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HYDRAULIC DESIGN OF STRUCTURES CONCRETE DESIGN OF HYDRAULIC STRUCTURES

Course Objective
Improve the ability of student in designing the hydraulic structures. Calculating the dimensions and

reinforcement of the hydraulic structures according to the available data.

Course Description
Studying the hydraulic structures and finding it is dimensions. Check the safety of the structures and finding the

flow performance. Analysis and design of selected hydraulic structures and finding it is reinforcement.

Engineering Mechanics- Static, Strength of Materials, Structural Analysis,
Prerequisite module Design of Concrete
Fluid Mechanics, Irrigation and drali




DESIGN OF HYDRAULIC STRUCTURES

Textbook

Varshney — Gupta — Gupta 1977 '"Theory and Design of Irrigation Structures
3rd. Edition Vol. I

Reference Books

Chow, V.T.,1959 “Open Channel Hydraulics”

Davis, C.V., 1969 “Handbook of Applied Hydraulics” 3 Edition.
U.S.B.R. 1958 “Hydraulic Design of Stilling Basins and Bucket Energy
Dissipaters

Linsley and Franzini, 1972 “Water Resources Engineering” 2"d Edition.
U.S.B.R. 1974 “Design of Small Canal Structures”

FAO 1975 “Small Hydraulic Structures”.

Varshney — Gupta — Gupta 1977 "Theory and Design of Irrigation
Structures'" 3", Edition Vol. I

Punmia .B.C. & Pande B.B. Lal 1981 “Irrigation and Water Power”.
Santosh Kumar Garg 1997 “Irrigation Eng. & Hyd. Str.”

10 Larry W. Mays 2005 “Water Resources Eng.”
11. R.K. Sharma & T.K. Sharma 2008 “Irrigation Eng.”.
Dr.K.R. Arora 2009 “Irrigation, Water Power & Water Resources Eng.”.

Course Assessment

Term Tests | aboratory Quizzes Project Final Exam

15% 10% 5% 70%




DESIGN OF HYDRAULIC STRUCTURES

Course weekly Outline

Topics Covered

Introduce basic definitions and introductory concepts of hydraulic structures and their use.

Introduction & Rigid Foundations

Introduce the definition, name, location and direction of regulator.

Rigid Foundations & Elastic Foundations

Introduce the hydraulic calculation of regulators (velocity and discharge).

Elastic Foundations, Design of aqueduct

Introduce the line of creep and up lift pressure theories (Bligh’s creep theory and Lane’s
weighed line of creep method).

Design of aqueduct

5 | Introduce the flow net (Khosla’s theory / exit gradient, cut off depths and scouring depth) Types of bridges, Design of slab bridges
6 | Introduce the concrete floor thickness. Design of deck grader bridges (concrete girders)
7 Introduce the transitions (kinds, properties, hydraulics, discharge equation, Mitra’s method, Design of deck grader bridges (concrete girders).
Hind’s method). (1%t exam)
8 Introduce the energy dissipation (hydraulic jump, types and efficiency, type of flow D/S of gates | Design of Box Culvert
and types of stilling basins).
9 Introduce protection of approaches U/S and D/S of concrete floors. Concrete Design of Reinforced concrete culverts
10 | Introduce gates (types, water pressure and forces on gates, design principle Concrete Design of Reinforced concrete culverts.
for sliding steel gates).
11 | Introduce the closed regulating and conveyance structures (concrete pipes, Concrete Design of circular tank
reinforced concrete culverts, single and multiple barrels and siphons).
12 | Introduce the closed regulating and conveyance structures (concrete pipes, reinforced Concrete Design of circular tanks
concrete culverts, single and multiple barrels and siphons).
13 [ Introduce the weirs (sharp and broad crested weirs). Concrete Design of Rectangular tanks
14 | Introduce the level control structures (canal outlet, canal escape, falls or drops). Concrete Design of Rectangular tanks.
15 | Introduce basic definitions and introductory concepts of hydraulic structures and their use. Concrete Design of Barrages
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Laminar Flow vs. Turbulent Flow
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Laminar Flow and Turbulent Flow:

L/

% Laminar Flow:

» If the flow is smooth and if the layers in the flow
do not mix macroscopically then the flow is called
laminar flow. In laminar flow layers will glide over
each other without mixing.

W/

% Turbulent Flow:

» In turbulent flow fluid layers mix macroscopically
and the velocity/temperature/mass concentration
at any point is found to vary over a time period.

laminar flow
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Transitional
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Uniform and Non-Uniform Flow

Uniform flow

Non-uniform flow

Flow direction

©The COMET Program




Uniform Flow

Non-uniform Flow

The flow in which
velocity at any
given time does
not change with

respect to distance.
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In this flow.
velocity at any
given time changes
with respect to
distance.
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STEADY AND UNSTEADY FLOW:

Steady flow: the flow in which conditions at any
point do not change with time is called steady
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« Unsteady flow: the flow in which conditions at
any point change with time, is called unsteady
flow.
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Definition of the Normal depth
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The normal depth (y,) is the actual channel water
depth when the flow is uniform (i.e. when the flow
depth and velocity do not change with distance)
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Critical depth

Flow in an open channel is critical when the Fr.
number of the flow is equal to unity. Critical flowi
channel depends on the discharge and the geometry
channel secticn. For a rectangular section, the cm:’
depth is given by

Where,
Y= % .9.:. yc = The critical depth,
g% Q = The discharge and

B = The width of the chamel.
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Canal Outlets

PARENT
HANNEL
.

FLOW MEASUREMENT
STRUCTURE
(THROAT TYPE SHOWN)

OUTLET/ N
FIELD TURNOUTS

Introduction

» An outlet is a small structure which admits water from the
distributing channel to a water course or field channel.

» An outlet is a sort of head regulator for the field channel
delivering water to the irrigation fields.

» The responsibility of maintenance of the distributing channel
and the whole canal network lies with Government, while
that of the field channel lies with the farmer. The outlet is the shutterste.ck:
connecting medium for the two.
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Same dimensions

Equal potential lines

\ (equal elevation pore pressure)
Flow lines



» Sheet pile
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DESIGN OF HYDRAULIC STRUCTURES

Lane’s Weighted Creep Method
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In calculating the length of seepage path, Lane assigns a weight of one to vertical
creep distances, one-third to horizontal distances and intermediate values to

Inclined distances. The length of creep path is calculated as:

H
L. = 2 +> V=Cv Al

-
J

L, = weighted Creep Length ; P

J H = Cumulative horizontal length of percolation line.

Vi

J V= Cumulative vertical length of percolation line.

Ah = Maximum Static head of water (upstream water —

- i e

level minus exit level) no flow
C, = weighted creep ratio



Table (1). Recommended Weighted-creep Ratios Ref.: USBR (Design of Small Dams)

Material Ratio
Very fine sand or silt 8.5
Fine sand 7.0
Medium sand 6.0
Coarse sand 5.0
Fine gravel 4.0
Medium gravel 3.5
Coarse gravel including cobbles 3.0
Boulders with some cobbles and gravel 2.5
Soft clay 3.0
Medium clay 2.0
Hard clay 1.8

Very hard clay or hardpan 1.6



To ensure Safety against piping under the structure, L,, must not less than C,, * Ah.
L,>C,*H

The uplift pressure by this method is calculated for different points along the path
as:

1001 Lw — Li | .
Pi= " aria 1
Tw _
U= Alix Pi

P1 = the Percentage of seepage pressure.
LI = Sum of the weighted creep length to point. =
L=V, +=

. . . L
Ui = uplift pressure at point Ly, = ZLV + )y =2



Location of Gate:

1. Moving U/S. (in creasing X,) means increasing
floor quantity.

2. Moving gate D/S. (reducing X,) means reducing

quantity of floor concrete.

Cutoff depth:
The cutoff can be designed according to depth of scour criteria,

.. 1/3
R=1.35

q |
7



R = scouring depth in (m)

f = silt factor obtained from the equation ./ =1.76jd

d = median size of bed material particles

q = discharge per unit width in m3/s/m Minimum depth of U/S and D/S cut off.

Canal discharge | Min depth of cutoff below
The depth of cutoff D is computed from or (capacity) :

 Upto3 cumecs 1-1.25m

B = (_‘YR — 'l’j 3.1 to 30 cumecs 1.25-1.50
' 30.1 to 150 m3/s 1.50-1.75m

Above 150 m3/s Use 2 m

Where X = factor of safety.
= 1.25 for upstream and = 1.5 for downstream
y = depth of water

The scour depth R may be also obtained from special charts as the one shown.



Example Problem

Given the following data for a regulator site: -
U/S conditions:
U/S W.L.
U/S B.L.
U/S canal B.W.
U/S side slope
U/S Manning's (n)
U/S discharge
Silt factor (f)
D/S conditions:
Water level at full discharge
Other data are the same as U/S canal.
Lane’s coefficient of creep C,,
Total length of concrete floor L,

Other data are the same as U/S canal.
Lane’s coefficient of creep C,,
Total length of concrete floor L,

31.78 m
28.00 m
12 m
1.5H: 1V
0.021

56 cumecs
0.70

31.25m

8
32.60 m

32.60 m



Using the above information, solve the following: -

1. How much is the velocity of approach when the regulator gate is fully opened?

A = (B+Z*D)*D = (12+ 1.5*3.78)*3.78 = 66.79 m? '—,—
56 ] | y
Va=——=0.838m/sec
66.79 : =HiS | s
b — Va _ (0. 838) = 0036 | b |
g 19 6

2. How much is the needed regulator width (S) for a fully opened regulator to pass the given

discharge at the given water levels?

21.78
31.25

h =31.78-31.25 =0.53m

4 \H_ - .
ha~=0.04 m 28,10 =36 cumecs
D=31.25-28 =3.25m v 28 m

am 15m

Q= C*S*D\flg[h—haj

56 = G.QSKS.ESJJZ*Q.SHG.SS +0.04)
= 5=5.6m




3. Assuming a regulator opening of (6m) width (S), calculate the needed U/S and D/S cutoff depths.

56 = b % f
q=—=9.2333 i /secm
6
y 51/ 3
|q1 |3 0.333° I -
R:l,}q?' R =1.35 07 | =(.73 M
: L

Dps = XR-Y = 1.5(6.73)-3.25=6.85 m
Dys= XR-Y =1.25 (6.73)-3.78 = 4.63 m

4. Check by Lane's method to show whether your selected depths are acceptable or not?

. Selected U/S depth =4.60 m and D/S depth =6.85m
H= max. static head = 3.75 m
Needed L,=C, *H =8*3.78 =30.24 m

. 32.6 ) _ . L
Available L, = : +2(4.63+6.85) =33.83m Since this is more than needed, .. design is accepted




5. Using a D/S and U/S cutoff depths of (10.0 m) and (5.0 m), respectively, plot the uplift pressure

diagram showing values at important points.

326
W 3

L +20+10 =40.86 m

U.P.at 7 = zero
|" 378

"
5

(20)=1.85m

AtS=

= 2.73m

Ata=( 278 o0, [264)

32.6m




6. Calculate the needed floor thickness at:
(a) U/S of gate.

(b) Under the gate.

(c) At the U/S side of the D/S cutoff.

h, 273
t... (under the gate) = th == 4_31 =1.8m=2m

h. 85
== 18 =]1.25m
G-1 24-1

. t_.
t.i, at beginning = == =0.60m

-

J

tatend =




= 0.65(6)(0.31) =10.3 m3 /sec

7. If the gate width (S) i1s 6.0 m and the opining height is 0.31m; calculate the velocity through the
gate and the total discharge Q, using full supply U/S W.L. (neglect ha).

fS=6m,D=0.31m, h,isnegligible

Q=CSD.2¢H =0.65(6)(0.31)./2*9.81(3.78) =10.3 m3 /sec

Q —_
0.31C_(6)

Velocity at vena contracts =

>0



Component parts of diversion headwork
Diversion headwork or a River regulator: -
The works which are constructed at the head of the
canal, in order to divert the river water towards the
canal (off-taking canal) so as to ensure a regulated
continuous supply of silt-free water with a certain

minimum head into the canal.

U/S guide |
hank Eiver
Head !
regulator f=—
—_| Barmrage
off-taking canal ! ==
1 fish ladder
Divide
wall

ouide bank /




The Barrage consists of the following parts: -

1.
2.

Weir or barrage. guide bank

Divide wall, dividing the river width into two
portions; one is called the (weir or barrage portion)
and the other portion from which canal takes off. If
there are two canals, taking off from each bank, then
there will be two divide walls.

Fish ladder.

Approach channel. j

Canal head regulator.

River

Barrage

;j/wall

]

fish ladder

Divide

Apgroach
chamnel

Canal head with

,<gated openings
\nff—tal-:iﬂg canal
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Khosla’s Theory

Khosla’s theory is the solution of Laplace equation by the method of independent variables. The results have been

presented in the form of curves.

Khosla’s arrived at the following important conclusions

a. The outer faces of the end sheet piles are much more effective than the inner ones and the horizontal length of the
floor.

b. The intermediate sheet pile, if smaller in length than the outer ones, is ineffective except for local redistribution of
pressure.

c. Undermining of floors start from the tail end. If the hydraulic gradient at exit is more than the critical gradient for
the subsoil, the soil particles will move with the flow of water thus causing progressive degradation of the subsoil,
resulting in cavities and ultimate failure.

d. Ifis absolutely essential to have a reasonable deep vertical cutoff at the downstream end to prevent undermining.



Khosla’s Curves:
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Using of Khosla’s Curves :-
The previous Figure (11) shows the mathematical solution of flownets. For Khosla’s simple standard
profiles which have been presented in the from of curve (Fig 11); this Fig. is used for determining the

percentage pressure at the various Key points the simple profiles which are most useful are: -

(1) A straight horizontal floor of negligible thickness with a sheet pile line on the U/ S end or D/S
end.

(2) A straight horizontal floor depressed below the bed but without any vertical cut off.

(3) A straight horizontal floor of negligible thickness with a sheet pile line at some intermediate

point.



Exit Gradient

Can be defined as local hydraulic gradient a# /dlat the exit end. According to Khosla, exit gradient is

H 1
r. =__
- d ;TM',E
Where: H = the head causing seepage. (maximum static head)

d = the depth of the downstream sheet pile below the top level of the floor.
1+-1+a?

5

o =—
d

If d = 0, G¢ = o0 and the floor will be unsafe against piping however long the floor may be (contrary

to Bligh's theory). Hence there should always be a D.S. cutoff whether the floor is designed by
Khosla’s' theory or by Bligh's theory.



The length of the floor (b) has very little effect on G as compared to (d). Therefore, to reduce the exit
gradient, it is much more economical to increase (d) than to increase (b). The value of critical exit
gradient is generally 1 (for porosity 0.4) and assuming a factor of safety of 3 to 4, G = 0.33 or (the

maximum permissible value is 0.4).

Note: All hydraulic structures on permeable foundation should be designed by Khosla's theory or
Lane’s method. However small structures may by designed by Bligh's theory, but D/S. cutoff should
always be provided and Gg, the exit gradient should invariably be checked. Important structures may

also be checked by the flow net analysis.



The Key points are the junctions of the floor and the pile lines on either side, and the bottom point of the
pile line, and the bottom corners in the case of a depressed floor. The percentage pressure at these Key
points for the simple forms into which the complex profile has been broken is valid for the complex profile
itself, if corrected for :-

1. Correction for the mutual interference of piles.

2. Correction for the thickness of floor.

3. Correction for the slop of the floor.

These corrections are described below: -



1. Correction for the Mutual Interference of Piles: -

Due to this effect is given by: T
Pile 1 I
C =19 e:\/g{‘f;‘a} E = R pj., Effect of pile
= o (1) on pile (2)
!

Where:b’= the distance between the two pile lines.

d = the depth of pile on which. The effect is can side red.

b = total floor length. T RN

~ Effect of pile
D = the depth of the influence of which has to be = a Bile2 (2) on pile (1)

determined on the neigh boring pile of depth d. (as

shown below)

This correction is (+Ve) for the points in the rear or backwater and (-Ve) for the points forward in the direction of

flow.



2. Correction for the thickness of floor

In the standard form profiles, the floor is assumed to
have negligible thickness. Hence, the percentage
pressure calculated by Khosla’s graphs shall pertain to
the top levels of the floor. While the actual junction
points E and C are at the bottom of the floor. Hence,
the pressures at the actual points are calculated by
assuming a straight-line pressure variation.

Since the corrected pressure at E," should be less than
the calculated pressure at  E, , the correction to by
applied for the point E, shall by (-\Ve) .Similarly, the
pressuse calculated at C; is less than the corrected
pressuse at  C,', and hence, the correction which

applied at point C, is (+Ve) asshown below.

For UfS pile line

i \
‘j’i}l - (j’[".

Ve correction = ]

%1,

Pile 2

For DS pile line

b

1,

] o 00
= -Vecorrection= d—

Pile 1
Bl ok .,
¢ A
F Cl
il
D1
* ¥ " .:Eb N C:
D= 0
{ E2
d
D1



3. Correction for the slope of the floor: - y FLOW
Ve ~Ve |

A correction is applied for a sloping floor, and is

taken as +Ve for the down and -Ve for the up

slopes fallowing the direction of flow.

Pile -
Pile
Values of correction for stab and slopes are given in the table below: -

L Slope | Correction
b, = horizontal length of the slope H: v factors
b* = distance between two pile lines between ;1 16152
which the sloping floor is located. 3;1 4:5
; 4:1 3.3
C = (=)= (correction value from the previous table 5:1 2.8 bs
b ; -
6:1 2.5 b
71 2.3
8:1 2.0

Note: This correction is applicably only to the Key points of the pile line fixed at the

beginning or the ends of the slope.



I.e. There is no correction of slope for this case




Example

Given: Q = 760 cumecs , Water way = 40 m, High flood level = 160 m U/S,
D/S.W.L =156.1 m, Pond level =158 m,  Silt factor () = 1.0

Pond level 158 -y

1547 1:3 1:5

//////

U/S pile No.1j Intermediate pil

No.2
15

57.0m :“
Required:

Calculate the depth of sheet pile and elevations.

Determine the percentage of pressure at key points.

Determine the exit gradient.

Plot the hydraulic grade line for pond level on U/S and no flow on D/s.
If safety factor F = 8; check horizontal floor length.

AR A



Solution:
1. Depth of sheet pile: -
Q =760 m3/sec, water way =40 m

g = discharge intensity m®sec.m = 760 / 40 = 19 m®/sec.m

1/3 1/3

Scouring depth R:1,35[£] :1,35{2] _9.6m
D=XR-y s :
D = Depth of cutoff.
X = factor of safety coeff.
= 1.25 for upstream and = 1.50 for downstream
y = depth of water
D/S cutoff =1.5(9.6) = 14.4 m
Max. D/S W.L=156.1 m
Bottom of sheet pile = 156.1-14.4 = 141.7 m (downstream cutoff level)

U/S cutoff =1.25(9.6) =12 m
Level of bottom U/S cutoff = max. U/SW.L -12
=160-12 =148 m



2. Uplift pressure: - a=—=-—=03
U/S pile line No.1:

Total length of floor =b =57.0 m From Khosla’s curves

Depth of U/S pile line =d=154.0-148.0=6.0 m

— 0,
b, =100%
8 - =100%—¢ . =100%—-29%="71%
by =100%— 6 =100%—20%= 80%

Equations may be used instead of Khosla’s charts as follows

o | _

s =~ cos’ == _Ladird’ 141405
k . | o " - - =24l

0 =28.67%

by =100%— b =100% —28.67% = 71.33%

R
b

'=19.92

. 1 fA-1) 1 (5276 -1
Also &, i cos! 2227
T A ) T L 5.276

=100% — =100%—19.92% =80.08%

"Dy 'p



“m-n—-2) P
¢, =0.318cos™ Ll ‘
or m+n [rf‘ = =Tc
g. =0 318cost T2 :
o m+n by
; | \/1 [d‘ =n b D b2
¢ =0.318cos?| L1 ‘ " b
s m+n,
For Upstream pile
_ _ 1—9354-72"
b, =zeroand b,=b 6., = 0.318cos™ 1-9354-2 |~ 100%
N L 149354
_ AN F1—03854 421
’”‘[“LE,. } - 6, =0318cos . li';‘;_j' |=70.96%
A 553V e
n{l— —\} {1— - } =9.354 4 1-9334 % _
d 6 | by =0.318c0s™ ———— | =79 8&?
| | e 149354 ’

The value of ¢, must be corrected for three correction as below: -



(a). Correction due to effect of pile No. 2 on pile No. 1: -
Correction ¢ —19 \/E""CH_D)
Where: - bl b )
D=153.0-148 =5m
d = depth of pile 1 =153.0-148.0=5m
b" = distance between two piles = 15.8 m
b = total floor length =57.0 m

~.Correction ¢ =19

5 (5+5
55l 57 )
(b). Correction at C, due to thickness of floor.

Pressure calculated from curve is at C,, but we want the pressure at C,” The

pressure at C,” is more than at C, as the direction of flow is as shown, hence,

the correction shall be +\e and

9D, —9C, 80% —71% B
{d—}“{m} *(154-153) = 1.5 % +Ve

1

(c). Correction due to slope at C, is nil.
- Corrected LbCl =T71% +1.88% +1.5% =T4.38%

|-188% Since C, is in the rear direction of flow, hence the correction is +Ve

Cy w134
WA RS B O L
A ATy 153

CI
¥ T1!I|:|W




Intermediate pile line

d=154.0-148.0=6m

b=57.0m

a = b/d= 57.0/6=9.5

Using Khosla’s curves, we have b, in this case = 0.6+15.8= 16.4
m and b=57m

b,/b =16.4/57.0=0.288 and 1-(b,/b)=1-0.288=0.712
¢E, =100% - 30% =70% Where 30%is &~ forabaseratioof 0.712 anda = 9.5

¢C, =56% (for base ratio 0.288 and o =9.5)
D, =100% -37% =63% Where 37% is LbD for a base ratio of 0.712 and o =9.5

Correction for ¢E -

o Pile No. 1 will affect the pressure at E,. Since E, is in the foreword direction of flow, this correction shall

be —\Ve. The amount of this correction is given by:



’ Where )
(:‘:19\/§|d+—]j} E1C11 Ex Tz - 154
b b )

D=153.0-148=5m AT T 153
d = depth of pile No. 2 =153.0-148.0=5m T r i ﬁTn

b" = distance between two piles = 15.8 m 'J U

b = total floor length =57.0 m

: 5 (5+5)
Correction C=10/—|2221-188% -\
158, 57 |

e Correction at E, due to floor thickness

¢E, —dD, | _[70%—-63%
d, " 154 148

}*1:1.17%

The pressure observed isat E, and notat E,’, and by looking at the direction of flow, it can be stated easily
that the pressure at E,” shall be less than at E, hence, this correction is negative.
Correction at E, due to slope is nil.

Hence, the corrected percentage pressure at E, = Corrected ¢E: =70% - 1.88% - 1.17% =66.95%



Correction for !ﬁ:'ﬁ

Correction at C, due to pile interference. Pressure at C, is affected by pile No. 3. Since point C, is in the backward

in the direction of flow, hence, this correction is +Ve. The amount of this correction is given by: -

._wJ_Td]D! D=153.0-141.7=11.3m
d = depth of pile No. 2=153.0-148.0=5m
b" = distance between pile 2 and pile 3=40m

b = total floor length =57.0 m

11.3(113+5"
C=19,| =288% 4
4GL 57 J Ve

Correction at C, due to floor thickness:

For the preview figure, it can be easily stated that the pressure at C,” shall be more than that at C,, and since the
observed pressure is at C,, this correction shall be +Ve and its amount is the same as we calculated for the point E,

= 1.17%. | -
|:¢’ng q“:: :|‘[': _ |:6.Jq1:l ; 5691]:| *1:1.17%




Correction at C, due to slope: -

Since point C, is at the beginning of a slope of 3:1, an up slope in the direction of flow, the correction is

negative.

e Correction factor for 3:1 slop frame table = 4.5.

e Horizontal length of the slope = 3m

e Distance between two pile lines between which the sloping
floor is located = 40 m

. Actual correction = 4.5(3/40) = 0.34% -\Ve

Hence corrected ¢C=56% + 2.88% + 1.17% - 0.34% = 59.7%



D/S pile line:-

From Khosla’s curves

d=152.0-141.7=10.3 1 d 10.3
—=—=——=10.180 dD, = 25%
b=57m o b 57.0 °
¢E, =37%
¢C, = zero%
Or by using the equations o = 5.534 o rolve” 1+ “f“ff’j“:': ~3312
o L eos| ‘_1 = 13‘35_15 b 1=37%
T . Ao . 3.312
1 .(3312-1) ..
LT - en— e R U
0 T L 3.312 '

Correction for ¢g3 :-

a. Correction due to effect of pile No.2 on pile No. 3 point E; is affected by pile No. 2 and since E; is in

the forward direction of flow, hence this corrected is — Ve and its amount is given by: -

czlg\/ﬁ\;m—n}
bl b



D=150.7-148.0=2.7m
d = depth of pile No. 3= 150.7-141.7=9m
b" = distance between piles =40 m

b = total floor length =57.0 m

Correction ¢ =19 JE'T['Q_I'T l=1.013% -Ve
404 57 )

(b) Correction due to floor thickness: -
Pressure at E;’ is less than at E; and since the pressure observed from curves is at

E, this correction will be —\Ve and its amount

¢E3_¢D3 = jqqﬂ_qun:| . ) 0
d. T 15001417 | “1.3=1.514% -Ve

(c) .Correction due to slope at E3 =zero
Hence Corrected GE. = 37% - 1.013%- 1.514% = 34.47%

Es G5

w152

o b L '; B J. ]
.."ﬁh:h-.l_. '..'I.:r -:’.:'i:-:'.'r'lﬁ-:l h

w1350.7

<4

141.".



The corrected pressures at various key points are tabulated below: -

U/S pile No. 1 | Intermediate pile No. 2 | D/S pile No. 3
¢E, =100% ¢E,=66.95% OE .= 34.47%
¢D,= 80% ¢D,=63.0% ¢D,=25%

¢C,=74.38% $C,=59.71% ¢C,= 0%

Exit Gradient: -

Let the water be headed up to pond level, i.e. 158.0 m on the
U/S side with no flow D/S.

The max seepage head = H =158.0 - 152.0=6.0 m

The depth of D/S cutoff =d =152.0 - 141.7 =10.3 m

Total floor length=b =57 m

_b _570 ., 1+41+a 1+ J1+(5.534)°
4= 0 ot =2 - A f ) _3312 Hence G
G, = 6.0 , : —010“—L ;nd since safet f;ctor F= :

E 103 7331 = 98 y G:

Hence the exit gradient will be equal to 0.102, i.e.1in 9.8 which is very much safe.




Head = Height (elevation of sub-soil H.G. line above datum)
U/S.W.L
Flow -
condition | B/S.B.L. U/S pile line Intermediate pile line D/S pile line
I;'I:l"lllﬂl Elﬂl I:-'E’Illlfl EIE: EIE'Z Ellff EIEE EIE'E EIEE
PondU/S| (m) |100% |80% | 74.38% | 66.95% | 63% | 59.71% | 34.47% | 25% | 0%
& no
flow D/S 6 6 48 | 4463|4017 | 3.78 | 3.583 | 2068 | 1.5 0




Pond level 158

I 4

154 v

%g;

K
E2 §C22
U/S pile No.1 Intermedlate pile

D1
L D2
-<—]‘5L8—>‘<
57.0m
— 4m
H(max. static head) = 158-152 =6 m
\ 4 \ 4 \ 4 \ /4 \ 4 \ 4
t 1t 1 fr. T T 1P P 1T 1ttt 1 T 7 omxn=2068m
Py X H =4.463m A IS | IS -
//2// Dcp X H=3.583m CHUTEQl anlds (pa 4l gal) s up||ft Pressure 2 suall Jazia 4o o
@p; X H = 4.017m ((%) X 36) X 6 + 2.0682 = 3.4312m
2.4174m 2531m
' t 2.0682
1.983m T T T T m

3.4312m



5. |If factor of safety F =8

1 G _H, 1
E 3 E 4 Tw"r/_‘

Where H = max. Static head
= Pond level (all gate closed and no water D/S)= 158.0 — 152.0 = 6m

Then .

d = D/S cutoff depth = 152.0 - 141.7 =10.3 m
1 6 1

= 3}

8 10.3 1%
1

Tl

—0.215 — = 2.20 And sinceazg

1+ 1+ a”

buti =

VWhich is <57m
b=3.25(10.3) =33.5m . O.K



Jransitions

Transition (in a channel) is a structure designed to change the shape or cross-

sectional area of the flow. The function of such a structure is:

1. To avoid excessive energy losses.

2. To eliminate cross-waves and other turbulence.

3. To increase the seepage path and thereby provide additional safety against
piping.

4. To minimize canal erosion.

5. To retain earth, fill at the ends of structure



It should be noted that appreciable change in depth of flow generally occurs in all types of transitions




For inlet structures

The entrance velocity is less than the exit velocity; hence, the water surface must always drop at least a

full difference between the velocity heads, plus a small conversion loss known as the inlet loss.
The drop AY, in water surface for inlet structure may therefore be expressed as:

Vy? Vv, 2
AE = losses = ¢;|— —— ] --——--(1) EL
Zg 29 v jl_ T C* Al
Vl2 VZ2 2%g) Y v2 i
—— = — + AE ==
3’1+zg }’2+2g Ay T
V% V2
y1— Yy = —-—"—+AE-—-- (2)
2929 —
V2 v,? V2 7P
Ay, = =—-—+¢; | = ——|-—--(3)
29 29 2g 2g V, v
_ (VEoVE
AY, =(1+C, )5 21| e
L 2 ) 2 SEE
..ﬂ‘l'—i = |1—C-1_ I:lic..ﬂl].":' l 2

C,; = Coefficient of entrance or the amount of losses in entrance (coefficient of inlet loss).

Ah,, = Difference in velocity heads.



For outlet structures

The velocity is reduced, at least in part, in order to lift the water surface. This rise in water
surface, known as the recovery of velocity head, is usually accompanied by a conversion loss

known as the outlet loss. The rise AY_ in water surface for outlet structure may be expressed as:

o )| =5 — EL ﬂ
== . 1"'5 - C_:_$ &11‘;_' ";'l'_;
2%g —[,ﬂyﬂ L (2*g)

AY_ =(1-C_)*Ah, n

r

C_= Coefficient of outlet loss 2 3

[k



All transitions may be classified as either inlet (contraction) or outlet (expansion) transitions.
The various types of transitions most commonly used in subcritical flow are:

e Straight line headwall

e Broken back to rectangular or pipe opening
e Cylinder quadrant

e Straight warp to rectangular or pipe opening

e Streamline warp to rectangular opening

EP STRAIGHT LINE
T

HeEADWALL

(a) My =075




\
SQUARE
END

/

WARPED

The figure shows. tvpical designs for channel transition from a rectangular cross sectionto a trapezoidal ¢
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These are shown in figures 9.2 and 9.3 together with their respective inlet and outlet loss

coefficients. Table (2) gives a range of loss coefficients for pipes and rectangular sections under

partial and full flow condition.

Table (2) Loss Coefficients for transitions
Rectangular
Full FlowPartial

Transition type  fig. 9.2 Pipe
Full FlowPartial flow
flow
Inlet Outlet  Inlet
Outlet  Inlet Outlet
a 0.5 1.0 0.4
1.0 0.3 0.75
b 0.4 0.7 0.3
0.7 0.3 0.6
C * * *
0.6 0.25 0.5
d 0.2 0.4 0.2
0.5 0.2 0.4
e 0.2 0.4 0.1
0.4 0.1 0.2

Outlet

0.8

0.6

*

0.4

0.2

Inlet

0.5

0.4

0.3

0.25

0.2



* Not used for a pipe

The following comments apply to the transitions shown in figure 9.2 and 9.3.

e The straight-line headwall transition iIs suitable for small short structures in watercourses and where

head loss Is not a problem. It is relatively cheap and easy to construct. See figure 9.2 (a). Both inlet and

outlet transition can take this form. It is also used extensively on small pipe culverts flowing full as

shown in figure 9.35.

e For discharge ranges of 0.5 to 5 m3/s the broken back (or dog leg) transition is used for inlets and outlets.

See figure 9.2 (b). 1t is also suitable for transitions to pipes under pressure. See figure 9.3 (D).

e The cylinder quadrant transition gives slightly lower loss coefficients then the broken back and is

suitable for distributary canals. See figure 9.2 (c).

e For discharge ranges of 2.5 to 5 m®/s the straight warp transition is preferred on branch and

distributary canals. See figure 9.2 (d).




Where canal discharges exceed 5 m3/s the streamline warp transition is most suitable, especially for inlets.
Construction is however more complicated and the transition longer than for the other types. For reasons of
economy this transition is often paired with the straight-line warp as an outlet. It has been found that the most

suitable convergence angle is about 1:4, or 14 degrees. See fiqgure 9.2(e).

The selection of the most appropriate type of transition based solely on discharge is not practical, as will be
shown below. In the end it is a balanced judgment between the competing considerations of head loss and cost.
Each case must be considered on its merits and it is not possible to provide solutions of completely general
applicability. Where the conservation of head is not of great importance the best solutions will usually be the
straight-line headwall for the smaller flows and the straight warp for high flow. Where the minimizing of head
loss is of importance (and this is the more usual situation) then the use of straight-line headwall should be limited
to small flows and the straight warp and streamlined warp used for the higher flows. In opting for non-plane
solution to the transition problem, the designer should have regard to the capability of the contractor to construct

accurately the non-plane sections. Generally, this capability will be greater on the larger projects.









Calculations For Warped Transitions. -
V. T.Chow Method

— ‘ I+

AW=T/2-5/2

v

- I

S IS [ _.‘;._ e —Center-hne - - - - -

1. Calculate the transition length L = AWcot(a) wherea = 12.5° for D/S
= 12.5°to 45 °for U/S.

2. Divide the horizontal distance along the transition into equal whole number increment Ax such
as0m,5m,10m, ......... etc. o ..

! . . - Vi-V; )
3. Using the hydraulic equation AY, =(1+C, )= 2|

V-V | or AY, =(1-C_)=

Jo

Calculate the total water surface drop AYi Of the surface recovery AY_ .
Find Ay at intervals Ax from: y=c x2



4. The parabolais plotted as y = ¢ x?

2
at the middle of the transition %y = (g) - find c
this is done for L/2 then the same data are used for other half with x and y reversed.

5. If Ahy, = difference in velocity head between any two sections, then:

A V,2 =V, 2 V,? V,?
AhV = yO = 2 1 - L = AhV _|_ L
(1- Co) 29 29 29

6. Find V = /2gAh,

7. A= % (to find the area at any section).

B+T B T
2 Ty
A

(=)

8. Estimate

9. Depthof watery =



Example:
Calculate and plot to scale the required warped transition to a canal 20 m bed width, 3.5 m deep and 1:1

side slope leading from a regulator of opening S =9 m, Q = 100 cumecs, Using the formula and the

above curves calculate and plot the water surface profile.(c,= 0.2) i5m
Viume™ — Vp /s !
flume D/S 3.5
Ay = (1 - Co)( > ) m 1
g
] Outer curve A
Solution:
L =AWcot(a) =9 X cot(12.5°) = 40.6 m  innercurve A
use L=40m / AW=9m T/2=135m
/ B/2=10m
I S/2=45m
SEUSU A SO AN B Centerline_ _____ v._
Water surface profile A
I Yoo yDp/S=35m
y flume
L [
T >




sdaslaay gdaslaa L o Cun y = ¢ x? Aaladl Alaiils inner curve and outer curve J) asy JSaYL mual (Y
LS Lo oy Al gema Ay o815 dashan L ol elal) pdanad Guailly Lol Jisiall cililas) o3 ¢ el )l (Sey Leie
J a4yl sty o) Yy = ¢ x? Aabaall 4a 3 3w WS water surface profile J) asy (S & (s 2Bl pea g

inner curve & outer cure
Ap/s = (B+ZD)D = (20 + 3.5) X 3.5 = 82.25 m?2

Vps = ADQ/S = 82.205 = 1.216 m/s
Aye = (1— o) <Vflumezg VD/52>
Y. = Yfuume = (1= 0.2) (VflumeZ; VD/SZ)
35— Yyume = 08 X (Vflumezzg—l.2162) and Vrume = Aﬂime _ gx;;lime
2
<9 le‘jfl’um) ~ 1.2162

3.5 — yflume = 0.8 X

29
By trial and ermor yriume =3 m , Vipume = 3.7%, and Ay, = 0.5m
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Design of Transitions

The flumed portion is gradually joined with normal section with smooth transitions. The flumed
should be such that the velocity in flume <3 m/sec and the flow should remain subcritical to

avoid the possibilities of hydraulic jJump forming in the flume.

Transition when the water depth remains constant:

In case the water depth in the transitions and the flume remains constant, hyperbolic transitions as
proposed by Mitra may be used.

Let B, and B; be the bed widths of the normal and flumed sections, respectively, and
let B, be the bed width at a distance (x) from flumed section. Let V, V; and V, be
the mean velocities at the corresponding sections. The total length of the transition is
L.. The transition is designed on the basis that the rate of change of velocity per unit

length of transition Is constant.



Total energy line

Water surfacej

-----T----
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!
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Plan

Fig. 19.25. Transition of canal water-way



B, «V,=B =V =B =V =9=K,aconstant.
f f X X c ¢ D
K K . K
Hence: V, = — VNV, =— |V =—
B B c B
f I C
()l () () [
B ) By ) 1Bg ) (B
X L
B - Bc*Ef ﬂ“_
X Lx*B —|B -B,x
c C f

The above equation represents Mitra hyperbolic transition.



Example: Given the following data, design a canal transition using a constant waters depth

method (Mitra’s hyperbolic transitions method).

Canal discharge 30 cumecs

Canal bed with 20m

Canal waters depth 1.50 m

Full supply level (F.S.L.) 251.50 (D/S canal w.l.)
Flume width 10.0 m

Length of the flumed portion. 74.50 m

U/S and D/S canal side slope 1%:1

Manning roughness coefficient 0.016

C,=0.2, C,=0.3

Providing 2:1 slope in contraction and 3:1 in expansion



n2y?2

. 5 TR
V,2 -V, R 3
h1—2=Ci< 29 ) and h2_3 =SfXLf V2 _p.2
hz_y = ¢ L
Energy line 1 2 3 ( N
\h 4
1-2
_ h2—3 ................... ]
hs_4
)
: Walter Surface ™3 -
D D ) D °
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_—ﬁl’
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Solution:
Length of contraction transition ((20-10)/2)*2=10 m

Length of expansion transition = ((20-10)/2)*3 =15m

Head loss and bed levels at different sections.
At section (4)

Area of section =(B+1.5D) D =(20+1.5x1.5) 1.5=33.75m?

Velocity V=Q/A=30/33.75=0.89 m/s

Velocity head=(0.89)%/2*9.81=0.043 m

Given B.L. =250.0 m

R.L. (reduced level) of waters surface = 250+1.50 (water depth)=251.5m

T.E.L. (Total energy line) = 251.5+0.043=251.543 m



At section (3)
Area of section =10*1.5=15 m?
V=30/15=2 m/s

V?/29=22/19.62=0.204 m

2_y 2 2_ 2
Loss of head in expansion from section (3) to (4) = ¢, (V3 ng4 ) = 0.3 x (° 2(;89 )=0.052m

T.E.L. at section 3 =251.543 + 0.052 = 251.59 m

W.L. at section 3 =251.595-0.204 = 251.391 m

B.L .at section 3 =251.391 - 1.50 =249.891 m

From section (3) to section (2) area and velocity are constant

V =R2B S112; (S) is slope to be determined



z 273
1= ! - S12 S =0.001024
0.016] 10 = 2(1.5)

Hence loss of head in the flume = flume length x slope =74.5*0.001024 = 0.0765 m
At section (2)
T.E.L =251.595+0.076=251.671m
W.LO =251.671-0.204=251.467 m
B.L. =251.467-1.50 =249.967 m
At section (1)
Loss of head in contraction transition from section 1to 2

Vay =V 27 —0.89°
=0.2(—— 1y =0.2 ) =0.035
g 19.62

T.E.L =251.671+0.035 =251.706 m
W.L. =251.706-0.043 =251.663

B.L. =251.663-1.50=250.163 m




Transitions:

(a) Expansion Transition:

B..Bf.L o gt

B = T I l
*  L.B.— (BC — Bf)x —~-B, Flow,_ _| : B e
i ' 1
? T~
Where: B;=10m, B, =20m andL=15m X
_ 20X10X15 3000 |
X " 15%20-(20—-10)x  300—-10x b=

For different values of x, the following values of B, are worked out in meters.

0 3 6 9 12 15m
By 10.00 111 12.5 143 16.67 20.0



(b) Contraction Transition
In contraction transition the values of B, B;and L are

B.- 20m, B,=10mand L=10m

Substituting we get: - B — 2000
T200 —10x

For different values of x, the following values of B, are given below in meters:

X 0 2 4 6 8 10m
B 10.0 11.1 12.5 143 16.67 20.0m

X
Hind’s Method for Transitions Design
When Water Depth may also vary: -

This is general method and is applicable either when the depths in the flumed and

unflawed portions are the same or when these depths are different.



Hydraulic jump and its usefulness in Design of irrigation structures:

When a stream of water moving with a high velocity and low depth (i.e. super critical flow) strike
another stream of water moving with a low velocity and high depth (i.e. subcritical flow), a sudden
rise in the surface of the former takes place. This phenomenon is called “Hydraulic jump’ and is
generally accompanied by a large-scale turbulence, dissipating most of kinetic energy of super-critical
flow. Such a phenomenon may occur in a canal below a regulating sluice, at the bottom of a

spillway, or at place where steep channel slope suddenly turns flat.
It may be noted that the depth before the jump is always less than the depth after the jump.

The depth before the jump is called the “initial depth” D, and the depth after the jump is called the
“sequent depth” D,

The” alternate depths” D, and D, are two possible depths for the same specific energy.



Specific energy curve Hydraulic jump Specific force curve



Types of -0 . -~ — —0

Jumps: - @

(a) Fr=1.0to 1.7: undular jumps:
(b) Fr=1.7 to 2.3: weak jump;
(c) Fr=2.5to4.5: oscillating jump:;

(d) Fr=451t09.0: steadvjump
(e) Fr =9.0: Strong jump



1) Fr1<1.0: Jump impossible, violates second law of thermodynamics.

2) Frl=1; No jump, critical flow

3) Frl1 = 1.0 to 1.7: Standing wave, or undular, jump about 4.y2 long; low dissipation, less than 5
percent.

4) Frl = 1.7 to 2.5: Smooth surface rise with small rollers, known as a weak jump; dissipation 5 to
15 percent.

5) Frl = 2.5 to 4.5: Unstable, oscillating jump, each irregular pulsation creates a large wave which
can travel downstream for miles, damaging earth banks and other structures. Not recommended
for design conditions. Dissipation 15 to 45%.

6) Frl = 4.5 to 9.0: Stable, well-balanced, steady jump; best performance and action, insensitive to
downstream conditions. Best design range. Dissipation 45 to 70%.

7) Frl =>9.0: Rough, somewhat intermittent strong jump, but good performance. Dissipation 70 to

85%.



Equations used in Hydraulic jump:
2

q——EDD(D +D,) d -d'(1.,|I|1+EF1-])
g 2 1v2 1 2 2 = 9 rl
This is a quadratic equation, the solution of which may be written as:
: N2 (22 5 1 8q> |
IS T (jl] L[ 2 i J‘_:?I_lﬁL i dg‘
C T 2 2 g M oy g1
A =Y [ 2% v 1 8g® |
) 2 2 e VN F3 e Y2 )

where y, is the initial depth and y, is called the conjugate depth. Both are called
conjugate depiths.

These equations can be used to get the various characteristics of hydraulic jump.

V,? V,2 (y,=»)
= E—E,= L) 2 AE =2 N)
AE = E; - E, <01 + 29) <D2 o+ or i,
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Figure 4-26 Spillway of dam and hydraulic jump

Flow under a sluice gate accelerates from subcritical to critical
to supercritical and then jumps back to subcritical flow
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Standard Stilling basins:

Stilling basins is a short length of paved channel placed at the end of any source at super critical flow.
The aim of the designer is to make a hydraulic jump form within the basin, so that the flow is converted

to sub critical flow before it reaches the exposed and unpaved riverbed D/S.
sl cpsdl) ) ga
dra 8 aanadll a5 7 jall 358 Gloall jalas e das (1 4l (B Ae sunsa g Aihie jual sk B8 o Bl

S ) oy 0 08 7 sl i ool Jmt Va5 m gl 3 3l sl gl 3 (b a3 305 el 5

o Lash 5 Aol Ll s il Ao s 330 ) e ae b Aima ) i e Leia US (5 5ma (Sl ial 52 Sl )3l llia

_u._)lS)ﬂ\ ol@J 5 yalila L_Q.).J\.a:\



1) Chute blocks: -
Their function to separates the supercritical flow into lower and upper layers at the blocks.
Or to furrow the incoming jet and lift a portion of it from the floor.

In this action the created turbulent of energy.
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2) Impact blocks (Baffle piers): -
Are blocks placed in the intermediate position
e

across the basin floor. Their function is to dissipate

\

\ 4

Yvvy

energy mostly by impact action, a big percentage
of excessive energy is dissipated through impact

with the blocks.




In super critical flow, if the blocks are continuous or near to each other, the supercritical flow may overshoot the

blocks.
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There is impact
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There is no impact and roughness of whole structure is less



DENTATED SILL

3) End Sills:
Either dentated or solid, is usually provided at the end of the Ao set
stilling basin. Its function is to reduce further the length of the 2 & of
jump and to control scour. For large basins that are designed for — AL
high incoming velocities, the sill is usually dentated to perform FLOW s
of high- velocity jet that may reach the end of the basin 2 A2 * Deflector
2
The effect of dentated sill is practically same as chute and B ."' y
impact blocks. v R y

*Continuous sill has the following functions: -

1. AS impact wall.

2. It keeps the water at its U/S as a stilling pool.

3. The depth of water at its U/S help to reduce the floor
thickness.

Depth in downstream

/

U.P.—h
G—-1

needed t =



Endsill




USBR Stilling Basins:

Using the U.S.B.R (U.S. Bureau of Reclamation) 1987, classification, there are five basic hydraulic jump type
basins that are briefly described: -

USBR basin I;

In this type of the stilling basins the hydraulic jump
Is occurring on a flat floor without chute blocks, or
length. However, such a basin is usually not very \

| |
e ¥
y?

1
'
¥ } ]

sills. The basin length is equal to the hydraulic jump
practical because of its expensive length and its lack
of control.

For Froude number, less than 1.7, no special
stilling basin is required. For Froude number
between 1.7 and 2.5 the type I-basin also applies.

ER) 3

0 9 o4

Type I basin dimensions



USBR basin II:
It is used when the incoming velocities exceed 15 m/s and Fr >4.5, and for high spillway or high head and large

structures. The basin contains chute blocks at U/S end & a dentated sill near D/S end. No baffles piers are used
because the relatively high velocities entering the jump might cause cavitation on piers.

0.02 D,
Chute Blocks LS
| .‘SDI% S,= 015D, /
s Sy=0.15D; /=
\le Dl 4 2'. .



USBR basin I11:

This basin may be used when the incoming
velocity do not exceed 15 m/s, and for Fr >4.5
but small structures. It is the same as no Il but
with additional impact blocks and continuous end

Jv /<-02h_,

End sill -,

~~Chute blocks --Baffle plers

sill. RN
¢ T T T 14
- W Y- 4 4 4 —‘A‘_‘/ .
- - "’1 ’ ~ 4 - - - :‘. - - - - -
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5 tp— °4 sill height b -y 23
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USBR basin IV

This recommended for use with jump of
Frl = 2.5 to 4.5 (Oscillating jump)
which usually occur on canal structures
and diversion dams, this basin is
applicable to rectangular cross section
only, it is designed to eliminating the
wave at its source.
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USBR basin V-
It can be used for small structures and closed conduit
structures, of energy is accomplished by the impact
of the incoming jet on the vertical hunging baffle and
by eddies which are formed from the change
direction of the jet after it strike the baffle.

Baffle

Pipe inlet

End Sill Riprap and
Bedding
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USBR Stilling basin VII:
This type of energy dissipator is suitable where the stream bed is composed of hard rock and the tail water depth
is less than D, curve.
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S.A.F. Stilling Basin (Saint Anthony Falls):

This is recommended for use on small structures such as small spillways, outlet works, and small canal
structures. It has a particularly wide range of application conditions (1.7 < Fr, <17) and is very effective
in shortening the jump. The reduction in basin length achieved through the use of appurtenances (baffle
blocks, a sloping entrance and an end sill) designed for the basin is about 80%. This stilling basin was
developed at the St. Anthony Falls Hydraulic Laboratory, University of Minnesota. The geometry and
dimensions for a straight-sided basin are shown in Figures below. The design rules are summarized as

follows:



1. The stilling basin Length of basin (LB) is related to the incoming Froude number Fr, by:

4.5y,
F,. 076
T

2. The height of the chute blocks and floor blocks is y,, and the width and spacing are approximately 0.75y,.

Lg =

width = spacing = 0.75y,
3. The baffle piers are placed directly downstream of the openings between the chute blocks at a distance equal to
L /3 from the enad’s of the chute blocks.

0.2y,
Floor blocks or
Impact blocks or
Y1 I baffle blocks
3V
5
< — — >



4. No floor block (baffle pier) should be placed closer to the side wall than %’1

5. The floor blocks (baffle piers) should occupy between 40 and 55% of the stilling basin width.
S Sl dae X Baal ol AS L) yia je = JSS Az )Y QS L) (1 je £ gana
%(55-40) = 100% (dxa_¥) @lS sld) dshaic) Jass sl vie (1 sall (i e /A W) S L a je & sana
6. Hight of the floor blocks =y,

and width of the floor blocks = 0.75y, (?)
1

chute J) xic 4exsall & (iasall (a ye (B,) Cus
floor blocks J) xie Jaw sl (& (i sall (i e (B,)

7. The widths and spacing's of the floor blocks (baffle piers) for diverging stilling basins should be increased in
proportion to the increase in stilling-basin width at the floor-block location.

8. The height of end sill is given by ¢ = 0.07y2 , where y2 is the theoretical sequent depth corresponding to y1.



9. The depth of tail water above the stilling-basin floor is given by:

2
Y2 = (1-1 — Zrzlo)yz for F.y =17 —05.5

y,' = 0.85y, for F.; =55—11

/ Fr1?
y, = (1 — 8010)312 for F.y =11 —17

10. The height of the side wall above the maximum tail water depth to be expected during the life of the

structure should allow a free board of Z = % .




11. Wing walls should be provided for the transition from the basin to the downstream channel equal in height to the

stilling-basin side walls. The top of the wing wall should have a slope of 1 on 1.

12. The wing wall should be placed at an angle of 45° to the outlet center line.

13. The stilling-basin side walls may be parallel (as in a rectangular stilling basin) or they may diverge as an
extension of the transition side walls (as in a trapezoidal stilling basin).

14. A cutoff wall of nominal depth should be used at the end of the stilling basin.

15. The effect of entrained air should be neglected in the design of the stilling basin

Top of sidewall ¥3
3 Wing wall
0375 y¢ min 45°
I
™ _ gl
I
Y1 "'“1, |_\ D.D?':'z: |_ |: I:]:l
I LBI."3 | ;_ ______________ T T — — — — — — — — o — — — — —
| ]_B
b) Plan

a) Longitudinal section
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Example:
In order to dissipate energy below the spillway, it is proposed to form a hydraulic jump in the stilling basin. Due
to this, the depth of flow changes from 1.0 m to 3.8 m. Calculate the discharge over the spillway, the critical

depth and the head loss in the jump, the crest length of which is 110 m.

Solution:
By using the equation

&z %[\/1-[—8]:1,12—1]—) 3—18= %[\/1+8Fr12—1]—) FT1=302
V1

D4
F.i = —— — 3.02 = " - V; =9.45 m/sec.
J 9D v9.81 x 1
Hance the discharge over the spillway
3

m
Q = V;A1 =9.45(1)(110) = 1040 Sec

Also, you can solve the problem by using the relation:
2
q? = %DlDZ (D; + D,) to find q then find Q




2

q—VD—945><1—945—
sec

/q /
— —2.088
g 9.81 m

(D,—D)?  (38-1)%
H, = 4D,D,  4(1)(3.8) = 14d4m

q° q°
H = E —E, =D +——|— D, +
t . ? <1 29D12> <2 29D22>

Example:

23.03.m

Design U.S.B.R. stilling basin for the following hydraulic
structure:

Q=5.15 m3/sec

Crest width =6 m

195 m

Neglect effect of approaching velocity



Solution:

_ 9 _ 515 _ 3
q=3= —/—= 0.858 m>/s.m .

The energy equation (Bernoulli) between (0 and 1)

22.51M ve—

VOZ V12
Zo t+ Yo +Z=Z1+}’1 +Z
(q/y )2 0.8582 195 m
3.53=0+y, + 1 353=y

_|_
1719.62y,2

By trial and error y; = 0.11m

V, =0.858/0.11 = 7.8 m/sec < 15 m/sec.

B 7.8
V9.81 x 0.11

Use No. Ill basin

=7.51>45

Frq
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From third curve for F,.; = 7.51

L
— = 2.6

& [/
'»
But &=§N1+8Fr12—1l—>yz=1-12m '

Y1

L =2.93m use3m ..-.l

Chute blocks: - “=wey

wi=y;=011m { - - :

s1 =y =011m ".e‘ A " See 2'3@'8 - ) - |
L R0

...... ."ﬁ v . 'R .'o'
S PR R




Baffle blocks:

From the second curve

h B
Y1
h; =18x%x0.11 =0.2m

1.8

End sill:

From curve

hy B
V1

1.4

hy =14x%x0.11 =0.154 m use 0.15m

0.2h3=0.2(0.2)=0.04 m

A B X
h3 ] b
1
h3+x = 0.24 m‘
¥

TI

(Aol HA5 5 (pSadll (ia ga an gy &)



Example:

Determine the floor elevation for the stilling basin shown in the figure below with

the following information’s:

94am Y°

81lm

79m y2

7/5.5m

yl

Manning’s n =0.03 Datum
Average slope of the stream bed = 0.00375

The design discharge for the spillway is = 566.8 m3/sec.
Spillway crest length is 30.5 m at elevation 94 m

The approach channel floor elevation is to be at 79 m

A hydraulic jump stilling basin having the same width as spillway crest is to be provided.

Required: Determine a suitable floor elevation for the hydraulic jump stilling basin.



Solution:
Neglecting the losses between section (0) and section (1)

2

94+ E, = Z + E, 94+§yC=Z+y1+%

q 2
94_|_33 qZ—Z+ +<E) o
2 g — yl zg
0 5668 3 P
q=5= o= = 18584 ™ /s
18.5842 Datum
J30fessez o Ty, N
2 7981 ‘"1 T 1962
17.602
Z =9892 -y, — y.2 ()

81 m

755 m




Using hydraulic jump equation == = %[ 1+ 8q23 — 1]

8(18.574)>2
)’2:&\/1"‘ ( )

2 9.81 X y,3
281.64
y2=%[\/1+ = —1] ------------- 2)
From geometry y, +Z =81 - Z=81—y, -——----- (3)

Substituting equations (1) and (2) in equation (3), we get:

98.92 — y, — 1;602 =81 — L/1 T 1] ------------- (4)



By trial and error y; = 0.82m
Z = 71.9 m stilling basin elevation

To select type of stilling basin

] v q 18.584
The Froude number at sec (1-1) is F,; = 591 yidgD. . 082V981x082

=8>45

; : T 18.584
The incoming velocity is V; = + =
Y1 0.82

= 22.66 m/sec which is > 15 m/sec

So type Il Basin is recommended




































Closed Requlation and Conveyance Structures.-

They are structures constructed in line of canals, convey waters from one location to another across various
existing obstructions along the canal route, they are of different types as follows: culverts, inverted siphons,

aqueducts, ... etc.

Pipes.

Used as closed conduits for trans porting (conveying) a large amount of waters for irrigation purposes, usually
such pipes are circular and made of metal, asbestos cement, plastic, plain or reinforced concrete (plain or
corrugated or tiles usually for drainage).

Plain concrete pipes under load may by use up to diameters of 30cm.

Types of concrete pipes
= Precast plain concrete pipe.
= Precast reinforced concrete pipe.

= Precast prestressed concrete pipe.
= Asbestos cement pipe



Shape and Reinforcement:

circular pipe circular remf.
Plain 1- line reinf. 2- lines reinf, (elliptical reinf.) (elliptical pipe)

*In closed conduits (AH) is actual vertical difference between supply and discharge ends.
(L) is the actual length of conduit along its cents line.




Formulas used for pipes could by the same as those of open channels, i.e. Manning’s formula for circular pipe
of diameter D

2
A= b . P=T1ID
4
. Rr=A2_D
P4
_ 1 Doncie

ThusV == R S
n

V= 0.40 D23 ((%)”2 ............... metric

n

o AH
:AV:_DSIB = \12
Q on® ) }

(n) Value is same as for open channels of the same material.

- Losses in pipes (Minor losses —Major losses)

In a pipe system whether it is along pipe line on just a culvert the following are the expected losses expressed as
a proportion of the total velocity head " and this ratio is called (K).

Y-

-




where: -

hy =K, fZ—;J \elocity head inside the pipe (it is the losses due to conversion of static head to velocity form ).

h,= K, (%} Entrance losses which is given by U.S.B.R. as :-

-

0.5  for square edged inlet flush with vertical walls

0.1 for roundest inlets, radius rwhere%sa.u

0.15 for grooved or socket ended pipes
0.16 for bell mouth and rounded entrance
0.20 for projecting conc. Pipes

0.85 for projecting steel pipes



v - :
h; =K 3(57) Friction losses (Manning )

P

To find K;: -
L[ AHY Vi_ gyl h, | 2L28 |V So Ky =[20 L
V =H{RJ = 2g s \R) T ) 2e 3 | {_R}H | 2g 3 R*

_ A
h, = K, ) Bends losses

Ks ) Gradual expansion or contraction losses .
-

— ‘P': - -
he = K ¢’ Sudden expansion or contraction losses.

h,= K, E) Fitting losses

hg= Kg %) Exit losses Kg = exit loss coeff. Which is taken as 1.0 for most outlets.



AHigm =Ki (L)+ K -(w
2g 2

! !
[ I = | =

é"I_:[tc:-ta.l: ZK[E] — ZK[%J !

2g 2

where (K) 1s actual amount of losses.

Culverts (Single and multiple barrels):

Culverts are used to pass the flow under an obstruction.(roads, railroads, ... etc.). The flow
through culverts is complex and depends on all the design variables such as:
Size, shape, length, slope, roughness, depths of head and tail waters.

Box sections are used for large culverts to pass the flow under an obstruction.

For most canal culverts where head loss is to be kept to a minimum, the culvert is assumed
to flow full and the discharge is a function of the difference between head water and

tailgates, if this difference is AH and the culvert is of depth D than the discharge is given

by:-



- 2
{Eg&Hz[K1+K: +“g'“_L]Q

[

R-—1.3

For the equation above: -

K; =inlet loss coeft.

K> =exit loss coeftf.

R
n
L
A

= hydraulic Radius in (m).

= Manning roughness cuff.

= length of culvert (m).

= area of culvert (m?)

=

£

] which 1s the general culvert equation



Flow through culverts

e The entrance will not be submerged if the headwater is less than a critical value H* , while the outlet is not
submerged

1.2D< H"< 15D where D = culvert height

A culvert with a square edge at the top of the entrance will not flow full even if the entrance is below head

water level when the outlet is not submerged. _ .
Separation

Culvert seal

e For practical purposes, culvert flow may be classified into 6 types of flow within 2 groups.



GROUP (A): -
Free surface flow (inlet and outlet) throughout (neither end submerged).

Case 1: -
Critical depth at inlet  (inlet control)
H<1.2D Ve <Ye

Culverts on supercritical slopes, inlet not submerged, free outlet, control at inlet, flow is supercritical

In this case discharge is independent of slope, roughness, length,

outlet type, shape and size of the barrel. It depends entirely on the inlet

geometry and the headwater elevation

15
Q=Bg' [%J where B is the width of the box section
Case 2: - UI
Critical depth at outlet _ (outlet control) _— L -
H{lzD KI{XQ M‘ |_ - :‘?n <1 B x




Case 2: -
Critical depth at outlet outlet control)
H=1.2D Vi = Vg

:|

Culwverts on subcritical or horizontal slope, hence the control section
is at the outlet.
Discharge depends on inlet geometry, headwater elev., shape, size of

barrel. roughness, slope and length.



Case 3: -
Sub critical flow case

H=12D Vi = Ve

Culverts on subcritical slopes, it does not flow full



GROUPB: -

U/S. end of culvert always submerged.

Case 4: -
Inlet and outlet are submerged. It is the most economical case, which

is usually used in design. The conduit is flowing full

H=D
) |
vi=D ’*\p L “ | #
i [ A 4 T e T ~— +
2 . e, . =
- T _a_| *
— 4+
=

Submerged outlet H> 1.2D
full flow Yi:=>D



Case 5: -

Submerged inlet, full flow, free outlet, culverts on mild (sub critical) or horizontal slopes

H>1.2D In this case the culvert is hydraulically long.
y;<D
'
T
r
Case 6: -
Partly full flow, submerged inlet, Rapid flow case at entrance, free outlet, .
hydraulically short, control at inlet. Orifice flow
T L
>~
— _P )
}“ -

The flow is analogous to a sluice and the equation of discharge becomes
Q=C,BD.(2gH)"”

C,=042+ 0.05% For 1.2 < % <4 in meters system




« For design purposes; the designer usually ensures that both inlet and outlet are submerged. Therefore Case (4)
will be selected.

« For Iragi conditions use -1, To ensure inlet submergence. The greatest economy results from designs based
D
on the culvert flowing full. This requires careful attentions to the inlet design, slope and roughness.

 In Iraqg the topography is relatively flat and head losses have to be minimized. So flow condition of case (4) is
applicable.

For this tvoe the discharoe-head relation shio is given by:
For circular pipes:

H+ L sin =y; + He

H + L sin8 = y; + (ho + he + he ) thus » - ~_ < | 1| hf=frction loss

o’ T e, e | | L ho=outlet loss
2g (H - yi+ L sinB)= (K4 +K3+M_}F Vo EI (&) "
Values of (K;) for inlets are given by U.S.B.R. tables. B R { .

(K») are taken as 1.0 for most out let

(&) Friction factor in pipes



For box section: -

2. AH=(K; +K>+2g n? L /R133) Q— eeeeem—--metric

< !
A — |

K1 = 0.16 for round entrance et e, _ <

= (.5 for square edge entrance . ﬂ[
K>:=1.0

R = hydraulic Readies
Submerged outlet H = 1.2D

The equation for flow through a culvert as given above assumes that
head losses are to be kept to a minimum and culvert will flow full without ~ full flow ¥Y:>D
outlet submerged. In this case the discharge of the culvert is independent
of the culvert slope. (This is the usual case in flat topography as in Iraq).

To ensure inlet submergence, the head H at the inlet should be greater
than 1.2D where D is the depth.
The greatest economy results from design based on the culvert flowing full.

Discharge for a free outlet and full flow is greater than for the submerged case, but of coarse, the loss is also

greater.




I — — =
A {
) i
o
Un submerged outlet H > 1.2D -
full flow Y,<D

e For discharges up to about 2.5 m3/ sec. Pipes can be used, but for larger discharges a box section

Is preferred



Gated Culverts:

Are small regulators and are different from usual culverts by the addition of gate.

For gated culverts length of percolation line should be checked according to weighed cuff. of creep (Lane’s cuff. )

with a min. value of 2.5

Length of vertical parts of the callers should be not less than

1/4 the length of line including, circular, square, rectangular
oval (parabolic or elliptical shape) or any other practical

shape. Collars

1. Great care should be taken in designing proper transitions for

gated culverts.

2. Great care should be given to the choice of smooth material for
long pipelines to reduce the friction losses.

3. Efficient care should be taken in hydraulic design of road culverts.



Conauit Inlet Seal:

To ensure full flow condition with proper performance of the conduit , a minimum in let seal should by

provided with suitable submergence at out let for straight conduits

V2’ _Vf]
2g 2g

- 1
seal t“

Seal = 1.5 Ahv = 1.5(

T = |

V2

Vi ot conduit




Example 1:-

Design a canal box culvert required to pass discharge of 8.5 cumecs under a road regarding the following

information:
Q-8.5 m3/sec
Canal | e g
Canal bed width 75m o |
Water depth 2.9m
Side Slope 1.5H: 1V
S 10 cm / km
Ground level 38 m
Manning n 0.015
U/S.W.L 37.73m

D/S.W.L 37.47m



Road
15m

Top level of road 41.25m
41.25
Top Width of road 15m W s
Side Slope 3H: 1V 3713 L3t
. - " i
Using K;=05, K,=1.0 . Al
Assuming Full Flow Conditions (Sub merged — ' —
entrance)
Sol.
L= 15+ [4125-38)x3x2] =34.5m
To ensure submerged entrance H =12
D
2.9

17 D = D =2.42m (max .allowable value)Use D = 2.40m

Assuming Square section with one cell

AH,_,=U/SWL-D/SWL=3773-37.47=0.26m



Using the general culver equation

| . i 2o’
lH:.ﬂl"'jh:"' 543 |__*3

A 2g

L=

H,= 05+10+ G,

A? 2=9 81

2x9.81(0.015)°(34.5)
R

H, calculated = AH _ _available  7.€..0.2= 0.20

So you have to reduce D
UseD=225, A=225225=50625m2 , R=1I) =0.5625 m
4

Which gives H, = 0.26 =0.256 in O.K.if H_ is smaller; increase D or use tow openings.



Note
If the computed losses H, are greater than the difference in U/S and D/S canal water surface , the pipe will

probably cause If back water exist , the pipe size should be in creased .

2
Because H, = fLV— e HL oci
D D

29

Example 2

A lined canal with Q = 5 m3 /sec, depth of flow = 1.4 m, slope 17.7 cm/km, side slopes 1.5 :1,

Manning’s n = 0.015 and bed width =2.4 m, U/S canal W.L = 11.40 m, U/S canal bed level = 10 m

e Design a canal culvert 45 m long to pass a normal full supply discharge of 5 m3/sec with 0.1 m head
loss.

e Assume a square box section D x D is to be used with a rounded entrance so that K, = 0.16



Sol.

Using the general culvert equation with R = D /4 for a single box section

2an”L

2g.lHrgr:.' =| "I':;l +‘I'I:: + R—' 3 |

o’

A°

2x9.81(0.015)*(45)(4) ] 25
DIEEE

29 (0.1) :[1.15 +

—D=213m=2.15m Ha— g

|

To ensure inlet submergence the box should =

be dropped so that >1.2

invert

D

H
2.15

e =1.2

So H =2.58 mand depth of invert below U/S bed level =258 -1.4 =

1.18 m say 1.2m, which is too much.



The alternative is to use 2 square box section then solving the a above equation with Q = 2.5 cumecs which

gives D =1.55mand culvert should be dropped by 0.46 say 0.5m

e |f canal discharge is 6 cumecs, U/S normal W.L. is 1.53 m, then the head loss is:

2% 9.81(0.015)7(45)(4)=* | 37
(155];.335 [155]4

JeAH=|116+ |
H = 0.148m which cause a slight backwater at the culvert entrance of about 50 mm which is not a serious

problem.



Box Culverts Flowing Partly Full or Culverts dose not flow full: -

In such a case it is the same as the (flow in an open channel)

HL = (Kl + KZ)* 1""‘:?.'1‘-'2—1\'":TJ Zranzl

Yor

i,
-

Where: K, =inlet loss coeff.
K, = outlet loss coeff

From this equation we can find out the velocity V in the culvert.

Example: -
Design a rectangular box culvert flowing partially full as a bridge crossing in a lined canal carrying discharge of

5 cumecs. The length of rectangular bridge crossing is 10m ...
The overall head loss is to be taken for the design of the structure is 0.1m. Assume that the outlet transition will

be similar in shape to the inlet transition. The canal parameters are given below: -



Bed width 2.4 m

WL (1.20))

Depth of flow 1.4m I~ FSWL
Longitudinal slope 17.7 cm /Km %i . :_1:
Side slopes 1.5 (H): 1(V) PRS-
Manning’s (n) 0.015 o "
U/S canal B.L. 10 m anz,::zsm

Straight line head wall transition K, =0.3and K2 =0.75
Solution:

The structure will be designed for 1.2 Q
Discharge Q =5 cumecs
1.2Q=1.2(5) =6 m3/sec

For this discharge calculate depth of flow and velocity in the canal

W.L

ey

10



QZEA R 2/3 Sl/2
n

A=(B+Zy)y =(24+15y)y
Wetted perimeter P = (B + 2y v1+2%)

= (2.4 +2y V1+1.5%)

: _ A (2.4+1.5y)y
Hyd. Radius R = — =
(2.4+2y1+1.5°

_ 1 (2.4+1.5y)y
6= ——(24+15y)y
0.015 (2.4 +2y\1+1.5?

2/3
} x 0.000177 V2

by trial and error Y., 1.53333 m

Q2 o

Vcanal = E: (2.4-1.51.53)1 53 =0.83m/sec

2 _ 2
ViV )=0.10
29

Given h. = (K1+ Kz)(



V2 0.832
H = (0.3+0.75) (— oo

\elocity in box section V =1.6 m/sec

) =0.10

VZ 083

Velocity head in the canal = 29 T 94981

=0.035m

2

Total energy line at sec. (1) = bed level +y; + \;;

=10 + 1.530 + 0.035
=11.565m
Vi (L6)
29 2x9.81

Velocity head in culvert = =0.13m

\VAV

Total energy line at sec. (2) = 11.565 — K ( )

=11.565 -0.3 (0.13 —0.035)
=11.537 m

0O

11.565m———

{meg=ﬁ.035

® @

_ 11.537m
—11.407 m

W.L.

/S canal

:Klﬂhv



Water Surface level at sec. (2) = 11.537 - \2/—;
=11.537 -0.13
=11.407m
.. depth of water yin culvert =11.407 —10.0 =1.407m
Suppose width of box section =B
discharge Q = B*Y*V

Q __ 6 _,
Vxy 1.6(1.407)

OrB= 66m

Thus the width of the box is more than the bed width of the canal which is 2.40 m. It is not good practice to

increase the bed width from 2.40 to 2.66 m.
use B= 2.4m
New depth of flow in the box will by given by: -

_ 60
2.4(1.6)

=1.56m



Floor level of the box = 11.407 — 1.56
=90.85m
Bed level of the canal = 10.0 m
The floor of the box will be depressed by 0.15m
Allowing 0.60 m minimum clearance in the culvert section, the box height

=156+0.6 =216 m =2.20 m 777777777
Box culvert size: - gox width 2.40 m 22 5y

Box height 2.20 m 3 -

SIS

Note:
If the floor of the box were made level with the canal bed, the depth of flow U/S of the box section

would have to increase to pass the discharge through the contraction, (backwater), so it is better to

depress the floor of the box culvert.



A —
T.EL S E |
1.565 11.537
£ - T.EL B iL_”_dm
10 ——ll
& = | o |
W.L{1.2Q) r“'ﬂ T 1 1407 # HL=fL1, # rll-‘ﬂﬂ WL
10.0 = .
B.L r - "_T 085 1—+ | E'_-'.l_*;'
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SIPHON /SYPHON

A siphon is a closed conduit designed to run full and under presser. Inverted siphons are used

to convey canal water by gravity under roads, railroads, other structures, various types of
drainage channels, and depressions. |

Inverted siphons usually used for water supply to. W\
\

1. Cross deep valleys. N //

2. Pass drainage water under roads.

3. Pass drainage water under canal / A £
4 ’ canal 7
drain /




As a structure, Same design and hydraulic principles of culverts are used for siphones except for

the following points.

Design_of syphons v
1- Calculate size and water losses by the given method H. => K| —

Yo |

2- Floor length (equals to th pipe or culvert length) is determined by site conditions. (L) is
determined by floor length plus any needed vertical cutoofs.

3- Transitions at inlet and outlet are determined according to the allowed H; .For small H; ,
transitions are needed to reduce losses at entrance and exit.

4- Riprap or pitching protection is needed when H; is high and soil resistance is low.
Structural details



5- Structural details. U.S

‘ T AR — pressure head
TN ——

T D.S

cal'-l'ars

6- Hydrostatic pressure should be considered and pipe permeability should be low enough

to prevent water leakage.

V=Ki  Darcy’s equation V=K_ . .—
Where: V= \elocity
K = Permeability
| = H/t = hydraulic gradient



So to reduce seepage, from conc.: pipe you have to increase t. (thickness of the pipe wall)

or reducing the head H  or using another material for the pipe with smalls K

7- Pipe slopes should not by steeper than 2 nor flatter than 1/200.
8- Earth cover to the top of a siphon barrel should not by less than 1.0 m where a siphon
passes under a cross drainage channel.
For siphons under roads, L.L has to by considered and the siphon barrel has to by strong
enough to resist vertical forces on, top of it.
9- Finally (same as in culvert design) If the computed losses Hf are greater than the
difference in U/S and D/S canal water surface , the siphon will probably cause backwaters
in the canal U/S from the siphon . If backwaters exist, the pipe size should be increased
or the canal profile revised to provide adequate head.
On the contrary if the computed losses are appreciably less than the difference in  U/S and

D/S canal water surface it may by possible to decrease the size of pipe.



Losses in siphons.: -

AU Y
1. Entrance losses (h:) =Ki(——-—)

Ve
g Ig

2. Qutlet losses (ho) =

)

3. Bend losses (hy) =

(=)
~Z

. A=A 4///,////////////// ///////////////4
4_Friction losses (hg)) =Ss*L

Where hs = friction slope from Manning’s equation or any other
uniform flow equ.

5. Screen losses
When the trash rack structure consists of racks of bars, the losses will
depends on the bar thickness, depth and spacing. An average
approximation can be obtained from the following Equation of screens
with rectangular bars.

A

BT

h: =242 sin DLI':E:IJ'
— a



4% vz
2

h-_:,
= 2.
4
2 sin
ol
—)




Example (1): -

Design an Inverted Syphon required to pass canal discharge of 4
m’/sec under a main road with 0.2 m head loss. The velocity in the canal
is  0.82 nmv/sec and depth of water is 1.5m. Safety screens are provided at

entry and exit. The inverted siphon has 22.5° elbows at each end. The site

dimensions are shown in the figure. Use Manning’s n.on. = 0.013

&
T

1.5m




Solution: -
Total head loss =U/S. W.L. - D/S. W.L.
H=0.2 m (given)
This total head loss is required to meet losses in the various components

of the inverted siphon which are given below: -

2en’L{V?
R4._= _Eg |

b. Head loss at entry and exit K;=0.2,K;=0.3

a. Head loss due to friction in the barrel =

C. Head loss in the two screens K= 0.2

d. Head loss in the two elbows K = 0.05

For discharges up to about 2.5 m?/sec, pipes can be used in the siphons,
but for larger discharges a box section is preferred.

Use square box section, each side=d m

Areaof box A=d? m?

Perimeter P=4%d m



Velocity in the canal V = 0.82 m/sec

Velocity head v _(082)

= =0.034m
2g 2%*9R1

Discharge in the barrel Q = 4 m°/sec
Velocity of flow (say) =V,

_ v,' 14T 16
Velocity head —/— = '
2g  2g| d°

Length of the barrel T. =7.5 +26.8 +7.0=41.3 m

2en’L(V,
R 15 2g

a) Friction loss in the barrel =

R=d/4,n=0.013



.. n’L.4% _
. Friction loss= ——— ¥
dl:: 1

_ (0.013) (41.3)4)7 '15] 0.709
dl:: [d4 di::

vV
b) Entry and exit losses = (0.2 + 0.3 v
EE 2g

16

-0.5 4—:::.:2:34

2gd |
4

(04077
T

¢) Head loss in two screens =(0.2+0 .E]z—
g

T

—0. I]]T]

=0.4(0.034) =0.0136

=..(1)



| s
d) Head loss in two elbows =2 * !].:]5[_1]
g

2%0.05*16 0.0816

.. Head loss = = ...(4)
2*981*4d* d’ -
Total head loss = (L)+(2)+H(3)+(4)
= I].T:I:]:Q — DAEFT — 0017+ 0.0136 + D'ﬂilﬁ
d d d
0.709  0.4077
=—+ — —0.0034
d d
This should be equal to total head loss =0.20 m
", 0'??_9 04077 _ 0.0034=0.2

_|_
d: a3 d4
Solving by trial and error — d=1.45m

. Required square box size = 1.45%1.45 m



Example (2)

Given a single barrel single with the following data:-
Diameter of barrel D (m)

Length of barrel L =90

Discharge through the barrel Q =20 cumecs
Friction factors (in Darey — Weisbach formula) F=0.013
Coeff of bend loss (2- bends) =0.10

Coeff of bend loss in expansion at out let = 0.20
Coeif of head loss in contraction at inlet=0.1 0
Friction loss in pipe (hg) = 0.16 m

Determine afflux. Neglect velocity head



Sol

+7 +73 -

Total head loss in siphon= AH = 0.1 {1}4— 2(0,1}{1}4—0.2(1)4—
g 2g g

o0 S|
AH=[01+02+02+0.013(—) Q .
E— D’ A, 2g
L. Vv
hf =0.16 = f{ —)(—
hy = {D)(Eg)
Ty S |
=0.013( )(Q,.
D A’ 2g)

Using box section
Q= 2.5 m’ /sec

[]I.lﬁ:{].{]lE(gG FE: ! W
D)| D* 2¢g




90 [ 20* 1
0.16 = 0.013 ( .
D)| D* 2g

= 2.74m /sec

Q 20
A (2.7)

-

"liv.a.
AH =059—)+0.16
ig

L -

2.74
=0.5(=—)+0.16

L.

AH = Afflux =0.35m



Weir:-
Any barrier(@'e 8 3xls) in an open channel over which flow takes place serves as a control which has a
consistent relation between head and discharge so (it is an overflow structures built to measure the rate of
flow of water).
Generally, it is of two types:
1. Sharp crested weirs
2. Broad crested weirs
The reason(u=_x 5 «wdl) for using a weir in discharge measurement of a clear overfall weir depends on one
factor only, namely, on the water depth over the sill(4:~1). Thus, the probable error of a discharge-observation
will be directly dependent on the error of one-measurement only; whereas in the case of a regulator three

separate measurements are to be performed in order to calculate one single discharge: -

1. The U/S water depth
2. The D/S water depth
3. The area of the openings,



For the same reason, it is much more accurate to measure the discharge by free over fall weir than by
submerged one, because the second case needs to measure U/S and D/S depths to find the submerged ratio.
Both kinds of weirs i.e. (sharp or broad) are either suppressed or contracted.

Suppressed ~<sweir. -

The sides of a rectangular weir are coincident8=ic with the sides of the approach channel and extend D/S

from the weir, the sheet of water (nappe) leaving the weir crest does not contract laterally.



Contacted Weir: -

The sides and crest of a rectangles, trapezoidal, or V- notch weir are far enough away from the sides and bottom of

the approach channel, the nappe will fully contract laterally at the ends and vertically at the crest of the weir.

e A contracted weir is some times used to give a greater head for [
relatively low discharges in wide channels. - -
e The contracted weir is similar to the uncontracted in all respects -
except that its length is less than the width of the a approach - ] _.Ee._ ! |
channel; i.e., the effect of the end contractions must be considered P11k / \ 0.1k
Fooror o1
Where
L, = effective weir length
L = weir length L.=L— 1]1_1
n = number of end contractions - 10

h = head of water over the weir crest.



nappe

Sharp Crested Weirs F " .
H 4 Atmospheric pressure
Actual weir flow is shown the figure I A~ beneath nappe maintained
4 N . . rartilats
= by adequate ventilation
A Y aceduatee
P F\{\\':}:I I.r?'lr'_f--u- ?;";I L :::&“'“-_
M (18
T~ -
Periodic Roller
vortex

The geometry of the weir determines both the
discharge coeff. and the exponent in the formula
Q=CLh"




Types of sharp (+&)crested weirs: -

(1) Rectangles sharp crested weirs: - are used for large flows.

Q=1.83(L-0.2h) h¥  metric system

(2) Triangular weir

This is preferred to a rectangular for measuring low discharges

— 2.5 : — b
Q=141h metric l ‘7, i

No need for nappe ventilation. oy er

It is easy to measure h even for low discharges .

h, may be neglected without any appreciable error Us3)

(0 sale,




(3) Cipollitti trapezoidal weir:-

It is actually a combination of two weirs i.e., a rectangles and

-- i
triangular weir A h
!
Q=1.86Lh?3"2
Board Crested Weir: -

A weir having a wide crest is known as a broad crested weir

 |If the width of the weir B < 0.5H then the weir is considered as narrow crested weir and
the discharge over it may by found by using equation for sharp crested weir.

 |If the width of the crest of the weir B > 0.5H then it is behaves as a broad crested weir

There are two types of broad crested weirs: -

(1) With a sharp corner at the U/ S end.

(2) With a round corner at the U/S end..



Critical depth (h.) will takes place over the weir crest.
In other words, the discharge over a broad crested weir
IS maximum when the critical depth of flow occurs

over the surface of the weir crest.

h.=2/3H

Where (H) is the head of water over the weir crest at

the U /S side (a) Flow over broad crested weir
separation

boundary layer
e The broad crested weir equation in general is :-

Q=1.7C,LH?3?

where :

Iy l
Ly
I':':':ll "

|
i

|
h
[H]
|||
I\

C, = discharge coeff. with value varies from (0.85t0 1.00) === % i .

(b) Effect of boundary layer on flow



Submerged Weir:

When the water level on the D/S of the weir is above the i
crest level then the weir is said to be submerged weir. o
Submerged weirs have larger discharging capacity as

compared with freely discharging weirs -

Submergence ratio = H— < 100%
H

1

Design of Weirs: -

(1) To resist the existing up lift pressure due to max. head use: -
H (max. static head) = C .L (crest level) — R .L (reduced level of exit point)

(2) The rest of the details follow the same lines as the regulators.

HI
;
z



(3) For structural details (see the fig.) rubber

L e
copper
A .
Joint filled with mastic material (without this part is for the — PAET
probability of S Sh e S N

this joint a crack in the conc. Floor may

occur because of the large load of the ﬁ%;_ o

inclined weir comparing with the thin | - N
=~ joint filled with mastic material

flat floor at U/S).

movable steel gate

(4) To take care of Q variation in canal, weirs with adjustable

steel crest can be used which can be moved up and down to _
3
reduce or increase the head. x_
(5) Design of approaches (stone pitching .....)are the same as in Sehd \
regulator . oG ki Ty

tension in joint A N




Example: -
A rectangles channel 6 m wide carrier 2800 liters per sec at a depth of
90cm. What height of broad crested rectangular weir must be installed to

double the depth? Assume a weir co. efficient of 0.86

Solution : -

Q=1.70C3g L H>2 ....... broad crested weir equation
Q= M: 2.8m° /sec:C, =0.86.L =6m
1000

Thus 2.8=1.70(0.86) (6) H¥* =
= H = 0.467 m
The depth of flow required to be developed in the channel = 2(0.90)

= 1.80 m
. Height of the broad crested weir P=(1.8 —0.467)= 1.333 m



Example: -

1

100

| 2 | Shutter

= '
— —

100 i o
LY. A ] S i iare
r' T - 4 " Jr .
X 3.0 ‘ 12

C.: (Lanes coeff. of creep) = 7.23

Flood discharge
Length of weir

Hight of weir P
Hight of shutter

300 cumecs
40 m

2.0m

0.6




Top Width of weir 2.0m
Bottom width of weir 35m
Cga (discharge coeff. for the weir) = 1.0
f (silt factor) 0.6
Calculate the floor length and thickness for the given cross section.
Solution: -
Total max static head =2 +0.6 = 2.6m
L, =C,H=7.23(2.6)= 18.8m
Q=1.7 Cqg L H32
300=1.7(1)(40)H*? -H=2.68m
U /S Full Supply Level = 100+ 2.0 + 2.68 = 104.68m

R=1.35 (q?)l": q=2=—=T.521m1ecsfn1

5% 1
R=1.35 (L)l-‘ =6.124m
0.6

U/S pile depth below U/S. FI.S . L = 1.25R = 1.25(6.124)y= 7.65 m



e

U/S pile depth below U/S. FL.S .L = 1.25R = 1.25(6.124) = 7.65 m

Level of bottom of U /S pile = 104.68 — 7.65=97.03 m
Provide a depth of 100 -97.03=297m says 3.0m for U/S cut off
Since the D/S full supply level is not known, and the exact calculation for

3 m depth below the weir floor.

Now total creep length provided except U /S floor Ly =
12+3.5+x )
3 | |

13.3=2_H+12

+(3x2)+(3x2)

= ILy=204m._x=204-155=49m

Therefore, provided an U/S floor of 5.0 m Hence total horizontal floor

length =5+35+12=205m



Floor thickness: -

pond level

or uplift pressure head line

HGL
d2
=

The hydraulic grade line is now plotted as shown, the max TU.P on

[
]
|

the bottom of the floor for the D/S position is at the junction of weir with

) 2.6 3.5

(point A): h,=26—-"(3=x2+—")=138m
P 4 13.3( 3 )

t,= 18 =0.98m =1.00m
S 24-1

e  Hence provide 1.0 m thickness for D/S floor from just near its




¢  Hence provide 1.0 m thickness for D/S floor from just near its

Junction with weir wall .

¢  The thickness required at half way D/S floor length

26
(Point B): h_ =2.6 lﬂl 14.5 =1.09m
t . 0.786 0.80

= =(.786m ,
B 241 use m

Further, provide 0.80 m thickness below the weir and 0.40 m at the U/S
side.

* For U/S and D/S protection work, use same detail as in head regulates



::LEEH-&
:Qh\ﬁﬂﬁjcih&j‘l las dgagdlla &

The discharge formula to be used in the design of a gated broad crested

weilr.

Q=1.7C4s (L-KnH) H?”
where: -

Q = discharge in cumecs

H = total head in (meters) including velocity head.

n = _No. of end contractions (Twice the number of gated bays).

L = clear waterway length in (meters).
K = Coeft. of end contraction, generally taken as 0.1 in ordinary

calculation



Examfiﬂ:
£ ro c:wmﬂ data reffr te a kroad crested wer af
G, = .85

T;iﬂ’ ﬂHﬂ‘ibﬂ“ C:IP L"f'.l’farq'_',a]r 30}55 = =

span afl each jafe = 5 m

Full suﬁpﬁ waler level . zo

crest level - 58

Com‘;:luh? the cﬂ":'.-jc.lmr{‘_tif Fasﬂf}ﬂj ever the weir K.
,.-'q_a"fj.llﬁci' L]‘kaj

]

o /"f’ 32
Qe 17 C (L i_g,nH) H

Scmruﬂ‘m‘! :
e

H: Go.sg == .
f’_f = L - (et x e alP end combracions x H,)
Le= L - (ot x2x3 xz)

L e e

fl‘-g: 5?&3 — =

= /35D

=

2,
(- 17 Co.85) (13.8)(z)
= =S4 m3/5£¢ :

—

—






