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INDIAN ROADS CONGRESS ’
NOTICES AND ANNOUNCEMENTS

1. CONTRIBUTION OF PAPERS FOR THE TWENTY-
JURTH SESSION OF THE INDIAN ROADS CONGRESSl

e next General Session of the Indian Roads Congress
ill Tll)le held at Bangalore early in‘ 1960. The exact dates
1d programme will be communicated in due course. Members are
.quested to contribute Papers on any subject connected with
:?ghwa.y Engineering for discussion at the Session.

9. The Indian Roads Congress will be completing 25 years
f]ife' in December 1959. The Silver Jubilee qf the Congress
rili, therefore, be celebrated at the next Sessnon. .One of the
ray’s by which this can be done is by presenting for discussion a
et of good Papers contributed by members. After all, Papers
re an index of the contribution of Engineers to the advancement
f the profession and thereby to the progress of the country. At
his stage of the country’s road development, members will be in
avourable position to send suitable Papers embodying the results
»f their work and experience.

3. Procedure: Members willing to contribute Papers on any
subject connected with Highway Engineering are requested o
intimate the fact to the Secretary, Indian Roads Congress, and to
send a short synopsis of their proposed Papers as ear] Y a8 possible.

On receipt of acceptance of the subject matter of the Paper
the member concerned should send his contribution to the
Secretary, Indian Roads Congress, complete in all respects and
with original drawings, photographs, ete. ag 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.

.4. The complete Paper, if intended to be read at the next
Session, should preferably be submitted as early as possible.

From past experience it is observed th
send in their contrr)ibutions at the last moma;nrgovsvgglf] ?ﬁg gl:;n l;ers
Office is busy on work connected with the Session, As it tal%e:s:
long time to get Papers printed in the Journal and as it isdesirable
that members should have sufficient time to study the Papers well
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in advance of the date of the Session, members are particularly
requested to make an effort to send their contributions as early as
possible.

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

5. The younger engineers are particularly requested to
contribute Papers which, if required, will be suitably edited
before publication.

6. Medals: The following Medals are available for award :
(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
connection with the Congress. ' '

(if) The Indian Roads Congress Medal :

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

7. 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.

.

8. Rules and Regulations for the contribution of Technical
Papers and the award of the medals are published on pages 10 to 15.



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 a bronze medal to be awarded annually for exception-
ally good Papers contributed to the Indian Roads Congress in
any year. This has been instituted to perpetuate Sir Kenneth
Mitchell’s connection with the Indian Roads Congress.

(¢2) The Indian Roads Congress Medal :

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

2. PROGEDURE FOR CONTRIBUTION -OF TEGHNICAL
: PAPERS

2.1. Our procedure in the past had been to invite Members
to contribute 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 f)rior
study a month or 8o 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 ver
hurriedly. Also Members often found that one month did nost:

give them sufficient time to study all the Papers before the dis-
cussion at the Congress Session,

2.2, It has,' therefore, been decided b
Members should be invited, to contribute Technical
throughout the year, as and when they are ready, anlgat}f;aép&-:
accepted P_a.pers should be published in the Journals of the
Society which, it is hoped, will be issued quarterly in future

y the Council thag

2.3. The Council consider that this will pj
] iv
more time to study the Papers and will also facilita,?zue :dili\;lli?;l:lrs
printing. A record of the discussion and the comments received
by correspondence will be published w y

ith th ’ S
the Journal issued after the General Session.e Author’s replies in

2.4. 1t will be realized that it wil]
effect to this new sch re oo
makes this special ap
discussion throughou

; Y. be possible to give
eme if Members co-operate. The Cougncil
peal to members to contribute Papers for
t 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, 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. TFinalacceptance of the Papers rests with the Council.
In order, however, to avoid disappointment through the Council
having toreject 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
available 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 sujects for contributing Papers, should bear in
mind the fact that there is often u 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
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and an ample margin (not less than 2 inches) should
be left on the left hand side. At least three copies
of the typescript matter should be sent.

¢. 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. Tlustrations fall into two classes, »iz.,
a. Line dfa.wings.
" b. Half-tones.

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

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 % in. in height); therefore, the written
matter in diagrams should be so made that the size of ‘the letter
when reduced for reproduction should be about 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 genera.ll);

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 73 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. insize. 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 wh -
duced the size will be at least } in. The name of the lelltIfSr
may be printed, if desired, at the bottom right hand side.

6.5. Scale should be drawn in the plate below the ti

. 3 4 t
admit of reduction of drawings without altering the (lzolz(?regz
relation of the scale to the drawing. Mere mention of the scale
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thus “Scale 10 ft=1 inch ”’ should be avoided as this would be
incorrect when size of the plate was reduced photographically.

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. '

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

5.7.2. From the standpoint of pleasing appearance, a rec-
tangular graph or drawing with proportions between 3 by 5 and
3 by 4 is to be preferred to a square one.

5.7.3. The appearance and effectiveness of a graph depend
in a large measure on the relative thickness 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
ﬁnallg ;educed 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 i8
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. Asite plan showing the road and river for two miles on
either side of the bridge site;
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b. A dimensioned cross-section of the roadway ;
The loading on which the design is based ;

The cost per square foot of the elevation area comprised
by the formation level and the bottom of the founda-
tions ; 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 works Units to be adopted

1. Road material such as metal

gravel or moorum, sand 100 cu. ft.
2. Binder in surface dressing
and grout Ib per 100 sq. ft.
3. Binder in premix, carpets Ib per cu. ft. of aggregate
ete. : ’
4. Cement

By weight and not by
volume

5. Water-cement ratio gallons of water per

cu. ft. of cement
(assumed ag 90 Ib)

In Indian Standarg cur-
rency (Rupees, ete.)

6. Cost and rates

8. FORMULAE

8.1. Mathematical formulae should be draw i
hand and not set out with the typewrite: caretully by

9. ABBREVIATIONS

9.1. The use of symbols should be avoided. F
6’-2" x 3'-3” should be written ¢ feet 2 ir'lche:rb;xgnigé:

3 inches. Similarly 2250 (3 shoul ‘
degrees centigrade, and so on. ould be written" ag 295
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10. ITALIGS AND EMPHASIS

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

11. PARAGRAPHING

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

I
II1.

1.
2.

(i)
(ii)

12. ACKNOWLEDGMENTS
12.1.  Sources of quotations appearing in the Papere should

be stated and acknowledgment should be made for all informa-
tion culled from books, periodicals, and proceedings of sister

‘Bocieties, ete.



{II. 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 Counciland intimated to members attend-

ing the Session.

2. The Chairman will introduce‘the Author and will call
upon him to present his Paper for discussion. The Pa,p(.ar will
be taken as read. Introductory remarks shall not ordinarily
take more than 10 minutes and, unless the Author had some-
thing new to say which came to his notice since the submission
of his Paper, the introduction shm_lld be limited to 250 words.
After the introduction, the Paper will be open to discussion.

3. To facilitate the conduct of business and the fixation
of time for various sittings and individual Papers, those desirous
of raising questions or offering comments at the meeting 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
the 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 intention to
gpeak in advance have spoken.

4. A copy of or the nature of the comments which a
member intends to make should be sent in advance to the Author
of the Paper and a copy endorsed to the Secretary.

- 5. If the comments are likely to take more tha i
or if they involve lengthy mathematical matter orndggrglrzltlnnsut?iss
-would be desirable to send a copy of these to the Secretary at
least 2 weeks before the date of the meeting so as to eg,a.ble
him to have them printed and circulated to all members atten-
ding the meeting before the discussson on the Paper takes place
These comments may, at the discretion of the Cha.irmag bé
taken as read and the member making them will thus only be
required to explain generally the nature of his comments. yThe

. Author will, if possible, reply at the meeti A
had been made orally, eoting as if the comments

6. Members who do not wag
tion of any issues arising out of ¢
remarks of the Author shoul

nt to speak but want clarifica-
he discussion or the introductory
d 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 nqte
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 &
Paper, or when the Chairman considers that because of lack pf
time the discussion must be brought to a close, the Author will
be called upon to reply.

9. 1f the Author of a Paper is unable to be present, he
should depute another member to introduce his Paper and to
reply to tho discussion and should inform the Secretary
accordingly.



" IV. LIBRARY

1. Information and books on loan from the libraries of the
Consulting Engineer (Road Development) 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
Congress, New Delhi under the following arrangements :

() 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 Auth(;r of

. the book.

2, The library is intended primdrily for reference. It i
source of information from which the Secretary, Indiantﬁi:.ge
Congress, is enabled to answer enquiries addressed to him, 8

3. Books are loaned for reference only and not for cont;
use. The I;bra,ryhcannotbbekexpected to relieve oﬁic:r':;'c":fu:;:
necessity of purchasing books required const -
periods of time. , antly or“for long

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. 2y be issucd at tho

5. The following rules will be strictly enforced :

{a) DBooks are issucd for one month j i

I_f a book is required for a longe;npglxlfiao%rs:.tlln'st:& ma.
tion should be sent to the Secre 'dion Roadn
Congress for renewal before
The book may then be re-ig
at a time .at the discretion
no case will any book be i
exceeding three months,

sued for another month
of the Secretary but in
ssued for a total period

tary, Indian Roads
the due date of return,

(b)

(d)
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If a member does not return library books when
the period of Joan has expired or in any case within
three months of the date of issue and thus deprives
other members of their use, he will be liable for a
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 return-
ed. 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 office of the Consulting Engineer
(Road Developments) but back issues of certain
Journals may be sent on loan for a limited period.

Rooks 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.

If, during the period of issue to a 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 isrequired 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 acknow-
ledgment due ”. '

General:
(a) Rare or specially valuable books and certain books |

of reference will not be sent out of the library.



20 Tansrary RULES

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

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

NOTE : All Members of the Indian Roads

su bseription for more than 90 days, are ontitid tCnngress, not in arrears of

o horrow hooks,
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Roll
No.

2584

2686

2589

2590
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2592

2593

2694

2695

Name

8. P. Krishna
Moorthy

Dwarika Singh

H. H. Pancholi

Sahdeon Prasad

R. C. Gupta

C. Mozumdar

R. C. P. Sinha

Mohd. Yousuf Buch

K. 8. Wali

8. P, Khullar

(irish Kumar

N. K. Sinha

Address

Special Assistant Engineer, (H),
Madurai, Panagal Buildings,
Madurai, (Madras State).

Agsistant Engineer, I/C. Project Sub-
Division, P.W.D., Chapra, (Bihar).

Deputy Engineer, P.W.D., (B & R),
tovt, Qr, 63/2, Bhuj, (Kutch),

Assistant Engineer, P.W.D., Bettiah,
Dist. Champaran, (Bihar).

Overseer, P. W,D., 222, Shambhu-
Nagar, Shikohabad, Dist. Main-
puri, (U.P.).

Assistant Engineer, P.O. Agartala,
Shib Nagar, Tripura, :

Assistant Trust Engineer, Improve-
ment Trust, Mohalla Ramdhanpur,
Gaya (Bihar),

Assistant Engineer, Poonch (Kash=
mir).

Deputy Engineer, Hubli B & R Sube
Division, Hubli, Dist. Dharwar,
(Mysore State),

Assistant  Engineer, Udhampur
(Kashmir).

Sub Divisional Officer, P, W.D.,,
(B & R), C/o Executive Engineer,
P.W.D., (B & R), Daltonganj Divi=
sion, Daltonganj (Bihar).

Assistant Engineer, Special Commu-
nity Project, P.0. Manoharpur,
Dist. Singhbhum, (Bihar).
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Serial Roll
No. _

No.

Name

Address

18

14

15

‘16

17"

18

19
20

21

22

23

24

- 25

26

2596

2397

2598

. 2599

2600

2601

2602
2603

2604

2605

2606

2607

2608

2609

A. K, Angari

A, U.R. Somayajulu

K. S. Imandar
A. G, Pol
1. K., Shinde

N. B, Prasad

M. P. Thakur
J. K, Shrivastava

8. K. Singh

K. M. Chatterjee

G.T. Varma

Pulakanand
Talukder

R. L. Saksena

T. Thirumalai

Agsistant Engineer, P.W.D., (B & R),
Sub Divigion, (leedam, Dist, Bas-
tar (M.P,)

Junior Engineer, (Designs), Office of
the Chief Engineer (Highways),
Begumpet, Hyderabad-16 (Andhra
Pradesh).

Fxecutive Engineer, Madhya Pradesh
P. W.D., Construction Division
Na. 2, Raipur (M.P.)

Cfo Shri G, Y. Pol, 1008, Raviwar
Peth, Bhioigalli, Kolhapur, Dist.
rict Kolhapur,

Assistant Engineer, P.W.D., (B & R),
(laroth Sub Division, Giaroth, Dist,
Mandsaur (M.P.)

Assistant Engineer, P.W.D,, (B & R),
Patna Secretariat, Patna-1,
Sub  Divisional Officer, P, W.D.

P.O./at Begusarai, Dist. Monghyr:
(Bihar), -

Assistant Engineer, PW.D, BgRr

Bijawar, Dist, Chhatarpur
(M.P.). pur

Asgistant Engineér, P.wW.D. Garh
Dist. Palamu (Bihar), e,

Abgistant Engineer, Rg hunathganj
LConstruction Sub Div%sion, Dgse'-]
lopment (Roads) Department, P.O,
Raghunathganj, Dist, Murshida.
bad, (West Bengal),

Assistant En ineer, i’.W.D. B&
Khargoneg(M.P.) » (B&R),

Sub  Divisiona] Officer,
Bharahi Bridge Constructi
Division, No, II,
(Assam),

PW.D,,
on Sub-
Lokra

Executive Engineer, P.W.D.
Division, Dhar (Mp,) "~ her

Junior Engineer, Highways, 7 Second
Cross Road, Raja Annam ,1 i
Magrooad, alaipuram
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28
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Name

Address

2610

2611

2612

2813

2814

2615

2816

2617

2618

2619

2623

2621

2622

2623

V. K, Srivastava

R.N. Jha

A. K. Sharan

R. A. Singh

Ch. V. Suryanar-
ayana Murthy

H, D, Matange

H. S, Joglekar

A V. 'Ramanujam

’

V. N. Chandra~
sekharan

K. Venkatanarayana

S. K. Ray

K. C. Mital

\
'

M. P. Agrawal

P. J. Madan

Apprentice Engineer, U.P., P.W.D.,
B & R Branch, ‘“ Aalok”, Wazir
Hasan Road, Lucknow (U.P.).

Asst. Engineer, P.W.D., B &R, I/C.
P.W.D, Sub Division, Dehri, P.O.
Dehri-On-Sone, District Shaha-
bad (Bihar). .

Assistant Engineer, PW.D., B&R,
Sharan  Bhavan, Babubazaar,
Arrah (Bihar),

Sub Divisional Officer, P.W.D,, 8.C.
Survey Sub Division, Aijal, Mizo
District (Assam).

Assistant Engineer, Central P.W.D.,
Uchapind, Dist. Khatua, (J, & K.
State).

Assistant Engineer, M/s. Gammon

India Private Ltd., Hamilton House, '

Ballard Estate, Bombay-1,

Engineer, ‘ Laxmi Niwas’, Deshpande
Nagar, Hubli (8. Rly.). :

" Asgsistant Professor in Civil Engg.,

M..B. M. Engineering  Collegs,

Jodhpur (Rajasthan). .

Special Junior Engineer, Highways,
Kallakkurichi, (Madras State).

Assistant Engineer, Highways,
Tirupati, Chittoor District (A.P.).

Sub Divisional Officer, P.W.D,, Mecha«
nical Sub Division, P. O, Jorhat,
Dist. Sibsagar (Assam), :

Executive Engineer, U.P,, P,W.D.,
Office, U.P., -

Chief Engineer’s
P.W.D,, Lucknow.

"Assistant Engineer, P.W.D., B & R,

118/537,

Kaushalpuri,
(UP.).

Kanpur,'

Professor of Applied Mechanios and
Head of the Applied Mechauics
Deptt.,

| (Bombay State),

14, Alkepuri, Barodl"'
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# tor & Sous, Dwarka (W. Rly.).
' -usimha Chary  Assistant Professor of Civil Engineer-
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B. C. Das

M. Krishnamurti
B. D. Nanda

H. E. Ormerod

Teja Singh Malik

J. P. Singh
J. C. Gauba

G. N. Senapathy

& Co., 14, Boag Road, Madras-17.

Executive Engineer, Division No, 1,
Assam P.W.D., Agartala.

Executive Engineer, N, E. F, Agency,
Tuensang, Naga Hills (Assam).

Divisional Engineer, Retired, Ram=
munshi Bagh, Srinagar.

Upper Burrells, East, Chintington,
Lewis, Sussex, England.

Retired Minister of Development,
Patiala Govt., 4, Bhagwan Dass
Road, New Delhi,

Superintending Engineer,

Nabha
Circle, Nabha,

Trust Engineer, D. 58/12. Sigra,
Varanasi-1,

Executive Engineer, Thoriasahi, P.O.
& District Guttack (Orissa).
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'SYNOPSIS

 The Paper describes some applications of soil mechanics in the
construction and maintenance of roads. The general properties of soil
and the methods of soil survey and sampling are described. Examples of
application of scientific studies of soil in different stages of road eonstruction,
Viz,, construction of embankments and cuttings, design of the pavement
thidkness, improvement of poor subgrades and different methods of soil
Stabilisation as adopted in West Bengal are given. Investigation of road
ailures and their suggested remedies are also dealt with in the Paper.
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1. INTRODUCTION

1.1. Of all the ancient arts, road-making is the latest to
have called for the aid of laboratory scientists. With launching
of gigantic development programmes in the country in different
spheres, came the necessity for the construction of many miles of
modern roads within the shortest period of time and within the
limited resources available, The enormous growth in motor
transport which now constitutes the most important form of
traffic has focussed attention on the sericus problem of construc-
ting and maintaining roads cheaply but at the same time strong
enough to carry the traffic and adequate in width and layout to
permit it to travel safely at reasonable speeds.

1.2. Growth of Soil Mechanics in the Field of Roads

The origin of what is termed ‘¢ Soil Mechanics” dates from
the work of Coulomb nearly two hundred years ago. However,
antil the beginning of the present century the subject was
concerned mainly with the stability of earthworks. Subsequently
the subject has developed to cover the design of building and road
foundations and other aspects of road construction. The
principle functions of soil mechanics in road construction sare to
assist the Engineer in (i) deciding the thickness and type of
pavement required for known traffic and soil conditions and
(il) improving where possible the condition of the soil so
that a more durable and possibly less expensive pavement can be
constructed.

2. GENERAL PROPERTIES OF SOIL

2.1. Soil Formation and Definition of Terms

2.1.1. The material of which the crust of the earth is
composed can be broadly classifiedinto two groups, viz., rock
and soil. The soil has been formed from the parent rock by
two main processes, Viz., (a) physical disintegration and
(b) chemical decomposition, their combined action being known
as ‘weathering’. After formation soil may still be located at
the place where it originated from or may be transported and
deposited elsewhere on the top of the bed rock. The former is
called ¢ residual soil’ and the latter ‘transported soil’. The
principal constituents of soil are (i) sands and (i1) silts, which
are inert fragments of the parent rock, and (iii) clays con’tainin
active minerals formed by chemical changes in the rockg
Besides these soil contains varying proportions of salts, or a.ni.
matter, etc, ' ‘ t orgame
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2.1.2, Methods of classifying soil in terms of their predomi-
nant particle groups (sand, silt and clay) tend to concentrate
attention on the solid mineral particles which make up the soil.
It is, however, important to remember that soils also contain
water and air, and whilst the particle size distribution defines
the “ type” of soil, these latter factors are most important in
defining its *“state ”” on which the mechanical properties largely
depend. '

2.1.3. Depending on the percentage of water present in a
soil, it may remain in different ‘states’, viz., solid, semi-golid,
plastic and liquid states and the particular moisture contents of
a soil at which it passes from one state to another are important
values which are dependent on the type of soil and help in the
classification and identification of soil. These values are termed
as shrinkage limit, plastic limit and liquid limit. The difference
between liquid limit and plastic limit is termed ¢ plasticity
index’’ and signifies the range of moisture content within which
the goil remains in the plastic state.

2.2, Classification and ldentification of Soil

2.2.1. A suitable method of classifying the soils, with which
the construction engineer may have to deal, into different groups

according to their relative suitability for use in roads and simple

methods of identifying them are essential prerequisites for any
road construction work. There are several methods of classifi-
cation of soil, each method having relative suitability in the
fields of Agriculture, Geology, Ceramics, Foundation Engineering,
Roads, Irrigation, etc. Again in the same field different methods
of classification are adopted in different countries and even in
different States and departments in the same country. This
sometimes leads to confusion and misunderstanding of the results
from one organisation to another. There have been several
attempts to adopt a single system of classification in India, at
least in the- field of engineering, but the problem still remains
unsettled as the supporters of one particular system do not like
to change over to another system.

2.2.2. Highway engineers generally prefer to adopt the'
Public Roads Administration (P.R.A)system of classification
(1945) (vide Appendix 1) for the following reasons : :

i(i) The system is the simplest one and involves mini-
mum number of tests required to be done.

(ii) The system directly tells about the relative suitabsi
lity of a particular oil for use in roads and require-
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minimum number of terms and factors to be
remembered.

(iili) The system with some modifications! covers
almost all types of soils available in India.

(iv) The Group Index number enables a systematic
graphical representation of the various soils met
with in different depths in a bore or at different
places along an alignment and helps in selecting
suitable soil for embankment, Plate I.

2.2.3. The next preferred system of classification is the
¢« Casagrande system”’. This. system defines the different types
of soil in a more comprehensive way and has better applicability
in fields other than roads, viz., Foundation Engineering, Irri-
gation, Embankments, etc. The Roads and Buildings Research
Institute of West Bengal has been, for some time, adopting both
the P.R.A. and Casagrande systems of classification in its routine
test reports, but experience has shown that the former is better
understood and preferred by the field Fngineers.

2.2.4. The K.C.AF.K. Seminar on “Low-cost Roads and
Soil Stabilisation > * held in New Dethi in January, 1958 has
recommended the adoption of ¢ Unified Soil Classification
System ”’, which is a revision of the Casagrande system, with
some further modifications for Indian soils, Appendix-3. The
Indian Standards Institution (I.8.1.) has finalised the details of
this Unified Soil Classification system on the advice of the
.C.R.R.I.

2.2.5. Field ldentification of Soil

The main groups into which the soil can be easily classified
" by simple field tests without the use of any equipment are coarse
sand, medium sand, fine sand, silty soil, clayey soil and peat or
organic soil. An experienced person can further identify the
goil into different sub-groups. : .

2.2.6. The correct method of identification of the different
types of sand is by sieve analysis. This will, however, necessi-

_ "tate the carrying of standard sieves, balances, etc., and may not
" therefore, be convenient in preliminary survey work. A simplé

method is to carry small samples of sand of the different types

and to compare with them the material encountered in the field

by visual examination. :

_ 2.2.7. There may be some confusion in distinguishing silty
soil and clayey soil by visual examination alone, but there are
‘some simple field tests for distinguishing them, Appendix g,

[y
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2.3. Besides the type of soil, the ‘state’ in which it exists
has a great influence on the mechanical properties. This state is
indicated by the amount of water and/or air present in the soil
mass and is mathematically represented by its dry density. The
denser the soil mass the stabler and stronger it is for road

Toundation and embankments.

3. SOIL SURVEY AND SAMPLING FOR ROADS

3.1. Purpose and Scope of Soil Survey

3.1.1. Soil survey is an essential part of preliminary
engineering survey for roads and it should receive due importance

- in any important road project. The information obtained from

such soil survey will make available to the Engineer useful data
for deciding about the alignment of the road and for an economical
and at the same time safe design of the pavement thickness.

3.1.2. A soil survey for road purposes mainly involves two
distinct operations, viz:

a' The exploration of the soil upto a certain depth by .
boring and collection of boring samples.

and

(b) The examination and testing of the boring samples
and preparation of soil profile. '

Besides the above two major opera,tiohs which should cover
the entire alignment of the road at as close distance intervals as
possible, the soil survey also includes :

(i) Collection of undisturbed samples from area of weak
soil formation and evaluation of the safe bearing
capacity from laboratory tests as well as site plate
load or C.B.R. tests.

(i) Search for better type of soil or granular materi#ll,
where necessary, at economic distance, including
sampling and testing. o

(iii) Investigation of ground water and waterlogging
conditions. B
3.2, Soil Exploration by Boring

3.2.1. The purpose of soil exploration is to show a vertical
section indicating the nature of soil at different strata over which
the road alignment passes. This information will help #.
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(i) determining the suitability of the soil at different depths for
constructing the embankment and for that purpose the depth
upto which borrow pits should be made and also in (ii} designing
the slope at which cuttings and embankments will stand.

3.2.2. The Roads and Buildings Research Institute of West
Bengal undertook soil survey for the proposed Calcutta-
 Durgapur Expressway.” The first phase of the work involved
(&) collection and testing of boring samples upto 10 ft depth in
the location of borrowpits along the proposed alignment,
(b) conducting density and C.B.R. tests on undisturbed samples
of subgrade soil from the already constructed portion of National
Highway No. 2, (¢) conducting field plate load tests on selected
spots on the above highway.

3.2.3. The types of soil met within a few typical borings
are shown graphically in Plate I. The boring results show that
the type of soil changes at different depths in different locations
and from a study of the curves it is possible to determine the
depth of borrow pits upto which the soil should be used in
constructing the embankment.

3.2.4. The idea of conducting density and C.B.R. tests on

the subgrade soil of the already constructed portion (Mile 3} to

Mile 93) of N. H. 2 was to ascertain the degree of compaction and
bearing capacity of the subgrade in order to design the additional
thickness of hard crust required to raise this portion of the
N. H. 2 to the standard of an Expressway.

3.3. Investigation of Ground Water and Waterlogging Conditions

3.3.1. Ground water plays a very important part in the
stability of a road. It is well known that the bearing capacity
of soil changes to a great extent with the change of moistyre
content. This is more so in the case of clayey soils. The design
of flexible pavement thickness is generally based on either the
in-situ C. B. R. test results or on the results of C. B. R. tests
conducted in the laboratory on undisturbed samples of soil after
4 days immersion in water. These results are sometimes mig-
leading as the moisture condition in the natural subgrade mg
remain quite different from the conditions under which the tests
were made. This may lead to either uneconomical design or
an unsafe design. Hence a knowledge of the maximum possible
moisture content of the subgrade in the worst condition ig
necessary. The recording of the moisture content of the subgrade
at different depths and in different seasons is, therefore, a very
useful investigation. This investigation has been un(,lertaken
by the Central Road Research Institute in different zones of the
country and the Roads and Buildings Research Institute of
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West Bengal is also co-operating in making some measurements
in the State,

3.3.2. Waterlogging conditions caused by irrigation
systems may also lower the bearing capacity of the subgrade
soil and the chances of such casualties are being taken into
consideration while making soil survey for roads.

3.4. Soil Sampling

A knowledge of the correct method of soil sampling and the
type and quantity of soil samples required for different purposes
is a desirable prerequisite to soil-survey. Soil samples are
generally classified into two types, viz., (i) undisturbed and
(ii) disturbed.

3.4.1. Undisturbed samples of soil are required for condue-
ting certain special tests, viz., (i) shear tests, (ii) consolida-
tion tests, (iii) unconfined compression tests, (iv) natural
mojsture content and density, (v) California Bearing Ratio
tests, etc. While collecting undisturbed samples, necessary
Precautions must be taken to ensure that all the properties of the
earth mass of which it is representative are retained. These
properties are : the structure of the soil, its texture; its moisture
content and density, the stress conditions in the soil, etc. The
size and quantity of samples required for different purposes are
shown in Appendix 4.

4. CONSTRUCTION OF EMBANKMENTS AND CUTTINGS

4.1, Embankments

4.1.1. The selection of the right type of material to be used
as fill in embankments is very important and requires a thorough
know]edge of the fundamental properties of soil. The principle
considerations while making a choice should be that the material
should have proper grading and low capillarity. The American
Association of State Highway Officials recommends ® that for fills
not exceeding 10 ft in height and not made on steep slopes or
subject to long inundation, the liquid limit of the soil should
not exceed 65 and the plasticity index should not be less than
0.6.x L.L.-9.0. For fills excoeding 10 ft in height or placed on
steep slopes or subject to inundation, the liquid limit of the goil
should not exceed 50. Granular materials in which at least 65
Per cent is retained on a No. 200 sieve can be safely used.

4.1.2. The importance of compacting the embankment %o
the maximuni -attainable density can never be over-emphasized.
5]
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Mehra and Uppal * in a Paper entitled ““The Importance of
Subgrade Compaction in the Egonomic Design of Flexible Pave-
ment ’’> have elaborately studied this subject and have shown how
a little extra expenditure incurred on the proper and controlled
compaction of the fill material results in ultimate economy
and durability of the road. A common practice is to allow a
new embankment to settle under its own weight during a few
monsoons and thereby get consolidated. This method, however,
is not fully reliable particularly when there is not sufficient time
lag between the construction of the embankment and the
laying of the pavement.

4.1.3. The Roads and Buildings Research Institute of West
Bengal had occasions to study the cause of failure_ of several
newly constructed roads where this was attrlbuted‘to inadequate
compaction of the fill material. It will be interesting to mention
here a few of these examples.

(i) Balighai — Mohanpur Road (O.D.R.) in the
District of Midnapore.

It was observed that the stone metalled surface (completed
in July-August 1958) had been much damaged in stretches for
about 2 miles and the subgrade soil had become highly unstable
after the monsoon of the same year, though the intensity of
traffic was only of the order of 50 vehicles exceeding 3 tons per
day. For the purpose of investigation 3 portions were selected,
one at 3rd furlong of Ist mile where no damage of the road had
taken place and the other two at Tth furlong of 2nd mile and 3rd
furlong of 4th mile where considerable damage to the road had
occurred. ~ Undisturbed samples of soil were collected in
February 1959 from about 6 in. below the subgrade and were
tested in the laboratory. The results of the laboratory tests
together with the field observations are shown in Table 1.

The results show that the type of soil is more or less similar
in all the three portions. However, the density of the natural
subgrade in the damaged portions is much lower than that in the
undamaged portion and consequently the C.B.R. valus is lower
and the tendency to absorb moisture ig more in the former case.
The cause of damage was attributed to inadequate densification
of the fill material and it has been recommended to take out the
existing crust, loosen the subgrade for g depth of at least 15
inches and compact the same at optimum moisture content go as
to get a dry-density of not less than 106 b per cu, ft. and then
relay the hard crust as previously done. If sand be available
economically the double brick flat soling may be replaced by 6
+t0 7.in. thick soil-sand stabiliged base, . -

TasLr 1

Results of investigations on the failure on Balighai—Mohanpur Road (O.D.R))
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(ii) N.H. 2 to Durgapur Barrage (S.H.) in the
District of Burdwan.

The embankment of this newly constructed road had settled
in several places during the rainy season of 1958. The embank-
ment is high at some places and had not passed the normal
gettlement time. The proposed specifications were 6 in. boulder
goling with 3 in. moorum filling and 6 in. (loose) stone metal
consolidation with one coat surface dressing. However, before
the metalling was laid, it was oberved that the boulders used
in soling had gone down as much as 2 ft below their formation
level under wheel load at some places. This called for an inves-
tigation to ascertain whether the proposed thickness of metalling
would be adequate under the existing conditions. The subgrade
goils from badly damaged portions were tested for C.B.R. and
other properties in order to design the required thickness of the
pavement. The results are shown in Table 2.

From the results it was observed that the dry density of the
subgrade soil was low and its moisture content was higher than
the plastic limit and only about 2 per cent less than its Moisture
content after 4 days complete immersion in water. Thig showed
that the embankment had not properly settled and the O.B.R
values indicated that unless a very thick pavement and basé v;ras.
“used, the road may be liable to be damaged due to the gradual
consolidation of the subgrade under traffic. Further, the road i
on a very high bank which is likely to have considerable amoun:
of voids inside. So the C.B.R. values, as determined on the to
layer of the fill only, for designing the pavement thicky p
would not help much, but rather they would be misleading as w}?ss
the voids inside the embankment would be filled up by natu eri
process in course of time, the road formation wag Bound r:,
subside whatever be the pavement thickness and thyg da o
the road. mage

It was suggested that the completion of thig
road to the designed specifications should be d
embankment had undergone the full natural cons
road in the meantime should be maintained just
condition by providing cheap type of thin ¢p
maintained, if necessary. This would help the e
tion of the subgrade to a great extent under traffi

portion of the
elayed till the
olidation. The
In a passable
ust frequently

arly consolida-
c.

(iii) Section Uttarpara—Kalj

pur Road t
(Serampore) of N.H.2. © Nabagram
This portion of the road (about 6 miles

gopstructed embankment and the pavement h&dlsre(c):gn ;yn%:v;g

TABLE 2

Sor. MEcHANICS STUDIES AS APPLIED TOo ROADS

Results of tests on samples of subgrade soil

from
N.H. 2 to Durgapur Barrage (S.H.)

(Samples collected on 6-9-58)

of
3 tons

density
150 to 450 vehicles,

exceeding

ment thickness for
per day

Requirement of pave-
traffic

[Moisture
content
per cent

'

C.B.R. tests
after 4 days
saturation
C.B.R.
value

Type
of
soil

P.L

|
|

L.L.|P.L.

quea zad

Yse| 00g uo pou
-18301 0Jdvjucorog

Natural
dry density

quod Jod
*Burrdwes jo
ouII} 1” JUSLU0D
Iel8M [BINGBN

Location

16 in.

4.2

1.60 G.M./C.C. 44 31 13 18

100 Lb/eu. ft.’

15

$th Furlong of
3rd Mile

14 in.

19

5.7

36

36

1.64 G.M./C.C.

17

2nd Furlong of
4th Mile

102.5 Lb/cu. ft.

37
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completed with the specification of double brick flat soling and
7% (loose) stone metal consolidation. Some portions of the em-
bankment were constructed by earth moving machinery and were
somewhat compacted, though not under controlled conditions,
while other portions were constructed by manual labour only
and no compaction had been done. It was proposed to improve
this road to the standard of an Expressway and investigations
were undertaken to study the condition of the embankment and
to design the thickness of pavement.

The investigation consisted of :

(a) Determination of the nature of soil and its density
at the top of the subgrade and at 3 feet depth at
several places covering earthwork both by
machinery and manual Jabour, and compare the
results with density attained in the laboratory by
the Proctor’s compaction and by the A.A,8.H.Q.
modified compaction.

(b) Conducting laboratory C.B.R. tests on undisturbed
subgrade goil.,

(¢) Conducting C.B.R. tests on remoulded samples of
subgrade soil compacted at 95 per cent and 100 per
cent Proctor Density.

(d) Conducting Field Plate Load tests on the metalled
surface and on the subgrade, at locations where
earthwork was done by machinery and by manual
labour, to evaluate the modulus of subgrade
reaction.

The results in Appendix 5 & Table 3 show that, (i) for
similar type of soil, the average density of the embankment wag
greater where the earthwork had been done by machinery than

TaBLE 3

Results of field plate load tests on Section
Uttarpara — Kalipur Road to Nabagram of N.H. 2

. - Earthwork " Val f‘K’
Locat ue o on | Val ‘K’
cation done by metalled surface ‘;zl?;rafiie on
‘ —
5M 1F, Manual labour | 222 1b per sq. in. | 92 1b per sq. in
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where it had been done by manual labour and the corresponding
C.B.R. values were also higher; (ii) the density attained by
earthwork done by machinery is higher than the Proctor’s den-
sity but lower than the A A.S.H.O. density while the density
attained by manual earthwork is lower than the Proctor’s
density ; (iii) the C B.R. value of a particular soil is considerably
reduced if the density is less; (iv) the modulus of subgrade rea-
ction of a machine compacted subgrade is greater than that of
subgrade done by manual labour and the compaction of the sub-
grade has pronounced influence on the modulus of subgrade
reaction of the metalled surface also.

The above examples clearly indicated the importance of
compaction of the embankment under properly controlled condi-
tions. It was desirable to compact the embankment in layers
of not more than 9 in. at optimum moisture content to get
adequate density.

" 2. Cuttings

In cuttings, the side slopes should be designed according to
the conditions of stability of the soil. 1n special cases it would be
desirable to determine the shear strength of the soil and design
the safe slope. Side slopes should be as steep as stability condi-
tions permit and even vertical sides should be adopted in stable
rock formation. To keep the side slopes (both for embankments
and cuttings) stable some sort of plantation should be provided
particularly in cases when the soil was liable to erosion and
guttering.

5. DESIGN OF PAVEMENT THICKNESS

The main functions of a pavement are (i) to provide a suita-
ble wearing surface and (ii) to distribute the wheel load sufficien-
tly so that the pressure reaching the subgrade soil is within its
safe bearing capacity. The aim of pavement design is to
evaluate the type, thickness and treatment of materials tofulfil the
requirements most economically. Flexible pavements generally
consist of bitumen or tarmacadam surfacing laid on compacted
stone metal or other aggregate over a suitable base consisting of
bricks, boulders, gravel or mechanically stabilised soil, ete.
Conerete is the only important form of construction under rigid

4 M 8F,

s Machinery

} 705 1b per £q. in,

109 ll} per 8q, in,

——

#Pavement. Cement stabilised 5oil construction might perhaps be
.congidered as intermediate between rigid and flexible and con-
veniently, called as * semiflexible *’ pavement. o
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5.1. Flexible Pavements

. The required thickness of a flexible pavement mainly
depei.ciélupon the ;ltrength of the subgrade provided the base and
sub-base courses are adequately compacted. Th.e strength.lof the
subgrade depends on its moisture content,. density a.n_d soi typg.
There are several methods of pavement thickness deglgn P'rl‘alftl-
ced in different countries and by different organisations. : e(sie
different methods utilise the results of one or more of the 8 %nR-
ard tests, viz., classification tests (Group Index methoq), -B.R.
test: North Dacota Cone Bearing value; Plate Bearing tests;
Sheajr strength, etc. The Main Roads Departmqnt of Queens-
land, Awustralia, has developed a metho@ of ﬂe’xxble pavement
thicléness design based on the * Linea.r Shglnkage of the subgrade
soil which can be very easily determined in the field.

.2. The Roads and Buildings Research Institute of West
]?‘engEia'.ll had, in the past, been adopting t_he Group Inde:g method
for a rough estimate of the pavement thickness though in actual
practice a lesser thickness was adopted, Appendix 6. The
Group Index method was, however, soon replaced by the C.B.R.
method. A few typical examples of pavement design by these
two methods are shown in Appendix 7 Staqdard reference
curves are shown in Fig. 1. The required thickness by the
C.B.R. method and by the Group Index method campared in
Appendix 7 show that the Group Index method generally gives
higher values of thickness. As the Group Index. method does
not take into consideration the degree of compaction a:nd satu-
ration of the subgrade, the results are sometl.mes' misleading.
The C.B.R. method of flexible pavement c}esxgn 18 the most
widely adopted of the methods put forwarq In recent years and
many Highway Authorities have now switched over to this

method.

5.1.3. TheC.B.R. testapparatus and method * are quite well
known but the selection of test condition is most important. The
undisturbed subgrade soil must be tested under its worst condi-
tion of moisture content as anticipated in the site. Ag it ig very
difficult to ascertain correctly the possible degree of saturation
for individual cases, it has bqen recommended, arbitrarily, to
immerse the sample, in mould, in water for 4 days before test by
which time the soil is expected to reach 190 per cent saturation,
This sometimes leads to uneconomical design particularly in
regions of low water-table and low rainfall. The Central Road
Research Institute has initiated an investigation ¢ to record
the moisture content of subgrade at different depths and at diffe-
rent seasons throughout the various regions of India (including

West Bengal where the records.ave being taken by the Btate
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Roads & Buildings Research Institute) and the findings are
expected to provide useful guide to the degree of saturation.

5.2. Rigid Pavement

The structural rigidity of a concrete slab depends on its
clastic modulus and the thickness required depends on the
properties of the subgrade soil, the intensity of traffic, the amount
of reinforccment, if any, and the inclusion or omission of a base,
The value of ** modulus of subgrade reaction (K)”, determined
by field plate load tests, is sometimes utilised in the design of
thickness of slab. However, the bearing value of the soil hag
little effect on the stresses due to wheel loads in a concrete slab
when it is uniformly supported’. Because of this it is consi-
dered that tests which measure the strength of the subgrade soil
are of limited value in designing concrete road slabs. Kvidence
shows that under given traffic conditions, the samo thickness of
slab is suitable for the majority of different types of subgrade.
In an experiment® made on the Oxton by-pass in Notting-
bamshire, wherc the soil is a gravelly sand, the use of cernent
stabilised sand base 2 in., 4 in. and 6 in. thick had contributed
nothing to the structural performance of concrete slabs upto
6 in. thick.

5.3. Semi-flexible Pavements

5.3.1. Under semi-tlexible pavements may be classed two
types of constructions, viz., soil-cement and dry-lean concreto
both of which possess appreciable flexural strength. These
pavements are more efficient than flexible pavements in reducing
the load transmitted to the subgrade and can be expected to give
equal service with less thickness than required for flexible
pavements. 1t is, however, still too early to express a correct
ratio between the thickness required for a flexible and a goil-
cement pavement under similar conditions. Martin® found
that for the particular conditions investigated, the factor by
which normal flexible pavement design depth should be multi-
plied to give the required depth of a soil-cement pavement was
about 0.7. Similar evidence!® has been obtained on roads on
two housing estates where 6 in. of soil cement covered with u
surface dressing had proved adequate on subgrade having
C.B. R. values as low as 7 per cent for which about 10 in. of
bituminous-surface construction would usually be recommended
for the traffic using these roads. Reductions of 25-43 per cent
had often been used and such pavements had given good service
It is, however, felt that the thickness of soil-cement should not
be below 6 inches.

Sot. MucHANICS STUDIES AS APPLIED To Roaps 43

5.3.2. Table 4 shows a few examples of soil-cement pave-
ments constructed or proposed to be constructed in West Bengal
in which the thicknesses and specifications of the soil-cement had
been compared with the thicknesses of flexible pavements that
would have been required for these roads. More details of soil-
cement roads are given in Chapter 8.

6.” IMPROVEMENT OF SUBGRADE

6.1. Tt is not always possible to obtain a subgrade material
which is, in itself, adequate for supporting the loads transmitted
to it, neither is it always economical to provide sufficient
pavement thickness to disperse the wheel load to such an extent
that the actual pressure coming on the subgrade is within its safe
bearing capacity. Improvement of the subgrade by artificial
means is called for in such cases. Provision of adequate drainage
to maintain the subgrade bearing values and adequate compac-
tion of the subgrade to increase the bearing value are the most
common means of improvement of the subgrade. The impor-
tance of subgrade compaction has already been described in
para 4.1.2,

6.2. Severalmethods ® of subgrade-surface treatments had
been tried with success in other countries, These include Tar-
paper covering, oiling, blanket course, etc. Thin ¢ Alkathene’
films are also claimed to be useful as protective covering on
subgrades. Practical data is, however, lacking.

6.3. Granular stabilisation of the subgrade, by mixing sand
or other locally available coarse material with the top layers of
earth filling and then compacting under controlled conditions, is
also a means of improving the subgrade. This method had been
tried with success on a few roads in West Bengal.

6.3.1. In the Raghunathganj Dhulian Section of N. H. 34
(in the Dist. of Murshidabad) the specification for the pavement
was 6 in. boulder soling, 5 in. metalling and £ in. premix carpet-
ting. However, this was felt to be inadequate as the soil in
the subgrade was a bad type of clay (P. I. = 28), fine sand
(F. M. = 0.9) was locally available and the top 4 in. of the
Subgrade in mile 3,4, 6 to 8 and 11 to 13 was stabilised with
this type of sand (in proportion of 1 soil : 2 sand) before laying
the boulder soling. By this means the dry density of the
Subgrade was increased from 91 1b per cu. ft. to 1151b per cu. ft.
he construction was donein 1954 and it had been ohserved
that the portions where the subgrade was thus improved had
cen behaving well whereas in the untreated portions the
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boulders had penetrated into the subgrade with consequent
undulations of/ the road surface. The cost of this additional
treatment of the subgrade was only about 5 per cent of the
cost of the pavement. Similar improvement of the subgrade
was also tried, on an experimental basis, on Sagrai-Raina
Road (Dist. Burdwan) when the subgrade soil was clayey
(P. I.=32).

6.4, Treatment of clayey subgrades (particularly black
cotton soil) with small percentages of lime (about § per cent) is
also reported ¢ to be very effective in improving the subgrade.
T.aboratory experiments carried out at the Roads and Buildings
Research Institute of West Bengal had shown considerable
increase in the C. B. R. values of soil treated with small
percentages of lime, Table 5.

7. GRANULAR STABILISED (MECHANICALLY STARILISED)
SOIL AS A BASE COURSE

7.1. The use of mechanically stabilised soil as a base
course for water-bound macadam had now passed the experimental
stage and was being widely adopted in several parts of the
country including West Bengal '1. In West Bengal this
process had already been tried on more than 20 cases when the
conventional double brick flat soling had been substituted by
adoption of 7 in. to 9 in. compacted thickness of suitably.
stabilised soil-sand base course (Examples in Appendix 8).
It was estimated that by adoption of this process on large scale
construction a saving of Rs 6,000 to Rs 12,000 per mile was
possible under conditions prevailing in West Bengal.

7.2. The fundamental principle of granular stabilisation is
that by suitably blending the naturally occurring soil with coarse
material (commonly locally available sand)- and compacting the
mix at optimum moisture content a hard layer is produced whose
density and C. B. R. values are considerably higher than those
of the subgrade as a result of which the required thickness of

‘hard crust to be made up of foreign materials (e.g. bricks, jhama

hoa, stone metal etc.) is much reduced. Appendix 9 gives
& few oxamples of the increase in the density and C. B.R.
Values of subgrade soil as a result of granular stabilisation.

7.3. Besides soil:sand stabilised base courses, a few field
eXperiments on soil-sand-shingle and soil-sand-jhama khoa
stabilisation were also conducted, Details of thege experimente .
Are given in Appendix 10,
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7.4. One of the essential points to be considered in the
construction of stabilised soil base is the proper field control.
This requires a mobile laboratory or field testing kit to be set up
in tent which can be shifted with the progress of work. The
essential tests required to be done in the field are (a) Sand
content and P. I. of the soil and the soil-sand mix, (b) Proctor’s
test for determination of O. M. C. and maximum density of the
mix, (c) Density and moisture content of the compacted layer
after final rolling. The dry-density of the compacted base should
not be less than 115 1b per cu. ft. and not below 95 per cent of
the Proctor’s density.

8. SOIL-CEMENT ROADS

8.1. Soil stabilisation with cement is a process in which
uaturally occurring soil or soil blended witha granular material is
mixed with a little percentage of ordinary Portland cement and
the mix compacted with the requisite amount of water to give a
stable material known as soil-cement which hardens progres-
sively as the cement hydrates. This improves and maintains
the load bearing capacity and resists weathering of the natural
s80il even under adverse moisture conditions. The amount of
cement required for soil-cement roads might vary from 5 to
10 per cent depending on conditions, Thus more than 90 per cent
of the construction material is locally available soil and conse-
quently the cost of construction of soil-cement roads is lower
compared to other types of construction.

8.2. The method of construction of soil-cement roads is
now fairly- well known and as such will not be described here.
However, a few salient points to be considered will be
mentioned.

8.2.1. Generally speaking a soil suitable for stabilisation
should have the percentage of material retained on 200 mesh not
less than 50 per cent and the P.I. not more than 18. The
pla.sticity index of a soil is, however, substantially lowered as an
effect of the addition of cement!* and for this reason soils having
higher P.I. can also be stabilised with cement where use of higher
Percentage of cement is more economical than lowering the P.I.
of s0il by admixture of granular material. Soils containing
high organic content and high sulphate content should be
avoided.

8.2.2, The minimum amount of cement required for
satisfactory stabilisation of a particular type of soil will depend
on the type and physico-chemical properties of the soil. This
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amount is estimated by determining, in the laboratory, the
compressive strength of soil-cement test specimens of standard
size of 2 in. dia. and 4 in. long prepared by using different
percentages of ccment, by compuacting to the predetermined
density at the optimum moisture content and after damp curing
for 7 days. The compressive strength for a mix suitable for the
bottom layer should be above 250 1b per 5q. in. and for the top
layer it should be above 400 1b per sq. in. These suggested
limits are, however, sometimes deviated from dopending on
various factors.

8.2.3. Whenitis proposed tolay a tar or bituminous chipping
carpet over the soil cement layer, without any intervening layer
of metalling, it is advisable to graft some amount of stone metal
(about 7 to 12 cu. ft., depending on size, per 100 sq. ft. of surface)
on the surface of the soil-cement during rolling. This will
facilitate the adhesion of the carpet with the soil cement layer
and prevent spreading or stripping of the carpet under cficets
of traffic,

8.2.4. In soil stabilisation with cement ono difficulty was
in dealing- with heavy clays owing to the effort required to-
break down the clay and disperse the cement uniformly through
it. Laboratory investigations '* had shown that stronger and
more water resistant material was obtained as the particle
size of the clays was reduced. It was, therefore, desirable that

g}/zfﬁn?aximum size of clay particles should not exceed about
111.

8.2.5. A few typical cxamples of soil-coment  roads
constructed in West Bengal on experimental scale age shown in
Appendix 11 (i to iv).

9. ROAD FAILURES—THEIR CAUSES AND REMEDIES

9.1. Due to the onormous incrcase in the intensity of
traffic the occurrence of road failures had become more frequent
in these days. Some roads which had stood well for years in the
past had now shown signs of depression while some other newly
constructed village roads, which were designed to carry lj ht
tragc, ha}.ld already failed due to the unrestricted flow of hefvy
traffic which had suddenly grown up on % i ‘
improvement of such roads. P ho completion  or

0.2, Of the many causes of road fail
not described in this Paper, neior
failure of the subgrade with

28, all of which are
one of the major causes was the
consequent depression of the road

SoiL. MECHANICS STUDIES AS Arpuip To Roaps 49

surface. The sub-grade failure may be of the following
categories :

(i) Due to natural scttlement of a newly constructed
cembankment,

(ii) Due to yiclding of the subgrade when the applied
stress due to traffic increases beyond the safe
bearing capacity of the subgrade,

(iii) Due to alternate swelling and shrinkage of highly
expansive (e.g. black cotton) soil constituting the
subgrade.

When the particular cause of the subgrade failure can be
correctly ascertained, it is possible to suggest economic remedies
for the repair and prevention of further failure of the road.

9.3, The Roads and Buildings Research Institute of West
Bengal had occassions to study some typical cases of road
failures in the State and it would be worthwhile to describe a
few of these cases here.

9.3.1. Belmuri—Bhandarhati Road (Dist. Hooghly)

It was observed during the monsoon of 1957 that there
occured bad settlements under traffic in the third mile of this
road. The total thickness of the pavement was only about 10
inches laid over a clayey (A, type) subgrade. Undisturbed
samples of the sub-grade soil were subjected to C.B.R. tests.
The C.B.R. value was only 3.1 per cent based on which the
requirement of pavement thickness was estimated to be about 18
in. for a traffic intensity of 45 to 150 vehicles exceeding 3 tons
per day. It was recommended to lay about 8 in, thick hard
crust over the existing damaged metalled surface.

0.3.2. 56th and 57th mile of Grand Trunk Road (N.H.2)

Heavy subsidence of the road crust took place in these two
milages of the road and this could not be prevented inspite.of
repeated repairs. The failure was due to low bearing capacity
of the sub-grade soil and inadequate thickness of pavement for
the heavy traffic on this road. Undisturbed samples of
Sub-grade soil were collected from the damaged (57th mile 3rd
f‘“‘101'1g) as well as from the undamaged (58th mile 3rd furlong)
Portion of the road. The test results are given in Table 6. @

The (CB.R. tests showed that for the type of soil in the
amaged portion, the requirement of pavement thickness was
about 292 inches for traffic intensity of 450 to 1500 vehieles exeee-
ding 3 tons per day, while that for the undamaged portion is™

7
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TaBLE 6
i C-B.E. Moisture
. value
.+ Ioxisting thick- Typo under | €ontont
i Sondlition har L. of : B.R.
Location (‘())Ifl'(rlnu.d ness of ltuud H.k s(())il satura- at gest,
crus ton ont
.t lporcent per co
57th mile | Damaged i4 in. congisting | Inlevel| 4, 3.2 28
2; d furlong of double brick| with CH
§ ilat soling 6 in.| forma- -
[metulling 2 in.| tion |}
g carpob. ‘
| . .
58th mile Undamaged[ do 2{)11)(])01‘2- f A‘c 7.3 20
3rd furlong ( for CcL
rma- |
! tion (Sand
con-
! ‘ level- tont
‘ =25
| ‘ por
i ; | cent |

about 14 inches. It was suggested that in the damaged portions
of the road the crust thickness be increased to at least 24 inches
to make it adequate for increased traffic.

9.3.3. Contai-Belda Road (Dist. Midnapore)

Similar type of failure took place in this road also in several
places within the 14th to 24th mile where the type of soil wag
clayey.  Test results on two typical sub-garde soils from the
damaged portions are shown in Table 7.

TaBLE 7
‘ C.B.R. tests
| Type of subgrade soil under saturation
1 : L for 4 days
Existing ; o I PN L
Location |thickness o . P
Clssi| moie- | CBT. [P ene
L.IL. P I i value
{ I cation content | ser cont ture at
l per cemn test
i e e e T e e e S
i ! |
19th mile [About 12in,| 61 | 30 4, 345 2.2 4]
8th furlong Ol
|
24th mile do 65.6 | 346 Ar | oagg |4y | oge,
6th furlong : i CH |
‘ |

The requirement of pavement thickness is at least 18 to 20
inches for a traffic intensity of 45 to 150 vehicles exceeding 3
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tons per day and hence it was recommended to provide at least
another 8 inches of hard crust.

9.3.4. Badu-Kharibari Road (Dist. 24-Parganas)

For a length of about 1} miles the road crust was badly
damaged during the monsoon of 1958. The earth work for
embankment was done in 1955 and the road was completed in
1957. The total thickness of pavement was about 11 inches con-
8isting of double brick flat soling, about 3 in. consolidated jhama
khoa, about 2 in. consolidated stone metalling and surface painting.
The traffic intensity under which the road failed was of the order
of 50 to 70 heavily loaded buses and trucks per day. A sample
from the subgrade in the worst affected portion was tested for
C.B.R. value and other properties. The results are given in
Table 8.

TaBLE §
Natural Moisture content = 29.5per cent (In Dec. 1958
Natural Dry density = 83.7 1b/cft, '
Liq. limit = 52.5 per cent

Plasticity Index
C.B.R. value after saturation

i

26.1 per cent

for 4 days. = 4.0 per cent
Moisture content after 4 days
saturation = 31.2 per cent

From these results it was evaluated that the minimum thick-
ness of pavement required on such soil for a traffic intensity of
45 t0 150 vehicles (exceeding 3 tons) per day is about 15 inches.

9.3.5. Barasat-Basirhat Road (Dist. 24-Parganas)

Some portions in the sixth mile of this road were behaving
badly under traffic and settlements of the pavement had taken
Place. The existing thickness of bavement was about 12 in.
Undisturbed samples from the subgrade at 2nd furlong of 6th
mile were tested and the results are given in Table 9.

. TasLe 9
Nat. Moisture content = 17.6 per cent
Liq. limit = 58.5 per cent
P1. = 31
C.B R. value after 4 days saturation = 3.9 per cent

Moisture content after 4 days saturation = 23.7 per cent

The required thickness of pavement for a traffio intensity of
45 to 150 vehicles (exceeding 3 tons) per day was about 15 in,
The pavement fajled due to inadequate thickness, :
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Y 3.6. Saptagram-Tribeni-Kalna-Katwa Road (Dist. Hooghly
Burdwan)

In the 32nd and 33rd miles of this road there was uneven
subsidence of the road cmbankment even under very low traflic.
The carthwork for embankment was (l(r'm: in 1952 and the metal-
ling was completed in l!i.’}l‘v The tln.(-,knn-gs Of‘plbvomen‘t was
about 13 inches consisting of double hrick flat soling and 7 mchgs
compacted thickness of jhamu khoa, stone metal and premix
carpet. The lwight of mnlnmkmc!xt in thcl damaged.portlons
was about 4 ft-6in. to 5 {t wh(:r(-a.s‘m the adjacent portion where
no damago had taken place thighmgl_lt was about 1 {t-2 in. The
subsidence of the road surface in thig case was apparently due
to settlement of the newly constructed cmbutnkment and not due
to indequate thickness of pavement as practically noheavy traffic

assed over the road before settloments occurred.  Thoe properties
of tho sub-grade soil in the damaged and undamaged portions of
the road are given in Table 10.

TAanLE 10

0
. ! Nat. |
Hoight 0 e | Nat s M Con-
. of o , \ o Dry al ont a
) UL L L, L ure ry value | 7
Location| .. 10.F.LH | :.(1::1(- Gons por C.B.R.
kment | \ t;,slvt, sity cont tost

)

por cent

I.362 16 | 169 1ft 3 11t 0 )4.3'6‘ 186/ 15 per [ 98 1h/ | 6.0 26

from cul-| in. in. be-j in, be- } cont ' cu. ft.

vert No, low 1 low ; (1.7

32/1(Un~ ! forma- forma- ' gm.fec)

damayed | tion. ‘ tion, J

portion). | |
IT. 14236t | 4 ft 6 |1 it 6 (l f6. 3§50 22 17.5 | 05 bt 5.2 20.7
from cul-| in. in. be-! in. . eu. ft. :
vert No. low | ahove (1.52 ‘

32/1 (Da- forma-| cxist- ‘ | g jec)

maged tien. | iny : :

portion). ' road

lsurface

[ ? ; |
| i

9.3.7.  Other examples of pavement failure due to the settle.
ment of newly constructed embankment, which had not been
adequately compacted, have been described in para 4.1.3.

10. TRAINING OF PERSONNEL

10.1. During the construction of st

. abilised soi
also in other road problems calling ol roads and

for the application of goj]
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mechanics, it was felt that the field supervisory staff requires
some back ground knowledge of elementary Soil Mechanics and
the principles of soil stabilisation for proper field control and
correct application of the findings of the Research Institute in
actual practice. In order to fulfil this requircment arrangements
were made for the training of the Departmental Assistant
Engineers and Overseers in the Roads and Buildings Research
Institute. Though these short courses of training were mainly
concentrated on the training of technical personnel in the prin-
ciples and practice of soil stabilisation, the fundamental prin-
ciples of Soil Mechanics as applied to roads were also included
in the syllabus. Only 5 to 6 candidates were taken in each batch
and the training for each batch lasted for six days and consis-
ted of theoretical lectures for 3 hours and practical experiments
for 3 hours daily. In addition to this, demonstrations of each
operation of construction and field control tests during actual
construction of stabilised soil roads, were given to as many of
the candidates as convenicntly possible. So far 17 Assistant
Engincers and 36 Overscers of the Department had been trained.
Recently, soil testing units with the most essential equipment
had been started in some of the construction Divisions and the
trained personnel were taking advantage of the equipment in
applying their knowledge in practice. )

11. CONCLUDING REMARKS

The foregoing examples and discussions show the importance
of the application of Soil Mechanics in road construction
and maintenance. Though the subject had been introduced
recently in the field of - Road Engineering in India, it had made
very rapid progress elsewhere and the Road Engineer was finding
it increasingly necessary to equip himself with the knowledge of
Soil Mechanics and to arrange for the scientific investigation of
his probloms and the application of the results in actual practice.
The durability of the road and the economic way of its construction
and maintenance by the application of the simple principles of
Soil Mechanics have been proved beyond any question by many
workers in this field and all Roads Organisations in India and
elsewhere have realised the necessity of establishing Institutions
for the scientific study of the road problems by the application
of these principles. .
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Appendix 10

Experiments on Soil-Sand-Shingle Stabilisation on
the 5th mile of Basirhat—Jorai Road
(Dist. Cooch-Behar)

"Thoe sub-grade soil was of A 7-3 type and the saud locally avall&blg .
was of F\M.=0.9, Various graded mixtures of soil and sand were t?sted an
#1mix of goil-sand=1: 2 gave the best results (P.L.=7.0; Proctor’s density
=106 1b per cu. ft.)

_ An experimental stretch of 100 ft of base course was laid in IQOﬁ
,using an admixture of equal parts (by vol) of shingles (3 in. down) W}th
soil-sand mix and compacted to 5 in. thickness, This was overlaid wit
6 in. shingle consolidation. The cost of the stabilised buse course came t0
Rs 15,200 per mile which is much lower than even single brick goling
(Rs 23,760 per mile).

Experiments on Soil-Sand-Jhama khoa stabilisation
on Dinhata—Gossaimari Road
(Dist. Cooch-Behar)

: The sub-grade svil on this road was of A5 type and the sand a\fallable
was of F.M.=0.9. Two stretches of 1 furlong each were laid with the
apecitications of (i) 1 part soil : 2 parts jhama Khoa (1 to 2 in. size)
compacted to a thickness of b in. in the portion 3rd mile 8th furlong and
{11) 1 part soil : 2 parta sand : 4 parts jhama khoa compacted to 6 in. thickness
in the 3rd mile 5th furlong. The cost worked out as Rs 31 per 100 sq.fs. for
Specification (i) and Rs 32 per 100 sq.ft. for specifleation (ii) (i.e. Rs 19,642 and.
Re 20,275 per mile respectively for a 12 ft width of road). The work was
done in June 1953 and was left without any - covering during monsoon.
Th?:lr? v}ia(sl heavy bullock cart traffic upto 700 Nos. per day under which the
road failed.
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Appendix 11

loxperimental Soil-Cement Roads in West Bengal

(1) Jhuargram - Tangra Road (Dist. Midnapore)

Soil-cernent construction on this road was done in 1953, The sub-grude
soil was of A4 type (sand contont=>52 por cont P.L.=3) and was considored
4o he suitable for stabilisation with coment. 6 per cont (by weight) coment
was ugod and tho soil-comont layer was compacted to 120 Ibjeu. ft. dry=-
density at an optimum moisture content of 12 per cent. Tho soll cement
layer was covered with 1} in. premix carpot. The experimontal portion of
the roud has beon hohaving fairly satisfactorily oxcopt that the grip between
the premix carpet and the soil-coment layer was not satisfactory and the
curpet under the two tracks appeared to have moved laterally thiuning out
the wearing course and some patehes came off in several places.

(2) Gontai—Daruamaidan Road, Digha Foreshore Road
and Digha Beach Approach Road
(Dist. Midnapore)

Those roads arc near the seashoro and the natural subegrade is pure
sand of .M.= 126, It was necessary in theso cases to mix a (‘/luyoy}g l
which was availablo within a mnilo. A mix proportion of sand : soil = » ‘:Jll
(P.L = 65 O.MC. = 15 per cent and Proctor’s density = 1151b cu. ft ) T
found to be suitablo, The specifications adopted and costs were as. fo.lloxlsu?

‘ Com ' C
pacted Percent of 08t por
Layer thickness cement used 100 sq. ft.
, _ Rs_
Bottom layer 6 in. ‘ 5% 24,95
Top luyer 4 in. 8%, 24.06
40.00

Premix carpet 1} in, | —_
(Over & seal coat) l

Total cost=Rs 88.31 per 100 8q. ft.
ie. Rs. 46,628 por mile for 10 ft, width

'The cost of construction, in this region, with
fications of doublo brick flat soling, brick-on-end i ;
jhama..cunsolidutiun, 3 In. (louse) ’utune consolki(dai?(;cxlxni::i]dlq . “008.6)
carpeting works out to about Rs 13100 per 100 sq. ft. (i.e Rsu(;‘:) ll)fi?mlx

s b (e, y per

mile for 10 ft. width), 'T'hesc roads ; ) : -
far stood well. ) ds wero coustructod in 1956-57 and have so

the conventional specis

(3) Bolepur—Suri Road (Dist, Burdwan)
Moorum is available in plenty in this ro

YR Jion and i :
ments on the stabilisation of moorum with{’ it a fow field experis

comont were carried out in
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March-April, 1955 on tho 2nd mile of this road. Tho general typo of the
moorum was as follows:

Mechanical Analysis | ’

Percent rotainod on A,8.T.M. siave Nos.

|
1
' [
| i Proctor’s
l ‘ i P.L OMC. |y density
7[10‘30(44 100 1 200 | l‘l
! 1
| | -
57.6 | 63.4 | 60.3| 710 73.4 |75.00| 12 11 12511 per cu. ft.
5‘ ‘ por c’ent

! |

g

Taboratory tests wero conducted to find out the compressive strength
of moorum cement hlocks stabilised with different percentages of cement
and damp-cured for soven days with the following results :

Peor cont of Cemmlt — 5 6 7 8 9 10

Compressive strength
Ih per sq. in, 280 373 410 437 560 863

The following experimental section were constructed,

g | Cost per
£ | Specifications mile
s | P
&l o _ Rs
L ! 6 in. compacted moorum cement with 10 per cent ecement. 19,008
2. 6 in. compacted moorum cement with 824 per cent cement. 16,808
I
3. | 9 in. compacted {in 2 layers) of moorum cement, !
l bottom 5 in, with 5 per cent cement g {93016
] top 4 in. with 10 per eent cement
4. | 6 in. boulder soling with 3 inch moorum topping. 19,437
5. | 6 in. boulder soling and 4} in. (loose) stone motal 35,538
i consolidation.

Sections 1 to 4 were covered with 1} in, thick bitumen carpet abt the
cost of Rs 14,600 per mile and section 5 was covered with surface painting at
the cost of Rs 7,300 per mile. The experimental portions of the road are

ehaving well undér heavy traffic.

(4) Barasat—Basirhat Road (Dist. 24 Parganas)

. . Increase in traffic necessiated the widening of this road from the
otiginal 8 ft width to 16 ft width by constructing 8 ft width of road on the
oft flank, A portion of 3 furlongs in the 11th milo of this new construetion
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was selected for experimental soil-sand and soil-sand-cement construction.
The specifiacations adopted and costs were as follows :

Cost
Section Bottom layor Top layer \ Surfacing |per mile
| , o1 Bs
I.6th | 6 in. compacted ' 3 in compacted| 1% in. pre~| 58,336
furlong| thickness soil: thickness Soil: Sand \ mix carpet
sand=1:} =L1 with 1}in. to

2 in, stone metal)
grafting @ 7 cu. ft./|
100 sq. ft. ‘

IT. 7th 6 in compacted 8 in. compacted| do. 70,136
furlong| thickness soil: thickness Soil: Sand |
sand=1:§ with 6 =1:} with 7 per|

per cent cement cent cement stone |
metal grafting as.
IJT. 8th "above g

Double brick flat . 4} in. (compacted)
soling W.B. Macadam

|

- 1

furlong i‘ do. 75,958
|

The construction was done in March-April 1957, The traffic is fairly
heavy. Sections LI and I1I have been behaving well but in seetion I there
was some damage to the road which was repaired in Oetober, 1958,

(5) Milan Sangha Road (Dist. 24 Parganas)

The entire lengtl} of _1 mile }.54 furlong of this road was constructed
with soil-cement stabilisation during 1956-57. Mainly two types of specifica-
tions (with minor alterations) wore adopted viz.

(a) 6in. (compacted) soil-sand-cement using 6 to 8 per cent cement
covered with 2 in. premix carpetting.

(b) 6 in. (compacted) soil-sand-cement using 6 to 8 per cent cement

covered with 3 in. (compacted) W. B. macadam with jhama khon
and 2 in. premix carpeting.

The average cost per mile for specification (a) was Rs 30,927 and
for the specification (b) was Rs 41,416, The traffic intensity is ’light 2((,,1:}:3

ing mainly of bullock carts, eycle rickshaws and private cars, The road has
been bohaving well.
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SYNOPSIS

. The Paper describes the construction of River Training Works over
river Ghogra at Ayodhya. These bunds are part of the scheme of bridging
_this river in mile 84 of Lucknow-Gorakbpur Road, also known as 0. T. Road,
ational Highway No. 28. The bridge will have a waterway of about
3,110 feet. While the guide bunds had been completed this year, the cong-
truction of the main bridge is scheduled to be taken in hand very shortly.

Deotails of design, construction, difficulties met with and organisationa)
problems have been dealt with in this Paper.

1. INTRODUCTION

The National Highway No. 28 which crosses river Ghogra
at Ayodhya in Faizabad District in the 84th mile from Lucknow
has at present no permanent bridge. As a matter of fact, there
18 no road bridge yet over the river Ghogra which flows through
the heart of Uttar Pradesh dividing the eastern and the western
parts of the State. Every year a pontoon bridge designed for a

. -* Engineering Construction Corporation, Bomhay-1 [formeriy Executive
Engineer, Temporary Bridgo Construction Division, P.W.D., Faizabad (U.P.].
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maximum load of 5 tons permitting one way traflic is erected on
this crossing during the fair weather. The Khadir of river
Ghogra, popularly known as Baryu, is very wide. Every year
after rains, while most of the discharge flows through the main
channel, there are at least two nther subsidiary streams which
also have to be hridged.  On an average about 2,100 feot length
of pontoon bridges is erceted every year. These different pontoon
bridges are connected by tracks a mile or so in length. Due to
the narrow roadway on these pontoon dridges and the one lane
tracks, traflic hold-ups at this crossing are very frequent and
are a usual feature. Iven in the best weather, it takes about an
hour and a half to cross this river.

The position becomes worse during fairs when thonsands of
people from all parts of India come to Ayodhiya, a place of reli-
gious importance. During this period all vehicular traffic in
stopped over the pontoon bridges when it is needed most.

During rains when the pontoon bridge is dismantled and the
otherwise serene waters of the Saryu swell up, steamer and bar e
service is put in operation. But on certain occasions due to bad
conditions of weather or river necessitating frequent changes in
tlie siting of jetties, no barge or steamer is able to ply, cansine
great deal of hardship to the growing traffie. The necessity for
a high level bridge at this erossing is, therefore, very great.

2. SITE

In spite of the importance of Ayodhya, no railway Crossing
yet exists over the Saryu at Ayodhya. While the right bank of
the Saryu at Ayodhya is fed by the Northern Railway, the other
bank of the river has the terminus of the N. T, Railway. Tt had
at first been contemplated to provide a road-cum-rail bridge at
this crossing, and with this view several bridge sites upstream
and downstream of the town of Ayodhya were investigated and
surveyed. But as the Railways were not in a position to agree to
the proposal, it was decided to go ahcad with the road bridge
near the site of the present pontoon bridge whero the river iql
known to flow since ages and where the length of the tl‘ainin"
works would be minimum. R

3. DISCHARGE AND WATERWAY

3.1. Discharge—The Ayodhya bridge and the guide bunds
have boen designed for a discharge of 10,00,000 cusces which W"(;q
worked out by taking five cross sections of the river upstrm(rﬁ
and downstream of the sito. The discharge was also compul;-,ed
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from the catchment area of 33,500 sq. miles. Computations were

also made for the flood discharge of three railway bridges, Elgin,

Turtipur and the Incheape.

3.2. Waterway-—These three railway bridges have a water-
way of 3,400, 3,000 and 3,600 ft respectively, the last two bridges
are downstream of Ayodhya.

_ The Khadir of river Ghogra is about 2 miles wide, but at the
site selected the active stream runs about 4,000 ft wide.

The bed of the river consists of sand which is easily erodible.
At first a clear waterway of 3,250 feet was decided and the design
of the guide bunds had been worked out accordingly. Subse-
yuently with the slight change in alignment, as discussed in para
4, the distance between the centres of the two abutment wells was
kept as 3,213 ft, giving a waterway of about 3,100 fect.

4. ALIGNMENT OF GUIDE BUNDS

Bused on the survey done in 1955, the alignment of the
bunds was kept almost parallel to the river flow and the bridge
kept at right angles. Whereas the Lakarmandi side bund had
straight shank and regular curved noses on the upstream and
downstream end, the shank of the Ayodhya side bund after
being straight for 1,100 feet was joined with the existing banks
and ran along them for certain length. This, of course, caused
a little. luming at the upstream end, which was not considered
objectionable in view of the recommendations of Mr. Bell,
substantiated by experiments ocarried out by Mr. Haughton
where g little constriction at the upstream end was found to
straighten the current and give more uniform scour at the
bridge gite.

Change in the above alignment, just before the construction
started, became necessary as it was discovered that the direction
of flow had shifted more towards the eastern side than before
and that the water depth on the proposed alignment of Ayodhya
side had risen to as much as 10-15 feet. To avoid laying the
apron in deep water, the straight shank and downstream curved
nhose of the Ayodhya side bund was swerved round about point C,
towards the town of Ayodhya, Plate I. By doing so, the water
depth had been reduced in a major portion to 5 feet. The
Ayodhya side bund was ultimately built on this alignment,

The above change in the alignment of the Ayodhya side
bund also necessitated certain changes in the alignment of the
bund on the opposite bank. Keeping the straight shanks of the
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two bunds parallel and the axis of the bridge at right angles, it
was observed that the upstream curved nose of the bund fell in a
region which was pretty high and dry, with very little chance of
the river sticking to this bank "in the coming years. It wag
consequently propesed to alig
the axis of the brid

go bringing the upstream nose towards the
" river by 157 feet,

This alignment stood at the end of 1958,

‘ Before the work on the bund was, started, it. was
felt that the decision to keep the bunds inclined at 86° to the
"bridge axis was not very judicious and that this could be avoided
by koeping the upstream nose more or less the same as in 1958
and reducing the waterway to some extent, ‘The alignment
ultimately decided and adopted is shown by firm lines in Plate
I.  As atated carlier, the width required for the design, discharge
was less than the waterway of 3,250 feet initially kept. Larger
waterway was kept with a view to bridge the active stream, but
now that full scale river training works were being built, slight

curtailment in the waterway necessitated duc to change in align-
ment was considered immaterial.

5. DESIGN

5.1. Length of the Bund—The waterwa
having been decided initially a
guide bunds were kept as below :

y for the bridge
s 3,250 feet, the lengths of the

Length upstream 12L = 1.2 x 3250
Length downstream 0.2 L. = 0.2 % 3250

i

3900 ft

650 say 700 ft

The above co-cfficients were adopted after weighing carefully
the recommendations * of Mr. Spring, Mr. Bell and studying the
behaviour of the guide bunds built at the railway bridge and
numerous model studies done at the Power Rescarch Station,
Poona, and the Irrigation Research Institute, U, P. The original
drawings were prepared accordingly. On further consideration
the upstream length of the guide bund on the Lakarmandi side

was kept equal to the originally, decided waterway i.c., 3250 feet,
The length actually constructed is 3,247 ft 9 in.

I

5.2.—Section of the Guide Bu
normal practice the width of th
facility of transport of materials.

nd Keeping in line with the
e bund was kept as 20 feet for

1. x River 'i‘i@ini/ng‘ un  (Govt. o
Technical Paper No, 153). ‘

2. The Continuous Bund and Apron Method of Protoecting th Flank
, 0§ ]?ggg)ges in the Punjab-—J, R, Bell (Govt. of India Technical Lé"upeer N:né‘];'
o .

d Control—1. J.E. Spring (Govt. of Iniim

n the Lakarmandi bund at 8¢° to,

e
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TRAINING WORKS OVER RIVER GHOGRA AT AyvobrY

Originally it was proposed to provide a si(ée ﬂ?lpioofpi:vlid;)ﬁ
either side of the straight portion of the bun althe slopes were
slope of 3:1 on the curved portions, but Smfcg- 1 was provided
being pitched adequately, a uniform slope of 2:
throughout. . .

5.3. Pitching and its Thickness—For s‘a.nd‘y beds xgznaéelgvs;
slope of 9 inches per mile, thickness of pitching r.ego nsequently.
Mr. Spring is 37 inches. Pitching 3 feot thick had Sonssd it 7
been adopted. The three feet thickness consls‘oe]f)l .Ok la,nd 2} feet
fairly compacted brick-ballast, a coat of flat bric ds Pricks were
thick stone boulder pitching. Brwk_ba’”a“‘dan ay act as an
provided underneath in order that the bup may built with
inverted filter so that the core of the pund Wl.llf}h.twa's izht not be
sand due to non-availability of clay in the vicinmity mig
washed with wave action. 14 i1 tand

‘ i wi
ing Apron—The apron was designed to
a sco51i;4"e taall":.cohl; gt;izx‘:es the normal scour at the upstzea!la 0(111;;‘:1‘%
nose andql.5 times the normal scour for the straight an
stream nose.

With Q = 10,00,000 cusecs | '
f = 0.9 (as determined by Research Station, Roorkee) .

Q \1
Normal scour D = 0.473 (7-)‘

. 7 10,00,000 L
= 0.473 (__OT )
= 49 feet.
2D = 08 feet and 1.5D = 74 feet.

The width of the apron on the other hand was kept 1{;5 telmes
the greatest depth of scour as measured from low water stage,

H.F.L. being R.L. 310.00
L.W.L. being R.L. 294.00

For the nose depth of scour L.W.L.=98— (83}0—; 294) =82 feet
and for the straight portion 74 - (310— 294) =158 feet. ‘

.The widths were consequently kept as 1.5 x 82 = 123 feet, say,
120 feet and 1.5 x 58 =87 feet, say, 90 feet.

Thickness of Launching Apron

launch itself at
hat, when scoured, the apron may | ,
a-slo%; gﬁdze r t, ihe thickness required .for the entire t;pro.xzp :;zlii: .
out to 1.5 times the thickness of pitching. To allow for 1 3

9



76 BHARGAVA ON

launching, it is normal to increase the quantity of boulders in
the apron by 25 per cent, in such a way that the thickness of the
apron may increase uniformly from the inner edge to the outer
edge of the entire width of the apron. Based on these conside-
rations, the thickness of the apron at the inner edge was kept as
1.5x 3=4.5 feet, and at the outer edge 2.25x 3=6.75 feet.

Since, however, the waterway being kept for the bridge was
more than the regime width required for the discharge of
10,00,000 cusecs and maximum scour was being catered for, it
was decided that while the width of the apron may be kept the
same as worked out on the theoretical considerations, the excess
quantity of boulders required for irregular launchu;g shoqlfd be
dispensed with in the initial stages and instead of a uniform
thickness, the apron may be kept 3 feet thick at the inner edge
and 6 feet thick at the outer, giving an average of 1.5 times the
thickness of pitching as theoretically required.

5.5. Curves—For a gentle slope of as little as 9 in?hes per
mile and a scour exceeding 50 feet, curves of 800 ft radius were
provided at the upstream and downstream noses. The angles
kept were 135° at the upstream nose and 45° at the downstream,

5.6. Ayodhya Side Bund—While the design of the down-
stream portion of the Ayodhya side bund was the same as on the
other side, the length of the bund on the upstream side had been
greatly reduced due to the presence of existing high banks as
shown in the index plan, Plate II. Under normal circumstances,
it should not have been necessary to extend the bunds upstream
of Laxman Ghats, as the banks are very high, but with both the
bunds thrown in the river bed, there were always chances that
heavy scour might take place in the area adjoining these banks and
thus cause serious damage to the numerous buildings and temples
existing there. To safegaurd these banks and also to provide
bathing facilities for the pilgrims, the guide bund had been extend-
ed from Laxman Ghat to Gola Ghat. A length of 1300 feet of
the bund had, however, been built in the shape of ghats with
steps and landings leading to the river bed. It was proposed to
concrete and stone slab these steps and landings after a couple of
monsoons when the slopes and the apron laid had been stabiligsed.
These new ghats had become absolutely necessary, since with the
construction of the bund downstream of Laxman Ghat, the old
existing ghats extending upto Naya Ghat had been left high and
dry. :

6. SPECIFICATIONS

" 6.1. Earthwork in Embankment—Due to non-availability of
olay, the earthwork for the bund was mostly done ina;:n(;.l ):I‘l(z)e
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little quantity of clay available was used for overtopping the

Zand embankment so as to reduce the sand blowing on windy
ays.

6.2. Earthwork in Water—As the main stream of the Ghogra
hugs its right bank, earthwork in quite an appreciable portion
on the Ayodhya side bund had to be done in water depth ranging
upto 15 feet.

To deflect the water current and reduce its force, the first
step taken was to construct a couple of balli spurs 125 feet long
and inclined at 60° to the up stream flow. For this purpse, 6 in.
diameter ballies in two rows five feet apart were sunk upto
& depth of § feet, the longitudinal spacing between two adjacent
ballies having been kept as 3 feet. The space between the two
rows was filled by brushwood, jhau poolas and gunny bags filled
with sand. These spurs were quite effective in deflecting the

current but could not stop the earthwork from being washed
away.

The most effective remedy for stopping washing away of
the earth was the construction of boulder walls at the toe of the
embankment and carried upto the top of the water level. These
toe walls subsequently formed part of the apron. For water
depths upto 6-7 feet, the boulders for the toe walls were just
dumped in as in the case of apron laying but for greater depths,
these walls were built by filling cages with boulders. After the
earthwork was done, the additional boulders laid in apron
were salvaged and used in pitching work.

Photographs 7 and 8 show the construction of the embank-
ment at Laxman Ghat where there had been a huge scour zone
necessitating the construction of toe walls.

+6.3.  Quality and Size of Boulders Used—All the apron and the
top 2} feet thick pitching was done with stone boulders brought
from Jarwa and Katarnia Ghat on North-Eastern Railway and
Shivalik ranges on Central and Northern Railways.

... All stone used was sound limestone or quartzite such as
will not weather on. surface nor deteriorate after use. Stone
containing soapstone, shale, unsound sandstone or any other
easily disintegrable substance was rejected. Pieces used had

sharply fractured edges and were free from admixture of earth
and rubble.

The size of boulders was such that for the back slopes where
1 1t thick stone pitching was done, their lengths were about
equal to the thickness of pitching with the backing so that the -
P’t"hlng could be done in one layer. On the front slopes of the
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bund where the thickness of pitching was 2} feet, the stones
wero laid as in masonry work and were well bonded. The stones
were roughly hammered to ensure fitting of one on the other. No
pitching or apron stone was less than six inches on any side and
it was roughly ensured that no: boulder piece weighed less than
65 1b and more than 120 Ib.

6.4. Laying of Pitching Stone—The laying of stones was com-
menced from the toe of the embankment and proceeded upwards,
each stone being laid by hand perpendicular to f'h? slope, ﬁrn}ly
bedded against the slope and against the adjoining stone, with
the ends in contact and with well broken joints. ’_The spaces
between the larger stones and the slopes were filled with smaller
pieces, reducing voids to minimum possible. For the back slopes
where no apron was laid in front, small toe walls 13 to 2 feet
deep were made to safeguard against slipping of stones,

6.5. Laying of Apron in Dry Area—Most of. the apron specially
in the Lakarmandi side guide bund was laid in an area which had
gone dry after the rains. The apron stone in this region was
simply dumped as it was received from the trucks, no attempts
having been made to hand pack it. Before laying was, however,
started the bed was levelled and bamboo poles 25 feet apart
longitudinally and transversely, with the required height of the
apron marked with paint, were embedded in position. The heights
of the apron laid were checked by stretching ‘moonj’ strings
linearly and diagonally and keeping the top of boulder flush,

6.6. Laying of Apron in Water—Most of the apron was laid in
2 feet to 6 feet deep water. All such portions were divided in
grids of 25 feet x 25 feet or so depending on the width of water
and dry land. The grids were demarcated at the site by fixing
bamboos and ballies and running ‘moonj’ strings across them
Where depth of apron exceeded the depth of water, marks denot;

ing the required height of apron were painted on the b
* posts and boulders laid upto that level. e bamboo

In cases where the depth of water exceeded that i

the apron but not more than 8 feet, walkways m&(ll‘:qgflrelgo;(zg
undernecath and bamboo meshes on top were used for bringin
boulders from the stacks to the respective grids. To fa,ciligta,tg
measurements, boulders required for each grid were stacked
separately and measured before laying. Strict supervision was
exercised to ensure that the boulders measured were laid in the
specific grids for which they had been collected. For avoiding
- any large pockets in the apron, the dumping of boulders inf

‘particular grid was stopped several times in between and trained

‘mallshas’ made to dive to adjust the laid apron. The surface
* was also- occasionally checked by means of boning rods,
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Apron more than 8 feet deep

. Boulders for apron laid in more than 8 feet deep water were
la‘ld‘ln cages. Two types of cages, one of wire and the other of
ballie frames, were used, Fig. 1.
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Fig. 1

Most of the wire crates were 10 feet x 10 feet with stoust

~ ballies at the corner suitably stiffened with diagonal braces. At

a few places smaller units of 5 feet x 5 feet were also used. The
corner ballies had tapered ends 2 feetlower than the bottom of
the crate to ensure the embedment of the empty crates. The top
ends of these ballies were left 3 feet to 4 feet higher than the

.water level for guiding the laying of these crates in position.

The cage in itself was formed by 16 gauge G.I. wires inter-
woven in a mesh of 9 inches. No strands were fixed at the
bottom which was left open. It was, however, discovered that
these wire cages besides being too costly took a lot of time in
fabrication which due to paucity of time could be ill-afforded. The
wire cages were consequently replaced by ballie crates which .
were more or less of the same size and dimensions as the wire
cages except that no vertical strands were provided as in case of
the wire cages and that the horizontal strands were made of
bamboos 2 in. to 3 in. diameter instead of 16 gauge wire, This
change expedited the progress of the work considerably.

The launching of these cages was done by means of 2 boats
tied together with ballies such that a gap of 12 feet or so existed
between the two boats. In between this gap, the cage was placed
on ballies which were removed when the boat was brought
to the correct position. The dumping of the crates was followed
by shaking them from their protruding ends so as to secure &
firm grip in the bed of the river. This was followed by dumping
the required quantity of boulders. The cage was held in position .
})y ropes till about 100 cubic feet of boulders had been dumped
in the crate. Care was taken to ensure that uniform thickness
of boulders had been achieved in each cage. This was checked
by Putting bamboos fizxed with flat piece of planks at its bottom -
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and checking the depth of water over the boulder layer as com-
pared to the original depth.

6.7. Kankar Pitching—To save in cost, the three feet thick-
ness of the pitching done on the 20 feet wide top of the bund
consisted of 3 in. flat brick soling, 1} ft block kankar pitching
and 1 ft stone pitching.

The kankar used was of hard silica variety, free from earth
and showing bluish surface when broken. Like stone work, it
was roughly dressed with hammer before it was laid. Regular
thickness was ensured by means of profiles.

6.8. Brick Ballast and Brick Soling—To epable the bund to
act as an inverted filter, a layer of 4} in. brick ballast consoli-
dated to 3 in. was laid on the front ea.r?hen slopes of the bund.
Flat bricks closely knitted were then laid over the consolidated
surface of brick ballast. The bricksused were either straight
overburnt or first class. No jhamas or under-burnt pieces were
permitted.

7. CONSTRUCTION OF AYODHYA SIDE GUIDE BUND

It had been planned at first to construct the complete
training work in one season, but as favourable response could
not be had from firms which had sufficient resources and organi-
sational capabilities to bandle a job of such magnitude, it was
decided to take up the work on Ayodhya side guide bund in one
season and of the bund on the opposite bank in the other. Work
on Ayodhya side guide bund was started in January 1958,

The quantities of principal materials used in const i
of the Ayodhya side bund were : struction

(1) Stone boulders 19.00 lakh cu. ft.
(2) Block kankar 0.80 lakh cu. ft.
(3) "Bricks 10.00 lakh nos.

(4) Earthwork 29.00 lakh cu. ft.

The total quantity of stone boulders requi

complete training works was 65 Jakh cu, ft. requiri%lzgul‘%dOOBml;r;}:g
gauge wagons. Heavy traffic like this could not be handled from
the existing railway sidings at Ayodhya where the capacity was
limited to 6 wagons. A private siding with a capacity to hold
120 wagons at a time was consequently built near the Ayodhya
Station. The cost of this siding as likely to be paid to t{le
Railways is Rs 92,000,
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The actual construction of the Ayodhya side bund was
started as late as February 1958—a great deal of time having
been lost in setting up the organisation and making preliminary
arrangements. :

Due to the great difficulty experienced in carrying out the
earthwork in water, considerable time was lost and, therefore, it
Wwas necessary to work round the clock. Subsidised canteens
were opened at site to tempt the labourers to stay there. The
laying of apron in deep water was another problem dealt with
successfully as explained in para 6.6.

As explained in para 5.6, of the 2,635 feet length of the guide
bund, 1,305 feet of the bund had been built in the shape of ghats
with steps and wide landings. A typical cross section of these
ghats js shown in Plate IIL. At first only the stone pitched
steps were built and it was intended to concrete and stone slab
these steps next year. Work on concreting the steps was started
In 1959 but later it was decided to defer it till the bund was
stabilised.

Proposals to extend the steps, build canopies, changing
rooms, bath rooms, proper access to the ghats and an inspection
house on these ghats were now being scrutinized.

8. CONSTRUCTION OF LAKARMANDI SIDE GUIDE BUND

8.1. Work on the construction of Lakarmandi side bund
was commenced in January 1959, details in Plate 1V. The
bund on this side being 4,784 feet long was nearly double that
on Ayodhya side and needed the following quantities of
materials :

(1) Earthwork (including
that of Lakarmandi
side approach road) 100 lakh cu. ft.

(2) Stone boulders 46 lakh cu. ft.
(3) Block kankar 1.5 lakh cu. ft.
(4) Bricks 27 lakhs.

The contracts were finalised in late December 1958, and
work orders were given in early January 1959,

Situated far away from Ayodhya in the heart of the river
ed, constructional difficulties for the Lakarmandi side bund
were different from the ones faced for the Ayodhya side bund.

The greatest problem to be tackled was the transport of

. boulders from Ayodhya across the river to the site of bund. The
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ontoon bridge built every year was very congoested. Even in
the dullest season, it had a traflic of about 2000 tons and with its
load limitation of 4% tons, it certainly could not cope with
the boulder traffic which during the peak period was as high as
7500 tons per day. Transport of boulders by boats was equally
impossible. It was, therefore, decided to construct temporary
pile bridges across the main stream and across the subsidiary
streams met with,

8.2. Pile Bridges—Three pile bridges were constructed, one
1070 feet long across the main channel, the second 70 feet long
across the subsidiary channel flowing through the heart of the
proposed bund and the third 60 feet long across the Tehri Nala
on the service road from Lakarmandi Station to the site of
the bund. The first two pile bridges catered for the boulder
traffic from Ayodhya on the Northern Railway, while the third
* for the traffic from Katra and Lakarmandi Stations on the
North-Eastern Railway.

Capacity of Pile Bridges—All the three pile bridges were
initially designed for a vehicle weighing 8} tons. When the
boulder traffic was resumed, it was observed that most of the
transport trucks available were diesel operated with wunladen
weight of 5 tons and it was not economical to operate them unless
a laden weight of 10 to 11 tons was permitted on the pile bridges.
Fortunately while designing the pile bridges, allowance for
impact which is normally ignored for timber structures was
taken into consideration. This error helped and vehicles with
laden weights of 10 to 12 tons were permitted on the bridges with
speed restriction of 5 miles per hour.

Carriageway—The carriageway on all the pile bridge 0
feet wide. Obviously this was inadequate I;or twongyv:s?:ﬁlic
specially on the main pile bridge across the river. One way
traffic was consquently permitted on this bridge in the
iqitial _stages. While all the laden trucks were passed over the
pile bridges, the empties were passed over the pontoon bridge. It
was, however, soon observed that this system was not working
satisfactorily. The pontoon bridge itself being narrow and
traffic sufficiently heavy, hold ups were too frequent and long
and the average of daily trips per truck was gradually fa,lling:
Two way traffic was subsequently introduced and barriers
erected at each end of the pile bridge. This along with light
arrangement during the night hours proved so satisfactory that
there was no accident at the pile bridge and no truck had to be
. pulled back.

Bridge Details—The average span in each pile brid 0
feet, each span conmsisting of a 3 inch thiclli)'decl: %? v;;.:n]l"

Photo 1.
15 H.P. diesel winch

mounted on trolly for

extraction of piles

Photo 2.

5 H.P, diesel winch
mounted on boats for
extraction of piles

Photo 3.

View of pile bridge with

vehicle passing over the floating span

Photo 4.
View of a portion of
completed ghat on
Ayodhya side

Photo 3.

View of earthwork in
progress on Ayodhya
side in running water.
The toe protected by
boulder apron is visible



Photo 6. Photo 7.

Another view of View of earthen
earthwork carried approach road,
out in water Lakarmandi side being

protected by boulder
pitching and crates

Photo 8. View of Lakarmandi side guide bund
showing bouilder pitching in progress

Photo 9. Photo 10.
Another view of boulder View of completed
apron partially submerged pile bridge

under water, In frontis
the subsidiary channel
successfully blocked

View of manually
operated pile
driving equipment

Photo 12.
View of mechanically
operated
pile driving set

Photo 13.

Rear view of the downstream nose of Lakarmandi
side guide bund



Photo 14.

View of Lakarmandi side guide bund showing earthwork,

brick ballast and brick soling
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PPhoto 15,

Boulder apron laid on Lakarmandi side guide bund
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supported on five 7} inches x 10 inches longitudinal beams, The
substructure for each span comprised .three 8 inches to 10
inches diameter piles 25 feet to 35 feet long, tied on top with a
¢ross beam 6 inches x 9} inches in cross section. Transverse
bracings and struts as shown in Plate V were provided for
rigidity. Ag an additional precaution stay piles at every 30 feet
were provided on both sides in the portion where the channel
was too deep. These stay piles were connected with the pile
bridge by the help of bracings. For fixing the bracings under
water, one end of the bracings was fixed with the piles before it
was driven while the other end was fixed after all the three piles
had been driven. The typical cross section of the bridge shows
joint details and other salient features Plate, V.

Floating Span—The Ghogra being a navigable river, arrange-
ment for one floating span capable of removal had to be made
in the main pile bridge. The floating span had to be removed
every Friday to pass the country boats plying in this stream.
The details of the floating span are shown in Plate VI and
arc self explanatory. ;

A country barge of 14 tons capacity available at the
ferry was utilised for supporting the floating span 45 feet
long. This span was made independent of the remaining length
of the bridge by driving additional row of piles adjacent to the
Pile supports of the end spans. The floating span consisted
of five 8 inches x 6 inches R. S. joists supported on one end om
the pile group and the other on the barge. To allow for
the up and down movement of the barge, the girders were hinged
with the cross beam on top of the piles with a 1} inch diameter
pin, round which the girders could move.. On the barge
itself space for the horizontal movement of the girders was
provided by making a rectangular slot 12 inches long in the
6 inches x 4 inches X 3 inches angles supporting the pin which -
held the girders in position. For easy movement of the girder a .
steel plate was placed in between the angles. Decking on top
and in between the girders was provided in the usual manner.

When the floating span was required to be removed, the .
decking planks and the cotter pins on both sides of the girder
were taken out, the protruding girders slided on the boat and the
boat moved to one side. After passing the navigation boats, the

floating span was fixed in position by adopting the reverse
course, o

Pile Driving—Most_of the piles were driven 18 to 20 feet

below the river bed. Five derricks were set up. Of the lot, one

Was used exclusively for erecting the piles in position and the
Témaining four used for sinking. Except for one set which was
10
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fitted with a diesel winch of 5 H, P., all the remaining three
derricks were operated by manual labour. The mechanically
operated derrick was used mostly for sinking piles below 12 feet,
the manually operated one being used for the initial sinking of
the piles. The piles were tapercd on the thinner side; no iron
shoes were considered essential as the strata underneath was of
pure sand. Cast iron caps were used on the top to avoid any
damage and splitting of the piles. The sinking was done by
striking the heads of the piles by monkeys weighing 8 to 10
maunds. The drops normally kept were 4 feet except for the
mechanically operated monkeys where a drop of 8-10 feet was
kept. Sinking of piles did not present much difficulty. I!: was
found that it was more difficult to keep them in position. Some-
times when the work was carried out during night hours, it was
noted that in quite a few instances, the piles had been driven
away from their alignment and had to be discarded.

For agsessinig the load-carrying capacity of the piles,; a group
of six piles was loaded gradually upto 32 tons, and the settlement
curve plotted. It was observed that there wag hardly any
gottlement under that load. Load-carrying capacity of each pile
was also worked out by Major Sanders’ Formula in the last
stages of sinking and was found to be 2 to 3 times the designed

load.

All the 450 piles for the three bridges were driven in a
working period of 35 days—work on the superstructure having
been done simultaneously.

. Extraction of Piles—After the transport work had been
completed, it became imperative to dismantle the pile bridges
primarily to salvage the timber and secondly to avoid obstruc-
tion to the barges and the ferry service that is operated in the
river 'Ghogrq d_uring the rainy season. No difficulty was
experienced in dismantling the superstructure but the extraction
of piles was a problem. Two winches were set up to operate
together for extracting the piles which had been sunk upto 20
feet depth. Omne 5 H.P. winch was fitted on a pair of boats each
of 200 maunds capacity. The arrangement is shown in Kig. 2
Use of two boats was essential to prevent tilting of the bouts
during extraction. The other winch of 15 H. P. was fitted on
three wheeled trolley which was worked from the decking of the
bridge. The trolley was shifted back as the piles in one span
were extracted. The general arrangement of the set up of the
two winches is shown in Figs. 2 and 3.

It was observed that while one single winch was
. . not ce
of extracting the piles, the two of them together were (;di)li:bég
deliver the goods quite satisfactorily, At times even the

Ww.s,
—

TRAINING WORKS OVER RIVER GHOGRA AT AYODHYA 89

Sowroiiry

£ NP SINGLE DRym WNCH

SECLTION ON A.B. . e = — -~

COUNTRY BOATS
200 MDs: CAPACIYY

o
BocrsSinm
0 <}

% P —
Sl 8acs Sia Jomme et v

( 3yx s atan wore~— 14 xaf

-

e )
i

Swcis peve
oeestL wewew |
Sae

WIRE RaRe WA

FILE EXTRACTION PLANT



90 BHARGAVA ON TrATNTNG WORKS oVER RIVER (oGRA AT AvopHYA 91
combined force of the two winches would not succeed in
extracting the piles. In such cases, a little hammering on the
top of the piles was found to be quite effective. Working in two
Zhlfts of 8 hours each, an average of 12 piles were extracted
aily. .

Unfortunately all the piles could not be extracted by the
ahove procedure. As early as 12th of June, 1959, the water level
in the river Ghogra rose considerably and it became necessary to
dismantle the superstructure, thus throwing the 15 H. P. winch
out of gear. Wurther work was carried out only by one winch
fitted on the boats, but the H. P. being less, it could only extract
8 inches diameter piles in the wing walls. Having no other
option, the extraction of the piles has heen deferred till after the -
rains when attempt to extract the remaining piles would be

made.

S ‘ 3.3. Service Roads—The next issue after construction of the
| pile bridges was the service roads which had to connect the
pile bridges to the existing roads on Ayodhya and Lakarmandi
sides. Roads were also necessary to be constructed around the
hund for the transport of materials. In all about 4} miles long
tracks were required to be laid. Due to shortage of steel not
more than 800 pierced plates could be obtained for laying
tracks on sandy beds. Unfortunately even those obtained were
very narrow in width being only 15 inches wide and
consequently four plates had to be used for a single track, with
the result that the entire number of 800 pierced plates was
sufficient for laying hardly three furlong length of thesd tracks.
As such there was no other choice left but to construct the '
service road tracks by laying 6 to 8 in. of boulders on the sandy
il Al bods and over-topping them with sand. To minimise the
Hl cost and quantity of boulders, only wheel tracks 2% feet wide

and 5% feet centre to centre were constructed. Provision, of
course, had been made for roundabouts and double tracks

wherever necessary.

j 1t was learnt with bitter experience that the tracks so built
| do not behave satisfactorily. There were too many breakages
and heavy wear and tear of trucks plying on these tracks in'spite

of every reasonable care and precaution taken in maintaining

the tracks. Several gangs of labourers with hammers and

rammers had to be deputed at every furlong to break the sharp

edges of the stone and get them covered and watered. The truck

drivers would rather ply their trucks on bare sandy beds which

had been watered than on these boulder-tracks. It was observed

. that the sandy tracks when watered frequently behave very well

‘ after a few laden trucks have passed over them. As water ‘was
not available everywhere, numerous hand pumps, cach costing
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ahout Rs 90, were installed along the service roads. In the later
stages of work, three tankers (each with a ecapacity of 1500
gallons) were commissioned from other divisions and were put on
watering these tracks which behaved fairly well during the
normal weather but there was chaos’on stormy days when the
high wind would cover the tracks with a foot of sand. The
traffic on such days came to o standstill, till sand could be
cleared from the tracks. A gang of 100 to 120 men was kept for
the whole period of 4 months for maintenance of these tracks.

After this work was completed on st June 1959, the boulders
from the tracks were salvaged and stacked on top of the bund for
emergency works. Though time was very short, 9 per cent of
the boulders used in the tracks were salvaged.

8.4. Diversion of Subsidiary Channel—Diverting a subsidiary
stroam of Ghogra which passed through the heart of the proposed
alignment of the bund was a major technical problem, success-
fully dealt with after a couple of unsuccessful attempts. This
atroam took off at a point ahout 3,000 feet upstream of the bund
and joined the Tehri Nala downstream. The natural width of
the stream in January, when the water level was R. L. 206, was
about 250 feet and the mecan hydraulic depth 2.5 feet , 'I‘lx;~
discharge in January was about 1500 cusecs and fell down to 900
cusces by the end of March, when it was successfully diverted.

Looking at the stream it appeared so inn ¢

one wag tempted to block it at its narrowes’o()(r}iar::tl){mnirtlaﬁsethaz
to do so was first made in November 1956 at the .point ;& erlnp

the channgl was hardly 170 feet wide and which according to te}l;e
river condition of that time looked like the point of intakeg Fi 4e
It was thought that if some sort of hblockade could be bg.'li.:
expedltxously.throughout the width of the channel, the flow womld
stop and be diverted to the main stream. Work w’a.s conse uenltlil

started from. both the banks. The first few feet of thg bu g
were made with earth alone but it was observed that as the bu?]d
proceeded away from the banks, the earth dumped got all washed
away. Balli crates were erected in position and were filled W‘t{
sand bags but this too did not prove very effective. Ag éhl
natural wa.ter}vay got reduced, the scouring in the .rivexl' b (;
became too swift. By the time 60 feet length of the stream f o

cither side had been blocked, the depth of water in the remaj ing
gap of 55 feet had increased to 15 feet when originall fzmmg
hardly 3 feet. The velocity of water had also increased); l8 Waf
feet per second. In the above circumstances, blockin fol o
was not possible and the attempt was abandoned 8 of thegap

It was reasoned by the Engi i ;
for failure was the fact tha%;mt(;fgs ori v that fhie chief roason

work was got done intermit-
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tently and that blocking the channel would perhaps be possible
if the crates filled with boulders were placed in the whole width
of the stream oxpeditiously and with a bang. A second attempt
to block the stream was consequently made at the point B, Fig. 4,
where the water was hardly 2 feet and the flow quite controllable.
Crates filled with boulders were rolled along the entire width
from boats fixed on both sides. It was, however, soon observed
that excessive scouring took place in the gaps left between the

Kig. 4
Works in connection with diversion channcl

tWo crates and when attempts to fill these gaps with sand bags
were made the cages were found to sink allowing water to flow
fiercely on top of them. The attempt had to be abandoned after
all the 8 or 9 thousand sand bags that had been collected for the
ﬂ:lrl)oﬁe were consumed and the end of the problem was not even
sight, ‘
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i 1 thoir own lessons. By now it

The ,”,hm’s’(ltv‘:ig tf;::»lt:lfiiﬂnlg(ilxlg the stream having OI'Od_ll)l? l}))(lzd

was protty uv-l'eed unless the discharge was rec_lucod (:onsule'l i }I

would o T)u;: r alternative would be to divert the ch«ul;l}e

a.ml that . ot 9, uppreciable rosistance t.o the natural flow of tlle

“;;lthmllt O"[‘(])fc;n{"following lines of action were consequently
streanmnt.

decided :
iy o construct a spur &
® the stream and reducin -
i f the bund
4 in front of the pgrtmn of 1 |
(i) .I‘o'lf*y t(l)l:seaéprt(;lr:a stream with a view to build a toc
:::lmllllcz;tctrhe back of it, causing heading of water.

ir at the point of intake for defleoting
g the discharge.

uct a diversion channel across line XY )/,

(iii) To comstr ternative route to the water flowing in the

offering al
stream, Fig. 4

. o t » marginal bund 1,100 fect long across point
(iv) Dog%%%“&(;ﬁd’upstr%am at a time when the water level
hed fallen to R.L. 294,

- he construction of the spur was only a partial
. Ubv;ﬂésg;ot{)llem. All that was intended to be achieved was
the t((1)11(:1;ion in discharge so that the task of making a marginal
the :16 or diversion channel could be facilitated. A spur was
b;::sequently made at the point C at an inclination of 120°. The
gop of the spur was kept 5 feet wide and 1 ft higher than the
water level of 295.5 that existed in January. The first 60 feet
length of spur was made purely of sand and no resistance to
the water flow was encountered. After the 60 feet length had
been achieved, some scouring was observed at the nose of the
spur. A backing of sand bags was consequently provided on tho
upstream face and the earthwork carried on behind the sand
bags. To retain the earth, brushwood was also put in between.
By this means 100 feet length of the spur had been made, but it
was soon observed that the scour at the nose was gradually
increasing. Two rows of ballies 5 feet apart longitudinally and
transversally were consequently sunk into the bed and bambgo
mesh tied along. The space between the two rows was then filled
with brushwood, jhau, sand bags and earth. The scouring became
excessive as’ the length of the spur increased. When the spur
had been eoxtended upto 180 feet, it was observed that the scour
at the nose was as much as 12 feet. Further extension of the spur
without incurring heavy expenditure was not possible. The spur
had, however, achioved its purpose. Partial deflection of the
stream had been attained but an appreciable amount of water
along the spur into the subsidiary channel, Fig, 5.
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While the spur was being constructed, work on laying the
apron in front of the portion of the bund which crossed the
stream was also started. The apron had ultimately to be laid as
& part of the bund. Normally laying of apron is started after:
the earthwork for the main bund is done. In this case it was
considered that if a 90 feet wide apron could be laid in
the flowing stream, it would be possible to take help of this
apron and build a toe wall at the back, and carry out earthwork
behind it. The work of apron laying in this region was done
piece-meal. At first a 30 feet wide strip beginning from the toe
was laid. It was noticed that as the work progressed, the boul-
der strips sank here and there and the entire discharge of the
stream passed on top of the boulders.

It had been contemplated that after this apron had been
laid, a toe wall 15 feet upstream from the inner edge of the apron
would he built on top of the apron to cause heading of the
;a%r and facilitate the diversion of the stream along the channel

s ’Z- »

1

Since none of the above remedial measures could be fully
relied upon, it had also been contemplated that a diversion
channel across the line X,Y,Z, would be made allowing the water.
to flow along the bund into the Tehri Nala. Of all the remedies,
this was the surest one. The hitches about adopting this course.
were many. Firstly, excavating a diversion channel below the.
natural sand bed was a difficult task on account of the seepage
water from underneath. Secondly, diverting the stream along’
X,Y,Z, would have necessitated quite an appreciable portion o
the apron in this length to be laid in water which would have
resulted in considerable extra expenditure. Diverting the river
Would have also necessitated change in the alignment of the
Service roads and would have caused & hold up in the movement
of the houlder traffic which could be ill-afforded. It was becauge'
Of theso practical difficulties that while arrangements to cons<
truct the diversion ohannel were going on, steps were also 'b’e’%

11 :
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taken to construct a marginal bund 1,100 feet across the point
D, 3,000 feet upstream.

Perusal of Ifig. 4 would show that for such streams as these,
it was difficult to ascertain correctly the point of intake. Its
location depends on the water level. In January when the water
level was about 296, the point of intake could be taken as point
A, but when the water lovel went down to R.L. 294, the point of
intake was obviously along the point D. Here, though the width
of subsidiary channel was very wide, the depth of water was
hardly 1 foot. After reconnoitring the site it was thought that _1f
a marginal bund could be thrown across the point D, as shown in
Fig. 4, the flow in the subsidiary channel could be stopped as the
natural flow in the river Ghogra is not resisted. It was conse-
quently decided toconstruct the marginal bund 1,100 feet lox}g
along this line in late March when the water level goes down in
the river Ghogra.

The work on the marginal bund was started on the 25th of
March, 1959. In the beginning, it was constructed purely with
sand. As soon as some resistance was met with, the sand was
replaced by gunny bags filled with sand. The sand bags were
laid with break joints, headers and stretchers. It had been
planned that the construction of this marginal bund with gunny
bags would continue till scouring at the nose was observed as in
previous cases when openings were left in the bund in the form of
hume pipes laid over a layer of boulders. By allowing some dis-
charge to pass through hume pipes, the force of the river was
expected to be greatly reduced enabling the construction of the
remaining length of the bund. To ensure water tightness the space
between hume pipes was to be filled with brushwood and gunny
bags. Insertion of such hume pipes was to be done every time
scouring at the nose or blowing of the sand through the sand bags
was observed. 1t was felt that by providing such openings, it
would be possible to construct the whole length of the marginal
bund, when it was to be strengthened and widened such that the
line of hydraulic gradient may fall outside the embankment.
The final plan was to close the mouth of the hume pipes by
inserting iron discs in the sockets in the hume pipes keeping
a constant vigil on the bund which might breach as a result of
rise in the water level upstream. Fortunately no such resistance
was met with in the first 900 feet length of the marginal bund.
With gunny bags carefully laid and netted, work on extending
the marginal bund went on smoothly till the last 100 feet gap
was left when, in spite of precautions, the quantities of gunny
bags were all exhausted. On the next day when the work was
resumed, it was observed that flow of water in the gap had be-
gome pretty swift.
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Fresh stock of gunny bags was again arranged and a detour
made in the alignment of the marginal bund so as to avoid the
newly scoured zone. This of course increased the length of the
bund somewhat but had the advantage that the water depth
met with was not very excessive. With a labour strength of
1,000 people and ready stock of sand bags, the work of closing
the gap of 100 feet was started on the morning of 30th March.
Without allowing water to scour its bed the gap was closed
within a couple of hours. As soon as this was done, the diffe-
rence in water level on the upstream side and downstream side
increased, and the whole labour force was spread along the whole
length of the bund for widening and strengthening it.

Earthwork on the main bund was also started simultaneously
and continued round the clock. Within a couple of days earth-
work on the main bund 2 feet above the water level had been
done. During the time this was being done, vigil was kept on
the marginal bund.

Success at the marginal bund was achieved just in time and
work in connection with diversion channel was abandoned. No
hume pipes had to be provided in the marginal bund presumably
because of the great reduction in the discharge of the stream.
Had the marginal bund not succeeded, a great deal of expense
would have been incurred in constructing the diversion channel.

8.5. Earthwork—The one item that did not have to wait
for the completion of the pile bridge or the service road was
earthwork and it was started as soon as most of the contracts
for boulder supply had been finalized. Unlike the construction
of Ayodhya side bund where earth had to be brought by boate
and mules, plenty of earth was available in the vicinity of the
Lakarmandi side bund and was made use of.

The last two floods had changed the topography of the river
bed a great deal. The first half portion of the bund on the upstream
g8ide had now to be built on quite a high ground and in fact at a
R.L. of about 205, i.e., 11 feet higher than the low water level.
The problem now arose as to whether the apron should be laid at
the existing ground level or at the low water level as previously
contemplated and as is normal in case of guide bunds. Alterna-
tive proposals considered were :

(i) To lay the apron at R.L. 294 as originally designed
. by excavating the bed.

(ii) To lay the apron at R L. 299 such that the top of the
apron at its outer nose when laid may remain flugh
with the existing ground level,
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(iii) To lay the inner edge of the apron at R.I. 294 as
provioulsy intended and raise the outer edge gra-
dually to R.L. 299.

(iv) To reduce the width of the apron by half and
increase the thickness by the same amount.

The pros and cons of the above four alternatives were
thoroughly considered. Apart from the question of huge amount
of earthwork and the cost involved therein, the time factor had
also to be considered. From the considertions of cost and_time, it
was best to lay the apron at R.L. 299 but t'his idea was-discarded
since, by adopting this proposal, the pitching on the slopes would
have hiad to be necossarily curtailed and, in case of scour, reliance
placed on the apron to pitch up the slopes. This was not consi-
dered desirable as long as it could be helped. Proposals (iii) and
(iv) also could not find favour as launching of apron is seldom
uniform. The only alternative left was to lay' the apron at
L.W.L. The concession made here was to lay the apron at the
water level existing at the time of laying instead of sticking to
the theoretical L.W.L. of 294. Consequently the apron on the
upstream nose was laid at R.L. 297 while at the downstream
nose it was laid at R.L. 295. The total quantity of earthwork
in the main bund, apron cutting and the part of Lakarmandi
side approach road executed in a period of 120 days was 100 lakh
cubic feet.

8.6. Stone Supplies—As was done for Ayodhya side bund, all
the boulders required were arranged from Vindhyachal ranges
and the loading stations were Shankargarh, Lohagra, Manda-
Maja Road, Birohi, Vindhyachal, Chunar, Dagmagpur, and
Pahara. Some stone was also brought from Jarwa and Katernia-
ghat quarries. Out of 46,00,000 cubic feet of boulders required
for the Lakarmandi side bund, 36,00,000 cubic feet of boulders
were brought from Vindhyachal ranges and about 10,00,000
cubic feet from the Jarwa quarries. Benefitting from experif;nce
gained last year, quite an appreciable quantity of boulders for
the Lakarmandi side bund had been arranged beforehand in the
monsoon period of 1938, with the result that when the construc-
tion of this bund was started in January, 7,43,000 cubic feet of
boulders were available at the Ayodhya siding and 6,37,000
cubic feet of boulders at the Katra and Lakarmandi sidings, and
arrangements had to be made only for the remaining 32,00,000
cubic feet of boulders. ' ’

This year 4,570 wagons from broad gauge and 1,500 wagons
from meter gauge were required. With the active co-operation
. of the railways, specially the Northern Railway, the required

number of wagons were received within the stipulated time,
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To watch over the loading and availability of wagons, depart-
mental representatives were posted at each of the loading
stations and they were asked to post daily in the forms given in
Appendix 1.

8.7. Transport of Boulders—The pile bridge on the main
river was completed, on the 10th of February 1959 and after tests
and modifications it was opened to traffic on the 20th of
February 1959. There were thus only 100 days to transport all
the 456,00,000 cubic feet of boulders to the site. Allowing for the
numerous holdups, Holi Holidays, and the Ramnaumi Fair when
all the vehicular traffic on the roads is stopped by the district
authorities for about a week, there were hardly 85 days to
transport 46,00,000 cubic feet of boulders. As many as 140
trucks could be arranged for the work at one time, and the -
number of trips raised to 580 on a single day. On peak days,
the quantity of boulders transported was as much as 80,000
cubic feet. The transport work was carried out round the clock

:lind it was mostly in the night hours that most of the work was
one.

For efficient transport arrangements and to avoid pilferage
of material due precautions had to be taken and necessary staff
had, of course, to be maintained. During the peak months as
many as 100 people were engaged for checking the trucks, issuing
tickets, for collecting tickets and for supervising the check points
that had been scattered all along the 4 mile route from Ayodhya
to the site of the bund.

It had been planned that the transport of all boulders from
Ayodhya to site should be completed by 1st June, when the pile
bridge was to be dismantled. Transport from Lakarmandi and
Katra where the service road was at a much higher ground level
was to be continued throughout June. Unfortunately, the
monsoons get in too early last year. Right towards the end of
May, there was a sudden rise in the water level ‘and a major
portion of the service road from Ayodhya side was inundated.
All transport by road had consequently to be stopped and 25,000
cubic feet of boulders which were left behind were transported
by boats. :

Transport from the other sidings also could not be continued

’throughout June, for asearly as 13th June, the water level

touched the O. F. L. mark. By that time, however, work in the
main bund had been completed and boulder was only required

for the reserve stocks that were planned to be kept on the top of

the bund. This was subsequently brought by boats.
8.8. Lakarmandi Side Approach Road—No provision for the

-approach road had initially beep made in the estimate of the
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guide bund sanctioned by the Government of India. It was,
however, felt that to avoid danger of the river outflanking its
designed course, it was necessary that the approach road on the
Lakarmandi side which runs through open country should be
constructed at least upto the H. F. L. Work on the approach
road upto the ‘ohri Nala where another major bridge
would have to be constructed was accordmgly takgn in
nand. For paucity of funds and short time available,
earthwork in only one mile lengt;h of the road had been com-
pleted upto R.L. 311, i.e., 1 foot higher than H.F.L. As thefirst
500 feet portion of this approach road starting from the abutment
point would be subjected to a great deal of wave action during
the rains, the slopes of the earth embankment had been pr(.)tect.;ed
by providing a toe wall built of boplder cages and stone pitching
upto O.F.L. and sarpat’ plantation had heen prov1d.ed. These
measures were purely temporary, as after t';he fgrmathn level of
the bridge had been fixed, the earthwork in this portion would
have to be raised. About 33 lakh cubic feet of earthwork had
been done in this approach road. Photogragh 9 shows the
work on construction of toe wall, stone pitching, and sarpat
plantation on the approach road.

9. ORGANISATION

For carrying out the work, a new Division of the Uttar
Pradesh Public Works Department, was opened at Faizabad
with the following technical staff:

Executive Engineer 1
Assistant Xngineers 3
Overseers 10
Computor 1
Draftsmen 9

In addition, about 120 work agents, work supervisors and
mates were kept on work-charge basis at the loading stations,
various check points and at the site of work,

At first, contracts for the whole work were called but as the
response from the contractors was not favourable and the rates
tendered were very high, it was decided to split up the work in
small groups. For the construction of Ayodhya side bund,
separate contracts in 6 groups were called for the supply of
boulders which were to be stacked at the sidings. Separate
small contracts for the transport of boulders to the site of work
and laying it in apron or pitching it onthe slopes were then
arranged. = The earthwork and the work of brick ballast con-
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solidation was also split up into several small groups and given
to different agencies. These arrangements had some drawbacks.
Certain discrepancies were observed in the quantity of boulders
collected and in the quantity of boulders laid in apron and
pitching work.

To avoid the recurrence of such discrepancies, tenders
for the Lakarmandi side guide bund were called for the supply
of boulders, andlaying it at the site. Payment was made to the
contractors for the finished work. As before, the work was
divided in 5 main groups for the boulder supply and laying.
Earthwork was also divided into number of groups. The job of
kankar pitching and brick soling was, however, given toone
party.

lo. COST

The total estimated cost of the work ... Rs 80.52 lakhs.
Actual cost of Ayodhya side guide bund ... Rs 24,34,000
~Do- Lakarmandi side guide bund... Rs 50,76,600

The above figures include all temporary and permanent
works connected with the project. The cost per running foot of
the bund works out to Rs 923 on Ayodhya side and Rs 1,061 on
Lakarmandi side. Appendix 2 gives the break up of the actual
expenditure.

11. CONCLUDING REMARKS

The success of a project like this, which has got to be com-
pleted in a scheduled time, entirely depends on efficient arrange-
ments for transport of materials, careful planning, good organi-
zation and close liaison between the railways and the department
concerned, The technical problems likely to be faced are: (a)
doing earthwork in flowing water, (b) laying apron in deep
water, (c) construction of tracks on sandy beds, and (d) diverting
of subsidiary streams.

"~y
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TeMmry. Brinar Coxsrn, Divio Farzanan.,

PROGRESS CARD FOR LOADING. STATIONS

Thne Exkcurivi KNGINKER,

Appen(iix——l
Station............
Date................ j

The progress roport on wagons at tho above Stations on this date is as follows.

No of wagons *

Quantity
available at
the quarry

Trading Co.

!

o No. of Total wagons
“ ! Nmn.o of Regd.on date | wagons loaded | loadod upto
o Contractor P2 ondato i thisdate
. Shree D.S. |
: Acharya ]
9 M/s Babu Rain l
* | Ramanandi :
5, |Shree B.N. |
' Agrawal .
o | M/s Allied '
: Builders s
5 M/s Agrawal ! '
' 1

Note :—1In Col. 2 please fill pending registration on date.

TICKETS FOR ISSUE OF BOULDER FROM SIDINGS

Book No. S.
Construction of River Training

works for the Proposed Bridge over
River Ghogra at Ayodhya

(Carriage of Boulders)
Truck NoO...coooeerrinees
Col}ected by Shriv..ooecoreiiniiiiiiiennna,

Cgrtage by Shriv.nn,

Signature of Driver.....cceevevaens verveesenes

Sil&qature of Issuing Officer.........cuuuns.

>

% Book No. S. Nowooveiieee
4 Construction of River Training
works for the Proposed Bridge over
KX River Ghogra at Ayodhya

(Carriage of Boulders)

&% Truck No

X Collected by Shri

.............................

Cartage by Shri

& Stack No

< Signature of Issuing Officer..........ues
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Statement showing Expenditure incurred on different items of work on coastruction of Ayodhya ang L
Estimated Cost: a
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Rs 80.52 lakhs
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Appendix-2

karmgapdi Side Guide Bunds

Item of Work

81. No.
. , ( "
1. Earthwork in guide bunds
2. Flat brick soling
3. Supply and consolidation of brick ballast
4, Block kankar pitching .
3. Apron .
5(a). .Extra for crates
6. Pitching .
7. " Pile bridge (construction & extraction)
8. Diversion of channel & spurs
9. Construction & maintenance of service roads
including approaches to pile hridges
10. Constructioh of Lakarmandi side approach
road .
11. Work-charge establishment
12. Miscellaneous charges such as temporary ac.
commodation, tools and plants, lighting, ete,
13. Abutment wells (part sinking)
14, Ghat-work
15. Reserve stock
16. Land Acquisition and Rly. siding, Ayodhya..,

Add centage charges @ 74 per cent

Savings anticipated and proposed to be utj.
lized for improvements N

AvopayA SipE Buxp

——
Lakagrmanpt SIPE Buxp

Quantity Cost Quantity f‘ Cost
3 4 5 ' 6
28,654,564 cu. it. 1,35,087 63,74,000 cu. ft. 1,47,000
1,62,000 sq. f3. 30,750 4,30,000 sq. ft. 58,300
42,042 cu. ft. 18,919 1,16,900 eu. ft. 55,700
77,852 cu. ft. 38,026 1,32,500 cu. ft. 68,600
14,01,196 cu. ft. 11,77,005 33,14,201 «u. ft. 26,74,20¢
15,000
4,67,407 cu. ft. 3,92,622 10,72,000 cu. ft. 10,36,800
1,200 rft. 2,71,169
50,000
5,000 29,500
55,139
St et . \—
18,13,309 44,46,493
’ et e \
24,000 50,879
10,000 15,000
77,642
2,36,207
. 63,240 1,50,000
40,000 60,000
ettt ————————
22,64,208 47,22,374
1,69,822 3,54,178
24,34,120 80,768,552

T

Grang total REMARKS

[

s

This figure is ine
clusive of cost of
salvaged material.

v

62’59’8N .
74,879

25,009
77,5@
2,36,207
2,13,24¢
1,00,00¢

-\4‘
- 69,868,679
5)24,030

75,10,673 ssy R w1

i
5,‘41,00d

b
{
3
i
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““ INVESTIGATION INTO CAUSES OF CRACKS IN
CERTAIN CONCRETE PAVEMENTS”

By
Bria. S. K. Bosg,* B. Sc. (Exu.), M.LE.
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SYNOPSIS

~ The behaviour of two concrete runway pavemenuts subjected to increags
ing wheel loads and tyre pressures were observed and recorded in this
Paper. In one case, the observations were carried out over a period of
approximately 10 years. The behaviour of the old runway pavement over a
period of oight years is first discussed with referenco to field data.
Calculations of stresses due to wheel loads and temperature stresses are
given. The old pavement was then overlaid with a new layer of concrete
pavement after replacing the damaged slabs. The bohaviour of the concrete
overlay over a period of two years is recorded.

In tho second case, the observations were made over a shorter period.
One interesting feature in this case, however, was that an experimental
stretch of the runway was overlaid with a bituminous pavement.

The behaviour of both the bituminous and.concrete overlays at Hakime
pet is also recorded. ' v

1, INTRODUCTION

This Paper records the observations on behaviour of
concrele runways at Poona and Hakimpet when subjected to

* Director, Indian Institute

12

of Technology, Bombay.
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increasingly Ligh wheel loads and tyre pressures,
vations were made first on the conerete runways and 1
overlays.

The obser-
ater on the

For convenience, the Paper has been divided into five parts,
namely, behaviour of the concrete runway pavements at Poona,
behaviour of u concrete overlay, behaviour of the concrete pave-
ments at Hakimpot, behaviour of & bituminous overlay over an
experimental streteh and behaviour of a concrete overlay over
the runway.

2. POONA RUNWAY PAVEMENT

‘2.1, The runway at Poona is situabed on an clovytel
g.round approximately 1,930 feet above the mean seu level, g
site has a good natural slope and the subgrade ig well-draine
‘The runway lies in casterly and westerly directiony ang the
width of the concrete pavement is 50 yards,

2.2. Subgrade

The subgrade consists of moorum which is 4 d )
rock. In evaluating the strength of the concrote run:v?ymilt);oiﬂ
necessary to determine, apart from the properties of the concrc(t;,-
pavements, the value of the reaction of the subgrade, ie the
value of ¢ K’ which is known as the Modulug of Soil ,R.e.a,é’tion
This is defined by the slope of the stress-deformation curv(;
obtained by field bearing tests which were adjusted for saturated
subgrade conditions,

2.3.  Modulus of Soil Reaction

In more detail the modulus of soil reaction ‘K,’ with syb-
grade at or near its optimum moisture, is determined by the
formula : Ky.=P[0.05, in which <P’ is the load intensity in
pounds per square inch causing a deformation of 0.05 inch as
dete_rmined from the stress deformation curve, The stress defor-

the origin to a given load intensity on the ¢
K, varies with load intensity. It has been §
of many tests that the most representative
pavement design is obtained by using the loa
a deformation of 0.05 inch, and so thiy partic
in the Westorguard Analysis,

ound from results
vgluo for concrete
1 1ntensity causing
ular valye g usped
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2.3.1. Apparatus used

(1) Two trucks capable of supplying a rear axle load of
15 tons each.

{2) A loading platform. (The platform is fitted with stub
axles and wheels for touring).

(3) 50 ton hydraulic jack fitted with suitable gange to
registor actual load.

(1) Three dial ganges, capable of heing fitted with the jack
by means of a frame.

(1) Steel plate of 30 in. diameter.

2.3.2. Procedure of test

The tests were carried out on runway shoulders and in one
ease by breaking the existing concrete pavement and_ba.se course
and carrying out the test on the soil. Dry sand is spread on
top of the subgrade, and the 30 in. dia. plate is bedded on top
of it. The plate is to be bedded as level as possible.

The three dial gauges are set on the plate equally spaced on
the periphery, with their spindles almost at top of travel. A lash
of about 20 thousandths of an inch should be allowed to ensure
complete movement of the pointer.

A load of approximately 5 lb per sq. in. is then applied
before commencement of the test to ensure even bedding of the
plate in the subgrade.

The load is released and the dials are set at zero rea..dmg;
successive load increments of 5 1b per sq. in. are then applied to
the maximum load available, and the dial readings are taken
for each load increment. Sufficient time for each load increment
to produce maximum plate displacement is aliowed.

The average of the three dials is taken as the final displace-
ment for each load increment.

The readings are then graphed (load per sq. in. on plate
against displacement of plate in inches) and the values of K,
obtained for any given deflection.

_ Load per sq. in. on plate in 1b per sq. in,

% S T

~ Displacement of plate in inches,
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The maximum displacoment of plate which may ho usod in
this calculation is 0.05 in. and wherever possible loads should
be applied to produce this displacement.

After tho maximum load increment has been applied, the

load is completely released and a minimum of 5 minutes allowed

before dial readings are taken.

The differcnce botween this average reading and the average
reading for the maximum loading is then taken and the result,
calculated as percentage recovery.

Average displacement at max. load, say, 0.05 in.
do 7ero o, 3] 0.0l vy
Difference 0.04 |

0.04
Per cent recovery = 0.06 % 100 =80 per cont,

The whole procedure is repeated at least twice .
without removing the plate on the same place ?fe;};fﬁ;i times
the results obtained. If between the first and second apl T ng on
of the 1oad,‘ the difference in deflection at maximum IOadI; (ia_tlons
than 0.02 in., then two applications are sufficient ]‘?5 i loss
third application is required. ‘ not, a

2.3.3. Correction for saturateg subgrade

After the value of K, is determined

a ion j ;
to :Llloviv for the decrease in bearing ’stre;}];;lecgmn  app }10(1
saturation of the subgrade. Thig reduction in pe e Possible
obtained from a comparison of standarq comol‘dla{‘mg poiue i
the soil in the optimum moisture condition . Lipon tests on

onditi on and j
condition. The C.B.R. test may also be useq fblflzyh{:% ﬂ;ﬁ%ﬁiid

Y used to determine K, and Iy is
d s0il to produce the samo

2.3.4. Photos 4
parpos, 04 show the apparatus used for thig

Cracks N CONCRETE PAVEMENTS 121

2.3.5. The results of the covaluation of K, are shown in
Table 1.

Tapre 1
Showing the K values of the subgrade soils

K12 | ’
“th/sq. injin, ’ : ‘ ;
after eompac- | d ‘

tion 360 390 1480 1520 860 (5001530 600

I |
Test point No. | 1 - 2 ; 314 56 7 J 8,9 ; 10 ‘ 11 Averages
‘ 1 I
H J ‘ \ ) }
‘K, value ‘J & | : | .
/s, in.fin | 180|180 1200 220 230|270 270 /280 300 | 380 400| 260
| ) |
Percentage ro- i ! . | | ‘
covory 60 45] 37) 34 200 48 40, 36! 38| 37 2 40
[ o
‘K, value \ ! i J
\
\

68010701380 680

Percontage ! ! : | ‘ ) )
compactability | 100116 [ 140 136 274 | 85 96: 1461 126 | 181 247 130
_ | : : \ : ‘

These tests were carried out during the month of June 1948
when the subgrade was in a dry state. Test No. 6 was carried out
on the subgrade after breakingup the concrete pavement and
base course. Since this value was not appreciably different
from the mean K value obtained and since the average rainfall
in Poona is 24 inches, the average K. alue given above was
accepted as equal to K value. The subgrade showed a reaso-
nable load bearing strength which could be increased much
higher by compaction.

2.4. Poona Runway Pavements

The concrete pavement was constructed by the State P.W.D.
in 1944, It has 6 in. stone base course and 4 in. thick concrete
slabs laid in panels of 30 ft x 10 ft. At the time of the determi-
nation of K, values, the concrete runway was in good condition,
although no large scale maintenance had been carried out
on this airfield up to the time. The general slope of the platzeau
upon which the runway has been built is good and provides
4 good natural drainage for storm water.

2.4.1. Strength of concrete

No record of the compressive strength of concrete laid in
various panels was available. For the purpose of evaluating the
strength of concrete used in the pavement, portions of broken
Blabs were cut into pieces of suitable sizes with a diamond saw
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machine and then tested for compressi
: 1 : : M81ve strength, The :
are given in Table 2. " results
Tanrn 2

Showing the compressive strength of the runway slabs
J « =

[
P Mean | Woeight & P \
(_;Nl}},)() aren | B Voo | Str:T::L}';;:\TﬁI/\,?\ ‘ Comprossive
T oeqaing 1 ; ) «in pey str\n‘ngf.h of
e ] o | L. a6 i, eube
) ! :
S L o0 .
< 17.1 6 i 3} ET a200 | 480D
3 17.15 6 7 AL e : 60750
4 17.99 6 1 a1 e ; 6380
| b10 6330

Assuming the water comy i

¢ > water cement ratio 0.6,

2t 9% Ahothe strengt ) i
enbe at 28 days would have boey 3.500 1 ner eq ngth of (-) .
from the standard graphs, P PCT s InL ax obtained

If the compressive strength j
¥ " 18 taken ne .
flexural strength may be taken l/:bhﬂgfnt}(:z 3500 1b per sq.in., the

or 450 Ib per sq. in.  With o § ) compressive strength
allowable stress is 300 1h per Sqd(;:zlm of safety of 1.5, the safe

242, Stresses due to wheel loads

The design d
known. The pa a4y pavement were not
: In several conerete slahs

1oad of 37,500 pounds and affic having single v;/l ‘]
The stress due to whee] loatyr-e pressure of 75 poundy Plgér "“lv\?:

" and riomp:u'ed with
' ermined in parg 9
Single wheel load p 37,500 1 R

Tyre pressure p ~ 75 13, per sq. in

Radius of equivalent contact area ¢ g° J r
™p
. = 12.6 incheg
Rndms of relative stiffness ] = :/ B ps
R2(-ny x g
:f/' 3% 100 y gy
12 (/-4).15'-’) X 950
16 inches

i
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whore = Poisson’s ratio of concrete = .16

K = Modulus of elasticity of pavement = 3x 10° 1b per
8q. in,
h = Thickness of pavement = 4 inches

K = Modulus of soil reaction = 250 1b per sq. in.

It

Using Westergaard’s formula

AV T1.6a® - h*=0.675h
13

b = radius of resisting scction
.7 inches

As q’ is greater than 1.724h, b = ¢ = 12.6 inches
Thorefore, 1/b = 16/12.6 = 1.27

Si == maximum stress in pounds per square inch for interior
loading

0316 l
= . o ,( 3O
f [Jloow(b)-}—l )093]

= 760 1b por sy. in. which is more than twice the value
of allowable stross shown in para 2.4.1.

1f a lower K valuc is assumed, the values of Si are given
below :

K 250 200 150 100 Ib per in%,
Si 760 ]30 945 1045 b per sq. in,

) The variation in K values affects the wheel load stress con-
sxlderably but the central warping stress is not appreciably
altered, .

2.4.3. Stresses due to temperature differential

The runway concrete slabs when subjected to single wheel loads
of 37,500 pounds and tyre pressure of 75 pounds per sq. in. were
Stressed much beyond the allowable value for the concrote used
In the slabs many of which showed considerable cracks. More-
over, additional stress due to temperature came into play. The
maximum diurnal temperature variation in Poona is 28°F. The
amplitude of surface air temperature variation is 14F.  The
amplitude for surfave tom perature of concreto is 14x 1.6 =22 4°F,
For u 4 inch concrote slab, the rati({ of temperature differential
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and temperature amplitude is 0.7.% Therefore, temperature diffe-
rontial==22.4x0.7=15.7"F. Assuming ¢ - thermal coefficient of
linear expansion of concrete =3 10~¢ per degree i,

I = Modulus of elusticity of concrote — 3x 10% 1b per 3¢, in.

The warping stress in]the interior of the sial according to
7 el K
Westergaard formula = =22 ( wtl+f/llf(:0,)

« 106 4 0.15% 1.1
I-(.15:

_ 3x10"><3x10—6><15.7
= A ‘

= 87 1b per sq. in.

Where Kw,=1.05 angd Kw, =11, Thege two  values are
obtained from warping stress coefficient cyrye based on Brad-
bury’s formula. *

2.4.4. The_ incidence of cracks

The eud portions of g
taking off or after landing . full effects of dynamic
wheel loads. In the middl 51 nway b(;m‘ Owhe}e’s?afoad
effect is not fully transmitted to the pavement a8 the aircrafts
remain partially airborne evey at touch-dowy pointy,

ed in the funway at Pogypy appeured wiore

‘ way whereas the middle ton wus
comparatively free from cracks. The incidence (ﬁoxz::ggks in

various slabs from easter) and wegtey] o
shown in Plate T, y TY ends of the runway is

The size of the slabs ang the d
joints are shown in Fig. 1,

badly damaged slabs gre shown in Figs 2.4 ks in some of the

The patterns of cracksg reveal that in mgine: .
are in transverse direction, They are c&uSZJ&)l‘l;:l)lfe z(f) c(;i.ses th::g
deflection produced by the ¢ : ownw
dead load of the sigh and due to t

. e ——
* See Iigs. 14 and 15 at, Pages 523 and ng

by the Author published in thg. R. C. Papor No, 179—
June 1955, © Journal of the 1, 3 C.,

Vol. XIX.Part 3

Photo 1




Photo 3

Photo 4

Cracks 1IN CONCRETE PAVEMENTS 12v
whereby the slab warps downwards. Since all slabs were not

cracked, the upward deflection of slabs due to warping causing
tension is not enough to cause the development of cracks.

T
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Each square 1'’X 1"

7t

51
Fig. 1. Pattern o cracks in original slabs of main ruaway
from western end

i ding conditions
The diagonal cracks were due to corner loa
which gav; gension in the top of the slab more than the allowable
value due to subgrade conditions.

2.4.5. Subgrade conditions under cracked slabs

i in 1948, it was consi-
Although K, values were determined in 1948, .
dered necesga.ry to determine subgrade conditions under some of

13
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Details of old runway pavement slabs at Hakimpet showing the position

Fig. 3.

and pattern of cracks from western end of runway
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C.B. . values of subgrade nnder ecracked slabs and the moisture
content found beneath the slabs are recorded in Table 3.

Tavie 3

Showing in-situ C.B.R. values and moisture contents under
some of the badly cracked slabs

Loentiom of sinbs Lu-sity (‘"lz““-}MHMum ol

Test No. Lot por eont In-gitu (LB.R. valuo
. 1

Na. 922 {rom western
end : 2. 19.7
: 2 22.9
14,3 21.3

No. 1059 from western
end ‘é 13.0 56.9
+ 14.1 22.4

e e e e e o

Near the middle of the 6 11.2
runway  hut  abouy
30 ft away from the

" .
Tost was done in cornor.
Result appoars to bo

edgo 7 3.2 orrnneous:xz.0 .
On  the centre line 8 14
of runway in the Q 14‘; l?“2
middle 10 19,3 };;2
Near the middle of a
the runway about
30 £t from the other
edge 1 14.1 998

A.C.B.R. value of 20 gives an a i =
therefore, he observeq that the subgrade conditions 1. d ; l‘)vmll{l .
slabs were not appreciably different from the inder broken
saken in the calculations. , assumed ¢ K’ value

3. CONCRETE OVERLAY

3.1. In 1956 it wag decided |
ioonat,) f(l)r I}eaVier. oad and also to et;?teit(ifairégt(}[l‘%g thetkruniway e
one by laying plain concrete slab 1] in, thick in ;:ng?ssmf] g::
: : , 0
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fect squares. But the strengthening of the existing runway was
carried out, by superimposing on the existing concerete pavement
& 6 in. concrote overlay. The pancls of overlay slab weres 30 feet
long and 10 feet wide. The size adopted was the same as
existed in the runway pavement. The expansion jonts were,
therefore, at the same spacings as already existing in the runway,
This was done to suit the convenience of construction. Moreover,
it was presumed that if overlay slabs had expansion joints at
spacings different from the existing pavement, cracks in the
overlay slabs might develop along the line of existing expansion
joints. The expansion joints in the overlay slabs were staggered
by 6 inches, the staggered area being treated with two layers of
bituminous coating before casting the overlay slabs. This
measure was taken to provide an adequate safeguard against
seepage of water through expansion joints to the subgrade.

3.1.1. The contract for concrete for the overlay laid down
the following specifications which were observed throughout
the work :

(a) The average ultimate compressive strength of con-
crete shall not be less than 2,700 pounds per sq. in.
(cube) at 7 days age and shall not be less than 4,000
pounds per sq. in. at 28 days age of normal curing.

(b) The water-cement ratio shall not exceed 0.5 by
weight.

(¢) 3 cubic feet of concrete shall be used for casting 6 in.
cube specimen from each day’s pouring.

(d) 6 in. core specimens shall be drilled from completed
works after 28 days age and the individual strength
of the core shall not be less than 3,200 pounds per
sq. in. (modified to cube strength of 4,000 pounds
with a correlation factor of 0.8.).

The contractor was required to design the mix to satisfy the
specifications given above., The mix proportions adopted were
1.25:2.5: 4.5,

3.2. After completion of the work in May 1957, the overlay
Pavement was subjected to single wheel loads of 24,000 1b and
tyre pressure of 140 1b per sq. in. During the period June to
September 1959 certain cracks were observed in some panels of
overlay slabs. The date of casting the slabs and the dates of

noticing the cracks as well as the strength properties of the
concrete in compression are shown in Table 4.
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Tavry 4 Compression tests
i i i . b per sq. in.
Showing details of overlay siabs which developed cracks Slab N Dato of casting Dato of notieing 1b per sq B
Y- the slabs the eracks

7 days | 28 days

Campression tosta
b per sq. in. -

|
1 Dato of casting Dato of noticing

Slah No. tho slabs tho cracks B. From easterly end of the runway—(contd.)
Tduys | 28 days 85 0 2-57 20- 9-58 3383 4857
N Co 99 29- 1-57 23- §-58 — -
A. From westerly end of the runway 112 40- 15T 12 7-58 2806 4890
24 25- 257 12- 7-58 3268 5808 187 - 26- 3-37 12- 7-58 2906 4274
=6 13- 2-67 20- 9-58 - — 217 2. 2.57 18-10-58 3435 5316
28 13- 2-57 3~ 6-38 5268 5805 247 4- 2-57 5- 6-38 3051 5832
o e . e dom 263 5 857 13- 8-58 w6 57
158 5 1o o 008 ;4;; 4239 277 5e 3-57 12- 7-58 3576 5207
. 4686 495 7- 3-57 5- 6-58 3830 5208
m o s
571 13-11-36 5= 658 - 5567 oo 22- 207 |l " o
587 18_12_‘5’6 j 658 3483 4338 555 14- 3-57 20- 9-58 3486 5188
607 14-11-56 20 o.08 — — 562 21- 2-57 18-10-58 3217 5031
624 15-11-56 2~ 858 308‘:1 4530 265 10- 3-67 12- 7-58 3431 4761
646 9% 157 1810058 g‘l)gi 2083 667 8- 3-57 20- 9-58 3383 4927
= 0. 157 - ~ 58
‘;ﬁ 33_1};_;; 11:17)3: . 3289 4886 o b3.3. After the observations regorded in Table 4, somg mgre
015 95~ 1-57 5 6o ?5:59 4840 d:tailge$§0Eed crqﬁ_k%. blTh5e locations of these slabs and other
967 26-11-36 23- 8-58 3323 4589 shown in Zable o.
997 18~ 1-57 23- 858 30; 539 TAsLE B
1315 8 1-57 12- 7-38 3;83 4789 Details of overlay slabs showing cracks after those
1450 19- 1-57 18-10-58 3041 oo0s observed and recorded in Table 4
1950 12- 4-57 23- 8-58 4736
1933 12- 4-57 23- 8.58 a - A. From westerly end of the runway
B, From easterly end of the runway - Stab No. Date of casting 7 days 28 days
100/1 2- 4-57 23- 858 ) 38 10- 157 3762 4095
97/1 25- 3-57 23- §-38 3704 8755 444 11-11-56 3234 4233
80/1 9- 4-57 12- 7o 3328 4986 487 12-11-56 3085 4382
821 27~ 3-57 12- 758 3704 4755 1154 4 157 3234 4454
62/: 23 3-57 8- 6-58 3224 4648 B. From easterly end of the runway
z‘;il Zﬁ 1377 12- 758 3213 23:; 86/1 25- 3-67 3328 4986
a8/ 20 357 20- 9-58 3348 41 1t 26~ 3-57 2006 4274
8/1 51 357 20- 9-58 314968 4612 12 26~ 3-57 2006 4274
82 20- 157 23~ 8-58 3196 . 38 26~ 3-37 2906 4274
33 7~ 257 12- 7-58 3289 2 40 27~ 3-57 3334 4648
20~ 9-53 4586 276 7- 367 3930 5208

3427 4509
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3.4. Stress Due to Wheel Load

The avorage value of K was determined by several plate
bearing tests, Table 1. For case of caleulation K was taken as
250 pounds per in, cube. The stress caused by a single wheel load
on the original runway pavement is determined in para 2.4.2.
The safe load that the overlay can take has then to be deter-
mined.

The thickness of the concreto overlay is six inches. The
average crushing strength of the concrete is 4,800 pounds per
sqaure inch. The flexural strength could be a,ss.;ume(_l qqua.l to 1/8
of the crushing strength or 600 pounds per sq. in. With a fuct:,or
of safety of 1.5, the safe allowable stress is 400 pounds per sq. in.

The overlay pavement was ﬂubjegted to a pressure of 140
pounds per sq. in.  The radius of equivalent contact arey ‘g’
was 7.4 inches,

The modulus of elasticity of overlay, and the pavement is

denoted by kK, and I/, respectively and is assumed to be the
same, i.e., 3 x 10° pounds per sq. in. The value of modulus of
elasticity of the subgrade F is derived from the value of ‘K’
already obtained.

Using Burmister’s equation for a rigid circular loaded ares,
the settlement ¢w’ of the plate under a load ‘P’ whero ‘a’
denotes the radius of the plate (30 in. diameter) is :

L, pXa
w = 1.18 -—E—;*
. P p X By B,
Since K = wE LIS X p X a 118 % 15

Therefore I; = K x L.18 X 15 or 250 x 1.18 % 15 = 5312 Ib

, ' per sq. in.
Agsuming that the state of stress in the
same as in a homogeneous system satisfying

By 1 Applying thi

E, T 5sog4 CPPIYIDE This value to Burmister’s graph of
settlement co-efficient, we get the valye
co-efficient F,, = .27 for h/a ratio of 0.
ness of the original pavement, i,

layered system is the
Bousenesq equation:

Sf Burmister’s settlement
£ 54, where b is the thick-
4 inches and o is 7.4 inches.

* Placse seo pages 510 511- 5;0 5;[ L" T T e e
. R , s and 5
¢ Influence of & suporinposedinyor i esansivg ot Lot % 10
DYy the Aut na e T
3, June 1955, 10, Journal of the IRC, Volume XIX-Part
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1f 77 is assumed as a homogeneous layer which is eqpivalent
to the two layers having moduli of clasticity as £, and I,

~
thon 7 = s _ 9312 _ 19,700 1b per sq. in.

=2
~ While considering the casc of the overlay as a pavement
lying over a subgrade having modulus of clasticity of 19,700

pounds per gq. in. (instead of the subgrade modulus valuc of
5,312 pounds per sq. in.), the value of K will be modified :

K modified has been determined thus:

L 19700

¢ i e s o DT — in 3
K modified = I18xa = 1.18x 15 1‘113 Ib per in.

Applying this value to the overlay pavement having @ =7.4
and // = 6 in.

h=a/1.5a%+h*—0.675 h=17.06 inches. TFor K=1113,
h=17.06, I is 15 and I/b=2.13.

— . Sixh® ) 400x 36 18.400
0.3162 (4 log,, 2.13 4~ 1.0693) ~0.3162x 2.48~ "
pounds,

"I‘he safe load that the overiay can take is 18,400 pounds
having a tyre pressure of 140 pounds per sq. in., whereas it was
subjected to single wheel loads of 24,000 pounds having the same
tyre pressure. )

3.5. Incidence of Cracks in the Overlay

Although the method of determination of the supporting
Power of the overlay adopted in para 3.4 is approximate as there
18 no accurate method of determining the stress in an overlay
slab in such a system, it is evident that considering the effect of
tem'perat;ure in addition to wheel loads, the overlay pavement was
subjected to stresses more than it could safely bear. This fact is

orne out by the evidence of cracks that had already appeared in
the overlay slabs towards the ends of the runway. The runway
having been extended at both ends with new concrete pavements,
the overlay begins at 300 feet from the eastern end of the
extended runway and stops at 450 feet from the western end.
The full effect of the wheel load may not be brought to bear on
the overlay except at the ends where the incidence of cracks was
high, Tt was noteworthy, however, that the new slabs of 11
Inches in thickness laid in panels of 5 feet square in the extended
portions where the full effect of wheel loads was brought to bear,
Wwere standing up well without any incidence of cracking yet.

14 '
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4., HAKIMPET RUNWAY

4.1. The Pavement

This concrete runway pavement was constructed in the year
1944 having an average thickness of 5 inches, laid directly on a
moorum subbase without any metal base course. The pavement
was constructed of ordinary concrete of 1: 2: 4 mix proportions.
No record is available regarding the gradation of fine and coarse
aggregates used or the strength properties. The aggregates used
consisted of quartz ballasts containing over-sized metal exceeding
21 in. gauge. The quality of concrete was not high. The
pavement was laid mostly in panels 30 feet long and 8 feet wide,
The longitudinal joints were staggered as shown in Plate IT.

Approximately thirteen per cent of the pavement slahs were
damaged and replaced by new slabs upto 1956, The runway was
subjected to single wheel loads notexceeding 6,500 pounds h.a,ving
tyre pressures of 80 pounds per sq. in. The damage to the slsbs
ocecurred not only at the ends of the runway but also at other
stretches of the runway. Fxtensive damage to slabs Occurred
hetween 1,200 feet to (00 feet from the western end. The attern
of cracks and their incidence from the western ond of the Punwﬁ
are shown in Plate II. Cracks also occurred in Severai slabq‘o";
the pavement from the eastern end. In thig case, too ooﬁsi-
derable damage to slabs occurred at astretch approxi;na.te’] d onsl-
to 3,200 feet from the eastern end. The damage here 1y & i
than what occurred at the end of the runway. The e ltS more
damage to slabs at stretches away from the r.un-wa, " elansuve
attributed tolower supporting power of the subgrado znt‘;;l( 8 wa,ls
stretches in relation to the supporting power of subgrad e; nu(&:
of runway. No investigation of the subgrade OOnd't'e at en :
carried out due to lack of availability of requisite equi‘pllglggtwa..,

Due to extensive incidence of cracks in
runway it was realised that the strength of the
was not adequate and it was necessary to
overlay.

slabs all over the
existing pavement
strengthen it by ar

4.2. Bituminous Overlay

Before construction of an overla
. t
was taken in hand, an experimenta] b‘y on
h o A % . )
in length was laid over a stretch of t‘hlelxrrll(:l“ va,r)ay 780 fee
width of 150 feet. This stretch gta ay over the entir

the western end and stops at 1,9;:;)&;'1;“1&}:;31“1&%9}) grimgt %700 £t fron

he existing runway

Before the overla s lai
Plate 11, Y was laid, all damaged slabs were replaced
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The stretch where the cxporimental overlay waas laid had
already shown considerable damage to slabs as is evident from
Fig. 4. 'The subgrade condition, however, remained unchanged
when this overlay was laid.

!
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SHOWING THE POSITIONS GF BAONEM CONCARTK SLABS TnAT wiki REFLACED BEFOLL lbYrua

THE BITUMINIOUS  OVERLAY

Fig. 4,

The overlay was laid out of the funds given for special
Tepairs to the pavements. The thickness of the overlay was

.therefore, kept to such minimum thickness as would prevent the

4ppearance in the overlay of the pattern of the expansion joints
of the concrete pavements below the overlay. After several
dxscgssions, the following thickness of the overlay and the
Specifications of construction were adopted :

(8) Tack coat with Maxphalt 80/100, ‘ ;
at the rate of 20 pounds per 100 F'S

(b) Base coat 2 in. thick consolidated
with premix Shell Macadam of : .
(1) 1 in. size wetul — 15 cu. ft.

ii) 38/4 in. -do- — 5ou ft. '
(1) 3di © v ou l per 100 F'S

(iii) Fine river sand - 1.2 cu. ft. |
(iv) Mexphalt - 70 1b
(¢} Top layer of 1 in. thick premix
carpeb as follows :
(1) 3/4in. size metal— 6 cu. ft.
(ii) 1/2in. -do-  ~3cu.ft.
per 100 F§

(iii) Fine river sand —4 cu. ft.
(iv)  Mexphalt 80/100~721b "

ey
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(d)  Top seal coat of :
(i) Fine river sand -2 cu. It )

3 'S
(ii) Moxphalt 80/100—8 1b per 100 s
Ple bituminous overlay was completed in the middle of 1955
and was thercafter subjected to constant air traffic having
maximum single wheel load as stated before. But it stood up
well without showing any visible damage or crack for one year.
By then the project for conmstructing an overlay on the entire
runway was decided.  As the airficld was designed for use by jet
aircrafts and there was lack of indigenous tar and bitumen
products that could stand up to the effect of jet exhaust and
spillage of jet fuel, it was decided to strengthen the runway with
a concrete overlay of 6 inches in thickness.

4.3. Concrete Overlay at Hakimpet

The construction of the concrete overlay started in the middlo
1956. The specification of concrete accepted in the contract was
the same as was used in the construction of the concrete overlay
in Poona. The conatruction of the concrete overlay was carried
out under strict laboratory control. The Hyderabad Kngineering
Research Laboratories investigated not only the design of the
concrete mix but carried out extensive tests to determine
strength and characteristics of field specimens. A detailed
report on the design and execution of this concret'e avement is
described in an article at pages 141 t0 165 of the Annug,l Re (:)?t of
the Laboratories for 1956, (Hyderabad Engineering R d rch
Laboratory Publication No. 10). § Hosea

This overlay has stood up to the air traff ;
any sign of failure of the pavement, raffic o far without
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PLATE II

SLABS MARKED X |NDICATE THAT THE SLABS HAD SUNK AND
USE WAS MADE OF BITUMINOUS LAYERS
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« EXPERIMENTAL STUDY ON THE ADHESION
OF BINDERS LIKE BITUMEN AND TAR NO. 3
WITH STABILIZED SOIL CRUST”

By
8. R. MEnRra, L. R. Coappa & H. R. AGeARWAL*

[This Rosearch Note was placed before the Research Qrganization Com-
mittee at Srinagar in June 1955. In accordance with the decision of the
Committee, comments of the members of the Committee were obtained and
sent to the Authors for replies. The comments of the members as well
as the replies of the Authors given at pages 159-162 were placed
hefore the Research Organization Committee at their meeting held at Hydera-
bad in January 1959 wherein it was decided that the note along with the
comments of memhers and replies of Authors should be published in the
Research Section of the Journal of the Indian Roads Congress. |

Bitumen and tar products are extensively employed in road
construction for surface dressing purposes. The function of
bitumen and tar in surface dressing is two-fold./ Firstly, it binds
together the particles of aggregate to give a hard wearing surface
t_md secondly, it makes the surface waterproof and prevents
ingress of moisture into the road crust. The performance of a
binder for surface dressing depends largely on its adhesion with
the aggregate.

In recent years, construction of stabilized soil roads as all.
weather cheap roads has become fairly popular and is being
widely adopted in places where suitable materials are easily
available, Considerable lengths of surface treated stabilized
soil roads have been constructed in the Punjab and are giving
excellent service for the last 6 years under normal traffic
conditions. '

In fact, such black top roads can easily replace those
constructed with water-bound speciﬁca.t,ions inregions of medium
traffic at about half the cost and can give the same service.

Both bitumen (80/100)and tar No. 3 have been satisfac-
tOl"ily used for the surface treatment of stabilized ~oil roads.
With a view to improve the surfacing of stabilized soil roads as
well as to determine the various physical factors controlling
their performance, an extensive experimental study was
conducted in the laboratory under the following heads:

(1) Adhesion of ‘bitumen’ and *tar’ with a stabi-
lized soil surface with and without priming.

* Contral Boad Research Institute, New Dolhi.
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9y Adhesion of  binders  with  stabilized cement-goil
TN

(3 Effect of electrolytes on the adhesion of binders,
3) A

() Effect of moisture on the adhesion of binders,

ADHESION OF BINDERS WITH & WITHOU'T PRIMING

Adhesion is a surface phenomenon :m.d is entirely governed
by a number of complex physicoml}onuc:\.l factors. For th.e
determination of adhesion of these binders, laboratory experi-
ments were conducted with soil blocks prepared by compacting a
graded soil of .1, 105 and sand comtent 42,0 per cent, _mi.xed
with 40 per cent brick aggregate one inch downwards, in iron
monlds 4 in. dia. and 2} in. high to a density of 1.80-1.90, Soil
aggregate blocks thus prepared were allowed to dr:y to constant
weight. These compacted blocks representod specimen of _sta..lu-
lized soil road crust. Cement concrete blocks (1:254) of S}mllar
size but with a smaller height were prepared with their top
suriace embedded with small picces of bajri. A number of gmall
holes were kept in cach conerete block so ws to keep the inter-
posed binder film expoxed to the atmospheric conditions to the
maximum possible extent to allow the evaporation of lighter oil
present in the binder. The concrete blocks were used on one
side to ensure cleavage on the other side, viz., the joint between
the soil block and binder. In order to test the adhesive strength
of different binders, the soil block and the concrete block (with
gravel cmbedded in top surfacc) were joined together by a binder
coated on the surface of each block. ¥ach pair of blocks was
kept in shade for a week and then tested for adhesion applying @
direct pull by attaching a clamp to cach block and pouring sand
into a bucket hung from the lower clamp. In case of surface
treatment with priming, the stabilized soil block was given a
coat of shell primer No. 3 at 21 Ib per 100 sq. ft. at 120° F.
and allowed to penetrate the surface for a period of 24 to 48 hours
required for complete penctration. Over this primer coated
surface, the binder wag applied as abave and tested for adhesion
in the same manner. '

The following two binders were used in all the experi-
ments :

Binder Temperature at application
Tar No. 3 2009F. to 220vly,
Jitumen 80/100 301 to 37591,

Although the above procedure of testing adhesion does not
exactly simulate the kind ol streswes that are likely to be
Induced in the crust, yet it gives an idea of the relative perfor-
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mance of different binders under identical conditions. The
results of adhesion of different binders are given in Table 1.

TasLe 1

Adhesion of hinders with & without :
priming. Adhesioninlb per sq. inch. -

With tar No.3 With bitumen

807100
8. | Deseription T ) S
No. of surface
Shell | Shell

Without! Primer [Without| Primer !

1 i

' Donsity ) With “ With - [tewmarks
} |

} priming | No.3 ipriming! No.3 |

coat coat (@ coat coat @
211bj 21 b/

l100 sq. ft. 100 sq. ft.

i ;
D, !

i ’ T
j ‘
1. |Stabitized soil 1.8 to: 6to8 |

‘ 7t091b i 16t0 18 | 15 t0 18 | Averago

|
blocks with . 1.9 [t [ i b b of large
40 per cent ! | ! number
soft aggre- ‘ ! ! of tests
gate (loam) . i i | (50-80)
: : ! |
2. |Loam soil 1.8 to: 7to8 [8tol0lb|14to17]15¢018 do.
compacted ' 1.9 b | [ Iy b
at optimum ! | “ ‘
moisture ; i !
without any | | ‘
aggregate | 3 : 1
* (i) Sandy 18 . 6.71b (901 IL71b (14116  |Average
loam  approx, (‘ of ¢
! * tosts
(ii) Silty | do. |9.71b |9.31b  |13.21b [13.91b do.
loam !
(iii) Silty l do. § 9.11b ] 9.71b 1371b | 12.61b do.
clay L '
loam :
(iv) Loam | do. [8.01b 1031 [1361b |15.21b do.
\
3. |Burnt Dbrick ] — 781b - 222 1b - Average
block ‘ of six
: tosts
4. |Coucrete bluckl — (108 1b — 2LY 1b — do.
with gravel |
embedded in
top surface

Armatvt— ‘

* Physical characteristics of the soils (i) to (iv) above are given in
Table 2.

15



148 Munra, Ciappa & AGGARWAL ON

Soil btocks with and withouwt solt aggreegate of lesser density
than 1.5 could not be tested properly as the blocks themselves
gave way ab much lesser loads than those required to broak tho

adhesive bond.
Tanriy 2

Physical characteristics of the soils

| Lignid ‘ Sand t Sulphato Optimum
R (P . 4 » : P reeh- N
N. No. Noil by po £ limit vl [Ntluir‘u-n ‘ }“ttm(;;ll moisture
i ‘ ‘ g ago
!
| , |
1. | sandy lown SR I B ] 6.0 1Nl 1LY
|
2 Silty loam [R5 SRS (1) Ba 0 NIl | 13w
1‘ i i '
3. | silty elay loan SO (O W3 o0 [‘ 13.0
| ! |
4, " Lowin 25.0 [ oy 45.0 Nil 15
| ! |

It will appear from the above resulty that adhesion of'
bitumen (80/100) is fairly high as compared to tar No. 3, due
mostly to its high viscosity. 1In scleeting a suitable bir’lder,
however, there are other considerations also to be taken into
account such as penctration, permancney of binder film in the
presence of moisture, prevailing temperatures, etc. Morcover,
priming the soil surface with shell primer No. 3 before applica-
tion of the binder has no appreciable effect in increasing ity
adhesion. It was also noticed that smooth surface of the soil
crust gave better adhesion than rough surface. It is further
indicated in the above results that seil crust with 1.8 density
gives the same adhesion with tar No. 8 as with brick, '

The comparative adhesion of different binders also depends
upon their viscosity ; low viscosity no doubt is an aid to wetting
the aggregate and soil surface but high viscosity gives Detter
adhesion.

, .
_ The study was oxtended to the surfaco dressing of cement-
%011 roads. Blocks of all the four soils commonly found in
un‘Jab were made without any aggregate but with increasing
porcentages of cement, cured for a woeek  and dried in the sun,

The ¢xperi GOWETE e Lo
periments were carriod oud under similar conditions at
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deseribed carlier. The physical characteristics of the soils
selected for study are given in Table 2 and results of adhesion
are embodied in Table 3.

Tt will appear from the data that adhesion of binders
increases in all the four soils with increasing percentages of
cement. Silty clay loam and loam soils give better adhesion
than others with low perecentages of cement. However, with
7.5 per cent or 10.0 per cent addition of cement, all the soils give
almost equally good adhesion.

Tapre 3

Adhesion of binders with soil-cement blocks

‘ ‘ Adhesion in 1b/sq. in..
(Avorago of 4-5 tosts)
i Coment :
S. N(J.I Soil type percen- | T e T Remarks
tage :
| # witn |, With
! No. 3 ntumen
tar No. | 80/100 '
| ; | h
1. !Sandy loam (i o 6.6 | 88§ All the  Dblocks
(iiy 2.5 1.7 12,5 separated from
(i) 5.0 1 1.3 212 | the binder layer
(iv) 7.5 | 128 | 221 | on testing
(v) 10,0 133 | 253
2. | 8ilty loam 0 9.1 o112
| 2.5 9.1 | 144
| 50 | 133 18.7
7.5 12.3 24.6
) 10.0 12,1 25.8
3. | Silty clay loam 0 7.3 . 1.3
, 25 | 01 | 187
‘ , 50 | 106 20.7
7.5 lo.2 ¢ 29.0
| ‘ 1.0 2 | 275
4. | Loam ; 0 9.0 E 14.1
! | 2.5 103 | 163
| 5.0 5.1 | 173
’ | 7.5 16.5 | 246
. ] 10.0 16.5 ‘[ 30.5

The blocks were compacted in Abbot’s Appara-
tus giving 40 blows of the hammer weighing
53 1h and falling through a height of 15 inches,
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EFFECT OF TIMFE

Since the molecular orientation of viscous liquids proceeds
slowly, the e¢lement of time may be (:onsuflorcd to bo an important
factor in developing the maximum adhoesion between an aggregate
surface and the binder film. In view of this
od desirable to test adhesion by giving longer
The results obtained are given in Table 4.

or compacted soil
fact, it was consider
periods of setting.

TasLy 4

Showing the effect of time on the adhesion of binders

( Adhesion in 1h/square ineh. i
[ .o 1 With bitmmen |
| With far No. 3 ‘ R0/100 |
Period of con l)": = = _- 4
DPeriod of con= S e ega R = i
tact with DﬂllSitV} “24 "7 0 L "eg i ug 2 g ‘ Romaorks
sabilizod soil 28 eslE iR lE%EE
surface : 8'5?5 5352 27 ¢ E-’.ﬂg?j ’
’ | Tx w8 TuR|sE®
3% 53,7 2172520
\ ! i
; i !
10 days vy 183 8.0 7.5 1 198 16.0 ‘A\"m'ugo of
ApProx, | i 3 teoats
! i
1 month . [ 8.6 , 18,5 17.2 ;
H !
i i
2months ..., | 85 74 . 193 154 Al the blo-
i \ 3 | eks sepa-
4 months ... ' . 8.5 8.4 100 16.8 { rated from
‘ the binder
layer

It will appear from the above Table that without traffic
vibrations there is no appreciable improvement in the adhesion
with longer setting periods.

EFFECT OF ELECTROLYTES

With a view to improve the adhesion of binders with a
stabilized soil crust, addition of small concentrations of
electrolytes in a soil mass was also tried. Loam soil blocks were
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compacted with 1 per cent solution of common salt and 1 per cent
lime slurry in water respectively. Theso were joined with
concrete blocks using tar No. 3 and bitumen 80/100 and tested
for adhesion after a period of one month. The results obtained
are given in Table 5.

TavrLe b

Showing the effect of electrolytes on the

adhesion of binders

1:\dhosi0n inlh/sq. in.
. 1., Concen-
sziﬁt;ﬂzn‘f bhe traziol;: of i Density l | Remarks
Tar No. 3. B;B‘;%gn
(i) Toam soil com= | Nil 1.9 7.5 | 18.5 ( Average of
pactoed bloek | } | 3 tests
! , | "

(ii) Soil block with [ 0.1 per 1.83 7.5 1 1.7
1 per cent lime cent on i |
slurry ‘dry wt. of. ( 1 I

| osoil | ] !
: ! | | !

(iii) Soil block with | do. | L9 i 6.8 | 169 Al blocks
1 per cent com- | | | | separated
mon salt solu- | ) i from bin-
tion 1 | der layer

‘ ’\ on testing
I
I

The results given in this Table do not indicate any increase
in the adhesion with this treatment. The experiments were
repeated with higher concentration of these chemicals including
calcium chloride as well, and were conducted under two different
conditions. In the first case, the binder was applied on the
surface of the soil block immediately after compaction, while in
the second case it was applied after the block had been dried.

olutions of different chemicals with varying concentrations
were taken at optimum moisture and added at the time of
compaction,
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The results obtained are given in Tables 6 and 7.
TacLe 6
Showing the effect of clectrolytes (added during compac-
tion) on the adhesion of binder. Binder used—Tar No.3

S ; Concentration Setting Adhesion !
s Deseviption | of chemieal £ period of in b Remarks
7o o added binder  [per sq. in,
(Y Condition of application of hinder —dry hlorks
1. (Loam soil MQ(-I( ' Nil S One month 8.2 Average of
I gompacted with! forir feats
[ tap water i
i . [P
2, 'Loam soil Dlock 1 0.25 per cont. do, 11.0
compacted with | ondrey wi,
2.5 porcont cal- of xoil
cium  chloride”
¢+ solution !
i
3. lLoawm soil hlock | do. ' do, L0
compacted with |
2.6 per cont so- |
o dium  ehlorido
] solution
4, [Loam soil hlock do : do ) :
* N . . 0.4 Lhie \
compacted with . '\J‘fp::‘f:"tl:ﬁ’('ks
2.5 per  cent ! - ’
lime sluery ( f 1‘;;"': hindor

(ii) Condition of application of binder—Binder appli ’ j
. b pplied L aft
compaction when blocks woro retaining opbimu oist{:::(t; after

i
1. Loam soil com- Nil

| )
One ! 2 .
pacted bloek nemonth; 121 Blocks  sopa-

}
, |
; | rated from
[ | binder layer
Toam soil block 0.25 per cent [
I compacted with | on dry wt, 1
2.5 por cont cal- of goil /
ciurn  chloride ’
solution !
i
3. Loam s0il hlock don. [ do, 12.0
compacted with '
2.5 per cend so- |
dimin  chloride |
solution

do, Co124 do.

v

do.

4. [Loam soil Dloek do ;
rompactod mit to, 16.5 Soil hlock hro-
2.5 per  cont ke
time slurry
The blocks were eom ‘ j
b npacted in Abbhot's Apparntus
S'V‘”'g 40 blows of tho hanmer woi/_;hi:{:; 54 1h
and falling through a height of 15 inches. i
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TasrLe 7
Showing the effect of electrolytes (added during compaction)
on the adhesion of binder, Binder used—Bitumen 80/100

s: & -
S3 & 4%
B O o 49 g |
o= (o] oo Oy
( wr . . I E |=Reot .9-: Wy | N
8. No, Doscription 23 =] o 2% \ Remarks
@ & Sa 2 Sow J
o9 £ o g e
5“5 © © NG '
&) Z | | o

(i) Condition of application of'binder—Dry blocks

1, | Loam soil blocks Nil One 18.5 | Blocks separated
compacted with month | from the binder
tap water . layer

2. | Loawm soil blocks, 0.25 per do. 224 ! do.

compacted with| cont on
2.5 per cent cal-; dry wt. f
cium  chloride | of soil
solution

3. | Loam soil blocks do. do. 10T
compactod with ;
2.5 per cent so- |
dium  chloride )
solution :

Loam soil blocks do, do. 13.4 l do.
compacted with |

2.5 per cent lime

slurry | '

(ii) Condition of application of binder—Binder applied just after

compaction when blocks were retaining optimum 1noisture

1. Loam soil blocks! Nil | One | 263 Bloeks separated
compacted with month from the joint
tap water. ‘

2,  Loam soil blocks|0.25 per do. | 283 Soil block broken
compacted with{ cont on | ’

| 2.0 per cont cal-! dry wt. i |
] cium  chloride | of soil \
! solution, ’
3. . Loam soil blocks do. do. 1 334 | do.
i compacted with | ’
2.6 per cent so- ! i
diun  chloride | ;
solution., :
i
4. Loam soil blocks do. do. 1 231 do.
; compacted with :
| 2.5 per cent lime
slurry J ‘
The blocks were compacted in Abbot’s Apparatus
giving 40 blows of the hammer weighing 5} 1b
| and falling through a height of 15 inches.
[ DN N s e e N I
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1t will appear f{rom the whove Tables that with Tar No. 3
there ix some increase in the adhesion of binder Il_lm undcr. l‘mhh
the conditions and it is just possible th:mrt. undt_:r field conditiony
the cfiect, may be more pronou}nccd. \'N ith bhitumen, hov.vevcr,
there is an appreciable inereaso fulhesmn only \'vhcn. applied on
wot blocks : but under dry condition, the :L.dhcsmn increases to
some cxtent in the presence of caleium chloride only.

LEKECTS OF MOISTURE

Moisture plays an important ro!c i[! soil s_tzmbilizz»tion :t.n(l to
atbain maximum stability, compaction is carried out at optimum
moisture.  So, it ix rather important to know to whfmt extent the
presence of moisture in the stabilized soil crust will affect the
adhesion of the binder. The experinments were tried with a Joam
(P.1. 11.4 and sand content 40 per cent) compacted at optimum
moisture and then dried to varying moisture contents. Adhesion
was tested in the same way as described ecarlier. Results obtained
are given in Table 8.

TabrLe 8

Showing the effect of moisture (tap water)
on the adhesion of binders

) s |
| | BEEE. ,

. ‘\ Binder ! ;E g 5 g :.\(lheswn}

Description | used | 3 é’né 20 in Ib/sq. Romurk

‘ [ = ﬁ“" E & m,
| SET 3
| | - 5d E T T
/ ‘ {

Stubilizod soil}Tar No, 3| Nil i 6.0 | Results  given  are
block (lowmn soil ! 9-11 120 average of 4 tests
usad) 5-7 | 12.1

i !
Density L8 upp- ’ 1.2 bRy ‘
rOX. ‘ ‘
do. Bitumen Nil P18 AL bloeks sopn.rutt‘d
RO/100 11 [ W from the binder
8-9 L2000 | layer
6-7 185 i

35 1 164

The results clearly indicate that presence of some moisture
in the soil crust at the time of applying asphaltic binders
substantially improves the adbesion of both types of binders.
This fact should be of great significance in the surface treatmond
of stabilized soil roads.

On o field scalo, the surfucing of stabilized soil roads is
generally carried out after a period of o fortnight or so to allow
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proper curing of the wearing course.
conditions, there may not be appreciable moisture in the surface
to effect the adhesion of binders to a considerable extent. So,

for practical

application of this

Naturally, under these

phenomenon

under field

conditions, it was considered desirable to continue experiments
by sprinkling extra moisturc on the surface of the soil crust

before applying a binder coat.

In these experiments, loam soil

blocks compacted at optimum moisture to 1.8-1.9 density and

then dried in the oven were tested.

One side of the block up to

{ in. was soaked in water for a short interval and then allowed

TaBLe 9

Showing the effect of moisture (soaked afterwards by the

dry surface) on the adhesion of binders

Deseription

Stabilized soil  blocks
with 40 per cont soft
aggregate

Loam soil blocks with-

out aggregate

Burnt brick block
do.

Stabilized soil blocks
with 40 per cent soft
aggrogate

Loam soil blocks withe
out any aggrogate

Burnt brick blocks

Binder

Tar
No.3

Moisturo | g gy o0 o [

percontage |
gonked |
aftorwards

ey |
42|
ORI
l
|
|

—

Dyy
4.3
6.5

1 8.9

Dry

;After goa- !
king in

‘
|
|
I |
I water ‘
|
|
|

‘; After soa~
king in
L

|
|
|
Dry (‘
|
{ water )

in 1b/sq.
in.

84
4.8
4.6
5.0

6.2
5.6

19.6
16.0
15.0

17.4
16.8
16.6

|
1

Remarks

Average of 3 testa

I All the blocks se-

|
t
I
I
I
I

parated from the
binder layer on
testing

16
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to dry at 1

was at this stage that a coat of binder
The results obtained

tested for ac

These results r !
of the soil crust, after letting 1t dry once,
increase the adhesion of the binder,
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room tomperatu

theston.

TavrE 10

This increaso,

ro to varying moisture contents. 1t
was applied and later on
arc given in Table 9.

ovenl that addition of moisture to the surface
does not in any way

as already

Showing the effect of electrolytes (soaked afterwards
in dry soil blocks) on the adhesion of binbers

Deserip-
tion

Stabilized |
goil blocks !

f
Loam soil |
|
|

I
i
,
|
|
\
|
\
|

Jalectrolytes soaked &
ity concentration

Dry stato

Bindor applied  just
aftor  compaction  ab
optimum moisturo
Dry block soaked  in
tap water

1 per ecent ealciuum chlo-

ride solution soaked
by dry bloeks
(2.5 per cent calciam

chloride solution sonlk=
ed by dry blocks

i 1 per cent sodium chlo-

ride solution soaked
by dry blocks
2.5 per cont sodium

chloride solution soak-
ed by dry blocks

1 per cent lime slurry
solution soaked by dry
blocks

2.5 por cont lime slurry
solution soaked by dry
hlocks

Adhesion in b/

B, in,
e 0 With
W Kl‘; l:;” | Bitmnen
ST S0 100
I
7.4 18.6
13.0 20,0
3.6 13.6
3.8 14.9
3.6 10.9
5.6 10.3
5.6 13.6
|
3.6 13.2
‘ |
. 5.8 10.0

_

Remarks

Average of 3-4
tests

All the blocks
separato
from the bin-
der Jayer

TABLE 11
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Showing the effect of moisture on the adhesion of binders with cement-soil blocks
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shown, could only oceur when applied on freshly compacted soil
masx, fowever, attempts were continued to find out if this could
still beachicved by dipping the soil blocks in electrolyte solutions,
therehy imparting an ionie activity on the surface of the soil
erust.  The results which aro embodied in Tahle 10 show that
oven this treatinenty has no beneficial ellect on the adhesion of

binders,

The above study was extended to cement-soil compacted
blocks. In these experiments cement-soil hlocks were prepared
at optimum moisture with different soils using varying concen-
trations of cement,  Effeet of moisture retained under different
conditions on the adhesion of binders with cement-soil blocks
was determined as disenssed earlier. Phvsical characteristics of
the soils sclected for the study are already embodied in Table 2.
The results obtained regarding adhesion of these binders with
stabilized soil-coment surface are givonin Tablo 11. Tt will be seen
that the effect of moisture in increasing adhesion between coment-
soil block and binder ix well pronounced with bitumen 80/100
and moisture retained from optimum quantity is more cffcetive
than that introduced in later stages,

SUNNMARY

It has heen shown in this study that Lhe adhoesion of bitumen and tar
film with a stabilized sot) crust is control)el by a number of physical factors
such as (i) density of road crust, (i) viseosity of bindors, (iii) moisture
content of toad crust, and (iv) nature of murione, By earefully contrulling
these factors, a substantod improvement. in the adhcgion can be achieved.
Priming has not proved itself of rouell value in fmproving the adhesion.
Addition of stnall conerntrations of olectrolvtes also impr(;\"cs adhesion in
tho presenco of somuce moistare., '

Tho following conclusions have heon drawn

(0} For maximum adhesion with binder, the compactod goil in the
erust should have adry bulk density of not Jesy than 1.8,

(h) Other considerations being equal, the more viscous binders
seem o have botter adhesion.

(e)  Up to optimum moisture, the more iho moisture in tho erust the
greater tho adhesion, (It must, however, bo borne in mind
that oneo the surface is sonlod with a bituminous binder, the
crust will dey at an oxtremoly low rato, and will f,ll(sfe;fore.
tako o long time to develop stability, Tt may. t]l’()l'l?f()l'ny be
Necessary to let the crust dry partly g0 asto atinin stability
and  also enough  adhosion  with the carpot bofore surface
treating it).

(d) In contrast to arough surfuce, o smooth surface of the crust
gives botter adhesion.  (The Rurulming of surface hoforn surface
Lr(‘u,t,n'u-ut, as done in the water-hognd macadam roads, should
not, therefore, be done for stubiliz i lei

: s eod oil roads, only superficial
dust should Lo brushed off). ’ v e

—
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<
Comments of Members of the Research Organisation

Committee

1. Comments by Chief Engineer, Punjab

The adhesion of a binder to a surfaco is essentially a surface pheno-
menon and depends largely upon the nature #f the binder and the area of the
surface in contact with the binder. In the experiments conducted in the
Research Laboratory at Karnal, the adhesion of the binders to the
stahilized soil was determined by ascertaining the force to pull apart the two
specimens 4 in, dia. and 2} in. high, one consisting of stabilized soil under
tost and the other made of a standard surface of conerete with gravel embed-
ded in it. While the surface area of the soil block is constant, the area of the
conerete block varies with the amount of gravel embedded in the concrete
which is not a constant factor. This is likely to introduce certain
discrepancy in the eventual results obtained.

Tars and bitumens aro plagtic materials which would flow under any
stress howsoever smull applied for a certain period of time. The rate of
application of this stress is, therefore, an important factor in t_he work with
bituminous material, From tho description of the test given in the Paper,
the rate of application of this stress has not been menti.oned or taken into
account. The ecological properties of binders are very 1mpprtant and are
now being taken into account in the case of all works being done with
bituminous binders. Ho is, thercfore, of the opinion that the results
tabulated in the Paper are not really comparable as this factor has not been
taken into account in this study.

Further, the nature of the failure has not been indicated in any of the
Tables. The failure could be of two kinds.” It may be the separation of t.he
binder from the soil surface or it may be the flow of the bitumgn wh}ch
measures viscosity of the binder rather than the adhesive force yvlth which
it is sticking to the soil surface. The fact that bxtum_en has given better
adhesion with soil as compared to tar No. 3, asshown in the case of results
given in Table 2, is an indication of the fact that ‘the test usesi for the
determination of the adhesion strength is not measuring this qgmhty of the
binders. Normally, one would have expected that the adhesion of tar to
soil surfaces would be greator than that of bitumen on account of the higher
viscosity of the latter and the iack of wetting properties. But the results
given by the test are contrary to this theory.

Further, the temperature at which the tests are made is also an impor-
tant factor and it is not mentioned in the report whether this was kept
constant for all the testa.

It has been mentioned in the Paper that it has been obseryed that the
application of primer does not affect the adhesion of the binder to the
surface. This isalso against what would be expected and‘ further proves
that the test does not really mea-ure the adhesxo.n of t}_m bmdqr to the soil
surface but merely measures the viscosity of the binder in question,

Tt is, therefore, his opinion that the test e\.zolved by t}he Karnal
La.bora,tory does not, in fact, measure the adhesion of the bmfier.to t_he
stabilized soil surfaces and, as such, the results obtained are not indicative
of the actual adhesive properties of the binders to the surfsces but merely
measures the viscosity of the binders used, The results obtained are rather
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erratic which probahly is duo to the fact that tho rate of application of the
loud isx not constnnt and this produces the discropancy in the ;osults.
He would, thereforo, suggest that tho study sh()uld. bo pnrfurm.o,d again after
standurdising the surface agninst which the adhesion of the binder is to he

by applying the foree to pull tho tost pieces apart

measurod and, accondly, t '
at . constant rate, It is also ogacntinl that the temporaturoe at which theso

tosts are earried out should bo kopt constant.

2. Comments by Shri K. F. Antia

General: The findings of this Puper aroe very significant ; if the
results of tests are by any wmeans g measure of relative pm'fnrm{nma of s‘meh
construetion in the field, then this information wﬂl’ x"vmhly.hnlp l’n (‘l'ifyﬂ.h]lﬁh-
ing the best gpocifieation for tho surfucing of stalilized soils, ] n.q.q.)b]y tho
interpretation conld have heen extended had come correlation beon
ostablishod between the rosults of ﬂthx'ssa !‘(:Sf.ﬂ to actual performance of
roads under identical conditions, sinco it is reported that .ﬁlll:ll roads have
beon lasting satisfactorily for moro than 6 yoars in tho Punjab.

Conducting a shonring test of such surface courses instoad of a pull test
would possibly bring tho rosults more near to tho observed performance in
tho fiold, and possibly give a direct indicntion of tho merits of various
grentments. For this the specimen could possibly be shaped similar to the
dimensions of the shear box with an intermediato block of concreto.

Tho results are also very revealing in regard to the use of reasonable
percentago of coment, a8 cement content of over & per cent nearly doubles

the adhesion in all the soils tested,

The number of tests and materials employed does not fully justify the
inference that priming coat hasg not proved of value in improving the

adhesion,

Conclusions ‘¢’ and € d’ appear to be rather difficult to be obtained in
practico in that if the moisture content of 6 por cent is to bo retained for
improving the adhesion of the binder, under such condition the procedure
for removing suporficial dust by brushing is not Jikely to he possible; more-
over, without very experienced staff it would De diflicult to judge the
moisture content to bo retained in tho crust.

It would have also been more instructive had the traffic conditions
under which this type of surface dressings had been successful, been
mentioned.

With regard to tho refercnce to satisfactory porformanco of stabilized soil
roads for over 6 yoars in the Punjah, an indieation whether such pavemonts
with a bitumen or tar surfacing havo satisfactorily withstood the punishment
of bullock-cart traflic would bo of considerable value, Details of composition
of such pavemonts would also he valuable.

3. Comments by Shri K. K. Namblar

The research deals with laboratory tests conducted on the adhesion of
bitumen and tar binders on stabilized soil base.

It is noticed that the conclusions, viz., a, h, ¢ and d arrived at are
solely on thc results of laboratory tests on stabilized smmples. It is
necessary to correlate tho lahoratory results with those ohtained in the field
before the conclusions can be confirmed,
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4. Comments by Shri M. §, Bisht

. Iﬁ 18 considerod that a few experimental strethes or roads may be laid
0 observe the behaviour of stabilized surface treated with binder in the
presence of maoisture to conlirm the laboratory resulis,

Replies of the Authors to the Comments of Members.

1. Reply to the comments of the Chief Engineer, Punjab

dh Surface area of the concrete block doos not come inio picture, as
adhesion was measured with the stabilized soil surface and not with the
concrete surface.

The rate of application of stress was kept uniform in all the tests by
regulu};mg the flow of sand in the lower bucket. It was of the order of 40 1b
per minute. .

) Tho nature of failure in all the tests was the separation of the binder
f;lyer from the stabilized 8o0il block. This type of failure truly represented
the relativo adhosion of difforent soil surfaces with binder,

. Tho fact that bituruen has giveu higher test value than tar No. 3 is due
to its greater viscosity, resulting in better adhesion,

The blocks wore tested at the room temperature prevailing, the daily
variations which were of tho order of -+ 2°C. were too low to affect any change

in the viscosity of the binder,

It is true that results may be different at temperature varying much
above or below the temperature of tests.

Regarding primer treatment, reductior in adhesion caused by priming
may be due to loss of cohesion of the soil particles on the top surface.
Similar results have been obtained in the field. .

. The method of testing adopted was a measure for adhesion and not
Viscosity. This is the very method which has been suggested by the Chief
Engmeer, Punjab, himself in the last para of his eomments.

2. Reply to the comments of Shri K. F. Antia

'I_‘hese observations have been recorded in the past but not in detail.
Detailed observations are, however, being collected to correlate them with
laboratory results.

The_ object of the laboratory investigation was to get relative adhesive
Properties of tar No. 3 and bitumen with a stabilised soil crust under
identical conditions, It is agreed that a shear test will give further infore
mation,

As a result of subsequent work in this laboratory, it has been observed
that adhesion with primer depends upon the type of solvent used. In the
lﬁ-boratory tests primer prepared with diesel vil was tried which generally
glvt;)sl low adhesion. Further field work is required on this aspect of the

roblem,

The field laboratory staff attached to the construction of stabilized soil
Toad can easily determine the moisture content in the crust.
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Laboratory investigations were taken in hand during 1956/57 to assess
she suitability of utilising a large quantity of erusher run granite fines
wailable at Madras Corporation’s quarries and crushing plant at Pallavaram.
[nitial tests revealed that this aggregate would be suitable for preparing
rold fine asphalt which is used extensively in Western countries for road
mrfacing works. This Paper gives details of laboratory and field trials
arried out along with their results and of subsequent developments
owards the large-scale use of this material on Madras City roads.

1. INTRODUCTION

Amongst the many specifications for bituminous road
sonstruction, ranging from light premix chipping carpets to
lensely graded hotmix asphaltic concrete pavings, is cold
ine asphalt, which during the last two decades or so has
seen extensively used for road surfacing work both in the
U. K. and countries in Continental Europe. Hundreds of

. ]'Ilflgineer, Corporation of Madras.
t+ Bitumen Manager, Burmah-Shell, Madras.
I Bitumen Engineer, Burmah-8hell, Madras,
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Tho Paper docs not denl with the surfuco dressing of stabilizod soil
roads.

Surfaced stabilized soil ronds in the Punjub have withstood punishment
of mixod traflic comprising bullock-earts, lorries, ote.  Surfacing has boen
done using hitumon BU/108 as woll as tar No 3,

3. Reply to the comments of Shri K. K. Nambiar

The suggestion of Shri K. K. Nambiar was notod., It is obvious that
fiold trials huvo to bo conductod before uny applicablo results can bo arrived

at.

4. Reply to the comments of Shri M. S. Bisht

Shri Bisht’s idoa was very much apprecinted by the Authors and they
agreed that it would Lo very holpful to try such field experiments.

{ntormation Section

L. BITUMEN IN ROAD SURFACING - -I)l‘JVIZI‘()PI\lILN”I"
OF COLD FINE ASPHALT IN MADRAS

[

THE INVESTIGATION, DESIGN AND CONSTRUC-
TION OF SUBMERSIBLE BRIDGES

3. RECOMMENDED PRACTICE FOR NUMBERING
BRIDGES AND CULVERTS
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miles of roads in these conntries have heen gurfaced  very
succeasfully by using this material.

Tt has been used in the form of thin carpets (3 in. to one
inceh thickness) for resurfacing existing bituminous roads, on
binder conrses of bitumen macadam and for covering stone setts.
[t has heen extensively used for surfacing footpaths, railway
platforms, playgromwnds and for generad patching works. It also
forms a useful adjunct to some of the newly constructed heavy
duty roads by providing i in. thick temporary surfacing for
carrying construction traflie, cte., before the final asphaltic
conorete woaring course is laid. In its¢lf, it provides & non-
skid wearing surface, but for improved appearance, the general
practice is to roll in pre-conted §in. size stone chipg after laying
cold fine axphaltt,

2. GENERAL DESCRIPTION

Clonsisting of a fine crushed aggregate mixed with bitumen,
the principle of this tvpe of mix ix the mechanical stability
imparted to it by the interlocking  of  aggregate p:u‘{,icl(\-s
under compaction.  Though it is generally laid warm as
received dircet from the mixing plant, it can he, duo to its
relatively low binder content and low binder viscosity, so
designed as to remain workable for o long period and then laid
cold, The W(m_l “cold” may appear to be a misnomer ag heat is
alwavs used while mixing buti iy quito appropriate considering
the possibility ol its eventual use in cold state.

Mixing and laying methods have been incorporated in the
British Standard Specification 1690 : 1950, but here it should
suffice to mention the following specifications for the ingredients
according Lo this standard : B .

() Aggregate: Clean, lard, durable, crushed igncous rock
or limestones of the grading given below :

Passing | ineh BN Sieve... 100 per cent hy weight
,, No. 7 . 75-100 per cent ’
,, No. 25 . 35-60 per cent ’s
. No. 100 . 15-30 per cent ’s
., No. 200 . H-15 per cent ’

., _Generally, most | inch down quarry fines will meet these
1zmltﬂ except possibly the fraction passing 200 mesh which ean
e made good by the addition of a mineral filler

DryvierorsmiNr or Conh FINE ASPITALT 167

(b) Bitumen :

Al Al .
Specific gravity at 60 degrees

Jfahrenheit 0.95-1.10
Penctration at 77 degrees _
Fahrenheit 180 min.

Viscosity af 104 degrees Wah-
renheit using standard tar
viscometer 20 min.
(¢} Mix Composition :
Soluble bitumen
Percentage by weight of

Type of ageregate
nixed material

Min. Max.
Igneous rock 4.5 6.0
Limestone 4.5 6.0
Stag 4.5 7.5

3. PRELIMINARY WORK IN MADRAS

3. 1. Materials Used

. (9) Aggregate: As mentioned carlier, mechanical stability
given by the interlocking of the aggregate particles under
compaction Dbeing the key to the success of this mix, only a
crushed aggregate is suitable. Under traffic, soft aggregates are
likely to get crushed resulting in higher fines content. Their use
leads to a smooth slippery surface which suffers from fretting.

In Madras, crushed quarry fines, which is not éxactly a
waste material, are available in large quantities at the Madras
Corporation’s crushing plant at Pallavaram. These quarries
yield granito of a vory hard and durable variety which has been
extensively used for road works in and around Madras. A sieve
analysis conducted on a representative sample from Pallavaram
gave the following results:

Size of steve Percentage of total weight passing
3/16 in. BS sieve 100
No, 7 . 91
No. 14 " 73
No. 25 . ' 55
No. 36 ' 46
No, 52 " be 36
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Size of sieve Percentage of total weight passing

No. 72in BN sieve. 28
No. 100 ’s 22
. «
No. 200 " 9

IFie. 1 shows that this aggregate falls vs:(-il within the

s W . . = :
grading limits specificd by BSS 16901 1950). f;ouform.mg not
only to the particlo size limits, Pallavaram granite particles aro
also ocubical in shape with a rongh surface texture which greatly
helps in obtaining a sand paper textured non-skid riding surfaee,

(by Binder: In addition to holding' the aggregate particles
together, the role of I)in(lm'.m ('Ohl'h!]e asphalt where st‘ock
piling is required is to retain the mix in a workable condition.
Therefore, the type of binder may range from a soft straight
bhitumen to a medium viscosity cutback, the actual choice bheing
governed by the nature of aggregate, mixing facilities and
working conditions. While low viscosity is required when the
mix is being laid, the binder should exhibit substantial increase
in viscosity with increasing traflic compaction to prevent possible
deformations under trafiic.

Tt was revealed by initial experiments conducted in Madras
that 300 to 400 penctration bitumen wag quite suitable for the
aggregate available; the general practice in European countries
is to use 400-500 penctration bitumen. Where stockpiling is not
required, straight 180/200 penctration bitumen can be uscd which
should give higher initial stability value on occasions where cold
fine asphalt can be mixed and laid within a matter of & few hours.

Owing to non-availability of such soft grades in India, trial
blends were made in the Burmah-Shell Laboratory to evolve a
formulation suitable for the Pallavaram ageregate.  Straight
grades of bitumen Mexphalte 80/100 and Spramex 180/200 were
blended with varying percentages of fluxes {light diesel oil and
furnace oil were selected because of their low volatility) for trial

purposes.  Given below are their compositions and penetration
respectively : '
I T .
N ! ~ Flux poreentago | Ponetration
No. Bitumen grade l I'Tax - by woight of at 25 dogrees
‘ bitumen Contigrado
L. 1 Moexphalte 80/100 | Light, dicsel oil 5 | 225
2. N | " 7 ! 326
3. . s’ 'y 8 | 415
4. | Spramex 180/200 . 5 ‘ 466
g. v . . 6 480
. 'y Ifurnace oil 5 340
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A natisfactory mix should have a ¢ soft sugar’ feol us against
a hard, gritty and dry feel. A quick test is to squoeze some of
the freshly manufactured and cooled mix in the hand; it should
compress nto a ball and retain its shape but should also readily
crumblo again when pressed between fingers and the thumb.
While squeezing, howevoer, very little of the mix should adherc
to the hand. The behaviour of the mix in stockpile was assossed
by studying the workability of small quantities of the mix in the
laboratory. The selection of the binder was mado on the tox-
ture and consistency of the mix when it cooled and its belmvio{u
in the stockpile. '

On this basis, after preliminary tri .

iti SRR ary trials, biends with compo-

sition as dotailed in itoms (2) and (6) of the Table on page %(i&

\vcrlc S§1100tl(‘<1\1'»11d used in the oxperiments,  Trials conducted

with blend No. 1 proved unsatisfactor : :
R ; S1¢ ry fr .

of stockpiling. y from the point of view

11? is to bo'pointcd out that a wide range of binders can be
usod in cold fine asphalt, but field trials in Madras were limited
to only two of the above binders.  Furthermore élle ocontao
of flux and the type of flux used in these OXI)GI‘iI;lcllts Ic& ot {”c
taken as a standard ; it may be necessary totr V‘Lrimt'onls de er)l-
ding upon the aggregate availablo and I)T'O\"l.il'y i li Pd.
tions. ailing working condl-

(c) Binder content is u functio i
onten! . n of grading and nature of
25%:(?5&1;?.{;”%&;31(;22:mpz,rtmgl;l mechanicalgsta,bil%ty to the mix, &
. led aggregate will ensure a minimum bind tent
compatible with performance. Excess of fi ing 200 mesh
makes coating difficult whereas a o g 2
: ‘  difficult w a preponderance of ¢ i-
cles gives a ‘gritty’ mix which is difficult to 0(:1(1)1{;::3; Im'll.;ilillo
;.)&):én;;lexﬁc})méictr c;)nfeintti for cold fino asphalt is that which is
: ent to hold the mixture together duri the initi
&‘(;1[‘1051 after laying, before compaction by traftic ll{lxll%tsttliz f;?gl‘;l
ensc ramé)hunb shoul;l neither bo too little nor too much so as to
ure tho propertics of the mix for storing, cold laying
(?urgpl_llty. [o some extent binder cont,onté;io;)%ndt}dﬁi\nir:f?ig
(clon itions. Where ultimate compuction is expectod to bo slow
due to light tx:aﬁw conditions, it might he advisable to slightly
wec::z;)s:e thedbu}tt;iler4 content. In the laboratory trials zgixos
ared w 5,5, 5.5 ( i ’ woi
i a.ggregl;te. ith 4.5, 5, 5.5 and 6 per cont of binder by weight

3.2. Laboratory Trials for the Preparation of the Mix

1500-gram batches were

- 8 > prepared.  Both :

E;;l:ii::l zex;cbheated to 120 degrees Centigrade :mtggtrggtbfgixuiﬁ(;
ut by hand; the mixing temperature not exceeding 150

Photo 1.
Bus stop on Whannels Road Jaid on
water-bound macadam in
February 1957

Photo 2.
Mount Road after 2 years of service;
there is evidence of recurrence
of cracks on the original surface due to
wearing of the }in. thick carpet
1aid in March 1957



Photo 3.

Napier Bridge,
Madras. One-third
width of the road on
either side surfaced
in April 1957

Photo 4.
Egmore
High Road
surfaced
in July
1958

Photo 5.
Compac-
tion of
laboratory
sample of
cold fine
asphalt by
wooden
hand-
roller
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degrees Centigrade. This temperature should be as low as is
compatible with satisfactory coating of the aggregate. Overheat-
ing of either the aggregate or binder would obviously drive off the
volatile fractions of the flux, resulting in a mixture having poor
storage properties. It was difficult to obtain a satisfactory mix
by hand below 100 degrees Centigrade. The time taken for
preparing each batch of the mix was about 5 to 7 minutes.

The mixes prepared with the above mentioned cutback bitu-
men were kept in storage for 7, 14, 21 and 60 days. They were
then placed in wooden trays of 12 in.x 6 in.x} in. size and
rolled with a small wooden hand roller weighing 450 grams, with
the maximum pressure which the operator could apply. The
mixes thus rolled were kept in the open sun and every half hour,
between 10 A.M. and 5 P.M., 20 passes of the roller were given.
This procedure was adopted to simulate the field conditions as far
as possible where the carpet is supposed to be consolidated com-
pletely by pneumatic tyred traffic. Under this compaction, the
surface becams sufficiently hard to withstand maximum thumb
pressure successfully. It took about 38 to 72 hours for the
surface to become hard.

The results of these trials, as detailed in Annexure 1, may be
summed up as follows :

I. By using 4.5 per cent binder content it was found that,
for the aggregato used, the mix was difficult to con-
solidate even after extra rolling.

II. Other factors being equal, the rate of setting is quick-
ened as :
(a) the binder content is increased within the limits
normally specified, and '
(b) dusting the surface with small percentage of lime-
stone dust or cement.

ITI. The full inherent strength of the cold fine asphalt
carpet is obtained only by the traffic that follows the
initial rolling. Mere age does not seem to increase the
strength.

1V. Even after 2 months storage, the mixes are easily
workable.

As cold fine asphalt does not possess any inherent stability
until laid on the road, any attempt to determine the strength of
a tost specimen prepared from freshly made material will give
only. misleading results and, as such, no tests were carried out.
On the road it is expected that a cold fine asphalt surfacing should

18
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gradually wear in thickness without disintegrating. A hardened
crust is formed on the top which takes the wearand tear of traffic
with the material underncath remaining soft for a long time. It
may normally take an appreciable time wunder avorage traffic
conditions for the surface to become fully consolidated and to
obtain its resistance to deformation.

3.3. (a) Initial field trials: As results of these trials
conducted in Burmah-Shell Laboratory were cncouraging, ﬁc'ald
trials were carried out by Madras Corporation authorities with
the assistance of Burmah-Shell Bitumen Department. ) A Millars
hotmix plant equipped with drying, screcning and mixing unit
at the Corporation Central Asphalt Plant was used for the
manufacture of the mix.

Ag already mentioned, it was possible to get aggregate of a
suitable grading from Pallavaram quarry for immediate use, a
screen being used to reject any oversize particles. The mixing
temperature was kept as low as poss.lble (abqut 150 degrees Centi-
grade) to avoid driving off the volatile fractions of the flux.

The difficultly encountered while mixing was that the cyclone
dust collector attached to the hotmix plant removed the finer
particles of the aggregate as well, the resulting aggregate fed to
the mixing plant being very coarse without any filler, As this
dust collector induces the draft required for the burner, it was
not possible to shut it off. The trouble was overcome by collect-
ing the fines from the cyclone collector and adding them in the
required proportion to each batch of the mix. Mixes wero pro-
duced with 5 and 6 per cent binder content. The binder used was
a outback prepared with 80/100 penetration bitumen and light
diesel oil. It was heated to 115 degrees Centigrade and added to
the dried aggregate. It took about 2 minutes for complete
coating of a batch of 800 Ib. The mix was then discharged.

The mixed material was stockpiled on g cle
covered v;{ith a ta,rpa.uldin toh avoid contamin
water. ixes prepared with 5, 5.5 and 6 pe i
stockpiled for 25 and 30 days were found Eor t(:g n:a.:illr;rdevl;c)c:kna.tgll;t
In fact, a small quantity of mix left over with a 5.5 per cené
binder content was easily workable even after 45 da.y's P There-
fore, as the Corporation felt that their storage pefiod was
unlikely to exceed 45 days, further trials wore not carried out.

an platform and
ation by dust and

(b) Llaying: Experimental stretches were laid
approach road to the Central Asphalt Plant, Egmor;, w}(::re :l}i:
inten_sxty of traffic is about 750 tons per day, predominantly
heav:ly loaded lorries and tractors. This portion of the road

X
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where cold fino asphalt has been tried is also subjected to sharp
turning, deceleration and acceleration. On the existing black
top surface, 3/4 inch thick cold fine asphalt was spread as a
renewal coat. Depressions in the surface were filled with precoa-
ted chips and allowed to be consolidated thoroughly by traffic
beforo laying the cold fine asphalt. The filling of depressions
is important since the renewal coat of the cold fine asphalt
should be of uniform thickness. If the thickness variesfrom place
to place, the compaction will be unequal and as such any uneven-
ness in the old surface will show through. This was demonstrated
by laying a short stretch of cold fine asphalt at a place without
first filling the deprossions; the surface looked true to level in
the beginning, but subsequently developed corrugations.

After filling up the depressions and allowing them to
consolidate under traffic for a few days, the surface was cleaned
free of dust, dirt, ete., and a tack coat was applied. The quantity
of bitumen to be used in the tack coat should be varied with the
condition of the surface and be just sufficient to give as thin and
cven an application as possible. It is difficult to obtain a very
thin film using neat bitumen, unless it is applied with a mechani-
cal sprayer and as such a bituminous emulsion ocan be used very
offectively. Colas was used in the tack coat at the rate of about
10 1b per 100 sq. ft. For purposes of comparison straight run
bitumen of 80/100 penetration was also used but it was not
possible to apply less than 15 lb per 100 sq. ft. evenly by hand
pouring methods.

On delivery at site, the mixed material was placed in heaps
on a clean, hard surface. The cold fine asphalt was spread by
shovels and raked toa loose uniform layer of approximately
twice the compacted thickness required. Handling, spreading
and raking of this material was very easy when compared with
other types of bituminous mixes.

Compaction of the cold fine asphalt was carried out with
an 8-ton roller soon after spreading. The usual precautions in
rolling as for any other bituminous carpet, i.e., moistening the
roller wheels and keeping them free from any deleterious matter
were taken. After an interval of 24 hours, the surface was
rolled again. On surfaces that are not subject to intensive
prieumatic tyred traffic, care must be taken to roll the carpet
thoroughly. The road was opened to traffic immediately after
final compaction. In the initial stages, traffic markings and in
some cases hair cracks were noticed on the surface, but the
Ironing action of continuous traffic proved them to be of a
self—healing type.
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Another trial stretch of 1/2 inch thickness was laid on
Mount Road which is one of the busiest thoroughfares in Madras.
This stretch laid in 1957 ie to-date performing very satisfactorily.

Short stretches of cold fine asphalt surfacing were also
provided on :

(a) a water-bound macadam base on Whannels Road 3}

near a bus stop to a thickness of 3/4 inch.

(b) a footpath on Casa Major Road to a thickness of 1/2
inch using a richer mix with 6 per cent binder
content to obtain better initial compaction. A
vibratory roller with compaction equivalent to a 2-
ton roller was used.

In all the above trial stretches the thickness of carpet laid
was 1/2 inch or 3/4 inch only. Itis, however, desirable that
carpets of 3/4 inch to 1 inch thickness should be laid in preference
to 1/2 inch thickness.

In addition to these road works, some trial patches were also
carried out for which purpose cold fine asphalﬁ proved ideal.
After removing all loose material, the edges of the pot-holes were
cut vertically and a paint coat of bitumen given. The mix was
put in and consolidated by hand rammer and traffic allowed
This quick and efficient patching method was found ver.;;
satisfactory and the Corporation authorities commenced sendin
the material packed in gunny bags to the work site. For otg-
holes deeper than 3/4 inch it is advisable to use premix chi Ii)n s
to obtain a uniform level before applying cold fine aspha,ltpp ¢

4. CONCLUSION

These laboratory and field trials
with 5.5 per cent binder content
mexphalte 80/100 fluxed with 7 per cent light dj i i
of bitu.nqen) gave better results both fromgthe }l)?)si?to:)lsz’riv;:;g}éz
stockpiling and actual field performance. Hence, for the exten-
sive worl; as outlined in the following para,gra,p,h the Me;.dra,s
Corporfi.t}on adopted this specification. The total c;)st of materi-
als,h nlmtlx.mgMagd laying a 3/4 inch thic
aspnalt in Madras City worked out to R
detailed break-down is given in Annexuri 22,6‘38 per 100 sq. fe. A

eveal'ed that mixes prepared
(the binder being a blend of

The road trials done in March 1957

S r roved i

gl;d after observm'g. their behaviour tPor &ebowlrletryasatl:;:d:i};
Tporation authorities adopted this specification onya %ail‘ly
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large scale. Till about the middle of 1959, about 17 lakh sq. ft.
of road surface (equivalent to 30 miles length of road 12 ft
wide) in Madras City have been covered with cold fine asphalt,
among which the following stretches are worth mentioning:

Mount Road 16 ft x 800 ft
Egmore High Road 20 ,, x 1320 ,,
Napier Bridge 30 ,, x 900 ,,
Purasawalkam High Road ... 20 ,, X 300 Iy
Poonamalle High Road ... 30 ,, x 500 ,,
Gandhi/Irwin Road .. 40 ,, x 500
Sir Muthuswamy Iyer Road ... 2 X 12 feet x 1000 feet

(Dual carriageway)

ACKNOWLEDGMENT

D. R. Kohli & S. M. Mohideen are grateful to the General
Manager, Burmah-Shell Oil Storage & Distributing Co. of India
Ltd., Bombay, for permitting publication of this Paper.

BIBLIOGRAPHY
1. British Standard Specification 1690 : 1950 for COLD FINE
ASPHALT.
2. “Bitumen in Road Surfacing’’ by Shell Petroleum Company Ltd.,
London (1957).



“'THE INVESTIGATION, DESIGN AND CONSTRUCTION
- OF SUBMERSIBLE BRIDGES

By
D. JounsoN VICTOR*, B.E., A.M. Inst. H.E.

CONTENTS
Page
1. Introduction e 182
2. Definitions ' w182
3. Choice of Submersible Bridge .. 183
4. Selection of Site .. 184
5. Hydraulic Particulars and Discharge
Calculations .. 185
6. Afflux .. 189
7. Fixation of Ventway e 190
8. Fixation of Road Level ‘ we 101
9. Forces acting on a Submersible Bridge e 192
- 10. Soil Particulars and Foundations e 194
11, Abutments and Piers . e 198
12. Deck Slab ' . 200
13. Anchorage of Deck Slab to Substructure w201
14, Kerbs and Guide Posts e 201
15. Approaches w203
16. Need for Further Research ‘ e 204
17. Conclusion e 208
Appendix ' e 207

SYNOPSIS

- This Paper discusses the various points to be considered in the design
. of a submersible bridge. Somse of the problems encountered are peculiar to-
submersible bridges and they need careful attention of the investigating and
designing engineers. The value of engineering judgment rather than:
mere application of standard formulae for caleculating flood discharge is
stressed. Some of the aspects of design which need further.experimental .
research are mentioned. The particulars that are tobe carefully gathered.
and noted by the engineer investigating a submersible bridge project arve -
lieted in the Appendix. ‘ F o
* Civil Engineering Department, College of Engineering, Guindy,.:
Madras-25, . '
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1. INTRODUCTION

The subject of submersible bridges has not received its due
share of attention from engineers all over the world and literature
available about their design and performance 18 scarce. Submer-
sible bridgos are not commonly adopted in Western countries and

i ar
gsgﬁgrl;;;::gﬁ with just tho definition of the term. It is rather
disapppointing to note that this has been repeated to some ex.teqt;
in some of the standard Indian manuals as well. Probably it is
partly due to the fact that theso bridges appear less impressive
and have been generally adopted on minor roads for linear water-
ways of smaller magnitude. But it is not often realised that
within its limitations the submersible bridge offers a cheaper
means of crossing than a conventional high level bridge, the
cost of which may sometimes be such as to eclipse all chances'of
providing a crossingrat all. Thus in under-developed countries
like India, where finances for road works are not quite abundant,
the potentialities of submersible bridges are great indeed. 1t is
gratifying to see that the Highway Subcommittee of KCAFE
have recently recommended! the adoption of submersible bridges
on low cost roads.

2. DEFINITIONS

It would be worthwhile to note the definitions of the follow-
ing terms which are used in this Paper.

2.1. Submersible Bridge

A submersible bridge is a structure designed to be ever-
topped during heavy floods, but having its road formation level
fixed in such a way that the interruption caused to traffi duri
floods will not exceed three days at a time and six times irllni
year.

2.2. Extraordinary Flood Level (E.F.L.)

The extraordinary flood level is the | i
flood that has been known to have ever oc(::ur?égl a(.)tf :}llle hlgh.%t
or the calculated level of the highest flood. ® erossing

2.3. Maximum Flood Level (M.F.L.)

Maximum flood level is the Ilevel of the hj

may oceur quite frequently, say, ghest floog that

once in ten yearg op S0

d text books on bridges we often find that the
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.4, Ordinary Flood Level (O.F.L)

irdinary Flood Level is the level of a high flood which is
ted normally to occur every year.

5. Low Water Level (L.W.L.)

ow water level is the level of the surface of the stream
ally obtaining in dry weather.

3. CHOICE OF A SUBMERSIBLE BRIDGE

'he submersible bridge is essentially a low-cost bridge and
rompromise between a high-level bridge and a bed-level
way or paved dip. It is best suited when the difference
en the ordinary flood level and the maximum flood level or
srdinary flood level is considerable and when the site is
’t to wide fluctuations of floods of short duration. Also
bype of bridge can be adopted only on roads of minor
tance and less traffic, where interruptionsto traffic for short
ions of upto three days at a time for a maximum period of
sen days in a year will not be of much consequence. Thus
id that submersible bridges are generally most suitable for
in hilly terrain where the streams are near to their origin,
rinor district roads and village roads and for roads spon-
by community projects where low cost is of great import-

Where the cost of a high level bridge at a particular site
Major District Road of lower traffic intensity, say, less than’
tons per day, be such as to delay indefinitely the provision
crossing at the site and where a submersible bridge at a

cost could serve well enough, then, as a special case,
ion of a submersible bridge on & Major District Road may
e recommended. Such a case as this, though less frequent,
still be” met with in many less developed States of our
ry. But on State Highways and National Highways
ersible bridges should not be adopted irrespective of cost.
cide whether a submersible bridge would be preferable to a
level bridge at a particular site where it is admissible, we
to study the flood level chart and the bank conditions,
muld be easily seen from Figs. 1 and 2 that at a site having
section as in Fig. 1 and flood levels as in Fig. 2, a
ersible bridge could serve well enough if the intensity of
> is not quite high. The fixation of the road level is a very
rtant point in the design of submersible bridges. This is
ssed in greater detail later. From Fig. 1 the difference in -
between a submersible bridge and a conventional high level -
© at this site should be quite evident, as a high level bridge -
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(iii) should have well defined and fairly high banks ;

i 3.00, i.e., 20 feet above that
would have its bottom of slab at 83.00, i.e., oot a (iv) should have o small widéh :

for a submersible bridge. .
(v) should have good foundation facilities;

(vi) should be such as will afford straight approaches.

4.2. Due to possibilities of outflanking, a straight reach of
river and distance from confluence of large tributaries are impor-
tant, Cutting rather than embankment is to be desired for
approaches. So, well-defined high banks are desirable. As scour
of bed is particularly more severe in the case of submersible
bridges, a site having good foundation facilities is to be
chosen. The final selection of site should be such that approaches
to the bridge from the existing road can be had economically with
straight reaches and curves of large radii.

TFig. 1. Cross section at site

80 cF L}(Hé—;) 78. OQ-FK" 5. HYDRAULIC PARTICULARS AND DISCHARGE
| CALCULATIONS

rol P R R Sl S S B , 5.1. The need for the correct determination of flood
discharge and flood levels is more pronounced in the case of

. N N ‘ — lb;.od O.F.L. submersible bridges than in the case of high level bridges. The

7 q; TN flood discharge of a stream at a particular bridge site is obtained
60 XT either by the adoption of one or more of empirical formulae,
J ' rational formulae or the area-velocity method using the silt

T ‘ factor and slope of the stream. A few of the most popular of
50 . — these formulae are given below : , o
I

5.2. Empirical Formulae

! .
i =
j 5.2.1. The empirical formulae are based on the catchment
407JAN FEB WAR APR MAY JUN JUL AUG SEP OCT NOV DEC arca of the stream and are of the form Q = CM". The most

. popular is Ryve’s formula, originally devised for South India :* -

Fig. 2. Flood levels chart at site
Q = CM 2/8

4. SELECTION OF SITE where @ = run-off in cusecs.
M = catchment area in 8q. miles,

4.1. While selecting a site for a submersible bridgs. the & U«
following factors should be considered. 1089, C =a constant taken as 450 for areas within k6

. miles of the coast, 563 for areas between 15 miles and -

The site (i) should have a straight reach on either ’ 100 miles of the coast, and 673 for limited areas near”
side well below bends; the hills. .
(ii) should be situated far away from the 5.2.2. In this formula much depends on the correctadontior

confluence of large tributaries ; of the value of C,
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5.3. Rational Formulae

5.3.1. The rational formulae are relationships recommended
by hydrological experts who have tried to establish relationships
for flood discharge in terms of intensity, distribution and dura-
tion of rainfall and the extent, shape, slope, vegetation, etc., of
the catchment. A typical rational formula is as below:

2/ P.
Q= A.1L. (t;Jr—lv

whore @ = maximum flood discharge in cusecs.

A = catchment area in acres.

I, = “one hour rainfall”’ of the area in inches per
hour. This can be taken as 4 to 5 inches for. areas
of intense and prolonged rainfall and 2 to 3 inches

for other areas.

t{, = concentration time in hours.
L3~ 0.385
= (11.9 X 71-)

I = the distance from the critical point to the
bridge site in miles,

H — the difference in elevation between the critical
point and the bridge site in feet.

P = percentage coefficient of run-off for the catch-

ment characteristics, values ranging from 0.9 for
bare steep rock to 0.1 for sandy soil with thick

vegetation, )

where

and f= a factor to correct the variation of intenasity
of rainfall I, over the area of the catchment.
Values ranging from 1 for zero area to 0.7 at 30.000
acres and thence to 0.6 at 500,000 acres. ’

5.3.2. In the above rational method, the values of A, L
and H are to be obtained from Govt. of India topographical
maps. The value of I, applicable for the region in question may
be obtained from the Meteorological Department of the
Govt. of India. Fixation of values of coefficients 7 and I
needs considerable judgment and experience. All the value of
laborious calculations will be lost if the above values arc not
de:ermfined correctly, which any engineer who has done investi-
gation for a few bridges would have experi
ok 1o g perienced to be a very

SUBMERSIBLE BRIDGES 18%

5.4. Area-Velocity Method

5.4.1. The area-velocity method is based on the hydraulic
characteristics of the stream such as cross-sectional area and
slope of the stream, etc. The velocity obtaining in the stream
under the flood conditions is calculated and the flood discharge
is obtained by multiplying the area of flow by the velocity.
The most popular formulae in this category are Kutter’s formula -
and Manning’s formula.

5.4.2. Kutter's formula:
Q=A4A.CNVRS
where ¢ =discharge in cusecs.
A4 = area of flow in sq. ft.
C = Kutter’s coefficient

0.0038 1811
4.6 + —g— + =~

= 0.0028 \ n
1+ (41.6 + e ) =
S = water slope
n = coefficient of roughness

and R = hydraulic mean radius in feet

__ wetted area in 8q. feet
~ wetted perimeter in feet .

5.4.3. The area of flow and wetted perimeter are obtained
by a scale plotting of the cross section of the stream. Though
the water slope is the same as the bed slope in an ideal straight
bed, in practice the bed will be found to be undulating and so
the value of § is obtained from the difference in the value of
M. F. L. at two cross sections, one upstream and one downstream
of the section considered. The value of n varies from 0.025 for
clean straight stream to 0.050 for sluggish, weedy and stony
streams with deep pools. This is fixed with respect to the’
condition of the stream near the site, again a matter of

judgment.

5.4.3. Manning’s formula:

Q=A.V.
1.486 LA
——

s R .8

with the notations as in 5.4.2.
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5.4.4. When the banks are overtopped and in case of wide
streams, it would bo desirable to split the oross section into
smaller areas and calculate discharges for these smaller areas
separately and then sum up the individual discharges.

5.5. Flood Levels

Usually considerable difficulty is experienced in the correct
determination of the flood levels. Very often this has got to
be done only by local observations at the site and local
enquiries from people living nearby. This work will be a
bit easior if some bridge exists at or near the proposed site, as
much valuable information can be had from the performance of
that bridge. When making local enquiries, especially in
undeveloped areas, an investigator very often comes across
conflicting reports, and much would depend on the judgment of
the investigator and such a judgment can only be developed by
experience. To the experienced investigator, the flood levels arc
often evident from an inspection of the flood marks and cross
section of the stream at site and such marks should be got con-
firmed by enquiries to the extent possible.

5.6. Discussion of the Formulae for Evaluation of Flood
Discharge

The determination of the discharge from a catchment basin
at a fixed point is a very complicated matter and there is still no
law laid down for its calculation. .The empirical and rational
formulae have so many constants and variables that various
investigators would arrive at different values of discharge for the
same site. This is because no two catchments of equal area have
the same intensity, duration and frequency of rainfall shape of
the catchment basin, geological formations at and uilderl in
surface and vegetable growth. Further, a lot of personal er};'org
are likely to creep in the matter of fixation of flood levels
olassification of catchment and stream for the purpose of
choosing values of constants to be used in formulae Endpcorrect
‘determination of catchment areas. Catchment areas ar
generally obtained from Govt. of India topographical maps 0?
scale 1 inch =1 mile and calculations from these II)n
cannot bg very accurate for small areas. Durin invest'&ps
;x:snfof b;lgfe: r;(lelar hilly regions in the west coast,gthe Autll?g;

oun a e empirical and rational formul
very helpful in arriving at the correct fl d di harge. . Fon
example, in Ryve’s formula, the valy fC o hi IBOhMge'- Hor

- It has been the Author’s experi that tho o illy areas is 673.

. ) perience that the value of C = 673 §
& ver L 73 is

o ¥ low figure for hilly areas in South Kanara district in the

~ . thax one foot.
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West Coast and a value of as much as ¢ = 1500 is necessary. The
rational formulae, which have been often recommended because
they attempt to take into consideration the characteristics of the
catchment and rainfall, are too flexible due to possible variations
in P and f and possible errors in I,, L and H. These formulae
may, therefore, yield different values of discharges at the hands of
different investigators for the same bridge site. This is
particularly so in the case of hilly regions where no records
of rainfall characteristics are available and sudden and violent
floods are common. It would be found that the discharges
arrived at by the area-velocity method would be most reliable.
For this calculation, we take two cross-sections each at con-
siderable distance upstream and downstream of the site and
one cross-section of the stream at the site and compute the
average discharge either by Kutter’s formula or by Manning’s
formula, As the process of determination is only approximate,
it is felt reasonably accurate to adopt Manning’s formula and
the use of the graph given by Shri Goverdhan Lal as Plate No.3
in Paper No. 167 of the Indian Roads Congress Journal,
Vol, XVIII Part 2 is recommended.

6. AFFLUX

6.1. Afflux is the rise of water level above the normal on
the upstream side of a bridge caused by the reduction in water-
way due to provision of the bridge, It is measured by the
difference in water levels upstream and downstream of the bridge.
Afflux will have to be provided for, It can be calculated from
the formula : '

Afflux = [5—1/8'36 -+ 0.05] [ (i)u -1 ]

the velocity of approach in feet per second

where V =
A4 = natural area of cross section
o = ventway area.

6.2. Afflux should be as small as possible. The linear
waterway is so provided as to include the full bank to bank
distance in order to reduce afflux. It may usually be found that
for well designed submersible bridges the afflux is generally less

alra

20
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7. FIXATION OF VENTWAY
7.1. Discharge through a Submersible Bridge

The discharge in a submersible bridge consists of three parts
as shown in Fig. 3.

Total discharge @ = Qg + @ + Q.
(H + ha)®/* — h,%/9

2
Qu = 4a X 3 OV2g. e )
Qo = 4p X ON/3y . N H + by eeeee(2)
Qo= Ao X ON2g - NI - hy e (3)

where b, = head due to velocity of approach.
C = 0.625 for equations (1) and (2)
C = 0.9 for equation (3)

—h H
i MF.L.OREF.L.

/////////// TOP OF SLAB

BOTTOM OF SLAB

I

— C

AVERAGE BED LEVEL
Fig. 3

7.2. For the peculiar conditions obtaining in i
bridges, slab spans are the most desirable as thgey of?grbi?ﬁzr?;:::
obstruction to the water flow in the submerged condition. Aroh
spans are not so efficient, though the older submersible 'br
were constructed of arches. Pipes are suitable only for
causeways where the ordinary flood is very small,

idges
small

7.3. To prevent debris blocking the v
number of piers, spans are to be ch(g)sen t:ntf: ,:snﬁ);c;x:;i u(;::}sli?
cable. At the same time, it would be desirable to bear ir? mind
the economical span length, which for slab bridges can be taken
88 roughly equal to 1.6 H, where H is the tota] height of
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abutment or pier from the bottom of its foundation to its top.
Where the bridge is founded on concrete raft resting on sandy
bed, the possibility of tension occurring in the concrete raft would
further limit the span length. Generally, for submersible bridges
founded on rock, slab spans of 20 to 25 feet are adopted.

7.4. In order that the afflux should be small and the velocity
in the vents is kept within limits, the discharge per foot width
of the bridge should be kept low. The linear waterway is so
designed that the O.F.L. discharge could be passed through the
vents. It is advisable to allow the full bank to bank waterway
without restricting it. Restriction of waterway by guide banks
which is common in the case of high level bridges is not suitable
for submersible bridges.

7.6. 1t should also be checked to see that the velocity up-
stream should not be less than the critical non-silting non-
scouring velocity.

7.6. The sides of the stream may be revetted for a short
distance on upstream and downstream sides up to 1 foot above
E.F.L. where convenient or at least up to 1 foot above O.F. L, A
bit of river training done near the site of the submersible bridge
will be of advantage to the proper functioning of the bridge.

8. FIXATION OF ROAD LEVEL

8.1. Proper fixation of the road level is very important in
the case of submersible bridges and is the prime criterion for the
success of the bridge so far as road usage is concerned..
Though the I.R.C. Bridge Code permits interruption to traffic
for a maximum period of three days at a time for not more than
8ix times in a year, the Author feels it desirable to so arrange the
road level that at O.F.L. conditions the water level upstream of
the bridge will be just at the road level, if the extra cost due to-
this arrangement is not very much. It is good practice, therefore,
to fix the bottom of slab at O.F.L., so that the thickness of the
slab would take care of the affiux that is created. This procedure

s 18 eminently suitable for the stream characteristics shown in

Figs. 1-and 2. In this case, it would be desirable to have the
bottom of slabat R.L. 63.00. The road level would be higher
than the bottom of slab level by an amount equal to the thick-
ness of slab and wearing coat. ‘

8.2. However, if the peak of the ordinary flood.oecurs for a
very short while and if that peak is much higher than the
succeeding next higher levels, then it may be desirable to fix up
the road leve] lower than the pea.k level of the ordinary flood.
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8.3. In hilly areas where floating trees may be expected
" during M.F.L. or E F.L. conditions, it should be checked to see
that the road level is sufficiently low to allow the floating trees
over the road slab without any danger or damage to the road
slab,

9. FORCES ACTING ON A SUBMERSIBLE BRIDGE

0.1. The critical condition for a submersible bridge will be
when the water level upstream is just at the road level. Water
will be backed up on the upstream side in front of the slab and
on the downstream side there will be a trough of standing wave
due to the high velocity of the stream,

9.2. The forces acting on the submersible bridge at the
critical condition are:

(i) Pressure due to the static head: (a) on account of the
afflux on the upstream side and the trough of the standing wave
on the downstream side.

This is equal to wh

where w = weight of 1 cubic foot of water

and h = afflux 4 depth of slab and wearing coat
-4 depth of tail water below bottom of slab

This acts to a height from o to % from the surface.

wH 2

(b) Total pressure due to depth of water =

where H = height of water on upstream side plus head
due to velocity of approach.

This acts on the face of cutwater.

wH?
2
area of cut water

Pressure per sq. foot =

(ii) Pressure due to the impact of water and debris

This is given by :

$ wVir a N°
Impact pressure P ( Y )
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where w = wt. of 1 cubic foot of water '
14

i

velocity of stream

g acceleration due to gravity
A = unobstructed area of waterway
a

= area of obstruction.

(iii) Pressure due to eddy motion at the back of piers

2
Pressure due to eddies = w (! vz"gV)
where V, = velocity of flow through the vents

V = velocity of approach

(iv) Pressure due to friction of water against piers and bottom
of slab

— Vo\?
Pressure due to friction = f.p. (T()

where f = friction coefficient = 1

p = area of surface of submersible bridge in
contact with water

Vv = velocity of flow through vents,

(v) Pressure due to uplift head under the slab: This acts
both horizontally and vertically. It is given by uplift
pressure = wh

where % =the uplift head under the decking which is equal
to the thickness of the slab and wearing coat
and afflux less the head loss due to increase in:
velocity through the vents,

The head loss due to-increase in velocity through the vents

_ (Vo 2-72)
29
where Vy = velocity in the vents
V = velocity of approach

9.3. The sum total of all the horizontal forces should be
taken as acting atone third height of pier to test the stability of
the pier against overturning. It would be usually found that
this total horizontal force will be very small compared with the
net weight of the structure and hence will be safe,
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10. SOIL PARTICULARS AND FOUNDATIONS

10.1. Soil Profile

10.1.1. The characteristics of the soil obtaining at the site
should be ascertained by trial borings at approximately the
abutment and pier locations along the centre line of the bridge.
A boring chart showing the soil profile will then be drawn to a

suitable scale.
10.1.2. In usual cases, where submersible bridges are to be

adopted, it would bo found that hard rock or stiff clay is
available at shallow depths. In some cases it may happen that

a submersible bridge may be necessary at a site where the bed is

sandy for a considerable depth. The procedure for design of
foundations in the above two cases is slightly different.
10.2. Scour Depth

10.2.1. Tt is necessary to caleulate the deepest scour level.
The maximum scour depth may be taken as :

N.x0.473( jf )1/3

where D = the depth in feet of the deepest scour level below
the flood level considered.

D

Q = discharge in cusecs for the scour level considered

f = silt factor which is equal to 1.25 for medium sand,
1.5 for coarse sand, 2.0 for bajri and about 5 for
gravel

N = a constant equal to 2 in the case of scour at
noses of piers and 1.5 in the case of scour at
abutments.

10.2.2. It should be noted that though the vent area is
designed for O.F.L. conditions, the scour depth should be calcu-
lated taking into account the worst effect of the floods that may
occur at the site. _

10.3. Foundations in Hard Rock

When hard rock is available at shallow depths ab ‘ t
calculated scour level, the substructure should bep seZu:e(i) ;g ﬂl::
rock by means of two or more rows of dowel bars of, say, 1% in.

dia. at about 4 feet centres. These dowel bars may extend to

about 3 feet into the rock and the space between the rod
_fsides of the hole may be filled with molten lead, ’Ehl;ao legggh ﬂ;;

o~ ";, =
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the rod in the substructure may be at least 3 feet including a
hook of 1 foot 14 inches.

10.4.- Foundations in Hard Soils other than Rock

In case a hard soil other than rock, which is not erodible at
the velocity obtaining at the site, is met with above the calcu-
lated scour level, the foundations can be rested in such hard
material with a grip length of about three to four feet,

10.5. Foundations in Sand

10.51. Sandy strata is generally not a favourable condition
for submersible bridges. If the sand strata extends for con-
siderable depth, resort is usually made to a monolithic base
construction or a cement concrete raft which runs continuously
over the entire length. Sloped aprons and cut-off walls on both
upstream and downstream sides are provided to guard against
scour and undermining, which are severe in the case of sub-
mersible bridges. Boulder pitching with large diameter boulders
is provided in the bed on either side beyond the cut-off walls.

10.5.2. Cement concrete raft

The concrete raft serves to distribute pressure evenly to the
sand surface and also the arch action helps in taking up the soil
pressure. As this raft is usually unreinforced, there should be
no tension induced in it. This condition restricts the span
length of the vents and large rectangular openings are not
possible. One precaution to be adopted is that the floor should
be kept at some depth below the low bed level to prevent the:

floor acting as a weir when retrogression of levels takes place.

10.5.3. Cut-off walls and imﬁervious aprons

The lengths and thicknesses of cut off walls and impervious
aprons are caloulated just as would be done in the case of weirs
having the height of top of shutter as the height of water on:
upstream side at the critical condition. i

o

There are three methods of determining the lengths of 01“3-.033
walls and impervious aprons, viz: -
(a) Bligh’s creep theory :

(b) Lane’s weighted creep theory P

and (c) Khosla’s method of independent variables applied w
potential theory. i

. While it will be beyond the scope of this Paper to expla'iﬁ:gy E
the above three theories, it would be worth while to mentioh thé!

“salient points useful for the design of cut-off walls and aprons,
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By Bligh’s creep theory, the creep length

CH=L+ 2(d, + ds)
— pressure head, taken as equal to depth of water on
where H Spstrea.m side including afflux
L = Length of impervious apron
d, = depth of upstream cut-off wall
d, = depth of downstream cut-oft wall

C = a constant called creep coefficient, values of which
" for different soils are as given in Table 1.

i

.o to Bligh’s theory, vertical cut-offs are twice as
eﬁecﬁggo:;lﬁlogrizontal iprons in contributing to creep length and
the rate of head loss along the creep length is assumed to be
linear. A number of structures throughout the world were built
as per Bligh’s theory and while some stood well, others have
failed, making the theory inapplicable now.

Lane conducted a statistical study of 270 actual structures
on permeable foundations, both sound ones and failures, and
arrived at the conclusion that greater weightage should be given
to the vertical cut-offs than horizontal aprons and suggested a
ratio of 3 to 1. As per his weighted creep theory,

C,H=1/3L 4 (d, + dy).
where C, = weighted creep coefficient as given in Table 1.

TaBLE 1

Creep coefficients

Material L*:Jxl«a?n‘;l weighted Bligh’s Ce'reep co=
creep coefficient efficient
Very fine sand or silt 8.5 18
Fine sand 7.0 15
Coarse sand 5.0 12
Gravel and sand 3.0 to 3.8 9
Boulders, gravel and |
.sand 2.5 t0 3.0 9
Clayey soils 1.6 to0.3.0 4 to0 6

at safe distance.” The ends of the talus aprons may be protectéd
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Lane’s approach, though an improvement over Bligh’s
theory, has still the limitations of an empirical method.
However, it can be used as an alternative in testing designs.

When the subsoil is homogeneous, Khosla’s method of
independent variables applied to the potential theory is the most
reliable. Potential theory is applicable to systems of flow which
satisfy Laplace’s Potential Equation and subsoil flow satisfies
this equation.

L
Let g; = &
A =1+VIfe®
o 2
H
Lxit gradient = - .
. & ™ dy A/TN

To safeguard against undermining, the exit: gradient should
not exceed the numerical value of unity. Providing a factor of
safety of 5 to 7, the dimensions of the cut-offs and apron should
be so chosen that the exit gradient is limited to 1/5 to 1/7.

To find the necessary thickness of apron, the uplift pressures,
at salient points are calculated and the thickness necessary to -
counter this uplift pressure is determined. As it is beyond the:
scope of this Paper to explain the subsoil flow theories fully for:
a complete treatment of this aspect of design, attention is drawn
to Khosla’s work on ¢ Design of Weirs on Permeabls.:
1I‘\}ounga!;iozm »  Central Board of Irrigation Publication>*

0.12. ' T

10.5.4. Beyond the impervious apron, talus aprons :
provided for short lengths on either side to keep the scour holss:

with retaining walls. The diameters of boulders required fo:
pitching can be obtained by Chailly’s formula, which gives the
diameter of stones that can be moved by velocity as:

V = 5.87 G.d.
where ¥V = velocity of stream in feet per second

g

G = specific gravity of stone
d = diameter of boulder in feet
“This can also be written as

&

d= §5

21 -
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Allowing a factor of safety of 2, the minimum diameter of

V 2
boulders required for pitching can be taken as d = 85 The

values of boulder sizes necessary for different velocities are
listed in Table2.

TapLe 2

Minimum diameter of boulders required for pitching

Diameter of boulders required for pitching

Velocity in feet per gecond in foet *
0 to 6.0 , 1-9 (numinal)
7.0 1.5
’ ‘ 975
10.0 | 2,71
12.0 | ‘%.0
15.0 ; 6.0

10.6. In all the above cases, the pressure at the base of the
foundation should be well within the safe bearing capacity of
the foundation material.

10.7. From the foregoing it will be evident that a submer-
sible bridge on a sand bed will be very costly due to the special
nature of foundations required. So the comparative cost for a
high level bridge with individual footing foundations and for a
submersible bridge should be carefully studied. It will be often
found that, where sandy beds are encountered, the difference
between O. F. L. and E. F. L. may not be very much, thus
tipping the scale in favour of a high level bridge.

11. ABUTMENTS AND PIERS

11.1. Abutments and piers may be constructed either of
cement concrete or masonry. In most places concrete construc-
tion may be economical. This fact is attributable to the large
labour cost involved in construction of masonry, the present
scarcity of skilled masons and the non.availability at many
localities of good quality stone except at a prohibitive cost
where transportation is an adverse factor. With mass concrete
construction, less skilled labour can be used and handling and

'ngr vnlqeu larger than 2,0 foot, Loulder pitching encased in wire
netting is provided.
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transportation of all material will be easier. In some localities
it may be found advantageous to use a masonry facing and
concrete backing, the advantages being saving in the expense of
forms, quicker construction, attractive appearance and elimina-
tion of surface cracks. In remote localities and in community
project areas, where submersible bridges will be used most, mass
concrete construction may be found favourable. If the substruc-

. ture is of masonry, coursed rubble masonry .in cement mortar

1:5 may be adopted. With mass concrete, cement concrete
1:3:6mix using 1} in. size granite metal may be used. If
desired, further economy may be achieved by using the core
plums of large clean and sound boulders placed by hand not
closer than 1 foot in all directions, to an extent not exceeding
20 per cent of the total volume of coarse aggregates.

11.2.1, The sections of abutments and piers for submersible
bridges may be same as those for high level bridges of equal
height. As the spans are usually slab spans of 25 feet and less
and the heights are also less, they do not merit laborious
calculations, The sections given in Fig. 4 are quite suitable.

APPROACH
[sLag
'LS“W. C. .
: [Rcsiaay &
Fi 4~ ED 'BLOCKL
oA —= 16 %
4/5“
— B.L.
0.3H
H
. |_o.' Y%
8 6" ¢ 6"*
[rnerioiy] [T rhd

(a) PIER  (b) ABUTMENT = (C) WING
% .

Fig. 4. Substructure details
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11.2.2. The top width of piers may be taken as twice f;he
bearing width for each slab; for abutments, it equals the bearing
width of one slab plus 1 foot 6 inches for the back yvall. In the
case of wing walls, the top width is taken as 1ft6 in. The ﬁn;?,l
width of base concrete should be s.uch that the pressure on soil is
within permissible limits. For wings, rectangula.r returns to a
length from face of abutments of 1.5 times the I_xe:ght from road
leval to bed level may be preferred to splt}yed wings, a8 the former
adds to the stability of the structure during submersion,

11.3. Semi-circular cutwaters may be provided for piers
and the corners of the face of the abutments may be rounded to

increase efficiency of discharge.

11.4. Bed block of 1 ft0 in. thickness with cement concrete
"1:3:6mix using § in. granite metal may be provided over the
piers and abutments. This, besides providing an even surface
support, would also aid in providing camber and in housing the
pipes for deck slab anchorage. .

11.5. R.C. coping on the cutwaters of piers would add to
the appearance and also aid in the streamlined flow of water.

12. DECK SLAB

12.1. 'The deck slab for submersible bridges may be of the
game thickness as in the case of high level bridges. The
slabs will be designed for I.R.C. Class ‘A’ two lane loading.
The clear roadway between kerbs or guard stones should be kept
as 24 1t 0 in.

12.2. The upstream and downstream edges of the deck slab
are provided with semi-circular horizontal cutwaters to enhance
the discharging efficiency of the slab during overtopping. The
distributor rods are bent suitably to conform to the cut water
shape.

12.3. The thickness and reinforcements for deck slabs
should conform to the Tables given in Plate I. The concrete
used will be cement concrete 1 : 2 : 4 mix ordinary grade, using
% in. size granite metal.

12.4. In submersible bridges, simple spans are to be
preferred. Though adoption of slabs continuous over three
spans would give some saving in cost due to smaller
- thickness of slab, it has some disadvantages. Firstly, on
- submergence, the weight of slab will be less, an unfavourable

ondition for stability. Secondly, due to non uniform reaction
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at the supports, there is a grave danger to the structure in theé
event of any unequal settlement. So, especially for submersible
bridges founded on soils other than rock, continuous slab
construction is not advisable.

12.5. Wearing Coat: A wearing coat of 3 in. uniform thick-

K% ness will be provided over the deck slab, with cement concrete

1:13: 3 mix using 65 per cent of 1 in. size, 25 per cent of } in, -
size and 10 per cent of } in. size hard granite metal.

12.6. Bearings: As the spans are usually slab spans of less
than 25 feet, and as submergence in water will be frequent, tar
paper will be provided between slab and bed block.

12,7. One-way Camber :

12.7.1. CGenerally camber is provided on both sides of the ’
centre line of the road slab. Experiments 2 have indicated that
one-way camber towards downstream side is advantageous in
that this arrangement reduces afflux and raises upstream edge,
keeping the roadway dry up to a higher depth of streams on the
upstream side. '

+12.7.2. The one-way camber is conveniently formed by

adjusting the levels of the bed block suitably. A camber of 1 in
72 will be adequate. _

13, ANCHORAGE OF DECK SLAB TO SUBSTRUCTURE

13.1. 1In the case of a submersible bridge, the deck slab is-
near the plane of maximum velocity. To counteract the sliding
action due to velocity of flow, loss of weight of slab due to:
buoyancy, the tilting forces due to eddies and currents and th
digturbing forces due to debris or trees floating down the stream
it is necessary to anchor the deck slab to the substructure,

13.2. One possible solution to this anchorage is as shown in-
Fig. 5. The aim in this anchorage is to secure the deck slab to.”
the piers or abutments against uplift or lateral thrust and at the*:
same time allow lateral movement due to expansion and cons”
traction due to temperature effects. The arrangement will be!
evident from the figure. CE

P

14. KERBS AND GUIDE POSTS

14.1. The general tendency is to discourage the use of kerbs\}‘j
and guide posts on submersible bridges, but only to allow guard -
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Tig. 5. Deck slab anchorage

stones of various shapes including streamlined g

Still, provision of kerbs will be desirga,ble in view of%l::ra(‘idd?:?::;i
sa,fety a.ﬁ’or.ded to vehicles, specially bullock carts using the
bridge, particularly during nights. If as suggested in para §.1
the bottom of slab is kept at O.F.L:, the small obstruection .tt;
flow tha,f; may be caused by the kerbs, which may be perforated
a8 explained below, will be infrequent and negligible.

14.2.1. Two types of R.C. kerbs may be adopted as shown

in Plate II, where typical details are gi
span of 25 feet, given for a slab for clear

14.2.2. The first type will be of perfo isti
of rails and posts of small height.pThemrfscrlnﬁgyeéncgnssil::l%%
gaps may be varied to suit the lengths of slabs. Typical details
of reinforcement of perforated kerbs for a clear span of 25 ft
are given in the plate. The appearance of this type of kerbs
will be pleasing. It strikes the golden mean of providing a
Pleasing wheel-guard at the same time satisfying the functio%ml
requirement of allowing discharge of water.
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14.2.3. The second type consists of R.C. blocks of 9 in. height
as indicated in the plate. The outer side is made triangular to
get streamlined effect. The size and spacings of blocks may be
varied to suit individual cases. This type is more sturdy and
can be adopted where a certain amount of floating debris at
O.F.L. is expected.

14.3. Streamlined guard stones and nearly conical R.C.
wheel-guards have been recommended for submersible bridges.
These may be used under adverse conditions when the
difference between O.F.L. and E.F.L. is small and when floating
trees are expected at E.F.L. under such conditions or lower
levels.

14.4. Where conditions are favourable, such as considerable
difference between O.F.L. and E.F.L., infrequent occurrence of
floating trees and lower velocity of flow, diamond shaped R.C.
guide posts would be desirable. This type- of guide posts would
be particularly suited with R.C. perforated kerbs. Typical
details of reinforcements of such guide posts are shown in Plate
1I. End posts will be omitted in alternate slabs to avoid
double posts.

14.5. Collapsible railings, though ideal if proper mainte-
nance and timely action in releasing pins could be guaranteed,
may not be fool-proof in actual practice. If they are not pro-
perly maintained, they may give more trouble during floods.

15. APPROACHES

15.1. Tt is desirable to have the approaches in cutting as
embankments are liable to ‘be washed away in each flood. In
cutting there may be the problem of silting. Silting can be
appreciably reduced if the approaches are aligned at a slight
angle to the centre line of the bridge so that the gradient falls
in the direction of the river. In actual practice, the amount of
silting in a well designed submersible bridge with straight
approaches may not be very much. On the other hand, straight
approach is always preferable from the point of view of traffic
and also ease in construction of wing walls.

15.2. The sides of cutting should be protected by rough

"stone revetment up to about 1 foot above E.F.L. This would

avoid scouring of the sides of cutting and consequent silting of °

‘the approaches.

. 156.3. 1t is desirable to give o flat gradient not steeper than | 2
1 in 30 or at the most 1 in 20 for at least 50 fect on either side of -
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the bridge where the site conditions permit. Beyond this,
steeper gradients up to 1 in 16 may bo used for short lengths.

15.4. An approach slab 6 in. thick with R.C. 1:2:4 mix using
# in. metal and having reinforcements of } in. diameter rods at
6 in. centres bothways at the top and bottom may be provided
for about 20 fect length on either side of the bridge. A 6 in. thick
soling may be provided below the approach slab. 3 in. thick
wearing coat may be provided on the approach slabs as well.

16. NEED FOR FURTHER RESEARCH

16.1. Though quite a number of submersible bridges have
been built in India, no enthusiastic attempt has been made to
record scientific details about their performance and the effect of
various components of the bridge on the overall efficiency of
the structure. Some research® has been made (i) on the effect of
the design of causeways on the river course and on the flow of
water inside the vents and over the roadway and (ii) on the
effects of the conditions of flow. The research on these points
may be continued. .

16.2. Some of the other points which need further research
are suggested below :

(i) Comparative economy of submersible bridges over
' high level bridges and etfects on short term and long
term economy, :

(ii) Types of anchorages to be adopted between éla.b and
substructure.

(iif) Types of kerbs and railings suitable for various condi-
tions obtaining at the site, both from the point of
view of traffic safety and from the point of view of
overtopping during floods.

(iv) Types of abutments and necessity or otherwise of
wings and their shapes, :

(v) Desirability and extent of inclined alignment of™
approaches with respect to centre line of the bridge,
both from the point of view of avoiding silting and
from the _point of view of traffic safety and ease’ of
construction of wings. The nature of transition
from the straight centre line of the bridge to the

inclined centre line of the i
melinod approaches is also t(? Abe

.

g
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(vi) Effects of decreasing the linear waterway by provision
of guide banks. ‘

. (vii) Design of foundations in sandy beds, with particular
reference to:

(a) design of cut-off walls and impervious apron
(b) provision of talus aprons

(c) provision of raft versus pile or well founda.
tions.

" In this connection it may be noted that foundations claim a
major share of the total cost in the case of submersible bridges
rested on sandy soils. It is seen that the design of impervious
apton as recommended at present is based on Khosla’s theory,
which is primarily meant for weirs. While in the case of weirs
the difference in head is considerably great, there being water
only on the upstream side and no tail water on downstream side
in the critical case, the difference in head in the case of a sub-
mersible bridge is always comparatively less as the tail water
level is close to upstream water level. * If this point is taken into
consideration, it is felt that the length of impervious apron
required should work out to be less than that for a weir. Further
edperimental research is necessary to effect economy in this
regard.

4

17. CONCLUSION

From the above, it will be seen, that the subject of
submersible bridges deserves greater attention from highway
engineers than has been given in the past. Within its limitations,
the submersible bridge offers a cheap solution for a crossing on
roads of secondary importance. The investigation of a sub-
mersible bridge calls for a greater detailed attention in the field
and a statement of the particulars to be gathered during investi-.
gation is enclosed as Appendix. The peculiar conditions:
obtaining in the case of submersible bridges nced further.

-research.
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Appendix

Statement of particulars to be gathered during investigation for

submersible bridges,

1. Location:

(i) Name of the bridge and/or mileage and name of the road

(ii) Name of the stream
2. Details of the road ; '
(i) Classification and ownership
(ii) Type of the road and its present condition
(iili) Traffic intensity on the road (Tons—daily)
(&) Average— (i) Iron tyred
(ii) Pneumatic tyred
(b) Peak— (Season to be specified)
(1) Iron tyred
(ii) Pneumatic tyred
(iv) Importance of the road
(v) Urgency of the scheme and benefits

available by constructing the bridge

3. Details of the stream :

()
(i)

(iii)

(iv)

Whether the stream is perennial or seasonal

Origin of the stream and approximately the distance from the
origin and approximately the difference in elevation between
the origin and the bridge site

Nature of the stream near bridge site —meandering, straight,
bends, presence of weeds, pools, ete.

Whether the stream serves at present inland water transport

4. Catchment:

@

(i)
(iii)
(iv)

(v)

Area. (Source of the information to be specified and a map to
be enclosed)

Permeability of the soil and vegetable cover

Shape
Whether sudden floods are expected

Value of C in Ryve’s formula appropriate for the catchment
with reasons
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(iv) Brick
(v) S8and
(vi) Water
(vii) Timber and other materials

20. Labour:

. o work
Whether skilled, semi-skilled and unskilled labour reqmred for th

is available locally and, if not, wherefrom they ho imported.

21, Machinery and Plant :

List of machinery and plant required

22. Rough cost of the scheme :

(i) Rough cost for a submersible hridge

(if) Rough cost for a high level bridge

23, Drawings to be enclosed with this report :
(i) Key map, scale 1 inch = 4 miles
(ii) Index map, scale 1inch = 1 mile
(iii) Site plan, scalo 1 inch = 100 foet
(iv) Catchment map, scale 1inch = 1 mile
(v)
(vi)

Cross sections of the stream, scale 1 inch = 20 feet (nﬂt“"“l)

o ' imite’
Longitudinal section of approaches o extend bheyond the i
whore the new approaches would join the existing road

Scale: Horizontal 1 inch = 100 fect
Vertical 1inch = 20 feet

inoh
(vii) Cross sections of the approaches at every 200 feeb scalo 11
= 20 feet (natural)

(viii} Boring chart showing subsoil profile
Scale : Horizontal 1 inch = 20 feet,

Vertical Vinch = 10feet or 20 foet,
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5, Rainfall:
(i) Tntensity
(ii) Distribution in time and space

(iii) Duration’

6. Cross sections of the stream : .

(i) Cross sections should be taken at— ,

(n) tho proposed site

(b) 330 feet upstream of tho proposed site
(c) 660 foot upstream of the proposed site
(d) 330 feet downstream of't,hn proposed sito
(e) 660 feét downstream of the proposed site

For major bridges cross scctions should bo taken for longer distances.
(ii) Cross sections should include the following markings :
(a) Low water level
(b) Ordinary flood level”
(¢) Maximum flood levol with years of occurences
(d) Extraordinary flood lovel with the year of occurrence

(iii) A short note as to how the levels in (ii) have been obtained and
their roliability

(iv) Whether floating trees are to be expocted and at what levels of
flow :

7. Calculated discharge : -
(iy By Ryve’s formula
(i) By Manning’s formula
(iii) Design discharge

8. Flood levels chart

9, Nature cf subsoil

Boring chart drawn to scalo is to be onclosed
10, Maximum scour level

11, Kind of bridge necessary and reasone for its choice
12, " Bottom of slab level :

(i) Bottom of slab level proposed

(ii) Duration of interruption to traffic

(iii) Reasons for fixation of the level in (i)
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13. Lineal waterway :

(i) Lineal waterway proposed with reasons for adoption of the span
length proposed

(ii) Bank to bank distance at O.F.L.

14, Foundations:
(i) Type of foundation proposed

(ii) If founded on rock, type of anchorage of substructure to founda-
vion proposed, if any

(iit) If founded on sandy soils, details of foundations proposed, with .
particular reference to aprons, cut-off walls, etc.
15. Superstructure :
(i) Deckslab
(a) thickness and reinforcements
(b) clear roadway
(e) loading adopted
(iiy Kerbs and guide posts or guard stones, if any.
(iif) Camber
(iv) Wearing coat

(v) Expansion joints

16. Substructure : .

Pier and abutment sections and material proposed.

17. Approaches:
(i) Approach slab, length

(ii) Nature of approaches, cutting or embankments, gradienfs; :
lengths, ete. .

(iii) Extent of revetment necessary for approaches
18, Miscellaneous:

(i) River training, extent necessary

(i} Working seasons during the year

\
19. Materials:

Quality and ‘“Lead’ for materials, i.e., the distance and moae oz
oonveyance to the site from the nearest place of availabilily of '~

" (i) Cement R
(1) Steel

(iif) Stone (for masonry and conerete)
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9. STRESSES: 'Concrete—Ordinary grade |:

cat
PLATE |

NOTES

|. DESIGN LOADING: I. R. C. Standard Class ‘A’ (|948)

 Wheel Load Train. Double Lane. ’
2: 4 mlx
f. = 750 Ib per sq. in. :

STEEL—B. S. S. No. 785 (1938) or equivalen
LS. S.

f, = 18,000 Ib per sq. in.

3. MODULAR RATIO: m
4, Spacing of distributors given in the Table applies to mtddh
portion of the slab.

Distribution rods should be securely welded or wired u
the main rods at every alternate joint.

= |5, assumed as fixed.

Sl

“For slabs of spans |2 feet and above, nominal surfac
reinforcements are provided at top to countem
temperature effects. 0
When full length rods are not available and joints are ¢
be provided, lap joints of 45 times diameter are per;
sible, provided no joint comes at midspan and all jﬂq
are well staggered. o
Quantity of concrete given Is excluslve of wearlng ¢
and kerbs and guide posts.
Quantity of reinforcement given is exclusive of allowmq
for splicing and wastage.
'One way camber will be provided by making adju ',
in the bed blocke

Sketches shown are not to scale.

REINFORCEMENT DETAILS FOR RC.
- SLABS FOR SUBMERSIBLE ‘VBRlD‘{GEVS
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“RECOMMENDED PRACTICE FOR NUMBERING
BRIDGES AND CULVERTS”

1. INTRODUCTION

1.1. Considering that a uniform system of numbering
culverts and bridges on roads is desirable, the Specifications and
Standards Committee of the Indian Roads Congress has
recommended & standard practice for numbering such struc-
tures.

2. SCOPE

2.1. The standard practice should be adopted on all roads
in the country.

& & METHOD
3.1. Cross-drainage works shall be numbered separately in
each mile of a road.

3.2. A cross-drainage work shall be designated by a fraction
in which the number of the mile, in which the structure is
situated shall be the numerator and the mile-wise serial number
of the structure the denominator. For instance, the 5th culvert
in tixe fourth mile (between milestones 3 and 4) shall be designated

a8 '—5*.

3.3. If any new culverts are built, say, between the 3rd and
4th culverts in mile 375, the new culverts shall be designated .

ae 375 375
'53_1’3_2’90.

3.4. The number of a culvert shall be inscribed near the
top of the left-hand side parapet wall as viewed in end elevation
80 as to face the traffic from each direction (see Plate I).

If the strﬁcture has railings without end pillars, separate -
pillars shall be put up for inscribing the structure number.
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3.5. The numerals shall be in the international form (;i
Indian numerals and of the size and shape as shown in Plate I(')
Numerals shall be painted in black on a smooth panel 30 cm X 9

cm in size. The colour of the background shall be canary yelo
1.8.1. shade No. 309.

4, CHANGE TO THE METRIC SYSTEM

4.1. When kilometer stones are fixed on any road the
kilometer number shall replace the mile number in the numeratoh

and the serial number of tho structure in that kilometer shall .
the denominator.
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PLATE |
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oncrete

50 YE CHARMINAR ROAD,
HYDERABAD

pads

for long, maintenance-free service

Build to last with

ACC cement

—plenty available
at controlled price

—an achievemant of Free Enterprite

THE ASSOCIATED CEMENT COMPANIES LIMITED The Cemenz Marketing Company of india Private Limited
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BRAITHWAITE & CO

(INDIA) LIMITED

. HID ‘
E ROAD. KIDDERPORE, CALCUTTA.

« GARLICK’S MIX”

HAND OPERATED CONCRETE M}
Drum Capacity — 1.5 cu. fe

XER

ey -
§ e e

HAND OPERATED

GARLICK’S
BITUMEN DRUM
MIXER
Drum Capacity — 7.5 cu. ft.
Main Shaft —- on ball bearings
Mounted _ on 3 Nos. or 4 Nos, C.l. Weels
Turning Circle — 7 ft. in radius
Complete with Fire tray and C.l. Grate
Contact : . Branches:
l‘ Garlick:Co. COIMBATORE
MADRAS

NEW DFI il




Whichever
way you
look at 7t
the vehicle with the
Three Pointed Star does
the job. Whatever the foad —.
bales of jute ar rough-hewn
logs, goods heavy and cumber.
some, or even fragile, delicate
€argo requiring careful handiing -
the TATA-MERCEDES.BENZ

vehicle delivers the goods and
delivers them effortlessly ..,

The STAR
that hauls a fortune

TATA‘MERCEDES-BENZ

TATA LOCOMOTIVE & ENGINEERING cO. LTD.
Automobile Division: 148, Mahatma Gandhi Road, Bombay.t

SELLO 59,128 €VEREST

no trouble at all...

S

BITUMEN
EMULSION

one easy
application

Bitumen emuistons sre efi-
cient and economical for
surface  dressing, premix
work and soil stabilization.
They require no heating.
Hence — no fire hazard ... no
annoying smoke ,..no heat-
ing equipment. just open the
drum and you're ready to
start work. Bitumen emul-
sions are specially suitable
for repair work, and factory
and residential roads.

SHALIMAR TAR PRODUCTS (1935) LIMITED

CALCUTTA + DELMI  + BOMBAT o AUCKNOW o CHANDIGARM R
Agents: The Bombay Co. Private Ltd., Madras § ® R.C. Abrol & Co. (Private) Led.,

5TED
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MANI BRIDGE

A th i ’
ree span Bridge in R.C.C. beam and slab construction having two end

spans of 61'-3” each and a centr he
ntral span of {5'..0" earing

’ tt ] . C.c. Of b i s t

atter consisting of a R.C. Suspended Span supported on cant”eve,rsS The

iers are in R.C. i
p C.C. resting on mass concrete open foundations

Th i ;
e bridge was designed and constructed by Gammon india Private Ltd
rivate .

1o the orders of the Chief Engineer, PW.D.. Bihar i 1957
.W.D., , in .

GAMMON INDIA PRIVATE LIMITED
] CIVIL ENGINEERS & CONTRACTORS ’
AMILTON HOUSE - BALLARD ESTATE - BOMBAY-I

Telegrams: “ GAMMON " o
elephone: 264511

All roads lead to home

Yes. But not enough homes
have yoads leading to them.

Think what this means.
Cut off from the world outside.
Every journey a major undertaking.

Isolated from new ideas...
new influences.

Out of touch with progress.
Pleasant enough for a holiday.
But for a lifetime?

Miles away from medical aid.
Miles away from school.
Miles away from the nearest market.
Miles away from everywhere.
Miliions of people

live like that in India. Today.
That's why roads must

have topmost priority

And that's why everything to do
with roads is so important.

Bitumen, for example,

One of 1he better
road-building materials.

Incxpensive. Easy to handle.
Long-lasting. Hard-wearing.

Supplied by
Burmah-Shell.

BURMAH-SHELL
BITUMEN FOR BETTER ROADS

vi



Viii

8 8 J

CALCUTTA

STRUCTURAL STEEL WORK.,
REINFORCED CONCRETE,
SCREWCRETE FOUNDATIONS.
FRANKI PILED FOUNDATIONS.

The Braithwaite Burn & Jessop Const. Co. Ltd.
P-13, MISSION ROW EXTENSION, CALCUTTA.

NORINCO (PRIVATE) LTD.

ERICHSEN
COMPRESSIVE STRENGTH
TESTERS
FOR

CONCRETE

Portable machines
— v
Sturdy construction
and.;simple operation.

NORINCO (PRIVATE) LTD.

14, NETAJt SUBHAS ROAD, ® INDIA HOUSE,

FORT STREET, FORT,
CALCUTTA, BOMBAY.

b for field operations. ]

ix

USE 100/ INDIAN ROAD TAR

FROM INDIAN COAL MINE

T~

~\

THROUGH
INDIAN

2" PREMIXED CARPET WITH ROAD TAR
LAID IN 1951 ON N. H. 34, NEAR SANTIPUR, WEST BENGAL
AND HELP THE NATIONAL ECONOMY
BENGAL CHEMICAL & PHARMACEUTICAL WORKS LD.

6, Ganesh Chunder Avenue, Calcutta-|3



FOR BETTER PERFORMANCE

Insist on

ASHOK—CONCRETE VIBRATORS

MECHANICAL - ELECTRICAL - PNEUMATIC
INTERNAL - EXTERNAL - SCREED BOARD

Extensively used by:
P.W.Ds, Railways, Projects and
Contractors all over India.

ASHOK VIBRATING EQ3LPMENTS  cover full range of Vibra-
tion equipments. Besides -y.icrsion or internal type Vibrators,
other varieties of Vibratc.c viz. External and Screed Board
Vibrators; Vibrating Tamgurs, Pans, Hammers, Tables, Screens;
Concrete test-Cubes, Cylindar, etc. Compacnon Machines; Hollow

block making machmes etc. powered by Electric Motors or Petrol
Engines; Moulds etc.

are also manufactured to any specification.
Pneumatic Vlbrarors ar

¢ also made to any specification.
DEMONSTRATIUN MAY BE ARANGED WITHOUT OBLIGATION.

For particulars omwize 1 -

ASHOK ENGi:b Rmh & CONSTRUCTION CO.
16§ 1, H'zh;m 12 Gandhi Road,

s Galtatta-7,

CB(@VO\P')M $333887

Sole Sell K’dents for India :
J. B. 'AD¥A CO. PRIVATE LTD.
Head Offlwsgl:agfrs Sir Pherozshah Mehta

Branches: Calcutta, Delhi, Madras Cochi
Bangalore. » Cochin, Jullunder,

Agents: ALL OVER INDiA.
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