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NOTIGES AND ANNOUNGEMENTS

1. Contribution of Puyers for the
* Fift
of the Indian Rouds Congress. eenth Sesslon

The next General Session of the Yndi
i an Roa
ikely to be held sometime in January-Februar ‘I} (; };}3 Co
date, place and programme of the Session will be comt
Members in due course. /

Ongress s
‘ The exaet
communicated 1

9. Members who intend to contrib S

connected with Highway Engineering a:ét:eﬁif";;i! (;n auy subject
fact to the Secretary, Indian Roads Congress ;‘L‘m-i i o intimate the
synopsis of their proposcd Papers as carly a&, pu%ib([\. mond G shart
of acceptance of the subject matter of the Pap.;f{; ‘\[ Ou receipt,
cerned should send his contribation to the Seos he x{ lember con.
Congress, complete in all  xespoets and with {A::‘?r," 4ndmu Roads

hotographs, ete,, as and when ready. At toast 1{’"_1‘11 drawings,
the typescript mattor should be sent, typed (tii;'!s‘i)l \““e\f topies of
side of wood stout paper of foolscap size. The éo," Spee) an one
ntended to be read at the noxt Session, shoul ;wlfe(e Paper, if
submitted within the wvext three months b& d proferubly b
September 1950. DUt Dot later thag

3. From past oxpericnce it ia
Viembers send in their COHtI‘ibutiOIlSOt:).st,Br‘Z}?g [},h{bt most of  ghe
the Congreas Office is busy on work connected “‘% h Mowent, whep
it takes a long time to get Papers printed in the .J the Session. Ag
ia desirable that Members should have time to S't{‘r;nmu{
advance of the date of the Session, it is hoped ”<‘ :! 1”u.p:~m well in
make an effort to send in their contributions wh Mambers wity
four months. Members may please note tha,gvithm the nex

1ate in the year nre likely to be carried over to the tricpetrs receivad
" Rex Your,

sunad a8

4, The younger engineers are parti

_ ger el iG )
a_nb)zte Papers which, if required, wlgll beui&:xtilt{hr}hques'ted to con.
I ndian Roads Congress before publicatiog. WY edited by the

5. The following Medals aro availahie for AW irel -

(i) THE MITCHELL MEDAL -

Por exceptionally

ally good Papers conte
O N 3 contributed ¢ N ;
E!.er %‘E}g\gr%gs inany yeasr. This b heey ;U bhff Indiay
perp! e Sir Kenneth Mitcholl's conneot peittted v
Congresa, wetion with 1y,

-1

NOTIOES AND ANNOUNCEMENTS

(i) THE INDIAN ROADS CONGRESS MEDAL:
Ior Papers considered by the Council of the Indian
Roads Congress to be of a decidedly mure than average
merit,

6. The Council have reserved the right to award more than
one Medal in any year or to withheld the award of a Medal in any
year without assigning any reason.

7. ESSAYS: Members ute informed that the Council of the
Indian Roads Congress, ab their 34th meeting held at RBombay on
the oceasion of the 14th Session, have decided to discontinue the
Prize Basay Competition.

8. Rules and Regulations for the Contribution of Technical
Papers and the Award of Medals are publisbed on pages 9 to 14 of
Volume XIV-1 of the Jonrnal of the Indian Roada Cougrees-
September (949,



I1. Ruales and Regulations for the ¢ ibuti
. 0
Technical Papers and the Award of Medals. ntribution of

1. The following Medals are available for award
(# The Mitchell Medal:

‘This is & bronze medsal to be awarded annually f :
. ¢ ' ! or eXx ) .

ally good Papers contributed to the Indian I%oa(}s)]()On(r;\esgiﬁt:S:]:
ear. This has been iustituted to perpetuate Sir Kenn 'H)
Mitchell's connection with the fndian Roads Congregs. ‘nneth

(#s) The Indian Roads Congress Medal:

This is also a bronze medal to be awarded o

; 4 e br awarded annually for Pape
considered by the Conncil of the Tndian Roads (}ongréss to Ee:pbfr?
decidedly more than average merit. ' ‘ or @

2. PROCEDURE ON CONTRIBUTION OF TECHNICAI
PAPERS. o

2.1. Our procedurs in the past had been to invite Members t
contribute Papers a few months hefore the holding of the G(“Hﬂr(:
Qessions of the Indinn Roads Congress. On receipt, the zwgé;,;,i;
Papers were girculated in advence to Members for prior ;;ma -
month or so before the date fixed for diseussion.  This Proclpdb o
resulted in the receipt of & large number of Papers all at one 1 iln(:
and editing and printing had often to be donc very hurried] : Axl'm
Members often found that once manth did not giv‘(‘ them gusff’f: . ‘82
time to study all the Papers before the discussion at the (¢ ,‘Olt.n
Sessions. ¢ LOnEross

292 It has, therefore, hecn decided by the : )
Members should be invited, to contribute techn}i’cal Pa»l()}:r‘:;‘::(;:zl'oﬁhim
out the year, as and when they are ready, and that the acce f‘ 1d
Papera should be published in the Journals of the Societ w}?‘ ‘3
it is hoped, will be issued quarterly in future. Y 1ehy

2.3. The Council considers that this will give Members m
time to study the Papers and will also faeilitate editing "m;} ore
ting. A record of the discnssion and the comments recvivegrg
correspondence will be publirhed with the Author's rO;)l;‘;s : “)
Journal issued after the General Ression. "8 the

4. It will be realized that it will only be possi ;

. Lo A sible ¢
offect to this new scheme if Members co-opemt(}.} The angxﬁ
meakes this special appeal to members to contribute Papers f;,r
Jdiscuseion throughout the year at their convenience,

CONTRIBUTION OF TBOHNICAL PaArggs 9

3. RULES FOR THE CONTRIBUTION OF TECHNICAL
PAPERS.

or guidance when contributing
d, are reprinted below. It is
hese rules and observe them

3.1. The Standing Rules f
Papers, as now alightly amende
requested that Members read b
when submitting Papers to the Gongress.

3.9. Members intending to contribute Pape:s to the Indian
ouads Congress on any subject connected with Highway Engineer-
ing are requested to gond their contributions to the Secretary as
and when these are ready without waiting for a special invitation.

3.3. Final acceptance of the Papers rests with the Council.
In order, however, to avoid disappointment through the Council
having to reject Papers owing to an excessive m.lmjber being written
on any one subject or for any other reason, it 18 re'quested that
any Member intending to write a Paper should intimate to the
Secretary the subject on which he wishes to write and enclose
a short synopsis of the proposed Paper. He will then be informed

whether his offer can be accepted.

3.4. The Council reserve the right to publish any Paper in

the form of an abstract. When a Paper is published in abstract form
the manuscript copy of the Paper as sent by the Author will be
added to the Indian Roads Cougress Library and made available
for inspection by interested Members.

4 5. The Council have decided t_'rhat Papers from poxl-Members,
who are expertsor who have spe:uiu‘lzzed knowledge will be We!come
and acceptance of the Paper will carry honorary membership for
the Author for the year providud there are gopd reasons that the
contributor cannot join the Congress as an ordinary member.

¢ expressed the opinion that Members,
contributing Papers, should bear in
good deal more to be learnt

3.6. The Council hav
when choosing subjects for
mind the fact that there 18 often a
from failures than from success. ]

RULES REGARDING SCRIPT.

instructions are for the guidance of

4.

4.1. The following
Author’s of Papers :
a. ALL CONTRIBUTIONS SHOULD BE DRAFTED
IN THE THIRD PERSON.
ors should be typed on one side of good stout

olscap size, double spacing heing used and
(not less than 2 inches) should be

h. Pap
paper of fo |
an ample margin



RuLEs AND REGULATIONS YOR

left on the left hand side. At least three copies of
the typescript matter should be sent,

c. The Author’s full name, designation, academic qualifi-
cations and correct postal address should be given
below the title of the Paper.

5. RULES REGARDING ILLUSTRATIONS.

5.1. Illustrations fall into two classes, viz,,
a. Line drawings.
b. Half-tones..

5.2. Line drawings should be made in black Indian ink on
superior white drawing paper or tracing cloth. Blue prints are of
no use for reproduction and black line prints are also un-
satisfactory.

Line drawings are generally classified into two categories :
a. Diagrams which go into the body of the Paper.

b. Plates which are generally on separate large size sheets.

5.3. Diayrams :—The matter for the Journal is printed in
10 pt. size type (nearly 1.16 in. height); therefore, the written
matter in diagrams should be so made that the size of the letter
when reduced for reproduction should be about 116 in. The
printed area of a page measures 6§ in. deep by 44 in. wide.
Therefore. the ultimate size of such drawings will not generally he
more than 5in. x 4in. Thus, if a diagram is to be reduced to
one quarter of the size submitted by the Author, the lettering
on it should not be less than ! inch in height.

5.4. Plates:—Plates should preferably be pPrepared in widths
that are multiples of 7§ in. The size of letters used in the plate
should be so chosen that after reduction no letter would be less than
116 in. in size. Thus if the width is 15 in. the minimum gize of
the letter should be } in. The thickness of the letter shouid also
stand corresponding reduction. The title should be in the right
hand bottom corner in letters of such size that when reduced the
size will be at least } in. The name of the Author may be printed,
if desired, at the bottom right hand side.

5.5. Scale should be drawn in the plate below the title
to admit of reduction of drawings without altering the correct re.
lation of the scale to the drawing. Mere mention of the scale thus
“Scale 10 ft. = 1 inch” should be avoided as thig would be
incorrect when the size of the plate was reduced photographi-
cally,

: 1
CONTRIBUTION OF TEOHNICAL PAPERS 1
e used. When it is desired

N : not b
5., Colourcd inks should Lo dotted lines should be used

to distinguish lines, dotted or chain
instead of colours. |

571 1In drawing diagrams or graphs, the following points
desorve ti\e consideration of Authors.

5792 From the standpoint of plea_sing appearance, abrecti;
‘mgulle;r. f;ra})}l or drawing with proportions between 3 by
and 3 byb4 is to be preferred to a square one.

R : - and effectiveness of a graph depeqd
. 5.7.3. The :l}:feea[o:ncfhe relative width of lines used in
in a large zne:rts The thickest line should be used for the
ite componars Pt [f’ geveral curves are presented on the same
principal curve. idth used for curves should be less 'than
graph, the line wi single curve is presented. Co-ordinate

:tll?itng: s:gou;;he;le it;he narrowest in thickness. Principal re-

5 axes should be wider than ot}}er
fexignco l])mtesn:;lri)}iv;s t;}:;‘ curves. For the size qf redggtlog
”l: 1ngs ua“ adopted for the I. R. C. Journals, it is considere
:ha: ]:h:;sghic}l]{eﬂt \ine when ﬁyzally reduced should not be more
th:n 2} points, i.e., 0.035 inch in width.

5.8. [inished illustrations should not be folded for purposes
8. Fin

iled flat, they should be stiffened by
Of'de”"”ch.b (‘Z{lﬁegr n;zllll:d with the drawing outside to pre-
::ﬁzgc:;rlingo:frthc Indian ink lines and securely packed.

> inar hotographs and it is
b4 “H“lf"’ﬁ:,:t p:bi!r.lets (:r((ia clgzu',]? slightly over printed
necessary to see].z;d Photographs which are dim or out of
and preferably gla ()ilt distinetly in reproduction and make a
focus do not f’,omeN.mtich should accompany the photographs
bad ¢ half-tone i bi‘nd will, if desired, be  returned when
whenevq:h po(s‘s,,lpt?c;ns( should be written on the buack of prints
done with. G f

in soft pencil.
5. BRIDGE DETAILS.

ibuti apers on  any  bridgework
d ributing  Papers any :
0.t !V[nm};(la:s Lf,f;:\):]nout :L?u requested to give inter alia the
actually c: >
following details; |
n showing the road and river for two miles

a, A site pla > roid an
" on eit}?er side of the bridge site .
b A dimensioned eross-section of the roadway ;

c. The loading on which the design is based ;
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11. PARAGRAPHING.
d. The cost per square foot of the elevation area . . o L _ )
prised by the formation level and the bottom og(zcrll;e 11.1. When divisions and sub.divisions are designated by
foundations, and

numbers and letters, the following symbols may be used in the
arrangements indicated.
e. 'The ratio of the total cost of thesubstructure to the

1.
cost of those parts of the superstructure as are
subject to variation with variation of span. Ir. i
7. UNITS. 2.
. a.
7.1. Members are particularly requested to use the standard b
units of weight, measure, and cost given below : * ()
STANDARD UNITS OF WEIGHT AND MEASURE (i)
12, ACKNOWLEDGMENTS.
Description of work Units to be adopted. 12.1. Sources of quotations appearing in the Papers should be
; stated and acknowledgment should be made for all infor.
1. Road materials such as metal, mation culled from books, periodicals, and proceedings of
gravel or moorum, sand. 100 cu. ft. sister societies, etc.
9. Binder in surface dressing and

)
grout. Ib per 100 sq. 1.

Ib per cu. ft. of
aggregate,

By weight and not by
volume.

3. Binder in premix, carpets, etc.
4, Cement.

5. Water Cement ratio. -.gallons of water per
cu. ft. of cement
(assumed ag 90 1h)

In Indian standard cur-
rency (Rupecs, cte.)

6. Cost and Rates.

8. FORMULAE,

8. 1. Mathematical formulae should be

dra,
hand and not set out with the typewrit:,:. carefully hy

9. ABBREVIATIONS.

9. 1. The use of abbreviations should he i )
6r:s " X3’-3_" sh_()llld be written 6 feet 2 lnzl‘;;)]sdl;)d 3 i!‘\(:l '
3inches. Similary 225° ¢ should be written as 22”yd' o
centigrade, and so on. " clegrees
10. ITALICS AND EMPHASIS.
10. 1.

Only those words and phrases which sre + . .
italics should be under{)ined. which are to be printed in



1. Procedure regarding the discussion of Papers at the
Annual Sessions of the Indian Roads Gongregs e

1. The order in which Papers will be taken :
. . : u - .
will be decided by the Council and intimated o IIII)(-:!fx(\)I')pdrISfIUSSUHl
ing the Session. T8 attend.

2. Every Chuairman presiding at the discussion of
be introduced to the audience in Appropriate terms,  Qipas
the Chairman will introduce the Author ang will c:mll]' . Similarly,
present his Paper for discussion (The Paper wil) be twker:]ofl him to
Introductory remarks shall not ordinarily take mor. gﬁ rond)
minutes and, unless the Author hag Someth'ing hew t”e ‘than 10
came to his notice since the submission of hig Papoer. th 8"’4);; which
tion should bLe limited to 250 words.  After the inimtﬁ,l?.roduc_
Paper will be open to discussion. ction, the

“ Paper wi)l

3. To facilitate the conduct of business 3 .
time for various sittings and individua} Papers, ggo:gedgganon of
raising questions or offering comments at the meetinslrolllls of
inform the Secretary well in advance (wt Lenst 24 fomy % should
meeting) about the Papers on which they would Iike t,o'g efore the
the time they would take. Those who have not iv ?penk and
quired intimation to the Secretary may, at tho diSCr%ti N the re.
Chairman be allowed to take part in tj, diseng, ion of the
permits and after those who have intimated thej, on if time
speak in advance have spoken, Inteuntion 1o

intends to make should be sent in ady A
Paper and a copy endorsed to the Secretary. Uthor of the

5. 1If the comments are likely to take m

. o '

or if they involve lengthy mathematicg] mat::rthoan ten-minutes

would be desirable to send g copy of these 4q ther glagmms, i
.

least 2 weeks before the date of the meet;

o have them printed and cireulated to ‘S?t;:agm s‘()) as t
meeting before the discussion on the Paper t&zrs
comments may, at the discretion of the (Tha.irmes Place. These
read and the members making them wil] thug o] a?, be taken o
explain generally the nature of hig comments fgh ® roquired to
if possible, reply at the meeting ns . © Author will,
made orally.

6. Members who do not want to s
. s ‘ peak hu .
of any iesues arising out of fho discusaion of- :mnt‘clanﬁcution
remarks of the Author should write L mtmd“cmf}’

out their querieg on “Commeny

PROCEDURE FOR [JISOUSSION OF PAPERS 15

Slips” which will he provided for the purposc while t‘he_ di.scu&
8lons arc in progress.  Volunteers will be d(*pufe(l to‘dlstrfbme
and collect these slips at frequent intervals. The slips will be
sorted ont by the Secretary and at the end of the talk by the
Speuaker or Speakers, the Chairman will read out the queries and
the Speaker or the Author will give a reply.

7. Members who are unable to attend the Session and who
desire to comment on any Paper should send one copy of a note of
their comments to the Author of the Paper and two typescr!pt
copies to the Socretary. A gist of th.e comments pogether with
the Author’s reply thereto will appear in the Proceedings.

8, After all members wishing to do so have spoken on a
Paper, or when the Chairman considers that because of la.,ck of
time the discussion must be brought to a close, the Author will be
called upon to reply.

9. If the Author ofa Paper is unable to be present, he
should depute another member to introduce his Paper and to
replv to the discussion and should inform the Secretary
accordingly.



iV, Lib Liprary RULEE 17

. X"dl‘y,

(b) 1f & member does not return library books when the
period of loun has ex; ived or in any case within three

1. loformation and books on loan from the tibriries of th
months of the date of issue and thus deprives other

\ . ‘

(,omalugblmg Engincer (Rowdsy and thy Indian Roads Congress

available to Merabers of the Vadian B ‘o 88 nre

PRI o ' gress and ea ' dir s he will e i

applioation. bo tind of i h(mr;ﬁ:{:Vhofﬁsé;ﬁm}r;ﬁss {ean, on members of their use. he will be liable for a fine at

Now Dolbi andor the following :mrrsmuéx;)ents ; oady Congress, the rate of one auna @ day for every day of retention
& : up to three months and two annas a day thereafter

{a) For Members of che Indian Roags Congress wh
are  in the  =ervice of the Central 80 88 who
Gavermmnts. r State

Specifically named books or i i
egqmries on techuiond subject;t;};;lt%:):? :68{)011?9 to
of the rank of Exooutive Enginger ey flours
Others should apply through their Ey s0d above,
neers or officers of eruivalent mnk, coutive Bug.

(by For Merabers of the Indian R
. € 03
are not in the service of (hedgeg:"}gmaﬂ who
Governments, ral or State

Applications for specifically

Pl ) a am

enquiries for literature on thhnicﬁg la)sub‘

clearly state the Member’s rgi “umba;}eﬁ‘“ should

postal xddsess, and the title and author of tk:g %mr%t
ook,

00ks ng well ug

2. The library is intended primarily for refoge
source of information from which the Seeret&ry nfe. ‘
Congress, is enabled to rnswer enquiries addressed s glidu

m

1t in the

o Roudg
3. Books are leaned for reference ong '

tinous use. The library cannot be expeoteq ‘é‘(‘)’d 1ot for cop.

of the necessity of purchasing books required Ooreheva fficers

long periods of time. Bstantly o for

4, Ordinarily not more thasn two bookg Will be :
8 i

up to gix months,  ‘The Secretary will also have no
power to issuc any more books to the member until
all the hooks already issucd are refurned. If all
books arce not returncd within six months, twice the
cost of the hooks will he debited to tie borrower in

addition to the fine referred to above.

(¢) Current issucs of Journals cannot he issued to mem-
bere outside the Consulting Engieer (Roads)'s Office,
but back issucs of certain Journals may be sent on

loan for a limited period.

(d) Books are issued strictly subject to the condition, in
all cases, that they will be returned promptly if ac-
tually required and called for by the Secretary, Indian
Roads Congress. Retention of a book after it had
been recalled will render the member liable to the
same penalties as if he had retained a book beyond

the period of original loan.

(¢) Borrowers are requested to take every care of books
while in their posscssion. and particularly not to
wmark, underline, or note on the pagea,

(f) [If, during the period of issue to a horrower, any book
ig logt or ro damaged ag to he unsersiceable for future
use, the Seeretary gshull recover from the borrower
n sum cqual {o the cost of obtaining another copy

of the book.

time, but in special cases a lurger number g ' 18Bued 44
diseretion of the Secretsry. ¥ be ivageq at thz
3 i 6. Ins ot P
5. The following rules will be striotly enforoeq . tructions |
Book . dt : (a) No acknowledgment lm required other than the postal
{a) DBooks are issucd lor ots month iy acknowledgment card.
1f a hook is roguired for » 3 the ﬁrst;
tion should bs sent to the D;fgﬁe: bparig , an&i&:;;nce‘ (b) While returning books, cire should be taken to get
Congress for renowal bofore the edary, Indiay, Roﬁl? them adequately packed to prevent damage in transit.
The {)onk may L{wn b_e resisgned ;‘ 8 of ret“(S They should be sent reeistercd and acknowledg-
at a thoc ab the dxgwrehop of the S Nothay mozf:' ment due.”
cage will any book be iggyeq for Cretary, bug o h
no 7. General :

ceeding three months. & toty period
ox.-

(a) Rare or specially valuable books and certain bro()kg
of reference will not te sent out of the library. -
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(b)

(c)

LisraRY RuULms

Any book may, however, be consulted in the library
during office hours.

Members who retain books for longer than

after they have been called backgor for lon(;e;nt(,)l?;g
six months from the date of original issue and thus
selfishly deprive other members of the use of the
books,‘wm be fined and/or charged subject to th':
pepaltles stated in these rules and deprived of all { ' -
privileges of membership until the dues are paid

LIST R PHI. MEMBERS OF THE INDIAN R
ENROLLED FROM 1-3-1950 O

Y. New Admissions.

WA DS CONGRESS
9011959,

o —

Sevial |

Nie,

1364

1362

13658

1364

1365

136

167

1asy

1368

%0

181

1372

1373

1874

findd
No.

150G

FEN

1o07

1508

509

1510

1611

1612

1613

b4

1616

1616

1637

isi8

42

; Name.

BN Dhes,

K. Gl s,

A, AL K. shidkh,

K. 8. Bhatti,

R, B, Asorappi.

b B. Bas

Radhoy Shiam,
B, M. Pavay (LMD

M. N. Lulvani,

N, Basa,
Niranjun Nest.

K. ¢, Tayad.

K. Krishumn Noynr.

8. 8. Mathor

Adddres-.

Assiutuut fuineor, V& B, PO Balar e,
Dist, West Dinajput.
Dopaty Enginsor, Dosii Polo, Rauder L surab).
Suporsnbondent, City surve)y el Land
Becords, Warden Howd, Cumballa Hill,
Bembay-26.
Assistant  Garrison Buuineer, M. K, 8
Jubbulpore.
Chiof Bueinoeor, Eastorn Commiand, fanaeld,
NSO : R S DR (Warks), Chief Bugiueer’s
Office, Eastorn Cosnsasd, Raveld,

Asgistant  Gurrison Buginowy, Garrison
Envinsurre  Office, M. E. =, Isbapore.,
(24 Farganas).

Locturer in Civil Enweineering, Heoewott
Engineoring Scliond, Kukkar Park, Chou-

patiyan, Lucknoew.

Central 3. W. L, U4,

Aysivtant FEogineor,
y 16.

Chowranphse Lane, Culeuttas

K xecubive Fnwineor, Heoogly (L ustruetion
Pivision, W & H Uuyur&munt, Governmeut
of Wost Bengal, Chinsurab.

(Consuitsnt), Ministry

Assistant Engineer tsnt)
anization, Jamuue

of Transport, Bouds O1g

sar House, Now Lelhi.

District Kopgiueer, ', W, I, Hara Bauki,
(Uttnr Pradeshi.

Aswintant BrugmweeT, Hiclways, Teilicherry,
North Malabar.

Asnistant Lown Plavuer, Ja! apdur (Hun jab),

Associate Mem ber.

LM, Waatherndl,

¢ Arthur Batier o Co (o) Lud,

Muzaffarpur, Bihor.
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Deaths.

The Council have roceived with raow int; ;
donths s 1 tagvot intinedion o (A followings
Serial | Holl Nawe {
No. Now ane. | dddress,
1 685 8. N. Datta. Suporintendent, Wator Works, (iwali
3, Giwalior,
p 6 . Bal QELITTIINS vt o
2 666 K. Buln K!;\:lu\ u l)1v|-51|..n;;l Bacinoer, (11, Colmbat )
onon Division, Cotmbit g ’ nhakore North
3 278 H. Bhattacharya.

Commupications addressed to the following menders |
unclaimed by the Post Oftice. Members abls tu“_’,‘i\'n iuf o

present address of any of those eoncorned are vequested to, forw

VII. Addresses

Sacretary, 1. R. C.

ABsistnt, Enqinuur, Worky
Burajagmly, District,
Bongal).

-Ruildings, p, (),
Nabadwip, (West,

of Members Wanted.

Vo hoaw vetyrped
G . H

wraation vounrding the
ard particulars to

Sereal
No.

1

Roll
No.

Name of Member.

927

271

178

24
572

1219

188

417

720

Adshetti, ¢, K.

Jaynswal, U. s,

Kidar Nuth.

Korni, M, A.
Malik, N. M. Khan.

Mehta, Vasant, V.

Nawab Ahsau Yar
Jung Bahadar (LM)

Parang, Hari Ram
(LM,

Shaw, M. (LMD

Last kmown address.

Al " . :
Chavtorad Ky vinaer,

L Nariaswat
Pratap Ganj, Baroda, v

Niway,

District En uineer, Muzafiarpar (Bihar)

¥2,  Kaonii
Pradash),

Roud, Dobra-Dyqu (Uttar

114, Rogont Estute, Tully Gunj Culents,
> Ci .
Clo Said Ahmed Esqnire D
Roecords, Bhopal. ! ’ )lmotnr, Land
Asvistant Enginsor, Amary v Vi
tun E4 y 4 wth Vishw
ﬁ?}%ﬁé’ neay  Gutaiya M;urkeh\-'l‘?;:::»’
U Swarnp Nagar : :
Pradesh,) » Kanpur (Dt

Afsur Mansil,

Juabitoe HiHy
Deccan,

Hydorabad.

Rotired Executive Kngineer L !
) ) 5 ! Ol
Qila Gajar-¥ingh, Lu)s»ra. , A
Executiva Bungineer, ¢, P. W, 1), Indore

——

Sic Kenneth Mitchell, 0.1.8, X.¢.1.5., Beechwood, Wickhambrook,

ALPHABETICAL LIST OF MEMBERS.
Corrected upto 20—6—1950 and Roll No, 15715,

Honorary Members

near New Market, Suffolk, (Eungland).
Ordinary and Life Member.
(L. M. denotes Life Member).

Sevial

N,

9
20
21
292
23
24

Roit
No.

242
227
917
531
1889
957
781
1080
634
Hoe
1228
1397
1001
1085

|

Niwe,

«p
Abhdul Aviz.
Abdul Had.
Abdu! Jabbar,
Abdul Rahman,
Abvalian, J. G.
Acharya, D. K.
Acharya, P. G,
Acharyn, S.

v
e

-~

Achorjos, K.
Adaviyapps, S
Adke, A.B.
Adshetti, G. K.
Agarwal, O 1.
Agorwal, 8. K.
Agarwal, K. C.
Agavwala, D. R.
Agurwala, R P
Agarwala, M. G.
Aurawali, R M.

Aurawaln, U8, b

Agrawala, PR
Ahrod Ovaisn.

Ahuja, I R.

Aiyangsr, R. A. Sampub

A)‘":"nf(,’uu'nﬁ‘ry

[akisear,
Hyderabud,

Bibiar,

Madras.

Madras,

Orissa.

Rajasthat.

Orissa,

Governnont of India.,

Rajasthan,

Bombay.
Bombuy.

Uttar Pradesh.
Uttar Pradeah.
Uttar Pradesh,
Uttar Pradesh.
Rihar,

Uttar Pradesh.
tittar Prudest,,
Vindhya Pradesh,
Pty Pradosh.
Littar Pradosh,
Govornment. «f Indin

Mynore.
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22 Last or MeMBERS
List or MEMBERS

o——

e R ;
R T Fule[Uonnipy, Serial | Rott ‘ . ,
- T - - N Name, ’, Na'efCoun'ry.
25 9% Adyar, €408, Padimabhs P et L o ’ - S R
RAA we-Clog gy, .
260 AR Ajwai, A ML s, . o '\'v)\,/i:;;k[;:::8112;?:1[,‘..;“. (L) Madras,
27 1488 Akulankan, N, A, Miwdtis, o a8 Ayyar, K. Primaisiswany (L Madie.
o w4 Aktar, 5. B, Bilur, 58 6;(~ \yy'u-, §'. A Ravjuntivun
20 1427 Athort Mayer, ULk A iy m;; T\.yy;“, : .v o et me:m\“”..“'C”('hi“
30 821 Amarinderjiv Mjneh, PRSI ‘0 126; ;‘yy s | . -- N .
: yynswami, G. Madras,
31 1189 Amin, M, P, R'"uhuy‘ w g »
82 1086 Aminbliu, Lo, M:ulhy;,, Pracsh 61 213 Bagchi, C. C. ttar Privloshi,
RE3 420 Amingud, A, K. Wy dorbi, 3h, 62 o7y Bahl, D. R. Government of ludis,
34 3ty Amir, 8, A, Pikintan, 63 399 Babl, M, L. Bitiar,
35 1304 Anand, R, M. Punjab. 64 836 Hais, Ram Sinuh Rajasthan,
36 675 Anunda Bao, 17, Marlras, 65 1481 Rakeri, B. D. Bombay .
37 877 Ananthanarayanan, A, 9. Madrax, 66 897 Baksi, R. D. Bihar,
38 1251 Andavan, G, M. Madras, 67 458 Bala Porshud, 8. Hyderabud,
# 642 Angcadi, R. K. Humh:u}-, 68 644 Balasubrabmanyam, M. Madris,
0 562 Annaswami, V. 5. Gavernman( of fudia, 69 741 Balasubramaniam, M. R, Mavltras,
41 1285 Angari, M. N. 0 258 Bamji, H. F. (1. M) Bombay.
A2 1280 Antie, KK ?h““” # Bharag. 7 35 Bamwi, DR Panjal.
43 B51 Anwaraliah, M. l:;:l:}t)}’;‘d 72 1162 Banorjee, Ajit Kumar Jihr,
14 Apto, KOV (L Bomba h 886 Ranorjoo, M. G (L) Wt Bon al,
5 1332 Arjun Singl, Hitar v " 779 Banorjoee, Shishir Kwinar Bikar.
46 1308 Arjun Thakue, tha,r. 7% 1290 Banorjee, 8. C. Governmont of Tndia,
47 1234 Arnold, G, 4, , ’ 6 1456 Bunerjee, S. N, Wost Bengal,
“ 442 Arora, K. N, ;;::::ﬂpment of Judia, & 88 Ranerjeo, Tulsidas Madhya Pradesh,
49 1889 Arunachamm, S, MLk radeat, 78 877 Banerji, P, K. I'ttar Pradesh,
RS L Abargota, 63, M, “\:m“'”;; 79 113y Banerji, 8. K. Weast Benval.
51 1017 Asbioel, v, W, g U 962 Bannorjeo, J. K. Woxt Baneal,
52 180 Aserugyn, R, |:; B ok, 81 910 faunerjeo, 5. K. Wost Bonal.
53 §8% Athawale, v, Lt ML B2 1181 Ransnl, K, 1. ULt Pradoah,
s 9l Ay yangar, MR, Durainwoen i .\\:an . B8 920 Banml, K, N Wardiiy  rndesh,
% 7 A.V.Y:ur, Al N:u{eahwam (L) ‘(,;)r:::, :‘: 33‘,; e, 1. \ “ b \)
vant of Indiy, v 1186 Bupub, M. 5. Uit Pridesb,



24 List or MEMBERS
Sﬁv :)(',,I, IK} :) 1 Name. State| Country,

86 1247 Burua, H. :ssu:n: 7 o
87 284, Barua, H, P. (L. M) Assam,

88 889 Barna, K. Assam.

89 892 Busant Ningh, 8, Puanjab,

90 814 Basheosr Ahmed, Madras,

91 51 Rashi Ram, S. (L. M.) Panjub,

a2 745 Bashir Alimaod, Pakistan.

a3 1510 Basu, B. B. M. R. s,

y4 1421 Basu, K. N. West Bengal.

9% 458 Basu, N. M. E. 8.

96 1514 Basa, 8. C. Wast Bengal,

o7 883 Batlivala, H. 8. Bombay.

98 978 Batra, R. K. Madhya Pradesh.
g9 981 Battiwala, K. P. Bombay,
100 1860 Baul, Raghudas. Wost Bengal,
101 822 Bazaz, Shamlal Government of Ingia
102 57 Bedekar, V. P, Bombay.
108 1496 Bedeker, V, V. Hyderabad,
104 328 Bohera, 8. 8. Orissa,
106 1399 Banjamin, Georye M.E. 8,

106 204 Bennett, C. M. Orissa.

107 266 Bhagat, D. G. Government of India,.
108 1207 Bhagat, N. 8. Uttar Pradesh,

109 1468 Bhagwagar, K. D. Bombay.

110 149 Bhalla, Prem Nath Madhya Bharat.
111 1446 Bhalla, R. S, Government of India,
112 1080 Bhambhani, B, 1, Bombay.

118 14 Bhandarkar, G. P, (L M., Bombay,

114 827 Bhargava, 1. D. Rajasthan,

15 251 Bhargava, K. N. Rajasthan,
116 1114 Bhargava, M. C. Uttar Pradesh.

117 1175 Bhargava, M. G,

Uttar Pradesh.

List oF MEMBERS 25
S‘I‘?(:»ul l;;,i_[ ir Nawme. [f Stute[Counlry.
! ! ! e — —

118 783 Bhargava, T. N. Government of India.
119 189 Bharachs, M. D. Bombay.

120 1402 Bhugin, P. C. 'unjab.

121 429 Bhate, K. G. Bombay.

122 13122 Bhatia, H, T, M, E. X

128 460 Ihatia, K. M. Gavernment of Indiu,
124 658 Bhatia, M. S. Goversment of India,
125 716 Bbatnuayar, Chanderlal H yderabad.

126 62 Bhatnaygar, Jagmohan La! (L.M)  Rajasthan.

127 860 Bhainagnr, P. 8. Uttar Pradesh,

128 1304 Bhatnagar, 8. 8. L. Uttar Pradesh.

129 214 Bhatt, U. J. Sanrashtra,

130 1213 Bhatta, 1. C. K. My sore.

181 782 Bhattacharjeo, K. D. Government of Indix,
182 246 Bhattacharya, N. Go (M) Rajasthan.
‘183 549 Bhattacharya, 8. K. Biliar.

13¢ 1413 Bhattaoharya, 8. P. West Benual,

135 1608 Bhatti, K. 8. M. E.~

136 815 Bhojuni, M.D. Nauraghtra,

137 45 Bhonsale, N. K. Madhya Bharat.

138 464 Bhupendra Nath. Governmeut of [ndia,
139 1301 Bouvaragha Moorthy, R. Madras.

140 272 Bhaysn, M. N. Orisas.

141 1870  Bibhuty, L. N. 8. Rihar.

142 831 Bijawat, M. C. (L.M.) Uttar Pradesh,

143 462 Bikramijit. Panjab.

144 53 Bishamber Daya! (L.M) Punjub.

145 943 Bishan Saran. Ustar Pradesh.

146 206 Bisht, M. S. Uttar Pradesh.

147 1883 Biswas, K. K. West Benga'.
148 1461 Bomaaji, P. M. E. .
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LisT oF MEMBRRg

Serial
No.

149
150
151
162
153
154
166
156
157
1568
159
160

161
162
168
164

166
166
167
168
169
170

171
172
178
174
176
176
177
178

Roll

No.
1244
1395

278
589
1443
1201
522
731
42
616
1149
147

136
68
1502
852

615

1182
796
1196
519

599
201
1156
789
712
17
323
276

Noumne.

Bora, K. C.
Borwankar, X, G,
Bose, K. M.
RBose, K. N.
Boseo, M. M.
Bose, R, (1,
Bose, R, K.
Bose, T. X,
Brijmohan Lal (L)
Brij Narayun.
Brinda Roy.
Brown, G, A M,

Browne, C. A,

Budhiraju, Balwautb Siugh

Bulsara, N, C,
Bushby, W, L,

«“C»
Calder, W, B,
Campbell Gray, I
Cantlay, L. F,
Capriban, S, P,
Chablani, M. B,
Chacko, 1. C. (L,M)

Chadda, S, R.
Chaddha, Ulfatrai,
Chakruburty, N, B,
Chakravarti, B, M,
Chakravarti, J, Q.

Chakravarti, 8. N, (L.M.)

Chambers, J, (L.M.)
Champa Lul,

8y el(}oun’rry.

Assam,
M.’&dhy:n Pradog), .
Origgy,

West Bonuul,

.
Govornment of {ndiy

Wasg Bengal,
Wast Bengal_
Bihar,
Punjab,
Dollyj,

RBihar,
Pakistan,
Bihyr,
Punjab,
Bombay,
Delhij,

Seotland,
Eng']and‘
England.

Madhy& Pradegy,,

\
(xuvernment of Indig,

YJ\r ),
\ avancore-(}ochin.

West Bongal,
M. K, s,
Wast Benyy).

Assam,

WBB& Bengal,
Weat Bengy,
Punjab,

Lrst or MRMEBRERS
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(mvarnmonf. of Indiy,

Serdal
Na.
179
180
181
182
183
184
186
186
147
188
189
190

191
102
193
194
195
196
197
198
199
200
201
202
208
204
206
206

Roll

N,
!

1324
994
1004
1367
372
846
HR7
565
483
L34
1426
013

?

[

Name, !

Chanda, R, P
Chandrasekharan, K, O
Chandratrayn, S, V.
Channinb, H.
Chaphalkar, V. 1.
Charan, S, K.

Chari, T, VO R,
Chastorjeo, Dina Bandhu
Chatterjes, G. C,
Chattorjee, M. K.
Chattorjoo P, C.
Chattorjoe, V. K.

Chatterjes, P. L.
(thatterjee, P. N.
Chattorjes, R
Ohatterjes, 8. N.
Chuttopadhya, B. M.
Chattopadhyay, K. P.
Chandhuary, T. K. Roy
Chanban, P. M.
Chavan, D. N.

Chawla, S. 8.

Chenoy, Faridoon, 8. (LMo
Chotan Das,

Chotty K. A. Nanjundeswara
Chotly, Subramsnis, K.
Chinchakar, K. B.

Choksi, B, K,

Chopra, A. N, (L.M.)
Chaopra, 1. 8.

Ghopra, P. C.

Chopra, Y. P.

Na'efCoun'ry,

Wost Benou'.
1. S. A,
Rombay.
Mysnre,

H y dorabmd.

Ut tar Pradesh,
Madras,
Govarnment of India,
West Bencal,
Wast Bonzul,
Wast Benual,

Wost Benual,

Govarnmoent of india,
Wast Bengal,

West Bangal,

West Benual,

West Rengul.

Wesnt Bengal,

Waost Bonual,

Bihar.

Bombay.

M. E, =5

Hyderabad.

M. E. S

Madras.

Gavarnment of india,
Bombuy .

Bombay .
Giovernmoent of India.
overnment nf India.
Vindhiya Pradesh.

Panjab.



28

List or MeMprrs

Serial | Roll

211 704 Chougule, Y. K. Bor;xbx:y. ) o
212 216 Chowdhury, Abid Raza Pakistun,

213 749 Chowdhury, A, N, Dutta U. 8. A.

214 941 Chowdhury, B, Assam.

215 709 Chowdhury, B. Biliar,

216 1294 Chowdhary, D, P, Roy Wost Bonenl

217 474 Chowdliury, K. V, Madras, o

218 346 Chowdhury, Imam-Uz-Yuman Pukistan,

219 963 Chowdhury, P, R, Agsum,

220 821 Chowdhary, Ram Neurain Rujusthan,

221 765 Chowdbury, 8, Garbachan Bingli  Governmont of Indi
222 202 Chowdhury, 8. P, Assam, o
228 419 Chowla, P, D. Government of Indig
224 289 Cochrane, G, A, D, (L,M) England, .
225 905 Cocksedye, H. G, Assam.

226 28 Colabawala, J. R, (L. M. Pikistan,

“«py»

227 261 UDaftary, G, D. (L. M. Bomibay

298 13836 Daftary, N. D. H':mba)_

209 1477 Dala), M. N, (I.M.) Bombay .

230 140 Dam, 8. C. West, Bonyal

281 1184 Damodar Das. Uttar Pradeg),

232 137! Damodaran, A, M. Madras, .

233 1487 Darawala, P, K. Bomby

234 552 Daryanani, ¢, X, Bornbiy |

236 1137 Dag, A, C. Orisniy,

236 919 Das, A, L. Wast Bon ..,

237 161 Das, B. €. Asgan, ”

238 780 Das Gupta, A, K, Biluar,

239 1202 Das Guptas, B, B, West Loy .y

240 208 Das Gupta, J. N, "

Delhi,

LisT oF MEMBERS

29

Sm'ial‘} Roli ‘

No.

i

i No,

241
242
243
244

251
252
263
2564
266
256
257
258
269
260
261
262
263
264
265

2687

269
27

271
272

3149
1046
560
774
286
518
1197
1606
669
16

412
157
1349
11566
1422
158
71
1048
433
758

1144
682
1161
199
1483
776
910
1322
165

1486
1486

Name,

Das Guptas, J. N,
Das, J. (.

Daw, K. .

Dax, P, B.

Dax, . G,

Duas, S,

Das, 8. M. Mohan
Das, 1. M.

Datt, 4.

Datta, A K. (o MO

Datta, A. K.
Datta, DD, C.
Datta, D. C.
Datta, P. To
Datta, S. M.
Datta, 8. K.
Dave, D. P,
Daver, F. K.
Dayal, B.
DCosta, A, J.

De, Anil Chandra

De, 8. N.

DeSoasa, P,

Dean, A. W. H. (L. M)
Deodkar, M. D.

Des Raj.

Desai, C. B.

Desai, C. N.

Desai, . &,

Deosai, 1. C.

Desai, M, M.
Desai N, K.

State[Country.

West Beuwi'.
Avsian,

Oriasi,

Midbyn Pradesh,
Orissiv.

Assan,

Madras,

West Benual.
Bihar.

West Benvud,

Biliar.

Agsam.

Wost Benual,
Govornment of Indin
Assam,

Agsam,

Madhya Bharat,
Hyderabad,

Bihar.

Government of India,

Orissa,

West Bengal.

Government «f India,

England,
Bombay.

(overnment of India,

Rajasthan,
Bombay.
West Beuval.

Bombay.

RBombay.
Bombay,
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LisT oF MEMBERS

LisT or MEMBERS

31

Serial | Rl ‘
No.

30
S";\}?I 11?\;)(:{]‘ | Nawme
SO T l e Stme[(;(,,,lmru.
273 778 Desui, R. V. ’ — No.
974 1497 Doshpande, D, V. Bombay, -
276 1484 Doshpande, K. §. Bombry, 305
276 987 Devapriam, A. Bombay. 806
277 868 Devarajan, A. Madras, 307
278 694 Devarajan, K, 8. ‘::ydorabad, 308
279 118 Devasthala, K. Madras, 309
o5 5 ot Dot K. B. Madbya Pradosh, 3810
981 737  Dewan, N.G. Himachal Pradosh, :311
282 31 Dhanarajan, 8. H, Dot a1z
o83 1468 Dlvanokar, T, 1. Mysore, 313
984 899  Dhary, B. B, ":’"‘“ﬂy. 814
285 925 Dhav, B. K, a3t Bengal,
286 1045 Dharma Rajan, N, T:T“Nt. Renaal. 315
287 617  Dhaul, K. K. . olht. . 316
288 1338 Dhillon, Arjan Singh ['::::‘:mfmt of Indin, :?17
289 614 Dhingra, A, 1. l¢1:n.;,.~1. 318
290 1243 Dbir, 1L, R, I’llnj;;;,y : 819
291 590 Dhodi, 8. D, Madhya Bi 320
292 1145 Dhiruva, R, €. B“"my ' Bharat,
205 667  Dhumal, R. .. Mnm.‘l.) 'm '321
204 250 Dildar Hussain HYde‘y:b w.;mht_ 322
205 1170 Dinesh Mohan Uttar Pr‘.m~ | 328
996  B73  Divatia, P. V. Sl o 824
ya Bhinrat.
207 367 Divatia, S, 8. Rombay. w28
208  B75 Uixit, M. K. Madhyu Bharat, 326
299 701 Dogra, Ho R, Muclras, a2y
300 467 Dogra, RON. Panjab, 428
301 494 Domineo, T, B Bitar. 420
g0z 210 Doshe, M. M. Bombay. 330
sos 1279 Dubish, M. D, Bombay 431
304 602 Daboy, B. P, Hilir. 232

|
623
730
1412
246
1393
1140
908
948
530
688

811
168
184
94
86

[
i
3

594
231
288
911

1480
820
274
409

9

467
1467

5

Name.

Duboy, Jagdish Priviiu!
Durairaj, T

Durga Prasad

Durrani, N.

Dutt, A. C.

Dutt. G. N.

Dutt, K.
Dutt, N.N.
Dutt, P.
Dutta, S. C.

CE»
Eapon, K. K.
Kecloston, W. T (L.M)
Edibam, N. R.
Edwin, J. W. (L.M)
Kndiaw, D. N.

[ F »
Fateh Chand, (L.M.)

Foruusson, K. ¥.
Fiolder, C. J.
Fleury, W. R.
Fonseka, C. BE.

«G»
Gadhoke, S. R.
(iadre, N. B. (LMD
Gnuana Prakasam, N. T.
Ganapathy, G. s,
Gandhi, J. H.

Gandhi, K. J. (M)

Gandhi, M. M. (.M

Gandotra, H. K.

Nale, Couniry.

Bihar,
Madrax.
Rajastharn.
Madris.
Wost Benua!

Assam.

Wost Benual,
Government of India,
West Benual.

Axsam.

Tyavancore-Cochin,
England,

Uttar Pradosh,
Mysoro.

Government of India,

Uttar Pradesh.

Bihar,
West Bongal,
Bihar.

Ceylon.

Rajasthan.
Bumbay.
Madras,
Madrasr
Bombay.

Bombuay.

Rombay.

Kaslmir,
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Nerial

N

338
334
335
336
337
338
339
340

341
342
343
344
346
346
347
348

361
352
353
354
366
356
357
368
369
360

361
362
363

Rolf
No,

179
1094
1369
1503

942

501

1268
1267

1029
63
208
598
1292
56
1080
1462
610
1277

641
651

1286
808

708
1058
946
1091

1136
468
1284

|

N(Lm,u,

Gangadhara, K, 8,
Ganguli, A, N,
Ganguli, D, N,
Ganguli, H, D,
Garg, S, K.

Garr, B, L.

Ganri Nath,

Gautam Narayan, Raj Kamar

George, K. .

Ghanekar, Y, K.

Gharpure (A, V,

Ghatge, Krishua Rao Raghoji
Ghose, A, C,

Ghose, S. K.

Ghosh, A. K.

Ghosh, D. N.

Ghaosl, K, P.

Ghosh, Sripada

Ghosh, S. B.

Ghosh, Pasupati
Ghogh, Sushil Kumar
Ghosh, Taradas
Ghosh, 8, K.
Ghoshal, P. K.
Gidwani, M. M.

Gill, Jagmal Singh
Goe!, R. R.

Goel, Harish Chandrg

Goel, Harbans La)
Goghari, N, W,
Golikero, P, R,

.\'mh'[ﬂml/ni'ry.

Mysore,

Wost Bengal,
Wost Bonga),
Wost Bengal.
Uttar Pradosh,
West Benga,
Punjab.

West Benual,

Travancore.Cochin.
Madhya Pradesh,
Bnmbay.

Bnmb:l.y.

West Bonuul,
Bihar,

West Bougul.
Wost Bongul.
Madras,

Wost Bonual,

Bihag.

Wost Bengal,

Bihar,

Bihar,

West Bengal.

West Bengal,
Government of Indiy
PEPSU.

Uttar Pradosh,

Govornment of India

PEPSU.
Bombay,
Madras,
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No,
i

No,

364 1187
366 1218
366 1192

367 47
368 1044
369 1i4g
370 700
371 408

372 879
373 1428

374 1248
376 938
376 80

377 1387
378 102
379 119
$80 1293

381 151
382 1230
383 1498
384 ,- 611

1225

7486 661
440

388 1154
389 547

390 509

391 886
$o2 1028
393 511
394 816

Sm‘iu.(f( Roll }‘

/
I

Nienoe.

Goyal, . P,

Goyal, 8. €.

Goyal, Soban Ll
Gopalacharys, G 1.0
Gopabin, S,

Gore, RO R.

Goswami, S, M.

Govel, K. C.
Goverdhan Lal.
Govindarajuiu, K.
Govindarajula, S, V.
(irewall, R. 5.
(Griffiths, WA,
(rover, D. T,

e, K. LG MO
G, TG

Gulis, Asutosh

Guabay, J. C. (b Mo
Guha, M. K.
Guluy, M. N,
Gulia, 1. R,
Gulzat Singh, S.
Gupehup, N, 8.
Gupta, B. B.
Gupts, B, N.
Uuapta, D, N.

Gupta, Indn Bhnshan Das

Gapta, Govinda
Capta, 1. K.
Gupta, Harbans Lal

Uapta, Hari Dutta

State; Countru,

Uttar Pradesh,
Uttar Pradesh.
(ttar Pradesh.
Madras.
Hyderibil.
Maddhyn Pradosh.

Wost Benuzal.

Dathi.

Governnent of India
Madras.

Bombry .

AL B,

Madras.
Govornment of Indy
West Bonenl,
Vindhya Pradesh.

Wast Boneal,

Wost, Benwal,

West, Bonuwal,

Weost Bongal.
Govornment of Indi
Panjab.

Bombay.

Bihar,

Wost Bonweal.
Enclund,

West Boncal,

Oyrissgy,
Government of Todia
Uttar Pradaosh

Rajasthan.
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Serdial| Roll N
No. | No. ame. S’att’/(}mmtry,
395 1227 Gupta, Ishwar Chandra Punjub
396 1239 Guapta, J. P, Uttar Pradeosh
397 330 Gupta, Kanchandu Bihar
398 596 Gupta, K. M. Madhya Bhava
399 597 Gupta, K. Bihar
400 126 Gupta, N. Dus Delhi
41 1315 Gupta, Ranjit Kumar West Rengal
402 10561 Gupta, R. L. Muadhya Prades),
403 471 Gupta, N. Bibar
404 587 Gupta, . C. Madhya Pradesh,
4056 (36 Gupta, Sachindra Nath West Benoul
gnl,
406 1233 Gupta, Sadhindra Nath Government of | di
ndiq,
407 1379 Gurbaxani, T. C, Madbya Pradesh L
adesh,
408 1242 Garclwran Singh. Punjab
49 685 Gurjar, N. P. Bomb-;y
410 1078 Gursabani, R. L. Govornment of Indjy,
411 652 Guruswamy, 5. (L.M) Madras
412 1003 Gwyn, li, H. British West Indiog
€« H » :
413 5 Hain . W, T. Wost Ben gal
gal,
414 1252 Hujeley, 5. I Uttar Pradogh
(N
4156 930 Halder, 5. D. Government of lndig,
416 1382 Hambly, D. M. Wost Benua) ‘
wal,
417 671 Handa, K. L. Madhya Bharat,
418 1307 Handa, R. R. Orissa
419 8% Hanly, . J. West Bengal
al,
420 74 Hardikar, J. (. Hyderabad
abad.
421 41 Hardit Singh. Delhi
1.
422 786 Har Dayal. (L.M.) Government, of Indj
428 11 Hari Chand Dolki >
1.
424 248 Harris, J. (LM Uttar Pradesh
E osh,

Hasun, S. M, I,

Bihar,
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Serial

No,

426
427
48
429
430

431
432
433
434
436
436

No.

Roll

784
38
1026
840
640

1320
1159
229
1489
424
104

1378
1283
90U

642
521
1067

1087
396
1129
364
1438
722
838

1068
292

97

Name.

Hashmi, K. B. R.
Haval, Anant Balwani
Hoge, W. D.

Hem Raj.
Homnaui, M. Rup Chand

Hiromath, S. A.
Hodu, 5. A.

x

Hodgson, .

Huchveerial, T.

Huda, N.

Hughes, . (L))
wy»

Jenyar, B. Krishna

Inamdar, H. M.

Inamdar, 5. G.

inamdar, S. R.

Inlramonikar.
Iqbal Bingh.

Iyonuar, M. V. Krishna-
swamy (L.M.)

fyar, B. 8. Raju
Jyengar, C. L.

Iyengar, C. L. N.
Iyengar, M. A. R.
Iyongar, M. 8. Thiramalo
lyengar, N. Narasimham

lyengar, R. K. N.

Iyer, A. R. Krishna
lyer, E. V. 5.
Tyer, R. Ganapathy

lyer, 1. 8, Narayapaswami

State] Couniry.

Pakistap.
Bombay.
Bombay.
Bhopul.
Punjab.

Madhya Pradesh,
Bihar,

England,
Mysore.

Bihar.

England,

Bombay .
Madbya Pradoesh.
Madhya Pradesh.

Madhya Bhurat.

Oriss.

Panjub.

Mysove.

M. E. S

Hyderabad.

Bombay.

Hyderabad.

Madras,

(iovornment of India.,

Delli.

T'ravancore~Cochin,
Orissa.
Travancore-Cochin,

Madras,
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37

36
Lisr or MuMergrs
Serial | Roll ’
No. No. Nane.,
7 A\'/w/elouunff,«y.
[ J »
455 1076 Jabbar, M. A, Pal
aigtan
4656 1042 Jacob, A, T ‘
> . . T ; o 1 .
457 566 Jadhav, M, K. B dvlmb rontiuetin.
) omhbivy
458 1194 Jagdish Baludur, U4 :,
Ll Prades
459 b2 Jagdish Prasad. Gttar 3 o
sbtar Pr 3
460 287 Jacmohan, Ut radosh
btar radosh,
461 1474 Jagus, P. J. Jom}
’ Jombay .
462 1138 Jai )
i i{n, D. C. Uttar Pradesh
. 41 Jain, G, C. Utbar Pradesh
64 1425 Jain, K. C o
) . Giovernn ;
465 707 Juli, K. C. A ot ol ot
38am
466 697 Jambunaths 3 ’
anathan, S, Govornment of Iy 13:
467 670 Janardan Rao, C. Mad o
adras,
48 857 Jasjit Sinch. Punial
unjab.
469 1275 Juswant Ning
Juswant, Singh, Gavernmont of i,
470 1180 Jatouaonkar, V. L. Bomi "
nm )ﬂy.
471 787 th'ah:l.‘, M. N. Bomi
‘ ombiay.
472 1420 Jagaraman, B. Mad
Madras,
473 271 Jayaswal, U7, 8, Bil
.
474 1070 Jaywant, L. K. Madhys Bh
: “
475 1418 Jeya Singh, U. Mad .
Midras.
476 1142 Jhe
w, B, D. Madhya Bharat
A7 465 Jha, B. K. Bil .
ibar,
478 1177 Jha, U. N. Bil
ar,
A79 819 Jogindor Singh, 8. PEPsty
480 506 Jouglokar, G. D, Bomt
mmbay,
481 1450 Joglekar, K. V, Bomb
' ombiy.
482 1169 Joglekar, M. V., 3oml ’
Jombay.
488 1101 Joh >
” - J“h“: K. P, Travancore-Cochin
John Muk: ‘
o J ;hl Mukand. Govornment of |udia
34 ohn, P. V., ' .
I'ravancore-Cochin,

Nevial

Nao,

491
492
493
494
495
496
497

498
499
500

501
502
508

506
506
507
508
509
510
511
512
513
514
515

Roll
No.

H69
1398
1036

134

304
1235
1282

122
1430

315

31
1226

695
1198
1453
1493
1102

i

|

Nawe.

Johri, Brij Mohan
Johorey, M. C.

Jones, Glyn.

Jones, R. ‘Trevor (L.M..

Jootla, Baboo Singh.

Joghi, . 8. (L.M)
Joshi, N. P,

Joshi, N. 8. (Jo. M)
Joshi, R. N.

Joghi, 8. B. (1. M)
Jussawalla, 4. R. (LMD
Jyoti Prakash.

“ K22

Kabirnj Lakshmi Navayan.

Kaucal, B. Re (In M)
Kakar, J. N.

Kalo, C. G.
Kaliukaran, J. V.
Kamath, M. N.
Kandaswamy, V.
Kanga, F. J. (L. M)
Kanhere, V. P. (L. M.)
Kankanwadi, D. B.
Kantawala, K. M.
Kanwar Sain, (I M)

Kapoor, 8. P.

Kapur, C. D.
Kar, 8. M.
Karandikar, 8. K.
Karkare, M. P.
Karra, J. R.

State] Couniry.

PEPRU.
Uttar Pradesh.
Bombay.
Knoland.

Orissi,

Bombay.
Bombay .
Bombay.
Bombay .
Bombay.
Hyderabad.

Uttar Pradeosh.

Bihar,

Bihar,

Punjab.

Bombay.
Travancore-Cochin,

Madras,

Govornment of India,

Bombay.
Bombay.
Bombay.
Bombay.

Government of India.

Punjab,

Giovernmont of India,

Uttar Pradesh,
Bombay.
Bombay.
Hyderabad.
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LisT oF MEMBERS 39

Serial | Roll
No. No. Name, y
SlalefCownlry,
516 996 Kartha, K, K
o , K. K. Travancoro-Coeng
1 750 Kartik Pershad. Uttar | o
" ‘ttar Prados
518 1335 Kurtik, Oraon Bit -
ihar.
519 1115 Kashyap, M. G, Ori
§ rissi,
520 249 Katrak, M. M. Hyd L
ydorabad,
521 124 Koatings, H. A. W
i o3t Bonual,
22 252 Korr, J. Oldfield Pukist
wkistin.
523 729 Kewa! Krishan, Punjal
‘ unjab,
524, 1081 Khabade, J. G. B J
‘ ‘ ombay.
526 931 Khalique, M, V, Paki ty
52 aKigtan,
6 297 Khan, Abdul Jabbar U tt
i I [; .;x l:‘m.donh.
528 676 Khan, G. M. 1 o
o ' akigtan,
798 Khan, Ikram Ullah Pak
" \ akistan.
799 Khan, lnayat Ullak Pak L
Pakistn,
531 689 Khan, M, A.
532 306 Khan, M. 1, o
N ' Pakistiun,
. Khan, Mohammed Abdu! Kayyum lyd
534 346 Khan, M. A. Subhan Hy -
. v fovaby
36 572 Kham, N, M. Maljk ot
5 1015 . Bhopal.
Khan, Mohammed Aszsm (1 M) Paki
& a6 Khomon, G, . akistan,
- 72 Punjab.
o Khanna, ludra Narain Govor
K . nmont of India.
" \ . Governmen t i
7 Khanna, Prom Nath Uttar Prad o
Ttear Pradosh,
541 1134 Khanna, P, N,
" - o Punjal,
: , Ko 0.
I s 5.« Governmont of lndia,
N Ko 5w Pakit o,
545 591 Khot, N -
» No AL (L. M)
e L1 Madhya Bharat.

Khursule, N, i

Uydorabad,

Nevial

No.

)

I

Roll
Noa,

173
187
1182
1430

1270
24
363
432
979
1437
1162
681
770
€88
1448
606
710
1298
217
976
1366
1049
1019

867
1330
775
782
947
845
1048
6

Notnie,

Kidar Nath.
Kikkeri, 5. A.
Koehhar, R, K.

Koenigsborger, O. 1.

Kohli, J. 5.

Korni, M. A.
Kaosanam, D~
Kothari .4,
Kothari, V. C.
Koya, K. V. Aluad
Krishna Moorthy, T.
Krishoamursi, B.
Krishunmm‘ci, M.

Krishnamnri, M. R.

Krishnua, o8

Krishnan, K. =,

Krishnan, M. T Sivirania
Krishnan, N.

Krishnan, O, C K.

Krishnan, K.

Krishuaswamy, C. . Madaliysy
Krishnaswamy, M.
Krishnaswamy, M. K.

Krishnaswami, P. A,

Krishnayyn, Y.
Kujar, T.. K.
Kumar, A.

Kumar, Gl
Kumar, Y. D. (I
Kumawat, B. P.

Kurup, I. K.

State]Country.

Uttar Pridesh.
Punjab,
U ttar Pradesh,

Govornmont of fudia.

AL B

Waost Bongal.
U)"lur:ﬂ):ul,
Sanrashiriv

Madhy: Praviesh.
Madras.

Madras.

Mudras,

Govornmont of 1ndia,

Madras,

Madras.

Madras,

Goeverumont of Jndia,
Govermment of indis.
Bombay.

Madras,

Mysoro.

Mysore.

Bombay.

Madras.

Madras,

Bihar,

My sore,

Madhyas Pradoesh,
["tiar Pradosin
Rajasthan.

Travancore-Cochin.
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4 L18T OF MEMBERS
Serial| Roll
No. ’ No. ! Name. Stale/ County,
::: 1062 ’Kurnvﬂu, P. K. Travancore-Cochj
R 18 Kynnersloy, T. R. 5. (L.M.) Bombay, h
“ ]
580 778 Laha, Kashi Paé Bihar,
581 725 Lahiri, M, C. Government of Tyd;
582 374 Lakadawala, Rustum, M. Hyderabaq -
583 14568 Lakhani, S. G, Bombg .
584 284 liakshman Swarup, Uttar I)”;ad
685 932 Lakshmi Chand. Uttar Pr deSh.
586 1361  Lakshmi Narayan. Bitar sl
587 1469 Lakshmi Narayan, V. Mysm.'e
588 26 Lakshminarayana Rao, A, (L.M.)  Madrag .
589 1364 Lal, A. K, Bihar, .
590 747 Lal, M. B. Government of India,
891 627 Lall, B. Bihar,
592 1269 Lall, Y. K. Bikar,
. 598 1513 Lalvani, M. N, West Benyal
594 1199 Laroia, D. K. Uttar Pr&ie .h
595 171 Lawley, W, Pakistan -
596 678 Lawrence, M. 5. Madras ’
597 196 Lawson, A. Burns Bomba, .
598 207 Lewis, A, Sturat Woest Bye.n
599 218 Lloyd, M. .E Coylon el
600 1246 Logavinayagam, K, 8, Ma.dra.e;,
601 1431 Lokagariwar, P, L, M.E.§
602 921 Lokanathan, P, Madraa_.
“« M »
603 636 Macha, T. K. Bombag
604 869 Maddimsetty, R. 8. Madmsy‘
606 449 Madhav, T. K, Delhi. .

Serial
No.

606
607
608
609
610

611

612

613
614
616
616
617
618
619
620
621

622
623
624
626
626
627
628
629

Roll
No,

646
181
148
1176
1376

1380
639
303
74
661
663

1309
9562
298

36

972
974
470
67
6820
588
1401

423
1376

612
1068
1473
1071
1472

Nane.

Madhava, K. B. (LMD
Madhava Rao, Ch,
Mahabir Prasad, (B.M.
Mahabir Prasad.

Mahadevan, C. R.

Mabal, P. S.
Mahatanobis, P, C. (LMo
Mahapatars, M.

Mahboob Tlahi Kazi.
Mnheshwar Prasad.
Mahida, U. N.
Majumdar. 5. N.
Makhanwah!a, B. B.
Malhotra, Ajib Chand,
Malhotra, B. B. (L.M.)

Maihotra, C. 1)
Malhotrs, D. P.

Malik, Abdul Manpiuu
Malik, T'oja Singh (LM
Mallik, C. .

Mallick, D. N.

Mane, P. M.

Mane, Y. G.

Mani, M. W. &.
Mankekar, S. R.

Manohar Nath.
Muarik, 1. P.

Marys, Jugdey Bingh
Masarwala, V. J.
Mason Jerry.
Mastoor, A, B.

Sfate/ Country.

Madras.
Madras.
Uttar Pradesh,
Uttar Pradesh.

Madras.

Govornment of Tudu,
Wost Benual.

Orissi.

Pukistaun.

Bitiar,

Bombay.

West Bengal,
Bombivy.

Punjab.

Government of Indin,

Madhya Pradesh.
Kashmir.

Pakistan,

PRPSU.

Goverument of India,
Wost Bengal.
Bombay.

Madhya Pradesh.
Madras.

Bombay.

Delhi.

West Beuwal,
rEesC.
Bombay.
West Bengal.
Bomhay.
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42 LIST oF MEMBRRS
Serial | Roll .
No. { No. Nae, S/u/cICoun/:-y,
637 984 Mathew, K. M. "Travancore-Coohin
638 998 Mathew, K. George "'"-‘W“"G"Pe-Cnchin.
659 1288 Mathrani, H. P. Government of ln(l'ia,
640  H34 Mathrani, N, . Buml);;y, )
641 1204 Mathur, A, C. U ttar Pradosh,
642 B34 Mathur, B. D. Rajasthay,,
643 992 Mathur, B. G. (L. M) Rajasthyy,,
644 1518 Mathur, B. S, Punjab,
645 864 Mathur, C. B. L. Ranethan_
646 842 Muthur, J. L. Rajusthan,
647 1222 Mathur, K. C. Uttar Pradesh.
648 331 Mathur,}Kishore Lal Rajasthyn,
640 830 Mathaur, J. K. P. Rajasthan,
660 1203 Mathuar, G. D. Uttar Pradesh,
651 828 Mathur, M, M. Rajasthan,
652 418 Mathar, M. 5. Government of India,
653 759 Matbur, S. B, Uttar Pradash,
654 117 Matthew, P. G. (L. M) Travaneore-Cochiy,.
665 464 Maujamdar, A, B, Wost Benyal,
666 607 Manjamdar, Santosh Kumar Wast Bengal,
657 613 Mawani, K. H. Saurashtry,
658 1256 Mazumdar, J. P. We'st Bengal,
669 b4 McKelvie, G. M. (L. M) Governmong of Iniia
660 671 Moo, M. Madras, h
661 542 Mehandru, B. L, Bombay,
662 506 Maebar Ningh, Panjab,
663 1302 Mehndiratta, M, K, Punjab,
664 277 Mehra, 8. R. Pﬂ.njn.h.
666 810 Melita, D. J. Bombay,
666 370 Mehta, Des Raj Bihar.
g67 114 Mahta, Iqba! Narain

Punjab.

Sariql
No.

668
669
670

681
682
683
684,
685
686
687
688

690

691
692
693
694
695
696
697
698

Roll ¢

No,

610
34
1392
1002
237
1220
1219
1353
1146
98y
396
212
1464

1278
975
434

1306

837
1217
901

|

Name.

Mehta, Javor Chand
Mohta, J. T.
Mehta, J. V.

Mehta, M. A.

Mohta, N. N.
Mohta, V. C.

Mohta, Vasaud, V.
Menon, K, B.

Monon, M, D.

Monon, 'T'. Baliw Krishna
Monygi, B. N,

Moswani, V. M.

Mowada, M. N.

Mirchandiuni, No D, (L. M)
Miras, Aluned Baiy Ghazi
Mivza, KFabine Doy

Mivza, M. A.

Mirzan, Mobdi Ali

Mivza, Mohammed Ahmed
Mirza, R. K.

Misra, U, N.

Misra, Aswami Kumar

Misra, B.

Mixra, B,

Misra, B. B.

Misra, Chandi Prasad
Misra, 1),

Migra, K. N.

Misra, Lukshmi Pati (L. M)
Misra, P. N.

Mistry, C. Mani Lal

State]Conacry.

Wast Beuvuul.
Saurashtr.

Madhya Pradesl,

Bombay.
Government f {ndia,
saurasitria,

Uttar Pradesis,
Travancore-Cochin,
Governmeut of India,
Travancore-Cochin,
Kashmir.

Bombay.

Bombay.

Government of India,
Hyderabad.

Bhopal.

Uttar Pradesh,

1 yderabad,
Hyderabad.

Pakistan.

Ovrisau.

Weast Bouwal,

Orissn.

Orissi,

Government of India.
Rihar,

Orisgs.

Uttar Pradest.

West Bengal,

Uttar Pradesl.
Bombay.



44 Lisy oF Mwanmas
Serial | Roll N
ame,
No. | Ne. StalefCountry,
699 1409 Mital, G L Tttar Pradosh, |
( adash,
700 AH9 Mivrs, €0, Bih: ’
ar,
: Mg N X
¥o1 1310 fiten, N. B. Governmant of {ndia,
702 1459 Mibra, 3. K. West B ) ‘
' LS TN
%3 WB Mitea, ¥, Wost B rat
58 Herenad,
704 1158 Mital, O, P, Uttar P nd ;
wr Pradast,
a0 916 Mistol, Om Prakash Uovnrament o
\ 311 ¥ M
906 10 Modak, N.V. L. M) Bomé e
1 N
907 1482 Mody, {. K. B
orbay
208 520 M“d}’» ML, “Umlny
205 580 Moghe, L, V. Madhyw Bhaveat,
710 1131 Mobammad, Ribar
711 W Mohammed, Abu Tarab Hydarsbaa
712 44l Mohammed, Ashraf Hydarabad
713 258 Mohammed, Asadallan Hydarabuad
vid 408 Mohammad, Farhatullah Hyderabed
w15 1165 Mahd, Hasnain Bihar
e 2658 Mahommad Thrahim Hyderabiad
Wy 894 Mobwrmed Thrakim (L, 3} Hydoratnd
¥i8 673 Mobwmmed Shaze AL Madris
710 33 Mobammed Tamas, Hydorastng
#90 38D Mubammerl Vajaliat AN, Hydorabasd
721 625 Moduanty, A. U8 A
ygy 696 Mohile, N. H. Bombay
728 1008 Mohondrs, 0. T, Qovernmans of tpliy
o4 738 Mohjndrea, 8. K. Bihar, ‘
yes 742 Mobinddin, B. 8, Madras
728 891 Mohury, B, D. Goversment of india,
97 1937 Momin, G, C. Aguam .
! '
798 983 fona, V. T, Madisya #rados),.
799 244 Movkerjes, R. N, West Runga
wgn 177 Morgan, L (L. M West Bonga)

197 oF MEMBERS 45

Nerda!
N

78t

732

78
752
45
744
745
748
"y
78
749
250

781

52
?48
54
768
766
%t
758
769
766

|z
fust
64
593

25
M6
365

B
1420
753
W8

1337

762

1012

377
1100
1014

gge}

Netewe

Matulib, A

Muadsiiar, T. 8. K.
Mudalisr, K. M. Bajaratnam
Muodabliyar, V. [PRUTE X ATE
Mafti, M. L D.
Mphammad, Akramm, M.
Mukories, A C.
Mukhorjes, Asim
Mukherjss, 1. B.
Muklerjaa, P K.
Makerjes, P. K.
Mukharise, P. B.
Muklaries, 5. N.

Mruarari Lal.

Murters, 3. &

Marei, N V.S,

Maryy, X, G K.

Marty, B. Nassyonn
Muarty, P. Jo 5.
Mathian,),

Muthakumars Swamy, A
[ N 33
Nndgarda, P. M,
Nadirehal, . &,
Nadksseai, O, 8.
Naogsmvals, 4. P.
Naga Bashausor, T R.
Nagsrser, 8. 8.
Nagarshoth, 8 s
Naidy, ©. X,
Naidn, Dharms Baa, N

Stale) Qountry

Pakistun,
Madrws,
Madray,
Aadrae.

M. EL N
Pakiston,
Vittar Pradesh,
West Bepual,
Waest Benwnl,
Woot Bougnt,
Bihar,

Wast Bengal,
Wasy Bengal,
Panjab.
Pakistan,
Bombay.
Rombay.
Madreag,
Mudtiyn Pradesh,
Hadrae.

Maidrass,

Bombay,

Bombay,

Bombay,

Bombay.

Madras,

Wegst Bougs!,
Gavernment of India
Heduya Bharat.
YMadras,



46 LisT or MEMBERs
Serial | Roll

e S Stef Covntey.
761 820 Naidu, P. Ethirajulu ?\I:uhI -
762 654 Naidu, S, R. Miutras,

763 935 Naiddu, 8, R. M, M. B, 8,

764 581 Naik, B. G. Madhyn Bharat,

765 949 Naik, Ishwar Lal Kasanji Bombay, '

766 1420 Naik, K. Sundar Madras,

767 982 Nair, B, Sivaram:n TravanooresCoch:
768 1037 Nair, K. R. Madhavan ""‘:W:mcure-;} th.n.
769 1025 Nair, N. Krishnan 'l‘l':).v&nc'n.e_('hoh]‘n.
770 178 Nadir, P. T, Narayanan Mudray, i
771 1079 Nair, B. Velayudhan Travancore-Cochy:
772 1066 Nair, V. P. Narayanan Canada, T
M3 379 Najabat Al llydm'w:ba.l

774 268 Nambiar, K. K. Ma.dmls; i

775 1116 Nambiar, K. K. Narayanan Mmlrn.r,:'

76 824 Nambiar, P, G, M:uh.us.

777 1296 Nanawatty, B. K, Bumbw.

778 60 Nanda, B. D, 1 LM, Ut,mr‘z..

779 661 Nanda, G. ()ri.;sa ot

780 1445 Nanda, J, B. K:x.s'lm;ir

781 883 N:mda, M. L. Govornmont, of 14gs
782 1151 Nandi, 8, C. Bihar, e
783 338 Nangea, G. R. Punjab,

784 13568 Nanjappa, D. Mysore

785 1064 Nagvi, 8. M. H. }I_yder.-;,;)a,d,

786 29 Nurasimham, J. N, Hydorabal,

787 927 Naragimham, R. K. UL 8. A,
788 1460 Nuarasimham Rao, K. Madray,
789 1274 Narasimhamurthi, B, = Govornmoent, of Indjy,
790 916 Narasu, P, Lukshmi Madras, i
791 428 Nurayana, A. Ittar Pradesh,

LisT oF MEMBERS

Nertal

792
793
794
795
796
797
798
799
800

810

811
812

818
814
815
816
817

818
819
820

, Kall
No., ‘ No.

Hoh4
1455
665
1212
657
1479

1024
1211
427
1183
390
342
1433

560
132

106
1245
795
790
767

690

§

1126

Ny,
N:r.r:n,y:m:»sw:nni, B. N
Narnyanuswimi, 3,
Narayana Rao, G, R
Narayannsotiy, .S,
Narayanan, P.
Narko, 8. P.
Natosan, T.. N.

Nath, R. M.

Nawab Ahsan Yar Jung
Babadnr 1.

Nayak, 8, C.

Nayar, D. P.

Nayar, K. Krishnan
Nayar, K. Mudhavan
Nuyas Ahmed.

Nay yar, Soban i
Naznreth, C. V.
Nehra, V.
Nicolaides, B. P,

Nigam, 8. I

Nivag, . K.
Noungerede, C. . Delu
e X
Oram, A.
Ormerod, H, B. 1 L.MO
Otia, 3. C.
Oza, M. G.
Oza, N. M.
«p»
Padhi, R. N.
Padhi, Sita Ram

Padmanabhan, C. V.

~alefCoundro
My ~sore.
My oo,
Madis,
Mysore,
My,
Bombay.
Madyis,

Adsum,

Palkistan,

Madras.

Punjab.

Madras,
Travancoros(Cochin,
Bhopu'.

Punjah,

Bombay.,

M. k.~

Bombuay.

Uttar Pradesh,

Bilir,

Adgam,

Treland.
England.
Rombay.
Government of India,

Rombay.

Ovisaa,
Oriss,

Madras,



48 List oF MEMBERs
Serial | Roll

s N, Name. .s'mfcfouu,m-y,
821 1082 Padmanabhan, Y. Madras,

822 1512 Paguy, RoAM. (LMD Ut Pradosh,

823 a50 Pai, M, V., Bombay

824, 043 Pal, S, C. Asgam,

825 441 Palit, N, K, Orissn,

826 912 Panchanathan, S Madrax

827 1198 Pancharatnam, G M, Mudx'u.st

828 197 Panchali, D, B, Saurashirn,

829 333 Pancholy, H. M. Madhyi Pradogh
830 818 Pandharkar, . R, Bumbay,

831 1442 Pandya, K. C. Bombiy.

832 1033 Pani, M. €. Orissa,

833 1224 Panjwani, 3. N, Uttar Pradesh,

81_34 417 Parang, Hari Ram (1., M., Pakistan,

835 1281 Parekh, Chazanlal Jivanly Saurashir,

336 1209 Parekh, J. H. Bombay,

837 513 Parija, K. C. Orisng,

838 128 Parikh, H, B. (L. M.) Bombay,

839 264 Parmara, D, S Uttar Prados.
840 955 Parmeshri Das, Uttar Prades),,

841 743 Partap Singh, Utbtar Pradesiy,

842 1063 Patel, Ahmed Ibrahim Pakistan.

843 859 Patel, A, T, Uttar Prudeal,
844 188 Patel, B. D. (L. M.) Bombay,

845 890 Patel, B. P. Government of Indi,
846 717 Patol, C. B. Government ,f India
847 1276 Pate', C. 1. Bombay, ‘
848 968 Patel, D). C. Bombay,

840 967 Puatel, J. C. Bombay,

850 1415 Patel, M. D, Bumbu.y,

851 736 Pate), 3L M.

3
Governmen, of Indiy,

Lisr or MEMBERS
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Seriul

No.

857
868
859
860

K61
862
863
864
865
896
867
868
889
870

Bull

1206
1492

B39
392

1021
1109

96
1061
1018
1047

744
1476

813

1384
733

NU-

Name.

Patel, M. M,
Patol, MM,
Patol, M. R, (1. )1)
Patol, N. B.
Patol, N. C.
Patel, N. K.
Patol, O. 1.
Patol, Y. L.
Patil, B. D.

Patil, G. K.

Patil, Y. K.
Patralu, P, S,
Paul, 1. D. Bayliss
Pederson, S,
Porry, R. G.
Porshad, B.

Possi, B. I M

Pussumal, N. Dhamani (L, M)

Phislko, P. G,

Plilipose, B, 1%,
Philipnsn, 1.

Pillai, A. Stvarama
Pillai, K. Gopala
Pillag, K. W

Pitlai, K. N, Govinda
Pillad, 7. K. A.
Pinto, C. J.

Pooneu, P, O,

Prabhala, R.

Prakash, Anaud

Prasd, B,

Stale/Country,

Bombay.
Bombuy.
Bombay.
Bombuy.
Bombay .
Bombay.
Bombay.
Bombay.
Madhy o Bharat,

Bobiay,
Madbya Bharat,
Madries,
Madhyuw Blurat.,
Bombay .

West Bonwa!,
Bihar,

Pakistun,

Dol

Mithy i Bliarat,

T ravancore=Cochin,
Truvancore-Cochin,
Traviueore-Cocliin,
Tyavavcoro-Cachin,
Travancore-Cochin,
Travancore-Cochin,
Mudras,

Beanbuy

Govortmont of Tudi

Madrss~,

Uttar Pradesin

Bihar,



60

Lisr o8 MeMBERS

List oF MEMBERS

Sewiul| Roll |

No.

883
884

885
886
887
888
889
890

891
892
893
894
896
8U6
897
808
899
900

901
902
903

905

207
908
909
910

911

912

No.

1200
1124

436

1844
1206
1185

907
1416
1157
1297

402

1126
482
327
310

1108

1216

882

841

825

BOO

Name.

Prasad, D. N.
Prasad, G. N,

Prasad, Jai|Kishore
Prasad, Krishto!
Pragadd, Nandkishore
Prasad, Nilkanth
Prasad, Rajdon

Prasad, Ram Swarup

Prasad, Rashdhari
Prasad, Sarju
Prasad, Singheswar
Prasad, S.

Pratap, B.

Prom (thand .

Prem Manohar
Prem Mohan
Prosad, L. O.

Pujari, Achyutanand

Punnaiah, P. B.
Paranik, R, G.
Puri, A. N.
Pari, B. 8.
Puri, P. R.
Puttaswamy, H.
“Q
Qureshi, A. H.
Qureshi, A, H.
Qureshi, A. R.

Qureshi, Azeezullah

Qureshi, Mohd. Ayub

(1} R »
Radha Krigshnan

Stale| Country,

Bihar,

Rihar,

Bibar,

Bitir,

Bihar,

Bihur,

Bihar,

M. BE. 8,

Bihue,

Bihar,

Bihar,

Bihar,
Governmont of India,
Uttar Prudesh,
Uttar Pradesh.
Uttar Pradeosh,
Bihar,

Orisea,

Mudras.
Bl)mb&y.
B()mbuy_

.
Governmept of Indig,

1
Government of Indig

Mysore,

Pakistan,
Pakistan
Pakistan,

Pakistan,

Pakistan,

Punjab.

Seria,L
No.

913
914
95
916
97
918
99
920

921
922
923
924
926
926
929
928
029
980

931
982
933
934
986
936

938
039
940

941
942
943

Roll

No,

1611
110y
87
849
1008
™
1172
839

989
713
628
1490
880
966
1486
724
100

751
1454
1121

492
1211

1240
496
12682

|

Nare.

Radhey Shiam
Rafi Ahmed, s M.

Rachuvichary, K. S0 1M

Rachuvan, N. G008,
Rauhavan, P.
Rachaviah, M.
Rahoje, M. L.

Rabhman, A.

Rislumasn, 3. AL
Rahman, N,
Rahnutwtlah, S,

Raj, P. V.

Raji Rathnam, K. V.
Rajauopulan, D.
Rajaropnlan, K. G.
Rajacopitan, K.
Rujagopalan, S K.
Rajam, M, K. (L.M.)

Rujun, G, AN,
Rajoaraman, 5.
Raju, D. Narayuaua
Rajn, P V.

Raju, R. L.

Raju, 5. P (LM
Rajwidde, M.V,
Ram Bilas

Ram G. N,

Ramn Nand, A. B

Rama Ran, N,
Rama Rao, T. (LM
Rama Rao, V,

Siute[Counry.
Bihar.
Pakistan.
Governmant of fndia,
Madras,
Wost Bonwal
Madras.
M. E. =

Pakistan,

Madras,

Pakistst,

G vernment of [ndia.
Madras.

Mysora

Madras.

Govoernment of jndis.

TravancoresTnohin.

Governient of india,

Mysore.

Government of Indii.

P ravane res( ohin.
Mudras.
Madras,
My sore”
Hyderabad.
Mardhya Pradosh,
Punjsb.
Bihar,

Mysore.

(i wornmant f India

Myaore.

()risaa,



52 List oF MEMBERS

Srl:\'),‘iu ¢ 113;:‘{'[ Nawme.

. . ) ’wd/e/UUuw/y-y_

944 536 Rama Sundaram, U. 8, Madrasy, -

946 230 Ramamurty, K. Madia,

946 1179 Ramanathan, G, 8. Madrns,

047 1104 Ramuswami, P, Govorumont of lud;

948 407 Ramaswany, K. Hy dorabad e

a4y 752 Ramusswany, N.S. uUV(”'lllllt)u‘L of Il

960 1269 Ramaswamy, . Mysoro, i

951 421 Ramchandani, N, R, Kuteh,

952 1470 Ramiah, V. Mysaro.

953 1065 Runganatlaw, V. TravancoresUooh

964 438 Ranyarajan, 1. Madrag, "

956 162 Rangaswami, M. A. Bihar,

956 66< Rangaswami, T.V, Mudrus, :
957 82 Ranguswami, V. N. Dollii. \
958 108 Rangaswami, V. 8. Madrus.,

959 1221 Ruo, A. Lakshmikant Govornment of I1;

060 1827  Ruo, A. Rajoswara Orissa, B

g6l 1013 Rao, B. K. V. Madvas,

962 589 Rao, B. M. Madliya Bl

963 1067 Ran, C. B. Mudhu Sudana T"iWuncure-U,,c; .

964 1023 Rao, B. Gopala Krishua Dolhi, o

965 380 Rao, H. Sunder Gaverument of fy;

966 1266 Ran, K. Ramamohan Madras, s

967 800 Rao, K. Gopinatha Rajasthan,

g68 172 Rao, K. Subbu Midras,

469 649 Rao, K. Subba Madray "
Y70 1465 Raw, K. Subba Mya‘m'(; ’
971 836 Rao, M. AL Madiya Prades

972 1110 Rao, M. Brahmuounds Madras, ot

973 812 Rao, M. R, Krishuwmurti Mysoro,

o74 1077 Ruo, M. Soshumadhavi Madras,

18T OF MEMBERS

Nerial

No.,

W76
w76
W77
918
9749
980

081
982
983
984,
085
986
087
988
989
990

991
992
993
994,
995
996
997
998
999
1000

1001

Roll
No.

1240
1os
1164
024,
1095

[ERNY

757
873
k>
1188
1405
408
797
1444
1435
643

454
451
702
498
073

73
909

987
1341

Nivr,

Rio, M. N. Lakshmana
Rao, N. Subba (LM
Rao, N. 8. Lakshnane
Rao, M. 5, Sitaram
Rao, P VoS, Prasadi

R, N. Vonkata

Rao, R. Ratmie Mohan
Riwo, R, R, Thimmaji
Riva, S, Raanehandri
Rao, 8. Ramchandri
Raw, &, Subba

Ruo, T. K.

Rao, T. K. Mohana
Rao, U. B. Sroepid
Rao, V. Subba
Rastogi, D. P

Raxtogi, K. S.

Rath, Nilkanth
Rathod, G. D.

Rathod, M. P.

Rathod, N, G
Ratnagar, R, D. (L.M.)
Ray, K. B. (LM

Ray, K, C.

Ray, K. C.

Ray, 8. N.

Reddy, A. Navasimha
Reddy, B. V.

Roddy, C. Krishna
Raddy, K. Ramaswamy
Reddy, L. C. Muniswami

S Ceuadr g,

My=ora.
Mysave,
Madras,
Iy derabad,

Madris,

Giovornment of India.

Madras,

Madras.

Madhya Pradesh,
RBihar,

Orissa,
Uyderabad.
Madras.

Madras.

Madras.

Rajasthan.

Dethi.

Orisan.

Dolhi.

Bombay.
Saurashtra

West Bengal,
West Bengal.
West Benial.
Madhya Pradesh.

Bihar.,

Madras,
Madras,
Midras,
Madras,

Mysoro.



H4

LisT OoF MEMEBERs

| T
Serial 't Roll |
No,

1006
1007
1008
1009
1010

1011
1012
1013
1014
1016
1016
1017
1018
1019
1020

1021
1022

10238
1024
1026
1026
1027
1028
1029
1030

1031
1032
1038
1034
1086

No. {

e
1113
163

365
1130
1280
32
1088
969
1417
1099

336
636
1321
61
1266

l\r(ll)ll’.

Reddy, P. R, G

Reddy, I'. A, Rumunuthi
Reuo, D, Y,

Reye, 8. B.

Resham Singh,

Rijhwani, J. M.
Rizvi, 8. H.
Romosh Chandra,
Roy, B. N,

Ray, C. B.

Roy, G, P.(LLM.)
Roy, 4. K. (L.M)
Roy, K. P.

Roy, P. K,

Rey, R. C.

Roy, 8. K.
Roy, T. K,

“g»
Saberi, Yousaf, M, L.
Sabharwal, G, C.
Nadarangani, T
Sadarangani, V. H,
Sadasivan, V.
Sudasivaswami, P, &,
Saha, N,
Saha, R. K.

Saha, N, L,
Ralu, B, N,
sahay, T, K.
Sahney, J, C,

Sahing) K, N,

Stad e Couniyy,

Madreas,
Madras,
Bombiy.
Bombay.

Uttar Pradosh.

Assam,

Uttar Pradesh,
Asanm,

Bihar,

Madhya Pradesh,
Origsa,

Wost Bengal,
Wost Bangul,
Bihar,

Wost Benoeal,
Bihar,

Pakistan,

Hyderubad,
M. B, N,

Governmon § of India

Madras.

TraVanoure-Cnohin.
Madras,

West Bongal,

1 .
Governmont, of Indin

.
Government, of India

Origsn,
Bihur,
Uttar Pradesi

Tty Prades,

LisT oF MBMBERS 55

Sevial

No.

1036
1037
1038
1039
1040

1041
1042
1043
1144
1045
1046
1047
1048
1049
1050

1054
1065
1056
1067
1068
1069
1060

1061
1062
1063
1064,
1065
1066
1067

Rull
No.
89
439
1163
129
844

1232

1328
861
876

1314

66
194

1890

1340
387
606

1072

1195
832

1034

1039
928
990

1404

1160
186
993

1229

1391
233

1869

Neono,

Sahwwl, Sant Bam (L.M,)
Sufuad, Balbiv Sinch
sajjan Basettippr
Saksona, C. P.

Salukhe, V. B.

<amad, M. A,
Samanti, Brindaban
Samanta, N. K.
Samitha, M, 0,
sandhawalin, N, 8.
Sam, G. H.

Ranjana, N. .
Sapkaram, G B,
sanyal, P. K.

Sarkar, B. N.

sarkar, Phani Bhushan
Sarma, P. VON.

Qarmn, S, V.,

Sarna, V, O,

mantri, K. V. Sabrabmanya (I.M)
Sastri, S,

Sastrigal, H. Nataraja
Sathaye, H. S.

Satya Nand

Satys Narayana, D.
Satya Prakash
Satyanarayana, B, (1Mo
Sawad, D. B,

Sawhnoy, R. I

Saxonas, J. K.

Saynji Rao, H. R,

Seatharamaiah, H,

Ntat ,r/t NEITBATN

IMunjab,

Governmont of hetin
Government of Tidba,
Vindhya Prviesi.

Meadhya Blarat,

Mindras,
Bombay.
Bituer,
Mivdvas,
Bombay,
Delhi.
Bombay,
Madras,
Burina,

West Benoal.

West Benuil.
Madras,
Travancore-Cochin,
Governmont of India,
Mysore.
TravancaresCochiu,
Madras,

Hyderabad.

West Benwal,

RBombisy.

Uttar Prades,
Maodras,
Bombay.

Pun jab,

Ustir Pradesin,
Madras,

Mysore,



56 List or MEMBERS

Sorial| Bell Nawme. StatelCountry.
1068 306 Sekharan, T. Madras,

1069 307 Sen, A. K. Tripura,

1070 7247 Sen, B. R Uttar Pradesh.
1071 1032 Sen, D). M. West Bengal.
1072 1010 Sen Gupta, K. (. West Bengal.
1073 1515 Sen, N. Government of India.
1074 863 Sen Gupta, V. N. West Benual,

1076 1800 Sen, R. B. West Bengal,

1076 1331 Non, S, K, Bihar,

1077 314 Senapathy, G. N. Orissa,

1078 1085 Seshadri, C, R, Travancoro-Cochin
1079 472 Seshagiri Rao, N, Madras,

1080 1090 Sethi, . B. Government of judii,
1081 1329 Sethi, V. P. Madhys Pradesh,
1082 726 Shafign) Haq. Pakistnn,

1088 561  shah, M. J. Rajusthan,

1084 1506 Shah, S. G. Borabay

1085 36 Shah, VT Madlya Pradesh
1086 175 Shahani, ¢, M, Wost Benunl,

1087 1607 Shaikh, A. A. K, Bombuy.

1088 1005 Shamanna, A. Madhya! Pendosh,
1089 83 Shannon, I, A, P, England,

1090 1059 Sharangpani, P. 8. (LM.) Bombay.

1091 1325 Sharan, Raghunath Bibar,

1092 96 Shareef, 8, A, Pakistan,

1093 579 Sharma, Baij Nath Ceylon,

1004 504 Sharma, D, ¢, Punjab.

1095 116 Sharma, Hari Shankar Uttar Pradesh,
1096 1118 Sharma, K. N. Rajasthun,

1097 87 Sharma, M, R, Panjab,

1098 516 Sharma, Parnanand Bibar,

1099 1452 Sharma, P.

Assam.
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I
Serial | Roll

No. | No.
1100 1467
1101 164
1102 1084
1103 191
1104 720
1105 163
1106 503
1107 619
1108 39
1199 61
1110 786
1nin 489
1112 382
1113 388
1114 127
1116 1148
ine 490
1117 953
1118 792
1119 711
1120 1287
1121 228
1122 1346
1123 1382
1124 1449
118 1135
1126 1851
1127 1872
1128 1367
1129 1236
1180 340

Name,

Sharma, 8. A.

Sharma, S, 8.

Shastri, M Balacanuadhars
Shaukat Ral

Shaw, M. L.M.)

Shaikh, Abdul Hakim

sheikl, Mohd, Akram Mohd,
Ebrahim

Sheikh, Mohd, Kagim, G.
Shenoy, B. N,
Shonoy, R, C.

Sheo Dip Narayan

Sheth, K. L.
Shinde, P, K. (L.M.}
Shiva Raj, A.
Shivdasani, K, J.
Shivdasani, P. D.
Shobha Ram

Shri Krighan,
Shukla, G. D.
Shyam Krishna.

Nil, Krishna Shankar

Simbaiya N. Lukslminurs
Singh, B. L

Bingh, J. N.

Singh, 4. P.

Singh, R. C.

Singh, R. P.

Singh, & M. P.

Singh, S, N.

Sinhis, Al C.

Sinna, B,

Ntate[Country.

Madhya Pradesh.

Uttar Pradesh,
Maddra-.

Dalhi.

Governmoent of India,
Pakistan,

Pakistan.

Pakistan,
Government of londia,
Government of India.

Bihuar,

Dalhi.

Bombay.

Uyderabad.

Bombay.

Bombay.

Uttar Pradesh.
Government of India,
Bombay.

Uttar Pradesh.

West Ben:ual.

Rajasthan,
Bihar,

RBihar
PEPSU.
Punjiab,
Bitar

Bihar,

Bihar,

West Bengua..

Bihar,
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ng’ I;\;);I ‘ Name, State]Country S;;-;?L }[ IZ’B Name. Stute/Country.
1181 971 Sinha, B. P. Bihar, 1163 116 Srimivass Marthi, K. V. Madris,
1132 734 Sinha, B, P. Bihar, 1164 537 Sripivasa Rao, Ko V. Hyderabad.
1133 1261 Sinha, . P. Rihar, 1165 240 Srinfvasan, K. Madras.
[134 804 Sinha, Dehi Saran Madiiyn Pradesh, 1166 1008 Srinivasan, K. S, Madras.
1185 191 Sinha, H. P, Govarnment of India, 1187 1423 Srivastava, A K. Uttir Pradesh.
1136 960 Winba, K. Uttar Pradesh. 1168 1354  Svivastava, (i N. Rilar.
1137 1342 Ninba, L. U. C. Bihar, 1169 1205 srinivasan, T. K. Madhya Pradesh.
1188 426  Sinha, M. K. P. Bihar, 070 615 seivamgnchary, G. Madras.
o e
‘ 1172 45 Srivastava, Madho Prasad Uttar Pradesh,

14l 706 Sinha, P. P. Bihar. 1173 958 Srivastava, PO N, Uttar Pradesh.
1142 1273 Sinha, P. S. Uttar Pradesh. 1174 514 Srouty, M. . Madras.
1143 1319 Sinha, R. P, Bihar. U7 1210 <ubbiah, C. P. Government «f ludia,
1144 754 Sinha, S. K, Bihar. 1176 1811 Subbaraju, Bh. Mudras.
1145 1260 Sinha, Shyam Lal Bihar. 7 723 Sabrahmanyam, . Govornment of Indis.
1146 871 Sinha, 8. N. Bihar, 1178 866 Spbrahmanyam, . L. Madras.
1147 1103 Sinha, Shyam Narain Bihar, 17 1312 <ubramaniam, P 5. Madras.
148 1127 Ninha, 8 K. Oriaga. 1180 1461  Subramaniam, X K. Madras,
:i:z :;Z ;::"]::l:m("}, | ri‘::\:ﬂ& 1181 1108 Sud, A. N. Punjub.

' . 1182 1211 sSadhamoy, Pal Wast Ben::al
1161 856  siresr, 8. K, Bihar. NS 65 Sujun, S B. Punjab.
1152 680 Sivapraksaam, P, S. Madras, 1184 1432 Sujan Singh. Delhi.
1153 626 Sivasankaran, O. Madras, 18 1N Sukhrani, K. B. Government of India.
1154 715 Sivasubramanian, M. K. Govarumont of India 1186 872 wultan Mobd. Nsim. Pakistan,
1166 692 Sivaswamy, A, R, Madras. 1187 939 Sundars Raman, C. K. Travancore~Cochin,
1156 20 smith, H, (!, L. Mo Bombay. 1188 1117 sandnraj, B. K. Madliyw Pradesh.
1157 283 sohan Lal, Bihar. 1189 1406 Sundaram, Shanmuga R. Madrue,
1158 1316  Som, A. K. Bibar. 80 791 Kandaram, 8. Madras.
1159 1488 Sompurs , G. B, Sanrashtin, 1% a1 Sundaresun, T. V. Bombuy.
1160 2 Sondhi, K. 1., Panjab, 1192 ig~5 sar, A K. 1Tttar Pradesh.
1161 12 Sowani, .G, L. M) Bombay % o2 Sar, S, K. West Benyal.
1162 682 Sreekantiah, C. K. Madras. I vurati, B, M. Hyderabad.
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Serial ’T Roll
No. ' No.
1195 637
1196 1345
1147 1440
1198 393
1199 1499
1200 33
1201 1333
1202 826
1203 1866
1204 1434
1206 1020
1208 1400
1207 1168
1208 794
1209 1150
1210 1323
1211 1516
1212 1601
1213 1381
1214 630
1216 1096
1216 686
1217 1074
1218 1478
1219 1386
1220 868
1321 130
1222 1088
1828 918
1224 150
1226 1190

Name.

Surya, N. S,
swaminathan, C. G,
Nwaminathan, S, 8,

Syed Ali Raza.

Syed A. B. Inamu! Hoque

Syed Arifuddin

Syed Mustafa Jamal.
“

Talat Baig.

'l‘a.mb‘e, R. V.

Tamizuddin, A, G.

Tampi, N. Kesavan

Tandon, G. 8.

Tandon, 8. N.

Tank, D. M.

Taraporevala, J. A,

Tawadey, V. B.

Tayal, K. C.
Taylor, Norman Henry
Tellis, C. 8. J.
Thadaney, K. V.
Thapliyal, K. N.
Thirapuvanam, C. N.
Thomas, P. J.
Thosar, G. 8.

Thusa, A, N.
I'hirumala, C. 8.
Todd, J. M.

Toubro, 8. K.
Trehan, J. M. (L M./
Tripathi, 8. N.

Tripathy, J.

State[ Country,

Governmeont of India.
Madras

Madhya Pradesh,
Hyderabad,

Assam,

Hydearabud,

Bihar,

Midras,

Madhya Pradesh,
Madras,
'I‘mvm\(‘,ura-(}‘nchin.
Punjab,

M. E. &,
Sanrashira,
Bombay .,

M. K. s,

Uttar Pradesh,
Bowbay,

M._E. s,

Madras,

Uttar Pradeni,
Madras.

T ravanc reo-Clochin,
Bombay,
Kashmiy,
Bituar,
Seotland,
Bombay.
Government, o Inclin,
Mudhya Pradesi,

(.)l'iﬂﬂu.
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Serial
N’ .

1226
1227
1228

1229
1230

1231
1282
1283
1234

1235
1886

1237
1238

1239
1240

1241
1242
1243
1244
1245
1346
1247
1248
1249
1260

1251
1252
1263
1264
1256
1286

|

Roll

No.

788
6

476

961
1166

1494

847
1475
1089

84
416

674
351

846
738

176
631
1300
1873
506
881
1362
1366
685
985

491
110
862

466

Nunve.

Turner, W. H.
Twoed, J. C. Rathlin

Tyabji, 8. B. (LMD
[{3 U »

[Jdham Singh.

Uma Kant.

Umrivzar, E. 1.
Uppal, H. L.
Unwalla, B. T
Frptam Ningh. (LMo
«w »
Vach, B, V. (LM
Vahidy, Zahir Ahmed
Vaidya, Anant Ganesl
Vaidya, G. D.
Vaidyanathan, V. L
Vaish, Vidya Ram

Vakil, N. B.

Varma, D. C.
Varma, D. M.
Varmu, D. N,
Varma, Hari Gopal
Varma, J. N.
Varma, K. K.
Varma, K. N,
Varman, K. R.
Varma, K. Raja Raja

Varma, °. L.
Varma, R. L.
Vartak, G. R.
Vasay, K. M.
Vaze, D. L.

Ved Prakash

State] Country.

Madras,

Wost, Baucal.

Bombuy.

Himuachal Pradesh.

Listar Pradesh.

B(lmhﬂ.y .
Punjab.
Bombay.

Rajousthan.

Bombay.
Pakietan.

Madhya Bharat.
Hyderabad,

Government of India,

Governmount of India,

Bihar.

Madhya Pradesh,
Bihar.

Bihar,

Uttar Pradesh.
Bibar.

Bihar.

Bihar.

Government of India.

Travancore-Cochin.

Punjab.
Assam,
Bombay.
Hyderabad.
Bombay.

Uttar Pradesh.
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LisT oF MEMBERS

Serin!
No.

1257
1258
1259
1260

1261
1262
1263
1264
1265
1266
1267
1268
1269
1270

1271
1272
1273
1274
1275
1276
1277
1278
1279
1280

1281
1282
1283
1284

1285
1286
1287

Rull ’

No.

1178
862
544

173

235
75

1083
822
764

1289
578
1006
641

1303
236
954

Nine,

Veera Raghavan, I, M,
Veeriah, P.
Vonkatachalam, X,

Venkatukrishniah, D,

Venkataramin, P,
Vonkataramanan, 7. S.
Venuunpal, C.

Vepa Krishunmurthy
Vorma, R, P,

Vorma, S. N.

Veosugar, J. B. (L. M.
Vora, P, K.
Vywvaharkar, D. A,
Vydiunsthan, P, H.

“« W »
Wadhwani, G, B,
Wadin, K. (.
Wadley, K. L. H.
Wahoed, M. A.
Wale, N, D.
Walkor, W. F. ( L.M))
Warren, P, F. S,
Warrier, K. Ramchandra
Witliams, L. C.
Winckler, L. A. H.

R
Yaday, Brij Lul
Yadav, H. J.
Yogi, M. V.
Younus, S, M.

L A2
Zaki, A,
Zutsbi, M, N,
Zutshi, Y. N,

Ntabe Cotty,

Madras,
Madvay,
Hyderabad.
M. L. s,

Madrs,
Madras,
Madrasy,
Hydorabnd,
Bihar,
Bibiar,
Argeniinag,
Kutch,
Bombuy,

M.,
| ravancoresCoghiy

Uttar Pradest,
Bombay,
Bneiand,
Pakistin,
Bumbuy.

Kin glind,

Wast, Bengy,).

.
Pravimonre

-Coehiy,
Cuyhuh
My gore,
Ustar Pradogp,

Madhyy, Bharag
M.k s,

Hy dorabng

Bihur,
Uttar Pradagt,,

Uttny Pradeg),

Associate Members.

(89

Ront
N

26
36
1

30
16

20

23

w
T

24l

Noties

Allan doSi.

Aniin, F. 1.

Rakewell, W. B,

Busil Givay.

Clisy don, IS, W.

Dax GGupta, A,

he, K. (.

Knginoor, M. H.
I‘]l.g‘inmn'-in-(}llinf’s Branch.

(1arewal, Sapuran Ningh

Gapta, T K.
Hughos, H. G
Khanna, KoN.
Kraty, F. C.
Maddon, W, I,
Manugor, Houtly &

Grosham Ltd.

Moss, G T W
Munday, K. T.
Patol, T R.
Patoll, J. K.

»

Rams=ny, A R V.
Ranade, 1. Y.
Shabnd, T C.
Subralimanyany, R. V.
Wonthoral!, Ho M.
Willeox, K. W.

William Harrison

N‘(l‘(’/('u?l‘l"?'].

Bombay.

Bymbay.

West Bengal.

Delhi,

(‘aylon,

West Benual,

Wast Beneal.
Bombay.
tiovernment of Tndia,

U ttar Pradesh,

West Bengal,
Wost Bongal,
Dot

Woest Benual,
West Bengal,

Dalhi.

Weost Bangal,
Dolhi.
West Benwval,

Bombay.

Wost Bongal,
B mbay.
Dalthi,
Madrias.
Bitiar,

Delli,

Bilar,




Paper No. 148.
MEMBERSHIP OF THE INDIAN ROADS CONGRESS. aper o
A Design for Bullock Cart Wheels
Part IV.

Year of enrolment with Roll Nwmbers,

, Ordinary Members. | Associate Members. Report on Tests
Calendar Year. |

\

From To From> » ;fo By
T ' B.V. Vacn, B.E. (Civi)), M.LE. (Ind.)
- 1 i ! s INTRODUCTORY
1937 192 252 '
) * - L he programme of work sct for this investigatiou, with
1938 253 204 - - Which the Author has been associated since April 1944 under the
) auspices of the Council of the I. R. C. and its Bullock-cart Sub-
1038 296 458 5 6 iommltt%, was as givon in Annoxure I. Al this programme
- 88 Now beon completed excepting items 111 (2) (¢) and III (3) of
1940 389 453 i 9 that Aﬂnexurec. p pung
1941 454 801 10 - 2. The arrangement in regard to these unfinished items,
1942 502 548 _ agrocd fo with the States of India, is that four pairs of wheels will
- be manufactured in each of the major States for field tests under
1943 549 593 i1 - normal conditions of loading for twelve mouths if possible, or one
wet and one dry season, fo ascertain the design which each State
1944 599 64 12 17 ,‘;f;lnﬂlélera the most suitable for local conditions. {See Par{a 28}
T'he States will also be requested to suggest improvements, if any,
1940 650 8! 18 20 In the light of their local experience.
1946 782 997 2 p
! 23 3. In the light of the tests already completed, the States will
1947 998 1169 24 30 be requested to manufacturc and test side by side with their
1048 1170 1306 selocted wheels, the following pairs of wheels:—
31 34
(i One pair of wheels made in all respects like the
1949 1307 1449 35 40 wheels in use at present at the station to be
1950 1450 41 selected for these tests,

(i) One pair of wheels, with » 3%io.by § in.

tyre, made in all respects like No. (i) but with a
wheel-diameter which with the proposed tyre will
produce a wheel of ae nearly as possible the same
weight and, therefore, cost as No. (i).

(tii) One pair of wheels with the same tyre and same
wheel diameter as No. (il) but employing a
lathe-turned axle and cast iron bearings (in place
of hand-made axle and mild steel bearings) with
rubber fixtures for self-alignment and fexibility.
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(iv) One pair of wh
! ' eels made to Shri Nageswar
iyyzxr 8 demgn.but with the same tyre \uﬁ;;w\zg
ame wheel-diameter as No. (iii). ‘

In the c: F Ap
byre Wid:rct;}?inog Arm-type wheels which employ at present, a
present. but * in t}%‘ ll:i., the same width of tyre as is 1'“, ‘ "‘t'
Shich ;vith tim ﬁewliy}zh;l{{? be (imploycd with a Wh(-el-di'::it:r’

’ 3, will produce & whee! of the Sa

%2&;05; é\fetrhe }I;resent wheel for No, (ii) 1::,(buv(;i t:hl:()&tme motsht
tyre i o opoke-type.  Nos. (i), (iv), and (v, will ha now wheol
(4, and ( wheel diameter as No. (i1).  Deai (fwt, © sme

s (tv) will be supplied to the States gue for Nos. (ii),

These field test i
respects, 8 will complete the investigation in all

DESCRIPTIVE,

. rejates to (c] ﬁlla 480 f exper'n ents COT
pleted in 194 and 81 (-] up Q t»he f()“lOEWi:"lg‘)l)ﬂl 8 --.‘ " o
9 nad f Tts -

L. Optimum diameters and widths of

cart wheels, tyre for bullock.

IL. The tractive effort i
required f
compared to that of the Whezlr

IT1.  Provision for seif.

the optimum whee) as
Inuse at present.

alignment j i
IV. Provision for Hexibilfty i: ltthleno';})ltirz‘:hmum et
V. Mr. Raju’s Roller Wheels, et
VI. Summary of conclusions from testq
VII. Vield Tests and Check Testa. |
VIII. Record of Tests.
IX. Acknowiedgment.
5. The Paper was circulated for commenta

of the Bullock-cart Subcommi
Members were kind enough zlonz)lttfzerez;re lexl

. to the Members
” "Omments which same
ussed in Annexure Vil
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1. OPTIMUM WHEEL DIAMETERS & WIDTHS
OF TYRE.

(a) Based on tests for tractive effort.

6. Tests projected to nscortain the optimum whee] dianeters
aud widths of tvre, rewsous for them, and the test procedure
cplayed wero discussed in the last Paper of the scries (Paper
No. 137, 1. R. ¢. Journal Vol XIII:2). Of the two teat scries
Projected, that oun tractive effort was completed last year.

e conclusions were as follows:—

(@) ‘The tractive offort of whecls employing lathe-turned
axles and cast ivon cylindrical bearings, with a tyre-
width of from 3% in. to 5 in., which can be employed
in place of wheels in use at present without
exceeding their cost (lable on page 203, LR.C.
Paper No. 137) is less than that of the latter.
(Para. ix p. 204, 1.R.C. Paper No. 157).

(b) It is likely that their tractive effort will be less, even
if hand-made axles and mild steel bearings 1n usc at
present are employed in them in plice of lathe-
turned axles and cast iron bearings. (Para. xiv
p. 205, LR.C. Paper No. 137).

if further tosts establish the correctness of the pre-
sumption made in (b) above, it would indicate that
the scheme of improved wheels made to the design
in use at present but with optunum diameters and
tyres could be introduced in two stages .—

(¢)

(i) Ewploying hand-made axies and mild  steel
bearings as in use at present, till Jathe-turned
axles, etc , are available on a large scale.

(i) Fitting, in the samoc wheels, new fixtures us
and when they are ready. (p 157. L. R.C. Paper
No. 137 para. 19).

¢} According to the tractive effort tests the following
two types of wheels seomed suitable i —
(i) 34 in. tyre with « minimum wheel diameter of
36 inches for rural carts.

(if) 4 in. tyro with a mingimum wheel diameter of
4% inches for urbanp carts.
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In both cases, the wheel-di
! v -diameter
?flﬂt?;loencﬂhgmfd b}? mcr_eased to the extcxliotobv?zhigll?pl oyed st any
sub- mra(,): orv ?fl.%.m use at present at that t'w'can be fitted
hy gld +i, il and iii, p. 184 and IS5 I. R, C. P sation (Para. 12,
e body of the cart raised to the leve] of .bulhlocig’er N(ll' 137), and
necks.

(b) Based on tests on the weqy and te
ar
of road surf:ces.

7. The other serics of tests, +ix
f a ac ¢ 2B cuy that on the
(\:Via(t);lg g?if)}r(;)eliv;):lls(e(élby wheels of various lv;}},léei di
comploted (A partly carried out last year g : ‘lam‘oto,-g and
01 pleted (Annexure II). Tt bas been and hus since been
sltonaiy between the i 1 "I o
that caused ll)v tﬁloe t.m same wear and tear of ‘ro‘“zlle(” and ite
this relationshil i: present wheels (para. 9, Anm‘xl;\ : surface as
roud striaces c}m 1? l1))08911)10 to ascertain the ex'f'(\hit ). ¥rom
5 inches and var sig( 1'}-, wheels haviny . T')'r(s~xsfi<;f<}1’o(i?f wear to
range of costs &n):l t%( Jta?qet_ers, wkhich can be employed :?)2 . to
on bests on tmctivee Arfiﬂnctlve efforts of the present w'hewllthm the
diameter and t“'re—Widf}, (;rt) and arrive at the Optimz 8 (based
wear a,nd to: .f i 0 p[-O(IIlC(‘, the maximum savi m .Wheel
ear of road surfaces (para. 11, Annoxure I[)“ ing in the

wear and tear

derive a

(c) Alternatives.

8. One of the

lated to concl1)ufsi<)txl]\b(§;n}"ne,m'8 on the last Paper of thi ;
and a suggestion wus ma(lircl: y};“ﬁl -'x‘s) f&?OVU regarding Whm-,ll.sdsiirn]'\(:it ors
e g at as faras practicalle w ers
e
carters will ob'e‘ctg diamoter than thoso in use af ,L,‘y to object
that it is nojt rI: c%l-u,tc true, but what is cqually i?bse.“t' That
reducing the pré)sex'xct m;ble to employ a broad [t“c is the fact
wheels is not to be exz‘;e%iléd“}lf;:;te‘?'s if the Cu;t ‘)fytlife vz:;hout
choose a whee i . ’ wlore, the o 1. 1€ present
ing groutor trit%ihvlgheﬁtih?xhe;%gdmg the pre;(lalr{t,tl;:é l‘wutdwu i8 to
wear and tear o t, roduce the maxi dndrequir-
of the carter Oxf) tl;a(;do::;rl?ceilv This would B&f(?g)::;dsgvmg in the
pocket or his bullocks &n({mf( by not adversely affect he interosts
ronds. Tn thoe ultimate : 0 Ith(f, community on the'mz};lg either his
sentiment against an analysis the poing ab jssue i 1 by saving
community's int y reduction in wheel dj 18 tho carter’s
erest in roads and bullocks lameters and tho

The commu ;
ni :
in damage to roatgs 1?r(e)r!;lt1tledllo claim 2 maximuy
a class of ro m saving,

contribut i 4d-user
e anything towards the upkeep t:ifdtll:gels “ho do not
roads, so long

-~

4
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a wheel of the same cost and

However, it is best to leave the
choose bLetween a certain
in the wear and tear of

?rsalt is possible to produce
de(‘gt.lve effort as at present.
Wh;s‘;OI]l' to the States, who should

roadt -dlameter and a certain saving M “ ' .
view Sll'rfnces in the light of local conditions. With this end in
Ao, alternatives have ‘been worked out (paras, 11 and 12,
bost xure 1) from which it should be possible to choose design

suited to local conditions.

(d) Merits and Demerits of the Alternatives.

ast reduction in wheel-diameters

g‘iggzttt? to 10 per cent) and produces, with the proposed wheel-
surfac Crs, a saving of about 20to 25 per cent in the wear of the rqad
in W‘heesl' Adin, 4f in or 5in. tyre entails the greatest reduction
propo el-diameters (about 30 to 35 per cent) and prczduces, with the
We-g- B?d whecl-dinmetors, a saviDg of about 40 to 45 per cent in the
two a,odmad surfaces. A 34 in. tyre is intermediate between the
diamer:, entails a reduction of about 14 to 17 per cent1n the wheel-
savin ers and produces, with the proposed wheel.diameters, a
wOu]dg of about 35 per cont in tho wear of road surfaqes. This
fo ot scem to be the best combination to employ. It is important
cost o here that these conclusions relate to wheels of the same

a8 that of wheols in use at present, excludin, provision for:—

9. A 3in. tyre entails the le

(8) Lathe-turned axles and gmooth bearings.

(b) Self-alignment.
(o) TFlexibility.

the same method, materials of
f the present wheels have been
This does not mean that the

o To arrive at this conclusion
onstruction, and weight as those o

2ssume(§ in the proposed wheels.
onclusions relate to wheels manufactured to the present wheel

design only. They apply to all wheels of the same diameter and
same tyre width manufactured to any design, e.g., the Cumming
wheel, the A. Nageswara Ayyar wheel, or the Morgan wheel and 8o
glrll- If, Without excoeding the present cost, wheels made to any of
: ese designs can be obtained with a larger diameter or a wider
ijrre,.tha_.,t, will be an advantage, if their performance is satisfactory.
i'-uzltthm the cost of the present yvheels, .they require a smaller
pe(rfoe er or a narrower tyre, that will be a disadvantage unless their
pmd‘:'mance counterbalances this defect. [f it is possible to
P rots o6 the same diameter and the same tyre-width in the same
thoir :31 that of wheols made with present materials, cte., then
Al the ectlgn wili depend on their respective performances.
‘these points will be decided by the field tests proposed to be
carried out in the States.
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II. THE TRACTIVE EFFORT OF THE OPTIMUM WHEELS

JO, It has been mentioned in a. G
N . para. ti(a al P , 1

Lo the fests on tractive effort carried out i i 1 o paccording
fitted in the cost (:;]'thto O in. tyres, with diameters whichm' ‘l}d:
effort, than the wh ol ¢ present wheels, will require a lower t Cwl;. )('
of this, a fresh fserSe | }n use at present. ‘I'o ascertain the mctlvt
one spéaciﬁc case :;?5 ¢ t3€st_s on tractive effort was carrieg gl}iten
ing latho-turned ’a l“" ?’ tin. tyre and varisus dinmeters | -
of the wear and tx o6 and cast iton bearings which, in tﬁmp.oy—
of the wear and ez:r tests (Annexure II), seemod éo b e light
hand-m'l.de axle ess wore extended to seq whether t}? " ppy
pan (‘ﬁ(;rt o s and mild steel bearings would in he use of

e proposed wheels to more the eroase the trac-
use at present employing the same fixtures than that of wheels in

(a) When the bearings werc new. and
(b) When they developed a slack by use

_ Particulars of these tests will be ;
;)V(l)l} l?e seen from them that with lathef-(illllggel(? ’vAdnnexure HI. Tt
arings the proposed wheels of 3-1/2 in. ¢ e)s and cast iron
al;;)Ut~ 1‘0 to 19 per cent lcss tractive effort ytrl: require from
:v teeli corresponding to them. Their tractive ‘:e?fthe‘present
be'n(:'in?s 34)191}9 Ceut.lless if hand-made axles andolrrtlillsdat~)()ut
tra‘ctivz ef‘fonemp oyed and that there is no increase j Ste?l
when mild steel bearings devel ase in their
use [Annexure III para. 10 (iii) and (i")lk evelop a slack by

_ 11. This means that in the case of ;
Xl use at I;;resent but with the diame\gel:-eil:db‘;ﬂ: to the design
W?trlllexzre_ , even the preser?t axle equipment cinebpl‘opowd in
out increasing tpe tractive effort of the wh e employed
]pirft:egz-ﬁolldhlts lts a point in favour of the Pl‘esentwdge‘ls i se M
itgs o tﬁe Si;s it 1sf found satisfactory since it Hsl;gn if in tl.le
imrh‘ediately “r:lelo ‘the‘proposed wheels can be ;1:: that in
are those in ‘ilse ’:ndtenals required in their cons:Odu?ed
ot building and it a fpresent; workmanship, the t rt:JC.tlon
Oresent. Imi»rovederelore tl:ne cost, will all be the sai; rthue
better performanc axle equipment, which is meant to C s at
require:ﬁents nan ‘i)emi‘gtrlsil ttxere.foru, extra to the 11:‘;:2;&
ready. oduced in them as and when r|lsl

108 .PROVISI()N FOR SELF-ALIGNMENT
(i) The extent to which it is require(; .

12. The object of idi i
- he o, providing self-alignment in | i
,‘;;g; tthy;: ilf-lsl\g a buJ.lock-ca‘rt wheel is to ennei)xl]z ?t] td W_heql o
‘8 tyre will contact a road surface fullyoazgt(;ptsglc)h o
18tribute
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The theorv of this was discussed in . R.C.
It was mentioned there that, pro-
{rue to the camber, self-
lopes of a road.

the load evenly.
Paper No. 128, pp. 45 to 43
vided the profile of a voad surface wie
alitnment was not required far travel on the s

13. In the first scries of tests carried out under this head
(Annexure 1V, para. 6) it was found that the profile of a road was
very rarely true to the road camber and it varied from point to point
especially in the case of water-bound macadam surfaces, because
of difficultics in rolling, uneven spreading of metal, or subsequent
patching for repairs. Hence, if the objective be a full tyre
contact in any wheel position, the self-slignment to be
Qrovided in a wheel will have to be sufficient to meet condi-
tions of travel not only when a cart is astride the crown of a
road but alse over the normal unevenness of'a road surface
causing variations in the camber in any part of its profile.
In the light of tests discugsed in Annexure TV. para. 9 (vi), a
provision for tilting to an angle of about 1 in 15 scems sufficient

for both purposes.

(ii) Self-aligning wheels.
14. So far the following three types of self-alignment have
come 1o the Author's notice:

I Mr. Morgan's design.

2 Shrt Nageswara Ayya.r‘s design,

4 f'he Author’s suggestion
in thesc scries (Paper No. 128, IRC Journal

Vol. X11-4) to cmploy rubb.er fixtures in a wheel
made as at present but with provision for two
rubber sleeves in its hub and two rubber pad-

dings outside the hub.

15. Morgan’s wheel was not received for testing although
Messrs. Morvi Chemical and Metallurgical Works Ltd., Morvi,
Saurashtra, who claimed to have bought the patent, had agreed to
send it. Hence, Nos. 2 and 3 were tested. Mr. Morgan has
promised to have his wheels sent up for testing later. As soon
as they are received and tests on them are completed, & separate

note on them will be issucd.

in the second Paper

(iii) The tilt of self-aligning wheels,

16, Shri Nageswara Ayyar's design and the Author’s design
both induce a tilt in the wheel (Annexurc LV, para.9). The
extent of this tilt. varied but this is o matter for adjustment in
the final design. ‘The tilt in Nageswara Ayyar’s wheel is about

10
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1 in 30, that in Vagh's (Author’s) wheel is about 1 in 15
If, in the field tests which will be ocarried ourt n t];i;
Sta,ttj,s, it‘is found that a greater or smaller tilt th;:’,n 1,}13; i3
required in practice it can he obtained hy varying the size nf‘th(;
aperture of the hearing in No. 2 and ‘nhe'uonu‘)rossibility‘ ()‘f ‘ublywr
;n lt\IO. 3. Therefore, both the designs can be employed iln ficlh
ests. .

17. As No. 3 requires two rubber ure \
bearings and the other by the side of the }fli\)l(}f)u:ii’ qf.n:o 01; 1 the
had to be carried out on it to ascertain whcth('ar in ‘)X"L ts' 0 ‘(‘Sltlﬂ
one or both fixtures were neeessary and in the l:mtter[(-:zc-w(j f);) y
there should be onc or two paddings and with one A'le(’l'w -
whether on the inside or outside.  Results indic‘ntf‘t; -(Lmlg oy
sleeve and a padding arc necessary for a full tilt [\“m” .)\ot hVa
para. 9 (iv)]. It is not eclear from the tests Whetfﬁ*r 0'])]1(:“(4- 1-I ’
pa,ddm%s mzLylbe used but for practical considvr:\‘ti/ons l;))ili z)(:
32:?111? travel on eurves two  paddings may probably be more

(iv) The effect of sclf-alignment on tractive effort

18, The natural tendency of a sclf-uligning wheel jg
incline and not remain true vertically like other wh\’T is to
tonga wheel or the Dunlop bullock-cart wheel Tller \fw s 0.g., o
extent to which it is designed to tilt it acts ng 4 dra, (L Oirb,’ to the
a greater tractive eoffort during normal travel tfu‘,lm requires
aligning wheol. 8 non-sclf-

19. Both the self-aligning designs t . )
point. In the case of wheelgs emgployingg rub%?:%x?:::;hshﬁd lt,hm
various diameters were available for testing. Hence fu,ll“i’ ?e s of
tion regarding them in all ranges of wheel diameters (forn gtn}u.
tyre) could be had. According to this information provis?oné fln.
seli-alignment increases the tractive effort of a wheel by 11t% i);
per cent or 12.5 per cent on an average. [Col. 8, Table in o
10 (a) (i) Annexure IV]. ’ para,

20. Ib the Nageawara Ayyar desi 0 .
wheel was available for testingy It I'egir;e;%?]]yu&tri;gu?' bg 4 in,
about 86 Ib. against about 52 Ib. required by a non.see,f offort of
wheel of the same diameter and tyre but employing u lat] -aligning
axle and smooth cast iron bearings [items 10, 13 :Lnd' 14L le;t’“qu
E (5), Annexurce IV], an increase of about 65 per cont, A}"Dpn«l{x
increase cannot be due solely to self-nlignment hut 1, 1 This big
also suggested in para. 10 (b)(iii) of Annexure v 'l‘(:; Ot}u\r causes
these causes operate in this design can be 806 f‘v' 111 extent
correcting them. Also tests on Mr, Morgan's “’l"h;;l‘:”x‘(lll nlfter

i Ll show
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to what extent his method of self-alignment increases the tractive
effort.

21. On the basis of an increase of 11 to 14 per cent in the
tractive offort of sclf-aligning wheels employing rubber fixtures
(para. 19 above), the most important point for consideration 18
whether the employment of sclf-alignment in wheels of 3} in.
tyre proposed in Annexure TI will entail a greater tractive effort
than the corresponding wheels in use at present. Columns 2 and
6 of Table in para. 10 {a) (i), Annexure 1V. show that this will not
be the cage no long as smoath bearing surfaces. e. g., lathe-turned
axles and smooth cast iron bearings. are employed.  Similar
information about the Nageswara Ayyar and Morgan wheels will
be available when such wheels undergo field tests.

(v) The tractive effort of self-aligning wheels on curves.

99 Tests indicate that, with a clearance of. about 1/2 inch
on the axle, self-aligning wheels should be easier to pull on
curves than normal wheels (Annexure IV, para. 14).

[v. PROVISION FOR FLEXIBILITY.

93. A wheel requires a greater tractive effort during travel
[Annexure V, para. 13 1)) With a provision
e in the tractive effort is reduced not
only during travel over pot-holes but also on normal F‘O%l('i'_surfaces
having  surface irrognlarities [1\1\11(‘X11rc'\ para. 3 (iii) & and
(ivy]. Tt was not possible to ascertan the extent of this
reduction in tractive cffort for the
mentioned in para. 14 of Annexure V.

over pot-holes.
for floxibility this increas

various designs for rcasons

24. When « provision for flexibility in & bullock cart wheel
was first suggested by the Author in his se(jond Paper in this series
(Paper No. 128, LR.C. Jourpal Vol. XII-4) the idea was as

follows :- -
(a) TFlexbility might absorb impacts caused by travel on

bad and worn out road _surfn‘ces and might reduce
injuries caused to builocks necks and damage to road

surfaces by such impacts.

(b) In the structure of the bullock.-cart wheel there

was no space for providing springs and, in any case,
springs would be expensive. Hence the simplest plan
might be to provide short rubber sleeves over the

bearings.
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(c) If a rubber sleeve on these line: proves useful for
absorbing impacts caused by pot-holes its composition
may be so designed as to provide tilting also, so that
one ﬁxture may be employed for two purposes.

25, The tests now carvied out scem to indicate that
rubber sleeve designed or the above lines may not only
provide tilting and absorb impacts during teavel on pot-holes
but also reduce the tractive effort of tilting wheels during
normal travel on uneven road surfaces. 'I'his indication is 80
significant from the point of view of whoe! desien that, side by
side with field tests, it may he useful to earry out more detailed

investigation on flexibility by obtaining for testing as many self-
aligning wheels as possible.

V. RAJU'S ROLLER WHEELS.

26, il’heso were subjected to the same tests as other wheels
(see particulars in Annexure VI). Thes: tests do not seem to

bring out any point in favour of roller wheels but see comments in
Annexure VI.

VI. SUMMARY OF CONCLUSIONS FROM TESTS,

27. (i) Wheels of 34 in. to 5 in. tyre which can be manu.
factured within the cost of the spoke type wheels, in
use at present in India by cmploying the gwme
materials and methods of construction and the same
axle equipment as are in use at presont will not
entail a greater tractive effort than the correspond-
ing present wheels in 8pite of 4 veduction in their
wheel-diameters [Para. 6(a), (b) and para. 10].

(i) A 3in. tyre entails the least reduct
cent) in wheel-diameters in uge
duces a saving of about 20 to 2
to road surfaces. A 1 in. g
greatest reduction in whee
sent (of 30 to 35 per cent)
about 40 to 45 per cent in
A 3jin, tyre is intermediate between the two as it
gpmils a reduction of 14 o 17 per cent in wheel-

lameters in use at present and roduces - i
of about 35 per cent in damage pto road s):x:?:(::f
Hence a 3} in. tyre scems most suitable for employ'—

n, (viz,, b to 10 per
at present and pro-
5 per cent in damage
bo b in. tyre entails the
l-diametersin use at pre-
and produces a saving of
damage to road surfaces.

(ait}

(iv)

(vi)

(vii)

(viii)
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ment in place of the present 2 in. tyre at stations
in India employing at present a wheel-diameter of up-
to 34inches in spoke-type wheels (para 12 Annex. 11).

At stations where spoke type wheels of diameters bet-
weon 54 inches and 66 inches are in use i 4 in. to - 1n.
tyre may be cmployed if the stations w}mcerncd hau:
no objection to tho reduced wheel-dlame‘ttl?r.s they
entail. Otherwise they also may employ a 35 1n. tyre
(para. 12, Annexure LI).

stations where Arm-type wheels are in use at pre-
ﬁ)cntt employing a tyre wider than 33 in., the qamle:
width of tyre as is in use at present but § in. thic
should be employed with a wheel-diamcter, which
with the new tyre will produce a wheel of the same
weight as the present wheel, the new wheel being

of the spoke.type (para. 3).

'The tractive effort of these proposed wheels will be
less than that of corresponding wheels in use at pre-
gent if their hand-made axles and mild steel bearings
are replaced with lathe-turned axle(vs‘avnd smooth cast
iron bearings a8 in tonga wheels [Table para. 10(ii),
Annexure 111].  The latter will also eliminate wheel
wobble and provide better lubrication.

Self-alignment to ecusure a full tvre-contact in 'ull
wheel positions and flexibility to absorh s‘ho(:ks during
travel on uncven road surfaces and potq}ol:s can be
provided in these wheels with rubber fixtures. con-
gisting of two short sleoves oue meh thick on the
bearings and two paddings also one inch “110}(. one
on either side of the wheel (1..C. Paper No. 128
para, 44),

During normal travel the tractive effort of th.es'e
wheels with & provision fpr self-alignment and ﬂeXIb.l.
lity as described above will be greater than that in
No. (v) but less than that of wheels in use at present
corresponding to them on account of their broad tyres
and smooth bearing surfaces (para, 21).

In all cases the new wheels may be employed either
with new axle equipment _inclu'(.iix}g A provision for
self-aligument and flexibility, if it is available im-
raediately, or with the present axle equipment till
such time as the new equipment is available (para. 11).
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(ix) All the above conclusions relate t ilt
all respects_like the wheel in use :t ;l::gle;tbl\l\lrllf' Y
for comparison in respect of essential requireme lfh
\’lZ.,.COBt, performance, the extent to which tlli o
provide work to the village wheelwright indulstf:'y
and the carters’ reaction, have to be taken as thy
standard wheels. ©

(x) Any other whcel not built incall respects like the
fvheels In use at present ¢an be compared to the above
in respect of the essential requirements enumerated
above by making it to the same wheel-diameter
and the same width of tyre and testing it side
by side with the wheel in No. (ix) (para. 9).

(xi) Of the three wheel designs in the above ocategor
which have so far come to the Author’s knowlegd (‘3’
viz., the Nageswara Ayyar wheel, the Morgan whgei
and the Raju wheel, the first produces self-alignment
up to an angle of about 1 in 30 but can be designed
for a greater self-alignment if required (paraglﬁ
The Morgan wheel has not yet been tested. The 'R )
wheel also produces self-alignment (Annexure \aTJIu
para. 5). The tractive effort of the Nageswara Ayyar
wheel and the Raju wheel is greater than that ofy%,}?r
corresponding wheels in use at present and al 2
wheels described in No. fix) above eﬁlploying Tubbso
fixtures [Annexure IV, para. 10 (b)and Annexur V(i‘r
but can probably be reduced by suitable char re .
the desigus. None of these designs has a pr('()\’;’es' "
for f.lexibility in them and should be expectelsl“in
require a greater tractive effort during (-(‘ .(;
over pot-holes and possibly also during n I‘W-L
travel on uneven road surfaces (Annexure {)/;mal

VII. FIELD TESTS AND CHECK TESTS.

28, These conclusions have been bha .

80 far., whose p}'imzmry object was to cvol\?sdah(;?u:iecﬂt‘shiminqd out
porating essential requirements, which can be comp: © 2 meor-
wheels in use at present on the one hand and Whezi"e( to the
various designs to replace the present wheols on the oths made to
of this nature are exploratory and have to be carried tel‘. Tests
distances and over short periods and will not there(f)u o sh?“
data on cost, maintenance and sustained perf;),m&n(;eore, furnish
arIrive at.ﬁnal conclusions it is essential to carry out fie] Hence to
possible in all States to ascertain this data and algo t}‘l’edv_tests 12

iews o
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the States on the various types available. To provide comparable
data all wheols to be tested witl be manufactured to the same
wheel diameter and the same width of tyre so that their relative
merits and demerits can bo judged in respeet of the following
points :

(1) Cost, both initial and recurring :

(2) Performance:

(3) The extent to which they provide work to the village
wheel-wright industry .

(4) Cartmen’s reaction to them.

As will be scen from para 3 the programme of field tests has
been comprehensive and includes all wheel-designs known at
present. It may be useful to make this programme known to the
public and to invite idcas. designs, ete., if any. to meet our
requirements.

29. The Author has also suggested to the Consulting Engineer
to the Government of India (Roads), to have asimilar set of
wheels manufactured for field tests at the Pusa Agricultural
Institute, New Delhi, and to repecat on them all the tests which
have been carried cut so far employing the same test procedure
and introducing such variations as may be suggested by Members.
Tests on points not investigated so far which may be suggested
by Members can also be carried out on these wheels. Lastly, the
same wheels may be tested to destruction at the Alipore Test
Track, if it be feasible to do so, to test their relative structural

stability.

VIiII. RECORD OF TESTS.

30. A summary of tests carried out so far is appended in
Annexure VII for the purpose of a record. There were 12 series
of tests which took about 22 months for field work. Out of this
period about 12 months were taken up by tests at the Alipore
Test Track and about ten months by teets at the College of
Eogineering, Poona. Sundry tests taken from time to time at
the laboratory of the College of Engineering, Poona, have not
been shown separately.

31. Al sheets on tractive effort ascertained from the dynamo-
meter have been numbered and filed to facilitate reference at any
time. Test sheots in the various annexures of this Paper show the
number of dynamometer record sheet against each wheel. The
tractive effort in every single case recorded in this Paper was
calculated with a planimeter.
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4. An iron-tyred wheel causes the wear and tear of  road
surface in three ways :—

i) By its tendency to deform a road surface by load
concentration at the point of contaci ;

{(1i) By the abrasion of its tyre ;
{(ii1) By speed.

5. In the casc of wheels of the same dinmeter but with vary-
ing tyre-widths and travelling at the same speed, No. (i) above
will vary inversely and No. (ii) will vary directly as the Lyre-width
under the same load, for the same reason in both cases, Viz., an
increase in the contact area of the tyre with a road surface.

6. In the case of wheels of the same tyre-widths but with
varying wheel-diameters and travelling at the same speed both
Nos. (i) and (ii) in para. 4 may be assumed to vary inversely as the
wheel diameter under the samec load as shown in Appendix B.
All the wheels employed in both the serics of the woar and toar
tests were electrically controlled and travelled at the same speed.
Hence the speed factor does not enter in thig digcussion.

7. Results in series No. |, Wear and Tear tests, have indi.
cated that, as the combined effect of factors (i) and (ii) para, 4
above, the effective tyre-width in the case of wheels of the samao
diameter but with varying tyre-widths, is about 100 per cent up to
a tyre-width of 31 in. and hetween 90 to 93 per cent in the case of
tyre-widths of 4 in. to 5 in. (p. 232 L R.(. Paper No. 137)  This
perhaps indicates that above a tyre-width of 35 in. the nffeets of
abrasion become noticeablo but for practical purposes the offe etive
tyre-width may be taken as 90 per cont for all tyrve-widg
i.e., from 3! in. to 5 in. That is, if & tyre is widened from 7
inches to 7', inches for the same wheel dianmetcr the wear and tea.'r
caused by 7', under the same load may be assumed

/)

1 .
reduced to 0.9 fj, times the wear caused by 7',
. 9

hs tested,

an hoing

8. Results in Series No. 2, Wear und Tear Tests
above), have indicated that the ratio of the wear and toar of a road
surface i8 about 71 to 98 per cent of the inverso ratio of the wheel
diamcters for the same tyre.widih according to the degree of con-
solidation of the road surface. As shown in Appendix B, for
practical purposes, the ratio of wear may he taken at 100 per)uom
of the inversc ratio of whee] diameters. That, is if o wheel (“.l’m;_tof
is reduced from 1 to D, the wear caused by it for the s:m;e t&ﬁ:,

width may be assumed as being inereased in the

(para. 3

ratio 1)', times the
wear caused by D, under the same loand. !

BoLLoox CarT WameL Dmsiax 3
9. Thus the wear X caused by a wheel of diameter D, and
¢ A if the tyre is widened to T, for dia-

T,
o9, " " "
. oy N for D)o owill be
meter 1), (para. 7) and this wea “io_st 7,7 vt

tyre ', will he

m

. 2
b if the diameter is reduced ta 1), with tyre 7',
&

oo, X XX
{(para. 8},

i . § . oo : 1
When the wear in both casoes 1.e. diameter 1, shid Lyre 11 L
diameter 1, and tyrve 7', is the same .

- 7, ¥ X x U,,‘,,
X = 0.97, Dy
gt D’ b /1"

I,‘, = [)9 X 0.”

'That is, if the diameter of any wheel in uSe‘glthx‘es?}e}tuvivrl;g
tyre 7', is altered from D, to U, the tyre-widt 7. an(}, ired
to produce with the altered diameter the samef w~ea:; 2
as af present can be obtained from the above formula.

10.  On page 203, para. (vil) I.R._C. Paper 1:1;).‘137;(';1?6;)%1 (})l\(igs
of spoko type whoels with a_tyre-width Uf i l]r:\.s of "ixmk.(\.tv e
heen mentioned as suitable for employment in p‘tn}f- cl‘o‘w (-Qs*t\ I()\tj'
wheels in use at present, without (:X(i(zodmg el “‘((]:} ;p e
manufacture or their tractive effort, The .t-"r’\).“:, ‘))Svf f(\ld wheel
cach wheel in thege groups fo produce thh.t o pli"J )Swhﬁols in
diameters the same wear and tear i-\-S “he (‘Of"f.(sy?(;l;( Fn?%)“ f(};‘hlll)a/
nse at present nre given in Appeudix C (Obt'”tm( )‘\l -od in ench
in para 9 above). The tyre-width which can be enlm ?“ W tgéir
case without excceding the cost of t‘he Pmsmt “, iw ?nl; tear of
tractive effort and the per cent' gaving in the wear and tear
road surfaces has also been mentioned

11. From it the following points may be notioed :

(i) Up to a wheel diameter of 54‘ inches in t‘hedpr:]sgnt
construction tyre-widths of 3! in., 4 in., an N md
produce the same saviug in the weur and t‘eur of roa
surfaces with the proposed wheel dinmeters.

(i) At a wheel-diameter of 60 inches in the present cons;
truction there is no difference in the wear and tear o
a road surface caused by 2a 3;in. an’d‘4 in. tyre with
the proposed wheel diameters. A 4 in. or 5 in. tyre
produces more saving in the wear and tear.
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(ili) ‘At a wheel diameter of 66 inches in the present cons-
truction, 4 in., 4f in. and 5 in. tyres produce more
saving in the wear and tear of road surfaces than a 3}
in. tyre for their proposed respective wheel diameters.

12. A majority of States in India employ in the present
construction wheel -diameters ranging from‘ 42 mchgs_ to 54 inches.
They can employ a 34 in. tyre which requires a minimum reduc-
tion of about 14 to 17 per cent in the present wheel-diameters to
obtain a saving of about 35 per cent in the wear and tear of their
roads. Mysore, Madras, and portions of Orissa and Hyderabad
bordering on Madras employ, in the present construction, wheel
diameters of from 60 inches to 66 inches. They have before them
the following two alternatives ;

(i) Employ the same tyre-width i.c. 3} in. with tho same
reduction in the present whecl diameters i.o. about
14 to 17 per cent to obtain the same saving in the

wear and tear of road surfaces, i ¢. about 35 per cent,
as the other States.

OR

(ii) Employ tyre-widths of from 4 in. to 5 in. with the
wheel diameters shown in the table to obtain a
greater saving in the wear and tear of road surfaces,

13. It is interesting to note here that, if & 3 in. tyre is om.
ployed instead of 3} in. to 5 in., 80 as to fit as large & wheel.diameter
as possible within the cost of the present wheels, the saving in
the wear and tear of road surfaces is only about 20 to 25 per cent

(Appendix D) against 35 per cent of a 3% . tyre and 40 per cont

Hence from the point of view
not be less than 3! in. wide.

of a 4 in., 4} in, and 5 in. "tyre.
of wear and tear a tyre should

14, According to the results in para. 3 item (iii) above, the
wear and tear caused by a normal pneumatic tyre employed in

bullock-cart wheels is about 0.67 times that caused by a 54 in. by

5 ix21. wheel. The wear and tear caused by the latter is about

09x5 = 0.44 times that caused by a 54in. by 2in. whee]

(para. 7). Hence the weur and tear caused by a smeumatic ty

is about 0.67 by 0.44 .- 0,20, say 0.3 times tha;?,t (:ulmf;d by zLLSLPilrle
by 2 in. wheel. That is, the per cent reduction in the wear 'md.
tear of a road surface by employing a pneumatic tyre in phc; f
54 in. by 2 in. wheel in use at present will be about 7( (\1f ~;\1(1)t,
against 35 per cent of a 3! in. wide steel byre with the pr} Lal d
wheel dizbmetcr_s (A 54 in. diameter whee! hag been tuken ph(;}r)(? fer
comparison a8 it represents the mean of diameters in uge wut n-eém(:t
ranging from about 42 inches to 66 inches),  On the :msu]mpt,ion

Burtrook CART WHERL DESIGN 85

that thege ficures arc correct the choice between the two will be
foverned by the saving in road maintenance on the one hand and
the eost of wheels and their maintenance on the other,

APPENDICES TO ANNEXURE II.
A Wear and Tear of road surfaces under
(i) A4in. by 5in, & 36 in, by 5 in, wheels,
(i) 66 in, by 4 in. & 54 in. by 5 in. wheels.
(i) 54 in. by 5 in. & pneumatic-tyred wheels.
B Effect of wheel diameter on wear and tear.
Table (para. 10).
D Table (para. 13).

2



87

BuLLook CarrT WHEEL DESieN

Vaau onN

86

(M=o uut [T «“ « «© HET)

N
—

g0'0 0O o0 o o U0 0.4 ¢ Mcwmwewum
60°0 ) JyHieays
210 0 10 T0 10 %0 10D ¢ —op~ uzeqHoON
. ev'o 10 %0 %0 [0 U0 30.a eaig jo yiptav  Aouly oqY
1o J X J1ojomerp  jo uondod
ero .99 s[eoym 14818138
010 0 1020 0o 30 100 QLM 31D 389,  UIAEINOG
o o0 o I'o o o0 god mgwwawmw
8L0"0 yqSieaye
010 20 10 20 0 o0 T0.V, ~op- URYMON
gro Lro 0 €0 €0 0 %0 %0 .9 “ 9I1AY JO Yipl4 | ¥Wo®I} 97}
.C X Isjemerp  jo uorgxod
gr’o FQ s[eoys 1qSreays
1o 0 10 30 30 0 10 .V,Aeayors] Wia wed189], uleynog
= ADI0gRY ARD 10 RV A PN
2 . Seayoenn | yemyoeny - sfuipear 08T .0GL.06 .09 .08 .0 01 Jo Spoays . donpms
2 | joseyour | jo se[oul ' XIS JO " ., # sav(nomINg | 3ae0-Yoo[[ng 4893 JO
= urleem | ulleam  afwviaay 20URISIp 1% 8OYOUI : | jospeiag - uonduiosag
» adviaay | oSuieay ur JeoM 10 jua jo gadag !
199YM G X, $S ¥ .¥ X.99 (1)
("piuo)) vy xypuaddy
‘II dInxsuuy
*{lgI-I8Uul 13 L <« « T d -
{181-19300 94§ 03 080{0 YIWWL [SOYM 'V teqoN
SI'0 €0 &0 In 10 0 %0 .4 “ ¥ou1y gm
«1°0 JO uo(3io
1qdieays
6170 R0 60 v §0 €0 0 %0 O -op- UIOYIION
o 10 T0 o 0 30 €0 . ¢ a.w Jo q3pra Youl ogy
o »9 X I0goTIRIp jo uorux
A 298 S[ooga 1qSreys
6170 ¢ g Faooo U €0 D « QL4 4J80 89T, uIeyynog
L £E0 v [0 10 1'0 0 .4 “ Jouajy 0%%
TG Jo uold
JqSiedss
8L i €0 &0 To o 10 00 .V, “ —op- WIoYION
P20 10 &0 €0 10 80 €0 g ¢ o1y joqmpa Fowd) oYy
asul «Q X JojomBIp jo uoigrod
-t 0 #FQ S]oogM 9qdrens
4 €0 10 20 €0 ¥0 30 30 .V,Aemyous] WM 4480 980],  WIoYINOR
= =23 m = A¥®D “ , W ,‘ N N
S Zazo 5 200 gy vAva sfuipror; HST .OZT .06 .09 08 ' .0 10 s[ooya e0BLINg
S 25 TF5 jowi3joss XIS jo mu.wa Ezm ye0-yooTng 4803 JO
= 2 3 % -UYOULULIRAM SFRISAY 90URINIP 1% 897Ul [nonasd JO s[re3eg uorgdiioseq
PR E=o7  afersay ur avem 10 gni yo qadecy !

L

'V
11

avoyY 4C VAL ® YVAM FHL NO YOVUL LSIL VILLNADIVD AHL LV SLSAL

xipuaddy
2INXIUUY

S[99YM G X.9¢ B LEX,.BS (1)

z-

ON SAIYIS

STdAHM LdVD JID0TINd A9 dISNVD SIDVIINS



0
-00

Annexure 1L
Appendix A. (Contd.)

(iii) 54"x 5" & Pneumatic tyred wheels (36" x3}")
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Annexure IL

Appendix B.

LFFECT OF WHEEL DIAMETERS 0}\? THE
‘ WEAR AND TEAR OF ROADS

FiG-3

et

|, Fig. | shows how iwo wheels of different diameters but

of the same tyre-widths apd carryin

g equsal loads will
ad concentration
d to deform a road surface by load v ]
::}I:ich i the case of the smaller wheel, is proportionate
o d, (Wig. 2) and in the case ©

f the larger wheel 18 pro-
portionate to d, (Kig. ©).

2. Tho chord roprote projected comtn N aines of
d, and d, will be - —
g = B~ (B - do)f
— 2d, Ry ~ dy°
= d,x2R, —d*in ¥ig. 2
= d,x28, - 4,7 In Fig. 3

can be neglected as the deformation of a normal

d,? and d,” heel -loads should not be more than a

toad surface built to carry W
amall fraction of an inch.
2R,

QH

That is, the load concentration and, therefore, the defor-
mation and tyre abrasion caused by it arei 1n\'e§]s]ell)y lpm?}(:r-
i N i actice they will be less thun
tional to the wheel diameters. In prac 3 he RS e
ig 1 : .1 since deformation is resistec
this in the case of the smaller whee d
by the upward pressure exerted by a road surface due to consoh
dation and the deeper the wheel goes the greater is this pressure.

Equating‘(i{' =
2



‘peuijiepun ueeq oavy Jujaes owws oyy Suimoye sduory (g)
R Li9anyoedses jues yed gg pue
o 3000 tod g “aueo xed 4z 4emese jueo led gf og |im weyy Aq pesues iveq puw 1vem eyj UI wordouper jues ied ey
o Kesipoodsos ‘up  pue "wi g £q pesverour oxw g duoap urp pue ¢ ‘80N pue | duoip ur g pus g "RON jo SI0j0ureIp oyl i D veyN
&¥ o8 exgr |
——— | i .

. " - o o . | .
3¢ 92'¢ 10 tp x gp _ oF 98'% Fqe ey ®Q'% texrg . gxg9 "¢
oF 90°s ox e | !

= 10 i !
g o SUg WXgy | 9z ; 2%09
g 0¥ ¥ X 3¥ . oeg 963 X CF cE e FEXIE | ZX09 ¥
(=) - . STV . ‘e g
I 8¢ t¥x0g @ gg ap°'g Foue %8 4G g Xy TX¥% ¢
.} 1
_ .
m | L3 QLG fg <68 gXS¥ 3
M. ...... 1 dnoip uy sv amug e [ [ dnoig) ul s8 omeg " og a3 igxag | IXew 'l
< { ‘
3 opug | @oww) | | fogoup | Gowoun || (semow) | owow) | (eowom)
. - - H - T . Ty - M - _y T ‘
m i 2 e ! @ k3 _ ! @ W3 !
spoya | 8 S g Wmﬂmeak _ vam.mw | sooym | § m,w .,mu_, :
R wmloipEf ldman g3
"N [ ! . B .~
£ seso ZEIRE (yxg@ Tmilt TR IR (vxoq emieso =0 IR (Ix1a@
gem Ul _lu.,m.m.mwh sjeeyMm Maosoz .w.__,,rmm.wlm.% s[ooysM | 1¥dM UI ,AL}w‘m.mh (v xza@ |
Bolonpar = m.w S 7 pesodoag . wwwuc i~ 4w mn),,, pesodoig | wononpes Im.m g7 seegs w sjooy A
afvg ¢ TEan | sootb ﬂ 55 e ; °fey | 9§ e vvmoao._mm
woorg  ZEES PRd g8 ES  weoseg | S EZ | guaserg
(v = posodoad qipia 01£y) | (sogour =y (soyour §g=v {
. gdnop | pesodoad yjpiam eif) g dnoiy pesodoid yipra eafy) 1 dnoip __
STIHHM aiIs0d40dd ”
n xjpusddy (01 'saed 29G) °1qeL
‘IT 9INXOUUY
8~ = O - 1
c2oad-.E=x .k
Ad S nmm £ETCE
@¢ = = C a [
g9 gEQ B B& g &
e EE P cge.l
g gTeE5:9°C¢E
%fq r.ulh pyM o &.I.u
—_ . & & /L <= m ©
- 0¥ & 2runE
o m 4 rlﬂhf [~ B~
egsEgzvoge
.." %m o B SEZ2¢0T ¢
ATs=F22Eexs
e _ Eem g A
-
3585 Ee o w
g g el k g
[Pad .~ [ =2
L A B T D - =L
E.3E3T 8
e228gHEZ 8§
2V & B~ B B
¥ ph - 0‘0.. < < w
¢ grhglosze e
=&m T ET O,
B 8357 g Bo .=
[} - C LR
F gRESES2LES
P> ® oo —n s
rs o © o ] Ovm etm
2esEnE RS Mg
28 2598588
.nr.m.lhht Qe
ZeivREg e A=
©®gc9 o M & B
BEEEge=cO3
S e -wE IR BN
s 08" 5 T o
s TP EEYL gL~
SooMEg a2¢a
eE6cligrsa
o



D
| ]

Annexure II.

Appendix D.

Tyre width proposed, A =3 inches

TABLE (See para. 13):

Percentage reduction in

{

Tyre-width (T2) required
for dia. D2 for the same

Proposed wheels

Present wheels

wear over the existing

(D2 x A)

(DI T1)

wheels

wear as of wheel D1 x Tl

(inches)

(inches)

{inchesg)

25

2.40

39x3

42 % 2

1.

VAGH ON
= =
- (]
9 b
(] [
e ()
X X
o
+ &
N ~
x X
© .
< B
o o

28

2.34

57x3

60 x 2

4,

28

2.34

63 %<3

66 x 2
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Annexure IIIL.

TESTS ON THE RELATIVE I'RACTIVE EFFORT (T.E,)
OF THE PRESENT AND PROPOSED WHEELS

NOTE: L.T.A.and C.I.B stand for Lathe-Turned Axles and
Caat Tron Bearings.

H.M.A. and M.S.B. stand for Hand-Made Axles and Mild Steel
Bearings.

The Object of these tests was to ascertain the relative trac-
tive effort of the present wheels and those which can be cmployed
in their place with a tyre-width of 3-1/2 in. according to the
conclusions arrived at in Annexure [T by employing in the latter:

(i) Lathe-turned axles and cast iron bearings.
(ii) Hand-made axles and mild steel bearings .new).
(iii) When the latter get worn in use, producing a slack
in the bearings and a play on the axle.
9. The tests were carried oub in the same manner as before
* (Anmexure IT, I.R.C. Paper No. 137) except that :
(a) They were carried out on one road surface only, viz.,
water-bound macadam :
(by The position of the wheels was astride the crown of
the road :
(¢) Averages from test sheets wero ascertained with a
planimeter.

3. Previous tests on tractive ellort were carried ont as
fOl]OWs j—

(a) Different road surfaces ;

(b) Travel on the side of a road surface, instead of being
astride the crown .

(¢) Manual labour for pulling the wheels :

(d) Averages from test sheets were ascertained by
inspection.

4. The object of the previous tests being to fix up the
gradation of various wheels in respect of thexr_tractxve effort (a)
above was necessary to obtain three or more points for plotting a
chart. The object of the present tests being relative tractive

effort of two sets of wheels only one type of road surface was
sufficient for that purpose.



94 VAGH ON

5. Travel with wheels astride the crown w od i
the present tests to obtain data for comparison wz:he;:ﬁl.gi]i(/(:n:,n—
fixtures, thus saving one operation which would have gbevt
necessary had the wheels been tested on the side of a road surfnce
as in the previous tests. ‘

6. A preliminary series of tractive effort : 5
out by employing bullocks in place of manualtel?lgo:r“ ([::m(."(j
found that bullocks introduced too many variables hwfh
turning their necks sideways and up and down star’t,i:ucwﬂ;h]g
varying jerks and not keeping the same spee(’i in theg sho 1l
distances used in the tests. Again it was difficult to kee ﬂr’
driver from twisting the bullocks’ tails for no reason and 'E ’-le
impossible to keep off flies from the bullocks. Both these f1 Zv o
influenced the bullocks’ movements. After several ex d'acto;s
was found impossible to minimise these variables. Heng; o 'nl,
l&boflu' was empleed after consulting Mr. Taraporevalﬁlm\}/vul‘n‘o
3(;;&%:1:;‘1 that his dynamometer was not designed for these

7. The method of ascertaining averages by inspection
found to be fairly accurate in previous tests but was open t vtv;lns
objection that it may not produce the same degree of accum((); o
all cases. Hence in the present tests a planimeter was em loy 13
to ascertain averages. ploye

8. The following wheels were tested for tractive effort per
ton: per

loying
hand-made axles and mil}(; ogtl(gbl
bearings (new) with no slack in the
bearing and no play on the axle

(iv) 38 in. by 3} in.) (a) Lathe-turned axi}
(v) 54in. by 34 §n.j» iron bearings with noxs(]’:cal'{nidnctai“t
(vi) 66 in. by 3% in. bearing and no play on the axie '

(iiy 53 in. by 2in.

(1) 39in. by 2in. As in use at present em
(iii) 67 in. by 2in.

(b) Hand-made axies and mij
steel bearings with no slack inn::ll::
bearing and no play on the axle.

(vil) 53 in. by 2in.) Hand-made a
Vi) 531 ! - xles and mi
(V!ll) ')4‘: in. by 351 in, + bearings (old) with n.'gl(aclﬂlig 2&'“”
(ix) 66in, by 3} in.! in the bearings and a play of g 1ni.
on the axle for comparison Wit}s .m.

~ (a) Lathe-turped ax
iron bearings; les and oast

(b) Hand-made .
steel hearings (now)“'“ and mild

BurLooE CArRT WHEEL DESIGN o5

9. Charts for the tractive effort per ton of these wheels and
the test sheet from which they have been plotted will be found in
Appendix A (Nos. | to 5) to this Annexure. (mrves of relative
tractive offort obtained from them will be found in Appendix B.

10. Tho following points may be seen from the latter:

(i) The tractive cffort curves of wheeis of 3} in. tyre
whether they employ lathe-turned axles and cast
iron bearings or hand-made axles and mild steel
bearings are below the tractive effort curve of
wheels of 2 in. tyre employing hand-made axles
and mild steel bearings (Appendix B, Chart ).

(ii) The relative tractive effort of the wheels in use at
present (H.M.A. and M.S.B.) and of the 3} in. tyre
wheels which can be employed in their place accor-
ding to Annexurc IL is as follows (Appendix B,
Chart I).

Present | Proposed |L.T. axles & C.I | H. M. axles and
wheels Tractiv wheels bearings \,,M‘,S',b@ﬁi
(Qag‘l}',lg::l.) Fig;ntt:m Bl:ti‘lg;.g:]i)\' rl;f’ Difference [TE Difference
width (in.) ‘ width (in')‘ ton over »col. 2 ' ton over col. 2
i 2 3 | 4 5 1w 7
42 x2 95.0 3603y 820 -137% 890 -6 3o
48 x 2 84.6 39x3, 765 —035°, 84.0 -0.6%
54x 2 76.56 45x 33 690 —9.8% 755 -L3%
60 x2 72.0 51x3, 625 - 13.2¢, 685 -489
66 x2 70.0 57x34 57.0 -18.5% 630 -10.0%

(iii) This means that the tractive effort of the proposed
wheels is from about 10 to 19 per cent less (col. 5 in above table)
with L.T.A. and C.L.B. and from about 1 to 10 per cent less (col. 7
in above table) with H.M.A. and M.S.B. than that of the corres-
ponding wheels in use at present.

(ivi The tractive effort of a wheel of the same diameter
and tyre is not increased when its M.S. bearings develop a slack
and the wheel develops a play on the axle by wear (Appendix B,

Chart IT). This is probably because the mu-face of a new M.S.B,
is uneven and it becomes smooth by Wear as it grows old.

13
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APPENDICES TO ANNEXURE I11:

A: (1) Tractive effort per ton, present wheels.
(2) Tractive effort per ton, proposed wheels
(L.T.A. & C.L.B.).

(3) Tractive effort per ton, proposed wheels
(H.MLA, & M.S.B.).

(4) Tractive eflort per ton, (H.M.A. & M.S.B., Old):

2 in. & 3% in. tyres.

(8) Tractive effort per ton, Test Sheet.

B: Relative tractive effort.
I. Present and proposed wheels.

II, Same wheels with new and old M.S. D,

AnnexTD Aro. A
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Annexure IV,

TESTS ON SELY ALIGNMENT.
The Object.
1. The object of these tests was to ascertain the following
points:
1. The extent to which self-aligning wheels made to
different designs tit on the axle to produce in

practice as noarly a8 possible a full tyre contact
with o road surface:

{(a) when the cart is astride the erown of a road ;
(b} during travel on uneven road gurfaces,

11. The effect of self-dlignment on the tractive effort of
a wheel.

I1I. 'The tractive effort of self.alignin
guperelevated curves, gning  wheels on
Test Wheels,
2. The following wheuls wera tested

I. Extent of Tijlt.

iy 39 in, x 2in,
53 in. x 2 in.
67 in. X 2 in.

Representin i
vprescnting wheels in use at presont
Zrit% hz» si&;}k %n the bearing :mdlu pl‘a,v
' tae axle for compari it {-
igning wheers parison with self
() 36 in.x 34 in. With lathe-tur :
54 in. x 4 in. iron &Jea,rings,md oo and onst

66 in. x 4 in. fixtures variously asilféi)g%i{o;u'bher

(a) No slesve on the hearin .
gides; 54 in. by 4 in. gw}?elgli; no- padding on the

{b) Sleeve on the bearing hut :
sidos; 54 n. by 4 in. whoel : T 08 o0 the

(0} Bleeve on the bearing  and
inside; 54 in. by 4 in.  whee| -

(d} Sleeva on the bearing and paddin

54 in. by 4 in. and 36 in. by 33 ii'og ﬁ:i‘:f:tside;

padding on the

(e) g}f‘;};eg’? ;h.e be;;i;’g and padding on both sides
. ., . ;
heels: 1. by 34 in. and 66 in, by 4 in.

BorLook Carr WHEBL DESIGN 103

{fy No sleove on the bearing but paddings on Lotk
aides : B4 in. by 4 in. wheel.

tiii) 60 in. x 4 in. Two pairs of sell aligning wheels to
Shri Nageswara Ayvar's design.

54 in. x 4 in.  Sclf aligning  wheels with rubber

66 in. x 4 in. fixtures teobtain a mean for a 60 in.
by 4 in. wheel with similar fixtures
for comparisan with the above.

All these wheels were tested on the erown of a water-bound
macadam road.

Results of tests on wheels in

(i} are in Appendix A,

{ii) are in Appendix B. (#) to ) :
{iii) are in Appendix O, () and (b).

A longitudinal section of the road on which these tests were
carried out is in Appendix D.

If. The effect of self-alignment on tractive effort.

i . % 3% in. Wheels with lathe-turned axles and
W :;2 ig >)< ’{% in. castironbearings with rubber fixtures
66 in. X 34 in. tested on a water bound macsdam
surface for comparison with the same
wheels without rubber fixtures tested

previously on a similar surface,

The ohaxrt for the tractive effort per ton of these
wheels 18 in App. E. No. 1and that for their com.-
poarative tractive effort with and without self-align-
ment and with different bearings in App. E. No. 2.

(i) 60 in. x 4 in. Two pairs of wheels to Shri Nageawara
Ayyar's design.

54 in. x 4 in. Lathe-turned axles and cast iron

66 in. » 4 in. bearings, with rubber fixtures toobtain
4 mean for a 60 in, by 4in. wheel
with similar fixtures for comparison
with the above,

These wheels were tested on two surfaces, viz. a water bound
macadam straight portion [Sce Appendix E (3)} and a cement
conerete road on a curve, [See App. IDREHE for comparigon during
normal travel and travel on superelevations.
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The test sheets from which ol
(i) and (ii) have been plotted are
section of the road on which

arts for wheela described in 1}
in App. E(5). The fongitudinal
theso tests were taken s in App. .

3. Tests on the above wheels,
Ayyar’s whools wore completed hy the ¢
time the Nageswara Ayyar wheels could
for tests in the first weck of June 1949 the monsoon broke out and
there were a fow showera. Hence to obtain relative data for the
two types of wheels they were re-tosted for a 1-ton loading in the
first week of July on the s4me road and in all respects under the
same conditions there being no showers during the teating period.
Further, the 66 in. by 4 in. whee] used in the previous teats was

converted to 60 in. by 4 ip, Figures of these tests [App. E (5)
IIT: Check tests] will be used for comparison which will be found
in App. G,

except Shri Nageswara
nd of May 1044, Ry the
be got ready after repairs

4. Side by side with these check tests
also carried out at the Suggestion of §
introducing two variations in the
and to what extont they affec
were as follows :

% fow more tests were
hri Nageswars, Ayyar
test procedure to see whether
ted the resuls, These variatjons

(i) Use two stout, tension Springs in the Taraporevaly
Dynamomcter instead of two compression and ope
tension springs uged at present.

(ii) Re-plot the test graph obtained by

using three
Springs to one scale instead of two as

at present,
Variation on account of (i) wag found o }e from (minus)

3 per eent to (plus) 3 6 per cent [items 12 anq 15, App. & (%) : that

on account of (ii) was (.63 per cent {itam 14 (a) same Appendix].

Test Procedure to ascert
6. The object of providin
primarily to ensure 5 full tyre-

the wheel is astride the crown of
to measure actual ¢

ain tile,

g self-alignment in a wheel being
contact with 4 road surface when

3 road one series of tests was run
yre contact by tw, methods

(a) by printing the tyre, and

(b) by Spreading o layer of fine carth on

obtain an impression of the tyre-c

6. Painting g not,
renewed often, got, rubbe
the tyre. 1In thig respoct
but produced incopre

a road surface to
ontact,

prove effective ag e Paint, even when
d out leaving an Imperfeet impression of

alayer of carth broved moro effeotive
¢t results on account of the practiend diffionlty

105
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'k on an aneven sur-

of spreading it uniformly thwjughmtlfl:trl?y:(ga;urfa.cv was extremely

as that where t© an su ‘ o sor
phoe. The result was tha Id 1 btained in the case
‘ ‘ Q.0 Y e O 131 : ff(ﬂ‘r

b ) BN yre~contact coulc ) ) them . Afto
uneven o full tt};r:)ut o provision for self-ahgnmt( l?tbx()und m After
Whee*)?tgvr”'l :rxllrr;ber of road surfaces, f"““,l.;’z(;t;v\l"t‘rue surface was
ltnﬁgc<r'1 lﬁ% ((~Loncrctc it was found that a ;;u] v Lo Ity
io i)?ls?b]v i'() Obt&i;l and, thcrofr,n'f\', so‘ (;J) '%e-contact mgency
n}p e ‘t’ the mothod of measuring :l d) to measure the actual
gtﬁ;)irﬁiizu’mm o d':c:vi(zh the actual road cam-

h L0 compare 1 , -
icline ol and to coms g amber of the road.
Ln:l!l'u; ;ﬁe"]:\(r’hzgeposition, not the Ovletl dnthid:f)lad camber at the
Wh()‘]ll the wheel-incline is nearly equa ;011(4L(;t ad camber &t the
wheel ogiti(m the tyre will naturaily co
el posib e
htover i condition A, 13 and € shown in the
‘a8 to measure s i on
P » mothod wus 1 at each wheel position,

fo}lojv:in!;r:l]:ctch and the road camher at eac

>
7
- LosE QY WHEEL
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T
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| CENTHE UNE Of WMEEL
/ - P THE VERTW AL _POSITION
/ .

|
i
I

e m e

- = le of the tilt.
Then B(’A = Tan 0 = Ang

o

. iv t
Test Procedure to ascertain tractive effor ’
es .
8. Ti test procedure was employed as in the case o
- The same tes >
tests discussed jn Annexure -111.
14
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9.

conoclusions are suggested :—

@)

(ii) The tilt will be less if hand-

(iii) The provision of rubber sleeveg

(iv) The use of a rubber padding either on

(v) The use of two paddings without a sle

(vi)

10.

®

Vacr ox

CONCLUSIONS

From the results given in the Appendices the following

L. Self-alignment.

Wheels in usc at present in 5
uge produce a slight tilt when their mi i

ild st aring

develop a slack and the whee) develops ns ;?}wbegrr)l?ﬁ:

axle by wear and tear but such tilt s not sufficient for :

full tyre contact [App, A (a), {b), and (c)]. !

Il ranges of dinmeters in

made uxles and mild steel
replaced with lathe-turned
48 the latter do not dovelop

bearings in use at present are
axles and cast iron bearings
a slack [App. B (a)].

ot the cast iron bear
rmum tilt is less than
ufficient for a fal) t

ings
the
yre-

improves the tilt but the maxi
road camber and, therefore, ing
contact. [App. B (b)}.

. . the inside
side or both sides of a wheel in addition to rug;i; ereg:rlz-
i

on the bearings, improves the tilt which j

equal to the road camber. [App. Bw(c;?ltdl; v(;r y ((I:)Ear.ly
This is true whatever the wheel-diameter ang the ¢ U-)J'
width [App. B (d) (i), (e) (ii) snd (0) (i) e

does not produce a full tilt [App. B (f())]vfmr;z] ttll:z lzi(‘i:;rli;:gs
, o-

duced is less than that in (ill) above.

Both the pairs of wheels made .

Ayyar’s design can tilt to a limited ei:ei}-,mj eN”“geswara
angle of about 1in 30, [App. C (a) and (l;)] .a.,(ljlp to an
fore, do not produce a full tyre.contact op 4o’ there-
faces. Since a road surface built to 4 Oaml}:neven sur-
found in practice to vary a great dea] from Oer has been
to another in the same profile it ig desirab] tl,le Position
thesg v:vheela for a camber of about 1 in 1,‘_5 0 redesign
conditions of travel as in the cage of 54 in ')b to meet g
in. by 3-1/2 in., and 66 in. by 4 in. whee].s val-t‘tin.. 36
fixtures [App. B (e) (i), (ii) and 1th rubber

()],
II. The effect of self-alignment on tractive

(a) Wheels employing rubber fixtureg .
From the tractive effort curve, .
relative tractive effort of th
and those (3-1 2 in, tyre) wh
place (see Annexure IT) with
and without provision for self.

effort,

8 in chart No, 9 A

ieghpreeent wheels (2%1;.%;1}']5
A i(T:a,n be employed in their
Hiorent bearingg ayg with

alignment ig o4 follows ;—

Annexure IV
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72.0
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51 x 3-1 2

72, “+ 3.0

—185 650 —7 4140 63.0

57.0
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70.0

66 x 2

L.T. A, moans Lutho-Turned Axie.

C.L.H.

Note :

moeants Cast-Jron Bearines,

H.M.A. means Hand-Made Axle,

M5B,

{a7

means Mild Steel Bearings.
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(i1)

(iif)

(iv)

()

(ii)

(iii)

Va3H ON

The tractive cffort of the proposed wheels which, with
L.T. A and C. I. B. and without self-alignment, is from
about Y to 19 per cent less (col. 5) than that of the present
wheels becomes from 2 to 7 per cent less in three cases
and about 2 per cent more in two (col. 7) when u pro-
vision for selt-alignment is made in them as the latter
increases the tractive effort by about 12°5 per cent on an
average (col, §),

Therefore it will be feasible to provide self-alignment
in the proposed wheels without increasing their trac-
tive effort only if lathe-turned axles and smooth bear-
ings are employed in them.

If hand-made axlecs and M. S. B. are employed in them
the tractive effort of the proposed wheels will he from
3 to 12 per cent greater than that of the corresponding
wheels in use at present.

(b) Shri Nageswara Ayyar’s Wheels :

Both the pairs of wheels received for testing being of the
same diameter and tyre, viz., 60 in. by 4 in. they were
compared with a 60 in. by 4 in, wheel, employing « lathe.
turned axle and cast iron bearings, with and without
rubber fixtures on the one hand and a normal Madrag
wheel 67 in. by 2 in. on the other, the latter because it
was used by the designer in similar tests before.

This comparison was confined, at the designer’s su i

to design No. 1 which was in use in Madlé?as for sﬁz&zﬁé
and whose bearings were likely to be smoother by uge
than those of design No. 2 which was a new Pair. It ma

be seen (App. G) that on a water-bound macadam roa()jl
Shri Nageswara Ayyar’s Wheels registered 4 greater
tractive effort than a 60 in. by 4 jn. wheel (L.T. A
and C. L. B.) with or without rubber fixtures ar;d also
a normal Madras wheel, so

The reasons for this would seem to be :—

(») The internal finish of the bearingg of Shri
Ayyar’s wheels, even after they gvere in us??gfﬁx)am
time, i8 much inferior to thut of the g in. by 4 me
wheel which had a lathe-turned uxje + by 4 in,
bearings of smooth interna} finish.
Annexure [11, App. B, indicates thay f
size of the bearings the differenc, betw

and cast iron
The chart in
or the same
cen the tractive
ploying smoot}, and un.

(b)

(d)

BuLinook CarT WHERL Dxsigw 109

The frictional surfacc of the bearings in Shri Nages-
wara Ayyar’s wheels is roughly about twice that in
the other wheel. This may also account for an increase
in friotion. This is suggested by the fact that in spite
of its broad tyre, Shri Ayyar's wheel registered a
groater tractive effort than a normal Madras wheel
which had a smaller frictional surface of the bearings.

In this wheel the space Ain the hub (Fig 1, next page)
around the two journals which project into it to a
distance of 1§ in. each (Fig 3, next page: is circular
while the journals are square (Fig. 2, next page).
When the cart is loaded the axl(‘s with its journals
tonches the underside of A upd gsince the axle and
the journals are stationary while the wheel moves the
corners of the journals interfere with the whecl smove-
ment. Here the action is similar to rotating a square
peg in a circular hole. The space A 18 all serre}ted
on the inside showing what actually happens. The
resistance to movement caused by the corners of the
journals may increasc the tractive cffort of this wheel,
This might have happened had the _Journals been
ciccular as shown by dotted lines in Fig. 2. In that
case the effect would have been the same as in a
normal wheel with a small slack in the bearing,

As indicated by tests on flexibility (Annexure : V)a
lack of flexibility also might have been a contributary

cause.

Ii. On Jan. 24, 1947 Shri Nageswara A)‘yar carried 01_1t te.sts
on tractive eflort employing an ordinary spring halance registering

up to 100 Ib for the purpose.

Tests were carried out in Madras

city on five types of road surfaces, viz., cart‘h,’ W)I} ;_\Iztca.;lam,
new W.B. Macadam, old bituminous surface and ““bad’’ bituminous
surface. The following results were obtained :

Earth :

W.B.Macadam.

New W.B.Macadam.
Old bituminous road.
Bad bituminous road.

According to the
present tests :

Madras cart !

I
Type (Gross weight 3367 1b)

(Gross weight 3426 Ib).

90 Ib —
80 to 88 1b —_
84 to 88 Ib 76 to 100 o1 more
80 to 92 1b 60 to 100 Or iore
84 to 88 1b 76 to 100 or more

Average: 56-1bjton Average: 60 lb/ton
86.87 Ib 74,5 1b
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AMNEXURE 1V

* These results illustrate fully the Author’s objections} (para. Y of
Indian Roads Congress Paper 137) to the use of o spring balance
for work of this type as it shows :

THICH

S/B
M. PN

THICA

(1) Practically the same tractive effort on any type of road
surface and,

2

(2) practically the same tractive effort for any type of wheel.
This is because with a spring balance it is impossible to note the
correct readings on account of continuous fluctuations. The
dynamometer gives an automatic record of fluctuations on a graph
8o that an average can be worked out with a planimeter and
checked at any time. The dynamometer also makes it possible to
take tractive effort tests for threc or more different loadings, 80
that the tractive effort line can be averaged to eliminate experi-
mental errors.

crup

163
SPOKE
Y,
LONGITUD!NAL SECTION

III. The tractive effort of self-aligning wheels on curves.

12. 'Two pairs of normal wheels and two pairs of self-aligning
wheels were tested for tractive effort, (8) during normal travel anfi
(b) during travel on a superelevated curve to see whether a_provi-
gion for self-alignment in a wheel increases its tractive effort on

—N_ AYYARS WHEEL DESIGN NO.1—

8l 4 curves.
;é ;§ 13. The following results were obtained :
HE i
"~ &4 o Normal Travel on 'Difference Clearance
el = ‘l travel | curves. per cent  on axle.
0| E R B s _
™ . " perton b per ton Ib N
%5 Normalwheels : 102 124 4 22 3 in.
39" x 2" Nagpur |
(Annexure : VI, r‘
App. ) ;
67" x 2 Madras . 174.D 96 4 29 Lin,
(Annexure: IV, |
- | App. E.5 item 9) |
g §gl .
g 9% _ Self-aligning . 85.87 74.74 - 13 1 in.
| wheels: 60" x 4" |
[y
2 Nageswara Ayyar's
& No.l:(Annexure: 1V,
App. E.5 item 13). |
60" x 4" Rubber  54.03 57.17 + 5.8 {in.

L ' fixtures ‘
(-Do - item 11)

i | i
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14. Theso figures seem to indicate that the clearance on the
axle influences the tractive effort of a wheel on curves. This i8
borne out by tests on Mr. Raju’s wheels also (see Annexure: VI,
para 6). The disadvantuge is that the greater the clearance the
greater is the wastage of the lubricant Hence initially it may be
restricted to about ! inch as, with this clearance the incroase in
tractive effort of sclf-aligning wheels on curves secms to be less
than that of normal wheels,

APPENDICES:—
A: (a), (b) & (¢): Tests on tilting: normal wheels.
B: (a) to (f) . » wheels with rubber fixtures.
C: (a) & (b) » ” Nageswara Ayyar’s wheels.

D: L.S. of a W. B. M, road on which tests on tilting were
carried out.

Tractive effort per ton of 36 x 3. inch, 54 x 3%
inch & 66 x 3} inch wheels rubber fixtures.

Comparative T. E. of~~do—with L. T A. & C.1.B,,
& H.M.A. & M.S.B.

» (3) Tractive effort per ton of 60x4 inch self.aligning
wheels on a W.B. Macadam road.

E: (1)

» (2)

(4) —Do —on a Cement Concrete Curve,
(5) Test sheet for wheels in (1) to (4).

F: L.S.of W. B. M. road on which the above tractive
effort tests were carried out.

G : Comparative tractive effort of various whoels.

Annexure IV.
Appendix A.

TESTS ON SELF-ALIGNMENT.
Existing Wheels.

de Axle.

M.S.B: Mild Steel Bearing.

H.M.A: Hand-Ma

(Legend

BULLOOE UART WHEEL UESIUN

Remarks

o8
) < 2
o C
g
L
2 B
g 5=
2§ B3
RCO :—;
5 27
& $'35
<] "‘/o'g
< 8‘05‘:5
e B ©
R —
£ 87
S =23
= B
| %
3| 88
g Mg
| 5]
o Bl °
-
0 93
b - U
5 _F
5|
Pl B3
PO
g Mg
3 F
&1 B3
x . ©
R
Rk
" {eoys

jo uoiysog

®

@

o

=

et

el

4 &
‘.-‘pl
8223
02
< -~

vy © N
g ‘;‘B

Tilt insuffici-

1in 24 ent for full
1in 18 tvre contact.

Level

1 1n 64
1 in 64
1in 72

Level
11in 20
1in18

1in 64
1 in 64

1 in 20
1in 20
1in 24

Level

1 in 64
1 in 64

Level
1in 24
1in 18

1in 64
1 in 64

~and 1
slack 2
1in 72

in bearing 1,8",

H. M. A,
M.S. B:

(&)
Nagpur

3

wheel
39" x 2

1in 20

1in24

1in72

1in 64

1in 20

4

axle

play on
3/38",

30-4-49

Levsl
1in 22

1in 20

Level

1 in 52
1in 52

Level
1in 104 1 in 30

Level
1 in 20

1
2

(b)
Average

1in 52

1in 24
11in 22

1in 52
1 in 52

1in52

1in 24
1in 20

Iin 52

1in 20

Po.

3
4

Do.

Deccan

1in 18

1 in 52

1 in104 1 in 30

1 in 52

1in 18

1in 52

wheel

5311 X 2"

13.2-49

1b

Level
1in 20

1in 24
1in 18

3000

Level
1in 18

Laden Weight

b
Level
1in 25

Weight 2000
Level —_

Laden
1 _

2

and

H. M. A
M.S.B.; slack

(c)
Madras
wheel

Do.

1in 80
1in 80
1in 55

1 in 80
1in 80
1 in 656

1in30 1 in 64
1in 80
1in 80

1 in 64
1in 40
1in SO

in

hearing
1/32”, play on

axle 1/8".

1in 24
1 in 22

1in 24
1in 20

1in 18
1in 24

3
4

67!; X 2n
8-4-49
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Annexure V.
TESTS ON FLEXIBILITY.

1. The object of these tests was to ascertain whether a
provision for flexibility in a wheel, self-uligning or non-golf.
aligning, does or does not affect its tractive offort during travel

over old worn-out road surfaces containing pot-holes and high
spots.

2. Information regarding the extent to which the tractive
effort is affected, if at all, may have been useful but this will
depend upon a number of factors such as the number of pot-holes
and high spots, their individual size und their location, i.e.
whether they are under one or two whesls during travel. Thege’
factors will always vary from road to road and time to time and

will be indeterminate. Hence no attempt wias made to ascertain
this point.

3. To ascertain the effect on tractive effort of travel over pot.
holes a known number of poi-holes of a known size and known
location were dug into a W.B.M. road (sketch in App. A) and iron
ghamellas were buried into them to ensure that the sides of the
pot-holes were not damaged by successive trips of a ecart during
tests and that the pot-holes were exactly the same throughout,.

4. A pair of 54 x3} inch wheels was first tested, with and
without provision for flexibility, on o W.B.M. road with no pot-
holes. Then the same wheels were tested on the same road
making pot-holes in it. The data thus relates to the
wheel, with and without provision for flexibility in jt,
same road, with and without pot-holes.

after
sSame
on the

5. The results are enclosed in App. B, & C.
from Appendix B that, on a road without pot-hol
effort per ton of the flexible wheel was 67-75 ib &
the same wheel without provision for flexibility.
by tests on similar wheels in the other serie
10 (a) (i)] where flexible wheels register
effort on the same road than a non-flexi
diameter and tyre.

It will be seen
e8 the traotive
gainst 59 b of
This is borne out
8 [Annexure IV, para.
ed a greater tractive
ble wheel of the Same

6. This increase is understandable since the flexih
employed in these tests was also self-aligning and the |
by its design a natural tendency to tilt and not to remain t,
vertical. * To the extent to which it is deaigned to tilt th, ruely
acts like a drag and requires a greater tractive effopt, e"[‘w‘he?l
borne out by tests on non-flexible but self-aligning whe his is
also register a greater tractive effort th 8 Whcels which

during normsl travel [Annexure IV, pa::. lll(())l:i:)e:ifi';‘]liglliﬂg wheels

le whee)
atter has
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tendency and, thereio_re,' the same relatx\\lrfe
¢ offort of o self-alighing and a nqn-se,.(i
cted during travel over the siIne row

But in the test the self-align-

7. The samc v
difference 1n the tractiv :
aligning wheel shouid be exXpe !
wlion pot-holes were dug into 1. ‘ e e effort as the
ing wheel registered practically the 5arx;11 re‘sults Tt the
non-scll-aligning whee_l (Ane. ]tje),tllx':r.; tthit, the distance covered

i ey I3 Ot ' A1
) site. It 18 interesting to N : O rod
tx?fl?::: tests was JOO [t per test, (l)ut otf ut:‘l::e?ls;? :;ch vered
s 1n the lie © B _

by the three pot-holes 1n th e e ol i
i a8 3 Y inch, 1.e., {20 perc¢

L« st was 3 ft. ! , 0 P : “ o
i[i,,thb z"ll(“hiz is, for 9375 per ceut of the dls.ta_uc.e‘s t?ﬁe r(x):ilative
B(X'tt:ti the su;ne as 1n the first test. r-heib{,%:n‘ t,he‘ Jelative
tra;étiv‘ye effort of the two wheels should have
before on that distance.

s. 'T'ho reason why this did nlobb hap;;exérz;siv?:%;?:fggg;‘i?:i
alignir .ol required about 11 more tr: offors for travel
gtgplltlﬁ(*wll)t)bt(:hf)lgs against only a})outﬁ ri dlxl:, ﬁ&rg m1] i(%ugf)(;t g'f the

| aligning 1dix C), thus 5 MOS
*}Ul‘i-&!l,unu-ls vgizetlr(aAcIt)&Oe: cffor)t whic'h _the selfl-ahgmn%t-\;;l;fee;
lrl;Lre;; ‘lerlve normally required during traveﬂ ov'ebr‘lipt holes
lsik(;uthe dother wheel was absorbed by the flexibility
self-aligning device in it. |
graphs of these wheels 1'eg1‘stered the
t?urt on sections of theroad in between
der & load of 3000 1b.

9. The dynamowmcter
following average tractive ©
two consecutive pot-holes un

‘ lRuad without | Road with
Wheel Distance | pot.holes

Pot-holes
! : 4
(1) {(2) ‘ 3) (4)
Non-flexible : —(Sheets No. 3 & 9). - 6 1b
’ 4 ) .

Start to lst Pot-hole 75;, ’?8.5 ., yd.0 ,, + 19.3%
o 2nd O SN I R Ay 4
2nd o, dnl o 0.0, 87.5 ,,+2;5
QZﬁ ! fth h . 75 5.0 ’y 103'0 » T 3 /o

,, Finish.

Flexible :— (Sheets No. 6 & 12). - "

sulu: to lat fot-hole o 20 918, A 19.3%
L] J o1 3 T .

p . BV 530, 51'3 » :)./:n
O
v 1 un g Y47.8 s :_UL
ath . Finish. I e
17y

o
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These figures scem to suggest that while each pot- s affecte
the tractive effort of the non-flexible wheel orllly tllll(éltfi;}gut(:g
hole affected the tractive effort of the flexible wheel thepre-
maining pot-holes in a distance of 175 ft. having no t;ffect on
it. It is interesting that the percentage increase in the tractivo
eoffort of the two wheels after passing the firat pot-hole and hefore
reaching the second was almost the sume. '

10. If the above results can be taken to suggest that flexibi-
lity in a wheel does absorb impacts caused by successive pot-holes
and, therefore, reduces the tractive cffort of a wheel then the same
results have naturally to be expected during travel on uneven road
surfaces, especially like a W.B.M. road, since unevenness is made
up of a series of successive miniature pot-holes. Therefore, the
tractive effort of a flexible self-aligning wheel should be less—’tha,n
that of a non-flexible self-aligning wheel on & W.B.M. surface
(It is interesting to mention that under the same load on the qa,tm;
W.B.M. road the men employed to pull the test carts durin ;;h .
and other tests found the flexible wheels casier to pull). g Phose

11. To ascertain this a 60 x4 inch wheel w: 8t
1-ton loading on a W.B.M. road for tractive eﬁoivbdsfit‘ﬁt(;litf}?r o
provision for self-alignment and flexibility in it, then with no
sion for self-alignment only and lastly with provision fo p}row-
The following results werc obtained :— r both.

flexibility: 60x4 inch
wheel with a lathe-turned

(1) No self-alignment and no 1
|
axle and C.L. bearing : }

HL.56 Ib/ton

(2) Self-alignment but no ltems 10, 13,

flexibility: 60x4 inch >l4 & 11.

Shri Nageswara Ayyar's | App. E. (H),

wheel No. 1. 85.87 Annexurc
T IV,

(3) Both self-alignment and
flexibility: 60 x4 inch
wheel L.T.A. & C.1.B. with
rubber fixtures : 54.03 ,, J

The inorease in the tractive effort of No. 3 over that of Ny, |
! 0. 1 e

appreciably less than the increase in the tracti
over that of No. 1. ive efforl of No. 9

12. Nos. 2 and 3 were also tested under o | f

' ‘ : a load :

an old bituminous road full of pot-holesof various sizg: b or
o see whether No. J registered a lowe
than No. 2 on successive pot-holes.

, and location
T or hlgh{)r tractive effor:
At the time this test wa
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carried out, a 60X 4 inch wheel of No.
a54v 4inch and a 66 x4 in¢

i acti ffor hich naturally
of their tractive offorf &L The following results were

tractive effort of a 60 x4 inch wheel.
obtained :—

3 type not being available,
h whecls were tested to obtain a mean

would represent the

1. Self-alignment but no flexibility

60 x 4 inch Shri Nageswarda
Ayyar’s wheel :

143.5 1b for 3000 Ib (Sheet

No. 13)
2. Both self-alignment zfnd
flexibility L. T.A. & C.I.B.
with rubber fixtures
i : 50 ,  {Sheet No. 14)
Iy 54 x4 inch wheel : 84.50 ,, t
( ) 51'75 3y 1 ( T No. lc’))

(2) 66x4 inch wheel:

Mean for 60 » 4 inch wheel:
Here algso No. 2 registers a lower tractlv
interesting to note that the differcnce b
of Nos. 2 and 3 on & W.B.M. roaf]
para. 11) about 55 per cent while the diff
effort, of the same wheels on & po
68.12 Ib para. 12) i8 about 115 per cent.
Successive pot-holes a flexible se
lower tractive effort than a no

13. The resulits discussed above
clusions ; —

(i) A wheel like
presont having DO 1
alignment  or flexibility
effort during travel on
impacts caused by them

para. 9).

(i) A self-aligning wheel with
in it requires & gre
aligning wheel, on
tilt (1 & 2 para. 11).

(iil) With a provision for fle
tractive cfiort of a se€
during travel over p

(iv) Hlexibility alse reduces t’h
aligning wheel during trave
like a W.B.M. having sur

(2 & 3 para. 11)-

a normal bul_loc
o provision :
oibilh requires 2 greater tractive

account 0

68.12 1h for 3000 1b

¢ effort than No. 1. Itis
etween the tractive effort
is (80.87 against 54.03 Ib

erence between the tractive
t-holed surface (143.5 against

This confirms that on

1f-aligning wheel requires a
n-flexible self-aligning wheel.

suggest the following con-

k cart wheel in use at
in it either for self-

ot-holes ot account of
(Cols. 3 and 4 of Table in

no provision for flexibility

ater tractive cffort than a non-self-

f its natural tendency to

«ibility in it the increase in tho
1f-aligning wheel is reduced
ot-holes (1 & 2 para, 12).

e tractive effort of a self-
l on & normal road surface
face irregularities in 1%
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14. No conclusions regarding the extent of (h), qu) & (iv)
above have been suggested for the following reasons ;—

M

(ii)

Only one type of a non-flexible self-aligning wheel i.c.
Shri Nageswara Ayyar’s design was available for
comparison with a wheel with rubbey fixtures, More
definite information on this point could have been

had if Mr. Morgan's wheels also weore available for
testing.

The increased tractive effort, registered by the Nages-
wara Ayyar wheel is not due solely to self-alignment
but to other causes also. Unless theso causes are
either eliminated or their effect on tractive effort
ascertained it will not be possible to arrive at a figure
for self-alignment only.

Appendices:—
A : Sketch showing lay-out f pot-holes,
B : Test sheet.
C 1 Tractive effort per ton,

BuLLook CART WHERL DxSIGN
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SKETCH SHOWING LAY-OUT
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Annexure VI.
MR. RAJU’S ROLLER WHEELS

.~ This is a patented design for a roller wheel (particulars in
App. A) I ft in diameter and 2 ft long, to be employed in place
of the two whecls in use at present in bullock-carts  Two guide
rollers are fixed to the same axle to cnsure that when the cart is
agtride the crown of a road and the full length of the roller wheel
is not in contact with a rond surface the cart may tilt on either
the right or the left side and one of the guide rollers may come in
contact with the road and increase the contaot line. There is
provision in the design for twa roller bearings, one on each end of
the main roller. The roller is mounted on & one inch diameter
axle.

2. The basic idea of the desigu is as follows :—

(i) A maximum contact line to ensure a minimum load con.
centration on a road and, therefore, least damage to it.

(ii) As nearly as possible the same contact line when the cart
i8 astride the crown of a road.

' (iii) No increase in the tractive effort for the following rea-
soning :~——

(a) From the cost point of view a roller wheel has neceg
sarily to be of as small a diameter as possible.

{b) A small diameter is bolieved to increase the tractive
cffort of a wheel but a large tyre is believed to re-
duce it. Therefore, so long as the tyre of 4 wheel
is sufficiently large it should counter-bulance the
effects on tractive offort of o small wheel dinmeter.

(¢} As a further prec
provided.

(@) Mr. Raju thinks that t

aution roller bearings have been

: ractive effort hag nothing. to
do with the tyre and the wheel diameter a.ndigt is

solely a function of mass and velocit i
the following formula :— ¥ nocording to

y .
P=u 431 mp2
where 1 = coefficiont, of friction

m = mass
n velocity

(points b, ¢, d are from & letter from Mr. R

oart subcommittee). 1 to the Bullock-

These points wiil be considered below,

BoLLock CART WBREL DESIGN

Damage to road surfaces.

and tear tests the following formula
‘; Annexare : 1I) between the tyre of a
pto wear and tear of a road

3. Based on the wear
has heen arrived at (para.
nd i ain the same

wheel und its diameter to obtain the sa

surface ;— ’
- /71 % Dl
0.9 D, |
reel should be 20 inches with a

snme wear and tear of a road
inmeter of 4 ft 6 in. and a

wmn
T 4

According to it 7', of « roller w:l :
dinmetor of onc foot to produce 1’(v y
surface as two wheels of an average O eheel dimeters in
tyrc of 2 inches. (As the present rangt 0} en taken to repre-
India is 3 6 6 in, to 5 6 6 in., 4 ft 6 in. h{‘sit)ey" is( 2.4 inches in
sent an average wheel diumftel‘). Ag?rl;‘lﬁijsefore tih(‘ sving in the
1 51 i 20 per cent more. » U . bout
Svliltrdsxt:f?(,:n eo,f roaLI()is with this roller wheel3 ‘frlllclhbewo;;l):j; o
201}"’} cun‘t(&guinst 2 t‘oi 2(; o ]gglt)toff.taé inlch to 5 inch tyre
‘ent a 34 inch tyre and 4 per ¢ : 1ts the ver
z;::'l()fl ; Kh:(lsxurg: il). The design, tdherefore. defeat y
object for which it has been produced. U
.d here that 0.9 in the above form
mbercd bert ¢ h to 5 inch widths. There
and, in all probability, the

4. It may be reme -
. o 4 ince
18 bascd on the results of f,yresfof l:hL‘B
18 no duta on tyres WI'delfl th‘l"" S ::x the casc of very wide tyres
figure will be appreciably les L faces and, therefore
wélzlich will bridgg}())ver depressions 1n ro:ldf sléi,l;?t(;ct th:l;l nurrower"
will huve a proportionafely less hne of to road surfaces will
tyres. In that case the saving In damage t

be still less, |
Contact line during Tilt.

. at the com-
5. Results of tests on tilting (APP- 11?))ne82?‘:’h:3hultth2reoi -
bined line of contact of the main 1'0“(‘r-dd'mthe crown of a W. B, M.
guide rollers when the cart was ‘astrl e‘ : inst the full width of
road varicd from 18 inches to 22 inches &l%acontact could be had.
24 inches. On a superelevated curve ;L,fu heels tested was 43 in.
As the length of guide rollers 1v the W reagsonable to assume
againgt 9 in. shown in the drawing 1t 18 during a tilt may be
that with § in. guide rollers the contuct line g

nearly about the same as when the cartis on 2 level surface.
Tractive Effort.

6. The teactive cffort of this wheel ;ls(gofvf:;"i‘: ?(())lltolzf'}’st:i)—f
the smallest wheel ir, use af prescut (App. €)

W. B. M. C. C. Curve.

Raju wheels 170 ib/ton ll;)z tb ton ‘]} ?;?za}:tv?; o
Nagpu 102 ., » = oro»
S in % 3 s J Doth cutes
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The difference in the case of W. B, M. is about 70 por cent
which is more than can be offset by roller bearings of the type
employed in Dunlop bullock cart wheels which are helieved to
reduce the tractive offort by about 35 to 40 per cent per pair. On
curves the roller wheel requires less tractive effort  than on. a
straight portion on account of a clearance of onc inch provided
inthe design. This eunables the wheel to slide on curves more
easily than a normal wheel. The whoe! was not tested on pot-

holes as it was feared that the axle and chassis would not stand
the straio.

7. Thus in respect of damage to road surfaces and trac-
tive effort a roller type wheel does not Seéem (o come up to
expectations. Besides there are other pointa.

Other poiats,
8. They are a8 follows :—

(i} A wooden roller wheel mado of unseasoned wood s
bound to crack and will have to be repaired or renewed

frequently. In the wheels sent for testing ali the rollers
showed big cracke,

(i) It will not be cusy to fix a 1/4 inch steel plate to a
wooden roller. It cannot be shrunk and will have to be
fixed with screws which procedure is unsound, In the

wheels sent for testing & G. I, sheet was nailed to the
roller.

(i) A 1/4 ipch plate will not retain itg shape for » long time
This will cause uneven wear. From the design point of
view & 1/2 inch to 58 inch steel plate

inai without
roller inside should be a better proposition wooden

(iv) A one inch axle ig not sufficient. In the ¢ st -
tive effort it buckled at 2000 b, It fshould0 nt;tol?etl}z(;s
than 1% inch for urban carts and 13 inch for rury) ;\,u,rt,g

{v) %l(fo ?{)lfbssls also is weak., [t buckled under a load of

(vi) The width of the eart shown in the drawing is ubout

2 {t 2 in. against 4 normal width of a}, : i

N : 0ut 3 ft 6 in. of
existing carts. This means that with o
will have to be about 3ft4i the latter the rolier

n. lo i
in the drawing, 18, mnstead of 2 ff ghown

(vii) A vehicle must be ca,

able of iati
vouditions of tr pable of negotiating the worat

avel, e.g., a road with deep-rute or obatruc-

137
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i 1-design

i tomary in a whee
i X is purpose 1618 CUSZOBE. tween the
b o viflgr ;:hc“l‘e{)mmﬁce of about Il; 1nc£z;sﬂgb: roller in
;’)(:"}l)}l"o(’f a vohicle and the rond. diﬁi}(,:ullt)ies in travel. On
this clearance you accentuate hoe] becomes universal

i hat a roller W : 2
ﬂl:e assu;n{;zl(:lr:) rtuhtz in a road surface after a number
there ma 1 e
years but there will be obstructio

the three rollers and the frame
i he wheels in use at present
give to maintain.

(viii) [ncluding roller hearllxll'g 5
would cost nore than o
They will also he more ¢Xp : "

i arning to ma ,
(ix} Wheol-rights will take some 8101€ learning
‘ ture true cylindrical rollers.

; fective.
(x) The lubrication of the wheela is defec

APPENDICES : )
A : Drawing of wheel & a notc 0D it
B : Tests on tilting.

C : Tractivo effort per top.
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Annexure VI.

Appendix A.

MR. RAJU’S ROLLER WHEELS.
{Descriptive note by Mr. Raju).

« According to this invention, the cart is fitted (see drawing
opposite) with a roller (1) of 2 ft length and t f{ diameter, made
of babool wood and encased with a mild steel plate of | inch
thickness, and two free whecls, {2), one on either side, each of 9 in.
length and 11 in. diameter at one e_nd and 10 in. at the other made
up of babool wood encased with mild steel plate of | in. thickness.
A hard tool steel rod of one inch diameter passes through the
centres of the roller and the two frec wheels and acts as an axle.
(6) The roller and wheels aie coqnected to the body of the cart
by a frame (7) of flat steel of 2 in.x % in. section. The frame is
fixed to the steel axle by means of clamps and bolts and nuts.
Only the roller and wheels rotate freely on the axle. Two roller
bearings (4) one at either end of the roller are provided for free
movement. Mild steel bushes are provided, one at each end of
the wheels for easy movement. 'The side wheels are placed
6 inches away from the frame by providing steel collars (3) and
they act as supports when the body of cart tilte. Ifor keeping
the frame stiff and for supporting the body of the cart and
transmitting the load of the cart to the roller two mild steel ties
(8) of 2 in. x } in. section are fixed to the frame one on each aide
of the roller.

The steel frame is connected to the hody of cart by bolts and
nuts () so that, whenever necessary, it may be disconnected. To
suiv to the height of bullocks, the yoke (10) is raised by providing
a wooden piece (11) on the main wooden shaft (12) of the cart.

On account of a roller of two feet length introduced in place
of two wooden wheels of 2 in. to 3 in. width, the intensity of load
on the road surface is largely reduced, and consequently the damage
to the roud surface. Instead of cutting action of bullock cart wheels
due to narrow width, rolling action isintroduced and consequently
the strengthening of the road surface. While a pneumatic tyred
wheel of a fast moving vehicle loosens the road structure due to
suction action of tyres and causes formation of pits, the roller
hardens the road structure due to rolling action ™.

1
I
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Annexure VI.

Appendix B.
TESTS ON TILTING ON MR. RAJU’'S WHEELS.

Left, guide | Central
wheel roller wheel

Right guide Total line of
wheel contact

(1) The crown of a W. B. M. road; camber 1 in 18 to 24

3 187 _— 21
—_ 138* —_ 18
2" 18 — 20
— 207 2n 29n
— 187 — 18"
— 18~ o 20"
— 16” g 19*
3 18 — opr
— 18~ — 18"
2n 187 — 187
— 18" on 20"
(2) Superelevation of a cement concrete curve
1" 21" 1 -
4 23" 3 24»
—_ 24" — 24r
¥ 23" ¥ 247

a road surface assuming that the cart is de
the tests on tilting the test cart deviated fro
sides by about 6 in. and it had to be sto
few feot to take mcasurements. This devi
noticeable in these wheels on acc
tilt on the ocrown of a road.

ad on the crown. In
m the crown on hoth
p{).ed and started cvery
4Uon was particularl

ount of their naturgl tendency bz

_l——-__ao

sSoo
Tess SHEET
o
VA s
oLLING T.E UNW
WHEEL A T 2500\_55 Z000LBS PER TOW
00O LBS |1SGOLES | 2000188 T .
B —4(0\ ON T crowNjOF W.B TRELTS
AN - 170.00
e ISWEEL| 67 38 | 7 25 |150°00 -
‘2% 2fy
Le]
Eaceym n2-00 |130-12 |02 ©
38" 2" 74 43 | 92 50
 ROAD
(b) on THE CURME OF C QoM ROAP
- 197 - 00
145 7%
- 124 -00
w03 0V [ 138780
I S

ul \120

BULT.OCK (ART WHEETL DESIGN

———

R

e i
—~T B. PER TON-— l
MR _RAJY'S ROLLER WHEELS |
: & e eop
1601 aceug | wuEELs [39%E
5§ 2
[ 4 (2]
:
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Annexure VII.

SUMMARY OF TESTS

"Test | ‘ Number of
Serial' Description | Location | Dynamo- { Period
No. | imeter sheets|
1 Tests on tractive effort | College of ;} /
with  Dynamometer| Engineering, 492
No. 1 (para5 Encl:11,| Poona.

Septem-
I R.C. Paper No. 137).

her to
Decem-
ber

| 1947
|

l
|
|
2 Tests on tractive effort |>
with  Dynamometer Do. 56
No.2 (Encl:1II, LR.C.| J
Paper No. 137).

3  |Teats on tractive effort | Test track ’ 72 January
with  Dynamometer| Majherhat. l | 1948
]
Febru:
of roads (Encl: IV, about 200 tr: Y

No.2!/(Encl: III, { R.C. |
Paper No. 137). !

4 Tests on wear & tear| Do. 8iX series of

1.R.C. Paper No. 137 & ‘ miles each | D -
Encl: 11, the present be: (;?)Tt%

|
Paper).

(52}

Tests on tractive effort | College of 36
with  Dynamometer Engineering,
No.2 on 2" & 34" tyres| Poona
with various bearings
(Annexure: III, the
present Paper).

6 Tests on tractive effort 50
with  Dynamometer
No.  2—sgelf-aligning Do.
wheels (Annexure : IV,
the present Paper).

April to
July 1949

—

7 Tests on tractive effort Do. 15
with  Dynamometer |
No. 2—Tests on flexi- | |
bility {(Annexure: V, ‘
the present Paver).

BuLLoox CART WHEEL DESIGN 143

Summary of Tests (Contd.)
“Test ~Number of period
Seri ; i Dynamo- erio
Sglr ;al Description Location ‘met}z’ar sheets
8 |Tests on Mr. Raju’s| College Of ‘ 9 WJ
wheel (Annexure: V1, Engineering, |
the present Paper) } Poona. : L april to
! July 1949
9 Tests on pot-holes;‘i Do. ‘» I8 } July
| various wheels (Annex: ; )
V, the present Paper). ! 1‘
: ' Decem
10| Tests on tractive effort Do. v‘ 130 o
with  Dynamomcter ; 1948
No. 2 various wheels| i !
employing  bullocks| ;
i(para. 6, Annex: III,) ‘ |
the present Paper). |
" ‘Novem-

'ber 1948
‘& Japua-
ry 1949

J
Tests on Tilting by Do
measuring tyre contact|
/(para 6 Annex: IV,
|the present Paper). |

11

1
|
|
H
‘ SField hook  ‘March to
12 |Tests on tilting by Dot " May
measuring wheel 10- ( | 1949
jcline (App. A, B & C:
'Aanex: 1V, the present’ J
rPaper). : |
| I

e e
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Annexure VIIIL.
COMMENTS RECEIVED FROM BULLOCK-CAR'T
SUBCOMMITTEE MEMBERS.

Comments received from the members of the |
) > 1e Bullock-C: sub-
Committee to whom advance copies of the Paper wore seL;: b"::)c

discussed below :

Comment : . [t does not seem to have been

that wheel-diameters should be chosen 5512‘13;&21{ :(();szipdtcd
ations of cost since the tractive effort will depend not o:lr-
on the diameter as such but also on the angle of pull oy
the axle as transmitted from the yoke on bullocks’pneckn
For example, if the axle i8 18inch high (a wheel of 38 incii
diameter) and the yoke is 2% inch high (tall bullocks) th
tractivci effort will be sensibly increased by the resolvet(i5
verbical component of the pull at i

e g aha. P the yoke transmitted

Reply :—This is true if a cart is inclined but it is not necessar

at all for it to be inclined whatevor the height of bullock{l
and the wheel-diameter. The normal practice 18 to jack
up the cart by adjusting the depth of the cross b{aum
supporting it to suit the height ot the bullocks. As all
tests on tractive effort were carried out in this positi(on
of the cart and the proposcd wheel-dinmeters are based
on them there negd be no variation in the tractive effort
80 long as a ocart is kept parallel to the road surface.

It has been found in our survey of wheels in use all over

India that wheel diameters be: . )
of the bullocks. 8 bear 10 relation to the height

This point will be discussed in detail i _
series of Papers. in detail in Part V of this

Comment :—Minor variations in wheel-di
a serious factor in determining the c:sltlawt)ofrsmlggﬁfno: be
since the cost of any extra unshaped wood required fao ,rl:e
bigger wheels will probably be small.  Variations or the
weight of wheels by themselves also may not ll)n o
important factor since the wheels themselves will b v
small element in the weight of the loaded cart ' be only

BuLLOCK CART WHEBEL DESIGN 145

Reply .— he practice of wheel wrights n B'o‘mbay,

pt);le (ﬁtxﬁ:gs(i?n: ofpunshaped logs of wood requued for
the felloe, spokes and hub work out as follows:

See

drawing

Felloe :—Length of log = R+ 2" }
! ’(J’(’B'_i_ %n)i below

Diameter: =+ (U - d TR

where: R = Radius of wheel excluding tyre
/) = Depth of felloe (larger dimension)

{ = Depth of curvature = 0.134 (BR-D)

B = Breadth of felloe (smaller dimension)

5 inches.
Spokes :—Length = Full length of spoke 2 inches

2 am¥
Diametor = v (W +17)7 +9 B+

width of spokes (larger dimension)

where W =
B = Breadth of spoke (8

gth of hub + 2 inches.

ter of hub + 2 inches.

maller dimension)

Hub : Length = Len

Diameter = Diame

e 7%,{“ il
— oG OF WoOD FOR THE FElLOF—
; EiQ Egglum :;\4()”5 :}lﬂﬁ"‘ oR P\.‘NN\N(__'_

A

LENATH R

on Vo edefeiste k)

CAVSIARRTVIATR SRR
AR 1IN AL B

!




146 Vaogm ON

Note :—A greater margin for planing is allowed here as logs
are not truly circular while & hub has to be truly circutar
Accordmg to the above, the quantity of unshaped wood
in & wheel of an average diameter of 4 {6 6 in. works out
to 504 1b against the actual weight of the felloe, spokes
and hub of 137 b only. Therefore, the quantity of
unshaped wood required in the construction of a wheel
is considerable.

Out of this wood weighing 504 1b 60 ]

; per cent goes int
the_ felloe, the _quantity of wood required fgr wklslii:l(i
Zﬁmes l&:s s»h;. radius of the whee! Hence, an increase in

e wheel.diameter will influcnee th ’ ,
a,ppreoiably. e cost of a wheel

Finally, the weight of the steel tyre ich i

the same-as that of the felloe, ‘zym(i :1111]1((;:}111 l?sv::g ‘1“%“1)1
factor in the cost of a wheel, varies as «w D Here wl BU:;;
wheel diameter affects costs. The weigh’t of a li)(:»des
cart comes into the picture with regard to the tractive
effort and not the cast of wheels. The cost must be influenced
by the weight of a wheel since the greater the weight the
greater is the quantity of unshaped wood as showngabovc.

3. Comment §~Wide tyz:eg may not be saitable for all rural aroas
since it may be difficult to pull a cart with wide tyres
g};irloil;g:;iitl;ckyl clayns(l)lﬂs. Carts in rural areas, whore the

y clay, all have narrow tyres, which \
the clay and reduce the tractive eﬁ):)rt. eutthrovgh

Reply :—(u) This assumption would be o
tyres been confined in actual practice (zi)r::;c&aif mf.“l’iw
clay only. A survey of bullock cart wheels hag r . ]cl p
that: narrow tyred wheels exist over the greate evealed
India, egten(!ing from Gwalior to Trivandrum in tll; }ﬁrt of
South direction and Okha to Sambalpur in Bil(: ot
most of Assam in the West-East direction and covar' o
wide range of soils. This fact shows that the so!eerlng a
deration in evolving the present narrow tyre is to oot
the wooden felloe at & minimum cost.  The wheel prqteot
:i,:xd , :&;::;m ’f t(}xiety to reduce cost is noticed i:’ggg:;
s %yre. of his wheels including the wheel-dinmeter and

(b) It is not clear why it should be i
: ) ¢ difficuly
.vm',h w‘xde tyres throuch sticky clay anils. tii‘hgl:il ;:- cartf:
iafca:‘t ia caused by the concentration of load on itn tvres
ey are narrow they will sink more; if they a.:e t)v’vri?isc:
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they will sink less. Now the greater the sinking the
renter is the tractive forece. Hence, the pulling of carts
with wide tyres through soft soils should be easier,

4. Comment :—The resalts of the wear and teartests have been
arrived at by taking the average wear on all four tracks.
If the wear on different tracks is analysed separately (as
seems reasonable as the rate of wear on each track is
self-consistent) the conclusion forced on one is that there
is no relationship between an increage in the width of a
tyre and a reduction in the diameter of a wheel.

of the above point the member concerned

Reply :—{«) In support
he following figures from the Author’s

hag given t

Papers :—
, Wheel South . South ? North North
‘ pize Quter | Inner ! Ioner . Quter Remarks
i
Rosulte [ S¥X2 49 43 38
publish- ! " 47 37¢ 371 221
ed mB [ " 481 551 55 451
é}’% IR NI T A
Vol. { A% 4" .27 231 151 207
X2 | gergsr 20 260 I8 2T
2)
r 54r w5’ 23 .20 A2 15 Wet
wet surface surfaoce ;
results dis-

Results regarded.
now
g‘;;f’ f < gerxsr W19 .20 18 '”f
to Anne- 54* x &" .15 17 .10 05
xure 11. 66" x 4" 10 15 A2 056

L sar kbt 12 10 A3 a2

(b) These figures have been wrongly compiled for the
following rensons —

(iy The wear on all tests for the 45 in.x 2 in. wheel in
f1) has been lumped 0p together. This is not
correct as each test had a fresh road surface (para. &
p 228, I. R. C. Paper No. 137). Hence, figures for
each test have to be considered separately.
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(1) Figures for “ North Inner'’ are for “ North Outer”

and those for **North Quter” are for ¢ North

Inner’.

iii) The a i
( verages in ten (shown thus?) out of 24 cages in

series (1) have been wrongly worked out.

{¢) Correct figures are as follows :—

(1)
‘ ! Maxi-
Wheel South |} South | North | North . '
1 Onter Inner Outer Ir?rf;:'l Average ;Iz‘x.‘:iltl:
! | tion.

(i)
547 %2 043 047 0 >
547 x 3L 0.2 0.25 0';3 8;‘: 8'3(2'2 38(7‘

(it)
54"x2" 047 040 045
, i . . 45 0.28 .
54" x 4 027 027 013 099 8.3(2]3 g:i‘;

(i)

54"x2" 052 055 0

"2 5 55 048  0.526

54" 5 020 025 018 027 0925 8'.3;

2. (i)
54" x 5" 0.23 0.20 0.12
" " : ) . 0.16 0.17¢
367x5 019 020 018 013 Ol 0.11

(i)
17 010 005 o
. 118 ‘
15 012 005 0105 g’.i(z)

547« 5 t

le " 012 0'10 0 13 0

4 - . & l2

36" x5 008 003 012 008 87(1)'}2 883

(Pneumatic
tyres)

S

54" x 5” 0.15 0
66" x 4" 0.10 0

Note :—Although the above averages have been worked bt
out to

two places of decimals it is i

: 18 important
track measurements were takerl\) tolmo lto note that the
decimal. nly one place of

(d) Now let us consider this m
: _member’s conclusi
the wrong data in (a) with the correct dl:;:;,o?: (B}ased on

RunLLock Cart WHEEL DESIGN

Conclusion.

The above table [that in ()]
shows from an analysis on
each track that:

'i) Kor the same W heel-dia-
meter a 2~in. tyre does
far more damage than
wider tyres.

(it) The wear does not seem
to decrease when the
width of tyres is made
more than 4 in.

I.
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Reply.

(i) The correct table in (c)
bears this out. Nor was
this point ever in doubt.

(ii) According to (c: the rela-
tive wears work out as
follows :—

3;; 4r 5!/

o owear : 0.56 0.56 0.43

1. 9 Tyre width; 0.57  0.50 0.40
I, o to1: 1009 90%  93%

(iii) The following further re-
sults may be considered.

Wheel Wear
66" x 47: 0-10 0.15 012 005
36" x 57: 0-19 020 018 018
547 % §7: 0-12 010 013 012

These figures would seem to
show that more wear is caused
by the smaller wheel and this i8
perhaps what one would expect
because the relative speed bet-
ween the tyre and the road in &
small whecl is greater than in 2
big wheel. Wenar must, it 18
presumed, be largoly a function
of speed, )

1o

That is, up to 3} in. the full
width is effective. Between 3%
in. & 5 in. only Y0 per cent is
effective. [t will be seen that
those figures have been taken in
the Author’s calculations.

(iii) As the 54 in.x 5 in. wheel
was re-tested with the other two
wheels the correct procedure i8
to compare its figures with those
of the other wheels separately
as in (2) (1) & (ii) in para. (c)above
& not together The average
wear of 36 in. x 5in.is 0-188
against 0175 of & 54 in, x b in.
The wear of the smaller wheel
is undoubtedly more but that i8
not ap account of speed which
was the same for both wheels it
peing  electrically controlied.
The reason is that for the same
tyre the wear is Invet sely pro-
];ortionzmtc to the wheeldia.
meter. The test shows that it is
7 per cent of the inverse ratio of
wheel-diameters in the case of
these two wheels.
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(iv)

(v)

VAGH ON

It is rather surprising that
there should be such wide
variations in the wear
shown in the four tracks.
Perhaps the tracks showing
heavy wear were lower and
therefore moister than
others. The results of all
four tracks are, however,
self.consistent and cannot
be ignored.

These conclusions are the
very opposite of those
arrived at in the draft
Paper.

For the same speed in these
tests o smaller wheel will make
more revolutions per minute but
it will cover tho same length
of the track in the same time as
the bigger wheel,

(iv) Accordine to figures of cor-
rect wear in para. (c) the maxi-
mum variation ig from 0:03 in. to
012 in. (und not wid. variations)
in all cases but two. In the latter
itis 0°14in & 0-19 in. The road
had no camber so that sl tracks
were ut the same level. The
gross loading, speed wnd fixtures
were also the same "'he climatic
conditions during each sub-
series (not all sub-series) were
algo the same.  The only vari-
able was the condition of the
W. B. Macadam, which, by the
nature of its construction, can-
not have the same profile,
same consolidation, same amount
of water and same blindage
everywhoere. Finally soft stones
were used in this construction
to obtain accelerated wear and
some of them broke during roll.
ing. Inthese conditions a varig.
tion of upto 1/5th inch on any
one track in one sub-geries does
not seem unrepresentative of
normal variation in the profile
of such a surface.

(v) In the first place these con-
clusions (in the comments) are

baged on wrongly compiled data
in para. (a).

In_‘the 2pd place conclusions
(1). (i1) & (iii) are identically those
recorded in the Paper and

not
‘“ the very opposite .
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(vi) It does not yet seem to  (vi) Para. 8 does not say that a

be fully established in smaller wheel lI))I'pduc.ezs ; ulIel(s:

f what is said wear. The latter being ¢ fupe-
Thov ()t}'t » smaller tion of both the tyre an 1
o h?od‘uces less wheel-diameter the term ¢ smal
Wheel‘ pinentioncd in wheel” without a reference t(t)-,
i (Lsf the Paper. the tyre employed does no
patit: vo convey an ¢Xact meaning,

. . I .
The basic point in this d§scussxorn' }s: ~'\\ %uztd sxirf;l‘::
biective 2’ Is it to acertain .th.e wear on a ro | surfuce
:))r i-mriabions in ite levels? If it1s the' forn?er, ‘ Ot, must
av x(' . the wear on all four brac_ks since a cart crea
o bmgg ks in a road, two outgolng and two Incoming
fout tm-(’ rera, é wear of the road must be the average (_)f
. thfe ‘L" ?ncgks On the other hand if the objective is
thase 0:1' ’ ;he \'farizbtions in the levels of a road surface
v aseor x&must compare the average weal 1n each track,
then e mthin other than variations in road leve.ls was
:incc ::Zgl‘y 'l‘es%s were carried out to ascertain the
1C Bi .

wear.

Comment : — It has been suggested that the Arm-type wheel
om o

i spoke— 1. This will
, replaced with a Spoke-type whee .
maﬂg bc(»i;;l »{:: do as this type has just as firmly
1lof‘r1<§t‘bl;(liqlled .8 the other and, therefore, whatever
¢ 2810«¢ by

v i y uld aim not
ar dered necessary shoul
impro ements are CONsl d h

retaining it like the other.
~at replacing the Arm-type but retalning

iustificati - .n Arm-type wheel is its
Reply :—T'he sole justification for «n s Vi

: "This dis: ars with the employment of wide
wide tyre. S [‘;llzi_(é‘l?;i)pvsﬂeels- Hence. t was BUggeste(}
tyres f onbhep purpbw of standardisation qnly one t:,ypeﬂ?
th};\u\; lolrmuld be employed throughout India, it being ' e.
whee 151_ h is used by a larger number of carters, viz:
one w 110{ tyvpe. However, a census completed la,te!y
the h_pol e—e({pﬂ;;nt the number of Arm-type Wh(?els in
h“s.dlsc ,o.sd over five States 18 consldegable and it will
India SI;l,e(lybe impossible to replace this large num'ber.
obvious }h Ari-type wheel is now proposed po be retained
Honcost eS yoke-type with such changes in 1ts wheel-
h}(e tt;hi (;re hub and axle-equimpment as are found
(,{:,Lc!:,;izy in the light of this investigation.

6. Comment :—In the Table in Annexure: II App. C.. the

faces has been shown
ing in the wear of road sur

?ﬁ:;:t&l 1npmp0rf,inna] to the width of tyres. As weaé'
varieé ?nverse]y as the width of a tyre the saving shoul
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be worked out inversely. Para. 7 of the same Annexure
mentions that upto 3. inches the full width of a tyre
iz offective yet in the formula only 90 per coent of
it has been assumed as effective. It would be more
correct to apply the 40 per ocent allowance to tyres of
4 in. to 5 in. only. It would be intcresting to sec how

the Table in App. C works out with the two amend-

ments mentioned above.

Reply :-—(a) This Table and also that in App. D work out

as shown opposite on the basis montioned above with
which the Author agrees. It will be scen that this
table confirms the comparison arrived at proviously
which is the main point and the 3 in. tyre with
wheel-diameters which can be employed with it within the
cost of the present wheels produces the greatest saving
which is about 33 per cent. [t may be pointed out that
this must be considered the minimum saving since it
has been based on the assumption that road wear varies
inversely as wheel diameters to the extent of 100 per
cent. This i8 not correct sincc a small wheel sinks less
than it should in proportion (inverse) to its wheel.
diameter than a large wheel on account of the upward
pressure of the consolidated surface below it. Hence,

the ratio of the wear will not be I[jl but C. Z‘,C

] u
being less than wunity. Therefore, the value of ’I", in
Col 3 in this Table will be less than shown, the wear
in Col. 6 also will be less than shown and thercfore
the saving in Col. 7 will be more than that shown.

ib) ¢ will depend on the type of road surface employed, We

have no data on this point since the wewr and tear tosts
were carried out on one type of surface only. However
it is possiblec to know the maximum saving. This in any
road surface will arise when a tyre is widened for the
same wheel-diameter. In the case of a widening of

0y

2 in, to 3.5 in, this will be 1 - :;r = 43 por cent.
R

Hence the minimum saving is 33 per cent and the
maximum 43 per cent with an average of about 38
per cent which should prove as nearly accurate as
possible for all practical purposes.

~
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Annexure VIII (Contd )

4 5
N 31" TYRE
Iffective
f "2 1009
, D2 for Proposed T y'/
Wwear as o1 upto 3%
<T1) < 1.e. & 90%

' above
E2.34" 31 33"
«=2.46" v .
=2.40” ' ’e
&= 2'35” " 3
IS 2~31” ” )y

o 41" & 5" TYRE
] ] ‘
Same as in Giroup 1

=3 41" 405"
=2.86" 4y 4.05"

or
z=3 22" 5" 4.50"
=293 45" 4.05
jor

=3.14 5" 4,50

T
e e

6

Wear with
A inversely

to col. 3
234
550=00%
2.46 _
350~ 0%
2.40
=2 68
350~ 5%
2.35
239 _ 670
550= 0%
%:;_1_—_66%
3
v 49,
f05= 4%
y%—f,%m-ﬁ%
G oT
{%2)51.5%
9 ¢
i_(*;g=72.3%
3.14

= 70:\(;

e
[
<

7

Saving

33%
309
329
33%

34%

269,
29.2%
or
28.5%

27.7%

30%
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SYNOPSIS.

Pointing cut the need for providing adequate sicht distances vn highw:
tho Paper discusses the vavious factors as porcoption time, brako ]'u-‘ot]‘fB SIRA
brako efficiency, and coetliciont of friction butwoen iho Ly;'o and l'w'-d’m-n ‘f;lmu,
that «o to detormine the sight diswance required for the safe u':or'T'u o
vehiclos. The various factors that influcnce the minimum ii"hlt (il'm-m -”l
nocessary for ovortaking slowor vohiclos wre alsn discussed. o Ptancos

standards for sivht distancos are worked out and proseribed for yari
categories of rouds to suit difforent dosign speeds. v e

A summiry of recommended practice is includod,
1. INTRODUCTION

1.1, The safe and efficient, operation of a road vehiclo is
dent, among many other factors, on the length of road at eﬁ’fm_
obstructions become visible to the driver from any POi(nL 1?1 l i lwh
of travel. Solong as traffic was confined to bullock carts and 8 ine
slow speed apimal-drawn vehicles, low visibility did nﬂt similar
matter. After the introduction of the motor vehicles }? 'gr'eamtlvy
traffic caused by low visibility have hecome apparent and azards (o
years, attempts have been made throughout the eoc o rocent
straighten out blind corners and ease summits of vertica 1COlmtry to
otherwise improve “‘sight distances”. This has not, howc Cll'I‘Ves und
been done systematically and so as to satisfy rescri cver, always
requirements. prescribed standard

1.2. While laying down standards® for hori,
Ir_ldi;m Roads Congress specificd ulso ft(,)}lwho‘l(lfgsr}t 3
different classes of roads. To make roads gafo for]gtn speeds’ of
spe.O(ls, it is necessary to consider what length of _mvel al those
vmlbl_c to the dr‘.lver of a motor vehicle. Tl;» tr‘\,ﬂicloud shguld be
l.oa('i 8 reduced’lf sufficient sight distance ig n‘;t; r capacity of a
design speed will not be attained and vehicles provided as the
together. '8 Will tend to bunch

al curves, the

1.3. The standards for sight distances must

conditions. satisfy two main

(i) They must cnsure that the driv
o 111 3 1 or Of a Vehic] ‘ i
at the ‘“design speed”) has a long enough vi:;vt':;;lvoij(ljn:;g

enable him, on sighting ; i

: him, g g an object on t ‘

his vehicle as to aveid striking the n;)lj:g(tmgﬁso to control
e >

(i) They must cnable the driver
during his journey to overtak
causing an obstruection or h

;lmt reasonable intervals
' '0 Slower vehicles without
azard to other traftic,

1.4. Standards are suggested in thi
: . s s 'Bl.e th : . L% - .
in the geometrical design of a road, willlsflf)ltbi}l)e:hxs}::':’ if provided
"WO

and permit of safe travel at the design speed of the (;:011dit.i(ms
L } PO
¥ Paper No, 119 pri 7 :
. printed at paces 329499 . T
Roade Congross, Vol. X -3, Lbpaos $29-392 of (e Jowrnal of the ludiss
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DEFINITIONS

Term Definition

The vime taken by the driver of a vehicle
in motion to comprehend a danger before
trying to take avoiding action.

Perception time.

Brake reaction The time lag or the brief interval between
time. the perception of danger and the effective
application of brakes.

Brake efficiency. The ratio of the effective braking force to
the mass of the vehicle expressed as a
percentage. A 100 per cent efficiency would
give a deceleration rate of 32.2 ft per
sce per sec.

Braking distance.  The distance traversed by a vehicle between
the point at which brakes are applied and
the point at which the vehicle comes to

rest.

Skidding. The motion of a vehicle with its wheels
locked on a road surface. It may be either
longitudinal in the direction of motion of
the vehicle or transverse, and is brought
about by the application of a braking force
on the wheels greater than the product of
the mass of the vehicle multiplied by the
coefficient of friction between the tyres and
the road surface.

Lag distance. The distance covered by a vehicle moving
at uniform speed during Perception and

Brake reaction time.

Stopping distance. The distance travelled by a vehicle from
the time a danger is comprehended by the
driver, to the actual stop i.e. the distance
travelled during Perception time and the
Brake reaction time plus the Braking

distance.
Sight distance. The distance along the road surface at which

. driver has visilility of objects stationary
or moving at & specified height, above a

carriageway.
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Term

Minimum sight
distance.

Minimum over-
taking sight
distance.

Meseting of vehicles.

Overtaking of
vehicles.

Passing of vehicles.

Definition

The minimum distance
safe movement of traff
vehicle travelling at th
be stopped.

necessary for the
¢ within which a
e design speed can

The minimum distane

the driver of a vehicle intending to overtake

another travelling below
d the desi
80 a8 not to obstruct traffic i &i‘)gn spoed,
direction. > opposite

€ open to the view of

The act of two vehie
same traffic Jane appr
end eventually in
aotion is not taken,

les travelling on the
oachx'ng each other to
a colligion if avoiding

The act by which
speed overtakes gn,
the same direction.

a vehicle travelli
ne at
other vehiele movingg in

The act of two .
: vehicl :
In opposite direction:, ¢ passing each other

. Qzlour contrasts and shape are also f

Stan
T Dig c
TANCER2 vonr ionw AYE AHO

2, GENW
20 GENERAL CONSIDERATIONS
<.l 1 Provia
m Provisio adeau: : ; ; ;
ent of 4 road tq (‘!’\;‘\:‘)(f‘ ':,()i,:.(wd‘te sight distances in the align-

‘mﬂmoering‘ Adle ) safety of trafhic is o function of
ependent o, " Cquacy f)f mgh} distance s 1o @ weat extent
¢ frictional ; ¢ mechanicad perfection of the vehicle e ns;_dotrec'{,

8top, ang “;L orce that can be brought to bear to brnl _ﬂllt(:le(;l‘:
Fiver 'l" ¢ many gualities that go to make an alert ‘:;)n‘(] (scienbi-

fically | he subjeet hus in recent years been "‘Pp”.m(.[.(r( research
in I Y In advanced countries.  In the absence of simi dd th;Lt (he
nqm‘ and unti} more diata is available, it as suggeste ents
Merican method of analysis and the results “of experiment
tonducted in that country be adapted to suit Indian conditions.

3. ANALYSIS OF STOPPING DISTANCE

motur vehicle ean he

S The dists » within which a
he distanee with bvions of them

stopped depends on many faetors, the more
being .

(1} the Percoption Time and Brake Reaction Time of the

driver :

(i) the efficiency of the brakes of the motor vehicle ; and

(1i1) the grip of the tyres on the road surface. (K rictional
resistance between the road and tyre).

Each of these is discussed below.

3.9. The Perception Time and Brake Reactlion Time

3.2.). It would appear that, even in Am.erica,, only a few tes:ts
have been made to determine Perception Time, ‘which means the
time required for the average motor vehicle driver to come tok;c
realization of dauger ahewu and decide to aypp)y his brulkes.ov take
avoiding action. In #'.s prief time, the driver has toimahse that
the object that lic. 1n his path ahead will remain 1n his path ax.xd
that it is like%) cause danger. The object wil] be such 1h@t'xts
presence w.wuld not normally be expected on the road Perception
18 limite > by the strength of vision, and the angle subtended at the

eye t, the object, which is influenced by the size of the objgect
actors influencing perception.

3.2.2. The danger ahead may be from a stationary vehicle,
which may be identified by the presence of persons or articles
round it or by soiwe object Jying iu the road  Stationary objects
can be recognized as such in their positicnal relatien with other
known stationary objects as walls, fences. etc Ancther factor
which brings cognizance of unusual articles fying on a roadway

20
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is the recognition of colour differenco as in the case of a white
oh]eqt.lymg on o black top surface Al such processes of mental
coghition take time,

~ 3.2.3.  As cxplained above, perception time may vary con-

siderably depending upon the distance to and the size of the object,
the natural rapidity with which the driver reacts, otherwise
termed the alertness of the driver, his optical ability, atwmospheric
visibility, the type and rondition of the roadway, the tvpe, colour,
and condition of the hazard cte. At high specds, ])el'(;(s]>ti(111 time
may be less than at lower speeds owing to the fuct thad the
average driver is generally more alert. '

3.2.4. After the perception of danger, the driver may proceed
to apply his brakes. The time interval betwcen this perception of
a danger and the commencement of the action of the braking forco
is called the Brake Reuction Time. Howcver, since the two pro
cesses of perception and hrake reaction are almost simualtaneous
and intimately interlinked, it is wsual to consider these two
together.

3.2.5. There is no one figure which can be used for the
average reaction time since this depends upon the conditions under
which it 18 measured. [Laboratory tests seem to indicate ihat
when the driver is all set and ready to act, it takes him a little
over 04 of a second to move his foot from the accelerator to the
brake pe(_la.l aft;er the appoarance of a red light. In actua( practice
the reaction time is far in cxcess of this simple foot reaction ;inc;
the driver is not usually all set to react and he doos not kn(;w the
type of reaction to make as he may, instead of h&ving to apply his

brakes, have to Btep on the accelerator or turn [2) 1 w
s ac ] I\
; : ; ‘. irn th steermg heel

3.2.6. The age of the driver in

) > fluen i8 reacti i
is estimated that after the o8 his reaction time. It

age of 40 i i

increase, but the driver's gxperiencgh?m:ie?fngzgnggg oy lto
1ocrease, more than offsetting the handicap of increa,sedm&y :: o
time. Because of the wide variety of such situatio m&t?hmn
quarters of a second is generally used as a reagonable ﬁ1|ru1:1(?‘f( trl?e
average reaction time in designing traffic facilitics. In llln)lfﬂll!:;

sit,ua.tions, the total time ) )
required t 3
o ral s .. q 0 mak the correct regponsc

3.2.17. .Improvements in vehicle de
lessen the time required to movye th
the brake pedal. Devices have alre
of which the driver can keep his
control both acceleration and decele

¢ 81gn and construction will
¢ toot from the accelerator 1o
ady been developed by means

right foot on o singlo .
cation, gle pedal to
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3.2.8. Owing to the efliciency of modern brakiug systems,
the perception time, which depends on the discrimination of
the driver and on many un predictable conditions, is probably
greater than brake rcaction time. In America actual percep-
tion time has been found to vary from 2 secs. for a speed of
30 m.p.h. to one sec. at 70 m.p.h and this is believed to be
more than is required by most drivers. [nteresting cxperunents
have beon conducted, inattention having been eliminated, to
measure brake reaction time under laboratory condit.ons.  The
average reaction time was found to be 0 64 secs.  Further experi-
ments, however, showed that reaction times under road conditions
may be five to seven times those obtained under laboratory condi.
tions

3.2.9. Making allowances for all variable conditious, the
American road engineers agsume that a percepiion and reaction
time varying from 3 secs al speeds upto 30 m.p.h. to 2 secs. at 70
m.p h. will cover the case of most drivers. A lower speed than
30 miles will be due to the poor condition of the road surface or
lower standards of geometric design such as width of pavement,
alignment ctc. Insuch conditions the vehicle driver is generally
more cautious. 'To be on the safe side, the perception and reac.
tion time is kept at 3 seconds for speeds upto 30 miles per hour.

3 2.1, Since the alertness of the driver affects largely the
perception and brake reaction times and this alertness is in pro-
portion to the speed, it is suggested that under modern conditions,
thesc times may be as shown in the Tublc below :—

Table 1

Perception and Brake Reaction Time

Speed, miles per hour, up to 30 10 i

Perception & Brake Reaction Time (in seconds) 30 275 25

3.3. Brake Efficiency and Braking Distances

33.1. When the driver applies his brakes, the motion of the
vehicle is retarded and, after covering some distance, it comes to
rest. Modern vehicle design incorporates very efticient brakes
which, if maintained in efficient condition and thrust hard, can
lock the wheels and prevent them from turning. Suach locking,
however, i apt to be dangerous as the momentum of the vehicle
will carry it forward, the tyres rubbing along the road surface
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Gonang e procoss, and produce what is called & skid. It is not
in a skid aI; tili ?l'to control the direction of motion of a vehicle
pertaining fo ¢ hse lreetglon 18 governed by the resultant of forces
to that motion _.p?evmus motion pfthe vehicle and the resistance
road surface Zli)smg from the friction between the tyres and the
tance produ o raking ‘for(:e exceeding the total frictional resis-

p ces a skid, Therefore, what in effect determines the

maximum effective braking i i
effort is the frict; sigfanc 't
ween the tyre and the road surface rietional rusistance be

3.4. Frictional Resistance between the Road and Tyre

3.4.1. The co-effici

and the tyres of a vehic ent of friction between the road surface

le is dependent op -

(1) The type and condition of road surface,
(2) 'The presence of moisture,

: . mud, sn imilar
soft skins covering a hard un , snow, and simil

derlayer,
(3) The condition of tread and air-pressure of tyres.

342, Table 2 o 16 .
friction for diﬁerent(lii%cd]:g)r gives the values of the coefficient of

. faces under wet e . o
different specds and for the two types of Zﬁlllctll,‘?}?:;, {;)}ot'}ltrgc

straight skid and for the sid i
i f aeway skid. What i g
?r??ézlf?:clgorth:n?qev.my skid. The value (?f ltshigf?esfggé‘]’zy Hsll(;lrg
suporclevation,  Adequato sufety s e T20R eurves and of
° equd a8 bee it i i /
the adoption of a fairly low friction co.eﬁigincn}jcugftO'l?so'nf(éiil‘gxﬁoa}-

ing a factor of safety of 1!
wet mud on pavemonts, over the tabulated figure of 0-2 for

3.4.3. The condition ;
straight skidding. 1t i obior‘:zzlg]lgfat'h; present cage

coefficient is not consistent i i enerally a low frictional
slip without tra.ns.mitting env;igh 2f£erslzee(ifs o8 the whoels will
wards. In American practice the frictio 0 torce the vehicle on-
asgumed to vary from ()62 at 3¢ m, p h

with a factor of safety of 125 ¢, . fom £2030670 m p, h. and
in vehicles, surface conditiong

is that of

PR ., and drive .

friction is taken as varv; '8, the safe goefficient of

70m. p. h. Vg from 05 at 30 m, p. b 4o 04 ot
3.4.4.

In the Australian R
roads (1939), the co-cfficient of fr?if(}iolr?(/

: sign Standardsg for urban-
surface is taken as 04 for 4 speed of 30

between t .
m. p. b Yres and the road

.

Table 2
AVERAGE COEFFICIENTS OF FRICTION OF WET ROAD SURFACES

(According to Measurements made at Iowa State College)
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3.4.5. In India, the Rules framed under the Motor Vehicles
Act (193Y) provide as follows :—

oo The bmkmg system operated by one of the nieans of opera-
tion shall acuordmg to whether the vehicle is Jaden or unladen, be
ca,pn'ble qf bringing it to rest, whe n travelling at the speed
specified in 1Lhﬁe table below, within the distanee thercin prpiﬁul
when, fmt the time of the application of the brakes, the vehicle is
tmve”mg over a hard dry. level groond in good (".(.nditi()ll with
top goar and clutch enyaged, or when, in the same conditim;ﬂ the
efficiency by the brakes as determined by w brake toéting l;lewr
u,phproved by th I_’roviuciul Governwment is not less than 30 percent
yelfil(;izhi(; Yl?llil;,((il:nl,?’]d‘den and not less than 40 percent when the

Speed Distance in feet to stop from application of brakes.
MPH Vehicles laden. Vehicles unladen.
20 45 335
156 25 19

- —

. 3.4.().' Thesp rules would in other words mean that the cocfli
cient of friction ‘s assumed to lic between -3 i 0-4 dependingon
whether the vehicle is laden or unladen.  The condition of the test
ground is described as ¢« hard, dry. and level”. The rules quoted,
howpver, were framed in 1939 in relation to ¢ the construction,
equipment and meintenance of motor vehicles . These regulations
were intended to have rigid control of tho operating mechanism of
publ.lc transport vehicles, as any mecchanical defect would be
detrimental to the safety of the passengers. It is algo to be obser-
ved that brake design has now progressed so far that it is possible
to look the wheels if desired. Therefore the cocflicients Iderivvd
from the Motor Vehicles Act are no criterion of those that should l;v
taken when calculating braking reactions under Iudi:m( condit,ions:

3.4.7. The type of road surface is an im i
AR ol ortant fact the
determination of the coefficient of frictiou.p (See T:lc,]gr;;)n [1\1"
analysis of the road milage in the indian Union by surface '

a8 below :— typos is

Cement concrete 723 miles
Bituminous 10,213
Macadam cor  TR6U0 )
Unmetalled o 156,401

3.4.8. The last category (unmetalled ros
8t Categor) & 1d8) e venera t,
moto'rablo exqept in fair weather ad may bhe exclnd»(,nl f'r‘:!:: ltl}?c-
purview of this Paper which mainly confines itgelf to the dcai rr;
standards fuor motorable roads of the first threc Ly pes. 5
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34.9. Taking all these factors into consideration it is thought
that the assumption of a friction coefficient of #4 would meet all
contingencies and he in the interests of safety of the largest number
of vehicles, The adoption of this factor will pernit a deceleration
rate of about 1238 ft per second per second which may be consider-
ed to be within the rate considered comfortable for most passengers,
The adoption of a lower value of U4 for the friction coefficient
against the values ranging from 05 at 30 miles to 0-4 at 70 miles in
American practice will have another advantage that, when the
maximum design speed of 50 miles has to be raised on account of
an improvement in road and vechicle standards, (and consequent
improvement in surfaces) there will not be any need to realign the
roads,

MOTOR VEHICLE CHARACTERISTICS
4. CALCULATION OF THE BRAKING DISTANCE

4.1, The braking distance within which a vehicle in motion
can be brought to rest is derived as below by equating the work
done by friction to the kinetic energy absorbed.

Let f = offective coefficient of friction operating the braking

force.

w = weight of the vehicle in Ib.

d - distance in feet covered during deceleration,

v = speed in ft per sec at the moment of application of
brakes.

V = speed in miles per hour..... do...... and

g = acceleration due to gravitational force
= 32 ft per sec per sec.

‘Then, agsuming that the frictional force acts at a uniform rate
throughout the period of decelcration.

o

v
Lw. d = .
f ngg

V2 Ve &
or d=%mft = Suuar= s
nator. This formula gives the braking distance on level ground.

rounding off the denomi-

4.2. Braking distance on grades.

4.2.1. When the road surface has a longitudinal grade,
the formula for braking distance iz modified slightly because
the component of gravitational force along the incline either
aids frictional resistance or neutralises o part of the resistance
according a8 the vehicle travels upgrade or  downgrade.
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The resulting formula is
T2

’[: - l
aoffr "
160 \Vhere n == per cent grade

4.2.2. The increase in the hraking or stop ing disgtance on
f-lown.grade of Lin {1, that is on a 9 pcg cent g:;f:ip,,gf(()l:st;; specd of
.‘>0 [nlles. per h'our.muy, by calculation. be scen to be 60 ft. Since
in practice, this high speed will not be used on such stecp grades
and since, in the case of flatter grades the increased digtance over
the level conditions will be still less, it is considered that the effect

of grades may be i i N :
dis%:mces y be ignored in the standardisation of the stopping

~

5. SAFE STOPPING DISTANCES FOR VARIOUS SPEEDS

5.1, The Safe Distance in whi i i
‘ ch o moving vehicle can be
?lg()g)pcfl, alao called the Stopping Distance, is rfgmde up of the
R«s ance travelled by the vehicle during the Perception and Brake
eaction time (Table 1) which may be termed the Lagp Distance

plus the Braking Distance. These dist ;
: . . an i (8
are given in the table below :— ces for various spet

Table 3

Safe Stopping Distance for various Speeds.

Miles per o ]
hour 1 ‘”} 20 25 1301 35 | 40 | 50

sSpeed

Feet per second v’ 22, 2983 | 3467 | 44 \5»33 | 5567 | 73433
1 i

Perception and re-

action time ¢ (secs) | 301 30 < 30 J 30| 287 | 275 2¢5
{ ! -
Lag distance ] } : (
(A7 Ve B 166 1 8% 1 110 [132] 148 | 161 | 183

Rraking distance
v 2

\
gup (/=04 115 33 ‘ 62 76| 103 134 | 200

|

i

Stopping Distance
]2

1. 47 Vi - v
n.(147 vt mf)ft.‘ «4, 121 28| 251 ! 205 | 302
. I

Stopping Distance

in round figures. ft. | 90

200; 250 300 . 400
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6, SAFE OVERTAKING DISTANCE

6.1. Another important and frequently occuring operation ix
that of one vehicle overtaking another. During the overtaking
operation, the overtaking vehicle may have, under certain con-
ditions, to use that portion of the road meant for traffic coming
in the opposite direction. Now, a road is used at its maximum
efficicncy when all the vehicles using it are kept moving at the
design speed of the road. Under these conditions the road will
be capable of carrying its maximum traffic. 1If a vehicle is moving
at & much slower speed than the design speed. it should be made
possible for other vehicles to overtake it safely so as to increase
the capacity of the road. The distanee within which an overtak-
ing manouvye ean he underraken is thus an importont factor in
road design.

6.2. The overtaking manoeuvre can be split up into three
distinet operations as indicated in sketeh below.

6.3. In kg I, .1 is the overtaking driver and /3, is the over
taken driver moving at less than the design speed. .4 has been
travelling at the design speed |', miles per hour till he reached
the position 4, where he is compelled to slow down to the speed of
I say V', equal to (V,-m) where m is the speed difference. and
keeps behind 13, at a distance S from it. It takes ~ome time for A
to size up the situation and in this interval he will have travelled
to position A, This time interval is assumed as 2 seconds and
the distance covered may be termed .

G.4. At .1, the overtaking driver turns his vehicle out of its
own path. accelerates, overtakes B, returnto his own path atd,, and
then proceeds again at the design speed. Thus. from the relative
pusition of .4, 8, the vehicles have taken the josition B 4, after
the manoeuvre and therefore the vehicle A has gained a1 distance
of 28 relative to the overtaken vehicle I3, by nceelerating its speed,

21
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Il;] t;}(l)cl;nem']rv;lhlle, B, will bave travelled the distance b from
) i3,. us, the total distunce d 1yvofyved i the aetual mano
euvre is made up of 2.5 plus 4, ‘

by tl‘l).e5\.rehli)cl;£u‘:1g t;%e_aopem‘t}mn of the nva‘ri:\king of the vehicle b,
opposite direction tltlf)o?isl le that a vehicle 7 travelling in the
the vehicles .1 | (} 1 © Cesign “l’“efi of the road, will approach
a8 800N a8 the )(;: ' 11. Thia opposing traffic may come into view
overtakin minlimsmg Manoenvre s begun by 4, and henee the
llndiVidedghi .hw- um sllghtvdxst,nncc should include, in the case of
during the pgri,);f?’ t“ \e.'dlsm.nce traversed by the opponing traflic
ed d, in l"iglm-\l, L passing manoeuvre, This distance is designat-

The determination of these distunces iy dealt with helow

7. SPACING OF MOVING VEHICLES

7.1. When vehicles move at

. L the same od i Coanme
direction in u traffic lane, the s ioppeed in the sy

that i . S Paoing of vehicles should be such
at if one vehijcle driver applies his brakes, the diiver of the

vehicle behi i . ; ;

second in this cou heg:aum tfi‘l Feuf:?»lon tlmfe may be taken as half »

the rear of anoth s \-eh{(‘rne I(; average driver following closely on

this cage Percepﬁon tir ) fV]l o hay ho alert Astuming in

tion and beope 1 time also of half a second. the total percep
reaction time will he one second. Assuming equal

b i i :

f;:l:’ﬁ:g(::"ﬁy ‘]':i};m’h the vehicles, the theoretical safo spacing
longth v ° : l;)'ul e the distance covered in one second plus the
be 20 ft as the' tele. The length of 4 vehicle may ho assumed fo
theoretica] 18 oovers the case of most passenger vehicles. The
b oretical spacing of vehicles thus arrived i8 gi i :
able 4 below ed at is given in the

7.2. H - .
Owever, actual observations made through an aerial

traflic survey and b
J Yy means of o aphi i
traffio hohneion o 1Y | s r‘}u”[’)hntogr wphic mothod of studying

practice is much less than 1he tf the actual spacing followed in
ant ; e theoretic: aat : .
aotnal spucing closoly fn U apacing and that this

I @ gencral g
" llows & gencral simple formuln oxpressed

N = I 420 where § is the spacing in feet,

and 1" is the specd in miles per hour.

Si¢HT DIsTANCES FOR HIGHWAYS 169
The values for different speeds are given in Table 4 below.

Table ¢

Spacing of Moving Vehicles.

Speed of Vehicle Spacing

Observed und adopted

l ft per sec Theoretical in the design 17 20
mph. feet. Ft

15 22 42 30

20 29 44 40

25 3 v 45

30 4 64 H

30 51 71 >0

40 BY 79 80

45 66 %6 65

50 73 3 70

7.3. Before the operation of overtaking s begun, the two
vehieles move at the beginning of the operation at the speed of the
slower \ehicle i. e. I, and the spacing between the two vehicles
A and B, will be V,, + 20

8 'I'IME REQUIRED 10 COVER THE DISTANCE
28 BY ACCELERATION

S 1. The rate of acceleration of a vehicle varies vonsiderably
depending on the driving &bility' and ha‘bits of th(_- dnver, 'the
horse-power-load ratio of the vehicle, and its mechamcal condition
Tests made in the U. 8. A. in 1947 on 8ix passenger vehicles in
good condition driven by several operators indicate that normal
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acceleration is 60 per cent of the maximum possible. The results
are shown graphically in Fig. 2

g FFHT

50 .

a0 b

- Mloo By L

by P f i
™~ o
~o ¢
S S TR, P S
! \L\’lp,v ‘ i
20— L ‘ . \'f‘ . : 1
.
Cg, I | |
() S — HEC IOV \w | i
2f L
06 08 1.0 12 14 1.6 1.8 20 J./ 24 2.6 /s 042 84 36 38 w0 2 /

Speed-change rate-Miles per hour por second.
ACCELERATION CHART
Fig. 2

8.2. Inthe use of the graphs given in IMg. 2 it is to be
assumod that the vehicles will be accclorated af the maximum
rate as usually happens in heavy traflic. It is assumod that the
manocuvre of passing is begun at the apecd of the overtaken
vehicle and completed at @ much Wigher speed. The rate of
acceleration is therefore higher at the heginning of the manceuvre
than at the end”.  Also. it is to be assumed that passing, onee
begun, is done in the face f opposing traffic wnd most drivers
accelerate as rapidly as possible. to get hack to their lane well
before the opposing traffic can meet their vohicles, The values
for maximum acceleration are therefore used in the

disign. These
values derived from Fig 2 are given in Table 5.

Table 5
Overtaking acceleration for different speeds ¥
(Maximum
Speed ¥ m.p.h. 15 20 25 10 40 1 B
Acceleration a ft per sec - . o )
per sec 4.7 43 107 367 301 235

!

Acceleration a, in m.p h. , - .
z 3-2‘ 295 1 278 | 25 205 L1
|

per sec.

8.3  From first principles of dynamics, diat,
acceleration x time ?

ance covered = 1 x

* With acknowlodeomonts to AASLOIR A Polioy o Sight dintances
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ie. 28=4at?

4N where « ix the acceleration in
or ¢ a ft per sec per sec.

/2,73 &  where «, is8 the acceleration in
or t =

a ., miles per hour per sec.

8.4. The above formulae and the two Tables 1 and 5 given
above supply all the eleraents for the calculation of the time 4"
taken by the overtaking vehicle to cover the distance 24,
Assuming that the overtaken vehicle has been moy ing at the same
uniform speed as before, it would have covered the distance *f
(See para. 8-2.) which is therefore given by the equation :

bm 1-47 V[, X &,

8.5. Calculations show that distance b s the largest
factor that cnters into the total distance so that. in effect, the
speed of the slow moving vehicle is the greatest infiuencing factor.
[f the slow moving vehicle was not moving at mu b icss than the
design speed. the tctal overtaking distance would be too large for
economical design of road alignment. Table + gives the
overtaking distance for design speeds of 25 to 50 m p h. and speed
difference of 10 m.p h. between the two vehicles.

8.6, Lower specds than 25 m.p.l.. have not been included in
the table as conditions for overtaking may not generally arise, or
the road with such low design speeds is Bot imporiant enough to
warrant high standards of construction neccessary to permit such
overtaking.

8.7. The Table 6 has been worked out for a speed difference of
L0 miles per hour.  There is no hard and fast rule as to why this
figure should be adopted. but at design speeds of 30 miics and over,
the driver of the overtaking vehicle will, as previously explained,
try to complete the operation in the shortest time possible. often
with w difference in speed of over 10 miles per Lhour.  Also it is to
be conceded that -{ 5 m.p h les within the range of instrumental
orror or the rcaction lag of the transmission operating the
speedometer. 1t would be desirable to concede that a vehicle
travelling at 10 m p.h. less than design speed of the road deserves
to be ovoertaken by one travelling at the design speed. On this
consideration, and on considerations of economy, in the pre-
seription of the standards a speed difference of 10 m.p, h. has been
assumed.
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Table 6

Minimum Overtaking Sight Distances.
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O\‘ertﬁking éiél;t distance.

Speed difference in miles per hour between the overtaken and overtaking vehicie,

m

Distance travelled during perception time of 2 sec.

d, =

Distance covered by vehicle travelling in the opposite lane during the overs

Distance required for overtaking manoeuvre.
takine manoeuvre.

S1GHT DISTANCES FOR HioHways
SIGHT DISTANCES.
v, MINIMUM SIGHT DISTANCES ON HIGHWAYS

9.1. Having considered the clements pertaining to the opera-
tion of a motor vehicle on a voad, it is to be examined how safety
is to be built into roads so that each of the operations can
be effeeted  withoui hazard to teaffic. The width  of road
available to carry out these operations is a preliminary cousidera-
tion, because the longitudinal clear visible distance necessary
depends upon whether the road s designed to accommodate one
lane of traffic or two or more lanes and how snch use can be regu-
lated in practice.

10. CLASSIFICATION OF ROADS BY TRAFFIC LANES

10.1. Most of the road milage in India in non-urban areas
has & pavement for one lane of traflic only but the tota) formation
width especially in important rouds carrying much motor traflic
varies from 24 to 40 feet, and the berms on eitheir side of the
pavement are generally provided, or are being provided, with
moorum or goil stabilised surfaces to permit of occasional passing
of traffic in the opposite dircetion or of overtaking slow vehicles
in the same direction. The width of gingle lane pavements has
been increased in many stretches from the old standard S to 10
foet to the I. R (. Standard minimum width of 12 ft.

10.2. Inthe I. R. C Paper No. 113 on ‘“ Widths of Pave-
ments '’ the minimum standards required for road pavements, both
in the number of lanes and in their width have beep laid down.
As a measure of expediency. a single lane pavement with a mini-
mum width of 12 feet had been recommended with the provision
of moorum or other stabilized berms 5 feet wide on cither side,
mnking a total traficable width of 22 feet for occassional passing
of vehicles in opposite direetion or occasional overtaking of slower
vehicles.

10.3. When traffic is not accommodated in two single lanes,
attempts are sometimes made to construct three lane pavements.
As has been remaked in the standards on widths of highway pave-
ments, such construction is hazardous and should be avoided It
i significant that the Protocol on International Signs, recently
accepted and ratified by India among other nations, lays down
that three-lane carriageways should be separated when passing
outside urban arcas hv marking a median line. Such marking
would restrict the use of the central lane width to occasional
uses only as for overtaking ete.

10.4.  Whenever there are four lanes or more provided for
traflic, it i8 necessary and desirable to divide the carriageway by
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a median strip as the efficiency of a tour lane divided highway 1s
estimated to be quite four times that of the same four-lane pave-
ment undivided.  In the case of divided highways. there is uni.
directional movement of traffic, and there is no chance of OppoRIny
vehieles moeting.  Overtakine has, however, to be catered for and
can he elfected through the use ol the adjacent lane as opportunity
oceurs.

105 Recommendations made in this Paper are thercfore for
two line and threc tane carriageways. in which traffic is in both
directions, and divided highway, wheve traflic in ANy one carriage-
way 12 unidireetionn].

It, CRITERIA FOR ADOPTION OF STOPPING
DISTANCE AND OVERTAKING DISTTANCE

1. “It s desirable that a Hllfﬁcienf, leng{,h of [‘():l‘(l
be visible at every point to permit, (overtaking;, with sa fety.
but in practice this rarely s economically possible . The
American policy is to provide overtaking sight distances at a8
frequent places as possible and to signpost sections as ¢ Passing "
or * No-Passing ’ zones.  Under the proseut conditions prevailing
in India and considering the fact that the bullock cart will con-
tinue to clutter the roads for a number of years to come, it would
be uneconomical and may even be considered a waste of effort and
money to try to design rods to provide for overtaking gight dis-
tances at many plices throughout their length. Lf, ay secms
possible in the greater part of the plains, the natural terrain per-
mits of the provision f overtakiug sight «distances throughout,
these standards prescribe what that provision sheuld he, but, if the
conditions are such that overtaking placer can he provided only at
intervals the standards preseribe what the overtaking lf'n;gtlm

should be.

1.2, [t is, however, essential that at every part of the road.
the alignment and sucfuce should be such that a vehicle travelling
at speed can be brought safely to rest within a reasonable dis-
tance. Thus, the design must necessarily provide aft, every point
a sufficiently long Sight Distance corresponding to the required
minimum stopping distance. Where, owing to terrain conditions
or other causes, the minimum stoppiag  distance cannot be pro-
vided for, the design speeds should be reduced in such stretches
to those considered safe for the possible sight distance and con-
spicuous caution boards provided to warn drivers,

11.3. The different conditions may be  summarised  os
ollows ;—
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11.3.1.  Undivided Carriageways may be divided into the
following categories :

(2) one lane—uni directional—Those designed for uni-direc-
tional traffic.  These are very rare at present in India.
The traffic conditions on such roads do not anticipate a
meeting of vehicles and provision need only be mude for
overtaking  The absolute minimum provision at each
overtaking section should be a sight distance equal to
(A, +d.) »de parags. 6.2 and Table 6 [See also (b)
below].

(b) One Lane -two directional-—Although designed as single
lane carriageways are in practice used for two-way
teaffic. On these ronds which form the majority in
India at the present time the overtaking manoeuvre is
carricd out by the temporary use of the road side berms
in the face of possible opposing traffic. The minimum
sight distance provision at each overtaking section should
be equal to («/, |-d, - d.) vide para. 6-2 and Table 6.
As this is the most common case in India at present, it
is discussed further in 12.3 below.

Two-lane High ways.
The minimum sight distance provision should he,

(») throughout the road, the minimum stopping distance us
shown in Table 3, and

(1) at overtaking sections the minimum overtaking distance,
d;+d, +d.,, asshown in l'able 6.

Three-lane Highways.

Such highways ar> deprecated as the trafic hazards
are greatly increased without any considerable increase
in traffic capacity. Early attempts should be made to
convert these to four-lane pavements, divided preferably,
or undivided as an expediency, with a definite division
of the pavement for traffic in either direction.

Where the existing highway consists of a three-lane
pavement only, the total carriageway should be divided
into two lanes by a conspicnous median line thus making
it clear that the increased width of cuch lane is only to
facilitate overtaking. Sight distance should be provided
as for a two-lane highway.

11.3.2. Divided Carriageways.

In the case of highways whose carriageways are
divided by median strip the traffic is uni-directional, and it

22
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may be sufficient to provide for the minimum stopping
distance equal to /4 ; + d , {Table 6) at all points.
113.21. Four-lane Highways.

Itis recommended that four-lane and higer maltiple-
lane carriageways showid always be soparated by & median
strip to separate the traffic moving in opposite directions.
It is clear, therefore, that there is no chance for vehicles
to meet and us such a sight distance equal at, loast to
the minimum overtuking distince equal to (Jd, +d )
(Table 6) must. be provided.

12. POSITIONING OF OVERTAKING ZONES

12. Overtaking zones are described in para 11.1as lengths of a
highway where it would be safe for one vehicle travelling 10 miles
an hour faster than another vehicle going in the same direction to
pass the second vehicle. Thy sight distance at every point in each
of these zones must be at least equal to the minimum ovortaking
distance which is d | - d , {Table 6, if thero is no opposing trafiic
and d, 4d, + d, (Table ) if there is opposing traiic. The zone
itself must be longer (and preferably considerably longer) than
these overtaking distances 80 as to allow more than one vehicle
to overtake a slow moving vehicle and at every point in the zone.
The driver muat have + ¢lear view of the road unobstructed by
“blind "’ corners or hends or hlind summit enrves.

12.2. It follows that the whole of a length where vision
is unrestricted and where the road {(with  berms) is wide
enough to permit oOf vehicles pussing, cannot be marked as a
safe passing zone because the sight distance near the ends of this
zone will not be sufficient. The zone must therefore he rostricted
to the total length where therc is sufficient room to pass minus a
length ecqual to the sight distance on either side i.e. minus
(d;+d.) where thero is no opposing traffic and minus
(dy+dy+d,) where thoro is oppositing traffie. 1t should be
noted that the marking signpost will be (d, +d,) or (4 d, J-dy)
away from the end of the wide length at other ond (vide fig. 3) .
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12.3. L single-lane highways (which as has been said, form
by far the majority in India at the present time) the berms have
to b used for passing. Iu dry weather or under favourable
conditions, the sight distance may be taken as the same as for
two-lane highways but these roads are unsafe for overtaking at
design speed in wet woather or under unfavourable conditions,
If the highway is to be sate lor the desien sneed of its class, over-
taking zones fully surfaced must he provided., The minimum
length of cach of such zones would be, Fheorotically 2 ¢ | 1= d )
wheu there is no opposing traffic and 2 {(dy-+dy4d,) when
there 18 opposing traflic vide 12.2. In practice the length of the
zone should be 3 (d bd,) or 5 (d,  d, d ;) (the factor
2 being changed Lo 3) to allow for comfortable overtaking of one
vehicle by another travelling {0 mifes faster but where possible
the [actor should be increased to 4 or ¢ven 5 in a busy road.

12.4. Taking a factor of 3, the length of the surfaced over.
taking zone on a National Highway (design speed 350 miles per
hour) should be, 3 x 1450 or 4350 ft i.e. more than three quarters
of a mile. It will be seen from this that no single-lane road can
be considered as upto National Highway Standard in wet weather
or unfavourable conditions unless it is provided with overtaking
zones over a mile long at frequent intervals, 1n practice vehicles
using these rouds cannot safely travel in all weathers at what have
beeu fixed as the ultimate design speeds.

12.5. Overtaking zones also cannot be fixed in the office
merely by looking it plans as the sight distances can only be
determined an the spot after taking « note of such obstructions
as trees,fmounds, huts etc. which interfere with sight as effectively
as blind corners, sharp summits, and similar design features. In
marking overtaking zones on a road, thercfore. common scnee
must be the first consideration, calculations and formulae being
regarded very much as of secondary importance.

13. DESIGN SPEEDS

13.).  As stated earlier in this Paper, the purpose of design.
ing roads for sight distances is to achieve a safe sustained speed of
travel. It is necessary, therefore, to know this substainable
speed demanded by traffic for each class of roads consistent with
the geometric and structural standards. Design speeds to be
aimed at for the different classes of roads have been laid down*
by the Indian Roads Congress Standards in Paperr No. 119 o
Horizontal Curves and are reproduced in T'able 7.

* LR ‘.7 3 "m;.;“v;"‘\:“!’»""x}.s.
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Table 7. Design speed for Roads.

Design speed in miles per hour.
Classification
Flat or Hilly or Moun-
Rotling, (Jountry‘i tainous Country.

National Highways and

Provincial Highways 30 | {

\
| 30
Major District Roads. a0 ‘; 25
Other District Roads. [ 30 ‘ 20
Village Roads. ( 20 15
|

13.2. With possible improvement in vehicle design and of
the road surface in future, vehicle speeds will tend to increase.
As it is difficult and costly to realign roads to suit increased speeds
it is desirable, wherever possible, to design the geometric layout
for the greatest possible sight distance and not merely " the
minimum admissible. Table S gives the Minimum Sight Distances
hoth for plains or rolling terrain and for hilly country.

13.3. For new construction,

' o _ oven though the initial
estlmat:,ed provision is for a low type of pavement suited to
immediate traffic demands only, the geometric standards should be

for the maximum speed that future traffic will warrant.

14. MEASUREMENT OF SIGHT DISTANCES

14.1. For the purpose of measuroment. of
becomes necessary to define the height
that of the object obscrved for it

that determines the adequacy or inadequacy of the sight. distance.

14.2. Height of driver’s eye above road level.

Height of driver's eye above the road surface, is nssumed in

a sight distance, it
; of the observing eye aid
i8 the distance hetween the two

various ¢ ntries, as nnder:
England 3.76 ft.
Australia 4.00 ft.
America 4.50 ft.
France 4.10 ft.

14.3. The height of the cyes of the average driver seated a in
private passenger automobile varies with different,
the model of the car in cach make, and the hoight of what, may be
called the average driver. Measurements taken on some of the
popular models with o driver of height 5 ft 81 in. at the wheel
show that the height of the eye ranges from 4 ft to 4 ft 6 in. The

makes of cars,

Table 8
Table of Minimum Sight Distances.

Flat or Rolling Country.

Hilly or Mountainous Country.
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eyos of the drivers in some low-hung sports cars may be lower but
these, being comparatively few, may be neglected.  The drivers of
huses and trucks are scated at a much higher level. The average
height of an Indian is 5 ft 5 in. to 5 ft 6 in. only. Tt is suggested,
taking all these fuctors into consideration, that the height of the
driver’s eye for Indian conditions may be assinmed at 4.00 feot.

14.4. The minimum sight distance on a road is based upon
the safe stopping distance or the distance required to stop from
the instant a stationary object in the sawme lane becomes visible.
The stationary object may be a Sh}&ll object such as merchandise
dropped from a truckor a pieco of boulder, or similar object. 1t
is obvious that the dimension should be such that it would con-
stitute a danger to the vehicle, and thercfore should oxceed the
clearance under the car. The following table gives the ground
clearance for some of the popular makes of cars of 1949.

Table 9
Ground Clearances of Popular Mukes of Cars. (194Y)
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14.5. Although American cars have a ground clearance of
7 to 8 inches the American policy on sight distances assumes the
height of the perceived object as 4 inches. In English practice
there is no reference to such objects. It is but logical that
what might be a source of danger should have a definite
dimension and can also be recognized as such from the distance
which is adopted as the safe distance, and vice wersa. It
would be illogical to provide a sight distance greater than the
one from which the driver is not able to see the danger. The
greatest stopping sight distance which corresponds to a speed of
50 m. p. h. specified in the standards is 400 ft and this is within
such maximum distance from which an average driver with normal
vision is able to perceive a dangerous object.

15, SUMMARY

}i.1. The sight distance at every point of a highway should
be as long as possible and shall not be less than the following :—
Absolute Minimum Sight Distances (Stopping distance)

Design Speed in
miles per hour.

Sight distance equal to the
stopping distance in feet.

English !Clearance American Clearance French. (Clearance
Make inches Make inches Make | inches
‘ l
Aifa Kumco.i 7 x B‘niﬁ-k 6. Cibroen 1
Alvis | 6% i Cadillac 758 rRena.ult,l 7
Armstrong !© 7% Chrysler 4 \
Siddley ! » ‘ l
Austin ' 64 t0 67 Chevrolet N |
| |
Bentley : T4 Do Soto 8 ‘ l\
Daimler , 6to 7 I)()llg(‘ 5 ‘L |
Ford 8.67to8.87 Ford S f!
Humber - 614to7y  Vrazer Nash 7 t \
M. G. 6 Hillman 7
Morris | 63to7 Hudson " \
Riley \ 7to74 - Mercury T
Rolls Ruyce f 84 Nash 10 {
|
Rover \ 1% Oldsmobile 8! g 83 |
Singer . 53 t07 Plymouth e ,
Standard | 8 Pontiac 71 \
|
Sunbeam i ’ } ‘
Talbot hoo | |
Vauxhall 6% : \
Wolsley 7 | )

(Minimum)

Flat Country Hilly Country
15 —_ 90
20 I20 120
26 — 160
30 200 200
40 300 -—
50 400 -

The minimum sight distance shall be the distance along the road

_in which a driver whose eye is assumed to be 4 {t above the road

surfice can see an objoct 4in. high on the Road.

15.2. On two-lane roadways, sections safe for overtaking shall
be Provided at frequent intervals if the terrain does not permit of
providing the minimum overtaking sight distance at every point at

reasonable cost, The minimum overtaking sight distance for two-
lane roads shall be as follows :- -
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Design speed in Overtaking sight distance in feet.

miles per hour. (Minimum)
25 450
30 $04)
35 800
40 1,000
50 1,456

The length of the overtaking section or zone shall not be less than
three times the sight distance corresponding to the design speed of

the road.

15.3. As has been explained already the construction of three-
lane highways is deprecated. Where the existing width of the
carriageway is such us to equal three traffic lanes in width the
carriageway shall be warked with & median line and sight distances

provided as for two-lane highways.
15.4.  Roads with four or more traffic lanes should be cons.

tructed with dual-carriangeways with a median strip separating the
traffic in opposing dircctions. Minimum overtaking distances us

in the following table should be provided.

Overtaking distances on
dual carriageways.

Design speed in
miles per hour.

{(Minimum)
Feot
26 250
30 350
35 450
40 650
50 700

156.5. Roads with ocarriageway suitable for a single traffic lane
i.e. 12feet and less, as in the case of village roads or roads on canal
hanks should have safe overtaking places provided at intervals and
the lengths of such sections shall not be less than 200 feet.

16.6. The overtaking sight distance shall be the digtance
along the road in which a driver whose eve is assumed to be four
feet above the road surface can see the top of an object 4 ft 0 in,
above the road surface.

10.

11.

12,

14,

16,
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RESEARCH PUBLICATIONS

USE OF STABILIZED SOIL IN ENGINEERING
CONSTRUCTION

Section II-Resistance of Cement-Soil Mixture to Action
of Water.*

By
S. R. Menra & H. L. UprpaL.
ISoIL Reswaron LasoraTony, KarxNaL)

A s0il compacted at optimum moisture content is more resis-
tant to action of water. than when compacted at moisture con-
tents above orbelow the optimum The resistance obtained t!xrough
compaction at optimum moisture content is quite sufficient in
ordinary weather and ground conditions but where the soil is
subjected to the continuous action of water as in the case of road
bases in water-logged areas, or where it is necessary po prevent
surface softening as in the case of stabilized 8oil butldings, some
further treatment is necessnry to create increaged water resistance.
The addition of certain cheap chemicals i8 one form of gucha
treatment.

For cheapness of treatment it would ohviously be advisable to
use a waste product or by-produet from an industry. Soluble bin.
ders like molasses which is n waste product from sugar manufacture,
lignin which is a waste product in cardboard manufacture and
‘“Jjharun’ which is waste product in * katha” manufacture were
tried. Lignin and jharua are available only in very limited
quantities in India.  As they are also supplicd as dilnte emulsions,
the cost of transport limits their use round fhe arcas where they
are produced.

Molasses showed very promising resulta.! But by the time
research on this material reached a stage where practical field
work could be undertaken, other industries such as the manu.
facture of alcohol found a more profitable use for this product and
its cost rose up sharply so that tho materil was no longer cheap
enough for use in soil work.

Among the standardized materinls, cement was considered to
be the most convenient for this purpose and it was decided to
try its effect on the waterproofing  quality of the local soil.
Ordinary slow-setting Portland cement, an analysis of which is
given in Table |, was used all along in this study.

® Roction I of thix serios wis published in Vo, XiV-Part 3 of Dec. 1049 ‘

T The results ubtuined will be publishaed Aopnritoly,
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Table 1
Analysis of slow setting Portland cement.

Result Requirement of B. S,
obtained Specification No. 12-1949

I. Fineness of Grinding.
Residue on B. S. Mesh
No. 170 5.96 per cent Not more than
10.0 per cent
2. Chemical Composition  Per cent.

Lime 62 80
Soluble Silica 23 54
Alumina 4.77
Iron Oxide 108
Magnesia 1.24 Not mere than 4 per cent.
Sulphur calculated as SU3 .48 . 2.75 per cent.
Loss on ignition 2.89 4 per cent.
(in hot climates)
Insoluble residue .4 Not more than 1 0 per cent.
99.66
Net proportion of lime to
Siliea. Alumina and Iron
oxide calculated by formula
in claugo 4 of BS.S. 12-48  0.»i Between 1.2 and 0.66
Net proportion of Alumina
to Iron uxide 2.41 Not less than .66

3. Tensile Strength (Cement
and Standard Sand Mortiu |
3 days (average of ¢ bri-
quettes) Ib persq. inch. 410 1b  Not less than 300 Ib
per 8q. inch,
28 days (average of 6 bri- N
quetts) 1b per sq. inch.  52%1b  Not less than 375 Ib
per sq. inch.
b. Setting time. .
Initial......... 130 min Not less than 30 min.
Final........... 3 hrs 35 min Not more than 10 hours.

6. Soundness.
Expansion after boiling
3 hours in Le Chatelier
Mould
(8) Unaerated cement 1.0 mm. Not more than 10 mm
Four types of moil generally prevalent in the alluvial plains

O'f the Punjub were selected for the Strlld‘\’. The }')hySi(‘ar] characte.
ristics of the nojis experimented on are given in Table 2.
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OPTIMUM MOISTURE OF CEMENT- %) . al |3
. -
SOIL MIXTURES. - ‘;‘ '\5\\ o
AN
The optimum moisture of a soil changes by tho addition % X N e
of cement to the soil.  Moisture.density curves wero therefore O )
determined for the four types of soils, using increasing percentage
of cementto find the optimum moisture corresponding to each per- W = low
centage of cement. The results obtained are plotted in the Fig. - EJZ Q i cx
on the next page. 5 - o |<F
- <« . o 2
It appears from the figure that in the case of soil No. 1, which ; ad / < _Qg
is a silty loam soil, there 18 practically no change in optimum - =W | g
moisture and density valucs when coment is addod up to 2-5 per z| X Nl Le
cent by weight of the dry soil. When the cement added is 5 and - > v
10 per cent of the soil the density is lowered slightly and the | - L 0o
optimum moisture value increased by 1 por cent. i ) (73 o
o
In the case of soil No. 2 which contains more silt than moil - Oz “L\\ ¢
No. 1, there is no change in optitnum moisture for an addition of bt
cement up to 1 per cent. A further addition of cement of 26, 5, i O
and 10 percent increases the optimum moisture by 1 per cont and - L@
lowers the density considerably. In the case of soil No. 3, which is " %‘ L
a silty clay soil there is no change in the optimum moisture value S % L ¢
and density with addition of 1 per cent cement but with 256 and 5 I O
per cent cement although there is no appreciable change in the }‘(7) -
optimum moisture value the density falls slightly. With cement 10 i =L
per cent the optimum moisture value increases by 1 per cent and L &) L2
density falls considerably. =
y @
In the case of soil No. 4 which is a loam soil there is no change i ll
in the optimum moisture value and density with an addition of \ \ rw
I URED G g § PR SESTRIND U SIS W

—LM._LAL.-LL_;&_L_L_L_J
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oement up to 2:5 per cent. With cement 5 and 10 per cent the Table 3
cllen;;tze;v;,lls only slightly and the optimum moisture incroases by . Effect of the addition of cement to soils on
P ' their water resistance.
RESISTANCE OF CEMENT-SOIL MIXTURES Soil Hé‘é Per cent Dry | Disintegra. Weight
TO ACTION OF WATER. Ol 1S & |moisture off Bulk | 18HITEER e after
No. | § \ tion time. =
g3 | 15 months.

compaction| deunsity.

To study the resistance of cement soil mixturcs to action of

water, specimens were made with all the four types of soils by Mouths Days Hrs. Mins.

compacting 200 grams of dry soil at optimum moisture. In 1 0 10 IS 12
compacting the specimens with the different percentages of cement, 0 13 1-81 20
the corresponding optimum moisture value as determined in Fig. 0 16 1-75 18
on prepago was used. Blocks werc compacted with compaction - .
apparatus described in Part I of this Series (page 299, XIV-3) at 1 19 177 .)ll)
40 strokes of 51 Ib sliding weight. The resultant blocks had a dia- ! 13 150 6o 1
meter of of 2-5 inch and a height of about 1-3 inch. Other blocks ' 16 1-80 3l
were also compacted at moistures alittle ubove and below optimum 25 10 1:75 12 10 —_ -
value to find the range in optimum moisture valucs which could 25 13 1'80 14 7 — — 2313 grms.
be permitted during field construction without seriously impairing 25 16 175 3 - — =39,
the desired stability. 9 0 10 182 15
The compacted cement soil blocks were cured under wet sand 0 lf }:é ig
for & week. These were then allowed to dry slowly in the shade 0 !
and finally dricd in the oven at 50-60 (. 10 constant weight.  The ! 10 181 41
blocks were then immecersed under w ter at a temperature of | 12 182 1 52
20-25C. and thcvtime for complete disintegration was recorded . l 14 182 51
The results are given in Table 3, for all the four types of soils. 95 10 1 82 0 T — 59-21 grma.
' It was noticed that disintegration started almost immediatelv 2? 1o H:Z) i 20— -
in the case of 1 per cent cement-soil blocks, the edges boing the 25 14 1-8¢
first affected The disintegration in the case of silty clay and 3 0 10 1-91 21
loam soils (No. 3 & 4) was slower than in the cage of silty loam 0 12 19l vl
soils (No. 1 & 2). 0 14 1'82 16
. _ J—
When 2:5 percent cement was used, the blocks remained : }(Z) }:))}t 3:; - -
almost intact for about a mouth, wnd the disintegration on the i 14 l';%" 34 — -
whole was so slow that obscrvations were given up after 12-15 .
months and the dry weight of the block left behind was recorded 2:b 10 1-91 Over 15
for each soil (vide Table 3), ’ 2.5 12:3 1-97 months 63:69
25 14 1-82 , )
Similar tests were made with soil blocks prepared with 5, 7.5 : 4 0 9 1-91 7
and 10 per cent cement. It was observed that blocks of all' the 0 1'1 1.1,7 33
four types of soils remained intact even after thoy were under 0 13 1.;)] 24
water for 20 months. These were very hard and it was not ‘ =
possible to find visually how far blocks of one soil were hetter than ; 9 191 : »
anothet. To simulate the effect of rain, the blocks were subjected 1 H 14 4323 -
to a jet of water with a velocity of 20 ft por second for six ho’url 1 13 191 42 — -
It was observed that the blocks were not uffected at wll. . 2-5 g 1-88 Over 15 — 72:02
2-5 11 1-01 months — 7536
2:5 13 1-91
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Since there was a significant differenco in resistance to water
between blocks with 1 and .5 per eent cement, it was considered
desirable to try intermediate perceentages of cement.  Similar tests
were conducted vsing loam soil only but with 11 and  per cent
cement. The results are given in Table 4.

Table 4
;o . Completc
Block No J Cement Density } time of disintegration.
1 1.5 1.92 27 duys
2 1.5 1.92 36 days
3 1.5 1.93 50 days--average 37 days
4 2.0 1.91 81 days
5 2.0 1.92 116 days—average 93 days

It appears from Table 4 that the addition of less ‘cement than
2.5 per cent can also make soil resistant to water for a short time
but it is not possib.le to mix properly such small quantities and,
secondly, such high densities are ulso seldom attained in the ficld.
In any case a liberal allowance has to be made for deficient mixing
in the field owing to the fact that machine mixing is'not. yet com.
mon in India and resort has to be made to hand mixing.

Doubts were expressed by some workers that cement, formed a
protective layer on the finished surface and once it wis 1emoved
the blocks could disintegrate quickly. To examine the correctness
or otherwise of this belief, blocks were prepared with 1loam soil
(No.4) mixed with 1 per cent and 2.5 per cent cement.  The compac-
ted blocks were cut into twoand then immersed in water to expose
the inner material also to the action of water. It was observed
that the blocks took almost the same time to disintegrate as the
uncut blocks in Table 3.

This shows that the resistance to wator of cement soil mix-
tures i8 not due to the formation of a protective coating on the
surface.

From Table 3it will also appear that with » given percentage of
cement varying from 1 to 2.5, silty clay and loam soils (No. 3 & 4)

present much more resistance to the action of standing water than
silty loam soils (1 & 2).
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This may be explained by the fact that in the case of silty clay
soil, & certain amount of active clay is lpf’c over :\ft'er cement action
and, when this clay comes in contact with water. it swells and clogs
the surface pores thus preventing entry of water deeper dowp. In
the case of loam soil the resistance is due to the proper grading and
packing or soil particles.

But this relative resistance to water is explained by the fact
that silty loam soils (1 & 2) when mixed with cement produce
lower densities than silty clay and loam soils (3 & 4). These
latter are clayey and well graded, and therefore require more
cement to granulate loogely packed particles of clay. But as the
quantity of cement is gradually increased to such an extent _tha.t;
there is enough cement to granulate ali the clay particles, inspite of
their loose packing, the behaviour of all the four cement-soil blocks
is almost identical. This means that the gnuantity of cement
roquired is closely related to the ultimate density.

The fact was further verified by compacting blocks of loam
soil with 2.5 per cent cement, at increasing moisture content, The
blocks were cured as usual and then tested for disintegration under
water. The results are given in Table 5.

Table 5
Liquid| Thsti- - Sand Moisturel o qi pime of dis.
Soil |44 iy city  cement of com- b Siie kion
Hmit | dex oontent paction | )
Per cent
Loam 24.2 9.0 56.0 2.5 12 1.83 68 days
14 1.86 Over 12 months
16 1.83 Y1 days
18 1,79 7 days
20 1.75 5 days 6 hours

Vv —— gy

It appears from Table 5 that an addition of 2.5 }.))er cent cem;:nt
which can make a soil resistant to water forabout 12 montl;s, w] eg
compaoted at an optimum moistvn:e of. 14 per c.ent, almost is trl:’ntse.
when the moisture of compaction is rn‘.lsed to 20 per cent, tha r\ls
the moisture content at which density falls and surface arcas
increase considerably. Therefore whenever a percentage ofgemg:t
is presoribed for a corsain cement-soil work, the minimum ?n?} v
to be attained should be specified, and also the permissible grading
of s0il in the field.

24
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If for any reasons it i8 not practicable to control the moisture
of compaerion and therefore the resnltant density, then the q\m,n(.i-
ty of cement has to be so adjusted that it makes the (70m]):u't('<i
goil resistant to water at all practicable moistures of compaction.
Apart from resistance to water the compressive strength of the
resultant compacted mass has algo to be considered in construetion.

CEMENT CONTENT FOR LIGHT COMPACTION.

It was experimentally determined that for a very light mode
of compaction giving o low density, & moisture content of 18.20
per cent is reguired except for o very clayey asoil. With this
moisture content nil the four types of soil. mentioned in 'Fable 2
can be compacted with a small force. The conditions approximate
to brick mould:ng practised in this country. Experiments were
therefore carried out to find out the resistance of eement.goil mass
to water, when o light mode of compaction was naed.  Sandy loam
goil was used for the study and the results are given in Table 6,

Table 6
Liquid limit 24.2 Plasticity index 9

Sand content 56.4 Optimum moisture 14.0

-~ 4 AN
Moisture of Densit Quantity diri r\.mre t(!f)n
compaction y of cement, tRintegri
per cent.,
20 per cent 1.72 3 b days
1,72 4 7 days
1.72 .00 Unaffected by water
1.72 7.5 for 12 months.
1.73 10.0J

It will appear from Table 6 that at least 5 per cent coment is
required for the above tyne of soil to ereate some resistance to

water. A liberal allowance has, however, to be made for field
conditions.

EVFECT OF WETTING AND DRYING.

The study carried out so far gives an idea of disintegration of
cement-soil blocks to continuous action of standing water. This
by itself is not a complete atudy and should give only a rough
idea of the stability of cement.soil structures. The deductions

; 19
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. apph to permanent
from this study cannot be confidently [!pgt:(?ving ‘Eventhering
structures exposed to W““th”mg’Mt‘mln. t . cooling and drying

. S U PR S wettinu iratny, ¢ e ¢
action the efect of eyeles of we = PPN were. there-
has algo to he taken into consideration. 'I;J:\\pl( T:L“: “:2 all tixe four
. coting coment-soll blocksobadl the A
foro, carried out by subjecting cetbit . otting and drying.
by pes of soils pro\'iimml\' used, to the aetion of “i}nmi]‘:)?ks n};dér
A ! £ ; R . ; a8ing ¢ :
The detail procedure consisted of ermilxslr%)‘] 1thcn heating the
water tor five hours at rooln e :i‘l} block was then
. con ot 71°C for 42 hours.  Lie s e
wet block in an oven at 717°C S tepis . d off
allowed t\() cool for an hour. The loose mutelds li W(l'i‘}}x)ir;sll:ehour;
and the loss in weight of the MO.('k (‘11-1;¢]'rr(1i111‘$;'l(]. and conforms
operation formed one eyele of weiting Al b ste %ilitv of cement-
to the standard test used to detm;“mlv l‘lt" i dw)‘xs ‘gubjected to
> shatidi ; K Jaclt block we
1 omisbires aoaingt weathering. ¢ ) . .
SOil mixtures agivl l?mﬂ in weight determined at the end of cach

12 eyeles. and the o Jost morc than 3 per cent was considered

eycle. A mixture whie
unsuitabie.

. S aoils Wi iffcrent per-
The results obtained with the four soils with ?&g;r(hmgges
By . . QA N " . v b 1R
contages of cemoent are given 1u NNU fy {i h‘th\oorlwble
woero Tnsigniﬁu;unt, and nave not been ineladed mt apie.

SRS - yer cent
It will appear from the dada Jable 7 thatone lq(ted ot
. i o vl . . . 3 N <
ement when used with any ot thie four soils. and (vom;l)(l drying
v v - " ane ]
optimum moisture cannot create o Alxtanee 10w ('tt”}]g ompacted
. - » g <
bE‘V()ml tho second evele even when the Jensity of the comp
mixture is fairly hivh.
- d and com-
When a o meentoation of 2o per cent was ];He;i},;f:ck -
o ; Coeontent the compae v
yacbed atl oplimunn molstute ol N : ¢ case
pasted ol 1 s aetion of wetting ud drying only in th
fully resistant to the acti 5 .
of mlyy loam and loam golls (1, 2.+

) e 1L . {s percentage
The reason for failure with silty loy ?”” m]vd t}lleftlover aft%r
of coment was that a little cxcess clay which \“\81 off on drying
cementing action, got soft when wetted (nni- pee l(‘ o when euch
The S'nnu’ X eeus Clay howoever ,-(-,mr(]mi disintegra The phenO'
blocks were (,'()[l['-lllll‘()llﬂl_v "XI"’””i e M“wm‘lg w“}tcrcorrcsponding
menon montioned above was 1rue ouly for e
denuitioy.

. o ement were

When higher concentrations tike 5 1o 10 per ,kfi;z(l’iensi each in
used. and ‘_(;m[’“’("t(,d to the densities nu,-mm{lt(. it 1o the action
Tabje 7 all the four types of sotla were {ully resistal being msigniﬁ-
of WO“-thuring. The ]()SB al the enil Of sach (‘}-Clt’ { 12 ('yC]eS 18
caut has not heen mentioned. The loss at the oud g with 3 to 10
8LVOn. Tt mus ho observed that the blocks preparl€c 12 cycles of
Per oent cement increased in weight at tvhc end Otthc fact that
Wotting and drying. ‘This may b cxplained by
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Showing the loss in weight ol

cement, while setting, combines with & few molecules of water, and

this fixed moisture cannot be driven ont at. 100°C.
Density I 2
SUMMARY. T
¢ The gﬂﬁcl‘)t of addition of coment to soils on their resistance Soil No. 3
0 water has been studied.  The results show that the addition of
: ) sults s at the : o  cement, 1.92 1.6l 3
a small quantity of cement can make a properly selected soil com- 1% cement 2 6,- 3 ,O
pletely resistant to the action of weathoring when compicted to 113(1) ;g’ 3'4(‘))
a certain density. > A 96 1.4
RT 2.5% cement. 1.91 0.80 0.35
Bibliography. & 1.89 0.3 —+0.45
. ) x4
1. Investigation of unconfined compressive strength of 1.91 0.3 0.45
goil-cement mixtures. 59, cement. 1.90 0.79 0.79
U. S. Waterwiys Fxperimental Stati : 191 0.0 0.50
¥ perimental Station, 1962, 1.91 0.27 00 4+
7.5%, cement. 1.76
1.78
109, cement. 1.77
1.77

Soil No. 4

12/, cement. 1.92 0.0 0.0
1.92 403 +0.2
1.92 0.0 0.50

2.5% cement. Lol 401 +0.20
1,42 0,0 0.05

1.91 4035 +40.40

b+

6% cement. 187
1.87

7.5% cement. 1.85
1.86

1 cement. 1.83
% 1.81

INDIAN 1



BILIZED SOIL IN ENGINEERING
CONSTRUCTION

USE OF STA

Section JTI—Compressive Strength of Cement-soil Mixtures.
By

8. R. Msara & H L. UrraLr.
{So1, RESEARCH LABORATORY, KarNaL.]

One of the essential properties of a building material is a
fairly high compressive strength. Burnt brick has for a long time
Leen used in the majority of conatructions of the ordinary type
hecause its compressive strength was known generally to lie within

cortain Hmits.

t of the study referred to in these notes was o
jnvestigate the. possibilities of so improving a soil that it attained
a compressive strength well comparable to that of burnt brick.
The soils sclected for the study have heen described already in

Qestions | & I of these notes.

COMPRESSIVE STRENGTH.

The objec

Rlocks were compacted with all the four types of soils with
i, 2.5, 5, 1.5 and 10 per cent cement at the corresponding
optimum muistures. jompaction wus carried out with a shidiog
weight of 5 1b falling through » height of 15 inches, and 40 such
strokes were adopted as the standard. Blocks were also compacted
using wore and less than the optimum moisture to find out the
effoct of small variations in the moisture content.

Blocks were made using 200 gm dry soil mixed with increas-
ing percentage of cement. The resultant compacted biccks had
a dinmeter of 2.5 in. and u beight of about 1.3 in. These were
oured under wet sand for a week, then allowed to dry in the shade
and finally dried in an oven ab 50 deg. C.
nd the

The dried blocks were tested for compressive strength &

results are given in Tahle 1.
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Table 1

Showing compressive strength of cement-soil mixtures.

—r—

Compressive strength in Ib per sq. in.

Soil|Percent !
No. ! cement. Jnitial [P
| crack failure
1 2 3 4
1 0 322.60 147.2
1 208 300
2.5 338.0 500
5.0 4220 527
7.6 614.0 694
10.0 800.0 827
moisture
10 per cent
2 0 490.2 547.2
1 376.0 490
2.5 440 597
5.0 579.12 T29.6
7.0 642.9 848.11
10.0 921.1 1026
moisture
10 per cent
3 0 718 960
] 831 831
2.2 742 900
5.0 Ki4 904
7.5 1142 1381
10.0 1507 1637
moisture
9 per cent
4 0 T18.2 T
1 440.2 761.0
2.5 T48.7 1030.5
5.0 %08.4 1276
7.0 9y1.2 1367.4
100 969.0 1380.0

Burnt brick No. I
No. 11

[ . '
L 10 per cent moisture

13 per cent
Opt. moist )
Initind - Iinad
erack  tfuilure

0 6
300 431
376 407
404 600
H2H 664
727 837
021 1050

moisture

12 per cent (Opt.)

412.6 531,76
300,06 H32.28
D3S.H 6557
5540  ~30.4
H17.5 4699
760 1109

moistur.

12 per cent (OM)

ale 1044
831 950
SGU 1026
L 1oy 1200
1012 1378
1650 L1650
moisture
I per cent (OM)
73N 430
tH4:2.u TH0.4
TH9.0 9HH.0
9667 13224
1196, 1396
120%.4 1608

Initial crack
663

574

L 16 per cent
moisture
! foitinl - inal

, erack  failure
% 8
355 205
237 237
300 400.0
304 406.0
604 604
509 703
moisture

14 per cont
101,28  538.0
3442 517.6
442.3 647.5

A6 676
743.3 834.5
726 305.0
moisture
14 per cent
688 820
678 T2
114 545
837 1128
H40 1030
GUHH 1244
moisture
13 per cent
6H4.3 S13.9
YR 729.9

950.0 1066.1

939.3 120~.4
1212.5 1482.0
1214.0 1500

Final failarc.
2021
2213

. ‘
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It should, however, he mentioned that the size of block for
determination of compressive stre.n;:th should ordinarily be such
that the height is two times the (ll:xmgter, because the shear planc
ordinarily develops on an angle with the horizontal of more
than 60 ;{eg. But it was not possible to make b}ocl.(s of st_andard
1 2 ratios with the apparatus available. For comparison Wlth well
burnt brick, cores of the same size as the compacted soil blocks
were cut ont, of bricks and tested for compressive strength. The
values have been included at the foot of Table 1.

In order to find out maximum compresgive strength that can
be achicved by the addition of cement, hlocks of all the four soils
were made with increaging percentage of cemert up to 50 per ?egt:
To have a wider range of soils. soil No. | was replaced by sandy

loam so0il of higher sand’content. the detailed analysis of which is

given below. Soils No. 2, 3and 4 were the same a8 mentioned in

Section II Table 1.

P Q:E&)’}Exc)mngenble{

Tz 55158 EE ‘atk Total solids

Soil No. 1 | 281572 Ug):g EZ)pH o I\ggleoa oli
ﬁ“égw § Bglmel0 ooy

Negligible
Sandy loam

: )
The results of the tests ar given in Ta‘h{)e —ba;}?oslgoge: 23&1::;
low compressive strength of the prder of 1&()0}::3 e but. when s
inch, silty clay loam and loam sorlfs mia-}“ne:i fro:ﬁ a cement-soil
very high compressive strenath 19 ”b,lri' t of sandy soils.
mixture, {he selection shall have to be made ou
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Table 2
Showing maximum Compressive Strongth of soil with
increasing percentage of cemont when compacted
al optimum moisture.
——
‘ompressive strength in b/ag. in.
Soil used Cement at
DO per cent . , .
Initial crack Iinal failure

1. Sandy Loam 7.0 1545 2005

10.0 1975 23493

20.0 2775 3047

30 34465 3548

44 4250 4353

50 4490 4620

2. Silty Loam 1.5 648 969
10.0 760 1109

20.0 1604 1306

30.0 1947 2110
3. Silty clay-loam 7.5 FOY2 1378
10.0 16560, 1650
20.0 2123 2890
30.0 2343 3023
4. lLoam 1.6 11567 1396
10.0 1208 1608
200 2267 2501
30.0 2273 2508
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BEHAVIOUR OF SOILS WHEN SATURATED.

When designing wail cement housrs fo;' arcas of hea,\lfy rainfal
1w cssentinl fo know what compressive strength a cement-
soil mixture will have when fully saturated th»h water quk
earriedd out elsewhere o Tudit »mwals ‘thnﬂt thfx ,compfress!ve
strength of completely wet biocks is ahout 60-T4 per cent o dried
blocks.

For spructural stability it is also important 1o know the effect
of rapeated eycles ol weltiny “’”'{v dry”,’g konl tb{;{ cmilpreas;;;?
strongth of compareted coment soil.  Wor c‘f”!i ;'tu ’nm;h ;.
subjoect in other countries shows that the compr ssive lru gd 1‘3
coment-soil blocks increases by 50 per cent after 4 cyctes an 4

per cent after 12 cyoles of wetting and drying.

The offect of an increasing number of cycles of} wetting and
drying on the compressive strength of all the four soils ruentioned
i Poble 2. mixed with differort percentiges of cement was tested
and th results obtained are given iD Table 3.

3 that when the soils mentioned
b 2.0 cont cement and subjected to

above were compacted with 2.5 per cCHb & -

an increasing !IU]:I’})UT of cycl_cs of wettlgg 'd:‘dth(iry;:(gi f};esriexttilgo

approciable rise in compressive strengt (f b nd D ey l?}

but, ui tho end of 12 cveles, there was an lx:creast h"v Ly

Por,cent except in the cage of silty loam soil (No. 3) which showed

A slight fall.

It will appenr from Table

. : . 575
When the cotcentration of cement was g())crs%ez% mel:"c(:r';:: o
13 por cont there wue an increase of ?‘?Ougclpa ::Zld atpche end :;
compressive strength at the cnd of sx;\,cgl > rense in the cas
twelve cycles thero was & further apprecia (‘3« m; :;'il‘s ol t(;he
of silty loam (No. 2) and silty clay loam (No. 3) fO s bup § e
oase of sandy loam and loam soils there was no iur Hmorease

. t-soil mixtures gained in
after si " This showed that comen ; ,
at:::xa:,z :giﬁxeimatharing pffect, and the DCToase "} compresalge
Btmngth varied with the soil and the conocentration of cement used,

EFFECT OF CEMENT ON PHYSICAL
PROPERTIES OF SOILS.

It will be interesting 1o find out the chanues in physieal pro-

‘ ' bout by the addition of cement. The
porties that are b}'()\:ght @ wpes of soils for change in liguid
results obtained with all the f‘—”“r-nt)&‘?fbm 4. ¥ b

limit and plastic limit are mven

s N Ay Ntation, Apmus’ Report 1948,
¢ Hytlnr:dmd Kngineoris: Researel St 5 POrL,

26
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Table 4
Showing change in plasticity index of soils mixed with
increasing percentage of cement.
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It will appear

pear from 'I'ab)
the quantity _lable 4 that th ety
ent,il('lel;n(ii;:fgtogrcizgliﬁn:ﬁ'mreuﬂes. This efnrl)llaisl?lc;)tlyx,stl""'ltﬂx f"i"B e
e n the plastic limi asticity index is
additio ¢ plastic limit be ) '

n of cement the liquid limit ulmogl;‘:;:;:i“:]l) 't,oﬁlO pe.;- cent

thafiegtoc

SUMMARY.

Tests show th
E at compressiv
Z:,;obe 80 increased by an :deibi:n Bcf; n
ae buci?(x]l?pare favourably with that 0?
Ing const io
: ruction. The quantity of cement required t
\ rec ge}

attain the same co
mpressi
derably from soil to Soil, Ive strength a8 that of brick varies consi-

gth of certain Punjab soils
s]mzmll quantity of cement
ocally burut brick for use

FIRST IN INDIA WITH LOW-HEAT
PORTLAND CEMENT
O\

[RETTSEN

o SRR e R
Low heat of hydration reduces shrinkage
dams and massive concrete construction

This product fully complies  with

A

stresses in

\.C.C. have pleasure in annhouncing
hot they are now in a position 1o
offer low-heat cement from some ot
their works. This special cement is
intended for use in massive concrete
structures such as dams, heavy re
taining walls, and bridge abutments,
where a low heat of hydration is
essentiol to control the temperature:
rise in concrete during placing and
prevent shrinkage stresses and crack-
ing during the subsequent cooling.

For full details, please write

THE CEMENT MARKETING COMPANY

British Standord Specification No.
1370 : 1947 for low-heat Portland
cement. Copies of test certificates
are availoble uvpon request.

in view of the numerous dam
projects under consiruction or survey
in this country the development of
this special cement is of the utmost
importance and marks another step
in AC.C's history of continved

progress.
S

OF INDIA LTD.

sales Managers of
TED.

THE ASSOCIATED CEM

1 Queen's

ENT COMPANIES LIM

vood, Bombay




Telegrams
“ KAYMOBILE ©

§ Phone No, B790

NEW DELH L Offico o 43853
o o 44078
( o 6392

10.

11.

12,

13.

14,

B. K. KHANNA & CO., LTD.

CONNAUGHT CIRGUS
NEW DELHI-1

DISTRIBUTORS IN THE REPUBLIC OF INDIA

U. K.
gtROWETT LINDLEY LTD
steam Engines, Air Jas
pyoam r oand Gas (
lI;ODF,NS LIMITED

ump Trucks, Passenger Trucks
I;I{GH WOOoD & €O, Crp
tic Picke, Compraed vin e Gonveyors,  Preunva-
tic Pi sed Air & Electric Drilling Equip-
.[I(AIS GRUNDY & CO., LTD
elvin F 5 : ‘types,
Shuttering, Kelvin Stecl Tt e Steel Climbing,
JOQN M HENDERSON gr(;gkl;lﬁ‘.])l‘l'ench Sheeting.
?ernul Cableways, Ropeways, Acni'i [ Cal
l;’é:::’cdl::)rébfi‘lt::tij lz':'d%i Scrapers, CGranes of all types
Shioays, Sl;sp;nlSi(.";shBll.‘.mdling Plaat, Haulage (}Lall';:
Winepays: St ridges, Telphers, Transporters,
JOHNSTON BROGTHERS
‘4 s v ryy gy K] g

Eozg] Building Machine. (CONTRACT ORS) L'T'D.

. & L. STEEL FOUNDERS

. > . RS & ENGINFERS 11

Varlous' ‘I‘ypes of Mobile (:ri("l;l\l(-llellRS LD
jtlos(r;m BROADBENTS & SONS 11D
sf{v}‘;E}E%ﬁl{e];S(:,}o‘bt(‘me‘aml Ore BreukinI}.". M.uch' o
Gyr: N © ENGINEERING LIMITED e
syratory (:rushers, Cement Plants ete.
STOTHERT & PITT LTpy, el

oncret i 5, Cre :
Cran;:, eOl://Ie;);leer:& (’J[‘rrlenvtul:m{el Luffing Cargo Handling
Low Track G ! ing Cranes, Grabbing Cranes,

WALLIS & STEEVENS L'TD
&(gd R‘ollers from 2 tong t()’ 10 tons
ODFIELD HOIST & ASSOCIATHI
;Nll_)uslmms LIMITED AATED
ili Lqui 0 sene
Craggs. S:illrl)ir:;{nrti'ﬁ,s(,e;’]iemll-purpu‘?e Winches, Derrick
&‘Il{l isligny Cou‘plinl;:s,,me fittings, including rigid
Ch;[;‘ISAEI:/r[]dGRIFFlN & SONS L.TD.
FAIRBILS %t}t;llcglll;{?lr;t?)lnf Yuriol‘lS"'ypeslund sizes.
(i(l)lMPANY LIMITE]),‘ NG & {ENGINEERING
All Steel Welded Structor Wagons

ompressors, Condensing

al Gableway Dragline,

Teoloprams

(Phune No. 87%

“KAYMOBILE " X 43853
NEW DELHI. Ofice R 44978
. 6892

9.

10.

11.

12.

13.

14

16,

B K. KHANNA & CO., LTD.

CONNAUGHT CIRCUS
NEW DELHI-I

DISTRIBUTORS IN THE REPUBLIC OF INDIA

U. S, A
AMERICAN CHAIN & CABLE CO. INC:
Wire Ropes and Cables.
AMERICAN ROAD EQUIPMENT COMPANY
Road Graders- -Petrol and Diesel.
BUTLER BIN COMPANY
Hoppers, Bins, Batch Weighing Equipment All Sizes
and Types.
BUFFALOQO-SPRINGFIELD ROLLER CO:
Road Rollers-Diesel 1-12 ton to 21 tons, 3 Wheel,
Tandem and 3 Axle,
CLARK BROS CO. INC:
Compressors 700—-60,000 c.f.m.
Marine Alternator Sets.
GAR WOOD INDUSTRIES INC:
Road Wideners, Ditch Diggers. Aggregate Spreaders etc.
GRUENDIER CRUSHEK & PULVERISER CO:
Rock Crushing aud Sand Producing, Plants up to 600

T'ons hour.

KOEHRING COMPANY

Dumptors, Moto-Bugs, Pavers. Mud
Gonerete Buckets, Ete. Ete.
LAPLANT CHOATE MANUFACTURING CO:

Self Propelled & Tractor Drawn Scrapers, Hydraulic
Controls Litc.

LLE ROI COMPANY

Mobile Compressors—Wagon
Paving Breakers, etc. .
LIMA SHOVEL & CRANE DIVISION :

Cranes 60 Tons and above. Shovels 3 to 6 Cu. Yd.
Capacities with Dragline etc.

LITTLEFORD BROS. [INC: .
Road Making & Maintenance.

Black Top Equipmient luking
LONDON CONCRETE MACHINERY (‘0.'. LTD‘.
Gonstructional Self Priming Pumps. Hoists. Concrete
and Plaster Mixers.

PENNSYLVANIA PUMP & COMPRESSOR CO:
Compressors and Vacuum Pumps.

T. L. SMITH COMPANY ) .. .
Gonerete Mixers 1 to 6 Cu. Yd. Capaciues, Mobile

Truck Mixers 2 to 5-12 Cu. Yd. Capacities.
ROME GRADER DIVISION
Heavy Duty Motor Graders.

Diesels, Industrial and

Jacks Finishers,

Drills, Rock Drills,
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WARSOP

ROCK DRILL

The most modern

self-contained One

Man power-tool for

1. Stone Quarrying

2. Surface Mining

3 Prospecting

4. Trenching for power,
water & sewage lines

5. Breaking concrete &
general demolition

EENFORD

CONCRETE MUXERS

Miz=yo from 5 c.ft. max.
inpuat and 3] c ft. max. out-
put to 10 cft. input and
7 c.tt. output--with Diesel,
Kerosene, Petrol or Elect-
ric drives—available from
stock.

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-
nes includes:

l. Jaw Crushers & Granulators
2. Gyratory Crushers

3. Vibrating & Rotary Screens

4. Complete Crushing & Screen-

! N ing plants, capacity from 3 to
E ‘ IRED 400 tons per hour.
urmah-Shell will pe glad to - arEs o
adv‘cgwe you free technjcal Vi R-B( -
2 ICe on the use of Bitumen : '
} 1or vyour road develo TURDF
Programme. pment

i Cou:.ib tore, Madras,
and New Delhn

i

BURMAH.SHELL oL,

ST
{INCORPORATED IN ORAGE & p

ISTRIBUTIN
ENGLAND, G COMPANY oF Inpia LiMITED
AGENTS

R

<y o
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MILLARS

MACHINERY
Concrete Mixers——Tilting and non-Tilting Types.
Asphalt Mixers—g,,, Hot and Cold Mix.
Roller Pan Mixers—, Mortar.
Diaphragm Suction Pumps ,,, offective 1ift up o 25 ft.
Self-Priming Pumps ¢,, handling Soopage  at lowesb

possible cost.
Tower Hoists for speedy construction,

Complete Wellpoint Pumping Equipment i, dowatoring™
the only successful method of eombut

TIMBER

HARDWOODS . SORTWOODY . PLYWOODS

MILLARS’ TIMBER & TRADING CO., LTD.

(INCORPORATED IN KNGLAND)
Victoria House, Victoria Road, BOMBAY 27.
Telephone: 41077 Lelegrams: JERRAH

Branches and Aqgents throughout the World.

FRANKI

COMPRESSED CONCRETE FOUNDATION PILING

AND
REINFORCED CONCRETE SHEET

ing running sand.

—
— |

PILING
 All-India Products )

Sole Licensees 1 i

THE BRAITHWALTE BURN
AND JESSOp CONSTRUCTION

COMPANY, LIMITED

P-13, MISSION ROW EXTENSION,
CALCUTTA,

|
i

—_— ——
—

= Variable BIIESL

i “ﬂlﬂﬂlhlll‘lfllmlIHIH.’M |
3 L

L

o

e

R

that a 3 ton
Variable Ballast means, for exaﬂ'u:le,‘s3 s
Roller weighs 46 cwt. empty, near:"ea o e
with water and over 70 cwt. when fi

PARTICULARS ON REQUEST

BURN & €©., LTD.

MENT
IES DEPART ‘
ﬂ,cf.ﬁfmn ROW, CALCUTTA

- NPUR
BRANCHES AT - NEW DELHI - BOMBAY - KA ’




NEW £

3y ‘
ENaing > -8 TRUCK

¥ Webder says Boavs meons,

.
“Something given in oddtion to what Is viwel e sicty &%

ix

GANNON DUNKERLEY & CO., (MADRAS) LTD.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

*

SPECIALISTS IN DESIGN AND CONSTRUCTION
OF R. C. C. STRUCTURES, BRIDGES, BUILDINGS,

WATER SUPPLY AND DRAINAGE SCHEMES,

SANITARY INSTALLATIONS, ETC.

*

Registered Office :
14, BOAG ROAD, MADRAS - 17.

“« VITOPUS ”, Madras

Telegrams:

88316

Telephone:




For
PILING o
FOUNDATIONS

-

vavae

-
=

s

Consul t:

8|MP|.EX GONCRETE PILES (INDIA) LTD.

CALCUTTA MADRAS

s e

RS .

DT I

x|

AVING ASPHALTS ® INDUSTRIAL ASPHALTS
UTBACK ASPHALTS ® EMULSIFIED ASPHALTS
'd for technical assistance and advice without obligation
rite to:

TANDARD-VACUUM OIL CO.

(The Liability of the Members of the Company is Limited)
Sombay - Calcutta - Colombo - New Delhi - Karachi - Madras - Rangoon
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Jandola Road Bridge, North West Fronti ;
. ’ s P
Joist Spans, 36-feet, on Scr(:zz) l;’:le r;)):);:re. B RS.

BRAITHWAITE & CO..
(INDIA) LIMITED

BT - 20

xiii

,'l;-‘.ﬁwl):.:- 2

1. (Shalimar) Road Tar .v.._,f}?‘:ii.g.{g‘,;:'ﬁ.gﬁo_g'f’.
o A AR gL
2. Waterbound macadam.» ”:mgﬁibjfé&'.
. Adequate soling. —————— A."
. i L I HX ,
4. Stable formation. /_;/:(—\?3;136/_:1’5(;\ ENETA)
[AANGE ) TF ENNTYH 2

AT ;

AR A1
o s oLt TAR PRODUCTS
URMNER MORRISON & ’ . ( |935) LlMlTED

6, Lyons Range, Calcutta,l.

TMK Y
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JOHNSOMS® ViISRATING SCREED

Concrete Vibration needs no introduction to
civil engineers, und the experienced engincer
knows that Johnsons’ Vibrating Machines make
his work efficient, simple and economical.

Apart from the Vibrating Screed, illustrated
here, Johnsons’ make other wmachines for
contractors engaged in road making.

C. H. JOHNSGN (Machinery) LTD.

Sole dgents for India and Palistan :

KILLICK, NIXON & CO., LTD.

(ENGINEERING DEPARTMENT)
Killick Building, Home Street,

Fort, Bombay I.

Telegrams: ““ KILLICK ** Telephone : 30901

-

S

. PORTLAND /jtANO

4
. P
Pt von

48455 T TRETIN

N

HAER ARE SOME ADDEU ADVANTACGES

Neat, clean and dustless pucking

Absence of seepage and no waste

Thorough protection from moisture

Easy to handle—paper bags count 24 to the ton
Convenient in proportioning concrete—paper
bags contain 1 cubic foot of cement each

ACC Comont, in jute bags marketed under brand names
horetofore will continue in sbera~m ~upphy. Thess v

con'win L1 Ihe,—makin:e 20 buos 1o the ton,

THE CEMENT MARKETING COMPANY OF INDIA LTI

Sales Managers of

THE ASSOCIATED CEMENT COMPANIES LIMITED

1, QUEEN'S ROAD, BOMBAY.

e

M s
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xv
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Aihm na;ural design, so in human accomplishment

e i »

: dperlect dsolutlo'n to a problem of construction
is developed by trial and error from the prototype

The development of Wheeled Locomotion has
duced the perfect form of road trans ore L')m—
t}.le perfect type of road to suit its SL")ff‘dnd
highway that is built on foundations I())frp‘obL rere

reinforced with \ ronerete

BRC

Welded Fabric

No other : :

}1111‘ulthud ot road construction will carry
any whee | e
hoy ) ! load, however great, over any ground
gcﬁvcr‘ soft, and give such scrviceable x‘:rcnﬂrI‘
and iresistance ' ( ‘ .
¢ to wear at such nculigibie main-

tenance costs,

Sole Agents :

HEATLY & GRESHAM

ESTABLISHED 1892 LIMITED INCORPORATED IN ENGLAND

0. ax 190 e
P ' . - Box 225 P,
R ¢ (()) 4 ,\(), Box 228
CALCUTTA ) B IVIBA& TADRAS
P. 0. Box 45 1,13 r S |
L y Cnnnuu;.,ht Ciren

NEW DELYY

xvii

MARSHALLS

FOR

% ROAD ROLLERS.
% STONE BREAKERS.
% GRANULATORS.
% DIESEL TRACTORS.
4 CONCRETE MIXERS.
% CONCRETE BATCHING PLANT.

* CONCRETE SPREADERS AND FINISHERS.

* EARTHMOVING MACHINERY

ETC., ETC.

CONSULT - -

MARSHALL SONs & Co. (India) Ltd.

CALCUTTA, BOMBAY1 MAI)RASy NEW DELHI.




Leading roadway authorities
are making the most of the
P&H Stabilizer. Itis the proved
method for building stabilized
roads of controlled quality—
at important cost savings.

The P&H Soil Stabilizer makes
it possible to produce a

ROADWAYS ARE
FOODWAYS . ..

and uniformity, mile after mile.
And because it does it so
quickly- atasingle pass costs
arc far lower than before.

SHOVEL

The P&H Soil Stabilizer is the
only single pass machine ever
successfully designed for all
types of stabilization work.
Full information about it may

DRAGLINE

finished road that willmeasure be obtained from your P&H
up to requirements in strength Distributor.

hoa awie ot

g

TRenc b ot

Wi US A P }
e i aﬁ/‘

SHOVEL s s S

BETTER LIVING thieugs BETTER BOADS

P&H DISTRIBUTOR
PASHABHAI PATEL & CO., LTD.

Couisituction House - Ballard Estate - Bombay e
”<Y sarn®

xix

BITUMULS

COLD BITUMEN EMULSIONS REQUIRE
‘ NO HEATING

1 929
« Direct From Drum 1o Road

For construction of :

ROADS
F()()'l‘l’A'l’HS
ASSEMBLY AREADS ‘
RAILWAY PLATFORMS ‘
AER()DR()ME RUNWAYD
yice Supervisors provided

' ; and ex-ser
Spray pumps an . N
" free for all major works

. £ TIC ’ om ;

BITUMEN EMULSIONS (inoix) LTD.

ot " et yordloery
I / ()”l’l I {oriy I/l}(/
o N

;. CALCUTTA.
7 1 HIDE ROAD, Kll)l)ERPORh, C

Y
PAKIS TAN FACTOR

LABORE (JANTONMENT.

Bl'l‘UMULS.

Telegrams :—

L mmmm——
—
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We can supply
Ex stock

Any Quantity
“«COLFIX” EMULSION
«HOTFIX’ ASPHALT

TO MEET
YOUR REQUIREMENTS

Please Apply :—

McLEOD & cO. LTD.
3, Netaji Subhas Road,
CALCUTTA.

Get Ahead-

with the

The Adams Motorgrader is the ideal machine for fast
and accurate service on your road-work under even
the most difficult condition;.—Look at these advantages!
* Rugged construction * High blade clearance

* Low fuel consumption * Long blade reach
# High front.axle clearance * Innumerable working positions

And spave parvis are aliways ready for yon !
Save costs of time and labour! Send to Volkart Brothers
for full details of the Adams Motorgrader now!

(VoL

Bombay - Calcutta - Madras - Cochin - New Delhi
Karachi . Lahare

VOLKART BROTHERS
(Agricultural Dept.)




FID[E TRUCKS COST MONEY
Barber-Greene

Pick-up Loader

Will Keep them
moving

USE IT IN GRAVEL - PITS,

COLLIERIES, SAND AND GRAVEL

STORAGE & DISTRIBUTING
DEPOTS

IT IS DIESEL-DRIVEN AND
MOST SIMPLE TO OPERATE

‘askyacks’

ABOUT IT

William Jacks ¢ Co. lH

CALCUTTA QOMBAY MADRAS
ey
7
P
N

-
/
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