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INDIAN ROADS CONGRESS
NOTICES AND ANNOUNCEMENTS

CONTRIBUTION OF PAPERS FOR THE
SESSIONS OF THE INDIAN ROADS CONGRESS

The Nineteenth General SBSSiOIl of the India,n Roads Congress
be held from 18th to 25th at Srinagar (Kashmir) in June %955.

The deta.il.ed programme of the Session will be communicated to
Members in due course.

2. Prqcedure: Meml?ers who intend to contribute Papers
on any subject connected with Highway Engineering are request-
ed to intimate the fact to the Secretary, Indian Roads Congress,

and to send a short synopsis of their proposed Papers as ecarly as
possible.

On receipt of acceptance of the subject matter of the Paper, the
Mezpber concerned should send his contribution to the Secretary,
Indian R_oa-ds Congress, complete in all respects and with origi-
nal drawings, photographs, etc., as and when ready. At least
three copies of the typescript matter should be sent, typed
(double space) on one side of good stout paper of foolscap size.

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

20th Session, should preferably be submitted within next
six months.

From pa.st_ experience it is observed that most of the
Members send in their contributions at the last moment, when
the Congress office is busy on work connected with the Session. As
it takes a long time to get Papers printed in the Journal and as it
is desirable that Members should have time to study Papers well
in advance of the date of the Session, it is hoped, that Members

:‘;ial'}iymake an effort to send their contributions as and when

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

4. The younger engineers are particularl

: i ' rly requested to
contribute Papers which, if required, will be suitably edited by
the Indian Roads Congress office before publication.
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5 MEDALS: The following Medals are available for

(i) The Mitchell Medal :

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

(i) The Indian Roads Congress Medal:

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

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

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



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

1. The following Medals are available for award :

(:) The Mitchell Medal:

This is & bronze medal to be awarded annually for exception-
ally good Papers contributed to the Indian Roags Congrgss in
any year. This h'as be‘en instituted to perpetuate Sir Kenneth
Mitchell’s connection with the Indian Roads Congress.

() The Indian Roads Congress Medal:

This is_also a bronze medal to be awarded annually for
Papers con§1dered by the Council of the Indian Roads Congress to
be of a decidedly more than average merit.

2. PROCEDURE FOR CONTRIBUTION OF TECHNICAL
PAPERS

2.1. Our procedure in the past had been to invite Members
to contnhutg Papers a few months before the holding of the
General Sessions of the Indian Roads Congress. On receipt, the
accepted Papers were circulated in advance to Members for prior
study a month or 80 before the date fixed for discussion. This
procedure 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 dis-
cussion at the Congress Session.

2.2. It has, therefore, been decided by the Council that
Members should be invited, to contribute technical Papers
throughout the year, as and when they are ready, and that the
accepted Papers should be published in the Journals of the
Society which, it is hoped will be issued quarterly in future.

2.3. The Council considers that this wi i

3 ill give Members
more time tostudy the Papers and will also facilitag'oe editing and
printing. A record of the discussion and the comments received

by correspondence will be published with the Author’ . "
the Journal issued after the General Session.e uthor’s replies in

2.4. It will be realized that it will onl i i
t : y be possible to give
effect to this new scheme if Members co-operat£ The Cougncil
makes this special appeal to members to contribute Papers for
discussion throughout the year at their convenience,
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3. RULES FOR THE CONTRIBUTION OF TECHNICAL
PAPERS

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

3.2. Members intending to contribute Papers to the Indian
Roads Congress on any subject connected with Highway Engi-
neering are requested to send their contributions to the Secretary
as and when these are ready without waiting for a special
invitation,

3.3. TFinal acceptance of the Papers rests with the Counecil.
In order, however, to avoid disappointment through the Council
having to reject Papers owing to an excessive number being
written on any one subject or for any other reason, it is requested
that any Member intending to write a Paper should intimate to
the Secretary the subject on which he wishes to write and enclose
a short synopsis of the proposed Paper. He will then be informed
whether his offer can be accepted.

3.4. The Council reserve the right to publish any Paper in
the form of an abstract. When a Paper is published in abstract
form the manuscript copy of the Paper as sent by the Author will
be added to the Indian Roads Congress Library and made availa-
ble for inspection by interested Members.

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

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

4. SCRIPT

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

a. All contributions should be drafted in the third
person.

b. Papers should be typed on one side of good stout
paper of foolscap size, double spacing being used and
an ample margin (not less than 2 inches) should be
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left on the left-hand side. At least three copies
of the typescript matter should be sent.

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

5. ILLUSTRATIONS
5.1. Illustrations.fall into two classes, viz.,
a. Line drawings.
b. Hali-tones.

5.2. Line drawings should be made in black Indian ink on
guperior white drawing paper or tracing ecloth. Blue prints are

of no use for reproduction and black line prints are also
unsatisfactory.

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

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

5.3. Diagrams:—The matter for the Journal is printed in
10 pt. size type (nearly 1/16 in. height); therefore, the written
matter in diagrams should be s0o made that the size of the letter
when reduced for reproduction should be about 1/16 in. The
printed area of a page measures 6} in. deep by 4} in. wide.
Therefore, the ultimate size of such drawings will not generally
be more than 5 in. X 4 in. Thus, if a diagram is to be reduced

to one quarter of the size submitted by the Author, the lettering
on it should not be less than } inch in height.

5.4. Plates:—Plates should preferably be prepared in widths
that are multiples of 7} in.  The size of letters used in the plate
should be so chosen that after reduction no letter would be less
than 1/16 in. in size. Thus if the width is 15 in. the minimum
size of the letter should be % in. The thickness of the letter should
also stand corresponding reduction. The title should be in the
right hand bottom corner in letters of such size that when reduced

the size v_vill at least be § in. The name of the Author may be
printed, if desired, at the bottom right-hand side.

5.5. Scale should be drawn in the plate below the title
to admit of reduction of drawings without altering the correct
relation of the scale to the drawing. Mere mention of the scale
thus ‘‘Scale 10 ft = 1 inch’’ should be avoided as this would

beuincorrect when the size of the plate was reduced photographi-
cally.
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5.6. Coloured inks should not be used. When it is desired

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

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

From the standpoint of pleasing appearance, arectangular

graph or drawing with proportions between 3 by 5 and 3 by 4
is to be preferred to a square one.

The appearance and effectiveness of a graph depend in
a large measure on the relative width of lines used in its
component parts. The thickest line should be used for the
principal curve if several curves are presented on the same
graph, the line width used for curves should be less than that
used when a single curve is presented. Co-ordinate rulings should
be the narrowest in thickness. Principal reference lines such as
the axes should be wider than other rulings but narrower than
curves. For the size of reduction that is usually adopted, for
the I. R. C. Journals, it is considered that the thickest line when
Jfinally reduced should not be more than 2% points, i.e. 0.035 inch
in width.

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

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

6. BRIDGE DETAILS
6.1, Members contributing Papers on any bridge work
actually carried out are requested to give inter alia
the following details :

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

b. A dimensioned cross-section of the roadway;

¢. The loading on which the design is based ;-
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d. The cost per square foot of the elevation area com-

prised by the formation level and the bottom of the
foundations ; and

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

7. UNITS

7.1. Members are particularly requested to use the standard
units of weight, measure, and cost given below :

STANDARD UNITS OF WEIGHT AND MEASURE

Description of work Units to be adopted

1. Road material such as metal

gravel or moorum, sand 100 cu. ft.
2. Binder in surface dressing
and grout 1b per 100 sq. ft.
3. Binder in premix, oarpets, 1b per cu. ft. of aggregate.
etc.
4. Cement By weight and not by
volume,

b. Water-Cement ratio ...gallons of water per

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

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

6. Cost and Rates

8. FORMULAE

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

9. ABBREVIATIONS

T,he use of abbreviations should be avoided. For
6-2"x 3'-3" should be written 6 feet 2 inches by 3 feet

3 inches. Similarly 225° C, should be written as 225
degrees centigrade, and so on,

9.1.

10. ITALICS AND EMPHASIS

10.1. Only those words and phrases which are to be printed
in italics should be underlined.
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11. PARAGRAPHING

ivisi -divisi designated by
11.1. When divisions and sub-divisions are g
numbers and letters, the following symbols may be used in the
arrangements indicated.
I
11.

(i)
(ii)
12. ACKNOWLEDGMENTS
i i in the Papers should
1. Sources of quotations appearing in t r -
be st.laield angua.cknowledgment should be made for all imforma

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



11I. PROCEDURE REGARDING THE DISCUSSION OF
PAPERS AT THE ANNUAL SESSIONS OF THE
INDIAN ROADS CONGRESS

1. The order in which Papers will be taken up for discussion

will be decided by the Council and intimated to members attend-
ing the Session.

2. Every Chairman presiding at the discussi
will be introduced to the audience ign appropriate :e;(x)x?s Oéixax‘li];:ﬁ;r
the Chairman will introduce the Authorand will call 1;pon him to
present his Paper for discussion. (The Paper will be taken as
read.) Introductory remarks shall not ordinarily take more than
10 'mmutes and, unless the Author had something new to say
which came to his notice since the submission of his Paper, the
introduction should be limited to 250 words. After the intr(;duc-
tion, the Paper will be open to discussion.

3. To facilitate the conduct of business i

time for variqus sittings and individual Paperz?%htggz glex:if'g)uns gf
raising questions or offering comments at the meeting should
inform the Secretary well in advance (at least 24 hours before the
meeting) about the Papers on which they would like to speak and
!;he. time they would take. Those who have not given the required
intimation to the Secretary may, at the discretion of the Chairman
be allowed to take part in the discussion if time permits and

after those who have intimated their i ! 1
advance have spoken. eir intention to speak In

4. A copy of the comments which a member intends to make

should be sent in advance to th
copy endorsed to the Secretal?y. © Author of the Paper and 2

5. If the comments are like]

) : y to take more than ten minut
(:: 1El3h%y x‘;xvglve lengthy mathematical matter or diagra:xrll: ei:
1 out‘ L e kesgable to send a copy of these to the Secretary’ at
tea; v;t}sle 8 e.fore the date of the meeting so as to enable him
n(n)ee:'i‘;eg b:fx:)lrgrtlﬁlteg and circulated to all members attending the

e discussion on the Paper takes pl
comments may, at the discretion of the Chai o aken
read and the members makin 11 thone o b o aiond b
A g them will thus only b i

explain generally the nature of his comments, '.[yhe eAl:;lh‘:)l:ev?iltlo

if possible, repl . .
mal.)de ora.llyl.‘ ply at the meeting as if the comments had been

of a.g' il:.ge:lmbers' who do not want to speak but want clarification
rema}l’c fes arising out of the discussion or the introductory
tks of the Author should write out their queries on
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« Comment Slips’’ which will be provided for the purpose while
the discussions are in progress. Volunteers will be deputed to
distribute and collect these slips at frequent intervals. The slips
will be sorted out by the Secretary and at the end of the talk by
the Speaker or Speakers, the Chairman will read out the queries
and the Speaker or the Author will give a reply.

7. Members who are unable to attend the Session and who
desire to comment on any Paper should send one copy of a note
of their comments to the Author of the Paper and two typescript
copies to the Secretary. A gist of the comments together with
the 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
time the discussion must be brought to a close, the Author will be
called upon to reply.

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



IV. LIBRARY

1. Information and books on loan from the libraries of the
Consulting Engineer (Roads) and the Indian Roads Congress are
available to Members of the Indian Roads Congress and can, on
application, be had of the Secretary, Indian Roads Congr’ess
New Delhi under the following arrangements : '

(a) For Members of the Indian Roads Congress who

are in the service of the Central or State
Governments.

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

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

(b) For Members of the Indian Roads Congress who

are not in the service of the Central or State
Governments.

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

2. T!le librar_y is intended primarily for reference. It is the
source of information from which the Secretary, Indian Roads
Congress, is enabled to answer enquiries addresged to him.

3. Books are loaned for reference only and not for con-
tinuous use. The library cannot be expected to relieve officers

of the necessity of purchasing books required constantly or for
long periods of time.

4. Ordinarily not more than two books will be issued at &

time, but in special cases a larger number m i
discretion of the Secretary. ay be issued at the

5. The following rules will be strictly enforced :

(8) Books are issued for one month in the first instance.
If a book is required for a longer period, an intima-
tion should be sent to the Secretary, Indian Roads
Congress for renewal before the due date of return.
The b‘ook may then be re-issued for another month
at a time at the discretion of the Secretary, but in no

case will any book be issued for a total period
exceeding three months.

'NOTE : All Mombers of the Indian Roads Congress, not in arrears of
subscription for more than 90 days, are entitled to bo;gow l;ooks,m rrears of

(b)

(c)

(d)

(f)
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1f a member does not return library books when the
period of loan has expired or in any case within three
months of the date of issue and thus deprive other
members of their use, he will be liable for a fine at
the rate of one anna a day for every day of retention
up to three months and two annas a day thereafter
up to six months. The Secretary will also have no
power to issue any more books to the member until
all the books already issued are returned. If all
books are not returned within six months, twice the
cost of the books will be debited to the borrower in

addition to the fine referred to above.

Current issues of Journals cannot be issued to mem-
bers outside the Consulting Engineer (Road Develop-
ment)’s office, but back issues of certain Journals
may be sent on loan for a limited period.

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

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

1f, during the period of issue to & borrower, any book
is lost or so damaged as to be unserviceable for future
use, the Secretary shall recover from the borrower

a sum equal to the cost of obtaining another copy
of the book.

Instructions:

(a)

(b)

No acknowledgment is required other than the postal
acknowledgment card.

While returning books, care should be taken to get
them adequately packed to prevent damage in transit.

They should be sent ‘‘ registered and acknowledg-
ment due.”

General :

(a)
3

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

(e)

LiBrarYy RuyLis

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

Members who retain hooks for longer than a month
after they havo 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 and/or charged subject to the
penalties stated in these rules and deprived of all the
privileges of membership until the dues are paid.

V. NEW ADMISSIONS
LIST OF MEMBERS OF THE INDIAN ROADS CONGRESS

ENROLLED FROM

1—10—1954 TO 15—2—1955

Seréal

Roll

No. | No. Name Address

1 1851 K. K. Sarda Exccutive Yngineer, Roads Con=-
struction Division, Sirsa, District
Hissar.

2 1852 V. M. Bawishi Suporintending Engineer, P.W.D.,
B[R, Saurashtra, Rajkot.

3 1853 K. B. Mathur Assgistant Engineer, P.W.D., B/R,
Rajasthan, South Sub-Division,
Alwar.

4 1834 T1.D, Vyas Deputy Engineer, P.W.D., Dilaram,
Race Course Road, Baroda.

5 18556 B.N. Sahay Sub-Divisional  Officer, P.W.D.,
Road No. 9, Qr. No. 3, ‘R’ Block,
Patna, (Bihar).

6 1836 Alam Singh Assistant Professor, M. B.M. Engi-
neering College, Jodhpur.

7 1857 T.S. Khanna Senior Scientific Officer, The Central
Road Rerearch Institute, C.R. R.I.
Post, Okhla, New Delhi.

8 1858 R.T. Ghia Executive Engineer, P.W.D., Sorath
Division, Junagadh.

9 1859 S. Balbir Singh Assistant Engineer, Central Works
Sub-Division, No, I, Central
P.W.D., Dhanbad.

10 1860 T. M, Sidhwa Assistant Engineer, U.P., P.W.D,,
B & R, Meerut.

11 1861 J.G. Bodhe Consulting Civil Engineer and
Architect, 24-26, Dalal Street,
Fort, Bombay.

12 1862 P. C. Varghese Lecturer, Civil Engineering Depart-
ment, Indian Insitute of Techno-
logy, Kharagpur. (West Bengal).

13 1863 Bhawanath Prasad Assistant Engineer, P.W.D., Saharsa,
District Saharsa. (Bihar),

14 1864 J. M. Frederick Chief Engineer (Highways), Andhra

State, 11/12, First Line Beach,
Madras-1,

————
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Nsw Abpwmissions Erc.,

ASSOCIATE MEMBERS

Messrs Shah Construce 198,

tion Co. Lirl Churchgato Reclamation,

Jamshadji  Tata Road,
Bombay-1,

Messrs Burn & Co. L4, 12, Mission Row, Post Box
No. 191, Caleutta-1.

VI. DEATHS

The Council have received with regret intimations of the
following deaths:

Sertal| Roll ‘

e
-1

[ &5

Communications addressod 1

. g 2ssed to th
unclaimed by the Post Office e
the present address of any of om ¢

Soorntamy, Tt o of 2 C%l:)ér;;mm are requosted to forward particulars to

Neame J Addyess
A. Burns Lawson The Hindustan Construction Co.,
Ltd., Ballard Estate, Bommbay.
M. N. Patni

Fxcoutive Engineor, City Division,
Bikanor,
M. N, Bhuy i i i
uyan Iixocutive kngineor, New Capital,
Bhubaneswar (Orissa).

VII. ADDRESSES WANTED

b wing membhers have boen returned
Members able to give information regarding

S.

Name I
J Address as last known

Ajwani, J. M. Cjo. Shri Moti G. Ajwani
56, Bhagwandas Chawl, Bh i
Peth, Poona. " e

Krishnappa, §. Surveyor Assistant (M., I3, S.)

Cfo. Shri M. K. Subba Rao,
B-7/125, Lodhi Colony, New Delhi,

VIII. FIFTH MEETING OF THE INTERNATIONAL
ASSOCIATION FOR BRIDGE AND STRUCTURAL
ENGINEERING, LISBON.

The subjects for the 5th Congress of the I A B S E, which
will be held from 18th to 23rd June 1956 at Lishon, are as follows:

GENERAL QUESTIONS
1. Loading and Strength of bridges and structures.

a. Behaviour of materials and structures under statical
long time loading.

b. Behaviour of materials and structures under dyna-
mical loading. (Vibrations, fatigue, impact.)

II. Slabs and various curved structures in rein-
forced concrete.

a. General calculations (in elastic and plastic fields);
experimental methods,

b. Application of the methods of calculation to steel
structures.

c. Application of the methods of calculation to rein-
forced concrete structures.

STRUCTURES IN STEEL AND LIGHT METAL
I1T. Welded steel structures.

a. Systematic investigation of constructional details
(theory and experiment).

b. Structural steels for welded structures.

c¢. Various welding methods for the execution of welded
steel construction.

IV. Structufes in steel and light alloys.
Light construction in steel.

a.
b. Construction in light alloy.

Q

Variousa structures (Power transmission poles etc.)

&

Maintenance of metal structures,
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STRUCTURES IN REINFORCED AND
PRESTRESSED CONCRETE

V. Special problems of reinforced and prestressed
concrete.

a. Crack f(.)rmat'ion (Use of high tensile steels and
stecls with high bond strength, and anchorages,
distribution of reinforcement, shear strength).

b. Influence of atmospheric actions and of temperature

changes on the behaviour of structures.

c. Safety (calculation against cracking, rupture etc.)

VI. Practice of reinforced and prestressed concrete.
Fixecution of the structures (formwork, shuttering,
placing and control of concrete, transport of

concrete, jointing of pre-fabricated elements, obser-
vation, control and maintanence of structures).

b. New developments.
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SYNOPSIS

A procedure for analysing homogeneous clay slopes by ‘ Resistance
Envelopes*” is described. It is claimed that *‘‘Resistance Envelope
which is evolved by assuming a number of ‘* Circles of failure >’ for a given
slope, can be used as a design curve for that slope.

_ The results show agreement with’ thoso obtained by the * Friction
Cirele > method. Worked out examples are given.

1. INTRODUCTION

1.1. Soil slopes are usually analysed by the Swedish method.
This method was originated by Petterson who first applied it to
the analysis of the failure of a quay wall in Sweden in 1916. The
following assumptions are made :

(s) The material is homogeneous.

(b) The shear strength characteristics of the material
are known,

(c) The slope fails by sliding along an arc of a circle.

1.2. Different procedures have been recommended for the
analysis of slopes by this method but all of them require a know-
ledge of the actual values of cohesion ¢ and the angle of internal
friction @ before the analysis can be made. Generally the value of
¢ is assumed and the factor of safetytof the slopes withrespect to ¢
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is cg.lcula.ted by trial and error. However, the whole opora.tion
of t:,na,l aqd error has to be repeated if the value of @ is changed.
This entails as many operations of trial and error as the number
of values of @ assumed. Hence it is very desirable to dovelop &
procedure by which the trial and error work is done only once
and solutions for any combinations of ¢cand ¢ can be readily

found without recourse to additional trial and error. This
Paper describes such a general procedure.

9. THEORY OF THE SUGGESTED GENERAL PROCEDURE
2.1. Consider a unit length of plane slope of homogeneous

material represented by ac in Fig. 1. Let arc ab represent the
assumed sliding surface. The mass above «bis in equilibrium

Variation of
Normal Stress

Fig. 1. Equilibrium of a Sliding Muass of Soil

under the action of three forces :
(8) The weight of the mass (W).

(b) The shearing resistance (8S) of the soil along arc ab.
(¢) The normal pressure (N) along the arc ab.

22. T
vary alongh:h:ormal pressure and shear resistance developed
arc ab as indicated in Fig. 1, the actual distri-

bution bei

indetermin::;% Eﬁ}mown. Tht? prpblem is therefore statically

the. Dot U Ofess some simplifying assumptions concerning

et o tion oF normal pressure or the distribution of shear

nesnmnt ta e. So, in the analysis of clay slopes, the
ption that the shear stress is uniformly distributela)d t;.long
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the arc of sliding is made. In the Friction circle* method the
assumption is made that the resultant of the normal and shearing
stresses is tangential to the friction circle due to friction on the
surface of sliding. Once the direction of Sor N is determined,
their values can be easily found by drawing & triangle of forces.

2.3. Let 8 and N be the magnitude of the resultant shear
resistance and resultant normal force determined by incorpora-
tion of suitable assumptions. The average shear stress along the

% and the average normal

stress as % where L is the length of chord ab. To represent

arc of failure is then designated as

these quantities for any circle of failure by dimensionless quantbi-
ties the following terms must be introduced.

8
S=Ty.H

N —_ - N
T LYRH
where Y, = Unit weight of earth fill,
H =Height of the slope, and
L=Length of chord ab.

2 4. For any one slope, each assumed circle of failurerwil_l

yield a set of values of S and N which can be plotted on a §—N
diagram as shown in Fig. 2. The envelope obtained by plotting

Shear Resistance Envelope

N—

Fig. 2. §—N Curve and determination of Factor of Satety.
T #8ee f;ﬁ&;:ﬁéﬂféi;b?&)ifﬁécﬂéﬂi&ﬁ{ “D. W, Taylor, John Wiley
and Sons, New York, 1948, (p. 441).

4
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all possible values on the S—N diagram may be terme
“Shear Resxstapce Envelope™ (Fig. 2) for the pa,rticf:lar slope. A(:
this s_hgar _resistance envelope (a plot between dimensionless
quantities) is independent of the shear strength characteristics of
the soil it represents a general relation between the normal
pressure and the minimum value of shear strength that should be
developed by the material for stability of the slope.

2.5. The factor of safety of a slope against fai !
be defined as y pe against failure (('s) may

o Shear strength available
Shear strength required for equilibrium
For determining (s for a given slope, the shear strength—norma}

pressure curve for the soil composing the slope (s—
obtained by shear tests should be reduced to olr)m v(vhic}ll cc;r:vlfta)

plotted on the §— N diagram. Then the smallest value of the
ratio

_Value of § on the strength curve
Corresponding value of g on resistance envelope

gives the factor of safety of the slope against failure.

2.6. For example, to find the factor of safet f
height H in & material whose shear strength is a‘ssgn(l)edat:lgcﬁ?od
the relationship s=c-{-p tan ¢ the procedure is as follows. Plot o:

c
YmxH

and draw a line AB at an angle ¢ to the N axis. Then 4B
represents the strength line on the §~ N diagram., The

safety of the slope in question is given by the smallest ratio of
Y

The t i i
. e. rue factor of safety is calculated for g given problem
as shown in examples at the end of the Paper.

the § axis (Fig. 2) a point 4 having an ordinate equal to

factor of

2.7. The advantage of the su ies i
fact thgt once the resistance égr%gzgzgeproi?dgﬁrell?s gl P
a particular slope the factor of safety of the slope P
found out for. any strength curve, either straight por e
fro'm.. the resistance envelope. In contrast when oo oo
existing  procedure it is customary to ’make ausmg e
analysig for each assumed strength curve. Thus the newsegf;‘:;;e
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dure of analysis may be called the general procedure for analysis
of slopes. Different procedures to suit individual taste can be

used to evaluate the values of § and N. These different methods
are not dealt with in this Paper as they are well known.

3. APPLICATION OF THE PROCEDURE

3.1, On the basis of the above procedure plane slopes of
159, 30°, 45°, 609, 75°, and 90°, were analysed by the Author and
the results of analysis are given in Table 1. These values are
plotted on the § — N diagram in Plate I. The value of S was
determined on the assumption that the shear resistance is uniform
along arc ab. Investigation with other types of distribution
showed that the above simple assumption gave good results for
all -practical purposes and that the differences in the values
obtained by the various assumptions regarding the distribution of
the shear resistance were practically negligible. The curves in
Plate I represent the resistance envelope diagram for the various
slopes and can be used for design of slopes by plotting the
strength curves for the given soils alongside the §— N diagram as
explained in para. 2.4, Exzamples at the end of the Paper
illustrate this.

3.2. In general, all the resistance envelope diagrams pass
through the origin at an angle equal to the angle of the slope.
The value of § then gradually increases with  until it reaches a
maximum value. The position of the centres of the critical
circles (i.e., circles which are represented on the S - N diagram)
lie on a curve as shown in Plate II. In general they lie on a
curve which begins at the point corresponding to the failure
circle for ¢=0° and asymptotically approach the perpendicular
bisector of the slope.

3.3. The above can be explained by the fact that the. tan-
gent at the origin of the resistance envelope represent the value
of  when ¢=0 and as the cohesion of the soil increases the
value of ¢ required for equilibrium decreases until for & certain
value of ¢ the value of ¢ required iszero. With this gradual
change the centre of the critical circle shifts along a smooth curve
from infinity to the centre of the circle for the case ¢=0.
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TasrLe 1

Values of N and § for Points on Resistance Envelopes
for Toe-Circle Failure in Plane Slopes

Slope Anglejsz N q_ S_ Slopo AngleN
in degrees - YmHL - YmHL in degrees
15 1.260 0.145 60 (Contd.)

0.762 0.183 |

0.434 0.099

30 0.633 0.156 !

0.544 0.154 |

0.486 0.150

0.408 0.142

0.378 0.140

0.315 0.131 75

0.260 0.118
0.208 0.009

0.151 0.075 |

45 0.446 0171
0.401 0.170
0.324 0.164

0.271 0.158 90

0.204 0.138
0.161 0.120

0.116 0.096 |

|

|
-60 0.357 0.101
0.311 0.189

0.279
0.251
0.221
0.190
0.167
0.138
0.117
0.083

0.301
0.258
0.202
0.145
0.104
0.061
0.030

0.270
0.240
0.193
0.146
0.103
0.070
0.044
0.020

g

- 8
T YmHL

0.186
0.181
0.175
0.168
0.157
0.145
0.132
0.107

0.218
0.217
0.209
0.188
0.162
0.127
0.081

0.261
0.261
0.251
0.237
0.213
0.183
0.148
0.105

4. COMPARISON OF RESULTS

4.1.

A comparison of the results obtained by the procedure

described was made with the results obtained by the ¢ Friction

circle” procedure originated by Prof. Taylor, Table 2. The
results show a fair agreement of values. '

TABLE 2

Comparison of Results obtained by the New Procedure with Results Obtained by the

Friction Circle Procedure

1
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¢
YmH
by new
procedure

Y mH

by ¢ circle
procedure
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Slope
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5. CONCLUSIONS

5.1. The general procedure described in this Paper can be
applied also to the analysis of irregular slopes. An example of
such a slope with its resistance envelope is shown in Plate IV.
The factor of safety of the slope for any soil having any values
for ¢ and @ can be obtained using the resistance envelopes
described in para. 2.4,

5.2. The same type of analysis can be applied for base
failure of slopes. Results of an investigation for a 30° slope for
various depth factors are shown in Plate I1I.

5.3. The general procedure of analysis can be used with
suitable modification for the analysis of slopes under submerged
and sudden draw down conditions. The effect of submergence
can be easily taken into account by considering the unit weight
of the material of the slopeto be equal to its submerged unit
weight. The effect of sudden draw down can be taken by either
reducing the effective frictional angle ¢ or by actual determina-
tion of the neutral pressure. This is illustrated in the first
worked out example.

5.4, The general procedure of analysis of stability of slopes
is thus a practical tool for analysis of slopes. For regular slopes
the curves developed by the Author can be used for design pur-
poses and the factor of safety of the slope for any soil can be
easily determined very quickly. For irregular slopes the general
procedure can be used todevelop the resistance envelope, Plate
1V. The advantage of this procedure over others is that the trial
and error work has to be done only once and the resistance
envelope forms the design curve that can be used for any shear
strength characteristics, including the wvariations of shear
strength with time.

6. EXAMPLES
Example |

A 45° cut 20 feet deep is to be made across flat land where
the water table is just at ground surface. The soil has a specific
gravity of 2.80 and a void ratio of 0.75. It is specified that the
true factor of safety is to be 1.5. The effective angle of internal
friction may be assumed to be constant and equal to 16°. What
values of unit cohesion are required for stability when

a. the cut is submerged,
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b. the cut is unwatered and there is a steady state of
seepage, and

c. there is a drop in the water table and no seepaze.

Let ¢ = Apparent cohesion of soil.
F, = Factor of safety with respect to cohesion.
Ym= Weight per unit volume of soil.
H = Height of slope.
¢ = Angle of shearing resistance of soil.
Fs = Factor of safety with respect to friction,
F; = True factor of safety as defined by Prof. Taylor,

i.e., factor of safety with respect to both friction
and cohesion.

(a) The Cut Submerged

Effective weight of soil =L o 64.3 1b per cu. ft.

14-¢
¢ = Void ratio.

s = Specific gravity of the soil.
wo = Weight of one cu. ft. of water = 62.5 1b.

If we choose to use a factor of safety F; with respect to both
friction and cohesion we have

Draw a line L M at 10° to the horizontal and tangential

to the § - N diagram for 45° as in Plate V.
c —
YVNH
Value of ¢ required for a factor 1{

of safety of 1.5 with respect to
cohesion, .

Intercept on S axis = 0.110=-

0.110x 64.3x 20 x1.5
212 1b per sq. ft.

i
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(b) Cut Unwatered and in a Steady State of Seepage.

The weighted friction angle ¢, =" ¢
s+e
— 18 N =
= 3‘55>< 15 =176
- Pw 7.6 _ »
¢[) = j’it = m = 5.].

Effective weight of soil = 64.3 + 62.5 = 126.8 Ib per cu. ft.
Intercept of Line YZ on § axis for a 450 glope with ¢p =5.1°

_ ¢
= 0.136 = VoH (See Plate V).

Value of ¢ required with a factor of safety of 1.5
= 0.136 x 126.8 X 20 X 1.5 = 520 Ib per 8q. ft.

(c) Complete Consolidation

TE = [F = 10° as in case (a)

$p = ¢ 15

Effective weight of soil = 126.8 Ib per cu. ft.

Intercept on § axis with ¢, = 10° = 0.110 = © and

slope angle 45° (Plate V). "

Using a factor safety of 1.5 value of ¢ required

= 0.110 x 1.5 x 126.8 x 20
= 418 1b per sq. ft.

Example 2

A certain soil on testing gave the following results. ¢ = 300
Ib persq. ft. ¢ = 15°.  Assuming depth of cut 20 ft and unit
weight of material as 100 b per cu. ft., design a suitable slope

to give factor of safety of 1.5 with respeot to cohesion and
friotion.

¢D = H-O= 100 = ab
Ft solute v&lue Of -E,
- m,3,00 = 0.1

With factor of safety of 1.5, the required value of _°_ for

m
equilibrium = 2180 _ ¢ 100 .

1.6
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Drawing the strength line withyLH=0.10 and ¢p = 10° on

m
the S-N diagram (Plate I). By interpolation  between
curves of 30° and 45° it is found that the curve corresponding to
a slope angle of 40° will be tangential to the strength line.

Hence the value of angle of slope for the given condition
is equal to 40 degrees.
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Plate 111
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Plate 1V
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SYNOPSIS

The Paper describes the behaviour of surface dressing over brick ballast
water-hound macadam road surfaces in Uttar Pradesh. The chips used for
the surface drossing were of hard stone.

Many miles of the surfacings laid during the last 20 years have been
ohserved to function satisfactorily under traffic ranging from 300 to 1,000
tons per day. Thero was no difference cither in service efficiency or life
In  comparigon to surfaces where hard stone metal was used. The
speoifications followed and the speocial precautions necessary to obtain
satisfactory results are described.

The economics of the treatment is disoussed.

This treatment is recommended for roads besring traffic up to 800 tona
per day in areas where stone metal is scarce or is available at high coss,
and specially for providing dustless surfaces through built-up areag,

b
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1. INTRODUCGTION

1.1. Uttar Pradesh has an abundance of road building
materials required for modernising roads. Unfortunately, these
occur near the foothills of the Himalayas in the north and in the
Vindhya ranges in the south of the State. Nothing but kankar
can be found in the alluvial plain in the centre of the State.
Transport of stone metal from the sources to the alluvial plain
is expensive and difficult as long distances have to be covered.

1.2. 1f cheaper local material with short leads could be used
for water-bound macadam in place of stone metal, the milage of
hard surfaced and dustless roads in the State could be increased
at a faster pace. Therefore, the State P. W. D. have been trying
various substitutes. Of these, over burnt brick ballast has been
found to be a suitable alternative, provided the surface is protect-
ed by two coats of surface dressing with bitumen or tar using
hard stone chips.

1.3. The process, in brief, consists of (i) consolidating a
4} in. thick coat of brick ballast on existing kankar or other
surface with a light roller, and (ii) applying two coats of surface
dressing according to usual specifications using stone chips.

1.4. Plate I shows the areas of the State where experimental
lengths with brick ballast have been laid. It will be seen that in
areas where stone quarries exist nearby, brick ballast has not
been tried.

1.5. First trials were made in 1931 but large-scale experi-
ments were started from 1936-37. Since then many miles of
different roads have been treated under different conditions
prevailing in the State. These portions have been under traffic
for a number of years now and have behaved very
satisfactorily.

2. PROPERTIES OF BRICK BALLAST

2.1. Attrition

The results of attrition tests* on ten kinds of bricks carr;
out in 1938 ,are given in Appendix I. The tests showogr:lﬁ(ti;
¢« over burnt br.lck‘ballast compared favourably with good qualit
road stone but indicated incidentally the enormous difference iz

quality between road metal from properly o ;
that from bricks which were just ‘g"el}l)-buintv’?r burnt bricks and

v—k’ﬁiiy Doval Attrition Machine B, §, S.812; 1951, T
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2.2. Abrasion

Results of tests! on representative samples of over burnt, well
burnt and under burnt bricks for the abrasion value by
Los Angeles Abrasion Testing Machine' are given in Table 1.
Also included in the Table are test results of 14 samples of bricks
from various places in the State. This test is regarded as a com-
bined test for hardness and toughness.

TaBLE 1
Los Angeles Abrasion Values of Some Brick Ballast
Samples
. | Abrasion
1\?(1)' Source nggrg’u?nd ‘ Value Remarks
: Per cent;
1. Gonda Division QOver burnt 38.9 Satisfac-
tor
2. o Well burnt 41.50  Not Sa).,tis-
factory
3. sy Under burnt 46.4 ~do--
4. Agra Division Over burnt 38.9
(Etah)
5. Lucknow Division ’ ’ 39.4
(Unnao)
6. Bareilly Division ’ ' 36.2
7. ’ s s 3 35.9
8. Lucknow Division f Over burnt 31.6
(Rae Bareilly) Deep blue*
9. ’ ’ Over burnt 29.8
{ Blue*
10. " . Over burnt 32.9
{ Dark Brown*
11, ’y ” Over burnt 28.7
{ Brown*
12. Gonda Division Over burnt 35.5
13. Lucknow Division " . 81.8
14. ’ " " » 29.7
15. " ” " » 29.8
16. " ’ . . 31.3
(Rae Bareilly)
17. 'Y 124 ’»” ’” 35-2

+Tho grading used for the tests was: §-1in. 1250 gm; 1-§ in. 1260 gm ;
-} in. 1250 gm; and §-§ in. 1250 gm. Total = 5,000 gm.

®Tho four sarples were gorted out in four groups, mccording to
colour of the brick ballast from a heap of the sample obtained from
the source.
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Inthe A. S. T. M.* standard specifications for crushed stone,
crushed slag and gravel for water-bound macadam base and sur-
face coursos of pavements?, the following requirements are

specified for the aggrogato :

Aggregate for use in
Base courses  Surface courses

Wear in Los Angelesl
Abrasion  Machine 60 40
Maximum Por cent J,

For bituminous macadam base and surface courses the
maximum values of abrasion specified are 50 and 40 per cent
respectively?. The value of 38.9 for overburnt brick ballast is just
below the maximum permissible limit of 40 for surface courses,

The over burnt brick ballagt does not come into direct
contact with vehicular traffic and is not, therefore, subject
to direct wear and tear when a wearing course consisting of
two coats of surface dressing is laid over it. This material can

therefore be safely used.

2.3. Affinity of Brick Metal for Bitumen and Tar

Tests carried out by the State P. W. D. showed that the
Khanjar brick ballast (black colour and well-burnt) had better
affinity to asphalt than to tar, and its affinity to the binders wag
comparable with that to other good stones.

The following tests were carried out in State P. W. D.
Research Institute, Lucknow, in connection with the compara-
tive study of the quality of aggregates in respect of adhesion to
bituminous binders :

1. Reidel-Weber Test (which is generally used for deter-
mining affinity of aggregates with binder).

2. Water-Immersion Test.
3. Immersion Compression Test.

The results of these tests are given in Table 2.

* American Society of Tosting Materiuls.
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TaBLE 2

Results of Adhesion Tests on Over Burnt Brick Ballast

S Resul : Rating

#| Name of Reference eults with |4, respect of

@ Test of Test Tar Bitumen/Tar  Bitumen

1. Reidel- German Adhesion No. Just
Weber Test U.37 Test* 0

5 Poor good

2. Water Im- Modification of  Percentage
mersion of Test of Malli-  Unstripped Just
Test son and Schmidt  70.0 50.0 good Fair
and Lee & Car-
tert

3. Immersion A.S.T. M. Test Percentage
Compres- to determine Compressive
sion Test effect of water Strength
on cohesion of Retained
compacted bitu-
minous mixtures* 56.0 83,0 Fair Good

The results of test 1 show that the affinity of over burnt brick
ballast to tar is poor and that to bitumen is fair; but tests 2 and
3 show that the affinity is either fair or good. However, judged
by these tests it can be said that brick ballast has better
affinity to bitumen than to tar.

Reports of field trials indicate that the adhesion of binder to
brick ballast is satisfa:ctory in most of the cases. But few reports
indioate that the affinity to bitumen is greater than that to tar,

3. DETAILS OF WORK DONE

3.1. Details of work done so far are given in Appendix 3.
Details about consolidation of brick metal, surface dressing,
traffic intensity, and remarks about the behaviour of the
surfaces as reported by Executive Engineers have been included.
A total length of nearly 130 miles has been laid using different

kinds of binders.

* Sge page 19 of the Journal of the Indian Roads Congress, Vol. IX.1,
December 1944.
t See Appendix 2,
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3.2. TFor casy referonce, the traffic intensity obtaining on
portions of some important roads on which this treatment has
been used and the hohaviour of the surfaces are given in Table 3.

TasLE 3
Traffic Intensity on Some Roads and their Behaviour
Trafhic i .

Sl Road intensity | Beh:wflour of -
No. ‘ per day in tons, suriace
1. Lucknow - Gorakhpur

Road N. H. 350-400  Smooth surfaces.
2. Lucknow-Banaras Road Smooth  surface,

{Banaras Dists.) 500 good adhesion. Photo 1
Mari  Aver-
mum age

3. do. (Lucknow Distt.) 949 616 Satisfactory.
4. Lucknow-Jhansi Road 835 486  Portions standing

N. H. woll. Plhiotos 1 & 2
5. Lucknow-Bareilly-Meerut 834 272 Nothing unusual L Surfuce dressing

Road N. H. was reported. with tar over
6. do. do. 2131 776 do.  do. brick-ballast in

. . mile 119 of
7. Uanao-Hardoi Road 687 Portions standing Lucknow-Bareilly
well. Road.

8. Grand Trunk Road N. H. 732 430  Satisfactory.

(Agra Dn.)

9, do. (Farrukhabad Dn.) 719 423  Surface smooth &
standing well.

10. Agra-Aligarh Road 700 Satisfactory. Photo 2
11. Barabanki-Gonda Road 676.5 390 Surface is stand-
ing well.
12. Agra - Etawah - Fatehpur A pproximate
Road N. H. 1000  Fairly smooth.
13. Sitapur-Lakhimpur Road 858 Tairly smooth,

Photo 3

Surface in mile 12 of
Lucknow-Jhansi
Road (N, H,)

4. BEHAVIOUR OF THE SURFACES

4.1. Behaviour of the surfaces Appendix 3, so far indi
that this treatment is quite suitable forpfgirly heavy tr:flﬁr::.hca"l?ﬁ:
surfaces compare well with black-top surfaces over stone ballast
macadam. See Photos 1 and 2. This is evident from the
behaviour of the portions on Lucknow-Jhansi Road (N. H.) which




Brack Torring or Brick METAL WBM Surracks 53

were modernized about 18 years ago and where brick ballast has
been found to be unimpared (See Photo 3).

On the whole, it can be said that surfaces obtained in most
of the cases have been quite satisfactory and adhesion of binders
with brick metal has been satisfactory.

4.2. K. C. De, in his Paper ® ‘¢ Behaviour of Brick Metal
in Tar Carpets ’, says that ‘‘ as a result of painting the surface
of a brick metal water-bound macadam road with Road Tar, the
attrition and crushing of the metal under steel-tyred traffic is
considerably reduced. It is assumed, therefore, that the absorp-
tion of road tar by brick metal has toughened it.”

4.3. Where, however, traffic is extremely heavy and where
superior type of surface like cement concrete is necessary, this
treatment may not be successful. In such cases, surface dressing
over stone ballast macadam also may not be very successful.

5. FAILURES

5.1. There have been some failures. These are due mainly
to the following :

i) Use of inferior materials, i. e., under burnt brick
ballast or brick ballast from first-class bricks.

(ii) Large amount of bullock cart traffic for which
normally cement concrete is suitable.

5.2. It was noticed that in some places where the thickness
of wearing coat was small, patches were easily formed. It was
also observed that adhesion of binder to moist brick ballast was
not satisfactory; in areas where moist ballast was wused
patches were formed quickly and the surface became uneven.

6. QUANTITIES OF BINDER AND GRIT

6.1. It has been observed that surface dressing over brick
ballast requires somewhat more grit and binder than those required
for use over the stone ballast surface. Brick ballast has a
tendency to absorb some binder and, hence, if usual quantities of
binder and grit are applied, the grit is_ not absox:bed fully. On
an average, it was noted that quantities of binder and grit
required for brick ballast surfaces was 10 per cent in excess of
the quantities required for painting a stone ballast surface,
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6.2. Table 4 gives the quantitios of binder and grit which
may be taken as the averago figures required for two coat surface
dressing over brick and stone ballast surfaces.

TabLe 4

Average Quantities of Binder and Grit required
for Surface Dressing

Surface dressing over

. Surface dressing over |
f ~stone ballast J brick ballast

Stone grit . Stone grit
) ]%?ndil;w in cu. ft, Bindor in cu. ft,
st 2nd | Ist 2nd | Tag 2nd | lIst 2nd
coat  coat | coat coat | coat  coat | coat coat
| ‘
Quantity |
per 100 |
8q. ft. 1 421b 231b | 44 209 46.5 255 | 48 94
1 : Ib b
Quantity g f
permile | 126 7 2780 1300 | 14 74 3070 1530
including ' tons tons [ tons tons
wastage. | | J

7. COMPOSITE COAT

7.1.  Composite coat of stone and brick ballast ig also being
tried on 5} furlong-length of Momdabad-Amroha,-Bijnor Road.
This consists of 14 in. thick coat of stone ballast over 44 in. thick
coat of brick ballast to give hard surface on top. Usual specifi-
cations for surface dressing will be followed.

8. GENERAL SPECIFICATIONS

8.1. In general, P. W. D. detailed specifications for brick
ballast collection, consolidation and surfaco dressing have been
followed. These are given in dotai in Appendix 4.

9. PRODUCTION OF GOOD QUALITY BRICK METAL

9.1.  Great care hag to be exercised for roducing good qualit
of brick metal. Precautions are al p g8 o quality
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9.2, Sol

i in the laboratory to

i gsary to have the soil tesj;ed in
1 ter[xslilflen?tcse suigability for high quality b'ncks. If' necessary,
o ibilities of using suitable admixtures like alkaline .sodxum
zi);)lim(éoda Ash) should be examined in order to obtain over

burnt bricks.

ildi i Roorkee, has
1 Building Research Institute, : ,

'T(I; ) utc :;lf)xs‘azments and has come to the conclusxon‘that bg
caf'tr 1(;)l omodifying the mechanical composition of the soil, goc:i
qu fl‘t ybricks possessing high crushing gtrength can be proguce .
%éx?sl yossible that over burnt bricks suitable for road work may
also bg produced cheap by some such process.

9.3. Burning of Bricks

i i not be used for burning bricks. The brick

1l P’: ]&X)gugélinfg;‘ztthis type of kiln is of poor qugllxltty.tPropgxf-

Pa zills’ tp o kilns must be set up to produce the rig y[;eri&l

Bull’ l}’p Excessive over burning produces spongy ma:.i er :

mafzena.. less while under burning results in baq ma ermd.

Whmh'tu;ﬁl;? and under-burnt bricks should be rejected an
ls)gi’ck?v;ith bluish veins should be selected.

ibiliti ing bricks for producing }:)nck _ba]la,st. for
POSSllt);llt:?tein? fwil;;n;xfmined in the DPast. 2 in. thick bnc]és
i Allahabad and the resulting material was good.
Boro fried lnonsidered that more fuel than that necessary for the
Blﬁ;allti:: E:)fc bricks would be necessary, resulting in higher costs.
us

in Mainpuri District burning of

i On the 'eril)r;%s?:iguilzliogv%sl tried. p’l‘he material produced

3 CUbe? ) ood quality. In 1046, on Saharanpur-Muzaffarnagar

T o ?1 gbs,lls of earth were made, dried and b}lrnt in road-

R..oa.dk,_foun The material produced was also qot satisfactory. It
zz)(zesuxlng?l' more coal than the usual type of bricks.

i her experiments and
i ever, considered that furt 2 !
Ithls,ishg:;essary for producing good quality b;mlll: met;l
r?xi::{:l}e for road work at cheaper cost near the site of the work,
8

PRECAUTIONS AND SUGGESTIONS FOR IMPROVEMENT
" OF SURFACE
i 4}-in. thick is the minimum
of brick metal 8 the u
e:;gélrSr tf)X recc%?:e the paint coat and no reduction in thickneps
nec
should be made.

6
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The size of brick 1
; : rallast
should be according to 9peciﬁsclzl»(;‘il(1:sbc t2 10 2 in. and tho grading

10.2.  Consolidati
o bion should 1 i
oxceoding 8 ton: lidat ono W '
rxoooding 8 b :Lq After consolidation, the llt}'l » iEhs rollor not
dodd o bt comstamtly  blindod ;v'th wrick ballast surface
s up and the first coat of painting lis deMth or wandull
one.

Consolidation of bri

: . rick ball

grit and b o ast must n

ready st bindor for painting Lavo also ot bo takon up until tho

month or two after C%:golilg 1_JI}aim;im_; ex"ﬂndingo t(o;cxd and are

corrugated or break up undgrl:rf;flgzly cause the Surfa,coot!;‘g btglcz:)r:nu
3 e

10.3. It is ver i
’ y essential th
soon after ¢ S  that the fi :
ang’:} tehf&tcir}l;ohdatlo_n. .Smce it is FZZEO:{' of paint be given
to the end of the :a?i?l;()hdatwn of brick bullast‘z‘ﬁy?l {))Ossible ko
fst oont of o _soason, there will b all be deferred
paint will hav 11 be many cases wh
damp. Tar o to be given whi ere the
coatpmay ) incg?ar;(::z:: E:iyd ‘:h’;}e there is (Y;;lgncta:: a.rggdthm Etm
would do equally -y e to be of bitumen emulsi o first
the surface treatm provided the road is on. A cutback
ent under wet conditi nearly dry. Besid
onditions will h s1des,
ave to be

according to tho ¢ wet
ont. et aggregate ’ process using lime or any oth
other

10.4. Research ilaq }
affecting t s shown that the 1
o the it f 8 s g W e
I _binder; ropria e rat
wizo of. chippings used and thc? congix;z?,to depends on the type ::(i
intensity of traffic. fon of the old road and th
o

To ensure uniform i
applicatio i
of spread, th ‘ n of binder i
how%ver, eco:o;?(;aolfofjnk Ei‘pmyers is reco;g::(lggquﬁd- oy
be modernized. y Wwhen large stretches of a road :Jnl:el:’
o

10.5. Viscosit, i ;
y of binder 1
chosen a i oy also im
rehor v.ccort_h.ng to -the geason in which va’grfa!lt M}d should be
iscosities being used in warmer weat;( s being done, the
or. ’

The applicati
within lim};t?sh%&: 1(;1:1 df:emper&bu.re of asphalt should b
be applied ot o tgmpelrf;%ulgon its viscosity. Asphalt:5 sﬁgnf?""d
soravi ro greater tha uld not
praying asphalt at excessive tempera.turr:a :‘:gﬁsczzr)irésbecause the
penetration

and ductility and frequon v
b ont i ity flow
asphalt on inclined mqu'fa»ce?., rosults in gravity flow of the applied
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ould be of hard variety and should

10.¢. Grit to be used sh
There should be closer control over

have high abrasion value.
grading of aggrogates.

An aggrogato of approxima.tely uniform size, with 8
maximum of voids i3 irable for penetration asphalt

most desira
Hl}rfa.co treatments in order that & maximum amount of asphalt
binder may be used without the aggregates becoming gufficiently
emboddod to rosult in & glick, bleeding gurface. Also, uniform
sizo aggrogates usually develop better interlocking and provide

i;teml support to adjacent particles thoreby preventing displace-
ont.

10.7. Where traffic 18 very heavy, the first coat should be
made thicker. Sufficient grit should be used for this purpose.

mation of waviness amounting to rough-
precautions are necessary :

a. Several coats of paint at comparatively short
intervals O repaint before there had been any
appreciable roduction in the thickness of the existing

coat or coats bY the action of traffic, should be

avoided.

10.8. To avoid for
ness in the surface, two

b. Ixcess of bitumen or tar and too little grit result
in a soft pliable coating Which will be pushed by

tho action of traffic and are 10 be avoided.

g which have peen pub forward by
¢ from the experience gaine
below:

10.9. Certain guggestion
somo engineers of the departmen

in this type of work, are given
rolled. Sufficient

. hould not
Brick ballast 8007 the sub-grade 10 enable

&,
i 1d bo left over -
liltogogl:v}o?lx{o::p a.n?i fill the interstices of brick ballast
for some depth.
i tace should be blinded with sand
b The oonsohdated "s d can be cleaned easily and

: ¢h.  San . .
instead of 487 prick pallast to give oub jts moisture

will also help the
before painting is started

\ it for each ©
2:3 g?oh layer ghould be rolled geparately.
rit for dressing, the process by

d. Inthe gelection o; gken hould be ? onsidered. The

which atones M‘: el graded material having cubica

crusher gives

c oat should be spread in tWO layers
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shape, while hand breaking gi i

po, gives angul

It is recommended that G0 per cent ;};m::i l[;;gios.
and 10 per cent crusher broken material should zn
used where possible. l °

These, however, need f i
> s urther experim i i
conclusions can be arrived at. P entation bofore definite

Il. ECONOMICS OF THE TREATMENT
11.1. Total costs for th i
, , ¢ following three t
‘ C )e
have been worked out for various poriods yIT Bb(l)f s’l'l Flues
purposes of comparison : P TR o or
a. Kankar macadam surface.

b. Surface dressing :
macadam. Ing over brick ballast water-bound

c¢. Surface dressing over
purface g stone ballast water-bound

TaBLE 5

Total Cost at different Periods

S Years | 5 |10 | 1s 20 | 25 f 30
1. EKankar

m:lﬁ-&fg:? 29,095 58,650 92,350 121,450 165,950 205,600
2. Blackt_op‘

xi:aar]%);sxgk‘ 48,980 78,440( 130,077 | 166,000 213,900 | 262,300
3. |Blacktop

m;)e:lf:::e 63,!40}93,240 154,860 (192,800 243,350 | 205 100
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Assumptions

A kankar macadam surface requires renewal after
every 3 years.

b. Black top surface over brick ballast as well as over
stone ballast requires repainting every 3 years and

renewal every 15 years.

a.

Kankar macadam (i) Initial thickness, 6 in.

(ii) Renewal thickness, 44 in.
(consolidated to about 3 in.)

d. Black-top over brick ballast and stone ballast :

1. Initial construction

(i) 4} in. thick metal.

(ii) 2 coats surface dressing.
9. Repainting — one coat

3. Renewal
(iy 3in. metal.
(i) 2 coats surface dressing.

Period of comparison — 30 years.

Rate of interest, compound — 3 per cent per annum,

The costs assumed in the calculation are given in Appendix 5.

e cost with different rates of road metal

6 shows the 30 year costs of the three kinds of surfacea
meng::;?i i?] para. 11.1 for different rates of metal. These are
plotted in Plate II. Rates for items other than metal are the
same as in Appendix J.

11.2. Ultimat
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TanLy 6

30 Years Costs for different Rates of Metal

Kankar Water-Bound Macadam

Rate 2 30 ! 35 1 40

Total cost | 167,000 ’ 191,250 } 215,500 | 239,750 | 264,000

Surface Dressing over Brick Ballugt Water-Bound Macadam

Rate I 35 ] 40

451[50‘55‘6()
258,050 | 262,400 | 266,800 ) 271,200

Total cost 253,700 275,550

Surface Dressing over Stone Ballast Water-Bound Macadam

Rate ‘ 60 l 70 ' 80 90 100 110

Total cost| 241,100 295,100 | 308,500

! |
254,400 | 268,100 ]' 281,400

The graphs in Plate II show the following :

(i) Where kankar and brick bajlast cost Rs 40 per

100 cu. ft., each surface dressing over brick ballast is
cheaper than kankar macadam surface.

(i) Total cost of kankar macadam is equal to that of

surface dressing over brick ballast when kankar and
brick ballast cost about Rs 38,8/~ each.

(iii) Total cost of painted surface over stone ballast is
higher than that of painted surface over brick
ballast if cost of stone ballast 18 above Rs 85 and
maximum cost of brick ballast is Rs 60,

11.3. Comparative costs for different rates of material can
easily be foqnd out from the graph to gee which surface works
out cheaper in long run. There are many factors other than the

rate of metal which affect the total cost, and they should be taken
into consideration in particular cages,
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12. CONCLUSIONS

~

ned so far has shown that surface dress-

tisfactorily
i i ick ballast macadam behaves sa
«lar:r%x? I1)1?1](11((;(1-1 ?aviifyb;l:;{vy lta:rafﬁc. The treatment compares well

with that applied over stone ballast macadam.

12.1. Experience gai

i i ired for surface
ies of binder and chips require
:’ll:gtoa,re about 10 per cent more than those

tone ballast macadam.

12.2. The quanti
dressing over brick ba
required for use over 8

ick ballast is less
t of black top over bru_: '
thanltzlizi; o;r;-eszzi&; l(::g?last unless stone ballast is available cheap.

i ich require
1d be suitable on roads whic
eutnc;;gi;el;ﬁﬁds are limited or good road metal
e oes not exceed 800 tons per day.

12.4. The tr

modernization bu
is costly, and where traffic d

12.5. The production of brick metal and its use, however
l’equire‘ close supervision and care.
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| E22 £TL 4TT zps APPENDIX 2
| B2k S83 g 3IE
8w a e “ Z §- = 23 WATER IMMERSION TEST
2% eE2 m 807 —

D54 :«j gé s Ey s EE g A modified form of test based on the two original tests of
i i: g',_.; égﬁéﬂ oé . T g Mallison and Schmidt* and Leo and Carter} was developed at
p 337 & Pa8 LTEegwmte P. W. D. Research Institute. Sizo of Aggregate was kept as pas-
5 Z w2 EERe B Sa8E E;’j . sing 1/2 in. and retumed on 3.8 in. sieve. 8 per cent Tar a,ndo(‘)
= .- $EEEEEs SEWZE zg 5.8 per cent bitumen by weight were mlxed‘agy a tempemturq of 100°C
& LR ; Z L S B SR g‘:g -D and 150°C respectively. Prgvmus to mixing the matermlg were
T Rsm ZZ@ 0 &E T B P kept in an oven at the specified temperature for 15-20 minutes.
SEE O PR oS PR REWR I L The mixture was then cured in air for 36 hours. Twenty well pain-
g‘: Fags )2 Bl = . cg .87 ted pieces were picked up and put into two small bottles. The
q _;_E E -E’ :;_;; » g 5‘555 E—‘g 2 picces were covered witih distilled water and_ then kept in an oven
_2;6 EE .- g.a : & 3 s “E 85 at 50°C for one }_10,‘“" The !)ot.i_;les remm{xcd mta(ril‘unsea.led condi-
& =" 3w ozgELRS tion, The condition _of stripping was then stu ied and percen-
& [ tage of unstripped pieces in both the bottles decided by visual
: oxamination and an average taken. For purpose of counting, all
. f o = ~ . - pieces which shovycd more than 50 per cent stripping were consi-
! > &1 £ dered as fully stripped.

Specifi-
gravita
2
2
2
2.
2

The following classifications for adhesion quality was adopted :

I
“ .
|
SE Siias |
2;@ B oG- Lk = i - o (1) Good aggregates: Those containing 60-100
gae TELE2E v 0w = < - o per cent unstripped pieces
TS pmETTEE | — * atter test
g =R y .
Eqse -
5= 5 2 J‘ (2) Ordinary aggroga- Those containing  30-60
e g2 b= » = - o tos : per cent unstripped pieces
£ 5 5 -+ @ - : after test.
B RS [ o
© & . (3) Bad aggregates : Those containing less than
o 2. 5 , 5T 30 per cent unstripped
53 LS A K s z . 'gé pieces after test.
=2 i ~ R = P
g “ '_rﬁ ] « N o ~ _‘i = ] -
S oE | 88 . 9 =1 o C
] [ by el ~3 o o . ~ < fen]
LR S A - o 2
3 i & LE JEF T3
@ = e o
4 3 o 8c¢ - —
s
Y el o
o g
ES § My E '5 E’% ’ E '9 —_ e e e - R
320 gk SE o g 'E o ® Tar chippings and wator affinity 4. T'edetr, 1939, 39 (4) 51-4; (5), 59-62;
P s e o 5-9; (1), 91-5 - Mallison & Schmidt.
- ot Aggrogates in Bituminous Construction for
= © ¥ ll{ho } Ison(:lf g%llr%g:locznmetbyggzl%rid Robort Lee & Henry James
“a - s L~ @ o . 1.;((1’3(:1'3 Carter - Institution of Civil Engineors (Road Engineering
' = Division), Road Papor No. 12—1944.
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Serial
No.

Namo of Rond and
milago.

Muzaffarnagar - Saha-

ranpur Road:
Mile 15

Mile 21
Mile 27
. v Mile 28
Saharanpur - Nakur-

Gangoh Road :
Mile 13

. " Mile 15
Grand Trunk Road:

Etah District.
Mile 747

Mile 748
Mile 749

Y] »”

Mile 754

" tAl

Mile 765
Mile 7566

Mile 757
Mile 759

»» 44

Longth
treated
in
Furlongs.

3

€ ®

Wearing surface 1st coat,

f
Thickness| ..
. Time of
1no<fttl:lrixcxlx{(l ?congolidn- Binder and rato | Grit and rato of Tlm(."()f
ite sizo. | tion. of application, application. ar;?;:lw"
N 6 (i) l 6 (ii) 6 (iii)
4} in. 2/50 Tar No. 3 Mohand grit 5/50
(2 in. 14 tons per (1/4 in.-3/4 in.
gauge). mile. size) 4000 cu.
ft. per mile.
' /49 ’s ’s 11/49
3 3/’51 ” I 6/51
IR} l/’50 Y] sy 4/’50
' 9/60 Tar No. 3 Grit 3000 cu.ft. 11/50
10 tons per per mile.
mile.
E3) ll/’50 ’ ’ T
4} in. 6,62 Cut back Haldwani 6/52
consoli- 44 1b per  1/2in. grit 4.5
dated 100 8q. ft.  cu. ft. per 100
to 3in. sq. ft.
3y 3/'52 3] Iy 5/52
1 1 ” sy »
" 6/62 . 1/2 in. Delhi 7/52
48 1b grit 4.5 cu. ft,
per 100 sq. ft.
" 6/62 " e 6/52
" 10/51 " 1/2 in, Hald- 11/51
46 1b wani grit 4.5
cu. ft. per
100 sq. ft.
. 10,50 Cutback 451b ’» 10/50
per 100 sq. ft.
" s IH] 3 ”

Wearing surface 2nd coat.

7 (i)

Bitumen
80/100
7 tons.

Bitumen
80/100
5.5 tons.

Not

LR

k2]

Cut ’l’mck
24 1b per
100 sq. ft.

Cut back 20 Ib
per 100 sq. ft.

’»

Binder and rate | Grit and rate of
of application.

application,

7 (if)

Mohand grit
1/8 in.-3/8 in.
size, 2000 cu.ft.

per mile

3

Grit 1500
cu. ft.
per mile

1

done yet

3/8”in. Delhi
grit 2.5 cu. ft.
per 100 sq. ft.

b 24

2.7 cu. ft. per
100 sq. ft.

Time of
application.

Traffic intengity

per day
Tons.

7 (iid)

6/51

4750
5/52

5/51

5/51

5/52

5/51
6/51

Max. 624 tons.
Ave. 345 tons.

Max. 548 tons.
Ave. 306 tons.

Max. 693 tons.
Ave. 400 tons.

—

Remarks.

Adhesion satisfactory. Surface uneven.
Patches are formed rapidly, proba-
bly on account of the fact that brick
ballast used was not over burnt.

”» iR} 3
Surface not very uneven and no pat-
ches have been found as yet.
Surface not much uneven. Adhesion
of binder good.

is 9 ft. Surface not
Adhesion of binder

Width treated
much uneven.
good.

T} ’ 2

The behaviour of the surface is satis-
factory. The surface is smooth and
there are no signs of paint not
adhering to the brick ballast.

” 2 thd
3 bR} 3

3 LR »

3 3 LR
” 1R )] 12

” 2 ”

” »” ”»
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Serial
No.

Name of Road and
milago.

(&2

Grand Trunk Road :
(Etawah District)
Mile 760

Mlle 761
Mile 762
Mile 763
Mile 764
Mile 765
Mile 766
Mile 767

Mile 776

Mile 777

Agra-Aligarh Road:
Mile 38

2 1

8. AMligarh-Kasimpur
Road :

Mile 2

6.  Agra-Etawah-Fatehpur
Road :

Mile 120

Longth [Thickness

treated
in

Furlongs.

3

L XRAL LWL *® =2

[N

of brick
metal and
its sizo.

4

43 in.
consoli
dated to
3 in.

b 2]

2

tE)

L&)

b2)

Woaring surfaco 1lst coat.

Timo.of I
consolida-l 13i/ dor and rate | Grit and rate of

tion. of application. application.
s | sm | e
10/50 Cut back 1/2 in. Hald-
45 1b wani grit
per 100 sq. ft. 4.5 cu.ft.
3,51 Cut back 481b v
’ per 100 sq. ft.
4/51 ,y 46 1b »
1 ” 47 L R) "
5/51 %) 48‘ 2] I’
10,51 » 46, ”
3/51 ') 49 i X 123
10/’51 ” 46 13 »
10/51 Bitumen 1/2 in. Delhi
80/1004.51b grit 0.4 cu. ft.
per sq. yd. per 8q. yd.
5/51 i X) ”
6/51 Asphalt »
180/200 4.5 1b
per sq. yd.
10/50 Bitumen  1/2 in. Najibad
80/100 @ 3.5 grit at 0.4 ou.
lb per sq. yd. ft, per sq. yd.
4/562 Tar No. 3 Jhansi
13 tons granite
per mile 4 in. to  in.
4.4 cu.ft. per
100 sq. ft.

Time of
applica-
tion.

6 (i)
11/50

4/51
5/561
5/51
6/51
10/51
4/51
10/51

11/51

8/51

1R

11/50

5/52

[ Woearing surface 2nd coat.

Binder and rate | Grit and rate of | Time of
of application. application. }application.
g (i) g ki{) o 7 (iii)
Cut back 3/8 in. Delhi 5/51
20 1b grit 2.5 cu. ft.
per 100 sq. ft. per 100 sq. ft.
Cut back 24 1b ’s 11/51
ER] t2] 39
bR ] ) 10/51
1] ’" 2]
Cut back 20 1b - 3/152
1 24 1b 3 4/52
2y 2 bR ) E 24
Bitumen 1/4 in. Delhi 10/62

80/100 2.5 Ib grit 0.25 cu. ft.
per 8q. yd. per 8q. yd.

121 2

———-————being done~—

Bitumen 1/4 in, Delhi
80/100 @ grit @ 0.35
3 1b per 8q. yd. cu.ft.persq.yd.

2nd coat is being given now.

6/51

| Traffie intonsity

por day
Tons.

8

Max. 732 tons

Ave. 430
Approx.
800 tons

bR

700 tons
approx.

600 tons

1000 tons

Surface is fairly

The behaviour of the surface is satis-

factory. The surface is smooth and
there are no signs of paint not
adhering to the brick ballast.

bR ’»

Smoothness fair ; adhesion fair.
Rough surface ; adhesion fair.

The treatment was for 4 ft on either side

of 8 ft cement concrete. Surface is
quite smooth; adhesion good. The brick
ballast was not dry rolled. The con-
solidated surface was not blinded, nor
any traffic allowed before painting.

smooth ; adhesion
unsatisfactory.

Surface fairly smooth. Some undula-
tions have however, ocourred. The
binder has struck well to the brick
ballast. The treatment fails under
heavy traffic. The hard grit pene-
trates the brick ballast and the brick
ballast is exposed at places. The
carpets of 1st coat should therefore,
be thicker i.e., more grit should be
used. Width of treatment 12 f¢
unless otherwise stated.
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Serial Name of Road and
milago.

No.

1

Agra-Etawah-Fatehpur

L 2]

»

Mile 121
(1-2 fgs.)

Mile 121
(3-8 fgs.)
Mile 122
Mile 123
Mile 124
Mile 137
Mile 138
Mile 139
Mile 140

7.  Kalyanpur-Bithoor
Road :

Whole length

7 miles
4050 ft

8. Grand-Trunk Road :
Provl. Divn. Farruk-

habad :

»

I’

”»

Mile 720

Mile 732
Mile 728

Mile 729

Length |Thickness
troated
in
Furlongs.

3

Q0 Q0 0 QO W X W =2}

Time of

Wearing surface st coat.

metal and cons.oll(lu- Binder and rate i Grit and rate of

of brick

its size,
s | s

44 in. 4/52

consoli

dated to

3 in.
’ 2,52
’ 5/52
» 12/52
’» 11/62
» 11/61
L E] LR )
”» 12/51

4} in. 1950
(1} in.
gauge)

)

1 3

2

9/51

11/51
9/51

of application. application.

6 (i) ‘ 6 (ii)

Tar No. 3 Jhansi granite

13 tons per } in.to$in. 4.4

mile, cu. ft. per 100
sq. ft.

Time of
applica-
tion.

6 (iii)

!

5,52

Tar No. 3  Stone grit § in. 10/50 to

44 1b per  size 4.1 cu. ft.
100 sq. ft.  per 100 sq. ft.

Cut back 45 1b Delhi grit (% in.

per 100 sq. ft. -} in.)4.4 cu. ft.
per 100 sq. ft.

t2] 3

Tar No. 3 '
50 1b per 100
8q. ft.
Bitumen 451b o

per 100 sq. ft.

11/50

11/61

11/51

”

”

| Binder and rate | Grit and rate of
| of application.

| 7 (i)

Wearing surface 2nd coat,

application,

7 (i)

2nd coat is being given now

2

Cut back
24 1b per
100 sq. ft.

bR}

ER4

2

i)

12

Delhi grit
(3/81in.-1/8 in.)
2.5 cu. ft. per

100 sq. ft.

|

? Traffic intensity

Time of | per day
application.' Tons.
7 (i) ! s

1000 tons
approx.

" LX]

LR LH]

bh) i3]

” 3

) 3y

» »

’” 9

’s »
T} 100 tons
approx.

Remarks,

Surface fairly smooth. Some undula-

tions have, however, occurred. The
binder has struck well to the brick
ballast. The treatment failed under
heavy traffic. The hard grit pene-
trates the brick ballast and the brick
ballast is exposed at places. The
carpet of 18t coat should, therefore, be
thicker i. e., more grit should be used.

» 9

144 1]
2 bR
” 2»
b2 b2
”» ’
" 3
” ’”

Width treated is 9 ft. The surface is

smooth but adhesion of binder to
brick ballast is ordinarily poor.

6/62 Ave. 423 tons, Portion became rough after 3 months of

11/52
6/52

6/62

Max. 719 tons.

lst ocoat painting and there were
signs of wear. After 2nd coat surface
h&?l become smooth and is behaving
well.

”» »”
134 111
” FYY
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CBATURVEDI oN BLAOK TorPING OF Brick MEraL WBM Surraces

' Longth Thicknessi Time of

Wearing surface 1st coat. i

Wearing surface 2nd coat.

Serial Name of Road and | treated | of brick | ~ . 1 . 1 rate of Time .o.f Binder and rato
%ilf I milago. ‘B‘ur]i(l)‘ngs. mi(éZa.;i;Lr.xd wnt?‘;“l'( ’ i ]?);n;i;;l?é:;ifgie G;gp[;;;tzzn? ¢ a;;’[i)é;c.a. of application.
— - ! ; s P 6 (1) ‘ e i) ’ 6 (iii) } 7 ()
Grand-Trunk Road :
Provi. Divn. Farruk-
habad : g 10/52 .
i 4} in. 9/51 Cut back 45 1b Delhj grit (} in.
»o o Mile715 2 (1% 12 / per 100 sq. ft. -}in)4.4 cu.ft.
gauge) per 100 sq. ft. 19159
v / _—
Mile 724 8 ” 11752 N ” 11/52 Bitumen
o M . 1152  TarNo.3 . 1
oo Ml 8 "% 501b persq. t. 80/100, 24 Ib
per 100 sq. ft.
8. Grand-Trunklv'[I}(l)eat'l7 3 0 o 4 in. 1052 Asphalt Delhi grit 11/52 ]Zifixlx)men
(1% in. 50 1b per 100 (3 ip.~} in.) 2 pe;zt;
gauge) sq. ft. 4.4 cu. ft. per 100 sq. ft.
100 sq. ft.
S ﬁﬁg ;gg g ” 11/52 Cutback 451b . 12/52  Asphalt 25f 1b
o ’ per 100 sq. ft. 100 sq. ft.
(5 fgs.)
. s Mile 734 8 . 10/52 ” ”» i%gg -
’9 2 Mile 735 8 s (3] Ll ’ 12/52 _
’ s Mile 736 8 7] N ”» " 59 Asphalt 25 1b
» s Mile 740 8. . 11/52 » N 12/ sgzr i
(6 fgs.)
»» " Mile 722 8 2 4/52 3] »» 5/53 -
5 9 Mile 731 8 vs ' »” s ’ —
9.  Meerut-Bareilly Road
N. H. No.24
Bareilly District. . Bi
ile 118 8 4} in.-  9/51 Tar No. 3 Najibabad  11/51 itumen
Mile (lfin.— / 51 1b per stone grit 80/100 28.3 1b
2 in. 100 sq. ft. (1} in.to % in. per 100 sq. ft.
size) size) 5.0 ou. ft. ‘

per 100 sq. {t.

Crit and rate of
application.

7 (ii)

Delhi grit
2.5 cu. ft. per
100 sq. ft.

Delhi grit
2.5 cu. ft. per
100 sq. ft.

Delhi grit
2.5 cu. ft. per
100 sq. ft.

Delhi grit
2.5 cu. ft. per
100 sq. ft.

Najibabad grit
(% in. to § in.)
3 cu. ft. per
100 sq. ft.

Traffic intensity

|
|

Time of per day
application.
7 (iii) 8
6/53 —
6/63 —
6/63 —_
6/53 -
6/62 Max.834.5
tons
Ave. 272.75
tons

-
1
! -
l

Remarks,

Portions now need repainting.

’”» ”

Portions became rough after 6 months
of lst coat painting. After 2nd
coat, the surface is smooth and is
behaving well.

Portions became rough after six
months of Ist coat painting. After
2nd coat, the surface is smooth and
is behaving well.

Portion needs repainting.

The portion where 2nd coat has not
been given needs repainting. Other
portions are behaving well.

Need repainting now.

LR b 2) 3

11 E3] ’ ”»

The portion where 2nd coat has not
been given needs repainting. Other
portions are behaving well.

Portions now need repainting Greater
quantity of grit was used than in
other portions. Wear was noticed
after a longer period than in other
miles.

» LR »

Nothing unusal has been abserved so
far.
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Seriul

No.

10.

11.

12.

Name of Road and
milagoe.

Meerut-Bareilly Road :
N. H. No. 24
Bareilly District.

Mile 117

Mile 116
(fe. 5 to 8)
Mile 113
(fg. 1,2, 7,8)

124 »

LR LR

»» 3, Mile 112

Lucknow-Bareilly Road :
Route No. 24 N. H.
Bareilly District.

Mile 137

Mile 138

Unnao-Hardoi Road :
Mile 72
(fg. 3-4)

Lucknow-Bareilly Road:
gN. H. No. 24)
hahjahanpur Distt.
Mile 106

Mile 107
to 110
Mile 111

” ”

” ”

Longth  Thicknoess

treated  of brick

in

Furlongs.

3

8

1

32
8

| Time of

Wearing surface 1st coat.

motal and [cons‘ohda-ﬁ Binder and rate | Grit and rate of

its gize.

4} in,
oconsoli-
dated

(1} in.
-2 in.
size)

i44

”

9/61

11/51

1950

1951
1950

of application,

6 (i)

Tar No. 3
51 1b per
100 sq. ft.

Tar No. 3
46.8 1b per
100 sq. ft.

Tar No. 3
45 1b per
100 sq. ft.

Tar No. 3
12 tons
per mile

”

application,

6 (ii)

Najibabad
stone grit
(} in. to § in,
size) 5.0 cu. ft.
per 100 sq. ft.

12

Haldwani grit

($in.-§ in. size)

4,75 cu. ft. per
100 sq. ft.

”

Najibabad grit
(¢ in.to } in.)
2.5 cu.ft.
per 100 sq. ft.

River bajri
} in.~} in.
(2800-3000)

cu.ft. per mile

”

9

Time of
applica-
tion.

6 (iii)

11/51

12/51

11/51

3/562

1950

1951
1950

Wearing surface 2nd coat,.

Binder and rate | Grit and rate of

of application.

Bitumen
80/100, 28.31b (§ in. to % in.)

per 100 sq. ft.

E3]

2?

311b

27 1b

Bitumen

80/100, 29 1b

application.

Najibabad grit

3 cu. ft. per
100 sq. ft.

» 2.6 cu. ft.
» 2.8 cu, ft.

» 3.1 cu. ft,

Najibabad grit
(} in. to § in.

per 100 sq. ft. size) 2.75 cu. ft.
per 100 sq. ft.

12 ]

Asphalt
80/100
5-7 tons
per mile

”

River bajri

$ in—} in.

(1400-1600)
ou.ft. per ‘mile)

i1

»

Time of
application.

6/52
5/52

3/52

3

1952

———

Traffie intensity"

per day Remarks.
Tons. -
s 9 -

e T T T e T i s e s e

Max. 8345 Nothing unusal has been observed so

tons far.
Ave. 272.75

tons

- I

tMaxt 351.0 2y
ons per da

Ave. 120.5y

tons per day

Max. 2131.25 »
tons
Ave. 776.5
tons

300 tons

Width treated 20 ft.

>

t2]

124

The surface has

not yet become smooth. Adhesion

satisfaotory.

Max, 552.25 Behaviour satisfactory.

tons
Ave. 304.7
tons
- ”» ”»
""L.v . ” } T}
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Serial Nume of Road and
No. | milago.
1 1 2

Lucknow-Bareilly Road :

N. H. No. 24

Shahjahanpur Distt.
Mile 117
(1-5 fg.)

k2] 2

Mile 117
(6-8 fgs.)
,» Mile 118
Mile 119
Mile 112

bR ] 12

ER] Iy

3? 3

Sltapur Distt.
Mile 31
. Mile 275)

n

(N

., ., Mile 32
(N. H. Mile 274)

., Mile 33
(fg. 1-4)
(N H. Mile 273)
,,» Mile 33
(N H. Mile 273)
(fg. 5-8)
' ,, Mile 34
(N. H. Mile 272)
' ,s Mile 35
(N. H. Mile 271)

,, Mile 36
(N H. Mile 270)

13. Sitapur-Bahraich Road :
Mile 6

l Longth
treated
in

Furlongs. | its sizo,

<

o alite oliv o]

®w &

@

1Thwkness
of brick
imetal and

4} in. con-
solidated
(1} in.-
21n. size)

2

Time of

consolidas) 13:1qor and rato [ Grit and rate of
of application.

1950

2/50

3/50
5/51
9/51

10/51

Wearing surface 1st coat.

6 (i)

Tar No. 3
12 tons per
mile

Tar No. 3
15 tons
per mile

Cut back

Tar

(23

Tar No. 3

1R

”

application.

6 (ii)

River bajri

% in.-§ in.
(2800-3000

cu. ft. per mile)

33

Ha.ldwa.ni grit

2 in.-§ in.

(3000 cu.ft.

per mile)

»

3

”

Time of
applica-

tion.

|
i‘ 6 (iit)

1951

1952

1952
1952
1950

11/50

11/49

4/50
6/51
10/51

11/51

Binder and rate i Grit and rate of
of application. application.

—]| ) \
\‘ 7 (1) |

TG

Agphalt 80/100 Rlver bajri
5-7 tons per 1 in.~% in.
mile (1400-1600

cu. ft. per mile)

Asphalt 80/100 River bajri

5-7 tons per 1 in.-§ in.
mile (1400-1600
cu. ft. per mile)
Bitumen Haldwani grit
80/100 8 tons Lin.-} in.
per mile (1500 cu.ft.
per mile)

2? »

» bR]

Wearing surface 2nd coat.

Time of
application.

1951

1950

6/51

5/50

11/50

12/50
10/51
3/52

~| Traffic intensity

p;‘r day Remarks.
ons,
9 9

Max. 552.25 Behaviour satisfactory.
tons
Ave. 304.7
tons

—

” t})

bR1 bR

" 3

Ave. 321.5 tons Adhesion of binder to brick ballast is

Max. 599.25 good. Surface is sufficiently smooth
tpns(!947-48) except at some places due to hand
in Mile 31 spreading of Tar.

. Adhesion to brick ballastt was not
found satisfactory and heavy patches
were formed soon after. The surface
was good after 2nd coat.

" Adhesion of tar was found good. Surface
is sufficiently smooth.

v Adhesion of tar was found good. Surface
is sufficiently smooth.
’ Adhesion of binder to brick ballast found
good.
” Adhesion good. Surface is also satis-
factory.
”» i) ”
Max. 430 tons I} )
Ave. 266 '

(1947-48),
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Length |Thickness

. Time of
Jori o g 1 f ; .
bﬁml Nnmor%fih{{g?d and froii:ltm rr?et:lr:xl:d consolida~ 35 4o and rate | Grit and rate of
o ’ Furlongs.| its size, tion. of application. application,
1 7 AVW:W!H L ;N—~;—4 B 6 (i) ( 6 (ii)
14.  Sitapur - Lakhimpur
Road : )
Kheri District ‘
( Mile 28 8 44 in.  3/51 Tar No. 3 Haldwani
consoli- grit § in.
dated
(13-2 in.
gauge).
15.  Unnao - Hardoi - Road :
Lucknow Division o
pesne Mile 1 6 ' 4/49 Tar No. 3 Jhansi grit
” 72.2 1b per {in. 6 cu. ft.
100 sq. ft.  per 100 8q. ft.
Mile 1 1 fg. ’s 8,49 Tar No. 3 Jhansi § in.
”? 646 ft 60 b per 100 4.9 cu. ft
: sq. ft. per 100 sq. ft.
Mile 2 8 " 9/49 Tar No. 3 Jhansi ? in.
" 57.3 1b per 4.57 cu. ft.
100 sq. ft.  per 100 sq. ft.
Mile 3 8 ' 10/49 Tar No. 3 Jhansi # in.
: 62.8 1b per 4.42 cu. ft.
100 sq. f6.  per 100 sq. ft.
” Mlle 4 3 " 2 1) 9
' Mile 4 5 . 1/50 v .
Mile 5 8 ’ 3/60 58.8 4.61 cu, ft.
. Mile 8 8 . . . 4.61 cu. ft.
L3 Mile 9 8 » 2/50 2 ’
'y Mile 10 8 93 3/50 'Y I
16.  Lucknow-Banaras Rd :
S Highlway. )
State Hig M%e 9 8 ' 1939 Tar No. 2. Details not
i available.
Mile 10 8 1 X) " 124 3

»”

Wearing surface Ist coat.

Time of
applica-
tion.

1 6 (iii)

5,61

5/49
11/49
11/49

12.49

4/50
5/50

May, 39

June, ’39

Wearing surface 2nd coat.

Binder and rate | Grit and rate of

of application. application.
7 (i) 7 (i)
Tar No. 3 Jhansi grit
37.8 1b per %in. 3.9 cu. ft.
100 sq. ft.  per 100 sq. ft.
Bitumen Jhansi % in.
80/100 2.9 cu. ft.
26.7 1b per 100 sq. ft.
Bitumen80/100 Jhansi } in.
24.7 1b 2.47 cu. ft.
per 100 sq. ft. per 100 sq. ft.
" Jhansi } in.
2.68 cu. ft.

per 100 sq. ft.
Bitumen80/100 Jhansi } in,
29.2 1b 3.0 cu. ft.

per 100 sq. ft. per 100 sq. ft.

Details not

Asphalt
available.

” "

Traffic intensi
Time of ;:r ;al;fl?;l::ty Remarks.
application. )
oqGE) e
—_ Ave. 858 tong The surface is smooth and adhesion of
perday (Novy,, binder is satisfactory.
1952).
11/49 687 tong  Width treated 20 ft. The surface wore
out under traffic.
5/50 £2] 32 99
6{'50 —— E2) 2
' —_ Standing well.
Novr., Max. 946 tons, Repainting with Bitumen 180/200 in
1939  Ave. 616 tons, May 1944 and with Bitumen 80/100 in
June 1950. Thesurface now requires
repainting.
Dec., Repainting with Bitumen 180/200 in
1939 June 1942, June 1945 ; with Bitumen

80/100 in March 1949 and with Tar
No. 3 in May 1953
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CHATURVEDI ON Brack TOPPING OF Brick Mgrar. WBM Surraces

Serial Name of Road and

No. |

Lucknow-Banaras Road:

milage.

State Higlway

I’y
T

b4

Mile 11

Mile 15

Mile 41

Mile 42
Mile 42
Mile 43

Milo 44
Mile 45

Mile 46
Mile 47

17. Lucknow-Jhansi Road:

N. H.

Mile 7
(fg. 4-8)
Mile 8
Mile 9
(fg. 1-4)
Mile 9
(fg. 5-8)
Mile 10
,, 11
12
13
14
bR} 15
16
17

Length
treated
in

l“urlullgs.

3

L T St

o <iie o o

<

o oo

[e oo e sle oo olie o]

Thicknoss
of brick
}metnl and:

1its size.

174

44 in.
consoli-
dated
(1§-2 in.
gauge)

7y

4} in.

Time of

consotida= 13:0 1or and rate | Urit and rate of

tion.

1939

1/50
10/49

9,49

8/49

|
\

|

of application.

6 (i)

Tar No. 2

Bitumen.

LR

»

Tar ,D’IO. 3.

’»”

Bitumen.

"

9

Woaring surface 1st coat.

application.

6 (ii)

Details

not available

Jhansi 1 in.
grit.

Time of

Woaring surface 2nd coat.

Binder and rate | Grit and rate of

alzil(’)lri:“' | of application. | application.
6 (iii) | 1 7 (i)
July, ’39 Asphalt Details
not available
NOVI‘., ” ]
1939
11/50 Bitumen Jhansi § in.~-
£in.
b2} b2l I
5/50 tR4 2
bR » »
11/7:19 Bitumen Jhanei § in.—
2 in.
" bl bl
LR L R) »
10/49 . N

No details available.

t 2]

bR]

»”

Time of
application.

7 (iii)

April
1940

11,50

5/50

4/50

1933

1931
1936

1937

1937
1937

1936
1937
1936
1936
1937
1936

Traffic intensity

per day ‘ Remarks.
ons, :
i
8 “ 9

Repainting with Bitumen 180/200 in
June 1942 and with Bitumen 80/100
in March 1949. The Surface now
requires repainting.

Max. 423 tons Repainting with Bitumen 180/200 in

Ave. 302tons  June 1942 and with Bitumen 80/100
in June 1950, The surface now
requires repainting.

Max. 779 tons The surface is behaving very well and is

Ave. 292 tons  quite smooth. Adhesion of top

in mile 40. coat to brick ballast is perfect.
" 2
" 2
1 b2]

— These port,i’ons have been repainted in
5/53. The surface is smooth and is
behaving well.

The surfacé’is behaving v;:éll.
Max. 531 tons

Ave. 336 tons ” ”
in Mile 49,
—_ The portions are standing well.
_— bR} k2]
M&X. 835 tons. 2 Y]
Ave. 486 tons.
3 2
1 "
b2} 1 3]
Max. 806 tons, ’ ’”

Ave. 408 tons,
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Namo of Road and
milago.

Soriul

No.

i
'

v

e

18. Cantonment Branch
Road :
Lucknow
State Highway
19. Lucknow-Gorakhpur
Road :
N. H. Mile 161
' Mile 160
’ Mile 159
. Mile 158
’ Mile 1564
. Mile 153
20.
Behraich-Balrampur
Road :
Mile 3
(fg. 4-8)
»» Mile 4
(fg. 1-6)
21.
Faizabad-Bahraich
Road :
v Mile 19
Mile 20
Mile 69

Longth
treated
in
Furlongs.

Thickness

Woaring surface Ist coat. Wearing surface 2nd coat.

3

1 fg.
165 ft
1 fg.
358 ft

&L XL

(31}

of hrick  Timo of
motal and cm}golnlu-
its sizo, tion,
- ) - i
<—
41 in.  Y/50
($in.-2ip,
5126).
T 10/50
' 10/51
LY) 11/’51
4y in,  8/51
(14 in.
size)
» 9/61
(tg 1-4)
and 2/52
” 10/52
» 11/62
» 2/62

|
" Traffic intensity“

Bindor and rate  Grit aud rate of {;l‘)inl'?c(’f Binder and rate Grit and rate of Time of per day Remaeks,
of application. application, It[i)on.u- + of application. = &pplication.  application. tons.
6 (i) 6 (ii) 6 (iii) 73 7 i) A R | 0
No details available —> 1939
1941
Bitumen Katerniaghat 11/50 Not yet 350 tons ¢ d in al .
14 tons per  stone grit 3500 painted 0 tons ° G(;On dlgog dl :zisl?:scit;snl.v?i,t inll)(i)gfih surface
mile cu. ft. per mile. (1948) o
Ex] 1y 3 I
Tar No. 3 . 4/51 8 tons per mile 2000 cu. ft. 350 t” i ; hedi
14 tons per per mile 400 22; sto Smoothness is fair and adhesion good.
mile (1948)
’” EE] 5/51 ” 144 14} ’
. ’s 11/51 Not yet .
Bitumen vy 5/52 painted - ? ”
14 tons per mile
Tar No. 3 Katerniaghat 1952 2nd. coat not yet given — Width treated 9 ft Deep patches have
oy n s . .
grit #in.-} in. developed and smoothness is poor.
Adhesion of binder was poor. Over-
burnt brick ballast mixed with deep
red first class brick ballast was used.
" ’ . » - Adhesion of binder is poor.
Tar No. 3  Haldwani grit —_ ’ Ave. 200 tons No report available as surface h
C ] been
50 1b per $ in.-} in. Max. 350 tons  under ¢ b bime,
T B {infin r traffic for a short time.
4.5 cu. ft. per
100 8q. ft. ”» - ’s ”
. o -— » Ave. 300 tons Adhesion of the binder with bri
Tar No. 3 Grit 5 cu. ft. 6/62 Max. 500 tons  ballast is good. The surface is xllil!‘;
60 1b per per 100 sq. ft. smooth,

100 sq. ft.
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Wearing surface 2nd coat.

i Wearing surface 1st coat. Traffic int .
Thickuess . . raffic intensit
Longth ckuess Timo of y

Serial | Name of Road and troatod - of briek e . e deate Uri ‘ ¢ Timo of  Binder and rate Grit and rate of  Time of per day Remarks.
g ettt ol e Ot el ke ot el 5
X , 5 | 1 P 6 (i) ' G(iii 6 (ii3) 7() 7 (if) 7 (i) 8 9 T
22. Lucknow-Banaras Road: '
(Distt. Partapgarh).
g’{). ] th‘g7. o 4% in. Not _ Not known Not Tar No. 2 Not known Not — 1
n 0 “ thick (2} known known known
. sizo) _ 1941 y ., Max. 495 tons .
8Y 1 to+d 4 » » ” Ave. 180 tons | The portions are less smooth than
1941 . ., . stone ballast painted length, Pat-
93 1ltoh 3} v ’ ot L ” Not " ? 6/50 e ches are easily formed where the
100 21 to 43 2 9’ ) No nown ” known wearing coat i8 less in thickness.
Y " Max. 513 tons Can withstand for 4 to 5 years if
102 45 %0 7 2% » » ” ” ” Ave. 328 tons regularly painted after that period.
109 TL to 8 l 13 3 » 24 » :: :;
110 0 to 1}: l:: 3 3y 4 [ » . J
114 5 to T 2 g 2 ” g’ 6/51 . 6/51  Max. 948 tons
5 ) 8" 2 4 in. 5,51 ) " i ” 1 . s .
18 6 tod thick / Ave. 413 tons | The surface is quite satisfactory.
@2} in in mile ¥ Life is about2 years.
size) 160 fg. 4 J
159 1 tod 7 ” . " ” » ” " ”
23. Barabankl-GorigﬁeRga;d : . 3 10/51 Bitumen 1in. to § in.  12/51 — — —_— Max. 768.5 Behaviour satisfactory. The surface is
80/100, 16 tons Katerniaghat A togs standing well.
per mile grit 4.7 cu. ft. ve. 390.25
per 100 sq. ft. tons
" Mile 12 8 2] ” ” 3] » T ” i~
lahabad-Fai . .
2. M l:o:d? alzl\?[li’laed(sl 8 . 1949 Bitumen Bharatkup 1949 — — — MMZ- 213.75 Surface is smooth and binding seems
80/100, 16 tons metal (14 in.- A Oilg satisfactory.
per mile  }in.) 4.7 cu. ft. ve'o.0 9.75
per 100 sq. fb. ns
95. Lucknow Banﬁr;: Illgzd: ¢  4incon- 940 Bitumen Gaya grib 11/49 Bitumen Gaya grit 6/51 500 tons Surface smooth and adhesion of binder
” solidated 13 tons (11 in. to § in. approx, to brick ballast is good.
to 3t“‘é (1:1& per mile size) 4.4 to b
! 'gaﬁge) ’ cu. ft. per 100
sq. f
i 5 3/60 5/60 2 Lo 6/52 2 s '
7 lﬁﬂz igg 3 7 2//51 ? :: 6/51 Being painted » . ., ””



APPENDIX 4

Detailed P. W. D. Specifications for Brick Ballast Collection ;
Brick Ballast Consolidation and Surface Dressing

Brick Ballast Collection
General

The bricks from which the ballast is to be broken shall be
overburnt and not merely well burnt.

Bricks which are not overburnt shall not in any circum-
stances be used.

Size and Test

The ballast shall be broken to the gauge specified in the
contract and the Engineer-in-Charge or his assistant may, if he
deems it necessary, test the size according to the following
procedure.

An average sample of ballast weighing 100 1b shall be tested
with gauge screen and shall conform to the following conditions:

(a) the whole shall pass through a screen having square
meshes § inch greater than the specified gauge.

(b) not more than 20 per cent, shall pass through a
screen having square meshes 4 inch less than the
specified gauge.

(¢} no portion shall pass through a screen having square
meshes 11 inches less than the specified gauge.

The quality of brick ballast shall not be inferior to the
sample supplied by the contractor and sealed with the seals of the
department and the contractor and kept in the custody of the
Engineer-in-Charge.

Stacking

The metal shall not be thrown down on the travelling surface
or patries of the road under any circumstances, but shall be shot
on the lower berm, where the stack is to be formed as directed by
the subordinate-in-charge. Before stacking, the site shall be
cleaned and levelled by the contractor and approved by the sub-
ordinate-in-charge. The collection and stacking of metal shall
commence at one end of the portion to be renewed in each mile
and be continued to the other end of that portion. The stack
shall be 12 in. high and shall be free from all rubbish and dry
leaves, etc.
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Brick ballast consolidation

General

As a brick ballast road cannot stand traffic unless painted,
it is essential that brick ballast should be consolidated either
before or after the rains so that first coat of paint can be given
within one month.

Preparation of surface

The surface of the old metalling shall be thoroughly cleaned
of all dirt and all deep holes in the old metalled surface shall
then be roughly repaired. The whole of the old surface shall then
be scarified or wholly picked upto a depth of 1} in. and the whole
of the roughened surface raked true to template. If the old
surface is badly rutted the higher portion shall be wholly
excavated to such a depth as will ensure, when the broken up
surface, has been trued to template, that the depth of the loosened
surface is uniform.

Two parallel mud walls 8 in. wide by 6 in. high made of well
primed clay shall be formed along the outer edges of the metalling
to confine the new metal and prevent it from spreading under the
action of the roller. These mud walls shall be aligned with flags
ander the direction of the subordinate-in-charge and the clear
width between them shall be the exact width of the new metalling.

Spreading of metal

The brick ballast shall then be spread evenly over the surface
true to the template. The metal shall be carefully handpacked,
the bigger pieces of metal being placed below and the smaller
pieces in the interstices of the bigger pieces. The templates shall
be placed at distances apart not excceding 50 feet and shall be
fixed truly horizontally so as to ensure that both sides of the road
are dead level. The bottom member of the template shall be of
a depth equal to the unrolled thickness of the coat of metal being
applied. The metal wheun spread shall also be to the level of the
top of the bottom member of the template.

The camber of the template shall be 1 in 60.
No earth or organic material shall be mixed with or spread
over the metal before, during or after consolidation.

Consolidation

The brick ballast shall then be rolled with a light road roller,
not exceeding 10 tons, commencing at the edges and working
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towards the centre. The metal shall be dry rolled until no lines
of the roller are left on the surface, i.e., until the metal has been
thoroughly compacted. The surface shall then be saturated
with water and rerolled until thoroughly compacted and
no marks are left on the surface by the roller or by any cart
which may pass over it. After the metalling has been rolled as
specified above, the blinding material shall if so directed by the
Enungineer-in-Charge be spread evenly over the whole surface and
be of such a thickness as will when watered and rolled, only just
fill all interstices. The blinding material shall not contain clay
or organic material. After the spreading of the blinding material
the surface shall be well rolled and watered to such an extent
that the blinding material is formed into a slurry. The slurry

shall be brushed slightly with brushes backwards and forwards
in front of the roller and the rolling and brushing shall
continue until the surface is passed by the Executive Engineer
or his assistant.

Not more than one furlong of road shall be under operation
in any one mile at one and the same time.

Patries

The earthen sides (patries) shall be made up to a uniform
width of 10 feet from the edge of the metal as soon as the adja-
cent metalled portion has been opened to traffic. The surface
shall be flush with the surface of the metal at the inner edge and
shall be given an outward slope of 1 inch in 3 feet. All holes,
channels and other irregularities in the slopes of the embankment
shall be filled up. The earth shall be obtained from the boundary
ditch or such other place as the Executive Engineer or his
assistant may direct and shall be dug evenly and neatly, deep
and unsightly holes being avoided. The boundary locks-pit and
the outer slope of the boundary ditch shall not be disturbed and
no earth shall be dug within 3 feet of a tree, milestone, furlong
post or boundary pillar. Theearth thrown on the patries and
slopes shall be beaten down, all clods being broken in the borrow-
pits and the surface shall be smoothly dressed. In places where
earth is obtainable only with difficulty during the rains a strip of
patrie 8 feet wide adjoining the edges of the metal shall be made
up as soon as the adjacent portion of metal is opened to traffic
and the remainder shall be completed later. Borrowpits should
not be dug in town or village but if unavoidable shall not be more
than 12 in. deep and shall be drained properly.
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Surfacing dressing

General

Except with the express permission of the Superintending
Engineer surface dressing shall not be applied to a water-bound
kankar or a soft stone surface. Old stone or brick surface
shall only be painted if in good condition and free from pot holes

and ruts.

Newly consolidated surfaces

When consolidation is done with the intention of painting
the surface no material shall be used for binding or for blinding
which is of such a nature that it cakes hard and is therefox:e
difficult to remove. Moorums must be avoided for this
reason. The use of roadside earth provided it is not clayey,
is permissible only for blinding tl_le surface qfter consoli-
dation but must not be used as a bin_dmg agent during the work.
Fine stuff resulting from scarifying if ltaft on the surfa,c(_a of the
road before spreading the metal par'qally ﬁll§ the voids and
obviates the necessity for any additional binding material,
though surface blinding will still be necessary.

In all cases the consolidation must be complete and
must not cease until the roller fails to make any mark on the
surface. The ballast should be well graded and, if necessary,
more than one size should be purchased though it is preferable
to have metal which has not been screened.

Type of painting. Unless otherwise ordered by the Superin-
tending Engineer all painting of surfaces not previously painted
shall be done in two coats. The binding material for the first
coat shall be one which has penetrative properties for example
tar, bitumen emulsions and bitumen cutbacks. The material
for the second coat shall normally be a bitumen applied hot, but
for experiments other materials may be used as ordered by the
Superintending Engineer.

Grit. The grit shall either be broken stone or coarse river
bajri. The hardest material available at a reasonable price shall
be used and it is immaterial whether the shape of individual
pieces is angular, as in broken stone, or round as in the case of
bajri. For the first coat on a newly consolidated roadt he grit shall
be screened so that 100 per cent passes through a 3/4 inch screen
and retained on a 1/4 inch screen. The grit for the second coat
or for repainting a surface previously painted, shall bescreeneci
so that 100 per cent passes a 1/2 inch screen. Where very thin
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coats of binder are applied it may be necessary to use still finer
grit or even coarse sand.

Time for painting

The period which must elapse between completion of consoli-
dation and the commencement of painting depends on the
material to be used, the time of yvear and to some extent on the
trafic. No painting shall be done during December and Janu-
ary. No hot painting shall be done during the rainy season or
painting with emulsion or cutback while it is raining or rain
is imminent.

First coat with tar. The road must be bone dry before paint-
ing is commenced and this dry condition must extend right down
to the earth subgrade. To secure this condition the surface of the
road must be kept continuously protected by blinding with a
material which does not cake hard if required.

In no case should painting be delayved more than three
months from the date of completion of consolidation and if the
time of year is such that it is anticipated that more than this
period will elapse before the road isfit for hot paint, an emulsion
should be applied as soon as possible after consolidation as des-
cribed below. If this has not been done, and it is found that
the surface will not be dry within 3 months an emulsion should
be applied within three months.

First coat with emulsion. When the first coat is to be with emul-
sion, either from choice or for the reasons given above, it
should be applied within ten days of completion of consolidation
during which time the surface should be protected with blinding
as above.

First coat with cutback. The road must be reasonably dry
but need not be bone dry right through. Two days dry weather,
even during the monsoon, will usually suffice.

Preparation of the surface

Before the application of paint, the surface of the road shall
be thoroughly cleaned of all caked mud and cow dung with stiff
brooms or, if necessary, with wire brushes. These latter should
only be used if the foreign matter is caked so hard that the brooms
fail to remove it. The road shall then be swept with bass brooms
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followed by housemaid’s brushes of medium softness. TFinally,
and immediately prior to painting, it shall be blown free of all
dust by moans of gunny bags or, if available hand or mechani-
cal blowers. The dirt and dust removed from the surface shall
be removed and deposited at a distance from the road. Only that
amount of surface shall be broomed and brushed as can be painted
the same day and the final cleaning by blowing shall not precede
the application of paint by more than half an hour.

During the cleaning the berms and patries shall be kept
thoroughly watered. When an emulsion is used for the first coat
the surface of the road shall be well soaked with water before
the application of the paint but at the time painting is com-
menced there must be no free water on the surface and the road
must be in a *“thoroughly damp condition .

Quantity of paint

When the paint is applied by pouring attempts should be
made to restrict of the quantities to those given below :

1st coat with tar
from 41 to 45 1b  per 100 sq. ft.

1st coat with emulsion
from 33 to 39 1b per 100 sq. ft.

1st coat with cutback
about 30 Ib per 100 sq. ft.

2nd coat with hot bitumen
from 23 to 29 1b per 100 sq. ft.

2nd coat with Tar
from 22 to 28 1b per 100 gq. ft.

Application of paint

The binder shall be heated to a temperature not higher than
that specified by the makers in boilers each of which ig provided
with a suitable thermometer. The material should not be poured
on to the heated surface of the boiler as it is liable to be cured
Heating must be gradual and the paint shall not be heated to a.,
higher temperature than necessary and in no case shall the
maximum temperature given by the makers be exceeded. As the
boiler becomes empty the fire shall be gradually withdrawn or
damped so as to avoid any noticeable increase in temperature in
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the smaller quantity that remains. Boilers must be carefully
cleaned every month.

The paint shall be applied to the road surface with specially
constructed pouring cans with wide mouths and of known ecapa-
city. To obtain correct and even distribution of paint the road
surface may be divided into rectangles of known area each
suitable for the contents of one pouring can and the paint then
poured longitudinally and brushed evenly over the surface with
bass brooms. Brushing shall always be done from the sides to-
wards the crown. Brooms must be cleaned at the end of the day’s
work.

Gritting

Ag soon as the paint has been spread, in the case of hot
paint, or as soon as the paint commences to break in the case
of an emulsion, the grit shall be broadcast on to the surface.
Before doing so, the grit should be screened into two portions
one containing the larger pieces and the other the smaller. The
larger grit shall be spread first, made into an even layer by hand,
and the smaller grit then spread over it. The whole shall be
made as even as possible before rolling.

The quantity of grit to be used shall be not less than the
following :

1st coat with tar, emulsion or cutback.
4.4 cubic feet per 100 sq. feet.

2nd coat with hot bitumen or tar
2.2 cubic feet per 100 sq. feet.

After the grit has been spread evenly over the surface it
shall be rolled with the lightest roller available. Rolling shall be
done sufficiently to press the grit into the painting material
and to fill the interstices of the metal in the case of the first coat.
Excessive rolling crushes the grit and must be avoided.
During the rolling workmen should follow the roller and,
with extra grit, fill in all lean places and with country whisks,
brush all surplus grit from those places which have excess grit.
Close and even packing of the grit is essential for a good
result. The roller must be driven at the slowest speed possible
and care must be taken not to start, or stop, with a jerk. ‘The
roller shall never be permitted to stop on a part of the surface
which has not been finished and should never stop at the same
spot twice.
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Some weeks after painting, the period depending on
the volume of traffic, surplus grit may be removed and stacked
by the road side. During and after this period all spots which
show signs of ““bleeding ” shall be covered with fine sand and,
a roller is available, rolled; the use of grit for this purpose

produces high spots.

Edging

As a general rule, the edges of the painted road shall be
protected by brick on edge andjor by strips of water-bound
macadam at least 12 in. wide and 4} in. thick. Stone, brick ballast,
kankar or other suitable material may be used.

Second coat

The second coat of paint shall be applied as soon as the first
coat has reached its ¢‘ optimum ’’ condition, that is when the
surface has become smooth, exhibits a mosaic and all loose
grit has been absorbed. The period which will elapse between
the first and second coats of paint will depend on the volume
of traffic and on the material used for painting. It is essential
that tar should be allowed to harden before being repainted
with bitumen as otherwise it remains as.a soft layer under the
relatively hard bitumen and the road surface soon becomes
uneven.

In the majority of cases the period between the two coats
will not be less than three months and may extend to as much
as six or more if traffic is light and the season of the year un-
favourable for painting.

Repainting

Unless the Superintending Engineer orders otherwise, the
material used for repainting shall be the same as was used for the
original paint coat or, in two coat work, the second coat.

Repainting should not be carried out merely because a certain
period has elapsed since the last paint coat was given and
normally, a mosaic or larger stone should appear before repainting
is required thus indicating that the previous coat hag been worn
out.

If, in spite of patch repair having been 1 Se1
out delay, the surface continues to break upp:-(;%?:u};, d:::g ?ﬁg’e
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are indications that the paint has ceased to adhere to the surface
in a great part of the mile, the existing paint should be entirely
removed, the surface thoroughly cleaned in the usual way and
the road treated exactly as if original painting were being carried
out ; i.e., the first coat shall be given with a material with
penetrative properties followed by a second coat later on. If the
existing surface has not worn in patches but its condition is so
wavy and uneven amounting to roughness, the surface shall be
scraped and the road treated exactly as described above.

If the condition is not such as to necessitable scraping, all
patches shall be carefully repaired and it is preferable that this
is done at least a month before repainting. The quantities of
paint and grit, as well as the size of the grit, shall be the same as
for the second coat of a two coat work.
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APPENDIX 5

Rates of Materials and Labour Assumed for Calculation
of Ultimate Cost of Kankar Macadam Surface

Kankar Metal Surface

Cost of kankar metal—Rs 28 per 100 cu. ft.
Consolidation of kankar metal—Rs 8 per 100 cu. ft.
4} in. thick renewal every 3 years-——Rs 9,490 per mile.
Annual maintenance cost—Rs 850 a year per mile.

Surface Dressing over 4} in. thick Brick Ballast Water-Bound Macadam

Cost of brick metal—Rs 45 per 100 cu. ft.

Consolidation of brick metal—Rs 9/8/- per 100 cu. ft.

Tar for 1st coat surface dressing—14 tons at Rs 250 per ton.
Bitumen for 2nd coat—Rs 450 per ton.

Stone chips—Rs 135 per 100 cu. ft.

Labour for surface dressing—Rs 2/12/- per 100 sq. ft.
Annual maintenance—Rs 1,330 per mile.

Repainting every 3 years—Rs 6,700 per mile.

Renewal, 3 in. metal every 15 years—Rs 18,870 per mile,

Surface Dressing over 4} in. Stone Metal Water Bound Macadam

Cost of stone metal—Rs 100 per 100 cu. ft.

Consolidation of metal—Rs 12 per 100 cu. ft.

Tar for 1st coat surface dressing-12.6 tons at Rs 250 per ton.
Bitumen for 2nd coat surface dressing—7 tons at Rs 450

Stone chips—Rs 135 per 100 cu. ft. per ton.

Labour for surface dressing—Rs 2/12/- per 100 8q. ft.
Annual maintenance—Rs 1,250 per mile.

Repainting every 3 years—Rs 6,100 per mile.

3 in. renewal every 15 years— Rs 27,660 ber mile,
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Paper No. 173

CONSTRUCTION OF A SUBMERSIBLE BRIDGE
ACROSS RIVER MAHANADI NEAR BHANJANAGAR
(GANJAM) IN ORISSA

By
E. V. S. IVER, B.E., A.M.LE.(Ind.), A.M.S0C.E.
AND
D. C. PaNDpa, 8.5c. (Eng.)

(Published in an abstract form)

SYNOPSIS

This Paper deals with the details of design and construction of a
submersiblo bridge over raft foundation, The work was executed depart-
mentally ; some pertinent details of organization and costs of certain items of
work have heen given to show that under favourable conditions, depart-
montal execution is worth undertaking as it is the best way of training young
engineers.

1. THE SITE

1.1. The bed of the river Mahanadi, a tributary to the
Rishikulya, is sandy at the site of its crossing the Bhanjanagar-
Asoka road. Three alternative sites for a bridge were investi-
gated. Borings revealed that the coarse sand strata extends up
to a depth of 10 to 15 ft and overlies stiff clay or sand mixed
with clay. The subsoils at all the sites were more or less the
same. Therefore, the cost of land acquisition for the approaches
was the deciding factor in the final selection and the siting of the
bridge along the old road crossing has resulted in a saving of
Rs 14,000. The right side abutment was kept a little inward the
river to help shifting the course of the deep channel towards the
centre.

1.2. From considerations of scour depth and nature of
substrata, it would have been obligatory to take the foundation
of each pier down to stiff clay i.e., beyond the range of scour
necessitating costly well or open foundations with attendant
difficulties and delays in execution. The river remains dry fee
half the year and the difference between the ordinary and high
flood levels is (100.47 — 97.22) only 3.26 ft. Under these condi-

9



92 IYER AND PANDA ON

tions a spbmersible bridge over raft foundation was favoured.
In the. opinion of the Authors, the conditions favourable for the
adoption of a submersible bridge with raft foundation are:

() Duration of interruption to traffic on account of over-

tppping during floods is not more than 3 days at a
time or more than 6 times in a year.*

(i) Bed of the river is sandy for considerable depth.
(iii) The flood of the river spills over its banks.
(iv) The river remains dry for a considerable period.

3] '{.he scour depth is low under ordinary flood condi-
ions,

1.3. In the present case, the Mahanadi river has several
sharp bends for about 5 miles upstream of the bridge site and
the banks are being continuously scoured. The flood water over-
tops a discontinuous flood bank constructed late in the 19th
century and which is not maintained. The discharge of the river
at the bridge site is therefore not its entire discharge. If a high
level bridge were conteraplated, double banking for about 6 miles
would have been necessary for passing the entire flood discharge
under the bridge resulting in high initial cost and recurrif
maintenance expenditure for the double banking. ¢

2. DESIGN

2.1. There is perhaps no difference bety i
submersible bridge except that of functioxfff_n a'fI‘h‘Z?:;oand h&
design principles of a river weir with sluices and g Sﬁbre the
ble bridge may be assumed to be more or less the same, A mersi-
design must satisfy the following criteria : ) sound

(i) The structure should be safe agaj i
' d gainst ov
uplift under the critical condition i.e. we}ferfuzl?mfglg 0(;
water is just about to overtop. ’ o oo

(i) It should be safe against underminin

retrogression of levels on the downstream g, piping or

o side.

* I R. C. Codo of Practico 1950. Clause 103,
* . ‘“ Causeways on Sandy B n
Roads Congress, Volume XI&-:&,OdS by Y. I Lall, Journal of tho Indian
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The design of the raft with its cut-offs must ensure the
incompressibility and prevent movement of the particles of the
sandy strata enclosed. Under such conditions the raft design is
the simplest and permits execution without the difficulties and
troubles generally experienced in deep open or well foundations.

The design calculations are given in Appendix 1.

3. FOUNDATIONS

3.1. A cement concrete raft is provided which runs continu-
ously over the entire length (406 ft) of the bridge. The raft is
29 ft wide with sloped aprons extending 5 ft upstream and 14 ft
downstream. The raft is 3 ft 3 in. thick at the pier base and2 ft
3 in. at mid-span giving the shape of an inverted arch which has
two functions:

(i) The barrel shaped vents are expected to function
comparatively more efficiently.

(ii) The uplift pressure is relieved partially due to arch
action and due to its shape, the raft can take more
tension at the mid-span.

. The top of the raft is kept at the average bed level of the
river.

Details of the cut-off walls and pitching are given in Plate I.

4. SUPERSTRUCTURE
4.1, Span

In a submersible bridge, the area of obstruction hasto be
minimum possible. This necessitates (i) lowering of the road
level ; (ii) greater span length i.e., less number of piers ; and
(iii) minimum thickness of decking. All these again depend
upon (a) frequency and levels of low and high floods, (b) tension
at the mid-span of raft, and (c) possibility of vents getting
blocked due to floating timber, brush wood, etc. Taking all these
factors into consideration it was decided to adopt 16 ft clear
spans. Details are given in Plate I.

4.2. Decking

R. C. C. slab 17 in. thick designed as freely supported has
been adopted. If a continuous slab over three vents had been
laid, it would have reduced the slab thickness to 15} in. and
the cost by Rs 4,900 ; but the submerged weight of the structure
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would have been reduced, a risk on the stability of the bridge.
Also, due to non-uniform reaction at the supports, even a slight
unequal settlement would have damaged the structure.

4.3. Guard Stones

) _In a submersible bridge floating logs invariably damage the
railings and the slabs to which they are anchored. Therefore,
provision of railings is considered tu be hazardous, unless they
are of the collapsible type. Collapsible railings again require
prompt and careful attention which may not be always possible
in out of t_he ‘way places. In this bridge, cement concrete guard
stones 15 in. in height, 12 in. in diameter at base and 9 in. at top
have been provided at 5 ft centres.

4.4. Woearing Coat

3 in. cement concrete wearing coat is provided wit!
of 1:120 with * Tel-tale *’ hoops. ! @ camber

4.5, Expansion Joints

Between the deck slabs, expansion joints one inch thick
been provided which are filled with road tar with a little adxl;aij{?
ture of sa,nd._ To allow for free expansion, the top of the pier
caps were finished smooth, greased and glossy Paper put on top.

5. ORGANIZATION

5.1. As the bridge work was in the Community Pro;
the work was undertaken departmentally in or()l’er roéscﬁt?ilje:
local resources to the maximum extent. i

This involved the following objectives :

(i) Tuning of the departmental organisati .
was only familiar with the cgntrf:tt“;n;t whlcl;
execution to tackle the job efficiently. ystem o

(i) Selection of suitable persons for handling the job in

all it . g the
duti;ss. aspects and fixing of responsibilities and

(iii) Co-operation of the communit : .
: : ro i
the villagers in the CommunitnyP}oji:%%t :rfz:m]s and

(iv) Control of rates on the bridge construction without

adversely affecting th ] 0
she neighbouzhoo g e Community Project works in
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5.2. The collection of materials like stone, metal and chips
was entrusted to job and piece workers. A sub-divisional
officer assisted by an overseer was made responsible for this and
payment of 95 per cent of the value of the materials collected

was made once in 3 days.

The excavation of foundations for the cut-off walls and the
raft and driving of piles below the downstream apron were done
by daily labour. The laying of concrete and the masonry work
in superstructure, the R. C. slab decking, revetment work, etc.
were entrusted to job workers on labour contracts.

5.3. The staff employed on the bridge work was:
Sub-divisional Officer 1

Overseers 3
Clerk 1
Peons attached to the above officers 4
Work sirkar 1
Night watchers 2
Drivers for stone crushers and pumps.......2

The total expenditure on the above establishment was nearly
Rs 11,000 about 5 per cent of the total cost of the bridge.

The following plant and machinery were used on the job.

1. Stone crusher 1
Granulator

Winget concrete mixer
Water pumps (Power driven)
Monkey with guide rod

Winch crab and derrick for pile
driving

IS L
— DD e =

1 (set)

6. EXECUTION

6.1. The work was started in February 1953 and completed
in March 1954, From May 1953 to October 1953 there was no
progress due to shortage of cement. But for this the work would

have been completed in June 1953.
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At first, timber centring was erected for 2 vents and it was
found that if the slabs had to be cast rapidly, a large quantity
of centring materials would be necessary.  The barrel shaped
vents created some difficulties. To avoid the extra cost, labour
and time involved in the erection, striking andg re-erection of
timber, the vents were filled with sand taken from the
bed of the river and consolidated in layers. The sides of the vents
were closed with wooden planks which were laterally supported by
bracings and struts. Over the filled up sand, a layer of stone
jelly 3 inches thick was laid and was grouted with wet sand
plastered over with weak cement mortar 1 ‘12 and finished with
neat cement to get a smooth surface. After oiling the top of cent-
ring, concrete for the deck slabs of alternate spans was poured.
After 21 days of curing, the sand filled centring was removed
and the stone used on top was taken out and reused on
road work,

7. COSTS

The rates at which the different items of work were executed
are given in Appendix 2. A saving of Re 30,000 from the sanc-
tioned estimate amount is expected. The cost works out to
very nearly Rs 500 per foot run.
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The Barrel-shaped
Vent

Photo 1

The completed
Bridge
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APPENDIX 1
DESIGN CALCULATIONS
Discharge
Area of catchment - 350 sq. miles
Discharge by Ryve’s

formula, C =563 - 27,960 cusecs

A portion of this discharge spills over the low

banks in the upper reaches of the river.

Ordinary flood level - 097.22
Area of cross section

at the ordinary flood

level viz., 97.22 - 2,322 sq. ft
Wetted perimeter - 520.46 ft
Hydraulic mean depth, r - 4.46 ft
Slope as observed, S - 0.00138 ft per foot
Rugosity of bed, » 0.03
Velocity in ft per sec. =l—'47?—6— X % X Si

= 4,928 or 4.93 ft per second
Discharge in cusecs @  — 4.928 x 2322 = 11,442 cusecs
Contracted area of flow - 1407 sq. ft. '

1.1 x 2322 x 4.93
Velocity in the vents - a 1407 x

= 8,94 ft per sec. or 9 ft per sec.
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Depth of scour by Lacey’s formula

D = 0473 (Q/f):

Where 7 =The depth to which scour will take place in a
normal channel in feet,

() = Discharge in cusecs = 11,442 cusees,
f = Lacey’s silt factor =1.5 for coarse sand.

11442

1
o )-‘ =0.473 % 19.68

D = 0473 (

= 9.30864 or gay 9.3 ft

. The depth of scour under abutments =9.9%x 1.5
=14 ft approx.
The depth under piers =9.3x 2=18.6 or say 19 ft

Calculation for the Length of the Impervious Apron

CH the length required to render the fl
T2y ow harmless

Where C = Creep coefficient ie., 12 for coarse
Central and South Indian rivers). sand (for

H =Pressure head i.e.. depth of water i )
including afflux. In upstream side

dy & dy are depths of two cut-off walls,

L = Length of impervious apron.

Afflux

*  Afflux in feet d= (% + 0.05) {(4)2 - 1}
) . a

4

Where d= The afflux in feet,

V = The velocity of approach i ‘
: n ft per sec. which i
nearly the velocity of the stream prior tg()}tlh]: Y)?)rsji

truction, if the area or 1
large =4.93 ft per sec.Of the obstruction is nog very
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A = The original unrestricted area of flow.
=2,322 8q, ft.
a=Contracted area = 1407 8q. ft.

1[4 wom)} (G- 1)
=(0.42 4 0.05)(2.732 — 1)
=0.47 x 1.732 = 0.81 ft T
H =4.46 4 0.81 = 5.27 ft
As  CH =L+ 2(d, + dy) -
12 x 5.27 = L + 2 (3 =8" + 5'=2").
= (L4 2 x 8—10") = L 417 -8"
s L =63.24 - 17.67 = 45.5 ft nearly.

The design provides for 48 - 0" length of impervious
apron.

_48 _ 93

6 -2"

1 V14937 104
+ 4 — = 5.2

Lethjdy =< =

A=

The upward force of water should just counter-balance
the submerged weight of the sand particles.

H 5.27 x 7

Exit gradient = W T 22 x 5.2

0.33 _ o.14

3

This must be equivalent to -
(I1-v) (@- 1) for the coarse sand of t};ﬂb »
=1/6 (1-0.4) (2.4-1) = }x(0.8) ‘1:4)

Where v = percentage of vrﬁdﬁs = )
G »
&
hy *

Specific gravity of sand = G = 2.4 ‘
pecific g y —
Factor of safety =6 .
10
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This acts on an area of the face of } _ 9
PRESSURE CALCULATIONS the oub water =2X 29 X 6.25
The worst effects will occur when the water is just over 1640
topping the bridge. Water will be backed up on the upstream . Pressure per sq. ft. = 92 % 2.9 % 6.25
side in front of the'slab and on the downstream side there will be 5
a trough of standing water owing to the high velocity of the = 45.2 or say 45 1b...... (1)
stream.

Forces to be considered are those due to : 2. - Pressure due to Impact of Water and Debris

1. the static head, ’

wvy= a
Impact pressure = =7 ( 4 —a)

2. the impact of the water and debris,
3. the eddy motion, Where W = Weight of one cu. ft. of water = 62.4 1b.
4. the friction of water against the pier and the hottom ¥ = Velocity of the stream = 4.93 or say 5 ft per sec.
of slab, and
g = acceleration due to gravity = 32.2 ft per sec.?

5. the uplift.

4 = area of flow just upstream of site = 2322 sq. ft.
The sum total of all the horizontal forces will be taken to

test the stability of the pier against over-turning. a = area of obstruction.
1. Pressure due to Static head =2322 - 1407 = 915 = 915 sq. ft.
_ . ne 2
Where W = weight of one cu. ft. of water = 62.4 |1 - Tmpact prossure = gg_:_%_z% . (725279215915‘ .
h = éxf’ﬂux + dppth of slab and wearing coat - .
epth of tail water below the bottom of slal,. _62.4 X 25 < ( 915 \?
Afﬂux = Oxl or Say 1.0 ft l O - 64..4 14‘.07 ‘
Depth of slab & wearing coat \. = 24.2x0.42=10.16 or say 10 lb...... (2)
= 17in. +3 in. =229 in. § 1.67
Depth of the water below the b e — Vv-7)*
of slab snveOttom} 0.83 3. Pressure due to Eddies = W 29
Where Vv = Velocity through the openings = 8.94 or say

3.50 fs

Wh = 624 X 3.5 = 218.4 say 218 Ib. 9 {6 per sec.

V = Velocity of approach say 5 ft per sec. approx.
Pressure due to the depth of water _ _W Hs ‘

=5 ’ . W(Vv-V)’ _ 62.4 x (9-5)°
Where H = 7.25 j . . 2 - 2 x 32.2
approach. including head due to velocity of g ‘% 16
62.4 X

WH* 624 x (7.25) =—gag 10 b opproxec(3)

2 2 = 1640 1b
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4.  Friction on the causeway = fp ( IV())l

Where f = friction coefficient = 1

p = arca of the surface of the causeway in contact

with water = as below(15'_6u_3u) % 2.
¥V = Velocity through the openings =9 ft per sec.
Friction per sq. ft of obstruction works to 9.5 1b.... (4)

o

5. Uplift head under the slab

This is equal to the thickness of slab and w

afflux less the head lost due to increase in alooir, St and

afflux lo: velocity through
Thickness of slab and wearing coat =1,67
Afflux (assumed) =1.00
=267

g increase in velocity,
Where V', = Velocity under the vents=9 ft per sec.

h = Uplift head=2.67_(V1_’2— V3*) loss or head dus to

V 3 =Original velocity before approaching the bridge

=5 ft per sec.
99 52
h=2.67—
(2)( 32.2)

Uplift pressure= W x p

=62.4 { 2.67— (97— 57)

2% 323
=62.4 % (2.67—0.87)

=62.4x180=1121b...,. (5)

But the dead wt. of R. C. slab alone is 150 1}, per ou. ft
Hence it is safo. o
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Total of horizontal forces to be considered for the stability

%ghe pier are the total of 1 to 5=45+410+16+9.54-112=193 or
1b

Taking a pier face area=2X2.9X6.25.

acting on the pier face

Total horizontal pressure) = 200x2x2.9x6.25
at 1/3 height

= 7250 1b or say 7500 1lb

Weight of pier = 23-6"x2'-6"x6'-3"x 140
Loss of weight due to
floatation. = 23-6”"%x2'-6"x6'-3"x62.4.
Net weight of the pier = 23-67x2'-6'x6'-3"x(140—
62.4)
28,500

Net weight of cut water say = 1,500

30,000 1b

Net weight of R. C. slab and }
wearing coat 54,332 1b

84,332 or 84,000 1b.

Net weight of pier and slab=84,000 lb against the total
horizontal pressure of 7,500 1b.

Hence the design is safe.

Critical Velocity
Critical Velocity = Vo=1.01 4°-¢*

Where Vo=Critical velocity which would cause neither scour
nor silting, Each river will have its own characteristics as
regards tho nature of silt brought down by floods and their capa-
city to retain it notwithstanding any obstruction. It has to be
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seen that th(;a caul:;elway does not reduce tho velocity on the
upstream side to below the critical veloci ’
from choking up. oal velocity to provent th vents APPENDIX 2
d =the depth of water in the channel =46 Actual Costs and Schedule of Rates for
0.04 some Important Items of Work
Vo=1.01 x 4.46
Actuals
=1.01x2.81=2.84 ft per sec. Item Cost of Cost of Schedule
" o labour materials Total
The velocity is more than the critical velocity, e
Earthwork in trenches for
cut-off walls v | 15/3/- — 15/2/- 16/
Random rubble granite
masonry in cement
mortar (1:5) including
conveyance of rubble
stone 31 miles per 10
cu. ft. .| 13/3/4 62/6/8 76/4)- | 84//4-
Cement concrete 1:4: 7
per 100 cu. ft. 7/2/0  102/7/~ 109/9/-| 116/5/-
Preparing wire mesh 12 in.
%X 12 in. with 8 B.W.G. No
per 100 sq. ft. .| 3/3/1 10/3/2 13/6/8 | schedule
Boulder talus work with
wire nets on the down-
stream side per 100 sq.ft.| 0/6/7 33/11/8 34/2/3 Do.
Pile driving, per ft run. 0/3/9 0/3/17 0/7/4 Do.
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SYNOPSIS

Dotails of construction of two experiments on grouted concrete roads
in Travancore-Cochin State and their performance under traffic are
deseribed. Thefirst experiment was with & 1:3 grout ona 3% -4 in. thick
pavement. The second was with 1:2 grout on & 4% - 5 in. thick pavement.

Suggestions for further study are offered.

1. INTRODUCTION

1.1. The pattern of road traffic in Travancore-Cochin State,
which consisted mostly of bullock carts with a small percentage
of motor vehicles before World War II, has now undergone a
change. The increase in motor vehicle traffic combined witk the
destructive effect of bullock cart has rendered the water-bound
macadam surfacing uneconomical.

In the search for a surfacing suited to the present traffic, the
State P. W. D. have, as an experimental measure, tried, among
others, a surface grouted with cement mortar on a road carrying
comparatively heavy traffic.
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2. GENERAL DESCRIPTION

2.1. The grouted process consists in placing large sized
stones 1 to 3 in. size to the specified thickness and pouring the
grout of cement, sand and water. The grout will penetrate the
voids in the stone and will set hard, making the whole into a
stable and durable mass.

2.2. The grout is made with the help of a special mixer
which is essentially a colloidal mill, In the colloidal mill the
wetting of cement results from the rubbing and shearing action
which takes place. Each solid particle is caused to mix with the
liquid by rolling in such a way that any film of air or other gas is
removed and the surface of the solid is made to come into contact
with the liquid, thus ensuring a perfect mix.

2.3. The grout is prepared in the mixer by mixing cement,
sand and water. The mixer has two compartments in one of
which cement and water are added to form a colloidal mix while
in the other sand is added. The sand mixes with the colloidal
liquid and forms a stable grout. The mizer contains a paddle
activated by diesel or electrical power. Whereas the ordinary
grout composed of cement, sand and water will separate out before
the initial set, the grout prepared in the special mixer remains
stable until it sets.

2.4. The strength of concrete depends upon the strength of
the matrix and it is not reduced by grading the aggregate
with a view toreducing the quantity of matrix required. This
property is made use of and the stones are packed as closely as
possible to give the minimum of voids. The grout fills the voids
between the stones to form a solid mass. Since the quantity of
grout required depends on voids, the closer the stones are packed
the less the quantity of grout required. Conversely, the greater
the q_uantity of stone in the concrete, the greater will be its
density, strength and resistance to temperature changes. Also,

since volume for volume the stone is cheaper than grout, the pave-
ment will cost less. '

3. THE ADVANTAGES CLAIMED FOR THE
GROUTED METHOD OF CONSTRUCTION

3.1. The advantages over ordinar

by y cement slurr -
ture or conorete mixing claimed from ¢ y manufac

he process are given below :

(a) The grout is thoroughly mixed, It i
1 . is stabl
fluent. Once mixed it does not separat:.a ° and

ExpERIMENTAL GrROUTED CONCRETE Ro0ADS i15

(b) The grout is of uniform quality and since it is
directly applied to the aggregate and 'ta.mpe'd or
rolled, the mixing of the aggregate as in ordinary
cement concrete is not required.

(c) Only about one-fourth of the materials which go
through an ordinary concrete mixer have to be
mixed. The rest is dumped where it is wanted.
This permits the maximum size of aggregates to be
used.

(d) Construction can be done at greater speed. Laying
of the coarse aggregate in place and grouting can be
done independently.

(e) Since the mixer is required to mix only the grout,
it can be small and easily portable.

(f) Since the process uses only as much grout as is
required to fill the voids in the stone kept in place,
there is saving in labour, sand and cement.

4, THE FIRST EXPERIMENT

4.1. Mile93/4 to 94/3 of M. C. road (State Highway) in
Central Travancore, with a traffic of 1,756 tons per day of which
1565 tons are iron-tyred bullock carts was selected for the
experiment.

4.9. The traffic in this section of the road justified a 20-ft
width of surfacing, but the existing water-bound macadq.m crust
was only 14 ft and widening was not possible without improve-
ments to the road at considerable cost. Since the experiment
was more concerned with the quality of road surfacing and cost,
it was deocided to have a 14-ft width over a water-bound macadam
renewal coat 15 ft wide on the existing crust which was 12 in. deep.

4.3. The road surface was picked up and metalled for
15 ft width with a 4 in. thick coat using 14 in. size metal for 2% in.
thickness and the picked up metal for 1} inches. A camber of
1} in. was given for the surface and the usual specification for
water-bound macadam was followed. The grouting was done in
two strips of 7 ft width. The formwork consisted of 4 in.
X 4 in. jungle wood sleepers placed 7 ft apart and fixed by
iron spikes. Two in. size metal was spread to & thickness
of 4} in. and the grout (1:3) poured on the metal to fill up
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road surfacing over pre-mixed concrete was Rs 35, ®
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voids to a depth of 3 inches. The stono was lightly rolled - sy 2
with a 6-ton roller to squeeze the mortar up and final screeding = ==
done at every 33 ft. The surface was cured for 21 days. The Y H al : J
central longitudinal joints were only construction joints without oL = ]
any bitumen filling. Transverse contraction joints in the 7 7
two halves were staggered and the distance between the joints ® | & __L _L
varied from 1 to 4:feet. A typical section is given in I"ig. 1. No o 18
insulation layer was provided Dbetween the pavement  and e __f_— §
the base course. e B e l »
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Fig. 1. Typical Section—Experiment in 93/4 to 94/3. P } ::‘L1w TH:“ B ‘ 5 :
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The cost of the grouted Pavement worked to Rs 60 per 100 a o W
8q. ft. For the same thickness, a concrete road would have cost - 1
Rs 95 per 100 8q. ft. Thus the saving per 100 8q. ft. of grouted 1‘

r
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5. BEHAVIOUR OF THE PAVEMENT

5.1. The road was opened for traffic on 21-11-1949 and the
surface of the slabs was examined on 10-1-1950 hardly two months
after the opening. It was found that there were hair eracks °
on several of the slabs. The positions

: of these cracks are show
in Fig. 2. The smooth surface formed by the excess groult:
was slowly wearing out. The cracks

since almost all of them o

FZ amour woem our ~n

ON 10:1.1960
Fig. 2. Condition of the Grouted Road, 93/4 to 94/3 of M. C. Road.
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joints, they were explained as Ssympathetic cracks. Thet::::;(z)]g —H
why most of the cracks occurred on the left side slabs are obscure IR -
Bitumen was applied on the hair cracks, ' M:T T
~ (]
6.2. The surface was again examined on 13-2-1950. More b —L 8 s
hair cracks were noted on more slabs as shown ip -Fig 2. 1|5
The cracks observed originally had also slightly increased 31038 -



118 PHILIPOSE ON

in length. The smooth finished surface had worn off and the
metal surface was exposed. The metal in some slabs was seen
projecting up with the cement grout slightly below the surface. The
inner slabs at curves had crumbled at several places with
cracks in a few of them. In certain slabs, especially at the
beginning, the surface had disintegrated slightly.

6. CAUSES FOR THE FAILURE

6.1. The possible causes for the failure are given below :

(1) The 4-in. thickness which is considered by some as
inadequate even for the conventional type of concrete
road surfaces, was insufficient.

(2)  The proportion of cement and sand for the grout, which
was 1 :3, was insufficient since weight for weight the
proportion approximated only to 1 : 3: 8 concrete.

In view of the fact that the smooth finished surface formed
by the grout had worn off by the abrasive action of traffic, it was
felt that measures should be taken to expose only as little of the
surface with the grout covering as possible. For this the use of
smaller sized metal not less than } in. size on the top layers of
the bigger aggregate was considered desirable.

7. THE SECOND EXPERIMENT

7.1.  Arevised specification was, therefore, drawn up for
grouting the portion from mile 97/5 to 98/8 of the M. C. road. A
richer grout, i.e., 1:2 instead of 1:3, increased thickness of

- lu‘zs CAMBER 1" U
: RENEWAL 3 THICK WITH | N
MET ICK
ETALLING 5 TH || Ot AND 24" NEW MeTAL- Eampery’

Fig. 3. Typical Section—-Experiment in 9715 to 98/8,
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the slabs from 4 in. to 5 in. and provision of % in. metal
at top to fill the interstices of the 2 in. metal, were the
main alterations in the specification. It was hoped that the
above improvements in the specification would ensure the
prevention of the defects noticed in the earlier experiment.

The traffic per day in this section of the road is 1,700 tons,
of which 150 tons was bullock-cart traffic. The cost per 100 sq. ft.
of pavement as per the revised sp(?clﬁa'.tlon worked out to
Rs 74-8-0. A typical section is shown in Fig. 3.

$. BEHAVIOUR OF THE TWO EXPERIMENTAL LENGTHS

8.1. The experimental lengths have been gubjected to yrafﬁe
since 1950 and their condition was examined in the beginning of
1954 to study their behaviour under traffic.

§.2. First Experimental Length between 93/4 to 943 M. C.
Road

The initial finish on the entire surface had worn out leaving
a mosaic appearance. The wearing of the grout was quicker than
that of the aggregate over the entire surface, but was noticeable
more in places where abrasion due to traffic was greater such as
along wheel tracks and in curves where superelevation was not

adequate.

The cracks mentioned in para. 5.2 ha(.i not .developed but
some new cracks at a few other places, sometimes right ac'ross.the
half-bay and in one or two cases parallel to the longlifudm.al
joints had occurred. These were only hair cracks which did
not cause any discomfort to motor traffic.

Almost all transverse joints had proved unsatisfactory.
During construction, rolling was done by the power roller only
beyond 2 ft of a transverse joint. Hand tamping and screeding
were done for 2 ft on either side of the joint. Uniformity in
levels of contiguous slabs near transverse joints had been made up
mainly in the final finish with the grout. There.fore, when the
grout had worn out, irregularity between adjacent slabs had
become manifest. Where this was very pronounced, the impact
of wheels of fast moving vehicles jumping from one sl'ab to
another had caused pot holes very near the transverse joints
in a few of the slabs. These potholes were 4 tolin. deep
and were due to the removal of grout and small stones
from the top layer. In the holes formed, the stones were left

12
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exposod projecting upwards with their bottoms held togethor by
the grout.  They could not be dislodged by hand but were liable
to be removed by wheels of fast moving volieles.  The pot holes
had been fillod with a mixture of tar and sand laid hot and
did not show any signs of further development.  Apart from the
pot holes formed adjacent to the transverse joints,a fow were
formed at other places also, The possible eauses for this were
poor workmanship, suflicient grout not having ontered thoe area
and the woaring out of the grout which had beenused to
make up surface irregularities of 4 to 1 in.

The crumbling and disintegration noticed and mentioned in
para. 5.2 had not increased but at a few places the stones had
becn dislodged forming pot holes.

Due to the various defects mentioned above, the riding com-
fort was very much below that of a premixed concrete surface
while the maintenance cost was also high.

8.3. Second Experimental Length between 97/5 to 98/8 M. C.
Road

As in the case of the first length, the grout had worn out
uniformly leaving & mosaic finish. Due to the richer mix of the
grout used and the smaller exposed area of grout attributable to the
smaller sized aggregates near the top surface, the wearing was very
much less than in the first length. Cracks were very much
less in evidence, but a fecw were seen. The unsctisfactory
transverse joints were scen in this portion also but there were pot
holes at two places only. Howover, the entire surface present da
better appearance than in the first experiment.

9. GONCLUSIONS

From a study of the above two experimental lengths the
following aspects of grouted road construction are noted.

The richer the grout mix used the better the wearing quality
of the surface, and stronger the slab to resist cracks,

Use of smaller sized aggregates for tho top lay'er of the slab
reduces the arca of grout exposed to the wearing action of traffic
and is helpful in keeping down the wear on the road surface.

Other things conforming to the specifications, the quality of
cement concrete depends on the water-cement ratio, In the
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method of construction adopted the amount of water is not con-
trolled, and this factor is likely to affect the quality and s’orengt.h
of the road slab. ‘The rapid wearing of the grout observed is
attributable to this.

In the grouted method of construction, a light roller was used
for consolidation. The use of power rollers does not give a surface
comparable in evenness to that obtained on premixed concrete road
by hand tamping or vibrating tampers.

In the portions of the slabs where consolidation was done by
hand tamping, due to the difficulty of taking the power roller
very near tho transverse joints the consolidation obtained was not
to the same standard as that obtained by power rollers. An even
surface was often secured by finishing with the grout and this
wears off rapidly under traffic, leaving the adjacent slabs at
ditferent levels, with the resultthat the traffic feels less com-
fortable on tho grouted road than on a premixed concrete
road.

Duo to the impact from the wheels of fast moving vehicles
jumping from one slab to another, pot holes are formed adjacent
to transverse joints.

In spite of the provision of contraction joints hair cracks
are found in the slabs.

During construction, when the grout is poured on the hand

packed metal and rolled with a power ro]ler,_ grout escapes to the
gides. There is no possibility to prevent this loss of grout.

Under special circumstances the grout-process may be suita-
ble for roads to serve for short periods and where rapid execution
is desirable.

10. SUGGESTION FOR FUTURE WORK

10.1. The difference in levels between adjacent slabs
separated by transverse joints has caused some pot holes.

Hand tamping may avoid this difference level and give
an even surface.

10.2 The possibility of adopting & flexible layer of 1 in,
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thick agphaltic concrete over the grouted road formed of weak
grout, that will have a compressive strength of 3,000 Ib per &q. in.
at 28_ days, to got over the disadvantages caused by dirc‘ctly
exposing the surfacing to traflic, is also worthy of study.

RESEARCH SECTION

A METHOD FOR ESTIMATING
THE BEARING CAPACITY OF ROAD CRUSTS
WITH SOFT MATERIALS
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FOREWORD

It is the fundamental task of a road engineer to make the
most possible use of the material occurring at or near the place of
a road construction. There are, however, vast areas where the
commonly used constituents for road construction like hard rock
are not found and the engineer has to face soils, bricks, or other
weaker materials.

But when there is no choice for getting suitable minerals,
a utilisation of the available means has to be devised. This study
describes one of such cases. The only available materials were
laterites, bricks, and soils with no possibility of their replacement
with harder and more suitable rocks. Specifications as suggested
were investigated together with several surfacings developed by
the Central Road Research Institute, using exclusively local
materials.

The tests applied are well known, but the method developed
is new and may have a possible application in testing the bearing
capacity of road construction. The purpose of this investigation
is to furnish the field engineers with data disclosing what can be
expected from the proposed specifications under the given
conditions without having to do full scale tests which are usually
time consuming, relatively uncontrollable, and fairly costly.

The studies were conducted as a part of the research
programme of the Central Road Research Institute. In conduc-
ting the various tests help was given by Messrs. G. F. D. Gonsalves
and R. Nagarajan in assisting in the analysis of the test results,
by Messrs. Y. C. Gokhale and R. Krishnamachari in connection
with the design of the bituminous surfacings and conduction of
the physical tests, and by Dr. H., L. Uppal where tests on
stabilised soils were concerned. The Director also wishes to
acknowledge the help given by Mr. J. M. Trehan of the Roads
Wing, Ministry of Transport in editing this note.

Central Road Research Institute, E. ZIPKES,
Okhla, Delhi. Director.
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A METHOD FOR ESTIMATING THE BEARING
CAPACITY OF ROAD CRUSTS WITH
SOFT MATERIALS

1. INTRODUCTION
1.1. General

The efficiency of a road lies in its alignment and its kind of
construction. Its strength depends on the kind of construction,
which varies with the bearing capacity of the sub-grade, the way
how the crust is constructed, and the properties of the material
used.

In the case under investigation, the road under construec-
tion provides the first and, for the time, the only land communi-
cation between the main city of a State to other towns in the
neighbouring States. The length of the road in questionis about
130 miles.

The road had to be constructed through difficult country and -
ina relatively short time. Several chains of low hills rising
upto a height of about 2000 ft above sea level and of very torn
and soily structure had to be crossed with long plain stretches
between the hills. Thus the road runs in partly plain country
and partly typical hilly country, without being actually a hill
road.

1.2. Traffic

The traffic expected on this road can be considered as light
in the early stage, but it is likely to increase steadily. Possibly
during the first stage the number of vehicles will not reach the
estimated frequency, but as this road is the only means of com-
munication in the area, the traffic is bound to increase.

2. CONSTRUCTION
2,1. Width

The carriageway is a single lane one with hardly any
provision of a second lane. In general, it is about 10 ft wide,

Width of a lane and a half would have had some advantages
(even considering the higher cost) not only in easing the traffic
flow but also in providing for the effect of the moving wheels on
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the road crust, viz., the additional compaction after construction
and the ironing effcet of traffic on the surface which are essential
for roads under similar conditions. The cffect of the narrow
width can be seen in the different behaviour of the wheel tracks
under the high load and of the strips outside and between the
wheel tracks where practically no load comes on the crust. This
effoct has an adverse influence becausec both the crust a'nd the
sub-base are exposed to extreme load differences over the width
Therefore the road crust is subjected to differential sett]ement:
also some movement will occur in horizontal direction, at least in’
the top layers of the crust. Photos 1 and 2 show the, beginning
of this_cﬂ'ect on a part of the road where flat laid bricks are used
for soling. The settlement in those parts of the cross sectgon
where the wheels move, against the higher level of the middle
plortilon of the lane and of the side borders, can be noted in the
photos.

2.2. Camber

s '.‘Ehv: cam.ber wzfxs }designed as an arc of o flat circle. Photos 3
and 4 give views of the road before and after the
the base coat were applied. base course and

Under the prevailing conditions, a flat camber of about 13}
per cent transverse slope would have suited better A flat
horizontal surface with no camber at all would have 'served the
purpose as long as no settlement occurred. The small width of the
road and the longitudinal slope would at any rate guarantee the
flow off of any surface water. Moreover, a circular camber is
disadvantageous for the animal and motorised traction

2.3. Road crust

Although the sub-grade of this partic i
for not being allowed to assume a x?orrtri&llllg;z::i?ldg ggez;x%re?son
road under_ normal conditions, the construction of thI; c; ytolr .
to be com}ldered under some different aspects Ordinaq? t{‘xs
hardegt mineral should be used for soling as Well. as for m I‘tl {l' Y
Mater}als of medium strength should be avoided., and ceeraéa'mlg.
m_ntena.]s known tp be weak. For this road ther’e was onl pes
kmd'of stone available at the site, viz., laterite h'nlf o a
rgala.tlvely an,k material for use in road co’nstruction, T“l:l N roper.
ties of laterite* from different quarries of the area are sepro%erd-
in detail and the conclusion was drawn that these lateriteecrl ?d
be used in cases where a weak material had to be used fgrcxc')t;lad

(,'ungros?n {’l(l)\l/esm‘g({{;i(i][\ <lm some Latorites’, Journal of the Indian Roads

T A AVILL-1, 1953. Reprintod es Road HResenrcl

0. 4, 1953 of the Central Road Research Institute, Dolhi onrch  Notos
’ .
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construction comparable to bricks (first class) with an average
compression strength of about 1500 b per sq. in. in flat
position.

Following the current specifications, parts of the road have
been provided with the base course of 4-inch laterite boulders
(4 in. dia.) and a 6 in. base coat of laterite metal of 1§-2-in.
size (Photos 5 and 6). This study therefore follows this general
specification.* To cover, strengthen and protect these layers
a wearing coat has to be provided with the available materials
which are described later, and different specifications were congi-
dered. A surfacing coat, about one inch thick was proposed as
being sufficient for the purpose.

2.4, Materials available
Materials available in the areas in question are :

Soil,

River sand,

Laterite,

Bricks (locally burnt), and
Sandstone.

In the course of the investigation, samples of the following
materials were received :

No. of samples received.

Different soils 9 samples
River sand 5 samples
Laterite 12 samples
Bricks 4 samples
Sandstone & samples
Bitumen of varying penetration.

Table 1 gives some particulars of these materials. It was
understood that such of these materials were to be utilised which
serve the purpose best, due consideration being given to their
properties and the quantities available.

3. OBJECT OF THE INVESTIGATION

3.1. Problems

The object of the investigation was to estimate the strength of
the proposed crust built with laterite and to evolve a specification
for the surface using laterite, or a combination of ~materials

- ‘It would ha.v.e beeﬂ 7};referable to have followed the general
experionce, and to have provided 6 inches for soling and on top of this
4 inches of metal course.
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available with or without laterite, so as to give the hest kind of

protective and strengthening  surface treatment for traffic
intensities heavier than merely local traffic.

Therefore, under the Pravailing conditions, the bost suitable
kind of surface dressings were studied and specifications of
bituminous carpets and surface dressing using mainly laterite,
sandstone, and sand were tried. These ang the base course and
base coat described in bara. 2.3, were tried with some variations
in a series of tests which are given below. One test, using
eatirely Delhi quartzite, and onc test using a stabilised soil
layer in place of the laterite base coat were added to draw

comparisons,  The combinations of crug constructions tested
are given below :

Layer Test I Test II  Test 17T

Test IV Test V
Carpet Surface  Carpet Carpet  Surface
Surface using dressing using using dressing

1 in. sand-stone using laterite  quartzite using
and sand  laterite  and sand  and sapg laterite

Soil stabi-

Base coat Laterite Laterite Laterite Quartzite lised with

6 in. metal metal metal metal Laterite
, S metal
Base Laterite Laterite Laterito Quartzite Laterite
course boulder boulder  boulder boulder boulder
4 in.

For the detailed specification gee bara. 5,

3.2. Use of laterite for road construction

The use of laterite for road construction is not new.
Particularly in areas where no o
y ther

is available, its uge is as common
being a weak, or in general unsuitab) ,
of construction, it was adopted only £

or local road
little traffic wag expected oads where very
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i in
course. Under the weathering process !
}L)O:&‘éir:o;ifc;}mclti}g?oe the crushed and plulverlsggtlai(;ie;‘;tetiOII;tes
times formed a more or less 09mpa91ti a‘yefla’,ou.t‘: quicker than
heterogeneous character the laterite sti W:Sr recommend a new
the usual stone metal. Local Yoad.experd metalling) every two
genoral laterite construction (both SOhntgh:n How the surface of
years, and remetalling every six mon fic is shown in Photos
h ;oads looks after sometime under tra 0 rface due to
;uc8and 9. Photos 7 and 8 show the wear of lt e'vsel; due to the
traffic and photo 9 shows the wear almost e);c :;1}?; ro):xgh laterite
influence of the climate, As the position o d, where usually no
boulders is on the outside of a turn of tm;)roaéa;;ily seen.
vehicles drive, the weathering effect can be

i laterite quarry. The
hows the view of a :
ma.telr)i};.(itgcci?s i;'l layers of diﬁ'etzirent';J t]lt;l;kirs;lez;?;vﬁn?nllef’hlz)iloov; 1a‘,
il.  The laterite stra yn i _
ifwvif:gt ooff t?};)e; typical texture of the laterite is shown in

Photo 12.
4. TESTING OF THE MATERIALS

4.1. Laterites

i hysical tests of six
T of the chemical and p six
laterilﬁgs ll;l?sgl.ltf to 6 were publisl}ed-lp:ﬁ;;lout?;y. th’.(l)‘g: Zxrzézléxy
i tori reat simila
;Egestiagzgefvidih;::ﬁ 2.g3). Therefore only the a.gg.regs,te clc'lu:i:
ing V&I%les of laterities Nos.tlhota;,lnﬁﬁi ;fl : az::?tegeltf—rflinm’;‘hezzmple
i in T together wi a . .
givlz.rtlelrriltél a‘ll\)Iloe. 212OV§ZS 8o brittle that no aggregate crushing value
could be determined.

4.2, Sandstone

The aggregate crushing values of the five sandstones are
given in Table 2.

4.3. Bricks

i i i ived. Out of these
Four different kinds of bricks were received ]

Samples ch)s. 1 and 4 were burnt, No. 3 was sun'.dned’fwl??:?(?
No.2 was a mixture of burnt and unburnt pieces of brioks.
Therefore sample Nos. 1 and 4 were teste(_i _for thelr-cpmptes?on
strength under dry and saturated condltlops, thellr\absgrx:n 101181
capacity, as well as their aggregate crl'lshmg va tt;le.. : £
No. 2 could only be tested for its compression strength in y
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condition. Immersed in water, the bricks of sample No. 3
disintegrated after two hours. For sample No. 2 the aggregate
crushing value was determined from the burnt pieces only.
Results are given in Tables 2 and 3.

Due attention should be paid to the great variation in the
compressive strength. It shows the unreliable influence of hand
moulding and burning—which depends on the position of the
brick in the kiln—as well as the difficulty in selecting burnt
bricks with similar strength.

4.4. Soils

The nine samples of soil were analysed chemically
and physically and their sieve analysis were determined.
Results are given in Table 4 and the grain size distribution
curves shown in Figure 1.

4.5. Sands

The mechanical analysis of the five sands is given in
Table 4 and graphically in Figure 1.

4.6. Bitumen

The bitumen was not tested, the given penetration being
found reliable. Two grades of bitumen with different penetra-
tions were used.

5. DESIGN OF DIFFERENT CRUSTS

Five different types of construction were investigated (vide
para. 3.1). Where laterite is mentioned, a mixture of all kinds
of laterites is meant because the available sample of any one
kind was not large enough for all the tests.

Several types of surface pavings were studied utilising the
materials available. Studies conducted in varying compositions
with laterite, sandstone, bricks, sand and bitumen resulted in the
types ultimately selected for the Tests Nos. I, IT, IIT and V.

5.1.  First test

Base course: Laterite boulders 4 in. size (no weight was
taken)

Base coat: Laterite metal 2—3 in. size (no weight was
taken)
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Compact carpet of crushed sandstone.
Sandstone No. 3 and sand No. 4 were qsed -in
the following specifications (vide grain size
distribution curve B in Figure 2).

Surfacing :

Per cent

by weight
Sandstone crushed 3/4 - 1/4 in. 46.5
Sandstone crushed finer than 1/4 in. 28.0
Sand 18.5
Bitumen—60-70 penetration 1.0
100.0

The mixture was prepared at 150° C., the carpet was rolled
and finished at 90° C. with & small roller, giving similar speglﬁc
pressures as a full size 8 ton smooth wheel roller. Photo 13 gives
a sectional cut through the surface after the execution of the
test,

of sandstone was based on the normal quantity and
grad?;]};en‘iaseeded for a l-inch thick carpet providing about 3.5
per cent voids in compacted state. As it was expected that sand-
stone was available in quantities sufficient for use in an appreci-
able milage of road surface, no attempt was made to_replace
more sandstone with river sand. The same specificatibtn was

i i d. A
adopted in the case of Test IV, where quartzite was used.
morre) genl:rous use of river sand would have needed a higher
percentage of binder and would have resulted in correspondingly

higher costs.

5.2. Second test

Laterite boulders 4 in. size, 16 1b 10 oz and

B ourse :
e cowr 5 1b of smaller size, to even the surface.

Laterite metal 2—3 in. size, 28 b 4 oz and
3 1b of smaller size, to even the surface.

face dressing in 3 coats crushed laterite
ffu;i?}ein. was used in all 3 layers, 53 1b per
sq. ft. in all.
Bitumen 30-40 Penetration cut-back with 5 per
cent white petrol at 80° C. was used forall 3
layers at 13 1b per sq. ft in all.

The laterite was almost equally distributed in all the three
layers an(? slc.:me compaction was given after the first and the
second dressings. After the third layer, full compaction was given

with the roller used for Test I,
4

Base coat

Surfacing
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The use of laterites as a surfacing material in general was
spocified according to the conclusion of the publication on the
investigation of laterites vide para. 2.3 where it was said that
laterites had to be crushed to a size where no shells were left
intact, and that the finer material had to be removed hy sieving.
Therefore the crushed laterite nsed did not exceed the size of § in.
and could not have contained a greater amount of fines than
chippings usually have.

A further possible destruction of laterite shells had to be
avoided. This would give rise to an increase in the voids and a
decreage in the volume, neccessarily followed by an undesirable
settlement irrespective of whether laterite was used for surface
dressings or in carpets.

Preference was given to surface treatment in three coats of
binder and grit. One coat only could hardly be considered as an
oquivalent of even a sealing coat for a rough surface texture resul-
ting from the use of laterite as metal. I'urthormore, though the
comparatively cheaper process of a surface dressing was used, it
had to serve for providing as a somewhat strengthening effect for
the laterite metal. It had therefore to be applied in a thickness,
which could be treated as a layer and not merely as a seal coat,
by rolling in three applications to a thickness of about 3/4 of an
inch. This thickness has to be taken as a minimum considering
the general objectives of designing the crust.

5.3. Third test

Base course: Laterite boulder 4 in. size, 14 1b 14 oz and
5 1b of smaller size, to even the surface.

Base coat . Laterite metal 2—3 in. size, 26 1b 6 oz and 3 1b
4 oz of smaller size, to even the surface.

Surfacing : Compact carpet using crushed and sieved
laterite in the following composition :

(irading of crushed Per cent by
laterite weight
} to § in. 30
2 to ! in. 35
1 to % in. 15
% to sieve No. 8 (2 mm) 20
100

The surfacing was made of crushed laterite (graded as above),
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sand and bitumen in the following proportions, vide grain size

distribution curve A in Figure 2: Por cent by weight

i .75
Graded crushed laterite 12'75
Sand (No. 4) o

Bitumen 60-70 penetration

"The mixture was prepared at 140” C. and the carp;at was I;iollfed
and finished at 90° C. with the samoe small rol exl-1 use for
Test I. Photo 14 gives a sectional cut through the suriace

after the test.

The use of crushed laterite i
ples different from those when goo

i f laterite

. <planation under para. 5.2 about the‘ size 0 "1ve,
wllic}lhzhgufd be smaller than that of sandstono_ a,ftr(: siczrélilfngfé
holds good for a carpet also. Normally the m_a.xuxtl;u B e eknose
stone used in a carpet will be chosen accordllég I?‘ 1rther due to
which was the case when sandstone was use : gto as the
the relative weakness of the laterlte_, it was prg erriexmre o
strength of the surface more on & bxtumen-sa:g 1(111 as being more
the laterite. Therefore, the laterite was consi er]‘iho h ang exact
of a filling material tha? y St;:‘(l)lt“tl)l;aia(;?i(:;d :‘hrouug% Because

Cope e : is aspect can 20

Sfxs:ﬁr;cftilg:r 130;1;?,5%2“ of the laterite carpet the binder content

had to be raised to 8.5 per cent of weight.

arpet does not change its
In order to make sure that the c gp b oo o et collod

sradi eing compacted, & paving W
%azzg;gigngr:;obthe %peciﬁgqtion b:sfo?nts}}l?s::lmt?x Zes;]t] iv;::a(l:on((li:tcetr?zé
ion W nine: :
gﬁi“tﬁvehf,grggt;gg gfa g;nd) way extracted f!:I.ld 1tis smvehfa.na,lly;:‘;g
determined. It was seen that some _additiona (clr:;lﬁe“:lgo had
occurred during the compaction but did not exce:;a Sho normal
amount to be expected under & roller of 8 tons an ofore the
necessity of the condition to orush the laterite upto & cer

was established.

¥ in.

n a carpet has to follow princi-
d stone material is used.

Passing
BS-sievos

2, in. No.sl 18 ] 36 ' 60 | 100 | 200

s s |1 s
£ 1n.‘-4- in.

Composed | |
grading for | 100| 85
the carpet

Extracted |~
minimum
after com-

paction with| 100 88.8(74. 04164.12
the roller,

Compare the grain size distribution curves A (before compaction) and
C after compaction) in Figure 2.

42 | 211 b

68 | 60 | 80

52.8 |50.65(50. 50/44. 7220. 92/4.85




136 A METHOD OF ESTIMATING THE BEARING CaPACITY OF

9.4, Fourth test

Base course: Quartzite (Delhi) boulder 4 in. size, 20 1b
10 oz, and 6 b 8 o of smallexz size
to even the surface, ’

Base coat : Quartzite 2—3 in. size, 33 1b 4 oz, and 5 1b
4 oz of smaller size, to oven the surf'a.ce.

Surfacing : Compact quartzite carpet,

This carpet was based on the same specificatio
o ; o n :
Test T with the difference that Delhi quartzite ;isthat of

instead of sandstone. used

The mixture was prepared at 140° C., as used i
the carpet was rolled and finished at 90> (., Withmthgessatmg

roller. Photo 15 gives a sectional cut through ¢h
the execution of the test, 8% the surface after

3.5. Fifth test

Base course : Laterite boulder 4 in. size, 30 1b 6 o0z and
6 Ib 4 oz of smaller size, to even the

surface.
Base coat : Soil stabilised with laterite metal.
Surfacing :  Surface dressing in 3 coats to the same

specification as in Test I]

For the stabilised soil layer the soil No
was stabilised with sand No. 3 from mile 14/2 |
0f1§15 pf'r gentItodl5 pe;' cent by weight. This stabilj
a Plasticity Index of 9.2, its fineness, the i
through sieve No. 290 {particles smaller thanp%f%%%t;a‘gveaspggsxng
cent and had an optimum moisture content of 13 per cent 'Il‘fr
metal mxxed_ with the stabilised soil consisted of laterite ; 3
and graded in the following proportion : rite orushed

Crushed laterite 2 -1 in. 50 per cent
I-1in. 30 per cent
In. 20 per cent

The proportion in which th ite .
were mixed was one past o thz laterite and the stabiligeq soil

latter. former and two parts of the

[0
-

A moisture content of 16.5
. -9 per cent wy idi
3.5 per cent excess over the optimum, toasl;;ie%eihgrovxdmgs
evaporation during the mixing and laying proce o o
account of the textural nature of the laterite. A ]ays;: ofaé]% ?nn
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of loose soil-laterite mixture was compacted to 6 in. with a 10 1b
rammer. This resulted in a density of the compacted layer of
132 1b per cu. ft. To cure it, it was kept in shade for one day
before its top was covered with surface dressing. The specifica-
tion of the surface dressing with laterite chipping was the same
as for Test II.

0.6, General remarks

The surfacings of Tests I, T1 & 111 cover possible cases which
could be designed by using laterites and sandstone to strengthen
the laterite construction as well as protect it against traffic wear
and weather influence. The variation in the surface providing
a surface dressing was made in order to investigate the use of a
cheaper wearing coat. Brick metal could not be utilised in the
carpet owing to its porosity and poor adhesive properties.

Test IV was conducted as a comparative construction as
yuartzite is commonly used in Delhi. The strength of the quart-
zite mineral expressed in its aggregate crushing value is also
given as a test result in Table 2.

Test V was added to find out whether the provision of a
stabilised soil layer showed any advantage in strengthening a
road crust. As this form of construction has some differences in
its test conditions which will be discussed later, its results haveto
be interpreted by considering these differences. The layer of
stabilised soil was combined with a surfacing of three coats of
surface dressing, in order to evolve a system of construction with
material most easily available locally. The use of laterite was
reduced to & minimum in order to make the design economic.

6. TESTS AND GENERAL CONDITIONS

6.1. Arrangement

. These five different designs of crust construction were filled
Into a cylindrical steel mould of one foot inside diameter and 11
inches height. The height of 11 inches was according to the thick-
ness of the crust designed, 4 in. for base course, 6 in. for base coat

and about one in. for surfacing.

The two bottom layers were laid by hand and the surfacing
Wwas done under conditions similar to those usually obtaining on
the road, Assembled in this way the content of the oylinder
represented a part of the crust as being taken out of a newly
constructed road and of the specification proposed to be tested
without reduction in scale i.e., with 100 per cent natural size.



158 A Mytiop oF EsTIMATING THE Braring CaraciTy OF

On the surface a circular plate of one ft di i

. ; b 0 ( iameter and 1} in.
ﬂucknesa. was put, which fitted cxactly into the testuz(ylinuder.
Photl(:is 16, 17 and 18 show the 3 layers of Test V in the test
mould.

6.2. Test procedure

The form completely filled according to the specificati ¢
covorgd with the plunger was then put%’ under tl,;fcc I‘Lz:ﬁl?;;q:gg
machine (Photo 19) and the settlement was taken in relratiz)‘n to
the lox?.d applied. Theload was given in steps of 1 ton (')./t reater
loads in steps of 2 tons) and the next increment was a (licg when
the rate in settlement was less than 0.005 in. per minurég Normal-
ly the test was stopped when a total scttlement of about one in
had been reached. In the case of Tests TV and V no moré
load was applied after settlement of about ¥ in. because in the
case of Test IV, this load was very high, zm(i in'cuse of e’l‘mt \Y
:he plt:mger was protruding only about § in a.bov(ias the

' : : .
tg;lee:tenttl'xe beginning of the test and could go in ouly to

6.3. Conditions of the load settlement test

The general mechanical condition unde ich ¢

were conducted was that they were complegel‘;’llgz};ﬁﬁgflmo b%tﬁ
sides. A confinement like this does not allow of conclusio . 8f'
cable directly to cases under natural conditions. Nat nls appd}-
tions always have limited confinement whi&h can u}:."'a d(ion b1
re_produced. But & complete confinement allows com )a:'r y o??
dxﬂ'er'elvlt specifications when conducted under e:';a.ctlI t]}‘:ons

cond.ltlong, and conclusions as to the behaviour (;fy th Y l?)&n}e
specification as well as to the materials used can be dra.wne wee

6.4. C. B.R. test

The whole arrangement mi i
\ men ght be considered : i imi
to the C. B. R. determination. In a certain way it&iss b::fﬁgsﬁﬁélz;

the differences in principle b
cnnsed hore. P ple between the two tests are briefly dis-

The C. B. R. test provides an additi
. 4 itional surchar ic -
:i,lnt'srt;h}er:frglght o.f the surfacing material, when s sgaml;:s;hi;‘ot%::-
o red given way of the tested material is possible. 'I'l
1f15ua y materials of one kind are tested and the test i ot mosnt
or complepe roa.d-.crusts. The C. B. R gives u;rnos meang
ir}]l(;ve;;l&ntplrl; c(::i?x rilre:gl(;mt fior }t;he material to be test.e?wol:gre:s
. . ) e i i
directions. Therefore thé enforlsgsl cso‘;;gx;ziso;o‘lée cr;m.term.l In ok

from the crushing of the weakest material used n only result
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As it was one of the purposes of this investigation to find
Low far the bearing strength of the material used in the
construction could go, all variables oxcept a vertical settlement
were eliminated. This led to the arrangement of complete confine-
ment, The results show that under these conditions, conclusions
of comparative values of the bearing capacity of the different
spocifications could be drawn.

7. RESULTS

7.1. Settlement under load

The settlement under & certain load in the case of each speci-

fication is given in the load cettlement curve of the & specifica-

tions in Figure 3. The final settlement under the maximum load
applied for the 5 different gests is also given below:

Test I 15 S 8 § S AN '

1.33 1.05 1.34 0.78 0.77
62 26

Final settlement in inches
Final load applied in tons 12 11 1

7.9 Crushed material

After the test tho layers of laterite were taken out from the
bottom of the form and mechanically analysed. The results are
shown in Table 5 and in Figure 4. ~Some material could not be
collected because a certain quantity remained sticking to the
binder at the bottom of the surface layer. This is also given in
Table § as a difference of the collected material and the material
originally filled into the form. For Test I, initial weight was

not taken (vide para. 5.1).

These figures can only give a rough check and were used for
i’jcoﬂﬁrmative calculation to the results of the load settlement
ines,

3. EVALUATION

8.1. Load-settlement factor

) The relation of the settlement to the load is shown in
Figure 3. It oan be noted that the load settlement curve can
be assumed as being & straight line for & wide range of load for
Test IV and for almost the complete range for Tests I, II, IIIL
and V. The proportion which can be arrived from a straight line
is used for caleulating the comparative factor against unity in
Test IV which was the control test,
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The ratio of the tangent of each of the load settlement curves
to tangent of the load settlement curve of Test IV is given below:

tan - N T T
fan Test 1y 1935 1/8 1/10 11 1.2.67

or 0.107 0.125 0.1 1.0 0.375

This would mean that the load bearing capacity of the laterite
construction according to specifications of Tests I, IT and IIT is
only about 1/8 - 1/10 of that of the quartzite construction whereas
specification No. V seems to have a load hearing capacity of about
1/3 of quartzite construction (Test IV).

8.2. Crushed material/settlement/load factor

Using another approximate calculation of a factor: crushed
material (per cent)/settlement (inches)/load (tons), an attempt was
made to obtain some confirmation of the above. To do this,
some assumptions had to be made. For this a figure for the
amount of laterite subjected to load or crushed under the load
had to be allocated. The mass of material which was subjected
to the load can be estimated only very vaguely by sieving the
laterite material after the test, taking into account the percentage
of the material finer than the sizes used for filling the form for
the base course and base coat, the fractions passing 11} inches size.

The results of the sieve analysis of the crushed laterite in all
the five tests are given in Table 6 and in Figure 4. A correction
had to be allowed in case of Test II due to the fact that under the
surface dressing some quantity of the binder penetrated from the
surfacing into the base coat. The amount involved was about 10
per cent of all the material under consideration.

A further correction was made for Test V because the
original laterite layer was about half the thickness of those in Tests
I, IT and III. As the laterite used in this test was somewhat
coarser than in the others, the crushed percentage based on the
calculation for Test V was taken roughly 50 per cent from the
fraction passing 2 inches. Including these corrections, the factor
of crushed laterite/settlement/load in the dimensions per cent/
inches/tons arrived at is given below :

'Iiest B I 11 111 v VA
Per cent of crushed - T
laterite/inch settle- 7.24 7.48 7.19 1.0 3.52

ment/ton load.

Photo 1

Brick soling in the plain part of the road. Wheel tracks can be
recognised as well as the deformation of the original camber.

Photo 2

Brick soling in the plain part of the road. Wheel tracks can be
!‘éOOgnised as well as.the deformation of the original camber,



Photo 4

The soling and metal is laid and is under use,
wheels can be recognised,

Photo 3
Part of the road
in mile 80 in
cutting, the soling
is not yet put.

Two tracks of the

Photo 5

Laying of the

soling of ¢ in.

gize laterite
boulders.

Photo 6
Laying of the metal and the soling.



Photo 7

Road with low
traftic built. out
of laterito.
Surfaco worn out
through traftic.
The harder and
l)iggm' pieces of tho
laterite of the
soling wear out
slowly aud can be
seet.

Photo 9

A part of tho sano
road where the
outside portion

in a bond is worn
out through
weathering offect.

Photo 8

The samoe road
showing tho worn
latorite crust.

Photo 11
Latorite in rocky
form in layors of

approximately
6 ft.

Photo 10

Laterite quarry.

Photo 12

Laterite in rocky
form, close up view
of Photo 11,



Surfaco—>

Photo 13

Sectional cut
through tho
Sandstone
carpet (Tost 1)
in about 85
per cont natural
gize.

Surface —>»

Photo 15

Sectional cut
through the
quartzite carpet
(Test IV) in
about 85 per
cent natural
size.

T

~<-Surface

Photo 14

Sectional cut
through the
laterite carpet
(Test III) in
about 85 per
cent natural
size.

Photo 16

Steel mould for settle-
ment  tests. Content
shows the hase courso
layer, laterite boulders
of 4 in. sizo.

Photo 17
Steel mould for settle-
ment tests. Content

shows the completed
base coat layer stabi-
lised soil-laterite mix of
Test V.



Photo 19

Tho propared road Crust in
tho steol mould covered with

the plunger, placed in the
compression machino hefore
the test.

Steol mould for gottlement |

tests,

Photo 18

Cantont

shows

the

finished  surfuco dressing  of

Test vV,

PIRRRINEYY
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This would explain that the specific crushed amount of laterite
Material is practically the same in the Tests I to I11, half of that
In Test V, heing approximately 7 and 34 times higher than

in Test IV, the comparative quartzite test.

8.2, Character of surfacing

Some additional remarks may be given about the three Tests
I, IT & I1T which follow the same principle of construction of the
base course and the base coat differing only in the kind of surface.

Because of the very little difference in the result there seems
to be not much which could be ascribed to the influence of the
different kinds of surfacing used. Against the presumptions that,
from its results, Test Il where the surface dressing was used
seems to he more favourable than the other two using carpets
although the difference is very small, stands the knowledge of the
higher strength of a carpet as a wearing coat. It would be mislead-
ing to believe that a carpet gives less strength than surface dress-
ing. The weak character of the laterite is bound to give rise to
crushing much earlier than the strengthening effect of any method
of construction comes into appearence. A carpet, while distri-
buting the load due to its construction, has also the task of
protecting the layers below, against being disturbed or decom-
posed. The surface dressing being only a pressed mass of crushed
stones without grading, mixed under doubtful control with a
certain amount of binder, does not even assure everywhere a
uniform mixture of the two materials.  Therefore, its ability to
distribute the load is less reliable. Its function lies more in
building up a protective layer for the laterite material below, which
seems to be the prominent one in this particular problem than in

distributing the load.

The fact that the load-settlement curve of Test II with no
more destruction (vide Table in para. 8.2) than in the other tests,
shows less settlement under the same load than Test I or IIT
could be traced to some accidental facts i.e., the well packed three
layers and that the use of liquid binder creating more stickiness

to the steel form than when premixes were used.

8.4. Stabilised soil layer

The figure of crushed laterite/settloment/load of Test V is about
half of thatof the Tests I to III with the same mixture of laterite
in the base course. For this figure the load arrived at seems to be
mostly responsible. On the other hand the application of a layer
of stabilized soil in Test V has to be taken as the reason for the
higher load bearing capacity, and because test results could be
Interpreted in different ways some remarks may be given in this
connection,

16
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as it helps to stiffen the construction in cases the layers
below are inclined to show little movements. This coul

happen due to the slow destruction through crushing. Inm
addition, in general, surfacoe layers, being constructed more Or
less in a stiff way like premix carpets, should be kept confined at
the side to avoid the breaking out, which follows Ly a change in
tho position as well as a deterioration on the flanks. This cffect
is all the more seen in cases where the road is of a narrow width.

To the extent that the structure in situ of the different designs
of road crust under investigation is known, relative comparisons
can be made. The tests conducted show the behaviour of the
different crusts, under increasing load, and describe distinctly the
limitations of the materials used in respect of strength and in
respect of the possible composite action of the various materials
used in a specification. Such an arrangement as that used

evolving the presented results is suitablo to be adopted when
similar clarification is needed. '

10. CONCLUSIONS

The investigations conducted show that specifications as
designed and tested will be able to carry a load of 1/8th to 1/10th
of the same specification when quartzite is used. The tendency
of the laterite to be crushed in the structure as specified (when
used in a base course and base coat) can be estimated to be not
less than 7 times the destruction which will take place when
quartzite is used under the same or similar conditions.

Construction and labour difficulties may arise when layers
of stabilised soil for the base coat as well as bituminous pavings
for surfacing in sensitive specifications are applied, although
some of them may prove advantageous under certain conditions.
Therofore the utilisation of relatively unskilled labour as well as
the need for using only the simplest machinery point to the
necessity at present of adopting simple specifications in such
areas,

Considering the prevailing conditions the construction as per
Test 11 (base course and base coat with laterite boulders, multi-
surface dressing using laterite chippings) can be recommended
for application. A multiple surface dressing, for instance a
three-coat surface dressing, is desirable due to the unevenness
and quick wear of the laterite. A crust construction like this is
economical in respect of labour and machinery, although it has to
be realised that a specification like this presents a weak construc-
tion of a crust. Costlier and more complicated paving specifica-
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. . "
tions do not show & correspondingly higher load bearing capacity,
when laterite is used. l N

bricks are available, only we
are I?ecifgﬁe:ggfie for the base coursé and the base coat.

ted with a surface
‘20 bricks should not be treated W .
]dlfeyszgngfdf?;étls}lf%eA {;.;er of brick ballast qf sufficient thickness,

evened with an adequate quantity of laterite lfht,ivI;Ie);ggst,h :%arlil:}i
than 3/8 in. size, can be provided as 3 layer be

layer and multi-surface dressings.

i i it should be utilized as
tone 18 available, 1}38
chipgilge":rfrﬂf: I:@1(1118rfa,ce and, when available, also for the base

course and base coat. .
th of 1} lane is recom-
the traffic capacity but also
the costs of maintenance.

At the present stage, & wid
mended. This will not only mcrea.lse
reduce the wear, and consequently
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Table 1.—Availability and Source of the local Material

Material

Laterite Nos. 1 to 6

Laterite Nos, 7 to 9
Laterite Nos. 10 to 12
Sandstone No. 1
Sandstone Nos. 2 to 4
Sandstone No. §
Brick Nos. 1,2
Brick No. 3

Brick No. 4

S —

Soil Nos. 1 to 8

Soil No. 9

Sand Nos. 1to 4

Sand No. 5

Bitumen

I Avuilubilihy

_Limlted

do.
do.
do.
do.
do.

To be manu-
factured and
bound to the
No. of kiln.

Unlimited
do.

do.

Penetration
60/70 and
30/40

Mile, Furlong

73, 95, 102, 106
125 & 130

63, 53, 37
18, 23
66, 45, 20
20

15

28
Unknown

2/3, 3/6, 5/6,
9/2, 10/4, 12/1,
14/2, 15/2

Unknown

5/8, 12/1, 14/2,
15/1

Manufactured
in the area
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Table 2.—Test Results of Laterites, Sandstones and Other Materials

. Compression
. |Aggr. Crush-
'i ing value. strength Absorp-
= Average of ’ ; tion
[=F Dry Wet
raa 2 tests. 1b per Ib per per cent
2] Per cent | sq.in. 8q. in,
R |
Laterite 17 40.42 1454.0 533.5 9.38
2 | 50.40 896.2 1228.0 8.31
3 47.95 882.4 698.2 13.62
4 e 34.80 852.9 871.0 11.26
5] 4170 1965.0 11120 12,93
6 ) 42.32 1014.0 1626.0 8.02
7 —
8 —
9 —_
10 49.52
11 30.14
12 —_
Sandstone 1 21.20
2 29.39
3 19.88
4 31.00
5 21.06
prick burnt 1 66.25)'
» unburnt g ~— 4 Compare Table 3
. "% 31.90)
Delhi quartzite* 19.65 — —

Delhi brick I*

50.31 1495.0

* From Journal of the Indian Roads Congress Vol. XVIII—1and Road

Research Notes No. 4.
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This

BOOK REVIEW

THE INTERNATIONAL ASSOCIATION FOR

BRIDGE AND STRUCTURAL ENGINEERING —

FOURTEENTH VOLUME (1954)
(Published by Verlag Leeman, Zurich)

14th volume of * Publications * containg 14 Papers—

7 in English, 3 in French and 4 in German, of which the follow-
ing are of interest to Highway Engineers :

(1)

(2)

(3

(4)

The calculation of concrete girders, prestressed un-
symmetrically above and below, taking more precise
account of creep and shrinkage. (in German).

Statistical calculation of strength of reinforced
concrete beams. (in English).

The strength of reinforced concrete structures has
hitherto been based on the assumption that the
strength of concrete and the strength of reinforcement
have definite values. This assumption is incorrect
since the observed values of these quantities normally
exhibit a certain dispersion (scatter, spread). The
Paper derives equations for strength of reinforeed
concrete beams taking into account this dispersion,

An experimental investigation of slabg subjected to
concentrated loads. (in English).

To obtain information about the stress distribution
in reinforced concrete slabs subjected to concentrated
loads, experiments have been conducted for investiga.
ting the influence of the size of loaded surface (the
concentration of the load) on the bending moments in
the slab, and investigating the stress distribution in
the slab as a function of the boundary conditions and
the location of the load. The results are compared
with the results obtained by theoretical calculation,

Measurement of the stress and deflection of Kanzakij
Bridge. (in English).
The live load stress and deflection measurements on

the Kanzaki Bridge, which is a composite bridge builg
up of five main beams, are reported.
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837874
The object of this test is t0 nssess the extent of load
borne by the parallel beams when one beam is loaded.
. Mmeasured gtregg
tio Measured 088 .
The stross ratio calculated stress and  deflection
. Mmeasured deflection
ratio calculated deflection, "o 66 and 80 per cent
respeotively. On tho other hand, the experiment
with a single beam structure showed that the above

ratios were 89 and 84 per cent, from which it is
clear that the stress ratio is smaller in parallel beam
structure. This is due to the cooperation of the slab
and all the beams connected by the slab.

(5) Suspension bridges. The aerodynamic problem and
its solution. (in English).

Some bridge failures like that of the Tacoma Bridge
have led to the creation of & New soience, viz. Bridge
Aerodynamics. With regard to the action of wind, its
vertical component is more dangerous than the hori-
zontal component. The stability or instability of a t
section depends on the ‘ velocity ratio *’ V/Nb, where M h I
V  signifies the wind velocity, N the natural o exp a e u
frequency of the oscillating structure, and & the width
of the section. By increasing depth, rigidity, and
bracing; by adding center stays, longitudinal dja-
gonal stays, transverse diagonal stays, or other stays ;
and by introducing artificial damping devices, resis- [7 U
tance to aerodynamic instability may be built up to

any desired amount. /7 is the Sign Of the 0
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NOW i the HOTPATRY material
you want.any fype..any quantity

where and when you want it

A-’! T
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STEEL ROAD BRIDGES

In the Mixall, Barber-Greene offers a unique and
effective combination of an efficient rotary drum
aggregate dryer with a proved B-G twin shaft
heated pugmill mixer. It is rightly called the
Mixall because of all the things it can do . . .

. . . Mix all quantities: from a single 300 Ib. bolch vp to 5
tons per hour of hot mix—or up to 10 tons per hour of

cold patch.
. ..Mix in all locations: towed to the job by truck loaded

BRAI I HWAI I E & ‘ O with aggregate . . . fed directly from truck or from stock
) pile or pit. Can work in a single traffic lane. No set-up
time required.

( INDIA ) LIMITED ...Mix in all weather: heated aggregate makes low at-

mospheric temperature mixing possible — allows quick
repair to prevent major failures.

<. .Mix all types: of bituminous materials including stabilized
mixes—as well as low slump Portland cement mixes.

Barber-Greene Qverseas, Inc.

DISTRIBUTORS OF BARRER GRIENE PRODUCTS MANUFACTURED BY

HIDE - ROAD. KIDDERPORE, CALCUTTA.

BARBER-GREENE COMPANY, AURORA, ILLINOIS, U.S A

BARBER-GREENE OLOING & CO., LTD., ENGLAND BARBIR.-GREENE CANADA, LTD., CANADA




This 240 foot Callender-Hamilton Bridge span was erected
in Holland. Similar bridges are daily in use in India and
Ceylon for road and rail traffic.

Made in various sizes they are suitable for any type of
crossing, wide or narrow. Erection is speedy, and in cases
of sudden necessity they may be dismantled and re-
assembled elsewhere.

Write for Publication No. 206 on Callender-Hamilton Bridges.

Covered by patents in India,

BRITISH INSULATED CALLENDER'S CABLES LIMITED
Esplanade House, Waudby Road, Fort, P.O. Box No. 111, Bombay I
Branches also at :

AHMEDABAD, AMBALA, BANGALORE. CALCUTTA, COIMBATORE, KANPUR
MADRAS, NAGPUR, NEW DELHI, SECUNDERABAD {Dn.), TRIVANDRUM

et

8C 25

There are thousands of miles of un-
paved roads in India, the maintenance
of which constitutes a major problem
to Government and Municipal bodies.
Construction, too, is a part of this
problem, Widening, realignment, grade
improvement and resurfacing must be
carried out if roads are to keep pace
with changing needs.

*“ CATERPILLAR” Diesel Motor

Caterpillar

MODEL NO. 12 NO. 112 NO. 212

100 N.P. wHr. | S0 HP.

erpillar

Lty [ADEMALS

ENGINES - TRACTORS

n|ESEl MOTOR GRADERS
EARTHMOVING EQUIPNENT

Caterpiliar Discributors in India

 BUILDING AND MAINTAINING ROADS
w GATERPILLAR

Diesel Motor Graders

Graders are becoming increasingly
recognised in India for road building,
ditching, bunding and other construc-
tion work. They are built not only to
perform a wide varicty of work but
to continue to do that work over
extended periods.

** CATERPILLAR " Motor Graders
do better work, in less time, at 8 sub-
stantial saving in cost.

A‘:,&U l/(} Jos

ZAVAY, S b rl',i
& Y w0 \@
o'y Y

Sales and Service

e ———

VLl
Vgt

CALCUTTA BOMBAY NEW onL;lCKWELb
INDIA LARSEN & TOUBRO WILLCOX (B
TMCITI?#‘?’E(D ) LIMITED INDIA) LIMITED
P 0. 80X 32) P. ©. BOX 278 P. O. BOX 289
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Developing 118 horse-power and embodying every
worth-while feature of grader design, the BK *‘Super-12"
Extra Heavy Duty Motor Grader is unequalled for high
output, and reliable and economical operation.

Standard features of the BK ‘‘Super-12°* Grader include
mechanical power-operated controls, six-speed gearbox
aiving up to 20 m.p.h., tandem wheel drive, wide range
of blade and scarifier adjustments, heavy-duty 12-fi.
blade, short turning radjus and leaning front wheels.
Write today for illustrated literature and prices.

*Also available; BK-12 Heavy Duty Grader developing
92 horse-power, embodying all the operational refine-
raents of the BK ‘‘Super 12'"" mode?

| BLAW KNOX

‘et (2

- EXTRA HEAVYV DUTY moror GRADER -
e T
PRINCE DLH ‘

Marsuarz Sons

& CO., (INDIA) LIMITED

5 ENGINEERS
C - man Road - NEW DELHI
C D Marshall House Hi?.uso n |
C D CALCUTTA - BOMBAY - MADRAS - COLOMBO

EXCAVATORS & CRANES by THOMAS SMITH (oen)LTD,

vij

PFM 12
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MUNICIPALITIES and CON-
TRACTORS all over India have
already bought hundreds of
these units.

Here are three of the “O.K."”
range of strong, well-designed
Road Builders. Roads now-a-
days are built faster...more
efficiently... with “O.K." Road
Building Equipment.

“0.K.”” ASPHALT BOILER

250 Gallons Coal Fired
200 Gallons Qil Fired

-

153

“0.K.” MORTAR MIXER
500 cubic ft. capacity per 8 hours
driven by 5 H.P. Engine. Overhung
adjustable shaft, C 1. Rollers, Sectional

“O.K.” ASPHALT MIXER

75 cubic ft. capacity driven by 14/18
H.P. Engine-—Pneumatic tyre or
C.1. Wheeled Design. Chilted C.1.
Chamber, Manganese steel replace-
able arms and tips.

Write for details to:
THE EAST ASIATIC CO. (INDIA) LTD.,
Sundry Machinery Section

P.O.Box 639, BOMBAY. P.O. Box 364, CALCUTTA. P.O. Box 146, MADRAS
SECUNDERABAD and BANGALORE

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.

*

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

and acoustic boards and blocks.

Registered Office
14, BOAG ROAD, MADRAS -17.

88316 & 88549

i VITOPUS

Telegrams

Telephone:
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USE ALWAYS INDIAN ROAD TAR

FROM INDIAN COAL MINE

“\ THROUGH
INDIAN
CHEMICAL INDUSTRY
WITH INDIAN CAPITAL AND LABOUR

TO INDIAN ROAD ¥

2" TARCRETE WORK IN PROGRESS

AND HELP THE NATIONAL
BENGAL CHEMICAL & PHARMACEUTICALESV?):‘KOST:)
94 Chittaranian Avenue, Calcutta - 12 '

X1

B 8 J

CALCUTTA

STRUCTURAL STEEL WORK.
REINFORCED CO NCRETE.
SCREWCRT FOUNDATIONS.

FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
p-13, MISSION ROW EXTENSION, CALCUTTA.

Introducing—THE MOST WANTED BOOK ON CIVIL ENGINEERING
INDIAN PRACTICAL

CIVIL ENGINEERY’ HANDBOOK

(Second Revised & Enlarged Edition)
Reference Book for P.W.D. Engineers

The Standard Every-day
of all Grades

P. N. Khanna, Chartered Engineer.

This book is a vast collection of MO8t up-to-date practical data and other
valuable tochnioal information, presenting in one volume ail the essential
data for the entire fiel ivi i i eoded most in daily routine
works by P.W.D. officors. ;s of this famous book are
now in daily use of eve ineer all over India and the
adjoining countrios who i Immensely Useful, Extremely
Informative and the Best Reference book on Indian Engineering.

Sections on:
Civil, Structural,
Engincering. All

Edited by:

Sanitary, Highways, Bridges, Irrigation and Electrical
condensed in about 1,150 pages (in fine printing) with over
300 illustrations and 200 design tables.

(4] ommm——
R, of an A class province has remarked ““...... such
a useful mine of Information on Cjvil Engineering for Indian Engineers...... *

Cloth bound Rs. 16(- (Plus Postage Bs. 1-12-0).

ENGINEERS’ PUBLISHERS & ADVERTISERS
CiviL LINES, PATIALA (PEPSU)

Chief Engineer, P.W.D. B/
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AND

FOUNDATIONS

PILING

For

(INDIA) LTD.

SI MPI.EX GONGRETE PILES

CALCUTTA

MADRAS
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WILD
Heerbrugg (Switzerland)
World's
Greatest Manufacturers of
Surveying instruments—
THEODOLITES TO, TI, T2 & T3
LEVELS NO, N10, N 2 with and
without circle

DISTANCE MEASURING
INSTRUMENTS

Nobe Agents
RAJ-DER-KAR & CO,,
Commissariat Bulldg.,

Hornby Road, Fort,

BOMBAY |I.

Grama: CTECHLARBY Phone: 27304

MILLARS’

HIGHWAY COMBINED
DRYING AND MIXING
MOBILE UNIT

Single and two-coat Asphale—Hot
process.
# The production of Pre.coated Chips.

* Sand drying; drying and warming
Chips for Surfacc Gritting.

# Rc.heating old Asphalt for relaying
on maintenance contraces.

% The production of all types of Bitu.
minous Macadams and Cold Asphales.

» The Unit is completely self contain.
ed with its own Diesel Driving Engine
and Oil-firing Equipment and casily
eransportable A

MILLARS’ TIMBER & TRADING CO. LTD.

. . { ESTABLISHED 1902)
Victoria House, Victoria Road. BOMBAY-27.
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