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NOTICE

I. R. C. Session—February 1954.

There will be difficulty in securing reservations on account of

*Kumbh Mela® at Allahabad. Therefore, Members are advised to

get their reservations well in advance.
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INDIAN ROADS CONGRESS

NOTICES AND ANNOUNCEMENTS

CONTRIBUTION OF PAPERS FOR THE NINETE
SESSION OF THE INDIAN ROADS CONGRESENTH

The next General Session of

‘ § the India \

11ke]%7 to be held sometime in Ja.nuary-——nFe]::(r)ads Tomgress is
exact date, place, and programme of the Se oty 1955, The
municated to Members in due course. Pession will be com.

2. Prpcedure: Members who
on any subject connected with High
ted to intimate the fact to the Secre

and to send a short s ; .
possible, ynopsis of their proposed Papers

intend to congri
ontribute P
way Engineering  pers

> are re
tary, Indian Roads Congt};i:

as ea,rly as

On receipt of acce
ptance of the subi
¢ ubject m \
tg:VM;xaEzl;lcﬁr;;%rsneg should send his contribla'\:ggfl Otf the leper,
original drawi -Ongress, complete in all ® the Secro.
ol threerawu}gs, Photographs, ete., as ang Pe?eets and with
(double s accg)p]es of the typescript matter shotnld e;)n Teady. At
P on one side of good stout paper of foo? sent, typed
8cap size,

3. The complete Pa i
. " per, if int
?ﬁneteenth' Session, should preferablem[i)ed lo be. read at the
e next six months. ¥y be submitted within

From past experience it i
R D erience it is observed t
Z?friléta 1ir; t{)}:f;; c(?:trlbllx:mns at the lagt moga;tnxt’lov%;()f tk}lle Members

‘ work connected wij >, vuen the
l 1 ith the Ses ., OnBress
a,(gig 311:: t1(\)/143'(;61}}, Papers printed in the Jour?:{(m. As it takes
able ; mbers should have time tq 8t dand oo 16 18 degir-
nce of the date of the Session, it is hope(il %,h tapers well in

b} &

mak i
ake an effort to send their contributions as ang v Members will

h
Members may please not on ready.

. et
the year are likely to be carried gezrptapers received late in

0 the next year.

4. The younger engineers a i
tributo Papers whioh, if requine 58 v};?ﬁh({;ularly requested to ¢o
Indian Roads Congress offi ) ° su he

it i
e before publicatio:.bly edited by the

NoTices AND ANNOUNCEMENTS 7

5. MEDALS: The following Medals are available for
award :

(¢) The Mitchell Medal :

For exceptionally good Papers contributed to the Indian
Roads Congress in any year. This has been instituted to
perpetuate Sir Kenneth Mitchell’s connection with the
Congress.

(ii) The Indian Roads Congress Medal:

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

6. The Council have reserved the right to award more
than one Medal in any year or $0 withhold the award of a Medal
in any year without assigning any reason. All Members are
cligible for the award of the Medals.

% Rules and Regulations for the contribution of Technical
Papers and the Award of Medals are published on pages 8-13.



Il. RULES AND REGULATIONS FOR THE
CONTRIBUTION OF TECHNICAL PAPERS AND
THE AWARD OF MEDALS
1. The following Medals are available fop award :

(i) The Mitchell Medaj -

This is a bronze medal to be awar
Qe i 4 '(]ed ¢ 3
-jxl]y good P'apgrs contributed to the [ndﬁ),nrl‘l%ag)lal.ﬁsfo([‘} eXCeptml}_
(ll\’/In'y yea,l;. This h{ns begn mstituted to Perpetuate S_Ongress o
itchell’s connection wigh the Indian Roads Congreql i Kenneth
(+¢) The Indian Roads Congress Medal :
This i3 also a bronge me .
‘ : y é ‘ dal to be . :
lZF)‘in(;rb (éO]ls'Idel‘(‘d by the Council of the Indil;r,’]""lr%(iedw an‘nually for
¢ of & decidedly more tlhan AVerage merit s Congress to

2. PROCEDURE FOR CONTRIBUTION oF

TEC
PAPERS HNICAL

2.1,

t0 contribute Papers a few
General Sessions of the Indiax

Past had been 4,

O invite Me
months be e Members

fore the holding of the
On receips, the

2.2, 1t has, therefore
Members should he inv(it,edb,ee;:) d:

throughout, the year, ag g

, nd when th
z%cce,pged [.)a,peysv.should be publishee({ iﬂ;;‘e :ﬁa‘dy’ i that tho
noclety which, it 'ig hoped, will pe issued . Jqurnals of the

24, 1t will he realized that j
' . 2d that
effect to t}us new scheme if I\’El’emllfe:,
makes bhis special appeal to mempe
discussion throughout the Year at thej

ill only be possible to
8 co-oporate.
s t0 contribyte
I convenien g,

m give
I'be Counei]
Papers for

~
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3. RULES FOR THE CONTRIBUTION OF TECHNICAL
PAPERS

3.1. The Standing Rules for guidance when contributing
Papers, as now slightly amended, are reprinted below. It is
requested that Members read these rules and observe them when
submitting Papers to the Congress.

3.2. Members intending to contribute Papers to the Indian
Roads Congress on any subject connected with Highway Engi-
neering are requested to send their contributions to the Secretary

as and when these are ready without waiting for a special
invitation.

3.3. TFinal 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 number being
written on any one subject or for any other reason, it is requested
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 Congress Library and made availa-
ble for inspection by interested Members.

3.5. The Council have decided that Papers from non-
Members who are experts or who have specialized knowledge will
be welcome and acceptance of the Paper will carry honorary
membership for the Author for the year provided there are good
reasons that the contributor cannot join the Congress as an
ordinary member.

3.6. The Council have expressed the opinion that Members,
when choosing subjects for contributing Papers, should bear in
mind the fact that there is often a good deal more to be learnt
from failures than from success.

4. SCRIPT

4.1. The following instructions are for the guidance of
Authors of Papers:

a, ALL CONTRIBUTIONS SHOULD BE DRAFTED
IN THE THIRD PERSON. :

b. Papers should be typed on one side of good stout
paper of foolscap size, double spacing being used and
an ample margin (not less than 2 inches) should he
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left on the left 1 i
'V hand side.  A¢ 1 > ies
the typescr\pt matter shoulg gzs;etnhtrte copies of
¢. The .Author’s full name, deg} .
Qualifications ] al

\ and correct,
Eiven below the title of thepl?;;)aélr

ILLUSTRATIONS
all into
Line drawings,

b, Half-tones.

5.2 Line draw

superj ; made in }) i

nop u;zl‘fWhlte draw 10§ paper or tracing eloth.) algll(uindl?m ink on
or reproduction apq black line rint Prints are of

factory. Prints aro also unsatis.

gnation, academic
address should be

5,

5.1, Illustrations f

. two classes, iz,

ings should be

3. Diagrams which g

b. Plates which
sheots, ' Are generally oy feparate large gy,

5.3. Diagmm.s:~'1’he matter for the i
) : Journal ig i i
g)agttér ?;zedgpe (n‘early 1.1 in, height); therefore tlll()an:lvtr?t.itm
matts reducedgr?mﬁ should bp 50 made that the siz’e of the | tt;en
M or reproduction should he about 1/16 ; The
r rea of a page measures 63 o ' The
Therefore, the ] 4 in wide.

i . i in. deep },
o e the ;uilafte size of sych drawings wij n?;t Benerally he
be reduceq to one

. Thus, if 4 dia i
ore ' hus, gram is to
gh;;lgr of the size submitte by the Author, the | i
not be less than } inch in height e ltering on iy
5.4. Plates :-—-Plateg
that multipten of 24 ills'hould preferably be Prepareq ip widths

should b 1€ 8176 of letters sed i
than l/lg ?r(l) O?I?Se_n that after reductiop noertht::'ed e plate
5ize of the lotter shontq o0 A the width o 1o " VOuld be legs
etter should be §in. The thicknéss ofnl{h tllle minimuym
e

as this would

&3 reduceq p]mtogl‘ﬂvphi’
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5.6. Coloured inks should not be used. When it is desired

to distinguish lines, dotted or chain dotted lines should be used
instead of colours.

57.1. In drawing diagrams or graphs, the following points
deserve the consideration of Authors.

5. .2, From the stand point of pleasing appearance, a rect-
angular graph or drawing with proportions between 3 by &
and 3 by 4 is to be preferred to a square one.

5.7.3. The appearance and effectiveness of a graph de'pet.ld
in a large measure on the relative width of lines used in its
component parts, The thickest line should be used for the
principal curve. If several curves are presented on the same
graph, the line width used for curves shou.ld be lesg than that
used when a single curve is presented. Co-ordinate rulings should
be the narrowest in thickness. Principal reference lines such as
the axes should be wider than other rulings but narrower than
curves. Kor the size of reduction that is usually ado.p@ed, for
the 1. R. C. Journals, it is considered that t}}e thlpkest line when
finally reduced should not be more than 2% points, 4.e., 0035 inch
in width.

5.8.  Winished illustrations should not be folded for purposes
of despatch. When mailed flat, they should be stiffened by using
card boards or rolled with the drawing outside to prevent
cracking of the Indian ink lines and securely packed.

5.9. * Half-tones *’ are ordinary photographs and it is
necessary to seJ; that prints are clear, sllg}}tly over pru}ted and.
preferably glazed. Photographs which are dim or out lt))f ocus dfo
not come out distinctly in reproduction and make a bad ‘¢ half-
tone ’. Negatives should accompany the photographs whene'ver
possible, and will if desired be returned when done V&j;bh.
Captions should be written on the back of prints in soft pencil.

6. BRIDGE DETAILS

jontributing Papers on any bridge work actual-
6.1 llgeclle')r(;gficout are requested to give inter alia the follow-
ing details.

a. A site plan showing the road _and river for two miles
. on either side of the bridge site ;

b. A dimensioned cross-section of the roadway ;

¢. The loading on which the design is based ;
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d. The cosh per square foob of the elevation aroa com-
prised by the formation level and the bottom of the
foundations ; and

a.

The ratio of the total cost of the substructure to the
cost of those parts of

the superstructure as are
subject to variation with variation of span.

7. UNITS

7.1. Mewmbers ave particularly re
units of weight, measu

quested to use the standard
re, and eost given helow

STANDARD UNITS OF WEIGHT AND MEASURE

Description of work

Units to be adopted,

1. Road material such as metal
gravel or moorum, sand

100 cu. ft.
2. Binder in surface dressing
and grout Ib per 100 sq. ft.
3. Binder in premix, carpets, 1b per cu. ft. of aggregate,
eto.
4, Cement

By weight and not by
voiume.
6. Water Cement ratio --gallons of wytey per
cu. 4. of cement,
(assumed as 90 1b)
6. Cost and Rates In Indian Standarq cur-
rency (Rupees, ete.)

8. FORMULAE
8.1

Mathematical formulae should b
hand and not se

e drawn carefully by
t oub with the typewriter.
Y. ABBREVIATIONS
9.1. The use of abbreviations should be
620 x 3.3

avoided. ¥or
. should be written 6 feet 2 inches by 3 feet
3 1nckes. Similarly 2250 ¢. should be written as 225
degrees centigrade, and so on,

10. ITALICS AND EMPHASIS
10.1.  Only those words and

hrases whigl, -
in italics should he um?erlined.w e are to o Printed

ConrtriBurioNn oF TECHNICAL PAPEERS

11. PARAGRAPHING

11.1.  When divisions and sub-divisions are designated by

numbers and letters, the following symbols may be used in the
arrangements indicated.

L
IL.
1.
2.
&,
b.
(i)
(ii)
12. ACKNOWLEDGMENTS
12,1,

ions ing in the Papers should
Sources of quotations appearing in ; !
be stated am(l) acknowledgment should be made for all informa

tion culled from books, periodicals, and proceedings of sister
societies, ete.



1. PROCEDURE REGARDING TH

‘ ‘ E DISCUSSI :
PAPERS AT THE ANNUAL SESSIONS OSNTS;
INDIAN ROADS CONGRESS )

1. The order in which P 'S Wi
will be decided by the (,fmz:zcizllpms i

ken up f i i

- N or discussion
) 1 An

ing the Session, and intimate

1 10 members attend-
2. BEvery Chairman presiding at i

x&:‘l}l &(;, afgiioduc?'d t_o the mldience i}?x a.p{flhoep?ll;z: ::1;:.? Of‘ Ry .P
e ‘a}g‘mll mtroduce the Author and will calls‘ Suml_
re;;d ) Inltbm iLper ‘for discussion. (The Paper wiil tlx)pon o to
¥ mvinum ,: XF‘ctmy remarks shall not ordinarily takee baken as
L i can.m ‘to (}:. ‘unle‘s:; bhg Author had somethin e than
o came to i8 notice since the submission of i’gli n%w o Y
I et ‘x 8 xou‘ld be limited to 250 wordy. Aft he o the
ton, the Paper will be open o discussion °r the introduc-

) 3. To facilitate the conduct of i
22111; nfgr (v:::(;:xs smti‘ngs and individZ:?ullgﬁe?sn df,hf)};z 51 xation of
‘,,;fombl . ﬁc Segmt or oﬁer}ng comments at t&;e rﬁeetiesjrol?s o
e erm he Se éﬁ:{;"{/ well in ud\_mnce {al least 24 hours zé’fs '?\ﬂd
pacting) abou wouldagirs on which they would like %o spe:{: e
e me they oo Secr:ta(;: IJ[‘hose who hafvo not given the requ?rgg
be allomoy 1o the Sc e ¥ may, a,‘r,_the d}scretion of the Chairman

aper
arly,

4. A copy of or the
. 2 nature of the i
N o \ ' conLe by h
1)23(3):;1? tg fna.ku should be sent in advancevt:(l)bél\vhkh b e
per and a copy endorsed to the Secretary e Author of the

1f the comments are 1
o it . : s are likely to tak e b ;
W()lul (tihs‘)‘/ ég:fi?:'\beielingthydmathematica,le :ﬁg;t?eih:rn (1;:\
L bo desir: 0 §6 y

}oe‘&f t 2 woeks before the n‘ oty o bh?se % ihe o
0 have them printed and cir

2 B cul
meeting before the discussion

3.

1 minutey
agrams, jt
cretary at

an, be taken as
8 0n}3‘/ be required to
om ts. The Author will
as it the comments had heer;

explain generally the n

: . ally the nature of his ¢

if possible, reply at the m(»etin]rm3 It e
made orally. ¢

6. Members who do not want to g

of any issues arisi peak but want clarifieas:
remarie ot thansxlg out of the discussion of t?nt."“”ﬁ%tlon
¢ Author should write oy thlg introductory
eir

Queries op
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« (lomment Slips >’ which will be provided for the purpose while
the discussions are in progress. Volunteers will be deputed to
distribute and collect these slips at frequent intervals. The slips
will be sorted out by the Secretary and at the end of the talk by
the Speaker 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 fo comment on any Paper should send one copy of a note
of their comments to the Author of the Paper and two typescript
copies to the Secretary. A gist of the comments together with
the Anthor’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 lack of
time the discussion must be brought to a close, the Author will be
called upon to reply.

9. Tf the author of a Paper is unable to be present, he
should depute another member to introduce his Paper and to
reply to the discussion and should inform the Secretary
aecordingly.



IV. LIBRARY

1. Information and books on loan from the libraries of the
Consulting Engineer (

i d the Indian Roads
Congress are available to Members of the Indian Roads Congress
and can, on application, be had of the Secretary, Indian Roads
Congress, New Delhi under the following arrangements -

() For Members of the Indian Roads Congress who

are in the service of the Central or State Govern-
ments.

Specifically named books or literature
to enquiries on technical subjects will be sent to
officers of the rank of Executive Engineer and above.

Others should apply through their Executive Engi-
heers or officers of equivalent rank. '

(b)  For members of the India
are not in the service of
Governments.

in response

n Roads Congress who
the Central or State

Application for specifically named books a3 well
as enquiries for literature on technical subjects
should clearly state the Member’s roll number, hig
correct postal address, and the title and author of
the book.

2. The library is intended
source of information from whic
Congress, is enabled to answer e

primarily for reference.
h tl}e Secretary, Indis
nquiries addressed to hj

It is the
n Roads

m.
3. Books are lo

tinuous use. The lib

4. Ordinarily not more than two books Will be issued a

time, but in special cages a larger numbey may be issued af th

a
discretion of the Secretary.

e
5. The following rules will he strict)

{a) IBfo;)lﬁ) g.ie. issued. f(()irfone month in the fipgt, instance

18 required for g onger periog intima-

! y &N Intima-

t3on should be sent 4o the ecretary, Indian Roads

Congress for renewsl hefore , '

The book may then be re-ig

NOTE ; Allr Me
sybseription fop maor

¥ enforeeq .

mbers of the Tndian

Roadg (1 i ;
k ZPOSS, not Preny
e than 00 days. ape B tin arrears of

entitled borrow hoaoks.

6.
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at & time at the discretion of the Secretary, but in no
casc  will any hook be issued for a total period
exceeding three months.

(b) If a member does not return library books' when the
period of loan has expired or in any case w1_thm three
months of the date of issue and thus deprives other
members of their use, he will be liable for a fine at the
rate of one anna a day for every day of retention up to
three months and two annas a day thereafter up to six
months. The Secretary will also have no power to issue
any more books to the member until all the books al-
ready issued are returned. If all books are not returned
within six months, twice the cost of the books will be
debited to the borrower in addition to the fine referred
to above.

i i bers
¢) Current issues of Journals cannot be issued to mem
© outside the Consulting Engineer’s (Road Development)
Office, but back issues of certain Journals may be sent
on loan for a limited period.

e issued strictly subject to the condition, in all

@ cBa?szlg? :hra,t they will bey returned promptly 1f actually

required and called for by the Secretary, Indian Roads

Congress. Retentien of a book after it had been Feealle'd

will render the member liable to the same.penaltles_ a8 if

if he had retained a book beyond the period of original
loan.

: f books
Borrowers are requésted to take every care o
© while in their possossion, and particularly not to mark,
underline, or note on the pages.

i i i book ig
the period of issue to a borrower, any
a Ilf)’sgz?:}lg da.maﬁ;ed a8 to be unserviceable for future use,
the Secretary shall recover from the borrower a ml;m
equal to the cost of obtaining another copy of the book.

Instructions :

(a) No acknowledgment is required other than the postal
acknowledgment card.

(b) While returning books, care should be !Ja.ken to_get &‘hlfg
adequately packed to prevent damage in tra.nsll ;lgment
“should be sent registered and acknowle
due. ”
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7. General :

(a)
(b)

(0)

Rare or specially valuable books and certain books of
reference will not be sent out of the library.

Any book may, howev

! er, be consulted j ibr:
during office hours, consulted in the library

Members who retain books for long
they have been called back or for |
from the datejof original issue and
other members of the use of the
and/or charged subject to the pena
rules and deprived of all the privi
until the dues are paid.

er than a month after
onger than six months
thus selfishly deprive
books, will be fined
lties stated in these
leges of membership

LIST OF

V. NEW ADMISSIONS

MEMBERS OF THE INDIAN ROADS CONGRESS

ENROLLED FROM 28-—3--1953 TO 3--11—1953

S%‘Z.al Ilzfoou Name Address

1358 1755 T, C. Agarwal Agsistant Engineer, Central P.W . D.,
87-A, Colaba Road, BOMBAY,

1359 1756 Prem Chand Jain Assistant Engineer, P, W.D., Nahan

13606 1757

1361 1758

1362 1750

1363 1760
1364 1761
1365 1762
1366 1763
1367 1764
1368 1765
1360 1766
1370 1767
1371 1768

8. Rajendran

C. 8. Jain

A. C. Padhi

M. T. Narasimhan

G. C. Pant

. N, Mishra

K. R, Nagaraja Rao

Jagmohan Malhotra

A. Rangaswamy Tyer

M. K. Prabhu

N. I. Rana

G. Chalapati Rao

Sub-Division, NAHAN. (Himachal
Pradesh).

Junior Engineer, Highways,
KOVILPATTI, Tirunelveli
District (Madras State).

District Engineer, P. W, D,, B & R,
RAMPUR, (U, P.)

Assistant Engineer, C.W. & P. C,,
VI/15, New Capiial BHUBANES-
WAR (Orissa),

Junior Engineer, . W.D,, §/61,
T. B. P. Damsite, P, O. HOSPET
Talugq. (Madras State).

Agsistant Engineer, P.W.D., Long
View, NAINITAL. (U.P.)

Sub Divisional Officer, P. W. D,,
(B & R), P. 0. BERHAIT, Santhal
Parganas District. (Bihar.)

Assistant Engineer, P. W. D.,
Panna Sub-Division, PANNA,
(Vindhya Pradesh).

D-34 “C* Scheme. JATPUR
(Rajasthan).

Assistant Engineer, Highwaye,
NAGAPATTHINAM, Tanjore
District (Madras State).

Assistant Engineer, Highways,
CALICUT. (MALABAR-Madras),

Deputy Engineer, P. W. D.,
Chandra Bhavan, Takhteshwar
Plot, BHAVNAGAR.

(Saurashtra),

Special J unior Engineer, Highways
Divisional Office (Highways),
Chilakalapudi. MASULIPATAM,
Krishna District,
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Sertal] Roll Address
No. | No. Name adress
1372 1769 Hotchand Hiranand Kxeeutive Engineer, €, D, O.,
Mamtani Central Water & Powoer Comn-

mission, NEW DRIEILHI.

1373 1770 M. C. Turkbia Assistant Fngineor, Municipal En-

gineer’s Office, Crater, ADEN,
Arabia,
1374 1771 8. Krishnappa Surveyor Assistant (ME.8.), (o,
Shri M. K. Subba Rao, B3-7/125
Lodi Colony, NEW DELHI-3,
1373 1772 R. M. Gupta Assistant Engineer, Clo.
Sri Bagant Lal, Mithaporc,
PATNA, (Bibar)

Assistant Engineer Highways
P, 0. TIRUPA'I’(’I,‘U&i {x’mm),

.

1376 17738 K. U. Abdul Azecy

_TIR Nortl
. - _— Arcot District, (1\’1&(1rﬂﬁ~statc).l
: .« P Sinhg Uistr'm.t Engineer, C/o. Special
Officor & Inspector of Local
‘ _ Works, PATNA, Bihay
1378 1775 T, Selvam ‘

Roads Engineer c/
ds I3 s Cfo. Messyg,
Standard Vacoum 0il Company

United Indig, R
Box No. ;(lgt“l? Building, pog,

‘splanade
MADRAS-1 >

379 1776 K. ¢ it '
- U Prinja Regional Engineer, The

1
Association of Conereto

Rond, PaTNA," Pbibitio
VI. DEATHS
folloglil:gc(‘l):;ii;:hwe received with rogret; intimationg of t}
Serial| Rolz °
No. | No, Name l ~r N
) s dress

Anand Kuma,
Regional Rpg;

S80¢iation g(l)rflelcrl;,d W Gonercte

R BANCGALORy, "™
. U )

aram) buperintending Enging it
; ) or, Pw
- K NSORE, (Soust, India), " 2
guli artered Jq

Ngineap .
Subhag 0%(.(1 eer, 7, Nﬁtﬂjuc

B, 0 oo, UrfaRpe
HO()(,HLY. (West Beilglzﬁ.

ADDRESSES WANTED 21

Nawme Address

Seriall Roll
No, l No.

4 533 D. N. Mallick Executive Engineer, Mallick Villa,
Grand Trunk Road, BURDWAN,
(West Bengal).

5 1564 A, C, Mitra Assistant Engineer, W & B Deptt.,
Bengal, 6, Sura First Lane,
CALCUTTA-10,

6 RE. L <. (4, Bhate Deputy Secretary to the Govern-
ment of Bombay, P. W. D,
BOMBAY-1,

VII. ADDRESSES WANTED

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

Serial| Roll ? ‘
“No. | No. Name Address
[ 5 Banerji, 8. K, Assistant  Executive  Engineer,

Assam Rail Link Projeet,

SEVOKE, D. H. Railway,

2 887 Chari, T. V. R. Assistant Engineer, Puttur Sub-~

Division, South Canara Division,
PUTTUR. (Madras State).

3 652 Guruswamy, 8. (L.M.) No., 9, Appaswami Koil Street, P. O.
Mylapore, MADRAS.

: 25: , 8, M. L Asgsistant Engineer, P, W. D, Ijc
b1 Hagan Ranchi No. 3 Sub-Division,
RANCHI, Bihar.
: 26 w, D. Asphalt Sales Engineer, Clo. Caltex
b 1026 Hego, (India) Ltd., P. O. No. 155,
Ballard Estate, BOMBAY,

B¢ \ .M Ixecutive Engineer, P. W, D,

6wt Muthow ¥ Sinculsm Division, MUNNAR.,
(Travancore=Cochin),

7 90 Mohd, Aub Turab Superintending Engineer (Retired),

A/8 No. 220 Lane, Opposite Raj
Mahal Talkies, LINGAMPALLY,
Hyderabad-Deccan,
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Seriall Roll
No. | No. Name Address
8 11853 ? i
85 DPratap, B. Assistant Engineer, Planning

Circle, C. P. W, D. A9 g
Colony, NEW DRLHI 0/67, Lodi

9 1390 Sanyal, P. K. Executive Engineor B & R)

SHWERO (Upper Burma).

10 1325  Sharan, Raghunath ATy \ghngineer,  Watory
ineer, berways,
CHATBARA, Singhbhum. (Biha‘r‘;

11 682 Sreekantiah, C. K, Assistant Engineer, T
¢ ) er,

MALAT, Nortn 4 TRUVANNA-

Arcot Distri

12 1354 Srivastaw . rict,

rivastava, (1, N, Executive Engineer,
SAHARSA, 0. T, Railwa s W. .,

Retired  (hjop Engineer

Chadesghat High Sehonl ]1;2::‘3,

hid R S
pECcAN " TYDERATAD.

13 33 Syed Arifuddin

Paper No. 165

“ A NEW METHOD OF APPLYING
KENTLEDGE BY HYDRAULIC JACKS FOR
SINKING FOUNDATION WELLS ”

By
Pror. G. P. Nacarkar & M. P. AprE
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SYNOPSIS
The Paper deseribes

& now metl inki .
hy tho use of hydraulie jacks wh'(;l?dh”f sinking Joundation woll

s 8 for brig an
Sabarmati Bril © near D) ! hag boen..suuemsfiﬂlyi‘mnplo s

v . o ) yod at,
methor of appl & wlka, The merits  and derorits t the

me kentledge by sand bags are also given of tho older

1. INTROI)U’CTION

In the course of constructj ]

. : . . lon of the R.C.O. by

gx(:\;%r S?&a; }matl on Nadxaq Kaira-Dholkg Road thf%uiﬁmss t)he
A i ing wells economie putokly.
D0 the techn; Ty

cally and quickly.
developed an kentledge by hydraulic jacks was

2. SABARMATY BRIDGE

2.1. General.—The bridge is situated on tho major district
road connecting Nadiad to Dholka in the

district of Ahmedabad
and is an important link between Gujarat and Saurashtra,. The
road crosses the Sabarmati river about eleven miles from Kaira,
and six miles from Dholka.

2.2. Superstructure.—The brid
seven spans of 70 ft and two end
centre to centre of piers. The Buperstructure
cantilever. The deck slab is carried on a series of crosg girders
which are supported on two main beams. The main boams,
suppported on piers, have two cantilevers of 14

ft, one on either
side, with suspended spans of 42 ft in length resting on the
cantilevers.

ge is a high level

bridge of
spans of 56 ft

each measured
18 & balanced

"2.3‘ Substructure.—The beams rest on sliding and rocker
hearings fixed on the piers. Each pier consists of two R.C.C.
eol_umns, connectefl by a brace a4 the top, and erectod on o cylin-
drical well of 9 ftfmtegnal diameter with 11 in. thick reinforced
concrete steining founded on fipm soil ahout 40 £ pe} i
bed. Plate I shows the detai torg e river

steining has a 2 ft 6 in. high R.C.C. curb at tplers. The well

sinking, they were sealed at the bo
plug, filled with sand and finally sealed with 2 ft thick cop t‘
at the top. R.C.C. well caps, were provided on whiclhcrt?hg
columns rest.

2.4. In designing the wells, ski
account of the possible scouring effect,
consisted of layers of sand and below th
Plate II gives the cross section of the di
river bed. A bearing capacity of five t
to be safe for the type of =oil on which th

Kexrrenes »y Hynravnic Jacks 25
giving a safe total load of 520 tons for cach well.
load on the foundations w
buoyancy of the wells,

The actual
as 385 tons without any allowance for

4. SINKING OF THE WELLS

3.1. Plant and General.—The following

equipment was"
used in sinking wells,

Two boilers, two steam winches, three dredgers,d 2 ‘C,ZISICI';_’,;IB.
mixer, a concrete vibrator, six pairs of 50 ft lon'g". e(:rtxﬁe o
grabbi’ng six pairs of 40 ft long derricks for dg@phdz&,lllzouged %o o,

umps c})ise]s and other sundry equipment. flfh::’see -gr;a.bs b0 Do

Emken in hand for sinking atl? tl;n'?t; tl(l)euto(;her four wells were

) £ two wells whi < tions

actually usedegnlf);roflzu_ther grabbing or .undergosﬁg (l);giﬁedge,

bmﬁg‘p“il%a;‘a.tering loading and un!oadlngho teining, curing

zﬁ?sell?:g concretin’g of the next portion of the ste g, »
’

ete.

i i f Steining.—It is mnot
ting 4 ft 6 in. Height of § : . b
intel?(.{id bﬁ?]oigcusgs here at Iong*}s%x ths tlva'rrlli);fnsdtlﬁsig:iﬂifsoxi-
i i s sinking of the wells and the me: )
. dts‘llll:;g t}zsnb;;\the%mrt of the sinking, connecfted rrhlgh nt;:
Z;‘;l(;ca.timi of‘kentledge in the usual manner before
method was evolved, is given.

; jent to build up steining f.or_ &

bt ;vzsft %Oil;:)dat‘f?iv;lg.w After this height of thi iteémir:lg
e Ok down $o the ground or island level, another 6 in
1‘:’;?;1?: r\llms concreted. Thus 3 wgll '(t:fwi%l S Ezlvggltl})egr?scocx?venient

i eed, t .
i mltv:ege{::?ggl?:' gfn the steining concyétg;i ‘zzt v:'a,smrtll:)i
b h_a,ve . t'&egwibh the tools and the piant_ available 1 o iy 50
P prac'gl: to do so. The available derrick po]esbwet only T
oo pos%;l ebi er grab had a chain length of ﬁ Ouound eet,
" oy eth g%huin grab, well steining a)boveﬁ e g;b d, and
P ior rliing sp;»ce for free movement of ¢ sog];e o ot
ios#pfﬁ;;:ﬁ)lewg) inorease e k1llei1ght hgfotfh :b:ti]ili!:gngbove the ground
i all hel

?:vzltg;z' deﬁ?;%?: egz;.raéi?\?la.rly b%cause the wells had a tendency

to tilt during the earlier stages of the sinking.

. i kent-
: ed for applying
ictional Resistance.—The need I for a compara-
led 3 gbsirgcptéz?;]lv because the ‘dC‘S‘g“ plf-oc‘;:d;%an? very much
tﬁvgly small thickness of the Steltmlning sla,nd in the area was Oi
‘ ioht. The lead for meta ) in the use o
iiiusf(?e:v (?{‘gal,l%lundred miles and therefore eictOl:‘?;{SIYfeare 4 that &
these materials was 11ecess&1:yl- t Il:lf'z\rri(;z‘;eert’fective operation of the
large thickness of steining migh

4
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rail cutters if the wol] got stuck up in stiff ]
of 132 1b per $q. ft. of the 11 in. thick st
contribution to the sinking efiort against th
order of about 4 cwt, per sq. ft. of t}
come into operation during sinkj
steining would e reduce
Wwas sunk below the w

ay.  The dead weight
cining was but a poor
o skin friction of the
1 area of contact expected to
ng. The deaqd weight of the

d further duc to buoyancy when the woll
ater level,

3.4, Usual Method of Kentledge ang
Tn the beginning, when the now technic
kentledge by hydraulic jacks had not been developed, the wsual
methods of loading the wells by dead load were adopted. A maxi-
mum kentledge of 180 tons was required for some wells.  Pig jron

or other heavy materia] was not available for loading. Therefore
the wells haq to be load ith hags and boxes. To make
up 180 tons, about 4,300 cubic feet of

, sand had to Ve put on the
well (see photo ). This methoq had the followin

fes Disadvantages.—
{ue of applying the

g disadvantages.
(a) The
for each pier

arrangement wasg
> With only three

cumbersome, there being

two welly
fect eight inchey clear

distance

Phote I

Kontled;&o
by
Sand Boxes.

C KS 27
Kunrrngper sy Hypraviie Jacks

. , dead

between them. The grab had to work on zlrleier\:'teltl;ow;t;ﬁttge ;1(;315:‘-
: 1 therefore it was very inconv :

i;njtilx()louosnlo?m](ll( which reduced the working space for the grab.

b) To accommodate 4,300 cu. ft. of sand in a li.mi;ed stll)li(;:
¢ (t) iling up sand bags to a height of about 12 ft d(:in ssanmg
g;ssr:hl}‘:ger of a sudden collapse of the load from sudden
of the well steining.

: igh raised the position
: sand  bags about 12 ft high raise .

of tﬁehgggtrzf Z‘; ,,l.&vf’ty of the wholfe tiystem 'g(i)lrif;d??btl}{é

a i i ossi

Thi dangerous in view o e p i °

rglllstilv:i?lsg Zsfl‘x};r due to blowing in or uneven grabblzg sﬁi;%eﬁfe
i s obstacle. It was, therefore, found necessary to
;S:%da?rom side ;r,o side each time there was a little tilting.

; i f this method of apply-
S t serious disadvantage o : A
i lgbzntl(fdh;emvf;:,s sthe time factor. As no mechaﬂili"?""1 ;iii‘:ilg:s
were available, loading o well with 4’30(\)2V(il“'ft'tﬁi 41 6 in. hoight
‘ wch bim. took about two days. en J &
SIf)i(l}e (ig(()}l}; :;::;iing was sunk down to the gl‘?\mdf le‘ré’fi)tniet?;e
Ox e l(ix was required to unload the 4,300 cu. ft. 1(()1 l?: on e
(\;vlll be};ore further concreting of the steining ‘30‘; very 41t 6 in.
tle days were wasted during'the smku}{—i Oh © 5456 well was
hll:(af::xt of);hc steining. As mentioned carlir, the t)ecia,ble kent-
leli%t in twelve stages. Even assuming that nohall)fp rf,he kentledge
1),1(11 re was required for the first three and that l?  time wasted
v {seused for the next four stages, the totaI' worAmé’he grabs and
(V)‘;;LeaCh such well would b?) alliouz 2i1(ilg&%liése hid to be shifted
» machi could not be kept ’ ¥ ausing waste
?:(}Jls; vlvnedllldécl)n\?v?lll several times during that period, causing
of energy and money.

4, HYDRAULIC JACK ARRANGEMENT

i bove
i sonfronted  with  the a
iption.—Being  confror odge. Do
mengi.(}x.\edD?lsiif?cpulties in lthe dapprillgm;ggl gff ;I})l;lyliité ke%tledge
'y devi leveloped a e
{\utgxocxls&(ifi;rgsjea(i]:: dPia,te 111 shows the arr;:)llgl(:néeng f;);'i:t;;p gac g
contlody naximum of 200 tons. R. 8. joists, eax
kcntlec}l}ge ;{p fr? a&ﬁu‘; x31(x)n ‘fl:.n long, were Laid horrlrzl?:g?(lala); cllrils ig;;é-z
Ty T ing two main beams.

across the wei}, thus f?zi?ln’? bwo ma jusb. B ient fg;nggfe(;frgg
between t}let} eea.nr;sl,). The beams were in 1;0 tv}:gi); ans e e
»Zxorkxnﬁ oboi;m gindependently Sl}p_portid ir? by JI ; onds by four
: ?we ’eac’h Emde of two K. 5 JOIMS,R S‘ joisﬁs4 of the same
fgl‘;mn'?‘ho columns rested lon c(;'gflii I ’aé:h ok he same
ion 1aj i 1 the gr . i ) 0
;Z(:,gglsll?;%gzzg:?ﬁas‘zq?;nders, three on cither side of the we



28

as shown in Plate 11, &
bicees. "The outer two piece
bent to Us-shape,  The ee
" ting the two Us-shaped pie

were connected to the
cross R, N, joists were
then filled up with ear
a3 good anchor
would be obser
the columns pe

oS,

height of the steining

hydraulic jacks placed
{see Plate IIT). "The tapacity of egch

the total kentledge t
distribute the load ap
the well steining g 1,

age plate
Iron guide frame wy,

in the frame ghat were i
aterials requireq for

applying
Hydranlic Jack Methoq

e |

§
i =

NAGARKAR anp Ap

plied by each jack on

s aftache
lack to accommodate the 88Ve

any desired

g pieces, serting rods

by in

ach suspender

5 were made of |
ntral picce was w ser
At their lowe
cross R, S, joists pl
placed bullies
th or sand,
ages for the lower o
ved from the above
ing six fect, the lowe

T flanges
height of six feet a

gap of IS in. be

was put unde
d to the

. i
o
{

TE ON

Y ine diameter bars
W coupling connec-
rends the suspenders
aced in pits,
whole Space was
RS, joists served
the suspenders.
1 that the height of
of the main heamsy
ground level, while the
t and six inches.
tween the to
ap accommo-
» B, C and D

nd  the
The burie

deseriptio)

at points A

Pplied wag
a wide
r each jack.
main girder

& Pieces that were added,
he guide frames ¢
depending upoi
through the holes

above cach

Kextrunes py Hyvravtie Jacxs

4.2, Working of
a sulliciently deep Lond
well and that it, way ready for being
standing near the incks, started operating the |
pressure of the i

Jacks increased, tho main girdery
Upwards hut being securely anchore
they did not move up.  The reae

it sink.  The lift of the rany of the jace

the Arrangement.— After
i had been formed at the

o ,Z*-nn. .
A T

3 Anﬂther iew £ th g p
Photo 3 )\ [\ € We"s bein Yess

ensuring

bressed down,

bottom of the
four persong
acks.,  As the

tended to lift
d {0 the buried 1. 8

tion Conveved to the w
ks being Oily

6in the wen

ed by Jacks.

that

. joists
4 made
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Photo 41 One more view of the wells

being pressed by Jacks,

Photo 5:

Dr. Jivraj Mehta\Minister fo
r

. . P.
inspecting the Jack arrangem Wb Bombay
- : ent.

KENTLEDGE BY HYDRAULIO JAOKS 31

could be pressed only by about 5 in. at a time. TFor further pres-
sing, the rams of all the four jacks were lowered by releasing
pressure and then packing pieces were put one on each
ram at a time. Pumping operation was again started
and the well was sunk through a further depth of 5 inches.
The process was repeated till the 4 ft 6 in. height of the well
went down. When the packing pieces and the jacks were re-
moved, the well was ready for concreting for the next stage.
Photos 2 to 5 show the actual working of the method. Photo 2
shows kentledge arrangement for 120 tons where 24 in. by 7% in.
R. S. joists were substituted by smaller girders welded one over
the other.

4.3. Advantages of the Method.—The following are the
principal advantages of this method of applying kentledge..

(a) Once the buried anchorage, the main girders and the.
suspenders are ready in position, the steining can be.
joaded fully in half an hour. Unloading for the erec-.
tion of the centering for the next stage requires re-
moving the four jacks and the packings only. The
main girders are not required to be removed. Thus
there is & saving of time and labour.

(b) The kentledge does not suffer from the disadvantages:
of a high centre of gravity. o

(¢) Any tendency of the well to tilt can be easily corrected
immediately it is observed by suitably varying jack
pressures. . : : : v

(d) There can be no acoidents due to kentledge collapsing
from a height. : C -

(e) Only four persons are required for pressing. the well.
1f uniform pressure in all the jacks is desired, they can-
be interconnected by means of a high pressure tubing
and then only one man can operate the jacks.

(fy The load applied through the jacks is never more than
" 'pecessary for sinking. 1f the pressures in the cylinders :
“of the jacks are measured with the help -of pressure
gauges, the exact loads required for sinking can be’
calculated for the purposes of experiments and investi-’
gation. ' S
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(8) The new method is muc . _
method. A comparmuch cheaper than the orthodox

ative statement givi s of
the two methods is given in Appendz%cvlullg tho costs @

4.4. Possible Develo ments.—T .
z.bov}c:. provides for a kentlc!)dge of ZOOI}GZn:.‘”%l}%: rﬁfa“,f. descxix_befi
0 which the lo'fxd can be increased with jacks ig th ) anta oom
pressive strgss in the well steining itself. Tgq load fh safe com-
g?%izgy ,cggggbzr hs‘y((ilra,urlgle1 iaﬁkz or altema.tively a la.rgeerv:ﬁizbz(:
) used, e R. S. joists \
the anchoring would have to be d(jggsgedufzeyd }?‘VG}? the jacks and
the circumstances. 1gher loads to suit

4.4.1. The Packings used b
: 16 packin y the Author i
Ezleec%s, 3t06in. in thickness. They had to zev;)?zl;;eo}rl: r%} tlmber
Yy one as the well sank by about 5 in. ev R

results can be obtaj if 3 i i et
rosul tained if jacks with extending rams arc

442 - , -
sides of tho well po " - 5. 10188 wero buriod in pite by the
hangers to the R, § ‘J}gi:tze::hi:ilmc Oﬂj‘ft“’“ to anchoring the
itself N . . ou o k
issz liifabtlllt(e1 r?lcc))tl;'e:léhe;nc at;rlated Pits, In the 1a.tte(i-pza.:: a.“llsadgrw?)?iz(lll
must be ke 6 actual kentledge re

Pt on the ioi quired for the wells
strong enough. Thig 1];):33&1 ot the

anchorin 1d
1a ha g wou be
throughout the sinkin ou Ve t0 be left ip o8iti

more convenient wh £ operation. The arrangeme Position

. . nt wo 1
large space and chﬁi oo Joad required i likely il

: N to oocun

8 13 a possibilit f j o upy 8
anchoring actually uged b ing 0. OF blowing jp

that the actual puyll ine(they ;laxea.va.tlng the pits had ¢ The

angers cou

dead weight of the soil excavated,

of the soil which was wa

working space was avaj o
. ilable ro JHoreover, p
aperation. und the well durip » More

g the sinking

!d be much

is very convenient for testip
means of jacks without § wells. Th

any cha i
above. Actually, one well way &gs‘;eénbthe meth
grrangement described aboye, ¥ the hydraulic jack
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5. DESIGN

6.1. General.—The design of the whole arrangement is
quite simple. The sizes of only threc members, viz., main girders,
the suspenders, and the lowor cross beams need to be calculated.
Actually the arrangement has got to be assembled out of sections
that may be available in the stores. As the arrangement is
purely of a temporary nature, there is no harm in reducing the
factor of safety specially as the failure of any part of the
structure is not likely to cause catastrophe.

5.2. Bed Plate.—1It is often found impracticable to waif
even for a weck to allow the well concrete to set before starting
the sinking operation. In such cases it is absolutely necessary
to distribute the jack reaction on a wider area of the well stein-
ing by the use of bed plates.

5.3. Deflection of the Main Beams.—It will be observed
thut though the total lift of the jacks is 6 in., it is not possible
to sink the well by more than 5 in. at a time. The loss of about
an inch is due to the deflection of the main beams and the

elongation of the suspenders. By increasing the rigidity of these
members the loss of one inch can be reduced.

5.4. Resistance Offered by Buried Anchorages.—The ancho-
rages actually used on the Sabarmati bridge site consisted of
R. S. joists buried in two pits, 22t by 10ft by 7 ft each.
Taking the density of compact sandy soil as 100 Ib per cu. ft. the
weight of the soil in these pits worked out to about 138 tons.
Adding to this the weight of the steelwork, the total dead load
came to 150 tons. Due to the cohesion of soil surrounding the
pit, it was observed that tho resistance offered by the anchorage
proved to be greater than 200 tons. 1t was not possible to deter-
mine the ultimate resistance because of the limited capacity of
the jacks.

6. CONGLUSION

) lls out of the total number of twenty were sunk in
the woorlgixge seasons of 1951 and 1952 by the method described
above. One well was also tested for full load. The new method
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APPENDIX I,

List of material required for applying kentledge of 200 tons

by Hydraulic Jack method.

(1) TFour hydraulic jacks, each of 50 ton capacity.
(2) R. 8. Joists, four nos 24 in. X 7% in, X 30 in.
(3) R.S. Joists, 12 nos 10 in. x5 in. and 22 feet long.

(4) Twelve nos. of U-shaped hangers for the top beams, pre-
pared out of 14 inch diam. mild steel bars.

(6) Twelve nos. of inverted hangers connecting the
anchorage joists and the couplings prepared out of
14 in. diam. mild steel bars.

(6) Couplings 12 nos. each strong enough to take a load of
17 tons.

(7) 24 rft. 3in. x3 in. angle iron for cleats on the main
beams.

(8) 3in.x3in. Angle iron, about 60 rft. for preparing
guides for packings.

(9) Mild steel Bed plates for jacks 4 nos. 10in. x 18in, x % in.
(10) Packing pieces of timber three to five inch thick.
(11) Bullies.

(12) Pressure tubing about 30 feet long if all the four jacks
are to be inter-connected.
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APPENDIX 1L

Cost analysis for 200 ton kentledge b

y sand bags and Hydraulic
Jacks.

Kentledge by Sand Bags

(1) Carrying, lifting and stacking sang bags quantity
4,500 cu. f6. i.e. 200 tons at Rs 2]~ per 100 cu. ft, Rs 90
(2) Unloading 4500 cu. ft. of sand at Rs 1/~

per Rs 45

Total Rs 135
100 cu. {t. on an average for each well loading and unload-
ing operations are required to be performed seven times.
These would cost Rs 7% 135
Add depreciation ch

Rs 945

arges for sand bags
or wooden boxes for stacking sand Rs 120
Total kentledge charges for each well Rs 1066

Note :—The depreciation o
have not been taken into accon

r hire charges for R. 8. Joists
both the methods of applying k

nt a8 these aro common items for
entledge.

Kentledge by Hydraulic Jacks

Initial Expenses for each well :

{1) Labour charges for excavating the anchg

rag
pits, 3200 cu. #t. @ Rs 2/~per 100 cu. {4, K
{2) Labour for fixing the an

Rs 64
chorages eto.

30 coolies at Rs 1,8/~ Rs 40
(3) Hive charges for jacks, say at the rate of

4 per cent cost of the jacks for cach well - Rs 100
(4) Depreciation charges for hangers, timber

planks, bullies etc., say Rs 250

Running Expenses

(Four coolies for loading and unloading the-

jacks during and after each stage of sinking

the well for seven Operations. 28 coolies at

Rs 1/8/- per day.) Rs 42

Total kentledge charges for each well Ra 501
Note :—The cost of load

Ing by sand bs,
a8 the load. But the cost

when the hydraulic jack method is
used is not materia.lly affected if the load is increa]se%‘ nsxrehe&fore
for higher loads the jack method is more economica).

88 increases directly

N ———
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SYNOPSIS

The Paper describes the procedure to be followed in aligning a motorable
road in hilly or mountainous country. The various fleld operations from the
initiation of a proposal upto the completion of tho detailed survey are
deseribed. Details of the porsonnel and eguipment necessary for each of
the oporations, the information and data to be collected for the preparas
tion of tho project cstimates and reports, and of the ‘marks’ to be left in
tho field, are given. The progroess of field work that can be expected and

costs under conditions in Assam are included.

1. INTRODUCTION

1.1. This Paper describes the details of the practice followed
in Assam in regard to the location of hill roads and is placed
before the Indian Roads Congress in the hope that during the
discussion the special merits of this and other practices in various
parts of the country will be brought out and placed on record for

reference by the professjon.
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1.2.  The location (as also co i
2. an nstruction) of roads in hi
;noun‘o(u'nous country presents problems and difﬁcultie;nvc};l'nﬁ &nﬁ
or special eare, attention and engineering skill Hen et

1.3. The aim should be to establi
; . hligsh the easie :
the most economical line of communication betw::ﬁ Sl‘:ﬁ;tesgl?gﬁ

tory points, in consideration of i
’ ti
country and traffic needs of the area ;cergilg'smal features of the

1.4. The principle which the Engi
) ) 1 gineer should i i
?;1 toa‘fsot align the road that the vehicles could tra\’elbv?r?gh o mmg
3 ety, and that the expenditure of motive power and egse o
and tear of the vehicle will be reduced to the minimuurll tAfs:iir
. e

cost of construction and mai
as possible. %ntena‘nc@ of the road should be as low

1.5, The economy of motive i .
fn?mtena:nce}. ig achieved by havingo“e,;g}f L;l'"a,é:; m:;gldCOSts. E’i“d
;r; rlécbgglxlsgxses and falls, and by following a direct lin:vmdmg
o Ps}izlrteet (?ween obligatory points enroute. Although dire:t? o
Lo Shor iSs istance is an important factor, it has o be s 'I{liess’

¢ essential to do so in order to obtain easy ¢ acrificed
gradients and to avoid prohibitive cuts or fills y rFﬁ‘Vature :.md
fovens G ued and I a1 it men b
easior ;'a.diofxi. Any additional length allowed in atte' e
justiﬁedg Poe;v s or avoiding unnecessary climbs is amning
is a loss whi ff expended in a climb, which could be a,v?)r'nlply
therefore e ﬁ'eCkOned over time can be enormous Ilt( o
'mereasin’ generally & sound polioy to avoid steep d by
ng the length of the route within gradients by
economical limits. reasonable and

2. TERMINAL AND OBLIGATORY POINTS AND THE
SELECTION OF ROUTE

21 DeciSion I i g ( 1 ‘ |[()]| ()f & r()‘]d d th
: ! 8 egald n le construc i s an o
Se]ecllo]l Of Obllg&toly pOllltS en[outle are usu&“y mad b the

administrative and financi )

i 1 cial authorities havi

a.gmlmstra:mve: and economic needs of the r;i'ymg regard to the
of developing it. gion or the necossity

2.2. The Engineer’s part main i

‘ : ainly lies i i
1ziﬁ12§1:cz:§ti?é9 route to meet the spy;e.ciﬁedl;‘eqi?t%mg e
e solented v imately should ordinarily be the b:}én;b' e
foow boint of ¢ ehongm'y and tecl}nical feasibility bu: ot e
ot o echnical perfection are forced why rmber of
ests have to be reconciled Theen e o
. engineer in
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charge should freely and boldly state and record his views
bringing out the comparative merits and limitations of various
alternatives and make his own recommendation to guide the
administrative and financial authorities in gaking decisions.

3. STANDARDS

3.1. The standards to be applied in the project depend on
the service required, i.e., on the nature and volume of traffic that
the road will have to carry, as also on the funds which can.be
made available for the project.

3.2. Gradients
ImrorTant Hinn Roans

RuuiNg LIMITING EXCEPTIONAL
1 in 20 1in 15 1 in 12f
Minor HiLL Roaps
Class 11 1 in 17 1 in 15 1 in 12t
(Motor Roads)
Class 111 lin 15 1 in 12 1 in 10%

{(Jeep Roads)
+ For short lengths not cxceeding 300 ft per mile,

3.3, Long stretches of gradients should be separated by
comparatively easier grades or level lengths. Also the total
rise or fall should not exceed 250 ft per mile in case of important
roads and 300 ft per mile for other roads in hills.

3.4. Width of Formation. In the first phase of the work,
the width of formation may be kept as 10 t0 12 ft with temporary
bridges and culverts constructed out of cheap local materials.
The surface may be kept kutcha if the rainfall is less than 50
inches per year, and Ltabilized with the locally available stone
or gravel if the rainfall is higher. In'the'seco'nd phase, the
formation may be widened 0 16 ft which is suitable for one
lane traffic, or 24 ft if tWo lanes of traffic are to be allowed.
Metalling and bridging with timber or steel or R. C. should be

done to snit the need of graffic.

3.5. Radii of Horizontal Curves

Design speed in miles per hour
Radius of curve in feet

v 10 12 16 20 30
30 45 70 120 280

6
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T.he minimum radius of horizontal curv
rgads in Assam is 60 feet, ‘I'his i reduced
tional cases,

es adopted on hill
to 40 ft in excep-

4. INCREASEIN'LENGTTIQVER“AH{DISFANCFH

4.1. The increase in length. a ‘e
rqui_red mainly for th(_e };lr[;ostlaso (;)fu“sgtair?ie;elopn;.er;t‘ V) 8
%-a, ;er::;rs. For example, in miles 54 to 57 of the Gag,uh?a:'l%}a'cmry
'”?gl(leﬁf ;Ja(f’&mnal Highway 40) & 3 mile length of rnadli; ilong
R obtain the necessary gradient in climbing upast b(;%n
0 the

top of a ridge whereas the shopt, i
points does not exceed one furloilsg,dlsmnce hotweeen. tho two ond

4.2, Onsome of the old and recently constructed hill roads

in Assam, Tripura and Mani i
. . ] ¢ ! a i i
indicated In o Tar Ty nipur, this increage In length is

‘ e

Dlstan.ce“ Length Tnerease| APProx. maxi.
o Il.)y air 'of road in mum & minimum
Ine in or align- length elevation
miles  ment in over air

(approx.); miley distance Min. Max
1. G%uha.ti-ﬂhillong Per cent
oad .
X _ _ 40 63 60 1
2. Slﬁllong-Dan 80 4800
oad
3. Phulbari - ol 80 200 5
- bh i-Tura Road 28 48 70 900
4, Dﬁmapur.Kohima 50 2200
oad 30
46
5. M&wphlong-Balat ) 55 300 4700
oad .
6. Townr. 32 48 50 2
. onal Badarpur 0 4500
7 Sh'?ad : o 52 80
. Shillong-Jowai Road 21 41 05 100 4000
8. BIIlélga.bazar-Kolasi ' 3000 5600
oad oo 38 4
9. Agartala-Assam 200 1500
Road 75 130 75 40 )
100
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4.3. This increase depends mainly on the character of the
hills and the nature of the terrain to be negotiated. As a rough
guide, a 70 per cent increase may be assumed in the preparation
of estimates of the cost of survey, as also in framing rough
estimates of the cost of construction. If, however, a bridle path
or footpath exists and its length is known, 35 to 40 per cent
increase over its length should do.

4.4. Estimate of the cost of surveying may preferably be
prepared after the preliminary survey when the length of the
proposed road can be estimated more accurately.

5. REPORTS

5.1. The report should give copious information to help the
designer who may not be personally familiar with the ground. It
should be written as the survey progresses and not left to the end
of the work. It should be brief but full of useful data. The main
faults of reports and notes are that they are not sufficiently clear
and comprehensive on facts, and are couched in general terms
which are not understood unless the writer is available to explain
them.

5.2. A well arranged report should begitt with a summary of
the conclusions and then proceed to explain the details. An index
should be included to facilitate reference.

5.3. Reports should be prepared on the lines given ih the
Ministry of Transpors, Roads Wing Publication—Highway
Project Schemes, Recommended Practice for Preparation and
Presentation .

6. STEPS IN ALIGNMENT

The various steps necessary in aligning a hill road are:
(a) Map Study
(b) Reconnaissance
(c) Initial location or Preliminary Survey
(d) The Detailed Survey.

7. MAP STUDY

7.1. Marking the Route on Survey Maps. One or moré’
alignments of thg proposed route should be marked on the Survey
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of India maps (one inch to one mile) of th

e
at 50 or 100 feet intervals. These ali e
obllga:tox‘y points. This forms the b
examination or reconnaissance of th

showing contours

.gnments' should touch the

818 on which the first general

e region will be carried out.
7.2. Fig. 1 repr $ a hill wi

N interva,ls_lg represents the plan of a hill with contours at 100

1t is required to align a road §
100 to the town “ G at level ot At

16 say. The interval betwee

village “ A 44 Jevel
600, at a uniform gradient of 1 in
n the contours being 100, the

the road bet i plan of
ctween any two contours will be the bage of a right
isoo’ 'y
angled triangle xyz in whi ’
Laying this Sictones (Withwtllighh;(l\ :160“ ft and YZ=100 ft.

4 f
sca'e a8 that of the map between the &suEE:;S?SS)
ve ¢

ABCDEFC) the requi "
) quired alignment i
. s i
possible to mark the route along the Zi(;l;iaém:g‘ﬂmlgl y
SMG* - Bug

such a road is difficult and
. costly 1 i :

tenance and should be resorted t‘g ogﬁ: :;1 zznisttriuctmn and main-
8 unavoidable.

on the game

From the route ABCDE

mate length may be measured.: marked on the map, itg approxi-

7.3. At this stage, it wi|
the rout ith ! be advisab) i
Possessiggml?r:(l){;(lle(;v ith the administratiye guggne-r ally to discuss
_ ge of the locality 5 orities and others
suggestions. nd o note thejy views and

*Refers to serial number 8 ir; rtiw bibliog 7 Mh
l'Bp Y.
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8. RECONNAISSANCE

8.1. Reconnaissance means inspection at site of the princi-
pal physical characteristics of the area for assessing the feasibility
of the alignments marked on the map and for selecting one or two
routes to be investigated subsequently in detail. As visual
impressions from a distance are often deceptive and cannot be
depended upon in judging the physical character of an undulating
or hilly region, it is advisable to check the hill slopes in places by
means of simple instruments such as an Aneroid, an Abney’s
level, or & suitable clinometer.

Distances may be estimated roughly by pacing or the time
taken in covering the distance.

8.2. The Party. This should consist of one experienced
locating engineer, an assistant engineer, a guide (a local headman,
forester or some one with the knowledge of the area), and a small
party of khalasis (not more than four) who should also be local
men. Additional men for the transport of camping kit, rations,
etc., are also required.

8.3. Equipment. Two Aneroids, & clinometer or Abney’s
level, a pocket prismatic compass, one 100 ft tape, a foot rule
with spirit level attached, a geologist’s hammer and magnifying
glass, note books, etc., are required.

8.4. Information to be Collected. The engineer in charge
should carry out the reconnaissance himself, as this preliminary
work is of the utmost importance. Copious notes should be taken
80 that a comprehensive report can be made to cover the
following :

(i) Nature of the country, its physical features, includ-
ing population, marketing centres, farms, economioc
potential, existing means of communications ;

{(ii) Lengths of alternative routes ;
(iii) Possible grades ;
(iv) Nature of hill slopes ;

(v) Character of rivers to be crossed with important
particulars ;

(vi) Availability of construction materials, labour, food-
stuffs, transport, camping sites, drinking water, etc.;

(vii) Quantities of earthwork involved, nature of soils
encountered in various reaches ;
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(viil) Special features such ag geology of rock formations,
incidence of difficult and steep hill faces, gorges,
slipping and subsiding sections, loose rock, hard
rocks to be blasted, marshes to be crossed, etc. ; and

(ix) Comparative account of the merits of the various
alternative alignments and recommendations as to
which of them are suitable for detailed surveying.

8.5. General examination by walking or riding along the
probable routes and marking the direction of the routes, on tjtrees-;
or with jhandis. This general examination enables the engineer
to select onc or two promising routes which have t0 be investi-
gated in detail. It is not sufficient merely to walk along the line
or lines marked in the map; one has to examine a wide belt on

either side of the general direction of the route, thus covering all
possible lines or combinations of liney.

It is essential to keep an open mind and try to imbr
the alignments initially considered. J prove on

8.6 Progress and Cost. Two to four

miles can be ¢
per day depending on the nature of the coun ¢ covered

try.

The cost of reconnaissance varies between Ry 5¢
Rs 100/- per mile. W 50 - and

9. PRELIMINARY SURVEY

9.1.  The routes selected
the subject of preliminar
are laid on the ground, a
the most suitable loca
Burvey,

a8 a result of reconna g
Yy survey during which the
t the proper gradients,
tion is a sequence of

ance become
h selected lineg
T'he selection of
the preliminary

9.2, Instruments Required. A clinometer, Abpey’
» Abney’s e
ghat tracer, a tape, some strings, a pole m&rke(:ly ;nlc;relé or
prismatic compass, a geologist’s hammer, magnifying eolz; .
some spades and jumpers, field books and note boolky £ 8 _ss;
equipment, rations, etc. are required. » CAmping

9.3. The Party. This should comprise :

(a) One experienced Assistant B

! ngin . ,
along with some khalasis for ¢ gineer for girection

learing jungle,
(b) One Surveyor with one or two

k i s
laying out the line and taking aalasio to assist in

Cross sections 500 to

Roans 18y HiLny aNDp MouNtaiNoUs COUNTRY 49

1000 ft apart with the clinometer, Abney’slevel or
ghat tracer. The Surveyor directs the muharrir who
holds the staff for his instrument.

(¢) One Muharrir, with three or four kha,l_asis, to hold
the staff for the surveyor, measure distances, cut
and drive the grade and chainage pegs. One khalasi
for holding one end of tape, one or two for cutting
and supplying pegs, and one for driving pegs are
usually required.

9.4. Some Rules. The line should always be traced in
the field at somewhat easier grade than the one .speclﬁed as
ruling. Thus when the road is required to be' aligned at &
gradient of 1 in 15, it should be traced to a grqdlent of 1 in 17.
This gives the designer latitude for some deviation from the field
grade if required for making the design economical without
exoeeding the specified ruling gradient,

Similarly when negotiating a spur or ‘a small valley, the
grade should be kept flatter than that required for the finished
work ; viz., 1 in 17 for 1 in 15 and 1 in 22 for 1 in 20.

In locating the line during the initial layout or when carry-
ing out the detailed survey, no attempt should be made to run in
curves but the alignment should be a series of tangents along the
hill faces. Short tangents should be used in going round any
natural feature that will require a sharp curve in the finished
road. The designer will adjust and shift his centre line as neces-
sary for the design of the road to the standards required.

5. ation. The Assistant Engineer should walk along
the grzuteozgrout 200 to 300 ft shead of the surveyor and
direct the khalasis to clear the jungle. He may, with advantage,
carry an Abney’s level for preliminary and rough ulrork. The
width of jungle to be cleared should be 4 to 6 ft normally.

i learing of
country is not densely wooded the o g

jung}lel;::y t"her)llow theywork of the surveyor ; remoya.l of one or
two saplings, a few twigs or branqhes which came in the way or
the line of si’ght of the surveyor mlgpt.b.e sufficient to_ enable the
surveyor to proceed forward in the initial work. It 1s,lhowever,
Preferable (in the opinion of the A;llphor) lﬁot:sl::evig::%fet l(:‘laeaixi-g(:

it affords him a be '
;g?iaghgfegl\lfn::;v?gogrén:igl and, in addition, there is less chance
of the survey pegs being disturbed than if the clearance is done
subsequently.
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Ex. Engr........

1]

"

Village Ranjan
Dated Signature of AE/SDO........
Dated

Fig. 3

village Kamalpur

The surveyor then lays out the line along the hill face R e e9eo!
with his instrument set at the required grade, directs the Pl o 2 ‘ _
muharrir who holds the staff for him on the gronnd. The lige is : u, : :
so laid that the fprmation 1s generally in side-long cutting Poeeod 09xz < o
through cutting being permitted only where a narrow ridge or Rk ” TIvm ONINIVLAY wl g
prejection in the hill face has to be negatiated. - I o

J k t 2 5 3 91 4N HoNouNL < P ipe
: w - o u
" T s 9 u : |
WiLL FACE , ¢ 8 % 2 o
ot 25 2 ° ‘ :
LE WOO0 OR — 08 .
T ™ 2B B R Ak
7] Q =] & o1 »
v o ST ST Fa o &
12%x12 OR QRG Yy z|
LEVEL GROUND ” % - ‘
GRADE PEG 101 b o s . clelt
DIADRIVEN FLUSH - |2}, 10 % vl g
LONG, «
3384 NO ' W' Q o]
F1G. 2 o . +
3 g ! ¥ =
5¢ T S £
. R (23] : owxi AD0tAE >4 -
When the staff is placed in the correct position on the ground, T e53 ¢ / o §
thf surveyor beckons t'o the muharrir to drive in the grade peg’ \2 2, NS § : : : -
(1} in. diameter and 9 in. long) with its top flush with the ground Sv® 121 o
at the proper place. The surveyor then checks the grade again 8958 e @ ¥ =
and adjusts the top level of the peg if necessary, >\U X ‘s, €
Before thi a EE""@‘ 2 e Hee
efore this grade peg is driven, the hill face sh 2T w o
. . H (o) -
levelled with a spade, about 12 in. square, ag shown in Figulg1 ml:g E ~ 5 g § :
then a bamboo pole about 6 ft high and with a jhandi tied to it i £ S 8 i eoremis ——C 1alz
fixed to indicate the position of the peg. ' 18 & - . 2|8
Togon ‘ He —He &
The muharrir then measures the di > ' “
) 10 e distance of this gr %
from the preceding one with the tape, calls it out to t;heg s‘:ﬂi peg S — B § b:\
who records this in the field book. Then, he (the muharyi dqyor A B
the chainage peg about 2 in. dia. and about 3 f4 long, 2 Rl‘l) t1‘1:;’!6:«1 3 E 1 I
ground', writes on it with blue or red pencil (to he ’aint 3 o e R r—!—“m
the serial number of the peg, the chainage and &ﬁ- ® .hm”) HER I i
fall) and proceeds ahead. gradient (rise or e P . o &]®
- i E E Al t'-‘_{ 13| g
henever a hijgh hill - AR s SRR
to select » suit bgl range has 0 be crossed, it is essential % % HETERE M, wlif=
. aple pass or saddle {which -M:’g [ ) alz
obligatory point) and to work from the top d ioh becomes an LB ] 1
more convenient than working from botto oo wards. This is Shgm il W :
latter case there is a possibility of missim upwards, as in the < ﬁfé il $IWL NO-W'R 2 1
especially when the country is densely wooggd the pass or saddle - : 5 §.E 4 :’6‘ g f 53;
. [ * »w
| PR TNEEEE
SopOuad 2 § a8 “..15
&EQ@>=§-‘= HEE Y
S ol2l E|al13d
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The surveyor also takes cross sections about 500 ft, to 1000 ft
apart, makes notes in his field book on : ‘

(i) the nature and classification of soil

includi k
outerops, if any); ( ding rocky

(ii) the character of waterways and streamg ;‘
(iii) length and nature of bridging to be provided :

(iv) availability of building stones or other m

] aterials such
as timber, stone for road met

al, gravel, sand, ete.;
(v) location of quarries :

)

(vi) position of rail or steamer heads, ete.

Immediately following the initial layout, a footpath 1L f4
wide has to be cut to enable the survey staff and the inspectfing

k is 1 to

ge in ordinary
For steep hill faces and

per mile or even more.
t to facilitate detaileq

soil, costing Rs 100 to Rs 150 per mile.
rocky soils the cost may go up to Rs 250
This path should be later widened to 3 fee
survey being carried out.

: . _ Fig 3 i
1t to the Engineer-in-charge. The chart should %e daiggr;l::airtlilg

and need not be to scale. 1t should contain Rucei

i i inct b i
information to enab_le the Engineer-in-charge to getu:: sgit;ilc}gn;
of the progress of laying out the alignment on the groung e

Longitudinal and cross sections
levels taken with the clinometer and
of the project Prepared,

should be plotted from the
a rough estimate of the cost

Progress and Cost. The p

rogress of layij ;
depends on the nature of the gcountry.ayglng tohlzat e Mignments
can cover about 10 mileg per month, Avorago o party

The initial laying out costg

include the cutting of 3 ft wide
staff,

from Rs 4¢

0 ¢ .
path and the © Rs 500 per mile

Pay of the technical

Inspection of Alignment. Th i
on completion of the preliminaryesu!:l\;igml?: hin&8 Iaid out shou'ld,
oFfﬁegr,ll.e., the Supermtending Engineoy o clslpected by a senior
‘ngineer and approved hefore the detaileq arge or the Chief

urvey is taken up.

Fa
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10. THE DETAILED SURVEY

10.1. The Party.
On Assistant Engineer for levelling
One Surveyor for the prismatic compass survey
One Muharrir

Ten Khalasis as under :

With jhandis 2
With levelling staves 2
For the levelling instrument 1
For cutting and driving pegs 3
Chainmen for Muharrir 2

10.2.  Prismatic compass or plain table survey for the pre-
paration of ground plans has to be carried out.

10.3. Levels have to be taken for the longitudinal section
along the line at every 100 feet and closer where necessary.

The chainage on longitudinal sections should be the same as
shown on the alignment marked on the ground plans prepared
from the prismatic compass survey.

10.4. Fixing Bench and Peg Marks. Stout pegs should be
driven firmly into the ground. arks should also be cut on trees
or placed on other permanent objects, about half a mile apart.
These should be connected to G.T.S. bench marks wherever
possible. Where G.T.S. bench marks are not available, a
suitable datum should be assumed.

egs for detailed survey should preferably be of
5 in'Th(;aig;iﬁzr pa,r%d a foot long and should be driven with their
tops flush with the ground. They should be covered with 6 in.
of earth to prevent their being disturbed. ~An indicator peg 2 to 3
in. diameter and about 3 ft long should be driven about 1} ft
into the ground near the grade peg as shown.in Fig. 4. On this
peg the chainage, the peg number, and the gradient should be
written in red or blue pencil initially and later painted.
Suitable abbreviations viz., R for rise, F for fall, L for level,
etc., may be used in placing these marks. A out about 2 ft
long, one foot wide, and 9 in. deep should be made on the hill
face, where the indicator peg is placed. This will help locating
the grade peg should the indicator peg be removed by some one,
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~+—JHANDI OR poLg WITH
[ L T.TTY PIECE,

CHAINAGK OR INDICATOR PEG
2'703" pia 2% kT TO3FT LoNG.

MARK OR UEPRESS 10K cut
N HILL EACE 2X10%T0 12 "WIDE
X600 3" veep,
RECESS CuY 1N Jiy
", PEG.
ACE ROR GRADE pgg SRADE BATH 2710 >
WIDE.
GRADE PeG coveRap
WITH 6" OF EARTN.

SECTION ON AB
\“‘—-
_E,\_.h
CHAINAGE oR INDICATOR PEG. ~:
A e
o |
L l 45— oo oo covene
<
i 207
2 i g*| "y B
o
JHANDI OR POLE wiTi CRoSS| &
Plece, v
—tnd
PLAN
FIG.4

been placed.
fixed in the ¢

d at the epng of cach mj|
They shoulq bo 5 ff | Mmile should be
nto the ground, T

) © chaj - T
ed in bold figures on them.na.ge and  the milage

stout, 3 to 4 in,
be driven 2 f4 i
should he mark

10.5. Crogs sectionsy should }e

. . aken g . ,
the centre line of the alignment and at int:rvz:lig}:)tf ?8(%[(;:, to
closer  where HEUOSSary.  The orogg or
60 ft in the uphill

/ sectio
side angd 4¢ ft on tliles feould extend

the centre line, 5 ft long

A pole 12 4, | downhill from

marked in feet,
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i a b spirit level,
with white and black paint, a string, a tape, a spi
and a clinometer are required.

d classifica-
) i its. An idea of the nature an ' o
ti lofbs;oilzlilii::l)l:l:o be met with during c;nfztrx?sgor;n(éaré o
}I‘quo trial pits. They should be about o wide and it
o hould be spaced about half a _fqr ong 1% b oo
e S;Oll , s of rock, if any, in the vicinity sholu o
notod. Tti f:rlov?isxable to include a somewhat libera ]a;,n 1 Dighor
“050(!-‘ ‘I§ o the detalled estimate than that actuaf ysoils 3
(’laSSIf'l'cld'tl'(t);n 'ILI; itoften happens that harder types oS coially 1o
tocks mds S,t( ith deeper down from the surface, o pover y
;ﬁfé{; alllreclxr;&inml There is always a c_ha.nhc.e ogs e::tess
matcsgunless the engineer is cautious in this rosp

126 ¢ ition of trial pits.
Fig. 5 shows the size and position

e 2

10.7. Collection of Hydraulic Data T
C'ross  sections. Cross sections of raaLer s
sbreams requiring minor bridges é:a:l? l
than 100 ft long) should be taken.m H LA
cage at the proposed bridge site and GRAD
dt 3(()0 ft to 500 ft upstream anf o
the same distance downstream o e s
the site.

— 00 ft and over)
In case of major crossings (watelw"‘:()],sreosfit}e and at potnta
oot should be taken at the bridg distance down.
fni?s-secﬁ:i(igsto one mile upstream and the same
1a &

stream.

in the
1 N hould be ml'(en in
iud i Sections. These s ! o in the
Lonmtud&:ﬁf :ierthrcme cross se(lztxoer;: lﬁcl)iv g‘lv o Spove.
'r?aCh conne}c thg normal and high food ‘la)v tes’ of the occurrence
“13 l‘)oid ]%V(ili{ levels, should be shown. a
an ¢ a s

of floods should be given.

nnel and one a.t. or

One at the centreszn t:t? t?l?:selected bridge sites
should be ta way. These borings should be
AT a6 boast 50 £ below  the lowest
depth o A chart showing the strata met

;he;osrlti-he design of the type and depth

Borings.
near each bank
of all crossings of over
taken down up to a
prevailing bed level at
with should be prepare
of foundations.

in normal
f Current. This should be observed in n
ity o, . e
and llljieglﬁciigods, wherever possible
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Depth of deepest scour holes in the vicinity should be
observed.

Catchment area should be worked out
the site in casc of small catchments an
casc of large ones.

by an inspection of
d from survey maps in

Ficld Notes. Detailed and specific notes should be taken in
regard to:
(i) the nature and character of the stream ;
(ii) frequency and duration of high floods ;

(ili) nature of banks and bed, viz,, resistibility to erosion
of the soil composing the bed and banks :

(iv) the incidence of floating trees or debris ; and
(v) the sizes of boats, rafts, etc., used if any,

Tentative recommendations should be included in regard to :
(1) the linear waterway to be provided ;
(i) the type of structure that will suit ;
(iii) the type and depth of foundations ; and
(iv) the length of spans.

Copious notes on the availability of local mageri
) d aterials sh
recorded. These notes should be written by the pri(:lc?i;u;nggicl:;
of the survey party for the use of the designer.

10.8,

covered. Progress and Cost. Tna day 3/8 to half mile can be

Detailed survey costs from Rs 300 to Rs

sive of the cost of the preparation of project
wings.

400 per mile, inclu-
estimates with dra-

10.9.  Scales of Drawings, The following scales aro recom.

mended :
(a) Plan 220 ft = 1 in.
{(b) L-section d220 ft =1 in. horizontal
7 and 20 ft =1 ; i
{e) Cross sections of hill face 20 ffz =ll 11?1 ‘rr:a.rt,t;;::%

(d) Cross sections of

Streams 10 f6 =1in, natyral for

waterways up to 300 ft,

and 20 ft = ] ip. natural for
longer crossings,

~1
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t1. OVERALL COSTS

The total cost of reconnaissance, initial layout, and detailed
survey varies from Rs 800 to Rs 1,000 per mile depending on .the
nature of the country. This includes the pay of the technical
staff and labour and is based on the rates given below :

Pay : Executive Engineer Rs 800 p.m." ylus
Assistant Engineer or 8. D.0. Rs 400 p.m. i };,l]owances
Overseer Rs 200 p.m. S at 25 to 40
Surveyor Rs 150 p.m. | percent of
Muharir Rs 80 p.m. | 8y
Khalasis Rs 75 p.m. | pay

Daily Labonur Ry 2 per diem plus 50 per
cent extra as allowance to cover
arduous nature of work, un-
healthy climate, ete.
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I. * A Note on Experiments With Aerated Concrete”

By
H. SunDER Rao,

MiNisTRY oF TRANSPORT, (RoaDS WING)

INTRODUCTORY

.Cement concrete as usually known is a heavy dense material
having considerable compressive strength. These properties have
made cement concrete a widely used material in building and
bridge construction.

But for certain purposes & material which is lighter and is a
poor conductor of heat and which has some of the properties of
concrete has been found desirable even at the sacrifice of some
compressive strength. For such purposes engineers in the West
have developed aerated concretes and at the present time Sweden
seems to be leading in the field of production and use of light-
weight and aerated concretes. In all aerated concretes the
aggregate used is very fine and to this extent, the term concrete
seems to be & misnomer. But following general practice, the
term concrete will be used in this note to mean the product made
out of a mixture of cement and fine aggregate only.

2. Experience and information about actual production of
such material in India has been lacking. The following note, ib
is hoped, will arouse sufficient interest to experiment further on
the possibilities of this material and its probable uses in India.
I am glad to acknowledge the kind help, advice and co-operation
received from the Government Housing Factory, the Director,
Central Road Research Institute, and the Director, National

Physical Laboratory, in conducting the experiments.

3. The problem that confronted the Roads Wing and
which led to a rough investigation arose as ‘follows.‘ In the case
of a railway bridge over the river Beas, which had its rails sup-
ported on a decking of trough plates about _12 in. deep and which
was proposed to be provided with road decking, it was suggested
that the trough plates could be made to carry the road surfacing
too if the 12 in. deep troughs could be filled with a light-weight
concrete of sufficient strength to carry the. usual road traffic
wheel loads snd at the same time keep the dead weight to g
minimum. The design contemplated the use of a fill material
which had a weight of about 60 lb per cu. ft. (against 144 1b for

8
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ordinary concrete) aud a com

¢ pressive strength of about 200—300
Ib per sq. in. on which a flexi

ble pavement could be lajd.

4. A further condition im
ted should be capable of bei

Posed was that any process sugges-
Place with unskilled labour an

ng adopted in an 0ut-of—the~way
d should not require costly plant,
5. An analysis of literature on aerated
various methods have b
concrete mix and that th
main types as follows :

concrete showed that
een used for producing aeration of the

€8€ processes could pe classified into two

(1) Processes in which gas

is produced a chemj -
action within the mix b Y omical re

efore it setg ; and
(2) Processes in which g foam-producing substance ig
i(llded to the mix to introduce and stabilise ajp bub-

es.

6. The Government Housing Facto
concrete produced by a process
the foaming agent. The foam
the conerete units were cured b
high pressure. Obviously this

process of the type

. cagent,
(2) using ‘“ Aphrosoj F.oC s and one
agent,

INIUM POWDER
grained aly

minj :
eement gauged with water, the free lin‘;én inp(;;lve? ecrenii :dded lto
aluminium react chemically ang liberate 1 dr Nt and ¢ 10.
favourable conditions the hydrogen bubblog gq %’0 ogen.  Under
mortar to puff up and 5 light-weight mortar l‘esult.:

The objects of the eXperiment
(1) To determin

aluminium Powder

produce a light-we; ht concre: ighi
and 70 1b per cu. f%; narete velghi

S Were :

(2) To see if such a lj
Sary compressive .
of road vehicles ; ang MUStaIn. the whel loads

(3) To draft a detailed i i
followed in the ﬁeldS.Peclﬁc&tlon for the procedure o be
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Materials Used in the Experiment

¢ t Lakheri
i Portland cement manufo,cture_d. a
Gement %;g;gg;y I(t);r had the following composition

Per cent
iti 1.7
Loss on ignition . LT
Sulphuric anhydride 1.65
Magnesia Mgo 1.8
Iron Oxide Fe, O, 1.54
Aluminium Oxide 00
gi'lica‘ 63.75
ime

i d
—8 arried from banks of t,l.m rivers Yamuna an
San(:heslg‘:ai %;lere used in the experiments. Plate I shows
the mechanical analysis of the sands used.

i ini that is
ini Powder—Fine aluminium powder th
Alun:al:;rl:l?y uged for paints and locally available in the
xgnarket at about Rs 4/4/- per 1b was used. Tt h@dg
grading of passing through 100 mesh sieve and retaine

on 170 mesh sieve (B.S.).

Preliminary Experiments

i i ials

ve the actual behaviour of the mixed materials,

f SItri’g? Slki)f{zz were prepared with two parts of sand w1thtolr)19

o eWf ment to which had been added 0.1 to 0.3 per cel(mi thy

ey cef the aluminium powder. Water was added a.fn 4 :

ot Oaste thoroughly trovelled was poured. to a dgp};lh Zf&;ro;n

fél(i)lrlx)pyilr)ﬁ:o wooden moulds 3 in"bytgtl)ﬁ‘bl?gsawl:fe l;(la%n. Jafter an
: i nute

igzengflazg Zz%u:hzeor;?)ﬁ;:e;is?lslowly bulked up to about the top

of the mould.

indicati f the
i h indication of the nature o
9. These trials gave a roug o b mado In respect ut
i tions were propose _ .
:ﬁcht;(l)lg;ili]dg (ilbs?zrgv?farying proportions of the aerating agent :

1) Time when action started and stopped after initial gaug-
W * ing with water;and

2) the percentage of rise or bulking of mortar as & rough
( index of the decrease in density.

10. To determine the most suitable proportions, various

i i rtions of cement to sand,
mixes Wer.e;.rifid. v:;x.thl .d;ﬁeéﬁﬁtl %(,)pgnd diffgrent petlifenteziesa ;j
:fulﬁleilgillli p,c>wcier., The, percentage of bulk‘mg of the m
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the time at which chemical a

ction started and stopped were
observed. The observations are given in Table I-—Preliminary
Tests.

11, The tests tabulated showed th
less bulking and to produce any appre
water than would be used ordinarily f

be used. Also it was observed that mixes leaner than 1: 3

produced segregation of sand at bottom. Therefore further tests
were confined to mix proportions of 1 : 2 and 1 1 3.

at the stiffer mixes yielded
ciable bulking much more

or mixing concrete had to

12. The cxperiments with 1:2 and 1 :3 Proportions
tabulated in Table 2. From these observations it cmfld be fouarfs
that a mix of 1 : 3 with .004 alu

. minium powder by weight of
cement could give the desired density and a crushing strength of
279 1b per sq. in, for autoclaved samples (steam-cured for 6 hours
at a pressure of 140 b per sq.in.). The sample cubes were
autoclaved to quicken setting and subsequent testing for compres-
sive strength. Harlier oxperiments with ce -

had showed that the strength of autocla o5t i mortars

_ ved test cubes wag t
2% times that of water-cured samples at 28 days test. abou

13.  Assuming a strength for water-cured gampl fo
times the strength of autoclaved ones, the a,era,te(ri) eio(;xcrei‘:é
vl{:ﬁuld have a strength of ‘279 X 4=1116 or 112 per sq. inch
This strength was considered sufficient ¢ istri .
it prongt 0 take the distributed

Moreover, wheel loads or caterpillar ¢ i
be dispersed through the depth of the wearin% ca(;;t'ra.ck foads will

-tk — 8y

FIG. 3

14. In order to fix a procedure for the laying of th
concrete under actual field conditions, Yo fon serated

! & piece of wooden

12 in. deep, of a section as indicated in %ig. 1 %o 00?&‘;;;‘;‘3&%(;
the trough plating of the bridge deck was made and aerated
concrete laid in three layers, each not exceeding 4 inches, After
the first layer was laid and hardened sufficiently, the second layer
was laid and then the third. On laying the final layer a screed
was used to remove the mortar which had risen above the deck
level. Cut sections showed that the average density attained was
about 63 1b per cu. ft.

EXPERIMENTS WITH AERATED CONCRETE 63

15. Conclusions and Incidental Observations

i : ter-cement ratio,
1) Aerated concrete made with 1:4 wa
W ??3 cement-sand ratio, and aluminium poYvderfofBOOt
of cement by weight, had an average dengity of abou
63 1b per cu. ft.

(2) Proportions leaner than 1 cement : 3 sand segregate with
unground Beas or Yamuna sand.

(3) The chemical action starts in about 20 minutes after
gauging with water.

lighter than

4) The top layers of the aerated concrete were

“ tge gottﬁm ones, i:e., the density In the body of the
aerated concrete was not uniform in depth.

(5) The concrete has to be laid in layers not exceeding 4 in.
in height.

It has to be remembered that aerated concrete aés pl;igali'gg
above is not impermeable. There is the chance of ‘vmoirmoislt)sure
through if water logging conditions or exposure t0 rain e teoughe
occur. Precautions have to be taken to protect the me e
by 2 or 3 coats of bituminous paint when aerated concre
to fill trough plating of bridge decks.

PROCESS USING A FOAMING AGENT

The use of «“ Aphrosol F.C.”’ a foaming a.gefnt ::::r}:bxsn:grtz:
added to the mixing water for production o0 :'on o it
has been recommended. The recommended prop_ori x: s ono pint
of * Aphrosol ’ to 4 gallons of water. If thet m::m g‘ Js done in
ordinary concrete mixers it was claimed tht;t a\W ST O e
a mortar weighing 100 1b to 75 lb per cu. I8 V o o on 50 30 Ib
Produced. It was claimed that & concrete w:ﬁg iog up to 30
could be produced if special plant to produce

that could be followed
to be adopted was one ] C Lowe
in thésﬁ‘e}}ll:i3 :711?2?3 ?10 :pecial pre-foaming plant 1se(:1asi1:xytg:a£a;;r¢z:
an ordinary 3%/6 cu. f5. concrete mixer Wwas us
ment.

: arison a regular or
—.For purposes of comp ;
Ordirﬁ?nn;gilx I:vii:‘ made wI;'oh 1 cement t;)l 3 ;a}r:go::l“:gi ;?6381?73:
quantitg; of water that would l?e use(.i in ztSol gix.
of 6 in. cubes were moulded with this co

Actual quantities used : Sand 2 cu. ft. plus cement 60 1b plus

water 3§ gallons.
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Foamed Concrete Mix.—One 1b of ¢ Aphrosol’ measuring
400 cc. was used. The quantities of sand, cement, and water
were adjusted for this volume of ¢ Aphrosol’. The actual
quantities used were : Sand 1§ cu. ft. 4 cement 45 1b -+ water 23
gals, 4 Aphrosol 400 c.c. or 1 1b in weight.

Procedure: J cu. ft. of sand and all the cement were loaded
into the mixer and mixing done for about one minute. Then the
water previously mixed with the ¢ Aphrosol’ was charged into the
mixer. When mixing was in progress for about a minute, foam
was scen produced. ‘Then the rest of the sand was added and the
speed of rotating the drum inereased.

Although instructions said that further water may be added,
if necessary, it was actually found that water could even have
been reduced initially. After mixing for about 3 more minutes
the resulting mortar was poured out.

Observations.—It was ohserved that the mixed mortar was
gsemi-fluid and contained a number of small bubbles.

3 Nos. 6 in. cube moulds were filled in and all the cubes
covered with wet gunny bags.

After 24 hours the moulds were struck and the cubes weighed
in wet candition:

Weight of mortar (6 in. cube) with-

out ¢ Aphrosol ’ 132 1b per cu. ft.
do with ¢ Aphrosol’ 104 1b

R 3

The cubes were tested for compressive strength (28 days) and

dry density at the National Physical Laboratory and the following
are the test results :

Test Report on 6 in. Concrete Cubes

Dry Densit
Sample | Compressive (ultimate) stress «H«y - »—1—y———»—
number in 1bfsq. in. (28 days)

grams/ce |1b per cu. ft .

With * Aphrosol’ —

AF1 278 1.31 81.7

AF2 421 1.32 82.4

AF3 278 1.31 81.7
Without ¢ Aphrosol’

Al 946 1.71 106.6

A2 875 1.66 103.6

A3 980 1.66 103.6
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CONCLUSIONS

¢ Aphrosol’ F.C. could be used as a foaming agent for the
production of aerated concrete, and with ordinary cement con-
crete mixers can give a concrete weighing about 90 to 100 1b per
cu. ft. with unground Yamuna river sand. Further research may
possibly indicate the means of securing reduction in weight

CAUTION

Experiments conducted in the West have shown that all light-
weight concretes have relatively high volume changes which occur
on drying and subsequent wetting and with changes in atmo-
spheric humidity. This important factor has to be borne in mind
in the use of acrated concrete for any particular purpose. When
used for a fill over which a wearing coat will be laid, the latter
should be of the flexible type ; also it should be as waterproof as
possible. Two to three inch deep campact asphalt carpet would
probably be the best wearing coat over the light-weight concrete.

SPECIFICATION FOR LAYING AERATED LIGHT-
WEIGHT CONCRETE FILL FOR TROUGH

DECKING OF BRIDGES
Materials

Sand.—The finest sand available at the locality free from
excessive organic and inorganic deleterious substances (not excee-
ding 6 per cent) is to be used. If it is feasible to eliminate
economically the coarser grains by sieving it should be done
through mesh corresponding to British standard sieve size No 14.

Cement of approved brand should be used.

Aluminium powder free from oil and of the finest form
Procurable should be used and should in no case be coarser than
the fineness of cement. The aluminium powder used for paint
18 quite suitable.

Preparation of the Troughing to receive the Mortar

The inside of the troughing should be painted with two
coats of non-corrosive paint preferably a bituminous base paint.

Mixing

The proportion of sand to cement shall be not leaner than
3:1. After determining the cement content for each mix, the
quantity of aluminium powder calculated at 4.0 per thousand
by weight of cement shall be thoroughly mixed dry with the
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cement by hand. In order to have a thorough mix it is desirable
to have as small a mix as economical,

The re_q\_lired quantities of the sand and the cement mixed
with aluminium powder are put into a mortar mill and mixed in
the usual manner with water added at 15 gallons per bag of 112
b of cement. The water should be added in two doses. The
first addition may not be larger than 7 gallons. The seconéi dose
may be added after mixing has continued for about 3 minutes
It will be seen that the quantity of water used is about twice thé
normal requirements for mortar. This is essential for proper
aeration and rise of the mortar. Chemical action starts in about
20 minutes after mixing water. The mixed mortar should be
laid in site within 15 minutes of the adding of water. When the
mortar is dumped into the troughs, care should be taken that the
depth of the added layer is not more than 3 inches at a time
The mortar is then allowed to remain undisturbed. After abou'&-
20 minutes the mortar would begin to rise slowly with a dome
like a loaf of bread, and the rising would continue for about é
hours, the height increasing from 3 in, to about 4% inches, The
second layer of 3 in. can be laid 24 hours after the ﬁrst'layer
The surface of the concrete of the first layer )

should be rough
with a trowel to allow a good bond for the next layer of coi;gﬁg

The last layer should be laid to a depth of about 2
remaining depth so that the light-weight cp()ncrete may fil{ 3r‘;ip tltxg
the top of trough after aeration. Any surplus mortar rising
above the trough can be scrapped away by a trowel 4 hours
after mixing, i.e., when the mortar is still green.

Curing shall be done for at least 14 days in the same way
as for a cement concrete structure and the light - weight concrete
thoroughly dried before laying the wearing coat on top.

- Approximate Quantities required for 100 cu. ft
aerated concrete.

Amount of bulking due ta

chemical reaction 2 times original volume

Amount of mortar required .. 50 cu. ft,
Sand o 48 cu. f4.
Cement 16 cu. it,
Al. Powder. 16x90x 004

576 lbs or 58 lbs.

The cost of Al Powder in small quantities i _8.
It should be cheaper if purchased in %ulk. is Rs 4-8-0 to 5/-,
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II. TYPE DESIGNS FOR HIGHWAY MILESTONES

1. Scope. Type designs, prepared by the Specifications
and Standards Committee of the Indian Roads Congress, are
given in Plates I to IV. These may be adopted on all roads for
replacing missing or damaged milestones or for erecting new ones.
The type which is the most economical and enables the use of
local materials may be adopted.

. Size and Edge Clearances shall be as given below :

NH,PH.| O.D.R
Class of Road ! & MD.R. | &V.R.
l
Design speed of road M.P.H. above ( below
30 | 30
Height of numerals in. .., 6 4
Height of lettering in. ...J 4 3
- Edge clearances: |
Top in. .. 2 4
Bottom in, | 6 6
Sides in, ‘ 2 2
Spacing between lines ‘
in, ... 3 3

3. The Shape and Spacing of Letters. The shape and
spacing of letters in English shall conform to those shown in the
appended Plates, viz.,

(1) Letters, 4 in. height, Plate V.

(2) Letters, 3 in., height, Plate VI.

(3) Numerals, 5 in. height, Plate VII.

(4) Numerals, 4 in. height, Plate VIII.

+(8) Numerals, 3 in. height, Plate IX.

On milestones, which are inscribed in a script other than
that of English, the style of lettering shall be the one in general
use. The spacing between single or compound letters shall be at

least equal to the thickness of vertical stl:okes or to the thickness
of strokes of letters in the scripts having no vertical strokes,

such as in Oriya, Telugu, and Kannada.

4. Colour of the Background and the Lettering. The
background shall be light yellow and the letters shall be black.
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5. Script of the Inscr

iption. The inscription may bG_i’:
different seripts in the ‘following order, only one seripy being
used on any one milestone,
Mile No. Inscribed script
0 English
, Hindi (Devanagari SCriph)
2 Loeal language
3 Hindi (Devanagari seript)
<4 ‘ © lLocal language
5 English
and so on (repeated in the same
order),

The ahove order and weightage to a seript may be modified
at the discretion of the Road ,

Authority.
5.2. The numerals shall in every case be in tho intei;mﬁ
tional form of Indian numerals as detailed in Plates, V1Y, V !
and IX. Local or Dev

anagarl numerals are not to be used, vide
Art. 243 (1) of the Constitution.

5.3. On milestones fixed on village voads the inscription

may be either in the official language of the Union, i.e., Hindi in
Devanagari Serips, or the seript of the

recognised regional langu-
age, at the discretion of the local Road Authority, 1nscription i@
English is not necessary unless the village road leads to a place ©
tourist or archaeological interest, '

6. Orientation.

The faces of the milestone on N. }c{é
P.H., and MD.R. shall make an angle of 60 deg, with the centr
line of the road (see Plate X).

7. Location. Milestories shall be located op the loft-hand
side of the road as one Proceeds from the g

rminal station from
which the milage count starts, . )

7.1. On embankments the stones shall be Gixed outside bhe
edge of the formation on specially erected Platforms, protectec

by revetment, if necessary. _ In cuttings they shall be fixed clea
of the shoulder and the side drain (see

Plate X)),
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Plate VII
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I, PREVENTION OF WET WEATHER DAMAGE TO
SURFACE DRESSINGS

(Eztracted from Road Note No. 14 issued by Road Research
Laboratory, Harmondsworth ). .

INTRODUCTION

Serious failures of newly laid surface dressings may be caused,
by rain displacing the binder from the chippings, which are then-
Whipped off by traffic. To avoid these failures, surface dressing is
usually confined to periods of fine weather. The unsettled weather
during most British summers results in expensive delays.

Damage due to wet weather can be prevented by the adoption
of a simple process which renders the dressings immune to the
action of water and thus makes it possible to continue surface
dressing operations with confidence throughout periods of unsettled
weather. In the process a solution of an adhesion agent in creo-
sote oil is applied to the interface between the binder and the
stone chippings. Two methods of doing this are described

below :

Method 1.
PRE-TREATMENT OF THE STONE CHIPPINGS

‘ iopings used for the surface dressing are treated before
use vs?il;ﬁ i;l;p{;olgtion of D. 8. 2274* in a suitable mixer. Pro-
bably the cheapest method of mixing isin the double paddle.
mixer of a coated-macadam or asphalt plant.. ' Chgppmgs less
iable to produce dust may also be treated by mixing in a concrete

mixer, The use of the largest available mixer is recommended
a8 it is more economical in labour and time. The mixer should

be cold, clean and free from dust, tar, bitumen or cement before
use. There is no need to dry the aggregate. o

. *In : : ion is marketed under the trade namelpi “Adhpyia
T.” D_nsfrégfﬂti?li,gigf:;gféo?mm any of the offices of Imperial Chemical
Industries Lid, It is used as an 8 per cent solution In: light Jcmoﬂ?ff.&'ofl‘.
and oan be used with both Tar and Bitumenous binders. L N

A -

e
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The stone chippings are mixed with the D. S 2274 solutjon at
a rate of 0.5 to 2 gallons of solution per ton of chippings depend-
ing on the type, size and cleanness of the stone. Large, smooth
clean stones will require less solution for adequate eoa;;ing thari
small, rough, dusty chippings. Mixing is continued for about two
minutes until the chippings are coated with the solution. When
this occurs, it will be found that the chippings :
when water is poured on them, it will collect in
of wetting the stone surface. This is a convenie
determining the mixing-time and quantity of solu

are waterproof :
droplets instead
nt quick test for
tion required.

A simple reliable test to show whether the stone ig efficaciously
coated can be made by pressing the treated stone into a layer of
binder about 3 mz?. tlek beneath the surface of water contained
in a suitable vessel. ter five minutes, the treated st

adhere firmly to the binder. stone should

The chippings can be mixed while dry or wet: a slight

adjustment of the quantity of D. 8 9974 soluti
may be required if the conditiong change. ution to be added

The coated chippings can be stocked in
Cases are known where chippings were still e
4 months’ storage by the roadside. In othe
has become less effective after a week's stor
point is still under investigation
recommended that chippings
treatment.

piles until required,
flectively coated after
I cases the treatment
age in the open. Thijg
and until more is known it ig
be used within one month of

The pre-treated stone technique is most effect .
aggregates that do not produce much dust, although siézsssw;;ﬁ
be obtained with aggregates of all types. Dusty aggregates
should receive the minimum amount of handling before mixing

The pretreatment of the stone with D. 8. 227 i
estimated to cost not more than three half'penct SI(J)(:: t’lson ard
even when carried out in small batches in a ¢ 1 yard

a large scale, the cost should be appreciably leg:crete mixer. On

Method 2.
SPRINKLING THE SOLUTION ON THE BINDER FILM

The solution of D. 8. 2274 in creosote is g r
binder film, before the chippings are a,ppliedp 9::;1 Kee;ntsh ° iresh
attachment to the back of the binder distribut;)r. o an

The rate of flow of the D. S. 2274 solution to th i i
a(']jug.ted to ensure tl}&t, at the specified speed c?fslgll: k‘tlﬁii;s
distributor, the solution is applied at a rate no héavier tha;
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140-180 8q. yard per gallon, Although the rate of application
of the solution is not critical, when excess quantities are applied
the creosote will soften the binder unduly.

Gritting is carried out in the normal way, immediately
after the binder film has been sprinkled with the solution.

General Comments

It must be emphasised that the use of an adhesion agent will
not improve an otherwise poor dressing. Most of the premature
failures of surface dressings arise from the unsuitable rate of
spreading binder or from an uneven distribution of binder, and
failures resulting from these and similar faults cannot be
prevented by the use of adhesion agents.

SPECIFICATION FOR THE SOLUTION OF D. S. 2274*
IN LIGHT CREOSOTE OIL FOR USE IN SURFACE
DRESSING WORK

The solution shall consist of a mixture of light creosote oil,
of which the properties are defined below, and of D. 8. 2274 in
the proportions of 92 parts by weight of the light creosote oil and
8 parts of the D. 8. 2274. The solution shall be made by mixing
the creosote in a suitable vessel with the appropriate quantity of
D. 8. 2274 and stirring mechanically. The solution is then
placed in suitable containers such as metal drums.

Specification for light creosote oil

The creosote oil shall be wholly derived from the distillation
of gas works vertical—or horizontal—retort tars or of coke-
oven tars.

Specific gravity

The specific gravity of the creosote oil shall lie between 0,950
and 1.000.

*Other mothods of treating wet aggregates, involving the use of turkey
red oil and lime, are discussed in the I. R, C. Journal Vol. XIV~3, It hasg
been roughly estimated that costs of applying the adhesive agent per
100 sq. ft of surface dressing are: Turkey red oil Rs 1/6/-; Lime -/8/-, and
Adhevia T ={11/-,
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Distillation Properties

" The percentage of the oil which distils in the following ranges
shall be as indicated : -

Tempefature range
Up to 200° C
Up to 250° C
Tp to 270° C

Fluidity

Percentage distilled
0—10
not less than 60
not less than 80

It is most important that the creosote oil shall be fluid, that
is, free from deposits of crystals at 0° C (32° F)

RESEARCH SECTION
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FOREWORD

In some parts of India laterites are the only natural road
building material available. The alternatives are to import
harder stone from long distances at great cost or to burn bricks
locally and use them for soling and metalling. -

The term ¢ laterite ’ covers a type of material which'¢an be as
soft as hard clay conglomerate or as hard as or somewhat harder
than good, well-burnt bricks. Moreover, the material is not
homogeneous. In a small piece some parts may be soft and
others quite hard. o

Six samples of fairly good laterite were tested in the ‘Central
Road Research Institute for their usefulness as a road making
material. The results of the laboratory tests are published to
give the engineers an idea of the nature of this material and its
suitability for road construction. It is necessary, however, to
emphasise that the results given in this Note are applicable to
good laterites and not to anything passing under that name. In
any particular case it would be desirable to test the material
actually to be used before using it on a large scale.

This investigation was conducted as a part of the research
programme of the Central Road Research Institute. The Director
wishes to acknowledge the work done in conducting the chemical
and physical tests in the Rigid Pavements Section by Messrs
G. F. D. Gonsalves, R. Nagarajan and R. Krishnamachari, and
in the Soils Section by Dr. H. L. Uppal and Messrs K. L. Nayyar
and A. L. Chatwal. . .

Central Road Research Institute, E. ZIPKES,
Okhla, Delhi. Director.
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AN INVESTIGATION ON SOME LATERITES

The Suitability of Laterites for the Construction
of Water-Bound Macadam Roads

1. PROBLEM

1.1.  Exposition

The problem put to the Central Road Research Institute was
to advise whether the laterite boulders furnished as samples were
suitable for road construction.

This general problem arises in areas where no suitable
mineral material is available except laterite boulders. The
mineral material usually employed in road construction can be
used as boulders for soling or as metal layers on top of the boul-
ders, or as surface chippings for water-bound macadam or, when
mixed with binders—bituminous or others—for surface dressings
or carpets. The request put to the Institute was to investigate
the suitability of these laterites for water-bound macadam. So the
first problem was to ascertain the suitability of the materials for
soling and metal, and only secondly for surface dressings.

1.2. The Material

Grenville A.J. Cole describes in his * Outlines of Mineralogy >’
published in 1913, on page 216, the possible formation of laterites
as follows:

« DIASPORE, A10 (0H) (= Al,05. H,0), is a colourless
or palely tinted rhombic mineral, in elongated prismatic
crystals, which is found with corundum in many localities.
GIBBSITE (HYDRARGILLETE), A1(0H); (=A1,05, 3H,0),
is similarly white or palely coloured. Occurs as monoclinic
six-sided platy crystals, also associated with corundum. The.
geological interest of these minerals lies in the probability
that as a mixture they form the rock known as Baucxite, to
which a composition of (Al,Fe);05.2H;0 has sometimes been
agsigned.  Bauxite may be pale blue or grey, or strongly
coloured by haematite or limonite. The ferruginous varieties
are known as * laterite ”’, and occur as products of decom-
position, under tropical conditions of weathering, of all
manner of rocks containing aluminium silicates, such as
granites, basalts, shales, etc. Moisture as well as heat seems
required for the formation of laterite and bauxite ; the process
involves the almost complete removal of the silica from the
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original silicates, but the retention of
hydrate. Kaolinisation and laterisation th
selves as opposed processes.

T. H. Holland! points out, from hi i

N ; n his
Influ» that dehydration proceeds in the llix s
bsite thus passes into djas
matite develop.

he alumina as a
us present them-

de experience in
‘ | teritic mass.  Gib-
pote, while gothite and even hae-

the rgllyt‘?ell'lilf Y exlli‘jal:ilr'l thto caﬁrem(fl)r heterogeneous character of
al. - BParlier to Grenville, N PN
papers {1844, 1846) very exactly how tl\eWbold described in his

: 1846) ve hese laterites
merely visual inspection. Prescott, and Pendleton‘z(lgglzgea;ivteoii

ble information about
. atic all sources wh
e cited description of Newbold &b(?lx;:

laterite is also found on Page 5 of Prescott and Pendleton’s

publication,

*“ The laterite of Beder

‘ » genevally speaking is a i
E;lc;]kl;red, porous rock, passing into liver bgr’own p}])]:rr;g:iltog
oy m mgzﬁ)us sinuous  and fortious tubular cavitiey e'(the

pty, filled, or partially fillod with a greyish-white cl;iy Il)as:r

ing into an ochreous, reddish and i
with a lilac-tinted litheoargic Zarz,lrthyeuowmh prown dust; or

The sides of the ogv iti

| avities are  usuall i
ﬁi;tfn of a deep brp\vn or chocolate coloyp Y tlfoeflrglgmoug iy
tmremore th{an a line or two i i : ir Ia,xgningeneé Y
may irequently be disti i akod oye.
t];eefore thetblow-pipe it me - bgla.?eat?,aked b
magnet, hut is mrely 0 ferruginous as to entitler?tcgidtllg

: on - .

Plclfeﬂ out, and smelted v thougl} bome‘[‘(;fetgﬁtel;?dulefs ?}I‘e
3 | 10r of the
perficie, but some-

present a variegated appear softer kindg
(‘axéxibit tﬁg %y Coloureémeamnc?e. The clay_lzmd lithomarge
intersected by a network of req ) UAC, and white,
neygs of this rock ig such that i’tpr‘tlx?;e’bzr gfxzw\?ithThe S(:ift-

a spade;

1. “On the Constitution, Origi N ‘
» VEIBID, and Dehydrat; .
1 _ 4 Ydration of »
gggg&%msiglt Sue eUnléoGdls)cussmn and reietenc:s ]‘;gtecr;'t o G‘?OL Mag,
greochemistry ', U. S, Geal. Surv, Bull, 401 (1013 g7 “ Data of
nterbasaltic Rocks of N. E. Irelang ", Geol. Sury, Ir’ela.?ii‘ ?{S}m’“ " The
2, ' Laterite and Lateritic Soilg " by 3. A, Prescot e
Commonwealth Agricultural Bureaux, ot and R

L. P
(1952), Farnkbam Rayal, endleton,

Bucks, England

{
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hardening by exposure to the sun and air, like the laterite of
Malabar. The surface of the harder or more ferruginous
varieties is usually barren, flat like a pavement and often
presents a glazed or semi-vitrified appearance .

Therefore the investigation went a little more into detail about
the properties of the laterites than usually done, when minerals
are investigated on their suitability for road construction,

1.2.1. Location

All the six laterites originate from a State in Eastern India
and represent samples from six different quarries of one district.

1.2.2. Appearance

Visual examination of the six samples of laterites show that
the heterogeneous character of this material originates from a
skeleton of relatively great hardness with soft materials consisting
of mixtures of differently graded soils which is deposited in the
cavities of the skeleton and always surround it on the outside.

Photos 1 to 6 give sectional cuts through the laterites and
give an impression of the material. The structure, the skeleton
and cavities, and the soft material can easily be seen. The
cavities were sometimes found empty. But when full or only
partly filled, the inclusions were of a silty to clayey composition
while the sandy portions usually occupied the outside.

The colour of the soft material in the cavities varies between
bright yellow to strong red and of the skeleton from brown to
dark-violet. The mainly sandy portions between the skeletons,
but not in their inside, have no typical colour-shade. Photos 7
and 8 reproduce the respective view from photos 1 and 3 in natural
colours, which facilitate comparison to the colours of the four
other laterite samples and also vide Newbold’s description,

2. INVESTIGATION

2.1. Preparation of the Material

Owing to the heterogeneous character of the samples, some
of the investigations, wvide 2.2,1 to 2.2.3, were conducted
geparately on the component materials as well as on part of the
original sample taken ag a unit. The material filling the voids in
the skeleton and the soft material outside displayed preperties
and cffects entirely different from the harder material of the
gkeleton, .
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For o
know tﬁ‘:e of ;olhe Jaterites in road construction it is important to
samples were Chaviour of bhoth the materials. Therefore, the

i crush.ed: following the natural fissures and joints,

from ater, and the fine material was separated
the skeleton as far as possible. The &;e of great force in

one ki ) .80 as mnot to get powdered fractions from
aftor tl}?g 2f m;:“cem&l mixed with the othe£ The material passing
was. dos] rlgs ng process through ASTM Standard Sieve No. 40
clared as the ‘“fine,” and the rest as the ¢ coarse’’

fraction. These two diff i i
both chemically and ph;;?(;?ll?oups Tore investigated soparately,

2.2, Tests Conducted and Discussion

2.2.1. Distribution of fine and i
analysis of the fine fraction (Tablaenl).coarse material and mechanical

The fine material has been subjected to mecha

by sieving and by sedimentation.
contents of sand : sil : clay :

Table 1. The determination g
fine fractlon varies between 9 ¢
colloidal matter between 4 ang

hical analysig
_The results as we| as);he
hcollmdal matters are also given in

Oows that the clay content of the

0 14 per cent and 1t s
14 per cent,. " percentage of

2.2.2.  Physical Characteristics (Table 2)

Some physical characterig

mixed samples and ag fi tios of the si

X laterites, as natural

Table 2. From tho fine fppri o CO3%0 fraction, are given in
plasticity index ag nSVeflrlaca?mn e, the liquid limit and the

Metorm: ] 8 the specif i
mined. The specific gravity is algo shgwgrafzgtr}r; }tl;:: ecob;g;

fraction as wel} as f
laterites, from which ra?li tfﬁle natural mixed samples of the

Pporosity have been indicated. ® void ratio and the percentage

¢ ) . T, the per i
given in percentages to the whole volun?e %?ﬁ:sg %thv:il:n gcl)rgslg}g
per cent. This shows the great influence of the cavities, which

can be seen in the six photogra h ine 3
third of the total volume. T T8 in average almost a

2.2.3. Chemical Analysis (Table 3)

The results of the chemical analvsi i
the six laterites are given in Table s.yms, by HOL extraction, of
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The laterites have been analysed for insoluble residue,
gesquioxide (content of the Fe, 0, + Al,0;), the total basis, the loss
on ignition, and the pH-.value. Except the loss of ignition and
pH-value, all the four analyses have been conducted on three
different samples, the natural mixture, the coarse fraction, and
the fine fraction. In the analysis given for insoluble residue,
and sesquioxide the top line gives the values for the natural
mixture following the conduction of the analysis itself and in the
lower line its value as a result of a calculation out of the results
of the analyses of the two fractions. The more the calculated and
the determined data coincide as given in the upper and the lower
lines the better was the accuracy in the fractionation and in the
conduction of the three analyses for each laterite. The analyses
show further whether the tested samples do reaily represent the
natural average sample.

2.2.4. Swelling Effect (Table 4)

To find out whether the influence of the fine fraction present
may have a swelling effect on the laterites, when saturated with
water, all the six laterites, in the form of cubes of the size of
approximately 3 to 3% inches, were immersed for 24 hours in
water. The results of these tests are given in Table 4, and they
show that a swelling effect is present. But its value in all the
six cases is very low and of no great importance, especially
because the determined swelling effect diminishes after some time
of immersion, after having reached a maximum. In average, it
is not more than a few hundredths of one per cent of expansion
and this small expansion can be safely neglected.

The fine material will therefore have little influence on the
behaviour of the material when used for purposes of road
construction. There may be a possibility of ¢ frost-effect *’
arising from the presence of the fine fraction deposited in the
natural fissures and joints of the laterite. These deposits did
not show swelling after saturation with water alone but they may
attain a swelling property when subjected to frost, Tests under
frost conditions were not conducted as it is not expected that
there will be frost action on the roads in the particular district
where the laterites could be used.

The specimens submitted to the swelling test were the same
as those used for the absorption test (vide 2.2.5) as well as for the
compression test under wet conditions (vide 2.2.6).

2.2.5. Capacity of Water-absorption (Table 5)

The same cubes of the six laterites used in test vide 2.2.4 were
used for investigating their capacity for water-absorption. These
tests were conducted with the samples after they had been immers-
ed in water for 22 hours. Then for one hour they were kept in
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air in order to 1qt surface water trickle off and one more hour was
r(_zserve?d_ for t@kx_ng their weights. This procedure was done 3
times in continuity. The results arc given in Table 5,

The results show that almost the whol i
during the first period, in the first 22 hours.e agixol;p;l(\)rr;:;Oxl){eg%?gcﬁ
ble quantity of water or nothing at all was absorbed during the
second and third stage of immersion, which can easily be %oted
from Table 5. The results give the absorptiomea,pa.cit,y as 8 to

13 per cont which means an approximate addition: ;
~ A tonal ab f
about 7 to 12 per cent to the initial moisture content, sorphion ©

T'a.k'ing into consideration a
cent, it is obvious that not all sh
water, even after three immersions of 22 hours each. This proves

that most of the cavities behave as if practi .
: cti -
do not come in touch with the liquid, P cally water-tight and

porosity of from 21 to 35 per
ells and voids are filled with

2.2.6. Compression Strength (Table 6)

The set of cubes used for the tests o d i
S etermine % i

eﬁeqt and the capacity of water-absorption and one rl;i)rzwggtuﬁ
similar cu_bes but dry were tested for their compression strength
Table 6 gives the results of the compression tests on dry o nd

saturated cubes. and
Compression strength tests on thr ;
burnt, were also conducted. ee first class bricks, locally

This was done to get o
results for the planned use of laterites in road corxgstruegirgx?ara'%)llg
bricks were subjected *“ flat*’ to the tests because they are ﬁsually

put in that position as soling material. The depressi

side of the brick was ﬁlled up with neat cenll)ent lgsst:n ',([)‘Ilig
samples were then kept in air for 24 hours and both the flat sides
of-the bricks were capped with plaster of paris. The procedur:‘e

for conducting the compression strength
te .
and the results are given also in Tablge 6. o was the usual one

Unlike the laterites, the 3 bricks ;
compressive-strength results with an ag:gzggco;xfx[;a:g?l;;bumform
inch. Both the uniformity as well as high value ma b e
ced by the particular form of bricks in fiat Ppositi Y g en-
parison of these values is, therefore, no to b(;on.
w1thou1} making any allowance for this o
approximate to those obtained from tests o
dry condition (laterites 1, 5, and 6) and in th
(laterites 2, 5, and 6).

The average values
n the laterites in the
e saturated condition
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With materials like laterite, a very large deviation is to be
expected, as indeed is clearly shown even from the few tests
carried out. These results can, therefore, only be taken as
symptomatic and not as suitable for arriving at firm conclusions.
The reasons why more tests could not be carried out were the in-
adequate number of samples supplied and the peculiar structure
of the material which prevented the making of smaller samples
for the tests. The photographs of the six laterites also illustrate
the big deviation in the composition of laterites taken from
different quarries of the same district.

In spite of the inconclusiveness of the results, a comparison
with bricks in general may be made. Bricks usually display an
immense scattering in the values of compression strengths even
when they are taken from the same kiln. The Journal of the
Indian Roads Cangress, Vol. X V-3, page 398, contains data collec-
ted by K.C. De on the compression strengths of first class bricks
of higher values than obtained at Delhi. Possibly some of this
variation arises from the difference in the sizes of the bricks
tested, but it also indicates the variation in quality of bricks
manufactured in different localities.

The results of the compression strength tests of the six dry
and six wet sample cubes of laterite vary between 550-1960 1b
per sq. inch. From this it appears that the laterite samples 5 and
6 have the highest strength. Samples 1 and 2 show lower values
with high variations, Samples 3 and 4 show relatively more
uniform results than the 4 other samples but their values are
much lower. The different sizes of the cavities as can be seen
from the Photographs 1 to 6 have certainly an influence also on
the compression strength and that may explain for instance the
low values of laterite 3.

2.2.7. Aggregate Crushing Value (Table 7)

As compared with the uncertainty of the results obtained
from the compression strength tests, the crushing tests give a
more accurate picture of the properties of the laterites. Moreover,
the crushing test is more nearly comparable with the actual wear
to which a road construction material is put under the action of
traffic. On these considerations due weight can approximately be
given to the series of tests determining the aggregate crushing
value, the results of which are given in Table 7.

The tests complied with the British Standard Specification
No. 812 (1951) under which the load is applied at a rate of4 tons
per minute over a period of 10 minutes. When a total load of 40
tons is reached the loading is released. Gravel of size from } to §
inch, and approximately 1/8th cu. ft in volume is placed in this
test in a circular container of 6 in. diameter to a height of four
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inches. The erushing value ig deter
percentage weight of crushed materi
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Photo 9,
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¢ al size (mm).
2. Sectional cut through laterite No. 2. 160 per cent natural

Photo ¢
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Photo: 5. Sectional cut through laterite No. 5. 160 per cent natural size (mm).
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Sectional cut through laterite No. 6, 160 per cent natural size (
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soft to medium-strong material. The results conducted on two
samples of each material independently show very little deviation
and therefore are reasonably conclusive.

These comparisons are valuable in the evaluation of the
usefulness and suitability of broken lateritec boulders as soling
madterial and metal in road construction.

The results in Table 7 give for the quartzite, as expected, a
relatively low value which corresponds to its hardness. The
crushing value of the bricks is as high as about the highest value
of the laterites, the laterite sample No. 2, - The values given by
the six laterites varied between 34 per cent and 50 per cent.
Laterite of the types tested can therefore be considered for
purposes of soling and metalling as a material with less wearing
properties for road construction than first class bricks.

3. EVOLUTION

The investigation shows that the six laterites can safely be
used for road construction when the conditions are such that
would permit the use of soft materials like bricks. Such laterite can
readily serve as a soling and may also be used as an inferior road
metal. Before it can be used as ¢ chippings ”” for the top layer
in water-bound macadam roads, careful sieving should be

adopted in order to remove the fine and soft fractions released by
crushing the material to obtain chips.

The friction between water-bound macadam surfaces and the
types of vehicles using the roads of this type will be considerable
and there will be correspondingly considerable wear of both the
tyres and the surfaces. It would be of advantage to consider the
possibility of using the laterite surface with some kind of carpet
built up of local materials and binders. A relatively thin carpet
of about 1 to 1} in. in thickness should be sufficient.

4. CONCLUSION

The material under investigation can be used for soling in
the form of boulders in the usual size as well as for road metal of
24 in. gauge, in such cases where bricks or brick metal is used
for the same purpose. Before being used as surface chippings, the
crushed laterite material ought to be separated from its fine and
soft components. It would be of advantage also to remove fines
and soft materials before using laterite as road metal and gieving
should be adopted compulsorily when conditions allow of this,
Further investigations are indicated with a view to devising a

more suitable and less wear-producing and, therefore, a longer
lasting surface.

12
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CONCRETE ROADS

Concrete roads can be designed
for any conditions of load and
service.

Whether it is a creteway to
carry farm produce to market
or a road in an industrial area
for heavily loaded goods-
vehicles, concrete provides the
best solution.

ALC

THE CEMENT MARKITING COMSANY OF INDIA LTD,
THE ASSOCIATED CEMINT COMPANIES LIMITED

CRETEWAY IN THE PUNJAB




Indian Practical

CIVIL ENGINEERS' HANDBOOK

NOW it 5. HOT PATCH matorial VIL ENGINEERS' HANDEO

yo” WO/lt.dlly @pe.OO”y qaonfiw THE STANDARD REFERENCE BOOK FOR ALL ENGINEERS

In the M;

offer:!ivlzhzg}I'bBarberAGreene offers a unique and

agqreqate (riTl mathn of an efficient rotary drum

heated ryer wnh a proved B-G twin shaft
Pugmill mixer, |t is rightly called the

Mixall becqyse of all the things it can do . .

« o« Mix qlf Quantities:

tons per hoyr of h
cold patch.

in all locqat; .
with oggr:‘"m"’- towed to the job by truck loaded
gate . . | fed directly from truck or from stock

pile or pit. C
. 4 on w | ; .
fime required. ork in a single fraffic lane. No set.up

in all weather:
mospheric temperatyre

fepair 1o pravent major

++Mix all types.

mixes—gg w

fram a <ingle 300 16. batch up to 5
ot mix—or up 10 10 tons per hoyr of

« .« Mix

heated aggregate makes low at-
mixing possible — allows quick
failures,

Tf bituminous materials including stabilized
ell as low slump Portiand cement mixes.

Barber.Greene Overseas, Inc.

ol
STRIBUTORS OF BARBER.GREENE PRODUCTS MANUFACTURED BY

BARBER-GREENE COMPANY, AURORA, ILLINOIS, U.S.A.
SARUER.GREENE OLDING COMPANY. LD . ENGLAND

This book is a vast collection of up-to-date practical
data (with standards and formulue)y and other valuable
technical information neceded most in  daily work, not
usually considered or incorporated in text-books or found
in any other single Indian publication. Hundreds of copies
of this famous book are now in daily use by every grade
of engincer all over India. Users tell us they have found
it “highly Useful” ready reference book.

Sections on :

Civil, Structural, Sanitary, Highways, Bridges,
Irrigation & Llectrical Engineering. All condensed in about
950 pages with over 300 illustrations and 200 design tables.

Cloth bound Rs. 15 - (Postage extra Rs. 1-8-0.)

ENGINEERS’ PUBLISHERS & ADVERTISERS, Patiala (Pepsu)

MILLARS’
MACHINERY

Concrete Mixers—Tiiting and non-Tilting Types.

Asphalt Mixers—for Hot and ('old Mix.

Roller Pan Mixers—for Mortar.

Diaphragm Suction Pumps—for effective lift up to 25 ft.

Self-Priming Pumps—for handling Secpage at lowest

possible cost.

Tower Hoists—for speedy construction.

Wellpoint Pumping Equipment—for dewatering the only
successful method of combating running sand.

TIMBER

HARDWOODS - SOFTWOODS - PLYWOODS

MILLARS’ TIMBER & TRADING CO. LTD.

( INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 27.

Telephone . 41077 Telegrams: JARRAH
Branches and Agents throughout the World.

BARBER-GRLENE CANADA, LTD..



Caleroon Road Bridge,

Trichinopol b
24 spans of 100 feet e prict

on Masonry Piers.

BRAITHWAITE & CO.,

(INDIA) LIMITED

. HIDE ROAD, KIDDERPORE, CALCUTTA.

v

FOR EVERY ROAD-MAKING JOB
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you can
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Agrico implements are helping
to build better roads and lay
safer surfaces. Because Agrico
implements are made from
special quality steel and individu-
ally tested for superior strength,
they are being employed more
and more by leading engineers
and contractors,

\\'39'/ PICK-AXES
Available in two patterns.
Extremely sturdy and long

fasting.

BALLAST-BREAKING

HAMMER
CROWBAR
SQUARE.NOSED SHOVEL o standard length Available in 1 lb. weight.
Made from high-carbon steel to . of 5'-5'* and sections Breaks the heart of
1.S.1. specifications. Fitted with from 7.8 to 1}"'. Made any stone —really strong

seasoned wooden handles. from high-carbon steel. and durable.

THE TATA IRON AND STEEL COMPANY LIMITED
Head Sales Office © 23-B, WNetaji Subhas Road, Calcutta-}

8ranches 6t : BOMBAY., MADRAS, NAGPUR. AHMEODABAD, SECUNDERABAD KANPUR,
JULLUNDER CANTT. & VIZIANAGRAM CANTT.

AG 1)



WARSOP

ROCK DRILL

The most modern

self-contained One

Man power-tool for

. Stone Quarrying

- Surface Mining
Prospecting

- Trenching for power,
water & sewage lines

. Breaking concrete &
general demolition

BENFORD

CONCRETE MiXERS

- W DN -

2]

Mixers from 5 c.ft. max.
input and 3} c.ft. max. out-
put to 10 c.ft. input and
1 c.ft. output -with Diesel,
Kerosene, Petrol or Elect-
ric drives—available from

stock.

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-

nes includes:

- Jaw Crushers & Granulators

- Gyratory Crushers

- Vibrating & Rotary Screens

- Complete Crushing & Screen.
ing plants, capacity from 3 to
400 tons per hour.

& LD

Apply for details to:-

Braneloe .~ ) —
26, Errabalu Chetty St., l Garlic,{ Gco. Ltd
G MAoRRS, R R

Cox St,, COIMBATORE. '

JACOB cIRCLE. eompay 1l

e /\.
Hurnr, wawted,
a super - quality

synthatic enamel

TN

T
. hard drging,
auick drying
Y-S
o

g

- -

\/\/\_.‘__ - - 2‘1['
for sprayingbrushing [ for interior
&rrdigbimyg 241:) extarior ygé

pplication
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\ ]

...but of course
Eure‘!fa,”_ must be

SHALIMAR
SUPERLAC

SYNTHETIC

ENAMEL

" with exceptiondi

Flexipiiity,
and adhesion

Will stand repeated

cleaning . . . is
available in a

{ull gloss range of

38 rich shades, . . . in
{ Q.M. Pint, } O.M.
Gall. and | Imp. Gall.
tins and 3 & 5 imp.

Gall, drums,

: SHALIMAR PAINT, COLOUR & VARNISH CO. LTD.

- Calcutca @ Bombay @ Madras @ New Delhi @ Kanpw

Py 27 (R
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KE A LITTLE MORE oF ALL THREE ?
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More Mileage — /o Bombay to More Safety —0On hil station roads,
Poona or on the Grand Trunk Road. you need sure footed traction thas comes
for miles of motoring that test the fron that extra road grip in the tresd—.
best of tyres, you need a tougher tread, you need a stronger cord body ta resisy
an. alt round better tyre design' that strains that cause  blowours in fact
gives you more money-saving miles .— YOU NEED

YOU NEED GOODYEAR TYgRES FOR MORE S/EFET(Y;OODYEAR TYRES FOK
MORE MILEAGE.

More Comfort —for sheer luxy
motoring you need specially desi
smooth running tyres, the kind

absorb bumps and shocks—the tyres

most car owners

NEED  GOODYEAR  TYRES
MORE COMFORT

G00

MORE PEOPLE, THE WORLD OVER, R

littl -
choose — YOU ittle more of an three

Sy

g

rious
gned
that

In face te's Goodyear that gives a

MILEAGE,
FOR SAFETY, COMFORT,

DFYEAR

IDE ON GOODYEAR TYRES THAN ON ANY OTHER KIND

MARSHALLS

FOR

¥« ROAD ROLLERS.
% STONE BREAKERS.
% GRANULATORS.
% DIESEL TRACTORS.
4 CONCRETE MIXERS.
4 CONCRETE BATCHING PLANT.
* CONCRETE SPREADERS AND FINISHERS.

% EARTHMOVING MACHINERY

ETC., ETC.

CONSULT .—

MARSHALL SONS & Co. (India) Ltd.

CALCUTTA, BOMBAY, MADRAS, NEW DELHL




THE BRAITHWAITE BURN AND JESSOP
CONSTRUCTION COMPANY, LIMITED

P-13, MISSION ROW EXTENNION, CALCUTTA
ENGINEERS AND CONTRACTORS

GENERAL ENGINEERING CONSTRUCTION
INCLUDING
BRIDGES, JETTILS, PIPE LINES, F
ETC.

OUNDATIONS,

Sole Licensees in Indig Sor
FRANKI COMPRESSED CONCRETE PILING
AND
“SCREWCRETE » FOUNDATIONS

1a

USE 100/ INDIAN ROAD TAR

ROM INDIAN COAL MINE

N THROUGH
INDIAN

CHEMICAL INDUSTRY

TO INDIAN ROAD ¥

2" TARCRETE WORK IS IN PROGRESS
KRISHNAGAR . HRIDOYPUR ROAD

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.
94, Chitcaranjan Avenue, Calcutta - 12



NO. 12 (100 H.p,)

4 sErRvice

Saving tax Tupees is important
to every official in g state, city,
town or village, He has to in

order to do his Job well. Byt
as important as saving the tax

rupee is the job of making it

Caterp

TRADEMAUY

ENGIHES - TRACTORS
DIESEI. MOTOR GRADERS

EARTHMOVING EQUIPMENT

illar

“Caterpillar Dlstributors In

X1

NO. 112 15 H.P)  NO. 212 (50 H.P.)

serve the taxpayer, Service to
the taxpayer means useful work
and that is the speciality of
“CATERPILLAR” Diescl
Motor Graders, They do high-
quality  work at low cost.
“CATERPILLAR" Diesel
Motor Graders build roads ang
streets,  widen  ang maintain
existing roads. You will be
Serving  your community and
getting the maximum out of

every tax rupee invested,

ladia'

CALCUTTA BOMBAY 4 NEW DELHY
TRACTORS (INDJA) LARSEN & TOUBRO WILLCOX (BUCKWELL.
LIMITED LIMITED INDIA) LIMITED

P, Q. BOX 323 P. O. BOX 278

Sales ang Service

P. 0. BOx 279

CATG/y

For

PILING an
FOUNDATIONS

)
2}
>
«x
»
;

Consult :

SIMPLEX concrere pites anomy L.

MADRAS
CALCUTTA




THE SHALIMAR TAR SPRAYER
This light, hand operated
Sprayer has been speciall
designed for Road wor
under Indian conditions.
It is very efficient, easy tL
operate and maintain and s
sturdily built for long service.

SHALIMAR TAR PRODUCTS

/é%y (1935) LTD.

6. Lyons Range, Calcutta,

MANUFACTURED AND /%
SERVICED BY =7

$va/8

e N

e

SN ermigrbaee

crete barrel arch bridge 579 feet long consisting of 11 spans of

48 feet each. Clear width of roadway is 20 feet.

IBB BRIDGE—Con

J. C. GAMMON LIMITED

XV

BOMBAY-1

BALLARD ESTATE

HAMILTON HOUSE
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The P&H Model 55 ig more than an ail new truck-
mounted excavator . . | it's an entirely new idea
In equipment of this kind ! it ig designed through-
out for truck service, not adapted for it,

The P&H Model 8§ brings a simplicity of design
and operation that mean far greater work per-
formance, lowered Maintenance and easier
operation. All the usual driving machinery is
contained in a single power box—so compact
and trouble-free, so practical and accessible.
Designed for €asy mounting on anry suitable
truck, the Model 85 also features easy con.

version for any of five different services. See
the Model 55—irs the

*
‘Registered Office:
14, BOAG ROAD, MADRAS- 7.

BRIDGES, BUILDINGS, WATER SUPPLY AND DRAINAGE

DESIGN AND CONSTRUCTION OF R. C. C. STRUCTURES,
SCHEMES, SANITARY INSTALLATIONS, ETC.

Licencee for the Italian ‘R’ System of Prestressed Concrete
and acoustic boards and blocks.

and Licencees for Light-crete and Thermolitecrete, insulat

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

GANNON, DUNKERLEY & CO., (MADRAS) LTD.

(=)

.. o+

hard-working machine Z ‘£

You have been waiting for, Shovel capacity is ~ X
38 cubic yard; as a crane, 7 lons. Visit your v

P&H Iepresentative today. ; aa

2 2

HARNISCHFEGER OVERSEAS 3 ®

CORPORATION, miwauke: 46, WIS, USA O ®

Cable "Harnosco™ kg Q;

Established ip 1884 ‘ (QA g

2

P& H DISTR|BUTORS %

PASHABHA PATEL a

AND COMPANY LIMITED {
CONSTRUCT!ON HOUSE,

BALLARD gsTaTe

BOMBAY
AND CALCUTTA

ALSO AT DELH|
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IN
AHMEDABAD

Above :
Viramgam Road (Mile 4) 27
Shelmacadam with Shelspra B.S.
laid in 1936/37, given a seal
coat in 1946.

Below :

Goods Yard Road.
24" Shelcrete with
Shelmac B.S. laid
in 1937.

BURMAH-
SHELL ...
IN INDIAS LIFE
AND

PART OF IT

BSY- 652
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BARBER-GREENE
Bucket-Loader Model 522
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will handle all Free-ﬂowing materials

not exceed?ﬁg 3"%3" in size at ONE
CUBIC YARD per minute,
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