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FOREWORD 

Cf:NTRAI, BOARD OP IRRIGATION, 

SIMLA. 

The Central Board of Irrigation published in December 1934 its eighth publication 

under the title "Observation and record of Pressures below Works on Permeable Founda­
tions", whichtwas edited by Rai Bahadur A.N. Khosla, I.S.E., B.A., M.Am.S.C.E., A.M. I.E. 
(India). The object of that public!J.tion was, primarily, to set "forth the factors involved in 
the design of hydraulic works on permea:ble 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 o(that 
type. The Publication was given a widJ distribution and recipients were asked to provide 

the Board with any information likely to prove useful in further study of the problem. 
Very little information has been received ho~ever, chiefly owing to the fact ~hat few works 
of this nature have recently been constructed and provided with the necessary observation 
pipes. Fortunately, however, exhaustive ;nvestigations have be~ carried out by the 
Authors of this new Publication, with the result that they are now able to present a 

complete solution to the problem, which is supported b;r data from prototypes in the field, 
models in the laboratory, an~ by mathematical theory. The contents of this Publication 

are the result of an investigatio~ in the Punjab Irrigation Department over a period of 
nine years, and t_!Ie 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 laboratory 
investigations and their ~pplication 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 Taylor. The theory 

of subsoil flow and the mathematics of weir design is the work of Dr. N. K. Bose. 

Datetllst September, riJ36. 
I -. ' 

---

(v)&(vl) 

I 

M. T. GIBLING, 

Secretary, 
Central Board of Irrigation. 



IN 'RODUCriON' : 

·, .· TheD.esign ~f W~irs on Permeab·l~ Foun~ations yvas ~neo_fthe f~rst .s'\bje~t~ taken;~~ 
for enquiry bytha Central Board of Irrigation in their firstl m1etii1-g in l'f~qvem?er,l,930 .. 

The flow of wat~rthro~gh the subsoil flo~.b~low Weir-s; witli its attendant hydraulic 

gradients and uplift pressures, has bee~ recognised as the c;leter~ini~g f~ctor in. de.sign,, 'ever 
since 1895 . when Col. Clibbotn carried out his classic experiments with Khanki sand at 
Roorkee. ~ntil recently, the so-called Bligh Creep 'r4e~ry- which was no.~oretha~ an.· itnJ 

perfect adaptation of Col. Clibborn's work~hel4 the field. It has b~en ~ealised, e{re~tually 
that the subject is more complex than the simple f!)rmula of Bligh ·indicated. . .. · .. 

After som~ fOnsiderable discussion at tha C~ntral.Board ~~eting ·_of. fo~ember l9lJ32 

the following resolution was adopted unanimously:- . ' . . . .· ' 
(a) .that further intensive stutly of subsoil flow b ~neath actual wor~s •. was· assentfa). 

' ' ,I 

(b) that in view qf the active part ;;tlreadytak;m by Mr. Khosla, and h.is published 
papers on the subject, the compilation of a comprehensive not~ o.n the. subject 

should be entrusted to him, 
(c) that Mr. Khosla should be supplied with all available observations on· the subject 

from india, · · . . 
(d) that in order to s~cure uniformity of observations he shou,ld. prepare a note on the 

nature of observations required and t4e form in which they should be tabulated; 

. . this note. to be conununicated to all. interes~ed, through the offlce of the :Board. 
In .compliance with item (d) of this resolution, Rai Bahadur.A. N. Khosla;I.S.E., 

presented a note on the Observations and.Record ofPress:ures belo'Y·. Wo~ks' mi. Permeabie 

Foundations, which was printed· in December, 1934, as Public~tio~ No. 8 o£ the· Centi:a:t 
Board of Irrigation, · . · · . . 

All available copies of thffi Publication were ~oon distributed and th~m; ~as dtmand for 
more. Rwas, at first, pr~posed to issue a reprint, but in view of the. considerable ·advance 
that had been made, in the meantime, on the study of the. subject, both in the field and in tlie 
laboratory, the Executive Committee or" the Central Board resblved (20th July, 1935) to have 
the Publication No. ·8 revised or to have ~:L·n·ew paper written on the subject. Sh: Bernard 
Darley in~ hls letter No. 9453, dated the 29th July, 1935, suggested that a tentative set of 
rules for guidance in design be fraxp.ed by Mr. Khosla and discussed <1t the· November: 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 t4e 
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 knowledge to date, was presented by Mr. Khosla8 at the meeting of the 

Central Board held" at Delhi .in Novembel', 1935 .. As a result of discussio1.1 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 stres,sed the necessity for the revised Publi· 
cation b~ing complete in itself and not in any way suppt~mentary to the first addition~. 

The present publication incorporates the essence of Field Research in the Punjab sin~e 
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 histor;r of development of the science ~f subsoil 

hydraulics as related to· the d.esign 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. ' 

U) Proceedings of the Central Board of Irrigation, first meeting, November, 1030, page 8. 

(2) Minutes of the Ptoceedlngs of the 4th Annual Meeting ef tb,e Central Board of Itrlgailon held In 
Lahote, 13·11) November, 1933, page 12. 

(3). Appendix II, Central Board of Irrigation. 
(4) Publication No. ~1, page GO. 

. 
Publication No. 11, Annual Report 1934·311. 

(vii) , 
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'the publication has been divide{ into a number of self-contained Chapters. Of these 
~apter VI is more or l.ess a reproduction of the relevant, matter in Publication No. 8. The 
remaining Chapters contain. mostly new matter. · The en~ire mathematics has been collected 
in one Chapter, No. VII. .Chapter. Vlll, on exit gradients, de~ls with some fUndamental 

~principles ir:l design. . . 

. The Plates, Diagrams, Equations and Tables in .each Chapter bear the number of that 

Chapter .in addition to . their own distinctive numb~rs. . Thus Plate VII. 6 indiCates Plate 
~o. 6 pf Chapter VII. Similarly Equation No. 10. ·2 indicates Equation No.2 of Chapter X. 

Every effort has been made to make the pubiication complete in itself, so that designs: 
can l>e worked out in complete detail without much ·reference to outside literature. The in­
corporation in Chapter XI, of the essential diagrams relating to En~rgy of Flow and Stand­
ing Wave, originally prepared py Messrs. Montagu and Crump and modified to suit specia· 
':problems by Mr. Kail~ar Sahi, will consid~rably facilitate the work of the designer. , · 

While it c:m now be claimed that th~ design of Weirs on sand foundations in relation 
to flow of water through the 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 

· relation to flow over the surface still depends mainly on eilipiricism.- This latter aspect of 
the subject is dealt with in Chapter XI and calls .for further intens~ve study in the field and 
more particularly in the Laboratory: · · · 

. A·cknowledgments 

Dr. Vaidhianathan, Head of the Physics Section, Punjab Irrigation Research Ins_titute: 

developed the t~c!Inique of the Electrical Me*od used for determination ~f uplift pressures~ 
The Authors .are indebted to him and to his Assistant, :M:r: Gurdas Ram, for the valuable 

'investigations that they have carried out in' connection with thls paper. . : · . · ' 
The· Authors are also indebted to Mr. Ha:t:ban~ ~al of the HydraUlics section for the· 

investigation he carried out on the Hy~aulic Mod.els, the results of which form an essenti~l 

part of this paper. · · 

·The Authors wish to thank Bhai Naranjan Singh, Subordinate, for l:~e careful ·observa­

-tions and record of field data at PanjU:ad and Khanki, 
The Authors are indebted to Mr. A,. Murphy, 0. B. E.;. Mr. ]. B. G. ~mith-C. l. E. and 

Sir Bernard Darley, Kt., C.I.E., whose keen interest in the subject has been of very mater~al 
nssistance, and to Messrs. Kanwar Sain, Montagu an4 Haigh, .fo.r their valuable suggestion_s 

in Chat>ters X and XI. " 
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