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INDIAN ROADS CONGRESS
NOTICES AND ANNOUNCEMENTS

CONTRIBUTION OF PAPERS FOR THE NINETEENTH
SESSTON OF THE INDIAN ROADS CONGRESS

Th next G une al ion I i oads 0

) e e T Ses B Of the ndian Ros y Ilgreqq is

hkely to be held sometime in B anuary——Febl u‘m:y (ll(V) O \'] [‘eA
(1, ¥, 1

exac d t N plac a:n(l g 1€ l the NOSRY H l 3

l ate e plo ramiy 0 ‘l mes n wit e com-
Ny SALE YRS

munlcat(,d tO .‘V[en'\ be‘ S 1n dlle course. ° b o

9. Procedure: Members i
: : ) s who intend to i '
ct)nlaély.su‘b]ect connected with Highway Engin:g}l;r’}bute bapers
ed to intimate the fact to the Secretary, Indian Roa,%:l’r(éomq“%-
E ngress,

and to send a short synopsis of i
possible. ynopsis of their proposed Papers as early as

On receipt of acce

ptance of the subjec

- ubject matter o P

t,a.‘:yM%ﬁ})i:lcglcerne‘} should send his contributii)il Otfo tt];b\ P“me"

tary, Tndi oads Congress, complete in all respect s

1%%@ al drawings, photographs, etc., as and whp ey

et ree copies of the typescript matter should ?Jn INTR A
e space) on one side of good stout paper of foo({ e yped

g scap size,

3. The complete Paper, if intended to be read at tﬁ
e

nineteenth Session, should
the next six month,s. preferably be submitted within

From past experience it

. . ) is observed

:’%130 1;; tbheu' contributions at the last ms}rila:n?OQZOf the W%embers

off r'time“t?y o;\ work conr}ected with the Sess’ion enAth(T Congreas

a,mi; time i\)/[ get Papers printed in the Journal ar;l Y _mkes .

advance of tﬁ?ge? s}fmtltll‘dQ have time to study S";S s

adva ate of the Session, it is ho pors well in

make an effort to send their con‘aributionsI;zdz’mtc;l::’hMembem wil
enready.

Members may
: please note t
the year are likely to be carried gg;rl’tapers received fate in

0 the next year.

4. The younger engine

) ¢ ) er§ are particul

tﬂ:g?:ﬁ Ig:)%elrs thmh, if required, will be ::111%, boested to oon-
a ads Congress office hefore publicatior?my cdited by the

e~

NoOTieEs AND ANNOUNCEMENTS 7
5. MEDALS: ‘The following Medals  are available for
award

(i) The Mitchell Medal:

Iror exceptionadly good Papers contributed to the Indian
Roads Conygress N any yoeat. This s been instituted to
porpctum;v Nir Kenneth Mitchell™s connection with the
Congress.

(i) The Indian Roads Congress Medal:

Koy Papers considered by the Council of the Indian
Loads 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 yeat ot to withhold the award of o Medal
in any year without assigning any reason. Al Members  are
cligible for the award of the Medals.

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



II. RULES AND REGULATIONS FOR THE
CONTRIBUTION OF TECHNICAL PAPERS AND
THE AWARD OF MEDALS

1. The following Mcdals are available for award

(+) The Mitchell Medal
This is a bronze medal to be awarded
ally good Papers contributed to the

any year. - This has been instituted
Mitchell’s connection with the Indi

annually for exception-
Indian Roads Congress in
to perpetuate Sir Kennoeth
an Roads Congress,

(i{) The Indian Roads Congress Medal :

This is also a bronze medal ¢
Papers considered by the Council of th(z: o qovarded oually for

: Indi ads C
be of a decidedly mare tha average meril‘;dmn Roads Congress to

2. PROCEDURE FOR CONTRIBUTION OF TEC

HNICG
PAPERS AL

2.1, Our procedure i

to contribute Papers a few months y i
gg&erﬂld ?‘)@jssio‘ns of the. Indian Roads (})(fllerzsst.hc()}rllollﬂ(}l"}g o
pted Papers were civculated in advance to M s T tihe
study a month or so before the e_mbOPS_ o
procedure resulted in the receipt of a larwe o dlSCquSIBII. .
! apers all
¢ done very
One month did nog
apers before the (iy-

n the past had been to invite Membery

hurriedly.  Also Membors often
give them sufficient time to

Mem2};;e2. I;, ha,l:;l, tll)xerefore, been R |
rs shou ¢ invited, to contri ouncil that
z}éﬁu)%fgutﬁhe year, as and when they r;l;: t:ea.fl(;l()h;lllfia};h-?apum
o 'Ib h.a,pe.rs .should be published in the JZ)u al #t tho
clevy which, 1t is hoped, will be isgued quarterly inr?;:ti of the
) re,
2.3. The Council ¢

SOt onsiders that this wil] o;
printing. ' Sbudy the Papers and will algo facilitate ogis
by Con‘e-g Ondleeord gf the discussion and the cOmme Lt lting and
the Jourial ence will be published with the Ay > foceived

ournal issued after the General Session uthor’s replieg ip

24. Tt will be realizeq i
4 . t ¢ i
effect to thls new  scheme if ll:’f‘etmg N only be bossible to
makes this special appeal o
discussion throughout he y

decided by the

ear at their

JONTRIBUPTION OF TROUNICATL PAPERS 9

3. RULES FOR THLE CONTRIBUTION OF TECHNICAL
PAPERS

3.1. The Standing Rules for guidance when contributing
Papers, as now slightly amended, are reprinted below. Tt 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-
necring ave requested to send their eontributions to the Secretary
as and  when these are ready without waiting for a speeial
invitation,

3.3, Final acceptance of the Papers rests with the Council.
In order, however, to avoid disappointment through the Council
having to reject Papers owing to an excessive number being
written on any one subjeet 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 ycar 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 isoften 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



1II. PROCEDURE REG
ARDING THE DISCU
: s
PAPERS AT THE ANNUAL SESSIONS SSSNTSIE

INDIAN ROADS CONGRESS

1. The ] ic i
¢ order in which Papers will be taken up for discussion

will be decided by the U i it
tog the Seasion. y the Council and intimated to members attend-

2. Kvery Chairman presidi !

” . . osiding at the discuss i Fa P
ﬂig (E*)ﬁ ;{;ﬁ;oa(i‘ucel(]il to the audience in appropriate :;lr(;nus Oéic:n 'll'&I;er
Morie wa \ introduce the Author and will call u o }ll'd‘r i
prese! Int;rodd‘petl ‘for discussion. {The Paper will bg tr;k v
read.) Int mﬁ;} ory remarks shall not ordinarily take . thon
, unless the Author had something n?v??othan
say

which came to his notice si

whi Y ¢ since the submissi i

gﬁf%ﬁﬂgn shou_ld be limited to 250 wor(izsmnszf ot Pghper, the
, the Paper will be open to discussion h fer the introduc-

3. 'To facilitate the
. ‘ conduct of busi
bime ‘ Le ; usiness ! i
rlaui;ti I;t'm vs.n‘z}ls sittings and individual Pape;a‘slsldbht(})l{e (til xation of
i“{(.)r Hgl, t(hle%s ions or oﬁer}ng comments at th,e mbe i Al o
o e;crﬁ‘oary well in advance (at least 24 h ceting should
et [?n thg‘\lv V‘t;oelgapm's on which they would lik(:au:  Defore Ui
the time thoy theléecxt-:tke. Those who have not given gthe?'k gmd
be allowed to take Darz I‘)l’“m:}?, «'b(;‘:'the diseretion of the C{f&:‘t‘;ed
oot in the discussion if ti i >
ade? 1}108‘_3 who have intimated their 5 tlf t.lme pormits and

vance have spoken. mtention to speak in

4. A copy of or ; f
P or the nature of the comments which & memb
1ber

intends to make should b
\ e sent in
Paper and a copy endorsed to the Sei%:&?;e o the Author of the

5. 1f the comments are li
or if they i re likely to take m
would bg (;gsvi(r)zl;{ﬁelingthy mathematical m:.lt‘:egh(?n fl(?“ ninutos
least & weeks before gh \send a copy of these to thg g lagrams, it
fo have them printed ¢ date of the meeting so as ¢ ecretary at
meeting before the d.and circulated to all member 0 enable him
comments may, at tlllSC\ls?lo;] on the Paper i‘:akes attending the
read and the me n;berse discretion of the Chairm : place. These
explain generally 1l making them will thus on} n, be taken ag
if possible, I‘em};’ &éetr}lla.’uupe of his comments. '[yh be required to
made orally. e meeting as if the coxnine‘arxtéllﬁh()\r ‘:ih,
3 i1y een

6. Members who d
‘ - . on :
of any issues arising out (())t% Zﬁgt;i(; ;
¢

peak but w .
remarks of the Author should w he intyeation
T

s .
itesloz)lutor th(_a Introductory
their queries on

-
]
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« (omment SHips ™ which will be provided for the purpose while
the diseissions ave 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 wil give @ reply.

7. Members who are unable to attend the Yeasion and who
Jesire to comment on any Paper should gend one copy of & note
of their comments to {he Anthor of the Paper and two typeseript
copies to the Sceretary. A gist of the comments together with

the Author’s veply thereto will appear m the Proceedings.

g After all members wishing to do =0 fiave spoken on a
Paper, or when the (‘hairman considers that because of lack of
time the discussion must be brought to & close, the Author will be
called upon to reply.

9. 1f the author of a Paper is unable to be present, he
<hould depute another wember to introduce his Paper and to
reply to the discussion and should inform the Secretary
aecordingly.



IV. LIBRARY

1. Information and
Conecit 2 ' nd books on loan > i i
Conz;xez:nfrgl;)g;?lee;l([:oa.l\clll Development;oa,rgclﬂ';;ehlbr:‘gpes (g .
8 able to Member i ls Connd®
onet lable s of the T !
Congraég; oNn apI]))lxeaplon, be had of the Secr‘:é::n Ri)adg Congress
8, New Delhi under the following ':.rmnggrile Itl,dmn Roads
é nis ;
{a) For Members .
) of the Indian R
are in the service of the Centra?lags Sengross who
arein | r State Govern-

Specifically named b

ca ooks or li

tc;}ﬁenqmnes on technical s;ubjelctt?srm\;&"x

«())hhc:rr: ;)}f thltzi rank of Executive Engi
ould apply through thei

neers or officers of equivalegnt rgfxll:

re in response
ill be sent to
neer and above.
Executive Engi-

(b) For member
s of the Indian R
. ¢ oa
aére not in the service of the C(és tCOngress who
overnments. ntral or State

Application for specj

Vb pecifically nam

glio:i?(;llclgmsl for literature on tz(ci;hg(i)gkls el
correct Po{:{m{ itlase the Member’s roly n?xmiubjem"ﬂ
the book. address, and the title and autﬁlr(;r hcl)?

2. The library is j
! ¥ 18 ind
.Z?urce of information fror(:\n
ongress, is enabled to ans

gi?cﬁriﬁllzrilgy for reference
e Secretar i
Wer enquiries addresg’édigdill?r;

It is the
Roads

3. Books are loaned
; oa o
tinuous use. The libra,:: for reference onl

time, but in speci .
discretion of the Secretary arger number may ill be issued at

5. The following rules wili be

! | strictly enfor
(a) ﬁooks are issued for on Ny
a book is requi “a long

NOTE : ANl M e IV“
/ N mberps i ‘
. N o, n| 19 of tl\(‘r [Yldlﬂll ROﬂ(lS Cor B V s
" ]{:n 0 (lﬂy» v . I(‘(l O \] reRS, not in arrears o
bse ])t v for more t O Q re ontit to OrTow ])l“)l\'q ‘

6.

(b

lasrary Runes 17

ab & time at the discretion of the Secretary, but in no
case  will any book be issued for a  total period
exceeding three months.

1f » member does not return library hooks when the
period of loan has expired or in any case within three
months of the date of 1ssue and thus deprives other
members of their use, he will be lable for a fine at the
rate of one anng a day for every dav of retention up to
three months and two annas & day thercafter up to 8ix
months.  The Secretary will also have no power to issue
any more books to the member until all the books al-
ready issued are retirned.  1f all books are not returned
within six months, twice the cost of the books will be

debited to the horrower 1 addition to the fine referred
to above.

(urrent issues of Journals cannot be issued to members
outside the Consulting Engineer’s (Road Development)
Office, but back issues of cortain Journals may be sent
on loan for a limited period.

Books are issucd strictly subjeet to the condition, in all
cases, that they will bo roturncd promptly if actually
required and called for by the Sceretary, Indian Roads
Congress. Letention of u book after it had been recalled
will render the member linble to the same ponaltics as if
if he had retained a book beyond the period of original
loan.

Borrowers are reguested to take every carc of books
while in their possession, and particularly not to mark,
undoerline, or note on the pages.

1f, during the period of issue to & borrower, any book is
lost or so damaged as to be unserviceable for future use,
the Secretary shall recover from the borrowera sum
equal to the cost of obtaining another copy of the book.

Instructions :

(a)

(b)

No acknowledgment is required other than the postal
acknowledgment card.

While returning books, care should be taken to get them
adequately packed to prevent damage in transit. They
should be sent registered and acknowledgment
due. ”
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left on the left, hand side
the typescript matter s.ho
¢. The 'Author’s full
Qualifications angd co
given below the itle

At least thr i
uld be sent, ¢ copies of

, demgnation, academic

rrect po
o thell’:;)zlr,&ddre“ should be

5. ILLUSTRATIONS
6.1, Illustrations fall into two classes, »iy
a. Line drawings, o
b.  Half-tones,

b.  Plates which
sheets. ¢hare generally o Separate large gize

5.3. Diagrams .y
10 pt. size t arly 1 atter for the Journal ig peresq <
mathor i dizgsa I;nge:ﬁlg:l 1é.lbm. height) ; thererfrl)ti 1Sthgnzlvt(%gtln
when red ‘ e 50 made th; iz $ivten
printedre aJ:eced ffor reproduction ghoylq éle“? the size of the letter
20l a page measureg 6% in about 1/16 in. The

Therefore, the ult; .
2 t ee .
more than 5 in, xlff?ltf S1ze of such drawj P by 4l in. wige.

Thus, if g g; ! general]
quarter of the size submi s 1T & dl&gr&m 18 to be ally be
should not be less thap r}n:?}t:};i igyhe?;;}’ltl\uthor reduced to one
5.4.  Plates .— P '

o8 tes shoul
that are multiples of ates should prefera )
7% in . Y be Prepareq ; .
should 2 WM. Lhe siz In width
than l/})g isr?_ chosen that after o Of lotters ygeq ; ;

size of the letter .;shé)lild -llae L "

the size will be

N a . uch gjy,
printed, if desire b least { in 81ze that whep

d, at the bottom o 2Me of the A
’ m righ . uthor m
5.5. Scale should be ght ha;nd Blde. al}, be

drawn g the

. tion of A ) late .
relation of the scale go g o7 "8% Without gppe 010 the titlo
thus “Scalo 10 f=] ;.5 S @Ving. o merri08 the correct
be incorrect when the s nch shoulg av ention of ghe scale
cally o O 8ize of the plate Olded a5 this would

Conrrsrrron or Teensteat, PAPERs 11

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. lun 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 5
and 3 by 4 is to be preferred to a syuare one.

5.7.3. The appearance and effectiveness of a graph depend
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 should be less than that
used when a single curve is presented. Co-ordinate rulings should
he the narrowest in thickness. Principal reference lines such as
the axes should be wider than other rulings but narrower than
curves. For the size of reduction that is usually adopted, for
the I. I2. C. Journals, it is considered that the thickest line when
Jinally reduced should not be more than 24 points, .., 00035 inch
in width.

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

5. ¢ Half-lones” are ordinary photographs and it is
necessary to see that prints are clear, slightly over printed and
preferably glazed. Photographs which are dim or out of focus do
not come out distinetly in reproduction and make a bad ‘¢ half-
tone >’.  Negatives should accompany the photographs whenever
possible, and will if desired be returned when done with.
Captions should be written on the back of prints in soft pencil.

6. BRIDGE DETAILS

6.1. Members contributing Papers on any bridge work actual:
ly carried out arerequested 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 ;

¢. 'T'he loading on which the design is hased ;



RULES AND RECULATIONS FOR

"The cost per square foot of the clevation arod 003\(;
prised by the formation level and the bottom of th
foundations ; and

e. The ratio of the total cost of the substructu
cost of those parts of the superstructure
subject to variation with variation of span.

re to the
as  are

7. UNITS

7.1. Members are particularly requested to uso the stand

ard
units of weight, measure, and cost given below

) E
STANDARD UNITS OF WEIGHT AND MEASUR

. ; ted.
Description of work Units to be a.(Altorpheﬂ

Road material such as metal -
gravel or moorum, sand 100 cu. ft.
inder i in
. E?f aront surface dressing 1100 sq. 5.
3 Binder in premix, carpots, 1b per cu. ft. of aggregate,

cte.

4. Cement By weight and

not by
voiume,

5. Water Cement ratio ...gallons of water per
: cu. ft. of cement
(assumed as 90 1)

In Indian Standard cur-
rency (Rupees, etc.)

6. Cost and Rates

8. FORMULAE

8.1. Mathematical formulae should be drawn carefully by
hand and not set out with the typewriter.
9. ABBREVIATIONS

9.1. The use of abbreviations should be avoided. For
6'-2" x 8"-3" should be written 6 feet 2 inches by 3 feet
3 inches. Similarly 225° C. should be written as 226
degrees centigrade, and 8o on.

10. ITALICS AND EMPHASIS
10.1.

Only those words and phrases which are to be printed
in italics should be underlined.
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Banerji, 8, K.

Chari, T V. R.

Guruswamy, S, (1..M)

Hasan, S, M. 1,

Hoge, W, D,

Muthew, K. M,

Mohd., Avubh Turaly
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Assistant  Exeeutive Engineer,
Assam Rail Link Project,
SEVOKE. D. H. Railway.

Asgistant  Fngineer, Puttur Suh-
Division, South Canara Division,
PUTTUR., (Madras State).
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Mylapore, MADRAS,

Assistant Fngineer, T, W, D, [/
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RANCHI, Bihar,

Asphalt Sales Engineer, Cjo. Caltex
(India) Ttd., . O, No. 155,
Ballard Estate, BOMBAY.

Fxeeutive  Fngineor, ', W. D.
Sinculam  Division, MUNNAR,
(Fravancore-Cochin),

Superintending Ingineer (Retired),
A/8 No. 220 Lane, Opposite Raj
Mahal Talkies, LINGAMPALLY,
Hyderahad-Decean,
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1 33 Syed Arifuddin

Circle, C, P, W. D,, A-20/67, Lodi
Colony, NEW DISLHI.

lixocutive  Engineor (B & R).
SHWEBO (Upper Burma),

Assistant  Engineer, Waterways.
CHAIBASA, Singhbhum, (Bihar),

Assistant Eagineer, TIRUVANNA-
MALATI, North Arcot D]ﬂtn(t[

Executive  Engincer, P. W. D..
SAHARSA, O.T. Railway.

Retirod Chicf Engineer, 124,
Chadesghat High School
Abid  Road,
DECCAN,

Lane,
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Paper No. 165

« A NEW METHOD OF APPLYING

KENTLEDGE

BY HYDRAULIC JACKS FOR

SINKING FOUNDATION WELLS 7

Proy. (.

INTRODUCTION

By

P, Nacarrsan & M. P Apvg

GONTENTS

Saparvat Bripew

2.1.  General

2.2, Superstructure

2.3. Substructure

SINKING oF TuE WELLS

3.1, Plant and General

3.2.  Adopting 4 ft 6 in. Height of Steining

3.3.  PFrictional Resistance

3.4, Usual Mcthod of Kentledge and its
Disadvantages

HyprAavnie JAOK ARRANGEMENT

4.1.  Description

4.2. Working of the Arrangement
4.3.  Advantages of the Method
4.4.  Possible Developments

DEesiaN

5.1. General
5.2. Bed Plate

5.3.  Deflection of the Main Beams
5.4, Resistance Offered by Buried Anchorages

CONCLUSION

APPENDICES

Appendix 1—List of Materials

Appendix IT—Cost Analysis for 200 Ton Kentledge

Required  for
Applying Kentledge of 200 Tons by
Hydraulie Jack Method

by Hydraulic Jacks and Sand Bags,

31
32

33

]
p7

36



Nacarkaw AND APTE ON

SYNOPSIS

"The Paper deseribes o new method of sinking foundation wolls for bridges
by the uso of hydraulic jucks which has been suceessfully employed ut the
Subarmatt Bridge near” Dholka, The aerits and denerits of the older
method of applying kentledge by sand bags are also given.

1. INTRODUCTION

In the course of construction of the R.C.C. bridge across the
River Sabarmati on Nadiad Kaira-Dholks Road, the Authors were
faced with the problem of sinking wells economically and quickly.

So the technique af applying kentledge by hydraulic jacks was
developed and successfully used.

2. SABARMATI BRIDGE

2.1. General.- -The bridge is situated on the 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 bridge is a high level bridge of
seven spans of 70 ft and two end spans of 56 ft cach measured
centre to centre of piers. The superstructure is a balanced
cantilever. The deck slab is carried on a series of cross girders
which are supported on two main beams. The main beams,
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,

2.3. Substructure.—The beams rest on sliding and rocker
bearings fixed on the piers. Each pier consists of two R.C.C
columns, connected by a brace at the top, and erected on & 0y1ill;
drical well of 9 ft internal diameter with 11 in. thick reinforceq
concrete steining founded on firm soil about 10 ft Lelow the riyep
bed. Plate I shows the details of wells and piers. The ?11
steining has a2 {6 6 in._high R.C.C. ourb at the botton o '
wells were sunk 38 to 56 ft below the bed of the riv "yt

sinking, they were sealed at the bottom wit e er.  After
plug, filled with sand and finall 1th 5 f6 dec

. . P concrete
y sealed with 2 i

at the top. R.C.C. well caps, were pro"ide% t;nck concrete

columns rest. n which the

2.4. In designing the wells, skin frict;
account of the possible scouring cffect, Fl%?:gxzo wzi.g leglected on
gﬁ:;sﬁdgpé la.zltlars of sand and below that, the Iioil 5:' of the soil
€ 1ves the cross i . i a8 a it
river bed. A bearin oo of the differen e

. t stratg
capa und
to be safe for ¢ g capacity of five topg per sq. or the

it ' ft w
Pe of soil on which the foundatizixasx?:saedd

KESTLubGE 6y Hvpravite JAcks

[
-l

[ 5 3 m Ay h N ¢
giving a safe total load of 520 tons  for cach well, The actual
load on the foundations was 383 tons without any allowance for
huoyaney of the wells.

4. SINKING OF THE WELLS

41 Plant and General. - The following cquipment  was
wsed in sinking wells,

Two boilers, two steam winches, three dredeers, .('(lll('l‘(‘(;(!
miser, & conerete vibrator, six pairs of 50 ft. long {lvrrwks for
grahbing, six pairs of 40 ft long (lorrigks for (llfF']l%Ll‘glllg the grab,
pumps, chisels and other sundry cquipment. Six wells used to be
taken in hand for xinking at a time.  Out of these, grabs were
actually used only on two wells while the other f.our wells were
being ‘propu,r(wl for further grabbing or und(‘rgmng operations
such as dewatering, loading and unloading of the kent]m.lgc,
chiselling, concereting of the next poction of the steining, curing,
cte.

3.2 Adopting 4 ft 6 in. Height of Steining.-—lt is not
intended 1o discuss here at lenvth the various  difliculties met
with during the <inking of the wells and the means used to over-
come them.  Only the part of the sinking, connected with the

application of kentledge in the usual manner hefore the new
method was evolved, is given.

It was found convenient to builkd up  steining for a
height of 4 ft 6 in, at a time.  After this height of the steining
was sunk down to the ground or island level, another 4 {66 in.
height was conereted.  Thus a well of 54 ft height was concreted
and sunk in twelve stages. Indeed, it would have heen convenient
to have a larger height of the steining concreted at a time
but in practice with the tools and the plant available it was not
found possible to do so. The available derrick poles were only 50
ft long.  The bigger grab had o chain length of about 32 feet.
Mlowing for the chain, grab, well steining above the ground, and
a sufficient working space for free movement of the grab, it was
not possible to increase the height of the steining to be concreted
ab o time.  Morcover, & small height of steining above the ground
level was desirable particularly becanse the wells had a tendency
to tilt during the carlier stages of the sinking.

3.3, Frictional Resistance.—The mneed for applying kent-
ledge arose specially hecause the design provided for o compara-
tively small thickness of the steining which meant very much
reduced weight.  The lead for metal and sand in ihe area was of
the order of a hundred miles and thevefore cconomy in the use of
these materials was necessary.  Moreover, it was feared that a
large thickuess of steining might prevent etfective operation of the
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rail cutters if 1he well got

" e Well got stuck up in stiff ol

of 132 1b per $q. it of the 11 in. thic "

ay. The dead weight
contribution to tlhe sinki

k steining w:

' s was but a poor

order of ahos 4 ! n‘g effort against the skip friction of the

come inty e Imi kq ft. of t]m area of contact expected to

steining woul( l);- r‘(?(lllu( lllllfll;LHSlnklng. e dead welght of the
eining : ced further due ¢ /

was sunk below the water level oo boyancy when the wel

3.4 Usual Method of Kentled

) ! €
In the beginning, B e

’ when > ne *chni

kentledge by hvdraulie jacks }fz‘:((i “1(1(\:{ hté “/‘]““]‘1“("
methods of l(mding the v'vells by dead i ! Wore n.
mum kentledge of 180 tong Wwas ¥
or other heavy material w
the wells had to Lo loade
up 180 tons, about 4,300
well (see photo 1) ’

Disadvantages.—
of applying the
' foped, the usual
load were adopted, A maxi-
as required for some wells. Pig iron
ims not available for loading.  Thercfore
& with sand hags anq boxes. To nnké
i o Y. €

;300 1(13)1(13\:111(0 flcft doilsand had to be put on the
. 5 hod ha C 41 i

| " i te following disadvantages.
(a) The arrangement was ey

for cach pier, ot e here b

with oniy three foet cight i b phells

nches clear distance

Phota 1.
Kentledge

by
Sand Boxes,
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between thent. The ¢rab had to work on the well with the dead
load on and therefore it was very inconvenient to puta volu-
minous loand which reduced the working space for the grab.

(h)  To accommodate 4,300 cu. ft. of sand in a limited space
meant piling up sand bags to a height of about 12 ft and so there
was danger of a sudden collapse of the load from sudden sinking
of the well steining,

A heap of sand bhags about 12 ft high raised the position
of the centre of uravity of the whole system  considerably.
This  was very dangerous in view of the possibility of the
well tilting cither due to blowing in or uneven ¢rabbinyg or mect-
ing an obstacle, It was, therefore, found necessary to shift the
loadd from side to side cach time there was a hlttle tilting.

(¢)  The most serious  disadvantage of this method of apply-
ing kentledge was the time factor.  As no mechanical devices
were available, Toading a well with 4,300 cu.tt. of sand ina hmited
space cach time took abont two days. When the 4 ft 6 in. height
of the well steining was sunk down to the ground level, at least
one day was required to unload the 4,300 ¢n. ft. of sand from the
well before further conereting of the steining could be done. Thus
three days were wasted during the sinking of every 41t 6 in,
height of the steining.  As mentioned carlier, the 54 ft well was
built in twelve stages. Fven assuming that no appreciable kent.
ledge was required for the first three and that half the kentledge
was used for the next four stages, the total working time wasted
on cach such well would be about 21 davs.,  \s the grabs and
other machinery could not be kept idle, these had to be shifted
from well to well several times during that period, causing waste
of energy and money.

4. HYDRAULIC JACK ARRANGEMENT

L1, Description.—DBeing  confronted  with  the  above
mentioned difficulties in the application of the kentledge, the
Authors devised and developed a method of applying kentledge
by hydraulic jucks. Plate 111 shows the arrangement for applying
kentledge up to o maximum of 200 tons,  Four R. 8. joists, cach
24 in. by 74 in. and 30 6 long, were laid horizontally in pairs
across the well, thus forming two main beams. The clear distance
between the beams, viz, 7 ft was just sufficient for the free
working of the grab.  The heams were in no way connected to
the well, being independently supported at their ends by four
columns each made of two R, S, joists, 4 in. by 17 in. and 6 ft
long.,  The columns rvested on eross R, 8, joists of the same
section laid horizontally on the ground.  Isach of the two main
heams supported six suspenders, three on either side of the well
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as shown in Plate 1L
pieces.  The outer two bicces were mado of 1L
bent to U-shape, The central picce was
ting the two U-shaped picces,

were connected to the cross 13

Bach suspender was made in ghree

. diameter baps
a serew coupling connee-
At their lower ends the suspenders
S. joists placed in pits. Over the
cross Ih. N, joists werc placed bullies and  the whole space was
then filled up with carth or sand.  The buried R, S, joists served
as good anchorages for the lower ends of the suspenders. 1t
would he observed from the above description that the height of
the columng being six feet, the lower flanges of the wain bheams
were also at a height of six feet above ground level, while the
height of the steining of the well was four fect and six inches.
Thus there was a clear gap of 18 in. between the top of the
steining and the bottom of the main beamsg, This gap accomme.
dated the four hydraulic jacks placed at points A,B,C and D
- The capacity of cach jack being 50 tons,
Pblied was 200 tong. To

applied by each jack on a wide area of the top of

the well gteining a hase plate was Put under gach jack,  An angle
iron guide frame was attached to the main girder above cach
jack to accommodate the several packing pieces that were added,
one after the other, as the well sank. The guide frames could be
lifted or lowered ang kept at any desired leve), depending upon
the number of packing pieces, by inserting rodg through the holes

in the frame that were specially kept for the parpose. A Jigh of
Materials required for applying a kentledge of 200 tons by
Hydraulic Jack Method i given in 4 ppendiv T '

Photo 20 View of the wells be

ing bressed py Jacks,

3 29
Kextreber vy Hyonavnee Jacgs

—After censuring  that
!.2. Working of the Arrangeme‘ﬂt: : he bottom of the
a sulficiently (10(\;?/«//;1({/ had hecen for 11.1(flo(‘ll’t¢1f(}:$n four persons
well and that it was ready for being pl‘;‘”m the i:’u'ks. Ax the
standing near the jacks, staried ”p“'?‘ \~nh,i|~de1'sl tended to lift
wessure of the jacks increased, the mal t}%x buried RS joists
} ards but being securely anchored to .1f the well made
ey 1)\'0”\1;) The reaction conveved to e v the well
f‘1]“‘?;\]]»“' l’llfit;\],li(ft of Hio ram of the jacks being only 6 i, th
s < :

Photo 3 Another ow of the we 1s ¢ing pres sed by Ju cks
A ¢ vie of th 1 b 2 pre
1 o CKS
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o
Phoio 41 One more view of the wel}
s

being pressed by Jucks,

Photo 5.

Dr. Jivruj Mehty —
inspecting the J

Minister for Pwon, Bomba
ack arrungement. !
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could be pressed only by about 5 in. at a time. For 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. Tumping 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 tho well
went down. When the packing picces 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.
2. 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
loaded 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 arc not required to be removed. Thus
thero is a saving of time and labour.

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

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

(1) There can be no accidents due to kentledge collapsing
from a height.

(¢) Only four persons are required for pressing the well.
Tf 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.

(f) The load applied through the jacks is never more than
necessary forsinking. If 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.

5



32
NAGARKAR AND APTE ON

, .
(¢) The new method is much cheaper than the orthodox

method. A com i
£ parative stateme iving
the two methods is given in 4 p?e?fdfnl VI1 111;., tho costs of

4.4. Possible De
) velopments,—The
:;)?‘Y}?ig)}:ob‘{)ldfs for a kentledge of 200 ton;"a:lr‘ll%:ment‘ dGSCI‘i.be(l
prossive &tl‘zsg)?d t}CMl blo increased with jacks i;n:lfelmufm P
PERTE RS n the well steining i salo com-
capacity ; ' s g itself. T
the anc}’xorin r v/Vus,?d. The R. S. joists used over thrge}' puintber
the o g would have to be designed f i o Jacks and
1e circumstances. & or higher loads to suit

44.1. The packin

i o EY gs used by the A

pieces, 3 t Lo y the Authors .

one hy Ong Gaslsnt-,'h:env:(}alllld\nef' b They had to be ‘;irteox]rl: r(:h bimber
: . T e 1a k

results can 1 sank by about 5 in. every ti jacks

used. be obtained if jacks with exte(:giﬁlgmeiachtm

s are

sides of the We“&nc}};o”ng R. b‘. Jolsts were buried in pi
hangers to the 1. S }l(fistt[slxereh'l? no objection to anlc?}lf:r'by :lﬁe
itself and not in éxc;mvat s which  could be kept ing the
o g d pits. I y pt on the gro
is a little more than the ¢d pits.  In the latter ¢ sround
tual kentl _case a load whic
must be kept on th ac ntledge required f 1ich
stron ne joists so that th for the wells
Hhransponougt.  This load would have o, “nohoring would bo
more convenient,si:hmg operation. The arran eft in position
large space and ﬂ\ere the load required is likgee]ment would be
anchoring actually u:f;g lls a possibility of bloyv'to occupy a
that the actual OY excavating the pits had ;ng in-  The

. pull in the t . he
dead weight of the soil eXca.:tmr':,giim could be much moi(:lg}:’-?:t?}glg

of the soil ; Thi
which was s was du
s wate eto ¢ .
working space was ay red and rammed. he cohesion

. operation, ailable round the well durilr\\/[g“;?l\rter" ]{:9“‘
» sinking

by h 't irm in position.

means of jack Zstii(ér?v‘éﬁﬁ ]a‘,‘#‘}f ?esgribed inT}t:ﬁi?f)?}?g
cks i - Lhe joa

above. Act;ua,lly,Wltho oan

ut any change i be applied
ge in th Plied by
arrangement descrigge well was tested b i,h:anethod deseribed
d above, y hydraulic jack

Kmnrosbel By Hyprauvnice JAcCKs 33
5. DESIGN

5.1. General.—The design of the whole arrangement is
guite simple. The slaes of only three members, viz., main girders,
the suspenders, and the lower cross beams need to be caleutated.
Actually the arrangement has got to be assembled out of sections
that may be available in the stores.  Ax the arrangement 18
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 eatastrophe.

52 Bed Plate.—l1t is often found impr;wtv'\cmhlo to wait
evon for a week to allow the well conercte to set before starting
the sinking operation. In such cases it is absolutely neccessary
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.—1t will be observed
that 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 deftection of the main beams and the
clongation of the suspenders. By {ncreasing  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. 8. joists buried in two pits, 22 ft by 10 ft by 7 ft each.
Taking the density of compact sandy soil as 100 1L 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 gurrounding the
pit, it was observed that the resistance offered by the anchorage
proved to be greater than 200 tons. It was not possible to deter-
mine the ultimate resistunce because of the limited capacity of
the jacks.

¢. CONGLUSION

Four wells out of the total number of twenty were sunk in
the working 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 1.

List of material required for applying kentledge of 200 tons

by Hydraulic Jack method.

(1Y Four hydraulic jacks, cach of 60 ton capacity.

(2) RS Jdoists, four nos 24 0o x 73 in.x 30 in.

1
(3) RS Joists, 12 nos 10 in.x i 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.

(5) Twelve nos. of inverted hangers connecting  the
anchorage joists and the couplings prepared out of
11 in. diam. mild steel hars.

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

(7) 24 rft. 3 in.x 3 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 181in. x % in.
(10)  Packing picces of timber three to five inch thick.
(11) Bullies.

(12)  Pressure tubing about 30 feet long if all the four jacks
arc to be inter-connected.
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APPENDIX II.
Cost analysis for 200 ton kentledge by sand bags and Hydraulic
Jacks.

Kentledge by Sand Bags

(1) Carrying, lifting and stacking sand bags quantity

4,500 cu. ft. i.e. 200 tons at Bs 2/- per 100 cu. ft. Rs 90

(2) TUnloading 4500 cu. ft. of sand at Rs 1/- per Rs 45

Total Rs 135

100 cu. ft. on an average for each well loading and unload-

ing operations are required to be performed seven times.

These would cost Rg Tx 135 Rs 945
Add depreciation charges for sand bags

or wooden boxes for stacking sand Rs 120

Rs 1065

Note :—The depreciation or hire charges for R. S. Joists

have not been taken into account as these are common items for
both the methods of applying kentledge.

Total kentledge charges for each well

Kentledge by Hydraulic Jacks
Initial Expenses for each well:

{1} Labour charges for oxcavating the anchorage
pits, 3200 cu. ft. @ Rs 2/-per 100 cu. ft.

Rs 64

{2) Labour for fixing the anchorages ete.

30 coolies at Rs 1/8/- Rs 45
(3) Hire charges for jacks, say at the rate of

4 per cent cost of the jacks for each well Re 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

Rs 501
Note:—The cost of loading by sand bags increases directly
as the load. But the cost when the hydraulic jack method is
used is not materially affected if the load is increased. Therefore
for higher loads the jack method is more economical,

Total kentledge charges for each well
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SYNOPSIS

The Paper describes the proceduro to be followed in aligning a motorable
road in hilly or mountainous country. The various field operations from the
initiation of a proposal upto the completion of tho detailed survey are
deseribed. Dotails of the porsonnel and equipment necossary for each of
the operations, the information and data to be collected for the prepara-
tion of the projoct ostimates and reports, and of the ‘marks’ to be left in
the field, aro given. Tho progress of field work that can be expected and

oosts under conditions in Assam are included,

1. INTRODUCTION

~L1. 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 profession.
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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 11 taking decisions.

3. STANDARDS

3.1. The standards to be applied in the project depend on

the sorvice 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.

3.9 Gradients
ImpoRTANT HILL ROADS

RULING LIMITING EXCEPTIONAL
1 in 20 1 in 15 1 in 12%
Minor HiLL ROADS
Class 11 1 in 17 1 in 18 1 in 12t
{Motor Roads)
Class 111 1 in 15 1 in 12 1 in 10%

(Jeep Roads)
+ For short longths not oxceoding 300 £t per mile.

3.3. Long gtretches of gradients should be separated by
comparatively easier grades Of level lengths. Also the total
rise or fall <hould 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. 1n the first phase of the work,
the width of formation may be kept as 10 t0 12 ft with temporary
pridges 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 stabilized with the Jocally available stone
d phase, the

or gravel if the rainfall is higher. In the secon
formation meay be widened to 16 ft which is suitable for one

lane traffic, or 24 ft if two lanes of traffic are 10 be allowed.
Metalling and bridging with timber or steel or R. C. should be

done to suit the need of traffic.

3.5, Radii of Horizontal Curves
per hour v 10 12 16 20 30
30 45 70 120 280

Design speed in miles
Radius of curve in feet
6 .



44 CmATDPHURY oN LOCATION OF

The minimum radius of horizont
roads in Assam is 60 feet.
tional cases.

al curves adopted on hill
This is reduced to 40 ft in excep-

4. INCREASE IN LENGTH OVER * AIR DISTANCE "

4.1. The increase in length, also called ‘¢
required mainly for the purpose

gradients. For example, in miles 54 to 57 of the Ga 1-Shi

ts. ) , § ! > Gauhati-Shillong
Rgm] (National Highway 40) a 3 mile length of road has hee:
aligned to obtain the necessary gradient in climbing up to the

top of a ridge whereas the shortest distance 1
) 8 8¢ 2 hetwee :
points does not exceed one furlong. on the two end

‘development 7, is
of obtaining satisfactory

. 4.2. On some of the old and recent}
in .Assam, Tripura and Manipur, thij
indicated in the Table below -

Y constructed hill roads
S increase in length is

Distance’ Length Increase| \PPTox. maxi-

by air of road . in mum & minimum
Road line in or align- length elevation
miles  ment in over air
(a,pprox.)‘t miles 'distance| Min, Max,
P .
1. Gauhati-Shillong er cent
Road 40 63 60
2. Shillong-Dawki ' 0 100
Road 28 51 80
. 200 5
3. Phulbari-Tura Road 28 4% 70 50 ;;?)?
4. Dimapur-Kohima . :
Road 30 46 55
é hi 300 470
5. Mawphlong-Balat e
Road 32 5 3
a H0 2 5
6. Jowai-Badarpur ) " o
Road 46
‘ . : 82 80 100 4000
7. Shillong-Jowai Road 21 41 95 3000 r?oo
8. Bhagabazar-Kolasij ‘ "
Road 26 38 44 200 1500
9. Agartala-Assam '
Road 75 130 75 40 1100
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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, TEstimate 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 begin with a summaty 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 in 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 more
alignments of the proposed route should be marked on the Survey
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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 a 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, ua clinomcter or Abney’s
level, & pocket prismatic compass, one 100 ft tape, a foot rule
with spirit level attached, a geologist’s hammer and magnifying
glass, note books, ete., 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

so 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, economic
potential, existing means of communications;

(i) Lengths of alternative routes ;
(ili) 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, etec.;

(vii) Quantities of earthwork involved, nature of soils
encountered in various reaches ;
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(viii) Spepia.l features such as geology of rock formati
incidence of difficult and steep hill faoe:m‘tt‘mm‘”
slipping and subsiding sections, loose }(;ék{,oigehi
rocks to be blasted, marshes to be crossed, ete. H ::1‘21
(1x) (Jompar?foive account of the merits of the vari
alte_zrnatlvc alignments and recommendz»tions( almtls
which of them arc suitable for detailed survv_yiings !

8.5.  General examination | i
d vy walking or ridj ;
glr‘obg);ll)lle_hroutgs a,n’(% marking the direction &(,)f tznol 13(:3508(L10!)g the
° w1l jhandis. This gengral examination enables the - precs
g(;;:deicxg 32:;\ 911- tivto. promising routes which have to ke)eeirlng\:::gr
. ail, is not sufficient m ¢ oo
or lines marked in the map oY o walk along th line
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e i ., : : ne a wide b
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: P an ope ¢ i
the alignments initially considerédn mind and try to fmprove on

8-6 Progress and COSt 'I_‘W
it . . M (o] t() fOu \ : -
per day depending on the nature of the codnéf;les can be covered
The cost of rec I )
Rs 100/- per mile, onnaissance varies between Rs 50 -

and

9. PRELIMINARY SURVLEY

1. They .
the subject of lporzlt?x;:;;l;r(;"d as a l-;gsulb of reconnaissance become
o Tad surve during 3 - -
are laid on the ground, at the y Ing which the selected lines

the most suitable _vhe proper gradients, 'The selection o
survey. location is a sequence of £

the preliminary

O ¢

ghat-)‘tlr-acelr;straun‘:ints Required. .\ clinometer

Drismatic c;)mpasslje’u Soén‘f ”,tn’ngs, a pole murked in feet a

some spades and ju’mpergs 0 ggllat (i;) hammer, a magnifying glz;ss

equipment, rations. eto 5 f? books and note books, campi ,
’ , . are required, ping

» Abney’s level, or

9.3. The Party. This should comprise :
{a} One experienced Assi

‘ ' sistant Bngineer

along with some khalasis for c;egafxl'li(:lu

(b) One Surveyor wi
laying out the lin

‘for direction
g Jungle.
th one or two khal

9818 assist
e and taking t0 assist in

Crossg sections 500 to
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1000 § apart with the clinometer, Abney’s le\fel or
ghat tracer. The Surveyor directs the muharrir who
holds the staff for his instrument.

(¢) One Muharrir, with three or four khalasis, to hold
the staff for the surveyor, measure distances, cut
and drive the grade and chainage pegs. One kha,l'am
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 'speciﬁed a8
ruling. Thus when the road is required to be aligned _a.b a
gradient of 1 in 15, it should be traced to a gra..dlent of 1in 17,
This gives the designer latitude for some deviation from the field
grade if required for making the design economical without
exceeding 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 sefies 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-
savy for the design of the road to the standards required.

9.5. Operation. The Assistant Engineer should walk along
the route about 200 to 300 ft ahead of the surveyor and
direct the khalasis to clear the jungle. He may, with advantage,
carry an Abney’s level for preliminary and rough work. The
width of jungle to be cleared should be 4 to 6 ft normally.

When the country is not densely wooded the clearing of
jungle may follow the work of the surveyor ; removal of one or
two saplings, o few twigs or branches which came in the way or
the line of sight of the surveyor might be sufficient to enable the
surveyor to proceed forward in the initial work. It is, however,
preferable (in the opinion of the Author) to have jungle cleared
ahead of the surveyor, as it affords him a better view of the line
and the country in general and, in addition, there is less chance
of the survey pegs being disturbed than if the clearance is done
subsequently. T
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18 anstrument sot o the required gr;]ge th(:lixl;”:; fz:}ce
) rects 6
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The snrveyor also takes cross sections about 500 ft to 1000 {t
apart, makes notes in his field book on
(1) the nature and elassification of soil (inchuling rocky
outcrops, if any):
(i) the character of waterways and streams ¢
(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:

v, gravel, sand, cte.;
(v} location of quarries :

{vi) position of rail or steamer heads, ote.

Immediately following the initial layout, a footpath 11 ft
wide has to be cut to enable the survey staff and the inspecting
officers to move freely. Labour required for this work is 1 t:
1} coolic-day per 100 running foot on the average in ordinary
soil, costing Rs 100 to Rs 150 per mile. TFor steep hill faces and
racky soils the cost may go up to Rs 250 per mile or cven more.
This path should be |

ater widened to 3 feet to facilitate detailed
survey being carried out.

The Officer-in-charge of the survey p
a fortnightly progress chart as illustrated

it to the Kngineer-in-charge. The chart should be dingramatic
and need not be to seale. 1t should contain suceinet bt sufficient

information to enable the Enginoer-in-charge to get a good idea
of the pragress of laying out the alignment on the ground.

Longitudipal and cross sections  should he plotted from the
levels taken with the clinometer and a rough estimate of the cost
of the project prepared,

arty should prepare
in Fig 3 and submit

Progress and Cost, The progress of laying out th i
8 e alignments
depends on the nature of the country. On the nvemgagzm party
can cover about 10 miles per month. o

.. The initial laying out costs from
include the cutting o

R:S 400 to RS 70() er i e
] tvﬂ:ff.

ath and the pay of the technical

Inspection of Alignment,
on completion of the prelimin
officer, i.e., the Supe
Engineer ang

The alignment ag laid o

! 'nary survey, be inspecteqd }
rintending Engineer in o

approved hefore the detailed sy

ut should,

)y a senior
harge or the (‘hict
rvey is taken up.

Roaps 1y HinLy aNxh MOUNTAINOTS COUNTRY
10. THE DETAILED SURVLEY
10.1. The Party. .
On Assistant Engineer for levelling
One Surveyor for the prismatic compisss SUrvVey
Onc Muharrir

Ten Khalasis as under:
With jhandis

w

With levelling staves 2
For the levelling instrument l
For cutting and driving pegs .:
(hainmen for Muharrir

1 o - v . e pre-
10.2.  Prismatic compass or plain mlbh, :urw,) for the |
. i 1 2% R M 3 1) Ou ve
paration of ground plans has to be carric

10.3. Levels have to be taken for the longitudiuz;lwscctum
vong t;h(; line at every 100 fect and closer where necessary.
Al )

i ions > the same as
The chainage on longitudinal gections shoulld hl;m e o
Lown on the alignment marked on the ground plans
KO ¢ ]
from the prismatic compasgs survey.

3 ; should be
ixi d Peg Marks. Stout pegs s
i 10.g"mlﬁxi?1%o El?gcghroi?nd. %\/Iq,rks should.alstl)fbe cl{t;eonatr::ts
(({:l;le;ce(ll ony other permanent obde?ltss,\‘ znlﬁzlrlltélllmma?kr; i wheﬁ,\;ef
T be connected to G.'L.o. ks v .
lh:ssii)l:hm{’:;}lerg (. T.S. bench marks are not available, a
YOS .
:uitable datum should be assumed.

i survey should proferably be qf‘
2 i Tlﬁ'ag;)‘ei?ar pzft%g fa.ozoi??(;leg and shyould be drivex:i v;x.it;}};l (ith?rlxl
to“; ﬂuslh with the ground. They should be_c%v'e;ior pxeg s s
fp\ th to prevent their being disturbed. An indic pog 2 fo 4
. di 'E)er and about 3 ft long should be driven a ouO 2this
in dfme ound near the grade peg as shown in Elg. 4.h rid e
;;tgtﬁeec%lraina,ge the peg numb{ar,' a..lzfl ﬁ;e ag;gdlf;:; I‘s ;:inted_
i in red or blue penci initia nted:
Sule Mmoo v or e, B for ol L, by
e e cont. e in plnE Jeop should be made on 1t-,he t1;:]11
lf(;r;g, Svrilere the indicator peg is placed. This w1}il ge Is)om(;cgne.g
the g’gra.de peg should the indicator peg be removed by
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1

[e—JHAND! OR POLE wWiTH
CROSS PIECE.

CHAINAGE OR INDICATOR PEG
2°7T03" DIA 2 BT TO3FT LONG.

MARK OR DEPRESSION cuT
W MILL EACE 2X10°T0 12" Wing
X6 f0 §" vREP.

QRCASS CUT IN RiLL

FACE FOR GRADE PEG. 5

GRADE PATH 2'10 3’
WIDE.

GRADE PEG COVERLD

WITH 6" OF EARTH..

SECTION ON AB ke

=

CHAINAGE oft INDICATOR PEG

L P,

%
|

+

I

GRADE PATH 2 T0S WIDE

FORADE BEQ CoOvVertp

‘I WITH ¢"oF gARTH

— ' — g

¥

JHANDI OR POLE WiTH CROSS e
OlECE .
v
PLAN
FIG. 4

The grade pegs should be looked after :

the c(.)ntstruction ot the road has been u?xffgicz:l(il S
tul){xtlsl in progress the contractor should le inst,
beeena)?:czg vr&i}lt;ngsses at the places Wwhere grade pegs have
ﬁxedl' . ese grade pegs are usually 50 to 100 ft ay b

in the course of the detailed survey. But for t;hp‘a‘lP g
poses of construction intermediate pregs should be ovided
levels given with the help of a clinometer or a roa.dp’;:'):lded and

ptin place till
When construe-
structed 10 keep the

cer,
Pegs at every 100 £t and at the
‘ > ] end A
stout,' 3 to 4 in. _diameter. They shoulld l?: g i;(l;hl
be driven 2 ft into the ground. The chaing
should be marked in hold figures on them 8

mile should be
ong and shoylq
and the milage

1‘ . M
Cross  sections should bhe

the centre line of ¢ taken at

60 ft in the . ht;islsary(.i The crosg sections shoylq U 1t or
he o i ! p side and 40 fy o _extend
the centre line, 1 the downhill from

A pole 13 5
pole 12 to 15 ¢4 long ang marked in feet
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with white and black paint, o string, a tape, a spirit level,
and a clinometer are required.

10.6. ‘Trial Pits. An idea of the nature and classifica-
tion of soils likely to be met with during construction can be
had from trial pits. They should be about 2 ft wide and 5 ft
long and should be spaced about half a furlong apart. The
nature of outcrops of rock, if any, in the vicinity should also be
noted. It is advisable to include & somewhat liberal and higher
clagsification in the detailed estimate than that actually found in
the trial pits, as it often happens that harder types of soils and
rocks are met with deeper down from the surface, especially in
through cutting. Therc is'always a chance of excess over esti-
mates unless the engineer is cautious in this respect.

Fig. 5 shows the size and position of trial pits.

10.7. Collection of Hydraulic Data 52 T‘

('ross sections. Cross sections of rriaee s
streams requiring minor bridges (less
than 100 ftlong) should be taken in cach l .
case at the proposed bridge site and GRADE PATH 2 T0 3 WIDE
at 300 ft  to 500 ft upstream and
the same distance downstream of PLAN
the site. FIG. 5

In case of major crossings (waterways of 100 ft and over)
cross-sections should be taken ut the bridge site and at points
half a mile to one mile upstream and the same distance down-
stream.

Longitudinal  Sections. These should be taken in the
reach connecting the extreme cross sections as given above.
'The bed level, the normal and high flood levels, low water level,
and the bank levels, should be shown. Dates of the occurrence
of floods should be given.

Borings. One at the centre of the channel and one at or
near each bank should be taken at the selected bridge sites
of all crossings of over 40 ft waterway. These borings should be
taken down up to a depth of at least 50 ft below the lowest
prevailing bed level at the site. A chart showing the strata met
with should be prepared for tho design of the type and depth
of foundations.

Velocity of Current. This should be observed in normal
and high floods, wherever possible.
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Depth of deepest scour holes in the vicinity should be
observed.

Catchment arca should be worked out by an inspection of
the site in case of small catchments

and from survey maps in
casc of large onesy,
- , . C .
Field Notrs.  Detailed and speetfic notes should be taken in
regard to:

(i)
(i) frequency and duration of high floods :

(i)  nature of banks and bed, viz,,
of the s0il composing the bed a

the nature and character of the stroam

resistibility to crosion
nd banks :
(iv) the incidence of floating trees or debris -

; and
(v} the sizes of boats, rafts, ete., used if anv.

Tentative recommendations should be included in regard to
(1) the linear waterway to be provided ;

(i1) the type of structurce that will suit ;
(iii)  the type and depth of foundations ; and
(iv)  the length of spans.

Copious notes on the avail

recorded.  These notes should

ability of local materials should he
of the survey

be written by the principal ofticer
barty for the use of the designer,

10.8. Progress and Cost. 1n a day 3/8 to half mile can he
covered.

Detailed survey costs from Rs 300 to Rs 400 per mile, inclu-
sive of the cost of the preparation of project estimates with dra-
wings.

10.9.  Scales of Drawings.

The following scales are recon.
mended :

(a) Plan 220 ft = 1 in.
(b) L-section 220 £t =1 in. horizonty|

‘ - and 20 f§ =1 in, vortical
(e) Cross sections of hill face 20 ft =1 in. natura
(d) Cross sections of 10 ft =1 in.

Streams

natural  for

waterways up to 300 ft,

and 20 ft = 1 natural for
longer Crossings.

-1

- 1 v ‘-‘
Roavs 1N HrLy AXD MOUNTAINOUS CoUNTRY

11, OVERALL COSTS

183 ». initial layout, and detailed
T al cost of reconnaissanee, initial (
lh(if;g'i):; ;;)jxtn Rs 800 to Rs 1,000 per mile defpi?gut);(gc(})l?ﬁtc}ﬁ
nature This includes the pay of the tec ¢
g f the country. This inc § ) :
:ltrtn,tfll'w:n(()l Jabour and is based on the rates given below

Pay: Exccutive kingineer Rs 800 p.m.)

plus
ssiste Ingineer or S.D.0. Rs 400 p.m. 1 ‘11 wances
Assistant Engincer o 500 b !} allowanes
(‘)VOTSGOI‘ Rs 150 p.m. | percent of
:Tlll‘lve_?r_o‘r s 80 p.m. | pay
i(;:::?:;ﬁ:;s s 75 p<ml.'J ‘
Daily Labour s 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. Sunxner Rao,

MinisTRY OF TRANSPORT, (Roans Wina)

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 a 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 a 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, it
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 and at the same time keep the dead weight to a
minimum. The design contemplated the use of a fill material
which had a weight of about 60 1b per cu. ft. (against 144 1b for

8
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ordinary concrete) and a compressive strength of about 200—300
1b per sq. in. on which a flexible pa

vement could be laid.

4. A further condition imposed was th
ted should bhe capable of being

at any process sugges-
place with unskilled labour and

adopted {n an out-of-the-way
should not require costly plant,
An analysis of literature on aerated concrete showed that
various methods have been used fo

: r producing aeration of the
conerete mix and that these processes could be classified into two
main types as follows :

(1) Processes in which gas is

produced by a chemical re.
action within the mix before it sets ; and

(2) Processes in which a foam-producing substance is
added to the mix to introduce and stabilise air bub-
bles.

6. The Government Housing Factor
concrete produced by
the foaming agent.
the concrete units we
high pressure.

¥ at Dethi used aerated
& process of type (2), using ““ Pyrene »’ gag
The foam was formed by special plant and
re cured by autoclaving, Le., using steam at
Obviously this process was not rveproducible in
the field. The experiments were confined to one process of type
(1) by using aluminjum powder as the che)

C nical reagent, and one
process of the type (2) using ““ Aphrosol F, (. ag the foaming
agent.

PROCESS USING ALUMINIUM POWDER

7. When fine grained

cement gauged with water,
aluminium react

favourable conditio

mort

aluminium powder is added o
the free lime in the cement and the
chemically and liberate hydrogen. Ungder
ns the hydrogen bubbles so formed cause the
ar to puff up and a light-weight mortar results.

The objects of the experiments were :

(1) To determine the relative economical

L Proportiony of
aluminium powder, cement,
produce a light-weight concrete Weighing be
and 70 1b per cu. ft;

(2) To see if such a light-wej
8ary compressive

streng
of road vehicles :

and
(3) To draft a detailed g
followed in the field

1
ETE
]JXP‘ s wI H AERAI D 0 6

3 K3 nt

Materials Used in the Experime t manufactured at Lakheri
; Portland cemen

Cement Ordinary

factory. It had the following composition Per cont

| 1.7

on ignition .
ggfghuric anhydride .42
Magnesia Mg‘o 1.5%
Iron Oxide he,.O, 15
Aluminium Oxide oo
Silica 2200
Lime

. rivers Yamuna and
) i om banks of the v ; nd
Sand  pen: (gleargriga(flr in the expenments.d Plate I sho
EEZ g(;ac?lanical analysis of the sa‘ndsvuse .

ini fer that is
. —TFine aluminium powd that s
Alummmnl1 Pzgideff)r paints and locally avm{a.b];tll}xlladla
oo y;l about Rs 4/4/- per 1b was use;l.ld It had &
ma'léll?eh :)Lf passing through 100 mesh sicve
ading S ¢
g; 170 mesh sieve (B.S.).

Preliminary Experiments

i terials

al behaviour of the mixed mat ,

B xind Ok')sew:v:?:;f:;a.red with two parts of) ?sianéir W(:lglrl\tolr)l;

B Lo oo ml;wt?) which bad been added 0.1 to‘ .adged cent by

P ot O th aluminium powder. Water was added and the

i theh roughly trovelled wa.s'poured3to.a hiprh of about

E))l(?gpy i%{:,(s)tgvgo?ien moulds ® in..bytg ll)rll.l)ll))lb(las wl:]re seéén‘ to rise to
2 in. L oy

in'oervafl o :.?x%u:hzeonﬂlr%::egis?slowly bulked up to about the top

the surface

of the mould.

. E
9 Il]ese 'l 18, g V a rou illdicaotloll Of l’:he ll.&b\lre 0 tvhe
lea(}bloll B/Ild Obﬂervations were proposed to be lnade m Iespf'c:b ()f
‘ E ]] . . - l. f ] .

Time when action started and stopped after initial gaug-
im
(1) ing with wate‘r ;and

.

2 h entage of rise or bulking of mortar as a rough
per tage of rise or i

@ (iandzl;ol; the decrease in density.

i rtions, various
i he most sulta})]e propo oarlon
10. To deterr_nme 't ortions of cement to sand,
mixes were tried w1.thl .d;ﬁe;ggtl I.)ii(:pand diﬁqrent percenta:gesa ;l)é
“i’me.ly.lll;lzp-’ovlvde?-’ The percentage of bulking of the mix )
alumini S
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the time at which chiemical

observed. The observations

action started and stopped were
Tests.

are given in Table I—Preliminary

1. The te

o bhe tests tabuluted )
-~ B ated showed the i
h,sz butlllxlng and o produce any appro :]l'tl.l‘f{m ?tl{flfr
water . clable bulki i
b(: u%edmn \\vlonld‘ he wsed ordinarily for rlli‘(inur (:([)lrg ot TS
pmducmi g(:,'m‘ I was olserved that mixes é’lezL tClcﬁC . tf’
produce ﬁ gregation of sand at hottom, Theref Rt ot

onfined to mix broportions of 1 : 2 anq Ib 031'0 furthor tests

s cZ2and 1 :

mixes yiolded

12, The experiments wi
bl e 168 with 1:2 angd 13 i
o ;tox(llli:] (E‘fmll)le 3? W[f‘gﬁn})(ghese observationg it};l(‘)ouplc()lrt;;n; drb1
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15. Conclusions and Incidental Observations

(1) Aerated concrete made with 1:4 water-cement ratio,
1: 3 cement-sand ratio, and aluminium powder of .004
of cement by weight, had an average density of about
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.

(4) The top layers of the aerated concrete were lighter than
the bottom 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 as prepared
above is not impermeable. There is the chance of water seeping
through if water logging conditions or exposure to rain or moisture
oceur. Precautions have to be taken to protect the metal troughs
by 2 or 3 coats of bituminous paint when aerated concrete is used
to fill trough plating of bridge decks.

PROCESS USING A FOAMING AGENT

The use of ‘* Aphrosol F.C.”” a foaming agent which is to be
added to the mixing water for production of cement mortar
has been recommended. The recommended proportion is one pint
of < Aphrosol ’ to 4 gallons of water. If the mixing is done in
ordinary concrete mixers it was claimed that a concrete or rather
a mortar weighing 100 1b to 75 Ib per cu. ft. when wet could be
produced. It was claimed that a concrete weighing up to 30 Ib
could be produced if special plant to produce the foam is used.

As the method to be adopted was one that could be followsd
in the field where no special pre-foaming plant is easily available,
an ordinary 34/6 cu, ft. concrete mixer was used in the experi-
ment.

Control Mix.— For purposes of comparison a regular or
ordinary mix was made with 1 cement to 3 sand using the same
quantity of water that would be used in the Aphrosol mix, 3 Nos.
of 6 in. cubes were moulded with this control mix.

Actual quantities used : Sand 2 cu. ft. plus cement 60 1b plus
water 33 gallons.
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Table 1—Preliminary Tests
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Tahle 2

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.

2. Size and Edge Clearances shall be as given below :

N.H.,, P.H. 0.D. R
Class of Road i & MDR. | &V.R.
Design speed of road M.P.H.“ above 11 below
{ 30 [ 30
Height of numerals in. .. 5 4
Height of lettering in. .. 4 3
Edge clearances: 1
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 VITI.
(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 Lo the thickness of vertical strokes or to the thickness
of strokes of letters in the scripts having no vertical strokes,
guch 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 Inscri tion. The inseripti be in
different! scripts in the followping o.rd '€ anscription muy )2

. er, only ono script being
used on any one milestonoe., ’ Y b

Mile No.

Inscribed script
0

English

Hindi (Devanagari seript)
Local language

Hindi (Devanagari sCript)
Local language

English

and 8o on (repeated in the same
order).

[~ U S

The. a,bov‘e 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 the interns-
tional form of Indian numerals as detailed in Plates, VII, VIII

and IX., Local or Devanagari numerals arc not to bo used, vide
Art. 243 (1) of the Constitution.

5.3. On milestones fixed on village roads the inscription
may be either in the official language of the Union, i.e., Hindi in
Devanagari Seript, or the script of the recognised regional langu-
age, at the discretion of the local Road Authority, Inscription in
English is not necessary unless the village road leads to a place of
tourist or archaeological interest.

6. Orientation. The faces of the milestone on N. H.,
P. H., and M.D.R. shall make an angle of 60 deg. with the centre
line of the road (see Plate X).

7. Location. Milestones shall be located on the l'eft-hand
side of the road as one proceeds from the terminal station from
which the milage count starts.

7.1. On embankments the stones shall be fixed outside the
edge of the formation on specially erected platforms, prgtez;zz "
by revetment, if necessary. In cuttings they shall be fixe
of the shoulder and the side drain (see Plate X).
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1I. PREVENTION OF WET WEATHER DAMAGE TO
SURFACE DRESSINGS

( KWxtracted 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. 1In the process a solution of an adhesion agent in creo-
gote 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

The chippings used for the surface dressing are treated befare
use with the solution of D. 8. 2274* in a suitable mixer. Pro-
bably the cheapest method of mixing is in the double paddle
mixer of a coated-macadam or asphalt plant. Chippings less
liable 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 mors 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.

*In India this preparation is merketed under the trade name of ‘‘Adhevia
T.” D. 8. 2274 is obtainable from any of the oﬁicgs of Imperial Chemical
Industries Ltd. It is used as an 8 per cent solu.xtxon in light creoscte oil
and can be used with both Tar and Bitumenous binders, i
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The stone chippings are mixed with the D. 8. 2274 solution 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 coating than
small, rough, dusty chippings. Mixing is eontinued for abouttwo
minutes until the chippings are coated with the solution. When
this occurs, it will be found that the chippings arve waterproof :
when water is pourcd on them, it will collect in droplets instead
of wetting the stone surface. This is a convenient quick test for
determining the mixing-time and quantity of solution required.

A simple reliable test to show whether the stone is efficaciously
coated can be made by pressing the treated stone into a layer of
binder about 3 mm. thick boneath the surface of water contained

in a suitable vessel. After five minutes, the treated stone should
adhere firmly to the binder.

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

adjustment of the quantity of D. S. 2274 solution to be added
may be required if the conditions change.

The coated chippings can be stocked in piles until required.
Cases are known where chippings were still cffectively coated after
4 months’ storage by the roadside. 1In other cases the treatment
has become less effective after a week's storage in tho open,  This

point is still under investigation and until more is known it is
recommended that chippings be

used within one month of
treatmeont.

The pre-troated stone technique is most effective with
aggregates that do not produce much dust, although success can
be obtained with aggregates of all types. Dusty aggrogates
should receive the minimum amount of handling before mixing.

The pretreatment of the stone with D, 8. 2274 solution was
estimated to cost not more than three half pence per sq. yard
oven when carried out in small batches in a concrete mixer. On
a large scale, the cost should be appreciably less.

Method 2.
SPRINKLING THE SOLUTION ON THE BINDER FILM

The solution of D. 8. 2274 in creosote is spread over the fresh
binder film, before the chippings are applied, by means of an
attachment to the back of the binder distributor.

The rate of flow of the D. 8. 2274 solution to the sprinklers is
adjusted to ensure that, at the specified speed of the binder
distributor, the solution is applied at a rate not heavier than
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te of application
r gallon. Although the rate !
l%othlj (s)sosl(llx.tiyoa;f?s ggt c%itica.l, when excess quanbities are applied
:he creosote will soften the binder unduly.

i i | way, immediately
14i is carried out 1n yhe norma _
after(}tli:ztiﬁxg]dér film has been sprinkled with the solution,

General Comments

i t will
i hat the use of an adhesion agen
Tt must be cmphasised b o U o taro
' therwisc poor dressing. '
not 1mDrosffe a“fa(.)ce dressings arise from the qnsultabl.e dra.te o(f1
B o ?b'Slzll;ar or from an uneven d@st{‘lbutlon of bin er(;ta,xl))e
2p'rlb;13;'(e1>‘sn&resl&ting from these and similar faults cann
pa;’levented by the use of adhesion agents.

*
SPECIFICATION FOR THE SOLUTION OF D. i:g;l;
IN LIGHT CREOSOTE OIL FOR USE IN SUR
DRESSING WORK

i i te oil
i all consist of a mixture of light creoso i,
The hsomgl%rrlo;l;rbies are defined below, and of D. S. 22.'{4 13
o e tions of 92 parts by weight of the light creosote oil an
e prop(;rthe D. 8. 2274. The solution shall be pxade by xx‘nxmgf
e o te in a: sﬁitable vessel with the appropriate guanpxty o
theé:reggfame and stirring mechanically. The solution is then
i))l'acéd in suitable containers such as metal drums.

Specification for light creosote oil

i i from the distillation

\ oil shall be wholly derived !

of gal;e cv:"?)gi}:;tevelrtica-l——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.

. . I
*0Other methods of treatir(lig, w“g’zg‘%r%g&éesj;‘;‘::&‘Y‘%%lfh)zR?igf t}l: hz,yu
. - M Bse ln . - . . N 3
red oil andhlllmee’s:irrfmutl:aiicuthat costs ,of applying thel gdlfeg;!ge“ﬂg?f f:;
}i')(e)gn qr(;:gof};urfaeo dI‘OBBing are : Tul‘key red oil Rs I /' H ’
8q.
Adhevia T -/11/-.
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Distillation Properties

T
The percentage of the oil which distils in the following ranges
shall be ag indicated :

Temperature range Percentage distilled
Up to 200° ¢ 0 -—10
Up to 250° € not less than 60
Up to 270° C not less than 80
Fluidity

] It is most important that the creosot )
is, free from deposits of crystals at 0" C (32° F).

e oil shall be fluid, that
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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 can 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.

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 arc 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 bo 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.



AN INVESTIGATION ON SOME LATERITES

The Suitability of Laterites for the Construction

R of Water-Bound Macadam Roads
CONTENTS

Lo Problem p:;gl.;o 1. PROBLEM
2. Investigation (.)3 1.1. Exposition
3. Evolution ) The problem put to the Central Road Research Institute was
1 , 111 to advise whether the laterite boulders furnished as samples were
- Uonclusion 11 suitable for road construction.
This general problem arises in areas where no suitable
TABLES mineral material is available except laterite boulders. The
L. Distribution  of fine mineral material usually employed in road construction can be
ol tne and coarse material  ang used as boulders for soling or as metal layers on top of the boul-
techunical analysis for tho fine fraction 112 ders, or as surface chippings for water-bound macadam or, when
2. Physical characteristies _ ) mixed with binders—bituminous or others—for surface dressings
their £ TrIshIes of the six laterites and , orcarpets. The request put to the Institute was to investigate
e e fraction (13 the suitability of these laterites for water-bound macadam. So the
3. Chemical analysis of t} ; . ' first problem was to ascertain the suitability of the materials for
extraction 81 the six laterites by HC) soling and metal, and only secondly for surface dressings.
1. Swoll foek o b4 1.2, The Material
well test rosuliy of laterite cubes 116 ; ; in hi ; ;
5. Absorption of . tor i . Grenville A.J. Cole describes in his ¢ OQutlines of Mineralogy *’
6. Tost ater 1n laterite sojly 117 published in 1913, on page 216, the possible formation of laterites
. ¢sts on the compression strength on six dry as follows
and  saturated laterite cubes and on threc firgt oD ANEORE, A10 (OH) (= Aly05. H,0), is & colourless
class bricks rs or palely tinted rhombic mineral, in elongated prismatic
7. Aggregat ] 118 crystals, which is found with corundum in many localities.
stegate crushing value 119 GIBBSITE (HYDRARGILLETE), A1(0H), (= A1,0,, 3H,0),

is similarly white or palely coloured. Oeccurs 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 Bauxite, to

which a composition of (Al,Fe);0,.2H,0 has sometimes been

assigned. 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, fbaa.sa,lt;s, shales, et;c.f : Moisture g.sb well as - heat seems

Colour pl : ! : required for the formation of laterite and bauxite ; the proces
plates printed at the Times of India Pressflgzlnt:i};}; Dolhi in(\lrolves the almost complete romoval of the silica fl'IC)’m th:

All
Photos taken by tho Coniral Road Research,
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original silicates, but the retention of the alumina as &

hydrate. Kaolinisation and laterigati
‘ sation thus g -
selves as opposed processes, ius present thom

T. H. Holland?! points out, f . .
: ! , from [ , o . i
India that dehydration proceeds M wide experionco in

; in the lateritic m: Gib-
bsite thus passes into diaspore . 4 B8s, i
; ERGE as .3 \ )
matite develop. P hile gothite and even hao

This may explain the extremely hetero enco J
the material. Harlier to Grenvillz, Nowb%ld (itasscx("illl::r(iwit::rl:;:
papers (1§44, 1_846) very exactly how these laterites appear to t;
erely visual inspection. Prescott and Pendleton?(1952) give in
a very brief manner valuable information about all sources where
laterites are found. The cited description of Newbold about

laterite is
publicatilgn.ﬂso found on page 5 of Prescott and Pendleton’s

h The laterite of Beder, gonerally speaking, is a purplish or
brick-red, porous rock, passing into liver brown perforated
by numerous sinuous and tortuous tubular cavibies cither
empty, filled, or partially filled witha greyish-white clay pass-
ing into an ochreous, reddish and yellowish brown dust: or
with a lilac-tinted litheoargic earth. ’

The sides of the cavitics are usually fe i
often of a deep brown or chocolato colour ,y t}h():‘lrg;g ";z,zll::ar:{]l;
not morc than a line or two in thickness, their laminar struc-
ture may frequently be distinguished by the naked eye.
Before the blow-pipe it melts into a black clay attracted by
the magnet, but is rarely so ferruginous as to entitle it to the
charztctcr of an ore of iron: though some of the nodules are
plck'e'd out, and smelted by the natives. The interior of the
cavities has usually a smooth polished superficie, but some-
times mammillary, and stalactiform on a minute scale. The
hardest varieties of the rock are the darkest coloured, and
most ferruginous. The surface masses of the softer kinds
present a variegated appearance. The clay and lithomarge
exhibit lively coloured patches of yellow, lilac, and white
Intersected by a network of red, purple, or brown. The soft-
ness of this rock is such that it may be cut witha spade;

1. “On the Constitution. Origi i P
, gin, and Dehydration of Laterite,” ¢ v
((}9031)1, 5?, ‘S’xyee also discussion and references in Clnrvke ‘?Oll).nl:;ag;
Geochemistry *, U, 8, Geol. Surv, Bull. 401 (1911), 469, and in * Th
nterbasaltic Rocks of N, E. Ireland ”, Geol. Sury. ] °

: Irelaud (1912), g,
Laterite and Lateritio Soils

” by J. A. Prescott d
Commonwealth Agr! y ott and R L. Pendleton,
(1962). gricultural Bureaux, Farnbam Royal, Bucks, England

2,
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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, wide 2.2.1 to 223, were oconducted
separately on the component materials as well as on part of the
original sample taken as a unit. The material filling the voids in
the skeleton and the soft material outside displayed properties
and effects entirely different from the harder material of the
skeleton,
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For use of the laterites in road construction it is important to
know the behaviour of both the materials. Therefore, the
samples were crushed, following the natural fissures and joints,
after beinyg soaked in water, and the fine material was separated
from the skeleton as far as possible. The use of great force in
crushing was avoided so as not to get powdered fractions from
one kind of material mixed with the other. The material passing
after this crushing process through ASTM Standard Sieve No. 40
was declared as the ‘“fine,” and the rest as the coarse

fraction. These two different groups were investigated separately,
both chemically and physically.

2.2. Tests Conducted and Discussion

2.2.1. Distribution of fine and coarse material and mechanical
analysis of the fine fraction (Table 1)

The distribution of fine and coarse material and the

mechanical analysis of the fine fraction is shown in Table I.
The percentage of the finer materials varies between 7 to
20 per cent.

'!‘he. fine material has been subjccted to mechanical analysis
by sieving and by Sedimentation. The results as woll as the
contents of sand : silt : clay : colloidal matters are also given in
Table 1. ‘The determination shows that the clay content of the

fine f_raction varies betwoen 9 to 14 per cent and its percentage of
colloidal matter between 4 and 14 per cent.

2.2.2. Physical Characteristics (Table 2)

Some physical characteristics of i i
‘ the J $ '
mixed samples and as fine o Tramoes, ot netural

and coarse fraction, are given in
T;ib[e 2. From the fine fraction alone, the liquid limit gnd the
plasticity index as well as the specific gravity have been
(fletermmed. The specific gravity i
raction as well as from d
laterites, from which also the void o and thapes of the
porosity have been indicated. 4 ratio and the percontage

The results show that the plasticity i

' plasticity index of the fine f i
varies between 12 to 23, Further, the percentago of t'.he0 p!(‘)tg?i(;n'
g1ven in percentages to the whole volume varies between 2] t;) 3)")
per cent. This shows the great influence of the cavities, whj h
can be seen in the six pho Mgt

tograph ing i
third of the total volume. BTAphs covering in average almost a

2.2.3. Chemical Analysis (Table 3)

The results of the

' ) chemical analysi
the six laterites are give yaus,

n in Table 3 by HCl extraction, of
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The laterites have been analysed for insoluble residue,
sesquioxide (content of the Fe,0, + Al,0,), the total b‘asig,_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 really 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 conduocted 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).

2.2.6. 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 let surface water trickle off and one more hour was
reserved for taking their weights. This procedure was done 3
times in continuity. ‘The results are given in Table 5.

The results show that almost the whole absorption took place
during the first period, in the first 22 hours. Only a very negligi-
ble quantity of water or nothing at all was absorbed during the
second and third stage of immersion, which can easily be noted
from Table 5. The results give the absorption-capacity as 8 to
13 per cent which means an approximate additional absorption of
about 7 to 12 per cent to the initial moisture content.

Taking into consideration a porosity of from 21 to 35 per
cent, it is obvious that not all shells and voids are filled with
water, even after three immersions of 22 hours each.  This proves
that most of the cavities behave as if practically water-tight and
do not come in touch with the liquid.

2.2.6. Compression Strength (Table 6)

The set of cubes used for the tests to determine the swelling
effect and the capacity of water-absorption and one more set of
similar cubes but dry were tested for their compression strength.

Table 6 gives the results of the compression tests on dry and
saturated cubes.

Compression strength tests on three first class bricks, locally
burnt, were also conducted. This was done to get comparable
results for the planned use of laterites in road construction. The
bricks were subjected *“ flat”’ to the tests bocause they are usually
put in that position as soling material. 'The depression on one
side of the brick was filled up with neat coment paste. The
samples were then kept in air for 24 hours and both the flat sides
of the bricks were capped with plaster of paris. The procedure

for conducting the compression strength tests was the usual one
and the results are given also in Table 6.

Unlike the laterites, the 3 bricks gave comparably uniform
compressive-strength results with an average of 1,495 b per sq.
inch. Both the uniformity as well as high value may be infiuen-
ced by the particular form of bricks in flat position. Any com-
parison of these values is, therefore, not to be made airectly
w1thout:, making any allowance for this. The average values
(a.lpprom(x?:.ye t(cl) ,:h.oae obtained from tests on the laterites in the

Ty condition (laterites 1, 5, and 6) and i iti
(ovoritos 2.5, et ) and in the saturated condition

Unfortunately it was not possible to subi

: ) ject more th

oube of laterite of each kind to the compression test :rau: :lrlle o::
sults are thergfore based on a single test instead of a larger num-—
ber out of which an average could have been taken &
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With materials like laterite, a very large deviation
expected, as indeed is clearly shown even from the few tests
carried ont.  ‘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 latorites also illustrate

the big deviation in the composition of laterites taken from
different quarries of the same district.

is to be

Tn ¢pite 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 Congress, Vol. XV-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 differenee in the sizes of the bricks
tested, hut 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 8q. 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 Jaterite 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 duc 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 DBritish Standard Specification
No. 812 (1951) under which the load is applied at a rate of 4 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 3
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 crushing  value is determined by ascertaining the
percentage weight of erushed material passing B, 8. Sjove 1/8 in.
against the  original weight. The ar angement used  combined
with the compression testing machine is shown in Photo 9

.

Photo 9. Arrangement for determining crushing value,

''he British Standard Specification does not indicate the
limits up to which crushing is permissible, but it was seen from
the publication of the Cement Concrete  Association of India
“ Quality Concreto’, Page 96, that the cerushing value should 110‘;.
exceed 30 per cent for aggregates used in surfaces suelh a8 heavy
duty floors, roads, ete., and 45 per cent in all cases, )

In order to be able to compare the results of the crushing
value of the six laterites, the erushing values of Delhi (quartzite
and first class local hricks were determined also, The quartzite
the material usually used for soling and metalling ip Delli m‘m’
is relatively hard, The first clasg bricks, usually used fop w)liﬁé
and metalling, even on national highways, could he tukonv a8 a

11

(mm).

1ze

te No. 2. 160 per cént natural s

Photo 2. Sectional cut through lateri



1.

Photo :

Sectional cut through ]ateritef_No. 1. 160 per cent natural size (mm).

Y
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Sectional cut through laterite No. 1. 160 per cent natural size (mm.).

8.

Photo
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al size (mm).

wNo. 4. 160 per cent natur

Photo: 4 Sectional cut through laterite
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6.

Photo

g

-



109

INVESTIGATION ON SOME LATERITES

AN

Hres

Lare

ON SOME

FHEATTON

hi

Ixve

AN

azrs [eanieu 1u2d 1ad @9 "¢ "ON d31Id1E[ YNOoiyl Ind [BUONIRS ¢

e RS

‘(uur) o9zIs eamivu 1udd 1ad (9] ¢ "ON 231I3Ie] YSnoayl nd [BUONIIY

oloyd

‘L :o0loyd




AN INVESTIGATION ON SOME LATERITES 111

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
uscfulness and suitability of broken laterite boulders as soling
material 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 hetween 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 ag ¢ 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

Tho material under investigation can be used for soling in
the form of boulders in the usual size as well ag 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 sieving
should be adopted compulsorily when .conditic.)ns allow qf.this,
Further investigations are indicated with a view to devising a
more suitable and less wear-producing and, therefore, a longer
lagting surface.

12
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CONCRETE £0ADS

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.

AcC

THE CEMENT MARKETING COMPANY OF INDIA LYD,
THE ASSOCIATED CEMINT COMPARIES UMITED

CRETEWAY N THE PUNjAB




NOW ot the HoT PARCH matiriat
You wat.any fype..any quantiy
where and when you want it

yer with a proved B.G twin shaft
}I:/?ated pugmill mixer. It is rightly called the
ixall because of all the things it can do . .

e oo Mix all quantities:
- tons per hoyr of h
cold paich,
. Mix in i
wn:llol locations: 1oweq 1o the job by truck loaded
99regate . . . fed directly from truck or from stock

r pt Can wark ( sin .
pile o t k in a gle traffic lane No se vp

v Mil i
n all weather: heated aggregate makes low of.

mos i ixi
" Rhenc temperature mixing possible — allows quick
PAIr 10 prevent mojor failyres.

from a single 300 ib. batch up to §
of mix—or up 1o 10 tons per hour of

oo« Mix all : itumi
types: of bituminous materials including stabilized

mixes—,
€s—0as well as low slump Portland cement mixes,

Barber-Greene Overseas,

OISTRIB
UTORS OF BARBER GREENE PRODUCTYS MANUFACTURED Y
BARBER-GREENT [de]

MPANY, aurRORA, 1iIN
BARBER-GREENE OLOING comPANY. (1p o v

ENGLAND

BARBER-GREENF CanADA, LTD

Inc.

. CANADA
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Indian Practical

CIVIL ENGINEERS' HANDBOOK

Edited by P. N. Khanna, A.M.LE. (ind.), A.M. Inst. H.E, (Lond.)

THE STANDARD REFERENCE BOOK FOR ALL ENGINEERS

This book is @ vast collection of up-to-date practical
data (with standards and formulae) und other valuable
technical information needed most in  daily work, not
usually considercd or incorporated in text-books or found
in any other single Indian publication. Hundreds of copies
of this famous book are now in duaily use by every grade
of engineer all over India. Users tell us they have found
it * highly Useful ready reference book.

Sections on :

Civil, Structural, Sanitary, Highways, Bridges,
Irrigation & Electrical Engincering. 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—Tilting and non-Tilting Types.
Asphalt Mixers—for Hot and Cold Mix.
Roller Pan Mixers—for Mortar.
Diaphragm Suction Pumps—for effective lift up to 25 ft.

Self-Priming Pumps—for handling Secepage at lowest
possible cost.

Tower Hoists—for speedy construction.
Wellpoint Pumping Equipment—for dewatering the onlv
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.
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Caleraon Road Bridge, Trichinopoly District,
24 spans of 100-feet on Masonry Piers.
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BRAITHWAITE & CO.,

(INDIA) LIMITED

. HIDE ROAD, KIDDERPORE, CALCUTTA.

-\——-‘ﬂ

v

FOR EVERY ROAD-MAKING JOB
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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.

PICK-AXES
Available in two patterns.
Extremely sturdy and long
lasting.

BALLAST-BREAKING
HAMMER

CROWBAR
in standard length

of §/-5' and sections
from 7/8'“to 1}'*. Made
from high-carbon steel,

SQUARE-NOSED SHOVEL
Made from high-carbon steel to
1.S.1, specifications. Fitted with
seasoned wooden handles.

Available in { Ib. weight.
Breaks the heart of
any stone —really strong
and durable.

TATA AGRICO
IMPLEMENTS

THE TATA IRON AND STEEL COMPANY LIMITED
Head Sales Office : 23-B, Netaji Subhas Road, Calcutta-1

Bronches ot : BOMBAY, MADRAS, NAGPUR, AHMEDABAD, SECUNDERABAD. KANPUR,
JULLUNDER CANTT. & VIZIANAGRAM CANTT.

AG Nll
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WARSOP

ROCK DRILL

PEGSON

ROAD & QUARRY PLANTS

The full range of Pegson machi-
nes includes:

1. Jaw Crushers & Granulators
2. Gyratory Crushers

3. Vibrating & Rotary Screens

4. Complete Crushing & Screen-

ing plants, capacity from 3 to
400 tons per hour.

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

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.

Apply for details to:-

Branehes (—-

26, Errabalu Chetty St.,
G. T., MADRAS.

Cox St., COIMBATORE.

JACOB CIRCLE, BCMEAY I

vii

. with exceptional
flexibility,

a super - quality and adhesion

Hmm.  wanted,
synthatic enamel

. hard drying,
auick drymg

" Eureka ...but of course ,
.. it must be Will stand repeated

"SHALIMAR oo
SUPERLAC 8richshades,...in

1 O.M. Pint, } O.M.

SYNTHETIC Gall. and 1 Imp. Gall,
ENAMEL tins and 3 & 5 Imp.

Gall. drums.

- SHALIMAR PAINT, COLOUR & VARNISH CO. LTD.
Calcutta @ Bombay @ Madras @ New Dethi @ Kanpwe

$PW 227 (Ap
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More Mileage — from Bombay to
Poona or on the Grand Trunk Road,
for miles of motoring that test the
best of tyres, you need a tougher tread,
an. all round better tyre design that
gives you more money-saving miles —
YOU NEED GOODYEAR TYRES FOR
MORE MILEAGE.

More Comfort —For sheer luxurious
motoring you need specially designed
smooth running tyres, the kind that
absorb bumps and shocks—the tyres
most  car -owners choose — YOU
NEED GOODYEAR TYRES fOR
MORE COMFORT.

More Safety —On hifl station roads,
you need sure footed traction that comes
from that extra road grip in the tread—
you need a stronger cord body to resist
strains that cause blowouts --in fact
YOU NEED GOODYEAR TYRES FOR
MORE SAFETY.

In fact It’s Goodyear that gives a
littte more of oll three - MILEAGE,
SAFETY, COMFORT.

- GOODSYEAR

MORE PEOPLE, THE WORLD OVER, RIDE ON GOODYEAR TYRES THAN ON ANY OTHER KIND

MORE OF ALL THREE?

>

i

X

MARSHALLS

FOR

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

+* EARTHMOVING MACHINERY
ETC., ETC.

CONSULT :(—
*  MARSHALL SONS & Co. (India) Ltd.

CALCUTTA, BOMBAY, MADRAS, NEW DELHI.




THE BRAITHWAITE BURN AND JESSOP
CONSTRUCTION COMPANY, LIMITED

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

GENERAL ENGINEERING CONSTRUCTION
INCLUDING
BRIDGES, JETTILS, PIPE LINES, FOUNDATIONS,
ETC,

Nole Licensces in India for

FRANKI COMPRESSED CONCRETE PILING
AND

“SCREWCRETE ” FOUNDATIONS

ix

USE 1007 INDIAN ROAD TAR

ROM INDIAN COAL MINE

N\ THROUGH
INDIAN

CHEMICAL INDUSTRY

2" TARCRETE WORK IS IN PROGRESS
KRISHNAGAR - HRIDOYPUR ROAD

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



SAVING

SERVING

RUPEES

X

PAYERS

NO, 12 (too u.p) NO. 112 (75 Py NO, 212 (50 H.P.)

anw
Saving tax rupees is important
to every official in a state, city,
town or village. He has to in
order to do his job well. But
as important as saving the tax

rupee is the job of making it

Caterpillar

toanTeNED

HADEMAKR

ENGINES - TRACTORS

DIESE'_ MOTOR GRADERS

EARTHMOVING EQUIPMENT

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

every tax rupee invested.

“Caterpillar Distributors in India”
CALCUTTA BOMBAY 1 NEW DELHI

LIMITED

TRACTORS (INDIA) LARSEN & T
LIMITE

OUBRO

INDIA) LIMITED

P, 0. BOX 323 P.O. BOX 278 P. Q. BOX 289
Sales and Service

#, — " CATGfr

WILLCOX (BUCKWELL-

For

PILING ano
FOUNDATIONS

“ﬁ‘\ Vivaraw.-

SN

Consult :

SIMPLEX coxcrere piLes oy Lo,

CPLCUTTA MADRAS




ROAD TAR
IS EASY TO %

THE SHALIMAR TAR SPRAYER

This light, hand operated
Sprayer has been specially
designed for Road work

under Indian conditions.
it is very efficient, easy to}

!
1
t
{

MANUFACTURED AND

"SERVICED BY = operate and maintain and s
a7 sturdily built for long service.

SHALIMAR TAR PRODUCTS

/ g%y (1935) LTD.

6, Lyons Range, Calcutta.

—Concrete barrel arch bridge 579 feet long consisting of 11 spans of

IBB BRIDGE

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

BOMBAY-1

J. C. GAMMON LIMITED
BALLARD ESTATE

HAMILTON HOUSE
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THE ALL NEW

MITI-MITE

| moDEL 55)

Xvi-a

VITOPUS

Telegrams:

The P&H Model 55 is more than an all new truck-
mounted excavator . . . it's an entirely new idea
in equipment of this kind ! itis designed through-
out for truck service, not adapted for it.

The P&H Model 55 brings a simplicity of design
and operation that mean far greater work pezr-
formance, lowered maintenance and easier
operation. All the usual driving machinery is
confained in a single power box—so compact
and trouble-free, so practical and accessible.
Designed for easy mounting on any suitable
truck, the Model 55 also features easy con-
version for any of five different services. See
the Model 55—it's the hard-working machine
you have been waiting for. Shovel capacity is
3 cubic yard; as a crane, 7 tons. Visit your
P&H representative today.

HARNISCHFEGER OVERSEAS
CORPORATION, MILWAUKEE 46, Wis.. USA.

Cable “Harnosco”
Established in 1884

*

Licencee for the Italian ““R’’ System of Prestressed Concrete
and Licencees for Light-crete and Thermolitecrete, insulating

and acoustic boards and blocks.

‘Registered Office :
14, BOAG ROAD, MADRAS - 17.

BUILDINGS, WATER SUPPLY AND DRAINAGE

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

BRIDGES,
88316 & 88549

SPECIALISTS IN:

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

PZH DISTRIBUTORS

PASHABHAI PATEL
q

AND COMPANY LIMITED
CONSTRUCTION HOUSE, BALLARD ESTATE, BOMBAY
ALSO AT DELHI AND CALCUTTA

Telephone:

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

838
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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
Sheimac B.S. laid
in 1937.

BURMAH-
SHELL.. -
IN INDIAS LIFE
AND
PART OF IT



\\ Y
§ The

N\
BARBER-GREENE

§ Bucket-Loader Model 522

N
§ will handle all free-flowing materials \\\§
\ not exceeding 3“x3" in size at ONE \§
. - .
% CUBIC YARD per minute. §

DIESEL-DRIVEN, easy to:®pe \
completely portablegy

Barber.Greene Overseas Inc. Aurora lllinois U.S. A,
Barber-Greene Olding & Co. Ltd. Hatfield, Herts, England.-

WwiX o0&



	92861_Page_01
	92861_Page_02
	92861_Page_03
	92861_Page_04
	92861_Page_05
	92861_Page_06
	92861_Page_07
	92861_Page_08
	92861_Page_09
	92861_Page_10
	92861_Page_11
	92861_Page_12
	92861_Page_13
	92861_Page_14
	92861_Page_15
	92861_Page_16
	92861_Page_17
	92861_Page_18
	92861_Page_19
	92861_Page_20
	92861_Page_21
	92861_Page_22
	92861_Page_23
	92861_Page_24
	92861_Page_25
	92861_Page_26
	92861_Page_27
	92861_Page_28
	92861_Page_29
	92861_Page_30
	92861_Page_31
	92861_Page_32
	92861_Page_33
	92861_Page_34
	92861_Page_35
	92861_Page_36
	92861_Page_37
	92861_Page_38
	92861_Page_39
	92861_Page_40
	92861_Page_41
	92861_Page_42
	92861_Page_43
	92861_Page_44
	92861_Page_45
	92861_Page_46
	92861_Page_47
	92861_Page_48
	92861_Page_49
	92861_Page_50
	92861_Page_51
	92861_Page_52
	92861_Page_53
	92861_Page_54
	92861_Page_55
	92861_Page_56
	92861_Page_57
	92861_Page_58
	92861_Page_59
	92861_Page_60
	92861_Page_61
	92861_Page_62
	92861_Page_63
	92861_Page_64
	92861_Page_65
	92861_Page_66
	92861_Page_67
	92861_Page_68
	92861_Page_69
	92861_Page_70
	92861_Page_71
	92861_Page_72
	92861_Page_73
	92861_Page_74
	92861_Page_75
	92861_Page_76
	92861_Page_77
	92861_Page_78
	92861_Page_79
	92861_Page_80

