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115 FORMULA FOR DISCHARGE OF
TRAPEZOIDAL NOTCH

A trapezoidal notch will be installed in the side wall of the

upstream well with its sill at +20.00 (bed level of channel

upstream). Since the water flowing through the notch well

head up only to a level of 19.79 which is below the sil level,

the notch can be assumed to discharge freely.

‘The trapezoidal notch is a combination of rectangular and a
triangular or a V notch. The discharge through a trapezoidal
notch has been derived in Chapter 12.

Excluding the velocity of approach, the general equation for
the discharge of a trapezoidal notch wholly free without any
submergence s given by

=299 (L +04nd)
where, Q= discharge through Notch in cubic m/sec.
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C=coefficient of discharge of the notch generally
taken as 0.7, For channel decper than 2 meters,
this value can be increased

d=depth of flow over the sill of notch in meters

L= width of ill in meters

=2 tan o, where i the angle which the side of the
notch makes with the vertical (Figure 11.2). The

value of 2.99 is substituted in place n{% xV2g .

11.6 WATER LEVEL FOR WHICH THE NOTCH
SHOULD BE COMPUTED

It is important to select suitable water levels to compute the
widths of notches and invariably these must be selected to suit
conditions of regulations and variations of the flow in the chan-
nel.For ordinary purpose, the upper level may be taken at the
ordinary full supply level of the canal, and lower level, alittle
below the level of the lowest working supply but not higher
than the level of half supply. '
In this case, the notch may be fixed with reference to full
supply level, and half supply level. Where enough data is
available, the half supply depth of the canal or channel an be
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‘actually computed. In the absence of such data the half supply
depth can be assumed to be 3/4 of the full supply depth.

11.7 DESIGN OF NOTCH DIMENSIONS

Full discharge conditions: Q = 0.30 cubic meters/second and
depth = 0,60 meters. Substituting these values in the equation,

Q =299 Cd** (L +0.4nd)
030=299x0.70% 0.60"? (L + 0.4 1 X 0.60)
030
299x0.70x 0.60%
o (L+024n)=03080 @
For half supply conditions, Q = 0.15 cubic meters/second, d
=060x 32045 meters.

W (L+024nm) =

0.15=299x0.70x 045" (L + 0.4 n x 0.45)

015 i)
(L+0.18 n)= ——E 202374
¢ )= 25 x070x0457
- Solving these two equations, we obtain the values of L and n
as
006n =0.0706
n=2o 18

L=0.025 meters or 2.5 cms. Adopt 3 cms.
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And, n=lI8=2una
tan o= 0.59 or o= 30° - 32
11.8 SKETCH OF THE TRAPEZOIDAL NOTCH
Bottom width of notch at illlevel of + 20,00 s 3 cms.
Top width of notch at F.S.L. = 0,03 + 2 tan 0x0.60
=0,0340.60 1.18 = 0,03+ 0.708 or 0.738 meters
=74 cms.

114 DESIGN OF WELL
Since the syphon barrel-self is 53 cms. in diameter, the
upstream and downstream wells need be of about 1.25 meters
internal diameter.

Both the wells are taken down to hard ground. The wells are
provided with a 60 cms thick foundation concrete witha 10cms.
thick wearing coat made up of richer concrete.

1110 UPSTREAM WELL
Steining at the top of well is kept 0.40 meters above TB.L. as
shown in Figure 11.1. The bottom level of steining above foun-
dation concrete is at + 18.60.

Therefore, the height of wall is only 340 meters. So, a
thickness of steining of 45 cms as shown in Figure 11.1 is more
than enough.

When the canal is running full,the base concrete of the well
will experience an upliftpressure head equal to
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(upstream F.S.L. - level of water in the well) = 20.60 -
1979 = 0.81 meters.

‘The 60 cms thick concrete can casily overcome this. The
regulation notch already designed will be constructed in the
steining of the well itself as shown in Figure 11.1. An iron
grate will be provided before the notch to prevent any vegetal
debris getting into the syphon barrel.

1111 DOWNSTREAM WELL

The top of the downstream well may be kept at +20.00 for the
semicircular portion on the earth side. The balance semicir-
cular portion is kept at the rear channel bed level namely
+19.00, as shown in Figure 11.1.

1112 SYPHON BARREL

Since the syphon barrel has been designed to be a pipe of 53
cms internal diameter, usually a reinforced concrete hume pipe
is provided.

‘The length of the syphon barrel may be conveniently kept as
amultiple of 180 cms. or 240 cms. (corresponding to 6 feet and
8 feet) since the manufactured R.C. Hume pipes are available
in such lengths.

Inorderto give a suitable bedding to the pipe a 30 cms thick
levelling course of conerete is enough. Concrete binder walls
are provided over the collar joints for the pipe vide details in the
drawing. These give water proof pipe joints and also enough
dead weight for the pipes to prevent any buoyancy effects,
when the pipe is emply and there is plenty of subsoil water
around the barrel.
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1113 PROTECTIVE WORKS

‘The channel both upstream and downstream is protected with
aprons and revetments as shown in Plate 5 of the Appendix.

11.14 IRRIGATION SYPHON
‘The design of an irrigation syphon is almost the same. In this
case, the irrigation canal or a small channel may have to be
syphoned under a road, a canal or a drain. There may not be a
drop in F.S.L. of the channel at the site of the crossing, but sill
‘2 minimum amount of head is necessary to drive the discharge
through the syphon. So, the difference in F.S.L. of the channel
upstream and downstream will be equal to the loss of head in
the syphon barrel.

As there s no drop there is no necessity for regulating the
water elevations in the channel on the upstream side. So, there
s no necessity of instlling a trapezoidal notch. The water
enters the upstream well, and will head up to the upstream
FSL.

The downstream side F.5.L. is obtained by deducting the
Toss of head in the syphon from the upstream F.S.L.

‘The rest of the design features are the same as in the case of
syphon well drop.

Plate 5 (in Appendix) shows the detailed drawing in support
of this design.
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1115 SPECIFICATIONS

1. The foundation concrete for the upstream and downstream
walls, the wearing coat in the wells and the specification for
well steining are just the same as that for the well described in
Chapter 8. The bedding or levelling course of concrete under
the syphon barrel (hume pipes in this case) is a levelling course:
of concrete and is something like a mud mat, .e., concrete of a
lean mix, often with a proportion of 1 : 4 : 8. Its main purpose
is 10 provide a hard bed under the pipes so that te pipes are not
subjected to any bending stresses, due to unequal settlement of
earth if no bedding concrete is provided.

Sometimes an R.C. Box may be used as the syphon barrel, if

the cross-sectional area required s large. Even in such cases
the R.C. Box is laid over a mud mat.
2. Caulking of pipes: Since the pipes are manufactured in
specified lengths, jointing of pipes is inevitable. R.C. collars
are slipped over the joints. The diameter of collar is larger than
the pipe.
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Design a syphon well drop crossing a cart track with the follow-
ing hydraulic particulars.

111 CHANNEL UP-STREAM OF DROP

Discharge 030 cubic
meters/second

Bed width 1.25 meters

Bed level +2000

Full supply depth 0,60 meters

FSL. +2060

Top of bank | meter wide atlevel ~ +21.60
11.2 CHANNEL DOWNSTREAM OF DROP

Discharge 030 cubic
‘meters/second

Bed width 125 meters

Bed level +19.00

Full supply depth 0.60 meters

FSL. +19.60

Top of bank | meter wide at level +20.60. Both upstream
and downstream, there are one meter wide berms at ground
level inside canal section. Slopes of channel section in cutting
and embankment are 1: 1 and 1 /2 1 respectively.
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‘The cart track is 5 meters wide at level + 20.50 and this may
be assumed as the general ground level. Provide one meter
wide catch drains on either side of cart track.  Good soil at
foundation is available below +19.0.

113 DESIGN

The channel is let down into an upstream well through a
trapezoidal notch, installed in the side wall of the well. This
will regulate the flow into the well and also maintain proper
supply level in the channel upstream.

‘The upstream well wil also act as an energy dissipator. The
wellis taken down sufficiently deep so that the depth of water
in the well will act like a water cushion. This wel is connected
by means of a conduit to another well downstream. This con-
duit which is also called a syphon barrel will convey water from
upstream well to the downstream well.

Since the water level in rear of the syphon barrel i to be at
the channel rear F.5.L., the water level in the upstream well will
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head up to such a level that with the difference in water eleva-
tions in the upstream and downstream wells, the water will be
forced through the syphon barrel, and the area of the syphon
barrel will have to be limited, such that the velocity of flow in
the barrel is about 2 10 3 meters/second. This difference of
‘water elevations in the upstream well and downstream well is
also called the loss of head in the syphon. Care must be taken
10 see that the barrel flows full.
Discharge in the channel = 0.30 cubic meters per second.

Assuming one row of R.C. Hume Pipes with a diameter of
53 cms (equivalent to 1.75 feet), area of the barrel provided,

= f X (0.53)2=0.221 sq. meters.

Velocity of flow in the barrel =

114 DISCHARGE THROUGH THE SYPHON

The head required to drive the flow through the inverted
syphon is given by Unwin’s Formula

25
h = Difference in level of water up and downstream
orloss of head

L =Length of the barrel

i (1 mm%)"z . where
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R = Hydraulic mean radius of the barrel
V = Velocity of flow through the barrel

i s a coefficient which provides for the loss of head on entry
‘and it may be taken as 0.505 for an unshaped mouth of the same
sectional area as the barrel.

fois a coefficient, such that the loss of head by friction through
the syphon barrel is given by

L
(hxk]Zg
. 03p
frisequaltoa/ 1+ %% | where aand bfora smooth conerete
surface are givén as 0.00316 and 0.10 respectively.

In the above equation, the velocity of approach has been
neglected. From the above sketch the length of barrel is com-
puted to be about 17.00 meters (7 pipes each measuring 8§ fect)
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‘The diameter of the pipe is 53 cms. (corresponding to one foot
nine inches in diameter).

Hydraulic mean radius -‘7’

L=17.00 meters, R=0.13, V.= 1.35 misec, fi = 0.505
ﬁ-u.msls[u“‘“ "°]-o.m39

ﬁx',—; = 00039 x ")L]'J-o.sl

= h = (1+0505+051) x

. [(ED
2015 x 196

=0.187 m or 0.19 meters.
“The loss of head in the syphon = 0.19 meters.

2. The water level in the upstream well will head up to
19,60+ 0.19 = 19.79 meters.

The use of “‘Unwin's formula is alright for a rapid design.
But a rational method is to adopt the total energy line method
based on fundamental principles. Thistotal energy line method
has been illustrated while working out the loss of head in the
barrel of the under-tunnel (Chapter 17). The Unwin's formula
gives a comparatively higher value and is thus quite conserva-
tive.





