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FOREWORD

CENTRAL BOARD OF IRRIGATION,
SIMLA.

The Central Boafd of Irrigation published in December 1934 its eighth publication
under the title “Observation and record of Pressures below Works on Permeable Founda-
tions”, which#was edited by Rai Bahadur A.N. Khosla, I.S.E., B.A,, M.Am.S.C.E., AM.1.E.
(India). The object of that publication was, primarily, to set forth the factors involved in
the design of hydraulic works on permeable foundations, the up-to-date knowledge on the-
subject, and the information further required for the solution of the problem. That
Publication also described the methods by which further information could be acquired,
and recommended the introduction of observation pressure pipes on all new works of that
type. The Publication was given a widd distribution and recipients were asked to provide
the Boatd with any information likely to prove useful in further study of the prbblem.
Very little information has been received however, chiefly owing to the fact that few works
of this nature have recently been constructed and provided with the necessary observation

pipes. Fortunately, however, exhaustive investigations have been carried out by the
Authors of this new Publication, with the result that they are now ableto present a

complete solution to the problem, which is supported by data from prototypes in the field,
models in the laboratory, and by mathematical theory. The contents of this Publication -
are the result of an investigation in the Punjab TIrrigation Department over a period of
tine years, and the Board is indebted to the Punjab Members of the Board, and to the
Authors, for the opportunity of publishing this valuable treatise on one of the first problems
which received the attention of the Board at the time of its constitution in November 1930.

This Publication has been compiled by Rai Bahadur A. N. Khosla, who has also been
responsible for the field research, for the engineering interpretation of the faboratory
investigations and their application to design. The laboratory investigations at the Punjab -
Irrigation Research Institute have been carried out by Dr. V, I. Vaidhianatban, Dr. H. L.
Uppal and Mr. J. K. Malhotra under the direction of Dr. E. McKenzie Taylot. The theory
of subsoil flow and the mathematics of weir design is the work of Dr. N. K. Bose,

, . |

M. T. GIBLING,
_ A . Secretary,
I?ated Ist September, 1936, - Central Board of Irrigation.

(v)&(vi)



Il'l ’ RODUGI‘ION‘ i

i Thé Des1gu of Weus on Permeable Foundatlons was one of the first su\b;ectsJ taken up
for enquiry by the Central Board of Irrigation in theu’ first meetmg in November 1930
The flow of water through the subsoxl flow below Weirs, with its attendant hydrauhc .
gradients and uplift pressures, has been recognised as the determining factor in desngn, ‘ever
since 1895, when Col. Cllbbm/n carried out his classic expenments with Kharnki sand a.t
Roorkee. Until recently, the so-called Bhgh Creep Theory-— which was no more than an zm-
perfect adaptation of Col. Clibborn’s Work—held the field. It has been reallsed. eventually
that the subject is more complex than the simple formula. of Bhgh lndlca.ted
After somz considerable discussion at the Cantral Board meetmg of November 19332
the following resolutlon was adopted unanimously: — o
(2) that further mtenswe study of subsoil flow b=neath actual works: was' assentlal
(b) that in view of 1he active part already taken by Mr. Khosla, and his pubhshed
papers on the subject, the compilation of a comptehensive note otn the.”subJect
should be entrusted to him, E P S : B

(c) that Mr. Khosla should be supplied thh all ava1lable observatxons on the sub]ect
from India,

(d) that in order to secure uniformity of observatlons he should Pl'ePafe a note on, the
nature of observations required and the form in which they should be tabulated;

.. this note to be communicated to all interested, through the office of the Board.
. In compliance with item (d) of this resolution, Rai Bahadur A. N. Khosla, 1.S.E. “
: presented a note on the Observations and Record of Pressures below Works on Permeabie
Foundatlons, which was prmted in December, 1934, as Pubhcatxon T\To. 8 of the Central
Board of Irrigation, ) ‘ ‘ .

All available copies of thlS Publlcatlon were soon dlstrlbuted and there was demand for
thore. Tt was, at first, proposed to issue a reprint, but in view of the comsiderable advance

that had been made, in the meantime, on the study of the sub]ect both in thé field and in the
laboratory, the Executive Committee of the Central Board resblved (20th July, 1935) to have

the Publlcatmn No. 8 revised or to have a.new paper written on the subject. Sir Bernard
Darley in' his letter No. 0453, dated the 20th July, 1935 suggested that a tentative set of
rules for guidance in design be framed by Mr. Khosla and discussed at the- Novembe:_ mee-
ting of the Board with a view to their incorporation in the new. publication. During the
interval before November, the field and laboratory researches reached a stage when tlie
final solution of the problem came within sight so that it was possible to lay down definite,
and not merely tentative, rules for guidance in design. This fact along with a general review
of the state of knowlledg'e to date, was presented by Mr. Khosla® at the meeting of the
Central Board held at Delhi in Novembez, 1935. . As a result of discussion of this, and in

view of item (B) of the Resolution No. 7 of November, 1933, requiring the writing up of a
comprehensive -note on the subject, it was decided that the new publication should embody

all available information on the subject in -addition to the essential matter already con-
tained in the Publication No. 8. The President stressed the necessity for the revised Publi-
cation bzing complete in itself and not in any way supplzmentary to the first additiont.

The present publication incorporates the essence of Field Research in the Punjab since
1927 and of Laboratory Research carried out at the Punjab Irrigation Research Institute
since 1932—the latter, under the direction of Dr. E. McKenzie Taylor. An attempt has
been made to trace from its inception the history of development of the science of subsoil
hydraulics as related to the design of Weirs on Permeable Foundations. Notice has been
taken of all contemporary literature within the Authors’ knowledge, and any help derived
from such literature has been duly acknowledged in the text.

{1y Proceedings of the Central Board of Irrigation, first meeting, Navember, 1030, page 8.

(2) Minutes of the Proceedings of the 4th Annual Meeting of the Central Board of Irrigation held in
Lahore, 13-16 November, 1833, page 12,

(3). Appendix II, Central Board of Irrigation, Publication No. 11, Annual Report 1934-35.

{4) Publication No, 11, page 50. (vii)
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Fhe publication has been divided into a number of self-contained ChapterS. Of these
Chapter VI is more or less a reproduction of the relevant matter in Publication No. 8. The
remaining Chapters contain mostly new matter. - The entire mathematics has been collected
in one Chapter, No. VII Chapter VHI on exit gradients, deals with some fundamental
pnnc:ples in design. P

" The Plates, Diagrams, Equations and Tables in each Chapter bear the number of tha.t

Chapter in addition to their own distinctive numbers. Thus Plate VIL. 6 indicates Plate
No. 6 of Chapter VII. Similarly Equation No. 10. 2 indicates Equation No. 2 of Chapter X.
Every _effort- has been made to make the _pubhcatron complete in itself, so that desxgns
can be worked out in complete detail without much reference to outside literature. The in-
corporation in Chapter XI, of the essentfal diagrams relating to Energy of Flow and Stand-
ing Wave, originally prepared by Messrs. Montagu and Crump and modified to suit specia-
problems by Mt. Kanwar Sain, will consrderably facilitate the work of the designer. . -

‘While it can now bé claimed that the desrgn of Weirs on sand foundations in relation

to flow of water through thé foundation soil can be defermined with great exactness in a

rational and scientific manner from the simple rules given in Chapter X, its determination in

- telation to flow over the surface still depends mainly on empiricism.- This latter aspect of

the subject is dealt with in Chapter XI and calls for further intensive study in the field and
more partrcularly fn the Laboratory .

. . ' . Ackuowledgments

Dr. Valdhranathan, Head of the Physics Section, Punjab Irrrgatmn Research Instrtute,
: d.eveloped the technique of the Electrical Method used for determination of uplift pressures.
‘The Authors are 1ndebted to him andto hrs Assrstant Mr. Gurdas Ram, for the valuable
investigations that they have carried out’in’ connection with this paper.

The - Authors are also indebted to Mr. Harbans Lal of the Hydraulies Sectlon for the
investigation he carried out on the Hydrauhc Models, the results of Wh1ch form an essent1al
part of this paper.

. The Aitthors wish to thank Bhai Naran]an Singh, Subordmate, for the careful observas

-tions and record of field data at Panjnad and Khanki,

The Authors ate indebted to Mr. A. Murphy, O. B. E.; Mr. J. B. G. Smith C. I E. and
Sit Bernard Darley, Kt., C.L.LE., whose keen interest in the subject has been of very matenal
nssistatice, and to Messrs. Kanwar Sain, Montagu "and Haigh, for the:r valuable suggestlons
in Chapters X and XI. . ’
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