Canal F alls

12.1. Definition and Location of Canal Falls = == _

12.1.1. Definition. Whenever the availablé natural ground slope is steeper than the
designed bed slope of the chan- )
- nel, the difference is adjusted by DESIGNED sLopg
constructing vertical ‘falls’ or ;
‘drops’ in the canal bed at "
sl'ntable mt_ervals, as shown in VERTICAL
Fig. 12.1. SR DROP
AVAILABLE

"Such a drop in a natural ' GROUND SLOPE
canal bed will not be stable and,
therefore, in order to retain this
drop, a masonry structure is constructed. Such a pucca structure is called a canal fall or
a canal drop.

12.1.2. Proper location. The location of a fall in a canal depends upon the topography
of the country through which the canal is passing. In case of the main canal, which does not
directly irrigate any area, the site of a fall is determined by considerations of economy in

‘cost of excavation and filling’ versus ‘cost of fall’. The excavation and filling on two sides
of a fall should be tried to be balanced, because the unbalanced earthwork is quite costly :
By prov1d1ng a larger drop in one step, the quantity of unbalanced earth work increases, but
at the same time, the number of fall reduces. An economy between these two factors has to
be worked out before deciding the locations and extent of falls.

In case of branch canals and distributary channels, the falls are located with con-
_sideration to commanded area. The procedure is to fix the FSL required at the head of
the off-taking channels and outlets and mark them on the L-section of the canal. The
FSL of the canal can then be marked, as to cover all the commanded points, thereby
deciding suitable locations for falls in canal FSL, and hence, in canal beds.

The location of the falls may also be influenced byv the possibility of combining it
with a bridge, regulator, or some other masonry work, since such combinations often
result in economy and better regulation. When a fall is combmed with a regulator and

Fig. 12.1.

-a bridge;-it-is called-a- fall-regulator with road-bridge. =~ — e

12.2. Types of Falls

Various types of falls have been designed and tried since the inception of the
idea of ‘falls construction’ came into being. The important types of such falls, which
were used in olden days and those which are bemg used in modern days, are
described below
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(1) Ogee Falls. The ‘Ogee type fall’ was constructed in olden days on projects like

Ganga canal. The water was

gradually led down .by

providing convex and con-

‘cave curves, as shown in Fig.
122,

The performance of
such a fall was found to have
the following majer defects :

~-(i) There was heavy
draw-down on the 'upstream

DRAW DOWN ..

kRUB BLE MASONARY
Fig. 12.2. Ogee fall.

side, resulting in lower dep_ths, higher velocities and consequent bed erosion. Draw- ‘
down would also affect the supply in a distributary, situated just upstream of fall.
(ii) Due to smooth transition, the kinetic energy of the flow was not at all dissipated,

causing erosion of downstream bed and banks.

_ A ‘raised crest’ was soon added to restrict the draw-down and a long protection was
provided on the downstream side. Later, it was converted into a much better type of fall,

‘called a “Vertical Impact type’.

(2) Rapids. In Western Yamuna canal, long rapids at slopes of 1:15t01:20 (ie,
gently sloping glams) with boulder facings, were provided. They worked quite satlsfac- ‘
torily, but were very expensive, and hence became obsolete. . .

(3) Trapezoidal Notch Falls. The trapezoidal notch fall was designed by Ried in -
1894 It consists of a number of trapezoidal notches constructed in a high crested wall .
across the channel with a smooth entrance and a flat circular lip projecting downstream
_from each notch to spread out the falling jet {See Fig. 12.3).

[
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Fig. 12.3. Trapezmdal Notch fall. .

_ The notches could be designed to maintain the normal water depth in the upstream
-channel at any two discharges, as the variation at intermediate values is smali. Hence,

the depth discharge relationship of the channel remains practically unaffected by the
'introductiqn of the fall. In other words, there would neither be drawdown nor heading



. pecessary in the case of falls
f greater than 1.8 m and for dis-
 cparges greater than 0.29
cumecs. The water falls into the

‘5, ' potch constructed in the steining
- of the well, from where it emer-
ges near the bottom, dissipating
- its energy in turbulence inside
. the well.

This type of falls are very
-—seful for affecting larger drops
. for smaller discharges. They are
- commonly used as tail escapes
© for small canals, or where high -
' levelled smaller drains do_outfall
- into a low levelled bigger drain.

(5) Simple Vertical Drop

" Type and Sarda Type Falls. A
raised crest fall with a vertical
impact (Fig. 12.5) was first of all
introduced on Sarda Canal Sys-

‘tem in U.P., owing to its

. economy and simplicity. The
_necessity for economic falls”
. arose because of the need of
 construction of a large number
~of smaller falls on the Sarda
~ Canal System. In that area, a
+ ‘thin layer of sandy clay overlied
.a-stratum of pure sand. If the
- canal bed was to be cut deep and

up-to the sand stratum, the

seepage losses would have been

—tremendous. Hence, the depth of ~

cutting had to be kept low,
. lecessitating the construction of
" alarge number of smaller falls.

In this type of a high crested
fall, the nappe impinges into the
- Water cushion below. There is

¢ glet well, through a trapezoidal—-
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"~ yp.of water, as the channel approaches the fall. These falls remained quite popular, till -

' sirh ler, economical, and better modern falls were developed.
(4) Well Type Falls or Cylinder Falls or Syphon Well Drops. This type of a fall
consists of an inlet well with a pipe at its bottom, carrying water from the inlet well to

a downstream well or a cistern. The downstream well (as shown in Fig. 12.4) is
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Fig. 12.5. Simple Vertical Drop fall.

no clear hydraulzc jump and the energy dissipation is brought about by the turbulent
diffusion, as the high-velocity jet enters the deep pool of water downstream.

Two types of crests which are used in Sarda type falls are shown a little later j in
Figs. 12.10 (a) and (b).

Sarda type fall is a high crested fall, and if the discharge in the canal varies (say betweey
50 to 100%), the water will head up on the upstream side at low discharges. The reach
upstream of the ¢rest will silt up as the clearer water will pass downstream of the crest. Dug
to reduction in silt in the d/s discharge, there may be a tendency of scouring on d/s, so as
to make up the silt loss. Hence, this type of fall is not quite suitable for canals in which
discharge varies within a wide range. A trapezoidal notch fall, although costlier than Sarda
type or glacis type fall, is free from such troubles and, therefore, preferred for canals where
the dlscharge is very small and also varies over a wide range.

slopmg 2: 1) is prov1ded after a ‘raised crest’ (see Fig. 12 6) The hydrauhc jump is
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made to occur on the glacis, causing sufficient energy dissipation. This type of falls give
very good performance if not flumed, although they may be flumed for economy. They
are suitable up to 60 cumecs dlscharge and 1.5 m drop.

(7) Montague Type Falls. The energy d1$Slpat10n on a straight glacis remain
incomplete due to vertical component of velocity remaining unaffected. An improve-
ment in energy dissipation may be brought about in this type of fall [see Fig. 12.7 (a)],
by replacing the stralght glacis by a parabolic glacis, commonly known as ‘Montague
Profile’.

U/S WING WALL-y RETURN oROFILE
: WING (WALL
u/s FSL DIS WING WALL~ (
T =~ ' 0jS HFL
N e e = - ——— e e — —_——
SLOPE f
PITCHING n/s
. BED\
N - - 774278777
%
2

TOEWALL

Fig. 12.7. (@) /Montague Type fall.
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GEVELT N\ _ KH.?R_'_ZO_'.”‘;_L e
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- L PARABOLA
T{MONTA GUE

| PROFILE)

|
|
N \FREEFALL

UNDER GRAVITY

[
n/ﬁ EDGE )

OF CREST

Fig. 12.7. (b) Montague Protlle

The Montague profile is given by the equation.

X= U\/‘;Y +Y (2D

where X = The horizontal ordinate of any point of
%777 the profile measured from the d/s edge of
crest. o
.Y = Vertical ordinate measured from the crest
~ level. ' ‘
= Initial veloc:1ty of water leaving the crest. .

The curved glacis is difficult to construct and thereby rendering it costlier. This type
of fall is, therefore, generally not adopted in India.
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®) Inghs Falls or Baffle Falls. A straight
glacis type fall when added with a baffle platform
and a baffle wall as shown in Fig. 12.8, was
developed by Englis, and is called ‘Englis Fall’ or
. ‘Baffle Fall’. They are quite suitable for all dis--
i| charges and for drops of more than 1.5 m. They
. can be flumed easily as to affect economy.

The baffle wall is provided at a calculated
height and a calculated distance from the toe of
I the glacis, so as to ensure the formation of the ~
- jump on the baffle platform, as shown in Fig.
fli t ;12 8

PROFILE
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PITCHING
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PITCHING

O
DEFLECTOR
WALL

Comparison of Different Types of Falls

|~ Extensive testing of various modern types of falls

" was carried out in 1952 at Research Station

L Poona and the following recommendatlons were .
made :

0/s
RETURN
WING

BAFFLE
WALL
L 4

(i) “Vertical drop’ falls are quite suitable for
. discharges upto 15 cumecs and drops upto. 1.5
. metres. But this type of fall should not be flumed.

. (i) For ‘Straight glacis’ type falls, the con-
| clusion was, that they work satisfactorily for all
conditions, if unflumed ; but in that case they
become costly. Even then, they can be adopted
| suitably for discharges upto 60 cumecs and drops
~ upto 1.5 metres, and can even be flimed.

(iii) ‘Bafﬂe fall’ or ‘Enghsh fall’ may be used
for all discharges when drop is more than 1.5
metres. This type of fall functions very satisfac-
torily, either ﬂumed or unﬂumed 'so long as it is
una’rowned

Fig. 12.8. *Baffle fall’ or ‘English-fall’.
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(

@v) Well type falls are suitable and economi-
cal for high drops and very low discharges. They
- can hence be easily used, as tail escapes of small
- channels. -

N

PROFILE
WALL

Meter and No'n-Meter Falls. Meter fall$ are

.. those which can be-used to measure the discharge of the canal, 1If the discharge cannot
K be measured accurately at the site of the fall, then it is called a non-mieter fall. Vertical-
drop fall-is not suitable as a meter due to the formation of partial vacuum under the
”“w nappe. Glacis type fall is quite suitable as a metering device. Since a sharp crest does
¥ . not give a constant coefficient of discharge with varying heads, while a broad crest does

 so reasonably ; a fall to be used as meter must be provided with a broad crest. Generally,
. a flumed glacis fall or a flumed baffle fall, is used as meter, while an unflumed glacis

fall is used as a non-meter fall.
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~ DESIGN PRINCIFLES OF VARIOUS TYPES OF FALLS

12.3. Desrgn of a Trapezoidal Notch Fall

As pointed out earlier, a notch fall provides a proportionate fall, in the sense that
there is no heading up or drawdown of water level in the canal near the fall. The whole
width of the channel is divided into a number of notches. The
crest (i.e. the sill level or the level of the bottom of notch) may
be kept higher than the bed level of the canal, which will tend
to increase the length-of the weir, but in no case, the total length
of the weir openings should exceed the bed width of the canal ~
upstream, and may well be reduced to about %th of the bed width.

Discharge Formula. The ‘discharge passing through one
notch of a notch fall can be obtamed by adding the dlscharge of
a rectangular notch and a V-notch.

*. The discharge passing. through a trapezo1da1 notch such

Fig. 12.9
as shown in Flg 12.9 is given by ) Trape]z%idal notch

0=2c, g 1. B 410 Cy g an S 7

WY W W

C,-\og [1}13/2 +3ng HS/Z]

C; Vg [IHM +% (2 tan %)Hm} 22

If 2 tan % is represented by n, then

Q=—§—cd~ @[1H3/2+0.,4.n115/%]_ L (123)
X . A ‘where, C;= Coefficient of discharge = 0. 75 '

_ ——><O75\/2x98 T[1+0.4nH"]
or 0= 2208 [1+04nH] | (129
- The above discharge equation contains two unknowns [ andn. For‘s‘olving this
equation, two values of Q and corresponding values of H must be assumed. It is a
common practice to design notches for full supply discharge (Qyq0) and haif supply
dlscharge (Qsp) with values of H equal to the normal water depths in the channel in the

respective cases. Let the normal water depths in the channel at full discharge and half
dlscharge be represented by Y100 and y50 respectlvely ‘Then Hop = y100, and Hso = Ys0-

The depth of water in the channel at 50% dlscharge (i.e. y50) can be approximately
evaluated in terms of full supply depth (y;g0) as follows :

Let v=cC- yo64 ...(Kennedy’s Eq. for Vel. in channels) .
Now -~ Q=A.V. ,
o Q=B.y.C.y*% Using A = B.y (neglecting s)%) .
or Q=C.B.y'* 2

Q100=C.B .y
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and Os0=C.B.yk s
164
or Q50 _(s0
QlOO Y100
1
— 1
N ¥so _{ Qso |64 Téa
Coor — 0.5)***=0.66
‘ Y100 (QlOO] =03
¥s0=0.66 - y100 .(12.5)

Number of Notches. The number of riotches should be so adjusted by hit and trial

. method that the top width of the notch lies between 2 to full water depth above the cill

of the notch. This hit and trial procedure would become clear when we solve a numerical
example.

~ Notch Piers. The thickness of notch piers should not be less than half the water
depth and may be kept more if they have to carry a heavy super structure. The top length
of piers should not be less than their thickness.

In plan, the notch profile is set back by 0.5 m from the downstream face of the notch .-
- fall for larger canals, and by 0.25 m for distributaries. All curves are circular arcs, and

all centres lie in the plane of the profile. The splay upstream from the notch section is

45°, and the downstream splay is kept 22.5°. The lip is circular and is corbelled out by

0.8 m on larger canals, and by 0.6 m on distributaries. .
Example 12.1. Design the size and number of notches required for a canal drop

. with the following particulars :

Full supply dzscharge .. -=4-cumecs
Bed width , =60m .
. ES.depth . =15m
Half supply depth = =10m T RELE, =
Assume any other data if required. - o * (Madras University 1975)

-Solution. The bed width of the canal is 6 m. Each notch at top should be roughly
equal to F.S. depthi.e. 1.5 m. So let us, in-the first trial‘ provide 3 notches. .

+. Full supply discharge through each notch =4 =1. 33 cumecs
" From- Eq (12.4) we have ' :
Q=222 [i +0.4nH].

Using. Q100 =2.22 (100> [L+ 0.4n y100] o
where Qo= 1.33 cumecs

ywo—lSm
We have. 133 = 222 (1 5)3/2[l+04n><15]
or . . 133= 222X184[l+06n] ‘
or 1+0.6n= =0.326 o e A ¢
- Now, usmg ' ‘ R s :
Q50—227— ()’50)3/2 [l+04n ysol o
where QSO—L%S——O 67 cumecs -

y50—10m



0.67=2.22.(1.0)*%[I+0.4n%x 1]

o 1+0.4n=0.3 | ' (D)
subtracting (if) from (i) we get
0.2n=0.026 .
of n=0.13.

putting the value of n in (i) we get

1 1+04%0.13=0.3

——which is O K., we may pro- Yy /

1=0248;s2y. 025 m.
By this trial, we find the top width '
=025+2tana- H=025+n H
=0.25+0.13%x1.5=0.25+0.195
- =0.445; say 0.45 m, which is much less than the full depth of 1.5 m.

In order to increase the top width, and to make' it near 1 to 2th FSD, it is necessary

or

5;_,ﬁo»increase [ and n :-which can be done by reducing the number of notches.

The values of [ and n obtained for 3 notches will increase in direct proportion, when
- number of notches are reduced.
In other words, the values [ of and n will become 3 tlmes when number of notches

are reduced 3 times. Thus, when we provide ouly one notch instead of 3 notches, the

values of nand! will triple. Slmllarly, when we use 2 notches agamst 3 ie., L tlmes

L5
the values n and / will become 1.5 times of those obtained for 3 notches.

Hence when -we use 2 notches, values will be .

n=1.5%x0.13=0.20
. [=15%025=03m._.
and Top width = 1.5x 0.45=0.68 m.

Since the width is still qu1te low, we. may use only one notch. -
When we use only one notch, the values will be |

n=3x0.13=0.39
[=3%x025=0.75m .
Top width =3 x 0.45=1.35=FSD (O. K)

=tan" ! = L —tan'l'w:— 11° .

‘ 2 2 2 ) }4_1193.1,_.‘
Since th%s condition v/ / /M-<—135m——|/02m FREE "BOARD /]

gives us top width = 1.35 m,

" NOTCH
_OPENING

vide one notch, centrally

- Dlaced in the given channel

of 6 m width. The section of

the notch to be adopted is
also shown in Fig. 12.10.

Check for raised crest

_if possible. It has also been (/ g /

noticed that when lesser . Fig.12.10

_,/(575 ,4 0/sDBL”.

OF CANAL
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number of notches are prov1ded with the1r bottoms kept at U/S -DBL of Canal, th
concentration of flow gets increased considerably. To avoid such an eventuality, ;- e
preferable to increase the number of notches, and this may sometimes be achieveq | b
providing the notches in the raised crest. In other words, the bottom of notch Opemn
will be kept higher than U/S DBL of canal. This raising may be between 10% o 30*‘—‘*"—
of full depth. The design calculations are hence to be repeated to compute n and | with
a raised crest, whenever a detailed designing is being done, and number of NOtcheg
determined are low. '

These calculations for the above question 12.1 will-be-as follows

Let us assume a raised crest equal to 20% of FSD

=20%%x1.5m=03m. C ' i

Usmg Eqn.(12.4) as. -
Q=222 H** I+ 0.4nH), wehave
D100=222 (1.5 =032 {1+ 0.4n (1.5 - 0.3)] |
or Oi00=292(1+0.487) - 4
Also Q50—222(10 032 [+ 0.4n (1.0 0.3)]

| [ FSDat: dlscharge 1.0m (g1Ven)]
or Q50=13(+028n) . : R ...(zv)

But  Q100=20s
292 (1+0.48m)=2x 1.3 (1+0.28r)

This gives a negative value of-n, which is not feasible, and-hence such a raised crest
may not be feasible in this particular case. Hence, the design made earher, and shown
in F1g 12.10, holds good.

12.4. Design of a Syphon Well Drop

A syphon well drop, such as shown in Fxg 12.4, is generally adopted for smaller
discharge's and larger drops. The main features of the design involves determining the -
size of the inlet well and that of the hume pipe. A suitable size for the cuter well, a
proper provision of water cushion at the bottom of the inlet well, the bed and side slope
pitchings in the canal TRAPEZOID AL

.upstream as -well as NOTCH
downstream for suitable SYIS FSL : ‘ T
lengths, are also \V1 ERE )

provided. The size of the %100 ~\ i’ f
by

R.L.OF C.R.

inlet well and that of the ™ "~ ™~ I\
_ syphon pipe are deter- »mw';m'_g{TLH_Ev A

mined on the following wELL P
considerations w.r. to
Fig. 12.11. - ‘
First of all, the size _ v
of the trapczoidal notch -
is determined so as to —1
pass-the designed dis- : :
charge by using eqn. . ‘ ‘
(12.4) in the same way as - Fig, 12.11
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is done for a trapezoidal notch. Then let V; be the velocity over the notch, V, be the
velocity of entry in the pipe, and V; be the velocity through the pipe. All these values-
of velocities can be determined easily as below :
' * Full supply discharge
Area of flow over the notch
Full supply discharge

Area of opening atentry (for assumed dia of opemng)

_ Full supply discharge e
Areaof pipe (for assumed dia ) o '
The head loss between the inlet well and the d/s FSL is then given by HL as

1=

Vo=

3=

V2 :
H; =0. 5 = (z e.loss due to entry) + (V- 2g (z e. the loss due to sudden
. ’. 2 ) .
: ' enlargement) += 2ed (z e. the loss i in the assumed pipe length L)
V2 .
b (loss due to ex1t) - '(12 6)

2g
Knowmg all the above values, H;, can be determined, and thus the R.L. of water surface
inlet well (i.e. d/s FSL + Hy, ) can be detemuned

Now, approximate R.L. of centre of pressure (C P.) of the trapezoidal waterway
through the notch

=u/s canal bed level + ; FSD.

— ..,._.-::u;(rwhlch»can-be caleulated) - _ _
Then, the height (¥) of the centre of preSSure above the water level in the inlet well

=R.L.of CP.—-R. L. of water level in 1nlet well
= (Known) ’ :

[

Now usin_g the eqn.. .

S = o

2»\/'-5'& - . (RO N (127
where X and Y are the coordmates of the Jet (1ssu1ng from centre of pressure) w. r.t. the
water surface level in the 1n1et well :

*The eqn (12 7) can be. denved as below w. rt to Flg 12 12
X= Vl t (after atime 1)

Y= %gt2 [ " using S = ut + -21- gf and u=0, we have § =%gt2:|
or Y_.l . 1\2 " Y
"2 VVIJ \J
\ or . Vl = \"& - JET

2y Fig. 12.12
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The value of X can be determined. Finally the dia of the inlet well may be kept at ‘:
about 1.5 times the value of X. The entire procedure will become more clear whep we
- solve.the following numerical example. -
Example 12.2. Design the salient dimensions of a syphon well drop for the follo,,.
ing particulars : :

Fall =38m =
‘General ground level =+163.36m

Full supply depth ' =75cm

Bed level upstream — - =+ 16283

Discharge =] cumec

Bed width upstream and downstream =2.4m (Madras University | 972)

Solution. For a trapezoidal notch, we have the discharge eqn. (12.4) as
- Q=222-H?[I+04nH]
At full supply d@g:harge, we have

Q100 =222 (Y100 [+ 0.4 . y10]
where  yy00=F.5.D.=0.75m
Gig0=F.5.0=1 cumec
o 1=2.22(0.75)"% {1 +0.4n (0.75)] 3
i or 071=1+03n ()
h At 50% full discharge, we have
Vo Oso =222y [1+0.4n y5;)
! v where ysq = 0.66 ;g0 (eqn. 12.5)
=0.66x0.75
TE=QSTL T
Q50 =0.5 cumec
‘ o 0.5= 222(05)3/2[z+04n(05)]
; or ' 0.64=1+02n )
Subtracting (if) from (i) we get
' 0.07=0.1n
or n=0.7
2 tan % =01, or% =19.3°
Substituting this value of n in (ii), we get
1=0.64—0.14=0.50 '
" "Hence;provide -a-trapezoidal-netch-in-the-steining -of the \, .025. _.f
| inlet well, with 0.5 m bottom width and each side 1nc11ned to an
i angle of 19.3° with the vertical.
Now, the width of water (at FSL) flowing over notch

; . =0.5+0.7x(0.75)=0.5+0.525=1.025m. 0-75m
i Velocity (V;) over the notch ‘

! _ ES.Q. , J_
‘ "~ Area of flow over the notch ba-0.5m —»f

Fig. 12.13
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1 | 1
© 0.5+ 1.025 /800 = G 76 0.75 1 se¢ = 1.75m/sec
=22 5075

» Let us NOW assume that the diameter of the pipe used be 1 m

-, Velocity V3 through the pipe

o -—1— m/sec.=1.27 m/sec
e | —(1)

Let us assume that the dlameter of the opening at the 1n1et of pipe be 0 5 m

= 1 m/s=5.1m/sec.

é . The velocity of entry into the pipe (V5) .
; T 0sp
) 0.5)

Loss of head between the inlet well and the d/s FSL is given by Eqn. (12 6).
(Vz vy +f LV} 12

_ Zg 2% 28 % | |

Let us assume that the length of the. pipe is kept as 12 m and f’=Darcey’s

coefficient of friction be taken as.€qual to 0.042-we.thenhawe .. .

(.1 ‘+ (5.10— 1.27) L 0.012x12x (1‘.27)2’Jr (1.27)°
2x%9.81 2x9.81 2x9.81x1.0 2x9.81
| =0.66+0.77+0.01 + 0.08=1.52m.
= ~. R.L. of water surface in the inlet-well: =+ = == -

=d/sFSL + 1.52

=0.5-

HLI =0.5%

d/sFSL = u/s FSL — fall .
=(162.83 +0.75)-3.8= 159.78)
=159.78+1.52=161.30.
Approximate R.L. of the centre of pressure (C.P.) of the trapezoidal waterway
through notch .

=u/s canal bed level + 1 FSD.

3
=162, 83+0—:}—5-=16283+0 25=163.08

— . Height Y-of C.P..above-water fle-»veLl.n—the-m-l-et;welT»-

-
P

‘ =163.08-161.30=1.78 m.
Now using Eqn. (12.7), we have

2
V= X

' \ g.X
2Y
‘ . /V%zy
or X= .
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=1.75%0.6=1.05m.

A [75*x2x1.78
AR 9.81

Now, the dia. of the inlet well may be kept at about 1.5 X, i.e. 1.5X 1.05=1 575
‘'say 1.6 m. Keep the dia of the d/s outlet well, as say 1.2 m. Also provide a water cushiop
at the bottom of the inlet well. Béd and sides of channel for suitable lengths on the Wy
as well as d/s side are protected by dry brick pitching. The complete details are showy
in Fig. 12.14.
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(25. Design of Simple Vertical drop. Fall - :
" [na vertical drop fall, the . g ’

gy of the flowing wateris "7 T =TT
;“”Z?sesii);ted by means of impact  U/S FSL. T~ f-
d bY sudden deflection of .. . 1 ~ HL

',.‘vé‘locity from.vertical to / \\ J_ -
Mh orizontal dire(ftlon. A water ———M TS ‘4 , _———d e RO
| ushion is provided at the toe IR
E Jf the drop, s as to reduce the R

impact of falling jet and thus’ 4 0/S BED

1o save the downstream floor y b TrTTTTTT
¥ som scour. The water cushion - it
1 js formed by depressing the ‘ f— Lc

E qoor below the downstream
§ ted of the canal, as shown in

Fig. 12.15

I The following dimensions for the cistern have been suggested by U.P. Irrigation
& Research Institute :

Le=5-VH.H, .(12.8)
X=%-‘(H.HL)7/3 C.(12.9)

where L= The length of the cistern in metres.
X = Cistern depression below the downstream
, bed in metres. .
*EL , o ¥ H=Head of water over the crest, including
- velocity head, in .. metres, ie.
= (w/s TEL — Crestlevel).

126. Design of a Sarda Type Fall | ‘
I The design criteria for various components of such a fall, based on the recommen-
ttions of Bahadarabad Research Station, are given below :

Length of the Crest. Since fluming is not permissible in this type of falls, the length
“of the crest is kept equal to the bed width of the canal. Sometimes, for future expansion,
§ e crest length may be kept equal to (bed width + depth). e

Shape of the Crest. A rectangular crest with both faces vertical has been su:ggested

h+d
test above the downstream bed level and 4 is the head over the crest [See Fig. 12.16

()]

base width is kept equal to (Take G=2 for maébnry) where, d is the height of the

For discharges over 14 cumecs, a trapezoidal crest with top width equal to
55-VH +d with upstream side slope of 1 : 3 and downstream side slope of 1 : 8 is
dopted [See Fig. 12.16 (B)].

| for discharges under 14 cumecs. The top width is kept equal.to.0. 55(d and the minimum ==~
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- US WING WALL
o UsTELN /U/S FsL
—3 ooz hm—r. —y — 0/S WING
?H _hf: f WALL  BRICK sip

PIT
| DRAIN PIPE HL k‘ / CHING .A_-;

U/S BED

t

1:1p

BRICK PITCHING

INSLOPE 1:10 /

% ‘ 10 em THICK
D/S CURTAIN K
WALL _/E__E, BALLAST

@ = upto a maximum of 14 cumecs

B:= T0p width of crest = 0 554d

Base width = ; d

YL

UlS CURTAIN y
- BRICK ONEDGE
WALL FLOORING

s

o=184. 122} S
: B:f . R

; Fig. 12.16. (a) Rectangular C.rest;for Sarda Type fall. .

US WING WALL ~a
_ _USTEL

————— A ~ OIS WING WALL .
us Fsto >~ = DHAMALI OR

h
: Bt = N\ D/$ FSL ), PROFILE WALL
J————&—-  NNRRRANY —_— —_ —— - — - — R 9

]-——WARPED WING ————"g SLOPE O

PITCHING

10em THI CK
BALLAST

Q = for 14 cumecs and over
B, =Top width of crest = 0.55 VH
Base width = as determmed by the batters :

Q 199 .:15'3’2 H]

>hy

Fig. 12. 16 ) Trapezondal crest fora Sarda Type fa]l

1“‘ Crest level. The following discharge formuia is used-to determine the helght of the .
h crest. : =
" 1/6

0=C;.\2g .L.H*"? g— (12.10)
' £

where Cy= 0.415 for rectangular crest b
= 0.45 for trapezoidal crest




. CANALFALLS 655

L = Length of the crest
B, = Top width of crest. .
Height of the crest above bed =y —h
=y—H (assuming h = H ve. neglecting velocity of

approach)
where y is the normal depth of channel
(upstream).
Upstream Wing Wall., For
grapezoidal crest, the upstream wing | ~ R=S o 6H
walls are kept segmental with radius o} P
equal to 5 to 6 times H and subtending g )‘l
an angle of 60° at centre, and then car- N == L SRTO e

ried tangential into the berm as shown
in Fig. 12.17. The foundations of the
wing walls are laid on the impervious
—concrete floor itself. - -

For rectangular crest (i.e. discharge
less than 14 cumecs), the approach
wings may be splayed straight at an
angle of 45°. _

Upstream Protection. Brick
pitching in a length equal to upstream
water depth may be laid on the
upstream bed, sloping towards the Fig. 12.17. Upstream wing walls for
crest at a slope of 1:10. Drain pipes Trapezoidal crest of Sarda Type fall.
should also be provided at the u/s bed '

" level in thé creést so as to drain out the u/s bed during the closer of the channel.

Upstream Curtain Wall. 1 brick thick upstream curtain wall is provided, having

WIDTH OF CANAL=
WMTH OFCREST

ESL

B ERM

a depth equal to -13—rd of water depth.

Impervious Concrete Floor. The total length of impervious floor can be deter-
mined by Bligh’s theory for small works and by Khosla’s theory for large works. The
minimum length of floor on d/s of the toe of the crest wall should be = [2(water depth
+1.2m) + drop]. The balance can be provided under the crest and on upstream.

The floor thickness reqtiired on the downstream side can be worked out for uplift
pressures (using minimum thickness of 0.4 m to 0.6 metre) and only a nominal thickness
of 0.3 metre is provided on the upstream side. The maximum seepage head will occur

- when water is-stored-upte-top-of crest-on-u/s-side-and-there is-no-flow-on the downstream

side.
Cistern. The length and depth of cistern can be worked out from equations (12.8)
and (12.9).

Downstream Protection. The d/s bed may be protected with dry brick pitching,
about 20 cm thick resting on 10 cm thick baltast. The length of the d/s pitching is given
by the values of Table 12.1; or 3 times the depth of downstream water, whichever is
more. The pitching may be provided between two or three curtain walls. The curtain
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walls may be 1 > brick thick and of depth equal to = the downstream depth or as given

in Table 12.1 (mlmmum 0 5 m).

Table 12.1
Head over the crest Total lengthof | A ks : Curtain walls .
H (metres) d/s pitching (metres) Reman ;
. No. Depth in metreg
Upto 0.3 m 3.0 All sloping down 1 0.30
o at1in 10
0.3t0 0.45. . 3.0+ Twice Hr Horizontaluptoend | 1. 030
L . of masonry wings

0.45t0 0.60 4.5+ Twice Hy and then sloping 1 0.45
0.60t0 0.75 6.0 + Twice HL downat1:10 1 0.60
0.75t0 0.90 : 9.0 + Twice Hy, “ 1 0.75
0.90to 1.05 13.5 + Twice HL, ” 2 0.90 .
1.05t0 1.20 18.0 + Twice Hr -7 2 1.05
12010150 22.5 + Twice H : > 3 135

Slope Pitching. After the return wing, the sides of the channel are pitched with one
brick on edge. The pitching should rest on a toe wall 1 % brick thick and of depth equal
to half the downstream water depth. The side pitching may be curtailed at an angle of
45° from the end of the bed pltchmg, or extended straight from the end of the bed
pitching.

Downstream Wings. Downstream wings are kept straight for a length of 5 t0 8
time VH . H; and may then be graduaily wrapped They should be taken upto. the end

of the pucca ﬂoor
All- wing walls must be designed as. retaining ‘walls, bsgb‘]pc,ted to. full pressure of
submerged soil at their back when the channel is closed. Such a wall generally has a

~base width equal to —rd its height,

Example 12.3. Design a 1.5 metres Sarda type fall for a canal having a discharge
of 12 cumecs, with the following data ;

Bed level upstream - =]103.0m
Side slopes of channel - =1:1m,
Bed level downstream =1015m
Full supply level upstream  =104.5m
Bed width u/s and d/s =1.0m
Soil . = Good loam
- Assume-Bligh’s Coeﬁ‘iczent =6 o S S
Solution.

Length of crest. Same as d/s bed width = 10 m

Crest level. A rectangular crest is provided, since the discharge is less than 14
cumecs. The discharge formula is given by
1/6
0=184.L. B [I;IZ]

t



o
i Velocity of approach
_ ;Discharge e -
=V, = Aren (10+ 151 5 ( Depth ofwater =1 Sm)
. 12 .
“Tsx 15 696 m/sec.
‘ R
Velocity head = 2—; =0.025m.
w/s TEL = u/s FSL + Velocity Head

. CANALFALLS

Assume top width of the crest as 0.8 m.

H1/6
(O 8)1/6

=0.628

12=1. 84x10xH3/2

/3 _ 12)(0964
or _ Y = 1.84x 10 _
H=(0.628)*°=0.755m ; Say H=0.76 m.

=104.5+0.025=104. 525m
R. L of the crest
- =(sTEL - H) -

=104.525-0.755=103.77 m.
Use crest level of 103.77 metres
Height of the crest above d/s floor

=103.77-103.0=0.77 m.
Shape of the crest.

Width of the crest (B))
= o 55 \/_
where d = Helght of the crest above d/s bed-
= 103 77-101.5=2.27m
: B;=0.55:Vd =0.55-\2.27 = 0.825m,
Keep 0.85 m width of the crest
h+d
Y N
_(0.755-0.025 +227 _0.73+2.27
2 2
The top shall be capped with 20 cm thick C.C. 1:2: 4

Thickness at base =

=15m

657

Upstream wing wall. It shall be splayed straight at an angle of 45° from the u/s edge
of the crest and shall be embedded by 1.0 m into the berm. On the d/s side, wing walls
are kept straight and parallel up to the end of the floor-and joined-to-return walls, as

~ shown in Fig. 12.19.

Upstream protectzon 1.5 m long bnck pitching (equal to w/s water depth) is laid on
the u/s bed, sloping down towards the crest at 1 : 10, and three drain pipes of 15 cm
diameter at the w/s bed level should be provided in the crest so as to dram out the u/s

bed during the closure of the canal. J
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Upstream curtain wall. Maximum depth of u/s curtain wall

Provide 0.4 m x 0.8 m deep curtain wall on the u/s.
I Cistern. Depth of cistern, is given by Eq. 12.9 as

g X--[H H)Y? = [076><15]2/3 x(1.14)°-667

-(12.9)
i =% 1091=0273m; Say0.3 mdeep.. .
i * RL. of cistern = 101.5- 0.3 =101.2 m.
i Length of cistern =5VH - H;
=5%xV0.76x 1.5 =5xV1.14 =5.34m ; say 5.5m.
Provide 5.5 m long cistern at R.L. 101.2 m.
Impervious floor.
Maximum Static Head
= (Crestlevel — d/s bed level)
=103.77-101.5=2.27m.
Total floor length required
= C.H.; where C is Bligh’s coefficient
=6x2.27=13.62m. ; say 13.7m.
Minimum d/s floor length required
={2 (Water depth + 1.2)+ Hj)
=2(15+1.2)+15=2Q27N+15=54+15=69m;say 7m.

Provide 7 m d/s ﬂoor and the balance 6. 7 m under and upstream of the crest, as
shown in"Fig: 12.18. ) : .

=~ 10377
T~ o \ SUB SOIL H.G.LINE
| 103. - —
| \- : UP LLFT
‘ NS T‘ﬁ
i :\\ 122
) [ SS
6.7 7
e 137 = N
Fig. 12.18

_Floor Thicknesses. H.G. line. for the maximum static-head.-is- shown in-Fig-—12:18.

Maxzmum unbalanced uplift at the d/s toe of the crest

i =034 103 7173 7101 3) 7203+ 1.16=146m

Thickness required ——=1.29m ; say 1.3 m.

1.46
1.24
Provide 1.1 m thick concrete overlain with 0.2 m thick brick pitching.
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Unbalanced head at 3 m frém the toe of the crest

2.27

=03+ x4=0.3+0.67=0.97

Thickness required = ——=

13.7°°
0.97 _
1.24

0.78m ; say 0.8 m.

Use 0.6 m thick concrete with 0.2 m brick layer.
Unbalanced head at 5 m from the toe

1 2.27

~=0.3+55x2=034+033=0.63m . . .

Thickness required
0.63

13.7

=292 _0.51m; Say

T1.24

0.55m.

Use 0.35 m thick concrete with 20 cm thick brick layer, as shown in Fig. 12.19.

U/S WING WALL 1051

w05

104-5 U/S FSL

—— — —— — -

ol

103

PROFILE WALL

1 ,~D/S WING WALL |

103.6

- - e ——— —— =

/S FSL
~ 1030 |

D/S BED

J- prROFILE |
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1015

\ SLOPE PITCHNG | PROFILE- Lo
! " RL=1012 Croe watL [ DS CURTAIN
pE USTERN 12l Brick PITCHING 20cm | f— WALL

! ~ [{®I| THICK LAID OVER 10cm S .

D 10m Z|| THICK BALLAST
[ _ s - - . .

I CUT OFF WALL $ ‘

) l =3 \ e

("5} m

3 e

= TOE WALL
| e CHING

s cetorn SLOPE PIT

10541,

o wWALL —7]

" Fig. 12.19. Details of the Safda Type fall (tectangular crest) 6f éxample 12.3.

D/s Curtain Wall. The curtain wall at the d/s end of the floor should be 0.75 m deep
(for H=0.76 m in Table 12.1)

Provide 0.4m x 1.65m deeﬁ curtain wall at d/s end of floor, ie. upto a level of
101.5 - 1.65=99.85 metres, i.e. the deepest foundation level.
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-Downstream pitching. From Fable 12.1, '

Total length of d/s pitching _
=9+2 X 1.5=12 metres.

Pitching is kept sloped at 1 : 10. A curtain wall of 0.4 m x 0.75 m shall be provided
at the end of the pitching, as shown in Fig. 12.19.

Example 12 4. Design a 1.5 metres Sarda Type fall for a canal carrying a discharge
of 40 cumecs with the following data :

Bed level upstream e = I05.0m. T o
Bed level downstream =103.5m.

Side slopes of channel , =11

Full supply level upstream =.106.8 m.

Full-supply level downstream = 105.3 m.

Berm level u/s - =1074m

Bed width w/s and d/s =30m. .

Safe exit gradzent for Khosla’s Theory = 1/5.

Solution.

Length of the crest. Is kept equal to bed width = 30 metres.

Crest level. A trapezoidal crest is provided, since the discharge is more than 14
cumecs.

The discharge formula is given by

1
_ /2 H 16
0=199 LI [B,]

Assume B,=1 Om B o
e BT
40=199x 30-’3'—_1526'_—
-
1 s .40 _
i H “To9x30~ 07
| or '_ T H=(0. 796y =0 862m, say0 865 m.
| Ve]oc1ty of approach Coe _ '
| _ B 40 - Full =
| o ‘ ‘—_‘V,z B0+18)18 =0.7 ny/sec (. Fullsupplyéepth 1.8 m)

: 02
Velocity head = %L =0.025m.

u/s TEL u/s FSL + Velocity head

- RL. of the crest
© =usTEL -H
=106.825-0.862 =105.963 m.
Adopt a crest level of 105.97 m.
~ Shape of the crest. Adopt crest width at top-
B,=055VH+d ’

whdl
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where - H=0.865m
d = Height of the crest above d/s bed

=105.97-103.5=2.47m.
B =0.55V0.865+2.47 =0.55V3.335=1.0m. .

Adopt a trapezo1da1 crest with top width of 1.0 m and u/s slope 1:3 and d/s slope
1:8. ER

- Upstréam Wing Walls. Radius of the wings should be 5 to 6 times‘the head over

the crest =5 X.0.865=4.325,t0 6 X 0.865 =5.19 m. Use-5.0. m:radius-for the wings. U/s- - -
wing walls shall be kept segmental with 5 m radius subtendmg an angle of 60° at centre
and then carried: tangennally into the berm. :

Downstream Wing Walls. The downstream wings shall be kept straight up to a
distance of say;6 - VH - H, i.e. 6-V0.865x 1.5 = 6.8 m; say 7 m, and then Warped ina
slope of 1 : 1 and shall be taken upto the end of pucca floor.

Upstream Protectzon Brick pitching equal to u/s water depth i.e. 1.8 m is laid on
the u/s towards the crest at 1 : 10 slope. Provide 20 cm drain holes in the entlre length
at 3 m c/c to drain out the u/s bed during the elosure of the canal.

Upstream Curtain Wall. The minimum depth of curtain wall = —rd water depth ie.

%x 1.8=0.6 m. Provide 0.7 m deep masonry wall over-0.3 m thick concrete.

Thus, provide a curtain wall 0.4 m X 1.0 m deep on the u/s.
Downstream Curtain Wall. Minimum thickness

_Depth _ 1.8 _ _ - R ik

or from Table 12 1, it is equal to 0.75 m.

Provide a d/s curtain wall 0.4mx 1.4m over 0. 3 m cement concrete:. Thus total
“depth of d/s curtain wall shall be 1.7 m withits bottom level at 101.8 m.

Cistern. Depth of cistern
‘ —X——(H HYY? o L (129
——[(o 865x 1 5)”3]—Z>< 1.19=0.3 m (say)

'R.L. of Cistern =103.5-0.3=103.2m.
Lengthofmstern-—S\/H Hp =5- ‘/0865)(15 5X114 57m

Prov:de 5.7 m long Cistern . _ ,
Total Floor- Length and Exit Gradient— - - S TTAST el

Ge= d T , |
Maximum static head (H)'is caused when water is stored upto the crest level and
there is no water d/s.
H= =105.97-103.5=2.47m.
d=1.7m(i.e. Depth of d/s curtain wall)
GE— 1/5 (glven)
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1.247 1 '
57 1.7 m
1.7 7
or T x/— 247" 5 =0.137
From plate 11.2
o=10
‘ b .
or i 10 “
i or b=10%1.7=17m:; Use 18 m. o - =i~ .-

- Minimum floor length required on the d/s
=2 (Water depth + 1.2) + H;
=2(1.8+1.2)+0.865=6.865m ; say 7 m.
Provide the balance length of 11 m under and upstream of the crest, as shown in

Fig. 12.20. o
. 105-97 ’ 105.97 -
— 1.0
1:8 ‘
10439
: <<~ ~ - ,1/01..11
i , = =~y 1035
| 1032 T
| 162 L ]
10 " {2 , D35 1018
f= . Q '
Fig. 12.20

, Upllft Pressure Calculations . -
Assume u/s floor thickness as 0.5 m, and d/s floor th1ckness as 0 8 m, and ﬂoor
“thickness at toe of the crest as 1.3 m. . : »
(1) Upstream Wall.

b=18m.
d=1.0m.
1 4 1.0
] o b 18.0 =0.056
From Plate 11.1 (a)
¢E=O%

¢p, =100 —¢p=100- 16 =84%
¢c =100—- 0= 100= 23 =77%.
Correction to §c, for depth of floor

__84%-T71%
~103.0-102.0"

Correction due to influence of other wall is very small and neglected.

b, (corrected) = 77% + 3.5% = 80.5%

x05= —><05 35%(+ve)
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(2) Toe of Crest.
b=18m

718

From Plate 11.1(d)
¢Dé = 36%
(3) Downstream Curtain Wall.,
d=17m
b=18m

é—u—0094 . -

b 18
From Plate 11.1(a)
Og, =9p=29%
0p, = 0p=20%
0c,=0%
Correction for depth to ¢, : ' o
29:%1—720;% 08— 2 x08 4.2% (- ve) H
¢E (corrected) 29-42=248%

 The levels of H.G. lme for maximum static head are Worked out in Table 12.2 and | ‘
plotted in Fig. 12.20.

Table 12.2
Height/Elevation of H.G. line above datum

w's dfs Head

~ Condition of flow | W.L.in | W.L.in| Hin ¢51 ¢D1 d)cl ¢DZ ¢Es ¢D3 ¢c3
| Mmetres | melres | mewes | 100% | 84% | 80.5% | 36% | 24.8% | 20% | 0%

Maximunm static 247 | 208 | 199 | 089 [ 061 | 050 | 0.90
head, i.e. Water | 105.97 | 103.50 | 2.47 ‘
up fo crest level 105.97 | 105.58 | 105.49 | 104.39 | 104.11 | 104.00 | 103.5
on u/s and no
water
downstream

Floor Thlcknesses
" Provide a nominal thickness.of 0.4 m under u/s floor.
Unbalanced head at d/s toe of giacis = 104.39~103.2=1.19m

Thickness required = i—;j =0.97m; Use 1.2 m.

Provide 1.0 m thick C.C. overlain by 0.2:m thick brick pitching.
Unbalanced head at d/s end of floor =104.11-103.5=0.61 m.
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If the height-of the crest works out to be more they 0.4 times the upstream water
depth, the fall may /be flumed or fluming ratio increased, so as to increase H and to lower

" the crest.

Hump For an unflumed non-meter ordinary fall, the bed approach may have a slope

“of 5 L1 (—H 1TV, Jo‘med tangentlally to the u/s"edge of the crest with a radlus of H/?2,

as shown in Fig. 12.23. .

' Fig. 12.23

For a flumed meter fall, the curve should start at the same cross-section as the side

2 2

(see Fig. 12.24).

_ Upstream Protection. No upstream protection is required for an ordinary unflumed

 fall. However, for a flumed fall, dry brick pitching on edge may be laid both in bed and

sides for a length equal to u/s water depth (in a slope of 1 : 10 in the bed).
U/S TEL

N 2
NR= L‘;Zh*h ) B
R
= o o
x UPSTREAM |
® WING WALL ;
BERM LINE
) /1
FSLUINE ,
- - = o R=5T0'6 TIMES H
| 1
[ v_'i
I :
El'"' g —— FlOY
=
| =
L i L
b e L ) ! LINE ) _
Fig. 12.24

" Downstream Glacis. A straight glacis with 2 : .1 slépe has been found to be quite
suitable for this type of falls. The glacis may be joined to the crest at the u/s end, and
to the floor at the d/s end, with a radius = H, as shown in Fig. 12.23.

"Léngth and Thickness of Floor. The floor is-designed as per Khosla’s theory and
the total length of the floor is determined from exit gradient considerations, as was done
for Trapezoidal Sarda type fall



" normal width of the river. The expan-

. expansion is given by equatjon : -

" CANALFALLS , : N

Downstream Protection. With the provision of a deflector wall, no d/s Bed pliltchmg.-‘

is provided, and only side slope pitching is provided for a length equal to 3 tithes the
d/s water depth and should rest on a toe wall.

Upstream Wing Walls. For an unflumed non-meter fall, the side walls may be

splayed at 45° from /s edge of crest and carried into the berm for about one metre [as” o

was done in rectangular crest—Sarda type fall (see Fig. 12.19)].

For a flumed meter fall, curved wings with a radius of 5 to 6 times H subtending
an angle of 60° at centre, and therefore, carried tangentially into the berm [as was done
in Trapezoidal crest — Sarda type fall (see Fig. 12.17)] may be provided.

Downstream Wing Walls. For an unflumed fall, the walls are taken straight up to
the d/s end of the floor and then END OF EXPANSION
joined . with return walls (as was done B T
in a rectangular crest-— Sarda type START OF
fall—Fig. 12. 19 EXPANSION

For a ﬂumed fall, the d/s wings T
shall have to be expanded up to the

sion can be achieved straight with 1
in 3 slope for smaller works, and a
hyperbolic' ‘expansion (Fig. 12.25),
given by equation (12.11), may be
used for large works. The hyperbolic

Fig. 12.25. Hyberbolic Expansion.

' B, B, L : '
 B.= "L B -G B)x , (1211)
where B, is the width of expanding flume at any
distafice x from the beginning of expan-
sion.
The wings shall be embedded into the berms by at least 1 metre.

Roughening Devices or Energy Dissipators

In Sarda type fall, where energy is dissipated by impact, roughening dev1ces can
serve as an additional source of energy dissipation. Similarly, in Glacis fall, roughening -
devices may be employed to arrest the energy left after jurp formation. They may help - -

“in jump formation also. Various types of roughening dev1ces used qx falls are given .

3
¢

below';

approx1mately —th water depth. The spacing between the blocks is about twice the he1ght»

of the blocks. The specific recommendauons for their use in the modern falls are as
given below :

. (@) For Vertical Drop Fall or Sarda Type. Fall with Trapezoidal crest. Two rows
- of friction blocks staggered in plan may be provided, as shown. in Flg 12.26. '

e (1) Friction Blocks. These are ,the,most."simpletandlusefuLof all such devices. They . o
“consist of rectangular concrete blocks securely anchored into the floor. Their height is



helght of block).
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The first row may start from a distance ‘

1.5 y. (where y, = critical depth) from the ' D LS

d/s toe of the crest. Spacing between the D/’?E T(?fﬁg: ¢

rows is kept equal to yc . D . C.C.BLOCK OF iz

. e e ST T [T 2y X Y Xy,
“"Spacing between ‘the blocks =72 - Yo _éyc ,
The dimensions of the blocks ‘ IR ﬂ
=X yeXY B S

Fig. 12.26. Provision of friction blocks in

In addmon cube blocks of size th to Sarda type fall.

Tlgth of water depth may be provided at the

end of the impervious floor.

(b) For Glacis Fall, _Four rows of BfS THE OF NN TR AR
staggered blocks are genmerally ¢ ./ /l_,Sh_..}.H I
provided in case of flumed falls only. - - -~ V.7 Kb

Nothing is provided for unflumed
falls. The first row may be provided '

at a distance equal to 5xheight of = QT
block from the toe of the glacis, as ' st _,a
shown in Fig. 12.27. The height of the

block is generally kept 1/8th of the :
water depth The distance between h @Tih l

L

.two rows is equal =0 A (where h is the

- The dimeénsions of the blocks are * Fig. 12.27. Provision of friction blocks
3hX hx h - , ; " in flumed glacis fall.

(c) For Baﬁle Fall. Two rows of friction blocks staggered in plan may be provided
only when the drop is more than 2 metres. The su1tab1e dlmensmns are

‘Height (h) 0.26y, _ . : _ .
where y, is the sub-critical depth in the canal drs,

required for formation. of jump for paral-
lel downstream 51des in metres

T

Length

=h.
. 2
Top width. = '-3—h
Dlstancc betwee&tows___ I LIl h LTI nIILNT LnnTonuTI ,__ LI ,t‘:‘;_'_:>_‘_; oolmno Il oL

The first row may be placed at a distance —rd of the cistern length from the upstream
end of-the cistern. : -

(2) Glacis Blocks. A smgle row of blocks called Gla01s blocks and of the same
dimersions as friction blocks may be prov1ded just at the d/s toe of the glacis, in case
of flumed falls with drops more than 2 metres, as shown in Fig. 12.28. It helps in
reducing turbulence in ﬂow, which in turn, reduces wave wash, thus ensunng uniform
flow. - :



Fig.

water depth may be prov1dcd at the downstream efid 6f concrete floor (in cast wlth_d/s -
“cutoff) as shown'in Fig. 12.29.

* Safe Exit Gradieni for canal material =%. » ConTe

or...

CANAL FALLS : : . ' ' I 669

y DEFLECTOR -
(1—03) ~T WALL -
% ie o CISTERN S Z '
4 _ENDOFGlACIS ie ¢ DS T
Ye /s TOE RPN ok 72
17 U
r—2yc %
, % | B
12.28. Provision of glacxs blocks in flumed Fig. 12.29. Provision_ of a deflector wall.

falls with drops more than 2 metres.

(3) Biff Wall or Deflector Wall. A deflector wall of he1ght approximately -—th of

Example 12.3. Design a straight flumed meter glacis fall with the following data :

Full supply discharge of the canal . = 120 cumecs.
Bed level of the canal upstream . =107.5m
Bed level of the canal downstream = 106.0 m
Drop (Hy) =15m.

FSL of the canal upstream . =1097m
FSL of the canal downstream = 1082 m
Bed width of the canal /s and d/s° = 60m

Solution
Length of Crest. From Table 12.3, for H; = 1.5,
ﬂummgratxo 75%
-. Length of the crest -
= 75% of Bed width of canal
=75%x60m=45m.

Adopt crest length = 45 m.
Crest Level. Since the fall is to be used as a meter, a broad crest shall be provxdcd

- Discharge Qis glven by

’?“canal and takmg depth = 2 2 as given]
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(0.876°
2x9.81
u/s TEL = u/s FSL + Velocity head
—1097+004—'109-74m .
—-~Crest-Level——=u/s FEL — H———————— -~
-=109.74-1.35= 108 39m.
. Adopt crest level = 108.39 m. ‘
- Height of the crest above u/s bed
=108.39-107.5=0.89m.
which is approximately equal to 0.4 times the upstream water depth (22%0.4=0.88 m)
- and herice, we can go ahead with this fluming ratio and the present crest level :
Crest Wtdth Adopt crest width for broad crest
© =2.5H=2.5x%x135=3.375m.
Provxde crest width = 3.38 m.
" Hump. The crest shall be joined with upstream -bed with a curve of radlus o
L2+ 1?
T

Velocity head = = 0.039 m; say 0.04 m.

where L,= 2 m (assume).
h=0. 89 (ht. of crest above u/s bed)
Radms of the curve ‘_ :
2 1 (0.89)> .4.79
©2%0.89 1.78.

Cistern. The d/s glams is prov1ded in a slope of 2: 1. The c1stern 1eve1 is worked
: Out aS bclOW o CYLLTIITTOT TILUTTITL TTT TITLTTITST UYL L
0 = 120 cumecs. V

. Width provided =45 m.

R_ =2.69m

© ¢=Dischargeintensity = '14—5(2 =227 cumecs/metre B

. HL= 1.5m. .
* From plate 10.1, E; =1.85m.

Level at which jump will form

=d/sTEL - E; =108.24 — 1.85=106.39 m.
125E;=231m

. e e

R.L. of Cistern = d/s TEL —1.25 Ef
=(108.2+0.04) - 2.31.
=108.24-2.31=10593m. '

which is lower than the d/s bed level, and hence, adopt cistern level = 105.93 m.

Length of Cistern. 5 to 6 times Ey ie. 5%1.85=9.25m; or 6x1.85=11.10m.

Hence, use 10 m length of cistern joined to d/s bed in a slope.of 5 : 1 in a length of
5 (106-— 105.93)=0.35m.
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Downstream Curtain Walls. Depth of d/s curtain wall below bed = _"_Vit_‘ﬂ%m_h

=%2= 1.1 m; or from Table 10.2, it is equal to 1.35 m, therefore, adopt a curtain wall

of total depth cqual to 1.4 m, i.e. 1.1 m masonry 1a1d over 0.3 m concrete.

Total Floor Length and Exit Gradient. Maximum static head (H) is caused when-

water is stored up to crest level on the u/s and there is no water d/s.

Maximum static head (H) = 108.39—-106.0=2.39m
Depth of d/s curtain wall (d) = 1.4 m. : P

Safe Exit gradient Gg =

It 3|._.
a
2~

But

o
il

ok Ml""
v, }
]
o |82
=
=3
—
>

or _ m=5.5xz§§=0.107
/ From Plate 11.2,

: o=17

Total floor length required

’ =0 -d=17%x1.4=238m. ;say24m.
The distribution of floor length is shown in Fig. 12.29. 20.65 m is already provided
and the balance of 3.35 m is provided as u/s ﬂoor length.
2.2

Upstream Curtazn Wall. A curtain wall of mmlmum depth 3= 3 = 0.73 m must

be provided at the end of pucca ‘floor. Let us provide an u/s curtain wall (cutofﬂ of

0.4m x 0.8 m deep masonry. wall laid over 0.3 m thick cement concrete, thus. giving a
total depth of cutoff as 1.1 m.
Uplift’ Pressures. Refer Fig. 12 30. Assume floor thlckness on the /s =0.3m

and thickness on d/s =0.8m

Assumed = ;
A . 10833 i |
107:5 _ ‘ 10639 g A 1060
AT ™ : "10593 -
19m | =K Zic
_):__ DTET ! Assume G'Sm‘é 2 '
1065 . 4702
fe— 3-35 2 ~vf—3-38 4-92 10 .035-\—104:5 .
v ‘ - 20-65 . e
o Fig. 12.30
U/s Curtain Wall
' b=24m
d=1.1 m
1 d

a"E'E'OO“

D R e/
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k From Plate’1 i.l (a).
¢z, =100% -
dc, = 100- ¢ =100-20=280%
q;D =100-¢p=100—-13=87%

Correctzon for depth to ¢C

_ 87%—80%
11

dc, (corrected) 80+1.91=81.91%
D/s Curtain Wall -

Ce b=24m

d=14m

From Plate 11.1 (a)
¢EZ=¢E=23%
0p, = 0p=15%
0c,=0% '

A "Correctlon for depth to bz

- 23%—15%

5 X08= 46%(—ve)

- ¢E (corrected) = 23% + 4.6% = 27.6%

03_191%(+ve). N -

““Thelevels of H.G. lines for maximur stat1c head and flow'at FSL are worked out

N m TabIe 12 4 and plotted in.Figs..12.31 (a) and (b), respectively. -

Table 12 4
- : o " Height/elevation of H.G. line above datum.
Condition | u/s W.L. | d/s W.L. | Head in - o
" of flow inmetres | in metres | metres | O, ¢D1 ¢_C1 < 0s, _ ¢02 Gy
N 100% | 87% | 81.91% | 27.6% |. I5% | 0%
Maximum : ; 2‘.3'9 - 2.08 196 | 061 | 036 . 0
StaticHead, | 10839 | 1060 | 239 o '
ie. Water . i .
upto Crest . | 10839 | 108.08 | 107.96 | 106.61 | 106.36 | 106.0
level on u/s o
and no
water ondfs. o oo o oo B TR
, . : . 1.5 1.30 1.23 041 | '0.22 0
. ‘FlowatFSL | 1097 | 1082 | 15 ' ‘ . :
| . ; 109.7 | 109.50 | 109.43 | 108.61 | 108.42 | 108.2

Floor Thicknesses. Provide 0.3 m thlcknesé under upstream ﬂdor

At Toe of Glacis. Level of H.G. line (for static head) at toe of gla<;1s

_10661+w—62—74—196ﬂx1035
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! 05_39 . ~ FROM max™ STATIC HEAD
02 —~ T T T —— _’272' | 106.61
: v 105.83 T = = o 106-0
064 - . 7
' lﬁ—aas——-q-aﬁ._a 38_.1._.L92 >l 10.35
“
24-0 . =
104.6
‘ “Fig. 12.31:(a) Maximum static head condition.
109.70 ‘ HG.LINE FLOW
V93—t T L 3 [AT ESL . e
e 108.61
4 T~ r T i 310822
T06.69 y2_1 7
s .106-0
7203 -~~~ 10593 B
- 10-35 '
9.6 | Y
1.27 .
97— —] r=- 0.4
}_ - 240
Fig. 12.31. {b) Flow at FSL condition.
1.35 '
=106.61+—-%10.35
24

=106.61+0.59=107.20m.
Unbalanced head at the toe due to stati¢ head

““““““ #.=107.20-105.93=1.27m
Jump formatwn

B TP v q —*2 27 Cumecs[met{e,:;' by ‘ mIOITIDOATITULL TIITTL UL TTIN LT 7

HL-—l\Sm
f—l 85m
By =E,+H =185+150=335m

From Plate 10.2
. Y1 (far Eﬁ) = 03 m.
y, (for E}z) =1.7m.

The maximum ordinate at point of jump; from Fig. 12.31 (b) =2.43m.

-2—rd of this-ordinate = % X 2 43 =1.62 m, which is more than that for static head.

Hence the ﬂ001 thlckness at pomt of j Jump must not be less than

1.62
=124 =1.31m.~

Provide 1.5 m at this point and extend upto 2 m beyond toe
Level of H.G. line at 2 m beyond toe (due to static head)
1.35

—10661+a—><835—10661+047 10708m
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U_nbal_an,ceq head = 107.08 - 105 93=1.15 m.

Thickness required = ;—2—2 =0.925m., Provide 1.0 m.

Level of H.G. 11ne atSm beyond toe (due to static head)
S R 106 6T# 22 X535 T06.61°4030= 10691
Unbalanced head due to static head at this point
' =106.91-105.93=0.98 m.

Thickness required = % =0.79m., Use 0.8 m.

Upstream Wing Walls. Curved wing walls with radius equal to 6H=6x1.35
= 8.10 m subtending an angle of 60° at centre and then carried tangentially into the berm
for a suitable length shall be provided as shown in the attached chart Fig. 12.32.

. Downstream Expansion. The width of 45 m shall be expanded to 60 m in a splay
of3: 1. ' '
3(60-45) -225m
=5 =
The wings can be splayed straight from the d/s toe of the glacxs in a length equal
" to 22.5 m. The de shall have to be pitched upto the end point of wings. Slope pltchmg
shall be provided in a length 3 X 2.2 =6.6 m beyond this point.

Upstream pitching in a minimum length of 2.2 m (equal to u/s water depth) is
required. It shall, however, be provided as shown in Fig. 12.32.

Mlmmum length of expansmn requn'cd =

Energy Dzsszpators Four rows of staggered friction blocks shall be provided. The .
height of the block is —th of water depth, i.e. < >< 2.2=0275m. The flrst row shall be at

adistance 5.X 0.275= 1,375 m from the d/s toe of glacis:-The-size-of the blocks shall be- -

- 0.825m % 0.275m x 0.275 m. Distance between rows = 0.275 m.
A deﬂector wall at end point of floor is provided and is to have a he1ght equal to

,te 10—022m

The detailed arrangement is shown in attached chart F1g 12.32.

12.8. Design of a Baffle Fall or Inglis Fall

Certain flumed type ordmary straight Glacis falls constructed in Punjab were later
found to give some serious troubles, which gave rise to the conclusion that considerable
surplus energy might remain in water even after the jump formation. One major cause
of these troubles was found to be, too rapid expansion after fluming, which may generate
cork screw eddies causing deep scours. Research was carried -out to eliminate these

7
10

defects and Baffle fall' was
evolved. .

" A baffle fall makes use of
the principle of horizontal im-
pact for energy dissipation. The
jump is held stable on a horizon-
. tal platform by means of a baffle
wall (called baffle).

Fig. 12.33. Baffle fall.
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Baffle Platform. The horlzontal platform 18 provided at the level at Wthh the jump
would normally form. This can be determined by Blench curves in case there is no
expansion of the'wings in the region of supercr1t1cal jet. If the supercritical jet is splayed,
the optimum level at which the baffle platform should be provided, can be determined

by designer’s curves (given in C.B.1. publication No. 10). In the absence of curves, the

values can be determined by using the formulas given below.

Subcritical depth (y,) required for jump formation in ordina_ry cases without fluming

is very nearly given by

Yr=098 g2 HQ2 L L (12:10)

" - where g = the discharge intensity in cumecs/metre
H; = Drop in metres.
y, = the subcritical depth in metres.

The subcritical depth [y, (flumed)] required for jump formation, in case there is a |

fluming, is given by

Y2 (flumed) = y, + (Hy — Hy) “ " S 21D
S where Hy is the calculated drop in metres glven by

Hy ‘ '

Hy= 207% S L a(12.12),

where X is the fluming rauo (more than’

1), ie. :

_ Actual width of canal before fluming

Flumed width of canal -
~ The R.L. of the baffle platform will then be given by o
() For unflumed fall =d/sFSL- —y,.- . -~
_(zz) For flumed fall =d/s FSL -y, (flumed)

Baffle Wall. Height of the baffle wall = h, =y, ~y, = ' .(12.13)

o where y, is the critical depth, given by
‘ 213 o '

Y, =[ﬂg_} (12.14)

~ and y; is prejump super critical depth, given by

 31=01834"% . Hy 0% " ..(12.15)
Hy = H;, when there is no fluming

Thickness of the baffle wall ?éhb_ w218
Length of baffle platform =5.25 hy. - (1217

Cistern. A cistern of length equal to 5 y, (flumed) (equal to :5 - y,, for without
fluming) may be provided after the baffle wall. The depth of the cistern below the

downstream bed should be 10% of the downstream water depth (y,), subject to a

minimum of 15 cm for distributaries and minors and 30 cm for main canals and branches.
Upstream Wings. The upstream wings can be curved with a radius equal to
3.6 H*? (where H is the total head over the crest) when H is more than 0.3 m, and equal

N
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to 2H when A is less than 0. 3 m. The circular wings are continued till they subtend ap
angle of 60° at the centre, and afterwards they can be extended tangentially for the
required length into the berm or bank.

Downstream Wings. The downstream dlvergence for flumed meter falls can be

provided at a slope of 1 in 3 to 1 in 4.

A milder divergence is preferable for straight Glacis fall as well as for Baffle fa]]
(1in 4 to 1in 10 depending upon the bed width depth ratio of the downstream channel);
but that will make the structure costlier. Hence, a'divergence of 1in 3 is generally used
for meter falls of both types. The d/s wings of the unflumed-baffle fall are kept as are
kept for unflumed stralght Glacis fall.

Downstream Glacis. The d/s glacis for unﬂumed baffle falls is kept at 2/3 : 1; byt
for flumed meter falls, it is kept as 2 : 1. The glacis is joined to crest at the u/s end and
to the floor at the d/s end with a radius equal to H, as was done in the case of a glacis
fall. .
All other details of pitching, etc. reraain the same as for straight glacis fall.

The friction blocks are either not provided (upto 2 m fall); or provided as explained
earlier (for drops of more than 2 m.) )

Example 12.6. Design an unﬂumed non-meter baffle fall for the canal having the

following data : ,
‘ Full supply discharge = 30 cumecs

Bed level u/s =203.0m
Bed level d/s  =2012m
FSL u/s ' =2043m
FSL d/s =202.5m
Bed width- : '=28m ,
. Drop (Hp) e = k8 m L
Side slopes of channel =1 ] .
Solution. ‘ ’

Crest Length. Equal to bed w1dth Prov1de 28 m. crest length
Crest level A sharp narrow crest is provided, for which

0=1.84LH"?
30=1.84x28 H*
or == __os82
1.84%28
or H=(0.582)"?=0.697 m; say 0.7 m.
.Velomty of approach o N
- R 30 IRl S emn = ST ——— e
=V,= (28 1313 0.787 m/sec. |
. o _(0.787) ©
Velocity Head = 2‘g =5%981 O 0315 m; say 0.03 m.

Now, u/s TEL =u/s FSL + Velocny head
" =204.3+0.03=204.33m.
Crest Level =u/sTEL —H
=204.33-0.7=203.63 m.

.
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Adopt crest level = 203.6 m.

Width of the crest is kept equal to %—H= % x0.7=0.47m

Provide crest width = 0.47 m. -

\

U/s Glacis. Glacis of % 1 joined tangentially to the crest with a radius equal to

=0.35m shall be provided:

iy

D/s Glacis. Glacis of % : 1 joined tangentially to the baffle platform with a radius.

equal to H = 0.70m shall be provided.

Upstream Wings. The u/s wing walls shall be splayed at an ahgle of 45° from the
w/s end of the floor and shall be embedded into the bank by 1.0 m beyond FSL line.

Downstream Wings. Parallel vertical sides up to the end of pucca floor shall be
provided, which shall be connected with the return walls at 90°.

Upstream Protection. No pitching is required in bed and on 51des Depth of u/s.
* curtain wall requ1red is _ , i

Provide 0.4m x 0.6 m deep curtain wall over 0.3 m foundatlon concrete, thus
making its overall depth as 0.9 m.

~ Baffle Platferm and Raffle Wall .
~Baffle-Platform. Since there is no fluming, --
HL— H.=18m ‘ - o
Now . y,= o 98- q° 2. j - (i Eq. 12.10) -
| where q= % = 1 07 cumecs/metre | '
y2=098- (1 07)052 (1.8)%%
=098x1.0358x1.133=1.15m.
R.L. of bafﬂe platform
=d/sFSL -y, =202. 5— 1.15=201 35m
Previde Bafﬂe platform at RL. = 201 35 m '

Baffle Wall. Height of the bafﬂe wall

_hb =Ye™ N1

o ,3 LoTy 1/3 ‘ '
where ve=| L) =L (011793 =049 m
g 9.81 o

' y, = 0183 g% (H,) =0 ,  (ie.Eq.12.15)
.—0183(1 07)%% (1. 8)‘035—0 16m : -‘
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. Height of the baffle wall

hy=Y.—y1 A
=0.49-0.16= 033m

Thickness of baffle 7wall;=,,—§t hy = 0_.22_m.,‘ e

Length of baffle platform
=5.25h,=525%0.33=1.73m.; say18m
~ Cistern. Depth of cistern below d/s bed
' =0.1y;=0.1x13=0.13m.
R.L. of cistern = 201.2 - 0.13=.201.07 m.
- Length of cistern=35 -y,
=5X%X1.15=5.75m; say 5.8 m.
Drs Curtam Wall. Depth of the downstream curtain wall requ1rcd

or from Table 12.1, the depth for the curtain wall is equal to 0.6 m.

Provide 0.4 m x 1.0 m deep curtain wall, over 0.3 m thick foundation concrete, thus
making a total depth of curtain wall'=1.3m

Height of deflector above d/s bed

Hence, the d/s curtain wall shall be raised by 0.13 m above d/s bed.

D/s Bed Pitching. No pltchmg is reqmred o

" D/s Side Slope Pitching. Is required in a length equal to .
3-y;=3%x13=39m. '

Provide 0.2 m thick dry brick pitching over 0. 1 m thick brick ballast in a length equal to
3.9 m. The slope pitching shall rest on a toe wall 0.4 m thick and 0.8 m deep (overall)

- constructed in the bed at the junction of bed and sides. A solid profile wall called

‘Dhamali’ shall be constructed at the end of pitching. It shall be 0. 4 m thick and plastered
in cement mortar. :

 Friction Blocks. Not required. -

Total Floor Length from Exit Gradient Considerations '
Safe exit gradient = 1/5

e o Maximums-static-head-(H)-is-exerted-when: water is stored upto-crest-level on u/s

and there is-no water on d’s.
H=203.6-201. 2—24m
Depth of d/s curtain wall =d= l 3m

_Now, Gp=2 d T
124
5

1
13 7\A
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1 113
or m=gx'2—z=0.108
From Plate 11.2, '
a=16.5 _
-, Total floor length required = 0d=16.5x 1.3=21.45m;
Prov1de 22 m overall length.

The floor length already provided (12.365 m) is shown in Flg 12.34 ; the balance,

ie. 9.635 m is now provided on the u/s, as shown in Fig. 12.34.

100% '
2036 .
aov\.i i _ RL=203.6 20135 o .
£ 7
O e e N Ri=01-65 . 20133
: 202.77 G -2% 201,20
RL 202.4 : e el :
| b0 ‘ 21435 eyl v 13
9.635 0.47 ’
0.3’ 200.0 20 200.37 lgi199.9
1375——4%1
022
13,78 822
22.0 '

Fig. 12.34. Dimensions of the baffle fall of example 12 6

Calculations for Uplift Pressures
(®) Upstream curtain wall
b=22m - ;
d=0.9m :

From Plate 11.1 (a),
¢g, =100%
¢D =100—-¢p= 100% -14% =86%
¢C =100-¢g= 100% —-20% =80%

Assume upstream floor thickness = 0.3 m.

Correction to §c, for depth '

 86% — 80%
B 05
¢c, (Corrected) =80% + 2% = 82%

x 0.3 =2.0% (+ ve)

~ (i) Downstream curtain wall
b=22m
d=13m

From Plate 11.1 (@)
0z, =0;=23%
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0p,=0p=16%
0c,=0%
Assume d/s ﬁoor thickneés near d/s curtain wall = 0.7 m
.Corre'c'tion' to ‘q)E;“fbr ﬂovr*thi‘ékné;s C T n——
| - 31‘7"—1‘51—@ % 0.7=3.8% (= ve)
95, (Corrected) = 23% — 3.8% = 19:2%.

'Uplift pressure at the toe of the glacis .
=19.2% +§%;221ﬁx8.22

=19.2% +22.7% = 41.9%
Floor Thicknesses
- U/s Floor. Provide a nominal thickness.of 0.3 m.on the upstream 51de and extend
it up to d/s end of crest. Its bottom level shall be at R.L. 202 7'm.
Toe of Glacis : :
Level of H.G. line at toe of glacis
=201.2+41.9% %x2.4 -
=201.2+1.0=2022m o
" Unbalanced head due to this maximum static head of 2 4 m:
=202.2-201.35=0.85'm v
Unbalanced head due to dynamic condition may be taken as
 =50% (y,~y) + % pressurex H, - (Refer page 558 Chapter 11)
=50% (1.15=0.16) +41.9% x 1.8 ~ ~ : :
. =0.495+0.754=1.249 m; say 1.25 m.

Thus at toe of glams the head due to dynamic condition is more than that due to
static condition. Hence, rmn_lmum thickness required at to —-i—;—%— 1.01 m. Provide
1.35 m thickness in the entire length of baffle platform, thus keeping its bottom at R.L.

201.0m. .
Thickness Iat‘the start of cistern
Percentage pressure at 2.02 m from toe of glacis (i.e. statt point of cistern)
80% ~19.2% '

=19.2% + — 5 X 62 ’

T=192%+172=364% T T
Level of H.G. line at this point "

=201.2+36.4% (2.4)
=201.2+0.87 =202.07 m.

Maximum unbalanced head at this point
=202.07-201.07=1.0m
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Floor thickness required at this point
1.0
=T24" 0.81m
Provided thickness =201.07-200.0=1.07m.
Thickness required at 3 m beyond the baffle wall
=1025+ B2 35
, =19.2% + 8.85% = 28.05%
Level of H.G. line at this point
=201.2+28.05% (2.4)
=2012+0.67=201.87Tm

Maximum unbalanced head at this point

=201.87-201.07=0.80m
Floor thickness required at this point
0.80
=194 =0.645m ‘
Hence, provide 0.7 m thickness in the remaining portion, as shown in Fig. 12.34,

Full details of the fall are shown in the attached chart Fig. 12.35.

PROBLEMS

1. (@) What is meant by ‘Canal drops’ ? Why are canal drops constructed in a canai system ?

(b) Enumerate the various types of canal drops which have been used since olden days. Explain in
details the design principles governing any one of the modern types.

2. Why are “drops” constructed in an irrigation canal ?

“"Draw a neat sketch of a syphon-wel: drop and-explain- briet y-its COMPONERES, ——~— ~—v -
' T (Madra:: Ur:zversvry, 1973)

3. (a) What is meant by “falls” and where are they located ?

(b) Discuss briefly the components of various types of falls with neat sketches. Also discuss the
suitability of each type. .

4. Sketch a syphon well drop to carry 0.3 cumec of water from the followmg data

Ground level T =3000m.

B.L. of channel above drop =28.00 m.

F.S.L. of channel above drop =30.00 m.

F.S.L. of channel below drop =28.50m.

B.L. Of channel below drop =26.50m.

Provide a 4 m cart track over the well drop. The earthwork connections should be clearly shown.
Assume any other data that you may require. (Madras University, 1976)

’s. (a) Explam why trapezoidal notches are preferred to rectanguiar notches in the-designof-canal
drops. R (Madras University, 1974)

() Design the size and number of notches required for a canal drop with the following particulars:

Full supply discharge = 20 cumecs

Bed width =14 m.

F.S. depth =19m.

Assume any other data if required.
Ans, [6 Notches as with [ =0.83 m and n=0. 37, provided in a crest raised above the bed level by -
0.6 m.]



682 IRRIGATION ENGINEERING AND HYDRAULIC STRUCTUREg

. 6. (@) Discuss the comparative merits and demerits of Notch falls and Sarda type falis,

(b) Design 1 m Sarda type fall on a channel carrying 20 cumecs discharge whose bed width and
water depth are 14 mand 1.9m respcctlvely

7. (@) What are canal falls _and why are they constructed.?__.__._ . |

(P) Design an unflumed non-meter hydraulic jurnp type fall (i.e. glacis fall) on a distributary Carrying
10 cumecs discharge. The drop to be affected is 2 m, and the depth of flow and the bed width of chanpe)
are 1.4 m and 8.0 m respectively. .

8. (@) Discuss the principle advaﬁtage offered by a baffle fail in comparison to a straight glacis fa)]
(b) Design a flumed baffle fall fof a canal having the following data :

Full supply discharge. of the canal =120 cumecs.

Bed level of canal upstream _ =107.5m.

Bed level of canal downstream =105.5m.

Drop (Hy) ' C=2m.

F.S.L. of canal upstream =109.7Tm
F.S.L. of canal downstream C o =107.7m.-

Bed width of canal w/s and d/s - - =60m.

Bligh’s safe hydraulic gradient for the soil  =C=12.

9. (a) What are “canal falls” and where are fhey located 7 '
(b) What is meant by “flumed falls” and what are theif 'advahtageé ?

(c) Discuss how fluming is done for flumed falls. Write down the equations etc. that you will adopt
for designing the upstream as well as downstream wing walls of flumed falls.

(d) What are “roughening devices” ? Discuss their use in ‘falls construction’ ? What roughening
device would you recommend for a straight glacis fall 7 () when flumed (b) when not flumed. :

10. /a) State briefly how you will decide the location of a canal drop Explam how a trapezmdal
- notch type fall-helps-to maintain depth discharge-relation-in- the-canal.~

) Followmg data’ were observed in a canal fall :

Full supply level B =115m.
Bed level of canal ' =112 m.
| - Bed width of canal =15m.
| Full supply discharge ’ ‘ =30 cumecs
Side slope of canal - C ' =2(H):1(V)
Length of crest of the fall = 10 m (crest section is rectangular)
Coefficient of discharge over crest = 1.70m%/sec.

3 Calculate the crest level,
‘ [Selutien. O =30 cumecs
' y=3m.
e B=15m. BRET e . R Y
A=B+ 2y) y (w1th 2H:1 Vslopes) -63 sq. m.
V,= velocnty in channel

= velocxty of approach = == ==—=048

VZ 0.0117 0.012 |
= ‘ 2= ;say 0.012m

v
I s UsTEL=wsFSL. + 7;— =115+0:.012=115.012m.
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Now, Q=17L-HY?
30=1.7x 10 B>?
H=1462m.

. Crestlevel =usTEL -H
=115.012-1462=113.65m. Ans.]
11. Write short notes on any three of the following :
(i) Syphon well drop. - '
(&i) Roughening Devices.
© (iii) Wing wall for flumed falls.
(iv) Trapezoidal noich fall.
(v) Simple vertical drop type fall.
(vi) Sarda type fall.
(vii) Straight‘glacis fall
(viii) Baffle or Inglis fali.

(ix) Differgnt types of fal}s and their suitability, for a particular project.
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