow through drum.

® Positive Removal of damp air prevents recondensation,

e Special design of bitumen hopper ensures accurate volumetric
measurement and clean discharge into drum.

® No risk of bitumen igniting because combustion chamber can be
sealed off.

MILLARS’ TIMBER & TRADING CO., LTD.
: BOMBAY 27.

or 10 Cu. Ft. mixed 3

asphalt including hot .

ROCK DRILL

now manutactured in our works at bombay

The CP-32F is an outstanding Rock Drill i the medium weighs. <lass which needs ao lllt:’f)illl(. .nn
as it has proved itself in most contracting, mining and quarrying aperations n [ndia. With tast
drilling speeds and strong rotation it is one of the finest drills in its elass for continuous heavy
duty in hard rock where speed agd all-m costs are important factors. Its performance 1 equally
good as a hand held machine or Fecdleg-mounted for horizontal drilling. Available as wet or dry
machincs with 7/8" hex X 3-1/4” or 4-1/4" chuck.

Consolidated Pneumatic TOOL COMPANY LIMITED
301/302 agra road, mulund, bombay-80. branches at: calcutta, new delhi and madras
wilp p oo
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Aluminium

in
Transport

More and more aluminium buses are being
built, as considerable weight saving resulting
in increased payload — a very important
consideration in road transport—is achieved.
At the same time the efficiency and economy
of operation are increased due to less wear
and tear on tyres, lower petrol consumption
and longer life. These advantages arise from

the lighgness, strength and corrosion resistance
of aluminium.

For the construction of transport vehicles
Indian Aluminium Company manufacture a
complete range of aluminium alloy products—
such as extruded structural sections, mouid-

ings, trimmings, chequered floor plates and
panel sheets.

Consult our Sales Development Division

Iodimin. Aburoinimmn Compay Fimnitesd

A CANADIAN-INDIAN ENTERPRISE
Head Office : 31, Chowringhee Road, Calcutta-16
Branches ;
30 Chittaranjan Avenue, Calcutta
Agurchand Mansion. 35 Mount Road, Madras
Lotus House,Marine Lines, Bombay
United Commercial Bank Building Parliament Street . New Delhi

1A 1253

I. Concrete Mixer (rowtk 0PERATED)

3. Bitumen Drum Mixer
4. 0il Fired Tar Boiler
5. Asphalt Mixer

6. Portable Crushing and

Screening plant.

IGarlick & Co.

BRANCHES

PRIVATE LTD.

Cox Street, COIMBATORE.
26, Errabalu Chetty Street,

MADRAS-|

18-B, Nizamuddin Woest,

JACOB CIRCLE. BOMBAY-1I

NEW DELHI-13.

Xiil

o
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ULTRA HIGH FREQUENCY
ASHOK CONCRETE /VIBRATORS

THE
NATION’S
BEST

COMPLETE RANGE OF g
VIBRATORS ; ’

-

Ma o .
nufactured by ——————S0le Selling Agents for India ==

Ashok Engmeering & Construction Co. | J. B. Advani & Co. Private Ltd.
161-1, Mahatma Gandhi Road, Chowri Bazaar, Post Box-1485,

CALCUTTA-7. DELHI-6.
Also at: Bombay, Calcutta,
Factory : 'Phone:  33.3887 vMacli(ras, Cochin, Jullundur,
. R isakhapatnam & Bangalore.
Sibpur, Howrah. Gram: “CASH" | AGENTS ALL OVER %NDIA,

AT

% BURN LTD
./

LIGHT AND MEDIUM

STRUCTURAL FABRICATION
ROAD BRIDGES
STEEL FRAMES FOR BUILDINGS

TEA GARDEN STRUCTURES

ROPEWAY TRESTLES & STATIONS
CONVEYORS & TOWERS

*  BUCKETS & HANGERS
BUNKERS & CHUTES .

ENQUIRIES TO:-
STRUCTURAL DEPARTMENT
MARTIN BURN HOUSIE, 12 MISSION ROW

o DBRELHI 3OMBAY KANPUR

MOWC163
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Increasing traffic calls for
long lasting C(m&ete Roadt

o L\
CONCRETE ROADS :
o Cost less to build #ah any other

. road of equal Idad.carrying capacity
® "Cost less to maintain

® “Give I6ng yeats of service

'® Give better visibility

® Help to avoid accidents t
CONCRETE — the perfect pavement cemen
THE ASSOCIATED CEMENT COMPANIES LIMITED

The Cement Marketing Company of India Private Limited
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