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PREFACE TO THE THIRD EDITION

Tne second edition of this work was published 1 the year 1910 nd 1s
1 good deal of water has floned down the canals of the world since then—
followed by proportionate advance tn the science of irngation engineering—
the time 1s ripe for the revision of the work bringing it up to date 1n mstruc
tiveness ind utitity It 15 profoundly regrettable that the late Mr W G
Bhigh did not find occaston to revise hus own treatise 1 a third edition
before s death

In Ins Preface to the Second Edition Mr Bhigh wrote

In this editron considerible emendations wnd 1dditions hase been mde

to the book the principal of wlnch 1s the trcatment accorded to the theory
of the stility of weirs or other works founded on 1 sand stratum  In the
first cdition this stability was made dependent on two consideritions—first
the waght of the structure and sccondly, the enforced length of percolation
1 \ception was tahen to this view by professional entics waght asanagent
cHeeting reduction of pressure or hetd being ruled out 1s unsound  The
author now frankly adnnts that hus provious view s untenable and Cliap-
ter VI s consequently been entirdy recst  the first factor that of wa ht
vveept s regards upward hydrostitic pressure having been dimimate § from
the cquitien o f resist nee

Chapter V1 thus recist by Bligh has become the princrpal forture of the
bookh hwing bon made the fundamental entenon of nvdrinhe dewn
throughout the treatise The theorcticnl con iderity s there set furth have
buon danved from the record of dimages occurnng 1 rcpai dftcted to
the weirs across the River Ganges 1t Narora ani the River Clorab at
Khankt  «n the suppo stion that the snd damages wen die tohnd ntatic

blew up  pres ures under the thor of the MarertWar andto § p e

or dt ruptive percelition Hin throush the subwl unler the Rhanty Wer
The pre ant editor thinks he his eancle nelh d mor rmited 1nthe N e at
and fChptar VI that thedimi e toth e We s d 1~ b prasdas, -
MY were not asaabable to the Abnements mal canes L7~ N 1o
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PRETACE TO THE THIRD EDITION AS11

by agnostic engneers, in their anviety to guard their structures, i design,
agamnst possible “ blow-up ” or “ piping,” during the past quarter of a
century  The Madras Canal works afford a good pointer, probably, in the
direction of sounder, more economical, design

As regards “ Retaimng Walls" (Chapter I} the editor suggests that
the current conventional methods of design and theory are unsatisfactory,
and that 1t 1s advisable to allow rationally, in calculations of earth-thrust,
for the force of soil cohesion, whilst msisting on the rule of the * muddle-
thurd " as the only means of designing retamning walls correctly, gua
foundation soil pressures

In concluston, the editor desires to make 1t clear that Bligh's treatise 1s, in
his opimton, an admurable and useful work, all things considered, and a monu-
ment to the credit of the industry and acute judgment of its author That
does not mean that there 1s not a great deal in 1t which the editor 1s not in full
agreement with—especially i Chapters V. and XIII —on which he would
not have preferred to express optnions somewhat differently; but it has been
constdered desirable, as a general rule, not to mterfere greatly with the text
of the author, and, apart from matters of detail, here and there, to express
dissent, 1f at all, only 1n editonal footnotes, or in notes appended to each
Chapter

r w.w

Loxpov,
March 215t, 1927






PREFACE TO SECOND EDITION

—

In this edition considerable emendations and additions have been made
to the book the principal of which 1s the treatment accorded to the theory
of the stability of weirs or other works founded on a sand stratum  In the
first edition this stability was made t on two derations—first
the weight of the structure and, secondly, the enforced length of percola
tion Exception was tahen to this view by professional entics, weight as
an agent effecting reduction of pressure or head being ruled out as unsound

d q
P

The author now frankly admits that fus previous view 15 untenable, and
Chapter VI has consequently been entirely recast, the first factor, that
of weight, except as regards upward hydrostatic pressure, having been
elmmated from the equation of resistance

The next main alteration effected 1s 1n Chapter V, where the tables of
discharge of submerged weirs founded on theory have been repliced by
others worked out from the formula mtroduced by Herschel 1n American
hydraulician  These are based on experimental data which, though on the
usual unsatisfictory small scale, still must be prefurable to the uce of
cocfficients obttned from any purely theoretical constdertion  Chapter 1
remamns 1s before Chapters IT and 111 have been reeast and rewntten
de nore  Grawity dams and wewrs are now umted in Chapter II while
the arched and panel dech vancties are dealt with i Chapter I, with
many additional examples  Chapter IV 1s httle altered  Chapters V and
VI have already been referred to  The rumaming chapters have had
additional matter inserted and <omc excised, the most tmportant alterations
being tn Chapter \II (olem \III), which has been pricticalls rewntten
The ncrease 1 the number of 1llustrations 2l through 1= considerable

The worh has been brought by this means thoroughh up to date
While 1ts onginal characterstics, namels centical examnation of exwsting
worhs, are retained, 1ts «cope has been enlirged and 1ts value, 1t 1s hoped,
as 1 medium of nstruction thereby erhanced

The author wishes to evpriss lis obligations to the following worls

i



x PREFACE

bearing on the same subject '—* The Irngation Works of India,” R Buckley,
C LLE, London; “ Reservours for Irrigation Water Power and Domestic
Water Supply,” James De Schuyler, New York, “Irngation: Its Principles
and Practice,” Sir Hanbury Brown, K C.MM.G, London; *‘Irngation
Engmeening,” H. M Wilson, New York; ‘“Indian Storage Reservorrs,”
W. L. Strange, London; * Treatise on Hydraulics,” M. Merriman, New
York , “Public Water Supplies,” F. E. Turneaure and H. L. Russell, New
York, *Waternorks Engineering,” Tudsbury and Brightmore, London.

. W. G. BLIGH.
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THE PRACTICAL DESIGN OF
IRRIGATION WORKS

CHAPTER 1
RETAINING WALLS

(1) RETAINING waLLS whose function 1s the retaining or holding back of
earthen banks form one of the most considerible items of the component
parts of masonry structures The design of such should satisfy conditions
that combme economy of matenal with stability  To effect this desirable

F1Gs 1 1a 1b

end with accuracy and in accordance with scientific prmceiples 1t will be
necessary to possess a thorough understanding of the theoretical problem
tnvolved

(2) The diagram m T'ig 1 presents a graphical statement of the theory
of earth pressure A0 15 the bach of the retaining wall 4B the terram line,
or top surface of the bank which 1s upheld and 00, the honizontal base
line representing the natural surface of the ground OB 1s the plane of
repose of the earth formmg this baching the angle BOO, or ¢ bemng thus
the angle of repose e the steepest slope at which the earth will stand

v * »



2 DESIGN OF IRRIGATION WORKS

when unsupported The tnangle AOB represents, therefore, the largest
prism of earth held up by the wall

In case of failure of the wall, the earth baching will break away in some
Iine OX m the pnsm AOB, mtermediate between A0 and OB, and 0X 1s
termed the plane of rupture Of all possible positions of 0X, that one
which ensures the maximum thrust on the wall has alone to be considered
as the true plane of rupture, and thus the prism A0X 1s the portion of the
earth backing tendimng to overturn the wall and will be found, as hereafter
explamned to have a much greater effect than the larger whole prism A0B,
on the supposition that the plane of rupture 1s comcident with that of repose,
which 15 not the c1se N

(8) By reference to Figs 1aand 1b the forces in equilibrium will be found
as follows —

(1) The weight of the prism 40X acting vertically

(2) The normal reaction of the retaiming wall acting at nght angles to
the direction of the back of the wall 04

(3} The friction of the prism on the mner surface of the retammg wall
acting upwards

{4) The normal reaction of the plane of rupture 0X

(5) The friction of the pnsm AOX on the plane of rupture acting
upwards

(6) The cohesion of the earth 1n the plane of rupture acting upwards

(4) Fig 1a represents the force polygon of forces 1 fo 5, Ig 1b the
same but inclusive of (6) In both diagrams forces 2 and 3 are components
of 7 and 4 and 5 of ¢ The polygon 1s thus resolved into the tnangle of
forces p g7 Of these p 1s the weight of the prism AOX, represented by the
area of the triangle 40X, g1s the reaction of the plane of rupture, and 7
the resultant pressure on the back of the wall, both ¢ and 7 being modified
m direction by angles of fiction  The direction of ¢ 15 determmed by the
angle 8, which 1t forms with the vertical , the length of 7 1s dependent on
the value of this angle # Now 8 15 also the angle between the planes of
tepose and of rupture or the divergence of OB and O0X  Hence the pnimary
necessity of ascertaining the true value of this angle, on which that of the
force » 15 dependent

(5) The two diagrams 1a and 1b, show clearly the great reducing
mfluence exerted on the value of 7 by the introduction of the comparatively
small force (6) representing cohesion No defimite value can possibly * be
assigned to coheston as 1t must necessanly vary with differing soils and
conditions of moisture consolidation etc , for mstance from pure sand
which 15 almost devoid of the property of coheston, to stiff clay i which
this property 15 highly developed ~ Consequently we are compelied to omit

* But see Fditor s Notes at the end of this Chapter —Ep
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this force, though always present in a greater or less degree, from inclusion
m the graphical statement

Although this onussion will apparently somewhat vitiate the yalue of
the theory of earth pressure, as 1t presupposes a state of things in the condi-
tion of the earth which does not actually ewust, yet st will be found that the
neglect of coheston will not preclude the successful use of the remuming fise
forces to which approztmately correct values can be assigned provided that
the unknown 1alue of coheston be considered as supplying a definite, though
not precisely ascertainable factorof safety in fas our of the stability of the wall

It 1s well hnown that retamnng walls, which according to recen ed theory
are designed of too weak a section to be safe are m reality possessed of a
large factor of safety This pomnt was fully brought out mn the discussion on
retamimg walls in the ' Minutes of the Proceedings of the Institution of Civi
Engineers,” Vol LXV Conse-
quently the theory of earth pres
sure, though not reducible to abso-
lute exactitude as in the case of
flmd pressure, will still be found
an mdispensable and rehable guide
in the economical design of retam-
mg walls  The sections need only
be designed of sufficient statical
properties to withstand the theore
tical earth pressure  That 15 to
say, the moment of stability of the
wall need be only just equal to
that of the aggressive forces, or m
equnvalent graphical terms, the resultant centre of pressure of the combineq
forces can be allowed to pass just within the outer toe of the base of the
section, leaving no factor of safety beyond that supphed by the unknown
influence of cohesion and further designs based on a shight modificatign

of this principle will be found 1n agreement with commonly received and
established practice

e 2

(6) Tg 2z illustrates more fully the trangle of forces p ¢ 7 with they
angles of divergence  The resultant 7 1t will be seen forms an angle w,th
the normal to Od of the assumed value of 4! tan ¢! being the coefficrent
of friction of earth against the wall This force, which acts m favour of the
wall, causing a downward deflection 1n the direction of 7, 15 neglected by
some theonists but without tangible reason It 1s evident that friction must
develop on this surface, as well as on the plane of rupture on any mov ement
of the wedge of earth AOX  consequently 1t cannot be ignored  The valye
of $11s, however, not considered as equal to ¢ and i Chalmers Graphical
Determmation of the Stresses n the Structures of Engineering  the valye
of ¢! 1s assessed at one half thit of ¢ This proportional value will he
adopted *  As regards ¢, a consensus of authorittes place the slope of repose

* But sec Editor s Notes 1t the end of this Chaptes —Ep

L¥)
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at 11 to 1 which 1s what ordinary soil naturally assumes Some clays
however have a much flatter slope of repose as 2 or 3to T 1 such cases
however the baching should be formed of prepared material which will not
have a flatter angle of repose than 1§ to 1 Sir Benjamm Baker 1n the
paper on the pressure of earth on retaining walls above referred to assumes
1} to 1 as the slope of repose although dealing with London clay with a
natural angle of 3to 1

(7) The earth backing 1s thus theoretically considered as a flmid having
the specific gravity of earth but subject to modifications by the mnfluence of
friction on the surfaces on which 1t shdes  The reactions of the back of the
wall and of the plane of rupture 1n accordance with the properties of flurds
must be normal to those surfaces but the action of friction causes obhiquity
n the directions of ¢ and of 7 from the lines normal to O4 and 0A

(8) In all subsequent mvestigations the value of ¢ will be assumed at
11 to1 $tat 3tox With regard to p the weight of earth will be taken
as I cwt per cubic foot or specific gravity 18  Some clays weigh as much
as 120 lbs or 125 Ibs per cubic foot or have a specific gravity of 1gor 2z 0
but they are exceptional and can be met by special design  In hot countries
where alone wngation 1s practised the heavy clays common i Curope
which are due to glacial actton are rarely met with Most soils do not
weigh over 100 Ibs per cubic foot

Positron of the Plane of Rupture

(9) It has already been observed (vide par 2) that the position of OX 15
somewhere intermediate between OB and OA By reference to Fig 2 1t
will be seen that 1f the plane of rupture be assumed to comncide with that of
repose the triangle AOX will be comncident with AOB and consequently
# will be at a maximum value The angle  however disappears and with
1t On the other hand were OA comcident with Od # would disappear
Some intermediate position of OX must be found which will satisfy the
condition of giving a greater value to 7 than any other possible one In
works where this subject 1s treated by analytical methods a formula 1s given
whereby the angle # can be found by calculation but 1t 15 so mnvolved as to
be useless for practical purposes In Chalmers work the problem 1s solved
by graphical process but except m the case of a honzontal terrain line the
system adopted 1s too abstruse and complicated to be of practical value
though doubtless smitable for students as an exercise of mgenuity  The
process adopted mn this work for findir~ the correct value of § where the

terrain lme 1s not horizontal 1  ntal 1n method and as simple as
posstble 'V arious positions of rupture are tentatively assumed
the value of » deduced 1n eac t inclination giving the greatest

value to 7 15 ndopted as the co

{10) When the terrain hne AB . _Arzontal and the angle of friction 15
neglected OA wall bisect the angle AOB  The proof of this can be found
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1 am worh on the subject  When the {nction on A0 15 tiken nto account
the directron of r will be more inclined and thus will tend to <lightly modify

the position of OV but to so smnll 1n extent that for a1l practical PUTPOs
1t may be entirely neglected

(11) In cases where the terrun line 4B 1» inchned upwards «r d wp

wards as shown 1n Digs 3 and 4 the position of O\ I1s to be found | R
tentative process 15 exhibited below

T1g 31> 2 case With 1 terrun hine inchined upwards at 1 slope of 2 1o ¢
On - B any number of pomts 1! 1" etc are tahen  these joned by iy
dotted lines with O form so many planes of rupture each hay ng difierent

o n

yx.4/ZY

EN

Tie 3

values of § vz the angles Y'0B \ OB etc Ve have now to find which
of these directions will ensure the greatest value of & the resultant pressure
onthewall Asthe tnangles A0\ A0OX? etc have the common base A0
therr areas are directly proportional to their several sides AXl 4\2 g
consequently these sides can be tihen as representative of their 1rens ;¢
of p1 p? etc the weghts of the prisms held up by the wall

To avoid constructing a separtte figure the force polygon can be jomed
on to the diagram by assumimng A2 as the vertical load ne At the point
A the direction of 7 1s set off making an angle with p cqual @ on the figure
1n the same way 1t the pomnts V! A” etc the angles 81 § which 011 and
O\" make with OB are set off toward the line » These lines which Tepre
sent the oblique reactions of the planes of rupture cut » i several plices
These <everal intercepts of the line 1bovc the point A give the value of r for
each trial pline of rupture and that angle effecting the largest ntercept 1s
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at 11 to ¥ which 1s what ordmnary soil naturally assumes Some clays,
however, have a much flatter slope of repose, as 2 or 3 to I, 1n such cases,
however the backing should be formed of prepared material, which will not
have a flatter angle of repose than 11 to 1 Sir Benjamm Baker, m the
paper on the pressure of earth on retaining walls above referred to, assumes
1} to 1 as the slope of repose, although dealing with London clay with a
naturil angle of 3 to T

(7) The earth backing 1s thus theoretically considered as a flund, having
the speaific gravity of earth but subject to modifications by the nfluence of
friction on the surfaces on which 1t slides  The reacttons of the back of the
wall and of the plane of rupture, in accordance with the properties of flwds,
must be normal to those surfaces, but the action of friction causes obhquity

n the directions of g and of 7 from the lines pormal to 04 and OX

(8) In all subsequent 1nvestigations the value of ¢ will be assumed at
1} to1 $tat3ztoxr With regard to p, the weight of earth will be taken
as X cwt per cubic foot or specific gravity 18  Some clays weigh as much
as 120 lbs or 125 lbs per cubic foot, or have a speafic gravity of 19 or 2 0,
but they are exceptional and can be met by special design  In hot countrres,
where alone irngation s practised the heavy clays common m Lurope,
which are due to glacial action are rarely met with Most soils do not
weigh over 100 Ibs per cubic foot

Posstron of the Plane of Rupture

(9) Tt has already been observed (vide par 2) that the position of 0X 18
somewhere mtermediate between OB and 04 By reference to Tig 2, 1t
will be seen that 1f the plane of rupture be asstmed to comerde with that of
repose the triangle 40X will be comcident with AOB, and consequently
# will be at a maximum value  The angle §, however, disappears, and with
1t 7 On the other hand, were OX comcident with OA, # would disappear
Some 1ntermediate position of OX must be found which will satisfy the
condrtion of giving a greater value to » than any other possible one In
works where this subject 15 treated by analytical methods a formula 1s given
whereby the angle 8 can be found by calculation, but 1t 1s so v olved as to
be useless for practical purposes In Chalmers' work the problem is solv ed
by graphical process, but except 1n the case of a horizontal terrain hne, the
system adopted 15 too abstruse and complicated to be of practical value,
though doubtless suitable for students as an exercise of ingenuity  The

process adopted m this work for findyr the correct value of §, where the
terrain line 15 not horizontal 1 7 od,and as sunple as
possible  Varions positions of / tatively assumed
the value of » deduced m eac, ~ung the greatest

value to 7 1s adopted as the &:.\

{10) When the terran line 4 “aggon 13
neglected, OX will bisect the angrs, \DQ\
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earth and water acting on the wall, as if composed of the former
material )

The shght excess 1n the area of the supertmposed parallelopiped AX1,
which 1s somew hat larger than the rectangle A1X, 1s too tnfing for considera-
tion, though capable of exact adjustment by further lowerning the line A1X

(14) Process of drawing resultant line of pressure to base of wall profile

Hs® D

Fic 6

Fig 6 represents a trapezordal section of wall 30 feet hugh 2 feet wide at
crest, and 12 feet at base  The face 1s vertical The object of drawing the
resultant line of pressure through the
base of the wall 1s that the position of
the point where this intersects the base
forms the critenion of the stability of the
section adopted  If 1t falls at the outer
toe, the section 1s of Just sufficient statical
stabiity , 1f outside, the wall wil over-
turn  The further the point of wntersec-
tion falls within the outer toe the greater
the stability Excess, however, would
lead to waste of material  As already
noticed 1n par 5 the unknown force of Tic 6a
cohesion formsa large but indefimte factor
ofsafety Itis however, deemed advisable to ensure a certain small additional
precise factor by designing the section so that the resultant lIne of pressure
will intersect the base within the outer toe at a distance having a certain
arbitrary proportion to the width of base  This will obwiate * any remote
possibility of crushing the materal at the edge of the base, whch would be
liable to occur were the maximum pomnt of pressure concentrated at this

* This cannot be decded unless the stress diagram be drawn o show
intensity at toe of wall ~Ep TR pressure
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pomt  This mset betng a fraction of the base will ensure a unmform system
of design applicable to all sections and one which 1s 1n agreement with
practical examples of known stability the weight of these trapezoidal walls
thus bearing a constant ratio to the base width & the top width beng a fixed
dimension

Ths fraction will be fixed at one eighth the width of base and has been
decided on with due regard to assimlation of design to the proportions of
retamning walls such as are commonly followed 1n practice The problem of
design now consists m adjusting the base width of the sections so that the

b
resultant line of pressure will cut the base at a pomnt ¢ within the toe Thus

can only be effected by 2 tentative process of tnal and error  As the
section 15 determmed entirely by the base width any alteration 1n the latter
affects the back slope of the wall and with 1t the oblique direction of 7
which 1s at a fixed angle from the normal to the back  furthermore the area
of the tnangle of earth pressure the position of OA and value of 6 are all
modified by any alteration in the base width of the profile of the wall

To express this 1n analytical terms would necessitate the use of formulas
of so complicated 1 form as to prove too cumbersome by far for practical
purposes and the time spent m working them out would greatly exceed that
employed 1 making the graphical solution bestdes the increased labihity
to error

(15) As already noted 1n par 8 the specific gravity of earth baching 1s
tahen s 18 for these mvestigations With regard to the walls carefully
bult rubble masonry will weigh from 140 Ibs to 145 Ibs per cubic foot z e
have a speafic gravity of 23 This value 1s adopted in  Water Works
Engmeermg  * as applicable to masonry dams where 1t 1s stated that the
specific gravity of the stone used with careful construction should 1n cases of
walls subject to water pressure bring the weight of the built masonry to not
less than 145 lbs per cubic foot

For retaming walls of ordmary construction a specific gravity of 2} 1s
deemed too hugh and 1n this work » 1 will be adopted for earth retanmg
walls and 2 25 for stone dams 1nd weirs

Granite masonry has a specific gravity of 2} or even 3 or more with
Portland cement mortar  Brichwork varies from 100 lbs to 125 lbs per
cubic foot ¢ ¢ from specific gravittes 1 6 to zo  In these myestigations I 8
will be adopted as the specific gravity of brickwork  The following 1s 2
resume of the foregomg —

Larth Backing Spectfic Gravity 18
Brickwork Specific Gravity 17 to 18 1n hme mortar
Ordinary Stone Masonry 21
Special 223
Granite 2 5 to 3 1n cement
¢ 1itor
#! 3tox

®  Water Works Fng neerng by Tud beryand B ghtmore
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(16) To revert to I'ig 6 OB 15 the plane of repose, set out at 13 to 1
from the base line 00, The terrun hine 4.X being horzontal the plane of

AOB
rupture bisects the angle AOB, and § = < The prism of earth AOX,

which exerts active pressure on the wall will do so by sliding on its bise OX
The resultant Iine of pressure of this weight will act through the centre of
gravity of the tmangle AOX, and 2 hine shown dotted on figure driwn
paratlel to the base of the triangle AOX through G cuts the bach of the wall
AO at the pomt marhed @ Oa 1s clearly one-third of A0, and thus we sce
that whenever the apes of the triangle of earth pressure 1s comaident with
the inner pomnt of crest of wall the resultant earth pressure mvarably acts
at one-third the vertical hetght of wall above base or at 131 InTig 5the
apex of the corresponding trniangle 1s not at 4 but 1t A higher up, con
cequently the centre of pressure will be at a greater height above the base

(17) Having found a the pomt of application of 7 1ts direction 1s found
by drawing ab at nght angles to A0 and from 1t setting off » upwards 1t an
mchnation of ¢! or 3 to  from the normal @b  The line » should be con.
tinued through the profile  This force will now have to be combined with
that consisting of the weight of the masonry acting through 1ts centre of
gravity

By far the easiest method of finding the centre of gravity of a trapezoidal
figure 1s as follows —I'rom A measure off Ac = base OC and similrly from
C, Cd=crest AD jon ¢d nd also the points of bisection of AD and 0C
The 1ntersection of these lmes 1s G the centre of gravity of the profile
ADCO Trom this pomnt G draw a vertical cutting 7 1t the pomt I

The directions of the two forces » and 1} are now connected on the profile
and the next step 1s to find out therr values

Let H denote the vertical height of the wall  Then the weight of the

H
prism AOX, taken as one unit wide, 15 X A} X « w bemg the weight of

a cubic foot of the earth backing  Simiarly thit of the wall will b
H x W x «, W beng the mean thickness of the wall Let ¢ be the
specific gravity of earth p that of masonry then the weight of 1 cubic foot
of water being 623 Ibs w= ¢ X 623and «; = p X 623 Hence the tuo
expresstons which have to be graphically equated become

H><A—2A><<><623

HXxWxpx623

elminating the common factors we have as representatnve of the loads on
ather side

AX
Earth=—- X ¢

Masonry = I¥p
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Reducing the earth expression to the base of the specific gravity of masonry,
2 ¢, by dividing both expressions by p, we have

€

Vertical earth pressure = A;—X X o

Vertical wall pressure = W

(18) This arrangement for the stmplification of expressions 1s commonly
adopted m graphical calculations
The force polygon 1s shown 1n Fig 6a  Here the vertical force 1s repre-

sented by ab = Azx X ; To effect this fractional multiphcation graphically,

a¢ 15 drawn honizontally = /12_X On ab mark off on any scale, 1 8 the specific

gravity of earth and on a¢, 21, that of masonry, jomn these pomnts and
through ¢ draw ¢b parallel to the Jast ine  Then by stmilanity of triangles, ab
119_251_133 = %{ X S From & set off bd inclined at the angle 8
from $, and through @ draw ad parallel to the hne » m the profile Fig 6 The
tniangle abd will then represent the forces p gandr  Hawving now obtamed »
n quantity as well as direction, 1t has to be combmed with the force ¥
This can be best effected on the same diagram  The procedure 15 as
follows —Draw de vertically = 17, t¢ =4 it and join a¢  The tnangle
ade will then be the force tnangle required, ad beng » and de W, the
resultant of these two forces R will be ae, the third side of the triangle ade,
1 direction and magmtude R 15 then the resultant line of pressure on the
base which 1s required  In Fig 6 from the pomnt f draw R parallel to a¢ in
I'g 6a cutting the base at the pomt %

or p will =

{19) The distance of / from the outer toe C will be found to be close to
1 foot 6 mches * or } base CO  When the wall 1s of brickwork of the specific
gravity 18 the same as that of the earth backing, the force # 15 drawn equal

to 421 Thss 1s shown 1 Fig 6b  The resultant R, reciprocal to that i

Fi1g 6b1s drawn as a dotted line on the profile I''ig 6 Its incidence on the
base CO 1s nearer the toe C than that of R To bring the wncidence of Ry

back to the pomt /, which latter 15 at g distance from €, the base width
will have to be mncreased by half a foot and be in ferms of H, 4H + 1,
mstead of 4H, as 1t stands n the drawing

The Rectprocal Triangle of Earth Pressure

(20) Hitherto we have only been concerned with the pont of intersection
of all the forces engaged on the base line of the retammg wall the posttion
of which pomnt demonstrates the stabihty of the section and which 1s

* Actually 1 25 foot or bfro—Ep



CHAPTLCR I —RETAINING WALLS Ir

identical 1n result with the analytical system of taking moments about the
outer toe, or some other fixed point 1n the base line

This procedure 15 sufficient 1n most cases, as 1t can be safely assumed
that 1f the wall at the weakest part, 11z, the base, 15 1n stable equilibnum,
the upper part will be still more so  When, however, retaimng walls are of
exceptional height, or are subjected to abnormal conditions of pressure, or
are of unusual section, 1t will become desirable that the line of pressure be
traced nght through the section of wall from crest to base, thus enabling the
destgner by 1nspection of the weah pomts to modify the profile as may be
expedient

(21) In order to ben a position to draw the hine of pressure, the distnibu-
tion of the earth pressure on the back of the wall has to be ascertained, the

He30 24 x

ab) pas s

Fies 7,7a and 7b

previous method only giving the point of application of the resultant on
the base

To effect this the triangle of earth pressure reciprocal to that of the
earth pressing on the wall has to be drawn reduced to a masonry base, so
that ordinates drawn parallel to the base of this trangle to any point on to
the back of the wall will truly measure the ntensity of pressure at such
point

In I1g 7 the tniangle AOX 1s the area of earth backing whose weight
presses on the wall The pressure developed by this prism 1s il at the
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crest A andis a maximum at the base, hence the form of the area of pressure
will be that of a triangle having 1ts apex at the crest 4  The area of this
tnangle should equal the total earth pressure, and each ordinate drawn
parallel to 1ts base will measure the intensity of umt pressure at that pomt
Now the total earth pressure mn terms of umt weight of masonry 1s, as we
have already seen, #H, #, as mn Fig 7a bemg the resultant of the earth
pressure divided by H (the weight bemng umtv), thus the area of the triangle
must = #H, ¢ ¢, 1ts mean width will be # and 1ts base will measurez» In
Tig 7, 1f Oa 15 made = 2 # then the tnangle A0a will be the reciprocal
triangle of earth pressure, 1ts area bemg rH  The base Oa being horizontal,
the measure of the intensity of umit pressure at any pomt on the back of the

Tic 8

wall A0 will be the horizontal ordinate of the triangle A0z The actual
drrection of the pressure however, 1s oblique, bemg inchined to the normal
to the back A0

(22) The procedure of drawmg the line of pressure will be briefly described
The wall and tnngle of pressure are divided mnto laminas of equal depth n

H
this case three  Thewr common depth 3 can then be elminated from the

graphical calculation, the weights of the laminas can then be represented m
the force diagram 7b by their respective mean widths

Thus 1 Fig 7b the load line ab or W 15 composed of the three half
widths of the wall 1, 2 and 3 In the same wty ac ot 7 1s composed of the
three half widths, 1%, 22 and 3%, of the laminas of the triangle of pressure
The incidences of 73, #* and #° on the back of the wall are at the intersection
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of lmes drawn through the CG's of the laminas  From these ponts the
directions of the forces are mclmed paraliel to » m Figs 7a and b From
the intersection of 1! with 11n g 7, R 1s drawn parallel to 1its reciprocal R
1n 5b, the point where this cuts the end of the base of the lamma 1 15 2 point
on the line of pressure  From the mtersection of R continued, with 22, a line
1s drawn back parallel to its reciprocal in g 7b, the resultant of the three
forces 1, 1t and 2! Agam from 1its mtersection with the force 2 the line R!
15 drawn to meet the mchned force 3 parallel to its reciprocal R in the
force diagram, this intersects the base of lamina 2, giving a second pomt n
the hine of pressure and termnates as before, at its junction with the inchned
force 31 The procedure as above described with regard to the reverse line
gnees the startmg point of the final resultant R? which intersects the base of
the wall This latter point 1s clearly wdentical with that obtamed by the
sumpler procedure formerly given

(23) Ve will now proceed to show the method of obtaming the incidence
of the resultant line of pressure on the base of a trapezoidal wall m cases
where the terram line 1s not honzontal and also where 1t 1s surcharged with a
weight above the level of the wall crest

Fig 8 represents a case with the terram inchned upwards  First the pomnt
X, or the intersection of the hine of rupture with the terrain, 1s obtamed by the
means described in par 11 The area
of the prism of earth pressing on the
rear of the wall AOX cannot be repre

sentedaswasdonehitherto by [—12‘—‘( x H,

but 1f the ine XX be drawn parallel
to the back of the wall till 1t intersects
the honzontal ne AX? and the pomt
X? joined with O, then the trangle
AOX1 15 evidently equal to AOX and
1ts area 15 equal to AX?! x H

The centre of gravity of the prism
15 evidently on a line drawn parallel
to the base OX consequently the incidence of the mchned force » on the
back of the wall will be at one third of H  The same 1s the case with any
triangle having 1its apex at the pomnt A4  The procedure of finding 7 1s

AXxt
identical with that already described, p being made equal to ~ — X ¢, and
g set off at the angle 8 irom 1ts extrermty b, which mtercepts the mchned
hine » drawn from the ongin o

(24) In Tug g9 we have a similar case but with the terramn line inclned
downward The procedure 15 1dentical with that in the last case

(25) Thg 1015 a replica of g 5, i which the terrain Ime 15 loaded with
water  As already noticed m par 13 the prism of earth acting on the wall
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15 the triangle A10X! Consequently m the force polygon Fig 10a 2 1s
A1 e H

z Xp*H
The last fraction enables H to be eliminated as a common factor By setting
off g at the angle ¢ from the base of the load line the value of 7 1s obtamed,
as also the base Oz of the triangle of pressure A0z which 1s 2r  The earth
pressure 15 represented not by the tnangle A10a but by the hatched
trapezium AOa consequently 7, n I'1g 10, 15 not representative of the mean
pressure but #* the hali-width of the trapezium which 1s greater than » does
so Hencen Tig 10a #1has to be measured off from the point of origin @
to d and the vertical W or de 15 drawn through this pomnt 4 equal to the
half width of the trapezordal wall e 15 then the direction of R In the
profile Iig 10 the 1nclined force 7! cuts the back of the wall at the mter-

made erther by graphical or anthmetical process equal to

{roa)

8

?/ Yzied ,
2

Fies 10 102

sectton of a honizontal through the centre of gravity of the trapezium 40a,
not at that of the triangle 420«

{26) The consideration of further abnormal conditions to which retan-
g walls are subject will now be deferred until the principles of design are
worhed out 1n regard to trapezodal walls of various heights and face batters
under ordmary conditions of earth pressure For this purpose Figs 11 to 15
have been prepared being a series of diagrams of sections of equal strength
but of varying face batters placed side by side for purposes of comparison
Inspection of these diagrams will at once demonstrate to the eye the influence
exerted m the economical design of the sections by face batter, the diagrams
also furmshing rehable types of sections for practical use bised on which
formulas easy of apphication can be deduced

In all cases the specific gravity of the materal of the wall 1s taken as 2 1,
that of the earth backing as 18 the top width at crest 1s a fixed dimension
of 2 feet, and each section 1> so designed that the centre of pressure falls close
to the outer toe at a distance of one eighth of the base from that pomt  As
noted mn par 19 if the wall 1s of brickwork with a specific gravity the same
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as the earth backing, the mncidence of the resultant on the base will be
b
8
Thus brnick walls built of these proportions will be safe though of less

b
beyond 5 from the toe at a pont about I—o* from the same pomt

Fi16. 13. Tic 14 FI16 15

* But see foot note to par (19)  The fraction will be Jess than b/1o i this case —ED
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stability or if the same statical condition as was deemed requistte m the case
of stone walls be msisted on the base should be increased from 6 inches in
the higher to 4 inches in the lower sections night through

TaBLE 1
area | g PSS e | [WEENED
Face | H Base square | 7 hetones Face [ H Base, | square | WE:E?‘;?
Tet Feet. Feet
1 I
30| 4H |20 |33| 5 30 | 4H—1 [ 195 | 75| to0
- L 2 r
gl 2| +H | 412 S|z | 4H—T fusnd |
5 I - X
S| 4H oo | ¥ P 20 {4H—1t | go v
I s 1
15 +H 60 ? er: 15 | 4H—1 52} 3
I
10 4H 27% 34 10 | 4H—1 25 |y
—1} L . R
3> | 4H—13 | 187 Iy 128 30 | 4H—>%) 1723 53| 173
© . N © a1 L
: 25 | $H—11| 131 33 = 25 | 4H—22| 119 53
- —13 R = o X
¥ 20 | 4H—13} 8s Y P 20 | 4H—2%| 75 3
5 1t 2 3 —al L
& | 15|+ 49 76 & | 15 [+H—el 43 53
I I
10 | 4H—1}| 221 it 1w | 4H—2 20 3
P
30| 4H—g 150 | =1 B
+ £ w
E 425 4H—y 100 | 1) 93
- SE
] 2 H— 6o || G
A
Bl e | 4H—3| 38 L
A
Note —H = vettical berght 1 = mean width of walls (both n feet) p =2 j

Reference to the diagram sertes will show that with the change of face
batter the consequent gradual reduction of the base width causes the back
slope to become steeper till at last n Fig 15 1t vanishes and the back slope
becomes 1nward m sense  This dtmumshing of the base 1s so regular and so
clearly governed by the height that the base width can well be expressed in
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terms of H, and rules can be framed giving the required base width of any
wall as a fraction of 1ts height  In this the base for a vertically faced wall,
asin Fig 11, will be used as a standard, the whole of that senes working out
to 4H The base width of Fig 12 works out to 4H—1, of Fig 13 to
4H—1} of Fig 14 to 4H—2} and of Fig 15to 4H—4

Sections have been drawn out for every depth from 30 to 10 feet for each
face slope, though not given here, and the tabular statement on p 1615 the
result

(27) In practice many reverment walls as wings ot bridges have a crest
sloping down at 1} or 2 to T 1n uniformity with the side slope of an embank-
ment which they support If designed of equal strength throughout, in
accordance with the base widths m the Table the end portion of the wall n
some cases would hate an nward and the upper an outward back slope
Although 1t 1s possible to build the wall in this way the outer slope gradually
changing from mward slope to vertical and agam outward yet it would bea
somewhat awkward construction, and for the salkof simplicity 1t would be
as well to continue the wall as soon as the outer slope 1s merged into the
vertical as ope with a vertical back  this will cause the lower portion of the
wall to have an excess of strength and matenal This fact would militate
against the use of excessive batter 1s 11 4 or even 11n 6 for crest sloping
walls as the saving effected i the higher portion would be discounted by the
excess 1 the lower In the tabular statement given above the height 1t
which the back slope disappears and the back becomes vertical 1s noted 1n
the last column of the Table

(28) The great economical advantage of face batter to retaiming walls 1s
clearly prosed by the sections given and by the Table For 1nstance the
vertically faced wall in Fig 11 has a sectional area of 150 square feet and a

W meanwidth . 1 Vh :
proportion of 7 or “heght 72 Whereas in Iig 15 of equal strength
the area 15 100 square feet and the fraction %/ 15 617 In this case the back

of the wall has an mward slope thus approximating to a pitched slope

w
(29) Brunel s curved walls had a value of g ©f nearly one seventh and

leaned over to that extent that the centre of gravity of the wall fell outside
the heel of the base A specimen of the section of one of these retaimmng
walls 1s given 1n Tig 16

For the graphical calculation the back of the wall 1s considered as con-
sisting of two planes A0 and 0'0 0! being at half the height or 2o feet
above the base  As these portions of the back have different inclinations to
the vertical the directions of their several planes of rupture and values of 8
and » will also vary  Thus a separate graphical calculation will have to be
made for each of the portions viz the whole 40 and the part A10!

The lower portion of the back 00" 1s continued up to meet the terrain line

I c
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atd  The planes of repose OB and 0B are then set out at 1! to 1 with the

honzontals from O and 0%, and the planes of rupture OX and O \? are found

by bisecting the angles AOB and A410'B' The angles 8 and 6, are obtamed

by this construction The area of earth pressing on the whole wall 15 the

four-sided figure A10'0X, or the tnangle AOX + the triangle 4041, If
1

the apex 4 be moved to A2, <o that 44?2 = 441 X H—ﬁ, then the enlarged

triangle A*0X will equal the combined area of the two tnngles just noted.

H* bemng = g, the position of A2 will be at the bisection of 441 Hence for

Fics 16 163, 16b

purpo-es of measurng the area of the earth triangle, 42X will be considered
as the base mn heu of AX

With regard to the upper portion, the tnangle 110X represents the
earth pnism pressing on the upper half back A10%, A1X? will then measure
the comparatie weight of ths part

(80) To find the values of 7 for each division the force tnangle 161 1> now

X
constructed The vertical load hne s made = A—T, for the whole depth of

A,

wall, and on the same lme the value of p for the upper half, viz, ——" 15

marked off  From the extremuty of the load line and also from the higher
pomt i 1n the angles 8 and 9! are set off, intercepting 7 and 7! on the two
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Iimes representing the directions of these forces, which Iines are inclined at
angle ¢, above the normal to the plines A0 and A'0" respectively

The next step 1s to construct the reciprocal triangles of earth pressure
With regard to the upper portion, 2,2, drawn honzontally from the point 07,
will form the base of the triangle, its apes bemg at A1 (vide par 21)

The lower base could 1n smmilar manner be measured = 2r from the
pomt O, the ape~ of this larger triangle of pressure bemng at A2 It will be
more conyentent, however, to make the wnner side of this tnangle concide
with that of the upper, v1z, with the hne A20* and A10" produced The
base 2r will then be measured from the intersection of 40! produced with
the base Ime It 1s clear that the area of the trapezium below O will be
the same, whatever inclination 15 given to its side, as all will have the same

. base and lie between the same parallels

The procedure now closely follows that already described n the case
of g 7 Furst the wall 1s divided into parts of equal height, n this case
1, 2, 3 and 4 The tnangle and trapezium of earth pressure forming the
correspondimg divisions of the wall and of the earth pressure are next found,
and vertical hnes drawn through the former and hornzontal lines, z¢,
parallel to their bases through the latter Through the points where these
horizontal lines cut the back of the wall, the four feathered lines representing
the directions of r and #! are drawn

(81) We are now 1n a position to construct the Haesslers force and ry
polygon, which, owing to the vaned inclinations of 7, presents some difference
to that illustrated already in Fig 7b  First, from the nucleus O (I'yg 16b),
the first mchned force 1! 1s measured m 1ts proper direction and equal in
length to the half width of the triangle 1* on Fig 16 Trom 1t> extremuty,
the vertical force 1, 15 set out equal in length to the half width of division 1
of the wall sectton  In the same manner the other forces 2%, 2z, 3! 3and 4* 4
are set out  The resultants, R!, R?, R® and R, are clearly combinations of
1, 1, 11, 1 2! 2 and so on, and the dotted rays drawn from the outer corners
are the resultants of the odd numbers 1* 121 11,2 2 3%, etc  The drawing
of the reciprocals on the wall section 15 1denttcal with that already described
with reference to I'ng 7 and need not be repeated The mntersections of
R, R? R3and R*, with the base lmes of the divistons 1 2 3 and 4, give four
ponts on the line of pressure  The relative position of these proves the
stability of the wall The weahest pomnt 1s at the base, and 1t 1s evident
that the stability of the wall would be considerably improved by the addition
of an off set from the face near the lower end

(32) The centre of gravity of the whole wall falls without the nner toe
It 15 not shown m Iig 16 Thus wathout the earth backing the wall would
fall bachwards Tlis was provided for durmg construction by tightly
paching the back of the wall with rammed carth as the work preceeded
Several walls of stmilar hight pattern were constructed by Brunel on the
Great Western Ratlway

A curved face batter 1s very sutable for walls 30, or over 30, feet 1n height
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as 1t corresponds more closely with the line of pressure and results 1n a more
economical distribution of material For irrigation worhs, however, this

Fies 17 172

section 1s not very switable except in the case of lock walls, which really
belong to navigation canals

M ddle Sesl w

Fros 18 18a

(33) Retainmng walls, which overfall to such an extent as to be supported
entirely by the earth, mstead of wice 1ersd, ave termed pifched or riprapped
slopes Tigs 17, 18 and 19 1re examples 1 question.

In Tig 17 the pitched slope 1s 1 to 1, and the diagram exhibits tentative
methods of ascertaming what thickness of pitching or riprap will be
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requmred The procedure 1s wdentical with those already described for
obtaining the centre of pressure on the base of retamning walls

Trial 1s made of three thichnesses 2 feet 11 feet and 1 foot,

I 1n the force polvgon Fig 17a has therefore three different values and
consequently R has likewise three different directions and values Of the
three R? intersects the base consequently the intermediate thichness of
1! feet 15 sufficient for purposes of stability

In g 18 the slope 1s hhewise 2 to 1 but ¢ the angle of repose, 1s given
an mchination of 2z to 1 In this example two tmal mean thicknesses
of 2} and 2? feet are adopted the pitching bemg made 6 inches thicker at
the bise than at the surfice Of the two thicknesses the greater or R!
will be the correct one to adopt

Tics 19 192

In Dig 19 the slope 15 1 to 1 with the angle of repose 2 to 1, showng
that a g inch thickness of pitching 1s more than sufficient

These examples prove the economy 1n the substitution of a masonry
pitched slope for a retamming wall A niver weir designed on this principle 1s
lustrated m F1g 24

{34) Vareties of solid retaining walls used in irnigation works may be
classified as below as regards section —

A walls with horizontnl crests with earth pressure to base

B walls with sloping crests with earth pressure to base

C, walls w1th earth pressure for a fraction of height above foundations

D, walls mn parallel pairs termed land wings or straight returns

E, single land wings or straight return stop walls wath earth pressure
equal on either side

T, surcharged walls

G, walls with unequnl earth pressure on both sides

H, wer walls with earth backing to near crest which 1s overlaid by
water
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as 1t corresponds more closely with the line of pressure and results 1n a more
economical distribution of matertal  For irmgation works, however, this
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section 15 not very suitable except 1n the case of lock walls, which really
belong to navigation canals

' d4le Sesl n

Fios 18 18a

(83) Retanng walls, which overfall to such an extent as to be supported
entirely by the earth, 1nstead of vice 1ersd, are termed prtched of riprapped
slopes Tigs 17, 18 and 1g are examples mn guestion

In Fig 17 the pitched slope 15 3 to I, and the diagram exhibits tentative
methods of ascertaiming what thichness of pitching or nprap will be
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ordmanly buwilt are not so economical 1s the sloping crest flink wall 1llus-
trated 1n T1gs 20b to 23b  Turther n thus latter disposition the flink
walls form a gmde for the water 2 function which 15 vaJuable m case of
ncreased current 1s occurs below a f2ll

(36) Iig  ~oc 21c and 23c represent a type of splayed wing now mn
much favour for \ 1rious reasons for use up strevm generally in combination
with (3} down strexm

This wall 15 niturally more expensive than a spliyed nd crest sloped
wall but it has the advantage of great flank protection against so1hage or
percolation under 1 head of water and in addition by causing the wideming
of the embankment enables the abutment to be made much shorter or if the
latter 15 1lready wide carrying arches of a bridge 1t forms 1 level sprce close
to the work 1nd clear of the road
way which space 1s found useful
for many purposes It further
gwdes the current into the opening
which 1s always less than the water
surface of the channel

1With regard to (8) in plan and
elevation 1n I'ig 20 these are views
of a sloping wing with crest parallel
to the aws of the work the base
or spring hne of the batter beng
splayed outward at an inclimation
to the crest of ratio of batter x
ratio of fall of crest  In this sketch
the face batter being 1 1 10 and )
slope of crest 14 to 1 the dwver -
gence of the base line from avis Eierat o
will be 1 1n 1; The wing 15 pro
vided with an end return 4 feet high whose length should equal 1its height
X ratio of slope of bank 2¢ 4 X 1} = 6 feet This return wall 15 syr
charged but 1t will be strong enough 1n section if built of the same thick
ness as the end of wing abutting on to 1t and given a face batter

The advantage of 1 water wing of this description 1s obvious 1t gides
the water 1ssuing through the opening 1n a straight course down the channel
and also protects the banks down stream from contact with water except
possibly at 1ts lower extrermuty which 1s removed far from the mamn work

Where as if often the case a masonry floor extends down stream beyond
the abutment flank wings of this description are a necessity or else with
pitched slope 1 dwarf wing can be substituted as shown m Fig 24a

wovgsng ou pratbusy

Fi6 2r

(37) In Fig 21 a similar disposttion of walls 1s exhibited as the b and ¢
series 1n the last figure In this case the floor 1s not level but a drop of
4} feet occurs in the canal bed It will be seen that the abutments are very
narrow only sufficiently wide to cover the end of the cross drop wall Here
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a direct return could not be adopted or if so the abutment would have to be
lengthened to contain the proper top width of bank approach The efficient
protection of the work from outflanking and the provision of the necessary
width of bank are clearly effected m a satisfactory and econormical manner
by the splayed wall (¢) (termed flaring wings mn America)

Down stream the sloping crested water wings (b) display a slight difference
m the way the batter 1s arranged  The base lines are parallel with the axis
of the work consequently the crest hines diverge mwards This looks some
what awkward on elevation but there are cases where even a small outward
splay of the water wings would be deemed objectionable 1t being essential
that the current be guided 1n an absolutely axial direction

(88) Fig 22 1llustrates the case of a tank fall built in a depresston which
has the surface of ground at about floor level In such cases the splayed

%

1
Elsvations

Fig 22

wings up stream are not switable bemg necessanily of heavy section and
the connection with the tank embankment which m tlis case has a flat
inner slope of 3 to 1 and runs at right angles to the axis of the work 1s
rather awkward An abutment of width equal to that of the embankment
combined with splay ed sloping wings as illustrated 1sabout the best arrange
ment In this case the down stream wings () are shown set back the out
lining of the abutment being modified by having the corner bevelled off to
prevent sharp corners and consequent eddies n the current  The dog legged
pattern down stream wings shown in the next figure 1s a still better type

The water wings () are both shown without returns runmng night down
to the toe of the embankment on either stde They are sometimes con
structed splayed as far as end of down stream floor and thence contmued
parallel to axis or else curved as railway under bridge wings the latter
arrangement comnciding with the old Madras practice  The curved walls are
however nghtly tabooed 1n modern works as bemg conducive to pooling
1¢ a destructive rotary movement mn the water which has to be guarded
aganst
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(39) Fig 23 1s a modification of the conditions prevailing 1n the last
example, showing the evel of natural ground as 5 feet lugher, the down-
stream channel being in cutting  In cases such as this the splayed wings (c)
can be emplosed up stream with advantage, the length of abutment being
only just sufficient to contamn the end of the weir wall and the splayed
returns arranged so as to afford the necessary width to the embankment

The down-stream wings are of the dog-legged pattern, the abutments
being also battered as well as the wings This arrangement which has

been adopted 1 the designs for canal falls given i Chap IX, s probably
the best for this purpose

(40) Thg 24 contamns elevation plan and section of a werr across a niver
which was constructed by the author in Burma This illustrates class E
There being no wing walls proper, the throw back of end of embankment 15
effected by continuing the werr in etther direction with a rased crest, the smgle
flank walls thus answenng the purpose of the double land wings In this
case the flank contiuations were stepped up mn foundation, and, owing to the
water pressure to which they are subject, were carried on of the same
section as the werr proper A photograph of this work 1s shown mn
Chap IX N

The banks below this werr were pitched with stone, and the floor was
formed of cribbed stone planked over and further protected by a subsidiary
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crib wetr of loose stone, so as to form a water cushion  Ths style of con-
struction was necessitated by circumstances, and can hardly be deemed
otherwise than a temporary arrangement, although 1t has lasted some years
The half section marked 242 shows the probable eventual substitution of a
masonry floor flanked by dwarf walls and stone pitching laid m mortar A
simlar design for a canal fall 1s exhibited in Fig 4, Chap IX

Having thus touched upon the subject of the disposition of retaming
walls as are commonly used on canal works on plan and elevation, 1t 15 now
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proposed to continue the mvestigations of walls under abnormal conditions
of earth pressure

(41) Fig 25 represents the section of a pair of land or direct return wings,
such as are commenly employed in raiway over bridges It will be seen
that OX the plane of rupture, clears the opposite wall, and consequently
the carth pressure on A0 1s 1dentical with that which would take place were
the opposite wall non existent  This would apply equally to erther wall, and
so, notwithstanding the reduced width of the earth retained, no dimmution
of the section of the walls 1s admissible  This fact causes this type of wall,
if of any considerable height, to become an expensive construction, and so
1t 15 superseded where practicable, as already noted, by sloping wing walls.
Owng, however, to the small space between the return wings, which seldom
exceeds 20 feet, all undue earth pressure can be neutrahsed by the simple
device of connecting the walls together with iron tre rods  If this 1s done, a
svery hght section of wall only necd be provided, and thus equipped, the land
wings cn compete successfully as regirds economy of section with the other
ty pes
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{42) In Fig 235 the walls are shown of reduced section the face batter
bemng 1 1n 10 with back vertical In Ig 251 the usual triangles of forces
abe and eda are constructed, givmg the v1lues of r and R The reciprocal of
the latter resultant trinsferred to the scctton falls well beyond the outer toe
of base In designing the section of the tie-rods required, credit should be
gnen to the wall for the proportion of the horizontal component of R
absorbed by 1t, the balance being provided for by the tension in the tie rods
A ample graphical process will sohve the pomnt  According to the rules
adopted for the design of retamning walls, the resultant R should cut the base
one-eighth of 1ts width recessed within the toe  If this proportion be set off
on the section, and a line R? drawn from this pomnt to the intersection of the
feathered arrow r with the vertical through the centre of gravity of the
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section, R will then represent the proper mchnation of the modified resul-
tant Now on Fig 252 draw a line dg parallel to R! from the extrermty of
W, intersecting 7 at the pomnt g The intercept cg then represents the pro-
portion of # which 1s absorbed by the wall, and the remaining ga that which
has to be neutralised by the tension of the tie-rods  As, however, the tension
1s horizontal, the horzontal equivalent of this mchned force need only be
considered , gh or #!, drawn horizontally, will then represent this force

Reverting to Tig 25, with a value of H? = 15 feet, the line of pressure
will fall at about the required distance within the toe of that base, so that
above this pomnt there 1s no necessity for extraneous assistance  Below,
however, the line of pressure will trend towards the face, eventually falling
outside altogether, as 1s shown by a final resultant R The rectprocal triangle
of horizontal earth pressure, reduced to the corresponding area of masonry,
will be a tniangle H100, having its apex at H3, 10 feet below crest, and the
width of 1ts base being marked off = 27 on g 252

(43) The total horizontal stress to be carrted by the ties per unit length
will be the area of the triangle H'00 x 62 3 X p, but as 1t 1s proposed to
place the ties 5 fect apart, the stress to be provided for will be the above
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8
expresston multiplied by 5, or 3~ X I5X 21X 028 X 5 tons = 8 4 tons

The quantity 028 15 the weight of a cubic foot of water expressed mn fractions
of a ton, as62 3 15 the weight m Ibs

Two tre-rods will be required , the lower one wiil be placed at the centre
of gravity of the pressure triangle, 7 ¢, 5 feet above the base of the walls
This tie will neutrahse the whole of the horizontal stress, viz, 8 4 tons, but
another will be required at a higher level to counteract the overturning
movement above the 5 feet level, as the wall might break off here, and fail
by revolving on 1ts outer toe  The area of that portion of the tnangle lying
above the lower tie level 1s one half of the whole, of this one-third will be
transmutted to the apex, two thirds to the base Hence the upper tie will
carry one-sixth of the whole, 2 ¢, 1+4 tons, and the lower the remaining five-
sisths or 7 tons

Taking 5 tons as the safe tensile strength of iron, the upper tie red
should have a sectional area of 3 square mnches and the lower 1 4 square
mches  One § inch drameter rod would answer for the upper and 1§ inch
for the lower, placed at 5 feet intervals

(44) The reduced area of land wings 1s 821 square feet, as agamst 1373 of
the normal section (v2de Table 1), and Iﬁ 1s one-thirteenth only ~ This shows

the great economy effected by the mntroduction of cross ties, the cost of
which 1s tnfling  The ties should be provided with large plate washers, and
have a head at one end and screw nut at the other The washers need not
appear outstde the wall, being placed 1n a recess near the face, which can be
closed up when the final tightening has taken place

The reductton 1n section rendered possible by this arrangement leads to
the more extended use of this description of wall, particularly m the case of
masonry prtched slopes bemg substituted for water wings, a style of con-
structron used for nver works, but which could be well adopted for canal falls
or other cross canil works .

(45) In canal works m which a drop exists mn the bed, 1t 1s a common
practice to take the foundations of the up-stream wings down to the same
level as those situated below the fall The object of this arrangement 1s to
obviate any possibility of saturation of the bank and percolation of water
through the flank of the work In Fige 2r and 23 this 1s shown in the
splayed up-stream returns (¢) common to both plans As canal falls are
located so as to be m moderate cutting, the lower pertion of the splayed
wlls 1s subjected to no earth pressure below the level of the bed of the upper
reach, and remnforced gpncrete sheet piling could be adopted below this level
nstead of deepening the wall foundation

These walls, then belong to class C, 1 ¢, walls subjected to earth pressure
for only a portion of their depth  As musapprehension undoubtedly eists
regarding the action of forces m such cases, as 1s clear from many existing
examples, 1t will be well to devote more than usual attention to the design
of walls under sumilar conditions -
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(46) Fig 26 llustrates the typical case of a vertical wall 30 feet high,
the lower 10 of which 15 sunk 1n a trench m the solid ground and can
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consequently be safely considered as free from earth pressure below this
level The base width at O 1s made -4H, m accordance with the tabular
formula, and the foundations are carried down vertically The resultant of
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the upper portion R cuts 1ts baseat the proper peint, but the final resoitant
R falls without the base of the whole wall Y

(47) Fig 27 represents exactly ssmilar conditions, but in this instance,
the wall face being battered at T in 8, the base width1s -4# — 11, and below
the level H! the back 1s carrted down vertically, while the face batter
contmties In this case RY, the final resultant, cuts the base of the whole ¢

f
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wall within the outer toe, proving the stability of the section though 1t
would be improved by still further widening the base, giving an increased
batter below H2, as 1s shown by the dotted line

The area of the wall in Tig 26 15 180 square feet, that mn Fig 27 15
156 square feet, the former 15 1n unstable and the lesser section n stable
equlibrium  If the base of Fig 26 were widened to brning R* within the
toe at the proper place, the discrepancy of areas would be still further
mtensified in fasvour of the lighter section *

(48) As illustration of the too common neglect of this pomt, a few
examples of actual sections will now be given and analysed

Fig 28 represents the section of a retaimng wall on an exsting canal
fall with vertical face and sloping stepped back, which latter has been

wea

(28b)

Tics 28 28a 28b

comverted for simplcity sake imto an equvalent batter The wall 1s of
brickwork and has been credited 1n the graphical calculation with the
usual spectfic gravity of 1 8, that of the earth bewng taken at the same value
It will be noticed that the final resultant R? falls just without the outer toe
of the base The wall should therefore have a further wideming of the base
m front and corresponding reduction behind  The front addition would
have to be about double that lopped off the back, as the latter operation
would tend to throw the centre of grawity forward and this tendency
would be further accentuated by the addibion made n front

(49) Now, supposing the wall reversed 1 section, z ¢, keepmg to the
sime dimensions Let the eirth pressure be on the vertical side The
effect 1s duly worked out m Tig 28b, and R? 1s the finl resultant  This,
1t will be seen cuts the base 2 feet withmn the outer toe  The great effect
of the reversal of the section 1s plainly mamfest Mot only 1s the shape of
the section thus res ersed more suitable to sustan the thrust of the earth,
but the are1 of the trangle of earth pressing on the wall 1s also much
reduced  The greater the bach slope, the larger s also AX and »  This s

* It may be noted howerer that the beanng capacity of foundation soil incrcascs 1t the
Tite of about } ton pet square foot for each foot of depth —I'n
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somewhat diccounted by the greater inchination of ¢ to the honizontal when
the back 1s mchned  this inchnation 1s the graphical allowance for the
weight of exrth supported on the back slope of the wll

Vtith 1 vertical back p 15 less than wath an inclmed back but the great
difference 1n the two values of #! and »** the horizontal component 1s due to
the angle # which 1s at 2 mmmnum wath 1 vertical back

(50) Thus we see that a vertically backed wall 1s the most economical
the batter being 1l thrown out on the front 1t 15 only surpassed when the
back as m the case of g 15 has an mward deflection  Enactly the same
as will be seen later applies to dams subject to
water pressure the vertical backed wall bemg In_ x
the most economical design

(53) As already observed 1t 15 2 common
practice pecular to imgition works to take % M
the foundations of the up stream wings mn case . TroRs
of a drop 1n canal bed nght down to the lower
level consequently walls above the drop wall %
or werr are not subjected to earth pressure
below the level of the canal upper bed

Tig 31 represents a case 1n point and 1s a section of the splay up stream
wall {¢) shown m Fig 21 That figure represents a canal notch fall

Fao 31

(54) One further problem 1s required to be solved before closmng the
subject of the sections of retaiming walls and that 1s the case where earth
pressure exists on both
sides of a wall acting 1 2o«
opposition viz class G
The method of combining
these forces with theweight
of the wall 1s illustrated n
g 32

The profile represents a
20 foot wall with earth
pressure up fo crest at the
back while part of the face
15 covered by a falling slope
This case 15 1dentical with that prevailing 1n connection with land wings at
the ends of which the earth slope on the face reaches up to the outer crest
and pivoting round on this pomt forms a half cone pressing on the face of
etther Jand wing thus formmg i elevation a slope agamst the face

InTig 32a abcd forms the usual combmation of force tnangles closing
R We have now to combine R with #1 the inchined force acting n the
opposite direction - This combination can be effected on the same figure by
contiimng the load line ¢d so that de equals the relative area of earth weght

Fios 3z and 3za
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4 ZX X % X 5 Then
from the extremity e the 8 angle 1s set off, mntersecting the mchned line 1
drawn through d at the pomt f  The latter, jomed with the starting pomt
a, gives the direction and comparative value of R?, the final resultant,
1¢ theresultant of 2 and R In Fag 32 R 1s drawn as usual from the mnter-
section of » and G till it meets the line 71 This last pomt 1s the starting
pomt for the final resultant R?, which 1s drawn through the base Fig 2
When the earth pressing on the wall has a honzontal terramn as 15 the case
m many direct return wimngs, the procedure 15 the same except that 01X
bisects the angle A101Bt

which acts on the face of the wall This will be

Sloping Wings on Plan and Elevation

(§7) The author 15 strongly 1n favour of the adoption of inclmed backs
for retaming walls instead of vertical stepped backs In the former case
the earth backing on settlement closes firmly agamst the mchined surface
of the wall whereas with stepped backs the settlement 15 necessarily uneven
and hollow spaces are certamn to be formed, this has been noticed
actual cases, deep holes having been found adjomning the wall, the bank m
setthng having evidently cut 1itself clear * of the ofisets of the back, leaving
spaces down which the water finds 1ts way, causing further settlement and
disintegration

The advocates of stepped bachs for retaiming walls allege that the
system possesses the following advantages firstly, of increasing the
friction of the earth agamnst the wall thus adding to 1its stability, and
secondly of affording a more solid support to the supenncumbent earth
baclng which can thus be credited to the wall as an mcrement to 1ts
weight Both these assumptions are questionable The unequal settle-
ment which 15 sure to occur with stepped backs to the wall must tend to
decrease 1nstead of increase the co efficient of fricion  As instead of the
whole of both surfaces being 1n close contact, they will be so only at intervals,
the second consideration 1s not based on scientsfic grounds  The battered
back, whether m steps or 1 one plan surface performs 1dentically the
same statical function viz 1its resistance to external forces must be nonmal
to 1its surface Whether this surface 1s composed of several horizontal
and vertical portions or 1s m one plane 1ts reflex action 1s the same as
the vertical and honzontal forces if resolved are 1dentical 1n direction with
the force of resistance mormal to the plane surface The weight of earth
supported 15 duly credited to the wall by the normal inchination of the force
7 to the backh which deflects the direction of this force downwards Witha
wholly vertical back the direction of # would be honzontal, if the friction
of the two surfaces were neglected In such cases no earth rests on any
part + of the wall Thus 1t s clear that the stepped back possesses no

* It scems reasonable to suppose that 1n such cases the earth has po decided tendengy to
press against the wall which need not offer ground for complant  The filling 1n of the lioles
13 merely a matter of maintenance and repairs —ED

t This seems to visual se the earth as overhanging the wall wathout touching 1 which
case the letaming wall would scem to be superfluous except for appeasances —Lp
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advantages whatever over the plane batter, while 1t 1s undoubtedly more
troublesome to design and to build

‘The sectional area of retaimng walls can be largely reduced 1f the panel
counterfort type of remforced concrete 1s adopted, and economy 1n cost will
also result provided the labour conditions and absence of local suppltes of
lime and materal render the use of Portland cement necessary and desirable
Where, how ey er, such abnormal conditions do not obtain, the adoption of a
shighter section composed of the more expensive material will not present any
advantage in pont either of cost or efficiency An example of R C retaining
walls 1s given in Chap IX

EpITOR’S NOTES

A) ™ : ' T * rrelied
on m the
(1) Tur  weuge oy Ui Cowoimw, uaung sum we yea 1780, aS

modified, or improved, by later investigators, and

2) The theory of conjugate stresses m a solid under pressure, as enun-
ciated by Rankine m the year 1852

Our author has adopted the wedge theory, as expounded by James
Chalmers, CE, mn the year 1880 The graphic processes employed by
Chalmers are lucid and, i the main, excellent, but 1n one matertal respect
they seem to be n error  That 15 where he assigned, to the angle of friction
between the earth and the back of the wall, a value equal to only half the
angle of repose of the earth itself Thus, according to him, ¢’ = 1¢, but he
gave no reason for this decision

According to Boussinesq, a Belgian professor, and perhaps the most
pamstaking and mathematically profuse of all investigators of this subject,
the precise value of ¢’ 15 indeterminate, but 1t lLes between ¢ and ¢7,
where st ¢" =1 sin ¢ (st ¢ + /8 + sin®'§) If we assume that
¢ =1 (44 4" then 1f ¢ = 33° 42', ¢" = 28° 28, and ¢’ = 31° 5’
The difference between ¢ and ¢ 1s so small, and the process of reckonmng
so elaborate, that many engineers think 1t good enough to assume that

Chalmers 1n making ¢’ = ¢, stead of }($ + $”), may have done so
under a misapprehenston of Boussinesq s complicated mathematics, but
any case he seems to have been 1n error, and our author, m following him,
has gone the same way In Fig 1 the latter has shown the forces ¢ and
as meeting the vertical p at the same pomnt, but this 1s only achieved by
locating 7 about half-way to the wall, instead of only one third the way up
In Fig 2 also, the location of r on A0, and of g on OX, are shown at different
levels, when they ought to be at the same level = } height above the base
lme In Iig 6 and elsewhere 7 1s located correctly, but the location and
direction of force ¢ are not indicated The fact 1s that in these cases g and
7 do not meet at the same point, on the vertical through the centre of gravity
of the earth-wedge, whereas, by the Boussinesq constriction, they do so meet
Some who adopt the value ¢’ = ¢ defend 1t on the ground that the angle
of fnction of loose earth agamst smooth masonry 1s half of that of loose
earth within itself  But the back of a wall can usually be made so rough,
or serrated, that relative motion between earth and masonry can only occur

1w o o
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through shearing of the earth If m any particular case 1t be considered
necessary to make the back of the wall as smooth as 1ts face, 1t should be
recognised that that will require a 25 per cent increase of base thickness
In the case of the nall depicted in Fig 6, with base 12 feet thick, our author's
construction gives a resultant thrust that strikes the base 125 (= b/x0)
distant from 1ts toe, whereas in the case of a similar wall, but with base
reduced to 10 feet, the Boussinesq construction shows resultant falling on
base 125 feet (== b/8) distant from 1ts toe In the latter case Rankmes
construction gives much the same result as Boussinesq s, but our author’s
resultant would strike the face wall 6 inches above base and would fall
outside the toe

Our authors construction, therefore, which he has derived from
Chalmers, and which he has made, m par (26), Table 1, the basis of all
hus rules of design tends to make hus retaiming walls about 25 per cent too
thick It must be noted, however, that there are still College professors
of civil engineering who adopt this construction, and that base thickness
depends more upon the decision as to the value of ¢’ than on any other
consideration, 1n cases to which the  wedge-theory * 15 applied

(B} Our author, 1n common with other evponents of the wedge-theory,
expresses 1n par (57) a preference for a sloped, rather than a stepped or
offsetted back to a retmmmng wall Sir Benjamm Baker, in the Paper
quoted 1n par (5) did the same Rankine, however whose theory ignores
earth-frictton agamst the back of a wall, definitely preferred the back wath
vertical and hornizontal offsets, because he took mto account the weight of
earth resting thereon  The sloped back, of course, lends 1itself as much to
the one theory as the offsetted back does to the other In the case of a
wall with a vertical back, Rankimne’s process requires a wall 50 per cent
thicker at base than that of Boussinesq but in such a case a difficulty m
the way of the wedge theory 1s that the forces, lettered by our author as
2. ¢, 7 respectively, do not meet at a pomnt

To object, however, as Sir Benjamin Baker, as well as our author and
others have done, to the ofisetted back on the ground that it does not en
courage the earth to press aganst 1¢, seems somew hat llogical

(C) Qur author does not discuss the intensities of pressure occurring
on the foundation so1l of retaming walls, as, for instance, in the case of the
wall considered in par (14), Tig 6 though he makes a reference to 1t 1n
Chap II, where 1t 1s not really relevant Most professional treatises are
vague 1n their treatment of this part of the problem, even if they do not
altogether ignore 1t They are apt to lavish a wealth of mathematics and
theories on the stresses of the superstructure, but say httle of those on the

- " RN

foundation so1l, which 15 & — = Baker
pomted out, g9 per cent of . due to
fulure of foundation soil to be

that all the currently accepted methods of computation exaggerate the
magnitude of the earth-pressurc and therefore, also, the thichness of wall
needed to rewist 1t In order to restrict the dimensions of walls withm the
bounds mdicated by practice to be ample, the theonsts, therefore, adopt
the comventional fiction that the resultant thrust on the base of the wall
my be allowed to approach up to a pomnt whose distance from the toe 15
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one-eighth of the base thickness But this 1s scientifically false, for 1t 1s
known that, 1n practice, 1n walls of the dimensions thus arrived at, the
resultant thrust will not approach to anything like that degree of closeness
to the toe  Our author, followmng Chalmers, has pomted out m par (5)
that the current methods of calculation ignore an mmportant factor of
stabibity, which, 1f taken into account, would bring the resultant thrust
much nearer to the centre of the base of the wall Our author explains the
onussion of this factor on the ground that no defimute value can possibly be
assigned to 1t

In The Engineer of June 11th 1926 Mr F W Woods has suggested
a method whereby evaggeration of the earth thrust may be avoided, and
the true resultant-thrust hept within the mmddle third * of the bace

As Sir Benjamin Baker remarked To assume, upon theoretical
grounds a lateral thrust which experiments prove to be excessive, and to
compensate for tns by giving no factor of safety to the wall 1s not a
scientific mode of procedure

oz



CHAPTER II
GRAVITY DAMS AND WEIRS

(1) Daws of masonry or concrete can be classified into four distinct types,
m the design of which different principles are involved These are

A Gravity dams and weurs

B, Arched dams and weirs

C, Arch and buttress dams and weirs
D Remnforced concrete panel box dams

In addition to these, earth roch-fill and hydraulic-fill dams will be noticed
elsewhere .

(2) Where water, and not earth 1s upheld by retatming walls 1ts properties
as a flmd and 1ts weight, bemng defimtely known there 1s less uncertamnty
on the subject of the actual pressure exerted

A dam may be defined to be a wall of masonry or concrete which upholds
a mass of water at its rear while 1ts face or lower side 15 free from the
presence of water to any appreciable extent

The waste water of the reservoir formed by the dam 1s disposed of n
another direction by means of a waste weir or bye wash, or in rare cases by
means of slutces through the body of the dam

Weirs, though often confounded with dams, differ from the latter in the
following points—viz, that water overflows the crest and in consequence
tail water 13 formed below the wall These two facts modify the conditions
which are applicable to dams proper and consequently weirs demand separate
treatment

SectioN I —GRrAvITY Dams

{3) The pressure of water on the back of a wall at any powmnt varies
drrectly as the depth so that the water pressure can be represented by an
equilateral triangle with 1ts base equal to 1ts height, the base bemng normal
to the rear face of the wall

The umt pressure exerted on any pont 1n the back of the wall 1s repre-
sented by the ordimate of the triangle of pressure drawn parallel to 1ts base,
and the whole pressure by the sum of these ordinates, 1 ¢, by the area of the
triangle or prism

2
When the bach of the wall 1s vertical this area will be %, H being

H2
the vertical depth of water and the pressure ET, w being the umt weight

of water, one thirty sixth of a ton j er cubic foot
36
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wb;,H' H,
being the inclined hexght of the back of the wall, which being always greater
than H, the vertical depth, the latter expresston 1s also greater

When the back of the wall 1s inclined, the pressure will be

(4) Sections of gravity dims are mvarably destgned on the well known
principle of the ‘ middle third ”  This expression sigmifies that the profile
must be such that the resultant pressure hines, or centres of pressure, due,
first to the weight of the dam considered alone, and, secondly, to that of
the water pressure mn additton must both fall at or within the middle third
of the section These two conditions of stress are usually designated as
“ Reservoir Empty and  Reservorr Full

This stipulation ensures the fulfilment of three obligatory provisos,
which are first the absence of tension anywhere mn the section, secondly, the
Irmiting of the maximum compressive stress in any plane to a proportion
not exceeding twice the mean or average stress on the same It further
usually ensures that the angle of inclination of the resultant pressures with
the horizontal exceeds that of the angle of friction of the matenal, this s
with reference to shearing stress A limiting value to the maximum stress
allowable 1 the masonry of the dam 1s also a further necessary conditron
that has to be observed

(5} The theoretically correct profile of a dam subjected to water pressure
under the conditions above outlined, and also of the most economical
dimensions posstble, 1s that of a right angled triangle having 1ts bach vertcal
and 1ts apex at the surface level of the water It can be proved that the
proper base width of this triangle 1s expressed by the simple equation

H
b= — I
Vp @
1 which H designates the vertical height of the triangle and the Greek letter
p (rho) the specific gravity of the material in the dam This profile will be
termed the Elementary Profile and 1s shown on Fig T
A base width of such proportional dimension ensures the exact meidence
of the vertical resultant force W of ** Reservoir Empty ™ and also that of the
inchned resultant R of Reservorr Full” at the mner and outer third
drnvisions of the base respectively The same will naturally occur on any
horizontal plane
The fore slope or hypothenuse of the Llementary Profile, will be as
I Vp
The value usually assigned to p, the speaific gravity of the matenal,
masonry or concrete, of which the dam 1s composed, 1s 2} or
In many dams this 1s exceeded and sometimes reaches as high a figure as
2 7, but the calculations for base width 1re generally founded on this value
of 2}
As \/2@ 15 1%, =z will be %, and the correct proportion of the base

Vp
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will be b == 3H, and the fore slope or batter will be as 2z honzontal to 3
vertical

(6) The weight of a cubic foot of the matenal with p = 2} 15 expressed
by wp, w bemng the weight of a cubic foot of water, that 1s g ton nearly,
wp will then = ¥ ton

The system adopted throughout this work in representmng pressure in
tons per square foot 1s clearly superior to the antiquated method still adopted
m many technical works of using pounds per square mch

Large denominations are more easily grasped and retamed than small
ones, thus the representation of the contents of a reservoir m acre-feet
appeals to the mind better than gallons which run mto mutlions The use

of pounds per square inch should be confined to steam or aur pressures and
mechanical engineenng generally, for which a small denomination 1s clearly
suitable It may be noted there that 15} Ibs per square inch 1s equivalent
to 1 ton per square foot

(7) In the design of a section of a dam, pier, or retaimng wall, the
distribution of pressure on a plane m the section and the relations that exist
between maximum stress (s) and the mean stress (s,) are matters of the
utmost 1mportance
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The mean or average stress i any lamina 1s that which acts at 1ts centre,
and 1> 1 amount the resultant stress, the mcidence of which may be at
some other pont, divided by the width of the lamuna 1n question  Such
width must be measured on 2 plane normal to the directton of the resultant
force For example, m Fig 1 the vertical line TV represents the weight of
the dam acting through 1ts centre of grivity on its base & The mntensity of
the mean stress induced at the centre of 4, which being horizontal 1s normal

to 17, wil be % The mavimum stress occurs at that end of the base

nearest to the incidence of 17, that 1s at the pomnt A, the *“ heel " of the base
\When as in this case, the incidence of 1V 1s at the middle third point, this
maxumum unit stress will equal twice the mean, ors =25, =2 %,

Thus fact 15 due to the application of a well-known law, defining the
relations between masximum and mean stress, which 1s expressed by the
following formula

§=15; (I + %c) (2)
In this ¢ 1s the distance of the centre of the lamuna from the centre of pres-
sure or in other words from the incidence of the resultant stress When
the plus sign 1s used the equation gives the value of the maximum umt com-
Ppressive stress at the end nearest to the centre of pressure, whether 1t be
W or R and when the minus sign 1s used that of the umt stress, which occurs
at the other extrety If the result 1s a mmus quantity 1t represents a
tensn e, not a compressive stress set up at this extremity
If the greater stress be termed P and the less Py, and s,, being as we

n
have already seen, = B when the incidence of the resultant stress 1V 1s at the
centre of the base then ¢ = o and the equation becomes
w W
=73 (x40} = 3
and
Py=— (x — o) = E
That 1s, the maximum 1s equal to the mean stress
Agam when the incidence of I 1s at the boundary of the middle thurd,
as1s the case m Fig 1, then ¢ = gzmd

w
P (rg) ==F
w [22
P, = T (I — @) =ml
Thus the maximum 1s double the mean * Lastly, if the mcidence of 1V 15 at

* But sec Editor s notes at end of this chapter When there is tensile stress b changes to
somethingless & and ¢ to ¢ —Ep
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the extremty of the case, ¢ =—2 and
w w
P Y (a4 ¥

w (1 3b) w

I

=g 1-%)=—27%

In this case the maximum umit compresstve stress 1s four times the mean
while at the further end tensile stress 1s set up equal to twice the mean unit
stress The graphical process of obtaimng the same results will be
explamned 1n par (24) later

(8) Now with regard to R or the resultant pressure *“ Reservorr Full ”,
this force being always a greater quantity than I, whenever the question
of the maximum permussible stress i the masonry of a dam comes under
consideration, 1t 1s this force and not IV that 1s the ruling mnfluence

With regard to the maximum pressure induced in the masonry by the
force R, this plane & 15 not normal to the direction of R but another plane
(marked on Tig 1) by 1s so, consequently the mean stress induced by R

15 not §, but ;_? , the mean umt stress 1s therefore greater than 1; as b1s

greater than b; and equals ¢ bemg the mclmation of R to the

R
bcos 6
vertical  On the honizontal base, however, s, = Rcos § — &

In graphical computation 1t 1s more conventent to mcrease R, using b as
denomnator the result bemng 1dentical

In the force polygon Ia, 1f a line be set out at night angles from the
extremity of the force R, the intercept Ny(= R sec §) will represent the
wmcreased value assigned to R, the mean induced umt stress on the base b
will then be

s =M R

1T Ty
Ths 15 graphically demonstrated by the hatched areas below the profile n
g x

(9) Designs of parts of masonry works have often to be manipulated so
as not only, as m this case, to bring the centre of pressure at the middle
third pomnt of the base, but so as to reduce the maximum umit stress to a
less proportion than one of double the mean, and this can be effected by
manceuvring the position of the mncidence of the greater resultant R to a
pomnt as near the centre of the base as possible, with a view to equalising
the value of s with that of 5, .

(10) The \:ﬂucs of the resultant nnd of the maximum induced umt
stresses due to * Reservorr Tull, or * Reservorr Empty,” are catalogued
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below 1 terms of « and of p  The values when expressed 1n tons assumes
p=2}

¥ or the weight of the tnangular prism — HL":‘ P % Tons (3)
R, the resultant (Reseryoir Full) = 1y e —;tx =12W= 1:(: Tons  (4)
s or maximum unit stress (R E ) = Hup = I%'l‘v.ms (s)

s, . . , RF)=Hw(p+1)= i'I‘ons (6)

IxI

If the hmiting permssible unit stress be desighated by the Greel letter
A (lambda), the hmiting height of the profile will be from (6)

H)‘:ﬁor“henp=zi-=nlz\ @)
Thus1f Abe 8 Tons H will be 89 feet
» » 10, ’ IIx ,
”» 15 . s 165
" , 20 ,, , 220 ,
” w25 . ’ 275 .

H2
‘The area of the elementary tmangular profile 1s 2 and that of the

H?
triangle of water pressure reduced to a masonry base 1s 2

(11) In graphical computations the base of the triangle of water pressure
1s 1invariably made equal to a not to H Tlus has the effect of reducing

the pressure area from that of water, of spectfic gravity = umty, to the same
denomnation as that of the masonry of the wall, or of p w*h the result
that wp becomes a common factor 1n both the masonry and water pressure
areas In the triangle of forces, the value of W and of P tespectively can
thus be represented by the half widths of their respective areas

This procedure simplifies construction, as the common factors H as well
as up are elmmated H bemng also common to both trangles In cases
where H 15 not common and consequently cannot be eliminated, the values
of 17 and of P will have to be represented by their areas the common factor
wp bemng then the only one that can be discarded The same procedure
was observed n Chap I  Whenever actual values m tons are required,
the measured length of the resultants in the force polygon have to be multi-
phed by those elimnated factors 1 ¢, by H and by wp

(12) In actual practice a dam must be provided with a crest of defimte
width and not termunate in the apex of a triangle  The imposition of the
crest increases the stabihity of the section, but throws the ncidence of 17
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the eatremty of the case, ¢ = % and

P () -k

[ b
Plzyg(x—%):*z%f

In this case the maximum unit compressive stress 1s four tumes the mean
while at the further end tenstle stress 1s set up equal to twice the mean unit
stress The graphical process of obtammng the same results will be
explamed m par (24) later

(8) Now with regard to R, or the resultant pressure “ Reservore Full”;
thus force bemng always a greater quantity than I, whenever the question
of the maximum permassible stress w the masonry of a dam comes under
consideration, 1t 15 ths force and not 3 that 15 the ruling influence

With regard to the maximum pressure mnduced tn the masonry by the
force R thus plane b 15 not normal to the direction of R, but another plane
{marked on Fig 1) b, 15 so, consequently the mean stress mnduced by R

R R
15 not b but P the mean umt stress s therefore greater than %t as bas
1

b~——~——R , 0 being the iclination of R to the
cos B
vertical  On the horizontal base, however, s = R cos 8 — &

In graphical computation 1t 1s more convement to mcrease R, using b as
denominator the result bemng identical

In the force polygon 1a, if a hne be set out at nght angles from the
extremity of the force R, the mtercept Ny(= R sec §) will represent the
mncreased value assigned to B, the mean nduced wmt stress on the base b
will then be

greater than &y and equals

=M R
KR T )
This 15 graphically demonstrated by the hatched areas below the profile n
g 1

{8) Destgns of parts of masonry works have often to be manipulated 50
as not only as wn this case, to bring the centre of pressure at the rmddle
{iurd point of the base but so as to reduce the mawumum umt stress to a
fess proportion than one of double the mean, and this can be effected by
manccuvring the position of the cidence of the greater resultant R to a
point as near the centre of the base as possible, with a view to equrlising
the value of s with that of s; .

(10) The salues of the sesultant and of the mavimum mduced umt
stresses due to * Reservoir Tull,” or “ Resenvorr Empty,” are catalogued



CHAPTER II —GRAVITY DAMS AND WEIRS 43

In addition to the above, allowance has to be made for wave action, the
height of which 1s obtamed by the following formula

h=15vT + (25— V1) (10)
In this F 1s the pitch or longest line of exposure of water surface to wind,
expressed 1n statute miles
Thus if F = 4 miles the extra height above maximum flood level will be
(15X 2)+ (25— 14 =311 =41 feet
If I' = 10 miles, the height works out to 5% feet  If the height of the crest
1s not made higher than the allowance necessary for wave action, the apex
of the tnangle of water pressure should correspond with this level If on
the other hand the crest 1s designed well clear of this point the apex will be
at a lower level

(15) To revert to the pentagonal profile, 1f the back of a dam 15 not
sertical but canted forward, the stability will be mnjuriously affected, the
madence of R falling without the middle third Thus we see that the
vertically backed wall 1s the most economical profile for water, as 1t has
already been shown to be for earth pressure In weirs alone 1t 1s not so

L)

(16) We have seen that the elementary profile, or tts modification the
pentagonal satisfies all imposed conditrons of stability up to a certain pomt,
which 15 the pressure imit , below this the simple profile must be departed
from and the base widened out 1n order that the stipulated pressure Jumut
be not exceeded while at the same time the other conditions are maintained
This widening adds immensely to the cost of a dam, consequently as igh a
pressure limit as 1s consistent with safety should be employed

Of late years the adopted values of A, the Iumting stress have largely
exceeded what was previously deemed the safe mt  Tor this bold mnnova-
tion we are mainly indebted to American engineers, who have proved without
doubt that pressures of 16 to 20 tons, ¢ ¢, double the old values, are quite
practicable in gravity dams, whereas i arched dams even higher pressures
than these are safe

In the Roosevelt Dam {Fig 20), one of the hughest m the norld, the
elementary profile 1s strictly adhered to nght down to the base, a depth of
230 feet I'rom formula (6), we obtain

230
, €, ——, or over 20 tons

§
Irr

ETE:
In confrast to this, the Assuan Dam has an imposed hmit umit pressure in
1ts prers of 5 4 tons only *

Design of Dams below the Limating Depth HA
{17) We have seen 1n par (10) that the section of a dam can be carned
down 1n accordance with the elementary tnangular section or with such

* This was imposed by the designer 1n anticipation of a future sncrease 1 the height of
the Dam —Lp
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modifications of 1t as are advisable, until the depth has a value of —
wip+1),

after which the procedure becomes more complicated, the maximum stress
on the masonry, which must not be exceeded, adding another factor to the
problem  Not only has one line of pressure, reservorr full, viz, N, to fall at
the middle third, but the base width will have to be increased in a greater
ratio to satisfy the conditions of stress imit  This could be effected by
means of trial and error by graphical process, but would be very troublesome
and figured calculation from formulas deduced by analytical methods will be
found easier to use Thus dfficult subject has been very ably treated 1n the
“ Principles of Water Works Engimeering,” and an excellent example of the
method of working out the varying width 1s given in the above work, which
will be reproduced below 1n a somewhat condensed form

The solution of this problem 1s based on the followmng —If a rigid body
rest on a horizontal surface, the distance of the centre of pressure from the
extremuty of the base at which the maximum stress occurs 1s—

b s
1_5(2-_2—51) 7}
where & 15 the width of the base, s the maximum stress intensity in tons, the
average pressure on the base being s, from which the following formula
giving values of & 15 deduced —
H‘! 2F74°
=G EE) . e

A the hmiting and s the maximum stress bemng 1n this case identical Here
w = weight of water per cubic foot m tons, viz # ton, and H = depth of
water N = the vertical forces, viz, the weight of the masonry wall and of
the water over the inner face where 1t 1s inclined, 2 ¢ , Reservoir Full *

From this equation & 1s found readily with a ngh degree of accuracy if N
be known even approxmmately

+ Norz —Formula (A} can be written £ = —:—(z - "7?) because 1 this case §, 1 the mean

39 the b R pott the same expression s e = (z——""—)
pressure on the base o not 5 e P 3 Wity

The base b formed of three duvisions (1)  from the toe to the incidence of R, (2)f from
the incidence of R to that of N 2nd (3) that from N to the heel of the base Now /=5

obtained by taking the moments of N and of P about the incidence of R and {3) 1s postulated
b \NPH b
= == -_—— Y= - 3¢
tobe 2 whenced — (2 JRTE) 3§ +3 lfthevalucof P thehonzontal vater pres
sure i terms of w and of ¥ be substituted the expression will have the form given m for
mula (1) par (1)
With Tegard to formula {C)  The vertical forces whose moments about the maer third

(x)’_—;‘—; (;)'.’xT—"_x o 3""1’;4“" By 1 the weights 1 2z nd 3
the tquation 13 very much simphified being reduced to a sumple equation and x)s found with
c1se  The one condition 1s that the mcidence of A must be exactly at the inner third point
of the new bise . This protiso imsures that both 11 reservoir empty and 2 fall within the
midtlethard  [he length gen to by atso msurcs that s == A the bt stress
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Having found b, or by, the next step 1s to ascertain how much of 1t must
be under the mner face of the dam, : e, within the vertical through the
crest, m order to bring the madence of the
resultant weight of the whole superincumbent
mass of the masonry and water to a distance of

Ii from the mner toe This 1s arrved at by

equating the moments of the vertical forces about
0, the pomt m question (tide g 2), to zero, by
which means we obtain the following equation, the
solution of which gives the value of the distance #,,
1 ¢, the projection of the base at heel of wall —

B (5he — b2 6, (04 by) o+ 20) — 2 (0 ) x|
b N (Iil;? )_ 0 (- ©
(2by ~ 3%y) — 3 - %= \
H 15 depth of water at the base b, and H, = H + d, d being depth of lower
lamina
Thus formidable-looking quadratic equation 1s not so difficult to work out,
as one would judge from 1ts mordinate length
From formula (B) the value of 4, 1s obtamned ¢e, the bottom width of
the first stnip to be added below the base, and from (C) x, 1s found, wiich
fixes the position of the new lamna with regard to the base above

(18) The following illustration of the practical working out of the formulas
(B) and (C) 1s given below

Lo« Boseaf lawbow Me
EMTNTEN
x 2 uatso

s

Fic 3
Fig 3 represents the whole section of the dam, part of which 1s shown in
Fig 2, the value of p bewng 2} and A 10 tons, whence H, the hmiting depth,
will be equal to 111 feet, par. (10).
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The base width at this depth wall be equal to x + 74 0 = 74 6, or exclud-
g the bach stnp 74 0 The face lme corresponds with that 1n the elementary
triangular profile no deductions having been made

Now the weight of the section, mcluding that of the water overlaymg the
portion EF of the bach, 1s nearly 265 tons  The successive values of H to be
considered will be —

From crest to base of low dam - - - H 111 feet
» s 1st Jamina - - Hy1zo ,,
, » 2nd ,, - - Hy130
” 3rd , - - Hyxgo ,,
” , 4th ,, - H,150 ,,

The respective values of b and x (Fig 13) may be conveniently
designated by b 4, b,, and x x; and x,, also the total weight of the dam
and supermcumbent water may be by N, N, and N,

First Lamina —At the base of the low dam (Figs 2 and 3)

N = 265 tons H = 111 feet, b = 74 6 feet x =0

If the profiles above b be produced down to the level H, = 120 feet,

1e, g feet deeper the weight of the trapezoid of masonry thus added 15
120
0% 746 (1 + )
2 x® say, equal to 44 tons
Then, as a first approximation,
N, = 265 + 44 = 309 tons
By equation (B), par 17, introducing the proper v ilue of A, or s of 1o tons
b= (120)3( (120)* )
1TV 360 5184 X (309)°
= 82 5 feet
The next step 1s to find x, corresponding with this value of 5,
By equatlon (C), we have

{3 % 5565 — 6806 + 6 (157 1) %, -+ 2 X 6154}

16 X 24 >< 24
36 x <73 (231 (165 — 3%;)] — 265 (263 - x,) =0,
that 1s 2 6v.? + 1907, — 177 =0,
therefore — —199 —I@'
3z
= % = 09 foot

The values of b; and +; thus found, enable us to obtain a closer
approvimation to the weight of the trapezord under consideration, and
to determune the weight of water overlying its inner face  The sum of these
l\\\o quantities may be found to be 47 tons

N
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Then a second approximation gives

. N, = 265 + 47 = 312 tons

Introducing this value of N into equation (B), par (17), we find, as a
second approuimation,

by, = 82 3 feet ,

which value of b, 15 50 nearly that presiously used i applymng equation (3)
as not to affect the already found value x; = o0 g foot

Thus we have at the base of the first lamina below the low dam—

N, = 312 tons, H, = 120 feet, b, = 823 feet, x; = 0 g foot
(19) Second Lamina —Proceeding as before, produce the profiles imme-
diately above b, down to the level H, = 130 feet , the weight of the trapezoid
of masonry thus added, together with that of the water overlying 1ts inner
face, 15
w F 06 0)]
I6[823-#2 ) (823 —746) | +
Then, as a first approximation
N = 312 + 58 = 370 tons.
1
Hence by = '\/ (130) (1 + ﬁL)

360 5184 (370)%
= g2 5 feet.

Applying equation (C), par (17), and introducing these values of b;and N,
we find

120 + 130

2% 36 X 10 ==358 tons,

%y = I-4 feet.

Correcting the weight of the trapezoid and 1ts superincumbent water
for this value of x,, we have as a second approximation

Ny = 312 + 59 = 371 tons,
whence a re-application of equation (B), par (17), gtves the corrected value
by = 92 4 feet.
Thus, at the base of the second lamma,
N, = 371 tons, H, = 130 feet, &, = gz 4 feet, x, = 14 feet.

(20) Third Lannna —Produce the profiles above b, down to the level
Hj = 140 fect

As a first approximation

N3 = 371 + 67 = 438 tons.

b, = o/ (1498 (1400t
s TN 360 (T— 5781 (438)9)
= 102 8 feet

By equation (C), par (17),
x5 == 1.4 feet
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This introduces no sensible correction 1 the value of Ny, and we
therefore have, without further calculation, at the base of the third lammna
N, = 438 tons, Hy = 140 feet, by = 102 8 feet, x5 = X 4 feet

Fourth Lanuna —Produce the profiles above b; down to the level
H, = 150 feet
As a first approximation,
Ny = 438 4 75 = 513 tons
T120R 7 (IR0 A
5 o o/ 9 {50)
4 360 (I + 5184 (513)”)
= 113 3 feet
By equation (C), par (17),
%y =1 4 feet.
Agam no sensible correction 1s introduced into Ny, and we have at the
base of the fourth lamina
N; = 513 tons, H, = 150 feet, b, = 113 3 feet, x, = I 4 feet.
Summarisig these particulars, we have .—

Depth below crest | Breadth of base Weightof | Bgadth measuniog | v ong of water
of dam (H) ® masonry \nner face (x) aver mner face

Feet Feet Tons Feet. Tons

o 10 _— —_— —_—

111 746 264 06 3

120 823 308 15 4

130 9z 4 362 29 9

140 102 8 424 43 14

150 1133 493 57 20

(21) The foundations of dams are often carried for a great depth below
the surface of the ground, and if a square concrete base with vertical sides 15
provided, closely adhering to the onginal cutting face or soil or rock, this
portion may be considered as free from water pressure

As a general rule, however, the dam 1s designed for full water pressure
down to 1ts actual bise  Below this bise a comparatively narrow trench
filled with concrete and puddle has often to be excavated to great depths
Tlus 15 sumply a curtain wall to stop any chance of percolation, and 1s not
designed to withstand water pressure

(22) An example of the pentagonal profile of a dam 100 feet hugh, designed
1 accordance with the rules already given, 15 exhibited inTig 4 The base1s

made % Orz X 100 = 66 7 feet. The crest 1 v/f, or »15b = 10 feet. The

basc of the water pressure tnangle 1s made I—: or ; X 100 = 44 4 feet for

reasons previously explained
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The procedure of drawing the Iine of pressure in Ig 4 1s that usually
adopted for showing the pownts of pressure reservorr empty and full The
system consists of diniding the profile and trangle of water pressure into a
certain number of equal lnmmas m this case 5 numbered accordingly I to 5,
while the corresponding divisions of the triangle of pressure are numbered
11to5! Thislatter having a honzontal base all half-widths will be measured
parallel to1t A senes of independent combinations are now formed 1n the
force tnanglesm I'ig 4a vz of 1*and T 1* 2! withx 2, 1! 21, 3' with
1,2 3and ' 2! 3! 4 with1 2,3 4 The centres of pressure of these
three last combintions are discovered by use of the funicular 4b, and the

JH  H=l00
RIR

(4}

N=240

Fics 4 4a and 4b

mtersection of the projected vertical resultants with the horzontal and
inclined forces of each combmation  The intersection of those same verticals
with their respective base ltnes give po.nts on the line of pressure, reservoir
empty Thus each pair of forces 15 independently dealt with, this arrange-
ment 15 so far advantageous 1n that error 1s not perpetuated  The system,
however, can only be used when the back 1s m one straight line

(23) In the force polygon I'ig 4a Rj1s the final resultant  As explamed
mn par (8), by setting out a line at night angles from 1ts lower extremuty, the
tercept cut off from a vertical ine drawn from the upper extremity gives
the value N, which 1s the actual masmmum resultant pressure on the base
Another intercept N 1s formed by a horizontal line drawn from the extrermty
of the Joad Iine ¥ This NV 1s the vertical component, Resers oir Full

In this case the water pressure forces bemng all horizontal, N =11,

™ x
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which otherwise would not be the case In order to obtain the actual
values of N and of N,, the measured lengths in feet will have to be

multiplied up by the elimimated common facters, 1 ¢, by 3 or by 2o and by

uzp orby fston Now N, or I measures 172 fect and ts actual value will be
172 X 20 X 74 = 215 tons  This 1s the vertical weight per foot run of the
dam N, measures 240 fect and similarly 1ts actual value will be 240 X 20 X
Y4 = 300 tons

(24) The graphical method of ascertaining the distnbution of pressure on
the base of the masonry wall, which has already been dealt with analytically

r
"
(53)
7z ~
240

©
©

Lies 5and 53
m par (7) 1sexubited i I1gs 5 and 5a, which are a reproduction of part of
Figs 4 and 42 The procedure 1s as follows ~—Two semi-Circles are struck
on the base with their centres at the two-third division pomts, and with

radus 3b From e, the pomt of mcidence of R;, the line ¢g 15 drawn to g,

the ntersection of the sem circle  Agam from the pomt g, a hine gz 15 set
off at nght angles to eg, cutting the base or 1ts continuation at the pomnt #
This point # 1s the antipole of ¢, or the neutral pont at which pressure 15 ni/
1n etther sense

Below the profile another projection of the base 15 made From g 2
perpendicular 1s let fall cutting the new base hine m ¢!, and 1ts continuation

£'% 1s made equal to the mean umt pressure or to Tl Another perpen-
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dicular 1s then let f2ll from #, cutting the new base in 4; and then the points
#1 and % are jomned and the ltne continued till 1t meets the perpendicular
marhed # from the toe of the base \Where n does not comncide with 4 the
heel of the base a further perpendicular must be drawn from the heel The
hatched trapezoid thus enclosed represents the distribution of pressure  In
similar manner the pressure due to IV or N the vertical load, 1s shown

(25) We have already seen (par (23)), that the value of Ny in Fig 4a1s
300 tons  The mean pressure will then be I%’(par 7 or% =45 tons

Thas 1s marhed off from g* to & and # measures double the mean, or g tons

——d

Fig ~

- Fic 6

In this diagram » happens to correspond with & because of the incidence
of R at the outer third division pomt

In the hatched area the mtensity of pressure at any pomt mn the base 15
measured by the vertical ordinate of the triangle

A similar pressure area for the load N 15 given, here N = 215 tons, and

% = 626LS7 = 3 2 tons, the masumum at the heel being = 6 4 tons

(26) InTig 6 the distribution of pressure on the base due to the tneidence
of R, first at the toe, secondly at the two third point and thurdly at the centre

xs
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15 llustrated  In the first case (RY) 1t will be seen that the neutral pomt 1
falls at the first"third point  Thus two-thirds of the base 1s 1n compression
and one third 1n tension, the maximum 1n either case bemng clearly pro-
portionate to the relative distance of the neutral pomt from the toe and heel
of the base, the compression at the toe bemg four times, while the tension at

N

the heel 1s twice the mean pressure or 3 assumed at 4 tons *

1In the second case R intersects at the two thard pomnt, and the consequent
position of 5 1s exactly at the heel  [he whole base 1s then 1 compression,
and the maximum double the mean

In the third case (R?) the Iinc gn will be at nght angles to fg, which 1s
vertical, and consequently 15 honzontal, and the position of # 15 indefimte ,
the area of pressure thus becomes a rectangle with a umform pressure

Nl
of 3

In Fig 7 an intermedmate case 1s exemplified

(27) In order to illustrate Haessler’s polygon as used with a curved back
Tig 8 1s produced

The profile 15 similar to Fig 4, but with a projection at the rear, the
back of laminas 4 and 5 bemng battered outwards The face line 15 also
recessed within the elementary hypothenuse The section 1s not put forward
as a model but simply by way of illustration of the graphical system em-
ployed with a curvilinear back

Two force polygons, I'igs 8a and 8b, are given, ulustrative of two
methods of graphical construction, which have identical results  The corre-
sponding force hines 1n both figures are parallel and of the same lengths
Either can be used The small detached triangle adjoining g 8a 1s merely
an enlargement of the first triangle of forces 1, 11, R,, which 1s on too small
a scale for accurate transmission to reciprocal lines on the profile

The process having been already described 1n par (30), Chap I, need not
be repeated It differs from that shown in I'ig 4 1n that the forces are not
grouped m sets, each pair, with their resultant, bemng independent of the
remainder , but fhe whole system lorms a combination ot all the several
parts  The resultant lines of water pressure belong only to each lamna
separately, and are drawn normal to the back of the wall In the former
case the water pressure lines belong to a group of several lamunas, and
consequently 1f the back of the wall 1s not 1 one plane any direction given
will be erroneous

(28) As the laminas of the water pressure areas have inclined not
honzontal bases, their mean widths multiplied by therr vertical depth, 7e,
H
by 5 do not represent their areas, consequently % not bemng 2
common factor, cannot be ehmmated, all the forces then would have to be
""""" “ted by areas not half widths
* But see Editor s Notes at end of this Chapter —Ep
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This can be avorded by the following simple device which will be found
frequently used in subsequent diagrams —
In Fig 8 let the back of the lowest lamina acdb be produced upwards to

2 {8c)
Fres 8 8a 8b and 8¢

4 and 4d jomed Acd 15 then the triangle of water pressure on the suppo
sition that the back of the wall had the same inchnation throughout as ac

because ¢d has oniginally been made = Pg the trapezoid acdb also represents

the water pressure on the plane ac

Draw de parallel to ac and jon de  Then the tnangle acd and dce are
equal bemng on the same base Ac and
between the same parallels  But the area
of the trangle Ace 15 equal to ce X H
consequently also the honzontally based

trapezoidacef which has Eior its vertical

depth 15 equal to the original mchined area
acdb 1 e 1t represents the water pressure
acting on ac  The same procedure 1s fol
lowed with regard to the upper lamumna Tao

Viith this alteration which takes longer to describe than to effect the hory
zontal half widtbs of the twonewly formed pressure areas will truly Tepresent

H
their areas as their depth 3 15 & factor common to all others
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InTig 9a clearerallusirition of the working 1s afforded the horizontally-
based triangle ABD being substituted for 1ts equal ABC  the half width'FG
will then represent the are1 of either when H 1s ehminated

(29) Two further examples of dam sections are given in Iigs 10 and 31
In both of these the back of the wall 1s given a shght batter to compensate

F16 10

for the imposttion of the crest  The latter face also 15 not carmed down
vertically but 1s jouned to where a height of A intersects the hypothenuse
of the elementary tniangle  This thick neched profile 1s preferred by some
authorities as affording resistance to the great temperature stresses to which
the upper quarter of a dam 1s subject as well as to the pressure of 1ce

In Fig 10 the two lines of pressure are drawn through the profile
Haessler s system bemng employed

In Fig 11 the dotted lines show the graphical reduction of the actual
hnlf wadths which are reduced from a horizontal ine to a smaller scale on
theloadline  The final resultants of R and T on the base are alone shown
The drawing of pressure lines at end 1s really only necessary below the
lrmitmg depth but has been done in Tig 10 and other cases n order to
illustrate the graphical methods employed

(30) Some examples of actual sections confined to strictly modern types
\ will now be given
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Fig 1215 of the Chartramn Dam erected some fifteen years ago  This
dam may be considered as the latest exposition of Irench practice of which

b
|

A

the Furens Dam was the first to be designed on strictly correct scientific
principles  The crest 1s remarkably hght and yet stiff and the roadway

Fie 11

2 30%

Sca e of Met es
2 20

o 5 30

1 ¢ 1z —Chartr an Dam

partly carried on arches overhanging the fore slope whch arrangement
greatly adds to the architectural effect of the elevation
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InFig 9 a clearer llustration of the working 1s afforded the horizontally
based triangle A BD being substituted for 1ts equal ABC  the half width'FG
will then represent the arex of either when H 1s eliminated

(29) Two further examples of dam sections are given in Figs 1o and 11
In both of these the back of the wall 1s given a slight batter to compensate

Vs

&y

b

o'

Fi16 10

for the mmposition of the crest  The latter face also 15 not carmed down
vertically but 15 joined to where a height of §H mtersects the hypothenuse
of the elementary triangle  This thick neched profile 15 preferred by some
Authorities as affordmg resistance to the great temperature stresses to which
the upper quarter of a dam 1s subject as well as to the pressure of 1ce

In Fig 10 the two lmes of pressure are drawn through the profile
Haessler s system bemng employed

In Fig 11 the dotted lmes show the graphical reduction of the actual
half widths which are reduced from a honzontal lime to a smaller scale on
theload e  The final resultants of R and IV on the base are alone shown
The drawing of pressure lines at end 1s really only necessary below the
limiting depth but has been done m Fig 10 and other cases i order to
illustrate the graphical methods employed

(30) Some examples of actual se tions confined to strictly modern types
\, will now be given
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Fig. 12 is of the Chartrain Dam, erected some fifteen years ago.

55
This
dam may be considered as the latest exposition of French practice, of which

the Furens Dam was the first to be designed on strictly correct scientific
principles. The crest is remarkably light and yet stiff, and the roadway

~

=== 20

[4

Scale of Metres
1”0 20

30

40
I 12 —Chartrian Dam

partly carried on arches overhanging the fore slope, which arrangement
greatly adds to the architectural effect of the elevation.
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The lmit pressure 1 g 1 tons, and the value of p1s24  The mitimg
depth 15 marked on the profile The back 1s vertical up to this powt,
beyond which 1t widens out m accord-
ance with the principles and method
adopted m this work  The height #
governing the base i the formula

H

(b = 7:) 15 taken half way between
Ve

fuil reservarr level and the actual werr

crest The dam1s built to a curve of

1 300 feet radius, and 1s over a tribu-

N tary of the Lowre

(81) Fig 13 15 the section of the
Pertyar Dam mn the Madras Presi-
dency The Periyar niver 1s fed by
the heavy ramnfall of the western Ghauts By means of the dam the natural
outlet of the river 15 blocked and the supply s thusdiverted by a tunnel cut
through the watershed of the Peninsula into the comparatively rainless tracts

F1c 13 —Pemyar Dam

TG 13 —Penyar Dam  Site plan

east of the mountan barner It debouches into the channel of the Vaiga
ntver a stream running towards the east coast which will form the supply to

a large canal and tank system
N Surplus water 1s p1ssed over a waste weir on the left m addition to which
there 15 a wide bye wash or waste way cut 1n the sohd roch on the rght
L of the dam The position of the work 1s shown i the site plan of
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Tig 132 excepting that of the tunnel This work was constructed under
great difficulties due to the unhealthiness and remoteness of the site and also
due to the timdity of the Irmgation Department in not sanctioning the
construction of a sluice through the
bods of the dam soas to allow dramnge
to pass during the progress of the
work which greatly increased the cost
and the difficulties to be overcome It
can mnpound 156 500 acre feet and was
first opened for mmgation m October
1895

(32) Fig 14 15 a presentment of the
section of the Mlanhanave Dam wituated
1n the native State of Mysore

It has the marked pecuhanty of
having 1ts escape for surplus water e s
below full requirement the dam having Fo 14 —Markanave Dam
been constructed so high above the
ordinary working capacity of the reservorr as to enable half the highest
floods to be absorbed theren It was found cheaper to do this than to
provide an escape of the full

flood capacity )
In this dim the value of p 15

24 thatof A1s 8 tons It was / T
budt of rubble masonry set m

Kunkur lime mortar anex
cellent native nodular limestone
possessing  hydraulic property
which 1s found over large areas
n gravel quarmes composed of
nothing but this matenal  Kun ’
Lur not only supplies all the lime
but 1s used for the metalling of ’
roads and other similar func
tions

In this dam the extreme water ’

level 15 estimated at 142 feet
abovebedlevel leavinga weather
board of 10 feet The el tary A b4
profile drawn on the section has F16 15 —Bhatgarh Dam
1ts apex at the crest level as this
outline appears to be more mn consonance with the actual profile This
worh 15 1200 feet 1 length It 1s designed to store 183 500 acre-feet for
wrigation of 30000 acres of rice  but 1t has threc and a half times that
capacity between sluice floor and I'SL  and five times the same up to
maximum flood level

p?
2
-
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(33) Fig 15 15 a section of the Bhatgarh Dam, which forms part of the
Nira Left Canal Head works m the Bombay Presidency Its height 1s
119 feet, and 1t has the appearance of having been designed according to the
water level at RL 111 the divergence of 1ts face from the hypothenuse of the
elementary tniangle with apex at 119 0 being too great It 1s provided with
fifteen low-level vents, each 4 feet wide by 8 feet deep, and also turbine
shuces

This dam 15 3,020 feet long and 127 feet Iugh above lowest pownt 1n
foundations  The preseribed limiting pressure, the vertical component only
being considered 1s 8 tons per square foot, and the average weight of the
structure 15 stipulated not to be less than 160 lbs per square foot Although
the greater part 1s composed of concrete yet this it was actually exceeded,

Rad us 400
70 tong

Fio 10 —Cheeseman Dam Colorado

some of the stone put i weighing as much as 19o lbs per cubic foot The
concrete was mived with large blocks of loose stone, which were nserted 1n
the work as 1t proceeded These saved mortar and added to the weight and
also efficiency of the concrete mass  The sides were lined with ashlar, and
the lower portion was bmlt with rubble masonry The shuce ways were
lmed with cut gramte ashlar blocks On the section, the elementary

trringular profile has been drawn, the base 7 being 71 feet, p having a value

of over 2}  The actual base 1s 74 feet, probably to allow for compensation
for the ventage

The fifteen sluices are spaced 17 feet apart, so they do not require any
special precautions of lumt of pressure with regard to the piers such as are
necessary m the Assuan Dam It impounds 122 000 acre-feet *

© This dam has now been superseded by a new dam 160 feet high which has becn butlt
200 feet downstream of the old one  The new dam was begun in the year 1912 and 1ts com
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(34) Of gravity dams the Cheesem1n Dam in Fig 1615 one of the highest
existing examples It 1s built on a curvature of 400 feet radius, and 1s for
the water supply of Denver City, Colorado  The spillway for surplus_flood

pletion in 1928 18 anticipated 7 It wall have a storage capacity of 551 000 acre-feet and will
supply water to the new Nira Right Bank Canal designed to ITTigate 114 000 actes anavally —
En
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water 1s a bye-wash constructed i a narrow gap in the gramte ridge, and 1s
300 feet wide

The hypothenuse of the elementary profile 1s shown dotted in the section
till 1t meets the actual base At this level the value of s works out to
17 4 tons  Thus graphical calculation 1s not shown on the figure

Caleulated as an arch from the *“ Long " formula given mn Chap III, the
pressure comes to 18 tons

(35) The new Croton Dam for the water supply of New York City 1s a
recently constructed work of great magnitude The works consist of a dam
carrymg a roadway 2o feet wide on the crest and at night angles to at the
waste weir 1s set, formmg one side of the reservorr By thrs remarkable
arrangement one flank of the nver valley 15 utilised for the werr and the

X 0 Gesea stoer

TR A, )
g va
Fi6 17b —New Croton Dam NY

escape channel which 1s walled off from the actual river channel below the
werr  The ongmal waterway down stream 1s filled up to a high level and
utilised as a park or recreation ground

The dam portion of the work 1s 1,168 feet and the weir T ooo feet 1n
length The plan and elevation of the work, for which the author 1s mdebted
to the Engineer, are given m Tigs 17 and 171, the section of the dam m
Fig 17b  The sectron of the dam 1s remarkable for 1ts great base thickness
and the fact that the greater portion of 1t 1s buried out of sight below the
bed of the reservoir The maximum umt pressure 1s Ir tons Owing toa
fault mn the rock foundation, 1t was deemed essential to carry the sold
masonry down to this immense depth through 150 feet of sand and gravel
The rock eventually met with formed probably the bed of the ancient glacial
rver and the matenal dug out was deposited 1n that remote age

(86) The Cross River Dam (Fig 18) 1s another New York work, but on
dufferent lines to the two previous dams, having a closer correspondence with
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o d

Fut_SuppyT < 70 -

Fic 18 —Cross R ver Dam NY

the elementary profile  The imiting stress 1s apparently 10 tons only  The
nech of this dam 1s designed thicker than in the last two examples on account

of 1ce

(87) Fig 19 1s a section of the Ashokan Dam for the New York Water
works extension The section 1s a very thick one extending in the upper

25
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I16 19 —Ashokan Dam N}
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part 5 feet beyond the hypothenuse of the elementary profile, with the
apen of the latter placed at crest level , if the apex were placed lower at half-
way up the weatherboard which 1s no less than 20 feet deep, the discrepancy
would amount to 10 feet Both lines have been drawn on  This dam 1s
fitted with a vertical line of porous blocks connected with two inspection
galleries  This 15 1n accordance with recent German practice to enable any
leahage which would mnduce hydrostatic pressure to be stopped and drained
off It s probable that the introduction of this refinement 1s the cause of
the unusual widening of the section The dam 15 constructed of cyclopean
masonry set n PC concrete With the great interests mvolved, 1t was
probably the determmation of the designer to be absolutely on the safe side

(38) The Roosevelt Dam 15 given mn Fig zo It was completed 1n the
year 191X It 15 buwilt on a curve of 410 feet radws to centre of crest, and

25__ Floorof
Bye o

234 »*

TR ol

Fic 20 —Roosevelt Dam

41b feet to extrados of thearch It has been, however, designed as a gravity,
not as an arched dam the curve bemg mtroduced for greater secunty, as it
allows of freer movement under changes of temperature than the straight
alignment However that may be 1f the apex of the elementary triangle
were situated as 1s probably the actual case at 10 feet above the floor of the
bye wash or waste way the value of H wil be 230 feet requinng 2 base
width of 154 feet according to formula 6 which 1s close to what 1t actually
scales The maxmmum umt stress has been worked out and amounts to
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16 tons  If the stress were cilculated as if the dam were an arch, 1t would
worh out by the long formulr No 3 grven n the next chapter, to 20 8 tons,

—Salt River

T16 202 —Roosevelt Dam
so that the stresses are not wdentical whichever view 1s taken of the status

of the dam  The profile 1s free from the faults of bemng too thin or too thick
m the neck as 1s apparent m the last four examples and 1s considered

——d ——

10 H gh fevel vents 2%3,"

A58

18

[ .
’

T16 21 —Assuan Dam

unexceptionable 1 every respect As noted above the section adheres
closely to the elementary profile and forms a powerful advocacy i fav our of
the simple style of pentagonal profile favoured i this worh

The site plan given in Tig 20a forms an nstructive example of the
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arrangement of spillways cut m the sold rock out of the shoulders of the
canyon, the matenal thus obtamed bemng used in the dam 1itself These
spillways are each 200 feet wide, and are excavated to 5 feet below the
crests of the waste werrs which cross them  This allows of a much greater
discharge passing under a given head than could be the case were a simple
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bye wash provided without any drop wall The afflux 1s consequently
diminished

This dam will impound the enormous quantity of 13 million acre-feet
1t spans the Salt Riverm Arizona, and 1s a U S A reclamation project On
the same nver below this work 1s situated the Gramite Reef Werr, of which
mention 1s made 1n the next section.
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{39) Fig 21 15 a section of the Assuan Dam at 1ts deepest part This
great work 1s built across the Nile at the first cataract  Its height 1s only
8, feet but like most Lastern works 1t makes up m length what 1t lacks
height which former 1s 6 400 feet

The area now 1mpounded 1s 863 000 acre feet but it 15 imtended to raise

It
Y
oy ny)L;
oy

F & 22 ~—Assuan Dam Egypt

L i

the crest to RL 1160 1¢ by 7 metres This will double the capacity

of the reservorr which will exceed that of the Roosevelt Dam Even

then 1ts height will be only 106 feet one third of that of the Shoshone

arched dam  This work 1s prmeipilly remarhable as being the only sohd

dam which passes the discharge of 1 large mver Like the \ le through 1ts

body for which purpase 1t 1s provided with 110 low level sluices each 23 feet
N
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deep by 61 feet wide and forty hugh level shuces 110 feet hugh and 6 feet
wide They are capable of discharging 500 000 second feet the velocity mn
the low level sluices being as hugh as 20 feet per <econd  As a matter of
fact however the nise and the fall of the \ile being very regular the level
1n the resers oir can be so adjusted as never to stramn the sluices to anything
Like this extent

The profile 1s by no means a bold one the umt pressure n the prers bemng
hmited to 5 8 tons only

Even when the dam 1> rased the umt stress m the prers would not
exceed 10 tons  N\evertheless 1t 1s intended to widen the whole base n order
to mamntain the restriction it unit pressure which 1s now mn force  To effect
this an outer shin will be bult on the down stream side and the space
between 1t and the present face of the dam will be filled up with cement
concrete *

Other sections of this dam showing detatls of the Stonev  sluice gates
and frames are gnen m Chap NIV Iigs 14 15 16

The photograph Fig ~2 shows some of the shuices 1n operation and gives
a good 1dea of the extent of the work

Section IT —GRaviTs WEIRS

.

(40) When water overflows the crest of a dam 1t 1> termed a wer and
<ome modification m the design of the section generally becomes necessary
and not only that but the Linetic effect of the falling water has to be pro-
vided for by the construttion of an apron or floor which m many cases forms
by far the most unportant part of the general destgn  Ths 15 <o pronounced
in the case of dwarf di erston weirs over wide sandy mver beds that the weir
wall itself forms but an insigmficant part of the whole section and a separate
chapter will have to be devoted to the elucidation of the complcated problem
presented for solution At present the section of the weir wall alone will be
dealt with

(41) T1g 23 1> a typical section of a trapezodal werr wall with water
passing over the crest The height of the crest of the wall as before »
designated by H that of the depth above crest to reservorr level by ¢ The
total height to the upper water level will therefore be # -+ d  The tniangle
H + d)

P

or I%— as previously but 1t will be truncated at the crest level and the actual

water pressure will have its apex at the surface and its base will be (

water pressure acting on the nall 1> the lower part of the trangle a trapezoid

whose base 1s Htd and whose top width 15 i Its area will therefore be
1f the back of the werr 1s vertical
_(H+d &OH H +~d -
Ah(p +p): H( '»p) (1)
# This work swas carned out i the 3 ear 1911 —ED
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If the back 1s mchned, the area will be

4= (HZLP"I) xH . (11)

1233}

Fic 23

H' being the inchined length of the back of the weir wall  The distance of
its pomt of application above the base
_H (H + 3d)
T 3\H 4 2d

B I ¢ &3]

(42) With regard to the werr wall, the elementary tnangular profile, so
useful 1n the case of dams, will be found to be equally so as a guide to design
m this case When applied, 1ts apex will 1 like manner be at the upper
level, or at H + d, and be similarly truncated at the crest

The trapezord thus formed will have a base width of

o H+4d
T vp (x3)
which formula will be found approximately correct, as a general rule, and
with a top width of 4 1ts area will be H4tzd x H
Vp 2vp

The crest width of x/i will, however, be found 1n practice much too
P

narrow for actual requirements unless the depth of water above the crest
or d 15 exceptionally great The following rule will be found to provide
a suitable crest width for most ordmary cises, viz,

c=~H+Vd . (14)
d

with v, 95 @ muumum This wall also apply to submerged weirs, for
P

mstance, in the Narora Werr (Fig 24), H 15 10 feet and 415 8 feet whence
c=+10+v8=32+28=06 feet In the msubmerged La Grange

va
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Wenr (Fig 29) H = 120 and d = 16, the crest width would be 11 + 4 =
15 feet

In many cases, however, the necessity of providing space for falling
shutters or for cross traffic during times when the werr 1s not acting renders
obligatory the provision of an even wider crest Damage due to shock from
floating logs has also to be guarded against ~ With a moderate width, as
obtamed by formula (14), 2 trapezoidal outlne has to be adopted 1n order to
gve the requisite stability to the section This 15 formed by jounng the
edge of the crest to the toe of the base by a straight line, the base width of
H4+d-— «/; being retamed

Thus 15 done 1n Figs 24 and 29 (posf) When the crest width exceeds the
dimensions of formula (14) the face of the crest should drop down vertically
till 1t meets the hypothenuse of the elementary profile, as 1s the case with
the pentagonal profile of dams An example of this 1s given n Fig 28 of
the Dhukwa Werr  The tentatve section thus outlined should be tested by
graphical process, and if necessary the base width altered to conform with
the theory of the middle third

(43) In American practice with trapezoidal weir profiles, the width of the
werr crest 15 made some fixed proportion of that of the base To be umver-
sally apphcable, however, the value of ¢ should be also some function of 4,
and 1t 15 possible that a formula might be devised, winch should melude all
three mfluencing factors, viz, H, p, and d

With values of 4 up to 10 feet the following formula for base width for
a trapezowdal profile will be found closely approumate to requirements,

Z or 7 being taken as 25

_H4d I
= X Vg @)
orp=§andr=25 b= 6(H+d) (132)

Formula (15) 1s strictly applicable to dams of trapezoidal profile, ' bemng
substituted for (H +d) When applied to werrs, the value of ¢ m the
ratio le the erest width on the supposttion that the weir 15 a dam whose
height H' = H 4 d  The actual crest width at the lower level will naturally
be wider than the assumed value of ¢ at the higher level

‘When a reservorr wall has 1ts crest lowered for a portion of 1ts length 1t
acts both as a dam and a weir  Its outline 15 then usually trapezordal, when
formula (15) for base width will apply equally to both portions The value
of b will, however, be barely sufficient for the weir section were 1t not 1
fluenced favourably by the reverse pressure of the tail water

(44) A werr 15 subject to the effect of the reverse pressure of the tail water
down stream, from which a dam 1s usnally exempt
This reverse pressure modifies the position of the centre of pressure on
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the base 1n a manner usually but not mvarably favourable to stabihity As
the moments of the hortzontal pressure of water on either side of the weir
wall vary very nearly with the cubes of thetr height 1t 15 evadent that a com
paratively low depth of tail water will hase but small influence and may well
be neglected This 1s accentuated by the slope given to the face when a
vertical back 15 adopted by which the normal water pressure 1s given a
downward mchination that reduces its capacity for good The small result
thus produced 1s illustrated n the force diagram Fig 23a where the reverse
15 shown combined with the back pressure

(45) Calculations of the depths of water passing over the werr or rather
the height of reservorir level above the wetr crest designated by 4 and of

9 —

Fic 24 —Narora Ve r Wall

1ts reciprocal depth D 1 the tail channel are often necessary for the purpose
of ascertamming what height of water level up stream or value of 4 will
produce the greatest effect on the weir wall In low submerged or drowned
werrs the highest flood level has often the least effect as at that time the
difference of levels above and below the weir are reduced to a mimmum
This 15 graphically shown m I'ig 24 which represents a section of the
Narora dwarf weir wall to which reference will subsequently be again made
m Chap VI In this profile two resultant pressures R and R! are shown
mn which R! due to the much lower water level of the two states under
comparison falls nearer the toe of the base

(46) The nise of the nver water produces with regard to the stress induced
on the werr three principal situations or  states which are enumerated
below
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(1) \When the Zead wafer 1s at werr crest level, then, except 1 cases
where a water cushion exasts, natural or artificial, the tail channel 1s empty,
and the conditions are those of a dam

(2) When the fa1l water 15 at wer crest level, 1n this case the reciprocal
depth of the head water above crest 1s found by calenlation

(3) At Jughest flood level, the difference between the head and tail waters
15 then at a mmmmum  (2) Applies only to submerged wewrs

In a submerged weir the greatest stress 15 produced dunng state (2)

(47) The horizontal water moments on either stde of a wall are related
to each other m proportion to the cubes of their respective depths  In cases
where the dividing wall 1s overtopped and one or both of the water pressure
triangles are truncated, the moment of the resultng trapezoid of pressure
will be the product of formulas (11) and {12) and will be

M:%(H-Hd) A 0]

D3
The moment of the opposing tail water will be, if a triangle, 5 or if a

trapezord formula 16 will agamn apply, 4* or (D — H) taking the place of
m that expression The difference of the two moments of water pressure
up and down stream will then be the balance moment acting on the wall

(48) In order to obtan the proper value of 4, during the second * state,”
1t will be necessary to make a calculation of the discharge per foot run of
the channel below the werr at the level of 1ts crest

{49) In the case of submerged weirs over rivers with sandy beds, the base
of the weir and 1ts floor often comncide with the averaged bed level of the
nver The nver also 1s of considerable width in proportion to 1its depth;
consequently the formula 100 A¢\/RS can be simphfied without sensible
error by substituting D for R *

As the discharge per unit length, or foot run only, 1s required, the area 4
will equal D x 1 = D, and, further, if the friction at the sides of the nver
be neglected 1P, or the wetted perimeter, will equal the base of the water

section, 2 e, umty, whence R = i%] = ? =D The formula then stmph-
fied becomes Q = 100 cDI /S (x7)

The coefficient ¢ can be obtamed from Jachson’s ** Hydraulic Manual,”
Table XII, Part 4, D being taken as R, or from Higham’s Tables

(55) Figs 25 and 26 are examples of two low werr walls under sumilar
conditions of water pressure Fig 235 1s a vertically bached wall Fig 26
15 of equangular section  The bed slope of the mver, or S, 1s assumed at

* A doubtful proposition m prachice sice the average bed level 15 hable to vary at

different seasons of the year 1¢ at different stages of the niver s flow, especially when' the
river 1s flowing i more than one channel with sand banks between them —EDp
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I1n 10000 and when D = 15 feet which 1s the value given to H 1 the
figure the reciprocal depth over crest namely @ willbe 6 5 (with 2z = 0250)
The resultants are worked out on the supposition that the wetr wall 1s on a

Head Wate Headl_W:
cad_Water. fgadl_Wate

¢,
DNV

Fie 25 Tic 26

porous sand foundation and 1s thus subject to loss of weight by flotation
This 1s the almost invariable status of dwarf diversion werrs  The madence
of the resultants on their bases go to show that the canting forward of the
profile makes no practical difference n the stabiity of the wall but the
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reversal does as shown mn I'ig 27 which however 1s under somewhat
different conditions
Suvme exwrphes vl ngh weas o o 've gren

(56) The profile of the Dhukwa Weir (I'ig 28) 1s that of 1 work thrown
across the Betwa River in Bundelhund Upper Indin with the object of
forming a second reservoir to supplement the existing one at Parichha the
head of the Betwa Canal It was completed 1 the vear 1910 and will be
further described with reference to the project and to the werr shutters
Chap VI

In this place 1t will be sufficient to examine the sertion only  The tail
water at full flood does not nse above half the height of the weir  conse-
quently asnoted i par (46} state (3) of maxtmum flood will give the correct

H+d

value of d to be used mn the formula (13) b = Here H = 50 feet and

H + d = 63 feet The base width should then be 3 X 63 or 42 feet which
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1t scales almost exactly The crest width 1s necessanly very wide in order
to accommodate the high collapsible weir shutters and their gear

In a case like this the flood velocity of approach which must be con-
siderable should be ascertained and the height sufficient to produce this
H
velocity, added to H 4 4, making the formula for base width Ljﬂ,
_ P
and for crest width v/H 4+ Vd + k !

1i the velocity of approach were 10 feet a second a not unlikely value m
such a niver /i would equal 15 feet This would however only shightly
affect the values of b and of ¢

* (57) The La Grange Weir (F1g 29) 15 an example of a very high overfall
werr situated i Cahiformia  The velocity of the 16 feet deep overfall 1s esti-

¥ic 29 —La Grange Weir
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mated to be 13 feet per second Assuming that m the reciprocal channel
below to be 6 feet per second the ratio will be 21 1 therefore with
d =16 feet D will =16 4 2 1 = 34 feet which 1if measured above the
gnen low water level will hardly reach half way up the weir face Conse
quently high flood state \o 3 of par (46) will apply

(68) The Granite Reef Werr (Fig 31) 1s another example of an American
werr It 1s founded partly on roch and partly on boulders and sand  the
section on the latter porous substratum 1s given 1n Chap VI as belonging
to that class of nver werr The superstructure above the floor level 1s the

GRANITE REEF
SALT RIVER

WEeIR

ARIZONA

Fic 31

same throughout but the foundations on rock are remarkable as beng
founded not on the rock itself but on a super imposed cushion of sand
Reinforced concrete pters spaced 20 feet apart were built on the bedrock to
a certam height so as to clear all mequalities  these were connected by
thin remnforced concrete side walls  the senies of boxes formed were then
filled up level with sand and the dam bult thereon This work was only
completed in 1908 and as Schuylers Reservoirs  from which valuable
work this account 15 taken supplies no d menstons the portion of the profile
below the floor 1s conjectural Sand 1n a confined space 1s mncompressible
and there 1s no reason why 1t should not be used 1 ke situations

The section of the weir 1s exceptionally strong 1ts base being quite equal
to 1ts height

It 15 an unfortunate fact that in most reference books contaming record
plans of irngation works wvital statistics such as flood levels discharges
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and other matters, are often wanting A work admirable 1n this respect
1s the ** Madras Irmgation Manual” The work of analysimg designs 1s,
therefore, often ike making bricks without straw, as not mfrequently the
most important statistics are entirely unrecorded The too persistent
nroad of the photograph 15 also apt to vitiate the value of reference works
The photograph, useful as 1t may be m presenting an 1dea of the appearance
of a work to the lay mind, can never take the place of a properly dimen-
sioned drawing with the professional student, and the tendency 1s not to
substitute one {or the other

(59) Another typical high American gravity weir 1s illustrated m Fig 32
of the Maniquina Dam, situated in the Philippine Islands The hewght 15

T16 32 —~Manguina Weir

60 feet, foundation, rock Such a work could very well be erected with
perfect safety on a boulder and gravel formation if a floor of suitable dimen-
sions were provided, but the arch buttress type illustrated m the next
chapter will be about 40 per cent cheaper

(60) The Castlewood Werr (g 33) 1s a high weir of pecubar construc-
tion bemng formed of dry rubble stonework enclosed 1 an outer castng of
cement masonry There appears to be no reason why a construction of this
hind should not answer, but the fact remains that 1t did not  The structure
developed serious leaks, probably owmg to bad connections with the flanks
of the canyon, and had to be reconstructed This was effected by adding an
earthen bank with a 3 to 1 slope on the rear of the work, and lengthening
the outlet pipe accordingly

(61) An example of a weir with a very high flood passing over 1s the
Folsom Werr on the Amencan Ruiver (Figs 34 and 34a) The flood nses to



CHAPTER II —GRAVIT: °

R L 225 te, 32fectaborethr ¢ -z -
Lngineertng  (Wilson)

T -
Ty ~
s
5“‘ . P
o Tt .
o O
4 Hand paciedP 24 3 //" -
1adOry L [
< Ve
/
« 20 sy
/ ./’/ /‘

FiG 33 —Castle sood Weir

The base width at sill of sluice will be by formut, a .
% % 81 = 54 feet which 15 just about what 1t seales  The ¢f, g
formula (14) shonld be V70 X V24 = 13} feet but the minyrm 5y, wa
'z

—
P

TG 34 {342)
Fics 34 and 342 —Folsom Weir

will be § x 30 = 20 feet (par 42) Its exceptional width of 24 feet 1s due
to the hydraulic collapsible shutters which form so excellent a feature in the
design
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(62) The highest weir m the world 1s that belonging to the Coolgardie
water supply resenvoir, near Fremantle, in Western Australia  The profile
15 given 1 Fig 35 On account of its unmense height, this structure 1s to
allintents and purposes a dam  The tail water will have very little mfluence,
except detrimentally as regards load on the foundations

The hrmiting stress A 1s 8 tons  The base of low weir and the elementary
triangular profile have been dotted on the section It 15 considered that the
rear projection of the heel 1s excessive, a more nearly vertical back would
be statically better If the crest were thrown forward to reduce the ore

Baze of LawDam

RLZero

SOCERRR Y
1= 406 - = .

Fia 35 —Coolgardie Reservorr Weir

slope and allow the water to fall clear of the face, the sectional area would
have to be somewhat increased

{63) Canal falls and tank escape weirs and works of this description sub-
jected to a fixed and moderate depth of water, 1f built 1 solid clay cuttng
well backed with puddle, are not considered as subject to full hydrostatic
pressure as would be a wall without such sohd backing, consequently the
base width can be reduced to a mean between that of a retainng wall for
earth and one for water This 15 effected by making the base width not

Htd
RN

, as i formula (13), but
H44d, (18)

P
with p = 2} this 15 equivalent to b =% (H 4- 4), and with p =2 this 15

equivalent to b = H—+_d

‘This 1s termed the “ Hybnid " sectton, and 1s further noticed i Chap IX
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EpIToR’s NOTES

(D) Foundaiion Pressures, pars (7} et seq

It 15 a fundamental principle of the design of high dams of masonry or
concrete that they must be founded on hard, unylelding rock, relatively
impermeable by water and proof aganst disintegration by percolation.
Another fundamental principle 1s, as the author has pomted 1 par (4),
that the profile of the dam must be such as will contain the Itnes of resultant
pressure within the “ middle-third * of 1ts thichness  In the circumstances,
the question of the effect on the foundation soil of resultant pressures
falling outside the middle-third, cannot arise It 1s different i the case of
designs for retaiming walls, which, as a rule, have to be built on ordwnary
soll—often on very soft, yielding soil—and 1n which, according to current
comentions, 1t 1s correct to contemplate the resultant pressures faling tar
outside the middle-third  Our author has, however, in pars (7) ef seg,
and notably m pars (23). (24), (25), and (26), entered mnto a discussion of the
theory regulating such eccentric pressures, n Chap II, mstead of
Chap I The formula used by him m par (7}, viz

bc
maxunum stress = mean stress (I + 7)
holds good only so long as the whole stress 15 positive, but when part of the
stress 15 negative 1mplymng tenston, mstead of compression, the factor &
15 Teduced to something less than the full base-thickness, and mean and
maximum pressure intensities are mcreased Thus, the formula holds
good 1n the cases deprcted 1n I1igs 5and 7, Chap II, and in stress diagrams
R and R? of Fig 6, but not n stress diagram R’ of Fig 6
In this last-named case the author mfers that two-thirds of the base
will be m compresston when the resultant thrust impinges on the extreme
toe of the base and when, therefore, presumably, the wall 1s just on the
pomt of balance to overturn That seems to be obviously an erroneous
1dea
He 15 constdering the conditions of a dam exerting a total vertical pres-
sure of 300 tons on a base 66 7 feet thick When this pressure 1s distributed
evenly over that base its mntensity 1s 4 5 tons per square foot But in
Fig 6, stress-diagram R, only two-thirds of the base, or 44 4 feet, 1s supposed
to be 1n compresston, which mmplies that the mean ntensity 1s 6 75 tons per
square foot, varying from zero at the § point, up to 13 5 tons per square
foot at the toe For some unexplamed reason the author, mn par (26),
assumes the mean pressure ntenstty m Fig 6 to be 4 tons per square foot
mstead of 45, and, even so, his diagram R, shows a compression area of
“%44;4 = 355 tons, although the weight of the dam and 1ts load 1s only
300 tons  For the reason given by the author i par (17),1f, 1n case R’ of
Fig 6, only two-thirds, or 44 4 feet of the base were m compression, the
centre of pressure would be two-ninths, or 14 8 feet distant from toe of base,
and not at the extreme toe-edge, as shownin Fig 6
When the centre of pressure falls outside the middle-third of the base
so that a portion of the base ts under tension, the portion under compression

1s reduced from & to ', the mean ntensity of pressure 1s mncreased to %’,,
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and the deviation of the centre of pressure ¢’ from the centre of base 15
measured from the centre of b’ instead of from that of & The formula for
,

maximum stress becomes changed then from Ibz (1 4 Gb_c) to Ibl,/ (I + 617[’;) .

In the case depicted i Chap *I, Fig 6, the total vertical pressure 1s
17 5tons which distributed over 12 feet of base gives a mean of 1 46 tons
per square foot According to our author s reckoning the centre of pressure
falls 1 25 feet mnside the toe of the base If that were true 1t would mean
that only 1 25 X 3 = 375 feet length of the base would be in compression,
the mean pressure on which would be ?*5 = 467, and the maxumum at
toe would be g 34 tons per square foot, an mtensity which no soil except
hard rock could be rehied on to support
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SECTION 1 —ARCHED DAVS (TVPE B)

(1) In this type, designated as B, the whole dam, being arched on plan,
15 supposed to be m the statical condition of an arch under pressure As,
however, the bise 1s immovably fized to the foundations by the frictionnl
resistance due to the weight of the structure, the *owest portion of the dam
cannot possess full freedom of motion or elasticity, and consequently must
act more or less as a gravity dam subject to oblique pressure

However this may be, expenience has conclusively proved that if the
profile be destgned on the supposition that the whele 1s an elastic arch, this
conflict of stresses near the base can be neglected by the practical man
The probability 1s that both acttons take place, the true arch action, at the
crest, gradually merging mto transverse stress near the base, the general
result being that the safety of the dam ts enhanced by this combmation of
tangential and vertical stresses on two planes

(2) In thus type of structure, the weight of the arch itself 1s conveyed to
the base producing stress on a horizontal plane, while the water pressure
normal to the extrados, radal 1n direction, 1s transmmtted through the arch
nings to the abutments The pressure 1s therefore distributed along the
whole line of contact of the dam with the sides as well as the ground Ina
gravity dam on the other hand the whole pressure 1s concentrated on the
horizontal base

(8) The average untt stress developed by the water pressure 1s expressed
by the formula
(Short Formula) . L5 = rA;Iw b= RHu . (1)

51
m which R 1s the radws of the extrados sometimes measured to the centre
of the crest, H the depth of the Jamna bats width and » the umit weght of
water In this formula, p, the speaific gravity of the matenal i the arch,
forms no factor This simple formula answers well for all arched dams of
mederate base width  When, however the base width 1s considerable as,
say, m the case of the Pathfinder Dam the use of a longer formula giving
the masimum stress (s} 1s to be preferred This 1s denived from the same
principle affecting the relations of s and s, or the maximum and average
stresses, already referred to tn Chap II on Gravity Dams pars (7) and (17)
The expression 1s 1n terms of R and &
2 Hu
(Long Formula) . . . Aors—b (ﬂ _ b) (3)
RV TR

R

also b=R (I — \/1 - 2’;’”) (4)
>
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(4) In a manner sumlar to type A, the theoretical profile switable for an
arched dam 1s a triangle having 1its apex at the extreme water level, its base
width being dependent on the preséribed lumiting pressure  Successful
examples have proved that a very hugh value for s (or ), the maximum stress,
can be adopted with safety If it were not for this the profitable use of
arched dams would be restricted within the narrow limits of a short admis-
sible radius, as with a low it pressure the section would equal that of a
gravity dam

(5) The water pressure on an arch acts normally to the surface of its
back and 1s radial m direction, consequently the true line of pressure 1s
the arch rmg corresponds with the curvature of the arch and has no tendency
to depart from thus condition There 15 therefore no pomnt of rupture as in
the case n a horizontal circular arch subjected to vertical, not radral pressure
This property conduces largely to the stability of an arch under hqud
pressure  This condihion 15 not strictly applicable 1n 1ts entirety to the case
of a segment of a circle held ngidly between abutments, as the arch 1s then
partly 1n the position of a beam The complication of stress mnvolved 1s,
however, too abstruse for practical consideration

(6) As we have already seen the comect profile of the arched dam 15 a
triangle modified mto a trapezord with a narrow crest, and with regard to
arch stresses the most favourable outhne 1s that with the back or extrados
vertical The reason for thus 1s that the vertical stress due to the weight of
the arch, although it acts on a different plane to the tangential stresses m
the arch ning, still has a definable influence on the maxmmum mduced stress
m the arch ring  This vertical pressure produces a transverse expansion
which may be expressed as W X E X m, i which E 15 the coefficient of
elasticity of the matenal and m that of transverse dilatation This tends,
when the extrados 1s vertical to dummsh the maximum umt stress m the
section, whereas when the intrados 1s vertical and the back inchined, the
modification of the distribution of pressure 1s unfavourable the maxmmum
stress bemg augmented 1 sumlar degree  When the tnangular profile 15
equiangular an mtermediate or neutral condition exists A profile with
vertical extrados should, therefore, be adopted whenever practicable

(7) In very high dams however, the pressure on the honzontal plane of
the base due to the weight of the structure, becomes so great as to even
exceed that i the arch mmg, consequently 1t 15 necessary to adopt an
equiangular profile i order to bring the centre of pressure at or near to the
centre of the base so as to reduce the ratio of maxunum pressure, and
average pressure, to a munumum  As stated 1 the previous chapter, par @),
when a vertical through the CG of the profile passes through the centre of

w
the base, the maximum pressure equals the average or = s

(8) When the back of an arched dam 1s mchned, the weight of the water
superimposed 15 carned by the arch, and does not reach the base, but the
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abutments The umt pressure nduced 1n the arch ring 1s clearly the same
whatever be 1ts mchnation to the vertical, for this reason, that the hqud
pressure never exceeds Hw (H bemng any ver
tical depth), and 15 radial and normal to the
back i direction  The area of water pres
sure acting on an mnchned, 1s naturally greater
than that acting on a vertical surface, but
the length of the surface m question 1s greater
in stmiar degree, so that the umt stress
the arch ring remams unaltered, the total
stress comveyed to the buttresses or abut-
ments, 1s, however, naturally greater with an
mchned than with a vertically backed profile
This does not affect the problem we are
now constdering but when the dam consists of a series of vertical arches
with mtervemng buttresses as i type C this question 1s one that demands
attention  Some examples of

1
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Tio 1 —Bear Valley Dam

arched dams wil now be ex - Padss0
hibited S
N
* Bear Valley Dam (Fig 1) ‘\\
(9) This small work 1s the N\,

most remarkable example of
arched dam m ewistence, and as
a precedent 1s most valuable,
the pressure induced in the arch N
nng just above the wideming
works out as 53 tons per square
foot The section would be better
reversed  This proves the capa
bility of this type of dam to stand
a pressure previously deemed
1mposstble

vt
Pathfinder Dam (Fig 2) gs\r:‘,q
s ?
{10) Thrs immense work hasa e oo ——— Bl 85
radius of 150 feet measured to the
centre of the crest, that, how- FI6 2 —Pathfinder Dam

ever, of the extrados at the base

of the profile 1s 186 feet, and this quantity has to be used for the value of R
m the long formula No 3 The umt arch stress then worhs out to 118
tons The average vertical stress on the base 1s 7 tons and the maxumum
about 8  If the profiles were altered to one with a vertical back, the arch
stress would be less, as the radius would be reduced to 155 feet, but that on

* See Editor s Note at end of ths chapter —Eb,

"
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the base would be nearly double the average, viz, 14 tons

3 s It 15 deemed
that the existing outlne 1s the better of the two

(11) The Shoshone Dam (Fig 3) 1s designed on 1dentical lines to the last
example It has the distinction of bemg the lighest dam 1n the world

~-Zad 150__o

Upright Sect on
Slhreh)=8 s pory 2 / \
S onfound™i96 / ~ N
Base increased to 135 / N \
NI o | \
K/ ol \
{ \\
|
/ i \
3 \\
SANAY
A
Jyf";ﬂgq
o \
N il \

"
o
.
»
QL;<\
N
3 3‘,"
B
\J. N3 Q
N
3
NN
3
9&
E

2y
Fic 3-—Shoshone Dam

The value of s (vertical stress) 1s 14, and that 1 the arch 17 tons respectively,
at the 245 foot depth If the profile were altered to a vertically backed
trapezoid, as shown dotted on the dragram, and the base extended at the
toe, the superficial area would be mereased from 21,000 to 22,000 square feet

The average vertical pressure would then be 10 tons and the maximum
19 6 tons, while the arch pressure will be 14 tons, the reduction arch stress

below the previous bemg due to the shortening of the radws at the base
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T16. 4 —Sweetwater Dam

This proves the soundness of the inclined backed profile which has been
adopted

In both these dams a crest width of 10 feet has been adopted

(12) The profile of the Sweetwater Dam 1n Calfornia 1s given in Fig 4.
Thuis work, duning a great flood was overtopped by 5 feet of water and

Jolet Tower

NI

S

Plan of

/7 ver | Ea[ 7»

16 4a —Plan of Sweetwater Dam

Gz
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subsequently the crest was raised by a thin wall u}> stream to prevent is
recurrence  The maxunum unit stress developed works out by the long

Ti6 4b —Photograph of Sneetnater Dam,

formula 3, par. (3), as follows :—The radius of the extrados at the base bemg
232 feet, LA 2. The expression then becomes by the “ Long "
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formula

_2X05 X

T o2(z— 2)
The back 1> canted fornard with the object of equalising the stress on the
base \iith a comparatiiely low height, as in this case, a shighter rear batter
or a perfectlt vertical back would answer better—for, as we have seen, the
inchined back 1s not of adiantage to the arch, throwing as 1t does a
weight of water on the dam which otherwise would be avoided  The Sweet-
water 15 a comparatively old work  The maxumum unit pressure due to the
vertical weight 1s obtamned by using formula (2) par (7) Chap II ¥ bemng

= 14 7 tons

= ¥ «p,or,n figures, 2 240 X 116 = 140 tons And ¢ measuring 2 5 feet,
the stress works out as below —

W 6c 140 15

par Tt T) =736 (I + 46) = 4 tons nearly

This 15 low unit stress, while that in the arch 1s high  With a vertical back
the former would be increased, which 1t can well afford, and the latter be
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T'te 5 —Darossa Dam

reduced to 14 tons owing to the shortemng of the radws of the evtrados—
bestdes being otherwise m a better statical position (1:de par (6)) Tor the
plan photographic view of this dam given as Tig 4b we are indebted to
Schuylers Reservoirs

(13) The Baross: Dam (g 5) 15 an Australiin work
The back 15 vertical and the fore batter 15 almost 1 1n 27 The outline
1s not tripezoidal but pentagonal v1z, a square crest imposed on a triangle—
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the face joined wath the hypothenuse of the latter by a curve The crest 1s
slender, bemg only 4} feet wide but 1s strengthened by rows of 40 Ibs 1ron

b
O

F16 58 —Site Plan

rails, fished together built into the concrete The masimum arch stress
worhs out to 151 tons, the corresponding vertical stress on base to 6 tons
TF1g 5sa1sasite plan of the work, in which the wavy
lines on the flanks represent earthen slopes not
water,

_Rad BO_

(14) Arched dams abut either on the solid
rock banhs of a canyon or else on the end of a
gravity dam In eases where a narrow deep
central channel oceurs m a nver, this portion can
advntageously be closed by an arched dam,
while the flinks on which the arch abuts can be
grivty dums qligned tangenti1l to the arch at
cach end  The dum will thus consist of a central
arch with two inchned straight contmuations
The plan of the Roosevelt Dam (par (38), Chap
11} will give a good 1den of this cliss of work

1
v Concrere
h

{15) Thg 7 1 the profile of a temporry rem-
forced arched dam for domestic water supply at
DBarren Jack, Australn The remforcement con-
<ists of won ks The arch pressure at the base-

SO
et works out to 19 tons nearly
£t
o
ﬁ'ﬁ? j hmvm
(3 22,
il

Section I —Arcnt Butrrrss Dyus {TveE €)

]

Fi6 7 ~—Barren Jack Dam (16) In tins type, the dim 15 composed of a

sentes of vertical of nchned arches dwnded snte
spans by buttress prers  The arringement ~ m fact identical wath that
of a masonry arched bridge, if the latter could be conmdered tumed
over on one side

The followmg estimate his been mnde of the economy 1 cost of this
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type 1n comparison with the gravity type of dam, under the same condition
of limiting stress —

At 30 feet 1n height, saving 1s 31 per cent

» 50 » 8 .
Ioo , " " 23 .
150 f 1z,

, 200 , ” 9 .

In a design at the end of this chapter for a Dam of type C, 64 feet mn
height the saving in matenal works out to 50 per cent , so that by allowing
proper high stresses for arches under hiquid pressure and by adopting large
spans the actual saving effected will, 1t 1s believed considerably exceed that
given above

(17) The first example will be that of the Mir Alam Tank dam (Fig 8)
This work 1s situated near Hyderabad, the capital aity of the Nizam's
domimons 1n the Deccan South India

This remarkable structure 1s quite umque of 1ts kind and forms a most
mstructne example of the principles governing the design of this type of
dam It wasbult over a century ago by some engmeer of  John Company,”
whose name has not been handed down by fame to postenity The dam,
which 1s aligned on a wide curve consists of a series of vertical semi-circular
arches of various spans These arches abut on buttress piers The spans
vary m width from 70 to 147 feet one of which latter 1s shown in Fig 8
The height 1s 40 feet  Water has been known to overtop the crest

On account of the mequality of the spans the adoption of the semi-
circular form of arch 1s evidently a most judicious measure, for this reason,
that an arch of this form under liquid pressure exerts no lateral thrust at the
springing  The water pressure, as already noted m the previous section, 15
radial m direction consequently the half arch 1s balanced and in equiibrium
Whatever thrust 1s exerted 15 not in the direction of the axis of the arch, but
on that of the buttress pters, 7 ¢, at right angles to the springing line  On the
other hand, if the arch were segmental 1n outhne, as ts shown dotted on
Tig 8 the tangentral thrust 1s intermediate between the two axes, and when
resolved 1n both directions one component of the thrust 1cts along the axis of
the dam  This has to be met either by the abutment, if 1t 1s the end span,
or else by the corresponding thrust of the adjoiming half arch  The other
component 1s carried by the buttress, therefore, 1f segmental arches are
used 1n order to avoid mequality of thrust the spans must be equal

The whole work 1s built of brickwork, but the umt stress in the arch ring

at the base, using the short formula s, = Rb Ll par (3), worhs out to over

10} tons  This dam therefore forms 2 useful precedent as proving how high
a stress can be borne with safety by an arch of such deadedly inferior
matenal as brickwork in ordinary hme mortar The arch 1s vertical and
8} feet thick throughout, and 4o feet high
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The buttress prers i thyy work are very short projecting Conh 25 fest
bevond the spring line of the arches and being altogether only ‘47 feet long
This length and the comesponding height would clearly be nadequate to

Ttc &

d

e

{0

Fios § Sz Sb Sc~-\br Alam Arched Pane] Dam

withstand the immense horizontal thrust which 15 equivalent to }é PR
3600 X 173
2 X 36
stress line on this supposttion fally just outside the toe of the base and has
a dangerously Jow mnchnatian to the hortzontal It 1s evident that of the

= 3844tons Thisis proved o g Sa where the resultant
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buttress prer slides, or overturns, the arches behind 1t must follow suit, for
which reason the two half arches and the buttress pter cannot be considered
as separate entities, but as actually forming one whole, and consequently
it follows that the effective length of the base must extend from the toe of
the buttress right back to the extrados of the two adjomning arches At,
or a hittle n rear of the spring line, the base 1s spht up mto two forked curved
continnations  The weight of these arms, belonging to the adjoming arches,
has consequently to be included with that of the buttress proper when the
stability of the structure agamnst overturning or sliding 1s estimated

(18) In the transverse section (Fig 8a), the graphical calculations
estabhish the fact that the resultant line intersects the base thus lengthened
almost exactly at 1its centre, the direction of the resultant R 1s also satis-
factory as regards the angle of frictional resistance The mavimum wvnit

Rsec 6 Xu
Area of basep (par (8). Chap II),
which works out to 3-4 tonsonly. In estimating 4, or the area of the base,
the length scales 107 feet, but the width of the buttress portion 1s 25 feet,
while that of the two branches combined 15 17 feet The greater curved length
of the latter, however, if allow ed for, would enlarge the area by about }, which
would be equivalent to increasing the width to 2x feet Therefore 22 feet
has been adopted as an average representative width for the whole base

14,300 X 2

36 X 107 X 22
taken as z The quantity 14,300 15 the value of ¥,, or of R sec 6, not shown
1 Fig 8b The mcidence of the resultant actually falls within the two
arches, not 1n the buttress proper

pressure in the masonry of the pier 15

The actual figures are =34 tons The specific gravity 15

(19) The design could be much 1mproved by altering the distribution of
the matenal of the section of the arch, by makmng 1t trapezoidal mnstead of
rectangular in profile  This 1s effected by increasmg the base and decreasing
the crest width  Thus, for the same sectional area, a much stronger profile
could be produced subject alse to nearly half the umt stress to which 1t 1s
hable 1n its present form  The base could be widened from 8} to 14 feet,

H
and the crest reduced to 3 feet or VT par (1) The maximum umt stress

would then be lowered from 10 6 to under 6+5 tons.

(20) If the arch were altered on plan from a semicircle to a segment of a
caircle, the radius would of necessity be increased, and the stress with it, a
thicher arch would therefore be required  This would not quite compensate
for the reduced length of arc, but on the other hand, owing to the crown
bemg depressed, the cffective base width s reduced and will have to be
made good by lengthening the buttress piers What particular disposition
of arch and buttress would be the most economical 15 a matter which can
only be worked out by means of a number of tnal designs
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{21) There are not many modern examples of arch buttress dams The
Mir Alam Dam has remained resting on 1ts laurels without a rival forover
100 vears T1g a1s an early example of a segmental panel arch dam Tt 1s
of the Belubula Dam 1n New South Wales The arch crest 15 37 feet above
base very nearly the sime as i the last example  The arches which are
mchned 60° to the horizon are bwilt on a high sohd platform which
obliterates mequahties i the rock foundation Thus platform 1s 16 to 23
feet high so that the total height of the dam 1s over 50 feet  The spans are
16 feet with buttresses 12 feet wade at the spring ine tapening to a tinckness
of 5 feet at the toe  they are 4o feet long  The buttress plers which form
quadrants of cireles 1n elevation dummsh i thickness by steps from the base
up these insets corresponding with sumular ones i the arch itseli These
steps are not shown in the drawing the arch 4lso 15 drawn as if 1 one
straight batter  The arches are elliptical m form and the spandrels are filled
up flush with the crown presenting a flat surface towards the water

(22) Some of the features of this design are open to objection Tirstly
the filling 1n of the arch spandrels entirely abrogates the advantage acerung
to 1rches under hqud pressure  The direction of the water pressure 1 this
case 15 not radial but normal to the rear slope thus exactly reproducing the
statical condition of a horizontal arch  The pressure therefore mncreases
from the crown to the haunches and s paribohie not circular in curvature
The 1sches should have been arculyr not elliptical with the spandrels left
empty to allow of the radwml pressure which 1s so beneficral  Secondly
the stepping m of the mntrados of the arch complicates the construction A
plun batter would be easier to bmld particularly i conerete  Thirdly the
tapering of the buttress pier towards the toe 1s quite ndefensible  the stress
does not decrease but mncreases towards the toe being 2 masimum at the
edge of the section  The whole structure 1s hable to overturmng moment
winch moment 15 resisted by sts base  so that any reduction of area 1t the
toe of the buttress accentuates the umt stress at the most cnitical pomt

{23) The mchnation of the axis of the arch to the vertical 1s generally a
desirable in fiet A necessary  ferture wherever segmental arched panelsare
used the werght of water carned 1s of value in depressing the final resuitant
hine to a swtable angle having regard to fnictional resistance to sherng
stress  As noted 1n Section I the weight of the water overlying the ch
does not increase the umt stress i the arch rng  Conscquently any inchna
tion of 1us can be adopted without m any way mcreasing the umit stress due
to the water pressure  This 1s due to the radial and normal direction of the
pressure which causes 1t to be all taken up by arch stress  When however
the arch 1s inchned a certamn proportion of the weight of each lammna m
which 1t may be considered as divided 15 conveyed by arch action to the
abutments In the diagram (Fig ga) the vertical load Iine 1 represents the
weight of one unit or one cubic foot of the arch ring which 1s equal to up
Thus foree 1s resolsed m two directsons one $ parallel to the axis of the arch
and the other # normal to the former The force n = 11 s1n @ 8 bewng the
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inclination of the arch awis to the vertical, p = W cos 8. The unit stress
developed by the radial force # 1s similar to that produced by the water

i 50,
(93}

F1c 9 —Belubula Dam

pressure which 15 also radial m direction and 1s Ryn, but R, the radius in this
case, 1s the mean radius, the pressure being iternal, not external  The umt
stress s will then be

s = Ryuepsin ©)
When 6 1s 30 degrees, szn 6 = %, when 45 degrees = sin 8 = 0 707
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1t wall easily be understood that this unit stress due to # does not accumu-
late, but 1s the same at the first foot depth of the arch as 1t 1s at the bottom ,
the width of the lamna also does not affect 1t The component $ does,
however accumulate, and the expression up cos 6 should be multiphed by
the mchned height % lying above the base under consideration  As

1

I = H sec 8, the umt compressive stress at the base will be E‘%i m
which b 1s the mean width of the arch  1f the arch were a rectangle, not a
trapezowd, s would = Hup stmply

(24) g 1015 a design for a segmental arch panel dam, or, rather, weir
The height of the crest 15 64 feet above base, with 5 feet of water passing
over, the apex of the trniangle of water pressure will then be 69 feet above
the base The inclination grven to the axis which 15 comadent with the
spnng line 1nd the intrados, 1s 60° with the horizon

In desigmng such a work, the following salient pomts first require
consideration —

Fustly Width of span  Ths, 1t 15 deemed, should for economical
reasons be never less than the height of crest above base In the Mir Alam
Dam the span 1s over three tunes the depth of waferupheld In the present
case 1t will be made the same, that 1s 64 feet

Secondly Thickness of buttress piers  As with bridge piers the width
should be at least sufficient to accommodate the skew backs of the two
arches, and a width of 12 feet or 1bout  span will effect this

Thirdly Radius and versed sine  The radws will be made 40 feet , this
allows of a versed sine of } span or 16 feet, which 1s considered a correct
Ppraportion to afford a good curvature

Fourthly Thicknessof arch This must first be assumed, as 1ts thichness
depends on R, the radius of the extrados as well as on the value assigned to
A the hmting pressure  Thus latter will be fixed at 12} tons a value by
no means excessn e for arches under hqud pressure ' With a base width of
7 feet, the radus of the extrados wilt be 47 feet  The base will be considered,
not at the extreme depth of 64 feet below crest, but at the pomt marhed D,
where a hne normal te the mchined intrades at is base cuts the evtradoes
of thearch  H wall therefore be 6o feet  The stress due to the water pressure,
using the short formula (3) par (3), will be

Rifu _ 47 % 60 X
b~ 7x36
To this must be added that due to the weight of the arch ring from formula

(6), par (23) s= R’:P (the angle § being 30° and sin 6 = }), which will be

= II 2 tons

m figures % = 1 36 tons, the total stress bemng a trifle over 12%

tons The 7 feet base width will then be adopted The depth of witer
producing this pressure 1s taken as 60 not as 63 feet, which 1s H 4. d, the
reason being that the reverse pressure due to the tail water, which must at
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least be lev el with the water cushion bar wall, will reduce the effective depth
to 6o feet

(25) The reverse pressure has a great influence m the case of calculations
based on the hydrostatic pressure alone, the head bemng the difference
of levels—above and below, whereas, where overturning moment 1s
concerned, the balance moment (tide formula (x6), par (47), Chap II)1s

M= i (H + 3d) — 5 or tahing the base of both triangles of pressure at

3 600

the level of D, M = (60 + 15} — == = 45,000 — 2I = 44,979 feet

The relation of the reverse to the up stream moment 1s then 1 2,143,
whereas the reverse pressure which affects the thickness of the arch 1»
ass 650r I I3

Thas question of the great disergence between sumple hydrostatic pressure
and o\ erturming moment produced by the same head or difference of levels
15 one often lost sight of Works are stated to be subject to a certain head
of water pressure which, unless the depths up stream and down stream are
known, can give no correct mmpression of the effect produced It would do
so 1 the case of a floor on a porous foundation exposed to upward
hydrostatic pressure, but not so when the horizontal pressure of water acting
agamnst a surface has to be considered

(26) The crest w1dth of thearch according to formula (s), par (11), should

7
be g = 3} feet nearly It will be made 3 feet, with a stiffening b or nm

of 2 feet ;n width It could well be made a fraction of the base width,
say = 3b, and be remforced wherever the thickness falls below 2 feet

The length of the pier base 1s measured from the extrados of the arch,
the two half arches forming, as already explamed 1n par (17), a forked
continuation of the buttress pier base

The battering of the sides of the pier would clearly be a correct pro-
cedure, as the pressure diminishes from the base upwards A combined
batter of 1 1n 10 15 adopted which leaves a crest width of 56 feet The
length of the pier base, as also 1ts outline were determined by trial graphical
process, with the object of manceuvring the centre of pressure as near that
of the base as possible, so as to equalise the maximum and the mean unit
stress as much as possible  This has been effected as shown by the mcidence
of the final resultant on the elevation of the buttress pier

(27) Pressure on foundations
The total imposed weight 1s measured by N 1 the force diagram and
amounts to 150 000 cubic feet of masonry which at a spectfic gravity of

150,000
6

2} 15 equivalent to = 8,138 tons The average pressure 1s thi

quantity divided by the area of the base, or by 125 X 12 = 1,490super, feet,
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the quotient being 5% tons nearls  The maxurrtm pressure will be the same
owing to the meidence of R at the centre of the base * It will be noticed
that A greath enceeds B Thus i~ Qus to the added weight of water repre
sunted by the mchmtion given to the tomee line P, which represents the
water pressurc
According to the force dingram R sciles 174 000 cubic feet or 10 8o
tons  Druding this by the wrea of the hase or by 1490 super feet the
quotient 7 2 tons 15 the Wverage or mem umt stress: the maximum being the
6.4 000
{

sume  The cubic contents per foot run works out to = 850 cubic feet

neady , but if thestrss be erersed to 10 tons n the buttress this will

he rcduced to Soo culne feet
‘The contents of 1 gravity werr with base width ; (H 4 d) and top width
v H 4/ worksontt 1728 cubrc feet, the saving in material 1s therefore

over 50 per cent

(28) Ihe Ogden Dun Ty 11, Ity wrected 1s 1 notable example of the
iwrch and buttress type U Tt hught 15 100 feet that 1s 1n excess of anything
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11a 13 —Ogden Dam Utah

Kitheito attempted  1he inchnation of the arches 15 less than § to 1 or
al ot 25° to the sertienl  The profile of the buttress 1s equiangular except
fer n small out throw of the toe  On the whole 1t must be pronounced
n pood desipn Dut could be mmproved 1n the following ponts  the arch 1s

« Jile s} ¢ 1 ds anexcessive Ditens t of pressure for ordinary firm earth or for anyth ng

it nasftrock  Hockso! of some hardness would b~ needed also to withstand
watl ¥y M. tersy ling over tie crest—En

)
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unnecessarily thick at the crest and could well be reduced from 6 to 2 feet,
thus effecting considerable economy The designers were evidently afraxd
of the concrete n the arch leaking, and so overlaid the extrados with steel
plates The fimsh off of the crest by another arch forming a roadway 1s
an excellent arrangement, and 1s well surted for a dam, for a werr, on the
other hand, the curved crest 1s preferable from the increased length of
overflon provided The stress diagram shows that the value of N, 15
13,125 tons The madence of R on the base 1s 5 feet from the centre,
consequently S = %‘ (1 + %) = \11103 ;2516 (I + %) = 8¢9 tons (vide
formula (2), par (7), Chap II)

The pressure on the arch ning at the base by the short formula works

He 24 X 100

R
out by —5 to Ex36 = 8% tons

The contents of the dam per foot run amounts to

10‘;,500 = 2,177 cubic

feet, that of a gravity dam would be about 3 500 cubic feet per foot run,
making a percentage m favour of the arched type of nearly 30 Actually
the saving amounted to only 12 per cent , this was owmg to the steel-
covernmng

REINFORCED CONCRETE FrLaT DECK DAMS AND WEIRS (TypE D)

(29) Of late years an mcreasing number of dams and weirs of the panel
and buttress remforced concrete type have been constructed of heights, 1t 15
beheved, up to 100 feet These are all on much the same pattem  This
consists of a deck sloping at 45°, supported by buttress pters at short
mtervals These piers are nearly triangular in profile, having their apex at

=
Fio 1z —Schuylerville Weir

a point above crest level On the down stream slope a thin covenmng 1s often
placed over the ends of these piers, providing a rollway for water 1f a weir
The whole thus forms a hollow box with numerous partition walls  The space
thus provided 1s utihsed 1n some cases to accommodate the power plant and
to afford cross communication In the former case the partition walls are
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not contmnuous across, but form an arcade, affording space for the machmery.
The destgns are admurable, the only point remaimng to be decided 1s whether
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they can be improved upon 1 pomnt of cost by substituting arches for the
remnforced flat panels and converting the profile mnto type C. The use

1w =
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of a flat deck demands considerable remforcement, as well as frequent
supports

{30) An example of a small work m type D 1s given n Fig 12 of the
Schuylerville Werr, while an alternative design 1n type C has been prepared
inTig 13and 132 The arrangement s simlar to the last example (Fig o),
except that the pers are hollow  No doubt a wider span than 2o feet would
give better resuits

The comparative guantities per foot run are as follows —

Fig 12 Remnforced concrete 215 cubic feet per foot run
Fig 13 Plain concrete w8, P

Ths 15 constderably 1n favour of type C

On the other hand, a direct overfall 1s provided mn the last, not a rollway
although the direct overfall 1s considered the better style, barring 1ce floes *

{81) Another much larger section 1s given i Fig 14, that of the Ellsworth
Weirr  This worh 1s of the same height as Fig 1o, which was designedly made
s0 for the sake of compartson

The comparative quantsties per foot run of these twe can now be set out

Fig 14 Remforced concrete, 11,000 cubic feet per r5-foot bay, equivalent
to 733 cubic feet per foot run

Fig 10,asby par (27), 8oo cubic feet per foot run (with S raised to 10 tons)

The advantage mn actual quantity of concrete lies with Fig 14, but when
the cost of the steel, which amounts to 8} tons per 15 foot bay together with
the extra expense mnvolved m construction and in the quality of the concrete,
1> taken mto consideration the advantage will be with the arched type

EDITOR’s NOTES

(L) Par (g), F1g 1, Stresses i Arched Dams

The old Bear Valley Dam, of Redlands (Cal U S A ), which 1s depicted
m g 1, was bmlt mn the year 1884 for the syndicate of a Jocal imgation
enterprise  Its total height above foundations is 64 feet, and it was designed
with a base-thichness of zo feet, but (as the story goes) a cnsis of financial
stringency arose after the dam had been built up 16 feet only, and the
cngineer was faced with the alternatives of either abandoning the project
or of brlding the dam, from stream-bed les ¢l, upwards, to a much slenderer
section than he would otherwrse have considered advisable Hence the
curtous appearance of the profile The dam was curved, 1n pln, to a radus
of 335 feet, and 1its arc was 300 feet long at top It stored 1 742 milhon
cubic feet of water for the ingation of the lovely and preductne orange
groves of Redlands  The deswrability of storing larger water supphes for
extensions of these orchards Jed to a project for a lasger resers oir formed by
a lgher dam  The evisting dam had shown no stgn of weakness, but the
cngineers were afrard to tempt Providence by building 1t up higher  They

* Rut the durect overfall will require a rock sail to resist the force of the falling water
This will not b s0 necessary io the £, 12 type ~Lp
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therefore decrded to face the extra cost of buillding an entirely separate new
dam at a site abont 200 feet down stream of the old one  This new dam was
built to the design of John S Eastwood, of San Francisco, 1 the year 1911
It 1s a “ multiple arch ”’ dam of concrete, somewhat simifar 1n type to those
depicted 1 Figs 9, 10, 11 of this chapter It has ro arches supported by
11 buttresses, the latter being 32 feet apart, centre toscentre [he dam 15
o1-5 feet high above foundations and 350

feet long at crest The buttresses are 18 _— 2

mches wide at top and battered } 1down
to base, they are sloped at 3 1 on the
down-stream side and at § 1 on the up
stream face 2~
The 1nteresting old Bear Valley Dam 1s @ S
now submerged m the lake formed by the ® Yoy
higher new dam of that name, which 1s N \s'_%
matter for professional sadness Fig 15 < \°.;
reproduces 1ts profile, together with stress- \i-\
diagrams drawn by Wegmann and b; kS --S0Npers
Schuyler, respectively, which are based on 84 B :3
. . . o g YR
& “4,;5,, \ L
I o2\
8 o ‘—\-)'\
[ W, N
~—ril 20— Ny
N
Fie 15

There have been two other lgh
masonry dams m the world, which, though perfectly stable, have been treated
as 1gnormmously as the Old Bear Valley Dam through the tumdity of the
local authonities  These are

{2) The Zola Dam, near Marseilles, 120 feet high, 41 6 feet thick at base

(3) The Relleu Dam, in Cataloma, Spain, roo feet high, 25 feet at base

When the storage of (2) proved imsufficient the Marseillais built a con
creted canal, 30 miles long, for supplementary water supply, rather than
face the problem of building up the old dam higher And similarly, when
the supply of the Relleu Dam, with base thickness only quarter of ts height,
needed augmentation, the Catalans, ke the Californians, built a new and
higher dam, entirely separate and down stream of the old one These were
all horizontally arched dams, and trom the pont of view of engmeering
sctence 1t seems regrettable that one or other of them was not increased n
height, without 1ncrease of base-thickness with a view to the extension of
human knowledge

(EE) Par (10), Fig 2 —The Pathfinder Dam

This was bult in 19og-T0, 1 a granite canyon, only 8o feet wide at
bottom, 180 feet at top and 190 feet deep Storage capacity 326,700
mullion gallons (U S A ) for irnigation , catchment area, 10,500 square miles
minimmum flow, 400 cusecs, maxtmum, 13000 cusecs, annual run-off
13 million acre-fect , length of crest, 425 feet , maximum height 210 feet ,
top thickness of dam, 1o feet, bottom thickness, g4 feet, up-stream face
battered 25 per cent Calculations ot design were based on the assumption
that 1t would rely for stability on horizontal-arch action
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of a flat deck demands considerable remnforcement, as well as frequent
supports

(30) An example of a small work n type D 15 given m Fig 12 of the
Schuylerville Werr, while an alternative design 1n type C has been prepared
in[1g 13and 132 The arrangement 1s similar to the last example (F1g 9),
except that the piers are hollow No doubt a wider span than 2o feet would
give better results

The comparative quantities per foot run are as follows —

Fig 12 Remforced concrete 215 cubic feet per foot run
Fig 13 Plain concrete 78, ”» »

This 15 considerably 1n favour of type C

On the other hand, a direct overfall 15 provided 1n the last, not a rollnay
although the direct overfall 1s considered the better style, barring ice floes *

(31) Another much larger section 15 given 1 Fig 14, that of the Ellsworth
Werr  This work 1s of the same height as Tig 10, which was designedly made
50 for the sake of comparison

The comparative quantities per foot run of these two can now be set out

Fig 14 Renforced concrete, 11 000 cubic feet per 15-foot bay, equivalent
to 733 cubic feet per foot run

Fig 10,as by par (27}, 800 cubic feet per foot run (with S rased to 10 tons)

The advantage m actual quantity of concrete lies with Tig 14, but when
the cost of the steel, which amounts to 8% tans per 15-foot bay, together w ith
the extra expense involved 1n construction and 1n the quality of the concrete,
1s taken mto consideratton, the advantage will be with the arched type

Ep1rtor’s NoTES

(E} Par (g), Fig 1 Stresses in Arched Dams

The old Bear Valley Dam, of Redlands {Cal, US A) which1s depicted
m Fig 1 w1s built 1’ the year 1884 for the syndicate of a local yngation
enterprise  Its tot1] height above foundations 1s 64 feet, and 1t was designed
with a base thichness of zo feat, but (as the story goes) a crisis of financial
strngency arose after the dam had been built up 16 feet only, and the
engineer was faced with the alternatives of either abandoning the project
or of building the dam from stream-bed ley el, upwards, to a much slenderer
section than he would otherwise have considered advisable Hence the
curlous appearance of the profile The dam was curved 1 plan to2a rads
of 335 feet and s arc was 300 feet long at top It stored 1,74z mullon
cubic feet of water for the wmigation of the lov ely and productive 0range
groves of Redlands  The desirability of storing larger water supplies for
extensions of these orchards led to a project for a larger reseryoir formed by
+ fugher dam  The enisting dam had shown no sign of weakness but the
hbimeers were afrud to tempt Providence by building 1t up higher They

Fro, ot the direct overfall will tequire a rock soil to resist the force of the falliog #3t¢T
S Wil not b so necessary n the 1g 12 type —Ep
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pnsm of water .f metres m length  The depth bemng 4 75 metres, the total
e
pressure will be the arca of the tnangle of water pressure, which 1s l;

multiphed by the length and by w the weight of a cubic metre of water

dz
or — X ! Taking w as equal to I ton, which 1t 1s very nearly, we have

(4 73) X 4 =431 tons

\0\\ the cubical contents of one pier with superstmcture lymg to the
nght of the grooves 1s estitmated at 6o cubic metres the weight of which,
taking 1 75 for specific gravity of the brichwork, will be T X 60 X 175 =
105 tons  The portion of the pier up stream of the grooves has been omitted
from consideration as 1t hes beyond
the plane of pressure and 1s subjected
to flotation  Stnctly 1t should have
been mncluded m the count

Fig 1a 15 the force polygon The
mcidence of the resultant R, on the
base lime, 15 almost exactly at the
outer one-third division of the base
I 1t fell without to any extent, ten
sion would be set up at the opposite
toe, to avoid which the pier would
have to be lengthened  The vertical
lme N m Ing 1a measures the
mtenstty of umt pressure on the
masonry at the mtersection of R
and equals 127} tons, which beng
situated at two thirds the length of

N
the pier, the maxuimum at the toe will be p X 2= X2=40

tons per square metre nearly (vide par (8) Chap II) or as a square

40
10 76
= 37 tons This s nearly double the safe pressure for ordinary soil This
calculation 1n the case of large spans with a greater head of water 1s very
necessary, as not only may the pier be in tenston at the heel but the pressure
on foundations or floor may be excesstve necessitating a lengthening of the
pier down stream to increase its bearing surface

metre equals To75 feet the pressure per foot square will be

(4) The thickness of prers 1s dependent on the weight carmed and conse
quently 1> best expressed as some function of the span The depth of
water regulating the height of the piers 15 hkewise a frctor which must not
be disregarded and further the nllowable pressure on the foundation, though
this latter can be arranged for by widening the pier foundation below the
level of the floor base The thichness may be generally taken as not under
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/S or to vary from 355 as 1 maumum to 255 as 2 nummum for spans
from 10 to 25 feet The greater the spn the less fractional proportion
required for the prer  Thus 15 in T1g 1 the width of the prerss 335 Tor
a span of 24 feet under simlar condttions the same fraction would give 2
width to the per of 8 feet which 1= excesaive 6 feet bemng a better
proportion

(5) Until recently 25 fect used to be regarded as about the outside himit
of worhable vents for weir slmees and symihr worhs whose functions are
himited to partial regulition and m modern practice the least width of vent
1s hardly under 1o feet Since the mvention of the Stoney pattern of
Inve roller gewr the economcal Iimt of width has nsen to 6o fcet or even
lugher Tor cinal heads subjected to a considerable head of water the
thickness of the pmers should be 45

(6) Of ane quite modern example of regulating works viz the Assmt
regulators a section s produced m Fig 2

0 !
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P 3 gz
. 550 o
2 i 3
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The prets 1n this work are 2 metres m width to spans of 5 metres gring
a ratto of 4S

(?) With regard to lateral pressure 1t 1s deemed that an extreme length
of 0 metres 1s the outside exposed to this force  The values of 7 and yy
tins cnse will therefore be , of the former values If remuning the same
The e len,ths we projected on to e enlrrged sectton of the pier w Iy 2d
The finl resultant falls just 2t the prer toe

(8) In thic ongnl design tle pers were cured on crrcular wells of
Urichwork sunk 1 the sand  The width of thesc was only 2 3 metres so
that escept i length the beanng surfice on the sand was not dumnished
but neglecting the weight of the wells t cmselves and 1lso the shin friction
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the load on the actual base would not be less than 2 tons The modification
of the ongimal design actually executed 1s shown m Iig z mass concrete
of one depth throughout of 3 metres enclosed n 1ron sheet piling having
been substituted for a shallower floor and well foundations under the piers

(9) When a prer rests on a2 mass foundation of this description the load
15 gradually spread over a larger area and can be assumed with safety to
splay out on each side 1 correspondence with that usually given to footings
at a slopeof 3 to T
Thus as shown dotted m Figs 2z 2a the bearmng width at the base of
the foundation will be the thickness of the pier plus that of the foundation
i both cases 2 + 3 — 5 metres The same widening of effective bearing
area may be concewved to occur at each end of the piers increasing the
effective length from 13} to 164 metres
The vertical load on the foundation 15 358 cubic metres to which must be
added the contents below the floor or a plece 15 X 5 X 3 — 225 cubic metres
submerged 1¢ equwvalent to I12 cubic metres (with p =2) The total
will then be 358 + 112 = 470 cubic metres = g40 tons
This load 1s distrtbuted over a base of 16 metres long and 5 metres wide
94
25

consequently the pressure per square metre will be =114 tons and

reduced to per square foot =106 tons In the case of the actual

10 76
5 metre spans the load will be less by a length of arching of T metre z¢ by
some I or I5 cubic metres of masonry which would clearly make no
appreciable difference

(10) Ve gather from this that a load of not more than 1 ton per square
foot 1s admussible on a foundation of Nile silt  On compact sand or hard
clay a unit load of 2 tons 1s quite allowable On compact gravel blue clay
or soft rock 4 tons 1s permussible

In the Nadra1 Aqueduct iy, 3 Chap XI the pressure at the bottom
of the well foundations was Iimited to 4 * tons and this on pure sand no
allowance as usual having been made for skm friction which latter was
ascertained by direct experiment tc range from 6 to 1} cwt per square foot
of surface On the Hawhesbury Bridge foundations also mn sand 4% tons
was the limut pressure In some works on clay 1t amounts to over 8 tons
per square foot Sand if protected from erosion 1s as good a foundatton as
any when of great depth 1f however the sand s onlv a thm layer over
lying a clay bed the latter should be reached by protective curtamn walls or
sheet piling as otherwise the reduced frictional stability promoted bv contact
with a smooth hard surface might cause the sand layer to be washed out
under hydrostatic pressure

* But see Ed tor s footnote to par (47) Chap I At a depth of 5o feet the resistance
of the same so} to pressure ould be about g tons per square foot greater than at ground
surface —Ep
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+/S or to vary from 35S as a masmum to 255 as a mummum for spans
from 10 to 25 feet The greater the span the less fractional proportion
required for the pier Thus as m Iig 1 the width of the prer1s 335 Tor
a span of 24 feet under sumilar conditions the same fraction would give a
width to the pier of 8 feet which 1s excessive 6 feet being a better
proportion

(5) Until recently 25 fect used to be regarded as 1bout the outside hmmit
of workable vents for werr sluices and smmlar works whose functions are
limuted to partial regulation and in modern practice the least width of vent
15 hardly under 10 feet Since the mvention of the Stoney pattern of
Iive roller gear the economucal imit of width has msen to 6o feet or even
higher  For canal heads subjected to a considerable head of water the
thickness of the piers should be 45

(6) Of one quite modern example of regulating works 1z the Asswit
regulators 1 section 1s produced m g 2

Az,

116s 2 za 26 —Ass fit Regulator

The prers i this work are 2 metres 1 width to spans of 5 metres gving
1 ratio of 45

(?) VMath regard to lateral pressure 1t 15 deemed that an extreme length
of 6 metres 15 the outside exposed to this force  The values of # and 7, 1
this case will therefore be  of the former values 1§ remaiung the same
Thesc lengths are projected on to an enlrged section of the pier m g 2d
e final resultant falls yust at the pier toe

(8) In the onginal design the piers were carried on crculir wells of
brickwork sunk 1n the sand  The width of these was only 2 3 metres so
that except 1n length the beinng surface on the sand was not dimimshed
but neglecting the weight of the wells themselves and also the shin friction
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the load on the actual base would not be less than 2 tons  The modification
of the onginal design, actually executed, 1s shown 1 I1g 2, mas, concrete
of one depth throughout of 3 metres enclosed mn won sheet piling hay ne
been substituted for a shallower floor and well foundations under the piers

(9) When a prer rests on a mass foundation of this description the tnd
1s graduoally spread over a larger area, and can be assumed with salety to
splay out on each side 1n correspondence with that usually given to footings
at a slopeof 3 to 1

Thus as shown dotted 1 Tigs 2 za, the bearing width 1t the base of
the foundation will be the thickness of the pier plus that of the foundation
m both cases 2 + 3 = 5 metres The same wideming of effecti e bearn,
area may be concerved to occur at each end of the prers, Increasing (hi
effective length from 13} to 16} metres

The vertical load on the foundation 15 358 cubic metres, to which must be
added the contents below the floor ora piece 15 X 5 X 3 = 225 cubic metres
submerged, 2 ¢, equnialent to 11z cubic metres (with p=2) Tl total
will then be 358 + II2 = 470 cubic metres = 940 tons

This load 15 distributed over a base of 164 metres long aind 5 metres wide,

940
consequently the pressure per square metre will be gag = 114 tons, and
114
reduced to per square foot 76~ 106 tons In the case of the actual
s-metre spans the Joad will be less by a length of arching of © metre, 1¢ 1y
some Iz or I5 cubic metres of masonry, which would clearly make nz
appreciable difference

(10) We gather from this that a Joad of not more than 1 ton
foot 15 admssible on a foundation of Nile siit
clay a umt load of 2 tons 15 quite allowable
or soft roch 4 tons 1s permissible

In the Nadra1 Aqueduct Fig 3 Chap Al the pressure at the bottom
of the well foundations was limited to 4 * tons and this on pure sand no
allowance as usual, having been made for shin friction which Intter was
ascertamed bv direct expertment tc range from 6 to 13 cwt per square foot
of surface  On the Hawhesbury Bridge foundations lso i sand 43 tons
was the hmit pressure In some works on clay 1t amounts to over 8 tons
per square foot Sand, if protected from crosion 1s as good a foundation ag
any, when of great depth 1f however the sand 1s onlv a thin layer over-
lying a clay bed, the latter should be reached by protective curtain walls or
sheet piling as otherwise the reduced frictional stabihity promoted bv contact
with a smooth hard surface might cause the sand layer to be washed out
under hy drostatic pressure

Per square
On compact sand or hard
On compact gravel blue clay,

* But see Lditor s footnote to par (47) Chap I At a depth of 50 feet the resistance
of \‘hc same soil to pressure would be about 9 tons per square foot greater than at ground
surface —Ep
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(11) If the sand foundation 1s efficiently protected by curtamn walls or
sheet pilng, no object 1s gained by deep foundations, and the same would
apply to hard clay m cuttmg  In the case of large spans where the floor 15
not sufficiently deep to afford the requistte support to the piers, the founda-
tions of the piers must be carrted lower A good example of how this 1s

effected 1 mass foundations 1s
J givenin T'ig 3 of the prer bases of
the Budh: Superpassage

The required depth, as we have
already seen, should be such that,
added to the thickness of the pier,
a base width 15 provided suitable
to the hmiting pressure on the
subsoil

In regulating works, thick
floors to resist the head of water
o20- - -2 are a mecessity which 1s now
thoroughly recogmsed, and the
thickness given 1s often more
than sufficient for pter foundations without anything supplementary m the
way of spectal foundations being supplied underneath the prers

In the Budh1 Superpassage the pressure due to the weight of one span,
plus that of 6 feet of water carned, 15 2} tons per square foot at the base of
the piers and 1 45 tons on the ground The subsoil 1s hard, firm clay, 8 feet
thick, overlying water-bearing sand ~ Safe load, 2 tons per square foot

F1G 3

(12) The proportional thichness of piers for aqueducts varies considerably
1n different examples as below —

TamLe 1I*
Chap \1 Fi r Span | Thckaes l Ratio [Raes 2 ! 1408 yF
! ! \ I
Budhi - - 8 | 30 | 61t | 54 | 30 | s4
Thora Nala 1 30 51t x665 54 2a | 46
Kerm 2 20 4t | 2§ 1 44 14 40
Gunnerim 4 40 oft 158 63 33 | 57
Kali Nada 3 ] 60 1 7 it 7 | 775 6o | 72
|

Aqueduct piers, ke those of large span bridges, do not require to be
vertically stded, as 1s necessanly the casc in regulators, where draw-gates 10
grooves are used, and should always be constructed with ether straight or
cunved battering sides, 1n order to increase the base width  There 15, how-
ever, a it to the batter adopted, as the water-way 1s thereby dirmmished
Ths subject 15 further treated in Chap XI

¢ The two last columns of tius table have been added by the Lditor of this edition for
brickwork  See Chap X par (4)
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Arches.

(18) The honzontal thrust of an arch 1s entirelv dependent on the weight
of that portion of the half arch and 1ts load lymg between the crown and the
jont of rupture Whatever weight lies between the jomt of rupture and
the abutment does not affect the value of the thrust, as it really forms a
projecting part of the abutment

In every arch, of whatever profile, elliptical, segmental or semicircular,
the pomt of rupture 1s that point where the mternal line of pressure tends to
go outside the middle third of the arch ring, and so produce tension mn the
arch Turther, at tlus point, compared with others, the honizontal stress 1s
at a maximum

The kind of arch most commonly used m Indian wrigation works 1s a
arcular arch forrung a segment of go degrees or of 60 degrees, m which the
pomt of rupture 1s at the springmg  The go degrees arch 1s that of least thrust,
but the 60 degrees arch has less rise,” which 1s sometimes advantageous

The thrust of an arch (P) loaded to a horizontal line above the crown 1s
obtamed by the following formula with great exactitude —

P=ur, (z)
m which w 15 the unit weight of the material of the arch ring and filling, the
latter reduced to an equivalent area of the material of the arch ring, » the
radws of the mtrados and ¢ the vertical height of reduced terrain hine above
the intrados at the crown
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(14) An example 1llustrative of the arch thrust on abutments 15 given
m Fig 4, which represents the segmental half arch of an aqueduct  The
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spandrel 1s built up to a horizontal hne 6 inches above crown of arch  Above
this lies 5 feet of water This water area 15 reduced by dividing 1t by p
the specific gravity of the matenialn the arch and w this case p 15 assumed
asz The distance ac 1s thus the ¢ i the formul and equals 5 feet  As the
arch and 1butment are considered to be of the same specific grawvity, W
which equrls zp 15 2 common factor which can be ehminated in the graphical
process The homzontal thrust will then be represented by # or by 145
X 5= 725 and the weghts of other parts by ther weas In g 4a
ac= P =725 and the Joad ne I or @ equals the area of the half arch
viz 6o the resultant bemng &c or R In the profile g 4 the position
of P must be determuned with reference not only to 1ts oun mcrdence mn the
arch ring at the crown but with reference to that of R m the arch nng
m the spninging  Both lines must fall within the middle third of the ning
and that posttion of P which ensures the most asial merdence of both X and
P 15 the correct one

e now come to the composttion of R with the weight of the abutment,
which 1« B | on the load line representing the area of the tripezod 40
The resuttant A, fills just within the base

The madence should be somewhat more recessed within the toe hence
the 1butment requires thichemng at the base

Thickness of Abutments

15) [he thichness of an abutment at the spring line of an arch must be
such « t ensure agunst fulure by shding due to the horizontal thrust of
the weh A surtable width 1s obtuned by use of the followmg empincal
t rmube from  Trautwme —

t== 2r4 IV 42 (2)
1 winch 7 15 the tdms of arch and 17 the versed sine

In Lig 4 the thichness 1 made m accordance with the formula being
2 1454 ¥ X 4+ 2=53 lect The rear slape 15 given by mother
fermulr—

Ratio of Nlope equals 028 horizontal to g} vertical
02§ -
or g
The bre width thus obtuned will be just suflicient not counting 1 the
wsustance of the earth baching  Under nownal condittons of loadmg these
formulrs would answer well but in the ease in pont the heavy lod of water
crrried would require an meretse m the thichness proportional to the depth
curid  The merease adopted will b 2d or one fifth the depth of water,
and the formmly would become for nqueducts—

f= 2r 4 11 4 221 . (ra)
The incrensed thickhness 1s shown by 1 dotted hne m the profile I'ig 3

In these caleulations the <butment & assumed of the same speatfic
gravity as that of the wreh and loading
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(16) The effect of the earth baching 1s shownin Tigs 4 4aand4b In
Tig 4b 7 or the half width of the triangle of earth pressure ADB 1s obtamned
by the process frequently emploted m Chap I the speafic gravity of the
earth beng t1ken as the same as that of the wall

The half width 7, of the trapezoid of pressure 4 B multiplied by 1its
height gives 1ts area and 1s equal to 4 75 X 21 5 = 102 By this quantity
bemng set off m Fig 4a from the extrermty of the load lme 1n its proper
direction we obtamn R, on Igs 4a and 4

If the earth baching has three fourths the umt weight of the masonry
the length of r; n T1g 4a will be three fourths less or 76 and the correspond-
mg resultant 15 R 1n both figures In this and mn the two preceding
paragraphs the reader should note and distingmsh between the letter (r)
denoting rads of arch nd the same letter denoting a force

Thickness of Arches

(17) There are several empincal formulas giving values of the crown
thickness of 1rches of which the simplest and best 1s that in Molesworth s
Poclet book of

t myror 4Vr (3)
215 a multiplier varymng from 4 upwards

For ordmary bridges a value of 4 will be ample for the multipher but
this should be mcreased in the case of aqueducts up to 5 in proportion to
depth of water carried (1:de Chap \1) and the formula will then become

= s5vr (32)

This 15 the thichness adopted n Tig 4

In large arches the thickness should increase proportionately with that of
the thrust from the crown to the springing  This increase ¢cn be obtamed
graphically as showninTig 4 Here ab1s a radal equal to the thickness of
the crown the vertical bc will then be the correct mcreased thichness at this
pomt The span 1w this particular mstance being small no increase 1s
deemed necessary  Here again the reader 1= requested to avoid the con
fuston involved 1n the lettering a b ¢ used m Figs 4 4a to denote different
&Gements of the case illustrated

Buttressesy

(18) Lconomy can sometimes be effected m the section of lofty abut
ments or long retaiming walls by the use of buttresses their effect on the
stability of a retamning wall or abutment 1s obtamed as follows —The wall
should be considered 1s having a base width c¢qual to the normal thickness
at base plus the projcction of the buttress but formed of two materals of
different specific gravities the sohid portion being of the actual specific
gravity of the masonry and the area behund which 1s partly solid buttresses
and 7 artly open space should be considercd as of a hghter spealfic gravity
equnalent to that of 1 materal occupyng the whole of this rear area but
weighing no more than the buttresses themselves
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spandrel 15 built up to a honzontal line 6 inches above crown of arch  Above
this hes 5 feet of water This water area 15 reduced by divading st by p
the spectfic gravaty of the matensal in the arch, and mn this case p 15 assumed
as2 The distance a¢ 1s thus the ¢ m the formula and equals 5 feet  As the
arch and abutment are considered to be of the same specific gravity, W,
which equals « p, 15 2 common factor which can be elimmnated m the graphical
process  The honizontal thrust will then be represented by #2, or by 145
X 5= 725, and the weghts of other parts by therr areas In Fig 4a
ac == P = 7z 5, and the load lme IV, or ad, equals the area of the half arch,
11z, 6o, the resultant bewg bc or R In the profile Tig 4, the position
of P must be determined with reference not only to its own mcidence m the
arch ning at the crown, but with reference to that of R mn the arch nng
sn the sponging  Both lines must fall within the muddle third of the ning,
and that posttion ot P which ensures the most axial mncidence of both R and
P 15 the correct one

Ve now come to the composttion of R with the weight of the abutment,
which 1s ¥, on the load hine representing the area of the trapezord 40.
The resultant R, falls just within the base

The madence should be somewhat more recessed within the tee, hence
the abutment requires thichenmg at the base

Thickness of Abutments,

(15) The thichness of an abutment at the spring line of an arch must be R
such as to ensure agamst fatlure by shding due to the honzontal thrust of
the arch A sustable width 15 obtawed by use of the following empirical
formut: from ‘ Trautwine — .

1= 2r 4 IV 42, . 2)
sn which 715 the radws of arch and ¥ the versed sme

In I'g 4 the thichness 1s made i accordance with the formula, bemng
2X 145+ 1 X 4+ 2=353 feet The rear slope 1s gnen by another
formulr—

Ratio of ~lope equals 025 horizontal to 5V vertical
028 -
‘gjr
The bree width thus obtamned wal be just sufficient, not counting m the
assistance of the earth bachig  Under nosnal condstions of loading these
formulis would answer well but m the case in point the heavy load of water
curried would require an inerease m the thickness propartional to the depth
carried  The mererse adopted will be 2d, or one-fifth the depth of nater,
and the formul: would become for aqueducts—

f=2r4 1} G242d. . . . . . 2a)

The mercased thickhness 1s shown by a dotted hine 1n the profile Iig £
In these caleulttions the abutment » assumed of the same specihc
gravaty as that of the arch and Joading

or
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(16) The effect of the carth backing 1s shown in T'igs 4, o and 4b  In
Tig 4b, r, or the half width of the tnangle of carth pressure ADB, 1s obtained
by the process frequently employed in Chap I, the speafic gravity of the
earth being tahen as the syme as that of the wall

The half width 7, of the trapezoid of pressure 4’'B, multiphed by 1ts
height gives 1ts area, and 1s equal to 4 75 X 215 = 102 By tlus quantity
bemng set off in g 4a from the extrermty of the load line 1n 1ts proper
direction we obtamn R, on Figs 4a and 4

If the earth backing has three-fourths the umt weight of the masonry,
the length of r; m I'ig 4a will be three-fourths less or 76, and the correspond-
mg resultant 1s R, mn both figures In this, and mn the two preceding
paragraphs, the reader should note and distinguish between the letter (7)
denoting raduws of arch, and the same letter denoting a force

Thuickness of Arches.

(17) There are several empirtcal formulas giving values of the crown
thickness of arches, of which the simplest and best 1s that in Molesworth s
Pocket-book of

t=n\/ror 4Vr . (3
215 a multipher varying from 4 upwards

Tor ordinary bridges a value of 4 will be ample for the multiplier, but
tlus should be increased 1n the case of agueducts up to 5 1n proportion to
depth of water carried (z:de Chap XI) and the formula will then become

t= 5\7 (3)

This 15 the thichness adopted n g 4
In large arches the thickness should increase proportionately with that of
* the thrust from the crown to the springing  This increase can be obtamed
graphically as shownin Fig 4 Here ab 1s a radal equal to the thickness of
the crown, the vertical éc will then be the correct mcreased thichness at this
pomt The span m this particular instance being small no increase 1s
deemed necessary  Here, agaw, the reader 1= requested to avord the con-
fusion nvolved 1 the lettering a, b, ¢, used m Figs 4, 4a to denote different

&ements of the case illustrated

Buttressest

(18) Economy can sometime> be effected in the section of lofty abut-
ments, or long retaining walls, by the use of buttresses, their effect on the
stability of a retaming wall or abutment 15 obtained as follows —The wall
should be considered as having a base width equal to the normal thichness
at base plus the projectton of the buttress but formed of two materials of
different spectfic gravities, the solid portion bemng of the actual specific
gravity of the masonry, and the area behind, which 1s partly solid buttresses
and Partly open space, should be considered as of a hghter specific gravity
equvalent to that of a matenal occupymg the whole of this rear area, but
weighing no more than the buttresses themselves
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The specific gravity of thus portion will then be p X % m which a 15
the arca of the sohd portion viz of the projecting buttresses and 4 that of
the whole space between a hine forming the ends of the buttresses and the
back of the wall from which they project

Tloors Thickness and Length

(19) Tirstly  Of Submerged Ruver W eirs ont Sand
The thickness of the floor 15 2 matter dependent on the hydrostatic
pressure to which the floor 1s subject owing to the porous nature of the sub-
stratum This 1> fully dealt with i Chap VI
The formulr given m Chap VI 15 *
o H=h
t=3 0
for submerged aprons or floor tn wluch H 15 the mramum statici] head and
/% the loss of head due to percolation up to the beginnmg of the floor
The width of submerged v er wer aprons or floors on sand foundations
15 1 function not only of the height of the permanent obstruction viz  that
of the masonry weir wall but also of the quahty of the rver sand represented
by the so termed coefficient ¢ nd 15 found by the following formula lso

gven m Chap VI
W —~gc '\/]P
13

mn which H* 15 the height of the shutter crest For example if H* be 12 feet
ud b rver coeffictent be of class 2 that 15 1f £ = 12 the width would
Vo 12y 93=48 X 96 = 40 feet nearly

20 Secondly Canal Ialls

11 tluchness of the floar of caml falls without a sun water cushion
shulil + B4 4 mwhich H 15 the height of the drop wall and 4 the
dipth {ndm se the height of the upper reach abose crest  The width of
fixr should be 2 (4 + d)  The same 2pphes to escape falls R

(21) Thirtls 3 ey Slices and other partial Regulators on sand

The hewd to which 1 weir slusce 15 subjected being the stme 1s that on
the wur apron uts floor conld be mnde of the same length were 1t not for
hintic consuduritions the rush of water through the sluices prrticularly
whunthe sviarssogh being very great  The decision 1s one for the judgment
ot th (nginecr on the ficts of the case

Of partid regulators 1 good example 15 that of the Assiut regulrtors
Alth u b the witer 1s over 30 feet in depth 1t 1s never required to be com-
pletedy shut <ff so that the masimum hy drostatic pressure 1s due toa head
of ibout 9 fect ~

In this case the thichness of the floor 1s 10 feet

* But sce fontaote to Chap VI par (13) —Lp
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(22) Iourthly Head Regulators or Intakes

These works are sometimes subjected to great hydrostatical pressure
Canal heads sometimes have to be entirely closed during the highest floods
m the river to heep out escess of river silt  The Lgyptian canal heads 1re
partial Head Regulators

If a Head Regulator 1s founded on good clay the floor thickness need not
esceed A H, and the length be lmmited to 10 feet to 15 feet beyond the noses
of the sluice prers

(28) The system of providing water cushions to canal fills by lowenng
the floor below the bed of the channel down stream involves considerable
extra expense 1n that the height of the weir and retaming walls m fact
all the parts of the structure have to be increased by the depth of the
cushions  In addition to this the difficultv of getting mn the foundations in
water bearnng strata 1s greatly enhanced

EDITOR $ NOTES

(F) Par (19) —The formula for floor thickness on a sind foundation
which the author recommends seems to err on the side of excessive caution
as the reader will probably agree when he notices that 1t leads the author
m Chap VII par (11) to rechon that the floor of the Narora Wetr Sluices
ought to be 10 feet thuick whereas they are only half that thickness and yet
have never exlibited any weahness Beanng m mund the fact that brick
masonry or concrete when saturated with water 1s about 20 per cent
heavier than when dry and bearing 1n mund also the-transyerse strength
and power of resistance to shearing of 4 slab of such materi1l we think that
the factor (4/3) m the author s formula representing a factor of safety may

" well be omitted A vertical drop fall on a sandy river bed 1s 1 any case
abaddesign Ithasnot been and 1s not hikely to be adopted anywhere else
1 India except at Narora  Our rough rule 1s to make 1 floor thickness of
brick masonry or concrete equal to 1bout half the probable hydrostatic head
of blow up pressure

(I'T) Par (23) —Strictly speaking such water cushions or cisterns
below falls are useful chuefly n cases where the overfallis  free  or nearly
so and where the water depth of the channel down stream 1s hable to be
equal to or less than that of the channel up stream that 1s to say when
the fall between water surfaces above and below the work 1s hable to be
equal to or greater than the fall of the masonry work In the case of

drowned falls the force of the passing water 1s exerted less vertically
and more 1n the longitudmnally fornard direction  1n such cases therefore
although a cistern may do some good 1n retarding velocity and force of
current that purpose may be served better by hning the channel for some
distance down stream by hght but very rough masonry or pitching
As a rough rule we would suggest that when the fall between water surfaces
15 less than one fourth of the water depth of the channel down stream no
cistern need be designed in the masonry work
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HYDRAULIC

FORMULAS

(1) Tue velocity of a jet 1ssuing from an orifice under the head & 15
cV2gh (n)

O

v r

Tig 1 represents a sluice open
mng in a dam with a free outlet
1¢e the level of the tail water 15
below the onfice In this case H
1s the mean head or depth of
centre of sluice way below surfice
Iy and b, are the depths to the
top and bottom of the onfice !
the width of the onfice whose
depth1s iy — iy ord Then the

N

discharge will be

F16 1

o=aiva (i) ;) @

as  4/g = 8025 and ; Vzg = 5 35 the formul1 can be expressed

as Q =l 535 (haV'hy — ByV/iy) (2a)
When H 15 large compared with 4
Q = (approximately) c44/2gH or cA x 8 025V H (3)

4 beng the area of the onfice or d X I

¢ —

(2) IntheexamplegiveninIng 1 H =20 Iy =22 }; =18 I =4and
66

whence Q = 66 X 4 X 535 (22 X 469 — 18 X 4 242) cubic feet

= 378 8 cubic feet per second by formula (2a)

The discharge by formulx (3) will be
66 X 16 X 8025 X 4 472 == 379 cubic feet per second
Hence 1n this case the shorter formula which always gives results some-

what 1 excess of (2) can well be used

The velocity of the current through the onifice will be according to (22)

¢ X 535 (s vy — Ry A/y)
d

or according to (3) ¢v/7gH In most cases considering that the smtable
value of the coefficient ¢ 15 by no means known with anything Iike absolute

o

-
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precision 1t would be a useless refinement to adopt the longer and more
accurate formula (2) or (2a)

(8) Fig = represents a similar case in whach the shmee or onfice 15 sub
merged Here the head H 1s the difference in level between the head and
tail water

The exact formula for the discharge through a submerged orifice 15

Q= ct5 35 (IVE — V) +* VEy — H)| @
InFig 2 H =16 kyand & bemg as before 18 and 22 feet
whence Q= 66 X 4 X 53;,{ (16 x 4 —18 X 4243) + 3 (4 X 6)}

= 14 124 ( — I2 37 + 36) = 333 75 cubic feet

The approvimate and more commonly used formula for discharge through
a submerged onifice 1s the same as 1n (3) viz Q@ = cd V2gH H however
berng the difference between head
and tail water not the depth of
the centre of the onfice below the
surface  In thisinstance @ = 66
X 16 X 8025 X 4 = 338 98 cubic
feet the difference bemng 13 per
cent m excess of the last How
ever as already stated n the pre
sent unsatisfactory state of hy
draulic science the coefficients
adopted are only approximate so
that the shorter formula 1s quite
good enough for practical purposes

In the above cases the same coefficient 66 has been used for both free
and submerged onfices As will be seen later the coeffictent 1s hugher when
the ortfice 15 submerged

(4) In the two cases cited the question of the velocity of approach of the
current 1f any has not been constdered

Where the section of the onfice 1s not very small compared with that of
the channel of supply this factor should be taken into account  The selocity
of approach can be expressed mn terms of the head 4 evpended mn producing
1t as follows —

Ve
= z_g = 0155 V” 1 this V 1s the mean velocity of the current in the

channel of approach If observed surface velocity (z) only 1s known the
mean velocity may be assumed to be "= 7v or 8z A more accurate
formula 1s grven 1n par (13) The correct theoretical influence of the velocity
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of approach 1s best obtamed by modifying the coeffictent 50 as to mnclude 5t
as follows —

meV il s

This obwiates two more formulas to replace (2) ana (3)
Where the depth of the onfice 1s small a= regards the head of water, the
following will give sufficiently accurate results viz —

Q=cd vzg(H+H) ©

In thus the head due to veloaty of approach 1s simply added to the actual
head of water which is not stactly accurate

(8) Tor example m I'g 1 suppoang the mean velocity of the channel
which supplies the sluice to be 3 feet per second then the modified

coeffiient will become ¢ = 66 V/ X 5% Now 72, or the head due to

velocity of approach 15 as we have seen equal to 0155 X 9= 1395
whence ¢; = 661 roo7 = 662 The discharge will be increased mm the *

2

662
first case of free outfall from 378 § cubic feet to 3788 > o F to 379 95

cubic feet per second *

1f formula (6) be used the discharge with free outfall wilf be 66 x 16 x
8025 v 201395 ~= 380 31 With submerged ontfice H == 16 and @ = 66 x
16 X 8025 x V10 139 = 340 45 cubic feet

These examples are useful as showmng the discrepancy between the
dischurges worked out by the long or bv the short formulas, ang also showing

that when H m either case 1s belowi {d bemng the depth of the orifice ox
shuce) the longer formulas (2) and (4) should be u<ed mstead of (3) and {6)

¥

(8) In an onfice or stuice way contraction in the body of water passmg
through occurs on all four sides  The section of the find 15 thus reduced
below that of the opemung and further the veloerty of the water pssing 15
decreased owing to the frction induced at the sides of the onifice below
what 1t should be according to theor; A reducing coefficient ¢ has there
fore to be used to mclude both these factors The exact determination of
this coefficient 1s a matter of great importance  For a circular onfice with
thin sides as a hole cut mn a thin plate the average coeffictent obtamea by
evperiment 1s about 62 As regards rectangular opepmngs the salue of
¢ varies with the shape of the onifice as 1t bas been found that an oblong
hole gives a hugher discharge than a square one of the same dumensions
under the same head  This proves that the end contractians of the vertical
sides have a greater effect than those at the top and battom of the onfice
Hence a wide shallow onfice gives a higher discharge than a narrew and

* When velocty of approach 15 less than 4 feet per second the head due theretos
wsually negl g ble —Lp
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deep one  The recogmition of this fact should influence the design of sluice
ways where 1t 15 desirable to reduce the head of water which must form
above the sluice so 1s to overcome the frictional resistance of the current
1 1its passage Cases dlustrative of tlus pomnt are noticed m Chap XI
which deals with the design of masonry syphons

(7) The cocfficient of discharge through a submerged onifice 15 always
higher than that with 1 free outfall The same applies but 1 a more
marhed degree to cases of overfalls where there 1s no contraction on the
upper surfice  Unfortunately no expertments have been made to ascertain
the exact value of the coefficient under various values of & with which 1t
naturally should vann  In  The Principles of Waterworks Engineening
p S1 the coeffictent for a submerged oblong orifice 1s stated to be exper
mentally 67 The ordinary coefficient applicable to small square openings
15 6> In this particular case the opemng 1s 2 feet X 6 inches z¢ m or
the multipher 105 whence for free outfall ¢ = 6» x 105 65
Deduction from these data would make the coefficient for a submerged

»
onifice under moderate head 6_:5& — 639 or say 04

In nearly all practical cases the onifice 1s submerged which accounts for
the hugh range of many coefficients which have been obtained by testing the
discharge through opemngs on a large scale on actual works and not on the
minute dimenstons of orifices and head from which the original coefficients
were deduced

The nise of the coefficient due to submergence of an onfice shows
that up to a certain pomnt the rise m the backh water has no influence
on the discharge which 1s the same as 1if the onfice were clear There
are no evperiments which fix tlus ltmt but 1t can safely be assumed
at 'd

(8) The following are the coeffictents applicable to difterent classes of
orifices or sluices —
31 Onfice m a thin plate or small won shace gate not at base <
of reservorr — 62
Same submerged = 64
~ 2 Sluices without side walls as tank sluces which open into
wide culverts or discharge direct mnto the lower basin

through a dam = 62to 66
3 Sluices situated 1t bottom of a reservorr s many tank

sluices are = 8
4 N\arrow bridge openings bottom sluices 1n dam = 8tog
5> Large slurce openings with side walls = g to 94
6 \\ide opemngs with bed level with that of the reservorr 1 ¢

such 1s wide bridge opemings with pointed piers — 96

(8) T'rom the foregong 1t will be seen that the value of the coefficient 15
attected firstly by the size of the opening  secondly by the provision of

"
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of approach 15 best obtamed bv modifying the coefficient so as to mnclude 1t,
as follons —
]
C1=C’\/x+§ . B [ 1]
‘This obwiates two more formulas to replace (2) and (3}

Where the depth of the onfice 15 small as regards the head of water, the
followmg will give sufficiently accurate results, viz ~—

Q=cAd Vg (H IR . ©®

In this the head due to velocity of approach 1s sunply added to the actual
head of water, which 1s not stnictly accurate

(5) For example m Fig 1, supposing the mean velocity of the chanoel

which supplies the shuce to be 3 feet per second, then the modified

coefficient will become ¢; = 66 '\/x X 51%) Now 7, or the head due to

velocity of approach 1s as we have seen, equal to 0155 X 9= 1395,
whence ¢, = 6611007 = 662 The discharge will be mncreased in the

first case of free outfall from 378 8 cubic feet to 378 8 X g{% or to 379 95

cubic feet per second *

If formula (6) be used, the dischurge with free cutfall will be 66 X 16
80251 20 1305 = 380 31 With submerged onfice, H = 16 and { = 66 >
16 x 8025 X V16 1395 = 340 45 cubrc feet

These examples are nseful as showing the discrepancy between tf
discharges worked out by the long or bv the short formulas, and also shows

that when # in erther case 15 below — (7 beng the depth of the onfice
sluce), the longer formulas {2} and (4) should be uced instead of (3) and

(8) In an onice or sluice way, contraction m the body of water pas
through occurs on all four sides The sectton of the fluid 18 thus red
below that of the openmg, and further the velocity of the water passy
decreased owing to the friction mduced at the sides of the ortfice, beow
what 1t should be accordmg to theory A reducing coeffictent ¢ has there-
fore to be used to include both these factors The exact determnation of
this coefficient 15 a matter of great mportance For a cweular ortfice with
thin sides as a hole cut 1n a thin plate the average coefficient obtainelt by
expeniment 1s about 62 As regards rectangular openmgs, the value of
¢ vartes with the shape of the onifice, as 1t has been found that an oblong
hole grves a gher discharge than a square one of the same dunensions
under the same head This proves that the end contractions of the vertical
sides have a greater effect than those at the top and bottom of the onifice
Hence a wide shallow onifice gwes a higher discharge than a narrew and

* When veloaty of approach 15 less than 4 feet per second the head due thereto s
usually neghgible —Lp
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except possibly n the case of a very small value of 4, discharging over a
thin plank A coefficient varying with the depth of film would probably be
more strictly 1 accordance with esperiments These experiments have,
however, been undertaken on a very small scale, and a coefficient which may
be truly applicable in cases of small depths of 2 feet or 3 feet passing over
a narrow plank, the weir opening beimng hkewise a small proportion of the
normal width of the supply channel, will not prove so under actual practical
conditions

The coefficient undoubtedly does decrease to some extent in nverse pro-
portion w1th the depth of film, but on the other hind with a wide flat-topped
masonry werr the increment 1s m the opposite sense, the fall in one case
balancing to a greater or less degree the mise 1n the other, so that, pending
further exhaustive expenments on a proper large scale the adoption of one
value of ¢ of 623 for all depths appears sufficiently accurate for practical
purposes The letter Q@ signifies erther the whole discharge or in the case
of a werr, that per foot run, the absence of A or of / denoting which 15
meant

Besides which, this value 15 recognised generally as surtable, while that of
Castel s, viz, 666 1snot Inthe Madras Manual, the formula having a
still lower value of ¢, viz 577, whence Q@ = 3 1d+/d, 1s adopted for a free
fall * Per foot run " 1s sometimes designated st discharge

(18) In I'g 3 the depth of film 1s shown as 4 feet ~ The dischirge per
foot run of weir will then be @ = 3 333 X 4 \ 4 = 26 67 cubic feet

In this, the veloaty of approach, which may have to be considered,
has been neglected

The easiest method 1s to modify the coefficient ¢, using formul (8) Let
I equal height due to the mean velocity of approach or o155 I® then
this modified coefficient ¢y 1s obtamned by use of the following formula —

1) Iy?
a=ex | (1) =)o) o
Tor example supposing m the case alreadv cited the mean velocity of
the current to be 3} feet per second, then & = 0155 ¥ (3 5)2 = 19 feet, and
the multipher of the coefficient with ¢ = 4 1nd 2 = 19 1s 1062 and the
discharge modified to mclude effect of velocity of approach will be 26 666 x
1062 = 28 32 cubic feet per foot run  The value { 0155) 15 ;ﬂ = 64%
2
(18) Fig 4 represents a submerged or drowned wewr  As 1n the case of
a submerged onifice the head H 1s the difference 1n levcl of the head and tail
water, or the afflux  [he depth of the film 15 termed a» before, 4, and the
submerged portton of the filmi1sd — H
The passing film thus consists of two portions, the upper having a free
overfall and the lower being what can possibly be considered as a submerged
ortfice, but without any top contraction  There can hikew1se be no bottom
contraction or friction 1 the upper portion . Some authonties, as Jachson,

1z
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TapLe II —DiscHARGES PER FooT Run or FRCE OvERFALLS
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colculate the discharge of each portion with two separate values of ¢, the

upper by formula (8}, the lower by formulas (2) or (3) Jackson uses the

coefficient 66 for the upper and 62 for the lower The use of so ow 2

. coefficient as 62 for the lower onfice

- $ xm portion 1s clearly quite mdefensible,

o Smtterm—  updoubtedly should vary from 7 to o or
=

£ moare * In the case of an ordmary orifice,

- the cocfficient 84 given 1 par (8) would
seem switable  If, however, a high coeffi-
cent be used, the discharge will, in many

H cases eaceed that of a free overfall, which

15 clearly ampossible~hence the reson of
Jackson s adoption of the low coefficient

* The Madras formpla winch hasbeen well tested makes the coefficient ¢, for the free
portion of the overfall = 577 and ¢ for the drowned portion = 30  The formula 15
Q=g \/zg} O Hod - B3 Loy TR+ Hat n 7] where 5 15 dopth of fail-
water over crest and H, s head duc to veloctty of approach Perhaps t wauld be
sounder to say ¢ = 577 to b6y accordmg to shape of mouthpece and fy= 75t0
85 according+to depth of drownng —Eo
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But further, cases do occur where, by using this method and these
coefficients, the resutting discharge will exceed that of a free overfall The
actunl conditions of the two portions of the film are so dissumlar from the
hypothetical, that this method of estimating the discharge cannot be satis-
factory, and the only alternative 1s to adopt one coefficient for the whole
film, neglecting any imgmary horizontal division m the same

(18) The following method, first instituted by Herschel, an American
hydraulictan, from the expertments of I'rancis and of Fteley and Stearns,
appears to grve satisfactory results withun certain limats, and has the great
ment of stmpliaty

The formula for free discharge per foot run, or Q = 3 33d* 15 modified as
follows —

Q = 333 (nd)? (8a)

The multipler 5 varies m the proportion of d (d — H} The results

are hable to a probable error of about one umit 1n the second decimal place

when (d — H) 15 less than 2H and to greater errors as the table progresses,
values of 2 under 7 being 1n particular uncertam

The followmng table of values of # has been derived from Merriman s
“ Hydrauhics ” —

TasLe III —FACTORS (1) TOR SUBMERGED LIRS

In formula (8a) for discharge of submerged weirs per foot run, @ = 3 33
(nd)’

i rH d_#i ¢ H

L1 n l 7 » i » = "

a oo I 000 018 0 9Sg 38 0935 0,58 o856
or 1004 20 gR5 40 29 6o 546
oz T 006 22 980 42 922 62 536
o4 1007 24 975 +4 915 61 b2y
06 1007 26 970 16 go8 66 >13
o8 1006 28 964 48 ga0 70 787
I0 1005 30 959 50 52 75 750
12 1002 32 953 52 884 S0 703
14 998 34 947 54 875 90 574
16 994 36 941 56 866 100 000

(19) The question of velocities * of approich and their values appears
not to have recerved attention in works on hydraulics but 15 pssed over in
discrect silence  consequently the only way to denl with the question i to
use the same values as appear in Table I multiplying up all the columns
by the new factor #¥  This has been done m the following Tables which
give a sufficrently approvimate value to work on, until rehiable coefficients are
made availible by mens of expertments

* S¢e Editor s Notes at end of this Chapter —Fo
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Tagte IV, (Sewes I1)—Discuarers PER oot Run oF
SuBMERGED [ALLS
He=1
r—f aH Mran § PLOCITIRS OF APPROACH
Fl = n”
L] 1 2 3 4 3 & 7
13103 9t | 57| 58| 61| 64
2 5 84 79 8o 82 86
2} & 79 |02 {103 | 106 {109 | 114
3 66 73 127 {128 | 130 [ 135 | 140
EH 7 70 | 153 | 154 | 156 | 160 | 166
4 75 63 173 trzq 177 L1812 1186 {190
43 77 63 | 200 | 201 [ 204 | 208 |215 ) 221
5 8 58 | 220 ~ l223 | 228 {234 {291
5% 82 56 12410 ~ {2144 | 246 {255 | 263
& 83 | 54 | 264 | — [268 {273 [279 [28G | 205
7 85 | st |315 ¢ — l3rg }323 {330 {337 ] 346
8 87 | 48 1362 ] — 1366 |370 1377 {385 | 346
e
Tapre IV, (Series 111 } —DiscuARGE PLR Toor Run oF
SUBMERGED FALLS
H=1}
\ . ! i u . | Mzan VELOGIT BS OF AZPROATH
= »
| e 1 ' PR et s s ?
2} 4 93 122 124 126 | 130136
3 5 84 145 148 | 150 154 | 16O
3 a7 81 176 178 (151 [ 186|192
4 62 76 | 202 | 204 |207|212]215
kS 67 1 72 229 231 ‘133 238 1245|253
5, 7 70 261 ~— 1265)270278|28x
> 73 67 288 — 1292)208}{305]315
5 75 | 65 | 318 — 13231328{336|340
6 1 77 | 63 ) 309 | — |3r3{3r813"533¢
7. 9 59 | 364 — 1369|374 1382390
] 801 88 1 397 | — lyoz{so7largiday [430 1ag6
8 81 57 | 430 — 14351439 ] 448 456 {468 )480
By | 82 56 | 459 — 462|473 |80} 489
9 1 83 | s+ | 4836 | —~ |490|49b|3504 513|523 |57
9 34 53 | 517 — [522{527]535!5¢45
10 85 | 51 | 537 - | 542)5481556) 564 {571 |89
1 86 49 596 ~— |teo|bo7(613]625 636 |bs50
12 87 1 a8 | B64 | — |&gi67s 6531693 L7058 ¢ 717
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TasLe IV (Series IV ) —DiscHARGE PER I'ooT Run OF
SupvERrGED 1ALLS
H=2
l MEAX VELOCITIES OF APPROACH
sl g :
a
I B ’ 1 2 3 4 5 6 7 L]
1
23 2 98 | 129 | 130 | 133 | 137
3 33| 92 | 159 (161 165|169 | 176
3t K 59 | 1951197 | 200 | 205 | 213
4 5 84 | 223 {225 228 (234242
1) 55| 81 [255 | 259 262|268 |275|285
5 6 78 290 — (295 | 301|310 318
5% 64 75 | 321 — | 327|333 341 (361
& ) 674 72 [ 353 ) — 1358 |364]372]382
611 69| 71 1392 | — | 398|403 1412422
7 71| 68 | 4201 — | 425|431 | 440|450 | 401|478
75| 73] 67 |458 | — } 464 | 470|479 (489 j497 | 515
8 751 65 | 480} — | 496 [s0r [ 501 | 521 | 533 | 547
8311 761 63 1514 | — 520|532 5471557
9 | 78] 61 [ 549 | — |554 561 570|500 592|626
93| 79| 60 | 585 | — |s591 | 597 (606 )61y
10 80| 59 {622 ) — |627|634|6431653 667|680
11 82 56 [ 681 — | 686 | 693 [ 703 | 715 | 727 | 742
12 | 831 54 (747 | — | 753|759 768 | 780|792 | 810
TaBLE IV (ScriEs V)
H =2}
2 n] 3| MeAn aL0CITIES OF ArPRoACH B
4 el nl A "
3 4 ] 7 ]
33 28 95 | 207 | 212 | 218 | 226
4 37 | 9t 244 | 247 | 254 | 262
43 44 87 | 277 1282 | 288 296 [ 306
515 8 {313 3193251333 343
52 | 53 | 82 352 | 355|364 1373 356
0 | 58 | 79 1357|352 | 399|408 | 419 q25
A 61 77 1425 | 431 | 437 [ 447 | 453
7,1 64 | 75 14631469 | 475 | 485 | 490 | s09 | 5250
7: | 66 | 73 | 500 [ 3506 | 5124522 | 533 542|561
8 16 | 7t |535]si2|548) 557 | 5601 552 598
83 7 70 (57t ' 577 (591 | o0 | 612
9 72 63 [ 612 6181625 (634|646 660 676
9} | 73 | 67 | 654|650 | 667|676 659
10 | 75 | 65 | 695 690 | 698 | 708 | 719 | 734 | 750
b3 77 | 63 | 766 | 772 | 750 | 791 | do3 | d1y | 83,
12 8o 59 | 817|523 | 830 | 4o | 852 | v66 | 852
130 80 [ 57 | 890 | — [a03 1918|925 ay3fayq |
14 82 36 | 976 — | 990 1000 1014 1026 {1045 |
15 83 54 |1046 | — — 1070 1052 1097 [1II3, )
16 84 53 |30 — — ltrs4 1169 118, l1.03
18 8y 51 1303 | — — 1320 J332 1347 |136%2
20 | 57 | 3 14291 — | — 1357 1369 hiys) [1303
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20
TasLr IV. (SErmes VI)
H=3
Y Je=n MeaN Vevacrries of Arewosck
A ° 2 3 4 3 [ 7
4 25 g6 256 261 268 276
43 | 33 | 93| 296 30r i 3081 317
5 4 g9t 332 | 337 | 344 | 353 | 364
55 45 | 87 ) 348 1 354 1 361 | 370 [ 381
6 | s 84 1 ar1 | 417 | 423 | 434 | 435 458
6L 1 st | 821 453 | 450 1 466 1 475 1 487
7, | 57 | 801 494 1 500} so7 | 517} 5281 5431 sbo
7: | G0 | 78} s34t 540} s47 | 557 1 5691 579 | sge
8 62 76 573 580 586 597 fog | 623 ] 630
8% | b3 | 75 | b1z { brg | 634 | D44 | P5D
9 66 73 657 | 663 670 68 1 64 | 709 | 726
9z | 68 | 711 693 | 699 | yo7 | 717} 730
10 7 7 736 1 733 ) 752 1 763t 735} 7904 8oy
1o} 72 68 771 776 785 796 Bo7 | 823} 841
11 73 67 Brs | 819 B29 842 Bs4 ] 873 889
12 75 | 65 goo | 406 914 925 | 9391 934 | 971
13 77 63 983 _ 998 | 1008 | 1022 | 1039 | 1054
34 79 60 104 6 —_ 1001 1071 1086 | 1099 | 1320
15 8o 59 1141 -— — 1169 1181 {1197 | 1218
8 14 57 1216 -— — 24 1 1257 {1274 | 1294
18 83 5% | 1374 _— = 1398 | 1410 | 1425 | 1442
20 8s ’ 5t | 1520 |~ = | 3547 | 1554 {1578 | 1596
Tasie IV. (SEriEs VIII)
He=g
MEan VEsoeimiEs oF Arvrosch
4 10 n=
e 2 3 4 3 6 7
6 33 az 4561 463) 470} 481) 497 so08
6% 38 9o 497 | $04! 512 522, 535
7 43 88 533 ] 550} 558 369 5824 s07| 616
7! 47 86 589 596] 6o3 | 615) 628{ 638| 661
8 50 84 634) B4 ] 648 660 673 68g) 707
81 53 82 6701 676 6g2{ 704 77
9, 55 81 7291 7371 734} 756] 7701 786 8os
92 58 79 7711 7781 7861 78} 813
10 6o 78 822 829 837} 850 863] 81| 86
i3 64 75 9rz| g9z0} 929 g4I | 955} 973 | 994
12 o7 72 957 | 1003 | To13 { 1026 { 1039 | 1057 | 1076
13 69 73 1108 — 1125 | 1x37 | 1153 § 1375 | 1188
14 71 69 1204 ) — 1222 | 1233 | 12349 | 1264 | 1288
15 73 67 1297] — — 1327 | 1342 { 1361 | 1382
16 75 65 113864 — | — {16/ 143411453 | 1475
18 78 65 1552 | —~ — 1579 | 1593 { 1610 | 1629
20 8o 59 17591 — —_— 1791 | 1806 [ 1825 | 1847
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(20) The mean velocity of 1pproach ¥, which we have been considering
1s naturally some function of that of the normal river current Now the
discharge ¢ = AV == 4, P, inwhich expression A, 1s the rea of the water
section 1t or near the weir or obstruction  In deep reservours which do not
silt up to any great extent 1, 15 less than 17 A proper 1ppraisement of
the value of 4, 1s essential to the correct valuation of ¥,

A pomt to be noted 15 that the mean velocity of approach of a large wide
mver vanes n different parts of the water section and in such cases the
mer and the weir should be divided mto parts each with 1ts own velocity
of approach and the multiplier varied accordingly *

(21} In the above treatment of weirs we have dealt with open werrs
presumably across rivers 1n canals however the supentonty of the notch
tvpe of wewrs which enables the water m the upper reach to be held up
to normal level at whatever depth 1t may be renders its adoption smitable

In a notch fall the tniangular or rather trapezowdal opentngs e built
with a convergimg and dis erging approach stmlar to the so termed adjutnge
attached to 1n onfice This method of construction greatly increases the
value of the coefficient of discharge through the notch so that when thus
constructed the modification due to end contraction need not be used as 1t
would have to be were the sides of the notch left square 1nstead of which
the coefficient should be shghtly reduced

It 1s considered that the coeffictent for notch falls should be reduced
from the 623 of Francis formula to one of about 56 This will m1ke with
notch falls ¢ — 3d per foot run  This value 1s just 10 per cent below that
for ordinary falls as calculated from Franas coefficient consequently new
tables are not required

(23) Ve will now proceed to examune the case of a fall through the
openings of a head regulating bridge escape head or understuices

Tigs 5 and 5a 1re views of a work of this description  the surface of
water being free the case apparently resolves itself into the simple one of 1

: ‘

ﬁ,_._# - ] -
e T e dl O
© 'l 7‘: -

I ~*
. )
Figs 5 s

submerged overfall to which formula (84) 1s applicable  The conditions
however present some chfferences to those of a fall over v wewr wall  The
presence of the bottom floor dimimishes the friction at the base of the current,

% Inpractice 1t 11usualy bed ficult to apph ! spro ss  th sat sfactor aceuricy —
Ep

+ On Punjab canals the cocfl rent used s commonhy > for canals and o for dis
tnbutares Tlec al o erallo ance for eloc ty of approich —En
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and consequently 1 such cases as noticed m par {g) the coefficient alsays
rises1n value  Agamnst this nise 15 the dimmution m effective width due
to the prers  As seen mn par (11}, the reduction i the effective length of
the water section would be 1ud, or 2 X 10 = z feet Thus, however, apphes
only to the square and raised flanks of an ordinary werr wall, and not to
prers provided with well shaped cutwaters as should invanably be adopted
In the latter case the effect of the cutwaters 1s to modify 1 a great measure
the contraction alluded to

{24) With regard to the coefficient, the ordmary one of 623 would clearly
bepappheable  In the case of onfices, proper reference to thehstmpir (8)
shows that the rise of the coefficient 1 the case of bottom sluices 1s roughly
about 2 pomnts ze, from about 7 to g This would apply to the under-
current portion of the fall only so that 1t 1s considered that the coefficient
should be raised from 623 to 66 (the Castel coeffictent) The discharge¥

66
under such conditions would be that given by Table IV increased by I
or by g‘f Tor example m thiscase H = 4 d = 10, m Senes VIII the unit

discharge due to this combination 1s 82 2 cubic feet which, increased by g—%.

will become 87 5 * cubic feet per second and 1 a 6-foot bay, 6 x 8735, or
525 cubic {eet per second

(25) If the arch were depressed below the surface of the water up stream
2 s often the case in head and undersluxces the surf'\ce “ould not be free
and cantractio '
cause the hite
be apphlicable
In this case 9o would probably apply

1f a bottom gate or baulk were left In the grooves m Tyg 5 the dischge
would be considerably modified  Supposmg thts obstruction to be 3 feet
deep then on the assumption that H 15 of the same value vz, 4 feet, d will
be reduced to 7 feet and the coeffictent falls back to 623

Asa matter of fact H would nise till equlibrium was produced somehow,
a matter very dufficult to estimate with any precision unless the whole river
supply went through the sluces

The depth of the escape channel 1 ¢, of the tail water or & ~ H, depends
on the slope of the channel and on its sectional area, z ¢, 1ts discharging
capacits and has been dealt with m another place

(26) In a manner simular to the case of notch falls, a reduction m dis
charge per foot run can be effected 1 order to mahe allowance for the shape

* According to the Madras formula the discharge per foot run neglecting veloaty of
approach would be
ta) Forthe free portion Q, = 3r, v 37 (H)} = 3 vH = 24 § (where o, = 577)
() For the dro\med portion @, = cy(d — HVHY = 8§ % & x 4% % o025 = 768
Whence @ = @, + Pz = 24 8 + 76§ = 101 6 per foot run —ED
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of the weir crest  If the latter 1s broad crested lihe that of type C in Chap
VL, a coeffictent of -577 1» often adopted m liew of 623

Duscharge of Channels

(27) The formula for discharge of channels 1s Chezy’s with Kutter's
coefficient, iz,

Q= AV = AC \ES .
area of section
m which R 1s the hydraulic mean depth, or m, and S 1s the

sine of the slope of water surface which can be assumed as parallel to the
average slope of the bed of channel The coefficient C 15 obtainable from
Kutter s formula, which has superseded all previous ones This formula
expressed n feet 15 s

1811 00281
4164 — =+ —&

00281) "

o (416 + 5 VR
m which 7, termed the coefficient of rugosity, varies with the nature of the
channel and 1ts degree of smoothness and umiformity of section  The values
of n for carthen channels are as follons —

C= (14)

For firm so1l, of uniform section 7= 020
For channels 1n earth 1n good condition # = 0225
For channels i earth in average conda-

tion n= 025
For channels 1 earth below average
condition 7= 0275
For channels 1n earth mn defective con-
dition, or rivers n = 030
Tor very wrregular channels #n = 035 to 0060 or

even hugher

In calculations for canal discharges, # 15 gtven a value eather of oz3 or
0223 1n Punjab Canals practice, but values above 0 027 often obtain m
practice, 1n head reaches of large canals, much silted, or scoured

(28) Ths formula (14) bemng somewhat cumbersome, tables are some-
times made use of in its application  Jacksons Hydraulic Manual ’
and Higham's and Colonel Moore's tables are useful It 1s sometimes
convenient ta substitute for S, the sine of the inclination of the water sur-
face, S$1n 1,000, termed S°  The formula for veloaity can then be expressed
as V = cy/10RS°,

Thusif R = gand $°15 2 per 1,000, ¢ will equal 261/2 = 2 83¢ cubic feet
per second
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For channels other than earth the values of 1 are as follons —

‘Well planed planks 1= 009
Cement-plaster, or enameled pipes 1= 010
Cement-and sand plaster = 0IL
Unplaned timber 1= 012
Ashlar and brichwork cast and wrought

ron = 013
Rubble masonry n= 017

The value of 5, the coeffictent of rugosity has a great effect on the
discharge so the selection of a switable value mn the case of river discharges
15 very essential  The coeffictient m the case of natural channels wil vary
usually from » = 0250 to 0350 for perenmal streams and up to o ofo, or,
higher for torrents

{29) The published tables by Colonel Moore, RE (Batsford), entitled
New Tables for the Complete Solutton of Ganguillets and Kutter's
Formula are of great use n finding the velocity, though for the reverse
processes of finding S5 corresponding to certamn values of R and of V
they are not so suttable as Jacksons or Highams In this work Chezy's
formof equition viz } = 100\ RS 15 not used but Kutter s long formula,
which gives the veloaty direct, not the dertved coefficient applicable to
Chesy ~ formuls given m par (z7) 15 worhed out
The long formula as modified by Colonel Moore 15

i "m
e
- m
VR4 {a+ ) n
1his 1 abbreviated to V = ——WQR—
VR4 D
[ m

where N o= ot (a+ S) VS

RV'S

and D = (n + g’z) n

The tibles grve the values of A log N and of D for every possible value
of S or surface mchination from 1 over t to X over 20 000
The value of R has to be caleulated or found in the tables given 1t bemng

4
equal to wpor the area divided by the wetted perimeter  Thus by putting

a few figures together the value of § 1s obtamed A large diagram 1s also
annexed 1n which the value of ¢ applicable to Chezy s formula cn be
obtamed These tables form 1 valunble Ihbour-saving help 1n the manipu-
lation of Kutter s formula
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(30) \Methods. of crlculiting flood discharges of mivers

As nlready noted the discharge of any chamnel 1s A X T m which 4 1s
the aren of the water section ind T the mean veloaity of the current  The
mean velocity can be deduced by 1ctual obsers ation of the surface velocity
m feet per second and the latter multiplied by 1 proper coeffictent which
vanes from 65 to 8 gives the mean velocity (1:de pr (31))

In a wide stream severnl surfice velocittes can be observed the water
section bemg divided mto 1ny convement number of parts and the floats are
cau~ed to pass through the centre of each of these divisions s near 15
possible  then the discharge will be the sum of these are1s each multiphied
by the respective observed surface velocity reduced to mean velocity

A more accurate method is by means of vertical rod floats of various
lengths These can be erther tin tubes weighted at the bottom 5o s to flont
nearly mmmersed or else wooden rods with a prece of lead gis piping twisted
round the bottom These veloaity rods should float just clear of the bed
of the stream If the latter 15 very uneven as 1s often the case i rivers
the system will not work  The rods give the actual mean velocity 1t once
and consequently furmsh more accurite results than reduced surfice
observations

Another method of obtuning actual mean velocity observations 1s by
the use of current meters The meter 1s immersed at | the depth of the
water 1 the middle of each division of the water area section 1nd the
veloaty 1> recorded automatically by an clectric current the meter bemng
connected with a battery

{81) To determne the mean velocity 1n a cross section of 1 current where
the maximum surface velocity 1s known the following formula by Prof von
VWagner gives relrable results —

T = 705 ¥ 00312 {15}
In wiich V' 1s the mean and v the surface velocity

Thus supposing the observed maximum surface veloaity of 1 section to
be 3 feet per second the mean velocity I will be 705 X 3 + 003 X g =
2115 4+ 027 = 2142 feet per second ze a lttle over 7 1 Other
authonities as Jachson give 8 as the coefficient In canal and rver
discharges 1 India 7 or 75 are the coefhictents usunlly employed so that
the ratio given 1n formula (15) can well be adopted

(34) It often happens that actuil velocity observations cannot be taken
during a freshet and there 1s no time available for putting up self recording
white gauge posts which will mndicite the flood surface by the discolorn
tion due to muddy water passing In such cases the slope of the watcr
surfice being unknown 1t ¢an be assumed s partllel to the average bed
slope for which purpose 1 longitudinal section of the bed for 1t least 1
mile n length should be levelled 1nd plotted and at least three cross
sections tahen of the channel showing the masimum flood level which can
be 1pprouimately obtamned by observation of floating detritus deposited on
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For channels other than earth the values of 2 are as follows —

Well planed plnks 1= 009
Cement plister or enamelled pipes fl = 010
Cement and sand plaster 5= OIX
Unplaned tumber it = 012
Ashlar and brichwork ¢1st and wrought

ron n = 013
Rubble masonry = 017

The value of # the coefficient of rugosity has a great effect on the
discharge so the selection of a suitable value in the case of river discharges
1s very essential  The coefficient 1n the cise of natural channels will vary
usually from 7 = 0250 to 0350 for perennmnl streams and up to 0 ofo or
higher for torrents

(29) The pubhshed t1bles by Colonel Moore R (Batsford) entitled
New Tables for the Complete Solution of Ganguillets and Kutters
Formula are of greit use m finding the veloaty though for the reverse
processes of finding S corresponding to certamn salues of R and of V'
thev are not so suitable as Jacksons or Highams In this work Chezys
formofequition 31z ¥ = y00¢y AS 1ot used but Kutter slong formula
which gres the velocity direct not the derived coefficient appbeable to
Chezy s formula given m par {27) 15 worhed out
The long formulr as modified by Colonel Moore 15

Tlf + (a +’1)

b= > RVE
=3 ML
VR4 (a4 S) "
This 1s abbreviated mto ¥ = YR
VR4 D
i1 m
where A= - +(a+s>\/s
and D= (o +§l> n

The tables g e the valaes of N log N and of D for every posstble value
of 5 or surface mclination from 1 over 1 to I over 20 000
The value of R has to be calculated or found n the tables given 1t bemg

A
equal to npo the area divided by the wetted penumeter  Thus by putting

a few figures together the value of ¥ 15 obtamned A large diagram 1s also
annexed 1 which the value of ¢ applicable to Chezy s formufa can be
obtamed These trbles form a valuable labour saving help m the mampu
lation of Kutter s formula
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(30) Method=of calculiting flood discharges of rivers

As already noted, the discharge of any channel 1s 4 x 7, m which 4 15
the area of the water section and 1” the mean velocitv of the current  The
mean veloaty can be deduced by actual observation of the surface velocity
m feet per second, and the latter multiphed by a proper coeffictent, which
vartes from 65 to 8, gives the mean veloaity (vide par (31))

In a wide stream several surface velocities can be observed, the water
section being divided 1nto any convenient number of parts, and the floats are
caused to pass through the centre of each of these divisions as near as
poswible , then the discharge will be the sum of these arets, each multiplied
by the respective observed surface 1elocity, reduced to mean velocity

A more accurate method 15 by means of vertical rod floats of various
lengths  These can be either tin tubes weighted at the bottom so as to float
nearly 1mmersed, or else wooden rods with a piece of lead gas piping twisted
round the bottom These velocity rods should float just clear of the bed
of the stream  If the latter 1s very uneven as 1s often the case in rivers
the svstem will not work  The rods give the actual mean velocity at once
and consequently farmsh more accurate results than reduced surfice
observations

Another method of obtammng actual mean velocity observations 1s by
the use of current meters The meter 1s immersed at } the depth of the
water m the mddle of each division of the water area section and the
velocity 15 recorded automatically by an electric current, the meter being
connected with a battery

(81) To determmme the mean velocity 1n a cross section of a current wlrere
the maxmmum surface velocity 1s hknown, the following formula by Prof von
Wagner, gives reltable results —

V= 705 X 0031? . (15)

In which 77 1s the mean and v the surface velocity
Thus supposing the observed maximum surface velocity of a scction to
be 3 {eet per second, the mean velooty Vsl be 705 N 3 4+ o3 X g =
2115 + 027 = 2142 feet per second z¢, a lttle over 7 | Other
authorities, as Jackson, give 8 as the coefficient In canal and river

discharges e India 7 or 75 are the coefficients usually employed, so that
the ratio given mn formula (r5) can well be adopted

(34) It often happens that actual velocity observations cannot be taken
dunng a freshet and there 1s no time available for putting up self recording
white gauge posts which will indicate the flood surface by the discolora-
tion due to muddy water passing In such cases the slope of the water
surface being unknown, 1t cin be assumed as parallel to the average bed
slope, for which purpose a longitudinal section of the bed for at least a
mile in length should be levelled and plotted, and at least three cross
sections taken of the channel showing the masimum flood level, which can
be approsimately obtained by observation of floating detntus deposited on
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the bank or on bushes and by mquiry  These three cross sections taken at
different places should be plotted one over the other and from this an
average representative cross section should be drawn  Having obtamed §
2 e the sme of the bed slope by levelling 4 and WP are measured from the
section 1nd thus k& 15 obtamed The probable value of 32 the coefficient of
rugosity has to be fixed with reference to the natural state of the channel

and by apphcation of formul (13) viz @ = 100 Acy/KS, the discharge 15
obtamned  The value of the expression 100 /RS can be obtained from
Jacksons Hydraubic Manual  or other tables m which hutter s formula
s worhed out for Lnghsh feet

(36) The usual procedure of tihing velocsty discharges 1s 1s follows —
A conventent reach being selected poles are erected n paus 1t the starting
ang fimshing pownts on either side of the channel thewr direction being 1t
right angles to that ot the channel The distance apart of these patrs of poles
1s generlly 50 feet for a slow current mnd 100 feet to 150 feet for a more
rapid streun  1f more than one velocity observation 1s required i the cross
section ropes should be stretched between the two pawrs of poles clear of
the water on which the centres of the divisions wn which the water section
15 divided should be clearly mdicated by attachmg a red strevmer or other
wise  The floats discs of nood for surface velocittes ot the wetghted rods
as wlready descnibed for mean v cloaity observation arelet go by an attendant
at the proper place sume short distance above the first parr of poles  When
the float crosses the first hne of sight the time 1s noted and agan when
the float crosses the second line of sight  Stop watches are now wvariably
empl ved for this parpose reading to half seconds At least five observe
tns shonld be taken the mean bemng adopted as the true veloaty Ifa
flont strays from the hne 1t 1s expected to follow that observation should
be cancelled

(3%} In the case just described the water section 1s first of all divided
mto dwistons but particularly m taking large rivers the width of the
dwisions may be arranged mn iccordance with the

M wtul course taken by the floats  The method of
xsl “y&# \M taking the discharges of the Nile mlustrates this
gﬂ ) ol system and the description obtained from  Egyptan

Ty H \ Irmgation 1> as follows —
£ A w 2" A stte was chosen where the river was faurly
'; i straight for fully 2 kijometres the most umform
v = i cross section of the river was found by tahmg a

large number of rough cross-sections A peg was
fined 1n the bank apposite this section

In the accompanyng plan 4 1s this fixed pomnt

Through 4 vlme B 4 € wasmarked esactly parallel to the direction
of the mver mihmg AB and AC each equal to about the observed width
of the mier A theodoltte or plane table was put up at 4, and the pont D
across the river on the Ime AD at nght angles to BC was fived Smece AB

ol
7
-

N
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and AC were both capable of being measured, they were measured, and
with the aid of the theodolte or plane table the length AD was obtained
“ In the line 4D, or 1its continuttion, flags were put up at £ and E; to
direct the man 1n the steamer on the Nile  The theodolite or plane table
was now put up at B or D and observations made on a steamer or boat on
the Nile wlich as it got on the Ime AD, threw out a signal and took a
sounding exther with a hne or
sounding - rod  The boat or
steamer traversed the whole sec-
tion, and if any gaps were left
without soundings, the plane
table <honwed where they were, and they could be immedrately filled
While all this was going on  the nearest river gauge was being observed, and
also a temporary gauge erected at the site of the discharge site  The two
were afterwards connected by levellng This completed the observations
necessary for the cross section, which was now plotted (1:de Fig 8)

T &

(88} ** The surface velocity observations were now made
Two lines, Hj and KL (Fig g) were fixed the former 50 metres up
stream of AD and the latter 50 metres down stream  Between these lines
the surface floats were observed A theodolite or plane table was fixed at H
and the boat or steamer was sent up

w g stream with the floats The observer
i - stood at H, and another at 4  The
P boat dropped a float into the stream

at a distance of about 50 metres up
xIV— NS stream of the line H J at a convenient

G o pomnt and the theodolite or pline
table at 4 followed 1t unti the man
at H called out, on 1its crossing the hme HJ It was then observed and
recorded This was repeated as the float crossed the line KL
‘ The observers at /{ and K noted the time When a sufficient number
of well placed vdocities over the half of the river near A were observed,
observations for the other half
were made from D The ficld
work was now over On the
cross section  Fig 10, the
pomts, L I G and C, where
the velocities were observed,
were plotted
 The cross-section was divided into a number of suitable sections, each
ruled by one or more observed velocities Each section was calculated
separately, for mnstance, the section AYZIW Its area was YYZIf, its

l1ie 10

AyYziv

T
wetted pertmeter was YZ, 1ts hydraulic mean depth was Y7

and the

rest followed from Bazin s coefficients 1nd tables
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(39) 'In addition to the discharges obtained from surface velocity
observations, others were calculated from surface slope observations A
very careful cross section of the river was taken as before, on a straight reach
of some three or four kilometres, and at a point where the cross section was
fairly uniform, showing that the river here was flowing normally A section
taken m winter was found more accurate than m flood There was enough
water 1n the river to preserve its normal slope of water surface, and not
enough to render the takmg of soundings difficult The water surface was
compared with the nearest fixed gauge of the mver The section was very
carefully plotted and the water surface drawn on 1t, with the corresponding
gauge readings written aganst it Homnzontal hnes (12de Fig 1I), 1 metre
or half a metre apart, were then plotted on this section, corresponding to the
different gauge readings The cross sections and hydraultc mean depths
(e, 4 and R) were now cal
culated for each gauge read-
mg  For the slope of the
nver surface a long reach of

Fic 11 50 kilometres was taken, as
the chances of error were very
much less than they would have been if 3 or 4 hilometres had been taken
This was eastly effected on the Nile, as there were carefully levelled gauges
50 kilometres apart
The mean slope on this reach of 50 kilometres was taken as the slope
for calculating the discharges Of course on curves the slope vanes, but
since the cross section had been taken n a carefully chosen normal site,
the mean slope would refer to 1t I'rom the calculated velocities and dts
charges, a discharge and velocity diagram was made This dragram was
checked frequently by surface velocity observed as already described ’

From the above the mmportance of taking the longitudmal section for
some mules 1 length to ensure accuracy n the average surface slope which
15 naturally variable 1s demonstrated The sume would apply with equal
force to 2 Jongitudinal section of the bed of a river taken when dry if the
water slope cannot be otherwise ascertared

Metre 6a
8

Affiux

{40) fhe calculation for afflux, : e, the rise of the water surface 1n a river
due to an obstruction 1 such a werr, 15 best arrived at by use of Tables II
and IV when once the value of the velocity of approach or § — 4, has been
decided on

In a {ree overfall the afflux 1s the depth of film passing, plus that of the
tail water surface below crest of werr In a submerged fall, H 1s the afflux
To obtun d the flood discharge, which 1s a known quantity, should first be
divided by the length of the werr, and the quotient will be the discharge per
foot run  The next procedure 1s to find by interpolation m Table II
that value of d which corresponds to the discharge and the veloaity of
approach
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(41) For example,* supposing a weir to be built across a channel  Let
1ts length be 30 feet and let the flood discharge of the river be estimated at
600 cubic feet per <econd  Suppose the area of the flood waterway 1s 228

square feet, whence the mean velocity I’=g and Va, the velocity of

approach = AQ Assuming 4 = 4, Va= % =263 feet The umt werr
discharge being 2o feet, by Table IT, under ¥V = 2z} we see that d will lie
between d = 3 and d = 3}, where the discharges 1 that column are 18 064
and 22 631 respectively  Their difference 1s 4 567, and that between the
lower and the gx\'eu discharge 1> 1936 feet  Therefore the addendum te

d = 3 will be ’237 x } = 21 nearly, and d will = 321 Allowing roughly

for the difference between 2 63 the actual velocity, and 2 5 which has been
used d will probably equal 3 feet  The afftux will be 3 feet plus height of
crest above tail water

'

(42) The afflux 1n the case of a submerged * werr 1s found by the same
process Let us assume the crest of the werr to be 3 feet below the flood
level of the nver below the weir The discharge, as before, 15 20 feet per
foot run, d will equal H + 3 If H be taken as 1, 4 = 4 and the corre-
sponding discharge in Table IV, Series II, for 17 = 21 15 17 ¢ cubic feet
H must therefore exceed 1 foot  If taken as 1 5 the corresponding discharge
of d = 44 mn Table IV, Series III, 15 22 g cubic feet, which 15 too large,
hence the value of H must lie between 14 and 1, and as 20 15 a mean between
the two values 22 g and 17 9 the value of H may roughly be taken as 1} f
For practical requirements the afflux need only be calculated to the nearest
half-foot

(45) Two rather complicated problems, connected firstly with the rise of
a niver or stream up stream of an obstacle, and secondly with the fall of the
surface due to an opening, productng a draft on the discharge, have been
dealt with by M Bresse a French mathematician  Tor the resulting
formulas and tables we are indebted to that excellent work * A Treatise on
Hydraultcs * by Professor Merriman (New York).

* Fora free fallaompler calulationas discharge per foot run = ""?" — 20 = 333"

Whence H = 3 3 feet  And afilux = (H) 4 elevation of crest of weir above tail water
his 1gnores head due to velocity of approach which however 1s neghgible since

velocaity of approach 1s only 338 = 2 03 feet per second so that ﬁé = 01 foot only —Ep
1 A simpler calculation IS that gnven in Molesworth s Pocket Book viz —
_ (a1 AN 1
#= (g5t 005) | ()= »
where V¥ = veloaty of stream previous to abstructlon (feet per second)
A

= sectional area of stream unobstructed (square feet;
a= » »  at obstruction (square feet)

£ 4 by ob —(L AV ot o
R = nse of water caused by obstruction = (5’87, + oos) f (a_) JE
28 \*
P ) ~ =017 (64— 1} =092 foot —Ep
(586 +°°’)i(30+3) t
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In that work they are termed the “ backwater surface curve " and the
“ drop down " curve  The latter appears a rather crude designation , 1t will
be termed the * fallng surface curve

Fig 1215 a dragram explanatory of the backwater surface curve *

BB 1s the slopmg bed of the miver assumed uniform and with a untform
width so that the depth D can be taken to represent the area per foot run as
well as the hydraulic mean depth  CC 1s the ordinary surface parallel to
the bed BB The obstruction of the weir wall causes a nise m the surface
which can be found by the method explained n the last paragraphs The

Aflux  Water Surface

Ti16 12 —Diagram of Backwater Surface Cunve

depth of afflux level 1s designated d, and the depth up stream at a distance /
above ¥ 1sd, Sistheslope Now !1s found, when the other values are
gwen by the following formula

A5G- B @] @

D
Table VI gives the values of the decimal fractmnwd and the corresponding

value of the function of f)

(46) The greater depth 4, need not be at the werr itself, but anywhere
above 1t and 4y 1s the depth / feet above 1t

Tor example an actual case will be taken At Narora Werr (Figs 3
and 4 Chap V1) the afflux level 1s 18 feet above normal river bed and the
depth below the weir 1s 16 feet t Thus D = 16 d, = 18 feet andd; will be

I
taken as 17 feet The slope of the Ganges River 15 about I 1 10 000 } <

therefore 1s 10 000  Required to find at what distance above the werr the
depth of the water will be 17 feet z¢ 1 foot rise above former flood levels

Here b = :g = 8y and by reference to Table VI the corresponding value

dy

d
of ¢ (D’) 1s 6173 wmthe sameway%xsg = 94x,and¢(%’) 15 82 nearly,

c1s tahen as 70 and g the grauty sign 1s 32 and =153 Then

{xooc)?
14
# See Editor s Notes at the end of thrs Chapter ~ED
Fig 12 15 not correctly drawn Compare kg 3 Chap VI Height of wer 15 o feet
only ghc depth of tail water 58 16 feet Height of werr does not enter nto the calcula
tion ~ELp
$ When an high flood the slope 1s about £ 11 4 000 —ED
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I = 10,000 {18 — 17) + 16 (10,000 — 153) (820 — 617)

! = 10,000 + 157,552 X 203

= 41,083 feet or nearly 8 miles
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(47) Another example will be given of the same formula n which d; 15

D
required and J1s gien  In this case varous values must be tried of 7 and
1

of ¢ (%‘) untyl the night-hand espression of the equation equals the left

VaLurs or THE BACKWATER FUNCTION

TaBLE VI
o D 4
7 ; 2 (3) . o)
1 4 ©95¢ [ 05973
oggy | 21834 952 8931
990 | 19523 950 5795
997 | 18172 948 5565
996 | 17213 946 8539
995 | 16469 | 044 8418
994 | 15861 942 8301
993 | 15348 940 818>
992 | 14902 93d 80,9
991 | 14510 936 7973
990 | 14159 93+ 78,1
989 | 13%42 932 7772
988 | 13551 930 7675
987 {13254 || 928 4581
986 | 13037 926 /190
985 | 1 2¥07 924 7401
984 | 12592 | 922 7315
983 | 12390 920 7231
982z | 12199 918 7139
981 I 2019 916 7069
g¥o | 11848 914 6990
979 | 11656 912 6g1.4
978 | 11531 Q910 683y
977 11353 god 6766
976 | 11241 906 6695
975 | 11105 904 6625
974 10074 go2 6556
973 | 10540 ‘ 900 6459
972 | 10727 595 6327
971 10610 50 6173
970 ’ 10497 8b5 6o25
-g68 | 1o2d2 880 5884
966 | 1 ooSo 875 5730
964 | 0gSg0 870 5019
962 9709 865 5404
9o | 9539 S6o | 5374
955 376 1 555 5258
956 ~g221 530 5146

?(5)

05037
4932
4031
4733
4637
4544
1454
4367
4281
4195
4117
4039
3962
3886
353
3741
3671
3603
3536
3470
3406
3343
3252
3221
3162
3104
3047
2991
"937
2553
2771
2637
25%
2456
2393
2306
2231
2138

xz
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This case will be taken i counnection with Okhla Ver (g 16
Chap V1)
The given values are 15 follows —
D

D=3x47 dy=177 5= 83and ¢ (g’) = 4733 {Irom Table VI)

3
! will be taken as 3 mles or 15840 feet 100c as 170 and oot 153
S= oor The equation w1ll then be 5840 = 177 000 — 10 000 dy + 14 7
d.
wen {4 (3 — wae]
This worked out
dy
10 0004, — 144 750 [:;S D ] = 177 000 — 84 348 = 0z 6352
Let a tral value of dy be 17 feet then the equation becomes
170000 — 144 750 X 5494 = 90 415
which 15 as near as 1t possibly can be to the proper value which 15 92 650
The value 5494 18 ¢ D’ when dD= %77 = 865 and 15 obtaned from
1
Table VI opposite 565

Thus 3 miles above the wetr the flood afflux level willbe 1y ~ 147 =23
&b e the engnal river flood level

The Xalling Surface Courve

(48) When a sudden fall otcurs 1 a stream such as a drop i the bed as
¢l fall which has not a rused or narrowed crest or from a side opening

k3
aa
(i
Qo
Or g nal | Warer Surface
” - -
= .
N " .. [
5___© B
T s smsns g B sy vt e et e e ) e e

¢

I16 13 —Inagram of Fall ng Surface Curve

s & canal escape which draws the whale discharge away from the channel
the water surface for a long distance above 1t 1s concave to the bed

This s esplamed i g 13

In thus figure &, the greater value and 4, the less are supposed to be
depths of the water after the stream has settled down to 1ts new regimen and
bas what 15 termed 1 Steady though non umform flon and let 2 be the
dstance vetscen them  Then the prmnciple of formula {x7) wiil apply n

this case as well the only difference bemng due to 4, having the higher value
It stands as below

1=t Tl p (o (m:c)') B -+E] @
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Merniman’s ** Hydraulics

Take a canal 10 feet deep having a coefficient 100c equal to 8o and let
the slope of the bed be 1 — 5,000 and 1ts surface slope be the same as when

133

(49) An example of the working of this formula will be taken from

TasLE VII —VaLues or THE [ariinG Surrace FuNcrron

+

1 a < a
t O s [e@] 5 | 0]
1 o 0954 | 08916 0845 | 04478 | obx
0999 | 21831 952 | 8767 $10 | 4353 60
995 | 19517 950 8624 835 4232 59
997 | 18162 948 8487 830 4114 58
996 | 1 7206 946 8354 825 3938 57
995 | 164y2 944 9220 820 3586 I 56 -
994 | 15541 942 sroz 815 3776 | 55 | —
993 | 15324 940 7982 810 3068 54
992 | 14576 938 7866 8oy 3562 | 53
991 | 14456 936 7753 8oo 3459 52
990 | 4125 93¢ 7643 795 3357 ‘ 51
959 | T304 932 7537 790 3258 50
9% | 13511 930 7433 735 3160 19
987 | 13241 928 7332 780 3064 18
986 | 12990 926 7234 775 2970 +7
985 112757 92 7138 770 2877 16
981 | 12535 922 7045 765 2785 45
933 | 1233 920 0953 760 2696 +
982 | 12139 918 68064 755 2607 43
981 11955 i 910 6776 750 2520 42
980 | 11751 914 6691 745 2434 41
979 | 11615 912 66o7 740 2350 40
978 | 11457 gro | 6525 735 2260 39
977 | 11305 go8 6445 730 2184 3%
976 | 11160 gob 6366 25 2102 37
975 | 11020 904 6289 720 2022 36
974 | 10856 goz 6213 715 1943 35
973 10757 900 613% 710 154 34
972 | 10532 »as5 5953 705 1737 33
971 10512 b90 5785 | 70 1711 2
970 10396 | 855 5619 6q 1560 30
g68 | 10174 880 5159 | 68 I413 28
966 | 09965 875 5303 67 1265 25
964 9767 870 5156 66 1127 20
962 95% 863 5012 65 og87 I,
gbo 9402 860 4872 64 o¥51 10
958 9233 855 4737 63 o716 ) o3
956 ‘ 9071 850 3605 62 o584 ‘ oo

*(3)

00454
0325
o199

00074

00050
o172
0293
0412
0530
b4y
0763
0878
0991
1104
1216
1327
1438
1547
1650
1765
1872
1980
2086
2192
2298
2403
2508
2612
2716
2319
3025
3230
3536

4042
1544
5046
5546
046

the water 15 1n
I — S = 35,000

I = — 5,000 (¢, — &) + 48,000 [ 4 (%')

umform flow
Then

Here D = 10 feet (100c)> — g = 200 and

-+ (3]

o
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Tt 15 reqmired to find the distance between two points where d; — 8 feet and
d d d
d, = 7 feet HereT)l = 8, forwhich ¢ (5) = 3459 andT; = 7, for which
dy
¢ (B“) = 1711 Inserting these values i the equation, there 15 found
1 = 3390 feet
Supply from yun off of Ramnfall

(62) In the cases of storage reservoirs 1t frequently happens that the
supply 1s obtamned, not by one large stream which can be gauged and 1its
minumum and maximum supply estimated, but by numerous rills and
streams which cannot well be separately deilt with  Under such conditions
the supply has to be estimated from the run off of the raumfall the
Jeast and also the greatest supply available from the catehm
subject has been well treated m the M“{«j‘# 00 415

re
-

Southern India has a very extensive sy«
well as from direct canal mngation no (Jroper value which 1s 92,650
Thekfo!]owmg consists 1n great part of ext{. 863, and 15 obtamed from
work ——

(53) Ranfall —Ramfall 15 the so ~auxlevelwillbery — 147 =23
purposes, and therefore a knowledge ¢
pentods and of the effects produced b,
all whase duty 1t 15 to design carry ouliCyype
works
The resulting discharge from ramfall has® 5uch as a drop n the bed, as
mdta  yater to be utthsed , (2) the water to'grest or from a side opening
. " every umgation work thesdgy
-t X
Origr_ters are the fo

Surface

Water T Surfa
. atep " Surface — arabl
5 Q s ===
> c avna 1Y % o o4 B
. T 7 i -

T16 13 —Diagram of Falling Surface Curve

as a canal escape which draws the whole discharge away from the channel,
the water surface for a long distance above 1t 1s concave to the bed

This 15 explamed m Fig 13

In this figure d, the greater value, and d, the less, are supposed to be
depths of the water after the stream has settled down to 1ts new regimen and
has what 13 termed a steady, though non umform, flow, and let / be the
distance between them Then the pnnciple of formula (17) will apply m
this case as well the only difference being due to d, having the higher value
It stands as below

=t (G- EE [ (3) -4 (B)] - ¢
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hich case the proportion of the whole discharge intercepted may be large
or small, or 1t may be utilised by means of irgation canals or channels,
with or without the aid of an anicut or weir to raise the water level in the
watercourse, which may be the immediate source of supply The water so
drawn off may be used for what 1s termed direct 1rrigation, as in the supply
of canals or for that of tanks In all cases, howeier the whole quantity of
water discharged by the basin has to be considered and divided nto two
parts the one to be used for irrigation and the other to be safely passed on or
discharged to waste

(55) Vavimum Discharge of Catchment Basin —Upon a night estumate

of_the greatest quantity of water lable to be discharged by a catchment
N Q-Q'_“' depend the safety of the worhs which may exist, or which it may
565 | 172 D;*—('-—uc.t‘t\ogﬂse a part of the water for irngation purposes
gay | 1b45° 944 | i+on of this quantity 1s not possible, owing
Gt | IoN1 942 | 5., under which heavy run storms occur,
943 ; 3{:? 94: 77«cable, 1f a nght use be made of available
39” 1 j.p‘; 3;5 |7 judgment of the quantity of water which
G0 | 14125 934 ‘ g then, by allowing a reasonable margin for
9% | 1304 932 isite safety may be secured
9% | 131 930 I 7433
> =332
2.2, :i:; Z;E ::_‘3' narge Formulas —The first data to be
93y |10 57 g2y -1" the records of the levels and discharges
93 | 12538 922 7¢ the past These data require to be very
g:% 133 970 | 1 by comparison of the evidence obtamned
o1 |1 Ugg 316 a1 1t has been decided what 1n the case of a
gho | 11,50 o14 1-dlevels were 1t 1s necessary to ascertain from
979 | 1161, 912 er that discharge 1s likely to have approximated
978 | 11457 91cpected
g;g [ ; SOZ ?in conclustvely that the flood discharge from large
97y 11lono ly much less than that from small basns  This fact
974 10p%G duction of formulas to assist m the deterrmnation of
972 ‘ 10 57 udaf judiciously used they are of considerable value for
g;; : g;f; as 1 check on the results obtained from local observation
70 1039f
gé% 1 ofg
gzg ©%ould be borne mn mind however that though such formulas
962 sidently used for the practical settlement of questions connected
gho | Jdesign of works when the conditions of thetr apphcability hive
958 termmed on adequate dita they are otherwise to be relied on
9565 a guide to the reasonableness or the reverse of the conclusions

}ndcntly armned at  The formulas which have been 1n use are the

the, MG —
&
~\S 5.(1) Ryves formula Q = A, 100 A2 (20)
/ “3) Dickens Q =k 100 K! (e1)
Q= 200K? (22)

?\Fannmg s,
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in which A represents the area of the catchment basin m square nules,
k s a coefficient depending for 1ts value upon ranfall, soil, slope of ground
forming the basin, etc, and @ 15 the resulting discharge, winch is usually
taken in terms of cubic feet a second  The first of these formulas assumes
that the discharge from catchment basmns of differing areas vanes as the
cube root of the square of the area, while in the second the variation is
supposed to be as the fourth root of the cube of the area The general
result 1, mn the former case a much more rapid dimunutton of proportionate
discharge as the area icreases than in the latfer case The data for
determining which is the more generally applicable formula for Southern
India do not as yet exist, and exther may be usefully employed under the
restrictions above noticed as necessary, The following additional caution
should, however, not be Jost sight of No such formula can be strctly
applicable with the same coefficient to areas of vanous swzes even i the
same part of the country and within the mfluence of the same mtensity of
ramfail, unless the other circumstances, such as slope of the ground,
description of the soil etc, be approximately similar

(58) The values of K3, K} for areas from 1 square mile to 50,000 square'
mues are guen m Table VIII  The cluef difficulty will be found m the
selection of a swtable coefficient  For the comparatively limited areas
m the coast districts where the country 1s flat, and the dramage takes a
longer tume to run off % == 4 or 5 bave been found to be suitable coefficients
;n Ryves farmult and 6 75 1s a suttable coeffictent for hmited areas near the
elle

(89) The two Tables herewith given are (1) the discharges m thousands
of cubic fect per second caleulated from the two formulas, Ryves' @ =
43100 A3 and Dickens’ @ = kroo K§ In both the formulas for an area of
1 square mule the discharge 1s equal to the coefficient employed, 7 ¢, the
rin off 1s cqual to the whole ramfall  The first square nule 1s the base of
the formulas, as the area mcreases, the proportion of run-off becomes less
m one formula as &% and the other as X} To utilise the Tables properly,
2¢, to find the proper coefficient to be used, the method i Madras 15 to
adupt as base an area of 5 square miles, 1 which area the maximum recoided
rawmfall is precipitated , tlus may be anywhere m a catchment basm It is
tightly assumed that heavy cyclonic storms ouly occur over a very lumted
area  In Table IX the run-off from the areas wm square mules is converted
from Table VIII into inches decp of run-off But 5 square miles being
tahen as the base, this run-off will be equal to the ramfall  The examples
on p 137 are taken from the *“ Madras Manual ™

(60) * Tor example, suppose the greatest recorded rmnfall within or
near a catchment basin under iy cstigation to have been 11 inches The
nearest run-off and ramfall to this i the line of 5 square miles (Table Xy
1s 10 86 wches under coefficient 500 for Ryves’ formula, and ahout mdway
between 4oo and 500 for Dichens’ formula  Were no other data available,
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m which K represents the area of the catchment basm mn square miles,
£ 15 a cacffictent depending for 1ts value upon ramfall, sotl, slope of ground
forming the bastn, etc, and Q ts the resulting discharge, which 1s usvally
taken in terms of cubic feet a second  The first of these formulas assumes
that the discharge from catchment basins of duffermng areas vares as the
cube root of the square of the area, while mn {he second the 1anation 18
supposed to be as the fourth root of the cube of the area The general
result 1s, 1 the former case 2 much more raprd diminution of proportionate
discharge as the aren increases than wn the latter case The data fo-
determuning which 1s the more generally apphcable formula for Souther
India do not as yet ewst, and etther may be usefully employed nndedh
restrictions abote noticed as necessary. The ©

should, however, not be lost sight

applicable with the same coefficten

same part of the country and withs

ramnfall, unless the other ¢

description ot the o1t etc



CHAPTER \ —HYDRAULIC TORMULAS 139
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accordingly  Colonel Vullins 1n the VMadras Imgation Manual 15 of
opinton that this proportion 1s excessive and that 1t should more correctly
vary somew hat with the slope of bed of stream as well as being proportionate
to the 1rex of the catchment basin
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{63) The shape of the catchment affects the coefficient, and attempis
have been made to modify the coeffictent so as to take the tatter into account.
There 15 a great deal of hterature on this difficult subject, but nothing of a

definite character  The formula 1 @ = kroo f K where B and L are

breadth and length of the catchment (wde Jackson's “ Hyd Manual,”
Chap 1)

The minumum discharge from a catchment area may be considered as
10 per cent of the average ramfall

Tapte XHI—-Tiste of tHC DiscHARGES of A Waste-Way CuANNEL
HAVING A Bep-Winth or 200 FEET anp 4 Brp SLovE oF I IN 100

1 2 3 < 3 6 7 8 9
ot | AR x | Tad | Affux | Chonnel D Veloelt Discharge,

Dep b : Hegit | Orpih (-ﬁ%oem gm:fm oo | VAt c;‘.’-{:?: B

i Cubls

Feet feet

l Fee Feet Feat sebond sebond
31 jo3e | oyof ofo{100]| 0405 0495 340 456
{ 2 | 074 126) 0bo} 5210} t3i0 1505 578 1,457
3 {12 176 | o6o | 5500 285 287 778 2,741
4 p 170 ] 230 062 {biy | 447 446 966 4444
5 | 215 2851 064 | 688 634 629 1142 6,510
6 | 263 337] o660 829 829 1303 8,784
7 308 302 068 ] 750 | 1046 1o 45 1455 11,407
8 1 352! 448} oy0[ 775 | 1280 12 84 1604 14,374
9 | 3935| 505! 072|795 | 1523 1528 1741 17,585
1 436 ) 563] 074|814 | 1787 1787 18 8o 21,210
1o {4771 623} 0761831 |2056 20 51 2011 25,057

12 | 517 683 078|845 {2334 2334 21 38 2g 203
33 15541 746] 080858 2624 26 20 22 57 33,668
14 6 oo Boo| 08868 | 2944 29 40 23 61 37,775

15 1 647 | 8353 o8 {877 {3265 3261 2456 | 41,803
16 | 694 | g9ob| 080|836 }3603 3600 25 51 46,236
17 {742 | 958 a80{893 | 32947 3952 2643 | 50645
1% 1 e fwmig ) vulgoe Yy R ¥73% 530%
19 [ 833 | 1067 080 |goy |4688 46 81 28 19 6o,157
~o | 88 | 1130 080|913 | 5067 5063 2903 | 65035

3 i

When the capacity of a reservorr 15 well below its supply, it may fill
eral tumes during the rainy season, and s useful capacity will be pro-
.‘ﬁoin(cly greater than its estimated storage capicity

o8 Table X1 15 given m Strange’s “ Storage Reservours,” and 18
st useful foy_calculntions of flood discharge based on actual values of
in # hour

Table XIFW based on observations taken near Nagpur, m the
nces of India, 2 usually dry tract, by Sir Alexander Binnte,
\ﬂlc Mmin Pro Inst CE
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This gives the run-off and percentage for three catchments, classed as

i,average, and bad  The good catchment approximates to that observed
ear Nagpur. It 1s based on general ideas, and will be of assistance when
o actual recorded stream or niver discharges are availible

(66) Table NIII, derived from Strange’s “ Storage Reservors,” will
~ 5t calculations for depth of water floning down bye-washes which are
sc common a feature in many large storage and diversion dams

Duscharge through Sy phons

(67) The head or difference of lev els above and below a sy phon 1s generally
Tequired to be ascertamed the mean velooity through the barrels bemng a
given quantity  This 15 sometimes tahen at 15 feet per second n order to
<lear out all detritus, 8 feet being usual  The head 1s found by the following
“ormula —

* )
H= MZ;’ = o155 MV* = hi (23}
& bemng the head due to the veloaty T, or o155 172

In this expression 3 = (1 +h +f25~;,) m which L = length of barrel,

A
R = hydraulic mean depth, or ]_‘r’%a' /115 the coefficient for loss of head

by entry, and vanes from 08 for an 1deal converging entrance to 503 for an
abrupt change from a wide channel into a round pipe or square culvert
This latter value, or some modification of 1t, 1s most suitable for masonry
syphon barrels, f, the second coefficient, 1s that of friction on the sides of

the barrel and = a (I -+ 1%) .

Switable values of @ and of & must be selected from the Table below

Nature of Barrel a b ‘
Iron prpes 00497 084
Cement plaster 00294 I0 ‘
! Ashlar or brickwork 00373 2
Rubble masonry 00471 82

If the converse to formula (23) 1s required

H
7 = 8025 “/37 (24)

If velocity of approach be considered

Vo Ve , ‘e
H =(M X 2—) 2 or = 0I55 (MI 2 — I;) (25)
Conversely V' = ,\/L’g H;— v .. (26)
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Tor evample let the syphon barrels be 6 feet long by 4 feet deep then
=p= »i =17 neuly Let L = 170 feet then z=1 Torther
let V be assumed 15 15 fy 15 5 @ as oog tnd & 23 from Table then f, =
23y _
004 \I+x7) =1543
By formula (23) H = 0155 X 1545 x 225 == 5 38 feet
1 veloaty of approach * of 3 feet per second be assumed the above value

of H will be reduced by or55 X g or by 1395
H will then = 5 14 feet

USEFUL MEVORANDA

(68) 1 cubic foot of water = 62 4 Ibs = ;E ton

1 ton of water = 36 cubic feet

Inches of rainfall = 33 3 acre feet per square’mile

1 mch run off per hour per square mile == 645 3 second feet = 1 cubic
foot per -cre per second

1 cubic foot per second = 2 acre feet (short name cusec )

1 eet per second = 63 mules per hour

1 acre foot = 43 560 cubic feet

H
Pressure of water per square foot = % tons

Vrrocity oF WATER

{89) 1 = Theoretical velocity m feet per second
g = lorce of gravity = 322
g == 6y 4 V2g = 8023 ir—gsooxss
H — Head of water m feet
=1\ 2gH = 8oz5 VH
T

¥ .
H = g~ 00155 ¥

Eprtor s NoTES

() Velocity of Approach —This questmn lends xtsel[ to mxsconceptxon
and cxaggeration It isexster #~ - '
with much micety on paper
accuricy 1 practice  In the
mTig 1 we see that he rechors e nitetst GL UBSLIAILL, GUE 10 Veloeity of

Approach to wmount to 579 9;%—831&? = about one third of 1 per cent
a negligible conswderation in prictice

® Inthecwiafvsiplon thettos onchang ng nsd rectron Joscs the veloaity of approich
whieh is convert 1mto visible static Jexl —
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In fact, 1n the case depicted m Fig 1, where dynamic head of flow 15
comverted mostly mto static head at the dam, the propriety of making
separate allowance for veloaity of approach 1s questionable In canals
rangng up to 10,000 cusecs capacity the mean velocity 1s usually less than
35 feet per second, and the *“ head ™ due to such velocities amounts to
about 1} per cent of the water-depth—a dimension well within the ordinary
margmn of error of measurement of floning water, whilst, 1n great rivers,

72

wherein | — ) may present a more respectable value, the difficulty of determi-
2g - 3

nation 1s correspondmngly greater  Thus, 1n the case of a great flood which
passed over the wetr at Khanki, on the River Chenab, in the Punjab, in
July, 1903, the maximum discharge might be computed to be 460,000, or
530,000, or 620,000 cusecs, according as the mean velocity of approach was
supposed to be o, or 6,+0r 10 feet per second One engineer even put the
figure so high as 750,000 cusecs , though the data of the case are so uncertain
that 1t 1s impossible to be sure that the maxtmum discharge was more than
say 550,000 The weir 1s about 4,000 feet long, apart from 1ts sluices,
which have 240 feet of waterway  The river up stream of 1t may be, when
m high flood, much wider, flowing, not n a single well-defined channel,
but mn several separate streams—cony erging, diverging, or interlacing—with
shoals or 1slands between, and although these shoals, submerged i high
flood, form part of the niver bed, they may be, m places, at lngher levels
than the crest of the weiwr itself The weir 1s divided into eight bays of
500 feet, by pers and groynes, and the oblique set of different currents
towards these groynes may affect the depth of water over crest at different
places It was impossible to navigate the nver during this igh flood, or
to measure 1ts cross-sectional waterway or mean velocity The weir-crest
was submerged by tail-water to a depth of 10} feet, and the sluices to
18 feet  The affiux, or difference of water level up stream and down stream
of the work, was only 2 feet at right flank, and 3 feet on left flank , whilst
water levels in midstream were unknown  The higher water level recorded
on the left flank may very lLikely have been due to a set of the current
towards that flank and away from the other The gauge-readings, 1n fact,
may have been the static representation, snfer alia, of the velocity of approach,
These and sunilar practical considerations may well make us chary of
approaching the problem of head due to velocity of approach with a velocity
of too much confidence in our head-work
(H) The Backuwater Surface Curie—Par (45) —This calculation has,
perhaps, more of academic interest than of practical utility as 1t rests upon
mmaginary data that are rarely met with i practice
The calculation assumes that the channel under constderation 1s of great

and uniform width, and umform slope and water-depth It assumes, also,

that the water 15 not silt-laden  Such conditions do not occur naturally

n rivers, nor even in earthen canals  The first effect of an obstruction,

such as a werr, across a sit-bearing stream, 15 to dimimish velocity and cause

the water to drop its silt-burden, so that the theoretical water-depths

up stream are altered by the very creation of afffux At Narora, on the

Ruver Ganges, for mstance, the nver bed 1s shoaled up above crest-level of

werr 1n some places up stream of 1t, and scoured down to foundation-leve]

elsewhere The course of the river up stream 1s, moreover, very tortuous

{Fig 33a, Chapter VI ), flowing 1n several channels, with shoals and 1slands
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between them  In such circumstances the cileulation for backwater cunve
15 too fanaiful for practiet] utihity

A curious nstance of nusconception 1 this matter of bickwatercurve
hns been noticed recentls 1n connection with the design of the Barrage which
15 now bemg constructed across the River Indus below the Suhhur Gorge

As depicted  the plan (Lig 14) the Ruver Indus just above the town
of Sukhur m $md forces its wan through ~ rocky gorge m 1 low range of
Inlls an two chnnels split up by the roch 1sland of Bhthhar  The combimed
width of these twochrnnels
1s only 1 4oo feet at high
floodlenel  Turtherdown
stream the gorge gridunlly
widins and at the pont
B two miles below the
gorge A the river 1s 1bout
3000 fect wide One mile
still further down strexm
at € 1t 1s 5500 fuct wide
and 1t 1s here that the
Barrage or Dam 1s being
buidt witha waterway only
400ofcet wide  The Barrige engineers have ealeulated that this reduction
of width fram 5 000 feet to 4 000 will sct up n afltun under manimum flood
omnditions of only 1 foot  nd rechomng by the ordmary formuln for back
witer curve they hwveconcluded thatthe X footafilus 1t Cwilldimimish toonly
3ot 4 mches 1t B and that it will vamsh completely 1 hittle way up stream
f B~ that 1t will not ~ftect the conditions of flow 1t the narrow gorge |
Ih calculation overloohs the fact that the channel up streum of C1s not of
unit rm width or depth or slope d that the water under Ingh flood
conditkns will be hewaly Inden wath sand - Under such condittons  the
Ay mstead of dummishing will inereise upstreimwards in the narow
me chmmed - Statsties recorded of water lvds At o4 and B orespec
tindy show that under enisting conditions every umt rise of water level
it 1315 awccompamied by 1 grenter rine i the congested channel 1t A so that
the turther congestion sct up at € by the Barmge of the future will un
d ubtedly tahe effect 2t 4 The mportance of this constderition hies 1n
the rnh that exists of the Indus deserting the Bhakhar Gorge nd changing
its curse to lower lying Iind which exists some mles to the nght or left of
it [ enties of the Barmge Project opine that the tendency of the
Bumge baidt down stream of the gorge A4 will be to mereise the nisk of
mer nuln o Howaver thatma be thecrsean pont ts 4 signabillustetion
«t the difhenlty of \pplication of the bichwator-cury e cleulation in prictice

(K) The 1alling Surface Curte  Dar (48) —What we have remarhed
thove s to the erdame nature of the backwater curve speculation
wpplies also mutatis mutanlis to the case of the 1 alling Surfice Curve
In i carthen channel such 1 condition could not exist for long 1t would
sct up siclent crosion of the stream bed lowering the bed kvdd <o 1s to
relati ey devate the masonny work 1t tul comyverting the Iitter mto R war
merasing m heght till equilibium or normnl currant regime s attamed
Ths 1 what actunlly happened i the Ganges Cnnl mats carhest working
davs  and the rumeds wis found 1n the construction of wars or crest wlls,
on the brink of the masonny fills of the ewnal




CHAPTER VI

DIVERSION WEIRS ON 5AND FOUNDATIONS

F16 1a —\asora Wer Lo ver Ganges Canal

(1) A crass of weir pecuhar to India includes those erected across the
great rivers of the peminsula such as th Ganges the Jumna the Chenab
the Jhelum and many others in Upper India and the Mahwuddee Son
Kistna Godavert and Penncr in Bengal and Southern India  These are
naturally exclusively diverston weirs and are of no great height 10 or 12 feet
above norm?l river bed level ot low water level being generally the outside
limit of thewr height  What they lach in this respect 15 however made up
not only 1n length but in width  The weir over the Son River 1t Dehn 15
24 mules long and those spanmng the great Godtvert River with 1its flood
discharge of o1 er 1 200 000 second fect are nearly as long  The Okhla Werr
15 250 feet wide and several others run this dimension very close  Thus it
15 that these canal head worhs rank ameng the largest and most mportant
m the whole world

There could hardly be a greater contrast between the narrow but 1m
mensely ligh American dams built over narrow rochy gorges amd wild
and stenle surroundings and these long low Indian wewrs which are
generally situated among cultivated lands and a teeming population often
armidst historic remams of great antiquity  The maimn pecubanty of these

1w s v
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between them  In such circumstances, the calculatton for backwater-curve
15 too fanciful for practical utility
A cuntous nstance of misconception . this matter of backwater-curve
has been noticed recently m connection with the design of the Barrage which
1s now being constructed across the River Indus, below the Sukkur Gorge
As depicted 1n the plan (Fig 14), the River Indus, just above the town
of Subhur, 1 Sind, forces 1ts way through a rochy gorge m a low range of
Iulls, in two channels sphit up by the rock island of Bhakhar  The combmed
width of these two channels
1s only 1,400 feet at high
1 floodlevel  Further down
[ stream the gorge gradually
widens, and, at the pont
B, two miles below the
gorge A, the nver 1s about
3,000 feet wide One mile
still further down stream,
at C, 1t 1s 5,500 feet wide,
and 1t 15 here that the
Ig 14 Barrage, or Dam, 15 being
built, witha waterway only
4,000feetwide The Barrage engineers have calculated that this reduction
of width from 5 coo feet to 4 000, will set up an afflux, under maximum flood
conditions of only 1 foot and rechoning by the erdmary formula for bach-
water curve they have concluded that the 1 footaffluxatC will dimmish toonly
3 or 4 inches at B, and that 1t will vamish completely a little way up stream
of B so that 1t will not affect the conditions of flow at the narrow gorge .
The calculation overloohs the fact that the channel up stream of € 1s not of
umform width or depth or slope and that the water, under lhigh-flood
conditions will be heavily lnden with sand Under such conditions, the
afflun mstead of dimimshing will mcrease upstreamwards, 1 the narrow
ing channel  Statsstics recorded of water levels at A and B respec-
tively show that under existing conditions every umt rise of water-level
at B 1s accompanted by a greater nse in * T A “hal
the further congestion set up at C by un-
doubtedly take effect at 4~ The impo m
the risk that essts of the Indus deserting the Bhakhar Gorge, and changing
1ts course to lower lying land which exists some mules to the right or left of
it The criics of the Barrage Project opme that the tendency of the
Barrage built down stream of the gorge A, will be to mcrease the nisk of
mlcr-a\‘\}vl.sxon How ever that may be, the case 1n point 1s a signal llustration

of - ~-~ctice
arhed
abe . 1tion,

apphies also, mutatis mutandis to the case of the * Falling Surface Curve ™
In an earthen channel such a condition could not exist for long It would
set up violent eroston of the stream bed, lowering the bed level, so as te
relatiely elevate the masonry work at tail, converting the latter mto a weir
ncreasing 1n height till equhibnum or normal current regime 1s attarned
This 1s what actually happened 1n the Ganges Canal, 1n 1ts carltest w orhing
days, and the remedy was found 1n the construction of wers, or crest-walls,
on the brink of the masonry falls of the canal.



CHAPTER VI

DIVERSION WEIRS ON SAND FOUNDATIONS

F16 1a —Narora Weir Lower Ganges Canal

(1) A crass of weir peculiar to India includes those erected across the
great rers of the penmsula such as th> Ganges, the Jumna, the Chenab,
the Jhelum and many others m Upper Inda and the Yihanuddee Son,
Kistna, Godavert and Penner m Bengal and Southern India  These are
naturally exclusively diversion weirs and are of no great height, o or 12 feet
above normal river bed level or low water level being generally the outside
himut of their height  What they lack 1n tlus respect 15 however, made up,
not only 1n length but 1n width  The weir over the Sén River at Dehr 1s
2} mules long, and those spanning the great Godavert River, with ats flood
discharge of over 1,200,000 second feet, are nearly as long  The Okhla Wer
15 250 feet wide, and several others run this dimenston very close  Thus 1t
1s that these canal head works rank among the largest and most important
1 the whole world

There could hardly be a greater contrast between the narrow but im-
mensely high American dams, built over narrow rocky gorges amd wald
and stenle surroundings, and these Jong, low Indinn werrs, which are
generally situated among cultrvated lands and a teemmg population, often
amudst historic remams of great antiquitys The mam peculianity of these

v us L
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Indian werrs 15 the nature of the foundations, which 1s mamly sand, down
to great depths, perhaps 1 coo feet, or more

Up to a quite recent pertod the design of such worhs has been subject to
great uncertainty, the sections bemng adjusted by failure and renewal to
actual requirements

Now, however, that the principles regulating the stability of structures
founded on a pervious and loose material such as sand are better under-
stood, the practical apphcation of these principles 1s sumpler

A drowned diversion weir on sand, although 1ts height 15 seldom over
10 feet above the normal river bed, 15 not only exposed to the destructive
mfluences of a large river in flood, but 1ts foundation, bemng necessarily the
sandy bed of the niver, 1s hable to be undermuned and washed out by the
hydrostatic pressure of the water upheld 1n rear of the werr In spite of
these drawbacks, 1t 15 however, quite practicable to design a work of such
outline as will successfully resist all these disntegrating forces, and remain
a permanent and solid structure

(2) The prnciple which underlies the action of a head of water on a
porous stratum of sand, over which a heavy impervious weight 1s imposed
15 analogous to that which obtains in a pipe under pressure

Fig 1 exemplifies the case with regard to a pipe-line BC leading out of 2
reservoir  The head H, 1s the difference of levels between A’, a pomnt

el
I Vet g,

- o~ S

Fi6 1 —Dragram of Pipe under Water Pressure

somewhat lower than A (the actual summt level) and, C, the level of the
tail water beyond the outlet of the pipe  The water having a free outlet
at C, the line A’C 15 the hydraulic gradient or grade hne  The hydrostatic
pressure 1 the pipe at any point 1s measured by vertical ordinates drawn
from the centre of the pipe to the grade line 4°C  The uniform velocity of
the water in the pipe 1s dependent directly on the head, and inversely on the
frictional resistance of the sides of the pipe, that 15 on 1ts length This
supposes the pipe to be straight, or nearly so, and umform 1n section

(8) We will now consider the case of an carthen embankment thrown
across the sandy bed of a stream  The pressure of the impounded water will
naturally cause leahage beneath the impervious earthen base  With a low
depth of water impounded, 1t may well be understood that such leahage
rmght be harmless, that s, the velocity of the percolating undercurrent
would be insufficient to wash out the particles of sand composing the founda-
tion of the dam  When, however, the head 1s increased beyond a safe lumt,
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the so termed  piping ™ action will take
place and contmue until the dam s com-
pletels undermined

(4) The man detenmmnating factor
the stability of the sand formation 15
et1dently not the supenimposed weight of
the dam as the sand 1s mcompressible,
although a load 1 excess of the hydro-
static pressure must exercise a certam,
though possibly undefined, salutary effect
m opposing disintegration of the sub-
stratum  However this may be, 1t 1s the
renforced length of percolation or the so-
called creep of the undercurrent that 1s
the real determining mfluence

(5) In the case of a capillary tube,
the mduced veloaty 1s inversely propor-
tional to 1ts length  In that under con-
sideration the hydraulic condition being
practically 1dentical, 1t 1s the enforced
percolation through the sand and the
resulting friction agaimnst 1ts particles as
the water forces its way through this
medwum, that effects the reduction of the
velocity of the undercurrent, and this
fnictional reststance 1s clearly directly pro-
portional to the length of passage

In the example under consideration,
thus length of enforced percolation 1s
evidently that of the impervious base of
the dam  The moment this obstruction
1s passed the water 1s free to nse out of
the sand, and the hydrostatic pressure
ceases

(6) It 1s evident, therefore, that to
ensure safety from undermuming, this
length of enforced percolation, or creep,
which will be symbolised by J, must be
some multiple of the head H; and if a
reliably safe value for this factor or co-

f!.'{:'mH.{,

=
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efficient can be found switable to any particular class of sand, we shall
be enabled to design any worh on a sand foundation with perfect con-
fidence with regard to stability If this coeffictent be svmbolised by ¢,
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Indian weirs 15 the nature of the founditions which 1s maunhy sind down
to great depths perhaps 1 000 fect or more

Up to 1 quite recent pertod the design of such works has been subject to
great uncertunty  the sections bung adjusted by fulure and renewal to
actunl requirements

Now however that the principles reguliting the stibility of structures
founded on 2 pervious and loose matenal such s sand are better under
stood the practicn] application of these jninciples 15 sunpler

\ drowned dnvcrsion weir on sand  although ats height 15 scldom over
10 feet above the nenml mver bed 3s not only exposad to the destructive
mwfluences of 1 hirge rver i flood  but sts foundation being, necessanly the
<andy bed of the mver 15 hable to b undenmined ind washed out by the
hy drostatic pressure ¢ f the water uphiedd 1 reae of the werr  In spite of
these drawbacks st s howaver quite pricticable to design 1 work of such
outhine 1s will successfully resist 11l the e diantegriting forces and remun
2 permanent and sclid structure

(2) The principle which underlies the action of 2 head of water on 2
porous stratum of <and over which 2 heavy imperviots wught 15 imposed
1s analogous to thit wlich obt uns 1 1 pipe under pres ure

Iig 1 exemphities the ense wath regard to 1 pipe hine BC leading out of 2
reservoir  [he head M 1s the difference of levds between | 2 point

R
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fic 1—Dagramof I pe nler Water Provsu e

somewhat lower than A (the 1ctual summut level) and C, the level of the
tul water beyond the cutlet of the pipe  the water having a free outlet
At ¢ the hne 1 € 1s the hydrulic grdient or grde e The hydrostatic
pressure mn the pipe at any pomt 15 me sured by vertieal ordimates drawn
from the centre of the pipe to the grade hne 1 € The umiform veloaity of
the water in the pipe 1s dependent directly on the hewd 1nd mversely on the
frictional resistance of the sides of the pipe that 1s on 1ts length  Thus
supposes the pipe to be strught or neardy so «nd umform n section

(3) We will now consider the case of an earthen embankment thrown
neross the sandy bed of a stream  The pressure of the impounded water will
naturally cause leahnge beneath the impenvious earthen bise  With 1 Jow
depth of water impounded 1t may well be understood that such lehage
mght be harmless that 15 the velocity of the percolating undercurrent
would be insufficient to wash out the particles of sand composing the founda
tion of the dam  When however the head 1s increased beyond 1 safe hmt
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the so termed “ piping " action will take
place and continue until the dam 15 com-
pletely undermmed

(4) The main determinating factor m
the stability of the sand formation 1s
evidently not the supenimposed weight of
the dam as the sand 1s incompressible,
although a load 1n excess of the hydro-
stafic pressure must eiercise a certamn,
though possibly undefined, salutary effect
m opposing disintegration of the sub-
stratum However this may be, 1t 1s the
enforced length of percolation or the so-

/ called creep of the undercurrent that s
| the real determmning influence

(5) In the case of a capillary tube,
the 1nduced velocity 1s inversely propor-
tional to 1ts length  In that under con-
sideration, the hydraulic condition bemng
practically 1dentical, 1t 1s the enforced
percolation through the sand and the
resulting friction against its particles as
the water forces its way throungh this
medium that effects the reduction of the
velocity of the undercurrent, and this
fnictional resistance 1s clearly directly pro-
portional to the length of passage

In the example under consideration,
this Jength of enforced percolation 1s
evidently that of the impervious base of
the dam The moment this obstruction
15 passed the water 1s free to rise out of
the sand, and the hydrostatic pressure
ceases

(6) It 15 evident, therefore that to
ensure safety from undermiming, thus
length of enforced percolition, or creep,
which will be symbolised by !, must be
some multiple of the head H, and if a
reliably safe value for this factor or co
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efficient can be found suitable to any particular class of sand we shall
be enabled to design any work on a sand foundation with perfect con-
fidence with regard to stabiity If this coefficient be symbolsed by ¢,
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then 1, or the length of enforced percolatjon, will equal ¢ X H, H bemng
the head of water  The cocfficient ¢ wall vary n value with the quahity of
the «and

(7) Tag 2 represents 1 case sumilar i every respect to the Last, only that
mstead of 1 dam of earth the obstruction consists of 1 vertical wall, termed
the weir or drop-wall having 2 horizontal impers tous floor ACDB attached
thereto which appendage 1s necessary to prevent erosion of the bed by the
current of f3lling water when the wur 1s overtopped

The level of the tul water 1s supposed to be that of the floor level,
consequently the hydruhe gridient will be #8,* aind 1s1n the previous case
of the pipe Iine the vertical ordimnates of the tnangle 1 {1 will represent the
upward hydrostitic pressurc exercised on the base of the werr wall and of
the floor.

(8) The safety of the structure ts enidently dependent on the following
points —

Lirst the weir wall must be dimensioned so 15 to resist the overturning
moment of the horrzontal water pressure This has been dendt with i 2
previous chapter

Sccondly the thichness 1¢ the weight of the apron or floor must be
stch that 1t will be <afe from bang blown up or frctured by the hy drostitic
pressure  And thirdhy ats basc lungth or that of the enforeed percolation 4,
must not be less thin ¢ > # or than the product of the coeflicient ¢ with
the hend H

It 1s evadent that the value of the cocflictent ¢ must vary with the nature
of the sand substritum n 1ccordnce with ats qualitics of fincness or corse
ness  Fane light sand will be closcr i texture passng less water under 1
gnen head than 4 conrser varety  but 1t the same tume fine sand wall be
disintegrated 1nd washed out under less pressure Relible salues of ¢, on
which the design munly depends cn only be obtamed espenimentally,
from ~rtificiil expenmments and clissilication of samples of sand tiken from
the sites of actuil examples of weirs, 1nd the records of farlures due to
msufficiency m length of percolation path  From these statisties 1 safe
value of the relation of £ to Hf, or of the coefficient ¢, wlinch also defines the
inchintion of the hydrauhc gradient ¢an be dernved

(8) The following values of ¢ h1ve been wdopted for the clisses of sand
detmled below the dernation of which wall be explawed luter —

Class I Ruver beds of Iight sitt and mud as the Mle ¢ =18,

.. Clwss™T1 Fine mucaceous sand as 1n certan sites on Himalayan mvers
and such as the Colorado m the United States c=15
* To be accurate the hydraul ¢ gradient 4°B should be drawn from some porat H* lower

than H on the vertical AH for the same reason that in Fig 21tis drawn from A lower that
A on the vertical A8 —Lp
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Class III Coarse grained sands as in Central and South * Indi
€= 12
Class IV Boulders or shingle and gravel and sand mived
¢ vartes from g to 5 t

(10) In Fig 2, supposing that the width of the base of the apron and
drop wall, or CD, 1s found just sufficient to produce equilibrium as regards
length of percolation, then the hydraulic gradient will be HB  The value
of I thus provided will, however, be madequate A factor of safety of say
one half 15 required, so that the floor should be extended to E, AE being
equal to 13 AB  The apex of the triangle of pressure will then be moved
to the pont E, the hydraulic gradient being AE  This extension provides
mcreased safety from the danger from piping, but enlarges the area of
hydrostatic upward pressure from the tmangle HAB to HAE Conse-
quentls, n addition to the element of cost, there 1s a distinct disadvantage
1n lengthening the impervious floor beyond what 1s requisite to ensure an
absolutely sufficient length of creep

Supposing the width of the floor to be reduced below the minimum CD
or AB to AG, the hydraulic gradient will then be HG  This reduces the area
of the triangle of pressure to HAG, but failure may take place by piping, the
sand substratum being gradually washed out, causing the floor to collapse

(11) The proper profile of the apron to resist the hydrostatic pressure 1s
evidently that of a triangle, 1ts base being at the root or toe of the drop wall
In practice this will be a trapezoid, as the end thickness cannot well be
reduced to zero Its weight can be convemently represented by ¢ X p, £
bemg the thickness and p the specific gravity of the matenal

The value of #p should exceed that of the upward hydrostatic pressure by,
say, one third  This latter can be represented by the symbol (H —7), H
being the head acting on the base and 4 the neutralisation of pressure that s,
of head, effected by the length of percolation up to this pomnt  Let ! be this

length, then h = lc

(12) At this juncture a few points regarding loss of weight due to displace-
ment of immersed parts of the werr require notice

‘With regard to the hydrostatic pressure on the base

In Fig 2, if a hole were supposed bored 1n the floor CE and a pipe
1nserted, the water would rise up as far as the hydraulic gradient HE  The
pressure acting on the base CE would therefore be greater than the triangle
HAE—would, in fact, be the trapezoid HCE'L  This 15 accounted for by
the addition to the external head, which 15 HA, of that due to the displace-
ment of the floor

* \ie have no evidence of the coarseness of South Indian sands 1¢ 1o evidence i the
B e b bosme 1 yamd 482t whete Himalayan mvers ssue from th
e b HISE I . Ut s Nl e s o st o o

downstreamwards the bed soil becomes gradually finer and lighter T
from the mountains —~Lb Y € 1" Proportion fo distanco
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To avord confusion the extraneous or active head of water symbolised by
H which 1lwnys represents the difference of Ievels above and below a werr
or regulator wall be hept distinet from that due to displacement or immersion
this ltter pressure being allowed for by reduction 1n the cffective weight of
the immersed body

(13) A sohd matenn] immersed 1 water Jo e» 25 15 well hnown 1 pro-
portion of 1ts weight equal to the weight in water of the arer immersed  ¢r
if specific grvaty be substituted for weight and af the letter p symbohise
the specific gravits of 1 materil when the same 15 immersed 10 water 1ts
specific grasity can be considered s if reduced by umity or to be (p — 1)

Thus 1f the specific grivaty of 2 block of masonry be 2} when immersed
the reduced weight can be expresced by {2} — 1) 1} *

(14) In Tig 2 when the low water level 1 at L the floor 15 immersed
and its effective waght 1s as € (p—1) fp { beng the thickness  When the
water level mes to I7 the status 1s 1 no w1y altered s the excess of
upwrd pressure above what it was 2t the lower level 1s compensated by an
equivalent load of water 1ying above the floor

When the low water level 15 at CDF the weight 1~ ummpaired when
half wny between I and I half of the floor will be considered 1s of lower
speaific grvaty than the other balf

If the water level were to fall below the Ievdl of the bise of the floor as
to JJ the sand substrtum being porous when the latter 1s under pressure
as from 1 head of water held up by the weir wall the water will nse up to
the base of the impervious floor thus prictically reducing the ead from
HJ to HC Tlus 1s conditional en 1ts being contuned mn the pressure arca
1¢ below the hydrulic gradient  The head Acting on the apron cannot be
mensured to any depth lower than the base of the latter

(15) Another most important pomt requinng notice 1s the relatne
position of the apron  With regard to the drop walli in Ing 2 supposing
the impery 1ous floor were extended backwards to 4 and Ad made = BF
then the action of the head of water 1s thrown back from # to #{ and the
hydruhie gradient will be H B paraliel to 7/ L and the statical condition
m no wisc 1ltered ¢

Thus we sec that the position of the drop wall with reference to the floor
or apron 1s immaten s regards foundation stability  but on the other
hand a certun length of solid apron in front of the drop wall 15 necessary to
protect the bed from crosion so that only a proportion of the floor length
can well be placed 1n rear of the drop wall

(16) This rear projection 1s termed the rear 1pron 1n contradistinction to
the fore apron or floor proper lying 1 front of the drop wall The rear
apron 1s n an advintageous position It 15 somewhat protected from

* It should be borne n mind hewe er that ord nary brick ork and concrete when
saturated vith water may be nearly 2o per cent lea er than vlen Iry —LD
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erosne ¥ action except from cross currents, and for tlus reason can be
constructed of less expensive matenal than the fore apron  On the other
hand, 1t must be impervious and must have a watertight connection { with
the drop wall

(17) From the above, 1t would seem that the rear apron would be effective
if only a thin, mmpervious lnyer, but weight 1s necessary to some extent 1n
order to prevent the possibility of the undercurrent partihig of the nature
of a surface current, and <o losing the efficacy of the frictional resistance of
the sand For the same reason 1t 1s always advisable, as has already been
noted, to make the effective weight of the fore apron somewhat mn excess
of actual requirements as regards hydrostatic pressure

Weight 1n these submerged structures 1s always a desideratum, and 1s
only hmted by the necessities of cost

(18) We have seen that the rear apron has, as its chief function the
neutrabisation of statical pressure, whereas the fore apron or floor 1n
addition to 1ts functions in a hydrostatical sense has to provide a sohid
cushion for resistance to the erosmve force of the current of falling water
for which purpose also width 1s a necessity The width need not be all
composed of impervious masonry, but can be formed in the lower portion,
or talus, of loose riprap  The total width 1s dependent on several consider1-
tions, and must remain more or less a matter of individual judgment, although
certam approxtmate rules can be deduced from examination of sections of
existing works of similar character which will prove reliable guides to the
designer This point will come up again later, 1n pars (25) and (27)

(19) The line of creep, we have hitherto considered has been a hori-
zontal one If vertical depressions are placed below the base of the floor, or
apron the hine of percolation may be forced to follow round these obstruc-
tions and may not, as might be mmagined tike the hne of least resistance
Thus 1f an impervious line of sheet piling or a curtamn wall of masonry s
one of undersunk hollow blochs connected together by piling be mnserted
below the floor, as near C i I'ig 2 the hine of creep may be measured down
one side of the vertical obstruction and up the other side  The added length
of creep will thus be fwice the depth of the curtain

The msertion of a curtam wall of any kind 1s therefore a most valutble
means of increasing the length of the enforced percolation and of thus
immediately reducing the pressure at any part of the base  The effect of
vertical depressions 1n the floor on the hydraulic gradient hne 15 to break
the continity of the hypothenuse of a tnangle of pressure by steps each
step being equal to the depth of the vertical obstruction divided by the
coefficient or if the obstruction 1s sheet piling or a very narrow wall the
depth at tlns pomnt will be twice the above, or 27 — ¢ It 1s however

* Yet at Narora it was complitely scoured anay  See par ( 8) nfra —Ep

But 1t Okl laWar onthe River Jumna loose stone dumped 1nto the streatn up strcam
of the weir wall suffice 1 for all purposes of clticiency —Ep
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considered that the efficacy «f curtun walls 1n this respect 1s dependent on
their not bung spaced nearcr to ench other than twice ther depth

(20) \ jrictical examph of the method of
applung the principles lready <t forth will now
be given n Tig 3 under the conditions actunlly
prevuling n the Narora Werr on the Ganges Riser
Tht work 15 f the direct overfall type whieh will
be chsificd 1 type A\ The datr on winch the
design 1s based are s follows  Sand chiss z—co
uhaent ¢ 13 H or diffcrence of summit and of
low water lavel —the Iatter always symbolt ed by
the lettes TWIT 13 feet than the required
Iengths of creep or of I mutbee> H— 15>
13 — 103 feet Vie hnve now to dectle what pro
portions ¢ f tht length are ta be jlaced 1 the fore
apron 1 the rear apron and i the vertical <heet
piing  The mimmum allwatle width of the fore
apren 15 miturilly 2 leading con idermt nom this
problem  This width of ajron 15 affected 1 two
wavs firstly by the nature of the river bed repre
<ented by ats cocfficint ¢ and secondls by the
ob truction cffired by the weir wall 1¢ by the
height of the permanent crest (veluding the crest
shutters which Itter are only 1 u « dunng low
water The height of the shutter crest above the
floor 1e the depth of the drop will be svm
boli ed by H* 1 order to differentiate ot from H
the head of water  In <ome crses H* and H are
1dentieal
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(21) Trking \irora as standird the following
formul1 has been evolved based on the theory that
a proportion of 4¢ 15> a proper width of a weir of 13
feet 1n height  and for greater or less heights the
length 15 subject to vamation 1n proportion to the
square root of the heights of shutters 1bove floor—
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for H*
The use of c as a factor m1kes the width some function of the quality of
the sand which 15 admittedly a sound proposition
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(22) In designing a weir the dimensions relating to / should for con
ventence sahe be all multiples of the coeffictent ¢ as by this means the
neutralisation of head at any point 1s at once ascertaived each length in
feet equal to ¢, representing the neutralisation of 1 foot of head

(23) In the present mstance to revert to the design I'ig 3 the width of
the fore apron will be according to formula (1) 45\/2 =4c=4 X 15 =

6o feet This will feave I3 ~ 4 = gc to be disposed of in the rear apron and
m the sheet piing If the Intter be given a total depth of 2¢ = 30 feet
for two lines of curtains a further item of 4¢ can be deducted leaving 5¢
for the width of the rear apron This width 1> measured backwards from
the toe of the drop wall and 1s 75 feet Out of the 30 feet allowed to the
sheet pilmg a depth of 15 feet will be placed below the weir wall equivalent
to an effective length of 2c  The remainder will be situated at the toe of
the fore apron where 1t will sery e another purpose m addition to tts ordmary
function viz of forming a protective barrier at the end of the masonry
floor 1n case the loose stone continuation 1s washed out

Thus the full required value of 7 or of ¢H 1e 19, feet 1s provided It
may be noted that the small vertical drop due to the thickness of the rear
apron as well as that due to the thichness of the toe of the fore apron has
been neglected It will be seen that there are two steps m the gradient Iine
(which 1s X 1n 15) one of 2 feet at the incidence of the rear sheet piling and
another also of 2 feet at the termination of the floor The designer can of
course vary this arrangement at pleasure by reducing the vertical curtains
and increasing the rear apron

(24) As regards the thickness of the parts the rear apron 1s composed
of clay puddle overlard with stone nprap a construction which provides
a heavy impervious platform economical 1n pont of cost but not 1s  fool
proof as1f constructed of masonry * It 1s given a thickness of 5 feet

Ve next come to the drop wall provided with crest shutters 3 feet deep
wiuch colfapse automaticaily when freshets come down Its base thiekness
1s made 10 feet or

He g d
‘e

d beng that depth of film passing over the crest which 1s reciprocal to a
down stream water level at the crest ime @ 1n thus case 15 calculated to be
3ifeet The +/p 1n this case 15 % as p 1s taken for the brick wall 2t a value
of 18 This formula of (H + d) — v/p applies to all dwarf submerged weirs
(vede par (42) Chap I} H*1sshutter crest above floor H 1s the head
H®werr wall crest above LYV L H¢1s the height of the masonry drop wall
above floor

()

* The accident fo Narora We ¥ 1 March 1898 resulted from the scounng a vay of the
apron by currents parallel or diagonal to the weir —Ep



154 DESIGN OF IRRIGATION WORKS

(25) We now come to thickness of the fore npron 1t its root or com
mencement  Thi 1s really the most entical pownt in the whole design - Tlas
thickness c1n be vaned at pleasure by the values gven to the rear apron and
to the renr sheet piing nd 1s 1 matter 1lwavs hept in mind when deading
what thesc values should be  This thichnes must not as arule be less than
4or3fect except mvery low wurs and should not much exceed the higher
dimension cither s otherwi e the fore apron will become unnecessanly
costly  Up to this pomt the head (5) neuteil ed by the length of ercep i~
equivalent to that of 7¢ or 7 fect of head  thes lewves 1 value of (H — 1)
= 6 feet of upward water presure - We havcalready noted that the effective
werght mu t exceed that of the hvdrostatic pressure by at least one-third
The floor 1s 1mmersed 1nd 1ts speaific grivity constdered s reduced by
unmty  consequently the thickness of the floor (f) 2t thes pomnt can be
expressed i the following formult

pomy, d=h

] r—1jorp
= —xi} =64 feet In (3) if the floor 1» 1mmersed the denomunitor will

(3)

be {(p — 1) 1 not 1t will be p Et has been made 61 feet thich tapenng to
31 feet 1t the end—1verge 5 feet  The pressure tmipezoid 1s shown 1n the
spce enclosed between the surfice of the floor 1nd the gride hne  The
terrminal thickness of the floor 31 feet myv be considered almost 1s 1 mint
mum  The insertion ¢ f the 15 feet deep <heet piling here £auses 2 fuet hydro-
static pressure 1t the toe of the apron  There 1 no objection to this 1s the
apron 1s capable of withstanding 31 feet jressure  In fact the armingement
mm be conaidered 1s utilising 1 part t least of the evcess weight 1t this
pont  Weight 1s however desimble solidity bong required m the fore
apron 1part from purely hydro tatieal consideritions

(26) There now only remuns the packed stone pitching or nprap which
forms the talus of the weir bodv  The width of this 15 dependent on the
same hinetic consideritions which influence the width of the masonry floor
but with two others i nddition  Thesc 1re firstly the nature of the mver
bed which will s before be represented 1 the formuln by 1ts coefficzent
secondly H® the height of the permanent obstruction 1bove LW L Where
the floor surfice1s it LW L Z*willequal 2f where however 1t s ed
asm Tigs 5and 6 or where in other types there 1s no floor but an mclined
apron 1t will be the height of the ob truction above LW L or normal bed
level which may be higher  Thus where no crest shutters are used H® will
equil H  The second matter requintng constderation 1 the flood discharge
per foot run of weir which 1s symbolised by the letter ¢ This 1tem varnes
considerably from 66 second feet over the Dehn Weir (g 17) to 244 second
feet over the Madayn (Fig 22) and must nece sanily have considerible
mfluence on the width of the talus  Narorx Werr (Dig 4) will agun be

* Bearmng in m nd however that bnck masonry or concrete when saturated w th water
15 ncreased 0\ e ght thereby to the extent of say o percent  bear ngin mnd al o the
transierse strength of such” matenal the factor (4) myht reasonably be om tted from
formula {3) —Ep
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tahen as a gude m framing a formula generally switable for all conditions
The end of the talus metsured from the drop wall was ongmally 170 feet
It 15 however, deemed that a width of 150 feet or of xoc would fairly repre
sent a proper average value for (L) or the distance of the toe of the talus
from the drop wail

(27) The extreme width of the apron including talus 1s clearly mdepen
dent of that appropnated to the floor or masonry apron 1its width L 1s

715 SHOWING ACTUAL AND
CALCULATED VALUES OF L Or FLOOR AND TALUs WIDTH

Hb
TasLe I-—Formura L = roc \/ g’ X

Ruver ‘ Name of Work Type | ‘ i o | i
Ganges l Narora A 15 10 56 200 170
Colerun Colerun A 12 4% | 100 106 72
Vellar Pelandorar A 9 11 140 180 101
Tampraparni | Snivakantham A 12 6 90 107 105

110

Chenab | Rhanki B 15 | 115 150 | 275 to
1170

Jhelum Jhetum B 15 15| 150 225 166
Pennér Adimapal B 12 811 184 172 184
Vellore B 12 9 300 228 232

Sangam B 12 8 147 I51 145

Godaven Dauleshwiram B 12 13 T00 158 217
Jumna Okhla C 15 10 6o 140 250
kiastna Beswada C 1z 13 216 233 257
Sén Dehn C T2 8 66 100 96
VMahanad: Jobra C 12 10 140 163 43
Madaya Madaya C 1z 10 280 180 235
Last Nara Jamrao B 15 7 10 43 110

Type A Vertical drop wall with horizontal floor B Sloping masonry apron
C Rock fill amcut with sloping apron

consequently measured from the drop or crest wall The formula will then

become—
e q
L= xoc\/ﬁ X '\/75 @
Tor sloping 1prons a somewhat lugher factor viz 104 or 11¢ might be
adopted

This formula 1s grounded on the theory that the width L vanes with the
square root of the height of the obstruction (H®) and with that of the umt
flood discharge (g) the stindard being what these values viz 10 and 75
respectively aren Narora Weir  This height H® as already stated 1s equal to
He when there are no crest shutters 1nd L W L 1s 1t floor level and 1s aly ays
the depth of L WL below the permnent masonry crest of the werr This
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not be likely to exceed bemng mostly formed of brick concrete
quence of submergence the effective specific gravity 1s only umty
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Tics 4 42 4b 4c—Narora Weir Ganges River

Length 1 mile

formula though
more or less empin
cal gies results re-
marhably 1n conson
ance with actual

values, and  conse-
quently will, 1t s
believed form a

valuable guide to the
designer The table
on p 155 shows data
of ecusting works
compared with the
rechoning by for-
mul ()

{28) The Narora
Weir atself forms a
most mstructive ob-
ject lesson of the
proper base length,
or value of I sutable
for s1inds of cl1ss 2

Tig 4 (full hines)
represents the work
as ongmlly con-
structed  The pres-
sure diagram 1ig 4a,
shows that the
hydrwhe gradient
worhs out to less
than 1 1n 12 2nd
addition to ths the
floor 1s very deficent
i weight  The hy-
drostatic pressure at
the toe of the drop
wallis 8 feet of water,
to meet this the floor
lis ¢ value of #p of
only 5 feet The
specific gravity 1s
taken at 2z which
figure the floor would
In conse
This

work stood as constructed with but httle repairs for about tw enty years,
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when the rear apron of puddle protected by stone niprap was washed away.
The diagram, Ig. 4b, clearly shows the excessive pressure in the floor,
which 1s 12 3 feet of water up stream * of the weir

(29) In restoring the work, the rear apron was run out backwards, as
shown dotted in g 4, to a distance of 8o feet beyond the drop wall, and
was made 51 feet thick, of puddle covered with riprap and provided near the
werr wall with a solid masonry coverning  The puddle foundation also was
sloped down to the level of the floor base, so as to form a sound connection
with the drop wall At its extreme termination sheet pihng was dniven to a
depth of 12 feet below floorlevel, z ¢, belown RL 572 The grouted pitching
m the fore apron was relaid dry, the first 10 feet only having been rebmilt
mortar, so as to form a conttnuation of the impervious floor This had the
effect of reducing the pressure on the floor A water cushion, 2 feet deep,
was formed over the floor, by bullding a dwarf wall of concrete (shown on
the section) night along 1ts edge  This adds 2 feet to the effective value of
tp, and s given credit for m the diagram Fig 4¢ § In this diagram 1t will be
seen that the hydraulic gradient now works out at 1 m 15, the value of ¢
which has been adopted for stmilar light sands, and from which that of
others, as classes I and 3 have been deduced

(30) Some brief explanation will now be given of the diagram and the
graphical method of construction

Tahe Fig 4 The first step 1s to ascertamn what 15 the hydraulic gradient
of the section as 1t stands  The first incidence of the water pressure 15 at the
pomnt A From this starting pomt the horizontal length or width of the
1mpen 1ous rear and fore aprons up to Bis 123 feet To this must be added
the vertical components of /, which are 7 feet at the base of the drop wall
and 24 feet or twice the depth of the curtain wall, at the termmation of the
floor proper This makes the total value of / to be 123 4 31 = 154 feet

This 1s then measured out from 4 to C tn Fig 4a  The line AC then
drawn 1s the hydraulic gradient of 1, or 11111 8 Now from C the vertical
components are set out backwards 1n reverse order , thus the 7 feet depth 1s
first marked, then the two 12 feet lengths, this last measurement comciding
with the pont B

The outline of the area of water pressure 1s traced by drawing lines
parallel to the hydraulic gradient AC from these several pomts till they
mtersect the verticals through the positions to which they respectively
belong  Thus, from 4 the hydraulic gradient continues unaffected until the
drop wall 1s reached , here a step occurs  The next line 1s drawn from the
7-foot point near C, parallel to AC  This lme continues till the curtain wall1s
reached , here another step down occurs, fixed by a parallel drawn up from
the end of the 12 feet measured at the other side of the curtan, another step
1. Pecsaue gauges wnerted n the fogr, showed that on March 26th 1898 he by drestatc
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takes place by the intersection of the Inst paraflel Iine which continues down
meeting the base at the termination of the impervious 1pron  The arca
enclosed between the stepped sloping lines and the horizontal base evidently
represents that of the water pressure acting below the basc of the fore apron
Over this the area of resistance {hatched closely) 1s now drwn the depths
being ¢ (p — 1) or the 1ctual thickness multiplied by the specific gravity
reduced by umty the floor being below I W I and consequently immersed

Inthis thevaluc of pforthefloor properistahenat z wlnlethat of therough
grouted bloch hunhur patchung 1t 13 The depth /p 1s therefore equal to the
actunl thichness of the floor in the first c1s¢ but s less in the grouted portion

The unbalinced water pressure can now be seen 1t 1 glince

The other dirgrims are all constructed on the same ines  Companson
Dbetween them 1s most instructive s the weak points in the onginal section
and the means whereby the deficiencies were made good are 2t once demon
strated to the eye

We shinll proceed to further 1nly<e some othier secttons pomting out
deficiencies suggesting improsements 1nd occasionally producing analterna
tive design embodying the above

{31) The scction of the Burra Weir g 5 offers some points of interest
It 1s on the Vabanuddee system of which the Jobra Werr I'ig 18 15 the
principal head work the value of ¢ 1s therefore 12 The floor w1s orniginally
built shorter than 1t 1s 1t present but the talus was washed away and had to
be renewed wath 4 prolongation of the floor itself  This 1s an example of
an overfall weir type A with the floor surfice not 2t L \W L s in the Ist
cise but raiced 1bove 1t to the extent of its thichness so as to avoid wet
construction nd 15 termed type A>  In all such cases the proportionate
hydrostatic stress on the floor 1s grenter when the latter 15 just submerged
than 1t 1s with the higher pressure

The head measured from summut level A which 1s abo crest level to
LWL (Byis12feet TIhswillrequrenvalucof? orof ¢ of 12 X 12=
144 feet  In the pressure diagram lig 51 the actual value is only 112 feet
gwing an hydraulc gradient of 11in g 3

When the floor 1s submerged the tul water to effect this must rise 4} feet
to D the retiprocal depth of film over erest or 4 to produce this nse 1s
estimated to be about 2 feet The summit level will then be 1t C  The
pressure diagrams of both cases are shown mn I'gs 52 and 5b  In 5a the
balance pressure on the floor near the toe of the weir wall 1s tp — (H — 1)
=07-9=+7

InTig 5b the balance pressure at the same point 15 5.4 — 6 = — 6 feet
At the end of the floor in I'ig 521t 15 6 — (1 3) = 4 4 7 feet and 1n 5b1s
3 — (1 1) = -+ 19 feet only

Thus we see that the floor 1s strained more with the lower than with the
greater head  On the other hand with the lower head I'ig 5b the hydraulic
gradient 1s flatter bemg 1in1x6to N9 3 0f 50

(32} In all cases where the floor 1s founded above L W L 1t 15 necessary
to test the thickness by formula (3) for another value of # which occurs
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when the floor 15 under water This may be less than before, but may have
a greater effect owing to the submergence of the floor.

3

lin93

P .

i N 71
6 1 i0

wth Head 12 AtoB
Pressure Diagram with Head 9/ CtoD
TiGs 5 sa s5b-—Burra Werr

Pressure Diagram

3
o

The greatest difference of levels always occurs when the summut level 1s
at crest level and the tail channel empty, and this maximum possible
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statical head 1s the value of H from wiuch the length of creep ! 1s caleu
Ited In this design the floor requires thichenmng 1t its root and widening

ol
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Clay P &
4c=48
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I11G 6 —Alternit ve Sect on Purr Wer

or else s to be provided with deep vertieal curtun
walls  According to formult (1) par (21) the width
with ¢ = 12 should be 48V/ 7 = 40 feet, nearly 1t 15
actunlly 56 feet although the Jast b1y 1> not all formed
of solid masonry  In remodelling a section of this hind
1 rear apron should first be provided  concrete sheet
piing m1y preferbly be subshituted for the under
sunh blochs

(33) Tg 615 the profile remodelled according to
the authors views  The fore apron 1s made 3lc wide,
or 42 fect A row of piling of 1 depth of 12 feet (= ¢)
will be pliced 1t the end of the apron  ITis 1s equina
lent to « length of creep of 2c  Consequently the fore
wron tihes altogethier 53¢ in length leaving 12 — 5%

Gle for the reir apron and rear sheet pihng wiich
will be made ¢ and 2c respectnely  The tinchness
of the 2pron 1t the toe of the weir wall with the full
head of AB will be according to formul (3) par (25)
4, 12—065

3% =37 feet The same enlculted from

formul {3) wath 1 reduced head of CD or of ¢ 5 fect
will bc; x 25—:£= 4 fect  The Iatter dimensions

will thus be adapted The apron will taper to 1
thickness of 3 fect 1t 1ts extremity and will be horn
zontal 2t the bise inclined on the surfce

The talus will slope down to LW T tapering from
4 to 3 feet thichkness  The width of the talus calcu

t/m
Iated by formula (4) par {27} will be Yoc y To X

\/q which works to 120 X 11 = 132 fect 1n which

HY=12 feet ¢ =12 1nd ¢ 1s tahen 1s 75 second
feet

The revised section would 1t 1s behieved cost less
than the ongmal The rusmg of the floor above
LW L although st undoubtedly usurps the waterway
to a cerfamn ertent results in considerible economy
If the floor surface were placed lower it would have to
be not only thicker but longer and the construction
being below spring level would be more costly  This

type of raised floor will a5 alreads noted be classed s a sub type of A

viz astype A,
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(34) g 715 of a low werr of type A on the Upper Colerun River 1n the
Madras Presidency  The ongmal work was also built with too shart a floor,
subsequently lengthened to 1its present dimensions This shows that these
worhs were designed haphazard 1n fact, 4s far as 1s hnown rules for
gudance 1n design based on defimte principles are now set out for the first
time

The princrple of length of percolation influencing design 1s not the author s
mvenfion but 1ts practical application has never hitherto been rendered
available by, the promulgation of formulas suitable to the varying conditions
met with mn practice

The Colerun Weir has lately been entirely rebumilt in rear of the present
site, and 1s changed to an open regulator with 23 feet spans and roller
counterbalanced gates operated by gear the present floor forming part of
the new work It 1s behieved that the head of water has also been con-
siderably increased A photograph of the piers and gates 1s given n - The

Fic 7 —Colerun Werr  Discharge 253 000 second fect  Tength 2 926 feet

Imgation Works of India  (Buckley) which 1s decidedly useful but a
working drawing 1f even a rough dragram, would be much more so

(85) The next three examples will be of another type designated type
B In these wers there 15 no durect vertical drop the fore apron not bemng
horizontal but sloping down from the crest to the L W L or to a little belovws
1t, the talus beyond being ether also on a flat slope or else horizontal

In the modern examples of this type which will first be examined the
height of the permanent masonry weir wall 1s greatly reduced with the
object of offering as little obstruction as possible to the passage of flood
water

The canal summut level 1s attamned by means of deep crest shutters In
the Chenab Weir (Fig 8), the weir or rather crest wall 1s 7 feet * hugh above
LWL, while the shutters are 6 feet lngh 1t therefore holds up 13 feet of
water, much the same as was the case with Narora Weir

The object of adopting the sloping apron 1s hghtness and cheapness of
construction and reduction of hydrostatic upward pressure  The dis
advantage of this type lies 1n the contraction of the waterway below the
breast wall which causes the velocity of overfall to be continued well past
the crest  With a direct overfall on the other hand a depth of 7 feet for

* Increased to 11 5 feet 1n the year 1915 or to 17 5 feet up to top of shutters
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water to churm 1n would be av-ulable at this pornt , this checks the flow 1nd
the mncreased arer of the waterw1y rendered avulible must reduce the
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Disct arge (cire ) 600 000 to 700 000 secon | feet

Iength 4 ooo fiet

Figs 8 8a —Chenab Werr at Khanhy

veloaty  Tor this rercon lthough
the action on the apron 1s possibly
less that on the talus and rver bed
beyond must be graater i type B
than in the drop wall A type

(86) 1lus work, hke Narora
fuled for wnt * of sufficient effcctine
bise length and 1t consequently
forms 1 valuable object lesson

\s onginilly designed only a
short rear apron sloping down up
stream at 11n 3 of stone behind the
crest wall was provided  Thevalue
of I up to the ternunation of the
grouted pitchung was but 108 feet,
whereas 1t should have been ¢ X H,
or 15 ¥ 13 = 195 feet The
hydrauhe gradient 1s shown
Tig &, wasonly 1310 83} This
neglects the small vertical com
ponent at the breast wall  Inspiteof
this deficiency of cffective base width,
the floor did not give way for some
years until gradually incrersed prping
beneath the base caused its collapse

Owmg to the rused position of
the apron 1t 1s not subject to high
hydrostatic pressure At its com-
mencement 1t 1s Io feet below the
summit level and ¢ feet of water
actsat this enitical point , thisis met
by 4 fect of msonry insubmerged of
specific gravity 2, which almost
balances 1t Thus the apron did
not blow up, as was the case with
Narora, but collapsed

* Dut see Cditors Note (Q) atend of ths
Chapter —En

t Dut at the time of the aceident the water
Jevel up stream of wer was only 7 6o and
down strcam 7: wh ch indicates a head of
only 4 feet The water stoo! only 4 feet deeD
on weir crest too low a head to have caust

PIpIng  under a crest wall 8 feet decp and
under a masonry floor 4 feet thick and vo feet

The wall failed during construct on anl agam i the year
following completion  See Editor s Notes at end of th s Chapter —Fp



CHAPTER VI —WEIRS ON SAND FOUNDATIONS 163

(87) Some eplanation of the graphical pressure diagram Fig 8a 1s
required, as it offers some peculianties differing from the last exariples
The full head, or H, 1s 13 feet Owing however, to the raised and sloping
position of the apron, the base line of the pressure area Wil not be hon-
zontal, comnading with the LW L, but will be an inclined hne—irom the
commencement a as far as the point , where the sloping base comncides with
LWL, from b onward, the base will be horizontal With a sloping apron
the pressure 15 pretty well umiform, so that the water pressure area 1s not
wedge-shaped but approsimates to a rectangle , the apron therefore 1s also
properly rectangular 1n profile, whereas mn the overfall type the profile 1,
or should be, that of a truncated wedge

(88) After the failure of this work, the Testoration was on very similar
lines to that at Narora  An imperious rear apron 70 feet long was con-

Peshawur

ALEXANDRA
88 06 E

Fic 8b —Sketch Plan of hhank: Head Works

structed of puddle covered with concrete slabs, grouted mn the jomts, a
rear curtain consisting of a Line of rectangular undersunk blocks 20 feet deep
was provided These additions reduce the gradient 1 n 16 A site plan of
the weir1s given in Ing 8b

(89) The Jhelum Weir (Iigs g and ga) 1s another example of type B
In this case the hy draulic gradient 1s now ¥ 1n 22, affording large superfluity
of stability  If all the lines of curtam walls were abolished and one Ime of

%2
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sheet piling below the breast wall of 2 depth of 15 feet substituted, the
hy drauhe gradient would be reduced to a more reasonable ratio of 1 1 16
The value of L, or distance of
toe of talus from the crest wall,
measures 135 * feet  According to
formula (1) ¢ = 15, H® = 6, and
g =135 It should be therefore

6 /
xoxxsx'\/;-;x\ 1715_—_:60

feet, which 1s not 1 very close cor-
o respondence A site plan of the
head works 1s ginen 1 g gb
which 1s most nstructive

"

I

24

Totat Base Length 221

LWt Lenet

4
I
t
—- ]

02

(40} Another instance of the
same type 1s that of the Jammo
Werr (Mg 10)  The head here 1s
7 feet, requining a base length, or
value of 4, of 7 X 15 = 105 fect,
it 1s actually 167 feet, excluding
the wooden sheet piling 1n the
rear Tius givesa gradient of 1 1n
24, which 1s 1n excess of require
ments The dingram in Fig 102
shows the effectine floor weight at
the cnticl pomnt of the apron,
which 1s here beyond the second
mnset, to be 6 feet, being 3 feet of
brickwork at specific gravity 2 n-
submerged The water pressure 1s
475 requinng one-third excess,
v1z,6% feet 1 rom the point where
the surface slope of the apron mnter-
sects the LWL, the whole floor
15 submerged and consequently /p
15 only 3 feet at which value it
remains until the fore curtamn 1s
reached If the tail water rose to
welr crest level and the shutters
were still up (a posstble contin-

Dhscharge oo ooe second feet

Rubble Hasanny
- = 200 0 = cmee —s
Length 4 000 feet

Fics 9 9a —Jhelum Weir

* This figure should be 165 mcluding 2
talus of stone 3o fect long at the tail end
And g should be 150 which makes the

caleulation 10 X 15 X 4/ X \/15_5‘3 =168

feet 1In the year 1918 the weir shutters
were dismantled and the masonry crest was built up to 7115 See also Editors Motes
at end of this Chapter —ED

—_—. s
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gency), the head acting below the apron would be 4 — 3} = § foot only
VWith the crest shutters down the depth d above crest would not exceed 2
feet

Matenal for loose stone filling was not obtamable 1t this site so that the

F16 9b —Head Works of Jhelum Canal

rear apron had also to be bumlt of brickwork and the talus constructed of
concrete blocks

The width of the masonry apron according to formula (1) should be

4:\/%a Here H* = H = 7 and W works out to 4 X I5 X 75 = 45 feet

Summ ¢ teve /s " 3
(mm

% t =
T 37 7T

F1os 10 10a—Jamrao Werr Length 1 250 feet

It 15 actually 70 feet The width of talus from crest wall (formula (4) )

T
should be 11c X \/170 X \/7;) — 43 feet 1t 15 actually 110 feet

(41) Another evample of the same type 1s furnished 1 Fig 11 of the
Adimapal Anicut - This work which 15 of an older pattern 1s not provided
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with the usual collapsible crest shutters  Under such conditions the In dro-
static stress on the underside of the 1pron has generally a greater effect

4
9

r

Length z 43 feet Daclarge 413 s00necon | { ot

e 11 —Ad mapali Wer Tennds R er

when the down stream water level 1s at crest level
than when the channel 1s empty although the
head 1s less  This 1s accounted for by the reduc
tion of effectne weight owing to submergence
The hydraulic gradient works out to 1 m 126 of
alf value onlv 1s accorded to the ercular well
curtuns  which are not perfectly  watertight
When the tail channel 1s empty the head () on
which the salue of ¢ must always be calculated
15 8% feet but s the root of the sloping 1pron 15
situated at 4 feet 1bove LW I the head acting
on the tase there 1s but 4 5 feet  This amount 1s
further dimimshed by the loss of head (¥) due to
percolation or by the length of creep up to this
pomnt divided by ¢ wiuch amounts to flv_.‘() =11
foot leaving a balince of 3 4 fect  The pressure 1s
met by the resistince of fp orby 45 X 2=¢
feet the difference being 9 — 3.4 = 56 fect 1n
favour of stability

This work 1s situated high up on the Penner
Ruver 1nd 1s subject to very heavy floods the umt
foot discharge of which amounts to 184 second
feet a quantits 2} tunes greater than that of the
Ganges at MNarora  These abnormal conditions
will necessarily affect the design in the increased
width of apron and talus

The wdth of the fore apron 1s 60 feet Accord
mg to formula (1) 1t comes to 45 feet This dis
crepancy 1s €asily accounted for by the abnormal
conditions presathng  With regard to the talus
formula (4) makes allowance for tugh umt flood
discharge  According to this formula tahing 10}
and not 10 as the multipher of ¢ par (?7) L =

55 s,
T0}c X \/?g x \/;—; = 180 feet 1t 15 actually
184 feet
(42) The previous examples of types 4 and B
have ali been cases where the weir has an appen
dage an impervious floor which 15 subject to

hydrostatic pressure  There 15 another very com
mon type which will be termed C 1n which there

1s no impervious floor and the matenal which composes the body of the
werr 15 not sohd masonry but a porous mass of loose stone filling the
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only impersious parts being vertical, not honzontal walls In spite of
this apparent contrariety 1t will be found that the same prmciple, viz,
that of length of enforced percolation, influences the design m this type
1n the same way as 11 the others we have been considening

Thg 12 represents a wall upholding water to 1its crest, and resting on a
previous substratum as sand, gravel, or boulders, or a muxture of all three

S mout Level A g

D TaiWster Level

. Sand

o
probae,

matenials  The hydraulic gradient 1s 4D the upward pressure area, ACD
and the base CD, 1s the line of percolation  Unless this base length s equal
to AC multiphied by the coefficient obtamed by expeniment, piping wall set
1n and the wall wall be undermined

Now, as shown m Fig 13, let a mass of loose stone be deposited below
the wall The weight of this stone will evadently have an appreciable effect
m checking the disintegration and removal of the sand foundation The
water wiil not have a free untrammelled egress at D, 1t will, on the con-

Sumem ¢ Lavel 8

=== Sl
il

Fic 13

trary, be compelled to rise 1n the interstices of the mass to a certan height,
I'L, which 1s determined by the extent of the obstruction caused to the
flow

The resulting hydrauh  will now be * AE, flatter than AD but still too
steep for permanency

(43) In I'ig 14 the wall 15 shown bached by a rear apron of loose stone
and the body etending to /. The water has now to filter through the rear

* It should be noted howeser that the author has assumed a much higher level of tail
water 1n Fig 13 thanin Tig 12 which matenally affects the companson —En

h. .
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apron underneath the wall and up through the stone filing tn the fore apron.
Durning this process a ccrtain amount of sand will be washed up mto the
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porous weir body, and the loose stone will sk, until
the combined stone and swnd forms a compact mass
offering an obstruction to the passage of the percolating
water much as, or more than ewsts in the sand itself,
and possessed of fir greater resisting power to disinte-
gration  Tlus will cause the level of water at L to nse
until equihibrium results  Where this 15 the case, the
hydraulic gradient 1s flattened out to some pomnt G near
1 If a sufficiently long body 1s provided the resulting
gradient will be equal to that found by espenment to
produce perminent cquilibnum  The mass after the
sinking process has finished, 15 then made good up to the
onginal profile, by fresh stone fillng  Near T, the toe of
the slope, the stone offers but little resistance either by its
werght or depth, so it 1s evident that the slope of the
prism should be flatter than that of the hydraulc
gradient

The same action tahes place with the rewr apron,
shich soon becomes silt-charged so as to be imperyious,
or nearly so, to the passage of water, but until st 15
deposited 1n the river bed behind, as will eventually occur
night up to creat level, the thin portion of the rear slope as
well as the similar portion of the fore slope near the toe
cannot be counted as cffectne  Consequently, of the
whole base length CF, roughly about one-quarter can be
deemed mefficient as regards length of percolation  As
the consolidated lower part of the body of the weir gamns
m consistency, 1t can well be subject to Iliydrostatic
pressure  Consequently the value of #p of the mass
should be 1 excess of that of (H — /), Just as was the
case with an impervious floor

(44) In Tug 15 a further development 1s effected by
the mtroduction of vertic1l body walls of masenry 1n the
pervious mass of the fore apron These impertious
obstructions materrally assist the stability of the founda-
tion, so much sc that the process of underscour and
settlement, which must precede the equilibrating of the
opposing forces 1 the purely loose stone mass, need not
occur at all, or nothing like to the swme extent If the
party walls are properly spaced, the surface slope can be
that of the hvdrulic gradient itself and thus ensure
equiltbrium  This 1s clenrly ilustrated n g 15 The

water passing underneath the wall base CD, will rise up to the Jevel F, the
pomnt E bemng somewhat higher, and stmilarly percolating under the other

-
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walls through the sand substratum, will fill up all the partitions with water,
The head AC will therefare be sphit up 1nto four steps

The value of the stanchness to percolation of the rear apron 1s so marked
that 1t should be rendered impervious by a thick underlayer of clay, and not
left to more or less imperfect surface silt stanching as has hitherto been the
case The speafic gravity of stone fillg with 50 per cent voidis about 13
When immersed, this will be reduced to 8, for the following reason the
specific gravity of the solid stone 1s 26, when mmmersed, 1 6 Divide this
by 2 as half 15 vord  the result 1s 8 In cases where 1t 1s conventent to
assume the full head acting on the whole work, the weight of matenal, plus
that of the water fillmg the interstices, will represent the actual overlving
weight  This can be considered as having a specific gravity of 8 + 5=13

1;:4{#:;1\ B rit
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Tic 15

Tlus happens to be 1dentical with that of the unsubmerged mass, which 1s
but a _omecidence.

(45) Fig 16 15 the section of the Okhla Weir over the Jumna River
situated eight miles below the hustoric city of Delln It 1s remarhable as bewng
the first rock fill weir not provided with any lines of curtamn walls projecting
below the base line, which adjunct had hutherto mvanably been adopted
The stabihity of 1ts sand foundation 15 consequently entirely dependent on
1ts weight and effective base length  As will be seen, the section 1s provided
with three body walls m addition to the breast wall The slope of the fore
apron 1s T 1n 20 I 1s believed that a slope of 1 1 15 would be equally
effective, a horizontal talus making up the continuation, as has been done
the Madaya Weir (Iig 22, post)

The head, when the shutters are up and the weir body empty of water,
a conditton that could hardly ewst, 15 13 feet This would require an effec-
tive base length, or/, of 195 feet , the actual1s 250 feet, but, as noticed pre-
viously, the end parts of the slopes cannot be included as effective, conse-
quently the hydraulic gradient will not be far off from 11n 15  The weight
of the stone, or #p, exactly balances this head at the begmning of the fore
apron, as 1t 1s 10 X I 3 = 13 feet If the water were at crest level and the
werr full of water, fp would = 8 feet, or, rather, 2 trflc less, owing to the
lower level of the crest of first body wall  This head of 13 feet 15 broken up
mto four steps, the first, 3 feet deep, acting on a part of the rear apron
together with 30 feet of the fore apron, say, 11 15, the rest are 1 1n 20
A slope of 1 1n 15 from the first party wall would cut the base at a pont 40
feet short of the toe Theoretically a fourth party wall 15 required at this
pomt, but practically the nprap below the third dwarf wall 1s so stanched
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i with stnd as not to afford a free egress for the percola-
B 'q} tion, consequently the hydraulic slope m1y be assumed
E‘ ! to continue on to its ntersection with the base  As
* 1

already noted, matenal would be saved 1n the section
by adopting a reliably stanch rear apron and reducing the
fore slope to I tn 15, with a honzontal continuation.

This type (C) 15 only economucal where stone 15 abun-
dant, 1t requures Iittle shalled labour, or masonry work
On the other hand the mnss of the matenal used 1s very
great, much greater, in fict, than s shown by the
section  This 15 owing to the comstant sinhing and
renewal of the talus, which goes on for many years after
the first construction of the weir,

The action of the flood on the talus 15 undoubtedly
accentuated by the contraction of the waterway due to
the Iugh slopmg apron  The flood
1elocty 20 feet below the crest of
Okhhh Werr Ins been gauged as
high as 18 feet per sccond

Length of Werr 7 438 fect

Norms] Be.
mal Bed Lever

(46) Another typical example
of thns class 1s the Dehn Wetr over
the Son Rner (Ig 17) The
value of 1, 1f the apices of the two
tringles of stone filling are de-
ducted and the curtun walls -
cluded, comes to about 12 H, 12
being the coefficient adopted for
this clss of sand

The curtun walls, each 12,500
feet long, must have been enor-
mously costly Trom the evpen-
ence of Okhla, a contemporary
work, on a much worse class of
sand curtamn protection 1s quite
unnecessary 1if sufficient horizon-
tal base width 1s provided The
head on this werr 15 10 fect and
the height of breast wall 8 feet,
#p 15 therefore, 13 X 8 = 104,
i which s sufficient, considenng

that the full head will not act
here The lines of curtains could
be safely dispensed with if the following alterations
were made (1) Rear apron to be reltbly stanched
m order to throw back the incidence of pressure and merease the effective
base length, (2) three more body walls to be introduced, slope I in Iz

Discharge (circ) 150 0oo second feet

Stuices 16 X 6 = g6
4
\

Discharge 830 000 second feet

=

ke - - ———40

Tic 16—Okhla Werr Jumna River Agra Canal
e ——

F16 37 —Dehns Werr S6n Ruver § Length, 12 500 fect

344 5 August 1917
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retamed but base to be dredged out towards apex to admrt of no thickness
under 5 feet Tius probably would not increase guantities except n

masonry above what they are now
and would entirely obviate nearly
5 miles of undersunk block curtamn
walls

(47) Figs 18 and 18a are of the
werr at Jobra over the Mahanadi
Ruver alsoin Bengal Thesite plan
1s g 18b  The head measured up
from normal bed level viz RL
5450 1s 13 feet 1dentically the
same as m Okhla Weirr  The total
base width 1s however 173 feet
to 250 feet of the latter This
great difference 1s due to the nature
of the sand in the river  The flood
40D 000

6 400

= 140 second feet The weir has
two lines of curtamn walls which
add 34 feet to whatever 1s the
effective base width  With ¢ — 12
the correct value of / will be 12 X
13 156 the actual 15 173 -+ 34
= 207 feet The base length 1s
therefore sufficient

discharge per foot run 1s

(48) Another example of a rock
fill crib werr designed by the author
for some mtermittent torrents with
deep sandy beds mn upper Burma
15 ginen 1n g 19 This type was
necessitated by the ex of
the situation nerther skilled labour
nor lime for mortar being avail
able and the time of construction
was hmited to a few months  The
object of the framing of posts and
laggmngs 1s to act as a support for
the coverning boards  These are
essential to prevent the stone fill
g which was not pached on the
surface from being washed out

7200

(18)

T
E

Length 6 400 feet D scharge goo ooo second fect

Jobra Werr Mahanad: Raver

Fics 18 18a

The foreslope 15 1 1 15 formed by steps of 1 foot at 15 foot intervals
An improvement would have been to haie carmed the longitudinal vertical
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planking at each step, nght down to the sand foundation instead of
stopping <hort, as was done  They would then act the same way as the
body walls shown m Tigs 15,16, etc, and be of great value in affording
stability to the sind foundation Lven without them these weirs answered
well, the scttlement not being great  Thus was due to the rapid silting up
of the river bed, the first freshet having piled sand up to crest level, thus
rendenng the wor watertight  One of these weirs, whose foreslope was
altered to I 1n 10, scttled considerably and required renewal of the sunh

Ny
&
e <
P

F1c 18b —Site Plan of Jobra Head Works,

stone-filling, which proved that the hydraulic gradient was too steep  The
body had to be lengthened 1n consequence A photograph of one of these
weurs 1s given i Chap VIII, Tig 27

(49) In Fig 20 1s an mmproved alternative section on the same lnes,
m which clay 1s used as a stratum below the stone-filling The base 15
therefore rendered 1mpervious, and the correct value of { can be estimated
with accuracy, and any subsequent settlement 15 rendered 1mpossible It
will probably also cost less The scantlings used are of the lightest posstble
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dimenstons, the laggings being 6 mches by 3 inches, the post 8 inches
diameter round hard wood, and the planks were only 1 mch thick , these were
spaced 6 inches apart and were screwed down with coach screws Heavy
scantlngs of light wood are unsmitable for crib work as they become buoyant
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when mmmersed, thus reducing the weight of the weir body, so as often to
require anchormg down, to prevent the whole being floated off

Rutble

!

Fic 21 —Damietta Subuidiary Weir (Egypt)

(50) Ig 21 1s 2 section of Damietta and Rosetta
subsidiary weirs across the Nile River below the Grand
Barrage Tig 21a1s a site plin

The profile of this work 1s of type C, but the method
of construction renders this work a most valuable object-
lesson  The work was carried out without any pump-
g, all matenal having been deposited in the water of

TG 27a —Site Plan of Damietta and Rosetta Weirs

the Nile River Tust the profile of the base was
dredged out, as shown in the section  Then the core
wll was constructed by first depositing loose stone 1n a
temporary box or enclosure secured by a few piles from
barges floated alongside  The whole was then grouted
with cement grout poured through pipes-let into the
mass On the completion of one section all the appur-
tenances were moved forward and another section built,
and so on until the whole wall was completed Clay

was deposited at the base of the core wall and the profile then made up by
Ioose stone-filling
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This system of subigueous construction proved
emmently satisfactory  Details of the construction
of these two weurs are to be found mn Sir Hanbury
Brown's “ Irngation "’ (Constable), a most valuable
addition to umgation hterature Notwithstanding
these excellent innovations i methods of rapid con-
struction, the profile of the weir itself 1s open tothe ob-
jection of bemng extravagantly bulky even for the type
adopted, the base having been dredged out so deep as
to greatly mcrease the mean depth of the stone filling

It 15 open to’question whether a row, or two rows
of concrete sheet piles would not have been just as
efficacious as the deep breast wall, and wounld cer-
tainly have been much less costlv The pure cement
grouting was naturally very expensive, but the ad-
muture of sand proved unsatisfactory, as the two
matenals of different specific gravity formed layers,
and so pure cement had perforcetobeused It may be
noted that the value of L here 1s much less than mndi-
cated by formula (4) At Narora Weir L 1s 11¢, or 165
feet long , here with a value of ¢ of 18, L 1s but 150 feet

=8}c  The values of H"are the same 1n both weirs

It 1s a great advantage when time 1s short to
have the mass of a large work Iike this constructed
by unshilled labour which can be crowded into the
worb, collection of stone having been made a year
previous  The provision of mortar and the building
of concrete or masonry by shilled labour also involves
a great deal of arrangement and supervision which
1s avorded when loose rock construction 1s adopted
A site plan 1s given m Fig 218

(51) The section of the recently constructed
Madaya Weir mn Burma s shown m Fig 22 On
account of the exceptional heavy umt flood dis
charge, the conditions are quite abnormal so that
although the material of the bed of the rniver 1s a
shingle and coarse sand with value of ¢ of about 10,
yet the width of the talus exceeds even that of Okhla

In the Madaya Weir the rear apron has been pro-
perly designed of mmpervious clay puddle, well pro-
tected on the surface and at 1ts junction with the
crest wall [lis weir 1s only 200 feet long

3068

3080

River bed

28490

I
-ttt

50

T

7
[

1y
EL

!
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F1c 22 —Madaya Werr (Burma)

(52) As an instructive example of what can be accomplished with simple
clay filling n the body of a weir, with a mere covenng of bricks laid on edge,

the Sidna1 Wer section (Fig 23) 1s herewith given



176 DLSIGN OI IRRIGATION WORKS

The werr 1s founded partly on deep sand and partly on clay  The profile,
where on clay, 15 similr to the figure but with the base cut off at the top
of the piles  Clay 15 heavier than stone filing having a specific gravity of
18 to2 agamnst 13 of the stone (with 50 per cent voids), consequently 1f
its protection can be ensured 1t 15 a valuable matersal, having further the

Y v (S B s {18

Former R ver Bank

RiL 46300
Saad

1 tasso mc&
R LT T 2T,
RN
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phidrg ¥ ST LT

fendlen

48340__ F ond Above
— 46100

4625 Fivod Delo o

o TR R the L e5600 Nt ges
Sand . 50

wwneu)
T16 23 —Sidnai Canal Needle Weir Sutley River Length 32 x 20 = 640"
advantage of bemng 1mpervious It 1s considered that 1ts use should not be
confined to the rear apron of weirs but be also employed below rock filling,

or concrete blocks or rubble masonry mn the fore apron  There 15 no reason
why this should not be done

(53) In Fig 24 1s an example of a 2¢ feet high overfall weir of type A
on boulders and gravel It 1s of the Granite Reef diversion werr, Salt Ruver
project, of which the Roosevelt Dam 1s the mam feature The profile,
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The estimated length of creep or ¢

which has stood the test of actual trial, 1s extremely valuable as an object
Jesson wherefrom a reliable value for the coeffictent ¢ for nver beds formed of

boulders and gravel can be deduced.
™
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amounts to 84 feet which when divided by the head
of 2o feet the quotient c1s 42 The peculianty of
the section consists 1n the flosr bemng almost entirely
relicved of hydrostatic pressure by spaces having
been purposely left between the 10 feet square con-
crete blocks which form the surfacing of the floor

This arrangement, by shortenmng the base length,
effects considerible reduction m the pressure aren of
the drop wall  Such a device, however, would not
e practicable when pure sand forms the foundation,
as 1t would metitably be blown up through the inter-
stices nd washed away, causing the floor o collapse

The fore curtamn 1s also merced by vents with the
evident object of reducing the hydrostatic pressure
below the weir by llowing the percolting water a
free passage This idea 1s purely chimenical  the
only possible effect of the vents will be to nullify the

utthity of the fore curtain as providing an additional

length of creep  In the diagram the outlet not being
quute free 1 reduced pressure of 1d feet 1s alloved

to exist at the commencement of the floor tipenng

to uil at 1ts extremty

D scharge 1 00 000 second feet

v

Length 7 734 fect

(54) In Iig 25 while retamnng the general cha
ractenistics of the orginal profile the follow ing modi-
fications 1re suggested —

An 1mpert Jous rear 1pron and the floor widened
considerably  The head of water acting on the bach
of the wewr wall 1s reduced from 2o to 16 feet 7 the
section can therefore be reduced The hydraulic
gradient provided 1s 1 1n 6, the previous one of I 1
4 not betng deemed flat enough  The floor covering
slabs have been mereased in thichness from 1} to
2% feet, the previous thickness not providing suffi
cient weight as they are practically submerged and
Jose weight from displicement  As thus altered
the work will not cost more and be very muth
more stable The weir 15 1000 feet long The
section over roch 1s gnen m Fig 3r par (58),
Chap II

e 50— 30 0 e — J20—

T16 26 —Dauleshwiram Ame ¢ Golwen River

e o — —— === /50 O

(55) A section of the Grand Anicut * at Daulesh-
wiram over the Godavers Rever 15 given m I'ig 26

This work 15 remarkable as diffenng from the ordipary amcut type
i many respects 1t was constructed some time m the forties of the

* For map see Editor s Notes at end of Chap XI—Ep
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nineteenth century, and 1t was decmed desirable, 1n the case of an overfall,
to resolve the current i a honizontal direction

This werr consists of two breast walls founded on rows of circular g inch
thick wells, sunk 6 feet n the sand and filled with rubble stone  These
breast walls are 36 feet apart and are connected by a wide horizontal crest
and curved apron, boinging the level down to 8 feet below crest wnd to
2 feet above that of the normal rmver bed Beyond this masonry apron 1s
pached pitchung, 30 feet 1n length where a shallow masonry wall finishes
the made apron  The talus of more or less hazard stone pitchung extends for
another 150 feet  The apron and honizontal crest are founded on sand filling,
a system at once economtcrl, and with this description of coarse sand
quite safe  This making up by sand filing 15 quite a commeon practice 1n
Madras worhs which might well be followed with advantage in many cases
where rubble filling has been resorted to

The width of the weir 15 217 feet, which 15 exceptionally great, being only
exceeded by the 250 feet of the Okhla Weir, which work, however, 1s founded
on sand of a very nferior description to that 1n the Godaver: River, and by
the Madaya Weir 235 feet The crest of this weir 1s 1T feet above normal
bed level

(56) The Sangam Amcut (g 27) 15 2 work on the same river as the
Adimapali but lower down the strexm, the whole discharge 15 greater, but
the umit discharge 15 less being 147 to 184 of the latter (vide Table I,
par (z7) ) Itsfore apron which 1s imperiious, 1s 6o feet long

(67) The Beswada Anicut, Figs 28 28a, and 28b, at the head of the
Kistna River canal system which was constructed 1854-55, 15 a notable

F16 28b —Beswada Amcut  Site Plan

worh  The nver at the site of the work had actually a flood velocity of 10
second feet The wetr obstructs half the flood water section

In the list given 1n Table I, par (27), the umt discharge exceeds that of
any other work, excepting the Madaya and the Pennér at Vellore

A row of circular wells of the usual Madras type forms the foundation of
the breast wall Where the bed was deep m the cold weather channel 1t was
first filled up with sand above L W L, and the wells were then built on this
bank and undersunk in the dry the current having been diverted elsewhere
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The remaming part of the low
channel was then filled up with N
stone  This is explained m Figs 1
28 and 28a
In the case of the Mahanad:
River Weir, at Jobra, a different
procedure was adopted, as 1s shown
m Fig 182 \Where the deep bed
.exsted 1t was filled up to above
LWL with stone, the hine of
blocks being entirely omitted at a
part where, apparently, thev are
most wanted The breast wall was
then built on the rubble mass

45

LWL is10
g
[

.,.--,.._
g

d

n
Fi i tin

(58) The late General Rundall
deserves the gratitude of posterity
for having had the foresight to con-
ceive, and the boldness to execute
a large loose rock weir without
any foundations below the bed of
the niver At the time Okhla
Werr was under construction, most
engineers, as the author well recol-
lects, prophesied 1ts utter falure
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T1c z9 -Laguna Weir Colorado Rner
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T1c 30 —Alternative Section
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(59) The Laguna Werr (Fig 29)
has the distinction of beng the
only werr of type C 1n America
It 1s consequently termed the
“Indian’ werr

The Colorado River has all the
attributes of one of the deltaic
rivers ol India, the mam difference
lying mats low flood level and com- ||
paratnely small discharge, which o
~dwindles down to a very small g =)
amount 1 the dry season it

T'rom the description of the
sand, the coefficient will be at least
15* The werr 15 4,500 feet long,
as measured on the plan, and the
depth of afflux 1s 5 feet The
crest of this werr 1s placed at high flood level, consequently 1t blocks the
whole of the water section, a procedure which 1s gmite umque

The umt discharge 1s from 35 to 40 second-feet only, the overfall being

* Practical analysis of samples seems desirable —Ep
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free  No crest shutters are used, and the rear
apron 1s not stanched with a clay layer. The object
of crest shutters 1s to reduce the obstruction to
floods, and comsequently the scouning action of the
overfall

(60) The breast and body walls are carried nght
down to the deep bed level, and the former his
sheet piling below that agun .

The body walls are not considercd to be suffi-
ctently near to each other to be properly effective
These suggested improvements are embodied n
the alternatine profile shown m g 30  The
wooden sheeting 15 retained below the breast wall,
but solely with the object of blocking the deep
channel, which dunng construction should be
diwverted through the sluice channel

If this 1s done there 15 no reason whatever why
the deep channel should not be filled up with
nothing but sand, the latter being hept 1n place by
2 heap of rubble deposited above and below 1t *

Sand filling 1s commenly practised i Madras
wetrs and 1s effective, provided there 1s no current
which will work 1t away, or 1ts removal by scour 1s
otherwise prevented

The plan of these head worhs s given n Fig 13,
Chap VII, par (28)

(1) Fig 31 1s a section of the Srivakantham
Amcut over the Tampraparm River  As thewr
unpronounceable nimes suggest, these works are
situated 1n the Madras Presidency  Although the
section seems nsignificant, its length 1s a quarter
of a mile, and the flood water of the nver 1s 15
feet deep, the umt discharge 1s but go second-feet

This work 1s practically founded on hard clay
The sand being quite shallow, the curtams fore and
aft of the floor penctrate into the clay substratum
The work 15, therefore, free from hydrostatic pres-
sure. Ifit were not for this the length of the floor
would be qute inadequate

(62) Fig 32 1s the Pelandorai Amcut, likewise a Madras work The
head 1s g feet, consequently a base length or a value / of 108 feet 15 required

* But 1if this rubble up stream were scoured away as occurred at Narora and at Khank:
and not replaced the work would come to grief in the same way as happened at these places
See Editor s Notes at end of this Chapter —Ep
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(the coefficient being 12) ~ The actual value 15 about half this, proving that
the work, hike the previous one, 1s founded on clay.

Pelandorsi An cut

2L 140
I Flood 137 30
Sreps
P20
&>
°
st
¢ oo OV TR ol _£Lns0

v — PN

TiG 3. —Pelandorat Amcut  Length 860 feet Discharge 850 oo second feet

Tor falls on clay or rock the length of floor or apron should = 3H, or, 1f
there are shutters, 3H® The niprap or pitching beyond should, 1t 1s con
sidered, extend at least as far agamn

(63) We have hitherto dealt with the section of the wer 1tself, but canal
head works comprise, mn addition to the weir itself the followmg distinct
items which may be enumerated as —

First  The weir across the river
Second The weir-scouring sluices or under-sluices
Third  The canal head or intake

*  With regard to the position of the wen relative to the river, the first
point to be determined, 1 deciding on the position of a canal take-off from
a river, 15 the most suitable stte for the purpose

The following remarks excerpted from Mr Buckley s valuable work
The Irngation Works of India  will explamn the pomts to which attention
must be directed in forming an opmton on this matter —

The selection of the site of the head works 1s often a matter of con-
siderable difficulty  One of the most essential ponts to be first considered
1s the nature of the sit carried by the niver whether 1t 1s fertihsing or the
reverse what proportion of 1t 1s desirable to carry down the canal and
whether the soil 1n which the canal 1s to be cut can stand the veloctty which
can carry the silt  When the slope of the canal 1s determined an idea can
be formed from the levels of the country at what point the water can be
delivered on the surface of the ground and the area under command of
different sites for the head works can be nscertained The approximate
length and depth of cutting of the unprofitable portion of the canal which
hes between the head works and the first pont of irngation can also be
roughly worked out, and 1t 1s necessary to do this as the cost of this portion

. may often be very great  The herght of the wewr above the bed of the mver
should next be determmed  Thus will depend on the depth of water required
i the canal and the level of the canal bed with reference to 1t Then the
effect produced by weirs of various heights on the flood level of the nver
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should be worked out, the maximum flood discharge must be ascertamned
from gauge readings, from cross sections of the channel and hnown surface
slopes, and from these data the afflux, or height by which the flood level
will be increased by the obstruction caused by the weir, can be calculated
This pomt 15 of great importance, as upon 1t depends the necessity for
constructing embankments to control the niver above the wer, so as to
prevent inundation and the possibility of the river outflanhing the weir
The most smtable position as a rule for a weir and head worhs of a canal 1s
on a portion of the river where the channel 1s straght, the 1elocity umiform,
and the sectionnl area of the stream fairly constant A narrow gorge of a
rver appears to have the advantage of cheapness, but 1t may prove the
most expensive owing to the greater velocity and depth of the current
necessitating a heavier section than usual A particularly wide reach of 2
mver has, on the other hand, the disadvantage that the average veloaty
being decreased the deposit of silt and sand 1s encouraged, and the bed of
the river above the weir 1s Iikely to become so rased that difficulty will be
experienced 1n heeptng a channel open to the take-off of the canal ~ Another
pomnt of importance 1s to select a site as near as possible to a stone quarty,
so as to dimimsh the lead of building maternals **

(64) Where the nver 1s of abnormal width, consisting of wides and banks
overflowed 1n flood time only, the channel can be narrowed with advantage,
care being tahen not to reduce the length of the weir below that of the
average width of the river at sites where high frable banks occur.

This reduction 1 width will generally take place on one side only, V17,
on the opposite bank to where the canal off-take 1s situated  Thus 15 effected,
by the construction of a T head composed of carth or even sand of consider-
able dimenstons and pitched with stone, an example of this 1s grven 1 the
plan of the head works of the Sidnar Canal, 1n which the T head 1s shown
(tide Tig 23)  Up stream, tramng banhs or spurs will also be necessary as
a support, as mspection of Figs 8b and gb will show

(65) A dufficulty expertenced with weirs over v ery wide, sandy river beds
15 the formation of 1slands of sand in the bed above the werr  These 1slands
get soon overgrown with weeds, and 1if not removed form a serious menace
to the safety of the weir by causing cross currents which, if they run parallel
to the work, may undermme 1t The best preventive of this danger 15 the
adoption of collapsible 1ron shutters fixed on the crest of the weir * The
supports consist of ron rods hinged to the crest of the weir The leakage
through them 1s insigmificant  The weir then need not be built as high as
would have been necessary prior to the introduction of shutters, and so doesnot
offer near so much obstruction to the water section of the river when mn flood

In the older works, such as the Okhla, Narora, and Dehr: Weirs, the depth
of the crest shutters did not exceed 3feet In more recent works, and alse
since fitted to older weirs, much deeper shutters are used In the Rupar
and Chenab weirs 6 feet deep shutters are used, as also on the Betwa and
Dhukwa weirs

* But see Lditor s Note on Weir Shutters (PP ) at end of this Chapter —ED
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LpIToR 5 NOTES

(M) The Lessons of the Narora W ewr —The author performed a useful
service by systemising n graphic formula a theory of design based on
certamn prnciples which had for some time presiously recewved considerable
recognition n North India The very neatness of his process however
shows the difficulty of accounting for the accident to the Narora Weir in
March 1898 by the hypothests of hydrostatic uphft or ~blowup It
may be well therefore to lay
befare the reader evidence offi
cially recorded which has not
hitherto been adequately pub
lished

In the winter of 1875-76 the
foundations of the Narora Werr
were laid and built up to about
floor level and the summer floods
of 1876 were allowed to pass over
the same The foundation of
the crest wall consisted of a line
of masonry walls sunk to RL
565 or 10 feet below floor level
After the flood season 1t was

found that where this line crossed
<R CANGES o the deep channel of the nver

(M2 n Stream) (point marked X 1 Fig 33) the
{_—\,_\__\/ masonry had subsided owing to
—0 underscour {(see g 34) At this
> pomnt the bed of the deep stream
= was normally at about RL 565

but the scour of 1876 went down

N to RL 559 or deeper The
worh should have been made
especially strong at a weak pomt
~ like this by sinkmg the founda
tions deeper or by throwing
abundance of loose stone rem
forced by sheet piling into the
| deep channel up stream but
nothing of the sort was done

The only safeguard adopted was

,_.J.L the laying of an apron of puddled
Tt6 33 —Narora We r1n October 1876 clay covered by 1 3 foot depth

of loose blocks of kankar * along

the whole length of the weir up stream of 1t Nothing specral was done
to strengthen the deep stream section and this neglect appears to have
been mamly the cause of the accident twenty years later  The clay
and hanhar apron was effective so long as it was kept 1n good repair and
mamtenance but even this duty was neglected Construction was
completed 1n 1878 and n the Completion Report of 189> the work was

*Ia kar Asoft hydraul c 1 mestone
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depicted as m TNig 35 (but, of course, without the stand-pipes, ’, ") The
dwarf-wall, shown in dotted lines, forming a cistern or water-cushion below
the drop, was not bwlt. Tig 33a shows that the niver, in 1878, approached
the weir obhiquely from the left, a fact which imphed diagonal scour towards
the Werr Sluices and Canal Head at the night flank

. In 1895, the engmeer 1n charge of the weir set his heart on sluicing away
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Fic 33a —The Ganges 10 1878 at Narora

the large sand bank, or 1sland, above the right-centre of the work (see Figs 33,
333), by mampulating the shutters on the crest of the weir duning the flood
season He succeeded only too well, and built groynes C, F (Figs 36, 36a) pro-
Jecting from the werr 600 feet up stream, by way of protecting 1t from parallel
scour In 1895 a scour 35 feet deep was sounded within 40 feet of weir crest
1n the flood season (Fig 37), and, mn 1897,

o= similar scour was observed about 150 feet

from crest Throughout the floods of 1895

e 32 96 97, the local engmeer kept shutters erect

567 on a length of about 800 feet on the leit

S 555 flanh, with a view to scouring away the
e tsland on right-centre, but in place of

Fie 34 that sland a new one formed on’ the left

flank, 1n front of the obstruction A cur-

Tent was set up on the left flank which scoured the tail of the whole weir
from left to nght, and to check this the engmeer proposed, m 1897, to
build out another groyne D down stream of C (Fig 36)  He described 1t
as ‘ a rush of water parallel with werr, causing 1t to scour deeper year by
year The bed of the channel 1s now 4 feet below the kankar talus ' Colonel
Corbett, the Chief Engineer, Irrigation Works United Provinces, expressed
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some alarm at these activities of the engineers at Narora, but left his remarhs
‘ subject to criticism by the local officers, who watch the floods and are
best 1n a positton to judge " It 1s curtous that neither he nor the local
engineers, seem to have realised that the ditersion of rsver currents, by mampu-
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lation of the wewr shutters, might sweep away the clay and kankar apron of the
werr, at the same time that 1t scoured auay the sandbanks that rested thereon !
Dunng the low-water season, from November to March, nothing was done
towards repamring or strengtheming this apron, or towards ascertamning
whether any repairs were necessary  When the weir collapsed on March zgth,
1898, 1t was found that the whole of the apron in this locality had been swept
away, leaving hardly a vestige of the clay-puddle underlying the kankar , and
then the engineers puzzled over speculations about ** blow-up ” and** piping,”
mstead of assigning a more prosatc and simple explanation to the accident
In 1896, 1n consequence of repeated subsidences of the Khank: weir on
the river Chenab, Colonel Chibborn experimented at Roorkee on the pres-
sures and velocities of water percolating through pipes filled with sand, and
his experiments were widely discussed n India in 1897  Apropos of this
discusston, Mr J S Beresford, officiating Inspector-General of Irrigation
in India, in March, 1898, caused two vertica! holes to be bored through
the floor of the Narora Werr at the point marked 1V in Figs 33 36, and
stand-pipes fixed 1 them, as shown m Tig 335, by way of ascertamng
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the hydrostatic pressures under the floor This work was completed on
March 26th, 1898, when the pipe @’ showed a pressure-level of 578 03, or
6 feet above floor surface, and 11 feet above floor bottom The floor con-
sisted of a 4-foot thickness of concrete and brickwork, weighing 112 lbs per
cubic foot when dry, or, say, 135 lbs (x12 X I 2) per cubic foot when
saturated with water, and 1 foot thickness of Delhi ashlar, weighing 160 1bs
per cubic foot, dry  Total weight of floor per square foot = (135 X 4) +
160 = 700 Ibs  The force of hydrostatic upliit at pipe a' would be 11 X
62 4 = 686 lbs per square foot of floor, so that the floor was sufficiently
heavy to be stable through gravity alone Besides which there was its
strength of resistance to shear, or to bending transversely There was
nothing 1n these data to account for the accident to the werr at the pomnt X
which occurred three days later when the crest-wall of the weir subsided
through a length of nearly 400 feet, and the surface ashlar of the floor had
been forced up to a maximum height of 2} feet, tearing up with 1t one
course of the brickworh beneath 1t (Fig 37a) This sketch was drawn
by the Superintending Engineer, who was on the spot at the time of the
accident, and the arrows mdicate his conception of how the damage was
caused He wrote I noticed a strong spring playing like a fountaw
close to the wall, throwmng up sand and water, and very strong springs, like
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geysers bubbling up through the grouted pitching (down stream of the deep
wells)  Floor had been uplhited to a mastmum height of 2 23 feet and was
standing arch like  The only row of stones not uplifted (in fact 1t had sunk
with the werr wall} was that at the toe of the wall and was thus held down
by it Down stream of the floor a large hole about 8 feet deep had been
scoured mn the bottom of which was lying the debris of the grouted pitching
and to left of this the grouted pitching near floor was tilted up on edge

A honzontal crach was visible nght through the wall at a distance of 6 feet
below crest and } inch wide There was no vertical crach anywhere  The
man cause of the disaster was undoubtedly the absence of a good puddle
and Lankar apron upstream of weir and nsuffictent length of oniginal apron
I think 1t most lihely that the pressure of the water wis divided imto two
portions one which went under floor and came out between the deep walls
and blew up and scoured out the talus the other commng up along the

Fic 372

smooth jomt of the up stream bloch and then runming horizontally between
stone and brickwork hfted 1t up 1n part along with the stone
It seems to me that the stone floor and one layer of brichwork were
uphfted by the force of the water acting in a reflex direction bachward
before the talus (grouted pitching) was hited
The following difficulties he 1n the way of acceptance of these sur
mises (@) If piping had occurred as shetched by his arrows the down
stream Ime of wells should have subsided but they didnt (5) The
grouted pitching  shown as concrete 1 foot thick resting on stone rip
rap 1n the plan of 1892 (Fig 35) can hardly have been heavy enough to
offer greater resistance to hydraulic uphift than the ashlar and brick masonry
of the floor
Colonel Corbett wrote :n May 1898  The flooring blew up as described
by the Supermtending Ingineer  LCxcavation down to R L 573 at injured
portion of the weir has revealed no trace of the layer of clay puddle and
kunkar miprap 30 feet wide up strexm of the weir To the want of an
efficient apron up stream the failure of the weirr must n my opmion be
chiefly attributed It 1s impossible to be certain of what occurred but the
following seems most likely The scouring out of the up stream clay apron,
and the retrogression of levels amounting to from 2 to 3 feet down stream
of the weir led to 7n wmncreased upward hydraulic pressure on the floor and
grouted pitching  This latter was hited bodily and 1 portion blown out
through the hole thus formed a considerable +olume of water found 1ts way
carrymmg sand A cavity thus formed under floor and crest wall  the latter
subsided and carried with 1t the adjoming portion of the floor Owing to
the subsidence a horizontal crach formed in the floor between the stone and
brichwork  Viater under a head of 12 or 14 feet found its way through the
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crach, chiefly along the vertical jomt between the concrete and the up stream
hne of walls, and lifted the stones bodily ~ The stone floor was thus blown
up carrying with 1t, 1n some places, the upper layer of brickwork  There 1s
a shight vertical crack through the concrete, parallel to, and about 25 feet
from, the crest , otherwise this portion of the work has not been njured ”

The difficulties m the way of Colonel Corbett’s explanation are  (a) If
piping had occurred under the deep wells, they would huve subsided,
(b) 1f there was retrogression of levels down stream, ¢ ¢, sinhage of bed
and water levels, thit would imply a decrease, not an Increase, of
hydraulic uphit against floor and pitching, {c) 1n any case, ““ ptping " 15
the antithesis of * blow-up’ , piping would have reliered uplft pressure ,
both could not occur together, (d) As regirds “* blow-up,” if tius had
occurred, the whole floor, 5 feet thick, would have gone up, not the ashlar
course and upper brickwork only, (¢) as regards * blow-up,” 1f 1t occurred
1t would have been most violent at the up stream end of the floor where the
water-pressure level was highest, whereas the ashlar was lifted hghest at
the down stream end of the floor where the buoyant force was wethest

Mr N T Machenzie was one of the enginecrs employed on the repairs
to the Narora Weir and his opinton of the affair 15 quoted, in Wegmann's
well known treatise as follows —

The author s opinton 15 that the floor was first undermined by * piping.”
the concrete or perhaps concrete and masonry, settled away from the
ashlar leaving a honzontal joint into which the water found 1ts way, and
this probably occurred when the up stream and down stream water was at
about the same level  To resist a head of 11 feet of water, when ponded up,
there was only 1 foot of ashlar left, and 1t accordingly blew up  The talus
stones were aiso undermimed and shaken, and were then nipped up by rush
of water through the rent 1n the floor, and were not blown up by hydrostatic
pressure  When the floor first settled 1t would probably crack at the toe
of the crest-wall thus accounting for the strong spring at that pomt  The
sand blowing 1n the talus 15 also accounted for by piping, as the removal of
tmost of the foundation sand under the floor means that there was httle
friction to reduce the velocity due to the head The theory of piping and
settlement 1s quite as consistent with the facts as the blow up theory, and
for this reason the local engineers are by no means posttive as to the cause
of the accident

At the Simla Engmeening Conference of 1913, Mr C H Hutton, Chref
Engmeer Irngation Works, Umted Provinces, read a paper on tius subject
He mentioned that since the accident of 1898, pressure pipes had been
nserted for observation 1 the Narora Werr, not only at site IV, but also
at ¥ and Z (Figs 33 36a), and not only m the floor, but also tn the up stream
apromn, and down stream of the lower curtan  Curiously enough, however,
no sumilar action was taken at or near X, the site of the damage of 1876 and
of 1898, and of the crossing of the former deep channel of the rver Mr
Hutton exhibited the results of the observations of pressure levels and
mferred that they agreed generally with the * hydrauhc gradient * theory,
as adopted in Blighs construction, except that the path of percolation
seemed to follow the lne of least resistance,’ instead of the lne of
creep " In other words, according to him, 1 the case of a horizontal floor,
held n by two lines of sheet piling, the percolation, mstead of creeping down
one side and up the other of the up stream piling then along the floor, and
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then down and up along the down stream piling, would pass direct from
the toe of the up stream piling to that of the down strcam piling

He noticed, however, that the pressure pipes at IV, on March 26th, 1898,
when there was (apparently) no up stream apron existing, showed pressures
27 feet lugher than those indicated by the hine of hydraulic gradient, as
drawn, either by Bligh’s process, or otherwise It 15 possible that at 1" on
that date the up stream apron, 30 feet long, may have existed, but neither
Hutton nor any other tommentator with knowledge of the conditions at
Narora has even hinted at such a possibility -There was nothing mn the
evidence of pressure data produced by Hutton that could support the theory
that the damage to the weir tn 1898 was caused by hydrostatic uphft

In g 38 the section of the Narora Weir 1s drawn to an exaggerated
svertical scale to show the hydrostatic levels 1n the pressure pipes passing
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through the floor on three dates viz , on 26th March 1898, three days before
the accident, and on the 11th and 23rd October, 189g, after the damage had
been repaired  On the first and last dates the water surface level of the
rtver, down stream of the weir, was at about 572, but on the 11th October
1t was nearly 3 feet hugher  On the first two dates the river s water surface
up stream of the weir was approxmmately the same vz, 584 2 or 584, but
the 3-foot rise of water level, down stream, on the 1xth October had the
effect of raising the water levels n the pressure pipes by about half that
height, viz, 1 5 feet It 1s noteworthy that the difference of water-level m
the two pressure pipes (which were 2o feet apart) on all three dates a3 eraged
about o 7 foot, indicating a hydraulic gradient through the subsoil of about
1129

To sum up the case, we mwite the reader to bear m mnd that the damage
to the werr in 1876, and 1n 1898, occurred at the same place viz, where the
welr crossed the quondam deep channel of the river  Well foundations are
supposed to rely largely for stability on frictional resistance of soil, but the
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wells of the crest-wall were not *“ sunk ” 1n the sol, they were merely built
up “1n the air,” resting on the bottom of the deep channel, at RL 565
The floor, with bottom at R L 567, must have been laid on artificial sand-
Jfilling, which was hable to subside, ;m any case The niver bed, 1 1876,
was scoured down to at least RL 559, and probably much lower, and
sand from under the floor and wall must have shpped mto the scour, leaving
cavities belind for which no remedy was adopted, beyond the laying of an
apron of clay and kankar, 30 feet wide, up stream -

In 1895 the local engineer began manipulating the weir-shutters as a
means of scouring away the up stream slands, and cidentally scoured away
the up stream apron  Hutton has recorded that a scour 35 feet deep was
measured within 40 feet of the wewr crest Experience in pumping out
foundations 1 sandy soil have shown that, below spring level, saturated
sand will flow towards the sumph along gradients as flat as 1 1n 3, or even
flatter, and a glance at F1g 37 will probably satisfy the reader that sand
from under the floor, at R L 567, would readily flow nto the scour bottom
at RL 535 or thereabouts On the subsidence of the floods the scoured
hale would partially fill up by deposits from the falling flood , but cavities
would probably remain under floor and drop-wall Hutton mentioned that,
after the accident of March, 1898, a “ hole 8 feet deep’ (RL 5597?) was
found near the toe of the foundation of the crest wall (see vertical arrow-
head nIg 37) It s possible that this cavity my have existed ever since
the accident of 1876 for both Corbett and Hutton have recorded that
probungs made throughout the werr floor 1n 1898 showed no cavilies except in
the tictnty of the subsidence @ e, at the site of the crossing of the quondam
deep channel of the nver Early i 1897 the central divide groyne”
at C was built, and dunng the flood season of that year the local engineet
reported that It was brought into severe action duning the process of
erosion of the remains of the old 1sland A strong current, parallel with
weir and about 150 feet from 1t set up after the erosion of the 1sland and
scoured holes 30 feet deep  After the flood season, during the winter of
1897-98, nothing was done to repasr the up stream apron, or even o ascertain
whether 1t still existed  The weir wall and floor were very probably lymng,
as beams across cavities 1f we may judge from the honzontal crack m the
former, 6 feet above floor level, after the accident, and from the horizontal
shear of the ashlar course—the compression flange of the floor slab  The
wall and floor were supported by hydrostatic buoyancy unatl the end of
March, 1898, when the water levels had sunk too low for adequate support
The work faled nof from hydrostatic uplift, but from the very opposile cause,
the withdrawal of hydrostatic support

So, also, the grouted pitching  below the down stream curtain, fadled
from subsidence, not from blow-up’ , for the local engineer had reported
a constderable rush of water along the tail of the werr, which had scoured
the bed to a depth of 4 feet below the hankar talus (say, RL 562) After
the accident of 1898 the authorities acted in panic, and laid a new apron of
clay and hankar, extending 8o feet up stream of the weir, with sheet piling
to box 1t m throughout the length of the work It would have sufficed
merely to repatr, or replace, the old 30 foot apron, and to concentrate on
strengthening the 400 foot length of weir at the deep channel crossmng, for
nowhere else had the work shown any weakness

Clay puddle was unnecessary, 1ts adoption bemg based on 1deas of
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percolation piping and uphft  The Okhla Weir across the River Jumna
had shown that loose stone thrown into the niver bed proved adequately

staunch with ons
In short ongmal
design and he weir

shutters and o

The authors graphic delineatton of hydraulic gradients 1s based
on the assumption that the extension of the clay and hanhar apron to a
distance of 80 feet up stream of the werr with a curtain of sheet ptling was
precisely what the case required  But the weir never exhibited any weak
ness so long as a 30 foot apron without sheet piling existed so that the
foundation of the formula’ making ¢ = 15 1 par {(g) scems questionable
If ¢ depends on the coarseness or fineness of the sand in any particular
locality 1t 15 obviously deswrable that samples of sand taken from the
Ganges at \arora from the Chenab at khanki from the deltas of the Madras
rvers and from the Mle in Egypt should be analysel and compared
tnter se on some umform system

(N) The Rhanki Werr Par (35) —The weir across the River Chenab at
hhanki as ongmally constructed consisted of a brick masonry wall 8 feet
thick and 8 feet deep and about 4 ooo feet long butlt across the river with
a masonry pavement 4 feet deep sloping downwards at 1 1n 15 1n the down
stream direction from 1t to a distance of 58 feet Further down stream the
slope of 1 1n 15 was continued for a distance of 44 feet down to elevation 715
by a layer of stone riprap 4 feet deep held m at tail by two lines of boulder
filled crates and beyond that was a talus of concrete blocks succeeded by
loose stone  Up stream of the masonry crest wall 8 feet x 8 feet there was
an apron of loose stone sloping down at 1 1n 3 upstreamwards

On the left flank of the wetr and n hne with 1t were 1ts sluices having
tuelve vents each 2o feet wide with floor at elevation 715 And adjormng
the sluices and up stream of 1t on the left bank of the nver was the Head
Regulator of the Chenab Canal The wetr was dwided nto eight bays
each about 500 feet wide by masonry piers carrymg a wire ropeway for
transit of passengers across theriver  Bay No 1ofthe weir onts left flank
was bwilt across what had been one of the main channels of the niver known
as the Palkhu channel and Bays Nos 5 and 6 similarly crossed what had
formerly been the main western channel The «erwr should hare been bult
of special strength where 1t crossed these channels but just as in the case
of the Narora Werr ths was not done and just as wn that case falures of
the structure occurred at these sites  The top of the main wall of the werr
was laid at elevation 722 » 2 level which was 1ctually about 2 feet lower
than the mean bed level of the waterway of the nver even after 1t had been
contracted 1n width to about 4 250 feet by the weir and 1ts slmces  The
worh was begun m 18go and completed early in 189> but even during its
construction the main wall in Bay No 1 crached and subsided when 1t had
been built up 4 feet only  This damage was not duly reported but it was
discovered during the repurs to the dimage of January 1895

On the crest of the weir were fixed 1ron shutters 3 feet wide and 6 feet
high lunged to the crest which could be erected to raise the water surface
of the river i order to feed the canal or laid flat to piss floods without
obstruction

In July 1893 occurred the second lughest flood that has ever been

™ o
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recorded at this place  The flood formed * standing waves " on the down
stream pavement of the weir, and tested 1t severely  The up stream apron
was scoured away, the crest wall was underscoured, and about 55 feet of
its length 1n Bay No 5 collapsed It 1s undisputed that this failure was due
to erosion by the niver currents solely

In January, 1895, the crest-wall m Bay No 1, over a length of 250 feet
subsided, the sinhage amounting to 6 7 feet where deepest The engmeer
1 charge reported on January 6th  * The river was held up on evemng of
5th up to 726 and thirty-four shutters of Bay No 1 were dropped with a
view to washing off 2 hugh silt deposit from the hole in the werr talus which
had to be filled with rubble During the mght the weir crest subsided, and
with 1t the up stream reverse slope, but the down stream slope suffered m
less degree "’

The executive engineer surmused that the subsidence was due to ** piping ”
under the structure, but the Chief Engineer (Sir Thomas Higham) did not
accept this view, on the ground that * piping ” needed an outlet, which was
not visible i this case and also on the ground that in case of pipmg the
damage down stream would have been greater than that up stream The
Chief Engineer recogmsed that the w eir had been underscoured by the surface
floods of the niver and also that the damage might have been due to the
rush of water through the gap where thirty-four shutters had been dropped,
but he came to no final conclusion on the subject

Whilst this damage was bemg repawred, a flood, occurring on
February 2nd swept away the protective embankments, and damaged the
works agamn

In the course of repamng the damage the loose stone apron, sloped at
1 11 3 up stream of the weir, was replaced by another 4 feet thick, extending
72 feet up stream and protected by sheet piing 17 feet deep, down to
elevation 70x .

On October 26th, 1893, the crest wall in Bay No 1 agamn subsided over
a length of 124 feet, just to the night of the preceding failure During the
flood season, August 1895 some of the piles of the up stream apron were
seen to float up and away, imdicating erosion to a depth of 21 feet below
crest of weirr  Soundings 70 feet up stream of the crest showed that the end
wall had sunk xo feet 1n two places  The Chief Engineer vemarked that the
set of the current had been very wviolent here, removing all loose stone up
stream of the sheet prling

When the subsidence occurred in October, crachs appeared n the
masonry pavement down stream of crest, and springs bubbled up below the
wall 6o feet down stream of crest, where also some subsidence took place
Sir Thomas Higham remarked  ‘ There 1s no doubt that, whatever the
cause, the weir was then undermined 1n Bay No 1’ By way of preparation
for repairs the shutters were erected on the crest, and an earthen embank-
ment was thrown up down stream of the damaged bay, so as to form a still-
water pool over the damaged masonry This dund was completed on
November 28th and ponded up water to elevation 720 6 down stream of the
crest, up stream of which the water level was 7210 Under these conditions
2 more sertous substdence of the weir crest (maximum 3 2 feet) occurred the
same day, over a length of 164 feet, the masonry pavement down stream
to a distance of 40 feet, also cracking badly The plan and sections of the
damage occurring m 1895 are shown m Figs 30a, b, ¢
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Fig. 39b shows, to an exaggerated vertical scale, the conditions prevailing

m 1895. The water-level up stream 1 October was 724-9, and down stream
720-2. Head of pressure 4-7 feet Under this head springs bubbled up
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below the wall 6o feet from the shutter-line to a height of 721, as shown by
an arron-head  The path of percolation-flow, by Bligh's process, would be
84 feet, and the hydraulic gradent 1 m 18, which, according to him, would
mply stability Lvidently, therefore, 1t was not a case of “ piping ** due
to excess of gradient through sand  There must have been cavities, open

0z
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been sufficient to underscour the crest m so short a time
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under the masonry, due to the foun-
dation sand shpping mto the deep
scours up stream of the weir
The reader will bear in mind that

these accidents to the Khankt Weir
occurred only at the weak pomts,
where 1t crossed former deep channels
of the niver, n Bays Nos 1 and 5
The weir was a sumple masonry wall,
laid across the river, with bottom at
R 1L 714,0r 1 foot lower than what
was then supposed to be the bed
level of the deep stream  Actually,
afterwards, the bed was scoured to a
depth of R L 701, or lower, since the
sheet-piles were uprooted from that
depth  Down stream of the crest
the structure was fairly well pro
tected by a glacts of masonry 4 feet
thick and 58 feet long, with another
54 feet length of stone niprap, 4 feet
thick, beyond that, but up stream
of the crest there was, n January,
1895, only a talus of loose stone
extending 24 feet or so The scour
would thus be 714 — 701 = 13 feet
below foundation of weir crest, and
the subsail (which, under the pave-
ment, at least, must have been art1
ficial sand filling at from R L 718 to
714) mught easily shp down into the
hole at a slope of 11 3 That this
did, 1n fact, occur 1s apparent from
the records The subsidence was
greater m the up stream than m the
down stream direction  Higham
wrote, as regards the theory of
“piping” * Ex hypothes: the wall
could not have sunk till sand below
had found an outlet, and scour and
settlement must have occurred at
the down stream not the up stream
end DBut there 15 no trace of any
such outlet The dropping of
34 shutters, with a head of 4 feet,
no doubt caused a rush towards
the werr, but 1t 15 hardly possible
to suppose that ths would have
The cause

of this subsidence must, therefore, remain an open question till more hgh't’
1s thrown upon 1t *  We suggest that the explanation 1s that the * outlet
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p scour up stream of it. We
downstreamwards could not,

to the subsoil sand of the weir lay in the deey
have remarked that the hydraulic gradient
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either in  January or m October, 1893, account for  piping” towards
an outlet i that direction The further damage, which occurred n
November, 1895, could not possibly be attributed to piping, since the
difference of water level (721 — 7206 = 04 foot) up stream and down
stream of the weir was tnsigmficant. Nor could 1t be imputed to *“ blow-up *
We submut to the reader, therefore, that the damage mn all the cases cited
above was due solely to up stream erosion undermining a work and estab-
hishing cavihes under 1f n places where the masonry was founded upon
artificially filled sand Faulty manipulation of the shutters, practised with
a view to scouring away sandbanks, must also bear a share of the blame for
the acaidents

(O) The Jhelum Werr at Rasul (par (39) )}

Tig 40 shows a section through the weir across the River Jhelum at
Rasul It 1s similar to Fig ¢, but shows the hydraulic conditions under 2
water-level of only 707 4 up stream The vertical scale has been exag-
gerated to double the honizontal scale for the sake of clearness In January,
1916, we bored holes through the pavement of the werr at five places along
a hne at nght angles to the crest-wall and found the subsoil water pressure
levels to be as shown mn the dagram

The hydraulic gradients thus ascertained are compared in T'ig 402 with
those given by our author's process  We infer that there may be animtialloss
of headmn entry 1nto thesoil (corresponding to that which we know occurs
at the entrance to pipes) which our author’s process does not take account of

In the case of the Narora Weir, just before the aceident of March, 1898,
the pressure pipe o' (see Figs 35, 37) show a loss of 6 feet of head, when
according to our author s process 1t should have been only 1 5 feet 1n the
absence of a 30 foot apron up stream, or 3 feet 1f such apron had eusted
One would expect the *10ss of head 1n entry * to the soil to vary with some
function of the head of pressure

(PP) Wewr Shutters (par (65)) —These are a device dating from the
“dull dark days of imigation canal science i India  The engineers had
no reliable mformation as to the maximum flood discharges of the rivers
across which they had to build their weurs, so they wisely designed thetr
masonry walls too low, by way of error 1 the direction of safety, and
supplemented them with 1ron shutters, hinged to crest, capable of holding up
the lower water levels of the river when erect, and of lying flat on crest

soastc ! trouble-
some tc . ge them
during Chenab

at Khank, or of the Jhelum at Rasul, there were about r 300 shutters, each
3 feet wide and 6 feet high, requining a force of thirty or forty men to mani-
pulate them The werr shutters have been partially or wholly responstble,
for most of the damages that have occurred to river weirs 1 North India
They have continued 1n use, although fifty years ago the Supermtending
Engmneer, Godavan Delta Canals, wrote as follows. 1 have disallowed
the so-called self-acting shutters These I consider utterly useless on our
canals, carrymg so much st m the ingating season It 1s certamn that
those we have are worse than useless, m theory nothing can be more per-
fect , 1n practice, nothmg less so ”

In the year 1918 the shutters on the Jhelum Weir at Rasul were dis-
mantled and the masonry weir built up 4 feet higher, without shutters
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WEIR SLUICES

(1) In all wewrs constructed across wide rivers having sandy beds, or
much silt m suspension, the provision of werr sluices 1s a necessity

The function of these works 1s two-fold  Fuirst, to tram the main stream
of the niver, the natural course of which 1s modified by the weir, past the
canal head, which 1s located adjacent to the weir sluices, and to retamn 1t m
this position, otherwise in a wide river the low water channel might take
a course distant from the canal head, leavingthelattershoaledup Secondly,
to keep the river bed 1n front of the canal head scoured down to the level of
the floor of the shmces  For this purpose 1t 1s necessary that the weir should
obstruct the flow of the nver sufficiently to mamntam an afflux that will
ensure the mecessary scour throughout the season when the current 1s
heavily silt laden

(2) The cill or floor of the weir sluces 1s laid generally at the deepest
bed level of the niver, or as near that level as convenient

(3) The ventage provided has, in the past, i 1mportant Indian works,
been usually fixed arbitranly, without calculation of functional discharge
capacity It need not be wider than may be sufficient to pass twice the full
capacity of off-taking canals under a moderate afflux, say 2 feet In one
case, that of the Laguna Weir, Fig 13a (posf), where the river low supply 1s
deficient, the weir sluices are designed to take the whole ordinary discharge
of the nver excepting high floods  This 15 wath the object of mamtamning
a wide, deep channel which may be drawn upon as a reservorr  In such a
case the weir sluices form a *“ barrage " of the Nile pattern across the normal
flow of the river, whilst the weir 1tself becomes merely a spillway for surplus
floods

(4) The efficiency of weir sluices m the prevention of silt deposit 1n the
neighbouring canal head might be said to be mefiective without the co-
operation of the latter work  Of late years 1t has become recognised that
the cill of the canal head, or intake, must be located several feet higher than
that of the weir slurces, and that 1t must be supplemented with a movable
cill, formed of gates shding 1n vertical grooves behind 1t and capable of
nising or falling par: passu with the water surface levels of the niver, so as
to skim off always * top water ' contanng as little heavy silt as possible

Another common feature 15 the provision of a ‘ divide groyne ’, that
15, a stone-faced partition embanhment running out up stream, as a continua-
tion of that abutment of the weir sluices which adjomns the werratself Thys
feature was originally designed as part of the system of silt-control practised

193
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at the Rupar Head Works of the Sithind Canal = Where that system 1s not
practised the only function of the divide groyne 15 to discourage currents
from flowing parallel to the weir, and close to1t, towards the sluces ; as such
currents are Lable to undermine the werr  For this purpose of weir pro-
tection the divide groyne need not be more than, say, 200 feet long

(5) As the object of a weir slice 1s to pass water at a lugh velocity, n
order to scour out deposit for some distance up stream of the work, 1t 15
evident that the openings should be wide, with as few obstructions as possible
1 the way of prers, and should be open at the surface, the arches and plat-
form being built clear of the flood level Further, in order to take full
advantage of the scounng power of the current, which 15 at a maximum at
the shuce 1tself, dimnishing 1 velocity wath the distance up stream of the
work, 1t 15 advisable not only to place the canal head as close as possible
to the weir sluices, but to recess the head as little as practicable behind the
face hine of the abutment of the end sluice vent

In the examples of old Indian works, which will now be given, we shall
find that these conditions have often been violated, with great detnment to
efficiency This m part was unavoidable, as, prior to the introduction of
1ron drop gates fitted with ant1 friction rollers the opentngs of wetr sluices
and regulators generally had perforce to be designed of narrow width, m
order to admit of the gates bemng worked under a pressure of water Thus,
prior to the year 1873, the width of waterway n each opening was limited
105, 0r 6 or 7 feet only, but experience showed the necessity of increasing
width to 20 or 25 feet Many old works have been remodelled on this
principle, and within recent years the mvention of * Stoney ™ live-roller
gearing to gates has shown spans of from 40 to 82 feet to be economucally
advantageous

(6) With regard to water pressure, werr sluices perform a 76le 1dentical
with that of niver regulators or, as they are also termed, open dams or
barrages  The gates are closed partially, or wholly, as a rule only 1n order
to dam up the water to a certain level, sufficient to force supply down the
adjacent canal head In the Rupar system of silt-control the sluice-gates
are closed completely 1n order to create a still pond wheremn the current may
drop 1ts heavier silt before 1t enters the canal When the silt so deposited
has nisen to a level withmn 5 or 6 feet of that of canal head aill, the canal
has to be closed, and the weir sluices opened, 1n order to scour away the
accumulated sand

‘When the niver nises above canal full supply level, the gates can be hited
clear of the flood to afford a free passage to the current, but the Rupar
system does not allow this

Canal head regulators or intakes on the other hand, have occasion to be
entirely closed dunng the highest floods w the river, consequently the
regulation they have to perform 1s entire, not partial, so that these works
may be subjected to a much greater statical stress than werr sluices

Some examples of works with critical and emendatory remarhs will now
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be given, as by this method the principles governing
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(7) Fig 115 a representation of the Dauleshwiram weir sluices * of the
werr of that name on the Godaver: River m the Madras Presidency

Ths old work consists of fifteen vents of 5} feet width, which are arched
over above canal supply level, presenting a level platform 19 feet high above-
all  The openings are completely closed by wooden draw gates 1n grooves,
reaching above the spring line, while the arch segments are closed by narrow
panel walls which are supported on wooden beams  The upper gates rest on
another lime of wooden cills, agamnst which the top side of the lower gates
bears The maximum flood hine 1s 25} feet above the sluice cills, and so the
whole work 1s submerged during high floods, a depth of 6} feet passing
unobstructed over the platform

The RL of the cill 1s - - ~ - 2800
., of the all of head regulator — - 3200
» . of the crest of the anicut - ~ 3800

Full supply levelin canal - - - ~ 4o25

Level of submerged platform - - - 4700

Level of masvimum flood -~ - - - 5325

On the occasion of floods the gates are erther suspended at the top of
the grooves 1n which position they wall still somew hat obstruct the waterway
through the sluice openings, or else are taken out bodily and removed

(8) The next plan to be exarmned 1s that of Fig 3, of the Sangam Werr
sluices on the Penner River, Madras Presidency This 1s a much more
modern worh than that at Dauleshwiram, having been constructed mn
1870-80

As will be seen by reference to the plan, the design consists of a senes of
small vents 6 feet wide and 5 feet ugh, which are topped by a heavy breast
wall carried up to above flood level, which barrer effectually prevents any
passage of water except through the sluice \ents

The design, 1if remodelled nowadays would be somewhat sumilar m
appearance to Fig 1o, or 5 or to the Assiiit Regulator, or Rupar Werr sluices,
viz a simple bridge of a few large spans of 15 feet or 20 feet or more, with
arches and platform above MF L

A noticeable pecultanty i Fig 3 1s the roadway provided behind the
breast wall, which 15 carrted by a separate set of arches springing from every
alternate pier, which pier 1s Jengthened to receive them This roadway
slopes down to the anicut crest, and 1s probably used for cart traffic

The defences of the floor agamnst erosion or upward statical pressure are
very constderable There are triple lines of mterlacing curtain wells, one
at erther end of the masonry apron and the third at the termmation of a
length of very deep rubble pitching One minor pomt deserves mention,
and that 15 the dispositron of the dwarf partition wall dividing the weir
sluice floor from that of the weiritself This wall 1s given an outward trend,

* These were dismantled m the year 1910 and replaced by new sluices having 10 vents
each of 20 feet built on more modern lines —ED
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so 1t encroaches on the weir apron and talus  Thus cannot be considered a
good arrangement, the partihon wall should be perfectly straight and
normal to the weir crest If widening of the enit waterway 1s deemed re-
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qustte this should be effected on the
opposite side by throwwng the flank
wall mmwards

(8) The maximum honzontal stress
on the superstructure of a partal
regulator may possibly be n excess of
what 15 produced by the maximum
statical head which means that a
greater effect can be produced by a less
head This 15 owmg to the influence
of the mcreased depth of the water
fore and aft of the work We have
already seen 1n Chaps II and VI that
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the same applies to wewrs particularly
when subject to flotation

(10) The Narora Weir sluices are
shown i Tig 4 These were bult
about 1875-78 and present a marked
advance on the last example The
vents are 7 25 feet wide m groups of
three spans separated by pters 7 25 feet
thick  The intermedrate piers are 2 75
feet thick or 375 nearly There are
two tiers of arches through both of
which an open sht 1s provided for the
passage of the draw gates The tra
velling winch runs on top the plat
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form, which 1s 28 feet above floor level, a height sufficient to allow the
gates, when raised up, to hang clear of the flood ne The lower tier of
vaulting forms a lower platform, 3 feet below high flood level, and the space
between the piers, which continues up to the upper tier, 1s open, allowing
the passage of water above the lower platform The upper parts of the piers
are pierced by wide openings at nght angles (vide g 4a) thus formng a
vaulted passage, which 15 of great convemence for the manipulation and
staching of the gates when drawn up

It 1s quite evident that this design could be greatly improved by sumplfi-
cation The spans should be widened, say to 27 25 feet, by knoching out
the mtermediate prers and leaving only the abutment piers

(11) The maximum statical head on the floor 15 13 feet the coefficient
¢ bemg 15 ! will equal ¢ X H, or 195 feet (zide Chap VI) Up to and
mclusive of the curtain wall 1t 15 180 feet and if the grouted rubble beyond
be esteemed as an impervious continuition the total value of I will be
mncreased to 280 feet The floor thickness of 5 feet as was also the case
with the weir apron (par (28), Chap VI)1s defictent * It should be by

formula (3) par (25) Chap VI =3 I: = e

Here /1, or the loss of head due
to percolation 1s %2 = 35feet (H — 1) then willbe (13 — 35, = ¢ 5 fect
The correct value of ¢ will then be 4 x 27; = 10 feet thus the floor 15 1n a

high state of tension being only half * as thick as it should be  The value
of L 1s 220 feet that 15 50 feet longer than that of the weir The correct
proportion will be determined later this proving a valuable gude (vide

par (13) (post) )

(12) The werr sluices of the Rupar Weir (T1g 5) on the Sutlej River
are at the head of the Sirhind Canal No doubt this design was the pre
cursor of the Asstut Regulators which are built on closely sumilar lines
The 1 ents are 2o feet wide bridge openings the arches springing at maxmmum
flood level The piers are 5% feet thick  the floor of the bridge 1s a sohd
mass, beng founded on clay or clay and boulders the thickness can thus
be reduced below what would be requisite on 1 sand foundation

The superstructure consists of a plitform carned by 2 tier of arches
springing at flood level and divided as usual into two parts by the sht for
the gates and grooves

The plans 1n Tig 5 show the work 1s 1t stood ongmally  The crest of
the werr has since been raised from 863 to 866 5 and provided with 6 feet
deep collapsible shutters capable of rusmg supply level from 866 5 to
8725

* Vet st has shown no weakness during the past fifty years We understapd that the
foundation sotl of these stuices 15 not pure sand It seems a p ty that stand pipes have not

‘been nserted sertically 1n this floor by way of revealng the hydrostatic pressure in the soi
under the floor —Ep
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The canal head cill has also been rused from 859 or 2 feet above weir
sluce floor to 866 or g feet aboveat, and all the small Jack arches and prers
shown 1n elevation have been cleared out leaving 2r foot openings The
werr shuce 1n elevation 1s shown m Fig 5a  The present werr sluice gates
now close to above the arch spring line so that the sluice head can be entirely
closed 1if necessary  The work 1s on a boulder bed with coefficient about 9
Fig 5c1s from a photograph of the work

* 255 -l VNG =
-~ o 3 * N
Dt Bl S oves el el

T16 5¢ —Weir Sluices of the Rupar We r at the Head of the Surbind Canal

(13) A section and part elevation of the Chenab Weir Shuices at Khank
are given 1n F1ig 6 These are very stmilar to the Rupar Weir sluices  The
depth upheld by the gates 15 1 foot less bemng 13 feet agamst x4 feet at
Rupar Here three roller gates are employed raised by a travelling winch
The outside arch which has so good an appearance 1s here replaced by wron
or steel girders which carry the outer rail of the traveller This work bemng
on a river bed whose sand * 15 of class 2 with coeffictent 15 we are able to
compnre 1t with the Narora Werr sluces  the umt flood discharge of the
Chenab Ruiver over the weir 15 however double that of Narorr  This latter
ttem mnfluences the value of L the width of the talus as has previously been
shownn par (27) Chap VI  Wherens the width of the floor apron 1s a func-
tion of the head both are influenced by the coefficient representing the

* We understand that ne ther the Khankt nor the Narora Werr Sluices have a sand
foundation —Ep
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nature of the bed, consequently the formulas applicable to weirs will only
require multiplying by some enlarging factor to render them suitable for the
welr sluices

If i formula (4), par (27) Chap VI, the multiplter of ¢ be increased from
10 to 15, the results will be as 1n the following comparative table

(L), or width of talus for weir sluices = 15¢ % X \/ % (1)

The following * 1s a companson between the values of L of Narora and
Khanki worked out by this formula with the actual dimensions —

Name c "t g Equation Amount |y Actudl
Narora 15 10 75 225 X I X I 225 216
Khanki 15 7 | 150 | 225 X /7 X V20 | 265 { 300

With regard to (I¥) the length of the apron or floor beyond the head
work, 1n both Narora and Khanht the length 15 given the same  This would
tally with formula (1), Chap VI , 1if 4¢ be increased to 7¢, the formula will

then become
H
= = 2
Wege /2 @
This for Narora and khanki works out to 105, H® bemng 13 1 either case

(14) The section m Fig 6 will now be examined as regards hydrostatic
pressure

First as regards length of percolation Here the value of [ should be
15 X 13 = 195 the same as at Narora, 1t actually measures 227 feet The
thickness of the floor at the critical pomt just beyond the head work 1s only
4 feet, according to formula (3) par (25) Chap VI, ¢works out to 7 5 feet
The floor 15, therefore, in high tension + This could be avoided by making it
thicker at the root, tapering to 4 feet at the end, which 1s the scientific profile
for all floors under dmminishing hydrostatic pressure  Further, a rear exten
stont of the floor up stream of the head work 1 the deep channel would be a
great mmprovement and should mvarably be adopted m all weir sluices
founded on sand  As we shall see, this precautionary measure has been
carried out 1n the case of the Jhelum Weir shuices (Fig 7), where however, 1t
15 not so much required

One peculiarity of this work 1s the slope given to the apron which drops
11 20 down to R L 710, which 15 5 feet below the level of the weir talus as
also that of the cill of the bridge floor This would appear to be a good
arrangement A long flank division wall separates as usual the weir sluice

* The discharge per foot run of watcrway through sluices 15 very difierent from that per
ouble  The masonry crest of Kbankt

and like Narora Sluices the Khanki
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way from the werr itself This also extends up
stream to beyond the canal intake, forming the
¢ divade wall mentioned as a desirable adjunct
m par (4) (vide Fig 8b, Chap VI)

The concrete blocks forming the talus are a
common feature m werr shuces of Punjab canals
They can easily be laid in water They are 4 feet
square and 2 thick, and consequently weigh 2
tons each  The concrete 1s not cement concrete
Portland cement bemng used very httle in India
on account of 1ts cost  besides excellent hydraulic
limestone 1s obtamable everywhere m Northern
India 1n a nodular form close to the surface
where 1t 15 quarned just as gravel would be

(15) The Jhelum Canal Weir sluices at Rasal
are illustrated m I1ig 7 *  The permanent weir
crestisat RL 7075 The value of H® 1s conse
quently 6 5 feet  According to formula (1), par
(z3) the value of L works out as follows 225
X V65 x \ 2 = 236 feet

The actual value 15 235 feet so that the theo-
retical value agrees closely with the actual ¥
the width of the masonry floor according to for

mula (2), par (13)=7¢ \/%= 105 X /\/%35:

g9 feet 1t 1s actually 108 feet Owing to the
provision of a rear apron the hydrostatic pres
sure at the critical pomnt 15 reduced from 11 5 to
35 feet for which the 5 foot thichness 1s more
than sufficient

This weir 18 provided with a long divide wall
up stream shown on the site plan Fig gb
Chap VI This wall runs parallel to the axis line
of the river and to the left flank retainmg wall

The down stream outer flank wall 15 normal
to the common aws of the weir and of the weir
sluices which are on one line

(16) We now come to a different type of weir
sluice from any of the foregoing which has only
been adopted m the Province of Behar The
goverming principle of this design 1s to afford a
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Ry

F16 7 —Jhelum Canal Weir Sluices at Rasat

* Fig 7isoutofdate The needles werescrapped twenty years ao and replaced by
gates m threc tiers shding in vertical grooves and these again were saperseded 11 the
year 1917 by Stoney pgates 14 feet ugh one to each vent of the slunes —ED

'
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Ttes 8 8a —Dehn Werr Sluices Son River Bengal

free passage of flood water between and over
pers, which are only of the necessary height for
regulation purposes and have no arched super-
structure whatever ~ The water 1s held up by
collapsible gates of large size, working between
the piers

The designers of these open shuce ways m
the year 1875 were evidently of opmion that 1t
was unnecessary to have the weir shuce floors
at a much af any, lower level than that of the
canal head regulator This has proved to
have' been a mustake It 1s absolutely neces
sary that the difference of floor level of these
two adjacent works should be considerable
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With the heavy dnift sand found m these nversa
cill several feet hugher would exclude such sand

(17) Fig 8 represents the Dehnt Weir sluices
on the Son River  This work conststs of twenty
openmngs 20} feet wide divided by piers 5
feet thick and 33 feet long These piers are
only 1o feet ligh  The openings are closed by
double collapsible wooden gates zo feet long
and 10 feet high  The second gate 1s for tem-
porary use, and 15 first raised by hand which
enables the real self faling gate to be hauled
upright by tackle, when the temporary first
gate 1s lowered out of the way

(18) The werr was provided with sixteen
central sluices of 20} feet width  The object
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m view was to prevent cross-currents and
to tramn another channel straight on to the —
weir  These expensive works, however,
have smce been built up

The block plan (Fig 8a) shows the
position of the canal head, which 1s re-
cessed much too far behind the werr shuce
abutment The abgnment of the dwarf
wall dividing the werr sluice and the weir
15 shown on the block plan

As regards the remodelling of the adja-
cent canal head, see next chapter

S0

/38

30

(20) The Assiit and Zifta works, to
which reference has more than once been
already made, are examples of partial
regulators

The plans of the former are given
Fig 10

The Assiiit Regulator was built across
the Nile to regulate the supply m the

30

and the outside difference of level to be
provided agamst 1s that between RL
48 40 and 4585, viz, 255 metres (nide
Fig 10) This 1s the head, on the extent
of which the design of the floor and also
the superstructure depends  The value of
I will then be (taking ¢ as 18) 18 x 255
= 4590 metres It measures actually,
40 metres honzontally together with ro
vertically, total 30 metres 1 the low
supply were all held up, the head would
be 47 metres, requinng 85 metres as
length of percolation

Firoop 74 @

Ibramuya Canal
This work will never be entirely closed, ~i P
‘%

3F venTI O S FT

(21) With regard to the superstructure,
the resultant lme of mivimum pressure
should pass through the outer boundary
of the middle third of the base of the prers
This test 1s best armived at by graphical
process and will be worked out for the
Ibramiya Regulator, and so need not be ez
repeated here  This determunes the re-
qusite base length of the piers

,
Secrion Turo UnoERSLUICTS BELOW Canne Hero 38 VENTS oF 5 Piers 4 Taicr

“CuRTRIN WELLS

T16 g —Jobra Weir Sluice  Mahanuddee Raver Bengal

CHRC WELLS unpER EREN RER
sa 25

57 25

Comra n v
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The spans are 5 metres t e, 16 feet, and the piers are 2 metres thick
a too high proportion of 45, every third pier 1s an abutment prer The
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general arr t closely r bles that of the Rupar Weir sluice head

but 15 even more smple The working platform 1s carned on arches
springing at high flood level These arches are divided at the grooves, the
open space bemng wider than usual A travelling winch straddles this
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openmng The draw gates are of steel, fitted with antr-friction rollers,
stanched by loose stanching rods as employed in Stoney’s patent gates
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Ties 11 11a 11b—Ibramiya Canal Head, Egypt
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(11}

Tor plans of gates grooves and travellng winch wtide Min Pro Inst
CLE Vol (VI
The foundations were onginally designed as rows of sunh blocks under
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each pier, connected by a concrete floor Owing to the successful intro-
duction of cast iron tongued and grooved piling, the use of blocks was
abandoned as being slow and expenstve, and rows of sheet piling each side
of the floor 25 feet deep were substituted, the depth of the floor bemng
mcreased to a umform thickness of 10 feet This depth 15 necessary to
properly distribute the weight of the superstructure to reduce the pressure
to I ton per square foot

(22) The detached masonry blocks shown m Iigs 10 and 10a are :
form of construction origmated n the Punjab  These blocks are made o
rubble masonry in cement mortar, and are laid m position when set, on the
wet sand or in Water by a heavy travelling crane  When t# stfu the mter-
stices are filled up with cement concrete 1t thus forms a solid mass of
heavy masonry This 1rrangement 1s admirably swted for a continuation
of the masonry floor of a regulator The advantage of the system lies i the
fact that the blochs can be deposited 1n water, the interstices likew1se being
filled up by depositing cement concrete 1n skips, or else the work can be
partially pumped dry to factlitate this operation  In the Punjab the blocks
are usually made with stone ballast 1 ordinary lime mortar, and the spaces
between blocks are left open, m order to permt free settlement

(28) The plans of the Ibramiya Canal Head are given m Fig 11

Thus work, although a canal head, 1s but a partial regulator, and 1s con-
sequently in a stmilar case to a river regulator or 2 werr sluice

The general arrangement of this work 1s identical wath that of the Assiiit
Barrage

The Ibramiya Canal Head 1s, however, subject to a greater head of water
than the latter work

The maximum head of water to which the floor 1s subjected 1s the
difference between low Nile level and the canal bed ¢ ¢, 47 75 — 44 50=3 25
metres, so that this floor 1s under greater statical pressure than the Nile
regulator  The superstructure 1s also subjected to 2 much greater pressure
than the Nile regulator, owing to the great depth of water on both sides
of the gates, which pressure 1s 2 maximum m Nile flood with full supply in
the canal

The lengths of the piers in either of the regulators are much the same,
the base being 13 50 metres m each case, the top width 1s somewhat less
m the Tbrarmiya work  The spans and thickness of the piers are the same
both cases, but the Ibramiya Canal Head has no abutment piers  The
masonry floor 1s made wider m the canal head, being 31 40 metres agamnst
26 50, a difference of 5 metres Tlus 1s owing to the greater head to which
1t 1s subjected  These two are models of good design ~

(24) The value of Z m this case should be 3 25 X 18 = 58 metres The
horizontal component 1s 45 metres , add the vertical of 10 metres, the sum 15
55 metres  If the floor thicknesses at each end be added m 1t would ncrease
the amount to 6I metres, so that in this stance the actual closely cor-
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responds with the calculated, forming a corroboration of the correctness of
the value assigned to ¢, viz 18 In these calculations the lower hine of
sheet piling has not been mcluded

(25) The previous examples are all of works founded on sand At the
heads of rrvers, before the stream has left the lnlly, rocky country near its

Werr Shuces Weir Shuces 8 Spans of 23 27
05N oy 00

L eadl )
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L272 22 o900

1962 00
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Ties 12 12a 12b —Western Jumna Canal We r and Werr Sluices

source and debouches into the plain the river bed 1s generally composed of
rock or boulders the Iatter being more or less mrxed with sand or shingle
It will be as well to give an example of a head work thus eircumstanced
Tigs 1z 12a 12b are reproductions of the record plans of the Jumna
Weir sluices at Tajawala at the head of the Last and \West Jumna Canals
Of these T'ig 1215 a longmitudinal section through part of the work
‘The eight spans of 23 feet 2 mches at the east end of the west sluices have
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been closed with a masonry wall up to weir crest level m order to reduce
waterway and to force the current towards the canal head at the west end
The afflux level 1s 17 feet above the floor of the weir sluices while full
supply level m the canal corresponds to the crest of the werr, and 1s 8 feet
above same level The actual statical head on the weir and werr sluice floor
15 1O feet

(26) In ths case, however, the boulder bed 1s capable of great resistance
to erosion, consequently the talus can be curtailed, at the same time,
owing to the great abundance of building matenal available at the actual
site, the cost of a boulder masonry floor will be comparatively so mexpen-
sive that the masonry apron can be carried wider than would otherwise be
advisable

{(27) A work bwilt on boulder formation cannot be considered free from
hydrostatic pressure below the floor The coefficient switable for boulder
beds varies from 5to 9 In this case the actual value of / 1s about go feet ,
this would make the coefficient 9, whichhasbeenadopted (par (9) Chap VI)
The floor 15 too thmn for the hydrostatic pressure * The value of (H — /) at
its commencement 15 6 5 feet, to meet this, the floor, half of which hes
below the L W L, has a mean specific gravity of 1 75, and 1s 33 feet thick,

tp 15 then 6 1, but 1t should be 4 x IG—SB = 5 feet thick

The canal head or mtake connected with the weir sluices 1s illustrated
m the next chapter Accordmg to formula (1), Chap VI, the least length of

2
apron of the weir should be 4¢ \/% H* m this case being 8 feet, W will

equal 25 feet  With regard to the werr sluces, by formula (), par (13) of this
chapter, T should have 2 mimmum value of 7¢ %) =42XgX 8=355

feet, which 1t actually measures

(28) In the United States a large pumber of canals have been constructed
n recent years, the head worhs of which display considerable mgenuity
general design , some are diversion weirs, as dealt with in the last chapter,
of low height, but the majonty are constructed over the rocky beds of
mountain torrents of considerable height, intended to form storage resers ors
sumlar in hnes to the Betwa, Periyar, and Assuan works

One example of low weir across a wide sandy niver has very simlar
conditions to Indian works This 1s the Yuma irmgation project about to
be undertaken, a description of which 1s given n * Irmgation Engmeenng,”
an excellent American work, from which the plans have been obtained

Tig 13 15 a cross section of the Colorado River From this 1t will be
seen that the general level of the nver bed 1s, roughly, about RL 1430,
the deepest part of the channel being about R L 13100 The weir crest

* Yetat has shown no weakness during the past fifty years —Ep
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has been fived at 10 feet above LWL ¢ at 15100 The design of the
weir 15 2 close copy of the Okhla (Indian) type  the section has been given
m g 29 Chap VI The level of the horizontal talus where the slope ends
1sRL 13800 1¢ 3 fect belon LW The sluce way floors on each side of
the werr are at the same level 2 e 13 feet below crest The werr 1s 4 500
feet long and the estimated maxumum flood of the river 15 198 oo cusecs
(second feet)

The arrangement of the rest of head works w1z the weir sluices and
canal head 15 so remarkable as to be deserving of considerable attention
The werr ends at both flanks on the existing rocky banks of the river

oL 4po (omal e

Ly foam 12

° . =3 oo 2o00 2400 3000 Jso0  deco T Gsto
T'16 13 —Sect on of Colorado River

Caral soq,

Em

116 132 laguna We r and Left Head Worhs

Beyond these and separated from the weir sluice way channels are cut in the
sohd rock on exther flank  These bemng quite independent of the wetr 1t 1s
evidently a convemence to fix the posttion of the werr sluice head below the
weir so that the junction of the scouring channel with the nver bed will take
place well clear of the latter work
Another peculinr arrangement 1s the alignment of the two canals which

mstead of being as 1s almost iy anably the case 1n Indian canals parallel to
the 1x1s of the werr until the river banhs are well cleared are 1ligned parallel
to the nver and at right angles to the weiwr vx1s This airingement 15 neces

itated by the level of the rocky ground wn the sicimty of the head works
The cannl head sents therefore which are situated just above the weir
sluices 1 the side of the stuice way chinnel discharge through the nght flank
of the canal ¢ at right 1ngles tots direction
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The slutce way floor 1s hept at a low relative level, viz, RL 138, or
g feet below the level of cill of the canal head, i order to form a silt settling
basin, to be periodically scoured out by raising the regulator gates i imita-
tion probably of the corresponding data of the Rupar Head Worbs of the
Suhind Canal (see Iig 1, Chap VIII)  The aill level of the canal head 1s
at RL 147 0o, thus a depth of no less than g feet of sand can accumu-
Tate m front of the canal head, and even more, 1f double draw gates were
adopted But esperience at Rupar has shown that as soon as the sand has
nisen to within 5 or 6 feet of cill level of canal head, 1t begins to pass over the
cill and into the canal When that happens the canal head 1s closed and
the weir sluices are opened for scour

At Laguna the water level above the weir, of the maximum flood, 1s at
RL 156000, or 18 feet above, the weir sluice sill at 138  The hugh flood
level at Rupar 1s 873, or 18 feet above floor of weir shuces, which 1s at 857
The maximum flood of the Colorade at Laguna 1s passed with an afflux of
5 feet That of the Sutley at Rupar has an afflux of z feet The Rupar
system of silt-control 1s open to the senious objection that 1t necessitates
pertodical closing of the cinal and consequent damage to agriculture It
35 mot practised anywhere in the Punjab, except at Rupar  Elsewhere the ™
rveris allowed toflow freely through the werr sluices, so as to heep the river
bed scoured deep 1n front of the canal head

(29) The Madhopur Werr sluices of the Bann Dob Canal, 2 print from a
photograph of wlich 15 grver as Fig 14, form an nstructive example of

FiG 14 —Werr Sloices Madhopur Dan Doab Canal Upstream  zo feet spans Double gates,

remodelling an old work on modern hines  The sluices ongmally consisted of |
@ series of 5 foot vents  These were demolished by floods and rebuilt & ith
tuelve vents, exch zo feet wide, with piers 5 feet thick betwcen vents, with
an arched bridgewny over all This type of sluices, 12 X 20 feet, his been
the model from which the subsequently buwilt sluices at Rupnr, Khanky,
etc, have been copied  The prer noses and the abutments are faced with
timber as a protection agiunst dimage by floating logs which, during floods,
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float down from the Himalayan forests in vast numbers The zo-foot vents
were supplied with double roller gates sumilar to those m the Chenab and
Rupar Weir sluices, but gates of the “ Stoney * pattern are now m use

The view shows the two large travelling winches used m lifting the
gates, standing on the tram line

(80) The thickness of the floor of a weir sluice head founded on sand 1s
subject to kmetie as well as to hydrostatic considerations, and with regard

k
— 11’ will apply, whereas

for the former, a heavy floor beng a desideratum, the following empincal
rule will be found 1 accordance with practice, viz —

t=’\/zzH.... . (3)

to the latter, formula (3) of Chap VI, viz =3

H being the statical head

(31) The term *“ Undersluice,” famihiar 1n Northern India, 15 1n reahty a
misnomer, as in modern weir designs, ‘“ undershuces, Iterally as such, do
not exist  Wer sluices, or weir scouring sluices, 1s a more correct nomen-
clature

In the United States, the term undersisice apphes only to weir or dam
body sluices—as those 1n the Assuan or Bhatgarh dams
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CANAL HEAD REGULATORS
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Fic 1 {dj—Head Regulator of the <irb nd Canal at Rupar

(1) Tue function of canal head regulators or intakes 15 to adjust the
admission of water into the canal from the river of supply, according to the
requirements of the canal

In almost all cases this regulation 18 entite not partial  thatis tosay on
the one hand the full supply level m the canal cannot be allowed to be
exceeded and on the other hand the head work should be capable of com
pletely shutting off all supply even durmg the highest floods 1n the river
Trom the above 1t will be evident that the pressure of the statical head of
water to be provided may be much hugher in this class of work than m weir
sluices while the dynammical forces which are such potent factors m the latter
are very much less 1n head regulators

(2) The following principles regulate the design of canal heads —
Tust  The width of the openings should be as large as 15 consistent with
e1sy manipulation of the driw gates
Secondly In order to prevent the entrance of sand nto the canal which
_ has caused much trouble nd immense annual expense m clearance the

220
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cill of themtahe must be raised several feet above that of the adjoining weir
slnices  This s arranged for by constructing a crest wall across the entrance
of the vents on top of which the lower gate rests or else by a still better
arrangement the lower gate can be passed down belind the breast wall
<o as to act as a cill over which the water may flow by this device only
surface water 1s tapped from the rrver At Rupar at the head of the
Sirhind Canal the deep channel m front of the canal head 1s allowed to silt up
and 1s then penodically scoured out by opening the gates of the weir shuices
but this practice has not been adopted at any other canal head in the
Punjab It mnvolves the closing of the canal from time to time and this 1s
prejudicial to agriculture

(8) The Sichmd Canal (Fig 1) was first opened for irngation m the year
1882 and soon after experienced severe silt troubles So much sand was
swept from the river mto the canal and deposited on the bed of the latter
as almost sufficed to put 1t out of action during the summer In the year
1891 about 36 000 000 cubic feet of sand were deposited m the first four
mules of the canal making a shoal averaging g feet deep whereas the designed
full water depth was only g 6 feet Various remedies were applied but the
one that proved successful was as follows The canal head was a bridgewa,
with thirteen spans of 21 feet divided by jack piers mto thirty nine bays
each five feet wide By knoching out the jack piers the waterway was
mcreased from 195 feet to 273 At the same time a masonry wall 7 feet
high was bult across the entrance to the vents Behind this was arranged
a movable cill gate 3 5 feet hugh so that the water could always be passed
into the canal over the masonry cill at elevation 866 or over the gate cill
at any level between 866 and 869 <o as to skim off top water as free
from sand as possible  the paved floor of the river bed mn front of canal head
and werr sluices bewng at 857 The masonry weir crest was rased from 865
to 866 5 and on this were erected hinged shutters 6 feet ugh reachmng up
to 8725 Whenever the canal was open the werr sluice gates were closed so
that the current dropped its sand m the pocket 1n front of them When
this shoal rose to within 5 or 6 feet of top of gate cill the canal was closed
and the weir sluices opened and the shoal was scoured away through
the latter

(4) The original design of the Chenab Canal Head at khanki 1s shown
Tig 2 Inthiscase also 1t was found necessary to knock out the jack piers
under the mamn arches so as to ncrease width of waterway from 6 5 < 3
X 12 == 234 feet to 24 5 X 12 — 294 feet and also to ruse the masonry cill
from elevation 717 to 721 or 6 feet above the floor of the werr slurces and to
furmsh 1t with 1 movable gate cill capable of nsing up to 72;  An additional
canal head was also built with twelve spans of -4 5 feet thereby increasing
the totl width of waterway to 441 feet  The Rupar system of st exclusion
was tried but it was found mapplicable to local conditions Sit trouble
persted and 1t was found neces.ry to build up the masonry crest of the
werr 4 feet hugher 1¢ upto7 65 with 6 foot hutters on top of that agan,
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and to furmish the canal head with a new movable cill capable of nsing up
to clevation 727 The 3 tier gates of the weir sluices were scrapped and

replaced by single gates with ¢ Stoney ” hve rollers
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Canal mntakes are generally built on a clay or loam foundation, so that
although subjected to a much greater hydrostatic pressure than is the
case with weir sluice floors the pressure generally stops short of the
beginning of the floor This 1s evidently the case here (Fig 2) The
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head 15 22 feet and with ¢ = 15 I will be 15 x 22 = 330 feet The actual
length of percolation provided 1s but g4 feet consequently the head work
must rest partly on a cliy substratum  In such cases the hy draulic gradient
will be horizontal and the pressure area a rectangle as there 1s no outlet for
percolation
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(6) The Son Canal Head at Dehn (Fig 3) 15 situated on a river which
CArries A Immense qua.ntxty of heavy sand 1n suspension
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Tic 4 —Sorface Supply Inlet Sén Canal

The head regulator was located at the
bottom of a deep quadrant bay, some distance
from the undersluices, and the pier noses are
recessed 30 feet belind the werr slmce land
abutment This 1s shown on the block plan,
Fig 8a, Chap VII

The cill of the canal head 1s flush with that
of thewerrstucce  This arrangement, as right
well be imagined, was not satisfactory, regarded
from the pont of view of silt exclusion Great
masses of sand were yearly washed wmto the
canals at both sides of the weir, necessitating
the mantenance of a fleet of steam dredgersm
the attempt to keep the canal openat all  This
nusance contmued for some five-and-twenty
years, until at last the Rupar methed of silt
control was adopted, viz, a raised call to the
intake, and the closure of the gates of thewr
weir slusce as much as possible, so as to allow
of still water mn the deep channel, whereby
deposit outside the canal head 1s encouraged

{8) The canal head waterway was increased
by construction of a supplementary head, to
be used only at times of high supply m the
niver 1 conjunction with the old head, a tem-
porary rawsed cill bemng formed in the latter by
keeping planks 1 the grooves below the gates
which are single and of antiquated pattern
Whenever the niver water level nises above
336 5 (3 foot above top of weir shutters), the
wooden cill of the canal head, composed of
kurnes, must never be lower than 3335 In
this wav only top water 1s tahen into the
canals, and when the niver rises above 3380
the canal heads are closed altogether

Tig 4 1s the section of the supplementary
surface supply mlet It consists of twenty
small openings roofed by slabs, outside which
are cast-tron inclmed frames, on the sloping
stdes of which *“hurnies” or flashboards are
placed up to any height which may be destred,
and at time of floods the vents are closed by

drop gates, and the regulating planks removed  The rawed cills or crests
of the two works are kept at the same level
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The photograph Fig 4a 1s derived with others by permussion trom  The
Irngation Works of India

(7) The head regulator of the Son Canal 1s of the so called U pattern
having a depressed arch springing at canal full supply level over which are two
spandrel walls the space between bemng filled up with rubble stone or concrete

This work 1s also partly 1f not wholly ona clay foundition  The prers
are much too thich being nearly 7S

(10) The N\aror1 Head Work (Fig g) was the first work supohed with
gates fitted with rollers or rather wheels the axles of wWhich work mn beanings
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There 1s no disadvantage mn this, particularly at this site, where the canal 1s
m rock cutting, a small extension of the floor and wings being all that can be
necessary It 1s suggested that this arrangement of double sluices, which,
as far as 15 known, has hitherto not been tried,* 1s worth of adoption 1n all
head works-where the river in flood 15 very deep and where silt deposit gives
trouble The silt 1n suspension could be allowed to accumulate mn front of
the head work to a considerable depth, and then by opeming the weir sluice
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gates 1t could be swept out, leaving a clear channel ready for the tume when
the water level has fallen, and supply 1s drawn from the lower gates
With the adoption of roller gates, the hfting apparatus can consist of a
travelling winch spanning the groove openings, the external arching being
provided for that purpose In the existing work, screw hiting gear 1s used,
and that of a prnmitive pattern, the female screw, held 1n collars, having the
motive power applied, while the male screw rod attached to the gate nses
% But sce Fig 13 par (15) Treble tiers of vents had already been apphed to the head

of the Trebent Canal 1n the vear 1901 Also to the head of the Upper Jhelum Canal at
Mangli1a 1908 Iig 11shows only two tiers of vents but Iig 11a shaws three tiers—
Ep
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through 1t These are worhed with great difficulty The absence of roller
attachment necessstates the use of screws to force the gates down agamst
the water pressure, whereas where rollers are provided the gates drop mnto
place of their own weight and only require gear for ratsing

(18) Tig 1z shows the Jamrao Canal Head off-taking from the River
Nara, an old channel of the Indus River

In this design the canal bed 1s at the same level as the floor of the weir
sluices  Across the head a breast wall 1s built 5 feet high  The canal full
supply 15 8 feet deep and the crest of the weir shutters 1s 10 feet above
floor, consequently 5 feet of water can pass over the raised cill crest, which
will afford the supply required 1 the canal

For the purpose of dimmshing end contraction m the submerged film
passing the dwarf werr, the openings have been made very wide, viz , 25 feet
spans, of which there are s;x  The springing of the arches 1s at maximum
flood level, 2 ¢, at 15 feet above the canal bed, the closure of the 1o feet
space above the cill 1s effected by baulks, or regulating beams, lowered to
grooves and raised by means of differential tackle The werr sluices shown
1n section 1 Fig 12b consist of seven spans of 2o feet, total ventage,
140 feet agamnst 150 feet of the canal head The partial regulation of the
werr sluice 15 up to a depth of 1o feet, and 1s effected by three draw gates
manipulated apparently by fixed winches at each prer head

(15) In T1g 13 arc represented plans of the Trebeni Canal Head The
Trebem Canal, which 1s situated 1n the province of Bihar and Onissa takes
out of the Gunduk Ruver 1n 1ts upper reaches The design of the work 15 of
the usual heavy Bengal pattern of the U shaped type added to which,
however 15 a novel device for the purpose of tapping surface water at
different levels of the niver with the object of preventmg or at least
amelorating, the entry of silt into the canal This 1s eftected by the
addition of two tiers of arches butlt towards the river  These vaults are
closed by baulks let 1nto grooves so that the water can be admitted over
them at three different level»

The waterway 15 designed so that full canal supply can be obtained with
only 2 feet depth passing over the platforms The water when admtted,
falls into the cistern formed m front of the sluice proper which latter can be
closed by a gate operated by a screw worked by a capstan head In piace of
the breast wall, now usually adopted to raise the cill of a canal head the
whole floor of the regulator 1s raised 3 feet above the canal bed which level
1s reached by a pitched slope succeeding the masonry floor  This 1s shown
1 the transverse section of g 13

(16) The principle of the design 1s much the same 1s that ot the Betwa
Canal Head (Fig 10) It no doubt answers 1its purpose very well but the
question paturally 1rises whether the equally good results could not be
obtained at a much less expenditure  The section of the work 15 to the eye
exceptionally heavy cven for the great heid of 26 feet of water which 1t has
to withstaind  The only way to settle this question 15 by an alternative
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There 1s no disadvantage i this particularly at this site where the canal 1s
m rock cutting a small extension of the floor and wings being all that can be
necessary It 1s suggested that this arrangement of double slutces which,
as far as 1s known has hitherto not been tried * 1s worth of adoption 1n all
head works-where the river 1 flood 1s very deep and where silt deposit gives
trouble The silt 1n suspenston could be allowed to accumulate mn front of
the head work to a considerable depth and then by opening the weir sluce
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gates 1t could be swept out leaving a clear channel ready for the tune when
the water level has fallen and supply 1s drawn from the lower gates
With the adoption of roller gates the hfting apparatus can constst of 2
traveling winch spanning the groove openings the external arching betng
provided for that purpose In the existing work screw hfting gear 1s used
and that of a pnmitive pattern the female screw held m collars having the
motive power applied while the male screw rod attached to the gate nses
~* But see Fig 13 par (15) Treble tiers of vents had already been appl ed to the head

of the Trebens Canal in the year 1901  Also to the bead of the Upper Jhelum Canal at
;:hmgh m 1908  Fig 11 shows only two fiers of vents but Iig 11a shows three tiers —
o
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through 1t These are worhed with great difficulty The absence of roller
attachment necessitates the use of screws to force the gates down aganst
the water pressure, whereas where rollers are provided the gates drop into
place of their own weight and only require gear for raising

(13) Fig 12 shows the Jamrao Canal Head off-taking from the River
Nara, an old channel of the Indus River

In this design the canal bed 1s at the sume level as the floor of the weir
sluices  Across the head a breast wall 1s built 5 feet mgh  The canal full
supply 1s 8 feet deep, and the crest of the werr shutters 15 xo feet above
floor, consequently 5 feet of water can pass over the raised cill crest which
will afford the supply required in the canal

For the purpose of dimmishing end contraction 1n the submerged film
passing the dwarf weir, the openings have been made very wide, viz , 25 feet
spans, of which there are s;x  The springing of the arches 1s at maximum
flood level, 2 ¢, at 15 feet above the canal bed, the closure of the 10 feet
space above the cill 1s effected by baulks or regulating beams, lowered mto
grooves and raised by means of differential tackle  The weir slusces shown
m section 1n Fig 12b consist of seven spans of 20 feet total ventage,
140 feet against 150 feet of the canal head The partial regulation of the
werr shuice 1s up to a depth of 10 feet and 1s effected by three draw gates
manipulated apparently by fixed winches at each pier head

(15) In g 13 are represented plans of the Trebem Canal Head The
Treben: Canal, which 1s situated tn the province of Bihar and Orissa, takes
out of the Gunduh River m 1ts upper reaches The design of the work 1s of
the usual heavy Bengal pattern of the U shaped type added to which,
however 1s a novel device for the purpose of tapping surface water at
different levels of the nver with the object of preventing or at least
ameliorating, the entry of sit mto the canal This 1s effected by the
addition of two tters of arches built towards the river  These vaults are
closed by baulks let into grooves, so that the water cain be admitted over
them at three different levels

The waternay 15 designed so that full canal supply can be obtamned with
only 2 feet depth passing over the platforms The water, when 1dmutted,
falls into the cistern formed mn front of the sluice proper which latter can be
closed by a gate operated by a screw worhed by a capstan head In place of
the breast wall, now usually adopted to raise the cill of a canal head, the
whole floor of the regulator 1s rused 3 feet above the canal bed, which level
15 reached by a pitched slope succeeding the masonry floor  This 1s shown
m the transyerse section of I'g 13

(16) The principle of the design 1s much the same as that of the Betwa
Canal Hend (g 10) It no doubt answers 1its purpose very well, but the
question naturally anses whether the equally good results could not be
obtamed at a much less expenditure  The section of the work 1s to the eye
exceptionnily heavy, even for the great head of 26 feet of water which 1t has
to wathstind  The only way to settle this question 15 by an altem#‘
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In this, the altemnativ e design (Fig 11),
has been followed, but with the provision of three vents, one above the other,
meachbay Thespansare widened to 1o feet the thickness of the prers beng
The platforms situated above the arches are made deep

F1c 13 —Trebem Canal Head on Gunduk River
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In the scction the bottom

Two a e provided mn the bottom sluice
W1y <0 15 to enable the upper gate to be either lowered behind the bottom

enough to accommodate the drop gates of which there are four each
one or raised tbove 1t without bloching the vent

working 1 1 separate groove
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gates are shown closed, the second one 1s partially open, admitting water,
while the third, which the water has not yet reached, reposes 1n the space
provided for it belowits vent. This arrangement pernuts of easy regulation
of the water at any level—only surface water betng drawn  The water falls
over on to the floor of the regulator beyond the arches There can be no
reasonable objection to this, the floor, 1f properly built, will stand a vertical
fall without the least cause for anxiety, although the firmly-rooted objection
to vertical overfalls without the provision of water cushions 1s an old long-
exploded prejudice which still limgers on  The stress diagram and the
reciprocal lines of pressure on the section prove that the centre of pressure
falls 2 feet sathin the middle-third of the base

The maximum untt pressure 1 the masonry of the pier works out to 37
tons—a quite moderate amount The followmng comparative statements of
the cubical contents per foot run show a saving of 40 per cent 1n the alter-
native over the ongmal design —

\ Contems in one bay Length Per foot ron
‘ Ongmal section - - 1856 10’ 383
] Revised » - - 3300 14 236

(17) Almost all canls take off at nght angles to the axis of the parent
stream, # ¢, generally parallel to the direction of the weir As the course of
the canal must be more or less parallel to the niver, this arrangement mvolves
a large curve mn the canal excavation close to the head work This 1s
objectionable as cauing a diminution of the velocity of the current, with
consequent mcreased lability to the deposit of silt  The Kistna East Canal,
Madras Presidency (g 28b, Chap VI) takes off at a very sharp angle to
the axis of the stream, probably 1n order to avoid a rocky hill or some such
mmpediment  The difficulty in that case 15 got over by the head regulator
(which 15 “ on the square ') discharging into a large basin from which the
canal takes out A sumilar difficulty 1s provided for by the arrangement
shown in Nig 132, Chap VII, of the Laguna Head Works

It 15 advantageous to construct shew heads at some canal head sites
The disadvantage which 1s iherent 1n a shew head 15 the widenmg of the
opening nvolsed and consequent ncrease 1n the length of the gates Now,
however, that anti-frictional rollers can be fitted to any gates, be they 1ron
or wood, thus 1mmensely reducing the power required to manipulate them,
this objection vanishes altogether There remams only the question of
cost, the shew head beng naturally somewhit more expensive

In Fig 15 a design for a shew head 1s exlubited  The angle of a shew
15 60 degrees

(18) If the floods 1n the stream or mver are not very high, a regulator
with gates at the canal head can be dispensed with altogether, and the
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canal mntake will then consist simply of an openng protected by masonry
flank walls and floor This arrangement 1s common 1 American head
works

(19) The majonty of rivers and streams in Burma from which water for
wmigation can be taken are not, as in the case of Upper India, large rivers with

F16 15 —Plan of Shew Head

perenmal flow, m many cases derrved from the melting of <now on the
Himalayas but are intermittent m flow coming down 1n occasional freshets
during the rainy season and runmng perfectly dry during most of the rest
of the year Such streams are numerous m most sub tropical countries It
15 2 common error to suppose that small rvers that only bning down water
to local rainfall are useless for irngation purposes  such 1s by no means the
case  Where the local ranfall 15 mnsufficient to rawse vluable crops such as
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rice or sugar cane 1t can be supplemented with great advantage by um,
from an intermittent stream Besides which, these nivers often come
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n fload when there 15 no local ramnfall a ranburst m the lls where thewr
source hes causing a freshet The water can be utihsed either by direct
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1rigation from 1 canal or a combination of drrect imngation and storage.
The author h1s constructed several works of this de cription in U pper
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Burma  First, the stream was dammed and water taken off by a canal,
from this direct wrgation on fields took place, and surplus water was
allowed to pass through the fields, which were under a rice crop, and tail
nto another dramnage hne This again was dammed, and another small
canal taken off In this way several dramage systems were practically
connected, the maimn stream tailing into a large tank, whence the surplus
water over the waste weir found its way mto other tanks and eventually
mto the ongnal watercourse, which agamn was dammed and the procedure
repeated  The fields themselves particularly nice fields which are banked
by mud walls 12 inches high, will hold an immense deal of water, and conse-
quently do not require a contmuous supply , a freshet once a week or ten
days would Lkeep them well suppled with water The same applies to
other crops, but 1n a less degree

(20) The thickness and length of the floor in the examples given are
designed on the assumption that the foundation 1s sand The head regu-
lators of canals and the weir sluices are often founded on clay In such
cases no special calculation 15 required for the stability of the floor with
regard to upward hydrostatic pressure The thickness of the floor may be
determined by the engmneer accordmg to his judgment of general con-
siderations

(21) We will now give two examples of the old style of canal head sluice,
of which there are many examples mn Upper India, as well as in Madras
The design consists of a large span bridge with the mtertor filled up with
smaller piers and vaulting The system, now that larger vents can be
adopted, 1s quite obsolete I'ig 17 represents the Dauleshwiram, and Fig 18
the Babarlanka Canal Head The works are situated on erther side of the
Godaver: Anicut  These plans are mstructive mainly as regards the founda-
tions, which must be partly on clay

(22) An example of a canal head work built on boulder formation vz,
that of the Western Jumna Canal Head, 1s given n Fig 19 In this case
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T1c 19 —Western Jumna Canal Head

the aill 1s raised 4 feet 1bov e that of the weir sluice, the floor bemng bult on
a slope forming a rapid  On this sloping floor the piers of the work are
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bult, arapid of this description discharges just as much as a vertical drop
The object of ramsing the cill was to keep boulders from beng carried nto
the canal but owing to the fact that the weir 1s merely a pavement laid
with top flush with niver bed there 15 nothing to ensure scour or to prevent
shoaling 1n front of the canal head and when the niver 1s m flood 1if the
canal head happens to be open the noise and vibration of boulders bemg
rolled through canal head can be distinctly heard and felt To prevent this
shoalmg a raising of the river wewr and of canal head cill seems necessary

Tr brach

frame

Cipers
10°apart

Ashiar floor
Fic 20 —Goulbura Canal Regulating Gate

The vents which are only 6 feet wide are closed by wooden draw gates a
recess being formed by an upright beam built into the cill behind which the
gates work  This system of narrow spans 1s now quite obsolete wider spans
closed by double roller gates raised by a travelling winch being recogmsed
as preferable
Plans of the weir shuices of this head work are given m ['g 12 Chap VII

Light of the spans farthest from the canal head have been closed with a
wall up to RL 1060 1n order to concentrate scour m front of canal head
and to prevent shoaling there  Such scour would be facihitated if the crest
of the masonry weir were raised higher
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(23) Tig zo1llustrates a remarkable and novel design for canal regulating
head and gates, employed in the Goulburn Canal, Austraha, which 15 given
m “ImgationEngmeering”’ (Wilson) ~ As will be seen, the gate, when closed,
15 inchined at 45 degrees and 1s attached at the centre to the end of a screw
rod, which moves 1t 1n a vertical direction  The other end rests loosely near
the centre of pressure on four rollers carried on a shaft, which 1s supported
by four fixed plummer blocks The upper ends of the gate are carmed on
wheels which just fit m vertical grooves 1n the framework of the won piers
The gate 15 thus forced to work vertically , the bottom end 1s consequently
pushed downwards and outwards, eventually assuming a horizontal position
when the sluice way 1s completely open By this mgemous disposition
regulation can be effected with a mimimum of apphed force, and, in addition,
the water 1 only drawn from the surface. This arrangement, however,
would not work where silt 1s allowed to accumulate at the foot of the gate,
and consequently would not answer for head regulators in ordinary cases

The piers, as well as the abutments, are built of cast iron, and are 10 feet
apart

(24) The screw-hfting apparatus consists of a cast-iron standard provided
with a separate head, carried on an oblong vertical frame of two arms jomned
at the head 1In the space thus formed, the female screw head fits, to which
1s attached a honizontal bevel wheel This bevel wheel 1s worked by 2
vertical pinion attached to handle shaft, which 1s carnied by a third inde-
pendent arm  The hollow screw head bears upwards on the frame head and
downwards on the top surface of the lower part of the frame, hence does not
requrre 2 separate thrust plate

This arrangement, 1n common with all others where the female screw has
the motive power, 1s subject to the great disadvantage of the screw rod being
1n one piece and nising above the platform and frame, and being thus exposed
to dust or rain, bestdes being liable to be bent or damaged  As fully explained
m Chap XIV, where several examples of screw gearing are grven, this fault
can be remedied by Iaving the motive power applied to the solid, not to the
hollow screw  The latter, which should be fixed to the head of a pipe, 15
prevented from revolving by being attached to the gate, as also to guides,
and thus 15 forced upward or downward by the male screw, which travels
mside the pipe  Thus the solid screw 1s effectually protected from dust and
water, and nothing appears above the head of the standard

This arrangement 1s obviously supenor to any other, and marhedly so
where the it 1s short, as the expenstve solid steel screw need only be as
long as the hit of the gate, whereas the long connection 1s formed by the
pipe, which 15 better suited for compressive and tortional stram, and need
not be more than an ordinary gas or water pipe having a hollow screw head
fitted at one end  Ball bearings should also be fitted to the thrust collars

The propriety of using cast-iron frames for piers and abutments of

regulators 1n hieu of masonry 1s entirely one of comparative cost, which vanes
immensely 1n different countries, and so cannot be settled by any hard and
fast rules.
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(25) In Thg 21 we have an wstructive evample of recent American
practice viz that of the Minidoha Canal Head 1n Idaho Most 1rigation
worhs m the Umted States have hitherto been constructed m a large
measure of timber so that the mstitution of permanent worhs of masonry 1s
a comparatively new departure  Under these circumstances 1t 1s disappoint
ing not to find n these latest productions rio improvement over the Oniental
types common to Indit and Egypt but on the contrary discarded forms are
reproduced  The principle of modern improvements largely mfluencing
design 35 the adoption of ant1 friction rollers to draw gates whereby larger
vents can be used than were formerly practicable which arrangement tends
to economy of matenial as well as to the possible avoidance of expensive
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screw gear for manipulating the gates nd al o the practice of admitting
surface water only

In this work the head of water to which the superstructure 1s exposed 1s
moderate being only 14 feet

The closure of the vents 1s effected by a cast ron draw gate worhing
m the grooies of a high frame sumlar to that used in reservoir sluices
The upper part of the frame 1s provided with a cast won shield behind
which the gate 1s drawn when lifted This shield takes the place of the
breast wall or depressed arch usual m Indian works  Above the shield
clasure 15 cffected by baulks or flash boards s they are termed 1n Amenca
Tlus arringement enables water to be drawn from the surfice dunng high
floods

In the design the piers are ~ feet thick to spans of 5 feet a proportion
of 4§



240 DESIGN OF IRRIGATION WORKS

The resultant line of pressure, together with the concomitant graphical
diagrams, has been drawn on the profile n Fig 21 The pier bases are
subjected to a very moderate maximum pressure estimated at under 1}
tons per squate foot In spite of this the piers are remforced with a
network of steel bars which, as well as the anchor bars let into the rock,
seem rather unnecessary

The adoption of a single lifting gate 1s open to the objection * that
water can only be admitted at the bottom, 1 ¢, under the gate

The screws working the gates are operated by a worm and bevel gearing,
which 1s attached to a hollow or female screw head, held 1n the standards
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Fi16 23 —Folsom Canal Head

This revolves and draws the long solid screw bar to which the gate 1s attached
up and down as may be required ‘When the gates are raised these fourteen
sohd screws will project 10 feet above therr standards mto the air  This
objectionable arrangement 15 avoidable, by the simple expedient of applying
the motive power to the solid rod, while the female screw head 1s attached
to the end of 2 pipe fixed to the gate, which pipe does not revolve, and
mstde which the solid screw 1s protected from wet or rust, nothing appeanng
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above the standard  The plans are dentved from  Irmigation Engieering
(Wilson)

(27) In Fig 23 15 another example of 1 recent worh m America viz, the
Folsom Canal Head Regulator This work consists of three spans of
16 feet, the piers being 6 feet thick or a proportion of 4 Snearly The
head 15 much greater than m the former example being 32 feet In this
design the depressed arch 1s very properly made use of 1ts springmg bemng
10 feet above floor The rest of the work 1s built up sold for an average
width of zo feet The area of each draw gate 15 16 X 14 feet which 1s
enormous constdening the great head of water The gates are of wood not

Tic 25 —Head Regulator of Twin Falls Canal

provided with anti friction rollers so thit very exceptionil 1rringements
have to be made to manipulite them  This 1s effected by the adoption of
hydrulic jacks one to eich gate  These Jachs have plungers 14 feet i
length fastened to the rear of each gate and are operated by 1 he td of water
provided from a power house
It 15 considered that the section which 15 very massne could be econo

mised with advantage retuning euisting conditions of span etc by
reducing the weight of the solid mass filling 1nd lengthening the prers

The adoption of 1 U sectton with side breast walls hlled between with any
hewvy material would effect great cconomy in masonny  without much
dsmuinishing the weight 2 narrower top width with 1 battered inner breast
wall being 1l-0 adopted s shown by 1 dotted hine on the <ection of Fig 21

As however 1n this canil 1 particular the prevention of =it depo 1t 15 an
urgent matter 1t 1> deemed that 1 complete remodeling of the de 1gn 1llowing

"~ .
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The resultant line of pressure together with the concomitant graphical
diagrams, has been drawn on the profile n Fig 21  The pier bases are
subjected to a very moderate maxmmum pressure, estimated at under 1%
tons per square foot In spite of this the piers are remforced with a
network of steel bars which, as well as the anchor bars let into the rock,
seem rather unnecessary

The adoption of a single hfting gate 15 open to the objection * that
water can only be admitted at the bottom, ¢ ¢, under the gate

The screws working the gates are operated by a worm and bevel gearing,
which 15 attached to a hollow or female screw head, held n the standards

l{.

T1s 23 —Folsom Canal Head

Ths revolves and draws the long solid screw bar to which the gate 1s attached
up and down as may be required  When the gates are rased these fourtcen
solid screws will project 10 feet above therr standards mto the awr  This
objectionable arrangement 1s avordable, by the simple expedient of applyng
the motive power to the solid rod, while the female screw head 15 attached
to the end of a pipe fixed to the gite which pipe does not revolve, and
mnside which the sohid screw 15 protected from wet or rust, nothing appearng
. - -

'
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above the standard  The plans are derived from ““ Irmgation Engineering
(Wilson)

(27) In Fig 2315 another example of a recent work in America, viz, the
Folsom Canal Head Regulator This work consists of three spans of
16 feet, the piers being 6 feet thick, or a proportion of 4 Snearly The
head 1s much greater than i the former example, bemg 32 feet In this
design the depressed arch 1s very properly made use of, its springing being
10 feet above floor The rest of the work 15 bmlt up sohid for an average
width of 20 feet The area of each draw gate 15 16 X 14 feet, which 15
enormous constdersng the great head of water The gates are of wood, not

Tsc 25 —Head Regulator of Tw Falls Canal

provided with anti friction rollers so that very exceptionil rrangements
have to be made to manipulite them  This 15 effected by the adoption of
hydriuhc jacks one to eich gate These Jicks have plungers 14 feet in
length f1stencd to the rear of each gate and are operated by 1 head of water
provided from a power house

It 1s considered that the section which 1s very massive could be econo
mised with advantage retmning existing conditions of spwn etc by
reducing the weight of the solid mass filling 1nd lengthening the piers
The adoption of 1 U sectton with side bretst walls filled between with any
hervy matenal would effect great economy in masonny without much
dimmishing the weight 1 narrower top width with 1 battered inner breast
wall being also adopted 1s shown by a dotted line on the section of Fig 21
As, however 1n this canal 1n particular the prevention of «ilt depostt 15 an
urgent matter, 1t 1> deemed that 2 complete remodelhing of the design allowing

™
»
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of water bemg drawn at different levels much as was done i the alternative
design for the Betwa Head (Fig 10), would be more suitable  The excep

Top of Bank

\rreE

1L

Elevat on

Front
T16 26 —Calgary Caml Reg lating Gates

Sect on

tional size of the vents will also well
bear reduction 1n view of easy mant
pulation of the gates by ordmary
means

(28) In both these works, vz,
Figs 21 and 23, the same arrange-
ment 15 adopted for the gates which
shide on flat ron bars let into the face of
arecessm the piers, the single or double
U shaped cast ron grooves usually
adopted in modern practice m India
and Egypt not bemng employed The
rounded cut waters also do not ex-
tend above the height of the gates,
so that there is no semblance of
groove above thislevel Thisarrange-
ment would not smt where gates are
hfted at each end not at the centre,
the groove being necessary to protect
the hfting chams from the current

A site plan of the Folsom Canal
Head Works 1s gtven mn Chap XII

(29) It 1s unfortunate that very
few drawings of American canal head
works are available  The permcious
modern system of substituting photo
graphs for worhmg drawings 1S
responstble for this  From these
photographs a good 1dea of the
style of the work 1s obtamed and
that 1s all

One of the Twin Talls Canal Head
1s reproduced by permission m I'1g 25
It 1s tiken from Schuylers ¢ Reser
voirs  p 74 a techmicnl book of the
very highest class

Trom this, two man points of
dnvergence from Indian head works1s
discermble  INirst, the head of water
15 very low, the grtes are 11 feet 1n

height and there 1s not much m any way above them  Secondly, there

15 no rond bridge for cross communication for wheeled traffic

Thus

wluch 15 inchspensable 1n 1 thickly populated country hhe India, can be
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dnpensed wath here,  The superstructure 1 thys particular case consists
solely of & wooden footbridge just sufficient to accommodate the man
worhing the gates  These latter gites consit of fan-chaped segments

%]



242

DESIGN OF' IRRIGATION WORKS

of water being drawn at different levels much as was done 1n the alternative
design for the Betwa Head (Fig 10), would be more suitable  The excep-
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tional size of the vents will also well
bear reduction 1 view of easy mani-
pulation of the gates by ordinary
means

(28) In both these works, viz,
Tigs 21 and 23, the same arrange
ment 1s adopted for the gates, Whlch\
va oA <. K

L
adopted 1 modern practice 1n India
and Egypt not being employed The
rounded cut-waters also do not ex-
tend above the height of the gates
so that there 1s no semblance of
groove above thislevel Thisarrange-
ment would not smt where gates are
Iifted at each end, not at the centre,
the groove bemng necessary to protect
the lifting chamns from the current

A site plan of the Tolsom Canal
Head Works 1s given m Chap XIIT

(29) Tt 1s unfortunate that very
few drawings of American canal head
works are available  The pernicious
modern system of substituting photo-
graphs for working drawings 15
responsible for this Trom these
photographs a good 1dea of the
style of the work 1s obtamned and
that 15 all

One of the Twin Talls Canal Head
1s reprodutced by permissiont in g 25
It 1s taken from Schuyler’s “ Reser
vors' p 74,a technical book of the
very lughest class

Trom tlis two mamn pomts of
drvergence from Indian head worksis
discernible  First, the head of water
15 very Jow, the gates are IT fect 1n

height, and there 15 not much 1n any way above them  Secondly, there

15 no 101d bridge for cross communication for wheeled traffic

This

which 1s indispensable m a thickly populated country ke India, can be
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F1a. 261 —View of a Calgary Canal Regulator.

dispensed with here, The superstructure in this particular case coneicts
solely of a wooden footbridge just sufficient to accommodate the qp-.
working the gates. These latter gates consist of fan-shaped _.

.z
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pivoted m the concrete piers at some distance back  This arrangement
admuts of easy mampulation *

Each gate has a fixed hiting apparatus, which probably consists of 2 drum
revolved by gear which winds up a chain attached to the bottom of the seg-
ment Segmental gates of sumilar design were used 1n the Grand Barrage near
Cairo  On the remodelling of this work they were all removed, and double
drop gates m grooves with roller bearings, raised by a travelling winch, were
substituted  As regards Oriental wrnigation works, this style of water gate
may be considered to be quite obsolete, the reason bewng that it has the fatal
defect of only admitting water at the bottom When the gate 1s revolved
the aperture below acts as a scouring sluice, the water entering under pres-
sure as mn a submerged onfice, and this must inevitably carry silt and sand
nto the canal  Tlus action n some cases, where Jevels admut of 1t, as m the
Folsom Canal Head, 1s ameliorated by the adoption of under-floor sand traps
But undoubtedly the better plan 1s to make the water enter over the tops of
movable gate cills or flash boards  Where there 1s not much silt the Austrahan
regulating gate (Fig 20} would probably give good results and be just as
easy to work by one man as the segmentalgate These gates are 12 fect wide

The regulators on the new C PR Canal at Calgary, Alberta (Figs 26
and 26a), are fitted with wooden balance lever gates on the same prmcnple
These are centred very far back, so that the power to lift them 15 very
small They have a very clumsy appearance

(30) In Upper Burma, south of Mandalay, an extensive system of
imgation from the Zawgyee and another rwver, or rather hll torrent, has

Tic 27 —Zawg)ce Canal Head (Burma)

been in operation for goo years These canals have recently been entirely
remodelled on modern lines, and are now provided with head regulators
escapes or spillways, falls, and 1l the vanous works mncidental to proper
regulation  The head work of the Zawgyee Canal 1s 1llustrated n the

* The same design_ copied from 3 Trench madel was ance tried i the Punjab on a cacal of
300 cusees capacity  but owing to the fict that water coul 1 only be admitted wnder the gates
With great velocits drawing in excess of silt 1t was for nd aduisable to scrip the arrangement

\ and to substitute the ordinan style of st bing g-ne—\ru\

~
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photograph in Fig 27 It consists apparently of small vents some 6 feet in
width, closed by single wooden draw gates operated by separate fixed rack
gear hiting apparatus  Spare grooves are provided 1n front to allow of
closure by baulks or flash boards, whenever necessary.

Although silt depostt 1s not troublesome 1n these canals, still double draw

36 28 ~—Tennyetkon Canal Skew Head and Crib Weir (Barma)

gates would have been a better arrangement and mote 1n accordance with
the best modern practice

The werr was an old Burmese work of loose stone of tvpe C, held in
place by rows of small stakes These works required constant annual
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repairs and even renewal ; they are now probably sheathed with a covering
of rubble masonry, or slabs on edge, and so rendered permanent. This treat-
ment was proposed when the author was in charge of the Kyankse Irrigation
Division in 1893, although at that time the remodelling project was but in
embryo. This site is most picturesque ; the engineer’s inspection house close
by used, however, to be jocularly termed a ‘ promotion bungalow,” on
account of the extreme unhealthiness of the locality. The trestle work in
front of the regulator prevents the entry of logs or detritus—it hides the
werr crest from view.

(81) In Fig. 28 is a photograph of the Tennyetkon Canal Skew Head in
Burma. This small work is situated above a crib weir, which has been

l

o1d Supely Chenne!

“ o Pegutstor RL9800

T'ic. 282 —Site Plan, Tennycthon Cb Weir. .
illustrated in Fig. 19, Chap, VI. The head work is built high to admit of
the draw gates being hauled up clear of the flood line, as, being an inter-
mittent stream, its full flood depth has occasionally to be passed down.
28a is the site plan.
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CHAPTER IX
CANAL FALLS

(1) WHEN the slope of the ground surface exceeds the bed grade of a
canal, vertical falls have necessanly to be constructed
In many cases these drops in the bed are of frequent occurrence, and
thus form a by no means inconsiderable 1tem 1n the cost of the whole work
A hundred years ago, when the first great wngation works m Indm,
such as the Jumna Canals, were constructed, hydraulic science was
a less advanced state than at present and successful precedent for
guidance m design hardly existed  On these canals no masonry falls were
built at first, nor until erosion of canal bed rendered such construction
necessary Durning the peniod 1840-50 the drop walls of falls on the Ganges
Canal were designed on the profile of an ogee curve  The object sought to be
attamned was tht of diverting the falling current smoothly down the descent,
and by this means obviating any direct vertical impact n the floor The
masonry of these falls, however, happened to be generally of poor materal,
and 1t was severely damaged, especially where standing waves formed upon
the floor, and as quick setting cement was unknown mn India mn those days
repawrs were meffective  On the Ban Doah Canal, “ rapids,’ or falls with
descents sloped at 1 1 10, or I 1n 15, were successfully adopted but else-
where vertical drop falls with cisterns, or water cushions below, came more
generally into favour
Up to a comparatively recent date the crests of the drop walls of canal
{alls were built raised above the canal bed level of the upper reach This
effected a vertical contraction of the area of the waterway at the fall 1tself,
proportionate to the mcreased velocity of the current, and thus the veloaty
of the overfall was restraned to that admussible i the carthen channel
above, that s to say, the velocity of approach was restramed to that of the
supply channel
Tor cxample  Supposing the water i the upper reach to be 6 feet deep,
with a mean velocity of 3 feet per second, the mean discharge per unit w1dth
of channel would be 18 cubic feet per second
If the crest of the weir were bult level with the canal bed up stream, the
length of the crest being that of the average width of the channel, then the
depth of film passing over will be such as would suffice to give a discharge of
18 cubc feet persccond  Now, the formuln for discharge over a werr (free
orerfall) usually adopted 15 3 3393 ; 1f this be equated with 18 cubic fect, or
clse the result obtained from tables, the value of d will be found to be 3 feet *

* The mean velotity would increase as the current approached the fall, from 3 feet

8
scconds to 33— = 6 feet scconds, and the acceleration of velocty 1n a decreasing depth of

243
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If the crest of the drop wall were rased 3 feet above the canal bed a
depth of film of 3 feet would, as we have seen exactly pass the discharge
Hence the surface slope of the water of the canal up stream would 1z no
way be affected, nor the mean velocity of the channel mterfered with
Similar effect can also be produced bv lateral contraction but such con-
traction must increase from surface downwards to bed level

This simple matter of raising the crest of the canal weir would answer
perfectly were the water level in the canl constant  Such however, 1s not
the case

This difficulty of varying supply 1s practically overcome by the device of
so called notch falls which have proved successful to such a degree as to
be now generally adopted n recently constructed Indian canals

In notch falls the crest of the drop wall 1s rarsed up to Full Supply Level,
and the part thus raised above the canal bed grade 15 pierced by a series of
trapezoidal openings termed notches through which the water passes  The
reduction 1n sectional area 1s thus effected by graduated lateral not vertical,
contraction as the base of the notch 15 at the level of the canal bed up
stream  The subject of the discharge of canal notch falls has already been
noticed i par (21) Chap V

(2) It now remains to undertake the practical design of the works in
detail

In I1g 11s given an elevation, a plan and a sectton of a notch openming
said to be used in the Chenab Canal while m Figs Ia and 1b are simtiar
views of a notch fall actually constructed on the same canal  These driwings
are dertved from  The Irmgation Works of India  The elaboration of
detail shown 1n the diagrams in Iig 1 does not * seem to be carnied out in
practice in [1gs 1a and 1b  1n the latter case the profile of the notch sidcs
on plan 1s simply a segment of a circle

The plan (g 1) would not answer practically on account of the spicc
required between each notch openmg to admut of the great splay given to
the sides of the mnner face  Such elaboration would undoubtedly conducc to
raising the value of the coefficient of discharge but considening that the
trapezoidal notch 1s after all exactly suitable to the discharge 1t two levels
only and the coefficient adopted 1s but 1pproximate such extreme refinumnent
1 the design of the outline appears out of place

(8) The first point to be determined 1s the total top and bottom width
required for the notches This will naturally indicate the length to be pivey
to the crest of the fall between the abutments and the number of notches
1s advisable to adopt §

water woull be 1able to scour the bed up strem for miles  This i3 what happene | s 1o
Ganges Canal  but 1t was not the fault of the ogee drop It would have happere )
with'a tertical-drop fall ~Ep

* The diagrams are not representatine of orthodox Punjab canal practice  Ser I § o
Notes at end of this chapter Iies 1a and b represent the simpler tvpes af ptev

Distnbutancs  or  Rajbahas but Fi= 1 does not represent lhegcst modern a pr

official types —Fp

1+ Having dceterm ned the total top width and bottom width of the notches tir rur
of notches m1y be decided 1n the light of convenience  and the total widtts dsyfe] by s
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(4) The thichness of notch piers at notch cill level should be two thirds
the water depth

The top length of the piers should not, for purposes of stability, be made
less than therr thichness, particularly i cases where the piers are carrted
higher than T SL, so that the fall can be crossed by planks laid on ther
summuts, clear of the water

(5) A practical example of the method of calculating the number and
dimenstons of notches wilt now be given

The design m Tig 2 1s based on an assumed canal discharge of 2,500
second feet with a mean velocity of 3 feet per second, and a full supply depth

Etevat on 2
— (1a}

Y
w  fength of We r 2%

2 Plan

Pane of Fentee of Notch

(1b)

Eievat o0
F16s 1 12 1b

of 8 feet (frec overfall) To produce these conditions the grade of the canal
bed will be about 18 per 1,000 feet

The aren of the waterway will be g. or 5% 833 square feet

The width of the canal bed, with side slopes one to one will a];o be
4 833 4 A 33
- d= s — 8 =gb6feet Thevalueof R1s WP =5 ad vz =36+ 22

= 7 06 nearly
Now with regrd to the number of notches The overfall being free, and
the 1ssumed « elocity of approach above the as erge, 1t can be safely assumed

number will Lave the top 1nd bottom width of cach notch Tt e spacing of the notches will
be determined bv the top wilth allotted to the notch piers in the light of convemence and
st ructural appearance
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By

x ,?,f £er

Ircs 2 za zb-—Design of Notch Fall

Shownus 5 9 inFg (20)

that the top width of each notch will not exceed 3d or 6 feet We have
seen that the length of the pier crests should not be less than half the depth
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of water, or 4 feet, and as the piers are intended to carry a hight bridge, this
length mght well be increased to 5 feet

The spacing of each notch will thus be 1x feet This will allow of eight
notches, or a length of 88 feet between abutments, which 1s 8 feet less than
the bed width of the canal As, however, the abutments will be designed
with battenng faces, the actual length at base of the notch piers has been
made 85 feet

(6) Having tentatively decided on the number of notches, the discharge
which each has to accommaodate wail be 2 goa = 312 second-feet nearly

If reference 15 made to Table II Chap V, 1t will be seen that the dis-
charge per foot run with d = 8 and ¥ = 3 less 10 per cent , 15 69 44 cubtc
feet per second  The required half width of each notch opening (b) wall then

312
b ~
® 69 44
be the slope of the sides of the notch opening

= 4 49 feet This 1s the value of the half width (b), whatever may

(7) The half width of the whole opening having been thus ascertained,
we have now to fix the same for another lower depth of water

If a notch were designed to discharge precisely the proper amount at
every change of level in the surface of the canal water in the upper reach, 1t
would take an ovordal outhne sunilar to the profile of an egg with both ends
truncated the thick end uppermost As however, 1t has been proved that
a trapezoidal shaped opeming correctly calculated to discharge the full
supply and that due to one lower depth will answer all practical needs, ths
refinement need not be entertained

Onfices of this ovoidal section could easily be provided, were cast-iron
piers adopted

(8) Torevert to the lower depth, 1t 1s found convenient to place this level
{dy) below what 15 usually the lower supply m the canal (d,)

In Upper India most canals run at two levels the higher when water 15
most 1 demand, 1 ¢, m the hot season, when the rivers rise owing to the
melting of the snows i the Himalayas, and agan a lower supply m the
winter months, and this double supply level 1s what obtamns in most
canals

Owing howeser, to a vanety of causes the fluctuations of level are often
considerable, so that 1t 1s advisable to adopt a value for d, below that of the
lower supply level dy

d,
This value should be a httle over half the lower depth or 5-1, or under

half the full depth, 1 ¢, :

In the case we are considening, the lower supply level dy 15 assumed at
5 fect 1n depth, but the value of 4, will be taken as 3 fect



CHAPTER IX —CANAL FALLS 253

(9) 1t now remams to calculate the discharge of the canal at this depth
of 3 feet.

A4 297

In this case 4 = g9 X 3 = 297 square feet, R = WP ™ To+2 =284,

S 1s gwven as 18 per 1,000, or ——/— 5 555

We have now to estimate the mean velocity from the formula 100c VRS
=V.

Omitting ¢, the expression will become

10,000 5,540 —
V= '\/2 84 X T 5555 l\/I,xn = V511 = 2:26.
11 S per 1,000 be considered, the equation willbe ¥ = v/284 X 10 X 118 =
A 51T = 2 26 (e par (28), Chap V)

The value of the coefficient ¢, suitable to one of R = 2:84 and of § = -18
per 1,000, obtamed from Table XII, Part IV, of the ** Hydrauhc Manual,"”
1s -7 nearly The actual mean velocity will then be the previously obtamned
value of 2:26 X 7 = 1 582 feet per second, and the discharge of the canal at
the lower depth of 3 feet will be AV, or 297 x 1-582 = 475 2 second-feet

(10) Agamn dividing by the number of notches, the discharge through

each must be 4237 = 504 second-feet The half width &, 1s obtamed, as

previously, by reierence to Table II, Chap V In this we find that the
discharge per foot run, less 10 per cent with d = 3 and ¥ = 14, 15 15853

594
second-feet , b, will therefore = 15 85 = 375 feet,

(11) Having thus obtained the widths of the notch openings at two
known levels, viz , at 2 and ; We are NOW 1n a position to calculate the top

and bottom widths
d 4d,
The vertical distance apart of the two widths & and by, are > — *  The

2

— b,

ratio of widening will then be 2 d 4. Let these horizontal and vertical
differences be designated i and # Then the expression becomes "’i: Now
the top of the opeming 15 distant que the position of b, and the base i
below that of b, consequently the top width will be (3 x 2*) + b, or

&+ d) (m) (1)  Smmilarly the base width will be (0o — dJ) (m) (2).

Theralucof m s 449 — 375 = 74
That of n18 —3 =350
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Therefore %t = % = 15, and transposing these values in the expressions

(1) and (2) we have
top width = 4 49 - {8 x -15) = 5 69 feet and
base ,, =375— (3 x 15) =33 feet

The average of both widths should naturally equal b, 2 ¢, §29-9 =449

The size of the notch 15 made 5 feet g inches at top and 3 feet 3 mnches
at base With 17 feet centres, the top length of the piers will be 11 — 5 feet
9 mc]:es = 5 feet 3 inches

(12) Supposing the fall to be not free, but submerged, ¢ ¢, the drop 1n the
canal surface to be 2 feet only

In such case, with full supply, the discharge (less 10 per cent ), with
d=28,V =3and H = 2, as 1n Table IV, Senes IV, 15 found to be 450
second-feet per foot run, the value of & will then be % = 7 o feet mstead
of the 4 49 1n the free overfall ~ The lower depth d, will be submerged 1 foot,
consequently its discharge by Table IV, Series 1T, deducting 10 per cent

will be 106 and b2=§%g=56

Thenm=70—56=14
and 2 as before = 50
m_ 14
Whence = 5= 28 and by (1) par (11)
the topwidth =7 + (8 X 28) =924
by (2) thebase , =356 —(3 X 28) =476

Total 1400 Mean,70="5

With these dimenstons, the yaw of the opening wall be noticeably greater,

and the spacing of the centres of the notches will have to be made 13} feet,
the weir crest beng lengthened accordingly

(17) In Tig 2 the werr wall 1s of the “ hybnid ” type of section (1ide
par (63) Chap II) The base beng — or, mn Fig 2, 3§ X 16=71

feet (mnde 71 feet), mn1ig 3, § ¥ 11 = 5 feet (made 5 feet 6 mnches)

The top width 1s made 5 23 feet m Fig 2 The extra width 15 required
for the accommodation of the notch piers  The thickness of notch piers is
45 feet *

The length of the floor or apron 1s 2 (H + d), according to the rule given
m Chap IV par (20)

* As the Notch Piers have to sustain the pressvre of water 8 feet deep flowing on either
2
side of them with hih velocits, their base thickness should not be less than 3% 8 == s2y
55 feet —Ep
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The thichness of the floor 15 made VH + d considered sufficient with
a clay foundation

With regard to the width of the floor 1t 15 made somewhat greater than
the canal bed width

The floor 15 terminated by a shallow curtamn wall beyond which 1t 1s
protected by pitching

(18) The abutments as well as the wings are all battered at 1 1n 10
The abutments are conttnued up stream for a short distance parallel to the
aws of the workh forming the commencements of a pair of level crested splay
walls with end returns

These not only form an excellent guide to the current on 1ts contraction
at the fall but with the assistance of the level crested portion of the dog
legged down stream wmngs afford a wide level connecting bank and an
approach to the bndgeway across the fall

(19) The down stream wings on plan are of the so called dog legged
pattern having a re enterning angle They start splaymg outwards from
the werr wall until the floor half widths are reached  This portion 1s level
crested When the floor widening 1s thus effected the direction of the base
of the wings runs parallel to the axis of the work  InTig 2 the fiest portion
has a sloping crest of 2 to 1 corresponding with the drop in the canal bank
when this 1s overcome 1t continues i the same direction at the level of the
down stream canal bank to the termmation of the floor when another
splayed return forms a junction with the canal bank side slopes

{21) The sections of the wings are strictly in accordance with the rules

formulated 1n Chap I The sections at A4 m Ing 2 of the up stream
wings are of walls under partial earth pressure  The earth pressure exists
only as far as the up stream canil bed below this level no additional
external force 1s applied so that the base at the upper canal level 1s made
4H 1 wide and below that pomt the back 1s carried down vertical but
the face contimues battered as above ground m addition a footing 1s
provided near the base the 1 1n 10 batter having at this depth to be thus
supplemented to ensure the line of pressure falling within the base

This important matter which 15 so often neglected has receved con
siderable attention in Chap T (::de pars (45)—(33})

(22) In Tig 2 arringements are shown for a hight bndge across the fal]
In this the notch piers are utihsed to support square pillars of brich
cement which carry n I bexm A second longitudmal 15 bolted to 1ron
columns which are founded on masonry blocks situated at the general
foundation level tnd these two are spanned by cross joists projecting well
beyond the longitudinal beams wlich n turn are covered with plankmg
Parapet rul standards are bolted to the projecting part of the josts and
thus a 13 feet wide roadway 1s provided
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The level of the platform 1s a hittle above that of the banks on either side,
and the connection can be formed by a short slope

An arrangement of this kind 1s equally effective and vastly more
economical than the heavy masonry over bridges which are such a common
feature 1 old canal falls and which are perpetuated to the present day, as
will be noticed later with reference to the Jamrao Canal Fallin I'ig 5

(23) We now come to an altogether different type of construction for a

Tics 4 43 4b—DNotch Fall of * Vingless Iype

fall which 1s illustrated in Tig 4 The principle of the construction 1s to
dffect economy 1n the flank defences of the work by causing the earth to
support the protective walls instend of 11ce 1ersid so that masonry prtched
slopes t1he the place of the down stream flank retaining walls  Up stream
there are no water wings whatever  Thetr place 1s tahen by a honizontal
and vertical prolongation of the werr wall forming single direct return
flank walls on each side of the werr the up stream canal side slopes running
nght up to them

Down stream the width of the floor 1s terminated on cach side by 1 dwarf
flank wall 3 feet hugh, which runs out with level crest to the end of the floor,
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whence the crest dips down at a slope of 2 to 1 to the down stream canal bed

level
Above this dwarf wall a masonry slope rests on the side of the earth
cutting at a slope of T to 1, and 1s carried on thus to the toe of the dwarf

wall where 1t merges with the dry pitched canal slopes

=W

Sand

LU,

s

S S p—

=

ti6 5 —Fall on Jamrao Canal

The rased flank contmuations of the weir wall have their foundations
stepped up
These walls 2t therr commencement are subjected to lateral water as
well 1s earth pressure and so the section gradually dummshes 1n width till
at therrends the earth pressure from the up stream side becomes very much
reduced
"W s
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T'his 1s explamed by the half elevations and plans and the cross sections
on Ad and BB

(24) Excluding the werr wall and the visible portion of the floor the
quantities of masonry 1n the flank defences are as follows —

Fig 4 2 210 cubic feet

Where falls are narrow deep 1nd numerous this type of design 1s
emmently suitable not only on canals but mn reservowr bye washes canal
escapes distributary falls etc  The author has constructed several across
rvers  One of these 15 1llustrated in Fig 24 Chap I and described
par (69) of the same chapter A photograph of 1t 15 given as Tig 13atend
of this chapter

(25) Tig 5 15 an example of a recently constructed canal fall on the
Jamrao Canal and 1s instructive as showing how a too close adherence to
obsolete types results 1n 1 quite considerable waste of money

The plans are t1hen from the Miin Pro Inst CE Yol CLVII p 278

The drop m the water surface 1s 6 feet wherens that m the canal bed 1s
7 feet the depth of full supply up stream bemg 73 fest while that down
stream 15 8% feet

(26) A cistern no less than 6 feet 1n depth 1s provided for a drop of nerly
the syme amount  This 1sexcessive Dyas formuliis x = H + YAV
(see Molesworth s Pocket Booh  Water Cushion for Weiws ) i which
H ~ depth of water up strcam of fall d = fall of water surface and
x depth of floor of cistern below water surface down stream In our
case n pont x  H 4+ YHrd —754 475V6 =123 feet Whence
depth of cistern 123 — 8 5 = 3 8 feet only

(27) A second pomnt n the design which may be open to objection 15
the combination of 1n overbridge with the fall Ixcept for reasons of
economy there can be no possible object in combining these two worhs A
road crossing for traffic purposes 1s not necessanly required At the e\act
site of 1 fall 1nd A structure to serve both purposes may very possibly be
located at 2 site which 1s not the best for etther

Trom inspection of the drawing 1t 15 questionable whether the combmna
tion 1s productive of cconomy 1n the present ctse

The bridge consists of wide spans of 24 feet The foundations of the
piers hve to be carried night down to the base of that of the cistern 1€ to
v depth of 18} feet below canal bed level Were the brdge bwilt 1s a
septe work 1t might consist of moderate spans of s1y 15 feet with
piers S feet hugh only resting on 1 floor platform wlnch need not be more
than 3} fect thick enclosed between two hines of sheet ptles  The pre ence
«f the Tridge piers on 1ts crest necessitates the lengthemng of the weir

Another pomnt mvolving 1 further unnecessary lengthemng of the war s
the <xeessne Iength of the notch prers which measure 6 feet long 1t the
«re t wherens 4d feet or 5 fuct would have been ample A there e ten
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notches this adds another 15 fect to the length of the weir wall making 1t
longer than 1s necessary

(28) The analysis of the section (Fig 5) with regard to  the length of
enforced creep and to ¢ the thichness of the floor 1s as follows —The
maximum head occurs when the canal 1s nearly empty 2t which time only
2 small depth of water 1s passing down just suffictent to cause hydrostatic
pressure but which will 1lso fill the cistern  The head will therefore equal
the drop ze 7 feet The coefficient being 15 the value of Zwill be 7 x 15
= 105 feet The actual length of creep 1s about 110 feet so 1t 1s amply
provaded for 1n this respect

(80) I'acihity of method combined with certainty and precision are mdis
pensable aids to successful design and the author s endeavour throughout
this work 1s to smooth the rough paths 1nd render the designing of works
1n easy matter

The question often arises 1 desigmng canal worhs 1s to whether 1t 1s
more economical to provide one deep {11l or several small ones  As regards
cost of misonry alone ignoring that of the earthwork m the cutting the
advantage does not he decidedly either wav  but the wider the fall the
greater will be the advantage if wny of the deeper fall the reason being that
the cost of the flank defences bears 2 greatcr portion to the whole m a
narrow thanin a wide work  In along weir the main expense 15 m the wetr
wall and floor  So 1gnoring the flank defences the sectional areas of the
werr wall and floor alone for difterent depths of fall 1re given below In
every case the value of d or depth of film 1> taken as 5 feet H -+ d there-
fore will equal H + 51n every case —

l Hr onts of Wr K 50 £ FLOOR
—
Tee Tee Peet F Fet Fee
I 5 7% 10 13 15 o
Sectional areas— ‘ ‘ ‘ ’ !
Wer 19 45 53 | 2 ’ 101 ‘ 155
Floor 64 ‘ 1Y 1 14 1o ‘ 730
.
Totals sup ft J b3 133 10 ~1g ) St 403
R Seet. ara
Two 5 feet de p flls 16  Two ~ feetfalls v
One 10 10 QOne 1, asp
lhree 3 19 Two 10 o
One 15 LAYt Une ~o §33
Tour 33
One 20 303

2
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From the above 1t will be seen that the difference 1 quantities of weir
plus floor 1s much the same 1n the case of several small falls or of one larger
one the advantage generally lying with the smaller falls

The comparatnve areas of the flank walls will throw the balance further
in favour of the smaller falls

In estimating the sectional areas of the weurs the base width 1s taken as

that of the Hybnd section viz I%i not H—T—H—i the thickness of the

floor as VH + d and the length 2 (H - d)

(31) In the dry zone of Western Canada 1n the Province of Alberta large
canil systems are n process of formation the principal of which s the

Fic 7a—to Yoot I'1ll on Calgary Canal Alberta

Calgary Canal undertihen by that enterpnsing corporition the Camadin
Pacific Rmlway — This canal 4 short description of which 1s gnven in Chap
NIII will when fully developed be by far the largest on the American
continent 1t 15 thus fit that the premier rulway company of the whole
world should 1lso lead the record n amgation enterprise  The author has
been privileged to obtain the blue prints of some of the prinaipal works and
1t will be interesting and nstructne to reproduce some plns particularly
with regard to engineers 1n countries possessing timber forests i abundance
where imigation 1s practised  In Indin atself timber 1s scarce and expensive
but 1n Burmn which has an extensne dry zone excellent timber hard wood
as well 1s teak 15 avaulable at moderte prices

The first allustrtion 10 Tig 7 15 of a 10 fect drop situated 15 000 feet
from the canal head  The bed width here 1s 44 feet side slopes 2 to 1
the 1nverage width of the water section will therefore be 64 feet watlt 1 full
supply depth of 10 fect
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In these falls the crest 1s not raised as1s commonly the practice wherever
notch falls are not adopted but on the contrary it 1s lowered 3 feet below
the up stream canal bed grade the approach being in the nature of a rapid
the crest 1tself 1s contracted to a width of 17 feet

The width of the floor below the drop 43 feet 1s nearly equal to the bed
width A water cushion 1s provided 4 feet 8 nches deep

By the arrangement above sketched the overfall 1s concentrated mn a
narrow width and the veloaity of approach largely augmented

The scourmg action of the fallng water must therefore be accentuated
much above what 1t would be were the usual wide raised crest adopted

Modern practice mn canal falls 15 1n favour of notch falls 1n which type
the current 1nstead of bemg concentrated in one powerful volume 1s splt
up mto several jets independent of each other However with a water
dbe;ft; as 4 4 together with a
high velocity of approach of 3 2 feet per second the crest width of the fall
should be greater than the bed width of the canal say more nearly equal
to the average width of the water section which 1s 64 feet A photo of this
work showing the cross bracing 1s given m Fig 7a

section having an exceptionally low ratio of

(82) The difficulty mherent 1n the case of wide canal works built of a so
extremely unsmitable matenal as light pme wood 1s that the post and plank
wimng walls which support the earthen sides above and below the fall require
strutting across for mutual support In the small Western American canals
which are often not much larger than Indian distributaries this can easily be
effected When however the same design 1s copted on a larger scale the
cross ties have to be made of built beams and the expense 1s considerable
This must be one reason why the wide portion 1s lmited to the part below
the drop wall

In this design the revetment walls of the water cushion well or pit are
not shown as cross braced but this had eventually to be done as the pressure
of 19 feet of earth would otherwise have soon overcome the shight resistance
offered by the upnight poles 5 feet apart

This difficulty in connection with wooden revetment walls 1s easily solved
by stmply stepping outside the trammels of precedent which seems to have
such 4 hold on some engineers not only here but i India that 1s by abandon
tng the vertical walled lock or box style of construction of falls for an open
one and of substituting the much more reasonable system of allowing the
earth to stand on 1 slope 1nstead of being held up vertically  These slopes
with the assistnce of 1 hittle overlay of nprap will stand permanently at a
much steeper inchnation than the angle of repose of the matenal

This method of construction which 1s the same s that exemplified 1n

T'ig 4 will be found much cheaper the saving 1 woodwork bemng very con
siderable  as 2 set-oft against which 1s the cost of stone filing and of prtching
banks and of a puddled clay wAll in rear of the main cross drop wall which
Intter with wooden structures 1s deemed 1n essential feature  This canal has
the great advantage of a subsoil conststing of glacial detnitus 1 which large
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quantities of stones and gravel are mived up w 1th the clay  Safeguarded
from erosion by light crib work, stone forms an excellent and effecttve
protection to earthen beds, or banks against water scour

(33) An alternatre design on these Lines 1s givert m Fig 8 The width
of crest adopted 15 60 fect which dimension, if anything, errs i excess The
up stream slopes are steepened from 2 to I to 1} to 1, at which they will
easils stand with the possible addition of a 3-nch layer of loose stone The
down stream side slopes are made such that they will mtersect the wing
crests at the same pomnt as the up stream slopes, they will thus stand at
87 to 1 1¢ a hittle steeper than 1 to 1 Considering that rev etted slopes
stand well at 4 to 1 this inchnation 1s by no means impracticable This
slope 15 revetted with stone 2} feet thick at the base, tapenng to I foot at
the crest and the pitching 15 continued up to the end of the down-stream
floor T'rom this pomt down, 1t will widen out to the normal 2 fo I The
drop wall 1tself consists simply of a single wooden double-planked core wall

The planks are placed mside the posts, which are spaced 6 feet apart
Another row of posts or piles 1s placed 15 feet m rear of the face wall, con-
nected to 1t by sills at the top  No other cross connection 15 permitted as
otherwise lexkage through the puddle wall, contamed between the rows of
posts would be encouraged, and the proper consolidation of the clay mter-
fered with  With regard to the wings both sides are planhed, enclosing the
puddle core  This latter will be carned down 1 a trench to a depth of
2 feet below the top of the sheet piling which extends all along below foor
level, stepping up 1n the wings The planking 1s double 3 inch, escept
the rear of the wings where 1t 1s double 2-inch

The water cushion 1s omitted  The greatest stram on the floor will be
produced if 2 or 3 feet 1n depth were let down with the channel below empty,
which eventuality 1s amply prosided agamst by the crbbed nprap or
filing The floor 15 composed of 4} feet of loose stone or roch, purtly
covered m by 3 mch planks spiked or screwed down to walings, which 1
turn are spthed sideways to the piles These latter are spaced m 6 feet
intervals 1n either sense

The walings are not secured on top of the posts as sills, which 15
generally the best arrangement, but to the sides m order that they shoutd
form easy connection with the outside piles or posts of the drop wall

The last two rows of prles are rawsed 4 feet abo ¢ the floor, to form a stop
wall  Tins will be filled up w1th loose rock, so as to allow free percolation »

the stop wall has the effect of retamng a greater depth of water over the
floor than 1s below 1t, and has been found to work well 1n practice The
revetted side slopes are protected by planking sprhed to walngs, connecting
the inner row of piles in the pit with a further row dnsen into the slope at 3
Ingher level  This protection 1s only for a short distance, withimn the rangt
of the falling water

Considering that canal works constructed of so penshable a matenal 38
soft woud can only be temporary, 1t 15 essential that they should be 25
cconormical as 1s consistent with safety  The amount of matenal 1n g7
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(Board measure 1s cubic feet multiphied by 12 )

(44 feet wide) 15, pihing 4,070 lineal feet, woodwork generally, 116,756 feet
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In Fig 8, wath a Go feet width of crest the corresponding quantitres
piing 1,380, woodwork generally 46,400 B [, plus stone filbng, rip-

are
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rap and puddle Two drops of 5 feet would probably be cheaper than one
of 10 feet and certamly much safer The notches 1t may be added are
wooden frames covered with bent inch boarding caulked the hollow filled
up with sand or small stones and the frame bolted down to the upper floor
crest of the fall

The cost of the stonework cannot be estimated 1t will however not
nearly equal that of the woodwork saved which costs $47 per 1000

feet BM

(34) Another fall on this canal 1s exhibited 1n T1gs g and ga of an 11 feet
drop 1n a secondary canal which has a bed width of 18 feet

This consists like the last of a narrow rapid followed by a laterally
restricted fall but exaggerated It has the pecuharnty of a kind of pen
stock or pit at the head of the rapid the object of which 1s to hold up the
water level and so imit the velocity of approach

1t 15 constdered that this design would be mnproved 1 1t consisted of
two distinct falls of 53 feet on the same principles as Fig 8

This has been worked out 1n Fig 10

The quantities of w oodwork are as follows —

Pites footlneal  Woodwork Falt
Fig 9 1 620 54 160 1T ft
Fig 10 (doubled) 1 200 15 400 twoof 54 ft

The puddle mentioned need not be brick clay but ny soil that would be
1

!
1

which 1s amply secured by the plank sheathing

(35) \aturc h1ving provided carth and stones close to hand 1t 1s desirable
that their qualities should be utilised to the utmost with a saving of the
perishable wood  When permanent works of masonry are substituted for
these frail and temporary structures of soft wood and tar paper the stone
used m the filhng and revetted slopes will be the only matertal remaining to
be agnn made use of Ingineers accustomed to work 1n wood do not tihe
landly to masonry structures  Lhus was particularly noticerble i Burma
where theold  wood and mud  Engineers of the lower Province before the
expansion tooh place had 1 holy horror of bricks and mortar  the rerson 1
not far to sech  Timber structures are quickly and castly put up and require
Iittle superyision whereas in masonry and concrete work the arrangements
for wnd collection of mortar stone brich and cement give 2 great deal of
trouble and require carcful and thorough supervision  the responsiality
therefore 1s much greater

In the States the 1der his ganed ground that if a structure be of rem
forced concrete 1t must be siitable in point of cost s well as efficiency  This
1s by no means the case as his been proved i several instances taken up 1n
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I'te, 92 —Combined Fall and Rapid Calgary Canal
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this work  To copyv wooden structures in remforced concrete will generally

be found on analysis to be very poor engineering
The more modern examples of the great wngation works 1n India and
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Egvpt afiord excellent models of surtable
construction, not, howeser, to be blindlx
copied, but followed with a cnitical eve
to possible defects, and subject to the
modification rendered necessary m a -
country where Inbour conditions are so -
vastly different

Denms the able head of the Irngation
Admimstration at Calgary, we are en
abled to produce (in F1g 11) the plan in -
remforced concrete of a combmned regu-
lator and fall which 1s on secondary
canal € (ude map) in Chap \III,
Tig 2 The drop 1s 5} feet  The fall1s
divided up 1nto 7 bays of 4 feet by puers,
which continue over the mclmed drop
wall on to the lower floor

It 1s presumed that the head to
which this work 1s hable 1s that acting
when 6 feet of water 1s upheld by baulks
let 1nto the pier grooves the channel
below bemng empty If 1t were not for
this fact, the contmuation of the piers
so as to form buttresses to the thin drop
wall would not be necessary ~ With the
provision of the rear sheet pihng and an
mmpervious upper floor, the drop wall
practically consists of the whole mass
of enclosed earth and concrete between
the sheet pimg and 1ts face which
thickness 15 much 1n excess of require
ment Under these circumstances if the
case were that of an ordmary fall with
out regulation, the cheapest construc
tion would undoubtedly be to make the
actual drop wall thicher and to do aw1y
altogether with the rear sheet piling
and the rexr floor, which then become
superfluous

If on the other hand the eusting
arrmngement of the buttress piers 1s
mamtnined, the whole of the floor in rear of the pier noses marked 1 together
with the <heet piling, 1s clerrly superfluous  The upper wins w1, Wwould
then t1he off at the end of the shortened abutments 1¢ at ! [he dtn,
wall tteelf would not require any thichemng beyond 1ts present dimenngy of

I
{86) Through the courtesy of Mr J S |
1

Le ol of Country
[y

NN

M
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18 nches  In ordimary cases, no upper floor is provided in rear of the weir
wall beyond some nprap, and there is no reason why this arrangement

Tic 13 —View of a ** Wingless * Tall of 14 feet (Burma)

L

<hould be departed from unless the foundition 15 pure sand, which ts not
the case here.

(89) A 11l practically consists <olcly of the drop wall and the floor, the
aide wings not bang an abralutely ¢ssential foature, as they can be Jeft out,
pitched slopes being substitutcd  The drop wall 1 cumply a liming to the
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step 1 the earthen bed a retaning wall n fact and if built up aganst the
ongmal clay or connected therewith with a puddle baching 1t should not be
subject to hydrostatic pressure  Further its weight pressing on the carthen
foundation forms a watertight connection below  The floor 1n hke mnner
forms a watertight connection with the earth in the lower bed and with the
drop wall Consequently except when the soil 1s porous as sand Lnes of
sheet piing m rear of the drop wall or below the foundation of the lower
floor are not at all necessary and 1 fact never are employed in any Indian
worhs of this character

A good design 1n a hght material as timber may be quite unswitable when
a heavier material 1s employed The plan under consideration adheres 1t
1s contended too closely to precedents of timber construction It should be
borne in mind that mn hydrauhc works sheer weight 15 always a desideratum

In remnforced concrete work weight 15 reduced as much as possible to
save expense and it will often be found that 1t 1s cheaper to employ the
plaim concrete of larger dimenstons than remforced concrete

It 15 considered that this floor should be made at least 3 feet thick the
lower half bemng of closely set niprap covered with 18 inches of plun cement
concrete the length also to be incrensed by half as much agam by heavy
riprap the wings remaining the same

The remarks regarding the superfluity of the sheet piling do not apply
to that underneath the up stream wings In most falls the foundation of
these wings 15 carned down to the lower foundation level and this ¢can be
most econormucally effected by sheeting piles formuing the lower 5 feet Thys
line of sheeting should be carried under the abutments and connect up with
the drop wall curtan  The drop wall might be made vertical without
disadvantage with a battered face

The piling shown at the termmation of the down stream floor 1s a useful
though not an mdispensable adjunct provided this floor were lengthened 1
concrete to about the same extent as the upper floor 1s recommended to be
shortened The suggested alterations amount 1n fact to a redistnbution of
much the same matertal

The panel counterfort retaing walls are an excellent feature and eftect
considerable economy 1n section It 1s here that remforced concrete can it
15 considered be most suitably employed not in the drop wall or floor

(88) A section of 2 cnal escape fall ladder without notches which 15
worthy of attention 1s that of the hushal T'alls AgraCanal gnenin g 1>
The discharge of the escape 1ts bed width and other essential particulars
are as1s so often the case entirely wanting Tng r31saviewofa Ving
less Il

Lpitor s NOTES

(P) Voteh Ialls (par (-)) —The NotchIll wasmvented by Punjab
inigation engieers nd after experimental iy estigations by Mr (now i
John Benton and others w s first brought mto use extensively dunng the
construction of the Siwhind Canal system i the penod 1572-185. The
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author has taken his dragrims and description of the methed of design of
these Notches from R B Buckhley s excellent treatse The Imgation
Works of India and Egypt which however represents an obsolete tipe
of design n this particular instance  The orthodox method of design 1s set
forth in  Punjab Irngation Techmcal Paper No 2 whercin the standard
<hape of notch for canal falls 1s shown as 1n Tigs 142 14b herenserted It
will be noticed that 1n these diagrams the up stream sides of the notch
(in plan) are inchned 1t 45 degrees to the axis of the canal and the down

-7

Tie t4a Lic 14b

stre um sides 1t 22 degrees thereby grning the notch 1 more efficient shape of
adjutage for discharge thin in the type t1hen from Buckley in wlich the
up stream ngle 15 about 6z degrees with 1n 1ngular edgc to the mouth
piece which 1> Iiable to retard flow

The notch wall in T'ig 14 15 5 fect thick for 1 height of 7 5 feet a mtio
of 2 3 which 1s 1s 1t should be for stability against water pressure In
view of the dynimic 1ction of the current passing the wall on either side
a lesser rt1o of base to height 15 not permusstble  The following 15 quoted
from the Pun)ab Technieal Paper No 2 —

In Mr Bentons experiments 1t was found that the value of the co-
cfficient of discharge vaned from o €62 to 0676 the mean value being
0 67 nd this has been used i 1l notch caleulations the velocty of approich
bemg 1l o taken 1nto account  Obscrvations on distributary notchies con
structed m accordance with Mr Bentons formulr have shown that by
substituting o 70 for 067 the veloaity of approach m1y be neglected 1nd
considerible Inbour of computition 1oided  Liperiments on ¢1nal notches
have not been very extensive but they ndicate that by emploving 1 co
efficrent of 078 and neglecting veloaity of Approach 1 result 15 obtamed
prictically identical wath that of the more Itborious fermulh - Accordingly
m the formult now given the tams imolving veloaity of approrch ke
been entirey onutted and these coeffictents substituted for Mr DBentons
coefficient of 0 67

1t 15 customany for branch canals or distnibutanes to offtake from thar
prrent channd at pomts 1 fuw score or 4 fes hundrad feet up strexm o
masonry falls ind 1n such ensces the dischrge prssing over the fall to the
il buow may be con wderatly less than that of the canalup streamof the
offtihkes  The wadth and depth of the canal bdow the fall may be ippre-
cbly different from the dimensions up stream of it vet the n tehesmu t
be d~toned to b1 up the water to the nomnal up strewm depths whibt
[romg tho d g stream discl rges The  detuls complicate groatly the
f rmule f destan <ot f et the Technieal Py above m ont ned lut
W content cur dves wath derlimg, sath the sunple case diseus < by oar
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author, of a canal with a full supply depth of 8 feet of water, dischargmg
2,500 cusecs, both upstream and down stream  The notches have to be
designed to discharge correctly at two depths, (d,) and (d,), such that 1f (d,,,)
be full supply depth and (d,) be low est working depth, then (d;) = (d,) +
(dm — do), and (dy) = (do) + 3(d,, —

If we assume (d,,) = 8 feet, and (da) = 4 feet, then (d,) = 5 feet and (d,) =
7 feet In the case consldered we have —

Discharge for depth (d; = 5) = 1,136 cusecs = D,

Discharge for depth {(d, = 7) = 2,000 cusecs = D,

Other notations are —

! = length of cill of notch 1 feet

7 = 2 fan a, where (o) = inchination to vertical of the sides of the notch

! + nd,, = top-width of notch depth d,, = 8 feet

¢ = coefficient of discharge (o 78 for canals, o 7o for distributaries)

¢ = depth to which cill of notch 1s submerged by tail water

f = drop of fall m feet

Canal Notches with * Free Fall —

General equation D = jcv/2g(ld? 4- 2nd ) = 5 35¢d’{l -+ 0 4nd)
Whence we deduce
Dydy® — Dydof _ D,
= 21qedgd f{d, — dy) ' ' T 5 35¢d,

Applying this to the data of the case considered, we get
n = 1 9z feet,/ = 19 5 teet, top width =1 4 nd = (19 5 + 15 4) = 34 9 feet
Full area of waterwav = (19 5 + 34 9) ¥ 8/2 = 217 6 square feet

If we decide to have eight notches, we have tor each —

— 0 gndy

Bottom width = 1,%5 = 2 44 feet, top width = 3; 8 _ 4 36 feet

The corresponding results arrived at by our author are —
Bottom = 3 3, top = 57, area of waterway for eight notches = 5 7 T33

X 8 x 8 = 288 square feet
Whence it appears that his notchies are 3z per cent looser than those given

by the orthodox caleulations  This 1s due to his having rechoned with a
coefficient ¢ = 0 623, instead of o 76

It 15 better to have notches a little too tight than a lutle too loose, because
the error ot tightness can be more easily remedted wathout closing the canal
by cutting down a course or two of brickwork from the top of the notch
walls, as a temporary measure, besides which it 1s better to have the canal
water level a few inches above rather than below the normal required tor
command ot ofttaking channels

In par (12) our author considers the case of the same canal where 1t has
a fall of 2 feet only  In this casc the fall will be drowned at depth 4, as well
as at d,, and the orthodoy tormule will be —

i, + PR Iy — ) - Jo—eytto Dy
{0+ + P rathi—a) - oai — = P and
I("2+;j) +n {3:2_ 2~ ey) — Oy — z:l~I' = Dy

535e8vd; — e,
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T'rom these equations we deduce —
n == 513,1 = 18 6, top width = 59 6, area of waterway = 312 8
If we have eight notches, the data for each are —
l=%fcz33, top \ndth=*%§=745
The corresponding data according to our author are
Bottom width = 4 76, top width = g 24

Total area of waterway = w X 8 X 8 = 448 square fect, 0

43 per cent greater than that of the orthodox calculation

Our author dectdes first how many notches he will have and then cal
culites the dimension of each It 15 simpler and preferable to calculate the
dimenstons for a single notch, takmng the whole discharge of the canal, and
then to decide how many separate notches 1t will be desirable to have

The above formul® for “ drowned " notches are lengthy, but with a
little practice the enginecr dealing with spectal cases, especially those of
channels discharging less than 250 cusecs, will find that he can stmplify his
calculations greatly without incurring serious error  In the case of Dis-
tributary notches, mnstead of the shape shown mn Tig 14 1t 15 customry to
mahe the sides of the notch 1n honzontal section simply semi-circular, as i
g 1a with diameter equal to the thichness of the wall at bed level Asa
general rule we think that 1t will be found correct cnough to calculate the
notch for two depths, viz, d, = full supplydepthand d; = }(d,) Andwe
think that the assumed coeffictent of discharge should be no higher than
075 for v Free I'll, and graduated up to o 85 for a * Drowned Talt ™
1n proportion to the degree of  drowning



CHAPTER X
CANAL REGULATION BRIDGES AND ESCAPE HEADS

(1) In places on a canal where an escape or a branch takes off, a regu-
lating brnidge across both works 1s generally necessary Distributaries
very frequently take off above falls and the two works are often combined
No object however 15 gamned by placing the headworh of the branch directly
at the fall and so amalgamating them into one, a better arrangement 1s to
make the branch take off separately, higher up the canal The regulation
of falls by means of a superrmposed bridge with shutters or baulks which
drop on the werr 1s hardly practicable where notch falls are concerned, and
the system 1s generally to be deprecated as mterfering with the regimen of
the canal Skew heads for branches have sometimes an advantage The
branch could leave the main canal at an angle, the head being recessed so as
to admut of the spans being square to the axis of the branch  An alternatne
15 a shew head with the piers run forward to the canal side slope

(2) The principles govermng the design of canal regulation bridges are
not quite 1dentical with those which affect that of canal heads In the
latter the object of the design 1s to enable the head work, tf so required
erther to completely cut off all ingress of the water from the river mnto the
canal or else to admit only as much as may be desirable

The same functions have to be performed by the canal regulation
bridges with this difference, thit the maximum head of water dealt with s
moderate n depth, seldom exceeding T0 feet at the outside, whereas in a
niver canal head the flood water may nse to anything up to, say, 30 feet
above floor level

(8) A design for a regulation bnidge and branch head 1s given in Ing
In this case the water in the canal s assumed to be 8 feet deep and that mn
the branch 6 feet, the floor of the latter being placed 2 feet above that of the
mamn channel The binks, with cutting and spoil, are assumned to be 15 feet
above canal bed level and the bridge roadway or platform 1s placed at this
level The spring of the arches 1s fined 2 feet above TS, which 1s the
same* 1n the branch as inthe canal  In the canal regulationbridge the spans
are made 10 feet Large spans with high, heavy arches are quite out of
place 1 irmgation canals, where headway need not be provided for laden
birges  Most of the examples of existing canal regulators grnven m Mr

* Tlus 1s not a good arrangement  There should alwavs be a diffcrence of water level of
at lewst 2 fect between mam canal and branch canal or of at least 1 foot between  canal

and  distnbutary o allow of a crest wall and silt excluding arrangements between parent
chinnel and off takng channel ~Lp

w a7 *
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Buchley’s ‘ The Irngation Works of Indta * are of this Intter type, which it
would be folly to umitate 1n a purely irngation canal  The opemngs 1n the
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skew branch head which takes off at an angle of 6o degrees with the axis
of the main canal are made 8 feet wide, which will give an oblique span
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of about g feet  The shew arches have the same rise and thickness as i
the canal regulator

(4) The disposition of the wing walls in the combined work 15 arranged
50 as to allow of a sustable approach to the bridges from the canal bank road
on either side, as well as from the country at the rear The connection
between the two works 1s formed by a short continuation of the abutment of
the canal regulator, which jomns on to the end of the left shew abutment of
the branch This 15 the only vertical retaiming wall m the design  The
width of the roadway between parapets 1s 12 feet  This makes the length
of the piers and the floor m both cases about 24 feet  The head of water
bemg only 8 feet, the proportional length of the masonry floor comes to
3H = 24 feet, or measunng from the grooves, over 2H, so that the width of
the masonry floor 1s 1f anything, m excess of requirements, and need not be
extended beyond the down stream pier noses The thickness of the floor 15

- S
/H = +/§ = 2 8 feet + —— = 3 8 feet 1n the main regulator, and v/§ 4. )
x0 10

=25+ & = 3} feet m the branch, the subsoil being assumed to be firm
clay H 15 the depth of full supply above floor, and S the span The

addition of o for the piers, to allow ncreased depth for distribution of

weight, which answers well 1n practice

(5) The gates will be lifted by a travelling winch, which will run on rails
clear of the roadway One rail will rest on the dwarf parapet wall provided
for that purpose, and the other will be bolted on to a rolled beam some
g mnches deep built into the top of the up stream cut-waters, which for this
purpose are continued up to rond level  The detail of this arrangement 15
shown on a larger scale in Figs 1d and e The gates, which only require
a watertight connection between each other, will be i plan as shown 1n
Ig 1e  They will, as a matter of course, be fitted with roller attachments

(6) The arrangement of the pitching below the two works 15 shown
Figs 1, 12 and b That on the canal slopes 1s taken 2 feet above the water
Iine and termimates m a slope of 45 degrees Where the sloped pitching
projects beyond that i the canal bed, a narrow shp of horizontal pitching
extends on erther side to form a foundation for the toe of the slope

(7) Tig 215 a presentment of the Raswanna Regulator on the canal of
that name mn Lower Egypt  Vith the exception of the down stream wings
the ahgnment of which presents some novelty the design 1s but a copy of
the old Ganges Cannl types

The following points are noted —

(1) Conwidening the depth of water viz over 13 feet, the spans are veny
narrow

The width of openings, except 1n the case of werr <lhnce heads should

s
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not as a rule be much less than the depth of water, and as the regulation of
this work 1s believed to be only partial spans of 4 or 43 metres 1¢, 13 to
15 feet could well have been adopted  The regulation 1s effected by the old
prmitive method of wooden sleepers or bauths dropped mto grooves cut 1n
the brick piers

(2) In conformuty with the practice in Upper India, the wing walls are

Plan

501 (23)
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Tics z 2a zb 2c —Raswaniya Regulator (Egypt)

vertical m section which 1s the least economical form  The direct retum
up stream wings are likewise an unsutable disposition unless for a head
regulator taking off from a river bank which 1s apparently not the case here
Reference to the elevation in Fig 2 will demonstrate how mnjunously the
sudden narrowing of the water w 2y e to the abrupt entire suppresston of

_~‘.“£-S¥$'.‘slopes must affect the current A good arrangement of the watet

wings will on the other hand ensure as gradual a change as possible 11 the
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sectional area of the water way, and this can only be effected by erther
adopting splayed walls which gradually absorb the side slopes, or else a
direct continuation of the abutments by means of a sloping crested wall,
stmlar to what 1s adopted down stream 1n this design, but parallel to the
axs of the canal, which type of water wing effects a similar gradval widening,
but mn a different manner

(3} The down stream wings 1n this work converge on plan, the object
being to force the current nto the centre of the water way It 15 believed
that this device will defeat the very object which 1t 1s intended to secure
The contracting of the water way will tend to cause the current, on bemng
released from the restramt of the wings, to spread out on both sides, as water
flowing through an adjutage undoubtedly does

A good pomt 1n the design 1s the arrangement of the pitching on the
slopes, which 1s as 1t should be

(4) The floor of the work 1s T metre or 3} feet thick, which 1s sufficient,
having regard for the narrowness of the spans

The length of the floor 1s, 1f anything i excess of requirements

(8) Fig 31s a design of a lifurcation  The depth of water 1s taken as
6 feet 1n the canal and also m the two branches It does not call for much

AN
116s 3 3a —Design for Bifurcation
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comment , the wing walls have been shown as vertical 1 order not to
complicate the shetch unnecessanly A design for a regulator without
bridge to pass traffic 15 given m the next section on Canal Escape Heads
(Fig 5)

Canal Escape Heads

(9) Notwithstandmng the fact that the admission of water at the head
of a canal may be under complete control, still emergencies may anse when
1t may be necessary to shut off, or reduce supply, by reason of a breach of
the canal embankments or by reason of local ramfall which may stop the
demand for canal water  The canal head may be very far off, say 50 or 109
mles distant, from the site of the emergency, in which case it might tape
two or three days for a canal head closure or reduction of supply to take
effect where needed  For this reason escapes m suttable positions, wherehy
the surplus supply can be got nd of, are sometimes useful  Thewr existence,
however, 15 apt to lead to careless regulation of supply, and to waste o;
water and mnterruption of wrnigation, so thewr use should be discouraged
except on occasions of real necessity

(10) The position of an escape head should be as close as possible to ,
draimnage line, so as to dimmnish the length of the excavation n the channg)
Falls may have to be constructed along its course, 1n order to overcome the
difference of level between the bed of the canal and that of the river or
stream nto which the escape channel will tail

Canal agueducts crossing dramage lines can sometimes be utshised wit);
advantage to pass off surplus water ~An example of such a work 15 givey
m Fig 7, to which reference will subsequently be made

(11) Tig. 415 a design for a canal escape head combined w1th a fall under
the following assumed conditions —

The bed width of the canal 1s 100 feet side slopes 1 to 1 the deptl of
water, full supply 1s 8 feet, and mean velocity 1s 2} cubic feet per second,
having a discharge of 2,160 cubic feet *

(18} The design of the escape head 1n Fig 4 consists of a bridged over.
fall wetr, the length bemg divided into seven bays of 14 feet  As the bridge
will be used for traffic being on the canal bank road, the width will e
12 feet between parapets The arrangement for the gates will be similar to
that 1n the example given mn Fig 1, the outer rail for the traveller being
supported by a rolled girder built 1nto the top of the front cut waters  The
depth of film (d) 1s taken as 8 feet (that of full supply 1n the cinal) for
purposes of sectional calculation

The disposition of the wimgs down stream (Fig 4a) 15 of the dog legged

* An cscape channel may sometimes be used as a simceway for scounng silt £50m the bay
of 1ts parent canal _but this 13 not the pnmary function of its design  In onder to function
1n that way 1t would need an ou(la‘ll‘{ar steeper lh‘:u.ll tinx of the canal  Even if such out.

€ mrase qNla tamsp IOTE tea e
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type the up stream right wing 15 of the splayed sloping crested type to
allow easy access of entry for the water i the channel with regard to the
left wing down stream (11de Fig 5) the junction with the regulator 15 formed
by a continuation of the abutment on a reduced section

Fies 5 53 5b —Des g for Regulator below Escape Head

The dimenstons of all the parts are m exact accordance with the formulas
and rules adopted by the author as detatled below —

Ruse of arch 2 feet = S
‘Thickness of arch 1} feet = 4 Vr= 4 Viz=14
r, V 1z , 2
Thickness of abutment at springing = 5 + e +2= 5 + 7 +2
= 46 feet
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Thickness of floor == VH + v/d =18+ v/5=50%
Length of floor beyond weir wall — 2 (H + d) = 2 X 13 = 26 feet
Thickness of prers = 35 = 3 X 14 = 4 2 (taken as 4 feet)

The thickness of the base of the retaimng walls 1s 1n accordance with
the formula 4H — 1 for stone walls with a face batter of 1 1n 10 The
up stream wing has this proportional thickness at the canal bed level
below ground the back 1s carned down vertical the face continuing to batter
to the foundation

(14) Fig 5 1s the design for the canal regulation bridge just below the
escape head It 15 not supposed to be required to cross traffic but only
for regulation purposes

The spans adopted are the same as m the escape head viz 14 feet of
which there are seven giving a combined width of waterway of 98 feet 1 ¢
closely approximating to the bed width of the canal which s quite sufficient
for bridges and cross canal works ~ The canal bed 15 shown widened out on
one side only

(15) We will now proceed to give an example of an existing escape head
with fall which 1s on the Godaver: Eastern Canal

Figs 6 6a and 6b are drawings of this work  The depth of the fall 15
exceptionally great being 16 feet above floor of fall and 13 feet above the
level of the escape channel below  The latter being 3 feet hugher than the
floor a water cushion 3 feet deep 1s formed by means of a raised curtam
wall The weir 1s divided by piers into five spans of 10 feet The plers are
partly built over the werr and the roadway 1s only 6 feet wide between
parapets ['rom thisitis evident that the bridge 1s not required for traffic
but 1s merely a foot regulation bridge This work seems on the whole
to be well planned although the curved wings are not commendable
Straight battered wings would answer the purpose just as well and be easier
to build besides which the raiway under bridge style of curved wings
adopted down stream which 15 so common 1 all Madras works 1s objection
able therr curved shape tending to encourage a rotary movement 1n the
water below the werr termed pooling  which 1s very destructive m s
action

The prers are economiclly designed  the thickness s 3S at the base and
they taper by nsets to 2 feet or 25 at the springing of the arch of the bridge
Piers 1 a fall are subjected to very shight water pressure end on and
recens e great support from the weir wall into which they are bult  The
re not likely ever to be subjected to lateral pressure as in the case of 2
regulating head or bridge consequently the thichness can safely be
dummished to that smtable for an ordiniry bridge  The depth of water
Table to pass oy er the weir 1s probably not more than 3 feet or 4 fect Judgng
from the height of the banks of the approach channel  The closure 55
effected by wooden gates rarsed by screw gear A small movable winch on

© Dut this feature must be go erned by the nature of the foundation sod ~Fpn
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wheels which could be taken away and housed when not required, would
probably form a better hifting apparatus, or else a row of simple wooden
windlasses fixed on the cut-waters Screw gear 15 switable for reservoir
sluice gates in deep water, which are moved 2 feet or 3 feet up and down at

F16s 6 6a 6b-—Escape and Fall on the Godaven: Eastern Canal (Madras).

the outside, but 1n the Madras Irngation Department 1t 1s appled to every
kind of water gate from undersluices to waste weurs

(16) The floor of thus work 15 only 4 feet in thickness The nature of the
foundation soil 1s not known, but as the work has existed for over half 2
century, the floor 1s presumably strong enough

The aisten forming a water cushion 3 feet deep, 1s 1n accordance with
Dyas’ formula, as given i Molesworth’s Pocket Book (see Chap X,
par (26))

The werr wall 15 4 feet thick at top and 8 feet at the bottom Bemg

6
16 feet high, from crest to floor, 1t would need a base thickness of % =533
16 X 2

= 10 66 for water pressure The thickness

for earth pressure, or of

adopted ? = 8 feet, seems suitable, and has proved so.
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(17) It has already been noted that escapes for surplus water can easily
be arranged for at aqueducts or drainage crossings the escape or surplus
weir bemg combined with the latter worh  An excellent example of
such combination 1s grven (T1g 7) of a work on the Conmamur Canal
Madras

The canal here crosses a dramage line which 1s taken underneath 1t by
a syphon or syphon aqueduct This consists of two culverts 8 feet wide and
about the same height The waste weir and regulating and traffic bridges
are built at the end of these two culverts half the weir being simply a dwarf
wall bt over the end of the barrels the other half lying beyond them
The three centre piers are spaced g feet apart and are built in part directly
over the central pier and the two abutments of the syphon The weir con
sists however of four spans of g feet two of which he outside the sy phon
altogether and here the weir wall 1s of the full depth of 14 feet Both
abutments are therefore quite clear of the syphon

(18) An example of a very large escape which belongs more properly to
reservoirs than to canal works 15 the Koshesha Escape m lower Egypt

Figs 8 are plans of this immense work which consists of siaty spans of
3 metres or 10 feet and 1t upholds 6 2 metres or say 22 feet of water
although 1t 1s stated n  Egyptian Irmgation  to be subjected to a head of
4 metres only  This 15 too vague to enable a calculation to be made of the
horizontal thrust of the water on the work though 1t 1s suffictent for the
vertical pressure on which the design of the floor may be made to depend
The soil 1s good hard clay

The main peculianty of the design 1s the division of the waterway into
two parts by arches thrown between the piers which thus form an inter
mediate platform  The upper and Ihrger portion of the vent above this
platform 1s closed by 1ron gates hinged 1t the bottom which when released
fall automatically on to the platform to which they are hinged They
cannot be raised when the level of the water 1s much above that of the
platform but are intended when the reservoir has to be emptied to remain
down il the water has run oft no regulation by them being possible  The
vents below the platform are closed by ordinary draw gates working in
grooves these only come into use when the water above the level of the
platform has been drauned off  \ 12 feet roadway between parapets 15 pro
vided so that evidently provision his to be made for crossing traffic  Thas
and the considerable projection of the prers in front of the gates apparently
to allow 1 wide space between n outer set of emergency grooves and the
face of the barnier gates c¢uses the prers to be of exceptional length which
15 not required for staticnl resstince This work 15 evidently erected in the
middle of 1 long embanknient crossing flat countny simlar to a <luwe 1
1 tank embankment  at 1s not situated n 1 depression or marked natural
W1tercourse

The arrngement of longitudinil rubble spurs above and below the
escape to guide the current 1n 1 direction normal to the axss of the work 15
adnurable and <o 15 the disposition of the rbutment wings
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(19) In some other points the design of this work 15, however, open to
cnticism

Takmng the floor first, the depth under the piers, which depth runs night
through, 1s considerable, bemng 2 75 metres, or g feet Considering that the
soll 1s hard clay, and the head of water nothing very remarkable, being
7 metres, or 22 feet, when the bed 1s below dry, but stated not to exceed
4 metres, or 13 feet, this mass of rubble masonry appears excessive

The Assifit works built not on hard clay but Nile mud, have a depth of
foundation of 3 metres, or 1o feet, with not far short of the same head, viz,
3 25 metres i the Ibrarmya Head

With regard to the superstructure The provision of spare grooves and
the consequent extension of the piers up stream, a construction always to be
avoided 1f possible, appears an unnecessary precaution, particularly in view
of the fact that the work will only be used once a year, and w1ll doubtless
remam clear of water for several months, when any repairs to gates, etc,
could be carried out  The floor should, however, be so constructed that 1t
will never require repars , this can always be ensured by using good cement
masonry of sufficient depth

(20) The division of the spans horizontally, though doubtless an excellent
arrangement m atself, 1t carned out by the insertion of a great thick vaulted
masonry platform, which takes up a great deal of the waterway, necessitating
more spans to carry off the discharge than would otherwise be requisite
This obstruction 1s not short of 5 feet 1n depth  Here 1s a case i which
ron could be used with great advantage n place of masonry The falling
gate, hinged at the bottom, necessitates a long platform to receive it when
down If a gate hunged at the centre of pressure, ¢ ¢, at one-third of the
height, or thereabouts, be substituted 1t could be manipulated with great
ease, even under full pressure, that on the upper and lower leaves being
balanced It could also be arranged to fall automatically when the im-
pounded water rises above a fived level A balance gate of this description
15 hinged at both ends on a steel axle, which 1s either built into the piers or
else 1s recerved mto a movable plummer block, which, provided with anti-
friction rollers, can shide up and down an 1ron groove  The gate, after bemng
pulled into a horizontal position, can then be rarsed by chams attached to the
blocks in the grooves when offering the least resistance to the water pressure
This, n certain cases 1s a more switable arrangement than that adopted i

ulh®

Fig g (post) The total pressure on each axle will be or, mn the case

shown m Iig gc, ! = 16 feet, & = 13 feet and o = ¥ ton, whence the expre~-
6 X 169
4 X306
steel, the sectional area of the axle will be %' = 3} square inches nearly,
requring to be 2 inches in dinmeter

X
sion becomes = 19 tons, or taking 6 tons as safe sheanng stress for

(21) Constdering the depth of water (\iz, 22 feet), the spans of 10 feet
width are decidedly too narrow  They could be well mncreased to 5 metres,
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The spans are mcreased to 5 metres and in place of the heavy mason!

pnsing these alterations 1s given m Fig ¢
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platform, a Z-shaped rolled beam 1s substituted, on the upper flange of which
the base of the swing gate abuts, while the lower draw gates presses on 1ts
Jower flange The upper swing gate 1s 4 metres, or 13 feet, the lower draw
gates 2} metres, or 8} feet deep The latter can be raised 31 feet while the
upper 1s down The depth of the free waterway 1s greatly increased by this
arrangement, viz , from 5 metres to 6 metres, or from 16} to 20 feet The
sixty spans of 3 metres give an effective waterway of 6o X 3 X 5 = goo
square metres, or say 10,000 square feet With the alterattons shown in
Fig 2, each span of 5 metres has a free waterway of 5 x 6 = 30 square

01
metres, the required number of spans of 5 metres will then be 9503 = 30spans,

giving a length between abutments of (30 X 5} 4 (29 X 2) = 208 metres
The existing worh has a length between abutments of (60 x 3) + (59 X 13)
= 257 metres, the revised design will thus cost 20 per cent less, and with
the further reductions n the superstructure and floor (if the latter were
reduced to reasonable dimensions), the saving would be quite 25 per cent

(22) A rongh sketch of the swing gate, an invention of the author, 1s given
m Figs 9 and gc It 1s shown clear of the archway, but could be fixed
underneath 1t 1if so desired

The arrangement for revolving the gate consists of two endless chamns
attached to projections on either side of the top of the gate, which chains
work mside curved won grooves Each chan at the top of the piers 15
carried round a winch drum connected by a horizontal shaft revolving which
erther way causes the gate to be lowered or rased to any extent If the
gate 1s required to fall automatically, or at once when released 1n the former
case the axle can be fived at such a height that when the water reaches a
certamn pomnt the gate will revolve of its own accord overcomung the friction
of the chain and winches If, on the other hand, the gates are required to be
suddenly released with full supply on, the winch drums can be prevented
from turning by a catch, which being hnocked away the gate will be free to
revolve

In the design in I'igs gb and gc the gate 1s not intended to be hited, but
when honzontal to remamn 1n that position with water passing above and
below 1t If 1t 1s deemed desirable to lift the gate grooves can be provided
as shown dotted with blocks for contamning the axles of the gate  These
blochs are attached to chams lying 1n the vertical grooves by which the
whole gate can be hfted up by a traveller The arrangement adopted 1 the
plan of prvoting the gate on a fixed axle on which 1t swings and leaving it
sttt 1s stmpler and better, the only objection to thts arrangement being
the possible accumulation of floting debris on the end of the gate  Thys,
however, can be easly got nd of by turning the gate round a kittle for a time
when 1t will be swept away by the current

(24) 1he design of distnbutany heads ~hould be similar to that of canal
branch heads or cross canal regulators t¢  an open waterwav with or
without a rused all, closed by draw gates
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CHAPTER X —CANAL BRIDGES AND ESCAPE HEADS 289

The pressurc of the water forces these agamst erther the base or the side
corners of the tables of the ron grooves  These gates can be easily mampu-
lated by a wooden windlass fixed over each span, the barrel fitted with
ratchet and panl The wmdlass can be turned by detachable wooden bars
fitted mnto holes, or else a spoke wheel can be fixed 1n the centre of the drum.
The system so much m vogue mn Madras, of constructing canal and dis-
tributary heads on the principle of small sluice ways situated at floor level,
which are closed by a gate operated by screw gear, 1s deprecated

(25) A view of an escape head, situated a mile or so below the mtahe of
the Calgary Canal, m Alberta, Canada, 1s given 1n F1ig 10

The structure, as will be seen, 15 of wood and consists apparently of
5 vents, each 5 or 6 feet 1 width, closed by draw gates, which are operated
by rack and pinion hand gear It forms a very instructive example as to the
use to which tumber can successfully be adapted Ihis work, together with
all other timber erections on this canal, will, however, eventually have to be
replaced by permanent structures in masonry or concrete

Possibly 1n some future day these anid canal banhks will be planted with
umbrageous trees, and thus come to bear some resemblance to the shady
avenues on the older Indian canals which m a thirsty land add such a charm
to the landscape

(26) Fig 11152 view of a bifurcation on the same canal  The regulators
are fitted with the rear pivoted balance gates illustrated and described 1n

B16 11 furcitien on Cilans Cand

Chap VIIT  This arrangement though doubtless ctlectne ind 1y of
mampulition T, 1t must be confuesed i estremdy crude appearance
These tamporan structures are 1t mn be obserted by no moins meypen
aive It behieved that 1 proporhy destaned mas nnv work would cose very
Iittle 1f any more

™
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The policy of the Canadiin Pactfic Rarlway n this canal, as i thewr own
particular case was, however, to get the work #hrongh somchow as soon as
possible, and then subscquently improve gradually when leisure and oppor-
ity offered  Who will say that i a proneer project of tlus hind this was
not the proper policy to adopt ?



CHAPTER XI
CANAL CROSS DRAINAGE WORKS

(1) Tue disposal of dramnage that 1s intercepted by a canal can be
classified as the following —

I Bjy lateral diversion z ¢ by excavating a channel parallel to the canal
the stream can be thrown mnto another dramage line for the disposal of whicly
provision has been made

II By passing 1t underneath the canal the canal either crossing the
stream on a rased aqueduct or i the headway 1s msufficient for clear
passage the bed of the stream 1s depressed below normal level and the
water passes 1 a tunnel underneath rising again on the further side Ihis
latter 1s termed a syphon or syphon aqueduct

III The dratnage water can be admtted into the canal itsc)f
termed an mlet

1V The dramage can be taken mto and across the canal at the levdl of
the bed of the latter the nlet on one side and the exit on the oppostte side
when both channels are at approxmmately the same level  This involyes one
regulator across the cannl and one at the further bank across the cxit ¢ f th
dramage This 1s termed 2 level crossing (igs 18 and 19)

V The drunage can be t1len over the canal by an aqueduct [fy,
1s termed a supcrpassage to distingussh 1t from an  aqueduct presing 1
canal over a naturil stream or drunage hine

VI The canal can be tahen under the dramage me by 1 depressed
syphon

This 1

(2) In INg 1 we have w example of Class I beng the Thory Nafy
Aqueduct on the Midnapur Canal  In this work the canal bed 1s 25 foct
Above that of the mver gring sufficient herdwny to pass the hughest flood
which 15 18 feet deep

Like all masonry 1queducts the construction mamly consists of an
arched bridge with platform 1t cannl bed level and provided with two solid
parapets which retun the water flowing through

To reduce expense the waternay of 1 aqueduet s often made narrower
than the 1\ erage width of the canal in earthen banks  Owing to the smooth
ness of the sides the cocfficient of rugo 1ty (1) 15 much less than that apphc
able to chnnels with earthen sides ind bed being 013 mn the former agunst
025 or 022y In the Intter  This 1lone greatly increases the veloaty so that
1 considerble reduction m section c1n be effected «ven if the ongmal mean
veloaity of the current were retumed  \s however that velocity can safely
be mererced n the masonsy channel in ¢1ses where conditrons pormrt a stil?
further reduction m the width of the waterway i the aqueduct can be

B va
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effected In the example we are con
sidering, the bed width 1s apparently
not reduced (Fig 1d)

(8) The thickness of the arch through
out 15 2} feet, the curvature bemg go
degrees  The value given to # mn the
formula #4/7, adopted for crown thick-
ness (vide par (17), Chap IV), 1s there
fore 55 The weight of water overlaymg
the arch 15 7 X J; tons = -z ton per
square foot,

The hve load m ordmary bridges 15
assumed at about 120 lbs per square
foot ~ This represents an equivalent
weight of water of 2 feet n depth
Therefore the extra hve load, which,
however, 1s not suddenly applied and
removed, as In the case of railway and
road brdges, will be the weight of the
depth of water carried, mimus 2

The value of the coefficient % 1n the
formula #4/7 can then be approximately
increased i proportion to the depth of
water carried, 1n ordmary cases # = *4

The following rule for deducmg the
ncrease to the value of » will smt m
most cases Let 4 = depth of water,
then n= 4+ oz (d —2) When the
depth of water 1s 2 feet, # will remain 4,
with 5 feet carned 5 = 46, with 6 feet
n = 48, with 7 feet n = 50, with 10
feet n = 56 This 1s for large spans of

Figs 1 1a 1b 1¢ 1d ——Thora Na'a Aqueduct, Midnapur Canal
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CHAP1ER XI-—CANAL CROSS DRAINAGE WORKS 293

over 25 feet  For smaller spans » should be taken as 5, no matter what
the depth of water 15

In the example of the Thora Nala Aqueduct the crown thickness would
then be, with 7 feet water carred, 5 X v/ror 5 X 46 = 2 3 feet

The parapets, as 15 usual 1 large aqueducts, are widened out to carry a
roadway, as communication for cart traffic must be hept up along canal
banks The parapets here are 7 feet wide at base and 6 feet at top, corbelled
out to provide a 10 feet roadway, with an iron rail fence on erther side  The
thichness of the parapet 1n this case 1s excessive  To resist water pressure it
need not exceed two thirds the depth of water

{4) The piers are g or 1675 n thickness They widen out by offsets to

7 feet, or 23S, at the base, S bemg the span
There 1s no definite rule regarding the ratio of the thickness of prers
proportional to the span mn the case of large span bridges It may be taken
S
to vary from To to 5
For heavy works of this description the proportion %, as in this case
would not be excessive  In the Kalt Nadi Aqueduct of 60 feet spans (Fig 3)
I
the proportion 15 57 and in the Gunneram Aqueduct (Fig 4), with spans

of 40 feet, the proportion 15 I; nearly or, to be exact, 155 In the Budhi

Superpassage (Fig 10) the proportion 1s ! All these carry about 7 feet of
water, and arc all built of brickwork *

The prers of large span bridges should increase in thickness towards the
base with the object of better distnibuting the pressure on the foundations,
and further of mducing a umform stress at all points in the height of the pier
A formula for effecting this 1s gnven in - Molesworth s Pocket Book,” p 89

In the example we are now examimng the width of the prer increases by
two oftsets from 5 feet to 7 feet at the base A straight or curved batter
would h1ve been a stmpler and better construction

(5) The floor 15 composed of inverted arches with a versed sine of 5 feet,
the thichness in the centre of the spn being 4 feet, and that at the spring line
of the interts g feet  The object of this myert 1s evidently to distribute the
weight on the piers evenly over the somewhat shallow foundation t

* A\ suitable rule to adopt wou'd be to make the top thickness of brickwork piers of aque-
ducts suthcient to leave a thickness of at least 1 foot between haunches of arches at therr
etrados  say {f) = 1 + 0 Sy radins —I'p

t 1t 1s a mustahe to design an mvert with 1 flatter or smaller angle of cunature thang
that of the ovarhead arch  for that means 1 preter radius and greater honrontal thtust
which tends to displace the abutments Y et 1t 15 the usual practice to design nserts n tte
manner here condemned  with the result thit many enmneers regard 13serts generally with
suspicion  The curvature of an invert shoul! not be less than a quadrant as that s the
curvature of least horizontal thrust but in any case 1t must have some tendencs to Literal
displ. of unless 1ts thrust be balarced by some oatside force —
Lo
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CHAPTER NI —C\NAT CROSS DRAINAGL WORKS 295

{6) The cections of the abutment ind of the wing walls (Fig 1b) are good
Figs 1c and 1d are part devatien and plan at 4 smaller seale  Reference to
Tig 1d wall <how the dispo 1itom of the wangs  In almost 11l 1queducts and
<uperpissages double scts of wings arc required viz - two long curved land
wings to fc rm the connection between the masonry 1queduct and the earthen
banks of the approach channel and two water wings connecting the face
of the abutments with the river banks on aither side The 1ind wings form
really 1 continuation of the parpet walls and are of the same section at the
tcp  Beng subjected to hardly any earth pressure they ean be built with
vertien]l «ides of the sxme width throughout 1s the top

(7) Ings 2 21 2b 2¢ ind 2d are different views of the herat Aqueduct
on the Scn Canal - The construction 1s very stmilr to the I1st example the
mn pecubianity of this design bemng this that to obtun the necessary head-
wav the spring Imes of the invart arches are made on a lesel with the bed of
the drunage ine the crown and floor proper being depressed 3 fect below the
normal bed A down stream pitched slope conncets the two levels  If the
flood line nises 1bove the archway, the aqueduct will become 1 syphon
aqueduct Thedrawingmn  The Irngition Works of Indin from which tins
figure 1s prepared does not however show the flood hne  Tlus device of
depressang the floor to 1vord the obstruction offered by the mnvert 1s a good
one te on the assumption that the mvert 1s necessary  The bases of the
piers are carried through the concrete to the ground— bad arrngement
which tends to concentrate nstead of distnibuting the weight of the super
structure  The thichness of this mass floor 1s determmed by the hmt
pressure allowable on the soil  The beanng aren of the prer base increases
1 foot 1 width for every foot n depth of the floor (par (9) Chap 1V)

The mvert stops dead short 2t the termmation of the piers the sloping
continuation peculiar to the last example not bemng 1dopted

(8) The parapet i ths example 15 43 feet thich or just about § D at s
widened nwards at junctron with “the arch by the addition of 1 trangular
stnp thickemng the actuad base to 8 feet and filling up the corner  This 1s
an excdllent arrangement  The widened roadw1y along the top of the
parapet 15 formed by 1 projecting cornice on the mner side and by iron
brackets probably planhed over with 1 fence on the outside  Tlis forms 2
roadwy 8 feet wide giving just room for a cart to pass  The arch 1s 2 feet
thick 1e vory nearly 54 v/7 the radws being 14 fect

The section of the abutment which 1s 10 feet thick or half the span and
with the buttress (tide Tig 2b) 15 16 feet thick 1n the centre may have been
designed specially heavy in order to resist thrust of inverts  The bed of the
canal 1s apparently not made up level with the top of the abutment but
slopes downwards towards the ground surface  Ilis slope 1s pitched and
hikewise both the inner slopes of the canal banks

The disposition of the wings 15 shown m Igs 2b and 2c  The water
wings are semicircular 1 plan and are very high so that the land wings are
subjected to very shight unbalanced carth pressure The wideming of the
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canal from 40 feet to 120 feet 1sshown nINg »¢  The semicircular water
wings form 1 protection agamst the scour of the rnver in flood

(9) T1g 315a representation of the Nadra1 Aqueduct oz er the hali Nad:
on the Lower Ganges Canal This 15 one of the largest single works erected
i Upper India consisting of fifteen spans of 6o feet and a width between
parapets of 130 feet This 15 the second work erected at this site within a
short period The first aqueduct * was designed to pass a maximum dis
charge of 18 000 cubic feet per second 1n the stream and was completed and
in worhing order when after a period of exceptionally heavy ramnfall the
halt Nadr which 15 a natural dramage depression the banks and bed being
cultinated came down n an unprecedented flood i ith the exception of
one railway bridge which was founded on deep sunk 1ron cassons every
single bridge on this long watercourse was destroyed  the aqueduct also was
washed clean away and disappeared completely from sight being burted in
an 1mmense hole scoured out owing to the obstruction The loss of this
aqueduct was a most senous disaster as being situated not far from the
head worh the imgation of the greater part of the canal was completely
closed 1nvolving great loss of revenue A new aqueduct near the old site
was immediately put in hand the design being entirely recast to provide for
passing 140 000 cubic feet per second The new de ign consists of fifteen

pans of 60 feet the piers 1butments and wings being founded on circular
sells 20 feet 1 diameter sunk o feet below the bed of the stream This
tructure 1s not provided with 1 floor owng to the great depth of the prer
oundations which are regarded s being below the mfluence of any scour

(10) The aren of clear waterny m each span 1s T 140 feet and there are
fifteen spans—total 17 100 squtre feet This area has to pass 140 000 cubic
140,000 s
17 100
feet per second  This immense velocity would speedily scour out the bed till
equibbnium w1s produced  In the onginal project 1t was proposed to place
a floor 10 feet below the normnl bed level of the stream to allow for scour
down to this level  This would enlarge the aren of the waterway to 24 000
square feet and decrease the veloaity to 6 feet per second  This veloaty
agamn 15 excessne nd 1f the floor as propo od were actually constructed
further scour might still occur 1 the unprotected rmver bed mmmediatels
below  This hypothe 15 15 borne out by the recorded action of subsequent
floods one of wlnch 1s stated to have scoured out a hole 30 feet decp 1 below
the work  Irom the tbove 1t 15 evident that the depth of prer foundations
dewigned vz 50 feet 151 no way m evcess of requirements The afflun
15> estimated to be 6 inches

feet hence the veloaity of current passing the bndge will be

(11) With regard to the superstructure as the flood 11 es as lugh 1 1s the
bed level of the canal the 2rch and spandrels of the bndge openings cau ¢

* See Cdtors Note it ticenloft sCl pter—Ep

t Therersastrat mofclay atths rth mtles bsol —ED

$ Ttrose 1056 5 Or S5 feet 1bo c ¢ o T of arches down stream of
of Jul 1 th 1855 —Ep
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298 DESIGN OF IRRIGATION WORKS

considerable obstruction to the waterway This obstruction, exclusive of the
piers 1s no less than 400 square feet 1n a water area of 1,600 feet, 2 ¢, one-
quarter of the area of the waterway above the normal bed level of the river
The obstruction due to the pier cut waters 1s not included mn this estimate
This constriction of the pissage 1s unavoidable mn the arched type of super-
structure 1n all cases where the flood level 1s higher than the crown of the
arch, but the adoption of a steel girder superstructure for the aqueduct would
very largely reduce the obstruction In that case the only obstruction below
the water hne would be the joists and longitudinals below the plate floor,
these would not take up more than 2 feet in depth, and the proportionate
obstruction would be only one twelfth of the normal waterway However,
under the peculiar circumstances of this particular case the rehef thus
afforded would be comparatively small The congestion occurs mainly in
the base of the water section, which 1s rehieved by scour of the bed at each
flood Consequently the necessity of deep 1solated foundations to the piers
would still remain, as also the madvisability of attempting to curb the bed
scour by the imposition of a floor, even 1f sunk below the normal bed

(12) In rivers, whose bed 1s composed of micaceous sand of low specific
gravity, as the Ganges Jumna, and the Kali Nadi 1n question, the bed level
15 beng constantly altered by flood action, the water section automatically
adjusting atself to varying discharge and velocity During the prevalence of
high floods the sandy bed 15 scoured out and carried along by the current,
and this process continues until equilibrium 15 produced by the fall of the
flood  Then with the consequent decrease m the velocity, the silt mn
suspension begms to deposit and fill up the bed, till eventually the normal
low water bed level 15 again reached This action takes place m all rivers,
but 15 most marhed m those which run mn soil of a very light character In
bridging a niver of this description the adoption of very deep 1solated per
foundations, generally associated, i consequence of the expense of these
foundations, with wide spans, 1s advisable, if practicable *

(18) In the design under review the deep foundations are nightly provided
but owng to the arched type of superstructure adopted, the spans have to
be limited i width, resulting in the foundations of the piers bemng too close
together for economy If laid flat, the well foundations would form a con-
tinuous solid floor nearly 20 feet 1n depth  Consequently, 1n this and 1n all
stmilar cases wider spans are a distinct economy, to effect which a steel
girder superstructure 1s a necessity  Such an aqueduct would not cost more
than a railway bridge of similar span and width, because the load carned
although greater 1n amount than 1n the former case, 15 practically entirely
dead load, and the aqueduct would probably be even a ighter structure than
a ralway bndge subject to a heavy wvibrating hve load By adopting
moderate spans of, say, 120 feet, the expense of pier foundations could be

* But 1n cases like that at Nadrar where the flow 1s syphoned under a considerable hta“}
of pressure the floor of the syphon barrels should be of masonry or concrete and the bt" o
the stream both up stream and down stream should be strongly protected with heavy stonc
Tiprap or concrete blocks supported by curtains of n asonry wells or sheet piing —ED
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2N
reduced by one half or nearhh <0 while on the othier hand the afety of
the wrk wonl ] be conadenbly aereased by the lescened obstructing o f the
waterw 1y and cocequenthy diminished scour which woull be deey § iy A
dealeritum s a 30 feet deep <cour previousdy alluded to €an by nogyeing
be rezarded wath equaninnty even with the 50 feet deep foundat ms 1d el
Tl e lencth «f the Aqueduct prers with 1 girder superstructure wonl kase to
be mercased ¢ the canal water section would be split up inta wyers)
channdd  each «oparated by the girders the vertieal boy phates of the Diner
flanges of the latter being camed up to above (ull <upply Jevel to form 1) -~
«ties of the channds the rest bung open truss work Wath acht spins e f
1.0 feet the v ulible waternay above normnl bed would be 8 13 £ 22
21 1. square feet The vdoaty of passage before the bed 1s <coured oug
140 oxx)

would then be :x Lo 66 fect per sccond nd 1t 10 feet lower Joyy]
140,000
30720

width of the waterwy 1s executed which 1s evidently desirablc

— 41 feet per <ccond nearly This allows of <ome mcrerse 1n the

(14) This ncrense i width must however be limited o 1s not graatly
to exceed the normal width of the nver channel  Scournng iction 1y the bed
of a nver cannot be prevented by greatly widaming the natural chiing and
lengthenng the bridge 1€ this 1s done an the mist shen e thiat the nagygry)
scour of the bed would cerse owing to the proviston of imple w aterway
laterally the certain action of the first falling flood would be to depost it
on both sides thus reducing, the channel to its normil proportions  In
future floods this lateral deposit would athar ramun undisturbed  thye
channel rverting to its norml regimen—or clse the currant would borg gt
out on one <ide heaping deposit on the other thus ewusng, groit danger to
the worh from cross-currents  Itis property of nvers 1s well known and m
the Punjab for this reason the bridges over several lrge mivers have hid
to be curtaled 1n length and the channel restricted by protective works
mto 4 straght comparatively narrow reach more i 1ccordance with the
normal channel

(15) V¥e will now proceed to review the details of this work  The arch
15 34 feet thick at the crown or 42 \r mcreasing to 4 fect 1t the springing

The thichness of the piers at springing 15 7 feet or 116S or % * As
4/S the thickness would be 7 7 feet  The piers widen out 1n a curve t:) 9 feet
at the base The spandrels of the arches are lightened by a series of jach
arches supported by the longitudinal prers shown in Tigs 3 and 32 The
parapets are corbelled out to form the roadways on ether side  One pro
vides a 1z feet cart track and the other 1 6 feet wide footway The cor
belling and arching 15 ingemously arringed but 1t takes up a great denl of

* Dy the rule (f = 1 + 084/7) suggeste L 1n par (4) 1t would be 7 2 feet —Ep
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room, necessitating a lengthenmg of the arch, prers and abutment, which
could be reduced, 1f no regard were paid to architectural features

The wings consist of a parr of curved landings ending m the canal earthen
banks, which are here of semicircular shape to receive them  On the rver
side are two large water wings, curving a full quadrant and continued to well
beyond the termination of the land wings, forming a very effictent protection
to the flanks of the work

The discharge of the canal 1s 4,100 cubic feet per second, which has a
veloaity of 4 feet per second n passing through the aqueduct, the curves
narrowing the canal are not shown on the plan, the ordinary bed width of
the canal 1s 230 feet The banks on each side of the narrowest part are
revetted, and enclose a puddle core of large dimensions

(16) Fig 4 contains the plans of the Gunneram Aqueduct over a branch
of the River Godaven, taken from the * Madras Irrigation Manual It has
forty-nune spans of 40 feet, and the width between parapets 15 233 feet, with
a depth of water of 6] feet  The length of this structure, which 1s 2,250 feet
between abutments, or nearly half a mule, 1s such that some slope 1s neces~
sarly grven to the canal bed, this was onginally made 24 inches, the spring
line of the arches bemng built lower in each span  The surface level of canal
now * shows only a slope of 7 5 mches (v2de sections on 44 and BB), n
2 200 feet

The niver flood has nisen as high as RL 23 g1, 2 ¢, nearly 24 feet above
bed and actually as high as the surface of the canal supply in the aqueduct
(uvide section on A4) This must have subjected the work toa very severe
test and clearly proved the suffictency of the shallow foundations adopted
Lhe prers and abutments are built on circular wells 6 feet m diameter and
7 feet deep leaving an mterval of 3 feet to floor level, which 1s occupied by
the spreading bases of the piers A continuous floor of pitched rubble
3 feet deep protected by a senes of horizontal curtamn walls founded on
shallow wells the whole 6 feet deep, 1s provided  The existence of this floor
15 what undoubtedly prevented the pier foundations from being undermined
dunng the exceptional flood alluded to Deep remforced concrete sheet
piling fore and aft of the floor would, however, make a better protection
with mass concrete filled 1n between

Owmng to the great difference § m the matenal of which the respectne
miver beds are composed, no useful comparison between a work which 1s the
exponent of shallow foundations and the Nadra: Aqueduct can well be made
Under the condttions prevating in the case of the Kalt Nadi, shallow

* The fall was reduced from ~4 inches to 8 inches 1n the year 1593 by rawng the down
stream end  and the increased pressur= at that end caused the accident of August 1384 =
Ee, . -« mout 26 feet

otection of
 the tudal

1ofluence of the sea and so has a deeper water cushion down stream  The real mﬂﬂ:%:i
however betneen the two structures in point of stability was the substantial floor an!
protection at Gunneram and the practical 1bsence of such at Nadrai —En
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f =l 3 e Isve poved < sucee ful mothe Guonerun Aqueduct
woallend ateedh be v falune owang to th graat veloaity engendered and
the n vre g ® chanctor of the maternl of the nver bed unless they
wer et ud foraven Fong i tanee bdow the work and remforeed by
heet prine Sach A censtructn o themgh it would mterfere considerably
with the reomien of the muar wonld doubtless stand but ats cost would
petabh I equal U that of the dep foundations adopted 1w addition to
whr W the pvont of duncrcus <cour would only be transferred lower down
e mner bed

(17) A« rezuda d tul the pargets and <pandrad walls are remarkably
Jht borg el L et the b The spandreds are however hlled up solid
wthocoacrate U the D aed of the mtrad s of the arches  The widening of
' porpet o roadw s dftocted by ostemal arches springing At
2 hicher Jad why biiavd o b nzontd threughout not on a falling incline

“1 the caee with th the mun arches These arches are eamied by stone
o amns built on the cut waters This projecton is 3 fect wide allowing 1
te, wilthet 5l et f 1 th rnd wiy onather sde The thichness of the

rehw st th arewnas 2 fetomche or 453 7

Th g1 arc ¢ fert wale t the sprmg Iine or 155 1nd widen out to
st a1t beed Fadd and to 1o fect 1t top of the wddl foundation  These
tppear 1 boom gowed progertim A S bung 0 32 fut * The section of the
thtm ot 1 vy bpght duc aredit bang piven no doubt to the large
bttt ot tte and to the buttross dieet of the wing walls

Ihese sbutm nt wil go f ot spans arc ol four fifths less sectionnl 2rer
than these cf the hern v ju et wath only 20 foct spans the grent thickness
Sf which has been alrody neticed mopar ()

e di po 1tion of the wings 15 peculnr There are two large concave
levdd erested wings whudh start from the outside of the abutments forming
water wings nside which s the earth of the anbankments while the water
15 apprrantly contained by two mncr walls which ire not shown to have any
foundatisn ind may b just vertical walls of dry masonry

1h1s arrangameant s probat Iy due to there bang no natural banks to the
muer the canal anbnhment itsdf confimng the river within the bridge

thutments and the ¢ run it night gles to the s of the stream Without
1 €ro s scetn it this pont the ovact arringement of the junction of the
earthen bank with the msonry of the bndges cannot be nscertamned the
plan over dl bang cartunly defective s work s contemporary  or
nearky o with the Solim Aqueduct on the Old Ganges Cnal having been
finished 1n 1852

(18) 15> 5 < ntun the plans of the Kesarapalt Aqueduct on the Ellore
Canal Madras  Tlis w rk 1s rather ranark ible i having 1 clear overfall of
12 feet in the bed o the dranage hne  the design thus resolves itself mto a
bridged fall with the bed of the cinal below that of the upper reach of the
drainage Iine

“Sentc onpre ousjage
t Byformulaft 14 08 33 57fcet—Ip
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304 DESIGN OF IRRIGATION WORKS

A depressed bed mvolving a so-called syphon has been avoided, which
15 always to be effected 1f practicable, as syphons are very hable to fill up
with detnitus and cause a breach 1n the canal  Another marhed peculianty
m this design 1s that the crests of the parapet of the aqueduct are purposely
kept only just above FSL , this 1s to enable surplus canal water to spill
over erther side of the aqueduct into the dramn  The work then fills the rdle
of an escape as well as an aqueduct

The openings are 10 feet wide by 5% feet high, and are provided with
mverts which take up a great deal of waterway and could well be dispensed
with, the floor being made thicher, if necessary  There 1s hittle or no upward
pressure on the roof, so that arched vaulting 1s suitable

(19) Figs 6, 6a and 6b are a representation of the Kao Nadi Svphon
Aqueduct carrying drammage underneath the Son Canal  Both halves of the
work are exactly similar In order to save headway the tunnels are vaulted
with flat ashlar slabs, which are held down by bolts passing through the
plers and are covered with a layer of brickwork and concrete A 10 feet
roadway 1s provided on each side, consisting of slabs of stone resting on stone
corbels

(20) The flood level of the outside wateris R L 330, that of the under-
side of the slab roof 15 319 There 15 consequently a head of Ir feet of
water acting upwards, tending to hft or break the roof when the canalis
empty  When the canal 1s full and the drain empty, the weight of water
pressing on the slabs 15 that due to g} feet depth of water The former
pressure 1s the greater, but 1n calculating the thickness required for the slabs
the weight of the slabs and the superimposed masonry and concrete 1s 1
their favour, whereas in the latter case it 1s against therr resistance to rupture,
so that the slabs are subjected to a uniform load of, say, 10 feet of water plus
therr own weight Takang this at a specific gravity of 2} and the thichness
being 2} feet the load 1s equivalent to a weight of To - (2} X 2}) = 16 feet
of water, weighing 4§ X 20 cwt == g cwt per square foot, the span, or L,
being 6 feet, or 72 mches, the width B being 12 mches  To find the required
depth using a factor of safety of 4, the breaking weight, or J¥, 1s 36 cwt per
square foot Then the following formula for strength of rectangular beims
uniformly loaded, taken from * Molesworth’s Pocket Book,” p 136, will
SKBD?

L
D and K, of which K, 1 ¢, the coefficient of rupture, must be obtaed by
experiment  Ths 1s easily done by having some beams, say 1 or 2 inches
square, cut off the stone to be used, laid out on supports at a convenent
distance apart, say 4 feet, and loaded 1n the centre by a hook passed over
carry ing a weighing platform on wlnch weights are placed by degrees till the
beam breaks  The weight of the platform, ete , should naturrlly be mcluded

state the case, viz, W = This mvolves two unknown quantities,

4]
m the count  Then X, or the modulus of rupture, will equal 411}0: etther

mnch Ibs or inch cwts as 11 1s tahen m Ibs or ewts  In ths case L s the
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oo betw vy egy s toaofth o perated on I the werwee trakn ¢
et tef e v Tospoam nts and boand D othe bradth and d pth of e
beoagpt eduit el ahng Hung thusobtynad vrdnblesalncf r A nt

ShBo?
cenl it otituted s the f mmula §1 \l whenee 18 bere { ur

1y 1 dtntuted D alon the <hb 1 foot wido i ewts or i K beirg

thetre Ith1f tortoanches and 7 the longth botween the prees Iikesger
/1u

m et D the requred dopth waill b o

Wel ve wxn that the upwoard pre ure bedow the dabsoas that due to +
o1 fartst fwanr fom ths shoull be deductad the waght of the
Bb ot apenmposed matamnl cqual to 1 corresponding, waght of water
peroequane fxted 2l oF ofect The balwed of hed acting will then
b ¢ §fett o wateror o, tons per square foot - This will hive to be
tiken by the tie rads Suppo ang the ties to be 5 foet apart the tension en
cichwill be s 6 4 tons nowrh (the longth of the ibs banyg,
6 fect) requinng 1 <ectient] irar of C squarcinches or 1) anches diameter

(21) In this cvamp!t the Joveds of tho mlet and outlet of the o phon an
the same henee the water will be higher ene ade than the other to aflow
for the snercised sdoats which 1s generalhy allowed for m despning, thes
works

The dischirge of the vdoaty through vsyphonirculvert s detommined *
by the use of the Chezy f rmuly 1 100c v AN or 1000 \/I\ :’ using,
hatter s codfficents In the hittor expression /s the hod 7 the langth of

ht
(1ooc)* A

[he saluc of ¢ s obt undd from tibles of hatter s cochaants that of 4
bong, assumed and subscquently corrected  The cocdhicient 1 but shghtly
affected by the valuc of S the hyvdrauhic slope but s mumly 1 function of A

the barrdd Trom tins &

1
the hydraube mean depth orof wptt the rer wetted permncter

1o the valuc of £ thus obt uncd (@ bang given) must be added the Toss of
) vt

o2 (s)

In this the cocfficient ¢y 1s that appert uning to the velocity formula of
jet given m par (1) Chap vV and may be sud to vary from 62 upw ieds
1 15 the velocity n the sy phon barrel

A sclcction of the proper coefficient will have to be made from the list
inpar (8) Chap V modified by the shape of the barrel 1ccording to the table
given 1 par (7} Thus for an oblong shiped vent a higher coefficient should
be adopted than for 2 square onc

A< 4 general rule 8 1s an average vilue for ¢ 1if the onfice 15 squarc

nead at entry which s o — ([x)

® AT re usually by the mett od indicatcd in Chap V (¢7)  Ep
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2
{ (;) - II m this c1se would be 5625 If the width 15 twice the depth
1

¢ will beincreased according topar (7) Chap V by 1 03 orbecome 824 and
the expression {(;) - x: will be 456 A value of 515 often adopted

With velocity of approach taken mto consideration the above formula
2 8
should read approximately &, = { (—I> o IJ» ru 1, being the velocity
5 2z 2g
of approach
The value of % to produce the velocity v m the syphon should also be
reduced by that of the velocity of approach which not strictly accurate 1s
sufficiently approximate for practical use

(22) A practical example will now be worked out one barrel of the khao
Nadi Syphon Tig 6 being taken The arer of this 1s 36 feet the wetted
perimeter 24 consequently R = 36 — 24 =15 The veloaty adopted will

be 8 feet per second 1n this case ? = umty The discharge will then be

36 x 8 — 288 second feet The length of barrel () 1s 104 feet It 1s required
l 2

to find the head to produce this velocity As before we have i = m

Here the value of ¢ for R = 1 5 and S = 1 1n 1 000 with # taken at the
usual value of 013 15 accordng to Table NII Part II p 142 Hyd
Manual 151249 say125 The true value of S or of Ilz_ 1n thus case will be
much 1 excess of I 1n 100 being more hke 5 m 1000 but n Jacksons
tables slopes steeper than 1 1n 1 000 are all accounted as of that slope as the

6,620
coefficient varies but shghtly 7 will then be (—:;0;)3;—6—;15 - g{;*ﬁ =
2373 feet

To this we must add loss of head due to entry or

withe; =8
Iy = 5625 X 1= 562

Total 84 feet
The head due to velocity * of approach assumed at 3 feet per second
willbe 3 X 01555 = o4fect If this be twice deducted the head required
would be reduced from 84 to 76 fcet A somewhat easter method with
same result 1s by use of formulas (23—26) par (67) Chap V

(23) In designing a syphon m which a natural stream or nver 1s camed
undementh a canal care must be taken that the channel below the work 15
of sufficient slope 1nd sectional area to carry off the accumulation of water

* Head duc to veloc ty of approacl  ocs not enter nto calculat ons of d scl arge throus!

s phons as thedyname  lead 13 ctanged nto stat ¢ head on change of d rect on of fio
at the sypton —Lb
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that 1= backed up above the work s for 1 time the channd will be called
up o e 1 dicharge m evees of the mamum flood discharge  this
v dves the arnhtanz or wadenmg of the tul chnmed

(24) Rddammng aun to Tz 6 the disposition of the wings ind the
1arroniag of the watarw s of the canl s <hown n the general half phin
{11z €b  The hind wines = wsad are cunved on phn which in the case
of 1 eiucts s und ubtedly thoonly cutable form while two straught flank
walls wath <] ping ercdts endose the astern At the had and tl of the
spht 3 The verueabwill it the catend -1 bad form st inders detntus
bone wishad through the sophon necesatting ats removal by exe v tion
e oxat end shicul et e v dad wall but naasy inchne s shown by the
d e o m T ¢ Inomost modem designs thas sloping approach s
provided ot tho bt end s wddl as the outlet of the svphon s exemphified
11 fre o p o thoughats not absolutedy niecessary 1t the upper end

(25) The dmwbact to 2 <labbad culvert of this description 1s the limat at
impases on the «pan of the opangs and the great expense of the shlar
~lab-

A far better construction would be to form a flat concrete roof supported
by solled ron bowms or one of ranforced concrete the span could then
v bomercased to 10 foet and the cost would be very much less

11z Oc <hows the construction

The beams are 10 feet span and 5 fect apart Tho waght on them will be
equnalent 1o 15 feet of water or the total distributed load = 10 < 5

2

15 - ;Z 417 cut  the weight of 1 cubre foot of water being ¢ of 1 ton
From the Tible ginen i Molesworth s Pochet Book  p 146 a beam
12} inches deep with 6 inch flanges and | inch web will safels earry this
load

Cross beams of small scetion will be Tud along the centre of the span
Detween cachy man girder thos dividing the phitform 1nto 5 feet squares
The total depth of the roof can be reduced from 23 feet to 14 feet gising an
additional 1 foot 1n the headw 1y of the slulees

(27) A very recent st ince of 1 design to pass 1 canal under a niver 1s
stlustrated in Tag 6 of the Burry Bubsy Syphon  Trebem Canal

[his 15 4 better design than any hatherto given the mam pomt n better-
ment being the double approach slope provided  Ths 1s obviously the best
arrapgement 1s it encourages the scour of material which in the case of the
Kao Nadisyphon must be Icft in the barrdds or in the approach cisterns, and
requirt clearance possibly several times m the year  1he greatest possible
licad acting on the roof of the barrel 15 about 6 feet  Ihe counter-weight 1s
only 23 fcet depth of masonry at specific gravity 2 equivalent to 51 fect of
watcr  [his leaves a little over § foot of water pressure unbalanc-cd, pro-
ducmg tenston n the platform  In this calculation the drop in the water
surface or hydraulic gradient 15 llowed for

X3
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water
llowed

gn1s that the 'S L of the canal 1nd hugh flood
level On the canal side up stream the paripet

provided with vents 4 feet by . feet by which
nto the canal syphon or clse the canal can be al

A pecubnnity 1 this desy,
m the niver are at the same
of the superpassage 15
c1n be allowed to fall i



Ce e we
piripets 400 foct Thoarches Bad b rued well aleve 1) v sl b y
on 1ccount of the (vigencies of navgatom il il of el gt e tey
of the tortant The 3o feat wade spans e then fore cantable Ihethicly ey
of the arches 2t crownas 45 v 7 The thick ness of the prers 2t gy
v 6 fet or 25 Wo b alrady can (Chap IV iy (1)) thay 4
proportion of A & pvng 1 thicknc s of §1 feet 3 watha ot sy, [ERTTRN
width could Do ratnnad st S fect the preors havng athey o strwg bt or
a cunved batter as has bean donad - The fonndatsens whiey . pro.
bably on good a1l are admumble (tide prar (11) Chap IV

The sbutment by the look of the seetion 1 of ample tachnes Lo}
featurce m a work of this migmitude ind desenption The g ncudeneg
of the resultant hine of pressures on the biee s boon graphi gy found
the mcthod of working which hins already boen fully cxplone Lin ey wp I
consists 1n first finding the centre of gravity of the hif wch ind s Toag of
water the Ittar reduced in depth as shown by the honzont d dotted fn,
to an cquivalent mass of masonry This process 15 shown i g 1ob el
the reaiprocal fumicular polvgon above Fig 100 The forecs 1ind 2 e gy

15 of the two hilves mto which the hall arch his been divided 19 g
o d the centre of gravity of the half arch 2 Lorizontid hine s drwn
i’l)l'::ugh the centre of the arch crown to ntersect the vertical through thy,
centre of gravity, and from the pont thus found the hne A s drawn 1
Fig 10a through the centre of the arch 1t 1ts springing till 1t intersects
vertical line through the centre of gravity of the abutment and |lls W ater

d In the force polygon (1ig 10b) the load hne composed of the o
loo ontinued down to measure 300 square feet the arer of the
Lma Cl ts load of water ind the hne R 1s then drawn from the
P \ut{I lx wnd 2 prallel to its reeprocal mm Tig Ioa cuttiy,
termnation o t Trom this point another hne R; joinmg the
the horontal P at 4 pm;‘lmd lime 1 2 and 3 just obtained gives the hnal
termunation of the VLmcactcd on the profile of the abutment m Iig 10.
resultant R, :ll::ul;::;c;i)mt viz the last intersection found cuts the base
{rom 1ts proper

7 f 5 4 feet —Ep
» Jiy formula (f = 1 + 08+ 7) we get a thickness of 54
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efthe 1ot ntat a pont ome s feet withimoats hed s no credit s
P vrmva to the wacht of the crth backing with water above it the
o e gmc e on tho bvos prebably wadl withm the nuddle third

Tt nalt b rc b ments ned that the calcultion of the effeet of
ot moan b itmont or retumng wadl s dffected s follows —The wall
hullt cardred s haang 1 bacc eqind to ats normal thichkness plus the
Towth «f 1 attre v but fomed of two matenals of different specific
rroaties the hilporte nbangof the propor speettic gravaty of the maternl

~

..‘ ru—-——gt"’“'! o Y -‘(;‘ i

e et é..:..'m_w Bt .:m

P

f oaw 1 th S prpasg Sol nldaml

md the part b hind of 1+ hghter speatfic grivity equis dent to that of a
matarl spres ) oner the sprec of the same waght s the sohid buttress only
Thus suppy g o wall s 6 feet thack and s provided with buttresses pro
jeeting, 4 fect and 4 foct thnch and 6 foct apart ¢ 1t 10 feet intervals nd
It the spectfie grivaty « £ the w dl be 2 then the specific grivaty of the 4 feet
wide spice behmd will be 2~ A 8 1nd the difective bise width of
the wall be 10 fect not 6 fect

The disposition of the wings 15 generally similir to that usually adopted
m aqueducts consisting of w iter wings s curved continu ttions of the faces
of the tbutments  ind splayed Tind wings which carry parapcts i con
tinuation of thosc 1n the aqueduct proper These wings are shown in the
plinover Ji (Fig, 10oc)  As i further precwation the ends of the land wings
are connected by 1 cress wdl at bad levedl which pparently goes down to
the full depth of the f undatiens The Lind wings bang in solid ground re
stepped ap m foundttion which 15 hown i the edevition Tig rod A
photograph < f tlas work 15 given i Fig 10e
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(81) I'ig 11 shows longitudinal and cross section of the type design msed
for syphons crossing drainage, adopted n the Lower Chenab Canal It
will be noticed that the canal banks are carried right across the syphon with
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(11b)
Sy phon on Chenab Canat

(11)

Cangl
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1] w0 s e tho water ade and arodment wall outade Thissan

« "1 Tnt ot o nmum ate noabeng the emal binks Thes arrange
Totd b w el e or threc spans only o wadthe s probably the
L) m ol vt dx

w oy with the neces ity f any hind wangs ind

Gl onl bty armny th Yadwy s adeptad an Ty 70 The

upward heid of watar b thecrown s o fect To bilince this 1 thickness

<
of toe f of 'u required  tking the spuetfic graaty ofp s 15 the thichness
[

q
<Lisuld b 1‘\ 5 foet The actud avearge thichness of the areh and
¢onerete above s about g4 fecr Therd s therdfore tonsion in the masonry

cquivalent to the waght of vhyer of brichwork cte of 4 foot in thickness
whichinIbs 153 18 7 624 506 Ibs per squire foot  No doubt the
cohiesion of the mortir 1 the concrete bove 15 more than sufficient to
withstand this pressure but in il masonry works particularly those in
connection with water anv tension should be waided

The gencril arrangements an this design wre simple and excellent  The
floor 15 only 2 feet thich ind the whole 1> mde entirely of concrete  The
proportionally wide spans are also 1 good pont s the wider they are the
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higher the coefficient of discharge will become The double slope 15 1 good
arrangement for dramage lines as 1t gives an 1mpetus to the water and tends

T1G 14 —Soha, ah Canal Syphon (Egypt)

to carry detntus through the culvert A direct overfall on tl ¢ up tream
sule on the other hand absorbs 1 great denl of the velocity of approach
The form of vertical drop above and slope below 15 sitable where a cantl 15
tihen under « dramnge hine as being more economical



pers 3} feet thick which s somendnt excesive The thadky v e
35 2 metres er 01 feet winclis suthernt for vhad of 1 lm s of the 1l g
fcvd of the dram s not <hown but freom the hop bt of “l ;“ the ity
babls about RT 61 2t Jewst It of the antrado ,,,“”"nx\ 148 pr
s 5450 the head then will be 01 matres or 21d et "I )Cul\ul el
uadently not designed to run full sath the camad (n;pn -t 1 syphon
chould be Pl state of things 1~ mentien d by ~ir “ml ‘\{mlnuhu.”\
* Lgyptnn lengatton  mmy of the ol 1 r works m Tower § "”“KL\ n
been designud on the by pothests thit the cinibs would never rk\h( g
the supply would never be cut off from the haad Now 1,0“““:“ dey g,
rggulation 15 possible these worhs 1re not ¢ it to the prissy it hey
upon them and this doubtless 1s one of them * ure browg
he slope of the carthen banks 15 carried through the worly
distance apart of the paripets of the 1queduct 15 110 Jess than 350 f !he
1t carmies 2o fect of witer et ang

(85) Tig 1615 21 type wction of A sy phon under ¢ distributary from ¢
“Afydras Irngation Manual + As will be seen both carthen biaks dx
carmed entire across the sy phon

(87) In 1 gypt of Inte years wrought wwon pipes hive been used fo1 botl
aqueducts and syphony  The following 1o a description of tham from
T gyptuan Irngation . —

+ Syptonsof Qe fond sl ewn i Fig f3art of juctionable 15 te nding tosilt tr 1 Iy
il fudlcts ater s rlace threnghtl mas shight an b consequently Ao the vetoat —I 1

¢ Manforce 1 ¢ nescte b v er 52 fetun ) ymeter woull be appropritten ¢ sc 1he
s —ip
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“ They are generally constructed of | inch sheet ion, butt jointed,
stiffened with angle wrons at every alternate joint if over 12 feet 1n circum-
ference, and lap jomted if under 12 feet  Since the sheets in the market are
8 feet by 4 feet, or 6 feet by 3 feet, the prpes are alvays constructed with
their circumference some multiple of the length or width, so that there may
be no cutting of plates  The pipes are sometimes laid on a bed of concrete,
varying from I metre to 25 centimetres m thickness, according to the
quality of the soil, or they are laid on the hard clay soil and v ell prtched

F16 16 —Canal Syphon (Madras)

round with clay balls Where the pipes are used as aqueducts they arte
generally supported on wooden trestles The great advantage of using
wrought-iron pipes 1s that they can easily be transported, they do not need
expensive supervision during construction, and can be put together so
rapidly that the cost and trouble of a diverston for the canal during the time
of construction 1s avorded These pipes can be closed at the ends and
floated to thewr destination By dredging the foundations where they have
to be laud they can be floated over the site and then sunk without shutting
the canal head "

A pipe of 16 feet circumference will discharge 300 cubic feet per second,
with a head of 2 metres or 6} feet, and 156 cubic feet with a head of hall a
metre or 1 6 feet  One of 12 feet circumference, 180 cubic feet per second,
with a head of 2 metres, and 87 cubic feet with a head of half a metre
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(38) Where the drmmage e <halt
nlets can be provided  they <imph
conert of 2 amall fall ar patched rapnd
preocected by flank walls which con
ducts the draimage water into the canal
the floor and banke of the itter bang
prtched 1 raund to provent damage
1 the mlct occurs At the roadway bank
1t has to I bndged 3 Jevdd crosang
comsrets of I opon nlit on the adcof
the tormant 1 rombwing bnidge weross
the canil ind nothor at nght angles
acrons the «at of the torrunt which 1s
generaliy provided wath a4 all tocvpe-
dite the speedy ramonal of the unwed
come guest Tt 1s very essentnl that
quick-acting f1lling gates be supplicd
to the outlct brdge , draw gates would
be much too <low 1n mampulition  The
bilanced pnoted gates recommended
for the Kohesha Lecape would, atas
baived, answer admirably for such a
purposc

(39) Caces 1 which the passige of
druinage across a canl 15 besct wath
the following difficulties arc cnumerated
below —

(1} The dranage ss too extenstye to
be whelly admitted into the canal

(2) It cannot be takcn underneath
m a ssphon drain owing to the pre
sence of the bachwater of the pinent
mer when i flood which comes up to
the very canal banh hindenng the free
discharge

(3) It thus must be disposed of by
a superpassage , but this involves the
{formation of a large deep reservorr on
one side of the canal, which has to fill
up before sufficient elevation 1s attained
to admut of surplus passing at a ugh
level over the canal
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16 18 —Thapangaing Aqueduct and I evel Crossing (Burma)

This problem was satisfactorily solved tn the case of the Al Super-
passage and concomitant works in the third or fourth mule of the Agra
Canal  The works constructed consisted of firstly a solid embankment
on the upper side of the canal which crossed a large depression , sccondly a
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water tower built some way off the canal m the depression provided with
cxternal sluice openings at different levels  thirdly 2 culvert wiich con

nected the base of the tower with an mlet into the canal atself  lastly an
wwon girder superpassage with 4 masonry fll i the further {11 er side) bank
Ihis arrangement has answered well  When the depression fills up to 1
moderite extent all its water can be gradually drawn off through the tower
mto the canl  When however as happens not annually but oceastonnlly

the tributary streams bring down so much water 1s to quite fill the resersoir
the surplus 15 then disposed of automatically by passing over the super

pssagemto therver  When the ensisof the floodssover the deepreseniow

11c 182 —Ttapanging \q e luct

cn be gradunily tapped inte the cinal by means of the water tower nd
inlet culvert  Unfortumately no plans are avulable

(40) The subject of this chapter cannot be considered ns evhausted
without the msertion of the plains of the Thapangung so called 1queduct
1ig~ 18 and 181 contun the plan of the remarktble work which 1s renlly 1
combined sy phon and level crossing  The work was onginally designed as
2 syphon to carry 4 Il torrent underneath the Mandalhyy Canal  Dunng
1ts construction an immense flood c1me down of an estimated discharge of
57 000 second fuet  The previously estimated flood discharge on which the
dewign of the syphon was brsed mounted to 24 coo second fect  con
sequently the de 1gn had to be remodelled  Tn difecting thns 1t was wisely
decrded to lwve the sy phon 1s onginally projected but to supplement 1t by
2 livel cro sing  Lhe parpets of the cannl superpssage were remot ed for
100 feet nd 1 series of wooden falling shutters substituted  There are sinty
pursof the ¢ each bung 5 feet wide by 7 feet lugh The width of the caml
here 15 46 fuet ¥ach pur s connected qcro s the cannl by 1 wire rope
which pas e over brackets rt od above the shuttars and sude tenston rods
prevent the shutters fram falling ww ards Ihe tension rods on the up
strerm sade are held m po ttion by q let go gear and when released both
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<t A0l e nvards an T onc outwards wllowing the fload to paiss over
3 Th emathad must pravionsh be closed and the water anptied alt
Yro i tactavacudun
Th rrancen ont has baon taree tested and found to act well o
¢ occen C 1 precat nt o of noud construction s alwavs most usdful as gt
o At~ anihr werks o bode toned with contidenee and vath posaible
Wnp v me tsor the ont mal
T 2 o vl alinment of the wings (T 199 appairs to be evedllent
T s o th uodnmt cutar waimes affording v good approach to the
saphon whil th o splivad mn rowings connect the canal banks with the
wilse b aporp s v conlwalliwntroduedd here with the objcet
ol Pad ot b continied bawean it and the canad wing
upte th taum ot Tho bl of water acting bdow the <offit of the el
15 13 feet temat wlikhois 36 depth of rch ind patehing cqunalont to
et of water comsequently lobding dowsn bolts v baon mserted to
15 1 tmmedting this unbahinead hvdro tatie pressure of 4 foct at the erown
The slopinz pproaches to the suphon e good md worthy of mtstion

(41 A view 1s iven of the Dhanun Teve Crosaing on the old ¢ ey
Comal o hig 19 for wlich we are nd bted to Mr Bucklky  Ihere s

T16 19 —Dhantur Level Cross ng € nges € mal

(In the forcground a barrige aeross tt t rrent sn0lebs hor ! larrag v ss the

another level crossing of the Somb River or lorrent 1cross the Wectern
Jumna Candl at Dadupur  This 1s still working well though built origmally
nearls 1 century ago of very simple design
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{42) Several important level crogsings were built on the Upper Jhelum
. Canal {of the Punjab Triple Canal Project) during the pertod 1905—1915
They all consist of barrages bult across the torrents, with spans of 40 feet,
controlled by gates of the * Stoney ” live-roller pattern, the canal water-
way being similarly controlled with gates of 25 foot span  The gates have
to be very rapid i their working as the torrents are hable to nise m floods
of high intensity within half an hour of the commencement of heavy ramfail

(43) But the most important level crossing hitherto built has been that
across the River Ravi, at Ballok {orty-five miles down stream of Lahore
The Upper Chenab Canal, of the Triple Canal Project, tails into the river
on one side just above the barrage whilst the Lower Bari Doab Canal of
the same Project, off-takes from the other stde of the river above, the barrage
This level crossing has been built mstead of the Ravi Syphon, which had
been ongmally designed but over whose design and estimate of cost much
difference of opmon arose The Ravi Level Crossing, at Balloky, was
completed 1n the year 1913

EDITOR's NOTES. .

(Q) The Kals Nadi Aqueduct at Nadrar —The Lower Ganges Canal, at
Mile 34, passes over and across the Kali Nadi stream by an aqueduct at
Nadrai When this work was being first designed by Captam Jeffreys n 1871,
he supposed that the maximum flood of the stream at that pont would be
26 400 cusecs, but he proposed to allow 1t a waterway suffictent for 36 600
cusecs, at the rate of 1z per square mile over 1ts catchment area rechoned
1t 3025 square miles [o pass this with a mean veloaity of xo feet per
second he proposed to allow seven spans of 35 feet, 15 feet high to springing
of arches ~ Later, he noticed that half a mile below the proposed site of the
aqueduct, there was an old bridge across the Kali Nadi, which had been m
exstence for at least 100 years  This bridge had a total waternway of only
1,146 square feet, and the flood marks on 1t showed that it had p1ssed ﬂoo__ds
with a maximum pondmng up of 1 5 feet From the formula D = cav/2gh
= 75 x I146 X 84/T5, he reckoned that the maximum flood would be
8,450 cusecs, with a mean velocity of 7 33 feet per second There was
another brdge thirty miles up stream of Nadrai, from flood marks on which
Jeffreys rechoned that the maxumum flood had been 4 220 cusecs from a catch-
ment area of 1,556 square miles above that point These data led him to
conclude that the maximum flood of Nadra: would not exceed g 500 cusecs,
at the rate of 366 per square mile of a catchment area of 2,593 squar¢
miles Doubling this, for safety , he proposed to allow for 2 maxmum floo
of 18,000 cusecs The aqueduct was designed with a lower waterway of
5 spans of 33 feet, as shown in T1g 20, or 633 X 5 = 3,163 square feet

Captain Jeffreys recogmsed that this allowance of waterway was open &
enticism, but he explamed * I cannot, with this ‘ Mogul * bridge of more
than a century old staning me 1n the face, recommend a greater proviston
than that < rway of 2,450 square
feet, that

And ( . the design, with the
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FLERELIN Althvach the ol volumes given by Major Jeffreys are per-
plevnzlv < nall vt there seums ny rewson to doubt thar 1ccuricy
The werk was binlt accordinghy the masonny channdd for the cnal
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bung made 102 feet wide to dischnrge 5374 cusecs with 1 water depth of
q 4 and 1 maan vedoaty of 3 feet per second

The thutments and pirs of the 1queduct were founded on masonry
wells sunk to 2 depth of 19 fct (5335 514 5) below strcam bed but the
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curtains were sunk 10 feet deep only  the foundation soil being sand - There
scems to have been very little protectton of the stream bed  Under the
spins there was a dished  floor of bloch hinhar niprap grouted with
hme but httle dse and block kankar 1s 1 weak material incapable of
resisting the erosion of lugh velocity currents or the pressures of an iverted
arch In October 1884 aflood occurred which rose to 557 up stream 1nd
553 5 down stream of the aqueduct and the local executive engineer (Mr W
Good) estimated 1ts maximum intensity at 37 000 cusecs with mean
velocity 117

1w v
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Thus flood washed out the block-hankar floor and undermined the founda-
tions of the fourth pier from the nght, which collapsed, bringing down the
arches which rested on 1t Had there been suitable protection to floor and
stream bed this accident would probably not have occurred

Nme months later another great flood occurred, and this time the
aqueduct, which had meanwhile been repaired, was completely destroyed.
The flood began nising on the afternoon of July 16th, 1885 According to
Mr Good, who eye-witnessed the flood, the water levels were 359 up stream
and 553 2 down stream of the aqueduct at 4 30 am on the 17th, down to
which time no damage had occurred At this time the mean velocity
through the barrels was about 16 feet per second and the discharge about
50 000 cusecs  “* Tmmediately after this the up stream level rose 4 feet in
one wave, and part of the old revetment over Arch No 1 fell m™ This
sudden nse of up stream water cannot have been due to imcrease of flood,
and we may infer therefore that 1t was due to obstruction of waterway by
the collapsed masonry

‘ At 8am the upstream level was 567 5 (withm o 5 foot of the top of
the new nght revetment wall) and surged over 1t 1n waves 10 to 15 feet
Ingh, and then the whole of this revetment and the rest of the arches col-
lapsed At 930 am the only vestige of the aqueduct was the mass of the
left revetment The water ran smoothly between the revetments The
water down stream of the aqueduct wasin waves 20 feet high and at intervals
of 100 feet, and laterally in a formidable swirl towards the left bank
Assuming that the condition of flow was that over a submerged weir with
cill at level 532, and 200 feet long, and allowing a deduction of 4 for obstruc-
tion by the fallen masonry, Mr Good calculated that the discharge at
930 am was 4,000 cusecs ‘At 3 pm the left revetment, which had so
long blocked the waterway, fell m, and the land wing followed By this
time the flood had cut a channel 100 feet wide at the back of the left abut-
ment, through the canal embankment, and another 50 feet wide on the
nght  The flood reached its maximum Jevel at 345 pm, when the up

stream water level was 56g on the nght bank ” And Mr Good rechoned
the discharge of this time to be 121,000 cusecs Thereafter the up stream
levels sank, but the downstream level continued to nse till 5 pm, whenat
was 5625 This suggests that the high up stream levels prior to 4 pm
may have been due to mwisible obstructions rather than to magmtude of
discharge

The Superintending Engineer, Major Home, reckoming the stream as
flowing over a broad-crested weir with aill at 532, and with waterway
275 feet wide (including lateral breaches) rechoned the flood to have
amounted to 132 000 cusecs, and suggested re-bwlding the aqueduct with
eleven spans of 6o feet, to discharge with mean veloaty == 8

The Chief Engineer, Colonel Torbes, suggested thirteen spans of 6o feet,
but Calonel Brownlow, whowas now Inspector General of Trmgation, thought
1t would not be safe to build wath less than fifteen spans of 60, on the ground
that the flood might well have been as high as 140,000 cusecs

After the acaident to the old aqueduct 1n 1884, Colonel Brownlow hnd
been hard put to 1t to explam why he had designed 1t to discharge unl_‘;
18,000 cusecs, and we can well understand that the total destruction ©
the work by a still greater flood 1n 1885, whilst he was still apologising,
deaided him to think of * safety first,” and nothing else that mattere
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At am rite the new aqueduct was bnlt with fifteen spans of Go feet
havirs 1 total waterw v of 16 000 square feet between stream bed and
arch «iTts to dichirge 140 000 cusees  The design assumes that the high
fiwnd Tovdd wall be at the <ame levdd as the eanal bed (RL 559 that the
waterw 3y will incrarse through bed ~cour and that the afflux will be only
6 1nches Thie would svm to be m error seemng that the great flood of
1885 1¢ ¢ to §h2 5 down stream of the old aqueduct  The Nafi will be
at1¢ to discharge anly about 50 000 cusecs up to level of springing of rches
(R1 54 15 m oponchainnel  \s 1t nses above that level the mode of

I 23 Dilta of River Coday it

discharge will change from that of open flow to that of pipe flow and
although the carthen bed will be free to erosion the rate of enlargement of
waterway by such croston s an uncertam problem whilst as soon as
syphoning occurs a rapid increase of afflux to create velocity head and

entry head (z 5 ) will be on the cards and his added toa possible HI L
2

of 562 5 downstream of the work may causetroubleup stream  The prers
and abutments of the new aqueduct hive been founded on masonry wells
sunk to a depth of 50 feet below stream bed  [he wisdom of this may be
questioned seeing that a very substantial stratum of clay exists at a depth
of 30 fcet only below strcam bed As matters stand the foundations are
composcd of 268 wells with 1n aggregate vertical length of 15 019 feet or
nearly 3 miles! By founding them on the clay at least one mile m length
«f svells mught have been saved but the depth of 50 feet was arrived at as

vz
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the least at which, 1t was supposed that, under the most unfavourable cir-
cumstances, the pressure at base would not exceed the lumit of 4 tons per
square foot  Colonel Brownlow advised fixing the imut so Jow as 2} tons per
square foot If the old aqueduct that was destroyed in 1885 had been
designed as Colonel Sir Arthur Cotton designed the Gunneram Aqueduct on
the River Godavari 1n 1851, ¢ €, as an aqueduct shuice, with floor and apron
and strong bed protection up and down stream, 1t mught have remained
intact, 1n spite of the great flood of 1885, even though the earthen embank-
ments of the canal were breached through to nght and left of it Not that
one would deliberately design an aqueduct sluice, for choice, to discharge
great floods by breach and overflow, but the new Nadra Aqueduct would
probably have been as cfficient, 1f not more so, 1f designed with only ten
spans mstead of fifteen

(R) The Gunneram Aqueéduct on the Godarary ~~The Gunneram Aqueduct
carries the canal of that name (or Naggaram) across the Vainteyam branch
of the Godavar Delta (Fig 23) It was designed i the year 1851 and
buwlt early m 1652 Colonel (afterwards General Sir) Arthur Cotton,
describing the design in 1851, wrote  * This work 15 not a simple aqueduct,
but rather an aqueduct slmce That 15, the water, m floods, w1l rise above
the crown of the arches The work 1s planned, accordingly, as a slmce,
e, with floor and apron The obstructton offered by 1t 15 about the same
as that of the Amcut at Dowlushwaram m the highest floods, s ¢, the
proportion of waterway to the whole section of the river at that pomt 1s
about the same as the corresponding proportion at the Ameut 1 have
atlowed for a front apron 1o yards broad, and a rear apron of 20 yards,
supported by lines of wells along its whole length, with some loose stone also
below them There will be a floor of large packed stone also under the
arches, with a line of wells along the down stream stde from per to prer

Colonel Baird Smith mspected the aqueduct 1 1853, and wrote thus

There are forty-nine arches of 40 feet Abutments and prers rest on wells

51 feet diameter, 8 feet deep, nsand  Over the well tops 15 a floor, which, 1n
twenty five arches 15 of concrete  The floor 1s one foot thick and supported
by five rows of wells 4 feet 1 drameter, sunk 3 fcet 1 sand The whole
structure 1s of brichwork mn excellent cement, the bricks being of the extra-
ordinary size 18 mnches by 6 inches by 3 inches, with a small hole § ich 1
dinmeter, through the middle, to facihitate baking  The whole worh was
completed 1n three months from date of commencement of construction by
Licut Humg, RL

Withina few months(or possibly weehs) after the aqueduct was completed,
a flood rose not less than 5 or 6 feet over the level of the tops of the parapets,
burying the whole structure 1n water The height of this flood must have
been about 30 feet 1he sectional area of such a flood, as provided by
Nnturc.lxs appronimately 72,000 feet, that provided by the cngineers 18
30 000

Supposing the mean s elocity of the niver flood had been from 6 to 8 feet
per second at some distance from the aqueduct, this would have increased
to from 15 to 2o fect per sccond past the obstruction, with afflux from 3 to
5 feet, but ocing fo the work having been designed as a sy phon, lo resist such
telocitses, no harm resulled

Colonel Cotton wrote 1n 1852 ** That a single officer, w 1th two or three
overseers, should have managed 5,000 workmen with the help of only three of



1 DITOR S NOTES

fo 1t ¢ cemt worbmen s one of the most oppacee ¢ -~ ]
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Aug ot 38% 2 160 foct kenath of the wall was puched over by Tyt o0 e
preestre The Madme o ameers rephicad this with 1 weeten <} o o
awithin ten dave and camed on <mling

In Octobwr 1801 1 oxtricrdmany flood submerged the whe'e sy oy
Ccland) Howliy d wnbed the madent thus The o] of Octedieg wiet
nght over this fine old word about 18 el deepn the mid fie to6gretee
at the epds The greatest difioronce of mver watar Dael above and bt
the work was 2 3 frt The enly damoge to the cuperstinctute was s Yy p
wan o f «me of the surfice grnvd and conerate of the it tow patly ang
i ht ingunt to the weodan ralings - The roudh stone floonng an the nver
Bed below the worl on the It ade was comeshat disturbed Shoet Pl
protection 1s necessanyand the provision of 1 ranc of loo « stone lh:
floonng put down i the et threc ves dong the fromt of the wqueduet has
added much to1ts safuty

This floonn,, w s of conerete 15 feet thick 15 feet wide setuned ty o
riubblc masonny wall 2 5feet 3 fect founded on wells 5 fect square and
deep

ey tet e,y



CHAPTER XII
RESERVOIRS AND TANKS

(1) WHEN water 15 impounded for purposes of rrigation 1 a reservorr,
this can erther be effected by embanhing a depression, which recerves the
run off of the rainfall from a catchment area, or else a defined river or stream
15 held up by a masonry dam or weir, or by an earthen bank  In the former
case there are nnumerable examples 1 the small tanks that have been
constructed 1n eastern countries where the slope of the ground s fay ourable
Of the latter there are also many examples on a very large scale for m-
stance the Bhatgarh Reservoir in Bombay, the Peryar project mn the
Madras Presidency, and the Assuan Dam in Upper Egypt These three
works have already been referred to in Chap 11, which treats of the sections
of dams  The large storage reservoirs in the United States are too numerous
to be catalogued  The Salt River Reservorr will smpound 1} mullion acre-
feet a record quantity

(2) In designing a reservorr, the first point requinng definite statistics 1s
the maximum and mimmum dischirge to be expected from the catchment
rea the former for the purpose of designing the works for the disposal of
the surplus water which passes through the reservorr after filing the latter
toits full capacity , that s, the required length of waste werr or bye-wash or
the discharging capacity of waste shuces, if such be adopted The second
determines the capacity of the resers oir, which naturally must be such that
it will fill 1n ordinary years, and on this depends the area of land which 1t 18
capable of irnigating and the revenue which may be evpected to accrue

The subject of maximum discharge from catchment areas has already
been investigated m Chap V , the mimmum may be assumed as half the
maximum, 2 ¢, With a maximum run off of } of the rawnfall, the mummum
may be taken as } or y, of the rainfall There are of course many instances
of small ram fed tanks which naturally will not £l 1 a year of drought,
though they may do excellent 1migation 1n ordmary 3 ears, so that most
cases the average ramnfall has to be considered not the absolute mmmum
A tank however, situated on a stream which never fails to run mter
mittently duning the rainy season, even 1n a year of drought, 1s naturally
more valuble than one dependent entirely on local ram, which my be very
scanty in some years

The 1deal site for a resery oir dam 1s one across a narrow gorge in a streant
or drunage hine which above this pomnt widens out 1n a long level and broad
depression  The discharge of the catchment may be such that the tank
will fill more than once dunng the season According to the Madras
Manual of Irmgation,” the 1rmigating capacity of a tank thus supphed can
be rechoned as 1§ 1ts actual capacity

326
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(8) The acturl caprasty af 1 tank 1s the culie contents of the water im-
prun i botwen full tank leved (F T Yor b ST (Tull Supply Tevel) and
thitof thcall of the I timgating slmee Onc of the first points requinng
attenty 1 after selecting the wte for 1 propo ed reservorr 15 the determint
11 n of 1t~ cterige capraty up to difiercnt proposed leveds of eseape 1e to
TT1  Por the purpe ¢ marks <hould be fined 2t differcnces of level of
alw it 5 fect or 1o fect apart on any convenuent short hnes of section  the
ot ars s f these levels <honld than be marked out and surveved all round
the baan i order to abtun the pormmicters tnd treas at each contour
Frem the ¢ the contents of each Iimma can be caleulnted 1nd the contents
up to 1y coteur The <ame renlt can be obtuned by 1 sertes of longt
tudinal ind tranaver ¢ octtoms tihen up to the heights of the varous
cent url vels The £ rmer should be dirceted in conformity with the anas
or 1ves «f the izure { the basm and trinsverse sections 1t nght angles to
them Shoul o winding river channel or depression form part of the basin
11« ften more cenventent and correct to estimate ats contents independently
and add it in aftemards

14y The formulis 1n use far obtuning the contents or eapacity from the
honizontal contour areas are s follows —

With two contour arcasonly viz Iy 1, 1t 1 common vertical distance
apart (d) The contents {1, + 1,4+ v 1, 12

1f there be three equidist int honzontal sections the contents = 3d (1, +
44, — 13

1f therc be any «ven number (#) of equdist int horizontal sections A, A,
etc upto 1n it 1common distance d the contents = d (Y A, + A, + etc
~ tn—1— 1n)

The eapacity of the resernyorr being thus estimated the 1mount of supply
that can be expected annully from the catchment area can be obtained
from the Tables ginvenan Parts T and H of Tible IT and Part I Table TIT
Jacksons  Hydrauhc Minual  where 1so some excellent practicnl examples
of thar application are given or dse the run off ¢an be obtuned from
Tables given in Chap v of thes work

Ihe wmigating capacity of tinks and duty of water impounded varies
naturiily with the amount of absorption and evaporation  In the Madras
Presidency wliere the system of 1mgation from tanks ind reservoirs 1s very
extensive the following 1s the quantity per irngated 1cre required * to be
stored to bring the crop to perfection —

Cubefe t Acre feet
(1) Tne months monsoon rice crop 216 000 5 nearly
(2) Cold weather nice crop 175 000 4
(3) No 1 1f stored for next years
use 540 000 24 ,
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The reckoning of artificial supply inclades all loss from evaporation and
absorption 1n the reservorr and the mrmgatmg channels This estimate,
though rough, 1s useful as a gmde  Tor cold weather crops other than rice,
such as wheat, etc, the storage n acre-feet wall be about 2 The loss from
evaporation vartes with the chmate of the country in which the reservorr 1s
situated  In Upper Egypt the maximum 1s taken at 39 mch per day, and
that in India 1n the hottest and driest months may be anything between
o0 5 mch and T ch, whilst 1t may be only o 3 inch 1 the coldest month
The annual loss by absorption varies considerably according to the nature
of the bed of the tank, and may be taken, according to “ The Irngation
Works of India,"” at one-half the yearly loss by evaporation

From experiments made 1 tanks m Rajputana, which has a dry, hot
chmate, the average daily loss from both causes was—October to March,

20, Apnlto June, 47, and July to September, 41 inch per diem

This 1s equivalent to a total annual loss 1n depth of 6 15 feet from evapora-
tion and 3 62 from absorption, giving a total of g 77 feet

In Madras a continuous run of I cubic foot of water will irmigate 663 acres
of rice and double that amount of dry crops  In new tank projects the duty
per cubtc foot per second 15 sometimes taken as—rice 50, dry crops 100 acres,
nclusive of losses from evaporation and absorption *

(6) Whether a masonry dam or earthen bank 15 adopted to impound the
water depends upon the local circumstances and comparative cost The
usual it 1n height of earthen banks used to be considered as 6o feet, but
this has been greatly exceeded in some reservors m Bombay, where the
Waghad Reservorr embankment 1s g5 feet high, and another 1s projected of
miumum height of 110 feet In England an embankment 125 feet high
has been successfully conmstructed Now that the new system termed

Hydraulhc Il has come 1nto general use there appears to be absolutely
no hmt to height adopted  The projected Oigawa Dam 1 Japan 1s to be
330 feet m height, exceeding even that of the Shoshone arched masonry dam
which now holds the record at 310 feet

The worhs connected with a tank or reservorr constst of (1) the embanh-
ment or dam, (2) the waste werr, bye-wash or escape shuces for the disposal
of surplus water, and (3} the outlet sluices for irngation

(1) Embankments

(6) The common practice 1n Europe 1s to construct a puddle core 11 the
centre of an embankment, the remainder of the matenal bemg compOSCd o
erth gravel and stones, 1n this case the mmperviousness of the dam to
leahage 15 entirely dependent on the puddie core

W here suntable earth 1s not obtawnable to form the mass of the embanh-
ment, the adoption of 2 puddie core 15 obligatory, but where good sorl 15
availble the puddle core for embankments of, say, 50 feet mn height 15

* But it must be borne 1n mind that this water supply 13 supplemented by ramfall 24
noted —Lo
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not nece<sany In India the use of a puddle core 15 generally mited to
e lrze reservanrs, but even m the case of lugh banks it 1< often entireds
diepensed with A thorouchly consolidited homogeneous embinkment of
carth 15 undoubtedlv proferable to one of mnfirm materl rendered water-
tight by a puddle wall - The Targe Waghad tank cmbankment, a section of
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Tic 1 —Waghsd Tank I mbinkment

which 1s shown in I'ig 1, was constructed with rammed Iy ers of maist earth
without a puddle corc .

(7) Unless clay soil 1s not eastly obtaimable near the site of the embank-
ment, this adoption of a puddlc core for small or large depths of witer 1 not
absolutcly essential  In forming an embankment without a puddlc core 1t
1s obligatory that the carth be at least dimp and consohdated 1 hyers by
heavy rollers  The whole mass can be made of wet earth 1e, prictically
puddled, 1f water 1s available The method of procedure 1s as follons -
The bottom 10 feet of the base of the bank should first be thrown up and 4
temporary cut made m the solid ground or rock at a lower level to pass off
waste water, or clse the masonry outlet culverts can be first butlt and
adapted for this purpose The work should then he in abeyance until
water has collected m the basin behind the bank  The surface of the banks
should then be divided 1mto shallow basins about 12 inches decp by narrow
partition walls of carth  Into these enclosures the water should be pumped
or baled up from the reservoir As soon as a senies of these shallow basips
are full of water, the earth 1s thrown mn to fill them up level with the top of
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the partition walls, after which another seres of chequers are formed on top
and again watered While one part 1s beng filled up, another 1s being
watered or chequered so that there 1s no mtermission 1n the earth carrying
When the embankment 15 thus raised the level of the bed of the escape cut
can likewise be raised erther by partially filling 1t up or cutting a new channel
at a higher level so as to allow the water to rise to a further height belund
the bank By the means thus described, each layer of earth 1s thoroughly
soaked and clods dissolved so that no rammung or clod breaking 1s requisite,
and the new layer 1s further consohdated by having 6 or g mnches of water
laid over 1t, the result being that the whole bank 1s composed of wet earth
devoud of air spaces, which are inseparable 1f dry earth 1s used, no matter how *
much 1t may be consohdated by roling or ramming Consequently when
the tank fills, there can be no settlement whatever of the embankment
If during this process the bank shows signs of supersaturation by bulging,
the work should be suspended at this part for a day or two until matters
adyust themselves and the layer of water subsequently reduced 1n depth

The author has constructed several embankments on this system, and not
the least sign of settlement ever appeared in the bank thus formed when
fully tested This system 15 probably best applicable where coolie labour 15
employed and earth carried on the head m baskets when 1t can be deposited
wherever required

In many cases where stiff clay 1s the matenal, 1t 1s customary to mix a
certain proportion of fine gravel with the clay, as gravelly soil 1s naturally
far more watertight than pure clay, unless the latter 1s hept contmually
motst  This can be done by arranging a certain proportion of the carrers
to convey gravel, so that the mixing takes place automatically In the
United States the umiversal practice was to construct the core walls of
masonry but they are now quite discredited The embankments there are
thrown up 1n layers of damped earth and rolled by heavy rollers Now,
howesver the hydraulic method 1s superseding the ordinary system

(8) Undoubtedly by far the best method of forming reseryorr embanh-
ments 1s that of * hydraulic fill° By this means immense embankments
not only for reservorr but for high railway banks, have been constructed in
Amernica -

The hydrauke fill dam 1s now recogmised as the most economical method
of handling earth as well as by far the only absolutely satisfactory means of
forming the earth of a dam by alluvial deposit from a current of water, 5035
to make 1t more sohd impervious and freer from hability to unequal
settlement than 1s possible by any other artificral process  Powerful jets of
water directed agunst a chiff or hillside disintegrate the soul, which1s camed
forward by the same water in rough wooden aqueducts, 2 or 3 feet wide and
deep to the site of the proposed dm  There the aqueduct bifurcates nto
tuochannels wlich are aligned one along the up stream side, and the other
along the down stream side of the dam, and parallel to its anis There the
water 1s discharged from shuces 1n the sides of the channels Naturally the
heaviest detntus s deposited under the aqueducts, whilst the lighter matter
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1 e ~d furthes anl the «trcams from the two channels meet on the
contral oaccf the dam wherd thar deposits consist of the finest imperme
able paille<tin which constitutes the core of the dim Requrate
con it s ar

{1) The ot tarec of abun lince «f water 1t 1 sufhetent devation to form
1vwen gl o] thitie toattrd v tecpon migh <ope for the wooden channels
whieli € e e sdwee matanal on to the embinkment

(2) An bt depe ot of smtable mived soil 1t 1 lugh devel

Th ~xlume of water require Fas from 5 to 2o cubic feet per second  Onc
cilne fxt per vendwill rem e So to Loo cubic vards in 23 hours  The
n ot owtat! mateml s s mnture of sl chiw sand and gravel of 2l
<1z Stenes | coor Ib waght cin be carried through the shneing
china Is b nu wath g current of thick elw and sand

Inth prx ~of hvdrubching the slopes of corrse matcrl are hrst
{ rmed nd are always hept lagher than the intenor By means of chech
boarl ind wde flumes the be v matannl ean always be dinverted to the
< po whnle the indy graduated grivd sand and mud 15 kept mn the centre
The cprn Ix ¢ stone and graved deposited outside allows of the driumnage
and gradud desicetion of the el puddle which forms the centre portion
of the dam

(8) The matcnal 1y ather loosened by 1 hydriulic jet from 1 Guant
plaving against the bank which 1s the bost mcthod or if pressure 1s not

PN

e e €1
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s

—
Tl ‘}r S
piaid g s

Tic 2 Hy traul ¢ Gant Vonitor (Double jo ntcd)

available the ground can be loosencd by plough or by hand and then
sluiced

Tig 2 1s a photograph of a hydraulic monitor The grant 15 moved
round 1n any desired position by a deflecting nozzle by which device the
force of the 1ssuing jet turns the machine on its pivot so that a child could
operate it

A long and detailed description of hydranliching with many photo
graphic dlustrations 15 given - Reservorrs for Irngation et¢ by J D
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F16 3 —Necaxa Hydraul ¢ T It Dam Mexico

Schuyler an invaluable up to date book
winch should be consulted on this subject

Wherever earth at 1 higher level than
the dtm crest 1s not wwvailable low level
borrow pits can be excavated by the Jet
and pumped up to a commanding level
whence they are conveyed on to the dam
by flumes

In such cases the outer casmng will
have to be made of rock fill not by
hydraulicking ~ Special arrangements re
quire to be made to drain the mternal
miss pipes beng inserted in the stone
casing with the object of removing the
water and at the same time retammng the
mud 1n suspension

The cost of hydraulic filling 1s from 3}
to 6 cents per cubic yard equivalent to
13d or 3¢ 1 Enghsh money or from
Rs4 As6 to Rsy As8 per 1000 cubic
feet 1n Indian currency

(10) A few modern examples of
earthen embankments whether made up
by ordmary process or by hydrauhcl\mg
alone or by rock fill or stone walling
backed by hydraulic fill will now be
given Tig 315 a section of the Necaxa
Dam 1n Mexico Tt 1s onc of 2 series of
three constructed for the Mexican Power
and Light Company mn the State of
Pueblo It can store 34 8s0 acre fect
and be used as a penstock for pressure
pipes It 1s thrown across the Necaxa
River which has a discharge varymg
from 70 to 7 000 second feet or cusecs

It was ongwnally tended to build 3
masonry dam here but the softness of
the rock substritum was considered un
equal to the concentrated umt pressure
of 1 dam of that description so the
hydruhe fill was substituted  The
mteral was sluiced down from the 1dja

cent hesghts where good ¢l1y gravel ind masses of rock were met with &
Reservoirs  of the deposition of roch on the slopes shous
preces of 18 cubic feet which had beenshuced down the flumes  Thisdam1s%0
feet lugh inaltitade not long ago deemed 1mpracticable for an earthen dam

photograph i
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Tig 3a1s a photograph of the work during construction denved from

the above work
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(11) Tig 4 1s the section of a dam across the Oigawa River in Japan
It 15 to be of hydraulic fill throughout, except the outermost layer on the
slopes which will be rock (presumably hand packed) from the tunnels On
the up stream toe 1s a core wall of concrete with a steel diaphragm built, and
the rock filling of the toe 1s covered with planking, above the pomnt where
the steel core intersects the slope, the latter will be covered with asphait
laid over 18 inches of pitching or riprap  This dam, when completed, will

22900 _

T1c 4 —Projected Oigawa River Dam Japan

be the hughest in the world  This 1s a notable example of the possibihities
of and the confidence placed 1n, the hydraulte fill dam

(12) In F1g 5 15 a section of the Maladev: Dam, the most recent con-
struction of that hind 1n India  Both toes are formed of rock fill, the up
stream one forming a temporary overfall for floods after the first year's
worh  The overfall slope 15 faced with a thich layer of concrete The
whole of the up stream slope 1s covered with a layer of concrete overlying
one of gravel  The plans are derived from Strange’s *“ Indian Reservous "

The full and msimum levels are the same  This means that the werr
cill can be closed or raised by gates, antomatic or otherwise The reservorr
formed will impound 117,400 acre-feet

The waste weir (Tigs 6 and 6a) 15 of the so-termed stepped type, having
three sets of gates at the centre twenty sluices, 6 feet by 4 feet, worked by
screws nd capstans  Next 15 a battery of eight automatic gates, 8 feet by
10 feet  Above all, and extending for 1ts whole length, 1,135 feet of the
weir crest 15 an arcade carrying a footpath and tramway for travellng
winches  Theseare provided with 1o x 4 feet teak wood shutters, w hichare
used to temporanly raise the weir crest level by 4 feet The automatic gtes
it 15 proposed to use are of Rheinhold s patent, shown 1 I'g 14, post The
calculated discharges arc as below —

Second feets

Irec overfall, 8oo feet X 4 22,827
Tuwenty undersluices, 6 X 4 12,000
Eight automatic gates 8 X 10 . 6,457

Total . 41,284 <ccond-fect
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Fie. sb —Maladevi Dam Site Plan,
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Et s doubtfol whether tus plan s been

finally adopted, or whether several batterics of the automatic gates used on

Lake Fife in the Bombay Presidency have not been substituted

form of automattc gate has been pronounced a great success

™

This later
The outlets



DESIGN OF IRRIGATION WORKS

338

*oomagy may ‘wiec) waz— L o1y

paoeqd pueyy
revung ssm\._:
Buyprd 400y

I}
{
[
]

ide,
from this latter rosersoir consist of 6 vents 8§ feet deep by o feet wide,

plan of which 1s gnen in I'ig, 16, post.
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{13) The Zum Dam (Lig 7) 770 fect long and 7o feet lugh 15 of a different
vpe ta the ardinan hvdrulic fill earthen dam It consists of 1 trapezoidal

100 Ft

Sy o

€0

9 20
I 6 7a—/um Dam S te Elan

Vert <2 & 7r

block of rubble masonry lud dry bached by hydraulic earth il The
connection with the solid cliy substritum through the river bed of boulders
22
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and sand 1s made by 1 puddle trench  The water for slucing was delivered
through an 8 inch pipe to the hydraulic giant by 1 steam pump having 1
capictty of 3 cusecs  The work was completed m 1907

The spillway was excavated 1n rock Yoo feet wide and 1o feet deep
In September 1909 the dam partially fuled through the failure of 1ts
spillnay the lava rock foundation of which became undermined and
subsided 7 feet

(14) An example of pure rock fill dam or rather werr built of dry
coursed masonry with a thich shin of concrete on the up strcam side and

Tic 8 —Alfred Dam Ma ne

the lower 21 to 3 feet laxd 1n cement mortar 1s given m Iig 8 of the Alfred
Dam in Mame

(15) T1g g 15 of the Milner Dam Twin Falls Canal in Idaho It con
s1sts of dumped rock thrown round a wooden plank core which Iatter 1s
cmbedded m dry rubble masonry  The up strexm side 1s made up of
hvdrahic erth fill

The wooden diaphrgm 1s for the temporary purpose of preventing the
mud of the hydriuhe fill washing 1wy through the mnterstices of the loose
rock  Once the hydraulic earth fill 1s druncd and consolrdated 1t will
become perfectly watertight and the draphragm can be permutted to decay
withont any damage rcerumng

(16) Ihg 1015 a section of the Lower Oty Daman Califormn This dam
spans 1 narrow canyon 1nd 1t was ongmally intended to bwild 1 msonry
werr on the site 1his accounts for the apparently unnecessain mass of
concrete 1t the brse of the dam It i rendcred watertight by 1 diaphrigm
of steel plate enclosed in 1 concrete wall 2 fect thick  Witheut acquuntnce
with all loen! crrcumstances 1t 15 impossible to judge whether such 1 dam s
the most economical form possible

(17) Nig 1115 2 dingrun allu tritive of the method of rendenng 1 dwm
fcrmed of <and watestioht by means of 1 puddle core and 1 puddle trench
cried down to~chid elay  The <lopes o are protected by 1 hyver of cly
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Tic 9 —\lner Dam Twin Falls Canal Idaho

34

(18) A very mstructive example of the capabilities of embankments
made of pure sand 15 gtven in Tig 12 of the embankment of the Tey pore

Watervorks, taken from the Min Pro Inst CL,’ Vol CXV

In this
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c1se the embankment 1s not only made entirely of stnd but also hes on a
foundation of sand of great depth The HW L 1s 44 feet above the floor
of the slutce which 1s at the bed level of the original stream  The free board
or margin between HW L and crest of bank 1s greater thin usuil being
15 feet 7¢ one third depth of water and the crest width 1s 32 feet

The usual dimensions of a clay embankment where a wide roadway 15
not required would be top width 15 to 20 feet 1nd free hoard one fourth to
one fifth depth of water with a mimmum of 3 feet and a maximum of 6 feet
and.face slope 3 to 1 back slope 2 to T whereas m this case the face slope
15 4 to 1 The pipe culvert 15 founded on blocks of brickwork sunh 8 feet
below the floor and filled with concrete the inlet tower 15 founded 1n lihe
manner  The leah1ge 1s said to be msignificant the silt deposit on the bed

"‘W“{

Ti6 10 —Lo er Otay Dam Cal fornia

of the tanh h1ving stanched the sand  The value of (£) 1n this case 1s 370 fect
and the T S L 15 30 feet above sill of outlet  Consequently ¢ = 12 3

(18) I'ig 13 shows the founding of a puddle wall on concrete which
continues the impermenble core down to solid rock  In some embankments
the puddle trench has to be carried through fissured or mfertor roch in thns
w1y to even 100 feet in depth

Wath regird to the thickness of puddle walls the following extrict from

Waterworhs Lngincering 2 recent standrd work on the subject wilt
give 1 safe generl rule ~— For genernl guidance 1t may be regarded - 3
safc rule to mahe the thickness of the puddle wall at the base of the embank
ment cqual to one third the depth of the impounded water in the resenair
brttering both sides 1t such 1n angle 1s will give a commen thichnes» of
6 fcet of puddle 1t the top of the wall Tns dimension would enly apply
to 1 vy large ambankment 1t 15 unnece  ary to carry the puddie wall
above the highest wave level of the rescrvorr and it s undesirmble for it to
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have anvwhere 1 less covening than 3 to 4 feet of ordinary earth to protect
1t from the co-operitinve mfluences of sun and wind  The puddle wall must
be camcd down through the <ub ol to form a watertight joint with the
mmpenious bise of the reevorr It s Iud in 2 trench excavated in the
greun ! the ades of which frequently battered equally but alway s reversely
to the ades of the puddle wallin the embankment form the requisite Intert!
support to thc matennl In prictice the thickness of this wall at the base
1~ scldom found to be less than half the thichness possessed by 1t at the
ground lcvel  The puddle core 1s cometimes formed of 1n intimate mizture
of sand gravel and el In the United States peat has beent used for the
<amd purpo e but i that country the core 1s now almost mnvariably made
throughout of rubble masonny or concrete or steel plates cnclosed m con-
crete «r 2 wooden drphrigm 15 made use of

The Madras rule for the thichness of puddle walls 1s to mnke them
2 feet thickh 1t top with 1 side batterof Tin 8or 11 6 the base width

Tie n

d
would then bc-come:' -2 or 4 -+ 2 not very far from the rule quoted

last pargraph of d the side batter 1 however much greater and the top

thinner It should be borne in mind however that the earth when carried
by coolie labour 1s far more evenly distnbuted and much better consolidated
than when tipped by truchs 1n the usual Curopean method hence a thinner
section of puddle wall cin be adopted

(20) The usual safe side slopes to embanhments are 3 to I on the water
stde with 2 to I at the rear  As regnrds top width this should not be less
than 8 fcet 1n a small tanh impounding 10 or 15 fect of water increasing to
15 or 2o fect in a lugh embinkment  It1s cvident that the top width should
as 1n the case of a masonry dam be some function of the depth of MW L
and the gencral rule adopted 1n Madr s that the width of an embankment at
MW should not be less than the mrximum depth appears worthy of
general usc  Thus with 50 feet depth nd 6 feet free board 1nd 3 to 1 fore
and z to 1 back slopes the thickness of crest will beccome 50 (5 x 6 )
20 fect  But this rulc would not be operative for depths much below 4o feet
A dircet rule for the top width wrrespective of the height of free board of
2 A/d + 2 would scem to be i 1grecment with ordinary practice  Thus
with MW T at 16 feet depth the crest width will be 2 X 4 + 2 = 10 feet
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at 25 feet d pthq2 > o)~ 2 12 feet At 4o feet depth (2 X 6) + 2 =
14 fect andat 5o fat depth (2 7) « 2 = 16 feet

The Madrisrule for top widthis '4 with 1 nunimum of 8 feet 1n long tank

«anbankment with vanuang depthe

The haght f the free bord above MW L 1s scldom less than 1o fect 1n
large embankment  «r than 3 fect insmnll ones  the free board 1s subject
to the con i ns of wave action

The ection of the Waghid Embankment in Tig 1 wath 1 top width of
onh 6fect 1snct considered 1 good one by Colonel Mullins by whom the group

of Bombay tanks are cnitically resiewed in the Appendin to the  Madras
Irngation Manual

The formula for the height of the waves in feet abore MWL 1s
15V1 x (25 — /1) where I 15 the fetch or longest line of exposure of
water surface to wind expressed in statute miles

Thus 1f I = 4 mules the height will be

(15X 2)+(25—14) =3 11=4I1feet

With 1 = 10 miles the heght will be (15 X 31) + (25 — 17) = 5%
feet

Embankments where the soil 15 unfavourable are often provided with
drans longitudinal behind the puddle wall with transverse ones at intervals
These are trenches filled with loose stone n order to carry off any leakage
and prevent the rear portion bemng supersaturated thus preventing ships

(21) A masonry dam has tlus advantage over an earthen embankment mn
that 1t can 1ct 1n whole or 1n part 1s a waste weirr 1s for instance the
\rynwy Werr 6o feet ngh which Iis an overflow  the Coolgardie Werr
120 feet lugh and the Bhatgrh overflow weir  or else waste or supply
shiecs can be built 1n the body of the w1ll as has been done 1n the case of
the Bhatgarh and Assurn Dams

The design of the section of all hinds of msonry dams and the rules
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(2) Disposal of Surplus Water

22) Where the mun dm «f 1 rc envorr does not atself act 15 1 waste
werr 112l wing surplus water £ pass over it or through it (if waste shuces
are adopted) 1 eparite wast war or by wash or spillway has te be con
structed  Sucl 1 naturidh b s the case where the dam 1s of earth The
safc di posal { arplus water pas g through an irmgntion tank which s
often the receptacl of 4 large straum as 1 most important matter and the
run f mot 11 nitne Indiin srngation tanks 1s generalls due to proper
mewn of e~aape f surplu watar not having been provided  For

BHATGARW WTIR

4 toma 45 cebate £X Renodspate
warly @y T !

featanipsresn

1 13 Blatgart W r \utomat ¢ S! utters

desigming such « werh the maximum possible inflow 1nto the tank under the
assumption thit the latter 15 already full has to be 1scertained and the
wiste weir built of such a length 1s to be 1ble to discharge this quantity or
rate of inflcw at a defined depth of film of water passing over the crest
This depth (d) 15 very often 3 or 4 feet but may be made anything in reason
provided that the expense of raising the embankment ll through to this
extent does not exceed the cost of providing a longer waste werr with 1 less
value of d

1t 1s evident that the crest level of the waste werr 15 that of full supply
Ievel or T S L of the reservor while the maximum tank level or M T L (to
use the Madras phraseology) wallbe I SL 44 Now the level of the crest
of the embankment or dam 15 naturally dependent on the latter not the
former so that the adoption of 1 waste wetr as a means of disposal of surplus
water involves the rasmg of the whole embankment to an extent equal to 4
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governing the shape of the profile have been fully treated in Chaps II
and 1T
The matenal of which a dam or weir 1s constructed 1s usually erther
rubble masonry or concrete  The following remarks on this subject, from
Waterworhs Engineering  (Tudsbery and Brightmore) are well worthy
of reproduction —

The construction of the vast masses of masonry or concrete of which
dams are formed 1s an art that requires the exercise of judgment 1 the
selection of the matenals used close attention to their preparition and
w itchfulness during the process of butlding The question as to whether
concrete or rubble masonry 1s 1n any given case the preferable building
material must largely depend upon the character of the rock available The
great tenstle strength of Portland cement causes 1t to be m high favouras a
matriy but 1t 1s not entirely unexceptionable Where a dam abuts as 1s
frequently the case upon steep hill sides the rapid variation n height tends
to produce an unequal settlement 1n the masonry or concrete as the structure
1> gradually rased  This settlement 15 resisted by the shear of the matenal
transmutted from the comparatively unyielding rock abutments It 1s not
mprobable that action of this hind has produced some of the fractures that
have too often occurred insuch dams ~ If this be so 1t points to the prudence
of building 1 1 slow setting hydraulic ime thereby perrtting free settle-
ment of the mass before 1t sets nigidly  The rapid settlement during con
struction of large masses of concrete must give rise to internal sheanng
stress of indeterminate amount  In concrete worh such settlement 1s much
reduced by the mntroduction of large blocks of stone and boulders into the
work 1 practice that possesses the advantages of adding to the coherence
of the entire work and generally of effecting some economy 1n 1ts cost

To which remarks might be added that the use of long header stones i
rubble msonry laid crossways which 1s often specified tends to facilitate
fupture of the wall  With a battenng face each face course averlaps the
preceding one thus automatically forming a bond between the face work
and the intertor filling so that long bond stones are not only unnecessary to
preserve transyerse bond but they have the disadvantage of breahing the
longitudinal bond A wall under pressure from the rear has no tendency to
spht longitudinally as 1 badly bonded wall of 2 building might have but
owing to unequal settlement the tendencv 1s for transverse crichs to be
formed  Thus 1f ued at all which 1s to be deprecated bond stones should
lie longitudinaily not transversely  The nuthor considers that the use of
~pecial bond stones 1n rubble masonry 15 1 mistake 4s tending to destrov the
llomoaenut\ of the mass

In’the Bltgarh Dam a section of which 15 given in Tig 15 Chap u
the nterior was formed of concrete with 2 plentiful inter sprinkling of lrge
stones which were cmbedded i the con rete  This rused the specific grvity
of the m1ss considerably 1bove what it would has e been wathout the adminy
turc of hewy stonc blocks the actual welit nsing to 150 or 160 1> per
cubic foot

The Penyar Dam (g 13 Chap II) 15 1lso formed of concrete
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(2) Disposal of Surplus W ater

{22y Where the mun dam of 1 e envorr does not itself act 1s 1 waste
werr by all wing surplus water to piss over it or through it (if waste shuces
are ubypted) 3 <eparite waste weir or bye wash or spillway hias to be con-
<tructed  Such s mturilly also the case where the dtm s of earth  The
<afc di pral of urplus water pas g through anamgation tank which 1s
often the reecptacle of 1 lrge stram 15 a most mmportant matter and the
rum of mo t <dd natnve Indian srmgation tanks s genernlls due to proper
means of eseape of surplus water not having been provided  Tor
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designng such « work the masumum possible miflow it the tank under the
assumption that the latter 15 already full has to be ascertained and the
waste weir built of such a length 15 to be able to discharge thts quantity or
rate of nflow at a defined depth of film of water passing over the crest
This depth (d) 1s very often 3 or 4 feet but may be made anything in reason
provided that the expense of raising the embinkment all through to this
extent does not exceed the cost of providing 1 longer waste weir with a less
value of d

It 1s evident that the crest Jevel of the waste weir s that of full supply
level or I' S L of the reservorr while the maximum tank levelor MTL (to
use the Madras phraseology) willbe 1 SL 4 d  Now the level of the crest
of the embankment or dam 1s naturally dependent on the latter not the
former so that the adoption of 2 waste weir as a me1ns of disposal of surplus
water mvolves the raising of the whole embankment to an extent equal ta d
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the greatest allowable depth of film passing the weir  This forms the great
drawbnck to the adoption of wiste werrs which otherwise are an excellent
provision for escapes being self acting

In order to reduce the difference between FSL and MFL to a
mimmum f not to abohsh 1t altogether several covrses are open  I'irstly
The wewr could be provided with collapsible shutters balanced at the
centre of pressure so as to fall automatically when overtopped They
have to be raised by hand which could be effected on the lowering of the
water level 1n the reservoir by men hooking them up mte positton from a
staging erected over the weir  This method requires very judicious regula
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116 14b —Flevat on of art of It atgarh Dam

tion to prevent loss of storage water and 1s practically imited to depth of
3 or 4 feet Secondly Automatic drop shutters could be 1dopted 1S
evemphfied 1n the Bhatgarh waste weir (F1g 14) or the Lake I1fe waste
grtes (Tig 10)  Thus system 1s purely automatic m action the gates being
Jowered on 10y inerense of levcl i the water of the reservorr whileon 1 fall
of the syme below I'S L they nise and close the operings  Thirdly  Sluice
bridge opemings could be 1dopted similar to what was suggested for the
hosheshn FPseape in Chap \ with collapsible upper gates and lower drnw
gites or only with the former  Iourthly  An overfall of any hind could
be abandonc 1 and the regulitin cffected by low level sluces built 1n the
body of 1 ¢lo ed dim 15 exemplified i the Bhatgarh Dam and the Assuan
Dam (Chap 1) Tafthly Ihe cyhinder rclling on erest 1s <hown 1
Iy 29 Sinthly Inthe stepped werr (Iig 6) where three systems are
cmploy ed together
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{23 Tho d wn of the Bhatgarh sell acting shutters s illustrated m
11~ 1y

Tt pnnap! 1 that of 1 counterwaght phiced m a deep cstern cm
«tructed un ler cach per which counterwacht 1s connected with the gate by
<y tem of chuns and pullen This gate s hung vertically nd runs on
anti fnction roller« An nchined channdd thrdugh the pwr connects 1n
op ming, wlucht phiced it | ST with the base of the cistern when water
. abovd ST at obtuns acees  to the cistern and ru es the counter
we ght an lowers the gate when the levelm there ervorr falls below TS L
the <up pl of water to the cistern 1s cut off and the counterwerght falls

Sate Plan /\/l

Ic 14c

bringing the gate up wito positron agarm  There 1s 1 small outict 1t the base
of the aistern  These gates are sard to have given complete satisfaction

(24) The section of the Bhatgarh Dam 1s given in Ing 15 Chap II
This dam 1s 3 020 feet long and 127 feet lugh above the lowest point 1 the
foundations It impounds go 0oo acre feet availrble for wrigation  The
dam has 15 low level vents 8 feet deep by 6 feet wide and the waste weirs
on cither flank consist of an arcade with 103 openings of 10 fect  Automntic
gates illustrated in T'ig 14 are fitted to 88 of these the rest beng opened
and closed by hand  The water from the underslutces and overfll weir falls
into the bed of the Nira River and further down fills up a low depression
termed the Vir Basin which also contributes in 1 certamn degree to the
storage capacity At the termination of the Vir Basin 15 a long waste war

e
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at the head of which the left bank Nira Canal * takes out It irmgates at
present 75 000 acres with a length of main canal of 100 miles and 139 mules
of distributaries

Fig 14a 15 a longitudinal section of the Bhatgarh Dam Fig 14b a part
elevation of the deep undersluices and T1g 14c a site plan  These sluices
have proved effective mn Leepmg down silt deposit and the reservoir i
twelve years time has not yet sited up tocill level  When 1t does thev ate

Tic 14d —Single Automatic Waste weir Cates Lake Whiting or Bhatgath

expected to prevent any further nise in the deposit A photograph of the
Bhatgarh gates 15 given m Fig 14d

(25) The lakes formed by the two dams (see map I'g 15)—the Bhatgarh
Dam on Lake Whiting formerly called Lake Bhatgarh and the Lake Fite
Dam alas the Mutha Dam—are situated only twenty five mules apart, 1n
the Western Ghat Mountans They are built across the Nira and the
Mutha Rivers the catchment area of the former of which 1s but 128 square
mules but the ramnfall in the catchment varies from 250 inches mn the ghals
themselves to 40 inches at the dam site  These rivers discharge tmmense
volumes of water during the actual monsoon months but from January to
June practically run dry  The object of the reservorrs 15 to collect a pro-
nartion of the fland dischares and ctara ot far the manthe when irigation 1S
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mosthh i demand  The eatchment of the Lake Tafe g o
than that of Lake Whatmg  The Bhatgath D ¢~ »

Fi6 15 —Location May of Mutlaard \ ra Cana « Ii—hay

Bhatgarh
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1886 was the first to be provided with undersluices 1nd 1s consequently the
precursor of the Assuan Dam  These slutces however do not carry by any
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means the whole discharge of the niver as 1s the case with the Assuan but
are considered to be mere scouring sluices to keep the reservoir from silting
up

The work 1n the Vir Basin consists of a werr 2 273 feet long and 42 feet
high It has two sluice openmngs closed by needles and two deep under
sluices

The Mutha Dam 1s 3 700 feet long and ¢8 feet high At its deepest
part 1t 1mpounds 70 000 acre feet available for 1rngation
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F G 16 —One Gro ped Battery of Antomatic Gates Lake Tife (88 gates i all)
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F1c 16a —Plan of C stern Lake F fe Weir

The map (I'1g 15) shows both canals and the areas wnigated by them
with their head works
The whole of the ingation 1s on sidelong ground The canals cross
many drainage lnes and consequently have proved very eipensive to
construct These Bombay umgation works resemble those mn Amenca
;l}ore than the doab and delta canals 1 the flat country 1n Upper India and
adras

(26) In the Mutha or Like Iife Surplus Escape Weir a new style of
automatic closure gates was introduced- which has given more satisfaction
than the Rhemnhold pattern could do as the latter requires a lugh weir in
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which to wok properly  The following description 15 abndged from that
grvenin The Imgition Works of Indin from which source 11g 16 15 nlso
derived —The gates work in purs <uspended from pulleys by chuns  The
hizhter gate 1s drwn up by chuns attached to its ends worhking inside the
grooves while the heavier gate s fitted wath 4 squarc hollow frime the aren
of which 15 the same 1s that of the gateatself  The chun s attached to the
centre of this frime and consequenty does not get in the wny of the current
when the gate is lowered  The heavier gates weigh over 100 ewt  and the
hizhter one 44 cwt

The <hnces open when the heavier gates are allowed to fall - When fully
open the heavier gates lie below the cill of the weir and the highter ones rest
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above the flood water level  The gates are closed by the action of 1 counter
weight which 1 attached by cltun or wir rope to the heavier gite When
the heavier gatc 1s lifted the lighter one descends by 1ts own waght  Lhe
counterwuight works m a round cwstern sp canlly constructed for it belew
the war It has 1 cubic caprcty of 760 to 8oo cubtc feet but this vares
with the depth of the overfall  The lower part below the eatreme run of
the counterneight 1s filled with sand

Ihe plan and scetion ligs 16a and 16b illustrate the iction of the
counterweight  When full supply which 1s also flood level 1 reachel
water runs down the channcl P mto the cistern gradually immersing, the
counterweight till at Jast it floats  The tension in the chans 1ttached to
the heavier gates 15 then relaxcd and the gates fall opening their own vents
and by pulling up the adjoming lighter gates open their vents also At the
bottom of the cistern 1s an outlet pipe of smaller size than P When the
flood level falls the supply from P 1s reduced or else ceases altogether ind

1w Aa
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means the whole discharge of the river as 1s the case with the Assuan, but
are considered to be mere scourmg sluices to heep the reservorr from siltng
up

The work 1 the Vir Basm consists of a weir 2 273 feet long and 4z feet
high It has two sluice openings closed by needles and two deep under
sluices

The Mutha Dam 1s 3 700 feet long and g8 feet high At 1ts deepest
part 1t 1mpounds 70 000 acre feet available for urrigation
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Fi1c 16 —One Groped Battery of Automatic Gates Lake Tife (88 gates m all)
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F1c 16a —Plan of Cistern Lake Fife Weir

The map (Fig 15) shows both canals and the areas 1rngated by them
with their head works
The whole of the irngation 1s on sidelong ground The canals cross
many drunage lines and consequently have proved very eipenstie to
construct  These Bombay irrigation works resemble those m Amenca
Ix\r;o:"lc than the doab and delta canals m the flat country n Upper India and
adras

(26) In the Mutha or Lake I'ife Surplus Escape Weir a new style of
automatic closure gates was introduced-which has given more satisfaction
than the Rhemnhold pattern could do s the latter requires a ligh wer 1n
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swhich to work properiv The following description 15 1bndged from that
gnenin The Imgition Works of Indin - from which cource Fig 16 15 also
demved —The gates work an purs suspended from pulleys by chauns  The
Iighter gate 1s drwn up by chuns attached to ats ends working nside the
prooves while the heavier gate s fitted wath 1 square hollow frime the area
of which 14 the <ame s that of the gate itself  The chaun 1s attached to the
centre of this frime and consequently does not get i the way of the current
when the gite is lowercd  The heavier gates weigh over 100 ent  and the
lizhter ones 44 cwt

The <lnces open when the hevier gates are allowed to {11l When fully
cpen the henver gates lie badow the all of the war nd the hghter ones rest
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above tho i ) 1water loved The gates are closed by the action of 1 coy
soght whch s atcdhd by b omoor warg 1ope to the heaver gy
thic heavier gate 1 ited the lighter one descends by 1ts own ¥

the weir It has a cubic capacity of 760 to 8oo cubic fee] ths vangs
with the depth of the overfall  The lower part beloy {xtreme run of
the countcrweight 15 filled with sand
The plan and section ligs 161 and 10b 1l ate the action of the
counterweight  When full supply which jg3t%0 flood level 15 rached
water runs down the channel P into thc{}lem gradually immersing the
counterweight till at Jast 1t floats  Th&Yension 1 the chuns ttiched to
the heavier gates 15 then relaved  ind'the gates fall opening their own var
and by pulling up the adjoining lighter gates open their vents 1lso At W
bottom of tlie cistern 15 an outlet pipe of smaller size than ' When b

flood level falls the supply from P 15 reduced or else ceises altogether an

1%
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the water i the cistern then empties 1tself 1n a short time through the outlet,
thus bringing the counterweight down and reversing the action previously
descnibed  The outlet as well as the inlet pipes are provided with throttle
valves worked by hand when necessary from above There are also some
other inlets controlled by valves, by means of which the automatic action
can be stopped and the gates held up at any required level

The mstallation of these eighty eght gates alone cost 5 lakhs of rupees,
or £30,000 nearly {150,000 dollars) They can discharge 66,000 second feet

These gates have given perfect satisfaction in working  The instalment
1s undoubtedly very expensive, and would cost more m India than m

Sl 8D,

Fic 16c—T ake Fife Grouped Batteries of Automatic Waste weir Gates 1n action

Amenica, but where the embankment or masonry dam 1s very long, 1t saves
the ce + M the whole work being raised 8 feet, which would be the case if an
open o\i\ll weir were adopted, thus effecting a large saving, besides
dimmshing™the sk A view of the gates acting 1s given 1n Fig 16¢

(27) A SeCthI\l‘\( the Goulburn Werr at the head of the canal system of
that name n Austraca s given m Figs 17, r7a, 1780 This 15 a drop gate
weir  Remforced concre.piers 2 feet wide are erccted on the crest zo feet
apart and these spaces are clb%by drop gates 20 feet long by 10 feet deep
lhe gites which are mamipulatdd by rack and pmton gearing, are lowered
mto recesses constructed below the werr crest Owing to the extreme
thinness of the piers and the weakemmg of the section by the gate recess
below  the weir has to be strengthened by extenstve steel remnforcement
right down to the level of the base of the recess, 1nd the frames orh of the

~ .
~
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piers 1¢ bolted down to this lower remforcement  The view i [ig 17b s
dermved from * Irmgation Engineening
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(28) [lus arrangement which clearly involves considerable expense with
no corresponding advantdge cannot be commended A better wrringement
undoubtedly would be to substitute solid wide masonry piers rched over
in the usual Indiin style The drop gites can be disposed of by being
arranged to shde down the mnner ficc of the war and when drawn up will
run 1n roller paths up the face of the piers  The extri thickuess given to
the piers will necessitate lengthening the werr but ny increasc of masonry

Axa
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1n this respect can be econommsed 1 the base thickness, which is unnecessaritv
great

(29) Tig 1915 a section of the Assuan Dam, as origmally constructed,
through the lowest tier of sluice openings  These sluices are 2 metres wide

e

X

T16 17b —Rattery of Waste weir Gates Goulburn Canal Vietorra Australia

and 7 metres igh, and the piers are 5 metres m width, with occaston!
abutment prers o

The hiting armingement with Stoney’s anti-friction rollers 1s Mustrat
i Chap XIV
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An elevation of the dim <howing the position of the various tiers of
slusces i« gaven in Tig 1gb, and a plan over all n Tig 192 Tlus dam, of
which a chort acconunt was given n par (39). Chap 1T, has been raised
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24 feet higher, 1t will then impound a volume double of what 1t was
ongmally designed for, and become a really great work

(292) The ongmal Assuan Dam was designed to store 863,000 acre-feet
of water for the irngation of 420,000 acres of land annually Durning the
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T16 19c —Assuan Dam Lnlarged
period 1907—1912, it was thickened and ncreased 1n height by 5 metres

(16 4 feet) with a view to mcreasing storage for the irrigation of 988,000 acres
annually The thickeming of the dam was effected by adding masonry on
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the down stream face to a thickness of 5 metres, measured normal to the face
The new masonry was kept 6 inches apart from the old by means of template
walls of that depth built on the face 49 feet apart, and the old masonry
was tied to the new by steel tie rods, 1} inches drameter, and 8% feet long
driven 1nto the old masonry at I metre intervals m both directions, hor-
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zontal and vertical  The 6-inch space between the old work and the new
was then filled up with cement grouting, wlich was filled mn from the bottom
of the dm, upwards, through perforated pipes, 3 inches drameter, the
pipes being plugged at the top till the time for grouting arnved
Soon after the dam was put mto service, 1t was found that t
the water 1ssuing from the sluices smashed up the roch o( the river bed below

he force of
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toadepthof 24 fectin places  Asa protection agamst this action a masonry
apron was 1ud along the entire length of the dam, down stream (see g 1gc)

(32) Where local aircumstances admt of 1t, the cutting of a wide spill-
way or by e-wash will answer the purpo-~e of disposal of surplus water from a
tesenorr  An example of such a work 1s1illustrated in Fig 22 of the spillway
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e 2 ~Spillway of Ashti Tank Bombay

of Asht1 Reservoir  The bye-wash 1s a cutting 8oo feet wide taken through
the crest of hill which forms one boundary of the tank cmbanhment,
assumung no drop at the head, the slope 1s, roughly, about 1 tn 700, or
1 4 per 1,000 With a 3 feet depth of water passing through, 4 = 2,400
square feet, WP = 806, R = 3 nearly, and Kutter's N=o0025 V=
70/ RS = 45, whence @ = 2,400 X 4 5 = 11,000 cubic feet per second If
a depth of § feet were adopted, the discharge through the bye-wash channel
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would be 0 = 4,000 X 78 44/5 X 0014 == 26,500 cubic feet, 'What discharge
the channel 15 intended to carry 1s not known  The discharge per second per
foot run gver a werr with free overfall 1s 17+3 cubic feet when d = 3, and
37 3cubic feet whend = 5  The lengths of waste weir required to discharge
the same amounts previously arnved at, viz, 11,000 cubic feet and 26,500
cubic feet, would be %’ = 694 mn the first case, and 22'75;0
second case, the depths of water being the same 1n either case  Thus we see
that with this slope 1f Kutter's N = o025 the discharge 1s about seven-
eighths of that with a free overfall, but if N = 0225 the discharge 1s the
same as that of a free fall

Masonry rapids are a cheaper construction than a senes of masonry
drops A rapid can usually pass as much water over its crest as 1f the
overfall were vertical

Rapids may be constructed either on a continuous slope, the inclmation
of which varies with the contour of the ground, or else built insteps Water
cushions may be formed 1n each step by buildmg a narrow wall above the
tread at its edge, this holds up water over each step, and serves to dull
the velocity of the current A good example of an escape fall 1s that of the
Kushuh Falls (Fig 12, Chap IX) The water cushion here 1s necessary to
check veloaity

= 710 m the

(33) In the Umted States many excellent examples of storage reservoirs
are to be met with, formed by dammng up rivers, mostly in the upper

I 23 —Mimdoka Dam Site Plan

reaches, where rock evists 1 the flanks as well as i the bed of the rver
Many such sites are not sustable for canals to take off  This 15 effected lower
down 1n the course of the niver, where another weir or dam of smaller
dimensions, acting only as 2 diversion wetr, 15 built with the concomitant
canal head and possibly scouning sluiceway.  The Vir Weir of the Bhatgarh
project 1 India 15 a werr of this hind  In some cases the reservorr 13
tapped, as was effected 1n the Penyar project, by a tunnel, the entrance to



CHAPTE R N\IT—RISI RVOIRS AN\D T\\kS ¥
which 1< controlled by <lmce gites or by 1 deep diversion eut 1 1t ¢ whl
rock 1t one flank of the werr 1s m the case of the Minid ha Cana) lead
worhs  Where canals can tike off they often have to run 1n a wir !t ~a
course cut 15 1 beneh an the hall sude <tarting parallel to the ccupen ¢ 1t~
murmstead of it nght anglestort  This arringement 1s rendered Neersan,
b the confizurition of the ground

In Tig 23 we have 1 <cction of the dm with 2 ate plhin of the Leyy
worhs of the Mimdoha Camal the hend regulator of the cxn of whely has
already beenallustrated 1nd commented onan Chap VITT 1yg 21 par (25
The dam 10 this case 15 1 combined loose rock 1nd earth dam 6o feet high
The diversion channd whereby the resenvoir s tapped 15 shown cut tn the

T16 233 —Minidoka Dam Section

rock on the night flank of the weir - This1s clo ed by frve gates 8 foet widy
and 10 fect high each opertcd by 1 paur of geared screws
<utces 1s at R 102 00 or 52 fect below crest of dam

As s frcquently the practice the s aste weir 15 situated on top of one or
Both the shoulders of the hill adjoiming the canyon 2 spillw 1y bang exey
vated of necessary to 1 depth sufficient to bring the crest of the wste weir
5 feet or more abos ¢ the fughest pomt of the spillway  1f the wste weir 1y
not rarscd well above the spillway sts free discharge will be greatly hindered
by the shallowness of the approach chinnel  In the present instince no
excavation seems to be requisite s from the section gnen the naturn)
surface appears to be 14 fect below the wair crest and 18 feet below that of
thedam  On this the werr is built to 1 curve on plan following the highest
ground line

The el of thes,

(34) A somewhnt stmilar case 1s illustrated m g 201 Chap II wiich
15 the site plan of the Roosevelt Dam across the Salt River in Anizona

The dam 15 curved on plan but it h1s heen designed s though it were 1
pravity dam not depending on sts curvature for stability A roadway
13 feet wide instde parapets 1s provided 1long the crest 1nd continues across
the spillway s on ather flank over tvo large span bridges 200 feet i length

These spillways are excavated n the solid rock They both start at
about R L 190 and slope up to the wetr where the floor 15 at R L 205 and
then immediately begin to fall down to R L 155 where the rapids merge in
the walls of the canyon  [he waste water 1s thus safely conveyed away
clear of the dam  These waste weirs are each 200 feet long and 5 feet gh
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The Salt River project 1s a very large one, the dam will impound 1,284,000
acre-feet, the area of 1ts watershed 1s 6,260 square miles, and 1t 1s expected
to 1rngate 200,000 acres annually

The outlet of this reservorr 1s made by driving a tunnel 500 feet long,
12 feet wide, 10 feet gh, through the solid roch at one stde of the dam, in
which six gates, each 6 33 feet wide 115 feet high, for gateways 5 feet X
10 feet, weighing about g tons each and operated by electric motors control
the outflow It 1salso to act as a silt scouring shuce It would be a matter
of interest to know 1if these are anti-friction roller gates or whether the old
contact * system 1s still practised, as appears to be mostly the case m the
States The tunnel can discharge 10,000 second feet, which falls into the
rver channel below  There are several other works on this large project,
of which one, the Gramte Reef Weir over the Salt River, 15 illustrated
Chap II, par (58)

(85) A further example of a reservoir work 1s the Tolsom Canal Wer,
built across the Amenican River in Califorma (Fig 24)  The disposttion of
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F16 24 —Site Plan of Folsom Canal Head Works
B

the head works 1s due to the necessities imposed by the site  The rver 33
crossed at night angles by 2 masonry wer, which for a length of 180 feet has
the crest Jowered  This gap can be closed by one long hinged truss gate
operated by hy draulic presses, details of which are given 1n Wilson's * Irmg1-

* The gates re not fitted with  Ine roller  gear  The greatest pressurc on each gate i
800000 It the force of friction being 320 000 Ibs  The gates are ﬂ»emmi by bydrauhe
power tle hydranhic ¢yhinders bemng operated by clectrically actuated pumps ~ To relieve
Pressure on gates when they are to be raised 1 by pass system 1s arranged for a secand set 0
emergency gates which makes 1t possible to fill the chamber between the two sets of sﬂ;"
with water ugder thc full heal of the resersoir thus seducing the pressure on the gates 1
rero Ttereas a similar arrangement for emptying the gate chamber —Ep



CHAPTI R NIT—RLSI RVOIRS AN\D TANRS 363

1 1 1 noineenng The higher portion ends on the west side with 1 head
regulater the eanal of which tahes oft 2t nght angles to the 1vis of the werr
On the eact ade the warr 1s tumed 1 1 cunve of go degrees and thus
contimies panillel to the myer up to nother cinal mtake that of the
Laa Cainnl

The crest of the hicher part appaars to be only 5 feet above that of the
warcrest 16 on the <ame leved 1< the ere t of the wur shutters with the
«v1lent mtention that i ease of hugh flood the lang 1rm of the wair could be
overil smd and thus uttheed 15 an anergeney outlet for flood water  The
mivumum floo Pl 1s <ol to be 30 fuet above weirerest orat R L 225

In beth canals <hnee gites are provided for the purpose of remov ing silt
while there are three culvert slmecs i the body of the werr itaddf 1t 1 low
Jevdd 1n ordur to ~cour deposit occurning n rear of the werr wall  See also
Chap 11 par (b1) big 34

The Lastern Canal Head 1 1 veny massive structure and has Leen
already nilu teated in Chap VT par (27) Tsg 23 Tlus head 1s provided
with what are fermed <and traps that1s sit s deposited in the sand traps
an ! carmed 1wy by the <and gite shown 1t the side.®

The section of the wars gnanmm Tig 34 Chap 11 par (b1)

(36) Ihg 25 1s the «ate plin of the 11 Grange Werr m Californin and
connected head works A <cction of this weir his already been given

e 25 =S te Lo La Grange Mer

Yig 29 Chap II par (57) [Ihearrangement of the canal offt1ke 1s similar
to that of the east side canil of the I olsom Daim  The canal runs parallel
to the nver on a bench cut 10 the shoulder of the hill with a flank wall on
the left side towards the river  Llus flank wall cts as a waste weir and 1s
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practically a' continuation of the mamn werr, but at right angles to1t  This
subsidiary waste weir termmates with a scouring sluice head, close to which,
at night angles, 1s the Modesto Canal Head Regulator This disposttion 1s
clearly a better one than that at the Folsom Canal, where the sluice head 1s
placed not close to the canal head, but higher up the approach channel near
the weir  The clearance of all deposit 1n the approach channel, which also
acts as a slutce way, 1s thus assured, which 15 not the case with the Folsom
Canal Head On the left of the weir a tunnel 1s bored through the rock for
the supply of the Turloch Canal (not shown on site plan) .

(87) Fig 2615 a map showing the course of the Turlock Canal, which 1s
not given in the larger scale site plan of Fig 25 .
The canal starts with a tunnel through the solid rock, 1t then falls into

I1c 26 —5it Plan of Turlock Canal

Dry Creeh, filling up a large depression which 15 bloched at a low part of its
banks by a dam  The canal after leaving this depression which 1t fills up
with water crosses Dry Creek, being here at a higher level, and then passes
through a watershed by means of three short tunnels, when 1t reaches com-
piritinely open country  Any excess of water recewved through the tuanel
15 got nid of by waste gates or, as they would be termed i Indian irngation
nomenclature, by an escape hend which lets 1t out back into the Tuolumne
Rnver by way of Dry Crech
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The whele scheme {wms i nstructine example of the difficulties con
n cted with the alignment of canals i 1 lnlly country

(38} The Dhulwa War i Bunddhhund Umited Provinees of Indix the
p o Gle of wluch his alreads been gven in Tig 2% par (56) of Chnp I 15
shown agunoan g 25

1ahe mamy Amcncan example  the werr will impound water to 1 level
well Fueed abeve the shonldars of the flanks of the river channel praper
The werd will thus const t of 1 et averfall war crossing the defined
nyer channd s eontmuttion on ather fank beng an insubmergible
cnttan dam provd d with ©masean core wall - The two earth dam
J ruens arc abeut 1000 fect long cxch and some 35 feet high while the
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central masvonny war s about 6o feet ngh to erest of the shutters  {lis
wrngoment 1s osactly the reverse of that obt nmng in the Mimdoka Hend
Warks (I 23) or of the Rossevet Dun (g 21 Cliap ET) where the
w este wars arc on the flanks the centead part bang, i isubmergible dam

The flocd dischiirge of the Butwa River 1s estimited at 800 000 second
feet and the av ulable impounded supply 506 000 1cre feet s resersoir
1o tapped by threc large body sluices 8 # 6} wnd 8 # 10 worked by Stoney
Lates and so as to act as 1 feeder to the lower old Betw 1 Reservorr and to
the el which takes off from 1t How these sluices ire to be worl ed

whether from the tunnd or from top of special piers built over ench on the
wor crest 15 not stated

(39) Ihc arringements rdopted i this work of dropping and rasmg the
collapsible war shutters present features of consider ble interest s they do
not mvolve the necessity of an over bndge  [hey are fully illustrated 1n
Iigs 27 and 27a  In the latter figure 1t will be secn that 1 rod marked A,
provided with a hooked end 1s attached to the base of the movable struts
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of each shutter, this end 1s engaged by the similarly curved end of an arm
of the lever BC

The lever handles C are all situated mn recesses connected with a tunnel
which runs longitudmally throughout the werr By pressing the handle C
the rods 4 and B are disengaged and the shutter will fall  The gates can
thus be let go either by an attendant or by the handles being connected
with a cable worked from each end of the weir

The raising of the shutters will be effected by means of a crane, runntng
on rails on the weir crest itself ~ The crane as 1t moves along will be sheltered
from the rush of water aver the weir by being situated well in rear of the
shutters 1t has already raised in 1ts advance  The connection of each strut

Gate & ngeq permartently

Fie 272 —Suggested Collapsible Shutters
with the lever BC will sumultaneously be effected by a man operating from
the tunnel below

The weir shutters are 8 feet high .

The obviously weak powts m the design of the regulation apparatus
consist n the multipliaty of the gates, which, not bemng autematrcally
collnpsible have to be lowered as well as raised  The weir crest 15 no less
than 4 000 feet 1n length consequently 400 gates will have to be mampulated
Arrangements are contemplated whereby they can be lowered in batches,
but the raising of the shutters 1s necessanly a sery slow operation In
addition to this considerable leakage 15 bound to occur mto the subway by
means of the slots through which the vertical arm A attached to the longt-
tadinal D must move back and forwards as the shutter 1s raised or lowered
These m1y be covered by stanching strips, but still, under a possible herd
of 13 feet of water, le thage 15 bound to occur

Iwo alternative systems presenting adsantages from some potnts of
view have alreads been illustrated in Tig 34° Chap IF, and n Tig 14 In
the former that of the Folsam Canal Weir a hinged trussed shutter, 150 feet
long and 5 fect deep 15 rused ind lowered by means of a series of by drulic
11chs, the plungers of which act as the supporting struts
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(3) Reservorr and Tanh Irnigation Outlets,

{81) Next to prpes Ind through an embanhment, which as a rule are
only caitable for small tanks upholding 6 fect to § feet of water, the simplest
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form of outlet 15 that lustrated in 1ig 29 This consists merely of a narrow
bridge opeming, wlich 1s regulated ather by double wooden gates erther
superimposed or moving 1n double grooves, or by slecpers or baulks of wood,
which are slipped 1nto the grooves and removed or replaced one by one as
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requred The advantage of the latter system 1s 1ts extreme simphicity and
ease of mampulation  The water bemg drawn from the top and having a
vertical overfall, the velocity of entry 1s mostly absorbed On the other
hand, when draw-gates are used, the water 1ssues with considerable velocity,
the opening acting as a sluice under a head of water  The use of double or
triple gates obviates this to a considerable extent, as when the top gate 1s
completely withdrawn the conditions become those of an overfall

In Ig 29 the opening 1s 5 feet wide, the floor for the length of the
abutments 1s formed by an nvert, a smtable arrangement n this case, as the
abutments can be considered as a masonry beam supported at both ends and
subjected to a load increasing from the top with the ordinates of the trangle
of earth pressure (1:de Chap 1), and so can be designed of Iight section

The arch 15 placed so as to be clear of the water spill at full supply The
wings are of the ordinary sloping crested type, and their bases are divergent,
1 m 20 {or the vertical batter multiplied by the slope of crest) from a parallel
to the ais of the work  On both sides the wings have a crest slope of
2 to 1, that of the embankment on the rear side being reduced gradually
from 1ts normal inchination of 3 to 1 to the steeper slope  This intermediate
portion of bank should be pitched  The rear wings slope right down to the
ground level which 1s the most economical arrangement, while the fore
wings terminite in short returns so as to form a junction with the bank of
the escape channel or canal

(42) When the water 15 deeper than about 1o feet, this ty pe of outlet will
not answer It will be more economrcal to adopt a barrel culvert for the
outlet thus abolishing the abutments The wings, however, will remam,
with the 1ddition of a breast wall on the fore side as connection

(43) In Ig 31 the sluice openings are double, 3 feet x 2z} feet 1n size
In order to s1vo masonry, the projecting piers and abutments termmate at
devation 117, or 1 foot above maximum rank level, and sprce for the
worhing phitform which 1s usually of wood, 1s obtamed by sloping bach the
embinkment  Access to this will be afforded by a step-ladder Two sets
of grooves are provided in order to enable either of the gates to be examimned
and repured with a head of water 1n the tank  This can be effected by
filling and consolidating earth 1 the space betwcen the sets of bulks pliced
n the grooves  Tigs 31a and 31b are shetches of the gate and 1ts frame
The shwce herd operungs can be lined with cast 1ron plates or else bunlt of
ashlar  The roof can be made of rauls or rolled beams set in cement concrete,
or ashlar slibs could be used  Each of thewe sluice openings, with a mv-
munt free head of 13 feet, will discharge Ac V/2gH, or 3 x 2} X 635 x 6023
x 36 = 140 cubic fect nearly, or with both open, 280 cubne fect per second
The aren of the culvert when full 1s about 28 square feet, so that the velocity
of passage will be 10 fect per sccond with both sluices open  The channel
to carny this discharge would have to be of 20 feet bise width at Jewst *

* A better arranzement woul] be 10 buil§ a breast wall between the upstream grml’\:‘a
with gatecontrc lled openings at thice different levels e1ch of which would be worked unde
bead of presture not exceeling s1y 4 feet 30 as to moderate the velocty of efffux —Ep
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required The ndvantage of the latter system 1s its extreme sumplicity and
ease of mampulation The water bemng drawn from the top and having 2
vertical overfall the veloaty of entry 1s mostly absorbed On the other
hand when draw gates are used the water 1ssues with considerable velocity
the opening acting as a sluce under a head of water  The use of double or
triple gates obviates this to a considerable extent as when the top gate 1s
completely withdrawn the conditions become those of an overfall

In Fig 29 the opening 15 5 feet wide the floor for the length of the
abutments 1s formed by an invert a suitable arrangement n this case as the
abutments can be considered as a masonry beam supported at both ends and
subjected to a load increasing from the top with the ordinates of the tniangle
of earth pressure (zzde Chap 1) and so can be designed of light sectron

The arch 1s placed so as to be clear of the water spill at full supply The
wings are of the ordmary sloping crested type and their bases are divergent
11n 20 (or the vertical batter multiplied by the slope of crest) from a parallel
to the asis of the work On both sides the wings have a crest slope of
2 to 1 that of the embankment on the rear side being reduced gradually
from 1ts normal mclmation of 3 to I to the steeper slope  This intermediate
portion of bank should be pitched  The rear wings slope right down to the
ground level which 1s the most economical arrangement while the fore
wings termmate 1n short returns so as to form a junction with the bank of
the escipe channel or canal

(42) When the water 1s deeper than about 10 feet this type of outlet will
not answer It will be more economucal to adopt a barrel culvert for the
outlet thus abolishing the abutments The wings however will remam
with the addition of a breast wall on the fore side as connection

(43) In Tig 31 the shince openings are double 3 feet X 23 feet mn size
In order to s1ve masonry the projecting pters and abutments terminate 2t
elevation 117 or 1 foot 1bove maxmmum rank level and space for the
working pltform which 15 usually of wood 15 obtaned by sloping bach the
embnkment  Access to thus will be afforded by a step ladder  Two sets
of graoves re provided 1n order to enable exther of the gates to be eximined
and repured with a head of water in the tank  This cn be effected by
filhing 1nd consolidating earth 1n the space between the sets of baulhs plced
n the grooves Tigs 31a and 31b are shetches of the gate and its frame
[he slince head openings can be hined with cast ron plates or else bt of
wshiar  The roof ¢an be made of ruls or rolled beams set 1n cement concrete
or ashlr slibs could be used  Each of these sluce openings with 1 mant
mum frec head of 13 feet wall discharge Ac v/2gH or 3 x 2} X 03 X 80%
x 36 140 cubic feet nenrly or with both apen 280 cubie feet per second
The rer of the cubvert when full 1s about 28 square feet so that the velocits
of pssage will be 10 feet per second with both sluices open The channel
to carry tlus discharge would have to be of 2o feet base w 1dth at lest *

* \ better wrranmement wo 11 be to bu 11 a Freast wall between the upstream xrvf;c:‘;
* th gate-contr lled open ngs at three d flerent le cls each of wh cf would be  orked 4
Yeadf pressure not exceed ng 51y 4 fect 30 a3 to moderate the veloe ty of eftux —
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required  The advantage of the latter system 1s 1ts extreme simplicity a:
case of manipulation  The water being drawn from the top and having
vertical overfall, the velocity of entry 1s mostly absorbed On the oth
hand, when draw-gates are used, the water 1ssues with considerable velocit
the opening acting as a sluice under a head of water  The use of double
triple gates obviates this to a considerable extent, as when the top gate
completely withdrawn the conditions become those of an overfall

In Fig 29 the openng 1s 5 feet wide, the floor for the length of t!
abutments 1s formed by an invert, a swmtable arrangement 1n this case, as t!
abutments can be constdered as a masonry beam supported at both ends a1
subjected to a load increasing from the top with the ordmnates of the tnang
of earth pressure (ide Chap 1), and so can be designed of light section

The arch 1s placed so as to be clear of the water spill at full supply Ti
wings are of the ordinary sloping crested type, and their bases are diverger
I 1n 20 (or the vertical batter multiplied by the slope of crest) from a paral
to the avis of the work  On both sides the wings have a crest slope
2 to I, that of the embankment on the rear side being reduced gradual
from 1ts norm-l mclination of 3 to I to the steeper slope  This ntermedia
portion of bank should be pitched  The rear wings slope right down to t
ground level, which 1s the most economucal arrangement, while the fo
wings terminate 1n short returns so as to form a junction with the bank
the escape channel or canal

(42) When the water 1s deeper than about 10 feet, this type of outlet w
not answer It will be more economical to adopt a barrel culvert for |
outlet, thus abolishing the abutments  The wings, however, will remai
with the addition of a breast wall on the fore side as connection

.
(43) In T1g 31 the sluice openings are double, 3 feet x 23 feet mn su
In order to s1ve masonry, the projecting prers and abutments terminate
clesation 117 or 1 foot above maximum rank level, and space for t)
working pltform, which 1s usually of wood, 1s obtarned by sloping back q
cmbinhment  Access to this will be afforded by a step ladder  Two s¢
of grooves re provided 1n order to ennble either of the gates to be examint
nd repured with a head of water 1n the tank  Tlus can be effected t
filing nd consolidating earth in the space between the sets of bulhs phc
m the grooves  Tigs 31a and 31b are shetches of the gite and 1ts fra
The sluice hend openings can be lined with cast-iron plates or else bult
whir - The roof can be made of rails or rolled beams set 1n cement concre
or a<hlr shbs could be used  Each of these sluice openings, with a ma
mum frec head of 13 feet, will discharge Ac 4/2gH, or 3 x 2} X 65 x 80
> 36 = 140 cubic feet nearly, or wath both open, 280 cubne feet per secory
The aren of the cubvert when full 1s about 28 square feet, so that the veloct
of p1ssage will be 10 feet per second with both sluices open The chant

to cumy ths discliarge would have to be of 20 feet base width at letst *
am groov!

* \ better arranzement woull be to buill a treast wall between the u[ntrrl’~' Rrot

with gate<entrclled openings at three different levels each of which would be wot
tealof pressure nct excerding 333 4 feet %0 0% to moderate the velocity of efflur
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required The advantage of the latter system 1s its extreme simphcity and
ease of mantpulation  The water being drawn from the top and having
vertical overfall, the velocity of entry 1s mostly absorbed On the oth
hand, when draw-gates are used, the water 1ssues with considerable veloctty
the opeming acting as a sluice under a head of water ~ The use of doublc «
triple gates obviates this to a considerable extent, as when the top gate
completely withdrawn the conditions become those of an overfall
In Thg 29 the opening 15 5 feet wide, the floor for the length of
abutments 1s formed by an mvert, a suitable arrangement 1n this case, 1~
abutments can be considered as a masonry beam supported at both end-
subjected to a load increasing from the top with the ordinates of the trni
of carth pressure (12de Chap 1), and so can be designed of light sect:
The arch 1s placed so as to be clear of the water spill at full supply
wings are of the ordinary slopmng crested type, and therr bases are divc
11n 20 (or the vertical batter multiplied by the slope of crest) from 1§
to the axis of the work On both sides the wings have a crest !
2 to 1, that of the embankment on the rear side being reduced gr
from 1ts normal inclination of 3 to 1 to the steeper slope  This inten
portion of bank should be pitched  The rear wings slope night dov
ground level, which 1s the most economical arrangement, whilc
wmgs terminate mn short returns so as to form a junction with the
the escape channel or canal

(42) \When the water 1s deeper than about 10 feet, this type of
not answer It will be more economical to adopt a barrel cult
outlet thus abolishing the abutments The wings however, +
with the addition of a breast wall on the fore side as connection

(43) In INg 31 the sluice openngs are double, 3 feet X 2’
In order to s1ve masonry, the projecting piers and abutments
elevation 117 or t foot above mauimum rank level, and
worhing platform which 1s usually of wood, 1s obtamned by <!
cmbankment  Access to this will be afforded by a step lad
of grooses are prosided n order to enable either of the gtes t
and repured with a head of water n the tank  This ¢cin
filing and consoltdating exrth in the space between the sets
i the grooves  Figs 31a and 31b are shetches of the gt
Ihe shuce head openings can be hined with cast 1ron plit
whir The roof ean be made of ruls or rolled beams set 1t
or ashlar shbs could be used  Each of these slutce open
mum free head of 13 feet, will discharge Ac v/zgH, or 3
> 36 — 140 cubic feet nearly, or with both open, 280 cu
Fhicaren of the culvert when full 1s about 28 square feet
of passage will be 10 feet per second with both shuices
to carry this discharge would have to be of 2o feet by

® A better arrinzement woul | be to bl ! a breast wall betw
with gite-contrclled opemings at three different levels cach of whi
hea 1ef pressure not exceeding 813 4 fect 80 a3 to moderate th
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{44) In order to neutralise the velocity of 1ssue a common practice 15 to
build a «quare chamber an the rear of the culsert wath bed sunk well below
the level of the floor, and a low weir in front raised above the floor  The
inercased waterway thus given abeorbs the veloaty and the current 1ssues
fromn the chamber at a moderate pice  The outhine of this 15 shown dotted
on the plan and ddevatwon in Fig 3t The banks and bed of the 1ssuing
canil would have to be priched for a considerable distance below the
termimation of the floor and wings of the <huce, unless some such remedy
were adopted  The devign was, however, made under the assumption that
anlv one shuice would be opaned when supphy was at the miximum, the
greitest allowable dicliarge bemng about 140 cubic feet per sccond s
would give a veloaity of 5 feet through the culvert  Under such eircum-
«tances the well would be unnecessary *

(45) The disadvantages of draw gates to reservorr sluices 1s that careful
regulition 15 required to pravent waste of water, and the screw bfung
appirtusis eypensine With deep water the gates require great pressure to
force thom down  The cocflicient of friction 1n rusty gates certamnly equals
umty  Thes Iast objection can be obviated by introducing anti-friction
rollers in the gates The groove of the frame in this case will have to be
made wider and deeper, or ddse could be abolished altogethar  In any case,
the uce of vertical stancling rods will prevent leakage at the sides, and a
horizontal one at the top between the upper edge of the gate and the stll
By this stmple arrangement the {nictional resistance would be reduced by
70 or 8o per cent  thus «normously relicving the pressure on the screw
geanng, which could be made of a very hght section n consequence

(46) In the Madras Presidency a system has been successfully employed
for many years in smaller tanks, which abolshes all frictional resistance the
pressure of water alone having to be met, and that on a very small area, and
{further enables verv accurate regulation of the water to be effected  Thus
system consists of admutting water tnto the culvert by means of circular holes
cut 1 the flat roof of a chamber built 1n front of the sluice head which holes
are closed by conical plugs of wood  This s for small tanks of 20 feet depth

Tig 3z contains a design illustrating this construction  Before proceed-
ing to discuss this design we will give the following extract from the “ Madras
Irngation Manual ” relative to this subject

* Taking 1nto account facility, simplicity, accuracy and safety, there are
no better means of regulating the discharge of irrigation water from tanks of
the ordinary hind than plug holes provided with suitable plugs  To secure
convenient and fairly accurate regulation 1t 15 necessary that (1) the holes
should be of 2 suitable size and sufficient 1n number , (2) proper plugs should
be provided and a well-cut seat made for the shouider of the plug, (3} the
plugs should be regulated from a platform always accessible, (4) 1t should
be known what the discharge 1s at any given time, and with the tank water

* A better arrangement would be to give the whole barrel a waterway equal to that
at DD ——Ep
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(4%) In order to neutralise the velocity of 15sue a commen practice 15 to
build a <quare chamber in the rear of the culvert with bd sunk well below
the level of the floor, and 1 low wair in front rused 1bove the floor  The
mereaced waternay thus mven 1borbs the vdoaty and the current 1ssues
{rom the chamber 1t 1 moderate pace  The outline of this 1s shown dotted
on the pln and elesation in g 31 The banks and bed of the tssuing
canal would have to be pitched for 1 constderble distince below the
termimation of the floor and wings of the slince unless some such remedy
were adopted  The desipn was however made under the assumption that
«nlt cne <luice would be opuned when supply was at the maiximum  the
craatest allowable discharge bung about 140 cubic feet per second  This
would give 1 veloaity of 5 fect through the culvert Under such arcum
~tances the well would be unnecessany *

{(45) The diadvantanes of drw gates to reservorr shnces 15 that careful
repulatim 1s required to pravent waste of water and the screw hiting
appartus 1s ovpen e Wath deep water the gates require graat pressure to
{cree them down  The cocfhaient of friction in rusty gates certunly equals
umty  This hst ebjectien cin be obvinted by antroducing 1t friction
rollers 1 the gates The groove of the frame m ths ¢ase will have to be
mad wider ind deeper or ddse could be abolished altogether  In any case
the uee of vertical stanctung 1o Is will pravent leahage at the sides and 1
honizental anc 1t the top betwaen the upper edge of the gate and the il
By this ample arringement the frictional resistanee would be reduced by
70 or So per cent  thus «normoushy redieving, the pressure on the screw
genng which could be made of 1 very light section in consequence

{46) In the Madrs Presidency 1 system has been successfully employed
for many vears in smaller tanks wlich abolishes all frictional resistance the
pressure of water alone having to be met and that on 1 very small area and
further enables verv accurate regulation of the water to be effected This
sy stem conststs of admitting water into the culvert by means of circular holes
cut n the flat roof of 2 chamber built wn front of the sluice head which hales
arc closed by comcal plugs of wood  [his1s for small tanks of zo feet depth

T1g 32 contamns a design tlustrating this construction  Before proceed
1ng to discuss this destgn we will give the following extract from the Madras
Irngation Manual  relative to this subject

Taking nto account facility simplictty accuracy and safety there are
no better means of regulating the discharge of irngation water from tanks of
the ordinary hind than plug holes provided with smitable plugs  To secure
convenient and fairly accurate regulation 1t 1s necessary that (1) the holes
should be of a suitable size and sufficient in number  (2) proper plugs should
be provided and a well cut seat made for the shoulder of the plug  (3) the
plugs should be regulated from a platform always 1ccessible ~ (4) 1t should
be known what the discharge 1s at any given time and with the tank water

.
at DDA_bElt’m arrangement would be to gve tie whole barrel a waterway equal to tiat
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atany gnenlevel, and that the way to secure any required discharge should
be readdy asecertamable  In order to facihitate calculation and compansons,
1t 1s cony emient to adopt one ratio of conmg for all plugs, and this has been
fixed at 7 1 4, also to select the following dumeters of plug holes for
general use 112, 4, 6, 8, 10 and 12 nches

“ It will often be found that a very small expenditure on the improvement
of 1n evsting sluice will obviate the necessity for constructing additional
sluices, which m1y be ashed for by the cultssators  In addition to the plog
holes there 1s usually and properly a fow level vent, which 15 closed and

PLULCS rea TANK SLUICES ¢
LT Z/I\\NP ool

S,

=2 Cottes

PLANS OF PLuG MoLES

¥ic 33 —T)ugs for Sluces

nguhited by plnks or a shutter shiding m grooves  The regulation of tins
lawcr vent cmnot ordinanly be comemently managed when the water s
more than 2 fcet deep on the plug stone, carresponding te about 31 fect on
the el of the shwce 1t 1s therelore destrable that the whole area of cultiva~
tian under 1 shnee should be capable of bemng efficiently supphed through
”"‘ plugs holes alone when the surface of the water 1s 2 feet above the plug
stone

Agan, although 2 cubic yards por acre pec hour, of I cubre foot «
second {or 66 1cres 15 usunlly, adeguite as wn werage supply, this quantiey,
when much of the land s bang preparad for caltin ahion, will bo by no mems
enough Tt ta desteable, therefore, that the plug holes shoutd be cyprble of
diseharging much more water at times, and ths € be provided for by
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Wawing <1 er two hairge or savanil emllar plug holes <o as to adnnt of
11 ¢ ¢ weharge bang vainad acecrdmy to arcumstances
It: d rbleto g caido maans for ruong the plugs to 1 height just
~ufacnt to < 1 full dicharge and no more and this will be the case
whentl bttt nofthe jlug s 1t ed to 2 distanee cqunl to the dinmeter of
the b % ab ac the plug <tone Anaron bar (round) passed through the
1 lug nd « cured therdto by 1 kv or cotter at tep and bottom of the plug s
the I tammanz nontd rthol wer part of the ttichment whether a ngid
tar I uedd threugh ut or 1 chun be the connection at the upper part with
thetatd o Yere barwath 1 holo or collr s the most suitable menns
ofhmitin, th Wit cftho e, L seeond cro s bar should be placed just
Bl w the tep of the nad part of the Rfting apparstus when 1 cliun s used
forth upperpart The plug will then boalwavs sartieally over the hole to
whitcver! tatmay bern d When vngid baras wsed from the plug
ta the ylatform the upper part <hould be flat id <hould be prerced with
bhtsoat b rtmtonals (3 nches will usudlv be approprinte) as generally
with «me madl ind <«ome Lirgor Ik lesan the plug, stone the regulition ¢an
th n be ected with suficent wcurwey Stalrly when 1 chan s used
{ rilcuppor part of the hiftmg goar the ks may be 3 inches long 1t the
Pt within the ringe of th Lift
Wh nthe plug arc f large dyuncter and the depth of the water great
thay cainn t b Ditad by oneor two man and the provision of some sort of
mechimend hfting goar will be nocessany Ihts muy be ather 1o serew or 2
vndbics o an avarho D bar wath small pulley tackle enther of which would
enable the regulation to be raadily and cwaly effected A windlass should
have 1oratchet with pawl or detent to heep the former m any required
position
The plugs ~hiwuld be made of hard dense wood  1nd should be turned in
1athe <o as to be true to gauge  Heart of Tamannd or of Vagyy (Tan il
Darasippa (1dduga) makes good plugs Ty should haive iron flash straps
1t top nd bottom of the coning to prevent sphitting  The shoulders of plugs
<hould be lined with loather the thichness of the hhyer varying from §inch
te 1 nch accerding to the s of the plug wd the dopth of the water
{maximum)  This laycr of compressible maternl will duminwsh leakage and
reduce the nish of fracturc of the plug stone should the plug be wcadent illy
allowed to drop suddenly
Drawings of different sized plugs arc given in g 33

(47) Ihc remarhs above quoted concerning lhifting apparatus require 1t 1s
considered some modification  All plugs small and great should be hfted
by screw gear  The rods for the larger sized opemings under considerable
pressure should be hollow of gas or watcr piping At the end of these rods
which should terminate above MW Lo 1 brass fem ile screw should be fitted
Thisss engaged by threads cut on a solid round bar - near the upper extremity
of this latter a circular thrust plate 15 forged which works m a thrust box
fitted with briss bearings above which 1s the square rod head which takes

the handle [hus the power 15 1pplied to the male screw which when
2
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revolved enters the hollow pipe drawing 1t and the attached gate or plng
upwards 1 the same w1y by reverse action the pipe rod 1s forced down
wards  This method of screw gear 1s far supenor to that commonly em
plosed which 1s to adopt a sohd rod threaded at the upper end This
screwed end 1s embraced 1t the top by a short female screw with a thrust
flinge and box  In this case power 15 1pplied to the female screw and the
soltd rod pnsses through 1t nising above  This system necessitates a long
hewvt espensive sold rod and further the screwed end nising above the
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plitform 15 exposed to the weather whereas n that first described the
screwed solid tod 15 only of 4 very short length viz  that of the vertical ply
of the g1te or plug and can eastly be replaced when worn nd the ten
mutting rod being hollow, 1s well suited to resist torsional as well as com
pressivestrun  The solid screwed rod 1s further protected from the weather
and from dust etc s no portion appears 1bove the platform  Both these
systems 1re ilustrated n Chap NIV Igs 3and 4 The sccond system
only smtable for the smaller sized plug holes and should never be adopted
for sluice drw gates

(48) Some other points require notice  The fore bay chamber 1s made
only 2 fectin hesght and 1s shown such in the drawingin Lig 32 This It
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i deptle gs cue to the wint of proper grooves a1 itmg geas thege o
wrngement <hownan the onmnal pln i the Madns Imaten My
which has been onhy fcllowed as far 1< the <ection of the culveet 2 14 ¢
chamber 1s exceedingly pnimuitine Wath propur sten grooves thr g o ¢
gite even without rellers could caaly be hfted by mens cfane v 4
woaden windlree under 1 ven much grester mom hod than 3 feet W, [
rapparenth the it Tts considored that the chamber hog' 1w !
3 fext Wich to emable it to be in

spected eveept 1a the cice of sent

«mil tanke C( \

1
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(50) The Mahdewr Tank outlet ranpe il
{Figs 35 101 36) 15 1 good examgle ]
«f the design of an cutlet through L‘— o o .
vent huh embankment the crest of !
which s 72 feet abme all - In such H q;:L

arcumstances theu ul plin followed
woull be of pipes 1 culvart or
tarrdd dram with a valve tower—as
shewnm bag 38 Inthis case how
«ver a centre or breist wall has
been adopted  but wath wing cut
<hort the rest of the carth <lopes
bung <loped down n a cune ind
pitched wath stonc It 15 an fact 2
<hert length of masonry dam anter
posed 1n an earthen dim The ate
was used as 2 temporary escape
dunng the construction of the dwm
and was conscquently provided with
1maconry floor  Further the lower
part of the breast wall was used 1s
an overfall These temporiry worhs
can be utilised 1n this style of outlet which would n t te the ¢
conststed of a narrow culvert ending 1n 1 valve tower
so this type of construction would prove morc expen
culvert with tower The other works connected with t} 1y
m Figs 5 5a 5b Gand 6a of this chapter

ase 1f gt
If this were not
S vC than 4 pipe
project are given

(51) Ihe ordmary pattern of Lnglish waterworks towers 1s shown n
Ty 37 which s taken from Waterworks Cngineering The position of
the inlct valves to the tower 1s adapted to drw the supply from Yy one of
three levels in the reservoir as well as to scour or discharge the water from
the bottom  [he screen arrangement to ward off impurities would nturally
not be required 1n an wngation work  The dimensions of the wall of the
tower which 1s aircular are  Top thickness 2 feet which increases 1 foot
for every 20 feet 1n depth below maximum surfce level of the reservorr
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(62) In order to avoid all
carth pressure on the tower, this
latter 1s generally butlt well clear
of the toe of the embanhment
If, for economical reasons, 1t 15
deemed adwvisable to build 1t mn
the muddle of the embankment,
this can be done, if the scction
of the tower 1s 1ncreased to meet
the stress thus lable to be
brought upon 1t The ncrease
m thickness of the tower should
naturally be on the f1r side from
the embankment  This 15 well
exemplified 1n g 38, 2 section
of the Hury Resersoir Embnk-
ment, for which we are likewise
indebted to ‘Waterworhs En-
gineermng "’ As will be scen, the
culvert 1s cut 1n the sohd ground
a procedure which shonid be
followed whereyer posstble

To allow for uneven scttle-
ment 1n the culvert duec to the
greit pressure a ship jomnt 15
provided  This 1s shown in the
section i question.,  The method
of construction of the shp joint
1s fully expltined in the tet, to
which the reader 1s referred

The best section for a culvert
to resist pressure 15 elliptical
with the shorter axis honizontal ,
hor axis
terl aus
Jowcer tlurd of the section trun-
cated and closed with a flat
mvert

The thichness of the arched
will of the culvert 15 obtuncd

!
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T16 33 —Hury Reservoir Valve Tower (England)

the ratio 15 = q, the

from the formul ¢ =& \/{,l. n

which ¢ — tluckness required o
mches, & — the smller dinmeter
of the culvert in fect, 71 = heght
of supertncumbent earth i fect
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7

153) The Iv t methed of carrvang pipesin a culsert 15 not to 1y them og
the flwr 1t wnoan Tig 37 Tut to <uspend them from the roof  thae
em1tlecan prenr 1 to be nuch meore eastly dffected

iz ~q1c 1wt noof the bace of the Hubh Waterwoths Tower whiely

116 35 —Tast Scction of Hutl Kesers 1 Tewer (Ind )

<hows the pipes hanging from cross T beims butlt into the wdcs of the
tunncl

(54) The subjcct of pipe outlets from small tanks will now be dealt with
Thew weually consist of carthenware pipes simalar to the hohiba pipes
uwd 1n canal distnbutanes with either spigot and fucet jonts or el
collar connections  In Joralitres where earthanw ire pipes e difficult or
avpenanne to obtun excelent pipes can be made of fine cumnent conercte
which 1s stronger than carthenware and can be moulded mto 1ny required
shape  In the Ceylon brng stion Department comenl cement pipes are uscd
fhese are manufrctured on the spot Wihile on 1 visit to Anurdhpury
some fiftcen years ago the wthor mspected the manuficture of these pipLs
details of winch are givenain 1y, 40

As will be scen in the section of bank the prpes are run up the fore slope
of the embankment and re removed and replaced by hand i 1ccordance
with the level of the water in the tank ind the head required  Thisis 1 far
supcrior arrangement to the ordinary pipe head at bed level the closure of
which 1s commonly effected by 2 man diving down under water and stuffing
a handful of straw into the mouth of the outlet  Another arringement for
regulation 1s to crect a ight wooden open staging over the outlet head  The
conical pipes are then fixcd vertically between three poles driven round
them and the cultivator standing on the cross bars of the staging can remove
or replace the pipes one by onc as may be required leaving the spare ones
on the staging or on the adjacent bank

(55) When a tank embankment dams the course of a large stream which
1n flood time has to be passed through the reservoir the question of the
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pocable presention of st deposit 15 a <criouts one  The niver nisen 1n flood
pourswater heavaly charged sath sediment into the reseryoir, which sediment
mut neathy all depoat wathin it, thus grdaally but surely dimimshing its
cficctne cypaaty - Scounng <hnees, however powerful, will but palhate the
vil, s thesr actinn s but Jocal in s effect In such cases the best remedy
undoubtediv 16 to construct <ame works on the niver before 1t reaches the
arcx of the tank, wherebs in hean floods only the requared proportion of the
full flood dicharge wall be allowed to enter the tank the rest being disposed
of dwnhere mto 1nother drunage ine  In eases when the whole discharge
1< requirad to fill the tank, the currant can often, by mens of a war, be
forced to spread over n aras of flat country on aither wide, and made thus
to depocit ats walt on the Iand before 1t reaches the depression in wineh the
resernvomr s atuted

In a lrgc recenonr 1 floatg dredger will sucees~fully heep down «lt
deposit The porable pravention of «ilt deposit 15 a matter which should
be carcfully thoughit out on the mitittion of any new resenvoir project, as
many old works hve been randered quite uscless by stlting up

(56) An interesting paper on the Coolgardie Supply Resen oirs appeared
m Vol (INID of the  Minutes of the Proceedings of the Institute of

Leching 03 303 pistes
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Fros 41 41a 41b gic —Coolgardie Fipe Tane (Western Australia)

Civil Cngineers ** from which the following information regarding a recent
work, the largest ever constructed of 1ts hind 1s deemed of interest —

To supply the mines at Coolgardie and Kalgoorlie situated 350 mules
from the West Coast an immense reservoir was formed in the ramy belt
near Tremantle, on the West Coast having a maximum capacity of 4,500
mmillion gallons The surplus falls over a werr which 1s the highest ever
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constructed  Its section 1s given and discussed in I'ig 35, Chap II T'rom
this resenvoir water has to be pumped, by eight pumping stations, the
unprecedented distance of 360 miles

Cast-ron pipes being clearly out of the question, steel pipes 28 feet long
and about 26 feet dinmeter were used These are of the loching-bar
pattern  To quote the paper * The pipe consists of two plates, each the
full length of the pipe and each bent to a semicircle  The edges arc burred
or beaded to the shape of a dovetail, and are nserted in the open jaws of
hevy longitudinal bars, which are subsequently closed cold on the edges of
the plates, thus forming longitudinal dovetail joints The pipes when
1 situ were jomted by a simple sleeve joint, the ring being 8 inches wide
and } mch hrger diameter than the pipes bulging out to cler the lock bars ™

Fig 4115 a section of the loching bar, open and closed In Tig 41a1s
a section showing the sleeve joint enlarged, which 1s leaded, while Ty 41b
15 an elevation and two sections of the joint and pipe  Tig 41c1s a section
of the pipe way, showing the pipe as covered up by earth

(67) The largest of the scrvice reservorrs, the one at Balla Bulling, 1s
formed of concrete remforced by barbed wire, and provided with bituminous

(Spoced 738
[
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wrripe
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2007 sisne.

217008 Wrey

1103 42 423 —alla Dulling Resenvorr
joints night round near the toe of slope  Ths ts to allow for expansion mu:
confriction, as no concrete without such redief can stand the altermtion
of temperture 1n that chmate without erching
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Tilie 42 ) g23 we bave a part socti sand phin of this resenvorr
The vl Yo cfthie e mr v weth o0 142 600 000

(88 Intarstron o' dam bashitdy bean erected over the Red River
oar Wime g wlach altl wh stneth vmavaaitio work ssstill of interest
taloncitn v o oveoasallostntne of view tvpe The conditions of the
el hiver are peeuliar 1t 13 v sonth i the State of South Dakota nd

LAKE
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" oenpeg
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116 43 —Location Map of St Antrew s Rapi 1 Dam

conscquently comes down n heavy flood 1n the spring 1t a time when Lal
Winmpeg 1nd the lower reaches of the niver itself are still 1ce bound T
this reason a movable dam such as w1l offer no serious obstruction to tt
outflow 1s a necessity  The object of the daim 1s to ruse the water in th
Red River to enable steambonts of large size to navigate in the summi
months nght up from I ahe Winmpeg which they are 1t present unable t
do  To dffect this the water level at St Andrew s Rapids has to be raise
about 20 feet which will then increase the depth at Winnipeg City by 6 fee
The following figures are illustrative of the work —I'ig 43 15 a map showm
the Red River and the location of the dam with regard to the City of Winn

-
a
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Camére ™ Curtain Dam at St. Avdrew 5 Rapat, Rod River, Man

Tie 43—

peg and the ke of the same name 11g 4415 1 section and el ation 0{:‘;‘;
regulating bradge and movable dam and Tigs 45 and 46 are plmlﬂcr\P ‘n‘
the work for afl of wlich we are mdebted to ** Construction,” an ab
tonducted Candin professional magirne,
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Tiedrmecftletvpr b wanacthe Cam ore Curtun Dam the elosure
temgod o citvar s htadws §neortun whichis rlled up ind downa
tr e 0 Oy opumz o ¢ e the vent It s 2 Treneh tvention

e e

F16 g5~St Anle vs Ky 1D curty s up

e
-
PO 4

having been first constructed on the Seine  The principle of the movable
dam consists 1n a large span girder bnidge from which vertieal winged
supports carrying the curtain frames are let drop on to 1 low weir  \hen
not required for use these vertical girders are hauled up into a honizontal
position below the girder bridge and fastened there  In fact the principle 1s
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very much that of 1 needle dxm  The river 1s 800 feet wide 1nd the brdge

15 of s1x spans of 138 feet
The bridge 15 composed of three trusses two of which are free from
mternal cross bricing and carry tramlimes wath all the working appratus

T'ic 46 —St, Andrew s Rapld Dam {curtamns down)

of severl scts of winches and hosts for mampuliting the vertieal pirders
anlthecurtun  the thard truss s maunly to stren,, then the bridge 1ate nlly
and to carny the hingud ends of the vertienl girders

It will b undentood that the surfice exposed to wind pres ure 19
axeeptionally grait <o that the €ross ricing 1s abrolutely essentinl s 4
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dothe Laemtan st aft rded by ahowy projection of the pror tsedf above
fiseleadd

Intloer vty aat sall e seon thiat thaoas oot bridee opening in
tlegper T fnt Uaizewal eatn winchies for windmg and unwinding the
curt vy an i f rmied by ocjech nethrown out At the raar of cach group
of fraim < Tt ownd 3t ord throuw commumetion by 1o trimway The
et ean be detached altecether from the frmes id housed o
v heemthe poorcdoar of the foc Thing

Tle Taver put of the worhe connts 1 <abmerged war of <olyd
o trycty q wineh tuns pght e s the s erest s 7 foet 6 anches
beve TW T it RE o)50 Fhe top of the curtune to which water v
1P Mt RT zoraor 1g fect der The daim actundly olds up 3t
fortefwster abeve dof nver

(59; The Cam secnrtam s aven <atishetionim I nnce amdmas poss by
dr o hore Catun prine disadvainte ire hoswever wharant e thys
soeten st the mmense surficc (v o od to wind prossure swhieh must
i vs be o contmumnl] menac toats sifety sccondly the expense of the
werl winch must be groat



CHAPTLER AIIL
DESIGN OF CHANNLLS

(1) 1nE method pursued 1n designing 1 canal 1rrespective of 1ts masonry
works can only be treated 1n a general manner In order to give actual
examples of any value for mstructive purposes maps of an imigtion project
would be required with 1 host of statistics such as the levels of the country
ffected the amount of water available at low and high supply i the river
the irmgable arer besides the cost of the headworks necessary to give the
required depth of water in the canal and many other matters  Such infor
mation belonging to an actual project not bemng available 1t would be very
difficult to produce 1maginary conditions whereby an evample could be
worhed out 1n detarl

(2) The first pomnt to be decided on 1s the water avaiable in the niver of
supply  with this information the designer will be able to form an opinion of
the maamum nd mimmum discharge of the canal—regard bemng 1lse had
to the irngable 1rea commanded and to financial considerntions

[he e bemng settled satisfactonly the depth of water n the canal 1> one
«f the first pomts to be decided on as also the cill level of the mtake with
reg, rd to the warr crest and undersluice floor

Ihe imting velocity wath full supply will then determine the bed grade of
the canal to carry ats discharge wath the fixed depth 1nd this slope can be
eht inc 1 by u e of tables

11 1 d width of the canal and its side slopes 1 ¢ the sectional are of
th v tarway can be simultaneously worhed out

Mun canls have to run for many mules from their source of supply
withut 1y ingation branch tahing off  how far dependson theslope of the
countrv  \s soon 1s the bed slope of the canal begins sensibly to gun on
that of the country a1 fall will be required to heep the canal in cutting and
At such sites brinches generally t1ke off  As the canal proceeds allownce
must be made by reduction of the base width n each mile for absorption
and evaporation and the same applies to branches and distnbutarnes

(3) We have seen 1in Chap VI that the question of the quantity an}
quhity of the «ilt and sand camied 1n suspension by the water entenng the
cimi forms onc of the principal ponts to the considered 1n designing an
triag ation channel  In most nivers the silt 1s of 1 fertilising charcter and
ccusequently 1t 1s ads antageous to 1dopt means wherddy 1t ean be cony cved
night on to the fickds irngated 1nstead of being deposited in the chinnels near
the head

The inclinition given to the bed from point to pomnt should be such thit

™
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acat tentn betwervd iy andwater d o v 0 oy 1 "
the e wwam vt acdhege oo choken et oy iy,

mw et d po tareon a Themattrram o v Ve v,
putefectatnedi bonv ant ol pat of reitinel 1 0 feegy " .
The temn vm il f praal’e e bept a1 of 11 e ramy) The e o
Feetne et dtotar thicabost i tadeepthe fate o410, Yrem e u
el @ amgveny hah Bado anl o et v G aites 4y
v This wall exednde the hoavy <an ' wlich s ma g ot [N IR R,
bedamlitted werlwarsof the curtent . The ey can ader 1o e u.,,
be dealt wrth by con tnoctire v weouning e cape her T diong o A et
the cand head I and whoy m 1o water ss vt le than g« i 1o
the canal the eweape cn e cprndd o b up A wour o N am
depor st whrh may be ¢ the b

soran

@ 11 cdevm amancmal shoul b Lept dow that wine woily
cause crost noan the bed aimlhand s the neplect of this IMPOTnt poing §,
Ted to unmens dumaee il Ins ncesitating the oventaat Ty rding of .
cansl m Gt rone where the it amds weore not de ned on ~clumf\«‘
prncpt « Thof nang arc tho maamum sebaaticos low bl —e

I hht candy wnl 11 to 2 feet pur second

~andy loun 2} M
crdinany irm bam 3 \
stuft chiy or gravdly wnl 1 "
, prtched bed aind banhs
shingle in boulders 5 100

The erosive power of water v aries with the solume camed and with the
amount of silt 1n suspension The movmum oty wopted shoutd be
as high as possible m order to 2llow 1 fur valoeity when a lower supply 1y
running otherwise the channels will becumc chohed with water weeds

{5) The discharge of a canal or distribut ary 15 based on the et rrgable
and on the duly * of uater 1 the wcrenge that can be matured by 1 cubie
foot per second flowing continuously for 1 defined time  The duty e
greatly for different crops scasons and vdnations 1 the ramfail

In Uppcr Indin there are two distinct scasons for irngation when diffcrent
crops arc raised  Tirstly the Khanf that 1s the summer sewson from
Apnl 15t to September 3oth for tropical crops such as rice indigo cane
cotton, c¢tc  and sccondly the Rabr or winter season from October 1st to
March 315t when crops common to 1 urope such as wheat barley peas etc
are rarscd  But some crops such as sugar cane require irrigation for esght
or ten months wlilst others such as rice and vegetables may not need
umigation for more thin two or three months §

* But see Fditor s Notes at tte en 1 of this Chapter —Lb

t Insome Proyinces tl e hiar § scason 15 further sub divided into  Dry Hot Weather
il March to mud June and  Monsoon or Ramny Season mid June to end of September
—Io

Tw cc
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[he * duty ” of the Khanf imigation varnes roughly from 4o to 120 acres,
and of the R1bi season from 50 to 150 or even 250 acres *  The loss of water
between the head of 1 canal and the fields varies from 30 to 50 per cent

To find the volume of water utilised, the number of d1ys dunng which
the crop 15 mtured 1s required to be known  This s termed the * Base ” of
theduty The volume utilised will then be found by the following formula —
B
D
seconds n a d1y of twenty-four hours)  Thus, supposing the duty D to be
12

6o acres, the bise B 120 days, then IV = 600 X 86,400 = 172,800 cubic feet

V=

% 86,400", 1 being 1 cubic feet (86,400 being the number of

7

¥ 3
of water per acte  The depth in feet will be 3560 or%— X /55, or i

120
this case 6o X 151=32 feet
This depth can be conventently expressed i acre-feet, or symbolically
4F, and, being 1n smaller numbers, appeals to the eye better than the
volume given mn cubic feet per acre

(6) The use of acres I foot deep to represent the volume of water used
or stored 1s most convenient 1n the case of resersoir or tank storige, the
cubic contents of which expressed m acre-feet, mstead of millions of cubic
feet will then bear a definite rtio to the area of 1rrigation to be effected
Thus 1f rice which requires 60 inches or 5 feet depth of water to bring to
matunity 15 the crop to be irngated from a tank, and the effective contents
of the resen otr 15 10,000 acre feet, then the irigablearea will be 1954 = 2,000

cres

() A alrcady noted canals and distributanes should dumintsh gradu-
sy 1 bed width to allow for the loss due to percolation and absorption i
wddition to the reduction in the required water-wny due to the tahing off of
branches or distnbutaries n the first case, or to that of imgation channel>
i the Intter case  Thus, supposing 1 ¢anal 1s estimated to lose 20 per cent
of 1ts volume 1n a run of 100 miles, then, neglecting any loss from water
driwn off into branches or distributines, and 1ssuming the maumum dis
charge at 3 000 cube feet per second at the head, the water-wa) at 100 miles
distant should be calculated for a discharge of 3 000 (1 — 1) = 2,400 cubte
feet, at 50 miles, 3000 (1 — v) = 2 700 cubsc fect , and at 25 miles, 3 000
(t — ;) = 2 850 cubic feet \With the same bed slope the reduction m
waterswy e1n be best effected by 1 correspondng gradual reduction of the
bed width

or canal accordng as it 1

* Tt rastes alo of course even for the kime erop of scawn
4§ ts of 4 stnt utanes or ctter

feckoned on the water supply measwred at canaltrad orattea
suln tuey channels owing o loas of water by percolation et emroa s —1n e
* Ore culic foot per'secont & wing § r 24 hours = & gou cut ¢ fert anlored
AN s arty one cuwe or anescon ! fot ming £ 50
s
boregzgcrefet 1t

43370 square feet
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(10) To cncure the cconomictl di tnbutitton of water the svstem of
rtwrn «r s tenned w lnhy o il has to be enforced  Ihat s,
thit either the wh 1o distnbutany i el wed for 1 certun fined number of
dave i each week runming full <upply * the re t of the tune or f the
di tntutan s hept eontinne u v runming At the head  certun lengths of it
areclosed mrotatt o Thes <4 tan amables water to be carnted down to the
ndofad tntuting il gnves to ali cultin itors 2 fur sharc of the water

(11) In dcazmng canls the discharge capaaty sall have to be con
«alambly graater than the avere disdhrge obtined from rechoning of
duty
The {1l wing «xample will explun the method of ealeuhting the dis
charging capaaty «f 1 channd under owumed conditions At to be
cupplied 2 000 rcres duty of water 60 1eres then the wenige disch e
1 2 000
«f the chinnd <hould be n 6o
happens the discharge on some divs s Jess than 33 1t must on other dhys
b more ctherw e the werge discharge will be less than 33 Thus the
cmnal mu t be deagned to o full eapaaity from 25 to 50 per cent 1n excess
aret
duty

— 33 <ccond fret  But af s wsmnlly

«f the  average supphy  deduced from

(12) In India the whole subject of the penodical closure of distribu
tines or sections of distributanes ind irngated qreas 1s worked out n
advance n a complete manner with great exactitude so that the system
1~ ready for immediate application as soon 1s the canals are opened Very
great stress ts necessarthv Ind upon the scientific distnbution of water
and from a long course of many years practical expenience this science has
been brought to a very lngh degree of perfection  The finincinl prospccts
of a canal system may be said to depend more on the proper distnibution
of the water available by means of closure tables than on anything clse
In India the water rate which forms the direct revenue of a canal 1s chrged
on the area wrrigated not on the amount of water used  this “pparently
unscientific system 15 made to work well and to produce a lugh duty solely
by the application of rules of intermittent supply carefully frimed to swt
each particular case  The measurement of water itself by modules or weirs
as 1s practised in Italy and in the States would be impossible 1n India and
m any case must mnvolve great difficulty in prrctical application  In the
case of the Calgary Canal to be referred to Iater water will eventually linve
to be measured out to some 6 000 customers each legally entitled to a fixed
amount  this 1s an appalling prospect from the pomnt of view of a canal
establishment

These matters of losses from absorption and of the closure system adopted
are fully set out in Mr Buckley s monumental work  The Irrigation Works
of India  and n Sir Hanbury Browns Trmgation  which latter valuable
work deals with Lgypt as well as India

* See Editor's Note (T) at en1 of 1 s Chapter —Ep
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(13) Two examples will be given ilustratine of the alignment of 1 canal
and 1ts branches
Tig 1152 contour map of the Sidnai Canal 1n the Punjab  This s ty preal
of 2 good disposition ma flat country  Distributaries asarule should follow
the lines of watershed and thus be free from interference with cross drainnge
and be enbled to 1mgate on both sides  This 1deal has been attained n
- severl of the distnbu
455 tanesshown Thegencral
460 fall of the country 15 1
o~ 465 httle over a foot per mile
The Swdnai 15 a small
cwmal  discharging 2 yoo
second - feet and com
manding 200 000 acres 1t
55 takes out of the Ravi
Ruiver

(14) The second en
ample 1s that of the new
canal now being dev eloped
1n Western Canada by the
Canadian Pacific Railway
Company, for the wnga
tion of a large tract m
the dry zone east of the
Rochies  Reference has
already been made to this
very important and inte
Lo fo pre resrt}mg \?smm Chap IN
where three of the falls
are illustrated and de
seribed alsom Chap N
Contour Map of The conditions here

SIDNAI CANAL are wholly different to
Punjab Ind 2 those prevuling 1n the

doabs  of upper Indin
The surface 1s undulating
and the slopes are steep
e Nearly alf the canals anl

distributanies 1re consequently inside cutting and are only able tosmgateon
enceade  Ifalughndgeoccurs two distnibutanes have tocompass it oneen
cich side often not far apart  The heany slopes add greatly to the expenses
of the distnibution of water necessitating frequent small f2lban thewngting
ditches and s the winding contonr of the ground has to be hugged the
length of the water way 1s very much inerciced above whatat weuld be (A
strught alignment were po sible  this not only adds to the expense «f evea
vation but must considerably increrse the o ses of water due to bworgte
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{15 Tlelindgrint I agmna to the Canadian Pacitic Rulway asshown
whiz 2 coavtvofabiut yoath nowres Of thas 2t 1w proposd to
actuallh uncate on half or 1 omall nownes Thas huge block s divided
mto U rer nam wetr o the westorn aonttad and estarn of whieh the
we tern ¢ na g of  spono aere of amgable hind hae alraady been
tr whtprthund runon o Th ¢ nhitt oy fhind tonure are peeuline
T compiny «1F TTake thnlt antan hng cttha at 25 dollis or £5
acte 3l woer uch rate 1 at ggudul < v water upph gt \ecording
o the atr it o lawe 11 mnlgated i the prove cof Alberty hind sold s

mmcated o] v entitl v cwater upph of 1 second foot for every
150 seres andtloc mp ooy ddhng the hindoas arngitad  enters into bond
to sypply thie m ot water t the cttlar The water supply thus
spulitediem tam 1th o Duty ofwater The company undertahes to
d Iner this re st 4 artun o mmanding pomnt on each quarter <ection of
160 acres The upghoas thaef re nat not  gross oreven  utihsed
e atdrintutin hods

Inth compiny ~§ mnphictst s assumed that 1 discharge of 2 000 second
fect which 1 that of the present canl wail imgate 300 000 1cres of the
westem < <t 1 where s undar the conditions stated allowing for inesitable
lo w1 trin at due to 1b orpton the discharge at the head wall have to be
3000 to 3 500 ~ccend fuct to effect the forementioned aren of irngat on,

nd to cempr thit of the whole project will necessitate a supply from the
Bow River «f %000 t) 10 000 ~econd feet if not more

At pre ont the Lind 1s not thichly settled but when 1t becomes so 1s 15
mevitablc frem the van fvourible conditions of soil, cimate 1nd price of
lind then the difficulty of supplying fined quantities of water will begin to
be fdt and will present a problem that will tax to the utmost the orgamising
powers of the presant able awmgation establishment  In designing the
channdds no allowance was mde for losses in trnsit, nor for mtermittent
supply orclosure Al these matters therefore remnun to be worked out, ind
will nceessitate considerable eventutl remodelling Tt was probably 1n view
of some such contingency that the works constructed are 1l of 1 temporary
nature the policy of the company bang to get the water through and some
start made It may safely be stated thit no Indinn adminsstration would
«ver have undertaken such legal responsibilities 1s have been imposed on
this imigation company ~ T'his obligation unless considerably modified nd
redaxed must eventually result 1n troublesome htigation n whech the settler
has all the advantage

(16) The Bow Riverhasa mintmwin dischargeof 6 ooosecond feet of which
1t 15 believed 4 000 hve been grinted to the company by the Government of
Alberta  As we have seen this will be mmadequate even for two sections
consequently the whole low water supply of the niver will eventually be
rcquired and any further supply can only be obtained by storage through the
tormation of rescrvoirs in some large depressions which can be filled by the
canal during the winter months and drawn upon in the irmgating season
Fortunately the configuration of the ground lends 1tself to this arrangement
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The western canal head, or intake from the Bow River, is favourably
situated clear of the lugh blufis that fringe the river higher up, about a mile
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Ttew e £ Bow Riverseliere pe llnted by thesenageofalargetown which
Polus 3 unle Creoaahal meisares ane tihen will becomewaorseesery vorr

Tre te sl av st the caml water 15 not potable, and further the
rtnt o1 e e b of mitund wator-cotrse through which the canat
wotes pasees 131t Blhowase be amlaldy aftected

117 Tie full @ p¢h of the mun canal s 30 feet which at retans for ats
wio )1 agth of wme 17 nulcs The bed slope and waidth huve three
vamat e begmny wath 2 oo {oot bed width ending at 44 feet  This
poCr 11 1t dep Bt bedwr dth s unuantly gl for 1 discharge of 2 ooo
ween et v depth of S feet s the ordiminh aceepted rtio It will
noees (e 1 war «om 6 or S fect i heght acro s the Bow River to bring
2 full i wlich howover has not vt been required  Wath 1 reduced
depth o S feet 1 the canal 1 werr wonld still be 2 necessity and the cannl
woull o Iex have to be wilened throughout <o that the matter of the
mo tawtatle d pthiscone of compartive cost s some of the cutting in the
mam cnal i of 2 hany deseniption

The man canal terminates at Reservoir No 1 from which the so called

Secon lin cmals 1 B and € taheout  This reservorr is 1 long naturil
deprescim which formation s 1 common feature in this undulting praine
countrs nd which s been fully tihen advantage of in the alignment of the
eanal  The branches 8 and € are shown on part of their course on the map
(11g 2)asdotted bnes  This means that long natural depresstons are made
e of  Some of these which nre very deep €an be embanked and used
a¢ peecrroirs to be drwn upon 1s oceasion demands 1nd they are of great
advantage forwatenng stoch  Reservoir No 115 40 feet deep in places, only
afew feot 2t the surface can however in this case be drawn upon 4s stornge

The secondary canls 1re of about 30 feet bed width and 8 feet deep at
thar heads and are altogether 150 miles long The distnibuting ditches will
total boo mules

The <econdary canals correspond more or less with lnrge Indian ragbahas,
or distributanes the ditclies with wvillage * water-courses

The allowcd mean velocity 1n the branches averages 2 3 to 2 7 feet per
second the soil beng very fnable this 1s about the limit which could be
adopted without erosson  The side slopes are 2 to 1 and unusually flat
mnchimation  Most Indian canals are dug out 1 to T and eventually the side
slopes are supposed tostlt uptod tox  Tig 3151 view of the heavy side
cutting near the canal head at Calgary

(18) The western section already cffects a considerable amount of
wngation  The sl differs from the black soil of the so called prelustorie
Lake Agassiz which covers the greater parts of the provinces of Sashatchewan
and Mamtoba n colour and texture It 1s lighter and has not the great
depth pecuhar to the more eastern provinces the soil 1 which 1s nothing
more or less than a varicty of the farmlinr - black cottonsoill  of India sticky
when wet hard and split up when dry  The Alberta soil 1s however, very
fertile and only needs water to raise the most astonishing out turn of wheat
sugar beet and other valuable crops
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Looking down stream

Fic 3 ~Sule Cuttang, first 2 miles Calgary Canal

|-

The canal extension 1n the eastern section has lately been put mn hand.
This portion will be supphed by a new intake from the Bow Ruver, situated
at Horse Shoe Bend, near the railway station of Bassano
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Thenvarwallbe dim= <l bt 1 masonm of enerete weir 4o feet 1n height
which o bwved thbe vnd v eonctruction The <ettlement of this section
monew barg poocesdal sath This reclamtion (e ely rosembles that so
succe fullv Tevaght aboat i the Tower Chanb Cand i Inhie The
central w3 wall be capph < from the evicsting, Caliany mtike wsisted
Ty cforipe 1 matural se o e the prmapat of which s the preturesquely
tamed D oad H o Dake recently altered th Daw on 1 ke

Thew teweny e cn be il <han the nonomonng <o nwd drsn
upea hitar Thie avatom of antomiediate sterage s v noved and most
nleresting, ature anlat cae o ful working ont chould be watched wath
micret n the prsge 3 n

The muaeaarsd 11 1 1t trandhe will e to be widened to carry
the adhits vl agpplv fih contral satien prebably to the eventual total

= e 3 teans e e Th S

I 4 AUnl Cloln on the pruties

oxtente i 5 ovocecond fect The authorhad the privilegeof being tahen round
1y portion of the western <ection by Mr H B Muchleston  ‘ Chuef Division
Inginer who from having manly to do with the design of these com
phcated works was well qualified to afford information on technical points
fus officer s first expertence n velocity observations of 1 practical nature
w1s n the Johnstown resenvoir disaster from the flood waters of which,
Iike Moses of old he was rescued when a chuld  [he Johnstown (Pennsyl-
vimn) flood brought about by the bursting of 1 reservoir 1s notorious as
the most disastrous on record Tig 415 that of an Inspection House n
the western section and will be interesting to Indian inigation officers
who spend a Jarge portion of their official lives in canl  chokis

{19) Canals in the North West have only one wngating season as mn
winter ice and snow cover the country  the winters sn Southern Alberta
are however much milder than in Mamtoba and Sashatchewan owing to
the proximity of the Facific Ocean and the warm Japan Guif Stream which
laves the western const

The canals can therefore be used for water carringe to reservowrs dunng
the best part of the winter

In British Columbia considerable orchard irngation 1s effected but the
canals are on a very small scale Mountun streams “re intercepted and
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conveyed by ditches dug along a falling contour m the hlII~5|des.to the
orchards and fields  Irmgated land here sells for 200 or 300 dollars, i.e., £40
to £60 an acre, so that 1rigation 1s an exceedmgly profitable undertaking.




DESTGN O CHANNT TS

N

CHAPTER

WELY LYY 1o 1 BodTI 390 —9 DV

e T A 7 me v e Fn s e e hg T,

e TS e el R, Y RIS s comi s e

S TR S ERAE, SR

e e T B

L :
s

RN

L. S

O
A}

< .

Water 15 however, deficient, and storage worhs will soon become an urgent

necessity

The valleys with large lakes are occupied and cultivated but the high
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plateaun on top of the adjacent hills are at present a waste except as a cattle
range, beng almost impenetrable owing to fallen timber  Here large lakes
of water exist which could be made to form reservoirs for wrngation and
mining purposes

Some rivers, such as the Similikameen, which flows into Washington State,
present tempting prospects of ungation, and their wide deep beds could be
transformed mto a series of large reservoirs  Unfortunately the Northern
Pacific, an American railroad, has been allowed to run therr Vancouver
appronch line up this particular valley, thus effectively hindering any such
future utisation of 1ts flood waters

(20) Thetwollustrations, 5 and 6, depict Western methods of excavation
which are of interest when contrasted with Asiatic practice n effecting the
sime purpose

Epitor’s NoTEs

{8) Mean Velocaties—Silt and Scour (par {4)) —It has long since been
recognised that the erosive and the silt-transporting power of a current of
water depends, not on 1ts absolute veloaity, but on 1its relafiie veloaity,
relatively, that 1s to say, to the depth and width of the stream  In the jear
1867 Mr T Logm, an executive engineer of the Upper Ganges Canal, as
the result of obscrvations made on that canal durning the period 1856-63,
expressed opinion 1n a Paper read to the Institute of Crvil Engmeers (Vol
AXNVIL), “ That the power of water to hold matter n suspension varies
directly as the velocity and sersely as the depth*  This came to be hknown
m Furope and America as * the Indian theory **  In 1863, in Ius trextise

Etudes Thoriques et Pratiques sur les mouvements des Eaux Courantes,”
M Dupuit showed that, if sand or gravel be placed 1n water 1n a vase which
1 chused to rotate, the heavier bodies are carrted up 1 the water, m pro-

peet = e 4 e theory
th 4 ifference
of to right
ind lett of a solid body, engenders a force which pushes 1t to the side of the
more rapid filaments The relative veloaity of the filaments 1 the

sertien! direction wall engender a pressure which will carry 1t to the side of
the more rapid, 1 ¢, 1t will act from below to above *

In 1894, as the result of experimental observations of flow 1n channels
of the Upper Bann Donb Camal, Mr R G Kennedy, a Punjib imgation
engmeer, presented to the Institute of Civil Ingmeers a Paper containing
an empirical fomula as a gmde to the design of irngation canals, with a
view to the prevention of silt deposits or erosion of bed  This formult was
Vo= cd™ = 0 84d"%, wherein d represents the water-depth of the stream,
and V4 the 'cntical ” mean veloaty, which 1s the mmmum necessary to
prevent st deposit, and the maximum consistent with freedom from
crosion 1n sotl of average firmness

Since the yenr 1900, or thereabouts, this formular has met wath consider-
able acceptince tn Indin, and even outside of Indin, though it has been
considered necessary to modify the numerical v alues of the constant and of
the index n different localities The enginecers of $ind say that ther
cntical v elocrty 1s about o 75 of Kennedy’s 17, , the engineers of an rnigation
canal ofitaking from the Colorido River at Yumn (Cal, US A ) modifs the
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cill of Canal Head = 450 feet  Then discharge per foot-run == 10,090 _ 222
0

Let the cill be at or above canal water-surface, so that the entry 1s by
‘ free ' overfall Then 3334 =222, and the depth of water over cill

I T
1
g0
COt-2]
] )T
AN} |
'S
LIS
Tic 8a Fic 8b
will be # = 354 feet The mean velocity of entry, v, = % = 6 27 (say,
354

63} and maximum velocity, at cill level, v,, =627 X 15=94.
Let 8,, be the elevation of cill above rver bed, ¢ above the level

lown to which bed can be kept scoured by weir-sluices  Then, from 2t =

mr
077 = ?6—4 we deduce 8, == 122 feet This gives the appropmate
level of the cill Instead, however, of building the crest-wall up to that
hesght, 1t may be built up to 6 5 feet oply, but, furnished with a movable
gate cll, shding i a groove behind 1t, up to the required level (see Fig 8a)
It 15 only 1n the high-water (or flood) season that the cill 1s needed as a silt-
excluder In the low-water season the gate-cill may be sunk behind the
masonry crest-wall

Or, the masonry crest-wall may be built 8 feet high, in which case the
cill gate, also 8 feet high, can nse to 15 75 feet above rver bed, and, by
abutting aganst a lintel at that level, close the canal altogether

In the foregomng, the Silt-Index of canal head has been based on the
mazxumum velocity of entry, at cill level  If we had based 1t on the mean

velocity, whose level would be ;— h above cill, the equation would have been

:Sl =077= 6—82—7 Whence &, = 8 1 = height of cill,
. ,

Working on the maximum velocity, we may mabe the cill 12°2 feet high,
nstead of 8 1 feet only, by way of factor of safety agamst the more violent
nature of the eddies—both honizontal and vertical—set up by the cill, and
cut water piers, if the waterways of the canal head be relatively narrow and
conducnie to eddying

In the foregoing 1llustration we have designed the gate cill to discharge
by « free * overfall, for the sake of sumplicity of calculation  That condition

15 not, however, absolutely essential The gate-cill may be submerged
below tul-water, and yet serve efficiently for all-exclusion, so long as
4, l.,

S or il does not exceed z
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TesUT Yo e repreeentatine of the compartive foree of
Teeltagent gedlesat v flaces enlu a fow hundred vards apart at
Mattersn i atthecorrswe ws fthe wltman be whether <and or shingle
POV e 1l e il el bt dower thin [ the water entenng
e crmalle Tw i n t Uans with s datntus oo hawy for the currants
ftteopmcnal toeam an

This 't Inden mite of d azn s conastent wath the recorded hydruhic
con iy of Punpib perennnt eamibe as set forth o a paipar on The
De<zn of Cimal Head Worke poad at the Tungib | ongimeening, Congress of
1a14

(B 18 72 o 7 <ev At the Pungab | ogineenng Congress of 1917
at Lab s Mr B W Wonrds ancge ted that loses by ab orption including
evaporatt 1 fren water chinnds inocarth mught be ealealited by the
formuh @ ¢ 14 where (2 represants the loss m cusees ¢ 1 coefhictent
vanng mveray with the hvdrwhe meon depth a aren of  reduced
wetted surfrce of chmned (hed arer plus half arcy of sade slopes) in units of
1000 oo wjtare foet W oater depthoon bed (nodnigd

Foaperats a1 s e cnly thout & par cent of percolition losses
When sdedd pes e 31 the reduced wetted surfice = water-
curface neoahy

The 11 sang e coma values of ¢

Tantr 1
H * - n o tay Reclprocal tin
[grias Q- ad meas degth { ir Q=cad
1 0 1000 1157 5 0 7000 1637
9 o111 12120 4 0 2500 1830
5 © 1250 1204 3 03333 2 113
7 01479 1 383 2 © 5000 2588
1

0 0 1067 1494 [ 10000 3 660

Thc Table below shows losses ¢alculated by tlns formula for 1 canal with
bed width 200 fect slope 11n 6250 sideslopes} 1 hutters N = 0025 —

Tapur 1T
et Q = Loss by absarptio {cusecs)

sthar e an er pdate n

it GV mean lth § g Vele [ramiona | pomm Per cent per
surfa ¢ {5000) mile

4 900 299 8o 75 1337 107 12 023
2972 244 6o 57 1537 92 95 032
2238 221 50 48 1672 8 36 859 0385
1908 205 46 443 1740 8o 821 043
1519 188 40 387 1 855 742 76 050

613 127 24 235 2382 572 58 095

454 113 20 190 2 610 522 528 116
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The loss per unit area of surface varies directly as the water-depth , but
the percentage of discharge lost vartes mversely with the water depth
Hence the advantage of working canals under full supply conditions as far
as possible

In the Punjab a record 1s maimntained of the daily water supplies passed
1nto each canal at 1ts head, and also a sumilar account for each distributary
head The difference between supply at canal head and the aggregate
supphes delnvered to distnbutanes represents the volume lost by absorption
m the canal The table below shows the absorption calculated by formula,
as compared with the losses thus recorded statistically durmng the twelve-
year period 1899—1912, for the principal perenmal canals of the Punjab,
the umt discharges recorded bemng  day-cusecs,” or cusecs flowing for
twenty four hours

TasLe IIT
’ hhanf season Absosption Joses.
l Canst ué’:pl:“ Statistical record S, Per mule Pﬁ:ﬁ:ﬁse‘"
W fomgy | 5
Av Loss bv | {cusecs) B:

‘ A staesbit) B et | orblie
xUpper Ban
I _Doab 6500} 5046 | 895 | 893 | 340| 263 | 263 177 | 177
Sirhind , 8000 | 5,175 | 881 | o913 | 482| 183 190 | 170 | 177
Lower

Chenab (10730 ( 8,822 | 1497 | 1,622 | 428 350 | 370 | 170 | 184

Totals  |25230{19043) 3273 | 3428 | 1,250} 262 ) 294} 172} 180

From which we may infer that the absorption losses of canals of those
magnitudes are abotit 17 5 per cent of average flow at canal head, and
about 2 7 cusecs per mule of canal

(U) Duty’ and “ Full Supply Factor”—Dlore msconception 15
prevalent on this subject than on any other question of irnigation  “ Duty ’
stands to ' FS Factor” mn the mverse ratio of * average demand ' to
* peak demand *  “ Duty " 1s the area 1mgated by a canal, in acres, in an
understood pertod of time, divided by the  average supply * of the canal
m cusecs n that time ““T'$ Factor,” or * full capacity duty,” 1s the same
area, divided by the full capacity m cusecs of the canal ~ The peniod of time
understood 1s the Kharif scason, from Apnl 1st to September 3oth, or the
Rab: season, from October rst to March 31st If any other penod be
rechoned with, 1t should be specified, otherwise the ** duty *’ will be either
meaningless or misleading  The volumetric record of canal flow 1s matn-
tained mn terms of the * day cusec ™ as umt, though the prefix ' day,” being
understood, 1s usually onitted 1n common parlance  Fortunately the day
cusec (86,400 cubc feet) 1s roughly equal to z acre-feet (43 560 X 2), and
the volumetnc supply mn acre-feet per acre wrngated, can be com cniently
expressed by the Greek letter A °
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The“du " * N * " " 1smeasured at canal-
head, or at at head of the private
watercourse . 9 the loss of water by

** absorption ' en route

In the summer there 1s usually plenty of water available for irngation
canals, yet, owing to the vicissitudes of agriculture they flow to full
capacity only for brief periods of peak demand  In the Punjab their average
Khanf flow 1s usually about 8o per cent of full capacitv, The khanf
rajbaha-head “ duty ” 1s usually 100 acres per cusec of average supply
Thus a rajbaha of say 150 cusecs capacity will have an average hhanf
supply of 120 cusecs, and, with that should irrigate 12 000 acres  And its
* Khanif F S Tactor ” will be 12,000/150 = 80  In designing new channels
the F'S Factor should be rechoned with, m order to amve at the * {ull
capacity ” of design , but it 1s 2 common mustake to confuse “I'ST ' with
“Duty * This mistake appears to have been made in the design of the
““ Rice Canals " of the Sukhur Barrage Irrigation Project, of Smnd, now
under execution Since about 20 per cent of canal head supply 1s lost by
absorption between canal head and rajbaha heads, 25 per cent must be
added to the aggregate full capacities of rajbahas, in order to arnve at full
capacity at canal-head

The duration of 1rmgation of a rice crop may be two or three months, or
even five months In case of such crops the term ‘ duty ** should not be
used without specification of period, the water account should be kept
terms of ** acre-feet per acre wrrigated,” orof * A"

The “ duty " of wngation water mn the rebs scason 1s approvimately
double of that in the Kharif season, excluding rice ingation  The ratios
of A usually are —Rabi1 Khanf (bunng nice) Rice 1 2

(V) Design of Channels —When designing a new canal system, the
culturable area of the tract to be imnigated should first be ascertamed, and
then the proportions of that arca to be irnigted annually should be decided
This may vary between 20 and 8o per cent, according to the amount of
water avatlable, or the nsh, if any, there may be of waterlogging the soil by
excessive arnigation  Next, of the annmunily wngable area it should be
decided how much to irmgate mn the kkarif, and how much in the rabs season
The usual proportions are K = R, or 2K = R If the winter water supply
be scanty, or 1if there be serious nish of waterlogging, the former rtio 1s
preferable, the more especially because the summer flow contains more
fertihisiog st than that of the wwter, but K = R means canal capacities
50 per cent greater (and more expenstve) than 2K =R Thus, suppose
we have to wngate 30,000 acres annually

If K =R = 15,000 acres, and * Duty ” = Kkhanf 100, rab1 200, we
require As erage Supply Khanf x50, and Rabi 75 cusecs

Butif K = 10,000, R = 20,000 acres, thenavergesupply == K = R =
100 cusecs  And full capacity 1s 25 per cent greater than Lhani average
supply  The eapacities of a Rajbahn should be rechoned, reach by reach,
from 1ts tail, upstreamw ards, by dividing the kharif area to be imgated from
cxch reach by the khanf F ST of 80 acres per cusec, and adding up the
volumes thus deternuned



CHAPTER XIV
SCREW GEAR FOR TANK SLUICES, AND ROLLER GATES

(1) Ir1s proposed 1n this chapter to give a short account of the best type
of screw hfting gear swtable for tank sluices, as also of different types of
rollers m use 1n vertical draw sluice gates

Figs 1to4and Ig 7 are rough sketches illustrative of the principle of
different systems of screw lifting gear  InTig I the motive power 1s apphed
to a female screw cut mn the base of the handle itself On revolving the
handle the sohd screw, nising, Iifts the gate, but there 15 no means of forcing

==
B femaie Screw
v 1 Standard Hesd

Fic 1

the gate down, unless 1ts dead weight 1s sufficient for the purpose The
author has actually seen this extremely primitive gear apphed to wooden
sluices of Government tanks 1 Burma and was privileged to witness the
operation of lowening the gate aganst a head of water

The procedure adopted was for one cultivator to stand and jump on the
gate while hus companion belaboured the top of the screw rod with a large
stone, the handle having been previously run up to the top  The screw rod
1t may be 1dded, was fived to the gate at 1ts lower extremty and so could not
itself revolve

(2) In T1g 2 the motive power 1s applied to the screw rod, the femle
screw being cut m the head of the standard  In this case the scren rod itself
revolves and consequently has to be provided with 1 dog chamn swivel jomnt

102
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erther at the gate fasteming or preferably as near the screw head as possib!
thus reducing the torstonal stress on therod  The handle nises and falls wit
the rod to the extremity of which 1t 1s keyed

Thus type 1s a great advance on the last and 1s quite switable for mo
plugs which are only lifted 2 feet at the outstde The swivel should 1
prevented from turming by two arms which shide up and down gmde ro¢
This 15 shown roughly i the shetch

(8) Figs 3 4and 5 represent the ordinanly adopted lifting gear 1n why
the female screw 1s revolved  The solid screw rod connected with the ga

£
3 e

N

K

LG 3 TG 4

passes through the former and nises above the platform  This arrangeme
1s on the same principle as g 1 only the female screw atself 1 prevent
from nsing by the use of a trust plate which either works i an annu)
groove cast m the brass screw head asn Iig 3 oratself 15 provided with
holding down 1s well 15 2 br ¢ plate which embrace a circular collar cast
screved on to the head prece 15 Tig

InI'ig 3 the steel oriron plate 15 1n two halves and each half 1s provid
with 1 slot s shownn plan  This enables the two halves of the thrust pla
to be disengaged and remoted by slacheming the fastening nuts and pushy
the plates bickward  the bolts traversing the slot  The author has se
severl of these employed mn hiting tank slmces but they proved ver ha
to work Inlig 4 the holding down upper plate 1s 1n ore prece thelr:
fumale <crew being provided i this ca ¢ with a collar at 1ts bace iz 5

.
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taken from the Madras Manual and exemplifies the usual Madras
practice where screws are very commonly employed  In this case the thrust
plate also 15 1 one prece and 1s shipped over the projecting shoulder of the

Expvarionor SuurTen Seemionor Swurter
- a7

PLanarTor or Screw Box

T

23

Puan or Hamour

Tic 5

brass screw head and bolted in posiion  1f this thrust plate s truly cast and
planed 1t should be as good as 1f not preferable to the form ilustrated
g 3

(4) Tig 6 represents another development of the same principle and s
weed 1n Madras for hiting a series of grates one above another which close
the larger openings of weir sluices or head regulators  As already men
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tioned 1 previous chapters this style of hifting gear for such purposes 1s
now completely obsolete The mtroduction of ant1 friction rollers enables
gates when released to fall into position by therr own weight without
1equinng the application of any power to force them down agamnst a head of
water Hence they can be hfted by - traveling winch an arrangement
much more economucal than the hnes of long expensive screw rods shown m
Fig 6 In this gear the female screw 15 formed at the end of a long pipe, at
the top of which prpe1sa sohid head
to which the power handle1s applied SecTionThaouen P res
and which 1s held fixed by a thrust w TH 8cRew ~ ELEVATION
plate As the pipe 1s revolved to
raise the gate the sohd rod attached
to the latter 15 drawn up nside the
pipe bemng thus protected from
dust or water

As screws i future are never
likely to be employed except for
very short hifts such as those of
small deep reservoir slurces of
which the outside hft 1s 3 feet 1t 15
quite clear that the principle of
the motive power bemg applied to
the short hollow screw thus n
volving a long solid screw rod sub
jected to compressional and tor
sional stress 15 not 1t all economical

re—
.

it

LA

&

(6) The arringement 1llustrated
1n Iig 715 undoubtedly far superior
to the former  In this the power
15 applied to the male screw which

<73
=

can be quite short a little over the &
Lift 1n length  Tlis should be of h
solid cast steel  As shown n the P

illustration  the thrust collir and ::_'

plates tre situated at the rod head I 6

and consist of threc plites the

upper the distance phite and the ba e plate  The screw rod 1s threaded
through the bise plate while the upper plates re supertmposed and the
whole bolted through 1s <hown on plan (Fig 7} The upper and lower
plates should be of briss the muldle distance plate which 1 subjected
to no strun of friction bemng of plined tron or else the muddle and top
plte could be combined 1 one prece of brass 15 1n F1g 4 The sohd screw
rod pisses mto 1 pipe 1n the hewd »f which 15 the fumale screw  Thy

shoulll be of briss and 1n some cases the whole pipe 1s made of bra > but
this seems 1 needless extrivagaince The pipe head 1s held ngid by two
arms runnme 10 gude shhts cut mn the frame «f the standard . Thus the
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torsional stress 1s at once absorbed, and the position of the ends of the
arms, one of which can be made to project beyond the frame, mndicate, by
means of a pownter on a graduated scale, the exact hetght at which the gate
standsabove1tssill  The pipe1s ngidly connected with the gate, and fromits
ring section 15 clearly much better smited to withstand compression than a
soltd rod of greater weight of metal It can also be made of ordmary gas or
water piping  The mtroduction of ball bearings above and below the thrust
dises would be a further improvement

(6) Thus system for short Lifts 1s by far the best of any other illustrated in
these figures It 1s remarhable that 1t 1s not given m the * Madras Manual,”
all the screw hfting gear m which are of
fanato eiscberel the other types, 1n which the motive
ee and Gear gitached
power 1s applied to the female screw
The only tank sluice fitted with this gear

Fe naie serew

wrochesd seen by the author was that mn Kalawewa
Trome Tank, m Ceylon  In this a hand wheel
Ylusun g, turned a worm, or archimedean screw,
pasther which engaged a bevel wheel heyed onto
the top of the shaft The sluice gatemn
’ \ this case was 3 feet square under a head
——“—--—‘{ ‘“~j of 25 feet, and yet the gate was mam
L . pulated with the greatest ease by oneman
- The screw heads or standards, can
be supported on wooden beams of 2
S cast-ron fish-bellied girder with double
webs  Two rolled beams connected by
a plate bolted to thewr upper flanges
e U-\;‘ o would swit equally well, the hiting rod
== -] 0 [=——

o I g S passing between their webs

Fia 7 (") Fig 8 represents a group of

three screws which operate the pipe
valves an the Waghad Tank outlet culvert which are shown mn T'ig 1, Chap
AII  These are on the prnciple of Tig 7 At the top 1s a thrust box
contaming brasses with hollow annular ways i which stmilar annular
projections on the steel screw rod work  Below 15 a hollow square pillar 10
the head of which 15 a female screw, engaged by the screw of the hifting rod
To the base of the pillar, which 15 moved up and down through a square
bracket bearing the Iifting rod of the gate 1s attached

(8) Tig 915 on the same good principle, but n an improved style Here
the Iifting screw works agamst a step at 1ts base nd 15 provided with 2
thrust collar working 1 a brass thrust bo\ at the top It s therefore
practically independent of 1y desiation from the exact alignment of the gte
Iifting rod, and 15 thus not subjected to other legitimate stresses ThLE
hiting screw 15 enclosed 1n a round cast-rron standard, 1n the hollow pipe ©
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which a circular brass stud 1s free to move In this 1s cut the female screw
and 1t 15 prevented from revolving by projecting arms which run 1n two slots
cut m the side of the box asin Tig 7 To these projections two links 1re
attached which latter below the frame are jomned by a cross bar or pm on
which the gate hiting rod 1s heyed Instead of the clumsy capstan bar -
bevel wheel could be keyed on the top of the screw rod and a brachet fitted
to the frame or cast on 1t would carry a pmnton and hand wheel The

s an e
co

.
g
et
g
.
m%wf
s 5
" APy —
3
M. 2
2 r e
H
1)
:
'

v
H——
Farnenacn

&~ 3 TEn

' s sy,

- W U J
Mo oE mnc &

T S—I1 ftSecre Cearof Wargtad Tank

hand wheel could be made removable to prevent unauthon ed timpening
with the slmces Bl beanngs hould 1l o te wminged for at the thrust
collrs

(9) Anexample of Amenican lifting gear taken from Wilon s Irm atin
Ingincering s guen tn 11w 10 Here a laved mleddt Kved «notle
femnle screw bloch whichishellmthoyw «f theca tiren fmm ey -
the pinton wheel and han i whed

Steel ball bewning di o> are htted 2t the ba of the fumad ~er + ek
where 1t boars agun t the fram Th Dbftug crevr 11 <3nirem <t p
below the serew and pas thr u b asquireh 1 inapr jection st the base
of the east aron frime
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This arrangement 1s obviously inferior to that of the two last examples n
that the screw 1s exposed m the open to dust and ramn and when the sluce
gatesareopen sticks up i an absurd manner asif to mvite damage whereas
m the other case the screw 1s protected from injury of any kmnd bemng
enclosed 1n a bos out of sight  Length of rod 1s also saved  This apparatus
or one m which a pimon engages a rack appears to be universal 1n the

HEXACONA TOP
|- O SCREW ROD

Tic 9 — DBattmans Scre v Lt Gear

States  The adoption of ball or roller bearings at the pomts of thrust 15
worthy of tmtation

(10} A very mstructive example 1s given 1 Figs 11 111 and 11b of the
screw lifting gear of the Bhatgarh Dam undershuces a section of which 15
giveninTig 15 Chap IT and for which we are indebted to The Imga!xo:]l
Worhsof India  These sluice gates have a lift of 8 feet under a mean hea
of 80 fect the area of the sluice ways being 8 feet by 4 feet  the pressure on
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eich 1> therefore 1 14 = % % 80 x 4 X 8 =71 tons The screw rod 1s
5% mches dinmeter for the screwed upper length the remainder beng
51 mnches square  These heavy expensive forged rods are about 87 feet
total length though made up m 1~} fect lengths and are supported at
mtervals agamnst buckling by passing through square holes in brackets
projecting from the rear face of the dam

The motive power 15 1s usual Applied to the brass female screw which
15 provided outstde with two collars which work m corresponding grooves 1n
a thrust box  This latter which 1s of cast iron 15 m two preces bolted
together honzontally and further provided with the usual vertical holding

SECT ONAL PLAN A A

down bolts (vide plan of hifting nut collar etc mTig r1a} The squared part
of the rod commences at the termination of the screw ed upper part which has
a run of 8 feet and this passes through a square brass guide which prevents
the rod revolving and relieves 1t of any torsional strain below this pownt
The screw hifting rod nises through the capstan nut and when the gate s fully
open must stick out some g feet above the platform level on top of the dam

(11) This manifestly unsuitable arringement could easily be avoided by
qdopting the general design of Tig 7 8 or ¢ viz of applying the motne
power to the male screw which latter bemng provided with a collar working
na thrust bos 15 prevented from vertical movement but not from revolving
The female screw would be placed 1 the head of a long cast wron pipe
which 1s fastened to the gate and which 1s prevented from revolving by
attached arms the extrermties of which shde m vertical grooves and 1 of
course free to move vertically in erther sense It 13 quite evident that tius
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arrangement would be much less expensive and equally effective as that

portrayed n g 11

A further improvement would be to apply bevel geanng to the screw
head 1n lieu of the capstan, which has to be worked by several men A
bevel spur wheel could be fixed horizontally on the rod head, worked by one
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or two bevelled ptons turned by wheel handles revolving vertieally, and
ant1 friction rollers above and below the thrust collars

(12) The prinaiple of the application of free rollers and roller wheel> fixed
on a\les to draw gates, together with the devices employed 1n rendenng the
gate watertight will now be briefly noticed

When 1 gate or shutter shdes in a groove, the pressure of the water
forces 1t agunst the nner side of the vertical grooves, as also agunst the
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lintel 2t the top and the aill at the bottom thus effectually preventing any
leakage on 1!l four sides of the shutter  The resistance of the friction of the
end side of the gate rgamst that of the grooves 1s very considerable and as
the parts in contact cinnot be lubricated and the gate often remams
unmoved for a long tune the parts become rusty 1nd the friction 1s thus
increased greatly in excess of what would normally be the case  Now the
coefficient of friction of smooth metal surfaces in contact unlubricated 1s
about 2z Thusif a gate were subjected to 1 horizontal water pressure of
1000 Ibs 1t could be hited neglecting 1ts own weight by a force of 1 000
X 2z~ 200 lbs On the other hand when
the surfaces are not smooth the coefficient Sdefe atonof Square6 e
of friction may possibly become as great 1s
umty  Hence 1 gate without rollers requires
power not only to hft it but to force 1t
down as 1ts own submerged weight 1s msuffi
cient to overcome the friction induced by
the pressure of the water This 15 the
reason why screw power has hitherto been
s0 largely used as hifting apparatus

By the sumple device of mounting the
gate on wheels with axle bearings the fnc
tion 1s greatly dimmshed so that the
requisite lifting power 1s considerably re
duced and none 1s required to lower the
gate that being effected by 1ts onn weight

The combined axle and roller {friction
now mduced which 1s similar to that of a D)ravotirungh ranaco s sc
railway truck can be taken as one eightieth Lopstan W ¢_emo ea
of the water pressure plus the weight of
the gate itself m the process of hiting
Thus the net hiting pover required suppos
ng the water pressure to be 1 000 lbs would
be ool = (x2d 4 Hfbs Tic 1h

If the axle beanings are not lubricated the cocfficient of friction wall
naturally be much greater Within certain humts a roller wheel of large
diameter would give better results thin one of smaller size The rolling
iniction induced between the wheel nm 1nd the surface would be less 1n the
former e1se and 1n addition the leverage of the greater wheel radius acts m
favour of the motive power

Yert c5 EageoF Per

(18) When a roller or wheel 15 used with a gate there 1s naturally no close
contact between the side of the gate and that of the sluice opening or of the
table of the groove the gate being rused off 2t In order to prevent leakage
through this opeming the device of stanching rods 1» usunlly adopted which
consists generally of 1 round <olid rod or el<e gas piping which 1s fastened to
the gate at the top only the rest hanging free  The pressure of the water
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forces this against the opening sht existing betw een the gate and the jamb, or
shoulder of the masonry, forming a perfect watertight closure When the
gate1s pulled up or down the stanching rod goes with 1t, scraping agamst the
jamb, the friction thus set up 15 qute neghgible

With Indian roller gates stanching rods do not appear to be employed A
watertight connection 1s formed by erther slightly incliming the roller path or
else the gate, so that when the gate 1s fully down close connection 15 formed
In India stanching 15 commonly effected by means of basketfuls of stable, or
cow-shed htter apphied up stream of the leaky passage Itisnot an elegant
mechamical device, but effectively staunch

(14) Gate rollers or wheels consist either of small solid rollers mounted
on axles which pass through axle boxes fixed to the gate The method
formerly used n the Chenab weir-sluice gates 1s exhibited m ¥ig 12

Cross Secton
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Recently this type of gate has been scrapped and ““Stoney” pattern
live-roller gates, 1n one piece, substituted

In other sluice gates the rollers consist of a pair of trolley wheels with
long axle bars reaching across with the wheels keyed on, as mn the case of a
ralway truck The large regulating gates across the Rhone at Geneva
which are 25 X I0 or X 15, are mounted on quite Jarge wheels keyed on
shafts, the wheels being double flanged and worhing on an ordinary verttcal
steel rail fixed upnght aganst the jambs or shoulders of the sluice opeming

In Indinn and Egyptian works, draw gates usually work 1 cast-iron
grooves, the grooves protect the ifting chans from the current and afford
a recess 1n which the chams hang safely when the gates are mn place, and
are disconnected from the travelling winch

A great improvement would be to adopt forced axle lubrication as 1
doneto Stoney’ gate rollers by flexible tubes connecting with the surface
The journals could then be pached 1n watertight stuffing boses ike the piston
of a stream cylinder

(15) We have hitherto considered the combined axle and rolling friction
which 1s induced by small wheels fixed on axles running 1n bearings bolted to
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the gate  When, however, the pressure is very considerable, due to a great
head of water or the exceptional dimensions of the opening, another arrange-
ment, viz , that of free rollers, 1smade useof  These rollers run on axles, but
there 15 no pressure induced on the latter , the axles are only used to heep
the rollers the proper distance apart, and are fived 1n a frame  Thus roller
cradle 1s suspended 1n the groov e unattached to the gate  As the side of the
gate bears agamst the rollers, when the former 1s moved the rollers revolve,
and the whole frame of rollers nises, and also falls, with the gate The
fnction 1nduced 1s pure roller friction, which, between smooth surfaces,
15 something  ery small indeed, so much so that its coefficient can be entirely
1gnored, the hfting power beng only the weight of the gate plus the friction
of the hfting apparatus  Agam, under smt

able conditions, the gate can be counter ff

poised by weights hanging from overhead Heeepe

pulleys, and 1 such cases gates of the
largest size can be manipulated by one man
These free rollers are termed Stoneys
Patent Ants fniction Rollers ”

The diagrams m Fig I3 represent a
sluice gate fitted with free rollers i sec- | Dagram of
tional plan and elevation It will be scen StoneyRoller Gates
that the frame of the gate on plan just
clears the sluice wall and projects beyond

the groove These spaces are closed by F77 77
stanching rods  These are simple round

rods of about 2 inches diameter which are Stonormotorel
fastened to the gate, but have lateral play, 7 Hams
so that when the gate 1s under pressure they o 2
are forced mto the corner, effectually closing G

the aperture On the gate bemng raised 3

they are carmed out with 1t, still bearng Fie 13

agamst the side of the gate and the sluce

wall, the friction thus induced 15 however, quite tnfiing  Owing to the
suspending pulleys the roller frame moves half as fast as the gate

(16) In Yig 14, which 1s derved from Vol CLII, “Min Pro Inst
C E,” the details of the roller gates used in the sluices of the Assuan Dam
viz, those at RL 10000, are ginen  The following 1s the description by
Mr F W Scott Stokes, M Inst C E, the author of the paper on the sluices
and lock gates of the Assuan Dam

(Shuicesat RL gband RL 100) (Thg 14)

* The culverts are 2 metres (6 feet 6} inches) wide by 3 5 metres (11 feet
6 nches) ngh  The entrance to the culvert 1s well mouthed and 1s roofed
over by a casting curs ed on the dam face, and flat at the place where 1t joins
the sluice lintel  The groos es, intel, and aill of the sluice are of cast won



414 DESIGN OF IRRIGATION WORKS

arranged with machne faces, and put together with turned bolts  The sluice
15 bult up of a steel plate shin with rolled strengthemng girders at the back,
framed 1nto cast wron beams on each side, which form the roller paths
Adjustable bars are fitted on each side of the face to reduce the leahage, as
wear tahes place owmng to the cutting action of the siit in the water On
the top of the sluice 1s also fitted an adjustable bar, which shuts down on the
Iintel at the sxme moment that the bottom of the shin lands on the cill, and
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thus makes a watertight jomt  The rollers are arranged in cradles formed
of fiat bars 2nd are hung mn position on each side of the gates by steel wire
ropes  The crab has two speeds of lift, namely, for small adjustments by
one man, or for quick worhing by four  An automatic self sustainng gear
1s provided <o that the sluice (which 1s not counterbalanced 1n any way)
cannot run down, the handles having to be turned when lowening in order 10
relense the gear  The barrel shaft 15 worhed by means of a worm wheel, and
a worm fitted with a balt thrust beanng Al the beinings and pulleys art
fitted with screw down grease lubricators , this 1s the more advisable 0¥t
to the <and 1nd dust
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(Shaces with Rollersat RL g2) (Dig 15)

(17) * These taenty-five sluices are 7 metres (23 feet) hugh by 2 metres
(6 feet 63 inches) wide, and are for the purpose of regulation when the fifty
without rollers have been lowered, and before the water rises lugh enough
for those at R L g6 and R L 1oo to give the required dischuge

“ As the head above aill level is 14 metres (45 feet 11 inches) the rollers
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and other parts hive to be of much more ample proportions and the grooves
built into the masonry of considerably larger size than those of the sluices
of RL 100 and RL 96 The action of the water passing through the
culvert at a high velocity has also to be avoided  hence the rollers are hept
well bach from the {1ce, and an inclined shield plate 1s provided to protect
them from a direct flow A whirlpool motion 1s set up m the grootes, but
1t 15 not of sufficient force to disturb the rollers hanging below the bottom of
the gate when raised The grooves are built of four sections weighing
about 2 tons exch  They are bolted together with turned bolts, and are
arranged with projections on exch side to key into the masonry and prevent
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the leahage of water round the back  The stuice 1s bunlt of heavy specially
rolled steel joists wath steel skin plates and cast 1ron roller path guiders on
each side

Avertical rod which 1s contained 1n a groove bolted to the shin on each
side of the face 15 pressed by the water into the corner formed by the face

3C o A s an owan werons bum on s

TiG 16 —Assuan Dam  Sluices at RL 87 50

of the sluice and the face of the fixed frame thus mahing a watertight
joint

{Slucesat RL 8750) (g 16)

(18) It was onginlly intended to have the lowest sluices 1n the dam 1t
RL 84 but 1t was found that R L 87 50 would st the surface levels 1nd
channels better  The head of water above aill level 1s 18 5 metres (o feet
8 inches) giving a pressure of about 210 tons agamnst the shice The
entrance to the culvert 15 bell mouthed and roofed by an arched csting

A shight drop 15 arranged on the down stream side of the sluce all which
hs been found to reduce greatly the wear and tear on the culvert bottom
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and to give a freer discharge under the sluice A sumilar drop has been
given to the other culverts The grooves are built of four sections, bolted
together and to the lintel and sill castings Stanching rods are fitted to
the sluice, as 1n those for RL 92 with rollers The gate 15 built of
special rolled steel joists framed mto two cast roller paths The skin 15
nveted to the joists i sections, which, when 1n position, are finally fixed
together by turned bolts The sluce gate 15 carried by a steel wire rope
m two parts arranged round pulleys on the gate and on girders at the
pit top Forced grease lubrication 1s employed as in other sluices and
gear The crab 1s stmilar m design to those for the sluices at RL g6
and 100~

(19) Fig 17 illustrates the case of double roller gates as used for under-
sluices of wide span  The outer gate 1s generally the lower one These
gates require a watertight jomnt between them when both
are lowered The projection of the rollers and the thick-
ness of the middle groove flanges places them somewhat
far apart This difficulty can be overcome by projecting
the top plate of the lower gate inwards, so that a narrow
flat plate will cover the space, or else a plate attached to
and suitably hinged to the base of the inner upper gate, so
that when the lower 15 raised 1t will ift the flap, which will
still keep in contact with some projecting vertical bars
mserted for the purpose and thus erther gate can be
lowered to the floor

Roller gates are best designed with a shoulder, or else Fic 17
an angle 1ron can project to form an abutting line for the
vertical stanching rods  If necessary, stanching rods can be applied mside
the groove 1tself at the ends of the gates
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(20) Gates are usually built up as plate girders, but sometimes rolled
beams are used for the longitudinals, as m the Assuan Dam sluices The
gate consists of the outer shin and a senies of longitudimal r1bs which convey
the horizontal water pressure to the rollers  As the pressure 1s greatest at
the base of the gate, the nbs should be closer together near the lower end of
the gate, the spacing beng gradually increased so as to cause each nb to
bear approuimately the same horizontal pressure  The first point to be
determuned 1s the depth of the nbs, ¢ ¢, the width of the gate 1t the centre
This may vary from #, to v, of the span  Representing the distance apart
of the lowest nbs as b, and the head of water above the middle pomt between
the ribs as Z, and the length between the piers or span as S, the pressure to
be supported by eachnbwillbe § « {# x § X &) = ¥ 1n feet tons, # bewng
J= ton, the weight of a cubic foot of water

Thus pressure I 1s a distributed load, consequently the bending moment

M will be “TL, L being the distance between the centre of the roller sup-

ports which 1s somewhat greater than S The nib 1n ordinary cases wall be

w ax
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of double T section formed of two angle 1rons, the upper tables of which are
riveted to the shin and the lower to the web  If the shin plate on one side
and the web be ncglected from consideration, the sectional area of each of

. p )]
Opwa / J
4
Rib
o 7
77
d Ooen
WA Z ]
Rear Eleyation of Gate
Section Tie 18

the flanges will consist of that of the angle tron plus the portion of plate
enclosed between them, as shown shaded in Fig 18

(21) The effective depth of the girder ¢an then be considered to be not
the extreme depth of the double T beam, but the distance between the
centre of gravity of the angle wrons or 4, which lines fall a hittle below the
mner side of the top tables of the angle wons (12de Nig 18)  Tensile and
compressive stress on the top and bottom flanges will be 7 tons The
safe stress on won may be taken as 4% tons, and that on steel as 6 tons
per square mnch, termed = The required net sectional area of the flinges,

W)
less rivet holes, will be a = t%. 1f rolled beams are used, the thichness
of the web will have to be taken 1nto consideration, and the moment of
mert1n about the neutrl avis of the beam calculated (vide * Molesworth s

7
Pochet Booh,” p 130) Then R = %, 1 which R 15 the resistance of the

WL
beam to flesure which should equil g ™ the s1fe compresstie or tensile
stress per square mch of the metal, J the moment of mertin, and N 1 tlus

case = 2, e being the outside depth of the section

(22) No contmuous plite 1s required on the mside of the gate bl;l
vertical and mchined strips of angle or flat bar it mtenals, so as to enable
access to be obtuned for pamnting the parts  The area of the shin plates ;15
1lso that of these strips reduced to the equivalent of a thinner plate over the
wholc surface, could be included 1n the sectional aren of the flanges, orsn the
value obtamed for I 1he webs of the mibs will maturmlly have to be
strengthened by angle or T 1rons at mtervals, as 1s usual m plate girders In
large single gates, where space 15 not confined, the nibs are genenlly com-
posed of open Ittice work with a good cun ature to the centre, suymlartoa
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bow-stning girder placed on its stde  The top and bottom of the gate should
be plated over

(23) The shearing stress on the axles of the gate roller wheels, 1f such be
adopted, w1ll be one quarter the total water pressure on the whole gate, 1.¢,
if two sets of rollers be used The position of the rollers should be fixed
with reference to the pressure so as to secure the upper having the same
pressure as the lower roller

The axles, 1f supported on both stdes of the rollers, are subjected to double

shear, consequently their sectional arex should be —, W being the total

water pressure on the whole gate = zh X id, I bemg the mean head and
Id the area of gate, and m the safe sheaning stress of the metal, viz, 5 tons
for 1ron and 61 tons for cast steel

Tt might be further noted that the web of the ribs 15 subjected to shearing
stress which 1s greatest at the ends of the gate, where 1t will amount to half
the total water pressure on the gate , presumably it 15 sufficiently supported
against buckling  Its effective sectionnl area should equal this pressure in
tons divided by m the safe shearing stress of the metal, generally assumed
as the same or less than the compressive strength  The cover plates for
joints in the skin should be of T section These are not shown 1n the shetch
inTg 18 Thegateisnot only subject to transverse thrust but to vertical
bendmg moment due to 1ts own weight  This 1s met by the disposition of
the bars on the rear side, as shown in the elevation, and bv the shin on the
face of the gate
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