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INDIAN ROADS CONGRESS
NOTICES AND ANNOUNCEMENTS

i. CONT
TEENTH SES‘;}?)%T&?ISFHI?IE‘NSII\::I:I;{% FOR THE SIX-
ADS CONGRESS.

The next G

\ 3 reneral Sossi

likely to be held %oxﬁltignt:g;m‘ \0f ')M“‘ Indian Roads Congress i8
N B ' L i AP 1959 m =R
and progranmme P . 932, The exact dat a0
i dl gramme of the Nession will be con . t date, plac
in due course. imunicated to Members

2. Procedure:
: e Me oy .
on any subject mm.(.(.{f“”“," rs who intend to contribute Paper
A : cted with Highway Fngi . iperd
to intinate the fact to the Secretary, | |‘-“L’“"'“"1“!-’, are requested
to send a sl . & neeretary, Indian Roads !
v shortt « T . OIS ONYTeSs.

. b t synopsis of their proposed P ngress, and

possible. posed Papers as early as

On receipt of acce
acceptance of the subjec
he Mo . ‘ ¢ subject matter A B
Secrﬁ;ﬁ}l)ﬂ{ c;{ncerngd should send his onntl‘i(b[u(t)'f R
Sea ,w't.y}, ‘51(.1:“1 Ro:ul_s Congress, complete | ‘1"" e
;-eady uxtolugmn.l drawings, photographs M‘v ”a;” AL
re %‘m t (\wst three copies of the 1\'])(‘H<'1‘i];i,’ m: t?nd When
sent, .\l"«'fl (double space) on one side of ¢ Mher Sould
o P tne. : of good stout paper
3. The com if i
plete Paper, if
Sessio » if intended to be read :
monthn’ ;hould preferably be submitted within t(lll et ot
s, but not later than November 1951 ¢ next four

From past experienee it s observed
) . . ( . . served that most

:;/f!fll(clelnigtli:ﬁlrrc‘())llllh\‘\,'}”-l]f—mm\' at the I:m‘% nmmvniv]‘ )\\vih::f) tt]ll:- ?!(‘)‘“lvliurs
e time m. _\fm s, H‘l‘\' (:(r.nno.vt‘-'ml with the Sesgsion.  As it t‘l;';ﬁ”"“
long \[(‘m]"{?* .‘.h(‘l.)])(ll.w prmtm.l in the Jowrnal and as it is 'l ;‘L'\(-‘S .

A s should have time to study Papers well e,
of the date of th» Nession, it is hoped that M(l-n’llh ~\-V(\ v’m wlvance
offort to send in  their contributions witﬁi eyl ke
oMo . n the next four

Members may please n
ote that Paper ol
year are likely to be carried over to thg 'llzxrte;zg‘ed late in the

4. \p :
ntril t[‘h(}’ younger —engineers arce - particularly  rec
c}o Ill)l} ¢ Papers 'whwh, if required, will be suitabl 'll“fﬂ't»(\d to
the Indian Roads Congress Oftice before publieation Dly edited by

7
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available for

5. MEDALS: The following Medals are
vard :
(iy The Mitchell Medal:

For exceptionally good Papers contributed to the
Tundian Roads Congress in any vear. This kas been
instituted to perpetuate Sir Kenneth Mitchell's

connection with the (‘ongress.

(it) The Indian Roads Congress Medal:
For Papers considered by the Council of the Indian
Roads Congress 1o bhe of a decidedly more than
average merit.

¢. The Council have reserved the right to award more than
yne Medal in any year Or to withhold the award of a Medal in any

vear without assigning any reason.
7. Rules and Regulations for the contribution of Technical
Papers and the Award of Medals are published elsewherc in this

issue.



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

1. The following Medals are available for award :
i, (1) The Mitchell Medal:

This is a bronze medal to he awarded annually for exception-
ally gm)'d‘ I.):Lp(“l‘ﬂ <~nntrilmf,od to the Indian Roads Congress in any
yvear. This has been instituted to perpetuate Sir Kenneth
Mitchell’s connection with the Indian Roads Congress.

(1t) The Indian Roads Congres Medal:

This is also a bronze medal to he awarded annually for Papers
considered by the Council of the Indian Roads Congress to he of o
decidedly more than average merit.

2. PROCEDURE ON CONTRIBUTION OF TECHNICAL
PAPERS.

2.1. Our procedure in the past had been to invite Members to
contribute Papers a few months before the holding of the (lencral
Sessions of the Indian Roads Congress.  On receipt, the aceepted
Papers were circulated in advance to Members for prior study a
month or so before the date fixed for discussion. 'This pmced‘uro
resulted in the receipt of a large number of Papers all at one time
and editing and printing had often to be done very hurriedly. Also
Members often found that one month did not give them sufficient

time to study all the Papers before the discussion at the Congress
Session.

2.2. It has, therefore, been decided by the Council that
Members should be invited, to contribute technical Papers t;h'mug(h.'
out the year, as and when they are ready, and that the accepted
Papers should be published in the Journaly of the Society which
it is hoped, will be issued quarterly in future. '

2.3, The Council considers that this will give Mombers more
time to study the Papers and will also facilitate editing and prin.
ting. A\ record of the discussion and the comments received by
correspondence will be published with the Author's replies in ti
Journal issued after the Generad Session.

2.4, It will be realized that it will only be possible 1o H1Ve
effect to this new scheme if Members co.operate. The Counei
makes this special appeal to members to contribute Papers f(v)'
diseussion throughout the year at theiriconvenience.

CONTRIBUTION OF TECHNtcAal PAPERS 9

3. RULES FOR THE CONTRIBUTION OF TECHNICAL
PAPERS.

3.1, The Standing Bules for guidance when contributing
Papers, as now slightly amended, are reprinted below. Tt s
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 Engincer-
ing are requested to send their contributions to the Secretary as
and when these are ready without waiting for a special invitation,

3.3. Final acceptance of the Papers rest with the Council.
In order, however, to avoid disappointment through the Couneil
having to reject Papers owing to an excexsive number being written
on any one subject or for any other reason, it is requested that
any Member intending to write a Paper should intimate to the
Secretary the subject on which he wishes 1o write and enclose
a short synopsis of the proposed Paper. He will then be informed
whether his offer can he 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 manuseript copy of the Paper as sent by the Author will be
added to the Indian Roads Congress Library and made available
for inspection by interested Members.

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

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

4. RULES REGARDING SCRIPT.

£.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 mot less than 2 inches) should be
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left on the left hand side. At }
? s1ide. east three c
the typescript matter should be sent.r coples of

Pl ")

c. (l:lx::]_fﬁlltt;!lol s full name, designation, academic
}‘ ‘x cations and correct postal address should be
given below the title of the Paper.

5. RULES REGARDING ILLUSTRATIONS.
5.1, Illustrations fall into two classes, viz.,

a. Line drawings.
bh.  Half-tones.

5.2 e ) 5 : i i

5.2, ﬁt’n« drawz'ng.s should be mz_ulc in black Indian ink on
superior white dmwmg paper or tracing cloth. Blue prints are of
no use for reproduction and black line prints are also un-
satisfaotory.

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

b. Plates which ar
. 2 are ('Un(’l'il“\' ON SO . )
» A s¢eparate e Size

sheets. parate large size

5.3-, Diagrams ;- The matter for the Journa! s printed i
10 pt. size type (nearly 1,16 in. height): therefore ﬂ]w )'(;(' ‘m
matter in diagrams should he so made that the sige .;f /“vtlllt’-t(/n
wl_mn reduced for reproduction should be about /16 ilu o't[‘tfr
’p‘rmted area of @ page measures 67 in. deep by 4! inl‘wid '\0
['herefore, Ehf} ulhn.mm size of such drawings will not gtl\"“l"zmll ) ]( :
more than b in. X 4 in. Thus, if & diagram is to he rvduvo(’l t e
quarter of the size submitted by the Author, the v l(-/tt,(- ing on
should not be less than } inch in height. , pering on

5.4. /'lat_v.s' ‘—DLlates should preferably be prepared in wid
that are multiplos of 74 in.  The size of lotters used in tl} o o\
should be so chogen thatatter reduction no letter would be | 1o Plate
1/16 in. in size.  'Thus if the width is 15 in. the mini"x):' es8 than
the letter should be | in.  The thickness of the lettor sh:)'t’:l;lzel()f
stand corresponding reduction.  The title should be in the B ‘;U
hand bottom corner in letters of wsuch size thut Wh(x,“ I‘('(iuc; ,lil%}n:
size will be at least L in.  The name of the Author may be r('( ‘ ) ll(‘
if desired, at the bottom right hand side. y heprinted,

5.5. Scale should be drawn in the plate bhelow the ti
to admit of reduction of drawings without altering ﬂu- I "'u-lm"l(l‘
jation of the scale to the drawing. Mere mention of trlu; ;)-fll(u o
o Qeale 10 ft.=1 inch 7 should be avoided as this o (l! s
incorrect when the size of the plute was rmlu;z(n(l ]I;lu::,:::,rlrfxlpl:)i“

cally.
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5.6. Coloured inks should not Dbe used. When it is dexired
to distinguish lines, dotted or chain dotted lines should be used

instead of colours.

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

5.7.2. From the standpoint 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 square one.

5.7.3.  The appearance and effectiveness of a vraph  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 preseuted 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 be the narrowest in thickness. Principal re-
feronce lines such as the axes should be wider than other rulings
but narrower than curves. For the size of reduction that i
usually adopted for the I. R. C. Journals, it is considered that the
thickest line when finally reduced should not be more than 2}

points, i.c., 0.035 inch in width.

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

5.9.  Half-tones” arc ordinary photographs and
printed

necessary to see that prints are clear, =lightly over
and preferably glazed. Photographs  which are dim or out of
focis do not come out distinetly in reproduction and make @ bad
v half-tone 7. Negatives should accompany the photographs
whenever possible, and  will, if desired. be returned when
dons with. Captions should be written on the back of prints in

soft pencil.
6. BRIDGE DETAILS.
¢.1. Members contributing Papers on any bridgework actually
carried out are requested to give inter alia the following
details.

A site plan showing the road and river for two miles

a.
on cither side of the bridge site :

b. A dimensioned cross-section of the roadway .

"The loading on which the design is based :
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d. The cost per squure foot of the elevation area com-
prised by the formation level and the bottom of the
foundations, and

¢.  The ratio of the total cost of the substructure to the
cost of those parts of the superstructure as are
subject to variation with variation of span.

7. UNITS.

= 1. Members are particularly requested to use the standard
units of weight, measure, and cost given helow :

STANDARD UNITS OF WEIGHT AND MEASURE

Description of work Units to be adopted.

1. Road materials such as metal,

gravel or moorum, sand. 100 cu. ft.

19

Binder in surface dressing

and grout. Ib por 100 sy. ft.

3.  Binder in premix, carpets, Ib per cu. ft. of

ete. aggregate.
4. (‘ement. By weight and not by
volume.

.gallony of water per
cu. ft. of cement
(assumed as 90 1b)

5. Water Cement ratio.

6. Cost and Rates. In Indian standard cur-
rency (Rupees, etc.)

%. FORMULAE.

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

9. ABBREVIATIONS,
9.1.  The use of abbreviations should be avoided.  For
6-2" x 37-3" should be written 6 feet 2 inches by 3 fee
3 inches.  Similary 225° (U should be written as 220
degrees centigrade, and so on.

10. ITALICS AND EMPHASIS.

10.1.  Only those words and phrases which are to e printe
in italics should be underlined.

numbers al

11.1.

~ N ] y ¢
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11. PARAGRAPHING.

livisions are designated by

When divisions and  sub-c :
hols mayv be nzed in the

vl letters, the following sym

arrangements indicated.

I
I

12.1.

W,
b.
(1)
(i1)
12. ACKNOWLEDGMENTS,

Sources of quotations appearing in the Papers shoul;}
be stated and acknowledgment should be made for &

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



111. PROCEDURE REGARDING THE DISCUSSION OF
PAPERS AT THE ANNUAL SESSIONS OF THE
INDIAN ROADS CONGRESS.

1. The order in which Papers will he taken up for diseussion
will be decided by the Council and intimated to members attend-
ing the Session.

9 Kvery Chairman presiding at the discussion of a Paper will
be introduced to the awdience in appropriate terms.  Nimilarly
the Chairman will introduce the Author and will call upon him h,
present his Paper for discussion. (The Paper will be taken as vead)
Tntroductory remarks shall not ordinarily take more than N
minutes and, unless the Author had Homoﬂlling new to say which
came to his notice since the submission of hix Paper, the introduc-
tion should be limited to 250 words.  After the int‘rrulu(-tinn th?
Paper will be open to discussion. T

3. To f.zacilimte the conduct of business and the fixation of
time for various sittings and individual Papers, those desirous of
raising questions or offering comments at the meeting ul\f;uhl
inform the Secretary well in advance (atleast 24 hours l),rj'(,,,. the
meeting) about the Papers on which they would like to upeak o ”(
the time they would take.  Those who have not given mi‘. ‘,‘N ‘,‘-\(.
vfl il}t‘inmti(m to the Secretary may, at the :lisvr(‘tinn ufl ‘q)]:(
(‘hairman be allowed to take pact in the discussion if time per-

puts and after those who have intimated their intention to speak
in advance have spoken. Rpeak

‘ 1. A copy of or the nature _nf the comments which & member
intends to make should be gent in advanee to the Author of the
Paper and a copy endorsed to the Seeretary. (

5. 1 the comments are likely to take more than ten minufes
or if they involve lengthy mathematical matter or diagrams (‘:
‘l.v\(‘n}tld‘)he desirable to send a copy of these to the Svoi{(:tnri"'it
t,t,(\;'y 7‘\‘;’?eks before tr}}e dat.o of the meeting so as to enable him
ave them printed and circulated to all members attending 1
meeting before the  discussion on the Paper takes 'sl;l<'l-“ “:l}?l o
comments may, at the discretion of the (‘huirmuf “nf " ke H':"‘.
read emtl the members making them will thus nnl\" lu)' el N ”‘i tn
explain generally the nature of his comment s The A 1l|(;l}::yl‘”\‘vi;;)

lf [( 1 y ' ) 3 " f-, t b ¢
YOSS i)le Ie )l )/‘v t'h( "“‘etln ! Y i o on ents h l(l ')( €¢n
. . / f (rh Poocomments

6. Me g

of sy iw{i(\l‘?}fl's- 'W}W do not want 't') speak bt want elarification
. ,,k <ftl -Xﬁmg out of tluf discussion or the introduetory
remarks of the Author should write out their quericson ¢ Comment

PROCEDIRE ¥OR DIsCUssioN oF PAPERS 15

Slips ”* which will be provided for the purpose while the discus-
sions are in progress. Volunteers will be deputed to distribute
and collect these slips at frequent intervals. The slips will be
worted out by the Secretary and at the end of the talk by the
Speaker or Speakers, the Chairman will read out the gueries and
the Speaker or the Author will give a reply,

7. Members who are unable to attend the Session and who
Jesire to comment on any Paper should send one eopy of a note of
their comments to the Author of the Paper and two typescript
copies to the Sccretary. A gist of the comments together with
the Author’s reply thereto will appear in the Proceedings.

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

9 If the Author of a Paper ir unable to be present, he
should depute another member to introduce his Paper and to
reply to the discussion and should inform the Secretary accor-
dingly.



IV. LIBRARY.

1. Information and books on loan f i i
Consulting Engineer (Roads) and the lndri?l,'x:1 ;'lym e arien of the

available to Members of the i ¢
Indian Roads Congross and can, on

;vaphontlr).n, be had of the Secretary, Indian Roads (! .
New Delhi under the following arrangements T Rress,

oads Congress are

(8) For Members of the Indian Roads Congress who

Specifically named books or literature in res ons
to enquiries on technical subjects will be ;wnt ;0
officers of the rank of Kxeeutive Engineer and. 'l’l)O’\' ’:)
Others should apply through their ,Exmmtivo“l" '("
neers or officers of equivalent rank. A

(b) For Members of the Indian Roads
are not in the service of the C
Governments,

Congress who
entral or State

o Appllpi}bimls for specifically named hor
as enquiries for literature on t,e.chni«-n, i
clearly state the Member’s rol] nun
postal address, and the tit]e

ks as wel)
I subjects should
her, his COrrecy,

and author of the hool

2. The library is intended primarily for refer
source of information from whicl the & R
Congress, is enabled to answe

nee. Itge the
Indian oads
d to him,

he Secretary
L R
T enquiries addregye

3. Books are loaned for reference onl
tinuous use. The library cannot }y expoct
of the necessity of purchasing hooky T(;([lli;"(

long periods of time.

Y and not for con.
W to relieve officers
ed constantly op for

- 4. Ordinarily not more than WO
time, but in special cases o |
discretion of the Secretary.

hooks will

he jssne
arger numbep ed at

may  be issued at the

5. The following rules will b strictly enforeed -

(») I];OOI}(S are issued for one month in 14,
@ hook i oo ' he
a hook is o quired for o longer pe

t}()n should he sent to the Nee
Congress for rencwal he |

( first instance
' riod, an intim,.
retary, Indian Roady

The book may then he If:"‘f‘ 1'lml o e of Tt
A "C-1881 0] for anotl} .
H 1er month

&t o t/inl > iser i
pt ol hL (llh(/](‘.tvl()ll ()f ]l N ﬁ'(‘(‘l'(}t'”‘\' ' 1
t, ¢ at the t ( RV, but n no

case will ay < i
excoeding + 1Y book  be e for a 1 '
Xceeding three months b beried

-7

LisrAry RULEs 1

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

(¢)  Current issues of Journals cannot be issued to mem-
hers outside the Consulting Enginecr (Roads)’s Office,
but back issues of certain Journals may be sent on
loan for o limited period.

() Books arc issued strictly subject to the condition, in
all cases, that they will be returned promptly if
actually required and called for by the Necretary,
Iudian Roads Congress. Retention of a hook after it
had heen recalled will render the meniber liable to the
same penalties as if he had retained a book beyond
the period of original loan,

¢} Borrowers are requested to take every care of books
while in their possession, and particularly not to
mark, underline, or note on the pages.

(f) L, during the period of ixsue to a borrower, any book
is lost or so damaged as 1o be unserviceable for future
use, the Secrctary shall recover from the borrower
w sum equal to the cost of obtaining another copy
of the book.

Instructions :—

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

(b)y  While returning hooks, care should be taken to get
them adequately packed to prevent damage in transit.
They should be sent. ** registered and acknowledg-
ment due.”

General : :
(n) Rare or specially valuable books and certain books
of refereuce will not be sent vut of the library.
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(b) An)_' book may, however, be consulted in the library
during office hours.

(¢) Members who retain books for longer than a month
after they have been called back or for longer than
six months from the date of original issue and thus
selfishly deprive other members of the use of the
books, will be fined andjor charged subject to the
penalties stated in these rules and deprived of all the
privileges of membership until the dues are paid.

NOTE: Al Members of the Indian

sabsoription for more than 80 daye, ate enﬁtkoudu Congress, not iy arrears of

led to borrow bouks,

V. NEW ADMISSIONS.

LIST OF MEMBERS OF THE INDIAN ROADS CONGRESS
ENROLLED FROM 19-3-1951 TO 11-9-1451.

(
Serial | Roll
e‘,"v‘: No. Namae. | Address,

1430 1574 Kashi Bom Kaushika, Assistant Esecutive Envineer (Roads),
N.D.A.P.CI1I, Khadakwasla, North
Camp, POONA-§.

1431 1575 G. 8. Ghatpande. Municipal Enuzineer, Iudore City
Mupicipality, INDORE, (Madhya
Blinrat.) l

1432 1576 5. D.Vidyarthi. Assistant Eungineer, P.W. D, B/R,
RANIKHET, (Atmora , U. P,

1483 1577 R. 1. Kapadia, Assistant Engineer, P. W. D,
WARANGAL (Hyderabad State).

1484 1578 Dinn Nath Dhar A-sistant  Enyineor, P. W. D,
P. 0. BARAMULLA, «Kashmir
State).

1435 1579 Banaat [al. Assistant Engineer, Rajasthan P.W.D,,,
B/R., Udaipur South, UDAIPUR.

1436 1580 R. 8, Growal. Divisional Enxinecr, Frontier Division,

4 2, Boulevard, SRINAGAR.

1437 1581 V., Govindaswami. Assistant Engiuveer, Highways, Thalta-

1438 1582

1439 1583

1440 1584

1441 1885

1442 1686

14438 1587

T. 8., Deu.

P. N. Wanchoo.

S, S, Bpencer,

R. Shab.

e s

H. J. Thaker.

Co N, Jha,

kullam Poust, MADURAI 8. 1.

Assistunt Encineor. Clo. Superintend-
ing Engineer, B/B, XN Circle,
GWALIOR, (Madhya Blarat).

Divisional Engineer. B/R  Divisi n,
P.W.D., JAMMU (TAW)), (Kashmir),

Sub-Enginesr, Bumbay Pore Trust,
Mohta Mansion, 4, A'exandras Road,
New Gamdevi, BOMBAY-7.

Assistant Engineer, Right City Sub-
Division, SRIN AGAR (Kashmir).

Resident Engiueer, Allied Construce
tion Co., Lud, Ramdaspeth,
NAGPUR (Madbya Pradesh).

Assistant  Engineer, P W. D, P. O,
JAMUIL, District Monzshyr Bihar),



%0 NEw Apmissions Erc.

Serial | Roll Name. Address.
No. | No.
1588 L. N. Gupta., Assistant Engiveor, PW.D.,, PAUR!L

1444 (Garhwal).

1445 1589 8. N. Chatbopadbyuny, Assistant Engineer, 13, Puddopukur
Lane, CALCUTT A-20.

1446 1690 P. Massarik. Civi! Engiveer, C/o. The Braithwaito
Burn & Jessop Construction Co. Litd.,
Y-19, Mission Row  HKxtension,
CALCUTTA-L.

1447 1591 M. C. Abraham, Professor of Civil Engineeriug,
Bengal Kngineering College, P, .
Botanic Gardens, HOWRAU, (West
Beagal).

1448 1592 Balbir Singh Agrawal. Overseer, P. W, D., PAURI-GARH.
WAL, (U. P).

1449 1593 Rajendra Kumar Berry. Assistant Engineer, Punjab P.W. D,
Buildings & Roads Branoh,
KARNAL.

V1. DEATHS.

The Council have received with regres, intimation

of the following
deaths :—

1 606 P. V. N, Sarma, Assistant  Encineer (Highways),
Anakapaili, Visakapatoam Diste
rict, ’

9 474 K. V. Chowdbury, Divisionsl  Engineer (Higt

! ghways)
Kakinada, Bast Goduyari Districz. ’

3 432 H. J. Kothari. Clo. Modern Conastruction Co., Mangal
Bbuvan, Morvi (Saurashtra),

4 148 8. G. Lakhani.

Assistant Brick and Sand S
§ upp!
gﬁico‘r, Clo. Office of the Asaia};r‘:n{
ousiuy > issi
Bnmba;. Commissioner (West,

VIiI. ADDRESSES OF MEMBERS WANTED.

Commanications addressed to the following mom\.)ers have beor'x xziqurn:gd
unclaimod by the Post Office. Membors able to give information :'iu;,:n' I.llc,] o
prosont, u.(ldr):)ss of uny of those concerned are roquested tn forward particulars
to Secretary, 1. R.C.

Serial | Roll Nuwme of Member. Address.
No, | No. -
P a N. C/o Shri K. R. Sen, Ca'cutta Insurance
: B Das Gapta, & Co., Ltd,, Connaught Circus, New
Delhi.
2 700 (Goswami, 8. M. 159, Rashbehari Avonue, Calcutta-39.
P orni 114, Regont Estate, Tolly Gunj,
3 24 Korni, M. A. C’u.‘cunm.
4 143 Nawab Ahsan Yar Afsar Manzi!, Jubileo Hilt, Hyderabad-

Jung Bahadur (L.M.) Dsccap,

: ri Ra L.M.) Retired Fxecutive Engineer, Lal
i T Parang, Hari Ram ¢ ) Chowk, Qila Gujar-Singh, Lahore,

(Pakistan).
i i C.P. W.D,
M. Executive Engineer, ,
6 720 Shaw, M. (L.M) oontivs
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VERTIOAL CURVES FOrR HIGHWAYS 23

ty and to avoid shock. Basing the investigations on published literature on the
subject in other!countries, the committeo make recommendations to snit Indian
sonditions. Square:law parabolas for summita and cubic parabolas for va'leys arve
advocated. Graphs showing tho relation betweon the rccommended Jcngbhs of
curves, doviation angles, and the sight distances for dosign speeda are included.

Typical problem representing different conditions likely to be met with in
the field are worked out. Tables helpful in field work are alan inclndod,

1. INTRODUCTION,

1.1. Tn the alignment of a highway. itis a gencrally accepted
practice to follow, as closcly as possible, the natural lie of the
fand. This practice, while satisfying the wsthetic principles of
road location, lends itself to cconomical road construction. As
the natural ground is ravely level, the road located therein accord-
ing to these principles will also have a seriex of grades, often
changing to suit the ground level. For the economical and safe
operation of vehicular traffic, however, certain other important
considerations set definite limits to the gradex and also define the
way the changes in grades are to be effected by the introduction of
vertical curves in the longitudinal profile of the road.

1.2.  Not so long ago, the average speed of motor vehicles on
the main roads in this country was about 20 m.p.h. In recent
years there has been a rapid advance in design.  Motor vehicles,
with low centres of gravity and equipped with powerful brakes,
are now built to travel at high speeds. To take full advantage of
these improved vehicles and therchy to increase the speed of road
transport, it is necessary to improve the design of the road itself
by applying proper geometric standards and by other means.

) 1.3. To attain the primary objectives of safety and comfort
{n tmvelling. over differont grades, the design of vertical curves
égi;:p:)i(:)ngl}ren} due attention. This Paper giver a rmio'nal
CUrven on r:mlt 10 prln.(,-lpl.e_q governing the design ()'f vertical

8. Mention is made of the recent contributions to

the subje i i
beon delvc; by oxport investigators and recommendations have
eloped to suit Indian conditions.

1.4, The design o i v v
. gn of vertical ¢ ‘ R0 irely
» matter of mathormtin, al curves on highwayx ix not entirely

equation” of tho driver analysis. Factors such asthe ** persanal

of the vehicle hav ] i
acgount : D 1ave to be taken into
and subjected to extensive rescarch. On manv such

actors

COuntri’egesgz:fi];uYgrlk and ﬁyelfl 0‘)§(‘r\'nﬁ0ns carried out in other

Kingdom’ bart Aus: yl!&he United States of America, the United

all the d&’ta, o tr}& mphave supplied valuable material. Not

eXperimonta] ‘Oj})ﬂerv' 1tl_8 aper have bm\n. supported hy adequate

30Me of the o, l rations.  As further investigations are made
onclusions may necd revision in the course of time.

4
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2. GRADIENTS AND SPEED STANDARDS.

:2.1. The rate of rise or fall wit
along the length of a road, expressed as a ratio or a percentage
is termed the “Gradient.” It is cystomary to exproess a
gradient in terms of the natural tangent of the a.néle of its inclina-
tion to the horizontal. This may also he stated as a ratio, ey, 1
in 20, 1 in 25, ete. Inthe U. 8. A, anq some other countrics t’ho
grade is more often expressed as a Percentage as 5 per cent or 4
per cent ete.

h respect to the horizontal

2.2, When an angle is small, its tangent is approximately
equal t0 its circular measure. TFor this Purpose all angles within
the practical range of gradients on roads may be treated ag small

- 2.3. In this Paper notations 7, and n, are used-to denote the
natural tangents as well as circular measures of the angles of
inelination to the horizontal of the two intersecting grade glil‘le%
Thas in Fig. 1, »n, is the tangent (or circular measure) of tl;(;
angle BAE and n, that of the angle BOF. Signs 4+ and - are us 1
to denote ascending and descending gradients respectively, in 'o?(
line of travel, which, by convention, is generally left toyr,i ht in
figures. ' s

DIRECTION of TRAVEL -0

U
~JEs,
\g ft~0/~ '
: 3
' . ' \%DQ
] ~. L’~E
A<~~~ - ~HORTZONTAL— — - -E F == - Monzorar - &

- FiG.1

2.4. The angle which measures the cf -
path of motion at th‘e int.ersec.tion of t,w(; g;‘f{g Olfl Iiiel:qctmn in the
deviation angle. Thus in Fig. 1, angle DBC iy th i callod the
tion angle. In this Paper ¢ N * will denote the 1. ¢ total devia.-

the oircular measure of the deviation angle natural tangent o

The deviation angle < N°
between the two grade angles.

Thus N=n, - n,

is gi ; ‘
given by the algebraic differonce

VEfrIcAL CURVEs ¥or HIGHWAYS 25
Example : )
Let ng == .2—% or - ]8—“ or-+3 per cent
Tg = - 51_5 or - ]—30 or - 4 per cent
Then N = 510 -+ Z‘IF)
= 4 ‘(-),_()!)

2.5. Gradients must be fixed before a vertical curve can be
designed.  The designer has always to keep an eye on economy
in selecting the alignment and suggesting the longitudinal profile
of aroad. The choice of the alignment of u projected road is
influenced by many considerations, gradicnts being one of the
most important. The necessity of securing casy grades some-
times compels a long and expensive alignment. On many an
existing road grades can be improved only by abandoning the
present alignment and re-locating it.  Thus, for road projects it
is necessary for the designer to know what gradients are to be
aimed at.  With this knowledge the designer is in a position to
achiove a balance between the economy of design and its utility
to the road user.

On motor roads in hilly country the gradients should be such
that they can be negotiated with the least changing of gears by
the heavier vehicles, (there is not much animal-drawn traffic on
such roads). This saves time and operation costs.  The problem
is somewhat complicated inthe plains where roads are used by
the slow moving bullock cart on the one hand, and the fast
modern motor vehicle on the other.  For many vears to come the
bullock cart will remain a dominating clement in the agricultural
economy of this country. UGradients adopted on roads in the
plains should, therefore, not be such as to have an adverse effect
on bullock cart traftic. There are many varicties of bullock carts,
differing in design and capacity, and in the strength, and number
of bullocks used to pull.  Obviously therefore the nature of the
problem does not permit of laying down precise and rational
standards applicable throughout the country.  Experimental data
ure not yet available and, until such duta are collected, the
following standards based on cxperience are tentatively recom-
mended  (See Table I).  These may be followed until a separate
hote on road grade standards is brought ont

Table 1-—Gradients
Ruling  Limiting  Exceptional”

Pl‘uins 1 in 30 1in 20 1in 15 * for short distances
Hills Iin 20 linl1H 1inl2 not exceeding 300

ft in o mile.
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Gradients up to the ruling gradient can be used as a matter

of course in road designs and quantit;
as far as possible. q 1ties of cut and fill balanced

The limiting gradients may )
of a place compels this course Zr vfhléizdt}?;h:(liz Eltle tOI;USI‘&Ph.V
gradients would add enormously to the cost InI '10-11110 gentler
length of the continuous grade line at g gn,l,de St::c _Caﬁles, the
ruling gradient should be limited as far ag o _Ei’l than tho
where limiting gradients have to be uged I‘athef fsizqu(;ntll;l l.ltll!s
it is

important to separate such stretches b idi
level road or easier grades. Y Providing stretches of

In some very extraordinary situatio .
(see Table 1) may be unavoidable. Fol:‘ :iﬁ&:{:n?‘ gradients
area. adherence to the grade of 1 in 20 may invo’l\;n 3‘ built-up
expensive abutting property. Also in a hilly tract shg t“d-ma.ge to
of grades, steeper than the maximum, may bec It stretches
gain elevation to reach an obligatory point on a ﬁmedessentla.l to
such exceptional cases gradients in excess of the nT: -route. In
up to the exceptional, may be permitted. By eac!;}lmum, and
should be very critically examined angd justified. such case

2.6. Compensation in Grades for Horizonigl Curves

2.6.1. When a vehicle driven b
a curve there is some loss in the tr
below.

‘y t}le rear wheels travels on
active force ag ig explained

VERTICAL CURVES FOR HIGHWAYS - 27

Let 4 and B be the rear driving wheels and € and D the
front wheels of a motor vehicle in plan travelling on a curve (Fig.
2). Tt is secn that the tractive force acts in the direction EF
while the front wheels should move in the direction GX so as to
follow the curve. As QH is inclined to EF there will be a
tendency for the vehicle to slide in the direction E#. This
tendency is resisted by the friction between the wheels and the
road surface, but in effect there will be a sliding movement when
the curve is sharp. This action takes up some of the tractive
force driving the vehicle forward. In the case of a vehicle with
driving wheels in the front this action would be absent. To
maintain the same speed on curve as on a straight more of the
tractive effort of the vehicle has therefore to be mobilised in case
of vehicles driven by rear wheels. The effect of the curve on the
tractive efiort is, therefore, the same as that of a grade. If, in
addition to the curve, there occurs also a sharp grade the total
offect of the curve and grade should not exceed that of the limi-
ting gradient specified.

2.6.2. Very little scientific or experimental data are available
to decide on the amount of reduction in the grade required
to compensate for the loss of tractive effort on a curve buta
number of cmpirical rules have been prescribed by different
authorities.

L. I. Hewcs recommends the following rule.

“ Curves which are greator than 6 degrees or say of radii
less than 1000 ft in length should always be com-
pensated on grades of 5 per cent or over.

A simple rule is :

) 230 .

Radius of Curve

Example : [f on a grade of 6 per cent there occur a
horizontal curve of 250 ft radius the compensation to
be given is 1 per cent. Thus the grade will have to be
reduced to 5 per cent.

Compensation in per cent grade =

A rule of the Public Roads Administration of the United
States of America is to reduce a & per cent ruling grade
by 0.075 per cent for each degree of curvature n
excess of 10 degrees.  This rule gives reductions not
much out of linc with the results of the Hewes rule
referred to whove.
.. 26.3.  Australiun practice follows more elaborate empirical
i@bles in which the speed of the vehicle and the nature of the
"0ad surface are also taken into nccount. These rules are given
n Appendix 1I.
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. 2.6.4. 1t js considered that for .all pr
simple rule given by Hewes may be folloﬁrfd
to compensate grades where they are much
specified. It will be observed that curve com
becomes important when the road is in hill
sharp turnings as on hairpin bends or
thereto. :

actical purposes the
. It is not necessary

below the maxima
pensation in grades
vV country and takes
on curves approximating

2.1. Design speeds of travel on various classes of Roads

271 As stated earlier in this Paper, the pur

ing proper vertical curves is to achieve a ’s afe Eul £qse of
travel on a road. Therefore we must know what stained s
is to be sustained on each class of our road maximu
treatment of vertical curves centres round “s.
factor < speed . 18

design-
peed of
m speed
The analytical
one (lomilmting

2.7.2. The Specifications and Stand

. d A .

Indian Roads Coqgress'recommended the Srrlerﬁg':ggl(lztecTuf the

speed st;i’a.ndards in their Paper on ‘‘ Horizontal and ?I(‘} o)

Curves.” These speed standards will be applied in tl(lis;:;)mmon
er.

Table 2—Standard Design Speeds

Design Speeds for different classes of roads

o ‘ . DESIGN SPEED.
Plains, | y
Class of Road. ‘ s, ’ Hills,

| ‘ ‘
| m.}V)'.h. ‘ Et/vSec l m.\l;.ll. \ ft/Sec.

National Highways 50 73 .;0: - 4:‘ -
Provincial Highways 50 73 30 1
Major District Roads 40 59 25 27
Other District Roads 30 44 20 '2“
Village Roads 20 99 15 2;

3. THE PURPOSE OF VERTICAL CURVES

3.1. Itis a well known fact
: that consider
involved when a change takes place indtthegonmdu

e e et

#* Where practicable,

ons _able forces ap
Irection of motion o
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a body. When a motor vehicle travelling along one grade is to
move on to another grade, a change of direction of motion in the
vertical plane is involved. 1f this change is not effected graduslly
the vohiclo will be subjected to shock and the occupants of the
vehicle will experienco discomfort. Therefore vertical curves are
required to caso off the changes in gradients.

39 Vertical curves can be classed into two types viz.,
(1) Summit curves to ease off intersections convex upwards and
(2) Valley curves to ease off intersections concave upwards,

3.3 lu the Paper ou standards for sight distances* recom-
mendations are made for requirements of visibility from con-
siderations of safety, When a motor vehicle approaches a summit
curve the view of the road is cut ofl beyond the summit. Therefore
to secure the required sight distance the intersection of the two
grades should be flattened and eased off by interposing a properly

designed vertical curve.

3.4, Requirement of Sight Distance.

For the purpose of determining the length ahead along the road
that should be visible to the driver of a motor vehicle it is first
necessary to define the position of the driver with reference to the
road surface. Virtually it is the height of the eyes of the driver
seated in the vehicle that defines the position. This height varies
with the height of the scat above the road surface and with the
height of the driver. Measurements taken with drivers seated on
some of the popular modern makes of passenger cars in India
showed a variation between 4 ft and 4 ft 6 in. The eyes of the
drivers of some low-hung sports cars may be lower but these being
relatively few in number may be neglected. The drivers of
passenger buses and tricks are seated at o much higher level and

therefore can see more of the road.

design the height of the driver’s

3.5. For purposes of road ! ’
1 in various countries as

oye above tho road surface is assumes

under : —
United Kingdom 3.75 ft
Australia 4.00 ,,
Ameoerica 4.30
. France 110,
$.48 ,,

Tnternational Road system of Europe...

It ix suggested that the height of the driver's eye for Indian

conditions may be assumed as 4.00 ft.

* P"PBP No, 149, pul)lishod in LLR.C. Jogrual Vol. XV-1, pages 165-183,
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As explained in the Paper* op sight dist
sight distance have to he considered. (ne jg th
and is equal to the safe stopping distance
mum overtaking distance, that is,
driver overtaking a slower vehijole h
and another approaching vehicle
proposes to use for the
such vehicle ahead is alyo
the side of safety, simplifie

ances, two types o
€ absolyte Minimun
The othey is the min;
the clear length of roadway
a8 to look for hetween Limse]
n ah;sa,d tmvelling in tk
urposes o overtaking The heij

assumed as 4 fy whiclf, while ctlr(rliihrt:r
8 design of the vertical curye, g

4. SUMMIT CURVES.

4.1. A curve with convexit
Curve. Figure 3 illustrates cas
be used.

Y upwards

is called » Summis
6s where Sy

mmit Cyryeg have tc

————»DIRECTION oF TRAVEL

(@) Ascenvine GRADE MEETING

_ (b) AScENDING gRapg MEETiNG
A DESCENDING GRADE

ANOTHER Ascemping GRADE
FIG. 3 - summiT CURVES

Fig.3 .(a'.') ié the case of an ascendin L .
desqending gradient ; whereas in Fig. 3g gmfx:e:stc;nt:? Secting 8
ent intersects another ascending gradient, n inter'n 3?8 gradi-
would be that of an ascending gradient, Meetin faonere case

. R 8 horizonta],
4.2. Type of Curve.

The design of a gy

considerations of sight distance unJegg the summit {g

to interfere with visibility, The dynamj
i ; . amics
ordinary summit curve jg of move

of Iltb € ¢eons
inferred from two considerations. (l;mﬂr?‘g::en‘c@'t.
generated by the mo oy ventrifugal  fop,

, ] vement of the vep;
practically in oppositior} to the foree :fh ;ilzfv?tl;";i;hiz (;l}llr\ref&cts
i » therefore,

mmit curve jg Principally Boverned Ly
80 low as not,
ment over g

Thizs can be

beneficial in so far g

€ Pressure op the tyres and
* Paper No, 149, 1,B,0, Journal vy, Xv.1 )

T \_
1 Pages 1p5.1g3,

- < R l
‘/F TI L TRVES FOR l[](r“\\ AY
WTRTICA (/ 8 3

. it sles on roads are
springs of the vehicle. (2) Vertical des mtu')]negnbgve;}m sight dis-
e use the summit curves preseripec By Iy rendered
oo small bec;»use andleasy that ¢ shoek ” is antomatically
tance are 8o long

imperceptible to the travellers.

g 1it curves transitions
3. 1, thcrefore"fOllows'r::llllzlbirogri:!;l; good enongh, Sin.ce
are not essential and s":slt);fn(tu radius of curvature thruughout 1t's
a circular arc has & c:tant sight distance all aloug._ .1' rom this
length,. il aiteccr)lr;tive of a curve fully t‘rzl-n.\'ltlonul‘ and
bl ey t;hel . t :he intersection is unsuitable, as the ra(lm§ of
e )O:q towards its apex and the visibility on a \'ertlc.al'
e attion deoreasr‘;ries from point to point and is smallest across its
Nt givom intersection of gradients a transition curve will
e o e gl‘}:Leln : er ‘;h:;n a circular are for eqna‘,l }'1311)1111.)* across
hlaVO oo n}];;?muzzagof this disadvantage a transition curve is not
the apex. :
roconll)monded.

i K ic curve s used
4.4, In actual practicc a simple parabolic curve is u
instead of the circular are. The reasons are :

() A simple parabola is nearly con‘grucjn‘:. “;(l)ti];lt,:
circular arc between the same td'lljg'(ltl.‘ I;m 1(;:
hecause on road work the \'ertlca! (vle.\ 1?, ‘10:1. (rr§1£
are very small and lengths of curves are very great,

i ‘tical maripulatic
] (it) A parabola is very casy of arithmetical maripulation
ane il : . y casy
for computing ordinates.

4.5, 'There are, however, situations '“'h(.l\‘s'ltlxl(; ;;:?\113:(1{‘;;21
of visibility or sight distances does nvnt ‘d,l'l.ls(j.) | “vl}iilch e road goes
over a hump, such as one created by a cu ‘\(1 e rises € e
i oot S0ove tlh((}l I‘Oflg] levilo\:(l:\(}erd:n?alln?n u:ing a transition

i , i ¢ advantage, $ .l ; & transi
Lllrx]r(\lxioﬂilﬁls‘;%(:zsocr)rfl o simple %ambql@ and thore_lis‘ no dflwtd]\\x\r;:.(:(gl((‘
The advantage is that the t,rm.lmtlon curve ix a ]"f ('< ‘ v nock:
free curve.  This course simplifies tl}e d(‘f!b{l)l of (-ur:.ex' m;u; n:
humps as will be explained later on in thix 1 aper {Para. 6.4)

4.6, Summit Curve Formulae.

4.6.1. In Fig. 4, let 41 and DC be the two grade lines mtfrA-
secting at 1) and inclined at 4-n, and -n, to the hor.lzo‘ntal'. J z‘t
ABC be a parabolic curve between t:he tangent points A an .
With 4 as origin, measure z horizontally and take v as t’h,c
vertical intercept between the curve and the grade line ADE.
Let the equation of the curve be
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Fig. 4
From the geometry of the figure it is clear that
EC = EF | FC
Ln, Im,
=5 T
L
9 (ny - my)
LN

"2’
Since summit curves are long and flat, the len

and its horizontal projection AM are for
equal, each =L.

gth of the curve 4 BC
all practical purposes

D

At the point € on the curve, x=L and y= BQ = L

Putting these values in the equation of the curve,
' LN _I?

2 a

2L
Therefore a = Fee L U | 2

4.7. Radius of Curvature of Summit Curyo.

Let (z, y) be the cartesian coordinates of any po;
; : ; ¢ int g
curve. Let R be the radius of curvature gt “mty I)Ioillt, m;{ mty;lyc
=4 '

1
is fl R A ’
eurve is at’, R dx’ ............................... { 3 .
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2
The cquation to the summit parabolic curve is § = e

dy 2z
Therefore -2 ==,
dxr a

diy_ 2
and T2 a
a
that is R = DI O R e e W[4]
But in equation (2), we have shown that
oo 2L
TN
Henee R = 7{;—- ................................................ [5]

4.8.  Formulae for Length of Summit Curves.

4.8.1. The length of a summit curve depends on (i) the
deviation angle, (¥), and (i) the required sight distance (S),
which may be cither the overtaking sight distance or the mini-
mum sight distance which is equal to the safe stopping distance
(Ref. Paper No. 149, T.R.C. Journal, Vo). XV-1).

4.8.2. The gradients on both sides of the intersection are
selected on the principles already discussed in para. 2.5. The
deviation angle and the chainage of the point of intersection of
the gradients can then be measured and recorded.

4.8.3. 1In calculating the length of the curve two cases have
to be considered :—

For Overtaking Sight Distances

Case I When the length of the curve exceeds the required
sight distance, that is L is greater than 8. In Fig. 5, ABC isa
parabolic curve, 4 and C are tangent points, E,Eg = 8, the
required sight distance ; H, the height of the driver’s eye above
the road level ; N, the deviation angle ODC; and L, the hori-
zontal projection (4 ) of the curve 4 BO.

From the geometry of the Figure it ix obvious that
o¢ =OF +FC
L
=73 ("4 4+ ny)
L

= .

9

-
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cr’
:
1
|
B
‘
]
D fw, N 'l
MoRIZoNTAL —E.. *
'
B LINE E‘.“ *"lz
SEEERRL i
\
‘“OR\lONYAL ——<M

Since grade angles are alwa
: always small, the le :
and the lines 4C and 4M can each bhe Eola%lz}e}; O;:hev(él;;viéiﬁg

equal to L.
From the properties of the Parabola—
BG _ (PQ)*
BJ (40
Putting BG=
BJ= {DJ
=1 X gr)lj =£_N
2 8
P =8
©. and AC = L,
Lo 8H _(8)?
We get v ()
Or L=yt
BH [6 ]
As explained in para. 35, H =4 ft,
V.92

H L=2._"
ence 5

2 ........................................... 7
.............. [7]

Case I]: When the length of
. . . t‘] \ : ¢ i
required sight distance, that 18, L is ]c:s; tﬁg:é B loss than the

is the parabolic curve and BB, is the sight diqt,‘“cheng“ig- 6, ABC
A D,

35

VERTICAL UURVES FOK niuvnwaio

Also from the geometry of the figure,
BZ = H, and DZ = DB+ BZ

Therefore DZ = L—g -+ H

but DZ =) KQ
=1 g ‘f)"b)

_ SN
T4
Equating the two values of DZ,
LN SN
g TH=
Hence L=28- s—g ........................................... (87
Putting H =41t
L o—ag . 52 [9]
—_— Lk . A\T -------------------------------------------

4.8.4. For Non-Overtaking Sight Distances.

In this case the situation corresponds to that shown in Fig. 7.
The driver of the vehicle sights the top of an object Iyving beyvond



36 SPECIFICATIONS AND STANDARDS COMMITTEE ON

the apex of the curve. The formulae applicable to this condition
are as below :—

FIG. 7

Case I. When the length of the curve exceeds the re
sight distance, that is I is greater than .

L
S =3.645 /=
/%
N ..

or L =

quired

13.286 8% T . v |10

Case II. When the length of the curve is |
required sight distance, that is L is less than S

L=25. 13286
N

exsy than the

4.9. Relation between L, R, N, angd S.

49.1. From equations [6] to [9] it is seen that tl
of a ‘vertlcal curve decreases as N and/or 8 decreases. T'h
fore, in some cases the length of the curve required fk,)‘r or le.l”e-
the required sight distance would be very smadll Eul-]t'l)\il‘( g
very flat grades no vertical curve is necessary for .Visibi‘] ;t\ui) in
for comfort in driving and to avoid shock and conse uenlt ysst ut,
on the springs of the vehicle, it is necessary to introduqce a4 v 'rt“.&u}
curve. In both the above cases it is sufticient if o inimn
length of curve be prescribed. G finimum

e length, [,

4.9.2. Tt is generally accepted that the rat
. detepu ¢ ratio of the centrifuy:
force generated while negotiating a curve to the Wuiﬁ}i;;tl(l’}uﬁdl
vehicle—known as the “ centrifugal ratio "—is g measure of >
si)mooth rldmdg %uaéhties of a curve. ¥or vertical C(llr\'cq Oit }ﬁ]lﬁ
een assumed that this value s ‘ : as
oont, e should not be more than 20 per
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4.9.3. Taking the case where the sight distance is 200 ft
that is, the minimum overtaking sight distance for a speed of 20
n.p.he, the 20 per cent centrifugal ratio would occur when the
radius of enrvature is 133 ft. However, allowing 100 per cent
increase in the centrifugal ratio for shock at entry, a radius of
curvature of 266 or 300 ft would be necessary to limit the centri-
fugal ratio to 20 per cent. The comfortable radius of curvature
would therefore be 300 ft.  Assuming, for the worst conditions, a
total change of grade cqual to 1,6 (i.e. twice the exceptional
grades in hill sections) and substituting these vajues of £ (300 ft)
and N (1/6) in the equation,

h
N
We get L = 30 ft.

Henee, it is recommended that a minimum length of curve of 50
ft may be adopted.

4.9.4. In setting out and in plotting curves the length of the
curve has to be divided into a snitable number of equal chords,.
The length of the chord is so chosen that the number of stations

should not exceed about 50 (a workable limit) and also the length
R
200" In order that the length of
the curve should be a multiple of the chosen length of the chord,
the computed length of the curve is suitably rounded off while
designing enrves,

of the chord should not exceed

From the adopted value of L, modified as explained above,
and the known value of N, are calculated the other characteristics
of the curve such as ““ @ and *“ B from the equations [2] and
[5] respectively.

4.9.5. Plates I and IT, included in Appendix I exhibit curves
connecting the various elements N, L, 8 R, etc. The use of these
curves is explained by solving some practical design problems in
Nection 6 of this Paper.

1.10.  Some observalions on the minimum length and radius of
summit curves.

4.10.1. 7The most important objective in the design of
summit vertical curves is to secure the sight distance correspond-
ing to the design speed of the road. Hence, when § has been
selected in a particular problem, the characteristics of the curve
(L, R, cte.) can he read from Plates T and IT,
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4,102, Anpther consideration to which Western authorities
attach varying importance, is to ensure that the radial aceel ’3( :
tion over the curve does not exceed a certain limit 80 Hi ?tl ﬂ
comfortable to ride over the curve. The criterion of o 1f 9
introduces the personal element and makes it diflient, to q(vf\)r‘r}f(»xf.
correct limit for the radial acceleration. This may he 1”11:::: {1
by quoting Aitken and Boyd—“The Authors drove over a v ‘,t‘ll '((l
curve of 400 ft radius at 30 m.p.h. and the sensation ;v-m(s }01 1(]lgL
perceptible; the acceleration heing 4.85 ft per second )( 1:1,‘1( A
whilst a police patrel car was driven at 35 m.p.h OV(‘I'](),VI. 8¢ (',(md
140 ft radius giving an acceleration of 18.9 ¢ pe'r Q(‘C(‘)n 1 eurve of
ond and the journey was prononneed not, uncomfo;t‘-mb[,( ,I”cr] Kee-
therefore, clear that whatever specifications oxigt Onl t}(' ; s,
value of radial acceleration are essentially ‘W‘biycle }nntd‘ng
consensus of opinion appears to be that for eomfor(mb[emr'i'. he
radial acceleration should not exceed 2.5 ft, per S(“Co(nd riding the
This would mean.that the radius of curvature sholuld Dei second.
than the values given in Table 3, calculated from the f:)lromll‘)]ea .less

(1.47 V)? /B =2.5 ft per sec. per sec.

Table 3

Minimum Radius of Curvature for
Summit Vertical Curves.
Speed MPH 15 20 95

30 , ~
Min. radius R in & 195 350 540 0500 6o

780 1380 2160 3110

ixgmm sight dist
minimum given

Curves designed for the min

will have radii greater than the ANCes  preseribed

above,
4.10.3. Another method of
secure good riding qualities of g . S
the maximum rate of change of s(f;l;;e'o,,l i
length of tl}e curve. Here again a) specific
The following rule appears to have heen ger

lerally fay .

Speed MPH %0 . voured :
Max. change of slope per 100 §4 40 50
Jength as percentage grade 4.00

design wag adopted at one time to

method specified
t}}e curve per 100 {t
ations were arbitrary.

60

2.25 1

4.104. In other wordy H .o
acceleration at any speed shoy]
minimum radii of eurvature ca
for various speeds are ay below

Speed MPH 30
Min. R. Ft 2,500 I

thiy rule

cans  that
d not exceed ( i
leulateq to g

: the radial
)8 1t per sce. per sec
e this acceleration

A0 it
4,440 6,940 10,000
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It has been verified that curves designed as recommended in
this Paper for overtaking sight distance do not give smaller
radii of curvature than the above stated minima.

4.11. Calculating Ordinates of Summit Curves.

For the purposes of plotting and laying out a curve, its length
is divided into a number of equal chords and the ordinates to the
curve caleulated at the ends of these chords.

Ordinates g,, ¥a, Ygseerr y, at stations 1,2, 3......... r (Fig .8)
are calculated as under :
. z?
Since y= y

2
Y, = %— , (where % is the chosen length of the chord)
H
Ya= @;Lor yix2°
Ys= Y, xX37
Yr= Y1 X’

-
-
———

A -

O et e e e HORPONTAL  acmca e
Fig. 8

Let C be the point on the road surface curve at the end of the
rth gub-chord. Let Cy be the point on the grade line vertically
above 0. Let the reduced level of the tangent point A be
100.00.

Then R. L. of C; =100.004-7 (u X ny)
R L.ofC=R. L.of Cy—y,

Similarly, the R. Ls. of other points on the curve are worked out
and the design chart drawn as illustrated at the end of this
Paper. Vide . | ppendix I

g
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©Lo4:12. -’Highest Point on Summit Curve,

ooy

" It is sometimes important to know the position of the highest
point on a vertical curve for the purpose of layout of drainage
appurtenances and for. ascertaining vertical clearances in re-
stricted locations as road wnder bridges ete.

When the two grades are equal the curve would be symmet-
rical about the vertical bisector of the intersecting angle and the
highest point would also lie on this bisector. When the two
grades are unequal the curve would be tilted and the highest point
of the curve would lie on the side of the flatter gradicnt.

F HOﬂ/fﬂNTAL-——&
e X, ) —
Fig. 9
) Irr Fig. 9 let T be the highest point distant x, from the
origin 4. ’

I T D

LRI . - 2
The equation of the curve is v=m

_—

Therefore BT — o’
. a

~

S -‘ A,lé;),:,,EF"T:’nixoﬁ
"Hence Z= FT'=EF - BT =z, _ %"

T will be the highest point when 2 I8 maximum.

i.e., when de =) #
dx ’

- Thatis, when n“_?ﬂ; 0.
a

a
Orz, = _n,

2
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2L 2L.
]ﬁlt a = N—-—m

: ",
Hence 2y = 1 L.
nyny

5. VALLEY CURVES.
5.1. A vertical curve concave upwards is known as a valley

curve, dip or sag.  Figures 10 and 11 illustrate two cases where
valley curves have to be used.

Fig. 10 €

ig. 10 is the case of a descending pradient mt(.'rwct-lngie{:llé
' 1 1 " . e o gra
ascending gradient, whereas in Fig. 11 o du((ndmoth,zﬁ: lont
i 1 {wee se
intersects another descending gradient. In bct\l\.(:utn A
cases would be the case of a descending gradient m g
horizontal.
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" 8.2, Deviation angle on Valley Curves,

According to the

ok . general rul

dev(xia.mon angle is the algeb micediﬁag:ea,dy stated, the
grade angles. Thus, in Fig. 10 - ence of the two

N = ) =
angle CDE = (-ny) ~{+4n,) = ~(n,4n,) and in Fig. 11 -
N = angle CDE = (-n;)-(=n,) = ~(n; —ny)

5.3. Shape of Valley Curves,

5.8.1. On a valley curve a large co ;
f)c;lr(;; gv;ll act vgrtical.ly dOW“Wardg an dmgr(i)ﬁe:;e(;f-, t;l;:srzentnfugal
o e I)l':fs :nth springs of the vehicle in motion on thepms'me
el gn {f e curve is sudden, centrifugal force will dcurve.
bo c&usﬁ db ;&usedgreatf;r strain on the vehicle than that Svelon
speed. The ysud?i? qal increase in the curvature for a co Wc;uld
oscillations which n jerky motion also would set u Vns‘b'ant
and detrimental ton;;;y prove very uncomfortable to the }I))asser ical
produced. The latterew‘;?};éﬁg because of the alternating st?;g:;:
of heavily loaded lorries and t;n?:l:glc“laﬂy ymportant in the case

5.3.2. Main roads of the future
A must .

23::3 ﬁ:zfgﬁéregenﬁrlfugal force which variesl:fs tra)}lx:n: el(xla o e
ourve is more in(x)re 20 be adequately provided for g tre of the
O T the l&ttsor ant on a vertical curve than on a hl‘a?swmn
his own transitionr case the motorist has some freedo orizontol

curve but on vertical lom to make
to the profile of the road. curves he is tied down

5.3.3. As has been discussed in
! the P 5 ;

‘é‘;g’]f;;t;%i‘ﬂedbuctlﬁm _Of the ‘e.ffect of the a;:%(::trig;lgall{ofmzomaf]
also been shownyt}:l e interposition of transition curves O;ie "
the purpose, vi there that three types of transition curve has
and also th;at iv’h e:}ll)lml, the lemniscate, and the cubic saangwer
there is practi’callen e‘polar deflections do not exceed ‘}:dr recn
e or doviat y no difference between these three ou egrees,
g Tt vert 1;)11 angleg met with, in actual P!‘&ctti‘ves.' The
e O ot vlvca CI;:VGS is so small that there is Pra.cg'e.’ 1m the
diffierence een tfese three curves and what finally d ically no
g ise c?.t,seb{) computation of data for sottin y ecxdesr t_hc
th thgﬁeld bsmta e for setting out horizontal tmng.g_ut. While
i vae b cixbi{: ransverse aqgles of deviation, it h sition curves

] parabola satisfies this condi > 1 Das been found
vertical curves. ondition in the case of

e T e, T e
* Payper No. 119, Indian Roads Cungress Jonraa) V;l_(‘z N XI~ T
olume X1.3,
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5.4. Radius of Curvature of the Valley Curve.

5.4.1. Since the cubie parabola and the spiral are practically
congruent for the small angles met within the design of valley
curves, the properties of the spiral are used for easy determination
of some of the characteristics of the curve and those of the cubic

parahola for the other characteristics.

at D and ABC
qual spirals AB

are two grades meeting
wrve made up of two e

1n Fig. 12, 24 and 7,
is the complete transition ¢
and BC.

5.4.2. Consider the spiral AB; 1o

and ! the length of the curve {measure
Lot ¢ be the change of slope

t r be the radius of curvature
a from 4)at any point P on
the curve. from 4 to P.

a constant, but

From the definition of the spiral, rxX1I=m,

dal .
AR AR 12
T ai (12]
Therefore, d!—_z m
di 1
or Ldl = m.di
12
Integrating 5 = mi + a constant which can be shown to
be 0.
] = V2m = NZ T [INSTRISTRNER LI {13]
!
RO PPRPPP PSS LLE LA 14
v sy e (14]

abola and spiral are pmcticany congruent,

Ag the cubic par
14 hold good for the former 100.

this equation wou
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5.5. Limiting Val .
tion. g ue of the Rate of Growth of Radial Accelera-

5.5.1. Imagine a body movi
form spoed of ' ft per semy I?vrn(lieot,; a curved path with a uni-

of the path at a given point and a the mt(iliilrmhus of eurvature
per sec per sec at the given point al acceleration in ft

22
a=— ft per sec per scc.

In Fig. 12 the radius of curv

. . ature cha
¢urve from infinity at the orig anges on the transition

in 4 to a value, say R ft, at end

B of the curve. . Therefore.a increases from naught at 4 to o
e QO ——
R

at B. 1f the length of the curve 4B ig L2 ft, 11
8 L2 1t the

. time \
cover 4B is ¢ taken to

= see 0. d <
Ond d:be Of mncerease 1 ( Ll
) S Ii(_,n(,e t'lle T . i r ll

C:i)l;i 203

R Va3 = In ft per sec®................. [15]

For comfort C should not exceed a certain permissible limit, T

limiting value for C i
recommend ol his
under :— ed by various authorities is as

Country Value of C

UK Authority
tjé& ;g Royal Dawson & Criswoll
e : Publi .
Australia o0 ' ublic Roads Administration

Kor s
New South Wales 1.54 { ng :ggigz 3\};22 g(()) mph

)

For the purposes of standards i
4 g rds in India the val :

gisx;?;tug?l} ct}’['ves may be taken equal to 2.0 ftl'l(f)é)rfs({ f‘ol onign
adogted li);lé:ntﬁl Zurves a sliding value changing Wﬁ;‘] - I the
tion in .horizonxt?alecuirwlfleosnsg&ted(Glmt;ily Y (:Ont.réi'fug-l,]l :i:fee#r -
. . s gives different sensati fro -
gxgerlenced on vertical curves. While the l:ftl‘:satmns from those
educt from the force of gr er merely add to or

. avit, 17 .
more discomfort. Y, horizontal movements cause

5.6. Length and other Characleristics of the

56.1. In Fig. 12, let L
hetween the tangent poi,nts A jg&l‘glOti? the length on the straight

the length of each of the curves 4 a,nOl‘ all intents and purposes

hecausc the grade angles n, and n, are (3,561'1 may be taken as L2
2 small. ’

Transition Curye,
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The length I of the curve from the tangent point A to any
aint P is given by equation [13] viz., L = vV 2r i
£ the end B of th~ curve AB, we haver = R,
L

. N
I =5 and? = 5

wibstituting these values in the above equationt  we have

N
5L=(2XRX~%X —5‘)‘“’
1

From equation (15}, LR = ¢
but v = 1.47V and C=2

6.3 - .
Therefore LR = 10—— 3 815 Vo i [16]
Substituting for I, R,
1 -
L =25 NV . v et (17

Also the radius of curvature at any point P on the curve is giver

by the equation

_L
T2
Substituting values for point B, we get
UV PP RO PPy 0
R = ay e

The cartesian equation to the cubic parabola 18

y = %l where b= 6 rl

Particular values for 7 and [ at the point B may be substituted

get ;
b=6xRxé=MM
L 3 L2 lllllll
but} R = W }lencc b = -—2—A~7N7 .............. I

5.7. Plate 111 v,N,LE

When a curve has 0 be designed we must know m, and

and the design speed y (M.P.H.).
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From t:,hese data the length of curve, L, can be calculated
from equation [17)} gbove;. In actual practice, the length of the
curve 8o calculated is adjusted to the nearest multiple of 20 ft so

that it can be divided into an equal number of chords 20 ft or 10
ft long for setting out.

Plate III included in the appendix exlhibits the relation
between ¥V, N, L, and B. The use of this diagram will be

%xpla.ined later when solving practical problems in Part 6 of this
aper.

5.8. Finding the Lowest Point on a Valley Curve.

It is essential to know the lowest point on a valley curve for
fixing the position of scuppersetc. When the two gradients are
unequal, the lowest point occurs on the side of the flatter gradient
In Fig. 13, let P be the lowest point distant z, from. C, '

I

]

N T
Fig. 13

Assume DC to be the flatter gradient of the two—

Let z, be the depth of P below the horizontal through C;

then 2, = QP — QS~PS = n,7, __2718

b
P will be the lowest point, if z; is maximum, ie., when
dz, . 3z,
JE = 0. i.e. Ny — bl = 0.

or x, =,\/b.‘77iq
5 e, 120]

Substituting for b from equation (19],

This fixes the position of the lowest point on the curve

e s v 7
VERTICAL CURVES FOR HiGHWAYS 4

5.9. Computing Ordinates of Valley Curves.

5 $ I ans —_ b ¢

lh(; V(IH(} 7y curve 18 ade up « f tw tran 1(]0“ curves cuble
m d(, 0 WO

¢ ¢ ! ] | PVErse (/ nﬂd(}) one Of the curves Vv lL.,

l 2 'l’l)()l 8 e( ndr] arnd revers ,(], OS¢ v

: 0 - 14 ]J(ft lhlq b(“‘ (llVld(’(‘ mto a Uulnbe} Of (q“d-l

‘l m l 1.

HORIZONTAL—

Fig. 14

ken as 20 ftor 10

actice w is t@ - e
chords, each of length ft. In pract «uccessive chords

i ;s onds of
ft for convenience. Ordinates at the enc
can be ealewlated as below 1—

The equation to the curve 18

2?
Yy = Jb_ﬂ
“3
First ordinate ¥4 = “p
(2w)? - « 29
Second w Y2 =Tf Yy
(B0 % 3
Third W Ya T g I
............................ o "
rth S Y4 X

oint A is 100.00 the level of point

If the level of the tangent P h chord is (100.00 - $Q+PQ) =

P on the curve atthe end of 76
100,00 —r.un, +Yr

7
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5.10.  Impact Factor.

. The centrifugal force, F, due to motion on the curve s given
)y:——

22
p=o
g r

Where W

v

weight of the vehicle in b,

it

speed in ft per gec.
r

]

radius of curvature in ft at the point
under consideration.

F is maximum where r is minimum. This occurs at the end
B of the transition curve (Fig. 12) wherer = R. Hence the
maximum value of F,

w »9
_ . X —
F max. = J Y7

The impact factor, [, may be defined as the percentage
which F max. is of the weight W of the vehicle,

F max. »?
Hence, I max. = —p— X 100 per cent = 0B x 100 percent
L
Putting R = TN
v= 1477V,
and g = 32 ft per see per sec
We get,
o ViN
I max. = 134 —, ber cent......ooi L [22)

Tmpact imposes additional strain on the tyres and framework
of the vehicle as also on the road structure. Besides it caiuses
discomfort to the passengers. Impact factors are, ﬂ‘Gre’f‘)re kel;t
as low as economically possible. The limit is taken as ’25 per
cent for vertical curves on roads, though in railway practice it iy
kept as low as 12.5 per cent.

5.10.1. In the analysis of the impact factor it
assumed that the centrifugal force would be built
the transition curves and has nothing of
nature. That is aetua}lyhgo, but then ther.
such as, undulations of the road surface ; . ;
actual execution of designed curves, et’c lm\‘z)}?{s}ectlons in the
ascertainable, add appreciably to impact, L, though not

was tacitly
up gradually on
a live foree in its
e arc many factors,
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To allow for these, the maximum permissible lmpa'ct' facgorfls
reduced from 25 per cent to 17 per cent The xr‘npacf1 :cto;'
skould be calculated along with the design of th(: curve ana stated
on the eurve sheets to ensure that the limit of 17 per cent 1s not

exceeded.

6. PRACTICAL DESIGN OF VERTICAL CURVES
ON HIGHWAYS.

6.1, General. o
In the application, to actual probiems ’of the ;‘)rniu"lpk.\s
enuncinted in the previous Sections. the fallowing points deserve
to be borne in mind.
s should be bold in design and

minor changes in ground
s in gradients joined

The vertical curvature of road
long easy enrves should take in all
levels.  As far as possible, numerous change e
together with a short vertieal curves should be avoided, e\cq) in
mountainous country where the adoption of' long and ea;} ug;c(}‘;
might hecome very costly. The economic Ml)ecix-o e cle
operation is very important in the choive of grades T?CS,‘ of
greater consumption of fuel and the heavier wear ftnc fef‘ o
tyres and brakes of vehicles in traversing a wide range f) ‘ \eF
cal rises and falls would add heavily to opcrarn(m'mst-.\1 O;
reasons  of aesthetie appearance also, where horizonta and
vertical eurves oceur together, the two curves sl}()ﬂld i;egxln) arl:h
end together as far as possible, otherwise, if possible, t 10) (fn{.. |
of the horizontal curve should be greater than that of the ver ical.
1t is often desivable in such cases, and particularly whvf‘i{df
permancent type of surfucing such as ccment ('oncr{‘tv'e mi:irf.s
subsogquent changes difficult, to examine all proposals by maxing
scale models,

6.2. Design of Summit Curves.

The design of summit curves follows the procedure given

helow,

6.2.1. On a longitudinal section of the road drawn to scal'e_
arc fixed the economical gradients, selected by tz‘\kmg mt-o conil
deration the amount of ecarthwork and other mc;dentgl WoI .3
involved. The value of two gradients meeting at a%)om.t being
known, the deviation angic N is known (sce para. 2.4).

6.2.2. The 'sight distance applicable to the.secmfollcxh Oxf‘oa?(]ie
road is selected, taking into account the classification o . e xe a:;
the topography of the country and whether the section \393 11 P
Overtaking zone or non-overtaking zome {sec Pager1 g&:”

““ Bight Distances for Highways ", LR.C. Jowrnal Vol. 2 .
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6.2.3. The value of N and 8 bei
. _ ; being thus
gglla.te 'length] ofﬂ the summit curve, [, co:;e:(nowr_l, the appro-
ues is re&}mzc off from Plate T or IT, ag applic ‘bliondmg to those
curvature, B, of the curve at the apex can : la o e radius of
the same Plate. also be obtained fron

6.2.4. The value of L agread

. . from t . :

oft so that the modified value is divisible h;;gomph s thon rounded
chords of a reasonable length not exceeding R/%O?)Umber of equa

6.2.5. By reading the value

b of M

longth designed from the graphs in Plote Tor s &, 1D, for the
tbot _ePd %} cutting required for constructing as applicahle,
obtained. This depth may be checked to se f £ the eurve i
be excessive. @ 1f the cutting would

6.2.6. 'The constant ““ o’ ig
i stant - s caleulated fr ;
i"he {irstf or}(lllna‘.te.y,, obtained. The other or(;)illrxlaiguatm“ (2] and
evels of the various station points on the cury nend reduced
lated and tabulated for facility in setting out in et;harfe‘ tll(lien caleu-
' e field.

6.3. Design of Valley Curves.

6.3.1. The gradient lines
gection of the road and the d:;‘fat;girl;edylon the lon
explained in para 6.2.1. ngle, ¥

gitudina,|
s calculated ag

6.3.2. The design speed, V, a i
and the topography of the count’ry pﬁr({)}g;:ﬁt(ﬁlgf;fhe class of road
’ y 1.

6.3.3. By using the gra i
A th aphs in Plate ar .
ieong;“h’ Lé‘and t'}i"’ minimum  rading, ]L?,e ()IfIIﬂ;(m\lec()f)tmned the
Sorra’spt)onbmg.v?, };es of Nand V. ‘This length, 7, i:“"0 for the
as to be ivisible into a number of oquml’ Tor rounded off
venient length not exceeding R/200. al chords of o con.

6.3.4. From equation [19]

‘ the co <o
ordinate ¥, (para. 5.9) are obtained and n:gim b
reduced levels of the station points are cal Other
tabulated for setting out in the flif:ld ealend

aqd the first
ordinates and
ated from these and

6.4, Shock-free Curves at Humps and Dip
D&,

Very often in the vertical alignment
sy apta - - g : ()f ¢ "0
?ﬁjﬁpiﬁ:;}:eicglﬁtvcé;z \;ht'sre the total height of *tlh(::l.(;mt'hm-gncclu.
o dor f,Z m‘dlr;d the sight line iy not. ohst rll]) ol
to employ’ ‘transition d- ¢ ohohumy_shock-frec lt neocssiny
which the i N Cunﬁ?’s“mat“ IV exhibits » necessury
important functions sucl, as the Iml;”gl;t])hs from
oLy and the

- design speed, V. Also the ordinates ¥,
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arious points on the curve can
iation angle, .V, and the
Ys, ¥3. €tc., can be read

radius, R, as well as ordinates at v
be read from known values of the dev
from the graphs correct up to 005 ft.

for design is clear from Plate IV which is
In this Plate, the figure illustrating the curve
over a hump shows deviation angles as N, N, Nyand Ny In
actual practice these deviation angles will be equal in most
cases, and therefore, the design of the curve in its various parts

will be very simple.

The procedure
self-explanatory.

o method of designing shock-free

The Plate provides a simpl
t dips or short shallow crossings

vertical curves on unimportan
also.

Plates V and V
for the design of Shock-fre
The procedure for using the
in the Plates.

I oxhibit au alternative chart and a nomogram
o Vertical Curves for Dips and Humps,
graph and the nomogram is explained

ProsrLEM No. 1

Design of a Vertical Summit Curve on a
National Highway in plain Country.

Data (i) OGradients: ny = -+ 1/25 or 4 per cent

and n, = - 1/30o0r 3.33 per cent

(ii) Class of Road - National Highway

car the locality permit the
imum sight distances. Case
for a curve providing non-
and case IT that for over-

(iti) The existing features n
adoption of only the min
[ will show the design
overtaking, sight distance
taking, sight distance.

Solution
(a) Deviation angle N =g - (- 3%
= 0.04040.033

=0.073

{h) Sight distance

9—:* Sight Distances for Highways ”
the minimum non-overtaking sight distance for a speed of 50
m. p. h.is 400 f, and the corresponding overtaking sight distance
is 1,450 ft. for an undivided carriageway.

Referriug to Paper No. 14
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Case I: Non-overtaking, sight distapee.
(¢) Length of curve

From Plate II corresponding to N = 0.074 . d§= ,
length of the curve is 880 ft. i S =400 1, the
The radius of curvature read from Plate 1T ig 12,000 ft

Round off L to 900 ft.

With L equal to 900 ft and N =0.073 the

sight dist:
will be greater than 400 ft. ght distance secured

(d) Calculation of the design chary:

2L 5 .
@= Equation (2] (Para,. 4.6.1)
2 x 900

. u?
From equation y; = P {(Para. 4.11)

. 100x 1
First ordinate Yy = m;%go = 04055

The design is then worked out assumin

g the beginnj
vertical carve (B, V. C.) to be R 100.00 a5 °eInIng of the

in table on p. 53.
(e) Highest point on the curve

From equation in para. 4,12

n
Lo = ! x I

KR
0.04 % 900 36

00410033 Go73 = 493.2 ft.
The reduced level of this point is worked ag under :
y max. = (4.932)% x y,
= 0.93 ft.
R.L. of the point along the 1/
highest point on the curve
= 100 + 4?‘3;'02 X 4.00

. = 119.73
¢. R.L. of the highest point =119 73 _q 03

=109.80

25 gradient corresponding to the

i R. L. of

Ordinates

50 m.p. h.
Second half of the curve (1 in 30)

(Case 1

»

VERTICRL CURVES FOR Hicnwavys

Design Chart

for a non-overtaking sight distance of 400 ft speed:—
R. L. of

ProBLEM No. 1:

Ordinates

'R.L. of

1

First half of the curve (1 in 25)

No. of {
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- 1,“:‘01
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o8, A2 ol
a9 a SR
gE= 18
BN c B N o % N
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q';f.—- - - - i 5}
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z-—-: R )
== o
o e e e A -
sy 08 £ =z = = = x
e 22 < = = = - =
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Beginning of the Vertical Curve
End of the Vertical Curve
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In the field it is essential to mark the highest point also. The
solution is indicated diagrammatically in Fig. 15.

P I S = S1QHT TIRTANCE = 400 PT
LANTI T} Y . N L = LENGTH OF CYRVL = $00F7T

Nw 4n=(-nz}=0:04 +6-033

[YSAN

Yerkas ,J vesas | T
N
.01 Yya3:68 |
4 ’J'o:m DIaTANCL 800 } N N
— TN
‘ 4 N t0sM| Lt ML 10880
weigha st point of c:
an |/
‘s
A}y e
% R T
e
R.L.100:00 e I L L e - — - - ——— =
L
\“-é' o % .4%0P % =e%0h
o APy ———
<
FIG. 15

Case 11: Overtaking sight distance.

(1) From Plate 1 corresponding to N = 0073 and
8 = 1,450 the intersection point giving the length of
the curve for the given conditions is outside the
charts. Therefore using equation [7], (Para. 4.8.3) -

NS8? 073 x 1450 x 1450

Round off the length to 4,800. The radius of curva-
ture of the curve is 65,000 ft (Plate I). Divide the
curve into 24 stations of 200 ft each.

(ii) Calculation of the design chart: Table on p. 56
From equation [2] para. 4.6.1

2L
N

: C_4800x2
? - 0073

=1,31,507

a =

3
N

VERT1CAL CURVES FOR HicHWAYS

i w s
. From equation y = — para. 4.

200 x 200
Y1 = 1,831,507

0-3042

i

(iii) Highest point of the eurve oceurs at r,. From equa-
“tion (vide para. 4.12)

7y
Lt x L
ny 4 ny

04
= ——= X 4800
= o1
= 26301
= 2630

Cama L 100X 100
y max. = (26:30)% X “jg) 507

i

Lo

R. L. along the 4 per cent grade = 100:00 4 26:30 x
= 20520

- R. L. of the highest point = 20520 — 52:60

= 152-60

Y , e sndieated in Fig. 16.
The kolution 18 diagrammatically indicated in Fig

‘ N+ -(-Nz)= 0:04 20 013 =0-073

L1 ug.n‘___/’ﬁ' r € - S1GHT DISTANCE = wsoT
( / L = LENGTH OF CURNVE = 4800FY

' l)“l .
A ] R
A ‘T .

!

FIG. 18
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Case 11

) ProsreEM No. 1:
Design Chart for an overtaking sight distance of 1450 ft; speed 50 m. p. h
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o The table is worked out for chord lengths of 200 ft ; a similar procedure may be adopted

if length of 100 ft is chosen.
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ProsLEM No. 2

lem No. 1 with the condition that

Design the curve in Prob
to exceed 1,000 ft.

the length of the curve is not

. Iu problem No. 1 it was seen that for a non-overtaking sight
distance for a speed of 50 m.p.h. viZ, 400 ft the length of the
curve was 900 ft. Whereas for an overtaking sight distance ©

1,450 ft the length was 4,800 ft.

Limiting the length of curve to 1,000 ft is possible in one of

the following two ways \—

(i) Reducing the total grade change or deviation angle N
by re-adjusting the approach gradients.

(ii) Reducing the sight distance.

ay be possible in many loca-

The former is preferable and m
not be possible to adjust the

tions. In certain situations it may
gradients ag, for example, between & high level bridge and a cause-

way which have their formation levels fixed and are situated a
specified distance apart. The grade line joining the two will not,
therefore, permit flattening beyond a certain point. In such a
case the sight distance, and therefore the speed over the curve,

must be stepped down.

Solution I. Adjusting the approach gradients.

for a sight distance of

Referring to Plate I the deviation angle
The gradients may be

1,450 ft and length of curve 1,000 is 0.017.
adjusted to suit this.

Other characteristics of the curve can now be calculated and

the design chart drawn up a8 in problem 1.

Solution II. With a deviation angle
of curve of 1,000 ft the sight distance woul

ft (from Plate I). Calculating from equation [7] L =-—35

(N) of 0073 and length
d be of the order of 6560
N82

0.073.8°
s 1000 = D)
, _ 32000
= 0.073
s 8 = 662 ft

'The safe speed will be 32 m.p.h. (vide Table 6, Paper No, 149,
Tndian Roads Congress Journal Vol. XV-1).
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I
ntercept between curve aud tangent = (9.576)® x 0-000903

= 0.793

Level along the tan 3
curve is 100.00 - ().288§e:<]t9ég’?65.7b from the beginning of the

= 100.00 — 2.79
= 97.21
- Level of the lowest noi
point = 97.21 4
. 0,793

= 98,003 or 98.00

It is necessar i
; y to consider the v
two - e valley ¢
the ?\111‘;)11?: I;)Zl;zll))%llas ZM of identical Pgrtsurv’i‘}tlg br?aa(.! omposed of
- 8 a8 has a variabl ) son is that
th . e rate of
e radius diminishes and then continues to icrilcarrelgsee (;f slope and
gain,

ProsLEM No. 4

Data: Desi i
gn suitable curves f
causeway, : : s for the a
55 10 o on s National Highway. ~The oot of the - cnseree o8
pproach roads, which are leve] onee't,clfluseway is
ither side.

Solution : Since th
' : e ca ¢ i
21(1)% (fl:Slgn spee_:d is 50 m.p.ll:.se‘:,lc];i-gs rtaking s onal Hi
, overtaking sight distance is 1450ertak1n

; ghwa
8 sight distanc@i);

From Fig. 17 ignoring the straight bit

{;(Ls+Lv)xN=85ft ’

1 i tical

Lo leng‘oh of summit vertjcal curve 4 BO
ength of the valley curve DHE

where Ls =

VERTICAL CURVES FOR HIGHWAYS 61

Here N is not fixed and has to be chosen 5o that

(i) Ls (corresponding to the value of N chosen and

8 = 400 ft.)

and (iii) Lv (corresponding to the value of N chosen and design

speed 50 m.p.h.)
satisfy the above relationship.
Try N = 0031
From Plate 1T Ls = 360 ft.
From Plate ITI Lv = 155 ft.
Rounding the values to 360 and 150

3 (360 + 150) X 0.031 = 7.905 ft.
ance of fall (8.50 - 7.905) or 0.595

This is near enough and the bal
tion CD.

will be covered by the straight por

The length of the straight portion CD would be

design of the curves is then made as shown

The detailed
he curve with the ordinates to the curve

pelow. Fig. 17 shows t
from the tangent.

(i) Design of the gummit curve.

Ls = length of summit curve = 360 ft.

ance with obstruction 4 in. height and

S = Sight dist
1 ft = 400 ft.

height of eye

N = 0.031

Divide the length of the curve in chords of 40 ft each.

The design chart may be caleculated now.

9 x L_ 2 x 360
=20 T = 6
0.031 23,22

Constant a = 5

40 x 40 _ 4 069

First ordinate ¥1 = "537996
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Design Chart for Summit Curve (Problem 4)

63
3 - S
VERTICAL, CURVES FOR HiGHWAYS

4
Design Chart for the Valley Curve (Problem 4)

First half of curve Second half of curve
l\loh.of (,‘,hziin- Ordinate hetween No. 'of Chain- Or(linute bet-
station | age curve and first | Stetion | age | ween surve

from‘ from‘ grade IineIH from | from | and second
B.V.C. B.V.C. B.V.C. |B.V.C| grade line
Read
down-
wards :
0 (BVC) o 0.00 |10 (BVC) 360 0.00
1 40 Yy = 0.069 9 320 0.069
2 80 2%y, = 0.276 8 280 0.2764
3 120 32y, = 0.601 7 240 0.501 ¢
4 160 4%y, = 1104 6 200 1.104
5 180 4.5%y, = 1.39 5 180 1.39
Read
upwards
(ii) Design of the valley curve :
Deviation angle = 0,031
Design speed = 50 m.p.h.
Ly = length of the valley curve 150 1,

Divide the curve into 10 equal parts of 15 ft cach

3L _ 3 150 x 150 ]
b = ,_2-N = -2 XW = l(),SS,JlU

22 15 x 16 x 15

First ordinate y, = b " TTossTio = 0031

RS

First half of the curve Second half of the cur\’i 5
irst ha Y e | ' |
No. Cl o in-i Ordinate be-
“hai No. of |[Chain Or
No. of \Chain- rdinate between | sotion | age | tween curve
o and second
station | age curve and first | og.om f"?"“ Jecon
Bfr\(/)'r?‘ "zfr‘(;r?‘ ‘ grade line B v.C BV.C graﬂ e
Read
down-
wards ‘
‘ . (! 1)) 0.60
 (BV(C) 0 0.00 10(BVC) 15 N
- 00"
1 15 y, = 0.003 9 135 0.0
’ ‘ | 0.0248
2 30 23y, = 0.248 8 120 ;
i T 105 00837
3 45 33y, = 0.0837 : " -
; 6 ¢ Bt
4 60 47y, = 0.1084 | 6 .
.' - Bey, = 0.388 3 75
i A b o Read
upwards

1V - })0\'
| e vV S tions the Iﬂhl m hat 24 en- ¥
© (& hl 10N s to h p cnt, t 1 A 19 e
h re are m&ll‘ |0 ‘
‘)eil)g Qn(‘r. |
| i er ‘ si - distance
[ o i is d Sil' d to pfﬂ Nh‘ an ovelt vakmg lgh d
n cas t [¢] © .V v t 8 t £ ©
& V&hle Of N = ().0]“ WO"](] slll‘l.

Then Lg from Plate | = RR0 ft.
Ly from Plate TTT = 160ft.
3 (L8 + Lv) x 0.016 = 8.32 ft.

The balance of 0.18 could be negotiated in a straight gradient
of 0.016 in 11 ft.
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ProBLEM No. 5.
-~ Data: Design the spproach curves to a bridge which is
17.00 ft above the road level on either side on a National High-
way in plain country,

Solution: V = § m.p.h.

Sight distance : Cage 1 non-overtaking = 400 ft.

Case II overtaking = 1460 ft.

Cage I:

4 (Ls 4+ Loy)N = 17.00
The value of N to satisfy the above relationship is to be

chosen
Try N = 0.047
Ls = 560 from Plate IT
Ly =

192 from Plate II1
Rounding the values to 560 and 200
4 (500 + 200) x 0.47 = 17.86 ft.
This is in excess of the available 17.00 ft.
N = 0.04
Ls = 480
Lv = 178 or 180
7 (L8 + Lv) x 0.04 = § (480 4 180) x 0.04 = 13.2 ft.
This would suit the balance of 3.8 ft being made up in the

Therefore, try

straight length of 3'%:41 = 95 ft. The curves are worked out
88 ip problem 1 and 3.
Case 1]
Try N = 0.022
3 (L34 Lv) N = § (1300 + 130) x 0.019

= 15.73 ft from Plates | and 11

This would suit when a straight portion of 58 ft in length is
introduced to make up the height of (17.0¢ - 16.73) = 1.97 ft.
The details of the summit g

nd valley curves are the |
out on o prloey Ui sum y re then worked

L v . IR arys
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UEVIATION ANGLE N (TANGENT OR CIRCULAR MEASURE OF THE TANGENT)
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APPENDIX II*
‘Australian Standards on Curve Compensation.

Combination of Horizontal Curves with grades
and Vertical Curves.

(a) Grade Compensation.

Grades shall be compensated for curvature in accordance
with the following table :—

Equivalent Additional Grade due to Curvature

Radius of at Design Speed ~ miles per hour.

Horizontal

Curve in Feet, | T ’ T
30 40 50 60

2,500 or more Nil Nil Nil Nil
1,600 - 2,000 Nil Nil Nil }
1,300 - 1,500 Nil Nil 9% 1%
1,000 - 1,200 Nil Nil 1% 3%

800 - 900 Nil 1% 39%

650 - 750 Nil 1% 4%

500 - 600 1% 3%

400 - 450 3% §%

300 - 350 i%

220 - 250 1%

The above additions shall be made to the grades along the
nominal centre line for the full length of curve and transitions in

computing the grading of hills.
(b) Minsmum Curves on Steep Grades.

The normal minimum horizontal curves are permitted on
level sections or on sections with light grades only. For steep
grades the minimum curves shall be increased as follows :—

® Prom “ Main Roads n—Vol. 9, No, 2, February 1938, p. 68-9,
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- (i) Earth, Gravel or Stone Surfaces.
_ Minimum Radius in feet for Design
Grade in' Specd in miles per hour,
per cent :
30 40 50 60
1 250 500 800 1,200
2 250 500 800) 1,200
3 250 500 800 1,300
4 300 550 850 1,300
5 300 550 850
6 300 550 900
7 300 650
300 550
9 350
10 350
(ii) Bitumen, Tar or Concrete Surfaces
Minimum Radius in feet for Design
Grade in' Speed in miles per hour.
per centjr —-——— - - : ’ A
“ 30 l 40 I 50 60
1 220 400 650 1,000
2 220 400 650 1,000
3 220 400 700 1,100
4 220 400 700 1,100
5 250 450 750 1,200
6 250 450 760 1,200
7 250 500 800
8 250 500 800
2 250 500
10 300 550
11 300
12 300 .

VERTIOAL CURVES FOR HIGHWAYS ) 73

(¢} C.mbined Horszontal and Vertical Curves.

Combinations of horizontal and vertical curvature are un-
desirable, and shall be avoided if practicable,

Where such combinations are unavoidable, the normal mini-
mum radius of horizontal curves shall be  increased as
follows :—

(i) Earth, Gravel or Stone Surfaces.

Npeed in miles per hour of

Minimum Radius (feet) for Design
Value of

R/W.
, 30 40 l 50 60
. |
5% or less 250 500 SO0 1,200
Over 5% to 10% 300 554 850 1,300
Over 10% to 159, 300 650 900 2,000

Over 15% to 20% Not allowed in combination with any

horizontal curve

(ii) Bitumen, Tar or Concrete Surfaces.

L Minimum Radius (feet) for design

Value of gpeed in miles per hour of
R/W.

30 40 | 50 60
5% or less 220 400 650 1,000
Over 5% to 10% 250 450 700 1,100
Over 109 to 15% 250 500 8O0 1,200
Over 159% to 209, 300 550 900 1,300

R = Variation in the reaction of tho vehicle on the road surface (expressed as
percentage of the weight),

W = Weight of the vehiole (including 100 per cent addition over the steady
va'ue on o long vertical curve of the same radius to cover the impact shock
at entry).

—vl;— is & measure of the shock-free nature of the curvs.
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Where such combinations occur at summits and sight distance
is a controlling factor attention is drawn to the following points :~

1. The line of sight is inside the path of the car and
usually off the pavement altogether, frequenti
therefore the level of the pavement near the centr);
of the combined curves does not affect the gj ht
c}ista.ncc:l f;md ;he longitudinal grading can gbe
designed for riding qualities i
tiv‘egof sight distange.q wnd economy frrespec-

2. Where benching is used, the level of ¢}
required will be fixed by the road levels somelc(l}islt);ilrll(éle:
from the bench and the bench will not be horizontal

Such combinations are unusual and very variable and each
will require separate treatment. ch

<3
n
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SYNOQPSIS.

The Paper gives specifications for tho constructich of concrete roads by a
process of gronting coarse aggregato already laid in position. The comparative
onste of this method snd the conventiona! method are discussod. Details are
givon of three sets of experiments carried ont in Bombay, Madras, and the Punjab.
The Author makes n plen for oo-ordinated research on the subject 8o tbat the
high cost of cunorete road eonstruction may be brought down,

1. INTRODUCTION.
1.1. Origin of Cement Grouted Roads.

The construction of cement grouted roads is not a new thing.

As every engineer knows, the initial cost of the normal type of

premixed cement concrete road is rather high. Its construction,

therefore, is undertaken only where the traffic conditions are

severe and the maintenance costs of other types of surfaces run

high. The possibilities of a cheaper. and vet efficient. substitute
10
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for the normal type of concrete road were therefore under in-
vestigation by many road engineers. As a result of persistent
research, the process of grouting the conrse aggregate with Portland
cement mortar was evolved and tried in EKngland, Australia, and
America.  This type of road consisted of rolled coarse aggregate
held together by cement mortar or cement bonnd macadam.

1.2. General Description.

In brief, the construction consisted of faying over the
subgrade, between side forms of appropriate depth, a 4 to 6 inches
thick layer of road metal and rolling it dry as for an ordinary
waterbound macadam road.  Cement grout of the consisteney of
thick cream was spread on the metal in such o way that it

penetrated the voids in the metal and filled them completely.’

The grouted metal was then consolidated by rolling  again,
When rolling was complete, the surface was finished properly
by means of a canvas belt.  The object of rolling after spreading
the mortar was to facilitate complete penctration of the mortar.
Expausion joints 3 8 inch wide were provided at intervals of 50
to 60 feet by inxerting strips in the aggregates,

1 3. Cost.

The cost of construction of this type of road i_u the' (J’it.y of
Bombay is estimated at Rs 51 per 100 sq. ft as given in lMable
1 of Appendix I, No overhead charges and profits are ineluded

in this figure.

1t will be seen that the cost wgrks out to ay much ay 30 per
cent less than that of a 4 inch premixed concrete slab which may
cost Rs 73-4-0 according to prqsen‘t cosb‘s of labour and materia)
in Bombay. Details are given in Table 2 of Appendix I,

1.4. Practical Difficulties.

The Author is not aware of any l'Uil»dW_‘Ork Sucoessfully
carried out in India to these specifications.  Such ypyy)) trial
lengths as have boen cons_tructed have shown t}l‘at making those
roads is not as simplc_ as it lpoks at first sight, Um first difficulty
usually experienced 15 the incomplete penetration of the grout
It is well known that if Portland cement, szmd,_ and water in ghe
form of a grout are pourcd over & previously laid layep of stones
with the object of filling the voids 80 as to. make w solid D
sand, cement, and water segrogate partinlly. 1y leaves the
voids only partly filled and the resultant conereto iy honeycombed
and, therefore, deficient in strength. Ay stated iy para 1.2 t;w
grouted coarse aggregate 18 requu-eq t0 be re-rolled. This dist’m:bg
the top layer of the aggregate and it becomey very difticult. to got
a properly finished and even surface, . ot
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Another difficulty experienced is the **setting > of the grout
before rolling can be completed. 1t is not possible to roll very
short lengths and, before o length suitable for the run of the
roller can be completely  grouted, the gront which is laid firss
starts setting.  On account of these difficulties, this type of con-
struction has not made much headway in this country in spite of
itk comparative economy.

2. ATTEMPTS TO FACILITATE GROUTED
KOAD CONSTRUCTION

2.1, The question of overcoming these handicaps in the
construction of conerete roads by the grouting process has
attracted the attention of several engineers and seientists,

Treated Cements.-—-One approach to the problem has been
by the use of treated cements.  In this type of road work. as
already explained, some time elapses before the rolling of the
surface is completed.  The cement to be used must therefore be
slow-setting.  Also, it is desirable %o have very few joints so that
therc may be no obstruction to rolling. The cement should there-
fore be capable of resisting volume changes. In Germany,
ordinary cement was at one time blended with @ small quantity
of bitumen (about 4 per cent) by blowing fine particles of cement
through bitumen vapour by means of compressed air. The
microscopic coating of bhitumen over the ceinent particles gave
the cement the required properties of slow setting and low volume
change.  Roads constructed in Germany by the grouting process
with this cement were reported to be quite suceessful

2.2. Colloidal Grouting.

Another approach to the subject has been from a mechanical
point of view. When ordinary machinery is uscd, the mixture of
cemont, sand, and water obtained is not as intimate as it should
be for this type of work. But, by using a special type of mixer,
it is possible to have a thoroughly intimate mixture so that the
grout is more or less in a colloidal state.  This grout fills in all
the voids in the coarse aggregate hecause of its great fluidity and
it is not necessary to voll after the gronting operation. By
tamping in the ordinary way, the surface is finished to proper
cambor as in the case of an ordinary concrete road. The Author
has seen o few trinl lengths constructed by this method. Pro-
bably, on account of the large quantity of water used for making
the grout fluid, the wearing qualities of the slabs were not found
satisfactory.

2.3. Use of Chemicals,

For a Jong time suggestions have been made on the addision
of wetting or dispersing agents to the cement or concrete. This
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may be done in various ways. One method is to add a dispersing
agent to the cement clinker. In another method, albuminous
material (tending to induce frothing) and a high fatty acid is
added either during the manufacture of cement or afterwards.

The function of a dispersing agent is to reduce the surface
tension of the mixing water. Surface tension is nothing bhut a
force exerted by the tholecules of a liquid for maintaining a con-
tinuous surface when the liquid is in contact with air. It makes
the l}quid behave as if it were covered by an elastic film, thus
making it to resist intimate association with any solid with which
it comes into contact. In the case of cement, which is a finoly
gropnd powder and has a large specific surface, resistance to
intimate contact cxerted by the molecules of the mixing water is
very great. The dispersing agents reduce this tendency and
consequently the cement particles get thoroughly wetted.

.’l‘ho thorough wetting of the cement particles helps in pro-
ducmg an intimate mixture of cement, sand, and water so that
by using the _grout so prepared, it becomes possible to make
concrete practically without any voids, by pouring the grout on
pre packed aggregates. No special machinery is required for
making this grout. The use of an ordinary cement mixer or oven
mixing by hand is quite sufticient. The addition of this wettin
agent to the cement grout makes it so fluid that it is/evog
possible to pump this grout over a long distance Witho{xt nﬁv
segregation of the constituents in the grout. B

O.f the diﬁ(}rent methods of preparing grouts for road con-
struction mentioned here this method is the simplest,.

This method is described at length in this Paper and details
of experimental stretches of road built by this method aro given.

3. CONSTRUCTION OF CEMENT GROUTED ROADS,

3.1. General Description,

A detailed method of constructing concrete roads and pave-
ments by cement grouting is described further on in this Payye
In brief, the pavement consists of a mixture of c¢lean col o
aggregate consisting of crushed stone or gravel (preferabl e
former) laid between side forms, with suitable ang adoqu ty the
vision for expansion joints, and bound together Wibh% ate pro-
sand grout poured on to the surface of the aggregat cement-
partially compacted by light rolling) until all the ghse (&_lrea,dy
mass are filled in. The fluidity of the grout is o voids in the
addition of a wetting agent. The slah thuy Jaiq iacl‘f}x:,:l(:dtby t}(lie

) ! amped,
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struck off, floated and finished to produce an even surface.  After
curing, the surface is ready for use.

3.2. Principle Involved.

Chemical grouting is a simple and cheap method of making
concrete by pouring cement slurry or grout into the interstices
between the coarse aggregate already placed in position. On
setting the product becomes a uniform concrete of good quality.

A simple experiment will illustrate the principle. A vertical
eylindrical mould of 12 in. diameter and 3 ft height is packed to
a height of 30 inches with coarse aggregate consisting of crushed
stone or gravel of § to § inch size. A mixture consisting of 6
pounds of cement, 9 pounds of sand, and 0.3 grams of the wetting
agent mixed with 1,633 ce of water (corresponding to a water-
cement ratio of 0.6) is poured into the cylinder. After the cement
is sot, the mould can be opened and on examination it will be
found that the cement mortar has penetrated uniformly to a
depth of about 18 inches into the aggregate to form a solid column
of concrete of good quality, free from cavities. The same experi-
ment can then be repeated without using the wetting agent. Tt
will be found that the penotration of the grout will be quite
irregular and that it will extend only to a small depth, say 2 to 3
inches.  The interior of the column will be found to contain a
number of cavities resulting in a low grade concrete of low
strength. This is obviously due to the low fluidity of the grout
made without a wetting agent and the time taken by the grout to
gravitate into the aggregate. In the meantime, the cement starts
setting and the penetration is thereby interrupted

3.3. Composition of the Dispersing Agent Used .

The dispersing agent used in carrying out the experiments
described in this Paper consisted of alkali salts of the higher
sulphonated aleohols. These chemicals are eminently satisfactory
for wetting purposes and the wetting or dispersing effect of the
agent is stable.  The wetting agent is not rendered ineffcetive.
nor is it precipitated, or destroyed by the alkali nor by any of
the calcium or magnesium compounds present in the cement or
liberated by the agent. KEvery wetting agent must remain stable
for that mich duration of time as is required for preparing the
grout and pouring it into the coarse aggregate and its penetration
to the required depth. The dispersing agent used appeared to
answer this requirement. It does not cause any chemical action
and appears to have had no harmful effect on the cement. the
aggregates, or the reinforcement used in the road work.

11
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3.4. Design.
A concete pavement, whether made of normal premixed con-

crete or grouted concrete, is designed for a given load by the
usual ‘ corner formulae’. The Sheets’ formula for unprotected

1.2 WiIC
corners, (d =\/ 3 )

Where

' can also be used for these pavements,

= average slab thickness (in inches),
static wheel load in pounds,
= impact factor,

n o~ J a
Il

I

allowable concrete stress in
(pounds per sq. in.), and

€ = subgrade constant,

flexure

The value of § will have to be determined by actual Iabora-
tory tests. Tests on cores removed from g Pavement in the
United Kingdom showed an average cube strength of 3,400 b

per sq. in. The pavement wag laid in grouted cement concrete
in which a wetting agent had been employed,

3.5. Subgrade
The subgrade should be prepared in the

. Same way as for g
conventional concrete 1',08'(1. by slightly scarifying the existing
road surface and re-rolling it uniformly. It must be noted that

under no circumstances should ‘the consoliduted erygy, of the
subgrade be disturbed unnecessarily. Scarifying should be done
just at the surface to remove loose patches of rubbish sticking to
the old road surfaqe. In the case of new r virgin soil, the
top crust of 6 to 8 inches should be remo the 80il con-
solidated properly.

oads on
ved and

One point worth mentioning is that the grouted concrete sy b
is not insulated from the subgre}de like the premixed concrete slab
which nused o be laid on an msulation layer of either sand o
waterproof paper. As thq concrete mix in & grouteg road is not
as rich as that in a premixed concrete road, the expansion yp(
contraction of a grouted concrete slab is comparatively muych loss,

3.6, Forms.

Wooden or steel forms of the required

of 1 depth are fixed on both
sides of the road as shown in Fig. 1.

=8
(rorren Coxerure Roans

Iigure 1,
Fixing Form-Work,

3.7 Coarse Aggregate—-Size, Grading, and Spreading.

Any coarse aggregate, even when un.su.it:mhlf’ ftin‘ cnncre};?
mixed l'Qv normal methods on aceount o‘f dvft“'g-trnvv\e‘;fn;-xl(lllllxli.()tfm}?owi
nsed. A coarse Aggregate passing a e inch sieve s " “< ot | -
wver, be useds The maximum size would e governed by ‘ ¢
(ll\}f:l;n( =1 of the conerete to be faid, and <hould not he more than
hicknes: .
hadf the thickness of the <iah.

Figure 2.
Coprse apgregate being dumped on the subgrade.
Soars 12
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As grading is of no importance in this type of construction
the coarse aggregate is dumped directly from the trucks on to the;
road (Fig. 2) and is levelled properly by hand (Fig. 3). Tt should
then be rolled slightly in order to reduece the voids in the Jayer
(Fig. 4). '

Figure 3.

Figure 4.
Rolling coarse aggregate

As metal is still broken by h
t not always easy to procure t

and in most places j i
‘6 places in India. j
he small size of metal umlll;.’ll];
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specified for concrete road construction. This problem does not
arise in the type of construction described in this Paper. Another
consideration is that in congested localities in busy towns, the
public are usually much inconvenienced whenever a concrete road
is to e built, because a great deal of space is occupied by stacks
of metal and sand before actual mixing operations start. In
grouted construction, however, coarse aggregate is placed in position
straightaway, and no stacking spaceis required.  This facilitates
the work considerably besides being economical,

3.8. Joints.

As already explained (vide para 3.5) the expansion and
contraction in & grouted road is expected to be much less than that
in a premixed concrete road. The spacing of expansion joints
should, therefore, be greater than that provided in the usual
premixed concrete road. These joints should be put at the end of
the day’s work. In between the expansion joints dummy joints
should be formed at smaller intervals by placing quarter inch
thick steel flats, 14 to 2 inches deep (i.e., about 1,3 the thickness
of the slab). :

3.9. Grouting.

The grout consists of clean river sand or crushed stone screenings
1/8 inch to 1/100 inch in size, cement, water, and an approved
wetting agent in specified proportions depending on the expected
traffic. Appendix II gives the recommended proportions,

An ordinary concrete mixer can be usced for making the
grout (Fig. 5). After starting the mixer the required quantity of

B s B S .
T L

Figure 5.
Preparing Grout.
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water is poured into the drum, and the dispersing agent added.
Cemeqt, is then added and lastly sand.  After proper mixing the
grout is emptied intoa tank (Fig. 6), and kept agitated all the time.

If an ordinary concrete mixer is not available, hand mixing
wil} give quite good results.

Figure 6.
Grout being emptied into a tub.

¥rom the tank th i
e grout is taken to the pr
‘ t g b pre-packed coars
aggregate in buckets or wheelbarrows (Fig. 7). The diupcmin(3
agent renders t.he grout so fluid and homogencous that it ca;l b:-‘
pumped or gravitated over some distance without segregation '

For large works a special pump worked by o pety T ;
suitable. 'The special feature Io)f thle pump i,ql iytsb,]]();;}‘.l((,),l() f:ll’;”",ul ) "
valves in the suction and delivery lines. "The pump illhfj-gt ‘IL’ )df”
Fig. § can grout 600 to 800 sq. yd of « 6-inel, ]nwenmmh rated in
hours. 1t can supply grout to a length of 180 feet on ")(;f]]lll :1:1;’:}“

oh o sides.

"The grout is poured over and into the COBTNC aggregate -
fills in all the voids and just overflows an comm;té(fi et’(} © until it
aggregate.  The grout sinks to the hottom of the ‘.L ,Y .(‘,OWW the
point of pouring, runs along the under surface nl' t‘llljx’-’l.(fgu'tU o the
gate, and eventually rises to the surface A the "'f ‘( OALSC agppe.
ix thus displaced and driven out in the grouting o an the i
wakes the concrete homogeneous and stmncg £ oprocess 1y,

In order to remove any obstruction ¢, the fre
he X0

grout into the slab that is likely to 1,p cansed Iy How of (he
\ ansed Iy

dirt deposited
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Figure 7.
Grout, conveyed in buckets from the mixer,
being poured over the metal.

hetwoen the stones, the stone may be hosed if necessary. This will
not appreciably affect the strength of the concrete inany way as the
grout made with a good wetting agent does not mix easily with
water. Hosing the coarse aggregate will not, therefore, raise the
water-cement ratio and thereby reduce the strength.

While grouting, certain precautions are required.  Continuity
of the process should be maiutained and unnecessary spilling of
grout. here and there should be avoided. The grout shoud be
hroomed ahead  (Fig. 9). It is also necessary to avoid the possi-
bilitv of the formation of those air or water pockets that are
formed if the aggregate which has alrcady been grouted is distur-
hed wlter the conerete has partially set.

.10 Compaction.

Compaction 1s done with a tamper simiar 1o that used for pre-
mixed concrete roads. (Fig. 10). In some of the experimental
strotches described elsewhere, light rolling for counsolidation proved

nseful, A vibrating tamper, however, did not prove helpful.
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['iguro 10.
Tamping the grouted surface.

3.11. Finishing.

The surface is finished by means of a wooden float as in the
case of premixed concrete roads (Fig. 11).

Figure 8,
Grout Pump,

Figuro 11,
Finishing with wooden float.

i Sometimes, in order to impart hetter wearing qualities or to
e b pxc"ide a non-skid surface to the road, small stone chips are
Grout being brushed for better penetration, prownid
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fprm.klcd on the surf:‘u:e. either along with the grout or after grout
g 1s completed_. I'hese chips are worked in by mea gf 'the
tamper before finishing with a float ¥ ey of the

4. ECONOMIC ASPECTS OF CEMENT GROUTED ROADS
4.1. Labour. |

\ .
1' 1‘0.1 this type of construction only water, sand, cement and
. | vonstru ! Y R ,cement and a
( 1s}t)er§1{1g }‘:gcnt are required to be mixed together. Thus the
material wi ich forms the bulk of premixed concrete, viz., tl s
aggregate, is left out of the mixer. Consequently tl : l/'l."t o
Lgre ‘ ‘ . Conse lv the mixin -
ling .),n(i transport charges are reduced considerably ’l‘lug‘ Bt”::'g
4 i 3 4 3 y v ; . )l i
aggregate, as it comes from the yuarries, is dumped on the sul (
straight from the trucks. hosubgrade

From the details of actual costs mai i
: : st amtaine ile v e '
mental {stret.ches were built in Bombay, (vid(l»lk‘ll);)‘g:ll(lj(]x“[h\(l (ri:{l)("l_
i{to 513)2, it w1llll())c(a> seen tlfla,tv the cost of labour varied from l‘{% uil;l;m
8 per sq. ft of the pavement ¢ emixed
concrete pavement of the same thickness, tixesef,)x:\xl: A
range from Rs 15 to Rs 16 per 100 sq. ft. penses would

It should be noted that the experi ;
short lengths, the labour charges wer%e{)lc::i?it:(l) ?)??)t:l;is }b‘mlng. of
and that the grout was transported by manual la.imu | ePng 1s.1de
of 'the grout is expeptcd to give still lower costs [*r'f _ umping
this c(.ml(l not he tried ax no pump was aw:tilu.ll)];; ; t"'tl] Oltl}luLtOIy.
f.-xpvn'menml lengths were built. On the l)asiﬂ()f(‘\‘l;;.' ‘10 time the
lf" may be stated that the cost of grouting conld ! .('”’(/ll('(\ abroad,

urther by the use of 4 pump. Ud easily he reduced

4.2. Material.

[t need not be repeated here that ot thi i
bl,l:l(() st?é'e]ngt}; of conerete depends up(‘n;’ﬂtllbx; H\:;l:éf:,,/(!;;::;%l‘(‘(“l‘lll'
;-e( 111)ire((l. foV(t).l[ t’h,(.! hu'_l\(‘ ”_f comparison the qua.ntitius/ of r/nn"t, -vr‘,“lo
equ r the same quality of concrete made hoth hy o
.V(-,nmnn'a.l'prom\.'ung method and the grouting metl e e
in detail in secmop 6. It will be seen that tvh(*r’(-’ "'N'l ]'g \\'Ork‘o(\out‘
about 20 per cent in the quantity of cement require 115- w saving of
method as compared to the conventional m(-thg(ll"” i the grouting

5 QUANTITIES OF MATERIALS REQUIRED
5.1. Premixed Concrete.
Taking a unit of one cubic y
_ Tadki , 2 vard of finished cone
gquantity of cement, sand, and :ngregat(*”for lll;:-j\l::,(ilx(.((l',:.l:):)itre’t ““II'
d rrete o

1:2:4 mix by volume
) »and a water/e . ;
calculated here. wterjeement ratio of 0770 i

-
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_ The voids in coarse aggregate are taken to be 38 per cent and
in sand, 36 per cent.
The absolute volume of one cw. ft. of cement.

- 1 x 90
315 x 624

(3.16 is the specific gravity of cement.)

= (.458 cu, ft

Assuming the weight of the solid rock from which the
aggregates, both fine and coarse, are obtained as 165 1b per cu. ft.,
the unit weight of sand, i.c., the weight per cu. ft would be

10(
be 1656 X (M = 102 1b approximately. Therefore, the

100
2 x 106 .
absolute volume of 2 cu. ft of sand would be —iis = 1.29 "cu.
19

165 X (100»—-)3»6-) = 106 1b and that of the coarse aggregate would

£t and the absolute volume of 4 cu. ft of coarse aggregate

4 x 102 _ 947 cu, f5. The volume of 90 x 0.7 = 631b of
165
water

63
T 624
= 1.01 cu. ft.

Therefore, the total volume of concrete produced by mixing
one cu. ft cement, two o i, sand, 4 cu. ft coarse aggregate,
and 1,01 cu, ft water is 0.458 4 1.20 4 247 + 1.01 = 5.23 cu.
ft, Hence, for one cubic yard of concrete, the quantity of
materials required in this case is

27
— = = . } e ) t]
593 5.16 cu. ft 4.30 cwt. of cemen

10.3 cu. ft of sand

and 20.6 cu. ft of coarse aggregate.

52 Grouted Concrete.

The quantity of coarse aggregate may be assumed to be
equal to the quantity of finished concrete, i.e., 27 cu. ft though,
when measured loose, it will be slightly more. This is bound by
the cement grout, the quantity of which cquals the voids in the
coarse aggregate (assumed 38 per cent). Therefore, the cement
grout required = 0.38 cubic yard or 10.26 cu. ft
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I . > i

o c:;l 1sf¢;a§fy oto find oui how much grout is obtained by usiné

(correspondi ement, 14 cu. ft of sand, and 63 b of water
sponding to a water-cement ratio of (').7)

Absolute volume of 1.5 cu. ft of sand = 1A x 1_(10__——26
100
= 0.96
Absolute volume of one cu, ft cement = (.46
Absolute volume of 63 Ib water l'Ol
Total 2.43 cu. ft

which is the volume of the grout obtained

Therefore for getting
cubic yard of concreg&’ 1:% rle(fl.i(i}rglu. ft of grout required for one

10.26 x 1.5
Teag = 6.33 cu. ft of sand per cu. yd. of concrete
10.26 x 1
943~ = 4.27 cu. ft of cement -do-  -do-
_ 422
T ft

3.51 cwt of cement per cu. yd. of concrete,

asnn.ga;inﬂt "1‘1530 ct:t of cement calculated for 1:2:4 premix
concrete. us the percentage savi i i i-
ataly 20 P ge saving 1n coment is approxi

6. NECESSITY FOR EXPERIMENTAL INVESTIGATION.

_The Author saw this type of construction fo i

during his stay in the United Kingdom in the s:n:‘x}r‘r(:ef:}t lt(;;%c
The bel_xavnour qf _t!u? pavement under modern traffic and thé
ecopomxcz}l possibilities appealed to him considerably. In order
to investigate the feasibility of adopting this type of concrete
road construction under Indian conditions, experimental lengths
were constructed at Bor.nl.)&y, Coimbatore, arnd Kalka, the first
one by the Bombay Municipal Corporation and the other two hy
the State P.W.D.s of Madras and Punjab. '

Before these experiments were taken i

fore , d in hand a small st

was laid in June? 1949 by the Military Engineering Ser\jicrstg::
their esta:te at Colaba, Bombay. Being a private road, this i
not described in this Paper. 8
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All these experiments were carried out in close co-operation
with the Conerete Association of India. It is needless to state
that these experiments, described in detail in the following para-
graphs, are only ona mmoderate scale and further research on a
larger scale i3 necessary to arrive at definite conclusions as
regards the status of this type of construction in the country’s
road building programme.

7. EXPERIMENTS AT BOMBAY.

7.1. General Description.

Early in 1950 a number of short experimental lengths were
laid in Bombay along the Victoria Garden Road by the Bombay
Municipal Corporation. The traffic along this road consists of
about 1,300 heavy vechicles per day. The width of the slab is
about 11 ft and the length 266 ft. Figure 12 shows the com-
pleted road.

o 'l .

{ "" ¥ e
e .

Figure 12.

Grouted concrete pavement opposite Victoria Gardens, Bombay.
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7.2. Subgrade.

The base consisted of 1 :3:6 concrete over which an asphalt
ravement had been laid. This asphalt pavement was completely
emoved and the old concrete slab was cleaned thoroughly.

7.3. Materials.

Local trap stone, broken to 1} in. to 3 in. size, was used as
oarse aggregate.

Three types of sand from different sources viz., from Mumbra,
3hyandar, and Juhu were used, the last named being very fine.
full details of grading, etec., of the aggregates used are given in
Appendix III, Tables 1 and 2. For the topping | in. chips
vere used.

7.4. Details of Slabs, Thickness, Grout, etc.

In all eight slabs of different thickness and specification were
aid.  In experiment No. 1 the proportion of grout was 1 21} and
he thickness of slab was 4} inches.  In exporiment No. 2, a 1:2
nix grout was used and two slabs 5 in. and 42 in. thick
vere laid.

In the third experiment the proportions of the grout were
[:2} and the experiment consisted of three lengths of composite
dab, the base course being grouted and the wearing  course
irdinary 1:2:3 premixed concrete.

The fourth experiment consisted of » composite sluh 47 in.
hick (total) with a base grouted with a I:3 mix grout and a
L+ 2:3 premixed concrete topping (0.63 in. thick)

The fifth and last experiment had the grout and premix
opping of the same specification as in experiment 4, but the
iotal thickness was reduced to 4} in,

the wearing coarse bheing
).75 inch.

An outline of the experiments is given in the table be

: low.
Tull details may be seen in Appendix IV.
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An Outline of the experiments at Bombay

k Thickness (inches)
0x-
C. Propor- - -
per- | i}&b tiox?nf n?ir:é; Remarks
1111\:::1"“ o grout | Grouted wearing Total
[‘ course |~
I 1 1:1% 4} — 4} Grouted
) Conecrete
oo used as
Il 2 5 —_— 5 wearing
1:2 course
3 43 —_ 47
II1 4 4.2 0.75 4.95
5 1:2) 4.85 0.9 5.75
6 ) 4.20 0.63 4.83 | Grouted
Concrete
used
1V 7 1:3 4.20 0.68 4.88 as base
course
vV 8 1:3 3.72 0.75 4.47

7.5. Construction.

No forms were necessary as the permanent stone edges t}oef the
i J 3 . The coarse aggregate was
asphalted portion served the purpose T
dupmped directly from the trucks, spre_ad, and rolled by a ten-ton
power roller. Before starting the grouting, pre-ploulded expansion
joints, 3/8 in. thick and 6 in. deep, were provided at every 33 ft
4in. n’nd were kept in position by wooden bulkheads. No dummy
joints or construction joints were put in. .

The grout was mixed in a rotary type concrete mixer of IQ/7
cu. it capacity. Tho quantity of wetting agent used was | pint
per cwt. of coment.

i out. Ordinary

The metal was watered before pouring the grou .
buckets were used for grouting. Immediately afbclr grouting,
the surface was tamped with a wooden tamper and } in. stone

® Wherever used the wearing course was of 1:2:8 premixed concrete.
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screenings were sprinkled on the top at a rate of 5 cu. ft per 100
sq. ft. The surface was finished by hand floating. Photos of
cores taken from the slab (two months after laying) show full
penetration of the mortar (Figure 13)

8. EXPERIMENTS AT COIMBATORE.
8.1. General Description.

A trial length of 1,940 ft of cement grouted road was construc-
ted early in 1950 by the Department of Highways, Madras, for
widening an existing 10 ft wide premixed concrote road to 18 ft
by adding a 4 ft strip on either side. In addition to this, cight

bays each 33 ft long and 12 ft wide were constructed in the central
strip.

8.2. Subgrade.

The existing 4 in. thick layer of metal from the side berms
was removed down to the soling in order to have the level of the
new strips at the level of the existing road. The surface of the
soling was cleared of all the loose particles.

8.3.. Materials.

The coarse aggregate varied from 1} in. to 1 in. size. About
8 to 10 per cent of the particles were below one inch size. For
making up the unevenness of the surface, §in. to 3/16 in. size
stone chips were used. Ordinary local sand was used for making
the grout.

8.4. Detalls of Slab, Thickness, Grout, etc.

The slab was of a uniform section 4 inches thick. The
grout consisted of 1:1} mix with 7} gallons of water per bag of
cement in one strip. In the case of the other strip the proportion
of the water used was 63} gallons per hag,

In a part of the 12 ft wide extension slab 1: 92 grout was used
(see Appendix VII).

8.5. Construction.

Channel irons were used as side forms. The
was spread and rolled down level with the adjoini
by means of a 10-ton three-wheeled road roller.

coarse ageregate
ng concrete slab

The grout was prepared in a non-tilting type of mixer. This
proved very inconvenient as much of it wag spilt while mixing.
The grout was unloaded from the mixer into g big drum which
was conatantly agitated. From this drum the grout was conveyed

GRrOUTED CONCRETE Roans

Figure 13.
Cores taken from the pavement opposite Victoria Gardens, Bombay.

97
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by means of ordinary buckets to the site and spread over the
consolidated coarse aggregate in a continuous operation.

It was observed that although the coarse ngpregate had heen
well consolidated by a roller, some of the stone particles got
dislodged on account of the grout heing pourcd from a height anid
hecause coolies walked over the surface.  The grouted snrface was
rolled again and it was possible to get only a tolerably even
surface with light rolling. 1t is expected that a tandem roller
would have given better results.

During rolling any depressions noticed were made good with
fresh aggregate of 1} in. to 1 in. size and a small quantity of grout.

Before floating the surface with a hand float, rough finishing
had to be done with a tamper on account of the uneven surface
produced by the three wheel roller.

The daily progress, including details of the quantities of
cement consumed, etc., is given in Appendix V. It will be seen
in that Appendix that the consumption of cement for the road
averaged 44 bags per 100 sq ft against 6} bags for an ordinary
concrete road.

8.6. Joints.

Expansion joints were used mostly at the end of each day’s
work. Whenever this length was great, expansion joints were
provided in hetween. In addition, dummy joints were provided
at intervals of 86 ft. Details of the spacing of joints are given in
Appendix V.

9. EXPERIMENTS ON THE KALKA-SIMLA ROAD.

9.1, General Description.

In the summer of 1950 the Punjab P.W.D. constructed a short.
length of 300 ft grouted concrete road on a portion of the Kualka-
Simla road which is subject to heavy traffic consisting of lorries
and steel-tyred hand carts, the intensity of traffic being about 600
tons per day.

9.2. Subgrade,
The subgrade was prepared properly in the usual way,

9.3. Materials.

The size of metal varied from 1} in. to 1 in. on the first half
width of the road. On the second half width the size was changed
to 2% in. maxitium graded down to one inch in order to decrease

GrourEd CONCRETE Roaps a9

Ordinary local sand was used for making the grout.

he voids. ) ] '
60 per cent stone sereenings were mixed with the

n some portions
ora) sand.

0.4 Details of Slabs, Grout, etc.

The slah was 4, in. thick. The proportions of the grout were

Cowith 64 gallons of water per hay of cement.  On three bays
he grout consisted of a 1:2 mix with 74 gallons of water per bag
f cement.

0.5. Construction.

First half width.—After fixing the forms metal was p]uc‘c(l
jetween them to a depth of 4} inches. This was rolled twice
vith a two-ton hand roller and 1ight_1y watered. The grout and
he wetting agent, at the rate of | pint per bag of cement, were
nixed in a mechanical mixer and poured into a trough. The
rrout wag carried in iron pans and spread over 'the‘ rolled surface
vhich was then tamped with a hand tamper weighing about 7 1bh
ser lineal foot. The low spots noticed were made up with 3/8 in.
it grouted again, and finished with a brush.  In some bays, a
nd  float was used instead of a brush.

Curing was done in the usual way, first with wet bhags and
fterwards by ponding.

Second half width.—In the case of the other half, the
urface was rolled by atwo-ton roller after grouting, the low spots
vere filled with small grit, and then tamped. The surface was

inally finished with hand float.

9.¢6. Cost.

The analysis of cost of this road is given in Appendix VI.
Figur'os 14 and 15 show two views of the completed road.

9.7. Joints.

were finished in thcl saﬁle'\ﬁ"a{ as in ordina.;ry
! vt ds. In the first half all the joints were expansion
:))ir:]ctx‘;(,tegjgo?n. wide snd 33 ft 4 in. apart. In_the otl;er fh;:)f()(;:
he road expansion joints were ‘prowded at ‘"t’e”"?“fot 00
vith construction joints at every 33} {t and dun;gxy '30.1:;:, Tl}l:e
lecep and 3/8 in. thick, in between the construct 1ofnb!gm 5. The
oints were filled in with & mixture of one partof bitume ‘

hree parts of sand.
i f the details of
¢ eady reference & brief summary o ils 0
heqe‘.%hreg(;‘;t; of eyxperiments in Bombay, Madras and Punjab is

riven in tabular form in A_ppendix vH,

The joints
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h Figuros 14 & 16, -
Ambala.Kalka-Simla Road, Mije 385,
Experimental grouted concrete pavement,
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10. CONCLUSIONS.

10.1. It will be appropriate to conclude with a brief sum-
mary of the considerations which led to the writing of this Paper.
In many cases, as already mentioned, the comparatively high
initial cost of a concrete road iv a great handicap. If it is
possible to construct a concrete road by a process which is
comparatively cheaper, it would certainly be a most welcome
development, provided the specifications are well thrashed out by
a body of experts like the Indian Roads Congress. Hence this
Paper is placed before this Congress primarily to give some food
for thought and also for a thorough discussion after which some of
the disputed points as given below could be finally settled.

(a) Proportioning of grout. The grout should be the leanest
possible for economy so as to give a concrete of just the

required strength. :

(b) The value of S, the allowable stress in concrete, to be
adopted for use in the design formula (see para 3.4).

(¢) The question of expansion and construction joints, their
spacing, quality, ete. .

(d) The water/cement ratio to he adopted for making the
grout.

These points can be decided only by experiments carried out
all over the country. But these experiments should be carried out
in a systematic way in the light of discussions and conclusions
arrived at. The value of such systematic research will be much
greater than that of individual experiments carried out at randorm.
"The purpose of this Paper will have been achieved if the profession
gets a clear lead in thix matter from the Congress.
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Appendix 1

Table 1. (Para. 1.3)

Approximate quantit ,
pavement 4 in. thic(ll(, l: ;lﬁixand cost per 100 uq. ft of grouted

1951
Description Quantity ! Rate Amount
—_— S e ‘Rs. A, p.
I Stqne metal (1} in. to 2 | 40 cu. ft Rs 45/- 18 0 ¢
in. size) per 100 cu. ft |
2. Sand 8 cu. ft Rs 75/- L6 o0 o
per 100 cu. ft
3. Cement 3 cwt. Rs 5/- 15 0 0
per cwt. }
4. Preparation of sub-| 100 sq. ft Rs 5/- 3( 50 0
grade, spreading (
metal, n,xixing mor- por 100 sq. ¢
tar and rolling » |
5, Curing } 100 8q. ft Rs 1} 112 o
, per 100 aq. ft
6. Expansion joints, etc, ;
e 08 0
7. Tools & Plant | lump sum, 2 8 0
| —
8. Contingencies, 5 per | 812 0
cent ’ 9
J 5 0
Total 51 1 0
gj ota 51 1 o
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Appendix I (Contd.)

Table 2. (Para. 1.3)

Approximate quantities and cost per 100 sq. ft of premixed
toncrete pavement 4 in. thick, 1:2:4 mix,

1951
‘ . Amount
Description Quantity Rate mou
Rs. a. p.
¢ B Bt i
1. Preparation of sub- {
grade, including :
watering and clean- ;
ing before laying Rs 3/-
100 sq. ft  per 100 sq. ft 00

concrete

2. Cement 6.17 cwt. Rs Bj-perewt. 30 14 0
3. Fine aggregate 15 cu. ft Rs 60/-

( per 100 cu. ft 9 0 0

4. Coarse aggregate—14
in. to } in., 20 cu. ft

4 in. to 2 in. 10 cu. ‘ Rs 45/-
ft 30 cu. ft per 100 cu. ft 13 8 0

5. Concrete mixing, plac- Rs 24/-
ing and finishing 33.34 cu. ft per 100 cu. ft 8 00

6. Curin 100 sq. ft Rs 1}/-
‘ _ per 100 sq. ft ‘ 112 0

| !

7  Expansion joints ete. , 0 8 0
8. Tools and plant 4 3 20
| 69 12 0
9. Contingencies, 5 per 3 80
cent Total 73 4 O
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Appendix 1)

Quantities of .
! materials por
als per ewy, of cement for making grout

(Para,. 3.9)

Type of Con Wate
crete.| VY ater/cement |,
tatio, ! m“"l Water Wetting

Special grade
(hea.vy traflic) "

=t

-l
—
-
=
-—

Medium traffic wir-
fields, runways,

ordinary roads, etc, 0.6 14
6
Secondary roads, |
fqotpaths, ete,
(light traffic) 0.70 17 77
R ] «}
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Appendix IT1
Table 1. (Para. 7.3)

Sieve analysis, ete., of sands used in the Bombay experiments,

Percent retained on sieve

Sieve No.

MUMBRA BHAYANDAR JUHU

7 4.5 i4.0 —

14 40.5 45.5 0.5

25 69.0 74.0 2.5

52 92.0 02.0 IS0

100 99.0 08.0 775
Fineness Modulus 315 3.23 K

DPark colour Dark colour

hard and

hard and

Brown colour

Charactoristios strong strong bright texture.
particles. particles.

V:l;,[—)(l—(';llf 32 36 50

Silt, p:r“cenrtf " - ; : ‘—2 Negligible

Organic impuritios Negligible  Negligible Negligible

Remark

Juhu sand contains salt
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Table 2. (Para. 7-3)

Tests of coarse aggregate used in the Bombay experimenty

Characteristics.

Passing 3 in. B. 8. sieve
Retained 14 in. B. 8, sieve
Voids

Organic impurities

Black trap, hard and strong particles.

100 per cont

100

124 9"

None

GrouvTED CONCRETE Roabs o7

Appendix 1V

Table 1. (Paras. 4.1 & 7.4)

Experimental grouted concrete pavements opposite the Vie-
toria Gardens for the Bombay Municipal Corporation.

EXPERIMENT NO. 1.

SLAB NO: 1 —43" thick.

Grout 1:1%; 3" size stone chips spread on the grouted surface.
Al o3 .
Surface tamped, floated and brush-finished.

Coarse aggregate

Fine aggregate

Proportion of grout

Curing

Length

Breadth

Volume of slab

Voids in unrolled stone

Voids in rolled stone

Total quantity of stone spread

Guantity of comont used

Quantity of cement used/100 cu. ft

Quantity of 4 in. stone chips
used per 100 sq. ft

Proportion worked out to

Stone metal 13" to 2}" rolled
with a 10 ton roller before

grouting.
Mumbra sand.

Cement 1 part (by vol.)
Sand 13 ’s .
Wetting agent } pint per ewt.
of cement. Water-cement
ratio 0.7 (by wt.)

By ponding for 14 days.

33 feet 4 inches.

11 feet 2 inches.

139.7 cu. ft

50 per eent.

45 'y 'y

147 cu. ft

21.5 cewt.,

15.4 cwt.

6.72 cu. ft
1:1.5:5.7
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Analysis of cost per 100 s. ft.

Quan- Rate
Ttem. tity. Rs.
CEMENT
1. Cementatsite 5.78 112-9
. bags.  per ton
OTHER

MATERIALS

2. Wetting agent| 0.18 gls. 18/- per

gal. ‘

3. Sand at site 16.70  54/- per ‘

cu.ft 100 cu.ft

4. Coarse aggre- ‘
gate 39.50 ,, 21 .

5. Chippings 6.72 ,, '34 by |

6. Expansion ‘
Joints 3.0rft 0 et

7. Water for 400 gls. 1 per
mixing and 1000
curing 'gallons
LABOUR }

8. Preparation [100.0 1 per
of subgrade ' s.ft 100 « ft

[

9. Screening, | i
spreading, f \
levelling and|39.5cu. ft’ 6} per f
rolling metal | 100 ¢.ft (

10. Mixing grout,| {100.0 14 per
laying and s.ft 1100 ¢ ft,
finishing |

11. Curing P Lo 1% per

‘ 100  ft
12. Joint filling 1.0 ] per
100 < ft
TOOLS & ﬁ
PLANT i

13. Tools, etc. N{] (t/l4/-,

14. Roller hire LO - 1jo)-

15. Mixer hire 0 l 2/-

SUPERVISION 1.0 010/~

Cost per sq. yd.
Cost per 100 cu. ft

Rs
Rs

Amount
Rs. a. p.
32 9 0
3 4 0
9 0 0
8§10 0
2 5 0
012 0
O 7 0
1 0 0
2 8 0
b 4 0
112 0o
I 0 0
014 0
I 0o 0
1 2 0
010 0
6 8

192 0

'

- Per-
Total | L “‘t
Rs. a. p. ¢ cen
| age

32 9 ni 15.15

]

|
|

f
24 6 013389
!
i1 R 0 |15.97
30 0] 416
01 0 83
2 1 01000
0
0

GrourEDh CONCRETE Roaps

Table 2.
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KExperimental grouted concrete pavements opposite the Vie-
toria Gardens for the Bombay Municipal Corporation.

EXPERIMENT NO. 2.

Coarse aggregate

Fine aggregate

Proportion of grout

Curing
Length
Breadth

Thickness
Vol. of «lab

Voids in unrolled stone

Total quantity of stone spread

Voids in rolled stone

Quuntit.y of coment used

Quantity of cement used per 100 cu. ft

Quantity of 4" wize stone chips

Per 100 cu.ft

Proportion worked out to

SLAB NO. 2—5" thick.

Grout 1:2: 17 size stone chips spread on the grouted surface.
Surface tamped, floated and brush finished.

Stone metal 13" to 2}”
rolled with a 10 ton roller

before grouting.

Mumbra sand.

Sand 2 parts,

. Cement one part by vol.,
Wetting

agent } pint per cwt. of

cement.
ratio 0.8 by wt.

Water-cement

By ponding for 14 days.

33 feet and 4 inches.

11 feet 2 inches.
5 inches.

155.4 cu.ft

509,

164 cu.ft

15%,

20.5 cwt.
13.2 cwt.

6.72 cu.ft
1:2:6.65

e——

15
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Analysis of cost per 100 s f¢.

re
Item Quan- | Rate . Amount Total ﬁ;t-
tity Rs. ‘Rs. a. p.|Re. a. p. age
CEMENT :
1. Cement at site| 5.51 112-9 a
bags ton L1 0 (3 ¢ 0!4335
OTHER
. MATERIALS
2. Wetting agent0.17 gls. 18/- per
gall. 3 1 0
3. Sand at site 15.84 | 54/- 100
cu. ft cft 8 9 0
4. Coarse aggre-| 44.0
gate cu. ft | 213 9 9 0
5. Chippings 6.72 ,,| 34§ ,, 2 5 0
6. Expansion 3.0 r.ft. | rft
Joint 012 o
7. Water for mix-| 300.0 l/-a
ing & curing | gls. {1000 gls. 0 56 0[24 9 01344
LABOUR
8. Preparation of|100.0 sft 1/- a
. subgrade 100sft 1 0 0
9. Screening,
spreading, 44.0 16} 100
levelling & cu. ft cft 212 0
rolling metal
10. Mixing grout, 14/- per
laying and  {100.0 sft|100 cu.ft 5 13 o
finishing 14 per E
11. Curing 100.0sft.! 100 sft 112 01
12. Joint filling 100.0sft.] 1/- I 0 0 [ 17.21
————12 5 ¢
TOOLS & 1 ‘
PLANT
13. Tools ete. LO  1-/14/- sft 0 14 0
14. Roller hire, Lo /-,
ete. i 10 (12 ‘ % g 8| 419
15. Mixer hire etc,' [T SR P S
SUPERISVION LOJ0/10/0,, 010 01 010 0] 0.84
71 8 0 1100.0

Cost per 8q. vd. Rs 6 7 0
Cost per 100 cu. ft Rs 171 10 0O

111
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Table 3.

asite  the
Experimental grouted concrete pavle(x:nen)tmn;‘»z]‘;)'
Victoria Glardens for the Bombay Municipal LOrpot:

» thick.
EXPERIMENT NO. 2. SLAB NO. 3 -4 38" thic

ed
Grout 1 : 2; 4  sizo stoue chips spre}?ddoxl the groutec
Surface tamped, floated and brush-finished. ” .
Stone metal 137 to 2g
rolled with & ten-ton
rolier before grouting.

gurface.
Coarse aggrogate

i Mumbra sand.
Fine aggregate

: vol.)
‘ement one part (by vo
CeSand 2 parts, Wet,t,mgf
agent } pint per cwt. O
cement. Water-cement
ratio 0.8 (by wt.)

Proportion of grout

By ponding for 14 days.

Curing ‘
L h 33 feet 4 inches.
engt
B gd 1 11 feet 2 inches.
readth
4-3/8"
Thickness o / .
133.5 cu. ft
Volume of slab
30
Voids in unrolled stone 1% N
141 cu.
Total quantity of stone spread
459,
Voids in rolled stone % .
10 ewt.
Quantity of cement used
Qul&o%tityf of cement used per 14.2 oWt
8. ft
Quantity of 4" size stone chips 6.72 cu, ft
used for 100 s. ft
1:2: 8.16

Proportion worked out to

————
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Analysis of cost per 100 s. ft

Ttem \ Quantity . Rate |Amount | Total | 1O
" L R Rs. a. 7. \Rs. A, P cont-
?EMENT: i = e
. C i B | 0 1 o g8t
ement at site | 5.1€¢ bags{1 112-9 29 1 0 “29 1 0
S “ . ton \ 43.84
2Mv.3TERIALS |
. Wetting agent | 0.16 gls. \‘ 18/-per 2 14 0
‘ oo | gall. 1
3. Sand at site ;:14.86 cu. ft‘; 54g/? ‘ 8 0 ()‘:
4. Coarse aggte. | : e ‘
5. Chippinésg ° ;32'22 R B 0
6. Expansion . Moz
joint | '
7. Waterfor mix-! ot e 0dz 0
ing and curing | 300.0 gls. '1/- 1000 0 5 0!
SLAII?OUR: : o Bl — 22 8 0/33.086
8.  Preparatio ‘ ‘ ‘ |
of subgmdeIl | 100 s 1 ll()/() per i1 00
9. Screening, | ‘ .1 ‘ :
sl;prea.ding, ‘ 1 G| per : i
evelling and| 38 ‘ ‘ |
e meta.lt cu. ft. 100 2 6 0 ‘:
10. Mixing grout, 100« ft. |1 T |
laying and o 4{- o !
. finishing ct?oft PO
. Curing 100 f6 [ 1 per 112 0 |
12. Joint Filling| 100 s, ft ST
TOOLS & | e L0
) pl'i‘ANT; ; | 8. ft.‘ — 11 2 0, 16.74
3. Tools, etc. | ‘ |
8, otc ‘ 100 s. ft. i/OlO‘l/-per 014 0
14. Roller hire, | or | |
et,cér ire, | 100 s. ft. i/- per 1 0 0
16. Mixer hire 100 s. ft. | 0?/3’/-“'
etc. (1008, 6.1 2 0
SUPERVISION: | 100 s. ft. | R
: B0 10« ‘ 588
| ‘ ) O 10 (); 010 0 082
66 5 0 100.0

Cost per 8q. yd. Rs. 6-0-0
Cost per 100 cu. ft Rs. 181-3-0

troOUTED CONCRETE RoADS
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Table 4.

Experimental grouted

i ict 1
Oria
1 (‘”lul (l(‘v“h‘ fﬂr “l(' B()ln}):by Mlllll

concrete pavements oppoxite

the

icipal Corporation.

————

EXPERIMENT NO. 3.
Base course

Wearing course

Base course

¢
darse aggregate

Fine aggrogate

Proportion of grout

Wearing course
1

(40".]‘3(\, *\'ggl‘ogute
.

Fine aggregate

Proportion of concrote

The surface is tamped, floated
and brush-finished

Curing
Length
Breadth
Thickness

Volume

SLAB NO. 4- 495" thick
Grouted concrete 1: 24
Premixed concrete 1:2:3

4.2" thick.

stone metal 147 to 2}’ size
rolled with ai ten-ton roller

pefore grouting.
Mumbra sand.
(Cement one part (by Vol)
Sand 25 parts
Wetting agent } pint per cwt.
of cement
Water-cement ratio 0.9 (by wt.)
3 thick.
Stone metal 3~ t0 3"

Mumbra sand.

(lement one part, sand 2 parts,
}* stone metal 3 parts, water-
cement ratio 0.5 (by wt.)

By ponding for 14 days.

33 feet 4 inches.
11 feet 2 inches.
4.96"

148.3 cu. ft
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Base course
Volume
. Voids in unrolled stone
Voids in rolled stone
Total quantity of stone spread
Quantity of cement used
Quantity of cement used
per 100 cu. ft
Proportion worked out to
Surface course
Quantity of cement used

Quantity of cement used
per 100 s. ft

Quantity of sand
Do. per 100 ».ft

Quantity of stone
Do. per 100 s.ft

Ultimate proportion worked
out to

Cement per 100 ou. ft of
finished work

4.2" thick
125 cu. ft
50 per cent
44 ,,
131.7 cu. ft
14.1 cwt.

11.3cwt.
1:25:7.79
0.75 thick
5 cwt.

1.35 cwt.
12 cu. ft
3.25 cu. ft
18 cu. ft
4.85 cu. ft

1:2.37:6.53

12.9 cwt.

116
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Analysis of cost per 100 s. ft.

Total Per-
ota t-
- Rate Amount cen
Item Qt‘;:; Rs. \Ru a. p Rs. 8. p | age
) 01 45.75
1§ Cc(fnl:inlt‘;n:;rsito 1129a (20 0 0 29 0%
Base course 3.80 cwt.| ton i
Surface course |1.30 cwt.
M OTHER
ATERIALS: y 13 U
2 Wetting agent [0.1 gl8 ‘l_b/-ﬂ» gl % 9 0
- 8and at site S
Base course ou.ft pe{rt
Surface course |3.256 ,, &' !
4. Coarse Aggre-
ato 21 7110
‘lgiuﬂe course 354 ,, Zli}:l?(;c ; 110
Surface course | 4.9 ,, (341" |
5 K i 2 0
Jomte gorfe [farft |01
6. Water for mix- 000
i wring (300.0 gls. l.] 50
Ing and curing -l gls. L;[ o 13 0 31.2¢
LABOUR: - i
7. Preparation of [100.0 s‘ft:{;()l:;t, 1o 01
sub-grade ° '
8. Screening, 3.4 . (l)(%)()por r‘
spreading, level- s 9 3 0
ling & rolling eu.

metal 14/- 50 ok
Y. Mixing grout, (100, "”
laying and

0. finishing 100 1y 112 ::(»

(Jlll'ln 12 7 ” ] “ ]

1. Jomt%nmg wo Vo | o 15 0 17.33

TOOLS & PLANT: oot 114)- 0-14-0

12. Tools, ete. 100, 100 cu.ft [ o 0

13. Roller hire 1008-3 (1)_'10.2)’ |

4. Mixer hire 100 8. 100 8.ft 1-’2"(‘)‘ 3 0 O 43:
- 0o o .
010 o 01

S . 0 s.ft. {0-10-0 —

UPERVISION: |10 o3 6 01000

700

83:: EZ,’- 100 yu ft Bs 153 10 0
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Appendix IV (Conid.)
Table 5.

K i
\;)i(c};en.m(z;\tul grouted concrete pavements opposite the
oria Gardenx for the Bombay Municipal Corporation.

EXPERIMENT NO. 3. SLAB NO. 5—5.75" thick.
I‘i;se FJourse ... Grouted 1: 24
earing Course ... Premixed Concrete 1 :2:3
Base Course ... 4% in. thick
Coarse aggregate ... Stone metal 13" to 2}” rolled
with a 10 ton voller before grou-
‘ ting.
Fine aggregate ... Mumbra sand.
Proportion of grout <. Cement 1 part (by vol))

Sand 2} parts
Wetting agent | pint per owt. of

cement,
. Water-cement ratio 0.9 (by wt.)
Wearing course «oo 0.9” thick.
Coarse aggregate ... stone metal 4* to }"
Fine aggregate ... Mumbra santul
Proportion of concrete Cement 1 part (by volume)

Sand 2 parts, 4" stone chips,
3 part water-cement ratio 0.5

(by wt.)
The surface is tamped, floated and hrush-ﬁnishﬁd.

Curing ... By ponding for 14 days,  {OUT
Length ... 33 feet 4 inches. ‘ o
Breadth ... 11 feet 2 inches.
Thickness ... 5.78"
Volume ] . 172.6 cu.ft
Base course .... 4.66" thick.

Volume . .. 144.7 cu.ft

GroUTED CONCRETE ROADS

Voids in unrolled stone
Total quantity of stone
spread
Voids in rolled stone
Quantity of cementused...
Do. per 100 cu.ft

Proportion worked out to...

Surface Course
Quantity of cement used ...
Do. per 100 en.ft
Quantity of sand used
Do. per 10041t
Quantity of chips used
Do. per 100s.ft
Ultimate proportion
Cement per 100 cu ft of

finished work

509,

152.3 c.ft.
45%

16.3 cwt.
11.3 cwt.
1:25:7.79
0.9” thick

6 cwt.

1.62 cwt.
14.5 cu.ft
3.9 cu.ft
21.6 cu.ft
5.35 cu.ft
[:237:65

12.9 cwt.

16

117
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Analysis of cost per 100 s ft.
ltem Ql};m- Rate !Ammmt Total | l,)(:;-
. bity Re.Rs ap| Re ap. ":gﬂ
R T A U b ‘
CEMENT - T T
I. Cement at site
Base course +.4 cwt, 112-9

Surface cours

OTHER
MATERIALS :

2. Wetting agent

3. Sand at gite
Base course

Surface course | 3.85 [ 100 cu ft] 9 3 0

4. Conrse aggre-

gate. Base coursel4l.0 ,, !
|

t 21, (815
%\lrfacq . 576, 34,‘3 by 12 l; ?}

5. Expansion 30rft. [1arft]o12 o
Joints

6. Water for mi

ing and curingl300.0gls | 1/- per

LABOUR:
. Preparation o
subgrade
8. Sereening,
spreading,
levelling & r«
ling metal
9. Mixing grout,
laying &
finishing
10. Curing

-1

11. Joint Filling

TOOLS & PLANT:

12. Tools ete.
13. Roller hire
14 Mixer hire

SUPERVISION {100 «.{t.

Cost
(Cost

e [1.6 ewt. | @ ton 3312 o

|
|
i
|

0.14 gal. 18/-per | 2 8 ¢
gallon
13.20 [54-
cu.ft 'per

X-

1000 gls| 0 5 o

f 1100 .q.ft,[l/-pcr
100 sft y 1 0 ¢

41 cu.ft |6} per
100 2 9 0

1- cu.ft
100 sft.114/- ., |5 0 o

100 s.ft. ' 1% per
do0sft ' 112 0
100 5.t | -, 1 0 o

: |
100 s.ft.-/14/- [ 014 0
100 sft. 1/-,, 11 0 o
100 sft. 1-2-0 i1 2 ¢

0-10-0,, 010 0

per 8q. yd.‘ Rs 6
1

8
per 100 cu.ft Rs 151 3

33 12 0

23 11 o

11 5 0

46.58

32.74

15.756

+ 14
. 82

3 0 0
0 10 0
72 6 0

0
0

100.0
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Table 6.
ote navements opposite the
Kxperimental grouted concrete pavements op]

jeipal Corporation.
Victoria Gardens for the Bombay Municipal Corpors

EXPERIMENT NO. 3. SLAB NO. 6--483" thick

1 . .’)x

routed 1:2%

Base Course i .
' remixe crete 1:2¢
remixed con

Surface Course ]

4-2" thick.

Stone metal 147 to 277 rolled
a 10-ton roller hefore

Base Course
Coarse aggregate .
e et with
grouting.
i Mumbra sand
Fine aggregate  vol
Cement 1 part (by vol.)
Sand 24 parts
“otting agent | pi CWE.
Wetting agent |3mt per .
of  cement, Water-cemen

ratio 08 (hy wt.)

Proportion of grout

063" thick.
Stone metal §
Mumbra sand

ement 1 part. -
S 9 parts, 4 stone chips
A wator- 1t ratio
3 parts, water-cement TI:

05 (by wt)

r : f
Wearing Course " to L®
Conrse nggregate
Fine aggregate

Prnpnrti()n of C(*l'ﬂ(!l)'r

<h-finished.
'The surface is tamped, floated and brush-fims

By ponding for 14 days.

Lurmg 33 feet 4 inches.
Length 11 feot 2 inches.
Breadth

Thickness 483"

Volumo 142 cu ft

49" thick.
1234 cu it

Buw course

Volume
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ids 1 ({ROUTED CONCRETE Roabs
Voids in unrolled stone 50
. ... HUY,
Total quantity of stone spread 13(/) Analysis of cost pel 100 s. ft.

Voids in rolled stonc 459 o Quan- Rate Amount Total. Per-
Quantity of cement used ]3;; fem tity ( BRx  Bsooa P Bs. a I ('f(lr]:'
Do. _ Y ewt. . : ag

b . per 100 cu. ft 11-26 ewt ‘ CEMENT !
roportion worked out to l:g . 1. (f‘vnu-,m ad site gof | 1120 |
S . 22577 Jase conrse ewl. per ;
Surface Course e i Surface .14 (-,wt,\ ton g 9 0128 G0 348N
Quantit 063" thick e ' 1
ity of cement used 4 owt ' OTHER ‘ \
: r CWL. L i
Quantity of cement used 9 MATERIALS l
per 100s. ft 114 2. Wetting agent 012 L1s/- per ) |
Quantity of sand used . ewt. - _ ;.;lnw ’;_r,u,]l(m‘ 2 3 U
Quanti 96 cwt, 3. Sand at site 11.85 | 54/- pe
ant;tg of sand used Base course cw ft 100 (:\l,ft' 714 0 “
per 100 s. ft 275 cwt 4 Surface , 2.756 cu.ft i
. . &) CWL, CCoarse v 1030 4O !
Quantfty of chips used 145 o l(;:u'h'( u‘ggu.g«m " s | o0
Quantity of chi 5 ewt, ANC COUTRE 36.8cuwft] 2131 ! 9 \
per 100 s. ft 1ps used _ Surface . 1 cwdt) 34501 16 0
Ulti o 41 ewt 5. Kxpansion jointy| 3.0 oft | ] oarft o 012 o
imate proportion worked ' 6. Water for mixing 300 | 1/-per ! “
out to 1:230 and curring palls. 1000 glst 0 5 0
C 1239672 ;
eg;ei:ﬁ - 100 cu. ft of LABOUR e 20 3218
ed work 12:6 ¢ 7. P"(‘lml'nti(mnf oo.0 | 1j- per
cwt. subgrade «fts fo0 sft . 1 00 1
N. Serecnin ‘ )
ening,
spreading, ‘
levelling and 36.8 ﬁl‘ per ;
( rolling metal cw (100 euft 2 90
9. Mixing grout, 3 ‘ :
laying and 1400 | pf-per 3
finishing. aft o sft 50 0
10, Curring 100.0 1} per
| aft o0 st 1120
L. Joint filling 1000 | 1/-per
HHmE aft 100 sft i } o 0 ‘
:I‘OOLS & PLANT L 11 1 17.30
12. Tools, ote 100.0 -[14/- per|
T aft 100 sft - 0 14 0
13. Roller hi (000 | /- per
. i hire .
e sft wostt | 10 0]
14. Mixer hire 100.0 | L2 per
xer hire oft Wwosit ] 12 0
[ e [ 3 0 4.70
SUPE 5/8 p(,p' n10 0 010 a4
IRVlSION 100 sft i e T
I 63 11 100.0

y Ra
Cost per 84 yd.
Cg:t {)or 100 cu. it Rse 150 4 0
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Total quantity of stone spread... 121 cuft

Appendix IV (Contd.}

Voids in rolled stone 45
Table 7 Quantity of cement used 14 ewt.
Experimental grouted conerete pavements opposite the Viec- Do, per 100 ¢ ft. 122 ewt.
toria Gardens for the Bombay Municipal Corporation, Proportion worked out to 1:3:7.2

" Surface course 0.63" thick.
EXPERIMENT NO. 4. SLAB NO. 7--4.88" thick Quantity of cement used +.0 cwt.
Base Course Grouted 1 :3 Quantity of coment wsed per 1.13 cwt.

Wearing Course
Base course
Coarse aggregate

Premixed concrete 1:2 : 3
4.20" thick.

Stone metal 157 to 24" rolled
with a 10-ton roller before

100 s.ft
Quantity of sand used
Do, per 100 4.1t

Quantity of stone chips used ...

9.6 cu.ft
2.75 cu.ft
14.4 cu.ft

grouting. Quantity of stone chips used 41 eu.ft
Fine aggregate Fine Juhu sand. for 100 It tion worked
' 41 rtion or N 0 i
Proportion of grout Cement 1 part (by vol.) sand L Itmtlz(t)e propo 1:2.78:6.27
3 parts, wetting agent ] ol £ of
pint per cwt. of cement, Cement per 100 cu.ft o 13.5 cwt

Wearing course
Coarse aggregate
Fine aggregate
Proportion of concrete

Water-cement ratio 1.3
(by wt.)
0.68" thick.
Stone metat " to 4"
Mumbra nand.

Cement 1 part (by vol.), sand
2 parts, 3" stone chips 3
parts, Water-cement ratio
0.5 (by wt.)

The surfaco is tamped, floated and brush-finished.

Curing By ponding for 14 days,
Length 33 feet 4 inches.
Breadth 11 feet 2 inches,
Thickness 4.87"

Volume 133.41 cu.ft

Base course
Volume
Voids in unrolled stone

4.25" thick
114.81 cu.ft
509,

finished work



124
NADIRSHAR oN
Analys
ysis of cost per 100 s. ft.
Item Quan- Rat or-
bity R\;'ﬂ ‘1 Amount Total }(rt A
. a cen .
. p.‘ks. A P age
) EEMENT ! .
. Cement at site |
1 '112-9
]g&aso course  3.94 cwt..a ton
S 113 i 28 8 0 28 8 0 476
OTHER v
)M%[TERIALS
f‘,. etting agent 0.12 gal
3. T;nd at site l:,:.’.‘ . ::i{;(]))'(;r =8
Sf:ﬂ; course cu.ft  25/-100 3 ¢
. (»‘\r ace 2.75 ,, Ad/-cu.ft N
. Uoarse aggre- S b
gate |
Base course 134.0 i
: s¢ 1340 21
 Sortace P4 . 2&% Wl 7T 30 ﬁ
5. lyx‘pansion 3.0 rf’t’, ) : rft” b ‘
Joints v ' vz |
6. Water for 300 g | |
mix"mg and kol l“/’—(;’w’xi v 1 '
curing ‘ L R . 6 15 0 984
] Il),ABOUR L
. Preparation of {100 <.t 1/-per |
s‘uhgra'de ) ”)(l))(s‘f‘o P
8. Screening, 34 cuft 6% per 2 L |
spreading, 100 cu.ft 22 |
levelling and i o |
rolling metal |
9. Mixing grout,[100 4.ft. 5/-
laying and ' %(‘)):lf't 500
finishing ‘
10. Curing 100 «.f6 13
11 Joint filling (100w gt 1/ Vel
g u.ft il/- ’s P 00
TOOLS & | ————— 10 14 0] 180
PLANT ! ‘
12, Tools cte. 100 s.i6 -/14/-
13‘ S,Qller hire {100 s.f6 | l/-/ " (1) 1?» 8
4 Mixer hire {100 < ft | 1/2 I 2 0
SUPERVISION (100 & ft 5/8 BT
LI \ 010 0 010 0 1.0
|
5 16 0. 100.0

Cost per sq.yd.
Cost per 100 cu.ft

(GROUTED

Experimental grouted concrete P

Vietoria Gardens for the

CoNORETE ROADS
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Appendix IV (Contd.)

Table 8.
avements opposite the

Bombay

Municipal Corporation.

EXPERIMENT NO. 5.

Base course
Wearing course

Base course
Coarse aggregate

Fine aggregste
Proportion of grout

Wearing course
Conrse agETORAS

Fine aggregste
Proportion of concrete

The surface is tampe
Curing
Length
Breadth
Thicknens
Volume

BBSe course
VOl\lme

Yoide in unrolled stone

SLAB NO. 8—4.47" thick.

Grouted 1:23

Premixed concrete 1 :2:3

3.72" thick.

Stone metal 13" to 24" rolled

with a 10-ton
grouting.
Fine Juhu gand

roller before

Cement 1 part (by vol.) Sand

9} parts (by

agent
nt, water-cement

by wt.)
0.75" thick.
Stone metal }"” to 4"
Mumbra sand.

Vol.) Wetting
pint per cwt of ceme-
ratio

1.2

Cement 1 part (by vol.), Sand

2 parts (by vol.), 3"

stone

chips 3 parts, water-cement

_patio 0.5 (by wt.)

d, floated and brush-finished.

By ponding for 14 days.

33 ft. 4 inchex.
11 ft. 2 inches.
4.47"

138.54 cu.it
3.72" thick
115.34 cu.ft

50% .
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Analysis of cost per 100 s. ft.

Total quantity of stone
spread used

Voids in rolled stone

Quantity of cement used
bo per 100 cu. ft

Proportion worked out

Surface Course :

Quantity of cement used

Quantity of cement used
for 100 sft

Quantity of sand used

Quantity of sand used
per 100 sft

Quantity of stone chips used ...

Do per 100 sft

Uitimate proportion worked
out to

Cement per 100 cu.ft of
finished work e

121.4 cu. ft
46%

14 cwt.
121 ewt.
1:25:7.23

5 cwt.

1.35 cwt.
12 cu.ft

3.25 cu.ft
18 cu.ft
4.9 cu.ft

1:2.37:6.11

13.72 cwt.

. Rate | Amount Total E?;;_
Item Quantityl Ry’ |Rs. A. PJRs. A PJ T
CEMENT: ’ ‘ |
1. Cement at site | s gllZ-tQ |
13.75 cwtjper ton '
gjrs'?ac:m?r%‘ 1.35 ,, P 28 11 0 28 11 O 4816
OTHER
MATERIALS: ‘
2. Wetting (\.gent 0.12 gal. }18/ per 2 3 0
3. Sand at site 11.25 g&llon
Base coursc | cu. ft\2o/ 100702 13 0
Surface ,, 3.2 ,, ‘54/ cu.ft 1 10 0
4. Coarse aggre-| ‘ !
gate
Base course  '32.7 |, th » 7 10
Surface ,, 4.9 ,, 34; ’s 1 12 0
5. Expansion ;
Joglts 3.0 rft l} a rft 0 12 0
6. Water for |
mixing and {}/}-()}:el‘] 0 5 0
i : I1s. 'l rls !
::::fUR 300 gl i T 16 8 0 2769
i
7. Preparation /- per ‘
of subgrade 100.0sft \1()0 sft 1 b O
8. Screening, \ % ;
spreading, ‘,
levelling and - 8} per .
rolling metal 32.7cu.ft|100 cu.fti 2 10
9. Mixing grout, | ,‘
laying and ' - per
finishing  [100.0 sf 100 oft | 5
10. Curing 100.0 sft |13 , ! 1
11. Joint filling ;IO0.0 aft | 1
~ PLANT: | ‘ ‘:
12. Tools, etc.  100.0sft /147, | 0 14 ©
13. Roller hire  100.0sft |1/- , ! (2> 3
14. Mixer hire 1100 0sft 11/2/ ,, i %y 0 0 508
SUPERVISION. B8, | 0 10 0 10 0 1.00
E l 59 10 0 100.0
Cost per sq. yd. Rs 550
Cost per 100 cu. ft ,, 160 0 O
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Appendix V.
Daily progress of grouting at Coimbatore~Mettupalayam
Road—Mile 11/0 to 11/3.
~ (Paras 8.6 and 8.6)
l ‘Cement
. Consumed ' Spacing | Spacing
Day Length C;x:;%nt per 100 sq.| of dum- |expansion R ke
(feet) (th‘) ft (exclud-/my joints | joints. emal
7 ling wast- | (feet) (feet)
b1 Isge) Cwt.t
lst 15% 29 4,35 35Y and 66 158
intervals
2nd 198 39 4.68 66 264 Morning
99 23 5.52 Afternoon
3rd 396 70 4.75 66 306  Between
10-15 a. m.
and 2-30
P. m. in
: one stretch
4th 462 79 4.66 66 462
bth 627 111 4.2 . 66 330 Between 9

and 627 a. m. and

4 p m.
Total 1940 ft 4P

sBased on an average thickness of 4 inches, ~ * -

D CoNcrETE Roabns 129
Appendix VI
ontal grouted stretch on
ad—300 ft x 20 ftx 4} in.
.8)
Total Break-up | porcent-
mount | Amount figures age of
for 6000 (a) % sft total
sq. ft (b) o/ cu.ft cost
.a.p. | Rs. a.p. | Rs. a. p )
300 0173012 0 (a)28 13 6 47.77
312 0 (b) 86 & 6
) 0 0 682 8 0 (a)ll 60 1883
2 8 0 M3+ 20
Il 8 0 261 8 0 (a) 4 59 7.21
(b) 13 1
1 2 9 211 2 9 (a) 3 8 5.85
(by10 9 0
L 00 200 (a) 0 09
000 (b)y 0 23
1 8 0 342 3 0 (») 5113 9.44
(b) 17 9
14 00 (@ 0 39 0.38
(by 0113
145 5 0 (a) 2 69 4.0]
(b) 7 3
78 0 (a0 20 0.20
(b) 0 60
130 0 0 (a) 2 28 3.59
(b) 6 80
9510 0 (a) 1 96 2.50
(b)y 4126
3623 6 9 (a)60 63 9978

(b)is1 29
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MARY OF IMPORTANT DETAILS

(Paras. 8.4 & 9.7)

consumed per
cu. ft of
shed work Joints (type & spacing)
- E = Expansion Jt.
Joarse | Fine C=Construction.Jt. |
sggre- | aggre- D=Dummy .Jt.
gate. gate ’
cu. ft ) cu. ft
o :
8]
105 45 E @ 33 ft.
106 38 ,
104 41 y
98 36 :
98 36 .
102 36 .
94 42 ’
101 39.0
m1i25 315 Cw33ft & B g 99 ft
1120 30 D 66t & E also
M126.0 31 D@ 66ft&E o 165 ft
126.0 35.56 E @ 66 ft
1056 202 C@33ft & E @ 100 ft

i
i
!
¢

} Cost per
4100 cu. ft

I work
\ Rs.

192.0
171.6

181.2

159.3
148.0

160.0

198
180.4

154.1
145.7
175.0

lof finished

Appendix VII

Percen“'ge {
gaving lvner Percentage
ceminge‘;wnt sa,vii;ng in
2: cost over R Kk
concrete 0, | cnal1:2: 4 Cmarks
18.5t c;;xm- ccm:nt co(rilc-
c:;fne;nl 0 o ft rete roa
()
concret® l
‘ 12
e
The costof 1 : 2: 4 concrete
16.7 4.0 assumed Rs 200/100 cu. ft.
).
98 6 14.2
93 2 9.1
Note the thickness of base &
20.2 23.2 wearing coat are approximate.
30 9 24 .8
31 9 20.4
27 26
0 5.2 Costof 1:2: 4 concrete assmmed
6. Ry 209/100 cu. ft.
5 13.7 Exp. jt. provided at 158’, 264/,
27 330 and 460",
9.2 16.7)  Costof 1 : 2: 4 concrete assumed
2 Rs 185/100 cu. ft.
16.2 17.8 In the southern half, a dummy is

e —

provided in middle of each bay.
Cost of conconrete assumed at
Rs 213/100 cu. ft.
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(i) A DESIGN FOR REINFORCED CONCRETE PIPES FOR
ROAD CULVERTS.
By
SHRI A. NAGESWARA AIYAR.

Of the several types of culverts commonly provided for small
drainage crossings under new or existing roads, pipe culverts are
often found in practice to be the most economical and easily con-
structed. The economies of this type are, other things being
equal, particularly apparent in areas where there is deep black-
cotton soil since wing and curtain walls (necessitating deep
foundations) need not be provided for pipe culverts. These cul-
verts can usually be easily and quickly laid to take the discharges
of small irrigation channels built subsequent to the construction
of the road and, by the addition of one or more pipes, the
culverts can often be quickly enlarged to take additional irriga-

tion discharges.

The pipes may be of corrugated steel, cast iron, glazed stone-
ware, or cement concrete, either plain or reinforced. Of these
corrugated sheet pipes and cast iron pipes are often costly, not
always easily obtainable and; in some soils, liable to decay or
rust. Glazed stoneware pipes and unreinforced cement concrete
pipes are generally nob strong enough for the heavy traffic of
today. Reinforced cement concrete pipes are usually more
economical and can be built out of locally available materials to
any required strength. They can be laid over & bed of cement
concrete or on precast reinforced concrete sleepers below the

joints.
PIPES CAN BE MADE LOCALLY.

Qeveral companies have been making reinforced concrete
pipes. The main foature of these pipes is the dense cement mor-
tar obtained by the special gpinning process employed. Extensive
use is being made of such pipes in road culverts and, in one big
State, large quantities of such pipes of various sizes were found
stacked in many inspection bungalows, evidently for use in road
culverts. The pipes had to be conveyed from the factory by rail
and carted to site. Of the stock in the sheds, many, possibly 10
to 15 per cent, had badly cracked or were otherwise damaged in
transit. There is a danger that, in order to avoid audit objec-
tions which may srise from the rejection of broken pipes, - these
would be uged in road culverts thereby permanently weakening
them. Buying pipes from & manufacturing company is. an easy
but not a very efficient or desirable way of spending the year’s
grant.
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With a little organization it is not difficult to manufacture
the required pipes at or near the site of work. By using good
aggregate and vibrators, it is possible to get pipes as suitable for
culverts as those made by the spunconcrete process. Stone metal,
broken to pass through a half inch round mesh screen and retain-
ed on a } inch mesh screen, or alternatively pebbly gravel of the

same grading, may be used as aggregate. A1 : 14 : 3 mix would
be suitable. '

COSTS AND STRENGTHS.

Such pipes manufactured by the Highways Department aro
in extensive use in the State of Madras, not only in road culverts
but also as staining for village wells in out-of-the-way places
where supervision is difticult. Present day comparative costs are
not available but the cost per lineal foot in 1936 was less than 60
per cent of that charged by one of the manufacturing companies
for spun pipes of the same diameter.

In this connexion it is important to remember that pipes for
culverts do not require to have the same properties as pipes design-
ed to carry liquids under pressure. For culverts beam strength
is very important and, in order to ascertain the strength of locally
made pipes, a four-foot diameter pipe, three feet long, selected at
random from stock, was tested to destruction. The mothod of
testing and the test results were deseribed in a Paper published
by the Engineers’ Association Madras and are reproduced here in
Appendices I & II. The results showed that the load bearing
capacity was more than that claimed for spunconcrete pipes of
the same diameter. The concrete for the pipe under test was of
1:2:4 proportion and crushed granite aggregate was used.
Vibration was then unusual in India and the concrete was hand
tamped. Results with vibrated con¢rete of 1:11: 3 mix could
be expected to be better still.

CONSTRUCTION DETAILS.

To provide adequate strength for modern road traffic the shell
thickness for pipes of 2 ft,3 ft and 4 ft diameter may be 2
inches, 23 inches, and 3 inches respectively and they may be
reinforced with steel hoops aggregating 0.9 per cent and longitu-
dinal steel aggregating 0.6 per cent of the volume of concrete.

It would be desirable to stagger the hoop reinforcement so
that half of it might be near the inner surface of the pipe and half
uear the outer. It is difficult to have two soparate grills and keep
them in the correct position while pouring concrete. The follo-
wing method which was successfully used at Madras is com mend-
ed for adoption.

DesiaNy ¥or R.C. PipEs ror Roan (CvLVERTS 133

In the 2 ft diameter pipes, where the shell thickness was
only 2 inches, the longitudinal bars were § inch round. Hoops
of } inch round stecl were tied alternately to the inside and out-
side of the longitudinals. This reinforcement grill had a cover
of about half an inch.

For a 3-foot diameter pipe whose shell thickness is 24 inches,
} inch round rods might be bent double with a space of 4 inch
between the two legs. The hoop reinforcement, of } inch 'rods,
would be tied alternately to the outer and inner legs of the
longitudinal.

In a 4 foot diameter pipe § in. rods bent double with a space
of 4 inch between the legs would be used as longitudinal reinforce-
ment, and } inch hoop rods tied a.lterqa.foely to the outside of each
leg. These grills can be kept in position a.qd c.oncretgd. qup
reinforcement could be welded to the longitudinals if welding
facilities are available.

Rods of } inch diameter are sometimes available in. long
lengths in rolls. If so, they could be helically wound and tied to
the longitudinals thus avoiding a number of welds.

MOULDS.

To manufacturo reinforced concrete pipes it is necessary to
have moulds and handling equipment. Thfe moulds may consist
of two concentric hollow cylinders enclosing between them an
annular space into which the cement concrete can be poured to
form the pipe. The pipes to be cast should be of standard lengths

of 5 or 6 feet.

rm may consist of two half cylinders which can
be b$?:dorob§;t£%1‘ to fox%,m a full cylinder. As it wonld be difficult
to consolidate concrete if the height to be poured at a time
exceeded 2 ft 6 in. to 3 feet, the form, should. be of that length,
two forms being joined together to make one pipe length.

X alf cylinder could be built by welding a steel plate, §
inch%}?iocli{t"co theywebs of three or four channe} rips (4 in. X 2 in.)
bent to form a semicircle, with the ends projecting a }1ttle to be
bolted to the corresponding part on the other half cylinder. By
bolting the two half cylinders together » smooth steel face can be
obtained. It is essential that thg top and bottom channels should
be horizontal so that when placing two 3-ft forms one over t.he
other and bolting them togethex:, a true:surface concentric with
the outer surface of the inner cylinder, might be obtained.

The arrangement for the inner cylinder has to be muore
elaborate as it has to be contracted to a smaller diameter to
enable it to be withdrawn without damaging the partially set
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concrete. The inner cylinder should be of the full length of the
pipe to be cast. It is made in two segments with two gaps of 6 to
9 inches each (See Plate). Each segment has angle or channel
ribs (the Plate shows channel ribs) spaced about two feet centres
to the outer faces of which a % inch stoel plate is welded  The
gaps would be closed by wedge-shaped wooden beams, 6 to 9
inches wide and 4 inches deep, extending over the full length of
the cylinder. These beams are fitted near the top and bottom with
bolts with right and left handed threads. The bolts are connected
with bottle nuts by the turning of which the heams are drawn
towards or forced away from each other.

" A shaft fitted with two worm wheels is fitted to one of the
segments. The worms gear with two spur wheels fixed on to the
bottle nuts. By turning the shaft handle the two bottle nuts turn
simultaneously and the two beams are drawn together or forced
away. As soon as they get clear of the channel ribs of the segment,
the segments can be pushed in and the whole inner cylinder
agsembly lifted out. To prevent the wedge-shaped beams moving
beyond the cylinder face into the annular 8pace, two rings made

of flat steel, 3 in. x } in. are loosely fitted to tho top and bottom.

ends of the cylinder. These rings also serve to form a recess for
connecting consecutive pipe lengths.

The arrangement of the mould is shown in the accompanying
Plate. At Madras only one pair of holts was used, being fitted to
the centre of the beams, and a boy used to got in and turn the
bottle nuts. The pipes there were five foet long for diameters of
two and three feet, and three feet long for the 4-feet diameter
pipes. These lengths were standardised to facilitate conveying
the pipes by bullock-cart, two pipes of 2-feot diameter or one of
bigger diameter forming a full cart load. Tho suggestion made
here to have two sets of bolts, synchronously operatod, would
make the movement of the heams smooth and eany,

SIMPLE EQUIPMENT.

In addition to the moulds a pair of light tripod stands, a
differential pulley block capable of lifting two tons, and two or
three segment shaped stools about 3 feet high would be required.

The estimated weights and costs of pipe moulds constructed
on the above lines are given in the Table helow.

Only one pipe can be manufactured with one mould in a day.
For economical working, so that there may be no wastage of
labour, three moulds of eaoch size are desirable as one group of
labourers can easily manufacture three pipes per day. In most
cities the cost of pipes including adequate allowance for mould
rental and overhead charges at 15 per cent, is not expected to
exceed the figures given in the Table.
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TABLE
Details of locally manufactured pipes.

Standard length 6 feet : Mix 1: 1%: 3.

s \ ed
: ! Wi of | BRmated gpen | Steel F;gls’g‘;zi‘
Diameter | ) 14, coo 1 | thick- | per rft. foot of pipe
Feet. L1 mot ness, Lb.
). l Rupees. ‘ Rupees.
i ,
2 1200 950 21n. 8.7 7.2
3 2000 1350 2%, 15.6 13.0
4 2500 1600 3, 26.0 21.0

e pipes would have a shell thickness } inch more than that
Tfhf:: g(l)g;,esponding size of patent pipes mﬂ‘nufzmcture? by .fsomo
firms in India and would have 50 per cent more stee ]r(jm orce -

nt. While being cheaper in cost, these depa.rtmor'lta.l v manu-
Fz;.ztui'ed pipes would have greater beam strength. They do not

require collars.

18
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4 4-ft diameter pipe, 3 ft long.
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Appendix. I

o

'bserv-
ut the
m (A).

mare

apear-
F.&.G

’wﬁed a

Deflection.

Remarks.

No deflection.

No deflection.

Deflection of | in. at the
centre.

Deflection increased to } in.

Deflection increased to § in.

Deflection increased to one
inch. After 5 minutes it
increased to 1.1/16 inch:
after another 5 minutes to
1.3"; after still another
5 minutes to 14 in.

Deflection increased to 2 in.
and continued without fur-
ther loading. After 15 min-
nutes it was 24 in.

Deflection increased to 3} in.

Concrete was ocrushed at the
cracks and peeled off. Re-
inforoement bent at cracks.

Load maintained for one hour.

Load maintained for five min
nutes; no further development

Load maintained for ten min
nutes ; no development,

Load maintained for ten min
nutes; no further development

No further increase in deflec
tion.

No further increase in defle«
tion.
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(if) INDIAN STANDARD
RULES FOR ROUNDING OFF NUMERICAL VALUES

One of the carliest standards issued by the Indian Standards
Institution laid down rules for rounding off numerical values.
Apart from the popular practice of rounding off such values,
a simple rule has been suggested for treating ambiguous cases
like 1.3500, 1.4500.  As the Standard deserves to be widelv
known extracts* are given helow here with the permission of

the Institution.

1. PROBLEM OF ROUNDING.

1.1, In calculations involving numbers expressed to several
decimal places it is usually nccessary to follow a definite rule in
< rounding off ’,

1.2. The rule usually followed in rounding off decimals is to
keep unchanged the last figure retained when the first figure dis-
carded is less than 5, and to increase by 1 the last figure retained
when the first figure discarded is more than 5. There is diversity
of practice when the first figure discarded is 5. In such cases
some computers ‘‘round up ”’, that is, increase by 1, the last
figure retained ; others *‘round down”, that ix, discard every-
thing beyond the last figure retained.  Obviously, if the retained
value is always ‘‘rounded up 7, the sum and the average of a
series of values so rounded will be too large; w}.nle if always
« pounded down ”’, the sum and the average of a series of rounded

values will be too small.
2 RECOMMENDED RULES.

2 etting up rules for rounding off decimals there are
thre:glénei:lsc&sesg tll)mt should be considered. They may be

stated as follows :—
hen the figure next beyond. the last figure or plaCe
to be2.rfa.tja.'ine‘z¥ i.: Joss than 5, the figure in the last place retained

should be kept unchanged.
Example

1.2342 1.234 l
, 7 last figure or place to
, hen the figure next beyond the : '
be re2t,§,li.3ed ngnfol'e than 5, the figure in the last place retained
should be increased by 1.

1.23 1.2

’ . : ) . o ! . B " ards
i s 3 ard oan be had from the Indian Standar
® Cupies of the complete bttymgl:;d‘ O et aight amnas por copy.

Inatitudion, 19 Universi
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Example
1.6789 1.679 1.68 1.7

2.1.3.  When the figure next heyond the last figure or plice to
be retained is 5, and
(8) there are no figures, or only zeros, heyond this 5, if

the figurc in the last place to be retained s odd, it

should be increased by 15 if even, it should he kept

unchanged.
Example
1.35 1.4
1.3500 1.4
1.45 1.4
1.4500) 1.4

(b) If the 5 next beyond the figure in the last place to be
retained is followed by any figures other than zoro
the figure in the lust place retained should he incrwmi
ed by 1, whether odd or even.

Example
1.3501 1.4
1.3599 1.4
1.4601 1.5
1.45499 1.5

2.2. The above rules for rounding off decimals may he
tetained as follows : :

2.2.1. The figure in the last place to be retained should he
kept unchanged :

(8) when the figure in the next place is less than 5 :

(b) when the figure in the next place is 5 followed by no

other figures or only by zeros, and the figure in the
last place retained is even.

2.2.2. The figure n the last place to he retained shouid he
increased by 1

(8) when the figure in the next place is more than 5 ;

(b} when the figure in the next place
other figures or only by zeros,
last place retained is odd ;

is 5 followed by no
and the figure in the
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(¢) when:the figurc in the next place is 3, followed by
any figure or figures other than zero.

2.3, The final rounded value should be u}ﬁuined from 1_;110,
most precise value available, and not from a series of successive
roundings. For example, 0.5499 shpuld be rounded off succes-
sively to 0.550 and 0.5 (not 0.6), since the most precise value
available is less than 0.55.  Similarly, 0.5501 s'h(mld be rogndod
off as 0.550, 0.55 and 0.6, since the most precise value available
is more than (.55.

3. EXPLANATION OF RULES.

3.1. Justification of the recommended method of rounding
off decimals can be obtained from consideration of any large
group of decimal values in which random distribution of figures
occurs. It will be found that, on the average, the nl’x,mbe;r of
values ¢ rounded up > and the number rounded down ” will be
nearly equal. Therefore, the sum and the average of the rounded
values will be more nearly correct than would be the case if all
were rounded in the same direction ; that is. either all up or all

down.
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TREATMENT OF WET AGGREGATES WITH TURKEY
RED OIL AND SLAKED LIME FOR BITUMINOUS
ROAD CONSTRUCTION

By
1
I. S, Uprar, INDUSTRIAL RESEARCH Lasorarorims
DEPARTMENT OF TRIK ,
TMENT OF INDUSPRIRS, PuNsaB.

Bltunllq()lxs mixtures which are complex mixtures of hyd
carbqns having no definite chemical composition pla, zu; i I‘Y( e
role in the development of roads designed to mec{ thempmt.{mt
demands of 'modern traftic. Bituminous road surf&cinexuctmg
not on'ly resist the stresses induced by traffic and the fgs > mus?
expansion zfn'd contraction but must also retain their opertio
under conditions of severe exposure to weather. Kor t} AN
the perfect adhesion of bitumen to road u;,;gre‘nuev l}: purpoiu?
ii:lt]i):)frlt:tnt, fa(;torl. As a rule a bituminous mixt‘urz(u.,dlula're: (;ﬁlt.i
satisfactory to dry aggregate giving it . i 10ati ‘hen
properly mixed. But a bihtumiﬁous ﬁ\ixt;r::"(;(fg:lr:u:ﬁ():t,tlil-r‘kgtWhen
aggregate, and great difficulty iy felt in carrying (){lt (ilvyn wcli
whqn the aggregate stored on the road side gots w-t, oy
during the rainy season. * et specially

In order to overcome this diffic ine i
m_xrf&cga vactch’ substances such as hl:if\):;' l:];:(t);l;l(::&f;l(()::l n:) f' "Otl;:ﬂ
bituminous mixture or the treatment of tho aggregate »Ivitlm }e
c)ompouvnds has been recommended. |Road R.osearoh‘ 'I‘ec;]:;u;
Paper No. 12 - ** Properties of Road Tars and Asphaltic Bitu o
in Relation to Road Construction >’ issued by the De art n:;emfl
Scientific and Industrial Research, Road Rescarch ILub’(;lr(:;,o v
London.} It has also been reported that due to its phenolic co rt)f’
tuents tar has better adhesion properties than bitumen i,nn:hl-
presence of water and consequently use of creozote oil with :
Iea:at 10 per cent tar acid content has heen recommended a y
primer for pre-treating the stone chips prior to the addii;ion so?
the b'ntum'muus mixture. Snyder and Palvish (Ind. Eng. Chem
41, XI, 2649) have studied the use of various metallic SOADS & i
amine hydrochlorides for the bitumen coating of wet a lro nt(‘
and have finally found that the treatment of any type ogfgu o (
gate with cupric chloride and amine hydrochloride produc %gre-
excellent affinity for the bitumen. Silﬁil:»r-ly after carryi )? t
uxttensn(\;g oxp(-m;le;)ts the Harmondsworth Road R(‘;oar{‘hntag‘(l)t
ratory discovered that the nse of a soluti i : s an :
pyridipium bromide wasy (::)1111)191,(-];']ll:::;’:'c:;if;'iO‘,iii)tt:i ',md' o
(Chemical Age LX111, 1628, 427). e respect
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In view of its cheapness, ease of preparation, and availa-
bility the suitability of Turkey red oil for the pretreatment of
wet stone chips before coating with bitumen mixture was investi-
gated by the Author. Turkey red oil is a partially neutralised
product of ricinolic sulphuric acid having a chemical formula
Cyy H,, (S04)H CooH. Its main raw constituents, viz., castor
oil and sulphuric acid are abundantly available in this country
at cheap rates. Castor oil is probably one of the cheapest vege-
table oils available at present. The simplicity of the process
and the equipment required for the sulphonation of castor oil
allow Turkey red oil to he manufactured at the very site where
it is to be consumed. Concentrated Turkey red oil has got the
property of being miscible with water on the one hand and with
bitumen on the other and thus serves a good medium for the
bitumen to adhere to the stone surfaces.

Preliminary experiments conducted in the Laboratory showed
that although by treatment with Turkey red oil the stones deve-
loped & great affinity for bitumen, the coating was not stable
when put to the water-immersion test but when the requisite
quantity of slaked lime was added to the primer the coating of
bitumen becamo stable and did not strip off the stones during the
water immersion test at 40 degrees centigrade. After standar-
dising the optimum proportions of Turkey red oil and lime an
experiment was conducted in a rotating mixing drum. The
aggregate treated thus was put to the water immersion test at 40
degrees centigrade with very satisfactory results.

PREPARATION OF TURKEY RED OIL.

Tem pounds of commercial castor oil were taken in a wooden
vessel fitted with a mechanical agitator. Two pounds of concen-
trated sulphuric acid were added to the oil (stirring all the time)
at such a rate thatthe temperature of the mixture remained in
the neighbourhood of 55 to 58 degrees centigrade*. When all the
acid had been sdded the mixture was agitated for a few minutes,
and the vessel was covered and allowed to stand till the mixture,
which was tested from time to time, gave a clear solution when a
drop was ndded to a test tube half full of distilled water. The
reaction took about three hours to reach this stage when an equal
quantity of water was added and thoroughly mixed to a homo-
geneous emulsion. On allowiug the mixture to stand fer a few hours
the water layer separated and was removed by means of a tap
fitted at the hottom of the vessel. The oil was then washed two or
three times with about 25 per cent Glauber salt solution till it

was free from mineral acid.

xt Jr. LVI1, 688, 1016-1019,

* For details please see Ind, Te
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1. 0.5pe : ixi .
IRel;lc?)?lt. Turkey N}Il!x1ng was good resulbing in a
thin — bitumen coating  which

chipped off when immersed in

water leavi
ing the
coated. & the stone un-

2. 1 per cent lime]
alone.

3. 2 per cent Iime?
alone. J

Mixing not unifo i

! niform, slight chip-
ping off of bitumen in gwut.;:“st
40 degrees centigrade.

4. 1 per cent lime
plus 0.5 per cent
Turkey Red Oil.

Mixing geod b
ut ;
coat not stable. tt the bitumen
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5. 1.5 per cent lime Mixing good, slight chipping off

plus 0.5 per cent in water.
Purkey Red Oil.

6. 1.5 per cent lime Mixing easy; unaffected in
plus 0.6 per cent water.

Turkey Red Oil.

7. 2.0 pér cent lime Mixing was somewhat difficult

plus 0.5  per but the bitumen coat was as
cent Turkey stable as in No. 6. '
Red Oil.

It will be observed from the above results that the optimum
quantities of the Turkey Red Oil and lime for getting the best
results in the bitumen coating are 1.5 per cent lime and 0.6 per
cont Turkey Red Oil by weight of the aggregate. Where Turkey
Red Oil alone was used the coating was not stable. This was
probably due to the oil-in-water type emulsion formed by the
Turkey Red Oil on the stones. But when lime is mixed along
with oil an insoluble compound, i.e., calcium salt of ricinoleic acid
sulphonate is formed which acts as a binding agent between the
wet stones and the bitumen.
carried out with dry stones having smooth
surfaces (shingle) showed that the bitumen coating strips off by
immersion in water when no primer has been used, but the coat-
ing is stable when the stones are pretreated with a mixture of
T.R.0. and lime. From this it would appear that this pre-treat-
ment of the aggregate is not only required when the chips are wet
but also helps considerably in developing stable adhesion of

bitumen to chips when dry.

key Red Oil in the bitumen mixture was
tory procedure 8as, in that case, more of

the desired results.

A few experiments

Incorporation of Tur
not found to be a satisfac
it was required to obtain

Assuming that 3.3 cubic ft of , in—1 in. stone chips
(weighing 90 lbs. per cubic foot) are used for 100 sq. ft the
quantity of T.R.O. and lime per 100 sq. ft of treated surface work

out to:
T.R.0. - 1.75 1bs.

Slaked or ¥at lime - 5.0 1bs.

T.R.O. is not expected to cost more than nine annas a pound
when prepared at site, which means an additional cost of about a
rupee for every 100 sq. ft of treated surface. This is not much
considering the stability of adhesion which it imparts to the
aggrogate resulting in & more weather-proof road.



Whether it be a creteway to carry farm produce
to market, a national highway to carry fast-moving
automobiles and buses or an aerodrome runway
to ensure safe landings and take-offs, concrete
answers the purpose best. For concrete makesa
good pavement in every sense of the werd and
renders uninterrupted all-weather service at
fow annual cost.

For free advice on the uses of cement and its
correct application write to The Concrete Asso-
ciation of India, 82-84 Queensway, New Delhi.

" Farm to Markt Crateway

THE CEMENT MARKETING COMPANY OF INDIA LTD.

THE ASSOCIATED CEMENT COMPANIES LIMITED

SISTA'S.CMI. G
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LOWER DIGGING "\ %
COSTS AHEAD...
.With one of the greatest shovel develop-
ments in years...the P&H 955 with ﬁ fl
Magnetorque* Electric Swing! It means SHOVEL

greater production at lower cost —because MAGNET CRANS
it's far more dependable with less time- DISTRIBUTORS

outs. It's faster—with smoother starts and f :'&'m'!. ?ﬂ:ﬁ;ﬂmk’" : ,,'
stops— easi i illy Gopaldas Motors ‘
pPs—easier on mach:hmery. For full Branch e Agra Contt. WITH -
details, see your P&H distributor. CRAWLER GAANE  piug pamvIn E‘.?:t::chw;(ugzhz:’nmpn
Dol‘l Allied Motors Limited n I E s El

®T.M. of Harnischfeger Corporation for electro-magnetic type clutch Indere Vinod Motors
P&H Excavators range in size up to 6 cubic yards Jaipar Rajputans Trading Co.

w ‘ ' Tal M .
capacity : gasoline, diesel or electric power. W Lucknow Talwar Hotors
E :Mv:s Snm::on I& Co. Ltd.. 5 ToN
..w ranches at ngaiore,
x c A VATO R s URAGLINE ' Hot Ootacamund and Trichinopoly

Main Offices and Plants Nagpur Combine M;ton DUMP mucx
Rajket Coronation Motors.

Milwaukee, 14, Wis.
Wis., US.A. Branches at jomnagar and
%2 g -3 Ahmedobod
) AR : @ | Seconderabad Pacey & Co. Led.
GBI s g /’»’i

BACKFILLER TAUCK CAANS AUTOMOBILE PRODUCTS
P&H DISTRIBUTORS OF INDIA LIMITED aPY 3

PASHABHA' PATEL & Co" LTD. SHANDUP.BOM

ASSOCIATED WITH THE B00TES GROUPeeecsrsvescsccncssssccssnscccornees
Construction Houyse, Ballard Estate, B8ombay

AR
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AGRICO

IMPLEMENTS
help Arim %
GROW MORE FOOD

Strong, durable, easy-to-handie Agrico implements
are the first choice of farmers all over the country—
first essentials to successful farming.

MAMMOOTIES :
In three patterns including the popular Swan-necked design
Sharp culting edges ensura efficient working. Balanced

conshruction enables eesy handling.

I. (Shalimar) Road Tar macadam. __ oy

PICKS & BEATENS:

2. Waterbound macadam.__,

3. Adequate soling.

4. Stable formation.

Managing Agen:: .

TURNER MORRISON & €o.trvp, TAR PRODUCTS

6, Lyons Range, Caleueea ) l
- T { 935) LIMITED

-y

POWRAHS :

in five pellerns fo suit
varying work conditions
Made from high-carbon,
hest-treated sieal like all
other Agrico Implements.

. &

in four basic patterns designed
fo do various fypes of work.
Cuhing poinls are specially strength-
ened to retain sharpness. Exiremely
sturdy and long lasting. ;
:

. et

PTATA AGRICO /mpbmenms

CHE TATA IRON & STEEL

COMPANY LIMITE,-

Soles Office: 23.8, NetsjiSubhas Road. Calcutts
Branches at :  Bombay. Madras, Nagpur. Abmedabad. Kanpur. Secundersbad, Vizisnagram Centt.

and Jullunder Cantt

FW

- .
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FACTORY." SANKK
TALIIYUTIY, TIMNEY,

ALSALES LIMITED

UISE

axweld
Guaranteed

i | ©

BEST FOR R.C.C. WORK

Available with
ALSALES LIMITED,

9, Wallace St., Fort, Bombay.

Caleutta Branch :
30, gf\‘]‘.‘(‘;‘{f"l“’tﬁ\"“" Me;‘a[:;“li;o‘:i'lgmné
! . a .
Post Box No. fo'omd
169, Broadway, MADRAS

oy
.

TABILITY—

™
STORING UP Q
\

"
A\

WaTER AND < t\

The problem of storing water OF any liquid in bulk
is very easily solved by installing Burn's Pressed
Steel Tanks. Made of strong interchangeable plates
they are easy to erect in
elevated positions or on
the ground.

To accommodate 10,000 or
1000 gallons is simple—
merely a matter of more
or fewer plates. The
plates are easy to handle,
tank erection is speedy
and presents no difficul*
ties even in locations in-
accessible to other types
of tanks.

P

R

BURN & CO.

HOWRAH IRONWORKS, HOWRAH

\ Managing Agents MARTIN BURN LIMITED. 4
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Jandola Roac.i Bridge, North West Frontier Province, 38 R.S
Joist Spans, 36-feet, on Serew Pile Piers. '

BRAITHWAITE & CO..
(INDIA) LIMITED

a1 - 89 ’ C. 5’
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BRC

Welded Fabric

EVERY WELL PLANNED ROAD LAID IN
REINFORCED CONCRETE
IS A STEP NEARER TO NATIONAL
HIGHWAY .PERFECTION

Is Reinforcement At Its Best For Roads.

SOLE AGENTS:

HEATLY & GRESHAM

ESTABLISHED 1892 LIMITED INCORPORATED IN ENGLAND

P. 0. Box 190 P. O. Box 225 P. O. Box 228
CALCUTTA BOMBAY MADRAS
L-18, Counaught Cirous No. 4, west Wharf Road, P. O. Box 46

NEW DELHI KARACHI 2 LAHORE

BRC is manufactured i India wnder license frome The British Reinforcerd

Concrete Ingineering Co., Ltd., Stafiord. England.




BITUMULS

COLD BITUMEN EMULSIONS REQUIRE
NO HEATING

““ Direct From Drum To Road”’

For construction of

ROADS
FOOTPATHS
ASSEMBLY AREAS

RAILWAY PLATFORMS
AERODROME RUNWAYS

S ) . . . .
pray pumps and ex-service supervisors provided
free for all major works

Full Particulars and Technical Advice from : —

BITUMEN EMULSIONS (Noin) LTD,

Head Office, Factory « Laboratory.
7'1 HIDE ROAD, KIDDERPORE, CALCUTTA.

PAKISTAN FACTORY
LAHORE CANTONMENT.

Telegrams:— BITUMULS.

‘xi

WARSOP

ROCK DRILL

The most modern

self-contained One

Man power-tool for

. Stone Quarrying

. Surface Mining
Prospecting

. Trenching for power,
water & sewage lines

. Breaking concrete &
general demolition

BENFORD

CONCRETE MIXERS

& W -

[+

Migers from 5 c.ft. max.
input and 3} c.ft. max. out-
?ut to 10 cft. input and

c.ft. output—with Diesel,
Kerosene, Petrol or Elect
ric drives—available from
stock.

The fuil sange of Pegson machi-
- nes inclydes:

1. Jaw Crushers & Granulators

2. Gyratory Crushers

3. Vibrating & Rotary Screens

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

Apply for detadls boi-
Branch Offices : —

p. O. Box 168, NEW DELHI

26 Errabalu Chetly St.,
G.T. MADRAS

Cox St., COIMBATORE

I Garlicke Co.Ltd.

JACOB CIRCLE, BO’MBAV ]

SISTA'S—G. 15-B.



xii

MARSHALLS

FOR

% ROAD ROLLERS.
% STONE BREAKERS.
% GRANULATORS.
% DIESEL TRACTORS.
% CONCRETE MIXERS.

% CONCRETE BATCHING PLANT.

% CONCRETE SPREADERS AND FINISHERS.

+ EARTHMOVING MACHINERY
ETC., ETC.

CONSULT :—

MARSHALL SONS & Co. (India) Ltd.
CALCUTTA, BOMBAY, MADRAS, NEW DELHI.

xiii
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On the WELING-BARFORD
Damodar DUMPERS

Providing a rapid, reliable
service under all off-the-
road conditions, Aveling-
Barford Dumpers 43, 9
and 10 cu. yd. capacities,
have prove

theideal
machines for
ceonomical
short and
medium haul
transpore,

Di;t\ribuwrs: Distributoys:
' ey R >t . . .
L. })_ (u'::d }‘ ::;I’,::}:(l“(‘ld(l;l)fl) o Fastern and Southern Regions
GREAVES COTTON
. JESS . .
& CO, LTD. ‘ OP & CO,, LTD

No. I.-Forbes Street, Fort, Bombay. : 63-Netaji Subash Road, Calcutta.

EURIT

THE BRAITHWAITE BURNAND JESSOP
CONSTRUCTION COMPANY, LIMITED

P-13, MISSTON ROW EXTENSION, CALCUTTA
ENGINEERS AND CONTRACTORS
GENERAIL ENGINEERING CONSTRUCTION
INCLUDING
BRIDGES, JETTIES, PIPE’LINES. FOUNDATIONS.
ETC.

Sole Licensces in India for

FRANKI COMPRESSED CONCRETE PILING
AND

h- “SCREWCRETE ” FOUNDATIONS

A STAR IS BORN

As a result of planning and
rescarch  the star  product
VEMBANAD BRAND
CEMENT is born from
the inexhaustible resources of
the Travancore-Cochin back-
waters. No need to despair
when TRAVANCORE

CEMENTS LTD., cap
goods of the very

deliver the
hest quality.

TRAVANCORE CEMENTS LTD.

REGISTERED OFFICE: KOTTAYAM
Factory: Na'ﬂakom:r_‘l(og\_ga‘y%%

N *&Jr \

e o




GANNON DUNKERLEY & CO., (MADRAS) LTD.

CIVIL, SANITARY AND CONSTRUCTIONAL ENGINEERS.

*

SPECIALISTS IN DESIGN AND CONSTRUCTION
OF R. C. C. STRUCTURES, BRIDGES, BUILDINGS,

WATER SUPPLY AND DRAINAGE SCHEMES,

SANITARY INSTALLATIONS, ETC.

*
Registered Office:

14, BOAG ROAD, MADRAS - I7.

“ VITOPUS **, Madras

Telegrams :

88316

Telephone :

Vil

M.n you know, asphalt

is the easiest, fastest and moa¢
economical way to build ncw
foads or repair broken surface,

J “An

INDUSTRIAL ASPHALTS
MULSIFIED ASPHALTS

tion

PAVING ASPHALTS @
CUTBACK ASPHALTS @ E

{
sad for technical assistance and sdvice without obligs

write to

STANDARD-VACUUM oIiL CO.

Limited)
. s of che Company 13
(The Ulability of the Membe! Karachi - Madras - Rangoor  wa

Sembay - Calcutts * Coiombe - Now Delbi -



MILLARS’
MACHINERY

Concrete Mixers—Tilting and non-Tilting Types.
Asphalt Mixers—for ot and Cold Mix.

Roller Pan Mixers—ior Mortar.

Diaphragm Suction Pumps for effoctive lift up to 26 ft.

Self-Priming Pumps for handling Seopage nt lowest
possible cost.

Tower Holsts for speedy construction

Complete Wellpoint Pumping Equipment for dowatering™
the only successful method of combating running sand.

TINMBER
HARDWOODS - SOFTWOODS - PLYWOODS
MILLARS’ TIMBER & TRADING CO., LTD.
(INCORPORATED IN ENGLAND)
Victoria House, Victoria Road, BOMBAY 21.
Telephone: 41077 Telegrams: )JARRAH

DBranches and Aqgents throwihout the World.

The arch has a clear span of

268 feet and a rise of 130 feet.

TEESTA RIVER BRIDGE-“l.lein!nrccd Concrete arch bridge over the Teesta River
in Northern Bengal.

xix

BOMBAY-1

CONSTRUCTKD Y

J. C. GAMMON LIMITED
BALLARD ESTATE

HAMILTON HOUSE
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DRAINAGE ALLOCATION

Here is a sure way to save money on smal)
bridges, culver's and other diainage structures,

Just spealy APMCO MULTLPLATE Fipe, Arches
and PIPE-ARCHES,

The precurved, cortugated metal plates are hght
n weigh! wnd cawy to handle, Unskiled labour
quickly Lolts them into sturdy, lergdasting strue-
lures. Only a few simple hand tocis are needed,

Yeur compirte-d MULTLPLATE stigetare will re-

Gu pracucally 1o murenance.  Ard if conds
u-

5 change, MULTI FLA can aladay: be exten-
ded, or if neccssary, curipletely dumantled and
re-ciected  at another location  withowt loss of
material,

ARMCO MULTI-PLATE is especially cconomical

fo transpoit. Individuil sectons nest into small,
compact bundles.

Wiite for complete data,

~ ARMCO "7/‘ INDIA LTD.

21, ESPLANADE MANSIONS
CALCUTTA.

RONGDONG  CROSSING, ASSAM RAIL  LINK lae

i 3 ARMCO MULT!I PLATE PI1PT. ) GAUOE
' Battery of Eight Pipes. Each 120 dameler,
l T i 176 long Fill 40,

ANSAL

WITH

ALFA ROMEO

DIRECT INJECTION

DIESEL ENGINE

in earth moving.

Bombay
MOMANW! CORPN (TD

Co-operative Buniding

Sl Phirozsheh Mehta Rosd
e

ot

BULLDOZER - ANGLEDOZER * ROAD

already at work in India at the

damodar valley d:m proiefc;ay
/
Eﬂ IRE -FF/C

MORE WM%’E !ﬁ/wﬂf /

with Five speeds forward snd Faur
in reverse the ANSALDO TCA
70 with 8 Drawbsr Horse Power
of 52 and the AF 8 with Drawbar 2
Horse Power of | 3 leadthe field i

Delhi
MOHANW!I CORPN

naught C.reus
Carnaug! Now Delh.

DO

CRAWLER
TRACTORS

TCA 70

Calcutts
“iap ORI

L0 ¢1 RADMA BAZAR LANE

26K Shershing Buiiding  gis TMMEDIATE ”um:
EX-STOCK  CALCUTTA.
[ dadd

AF 8

/s

RIPPER




1762-1951 !

For Nearly Two Centuries

BREITHAUPT

(Germany)
have been delivering

THEODOLITES
AUTOREDUCTION-
TACHEOMETERS
TRANSITS
ALIDADES

PLANETABLE
OUTFITS

GEOLOGICAL-AND
MINING-COMPASSES

.

CONTACT DEALERS:

OR
THE SCIENTIFIC INSTRUMENT cO., LTD

11, Esplanade East, 29, Regal Bulldings, 240, Hornby Road:
CALCUTTA - 1. NEW DELHI- 1. BOMBAY - |-
6, Tej Bahadur Sapru Road, 30, Mount Road,
ALLAHABAD . |, MADRAS - 2.

x<xiii

DIAMOND
HARBOUR ROAD

8th MILE

USUAL ACCESSORlEs‘

for all Surveying work,

H.3 TING CO. OF INDIA
Loy "H:u OiL STORAGE & DISTRIBY MADRAS

2" Shelcrete in 1935 sealed with Colas in
1937. Resealed with bitumen in 1946.

TRAFFId—HEAVY BULLOCK CART

in England)
LTD. Alncorpou':c‘dwn e

BOMBAY ° S 9‘/“
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USE 100/ INDIAN ROAD TAR

FROM INDIAN COAL MINE

N THROUGH
INDIAN

CHEMICAL INDUSTRY

CONCRETE HOLLOW BLOCKS

® Strong

® Durable
® Smooth

® Economical

Made with

WESTERWORK MACHINE

Contact

THE WESTERN MANUFACTURING CO,,
Haxsan Clinmbers, .38, Ganaah 8, Tirumurthi St
Parseo Buznr Sy, Chandra Avonne, T. Nngar,

Fart, BOMBAY, 1, CALCUTTA, 13, MADRAS, 17 J

2" TARCRETE WORK IS IN PROGRESS
KRISHNAGAR - HRIDOYPUR ROAD

AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LTD.
94, Chittaranjan Avenue, Calcutta - 12 == o
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Manufacturers & Suppliers of :
AIR COMPRESSORS
AIR LIFT PUMPING PLANTS
DIAMOND DRILLING PALNTS
ELECTRIC TOOLS, A.C. & D.C.
HICYCLE ELECTRIC TOOLS
MINING EQUIPMENT
PNEUMATIC TOOLS
VACUUM EXHAUSTERS
VACUUM PUMPS, &c., &c.

THE

Consovioareo Pueumanc
TOOL COMPANY LIMITEOD

Contractors to the
BRITISH ADMIRALTY, WAR OFFICE, AIR MINISTRY, INDIAN
GOVT. & RAILWAYS, FOREIGN GOVTH., RAILWAYS, e

BOMBAY CALCUTTA KARACHI LAHORE MADIA’
PO, tiox 205, 100, ltox 86, PO Bex 170, PO, Box 185, P.0. Box 198
s
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You need tough equipment for road making and other gra«i‘in'g jobs, anc? yo'u can’t
»assemble’’ toughness into a machine. You've got to build it in. Caterpillar’ Motor
Graders are completely built by one manufacturer. That's why *Caterpillar Dnesg!
Motor Craders make light work of ditching, levelling and all those tasks where big
power is wanted. They are designed o . . B

to give the maximum performance PY

with the lowest fuel consumption. c aterpl a r
Ask your nearest Distributor about ‘Cater- e rers ey

milar’ Diesel Equipment. He will be gled

to give you a demonstration aud :how you 7’" 4 / inGING)  TRACTORS

L i Y MOTON GRATIRY

e the best in the field! ’/l/ //l’//«/ ‘ 1A0 HmOVING RO THENT
Waegor

N ‘Caterpillar’ Distributors in India
TRACr LRFA N Y BOMBAY HIRRXE
L(c)n?f “NDM) LARSEN & TOUBRO WIIL(OX (Buckwell.
P ted Limiied India) Limuted
85, 1) P o) B 1K L R e

Sales and Service
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