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Theories of Seepage and Design of
Weirs and Barrages

—

11.1. Failure of Hydraulic Structures Founded on Pervious Foundations

Hydraulic structures such as'dams, weirs, barrages, head regulators, cross-drainage
works, etc. may either be founded on an impervious solid rock foundation or on a
ervious foundation. Whenever, such a structure is founded on a pervious foundation,
it is subjected to seepage of water beneath the structure, in additiof to all other forces

—~+—to which it will be subjected when founded on an impervious rock foundation. In India,

most of these hydraulic structures are required to be founded on alluvxal soil Toundations,
which do allow seepage beneath them. The water seeplg-below the-body of the
hydraulic structure, endangers the stability of the structure and may cause its failure,
gither by : : :

(i) Piping ; or

(ii) by Direct uplift. _

(i) Failure by Piping or Undermining. When the seepage water retains sufficient
residual force at the emerging downstream end of the work, it may lift up the soil
particles. This leads to increased porosity of the soil by progressive remo=al of soil from
beneath the foundation. The structure may-ultimately subside.into-the ] hollow.so.formed, -
resuiting in the failure of the structure.

(ii) Failure by Direct Uplift. The water seeping below the structure, exerts an uplift
pressure on the floor of the structure. If this pressure is not counterbalanced by the
weight of the concrete or masonry floor, the structure will fail by a rupture of a part of
the floor.

The above conccpts of the failure of hydraulic structures dus to sub-surface flow
were introduced by Bligh, on the basis of experiments and the research work conducted
after the failure of Khanki weir, which was designed on experience and intuition without
any rational theory.

11.2, Bligh’s Creep Theory for Seepage Flow
According to Bligh’s Theory, the percolating water follows the outline of the base ™

-of the foundation of the hydraulic structure. In other words, water creeps along the

bottom contour of the structure. The length of the path thus traversed by water is called
the length of the creep. Further, it is assumed in this theory, that the loss of head is
proportional to the length of the creep. If H; is the total head loss between ‘the upstream

and the downstream, and L is the length of creep, then the loss of head per unit of creep
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length (ie. Hp/L) is called the ==
hydraulic gradient. Further, Bligh n

: IRRIGATION ENGINEERIN G AND HYDRAULIC STRUCTURES :

( x2d1)__

makes no distinction between - i
Bottom—-- L- -

horizontal and vertical creep. ot floor——- = ==~
) U

Consider a section as shown in
Fig. 11.1. Let H; be the difference
of water levels between upstream
and downstream ends. (No water
~ is shown on d/s side in Fig. 11.1).
Water will seep along the bottom
contour as shown by arrows. It
starts percolating at A and emerges
at B. The total length of creep is.
-given by

Fig. 11.1. Bligh's Creep.

L=d +d +L +dy+dy+L,+ds+d;
=2d) (L + L) +2d, + 2d;
=Ly +Ly) +2 [dy +dy + ds]
=b+2(d+dy+dy)

Head loss per unit length or hydraulic gradient -

H, _A

T\ b+2.(d +dy+dy| L

o HL HL H | /
Head losses equal to 7 X 2d1 3 —=x2d, T X 2d5 |; will occur respecuvely, in

the planes of three vertical cut offs. The hydrauhc gradlent hne (H G Lme) can then be
* drawn as shown in Fig. 11.1. ° :

(i) Safety Against Piping or Undermining. Accor‘ding to Bligh, the safety against

~ piping can be ensured by providing sufficient creep length, given by L= C.Hy, where . o

~ Cis Bligh’s coefficient for the soil. leferent values of C for dlfferent types of soils are
tabulated in Table 11.1. S ‘

Table 11.1. Values of Bligh’s Safe Hydraulic Gradient for dlfferent types of Smls v _( L

' ' o ‘ Safe Hydraulic - l
S.No. Type of soil - Value of C |- gradient should be.. '
. : . " less than
1. | Fine micaceous sand (as in North Indian Rivers) 15. 1/15
2. Coarse grained sand (as in Central and South Indian Rivers) . 12 ' 1/12
-3 --Sand mixed with bouldet and gravel, and for loam soil . |  Sto9 15 to 1/9
4| Light sand and mud - 8 18

Note : The hydrauhc gradlent i.e HL/L is then equal to 1/ C Hence, it may be -}
stated that the hydraulic gradlent must be kept under a safe limit in order to ensure safety
against piping. | . £

(ii) Safety agamst upllft pressure The ordlnates of the H.G. line above the bottom _
of the floor represent the re31dual uphft water head at each pomt Say for example, ifat - §-
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any point, the ordinate of H.G. line above the bottom of the. floor s 1 m, then 1 m head"

of water will act as uplift at that point. If h’metres is this ordinate, then water pressure
equal to 4" metres will act at this point, and has to be counterbalanced by the weight of
the floor of thickness say .

. Uplift pressure =1, #’ .
' : ’ where ¥, is the unit wt. of water
Downward pressure = (Y,,. G.) t '

where G is the spec1flc -gravity -of the .floor ..

. material.
For equilibrium :
Yo W =%.G.t
W=Gt

Subtracting ¢ on hqth sides, we get
,(h’—;);(G.t—t)=t(G- 1.

- (K ~1 h : . _
or ) tT’(G—l] [G—IJ - S <AL

where (A" — t) h is the ordinate of the H.G. line above the top of the floor. (G — 1) is the
submerged specific gravity of the floor material. For concrete, G may be taken equal to
2.4. Hence, the thickness of the floor can be easily determined by using the equation
(11.1).This is generally increased by 33%, so as to allow a suitable factor of. safety

It may be mentioned that the floor thickness has to be designed according to -

equanon (11.1) only for the downstream floor and for the werst conditions i.e. when

maximum ordinates of H.G. line occur. The water. standing on the upstream ﬂoor more

than counterbalances the uplift caused by the same water, and hence, only a nominal
floor thickness is requtred on the upstream szde 50 as to resist wear, impact of ﬂowmg
water, etc. e

Hence, while des1gn1ng aprons of hydra'uhc structures on Bhgh’s theory-for sub-
surface flow, the floor thickness, is de51gned in accordance with the above rules, and

sufficient length of pucca floor givef by L= 'C.Hy is provided, so as to ensure a safe

value of hydraulic gradient. This-will be discussed ‘in details in article 11:5.
11.3. La.llle ’s Welghted Creep Theory # /l'i"’, '

Bligh, in his theory, had calculated the length of the creep, by mmpleddmg the.
horizontal creep length and the vertical creep length, théreby making no 'distinction

between the two creeps. However, Lane, on the basis of his analysis carried out on about B
200 dams all over the world, stipulated that the horizontal creep is less effective in

reducing uplift (or in causing loss of head) than the vertical creep. He, therefore,
suggested a welghtage factor of 1 3 for the honzqntal creep, as agamst 1.0 for the‘_yemcgl

creep. .
Thus in Fig. 11.1, the total Lane s creep length (L,) is given by

Lz=(d'1‘*jdl)"‘gl_q“f'(d'z‘*'dﬁ+‘3‘Lz+(d.3+d3)

AT
/N
- w’,;".//'
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=—;—. (L + L) +2 (dy +dy+ dy) =%. b2 (dy+dy+ds)

To ensure safety against piping, according to this theory, the creep length L, must not pe

less than C,H;, where Hj is the head causing flow, and C; is Lane’s creep coefficien;

given in table 11.2. S '
Table 11.2. Values of Lane’s Safe Hydrauhc Gradient for different types of Soils

o | e | edlee Skl
1. Very find sand or silt 8.5 , 1/8.5
2. | Finesand 7.0 ' 17
3. Coarse sand 5:0 ) s i
4. Gravel and sand : 3.5t0 3.0 4 135twl1/3
5. Boulders, gravels and :sand 251030 ’ T 12513
6. | Clayey soils 30t0 1.6 1Bt 116

Lane’s theory was an improvement over Bllgh’s theory, but however, was purely
empirical without any rational basis, and hence, is generally not adopted in any designs.
Bligh’s theory, though is still used (even after the invention of modern Khosla’s theory),
but Lane’s theory is practically nowhere used, and is having only a theoretical impdr-
tance.

11.4. Khosla’s Theory and Conéept of Flow Nets

-=-Many:- of -the-important-hydraulic-structures, -such-as weirs -and barrages, were
designed on the basis of Bligh’s theory between the period 1910 to 1925. In 1926-27,

the upper Chenab canal syphons, designed on Bligh’s theory, started posing undermin-

ing troubles. Investigations started, which ultimately lead to Khosla’s theory.

" A detailed description of this theory is available in C.B.L publication No. 12, which’
is available at Publication’s Division at Civil Lines, Delhi. The main principles of this
theory are summarised below :

(1) The seeping water does not creep along the bottom contour of pucca floor as
stated by Bligh, but on the other hand, this water moves along a set of stream-lines as
shown in Fig. 11.3. This steady seepage in a vertical plane for a homogeneous soil can

" be expressed by Laplacian equation.

£y, Lo o

dx? dz

’ where-¢ = Flow potential = Kh where K is the coef-
ficient of permeability of soil as defined
by Darcy’s law, and 4 is the residual head
at any point w1th1n the soil.

The above equatlon represents two sets of curves intersecting each other orthogonally
(Fig. 11.2). One set of lines is called Streamlines, and the other set is called Equipotential
lines. The resultant flow diagram showing both the sets of curves is called a Flow Net.
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.Stream Lines. The f_-_——_=_——:_—__1;— e i —T—— -
streamlines represent the —:_:_“__:__:_H iy
paths along which the water — ——— ——- ——/£7 i

flows through the sub-soil. & —
Every particle entering the
soil at a given point upstream
of the work, will trace out its
own path and will represent
a streamline. The first |
streamline follows the bot- [

Equipotential

lings
tom contour of the works and ' /
is the same as Bligh’s path of Field
creep. The remaining Fig. 11.2. Khosla's Flow Net.
streamlines follow smooth curves transiting slowly from the outline of the foundation
to a semi-ellipse, as shown in Fig. 11.2. : '

Equipotential Lines. (1) Treating the downstream bed as datum and assuming no
water on the downstream side, it can be easily stated that every streamline -possesses a ‘
head equal to h; while entering the soil; and when it emerges at the down-stream end
into the atmosphere, its head is zero. Thus, the head A is entirely lost during the passage
of water along the streamline. '

Further, at every intermediate point in its path, there is certain residual head (h) still
to be dissipated in the remaining length to be traversed to the downstream end. This-fact
is applicable to every streamline, and hence, there will be points on different streamlines
having the same value of residual head h. If such points are joined together, the curve
obtained is called an equipotential line. ,

Every water particle on line AB is having a residual head = h; and on CD is having
a residual head 2 =0,-and hence, AB and.CD are equipotential lines.

Since an equipotential line represents the joining of points of equal residual head,
hence if piezometers were installed on an equipotential-line, the water will rise in all of
them up to the same level as shown in Fig. 11.2. ‘ »

(2) The seepage water exerts a force at each point in the direction of flow. and
tangential to the streamlines as shown in Fig. 11.3. This force (F) has an upward

AF

\ We T
STREAM N
LINES
S
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component from the pomt where ‘the streamline turns upward. For soil grains to remaip
stable, the upward component of this force should be counterbalanced by the submerged
weight of the soil grain. This force has the maximum disturbing tendency at the exit
end, because the direction of this force at the exit point is vertically upward, and hence
full force acts as its upward component. For the, soil grain to remain stable, the syb-
merged weight of soil grain should be more than this upward disturbing force. The
disturbing force at any point is proportional to thé gradient of pressure of water at that
point (i.e. dp/dt) * This gradient of pressure of water at the exit end, is called the exit
gradient. In order that the soil particles at exit remain stable, the upward pressure at
_ ex:t should be safe. In other words, the exit gradient should-be safe. ‘

Critical Exit Gradient. This exit grad1ent is said to be critical, when the upward
disturbing force on the grain is just equal to the submerged weight of the grain at the
exit. When a factor of safety equal to 4 or 5 is used, the exit gradient can then be taken
as safe. In other words, an-exit gradient equal to %toé of the critical exit gradient is

ensured, so as to keep the structure safe against piping.

The submerged weight (W) of a unit volume of soil is given as :

Y (1 =) (= 1) |
: where v, = unit weight of water.
S, = sp. gravity of soil particles
n= poros1ty of the soil material.
For critical conditions to occur at the exit point, -
F=Ww, _
where F is the upward disturbing force on the
grain ,

: i Force F= pressure gradlent at that pomt :5 = 'Yu; d];

P=%Yy-h
P +dp="Y,dh+dh)

where h = Residual head still to be dissipated,’ _ e
called hydrostanc excess head. -
. .. Fgll4
dh ‘
Yw'_c;l-=7w(l-n)(ss—‘1) , . |
o Bog-me-y . It

where % represents the rate of loss of head 4or;

. the gradient at the exit end.
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Under critical conditions, the critical exit gradient is equal to (1 - n) (S, - ‘1) For
ost of the river sands, S;=2.65andn=0.4, then the value of critical exit- gradlent'
(1,04)(265—1) '

=0.6x1.65= 099 1.0

Hence, an exit gradient equal to %to 5 of the critical gradient means that -an exit

“’:l:'gradicnt equal to —;-to é has to be provided for keeping the 'stru_cture safe against piping.

Values of safe exit gradient for some of the subs’oils‘ are given in Table 11.3. -

Table 11.3. Values of Khosla’s Safe Exit Gradient
for different types of Soils ’

Type ofsoil Khosla’s Safe Exit Gradient
Shingle ' 0.25 t0 0.20
Course sand ' 0.20t0 0.17
Fine sand 0.17 t0 0.14

Khosla’s theory of flow nets made it very clear that the loss of head does not take

piace uniformly, in direct proportion to the creep length, as stated by Bligh. In fact, it
depends upon the whole geometry of the figure, i.e. the shape of foundation, depth of

impervious boundary and levels of u/s and d/s beds. When the equipotential lines-are
fraced to be closer, the rate of loss of head will definitely be quicker and vice versa.

It can, hence be concluded that the safety against piping can not be obtained by
providing sufficient floor length, as stated by Bligh, but can be obtained by keeping the
exit gradient well below the critical value. The exit gradient may not be safe even if the

average hydraulic gradient of Bligh |i.e. % is safe.

(3) Undermining of the floor starts from the downstream end of tile d/s pucca floor,

- and if not checked, it travels upstream towards the weir wall. The undermining starts
only when the exit gradient is unsafe for the subsoil on which the weir is founded. It is,

therefore, absolutely necessary to have a reasonably deep vertical cut-off at the
downstream end of the d/s pucca floor to prevent undermining. The depth of thlS d/s
vertical cut off is governed by two considerations i.e.

() maximum depth of scour ; (if) safe exit gradleni

While -designing - a- weir,: downstrearmqutoff from.the maximum .scoured depth.

considerations is, first of all, provided, and checked for exit gradient. If a safe value of
exit gradient is not obtained, then the depth of cutoff is increased. The depth of cutoff
is also governed and limited by practical considerations, as the execution of very 'deep

- cutoff may be difficult or unpracticable at site.

A weir or a barrage may fail not only due to seepage (i.e. sub—surféce flow) as stated
by Bligh, but may alse fail due to the surface flow. The surface flow (i.e. when flood
water flows over the weir crest) may cause scour, dynamic action ; and in addition, will
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cause uplift pressures in the jump trough’k (if the hydraulic jump forms oy the
downstream). These uplift pressures must be investigated for various flow conditiopg

‘The maximum uplift due tc this dynamic action (i.e. for surface flow) should they be

compared with the maximum uplift under steady seepage (i.e. for sub-surface flow) .

and the maximum of the.two chosen for designing the aprons and the floors of the weirs. o

All these modern aspects and other details about designing weirs on permeable found,.
tions, as per the Knosla s theory, have been discussed in article 11.6.

Khosla’s theory dlffers from Bligh’s theory in all the above respects, but owmg to

‘the simplicity, Bligh’s theory is still used for design-of small works. A minimyy,

practical thickness for the floor and a deep vertical cutoff at the downstream enq ; is,
however, always provided, in addition to the requirements of Bligh’s theory. HoweVer

. on major works, Bligh’s theory should never be used, as it would lead to expensive apq
" unsafe erroneous designs.

11.4.1. Khosla’s method of independent variables for determination of Pres.
sures and exit gradient for seepage below a weir or a barrage. In order to know g

necessary to plot the flownet. In other words, we must solve the Laplacian equations,
This can be accomplished either by mathematical solution of the Laplacian equations,
or by Electrical analogy method, or by graphical sketching by adjusting the streamlines
and equipotential lines w.r.t. the boundary conditions. These are complicated methods
and are time consuming. Therefore, for designing hydraulic structures such as weirs o

- barrages on pervious foundations, Khosla has evolved a simple, quxck and an accurate

approach, called Method of Independent Variables.
In this method, a complex profile like that of a weir is broken into a number of

~ simple profiles; each of which can be solved mathematically. Mathematical solutions of

flownets for these simple standard profiles have been-presented in the form of equations
given in Fig. 11.5, and curves given in Plate 11.1, which can be used for determining

the percentage presstres at the- various key points. The simple profiles which are most .

useful are :
(i) A straight horizontal floor of negligible thickness with a sheet pile line on the
u/s end and d/s end [Fig. 11.5 (a) and (b)].

(iz) A straight horizontal floor depressed below the bed but without any vertical
cut-offs [Fig. 11.5 (¢)].

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

intermediate point [Fig. 11.5 (d)]. .
The key points are the junctions of the floor and the pile lines on either side, and
the-bottompoint of the pile line;-and the-bottem corners-in-the case-of a-depressed floor.
The percentage pressures 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 ’

(a) correction for the mutual inte?_ference of piles ;
_(b) correction for thickness of floor ;

(c) correction for the slope of the floor.

* For detailed description, please refer to Article 11.6.11.

!
I
i
|
|

_ to how the seepage below the foundation of a hydraulic structure is taking place, itis -
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“Fig. 11.5. Khosla's simple profiles for a weir of complex profile. ~
These correctlons are descnbed below

(a) Correction for the Mutual Interference of Plles The correction C to be-
applied as percentage of head due to this effect, is given by

d+D
c_19\/b,[ 5 } ‘ | (11.3)

where b’ = The distance between two pile lines.- -
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D = The depth of the pile line, the influence

of which has to be determined on the
neighbouring pile of depth d. D is to be
measured below the level at which intep.
ference is desired.

d = The depth of the p11e on Wthh the effect
is considered.

b = Total floor length.

This correction is posmve for the points in the rear or back water;. and substractive
for the points forward in the direction of flow. This equation does not apply to the effect
of an outer pile on an intermediate pile, if the intermediate pile is equal to or smaller
than the outer pile and is at a distance less than twice the length of the outer pile.

Fig. 11.6
Suppose in the above Fig. 11.6, we are considering the influence of the pile No. (2)
on pile No. (1) for correcting the pressure at C;. Since the point C; is in the rear, this
correctlon shall be + ve. While the correction to be apphed to E, due to pile No. (1)
shall be negative, since the point E, is in the forward direction of flow. Similarly, the
-cotrection at C, due to pile No. (3) is posmve and the correction at E, due to p11e No.
(2)'is negative. :

(b) Correction for the Thickness of Floor. In the standard form proﬁ]es the floor

is assumed to have nsgligible thickness. Hence,
the percentage pressures calculated by Khosla’s
equations or 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 - i D1
pressure ‘at the actual points are. calculated by -

] G Av.','-, ca P ":,‘
R

A te

o Figlll .. o

the corrected pressure at E; should be less than the calculated pressure at E/’, the
correction to be applied for the point E; shall be — ve. Similarly, the pressure calculated

Cl is less than- the corrected pressure at C;, and hence, the correctlon to be applied at -

‘pomt C,is + ve:

(c) Correctlon for the Slope of the Floor. A correctlon is applied for a sloping
'ﬂoor, and s tagen as + ve for the down, and — ve for the up slopes followmg the direction
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ow. Values of correction ‘of standard slopes such as 1 : 1 '2:1,3: 1, etc. are

fabulated in Table 11.4.
Table 11.4
) Slope ~_ Correction
Hartzontal Verttcal e factor
- T S T

" 2:1 6.5

3:1 4.5

411 33

5:1 2.8

6:1 2.5

7:1 2.3

8:1 2.0

The correction factor given above is to be multiplied by the horizontal length of the“‘ §
| _slope and divided by the distance between the two pile lines between which the sloping
ﬂoor is located. This correction is applicable only to the key points of the pile line fixed

at the start or the end of the slope.
Thus, in Fig. 11.6, this correction is applicable only to pomt E,. Since the slope is

“ down at pomt E, in the direction of flow, hence, the correction shall be + ve and will

pe equal to the correction factor for this slope (Table 11.4) multiplied by b,/b,, where
b,and by are shown in Fig. 11.6. ‘

Exit Gradient (Gg). It has been determined that for a standard form consisting of.

afloor length b with a vertlcal cutoff of depth d, the exit gradlent at its downstream end
is given by _

. H 1 L =
Ce="0 7n , o
‘ 1+V1+0?

where A = 5
and o=-
From the curve of Plate 11.2 ; for any value of oc, ie. .é,fthe corréspondirig value of

\/— can be read. Knowing H and d, the value of GE can be easily calculated. The exit

gradient so. calculated must lie within safe limits as given in Table 11 5.

. - Table 115 o
Type ofsoil Safe exit gradient
Shingle ' %t'o% (0.25 t0 0.20)
. . U
Coarse Sand . 35 to & (0.2010 0.17)
Fine Sand : s to 7 (0.17°t0 0.14)

R T CE T
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The uplift pressures must be kept as low as possible consistent with the safety 4 3
the exit, so as to keep the floor thickness to the minimum.

It is obvious from equation (11.4), that if d=0; G is infinite. Hence, jr becomes.
essential that a vertical cutoff at the downstream end must be provided.

Example 11.1. Determine the percentage pressures at various key points iy Fig
11.8. Also determine the exit gradient and plot the hydraulic gradient line for pong IGVé.l ,
on u/s and no flow on d/s.

Pond level 158

Intermediate”
Pile No.2 -

57m - - e

Fig. 11.8

Solution. ‘

(1) For Upstream Pile Line No. (1)

Total length of the floor =b=57.0m.

‘Depth of u/s pile line =d =154.00— 148.00=6.0m

.5
From curve Plate 11.1 (a)
0c,=100-29=71%
¢p, =100-20=280%
These values of ¢c, and cl)D1 must be corrected for three corrections as below :

\O

Corrections for ¢
(a) Correction at Cy for Mutual Interference of Piles. ¢c, is affected by intermediate
- pileNo.2. - | SR o
Correction =19 2, (d+D , L(11.3)
b b ; ~
' where D = Depth of pile No. 2. J
=153.00-148.00=5.0m g
d = Depth of pile No. 1 = 153.0 - 148.00="5.01
b’ =Distance between two piles = 15.8 m.
b = Total floor length =57.0 m.
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. ,‘/ 5 (5+5
Correction = 19 157 [ 57 ] 1.88%

Since the point Cj is in the rear in the direction of J 154.00
flow, the correction is + ve. I fct 1.0m
-, Correction due to pile interference on C, q<y 'f 15300

=1.88% (+ ve) () l T
(b) Correction at C, due to thickness of floor. FLow
Pressure calculated from curve is at Cy’, (Fig. 11.9) _

but we want the pressure at Cy. Pressure at C, sha}l be L } b1, 14800
more than at Cy” as the direction of flow is from C; to Fie 11.9
C,’ as shown; and hence, the correction will be + ve and ‘ g1
80% ~71% .
—[154.0—148.0:|X(154 00— 153 OO) >< 1 —15% (+ ve) (i)

(c) Correction due to slope at C, is nil, as this point is nelther situated at the start
nor at the end of a slope.
Corrected (¢, =71%+ 1.88% + 1.5% = 74.38%
Hence corrected ¢c =74.38% Ans.
and . ¢p,=80%
(2) For Intermediate Pile Line No. (2)
d=154.00-148.00=6.0m

b=570m
b _57.0
d” 6.0 =93

Using curves of Plate 11.1 (b), we have b, in thlS case
=0.6+15.8=16.4m S

and b=57.0m

by 16.4
5 =570 =0-298:
by
1—7 1-0.298=0.702. .

¢z, = 100 - 30% = 70%

- (where 30% is ¢c for a.base ratio of 0.702 and & =9.5) .

oc, = 56% (for a base ratio 0.298 and o = 9.5)
0p,=100-37=63% ‘
(where 37%is ¢p for a base ratio of 0.702 and o =9.5)

" Corrections for g,

(a) Correction at E, for sheet pile lines. Pile No. (1) will affect the pressure at E,
and since E, is in the forward direction of flow, this correction shall be — ve. The amount

of this correction is given as :
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where D = Depth of pile No. 1, the effect of Whiéh .
~ is considered = 153.0-148.0=50y, -~
el d'= depth of pile No. 2, the effect on whiey |
: ‘is considered =153.0~ 148.0=5.01, .
b’ = Distance between the twopiles = 158,
b= Totalfloorlength=57.0m.

' comection —1oAf 3 (5+5) .
Correction =19 V157 (_57 )— 1.88%.(« Ye)

(b) Correction at E, due to floor thickness.
) Obs. ¢z, — Obs. ¢p,
~ Distance between E,D;

(70%-63% .. T .~
' ‘[154.0f148.0)“'0"6“0—1-17'%.

“Since the pressure observed is at Ey’ and not at
E,, (Fig. 11.10) and by looking at the direction of [ Jox —= —>= —£J G
flow, it can be stated easily that the pressure at E, ,f ElIEEE
shall beless than that at E,’, hence, this correction is l l T

negative. 1A |
l K !

-~ Correction at E, due to floor thickness T

. C =1.17% (= ve). ‘ b . U
(¢) Correction at E, due to slope is nil, as the N - .

_point E, is neither situated at the start of a slope nor L Fig. 11.10

at t_hépﬁd of a slope. ' -

ISR

19

% Thickness of floor

Hence, corrected percentage pressure at E, . . : o o |

» = Corrected ¢E2 =70% — 1.88% — 1.17% = 66.95% Ans.
-Corrections for ¢c, o ’ ' ' .
(@) Correction at C, due to pile interference. Pressure at C, is affeéted'by pile No.

(3) and since the point C, is in the back water in the direction of flow, this correction
is + ve. The amount of this correction is given as : : :

_1oAD (D¥d) N

where D = Depth of pile No. (3), the effect of which
is considered below the level at which
~ interference is desired '
= 153.0-141.7=11.3m ‘
d = Depth of pile No. 2, the etfect on which
is considered .
= 153.0-148.0=5.0m.
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b’ = Distance between the pile 2 and pile 3 = .
40.0m
b = Total floor length =57.0m. ~

o100 (11345.0)_
Correct10n-19» 400 (—————5-7“0 )—2.89% (+ ve)

(b) Correction at C, due to floor thickness. From Fig. 11.10, it can be easily stated
that the pressure at C, shall be more than that at C,’, and since the observed pressure is
at Cy/, this correction shall be + ve and its amount is the same as was calculated for the
point E, = 1.17%.

Hence, correction at C, due to floor thickness = 1.17% (+ ve).

(¢) Correction at C, dué to slope. Since the point C, is situated at the start of a slope
of 3:'1, i.e. an up slope in the direction of flow ; the correction is negative.

Correction factor for 3 : 1 slope from Table 11.4 = 45

Horizontal length of the slope =3 m.

Distance between two pile lines between which the sloping floor is located
=40.0m. -

. Actual correction =4, 5 X (20) 0.34% (— ve)

Hence, corrected ¢c,

=56% +2.89% + 1.17% — 0.34% = 59.72% .
(3) Downstream Pile Line ‘
'd=152.0-141.7=9.3m

- - b=57.0m. e i o . i _;~ -
‘ 1 d 103 ‘
o " b 570 =0. 181
From curves of Plate 11. 1 (a), we. get .
¢D —32%
q>53-38% :

Corrections for O,

(a) Correction due to piles. The pbint E3'is affected by pilé No. 2, and since Ej is
in the forward direction of flow from pile No .3, this correction is negative ‘and its
amount is glven by

7" where D= Depth of pile No. 2, the effect of which
is considered = :
~1507—1480 2.7m.
d= Depth of plle No. 3, the effect on which
is considered - o

. =150.7-141.7=9.0m.
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b = Total floor length = 57.0 m.

el oA 2T (9427 ~
1 The correction = 19 40 x( 57 )—102%( ve)

Wik
’ l ‘ b’ = Distance between piles =40.0m.
| i (b) Correction due to floor thickness

From Fig. 11.11, it can be stated easily that the pressure at E3
kL Ey shall be less than at E3 , and since the pressure observed from E % T
MH curves is at E3 :'this correction shall be = ve’and its amount ~~ 77T
b _ 38%-32% __16 l T
| ‘ : =T52.0-141.7 X 3= 703 X 1:3=076% (= ve)
: (c) Correction due to slope at E; is nil, as the point E; is U
l‘ L neither situated at the start nor at the end of any slope. =~ Fig. 11.11

Hence, corrected ¢53
_ =38% —1.02-0.76% = 36.22% Ans.
The corrected pressures at various key poinis are tabulated below in Table 11.6.

Table 11.6
Upstream Pile No. 1 Intermediate Pile No. 2 , " Downstyeam Pile No. 3
¢, = 100% ¢p, =66.95% . g, =36.22%
o, = 80.0% ¢p, = 63.0% Opy = 32.0%
bc, =74.38% oc, =59.72% bc; = 0%

Exit Gradient

Let the water be headed up to pond level i.e. on RL 158.0 m an the upstream side
with no flow downstream.

The maximum seepage head'= H=158.0—-152.0=6,0m

The depth of d/s cut-off =d=152.0-141.7=103m
~ Total floor length =b=57.0m.
b 570 n ‘
d~103~ 7%

For a value of o0 =35.53, —3[== from curves of Plate 11.2 is equal to 0.18.‘

. _H 1 60 _ -
Hence,. Gg= 7 AN "103° x0.18= ——-9 53 0105 e
Hence, the exit gradient shall be equal to0 0.105, i.e. 1in9.53, which is very much

safe

‘ Plotting the Hydrauhc Gradient Line

The percentage pressures, computed énd tabulated in ;‘Table 11.6, can be used to
work out the elevation of H.G. line above the datum, as. given in Table 11.7.
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] Table 11.7
P .
Height/Elevation of Sub-soil H.G. Line above Datum
- | ¥
S 18 |
2 v w 3 @ "G
8 R SR g
32 3% 3 Upstream Intermediate Downstream
RS I3 R
2% | 25| SE| 5| . PileLine |~ PileLine _ Pile Line
§ SE Sz 'g e il P RN -
[ B S
7 g =
IR
Q
bz, | 9, | O, | % | 0o, | b, | %5 | %, | 9
100% | 80% 174.38%66.95%) 63.0% |59.72%|36.22%| 32.0% | 0%
60 | 48 |446 | 402 | 378 | 358 | 268 | 192 | 00
Pond
level Ws |58 06{152.00] 6.0
with no
flow d/s
158.0 | 156.8 | 156.46 | 156.02 | 155.78 | 155.58 | 154.17 | 153.92 | 1520

The subsoil H.G. Line is then plotted in Fig. 11.12.

158
- i o
15646 == « — — — 418602
: : weseh_ . : . suBson
S50~ - H?LINE
NHS D T L
-0 A 2 ~
2 1.540_ 7 UL W 15¢ Gf
BTy X ‘
=] c, 153°0 B G SN .
31— R ——
. Dz' N i 50-7 E3 C3
Dflae-o 1480 . )
) ’ [e— 15m olet——10 M —ppt—1 0 M—0]
—-— 40m
- 57m -
Fig. 11.12

_ Example 11,2, In the_previous example 11.1, the uncorrected percent residual

pressures at Cy, Dy, E;, Dy, Cy, E; and D;, were all computed with the use of Khosla’s

charts. It is now desired to compare these pressures analytically by using the respective
formulas, if the charts are not available.
Solution. (1) For Upstream Pile Line No. 1.

b=5Tm

d=154.00-148.00=6.0m
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‘Now, ¢ for such a case [Refer Fig. 11.5 (a)] is given by
. _ _1_ _1 A—=2 . ‘
0= cos ( A j .

1+V1+0o?
where 7\.=——-2———
Jo =2
7»=1—+—2—9'—5—=5.28
1 (528-2) 1 ol Mo
q)E-chos 58 J—nx51.65 X 1800—0.287,1.«3. 28.7%.
8.7=71.3% Ans.

0¢, =100 —¢g= 100

(as against 71% read out earlier)
Similarly, from Fig. 11.5 (a)

¢g,=100—¢p
1 (A=1)
where 0p = p cos T ]
1 _i(528-1)_ _
== cos (*——5.28 ]—0.199 ; say 19.9%
0p,=100-19.9=80.1% Ans. (as against 80% readout earlier)

(2) Intermediate Pile Line No. 2. As given in Fig. 11.5 (d),
0 =0 —lcos'1 u
ETYET R A

_ _1 -1 }\,1‘*‘1 '
¢c2—4.>c—50057

1A

o1 (M)
Op, = &p = cos 7‘}

V1402 +V1 +0,°

where A = >
Vi+o2 -Vi+o?
l1= ”
. 2
by by
(Xl =—J ; az'—'g.

From Fig. 11.8 of the given question,
: d = Depth of intermediate pile
G = 154:0'148.0=6m - -
oy = Floor length U/S of intermediate pile
=164m.

d2 = Floor length D/S of intermediate pile
= 40.6 m. ‘

4 (

—
(o)

=273
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THEOR
) 2
o V14273 +N1+6.77 _2.907+6.843 _, o
N 2
M:w?wsz& ,
} _1' cifM-1
Using, &g, = cos [ A )

1 _(=1968-1) .
d)Ez-ncos [’—_—4.875 - j—0.708,l.e. 70.8%. Anrs.r o

(as against 70% read out earlier).

Now, using

1 1M
¢p, =p =7 °08 ! [TJ

1 . 4(=1.968) _
= coS »(-———_—4.875 J—0.632—63.2% Ans.

(as against 63% read out earlier)
Now, using

U DYt
0c,= bc = cos™! | =

1 q(-1.968+1) ..,
= cos ( 573 J_o.564_56.4%.,

(as against 56% read out earlier)

(3) For Downstream Pile line No. 3. W.R. to Fig. 11.5 ()

b=57.0m"
d=152.0-1417=103m -

b_ 57

“d"10.3‘5'537
_1+\/1_+a2_1+\/1+5.532_3'31
_ 2 - 2 T

—Los 12322 Lgg 650 x =037 ic. 37%. Ans. .
b 18Q° .
(as against 38% read out earlier)

. 1 _y(A-1 | |
%2-%"{995“ - ;‘j o ) B

=Lt (3—2%} 0.254; ie.,25.4%. Ans.

(as against 26% read out earlier)
Example 11.3. An impervious floor of a weir on permeable soil is 16 m long and

flas sheet piles at both the ends. The upstream pile is 4 m deep and the downstream pile
185 m deep. The weir creates a net head of 2.5 m. Neglecting the thickness of the weir
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floor, calculate the uplift pressures at the junction of the inner faces of the pile wiy, the
weir floor, by using Khosla’s theory. (U.P.S.C., Civil Services, | 990) |

Solution. In the given question, since Khosla’s curves are not supplied, it become;
necessary to remember and use the formulas on which those Khosla’s curves are baia -
These formulas are already mentioned in Fig. 11.5.

For the given question, pressures are required.at inner junctions of both piles, Ret v
Fig. 11.5 (a) and (b). Pressures are thus required at C1 for U/S plle and atEatD/s pile
line.

(a) U/S Pile Line (¢¢c,=?)

d=4m
b=16m

1+Vi+0? 1+V1+4>

where A =— 3 = 2 —=2.5616
o1 2.5616-2 o
¢5—ncos (_—25616 ] nx(7734)
1

—— o
= X (77.34°) x 130°
bc, = 100-43=57%. .

=0.4296; say 0.43 i.e. 43%.

Correction due to D/S piie

e {g)

where D = Depth of D/S influencing pile = 5 m
d = Depth of U/S pile being influenced =4m
b=b'=16m

4+5 ‘
C=+19- (16)( T3 J—+6%.

¢c; (comected = 57% +6% = 63%.
PC =63%x2.5m=1575m. Ans.

(b) For D/S Pile Line (¢z=7)
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1 _i(2.176=2
O =7 cos ( 2.176 J

_l o -
X 85.35° x 180°‘0474 47.4%.

~THEO

‘ Correction due to U/S pile.
o J4a (5+4
C=(-)19. 16 x(lﬁ )——-53%
OF (corrected =474~ 53=42.1%
Pr=42.1%%x25m=1.05m. Ans.

Example 11.4. The concrete floor of a head regulator is level with the channel bed
(except for the short crest hump) and is 13 m long. The floor is provided with cut off
U, yalls at its upstream and downstream ends. The depth of upstream cutoff is 1.5 m (below

the floor level) and that of the downstream wall is 2.0 m, Using Khosla’s theory (see
Fig. 11.13 for definition, sketch and formulaj, determine the thickness of the floor at its

— ¥

w
!
/o

f—a—

A= 2

[," ToUTTTITIILT D TTIh I .’"T'f.,“’.';"'??"‘ a=§ 7‘»"_’1' T —1‘“' o

Fig. 11.13. Definition sketch for Khosla's theory for uplift pressures.
' mid length and also at its junction with the upstream and downstream cutoff walls. The
 floor thickness may not be less than 30 cm ariywhere. The upstream FSL is 1.5 m above
' the floor level. If the permissible exit gradzent is 0.18, is the floor safe against failure
by piping ?  (U.P.S.C. Civil Services, 1982)
Solution. (i) For U/S. cut off wall.
W.r. to Fig. 11.5 (a) and (b), we have
b=13m
d= depth of pile line from top of floor level = 1.5 m.

- : o=—==8.67 e e e B

l+\/1+a 1+\/1+8672

A= =4.86

_ 1 f(r-2 D
wrker (5]
[ i 1+N1+

Now, ¢c,=100— ¢E
where ¢E;;1t- cos™! (—A-'—;—ZJ



i
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= 1 cos™! [4'86—_2]=l X 53.9°x
T T

=0.30;i.e.,30%

4.86 180°

o, =100~30=70%.

(i) Correction for D/S pile line.

Correction =19 - \/ZD7 [d-ZD]

~where D = Depth of influencing D/S pile = 2 1
d= Depth of U/S plle getting influenceq.
=15m .
b” = Distance between two piles = 13

.‘,2 1.5+2)
=(+)A19-“E(““‘_13 J—Z.O

(Since point C| is in the rear in the dires."
tion of flow, the correction is positive)

(i) Correction for floor thickness. Strictly speaking, this positive correction needs
to be worked out by assuming certain floor thickness of say 1 m at U/S end ; but for

that, Khosla’s-formula for op, or ¢p, =100 —¢p ; where ¢p = % cos™! k; L is required,

which is not given in the question, although the other one for ¢y is given, which shows

‘that the examiner wants us to ignore this correction. If time permits, this correction can

also be worked out.
Hence, corrected ¢c,
=T70+2=T72% (Ignoring + ve correction due to floor thickness)
(a) P, = Residual pressure causing uplift at start point (inner edge of U/S cutoff)
= Corrected ¢, X 1.5=72%x 1.5=1.08m
.. Depth of floor required at start point C;

=1'—().8%_1—()8—0.87m; say I m

Use 1. O m depth (to be conservative for not accounting + ve correction for floor
thickness). Ans.

(2) For D/S cutoff wall

b=13m 4
.,d 2m ‘ - DL e _—
OL-_7—65 I ) . ’ .
1('_"“2
A= 1+ 12+65 =379

1 (A=2
q)E-Ecos [*T ]
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379 = 0.3434 ; say 34.34%.
Correction for the effect of U/S pile line. It is — ve, as the point is forward in the

direction of flow
d+D 15 (2+15 L
)—( }19- \/ 3 [ 3 ]=(—)1.74%.

1 (3.79 - 2]
= CO0S —_—
T

=(=)19- '\/Ib)—( A

-, Corrected ¢g=34.34~ 1.74 = 32.6%.
(b) Pg = Residual pressure causing uplift at end point (inner edge of D/S cutoff)
= Corrected 0z X 1.5=32.6% % 1.5=0.489m

~Thickness of floor required at end point (E)

= Oi42849 =0.394, say 0.4 m. Ans. ; which eventually is more than the

min. specified of 0.3 m

(c) Thickness of floor at mid length can be the average of the two thicknesses,
pecause uplift is varying from start to end, from 72% to 32.6% ; and its value at mid
length is just average of the two. Hence, use floor thickness at mid point as

_1.0+04

T2
Hence, floor thickness at start = 1.0 m. Ans.
floor thickness at end = 0.4 m. Ans.
floor thickness at mid length = 0.7 m. Ans.

=0.7 m. Ans.

(3) Exit Gradient. Exit gradient is given by Eqn. 11.4 as

H 1
"GE—d’Tch : T e
where H =Total head = 1.5m (given)
ANl +o” \ll + oc
~d
d =Depth of D/S cutoff =2 m
b 13
=75 = 6.5
T
- 1+V1+6.5 ~3.79,
2
s - 1 5] ool o —
Cr= -—W -0.123<0.18 (Permlssxble)

Hence, the floor is safe against piping. Ans.

11.5. Design of a Vertical Drop Weir on Bligh’s Theory

Many of the vertical drop weirs, such as shown in Fig. 9.6, have been designed on Bligh’s
theory ; and even though this theory has now been replaced by moder Khosla’s theory, yet it
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‘15 still used at certain places and especially for minor works, owing to its Simplicity_ |

The design of a vertical drop weir, on the basis of this theory is explained below -
Design of Pucca-floor and Aprons. As discussed earlier the total length of the -
pucca floor of the weir (including twice the length of cut-off, if provided) is designeq
in accordance with the equation L\= CH,, and the thickness of the floor is designed by -
G-1
for determining the length of the”downstream pucca floor (L,). The cut-offs may be
provided as per the provision of Khosla’s theory (explained in article 11.4). The balance
floor length [i.e. (the total length) — (the downstream length + twice the cut-off length)]

using the equation £=1.33 Bligh has further given certain empirical formyjag

{_pono Level CREST SHUTTERIF ANY
4 e .
| 8 o
| FLATTER THAN 1:i
) w3
- . US PUCLS WEIR WALL
| _US TALUS -
| pusTALS O R /u/s PUCCA FLOOR (D/S TALUS

— ch Ly B —ote Ly
_L }‘\-“’5 LUTOFF DIS CUT OFF /:] _$_

Fig. 11.14. Dimensions of Vertical Drop Weir based on Bligh’s Theory.
is then provided under the crest and on the upstream side as shown in Fig: 11.14, The
lengths of the upstream and downstream loose stone talus” (or aprons) which are
provided in order to prevent the scour from reaching the pucca floor are also worked
out by the empirical formulas put forward by Bligh.
The various empirical formulas put forward by Bligh (w.r.t. Fig."F1:14) are given
below : ' , ’

. H
() [,=2.21C: \, 1—?1" for weirs having crest shutters. _ .(11.5)
Hy . . ‘
(b)Y L,=221C- T for weirs having no crest shutters . .{11.6)

where FH; = the total head loss. ‘
L, = the length of d/s pucca floor.

N i | 3
(O Lr+1,=18C- —l—éé . % for weirs having crest shutters : (LT
- - e e i HL i R - . . - R . -
(d)L,+L;=18C- T 75 for weirs having no crest shutters. | (11.8)

* In continuation to the upstream pucca floor, a length L4 (as shown in Fig. 11.14) of loose stone talus is
provided to keep the erosion and scour away from the upstream pucca floor. Similarly, a length L3 of loose
sstone talus is provided on the downstream of pucca floor, so as to dissipate the residual energy and to keep
the scour away from the pucca floor. As soon as the scour occurs, the talus falls into the scour, and thus
preventing the scour to travel and reach upto the pucca floor. The rational design of the talus has been discussed
a little later, under “Design of Protection Works”, in article 11.6.1. .
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where g = the discharge intensity in cumecs/metre.
= the length of d/s loose stone talus.

The length of upstream talus (L,) may be kept equal to half the length of d/s talus.

Thus

L4=?

The above formulas are applicable for designing the proper weir portion ; whereas - ‘
for designing the ‘undersluice’ portion of the weir, the followmg modified formulas are -

-(11.9)

used. ; e
/ H

(i) L,=387C- -1—3L- for ‘undersluices’ having crest shutters . (11.10)
,H

(i) L,=3.87C- 10 for underslmces having no crest shutters . (11.11)

. (i) Ly+ L; =27 C - ‘\’ T :qu for ‘undersluices’ having crest shutters ...(11.12)

(V) Ly+L;=27C- \/ o -g- for undersluices having no crest shutters ...(11.13)

Design of Weir Wall. Bhgh has further given certain empirical formulas for the
design of weir wall. According to him, the top width of weir wall (B") is given as :

(11.14)

where B’ = Top width of weir wall and is generally
1.5to 1.8 m.
H = Head of water over the weir wall at the
= time of max. flood. ST
G = Specific gravity of floor material.

" Further, the crest width should also be greater by 0.6 m than the height of the crest

shutters ; if any.

The bottom width (B) of the weir wall may be obtained by providing suitable side -

slopes. The u/s batter may by kept as 4H : 10V and the d/s batter should not be flatter
than 1 : 1. The bottomn width (B) of the weir wall should not be less than

B=

The crest level of the weir wall and the height of solid masonry weir is determined

- from-the-cansiderations- of afflux: The-afflux-produced should not exceed the allowable . || |
value, generally kept less than 1.5 m or so. If the crest level, works out to be practically
equal to the pond level, then a solid masonry weir can be provided ; and if it is much

H + Height of weir ..(11.15)

G-1

less than the pond level, then the balance may be provided by crest shutters.

Example 11.5. A weir with a vertical drop has the following particulars :

Nature of bed : Coarse sand with the value of Bligh'’s c=12

Flood discharge

- = 300 cumecs
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Length of weir =40m

Height of weir above low water = 2 m

Height of falling shutter =06m .
Top width of weir =20m

Bottom width of weir =35m

. Design the length and thickness of aprons and draw the cross-section of the weijy.
' (Madras University, 1975
Solution. Total max. head loss =H; =2+ 0.6=2.6 m
Total length-of creep required including creep along cut-off
=L=CH;=12x2.6=31.2m.
The length of downstream _ﬂobr is given by Eq. (11.5) as

L,=221C- \/HL
2= 13

or LZ=2.21><12-'~\,21—36 —221><12x0447—118m say 12m

The bottom width of weir =B =3.5m.

Provision of cut-offs

Let us first calculate as to what w111 be the head over the weir when high flood
discharge is passmg

Use =17 B
_9Q _300_
where q_L_4O =75
75=1.7H"
15
3/2 _

H/l=12=441 -

or e H=(441°=2.68m

Head over the weir crest = 2.68 m.

*. U/s HFL (assuming bed level as 100.0 m) and crest level as 102‘ ni) 7
=102.0+2.68 =104.68 m

1/3
: 2
Now R =Lacey’s regime scoured depth = 1.35 [g]r)

assuming  f=1

1/3
»=135(ﬁ1 =135x384=5.18m
v '

Depth of u/s sheet pile from below u/s HFL

=15R=15%x5.18=7.8m
.. Level of bottom of U/s sheet pile
=104.68—7.8=96.88m
Provide a depth of 100 —96.88 =3.02, say 3 m for u/s cut—off
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Since afflux-is not known, the d/s HFL is not known,;
and the exact calculation for the depth of d/s sheet pile
cannot be done. Use a similar d/s cut off of 3 m depth
below the weir floor.

Now, total creep length provided except u/s floor

=2X3m+35m+ 12m+2><3m
=275m
The balance length, i.e. 31.2~27.5=3.7 m; say 5 m; N\ _
is therefore, provided as u/s floor as shown in Fig. 11.15. { o ¥
Hence, total creep length provided =27.5+5=322m. - i -'—,,'E? -
Now using Eq. (11.7), we have S <
(A, g ) [&
L,+1;=18C: E% g " B P

where L; is the length of downstream
loose talus

L2

qg= Dlscharge intensity = T " 7.5

L, +Ly=18x 12\/‘15 7755
=18%x12%0.141=31.6m

But L,=11.8m
_ L,=316-11.8=19.8m;say20m.
Hence provide (say 1 m thick) d/s loose talus of 20
m in length.
. (Note : This length of 20 m can be partly prov1ded
as blocks over“inverted filter and” partly “as Taunching =~ ¥
apron. The length of u/s talus L, may be kept as equal to

Fig. 11.15

—l _.| 2m |* CREST SHUTTER

é the length of d/s talus, i.e. 10 m.

D/s Floor Thickness

The H.G. line is now plotted as shown in Fig. 11.15. &
The max. ordinate of the H.G. line above the bottom of 27|
the floor for the downstream portion at the Junctlon of &

weir wall

VEL

=h=——'-— 18=1.45m

- The thickness of D/s floor at this point is then-obtained-by Eq.- -~ . ... 1

h 1.45
r_133[G ] 133 (2‘4_1j

_133x1.45
1.4
Hence, provide 1.4 m thickness for D/s floor from _]ust near its Junctlon with weir
wall. The thickness can be curtailed as below.

=1.35;say 1.4 m.
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~ The thickness required at half way of D/s floor length

_ 1334
T 14
2.6
where h—323 X 12=0.97m
=L3—31X4—0'—9—7=0.92 m; say 1 m.

Further, provide a nominal thickness of 0.8 m below the u/s floor and 1 m below
the weir wall. The complete details are shown in Fig. 11.15.

11.6. Design of Modern Weirs and Barrages Founded on Permeable Foundations
on the Basis of Khosla’s Theory
The complete design of a modern glacis-weir or a barrage can be divided into two
main aispects, iLe.
(1) Hydraulic Design ; and
(2) Structural Design.

11.6.1. Hydraulic Design for the Weir. The ‘hydraulic design’ involves deter-
mining the section of the weir and the details of its u/s cutoff, crest, glacis, floor, d/s
cutoff, protection works u/s and d/s, etc. The hydraulic demgn of weirs on permeable
foundations may be classified into :

(i) Design for Sub- smface Flow,; and
(i) Design for Surface Flow.

The effects of sub-surface flow or seepage flow on the stability of a hydraulic
structure founded on permeable foundations have been thoroughly described earlier and
the same hold good for weirs or barrages. Khosla’s method of independent variables is
invariably used for determining the uplift pressures exerted by the seeping water on the
floor of the weir. The safety of the structure agamst pzpmg has to be checked by keeping
the exit gradient within safe limits.

The maximum uphft pressure shall occur when the pond is full and there is no water
flowing down the weir. But when flood water passes over the weir, entirely new
conditions are superimposed. The formation of hydraulic jump causes uplift or un-
balanced head in the jump trough, which may be larger than that under steady seepage,
as explained below.

Uplift pressure in the jump trough. The maximum difference of head and hence
the maximum uplift pressures are normally imposed on the structure when water is
ponded uptc the highest level on the upstream side without any discharge passmg down
the weir. The hydraulic
gradlent line under sucha _ POND LEVEL : WG, UNE FOR

. NO. FLOW
shown in Fig. 11.16 (a).

I
When a certain dis-

chgrge is passing over the Fig. 11.16 (a). Uplift pressures in jump trough for no flow.

shown in Flg. 11.16 (a).
The pressure dis-

tribution along the length

of the weir section is also
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weir and hydraulic jump is
forming, the seepage head T I LTI L
" is the difference of the 5‘

water level .of upstream
and downstream, which is
generally much smaller
than the seepage head in
case there is no flow. The
hydraulic’ gradient line for

this case has also been
plotted along with water Fig. 11.16 (b). Uplift pressures in jump trough with a certain flow.

H.G.LINE/ POND LEVEL
FORFLOW —— — —

POINTAT WHICH —"p
JUMP IS FORMING

surface profile, as shown in Fig. 11.16 (b).

The ordinate of the uplift pressure is to be measured from the H.G. line to the water
surface, as the rest of the uplift is exactly counterbalanced by the weight of the water
standing on the floor. The pressure distribution is also shown in Fig. 11.15 (). It is quite
- evident from these figures that the uplift pressure on the upstream side is more than
counterbalanced by the water standing on the floor. Thus, it becomes very clear that
there is absolutely no uplift  acting on u/s floor, and hence, only a nominal floor thickness
is to be provided on the upstream side, and no design is required for u/s floor thickness.

Further, if Fig. 11.16 (a) and () are imposed upon each other, it is found that the
uplift ordinate O, in the second case is much larger than the uplift ordinate O, in the
first case at the corresponding point P; where the jump is forming and also at some
other points in its vicinity. Since the point of jump formation P is likely to shift with
the variation in discharge passing over the weir, the entire glacis may have to be
designed for the second condition; while most of the remaining floor may have to be
designed for the first condition. In other words, the requirement of floor thickness should
be obtained by taking the larger of the two ordinates, and dividing it by the submerged
density of the floor material, i.e. (G—1)=(2.24 1) = 1.24 for concrete.

The. water~surface -profile after- the jump and before the jump can be plotted- as
explained in Chapter 10, and then, H.G. line can be plotted and the net ordinate
determined easily. The floor thickness shall have to be des1gned to w1thstand the larger
pressure.

The uplift pressure due to dynamic action (z e. hydraulic _]lep) are further reduced
due to the following reasons : :

(f) The backward rolling flow of water in the trough

] (i) The uplift pressure due to jump is maximum at the point of the jump but reduces =~
rapidly on either side. As the floor has beam action, it may be de31gned for average -

uplift ordinate rather than for maximum uplift ordinate.

(iii) The vertical component of the momentum remains unaffected in the jump,
which exerts a downward pressure in the vertical direction..

Due to these reasons, the uplift pressure due to dynamic action is reduced to %ra’ of
the theoretical value, and the design is done for maximum of either the %rd of the largest

ordinate due to dynamic action or the largest ordinate due to steady seepage.
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Uplift pressures at the point of jump formation may also approximately be taken g5
= [50% (y, —y1) + O - H], where ¢ is the percentage of pressure at the jump location,
(Generally used in the design of falls, etc.)

The other aspects of surface flow are scour considerations. The sheet piles at the
ends must go below the deepest anticipated scour level.

For a discharge intensity g, the normal depth of scour (R) is given by Lacey’s

equation (4.20) i.e.,
[gi:]l/??
R=1.35
f

The value of g will be different for the weir and for the undersluice section, and
should, therefore, be taken separately for each. For the design of sheet piles, it is just
enough to take them down to the level obtained by measuring the normal depth of scour
"R, below the H.F.L. Though sometimes, even 1.5 R on the upstream side and 2.0 R on
the d/s side is taken in conservative designs. A value of 1.25.R on u/s 51de and 1.5 R on
d/s is widely accepted as a via media.

Length of Pucca Concrete Floor. The total length of the pucca floor is mainly
governed by the exit gradient considerations. For a safe exit gradient and a depth of
downstream cut-off suitable from scour considerations, the length of the horizontal floor
‘b’ can be worked out as b= o - d (¢ is known when G is fixed).

The main turbulence of the hydraulic jump is generally confined to a length equal
to five times the jump height. Hence, a pucca floor equal to or more than 5 (y, ~y;) in
length is provided after the lowest point of jump formation, i.e. the end point of glacis.
The glacis-should-be-sloped down at-a slope of 3::-1 t0 5.1 for- maximum dissipation
of energy coupled with economy and stability of the jump. The top width of the crest is
generally kept as 2.0 to 3.0 metres from practical considerations, and the upstream slope
to the crest is kept as 1 : 1 to 3 : 1. The length of the upstream floor may be adjusted
s0 as to provide the necessary total floor length b, calculated above, as b=c.d."

By providing a deeper d/s cut-off;. it is possible to reduce the floor length ‘b’ and
vice-versa, and hence b and d can be mutually adjusted to provide the most economical
and suitable combination and to keep a safe exit gradient.

Design of Protection Works. Protection works are required on the upstream as well
as on the downstream in order to obviate the possibility of scour hole travelling close
to the pucca floor of the weir and to relieve any residual uplift pressure through the

explamed below
(A) Downstream Loose Protections

(i) Inverted filter. Just after the end of the concrete floor, an ‘Inverted filter’, 1.5
tc 2 D long is generally provided, where D is the depth of scour below the original river
bed. The total scour below HFL is taken as xR, where R is Lacey’s normal scour Z<pth
and values of x for different classes of scour are tabulated below in Table 11.8. Value
of x is generally taken as 1.5 for design of d/s protection works and 1.25 for design of
w/s protection works. :




=
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Table 11.8
Class of scour Reach Mean value of x b =pr;h‘jz/g(ire bed
A Straight Co125 © 125R-y
B Moderate Bend 1.50 1.50R-y
C Severe Bend 1.75 1.75R-~y
D Right—angled Bend 2.00 2R- y

The depth of inverted filter is kept equal to the depth of d/s launchmg apron. It
generally consists of 1.0 to 1.2 m deep concrete blocks with open joints laid over 0.6 m
thick graded filter material. The openings between the blocks are filled with clean bajri.

. D/S H.F.L.
Wwater deptl

[<—1 5D to zo—a}<——~1 50— l

R O 2 e a5

X "‘"'

SN

.:' :“ ‘. \,/'l.i’ )- 1:, . ":"—"‘!“‘_": v
/ MR ~ . D
Inverted ""':"":"-..' ~ (e 9 \?
{ilter in N % NG ,
ayers SN
' Qyt-zzsot\ S0 !
Masonry | cum/m R ’/;1 y
toe wall width ~d! :
~

Fig. 11.17. Details of d/s loose projections.

An ‘inverted filter’ invariably reduces ‘the possibility of piping, as it allows free
flow of seepage water through itself without allowing the foundation soils to be lifted
upward. The filter, therefore, consists of layers-of materials of increasing permeability
from bottom to top. The gradation should be such that while it allows free flow of
seepage water, the foundation material does not penetrate to clog the filter. The design
criteria to satisfy these conditions are discussed in chapter 20 on “Earth Dams”. To
prevent filter from dislocation under surface flow, concrete or masonry blocks are laid
over the filter material.

(i) Launching apron. After the inverted filter, the loose apron called ‘launching
apron’ is provided for a length, generally equal to 1.5 D where D has the same meaning
as given above.in-inverted filter calculations.- -~ i i =

The apron generally launches to a slope of 2 : 1, and if ¢ is the thickness of the
apron in the launched position, length being V5 D ; the volume of stone per metre width
will then be ‘

=\5-D -t=224D.t.;orsay2.25D.t.

Hence, Volume of stone per metre is given by 2.25 D.t. cu m/metre.

Since the volume of stoné should be the same in launched and unlaunched apron
and if the unlaunched apron is.laid in a length equal to 1.5 D, the thickness of the
unlaunched apron is given as :
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225D
~ 15D
If z is taken as 1 m ; then an apron of 1.5 m thickness and 1. .5 D metres long hag ¢

=15t

be laid as d/s launching apron. Different values of ¢ have been recommended by different

investigators.
Blench has recommended ¢ equal to 1.5 to 2 times the size of the stone (d,) requireg
- by equation (11.15) as : A ‘ :
V,=4915d"% L ~(11.15)
where V_, = average velomty of flow in m/sec.
d, = mean diameter of stone in metres.
Spring has recommended ¢ as about 0.9 m. Gales recommended f varying from 1.35

to 1.9 m, for dlscharge varymg from 7,000 to 70,000 cumecs. Blench’s recommendationg
are quite adoptive.

(B) Upstream Loose Protections

Just upstream of the concrete floor of the weir, block protection is provided. It
generally consists of concrete blocks laid over packed stone, for a length equal to
D.(D=xR -y, wherex=1.0to 1.5, generally taken as 1.25). ’ '

Upstream of the blocks, a launching apron is provided in the same way as described
for the downstream portion, except that the proper value of x should be chosen.

Toe walls are always generally constructed in between the ‘filter’ and the ‘apron’
as shown in Fig. 11.17. :

11.6.2. Structural Design for the VVelr Floor. The concrete floor is usually
designed for the uplift pressures as a pure gravity section at each point. Sometimes,
. when H; is enormous, the uplift pressures are too h1gh and as such, the thickness of the

required concrete gravity section becomes enormous and, therefore, becomes very costly.

In such cases, the floor may be designed as a reinforced concrete raft structure held
down by the weight of the raft and piers. A raft, in such cases, may be cheaper and more
desirable as the thin section of raft reduces deep excavations and dewatering problems.
Recently, Farraka Batrage, Narora Barrage, and Durgapur Barrage have been designed
and constructed as reinforced raft structures. However, the treatment of this type of
design is a simple structural problem. The total downward weight of raft and piers is
counterbalanced by a uniform uplift, and design is done by workmg out bending
moments, etc. '

11.6.3. Effects Produced by Weir on River Regime and Retrogressnon of
Downstream Levels. Before we start with the actual design of a weir, let us first review
the effects that are produced by the weir construction, on the regime of the river. The

first effect produced by the construction of a weir across a river, is that : the downstream -
bed of the river goes on eroding, consequently causing progressive lowering of the

downstream -levels. This progressive lowering of the downstream levels is known as

Retrogression of downstream levels or retrogression.

The basic cause for retrogression is the variation in the silt carrying capacvv of the
channel. As soon as a weir is constructed, the water starts ponding on its upstream side,
causing the water surface slope to flatten for some distance behind the weir. This reduces
the silt carrying capacity of the river in this reach, and consequently the silt deposition
starts, i.e. the river starts dropping sediment, and this leads to formation of shoals and
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jslands on the upstream side. This clearer water passes over the weir and picks up-
sediment from its downstream bed, so as to fulfil the increased demand of the silt
carrying capacity of the channel in the downstream, i.e. the sediment deficit cansed on

_ the upstream is made up by eroding extra sediment from the downstream. This causes
the- progressive lowering of the downstream bed levéls. The process continues for a
aumber of years till the river starts to regain its original slope-in the. upstream portion.
by extending the afﬂu)_( more and more upstream. The stage iS.gradual_ly reached, when
the upstream pond absorbs no more silt. As the off-taking channel takes comparatively
ilt free water, the sediment will go downstream, while the discharge going down will.. .
pe below normal, and hence, the sediment taken shall be more than the ‘carrying
capacity of the river’ ; consequently resulting in sediment deposition on the down stream
river bed and long range recovery of d/s bed levels. '
A provision must, therefore, be made for retrogression of d/s bed, while designing
" a weir, as it shall lower the d/s TEL and increase H;. Hence, if retrogression is not taken
into account, it may lead to undermining of floor. Observations on various weirs in
—punjab have exhibited a retrogression of 1.2 to 2.2 metres. The retrogression of such a
high magnitude has been observed at low water levels, but at high flood Ilevels, the
‘maximum retrogression is between 0.3 to 0.5 metres.

INTERMEDIATE FLOOD LINE AFTER FLOOD LINE ‘SHORTY
{ FLOOD LINE MANY YEARS AFTER WEIR CONSTRUCTION

— -

. ~FLOOD LiNg BEFORE WEIR CFN;TF.?TJC;ON_
-
LENGTH CFBACK WATER —»,
. CURVE

SHOALS - N
WEIR
£ N

A

Fig. 11.18. Figure showing the effects of weir construction on flood levels.

Hence, a retrogression of 0.5 m at high flood stage, and a higher. retrogression
varying linearly upto 2.0 m at lower discharges, is generally considered’in the design
of weirs or barrages. ‘ , ‘

The recovery of downstream bed lévels, sometimes continues even beyond the
original bed levels. This may lead to reduced control on silt regulation. Hence, sufficient
margin must be provided between the canal full supply-level and the pond level, so as
to allow raising of the crest of the canal Head Regulator, if found necessary, in future.”

Since the afflux extends on the upstream of the weir with the\passage of time, it
increases the high flood levels on the upstream even beyond the original backwater
curve. Hence, the marginal bunds will have to be extended upstream as soon asthe above
effects come into picture. Since it happens after many years, it is economical to construct
marginal afflux bunds only for the backwater length in the beginning, and to extend
them upstream afterwards. - ; :

11.6.4. Factors ‘Governing the Design of a Weir or a Barrage The .following
data must be collected before a weir or a barrage can be designed : i



586 ' ‘ IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES .

(i) High flood levels for the river at the weir site.

(i) High flood or maximum flood d1scharge for the river at the weir site.
(ii) River cross section at the weir site.
© (iv) The stage discharge curve for the river at the-weir site.

All these informations can be obtained from Topographlcal maps of the area apq |
by consulting the Hydrological and Meteorolog1ca1 Departments of the area.

Factors to be Decided. Besides Retrogression, certaln other factors Wthh have t0‘
be decided while des1gnmg a weir or a barrage are’:

(i) Crest Levels.

(i) Afflux. N

(i) Waterway and the discharge per metre.

(iv) Pond Level. » ' |
They are described below :
(z) Crest Levels. It has been stated earher that the weir consxsts of two parts :

(a) The main weir section, called Weir Bay Section. |

(b) Undersluice Section.

The undersluice section is kept at a lower level so as to provide deeper silent river/
" pocket near the canal head regulator. The updersluice crest is, therefore, kept slightly
lower than the barrage bay crest so as to attract a deep current infront of the canal head
regulator, so that dry weather flow may remain rear the regulator.

The undersluice crest is generally kept as near the bed level in the existing deepest
channel as is practically possible.

. The crest level of other barrage bays is generally kept 1. 0 to 1.5 metres higher than
the crest level of the undersluices: It is also guided by the general bed level of the river
in the barrage bay portion.

It can be easily seen that the afflux and discharge per metre are dependent upon the
crest levels. If crest level is- low, afflux shall be less, and since the depth of water over
the crest will be more; it shall lead to higher discharge per metre. A low set baitage,

- with mcr\eased depth of water over the crest may, therefore, result in the increase in
height of gates, thickness of floor, and cost of superstructure above floor level. -

(ii) Afflux. It was defined earlier that the rise in the maximum flood level of the
river upstream of the weir after construction is known as afflux. This afflux is confined
only to a short reach (equal to the length of the back water curve, in the beginning, but.
extends gradually very far up, as explained earlier.

~The-amount of afflux will determine the top levels of guide banks and margmal
bunds The lengths and sections of marginal bunds are also dependent upon it. It will
govern the dynamic action downstream of the work as well as the depth and location of
the hydraulic jump: By providing a higher afflux, the waterway and, therefore, the length
of the weir can be reduced, but it will increase the cost of training works and the risk -
of failure by outflanking. At the same time, the discharge intensity and the consequent
- scour shall go up, and hence, the sections of loose pfote‘ctions upstream and downstrearn
as well as the depths of pile lines at either ends shall have to be increased, thereby
- making it costly. It is, therefore always desirable to limit the aﬁ‘lux to a safe value of

T
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1.0t 1. 2 metres, more commonly 1.0 metre. However, in steep reaches with rocky bed

', higher value of afflux may be permitted.

(iid) Waterway and discharge per metre. The waterway and afflux are correlated.
If afflux is increased, waterway is reduced and vice-versa. Hence, a limit placed on
maximum afflux shall limit the minimum waterway. It shall be seen that the cost of
works as a whole is minimum for a certain waterway and afflux. Attempts should,
therefore, be made to attain the most economical combination of these two factors. This
can be made by trial and error, generally limiting the maxjmurii value of afflux.

A likely figure for the waterway is obtained by Lacey’s wetted per1rnete1 formula,
given by eq. (4.18) as

P=4.75VQ .
A waterway equal to 1.2 to 1.4 P is generally assumed in rivers in plains. Some

engineers preferred to keep a shorter waterway inspite of costlier works, as it was

thought that a shorter waterway. reduces shoaling, but as a matter of fact, it is not so.
(iv) Pond levels. The pond level is the minimum water level required in the

“undersluice pocket upstream of the canal head regulator, so as to feed the canal with its

full supply. The pond level is generally obtamed by adding 1.0 to 1.2 metres to the canal ,
FSL. .
Water in the undersluice pocket has to be maintained at Pond Level, éven durmg .
dry weather flow. This can be accomplished either by.a raised crest or by shutters or by
a combination of both. A permanently raised crest will lead to higher afflux during
floods and is likely to result in loss of control on the river. '

In modern design of a barrage, the entire ponding is done by gates which are opened
during floods and the crest level of the undersluices is generally taken as the available
river bed level in the deepest channel. No raised crest is thus generally provided for the
undersluices. A raised crest 1s prov1ded where pos51ble, as it 1mproves the coefficient
of dlscharge

The discharge formulas to be us_ed in the design of a weir or a barrage are

(@) For a broad crested weir : ' .
Q=17- KnH)I-I3/2 . “.(11.16)
: where Q = Discharge i in cumecs )
H = Total head in metres including velocny
head
n = No. of end contractions (Twice the num- -
ber of gated bays)
+L = Clear waterway length in metres.
from 0.1 for thick blunt peir noses to 0.04
. for thin pointed noses : generally taken as
0.1 in ordinary calculations.

(b) For a sharp crested weir :
- Q=184 (L-KnH)H". Ce
c ' O, LnK and H have the same meanings
as given above. -

t

- K = coefficient. of end, contraction varying
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If the head over the weir crest is more than 1. 5 times the width of the weir, the weir
behaves as a skarp crested weir. :
Concentration factor. While calculatmg the cistern levels and the depths of -

- cutoffs, the possibility of non-uniform flow is taken into account by providing a Suitable
concentration factor. This factor is chosen arbitrarily. Generally, a 20% concentrauon_
is taken at any particular section. Hence, the calculated maximum discharge intensity j
increased by 20% in designs. No concentration of flow is taken while designing Protec..

tion works.
Example on the design of a Barrage

Example 11.6. A barrage is to be constructed on a river havmg a high flooq
discharge of about 8,100 cumecs, with the given data as follows :

Average bed level of the river =257.0m
High Flood Level (before construczzon of barrage) = 262.2 m
Permissible afflux v =10m

Pond Level = 260.6 m.

Stage Discharge curve for the river at the barrage site is given in Fig- 1119, ”
Prepare a complete hydraulic design for the undersluice section as well as for other.
barrage bay section, on the basis of Hydraulic jump theory and Khosla’s theory. A safe.
exit gradient of 1/6 may be assumed. 0.5 metres retrogression and 20% discharge
concentration may be assumed where non-uniform flow is Tlikely to occur. Assume any

. other data if not given.

262.2
262

261
260F — 7 T
259 -

257 |-

RIVER STAGE (METRES) —»

. 256.0 '1 ! 2650 1 1 1 , 18100
‘ 0 !000 2000 3000 4000 5000 6000 7000 8000

DISCHARGE (CUMECS) —
Fig. 11.19
Solution. Fixing the Crest Levels and Waterway

Crest Levels. The average bed level of the river iS given to be 257.0 m, which may
be taken as the crest level of the undersluices. The upstream floor of the undersluices

l

B

258 |- |
|

|

|

_ may be. kept the same, and_thus.there. will be no raised crest.in-the.undersluices.. The

crest level of other barrage bays may be kept 1.0 to 1.5 m higher than the crest level of
undersluices. Let us keep it 1.3 m higher, i.e. say 257.0+ 1.3=258.3m.

Waterway : The. waterway, as per Lacey’s wetted perimeter equation, is glven by
P=475VQ
=4.75V8100 =4. 75x90 427.5m.

Now let us provide a waterway approximately. equal to 12 P by trial, in such a Way
that approximately 15 to 20% of the discharge is passed through the undersluices and

vlhe_'total-orqvided waterway should be able to pass the entire discharge.

r.
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Assume the waterway as below
(a) Undersluice portion :

5 bays of 15 meach 75 m
4 piers of 2.5 m each 10 m
Overall waterway 85 m

'(_b') Other barrage bays portion

27 bays of 12 m each 324.00_m
25 piers of 2 m each 50.00 m
Overall waterway - 37400 m

Assume a divide wall of 3.0 m thickness. Hence total overall waterway provided
petween abutments = 85+ 374+ 3 =462 m. :
Now, let us check whether the maximum flood can pass through this waterway with
the maximum permissible afflux of 1.0 metre or not.
HFL before barrage construction =262.2 ni:
Permissible afflux =1.0m.
Now u/s HFL =d/s HFL + Afflux
d/s HFL = HFL before weir construction = 262.2 m
u/s HFL = 262.2+ 1.0=263.2m.

Average discharge intensity =g = %Q =176

,\Z3
Scour depth =R=1.35 [g];)

Assume Lacey s silt factor f=10
R=1 35[(17 .6 J = 1.35(17.6)%7=9.20m.

1
Velocity of approach =V= -1% = ;—7% =1. 90 m/ sec. o ,‘
Velocity Head = Y. = {L20)° =0.19m

2g 2x9.81

w/s TEL = w/s HEL + Velocity Head = 263.2+0.19 = 263.39 m.
Head (i/c velocity head) over the undersluice crest
= u/s TEL — Undersluice crestlevel = 263.39 ~ 257.0= 6.39 m.

‘Head (i/c velocity head) over the crest of .other barrage bays
=u/s TEL - Crestlével of barrage bays = 263.39—258.3=5.09 m.
Discharge passing through undersluices is given by the discharge formula for a
broad crested weir; since the crest and w/s floor are at the same ievel, and the width of
the crest is sufficient, it will behave as a broad crested weir.
0, =17(L~KnH)H”
where L is the clear waterway
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0= stcharge through undersluices
=1.7[75-0.1'x 10x 6.39] (6.39)*%
=1.7[75 - 6.39] (6.39)**=1.7 x 68.61x16.1=1 880cumecs
Letus keep the width of the crest of other barrage bays portion as 2.0 m. Since the
~ head-over the other barrage bays crest is 5.09 m. »which is more than 1.5 times the Width-
of the crest, it shall behave like a sharp crested welr The discharge is then given by
. 0=1.84(L-0.1 nH)H*?
Q= Dlscharge throu gh other barrage bays
=1.84 (312.0- 0.1 52 X 5.09) (5.09)*/
=1.84 (324.0 - 26.4) (5.09)*>
. =1.84%297.6%11.4=6,260 camecs
Total discharge that can pass through the barrage
’ =0 + 0, =1,880+ 6,260 = 8,140 cumecs
‘ = §,140 eumecs > 8,100 cumecs. A
Hence, the assumed waterway and crest levels are in order.

Actual overall waterway provided = 462 m against Lacey’s wetted perimeter of
427.5 m.

.. Looseness factor =- 462 _ 1 08

421.5
' The design of undersluice section and that of other barrage bays section shall be-
carried out separately. '
Design of Undersluice Portion
There are two major flow conditions : (i) When high ﬂood ispassing ; and (i1) When
. flow is at Pond Level (w1th all gates: open) Let us calculate q and HL for these two
~ conditions. ‘ ' . R
(1) High flood condition
(@) Assuming no concentration and retrogression
u/s TEL = d/s HFL + Afflux + Velocity head =262.2 + 1.0+0. 19.=263.39 m.
d/s TEL = d/s HFL + Velocity head =262.2 + 0.19=262. 39m
Head Loss. =H;=263.39-262.39=1.0m

Discharge intensity between piers =g _
= CH**=1.7(6.39)**=1.7x 16.1 =27.4 cumecs/metre.

¢

Us TEL 26339

' T arrdXetomS T

262.2 ' :

62.2 e — —— B39 gt
POND LEVEL -

6-39_m
2570 {

Fig. 11.20 (a) High Flood condition with no retrogression.
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(b) High flood condztzon with 20% conceniration and 0.5 m retrogresszon ‘

The discharge intensity is increased by 20%. Therefore, new dlscharge intensity
=1.2x27.4=329 cumecs/metre.

New head (i/c velocity head) required for this discharge intensity to pass

32.9 > 0.667
= ﬁ =(19.5) =72m

"The conditions are shown in Fig. 11.20 (b).

e e - — ) = — —— — — ——

72m o adabatal
New head reqd. ‘ ‘ ]
(including velocity head)

25700
AN

AN

Fig. 11.20 (b) High flood condition with 20% concentration and 0.5 m retrogression.

u/s TEL = 257.0+ 7.2 =264.2 m.
The d/s HFL is depressed by 0.5 m due to retrogression, i.e. it becomes 261.7 m
d/s TEL=261.7+0.19=261.89m
H;=264.20-261.89=2.31m. ,
(2) Pond Fevel Flow-Condition R I T L
(@) With no concentration and retrogression ‘
Pond Level (givén) =260.6 m.
Head over the crest of undersluices under this condltlon
=260.6-2570=3.6m
Head over the crest of other barrage bays
=260.6—258.3=2.3m. \
Neglecting velocity of approach for this ﬂow condition, the total discharge passmg
down the barrage :
0=0,+0, :
=1.7[75-0.1x 10x3.6] (3.6 +1.84 [324 - 0.1 X 52X 2.3] (2. 3)3/2

= 825 + 1865 = 2690 cumecs.

Average discharge intensity = %?6970 =5.82 cumecs/metre

. \3
Normal scoured depth =R =1.35 (%;J

= 170X TIAX681+ 184X 312%326 T T
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/3
2 ) .
= 1.35x[(5'§2 } =1.35% (5.82)°%7 =4.45m

Velocity of approach
=v=Lo382 gy e,

R 445
___ﬂéﬁ__
Velocxty head = 22 - Zx981 0.088 =say 0.09 m.
These conditions are shown in Fig. 11.21 (a).
@@_1_ 280.69=USTEL__ _ _ _ -
260.6 - POND LEVEL H04m o5
P { _ 260.29 TEL _
T 7T T 7%0-2 :

36 D/S WATER LEVEL
‘ WHEN 2690 CUMECS -
i 2510 IS PASSING

Fig. 11.21 (a) Pond level with no concentration and retrogression.
d/s TEL =260.6 + 0.09 = 260.69 m. '

The d/s water level when a discharge of 2,690 cumecs is passing can be found from
. -the Stage-Discharge curve of the river, given in Fig. 11.19. It is found to be 260.2 m.

. d/s TEL =260.2+0.09 =260.29 m.
B H; =260.69 — 260.29 = 0.40 m.

. Discharge intensity between piers =1.7 x (3.6)3/ 2 e e

=17%x6.81= 11.54 cumecs/metre.
. (b) Pond Level ﬂbw with 20% concentration. and 0.5 m retrogression.
‘ New dlscharge intensity = 1.2 11.54=13.86 cumecs/metre )

New head reqd. (i/c velocity head) over the crest = (—i%) - =4.06 m.
UlsTEL =257.0+4.06=26106m. |

261. os uls TEL
T T USWLE206°0

HU127m . pfs Tel
I N

Fig. 11 21 (b) Pond level flow with 20% concentrauon and
£05m retrogressmn .
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d/s HFL Wthh was 260.2 m is depressed by 0. 5 m. The new d/s-HFL shall be 259.7

d/s TEL =259.7+ 0.09 = 259.79 m.
H; =261.06-259.79=1.27m.

The values of g; Hy, the water levels and energy levels for all these four cases are
tabulated in Table 11.9.

Table 11.9. Undersluice Portion of Barrage
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‘ Pond Level Flow

. . High Flood Flow
s condition I(a) | condition1(b) | condition 2(a) condition 2(b)”
No. Irem without with without with
concentration concentration’ concentration concentration
) and retrogression | and retrogression | and retrogression | and retrogression
(6] (2) (3) @ (5) ) .
1. | Discharge intensity (q) 274 32.7 11.54 13.86
in cumecs/metre o i .
2. | Upstream water level 263.2m 263.2m 260.60 m 260.6m
3. | Downstream water level 2622 m 261.7m 260.20 m 259.7m
4. | U/sTEL 26239 m 264.20 m 1260.69m 261.06 m
5. | D/sTEL . 262.39m 261.89 m 260.29m 259.79 m
" 6. | Headloss Hr 1.0m " 231m 0.40m . 1.27m
7. | Ep(from Plate No. 10,1} 7.40m 9.00 m 4.00m - . 5.00m
8. | Level at which jump will 25499 m 252.89m 256.29m’ 25479 m
_form, . . .
| e {d/s TEL - Ep) L
9. | Ea=Ep+H, 8.40m 11.31m 440m 6.27m
10. | y1 corresponding to Eﬂ 24m 2. 5 m © 1.65m . 130m
“lPHitE Nos 10:2) = =7 T s e Rt s s
11. | y2 corresponding to Ep 6.40 m 8.0 3.30m 4.5m
(Plate No. 10.2) ‘ :
12. | Length of concrete floor 20.0m 275m 8.25m 16.00m
required = 5 (y2 = y1) ‘ '
13. | Froude No. Fy = q . 236m 2.66 m 1.74m 2,9?_m
nglz ’

_ All these four cases of jump formation are separately analysed. Using Blench =
curves, the values of Ep, - Eq, position of jump point P, Y2, i etc. are all calculated as *
explained earlier and shown in Table 11.9. The table is self-explanatory. It can be seen
from this Table 11.9, that the maximum value of 5 (y, — y;) is 27.5 metres for the worst

‘Case 1 (b), i.e. high flood flow with concentration.and retrogression. Hence, we provide .

a slightly conservative value of 29 m as the length of the downstream floor. The lowest
level at which jump will form, from this table, is 252.89'm [Case I (a)] and hence, we
provide the downstream floor at a level of say 252.7 metres (slightly lower than the
calculated value of 252.89). .
Hence, the d/s floor is provided at RL. 252.7 m and equal to 29 metres in length
as shown in Fig. 11.22. The glacis is provided in 3 : 1 slope with a horizontal length of
12.9 metres, as shown in Fig. 11.22. Let us now calculate the total floor length fequi'red..
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2495 ’ 1.5m
- o ' o
245.2
Fig. 11.22

from Khosla’s Safe Exit-Gradient Theory, so that the balance length of floor can be

provided on the /s side. Before this is calculated, we shall have to decide the depth of

d/s cut off provided from scour considerations.

Depth of Sheet Pile Lines from Scour Considerations
Total discharge passing through undersluices = 1,880 cumecs (calculated earlier)
Overall waterway of undersliuces = 85 m.

' Average discharge intensity = 12;3_0 =223 cumecs/metre

Depth of scour

2\/3
q
R=135
g

2 41/3
_135[223 } =135@23f”=135x8=1Q8m,my11m.

Let us provide a downstream cut-off at 1.5 R below the d/s 'water level (which is
261.7 m with retrogression). Hence, the R.L. of bottom of d/s cut-off

=261.7-15x11.0=261.7-16.5=2452m.

Let us prowde the d/s cut- oﬁ upto a bottom level of 245:2 m, i:e;- a~depth of 7.5
metres, as shown in Fig. 11.22.

- U/s cut-off. Let us provide u/s cut-off at depth of 125 R (ie. 1 25 x 11. O =13. 75 m)
from top of u/s water level.

" Level of bottom of u/s cut-off =263.20~ 13.75=249.45m.

Let us, therefore, provide the u/s cut-off up to a bottom level of 249 5m,ie 7.5m
deep, as-shown in Fig. 11.22.

Total Floor length and Exit Gradient
Safe-exit gradient (Gg =l

Max1mum Static Head (H) 260.6-252.7=79m ,
Depth of d/s cut-off (d) 252 T-72452=75 m e

G—E' 1 )
EZd mn
1_79 _1_
6 75 mA

1 75 1

n@_79x6—0'158
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From Plate 11. 2 value of o for a value of T as 0.158, comes out to be ap- -

proxlmately 8.0.
b=0-d=8x7.5=60m.

Hence a balance of 18.1 m length can be provided as w/s floor length (shown i in Fig.

'11.22) so as to make the total floor length equal to 60.0 metres

Uplift Pressures ' F

; ASSUMED H
To calculate uplift poz \irec 3

pre‘ssures‘ from Khosla’s
theory, let us first assume ‘
floor thickness at u/s cut- 0.75m
off as 1.0 m and at d/s
cut-off as 1.5 m. Fig.
11.22 then becomes as
shown in Fig. 11.23. No
intermediate cut-off is ‘ 02 5453
necessary and hence not —]

provided. s Fig. 11.23
Upstream Pile No. (1) . .
b=60m

d=75m

1_d_75_
o= b 60 0.125

From Plate 11.1 (a)
¢E - 100% LI emre s
¢cl=1oo-¢E.=1oo-32=6s% |
6p, =100 ¢p=100-22=78%
D/s Pile Line
d; 75m
b=60m

ASSUMED
THICKNESS

From Plate 11.1 (a)
(’pc2 =0%

¢p,=0p=22%

Let us correct these pressures

Oc, = 68%
0z, =32%
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T Corrections to ¢c, : _
H (i) Effect of sheet pile No. (2) on pile No. (1) of depth d

g \ / d+D
i Correction ‘19>< B [ b J

Rt ’ where D = depth of pile (2)-below the point C|, .
| - the point at which interference is desxred
I -=256.0-2452=10.8m
i R ' d=256.0-249.5=6.5m_
‘ . b'=585m;b=60m

i oo~ f108[65+10.8 1 173
\Vt Correction =19 x \/ s {"—86_"] 19X 522 X == =2.35% (+ ve)

lJ ‘ (it) Correction for depth ;
If : ~ erion — 78% — 68% 10 _
; Correction 257 0=249.5 X 1.0= 75 % 1.0=1.33% (+ ve)

¢c (corrected) = 68% + 2. 35% +1.33% = 71.68%.
_ Corrections to ¢,
e - (i) Effect of sheet pzle No. (1) on pile No. (2) of dépth d
| . lCorref:tion =19% b' (d';D

where D=251.2-249.5=17m
d=2512-2452=6.0m
b’=585m

- b=60m

e NE% 6.0+ 1.7 117,
Correctxon f19x_ 58.5( 60.0 J 19 % 586X6O 0.42% (—ve)

Table 11.10

Height/Elevation of Subsoil H.G. Line above Datum

Ws dis water- Head >in
Condition of water vel i Upstream Pile Line No. (1) | Downstream Pile Line No. 2
" flow level in levelin | metres -
metres | ™Metres (H) g, bp, oc, b, ' ¥, o,
: 100% 78% | =71.68%|=29.58%| 22% 0%
. 19 6.17 5.66 233 1.74 0
No flow, 260.6 2527 79
maximum static (No water 260.6 | 258.87 | 258.36 | 255.03 | 254.44 | 252.70
Head dass) . :
IR o 15 ) 117 | 107 | 044 | 033 Y
(High Flood with 263.2 261.7 . 15 )
concentrationand, o 2632 |262.87 | 262.77 | 26214 |262.03 | 261.7
retrogression) . ’ -

_ 09 | 070 [ 064 | 027 [ 020 | 0
Flow at pond level | 260.6 259.7 0.9

(with 2606 | 260.40 | 26034 | 259.97 | 2599 | 2597
concentration and 1. e

retrogression)
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(if) Correction due to thickness of floor :

- (32%-22%
Correction = [252.7 - 245.2J =

10
LA 2
75><15 0% (- ve)

0, (Corrected) = 32% — 0.42% ~ 2.0% = 29.58%
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The levels of H.G. line at key points for vanous ﬂow condmon are tabulated in

Table 11.10 as explained earlier.

We shall now determine the hydraulic jdmp profiles for.the two flow conditions,
ie. High flood flow with concentration and retrogresswn and pond-level flow with

concentration and retrogression.

(a) Pre-jump profile : It is worked out in Table 11.11 as explained earlier.
Table 11.11. Pre-jump _Profile Calculations

(3] 13

Depthy,
"From Plate 10.3 (a), the Table 11.12 is worked out :

=1.3m.

High Flood Flow Pond Level Flow
Distance from q = 32.9 cumecs/metre q=13.86 cumecs/metre
the d/s efld of the Glacis level
crest, i.e. the . E.
o, in metres E, : h
start of glacis, in 5 | yufrom . | s TEL - Glacis | Yvfrom
metres WATEL-GlacisLoveh ie. | piuie 102 | Lavel ie. | Plate 102
20-col.2) 261.06 - Col. (2)
(1) (2) {3) . (4) (5) (6)
0 257.0 72 . — 4.06 —
3 2560 - 39 ‘ R CEE N I R ¢ B
6 . 2550 Y 3.0 6.06 1.4
663 25479 | 941 29 627 13
Point at which S ’ e T
jump is formed
| at Pond Level
9.00 254.00 1020 2.7
12.33 252.89 11.31 2.5
Point at which '
jump. is formed
at high flood
(b) Post jilﬁ{lifbvﬁie
From Table 11.9 ,
Froude No. for high flood condition, F "=2.66, or F?=17.1
. Depthy, ? «“ =2.5m.
Froude No. for pond level flow condition =297 or F*=8. 8
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Table 11.12. Post Jump Profile Calculations.
High Flood Flow , Pond Level Flow -
X on F=71y=25m FF=88y,=13m
hat : 5 -
Plate 103(a) | X from 4 - 2 from . —
Wy s 0 | smc s
Plate 10.3 (a) | Plate 103 (@) | -
(1) 2) (3) (4) (3) (6) (7)
12 13 2.85 25 13 “1.69 - 13
25 1.9 475 6.25 19 2.47 325
5.0 25 6.25 125 2.6 3.38 65
10.0 30 |75 25.0 32 4.16 13.0

The Hydraulic jump profiles for these two flow conditions are plotted along with the H.G. T
lines for their respective conditions, as shown in Figs. 11.24 (a) and (b). From these

MAX UBH _6.96m

262-14
260-89

257.00 3.5 ‘
' o 78 - Yq=p,
vl 625 Y2280
re— 285 47 | : L ‘ ‘
i .
ht—n12.3 :iL—L-_— ey S 252299
D X625 l 252.70
. M T 125 ‘
‘ . C . 125, 25.0 - A.!
- 18.0————f———12.9 29.0 1

Fig. 11.24. (a). Unbalanced head in jump trough at high flood flow. -

TMAX UBH. o1
260.6 : :
260.34 )T -
257:00
- : 33
3= 9347

H.G.LINE } 259.97
L chaly dhthey Sty Jhatt saficat Siiied
£ 3 1 : f259.29
8 4.6 o R =hs
(R N : 1%
, . 252.70

- 6.5—ul .
- 110--—0]

29-0

.

1- 129

1

Fig. 11,24. (b). Unbalanced head in jump trough at pond level flow.

260.6

25503

T T B -
*2‘76.{2“"2..28m . i
o [“¥ 25270

S 10 15

20 25 290

29m

Fig. 11.24. (c). Unbalanced head in jump trough at static head at pond level.
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figures, it is found that the maximum unbalanced head in the jump trough is equal t0 6.96
m. The thickness for glacis shall, therefore, be designed for 2/3rd of this head, i.e. equal
1o 4.64 metres, or for the static condition head, whichever is greater. The H.G. line for the
static head at pond level is also plotted in Fig. 11.24 (o).

It can be seen from the study of all these three flgures i.e. Fig. 11, 24 (a), (b) and
(c), that the dynamic action (i.e. flow) governs the floor thickness upto a length of about
5 m beyond the toe of the glacis, and the static head governs the rest of the downstream
floor thickness. - ‘ :

Thickness requlred at polnt of jump o "
=483 74m 235 <
1.24 . LR
Thickness required at 5 m beyond toe 55 BE= §‘s
3.58 <® =]y
=1 a" =2.88m iz £
Thickness required at 15 m beyond toe 'ég
3.04 Sy .
| =122 =245m gﬂ
Thickness requ1red at 20 m beyond toe g
=1 2 2 =223m | g
Thickness required at 25 m beyond toe 'g
_248 o0 g
T 124 ‘ 5
Thickness required at 29 m beyond toe §
=28 _ 1 sam :
1.24 =
Provide floor thicknesses as shown in Fig. §§
11.25. : = 3
Protection Works T @
Downstream Protection 1 fh
Normal scour depth =R=11.0m : i

D=2R-y=2x11.0-(261.7- 2527)
=22-9=13m.
Provide a launching apron equal 1.5D, ie.
say 20 m in length and of such a thickness (z) that ‘
its quantity is approximately 2.25 D cu. m/m.

0.75m THICK
_ PACKED APRON

12ROWS 1.2x1.2m x-0 75m C.C.BLOCK FILLED
WITH BAJRI IN 0-tm THICK GAP

i 249.5

- 2.25%°13.0 e e -
t= >y = 1.46 m ; Say 1.‘5 m‘thick. N Eg ]
Let us provide c.c. blocks of size .- 5;

- 1.2mx1.2mx0.75m over an inverted filkter of
0.75 m thickness for a length equal to say 1.5.D, i.e: approxxmately 20 m. 16 rows of
c.c. blocks of size 1.2 m x% 2mx 0.75 m having 10 cm gaps filled with bayri, shall be

provided in length equal to 20.7 m, as shown in Fig. 11.25.°

Upstream Protection :

Normal scfour,def)th\= R=110
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Anticipated scour =1.5R=16.5m
D=15R-y. ' ‘
o =1.5%11.0-(263.2-257.0)=165-62=103m
Provide a launching apron of 1.5 m thickness in a length
' ~2.25%x10.3
a 15
Let us provide c.c. blocks of size 1.2m X 1.2 m x 0.75 m over packed apron of 0.75
m thickness for a length equal to say 1.5 D, i.e. 15.5 m in length. 12 rows of c.c. blocks
of size 1.2m x 1.2m x 0.75m having 10 cm gaps filled with bajri shall be provided ; in
length equal to 15.5 m, as shown in Fig. 11.25.

Design of Other Barrage Bays Portion

=15.5; say 16 m in length.

Here the crest level is 258.3 m. The four cases are analysed as given below :

Condition 1-(a) High flood flow with no concentration and retrogression.

u/s water. level =2632m

" dfs water level | =262.2m
wsTEL . =263.39m
d/s TEL = ' =262.39m

=263.39-262.39=1.0m.
Head, including velocity head, over thé_ crest

=263.39=258.3=5.09m
Dlscharge 1nten31ty

=1.84 (5.09)*2 = 1.84 x 11.4 = 21 cumecs/metre.
Condition 1 (b) Hzgh ﬂood ﬂow with 20% concentration and 0.5 m. retrogresszon

= New discharge intensity - - : e
- =1.2x21=25.2 cumecs/metre

New head required, 1ncludmg velocity head, for this d1scha.rge to pass.

25 2
. ] 1.84 _ .
;o u/s TEL =258.3+5.73=264.03m .
u/s TEL' 261.89m
264 03-261.82= - 2.14 metres.

= (13.7)°~667; 573m.

Condmon 2 ( a): Pond level flow with ne concentration and retrogression.

w's W.L. =PondLevel =260.6 m
AlsWL.=26020m - - oo e
u/s TEL =260.69m
d/s TEL =260.29m
1 =260.69-260.29=0.4m

Head, mcludmg velocity head, over the.crest =260.69—258.3=2.39m

Discharge intensity = 1.84 (2.39)*2 = 1.84 x 3.69 = 6.78 cumecs/metre.

Condition 2 (b) : Pond level flow with 20% concentration dand 0.5 m retrogression.
New discharge intensity =1.2x 6.78 = 8.13 cumecs/metre.
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New head required, including velocity head, for this discharge to pass

81377
T11.84

u/s TEL =258.34+2.69=260.99 m
d/s TEL =260.29 - 0.5=259.79m
H;=260.99-259.79=1.2m.
These values are tabulated in Table 11.13 and the table is completed as shown. The
lowest level at which jump will form is found from this table as 254.39 m. Hence,
Table 11.13. Other Barrage Bays Portion

=(4.42)%%7=2.69m

High Flood Flow Pond level Flow
Py S
Condition I (a) Cona.ztton L(b) Condition 2 (a) Com{mon 2(b)
; with 20% . with 20%
S. No. Item without . without .
. concentration . concentration
concentration concentration
. andC.5m . . and 0.5 m
land retrogression ; and 7étrogression .
retrogression retrogression
(1) (2) (3) 4) (3) (6)
1. Discharge intensity ¢ in 21.0 25.2 6.78 8.13
cumec/metre
2. Upstream water level 263.2m 263.2m 260.6 m 260.6 m
3. Downstream water level 262.2m 262.2m 260.2m 259.7m
4. w/'s TEL 263.39m 264.03 m 260.69 m 260.99 m
5. d/s TEL 262.39 m 261.89m 260.29 m 259.79 m
6. Head loss AL 1.0m 2.14m 04m 1.2m
7. Ey, from plate 10.1 63m 7.5m 3.0m 37m
8. Level at which jump will 256.09 m 254,39 m* 25729 m 256.09 m
form, i.e. d/s TEL — Ep
9. En=Ep+Hr 73m 9.64 m 34m 49m
10. | yi corresponding to Ep 2.1m 1.9m iim 09%m
(platc'IO.Z). -
11, | y2 corresponding to Ep, ©57m 6.8m 27m 33m
(plate 10.2) )
12. | Lengthof concrete floor | 5(3.6)=18.0m |5(4.9)=245m.| 5(1.6)=80m. | 5{2.4)=120m
required, i.e. 5 (y2 = y1) :
13, | Froude No. F = q 2.52 3.09 1.91 3.04m
Byl

*Lowest point at which jump will form.

_provide the downstream floor at level, say 254.2 m. (slightly lower than the calculated
value of 254.39 m), and equal to 26 metres in length. The glacis is provided in 3 : 1
slope with a horizontal length of 3 (258.3 —254.2) =3 x 4.1 =12.3 metres. Crest width
provided is 2 metres and upstream glacis in a slope of 1 : 1 with a horizontal length
equal to 258.3 — 257.0= 1.3 metres, as shown in Fig. 11.26.

Depth of Sheet Piles from Scour
~Discharge passing = 6,260 cumecs
Overall waterway =374 metres
6,260
374

Average dischargé intensity = =16.8 cumecs/metre

173

r < on2 ]
s| U0 2 135%6.6=9.07m.

R=13 1

Let us provide a downstream cutoff upto depth 1.5 R below the d/s water level which
is 261.7 m with retrogression. Hence, the R.L. of bottom of d/s cut-off
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POND LEVEL 260.0 —

BALANCE= l 2.3 - 26
}-h%l.m r ‘ 41.6m - :

, b= ad=09.0m ez e 2481

Fig. 11.26

=261.7-1.5%9.07

=261.7-13.6=248.1 m.
Let us provide d/s cut-off upto a bottom level of 248.1 m, i.é. depth of 6.1 m, as

shown in Fig. 11.26.

U/s Cutoff. Let us provide 1.25 R, i.e.

1.25%9.07 = 11.4 m for /s cutoff.
- The level of bottom of u/s cutoff =263.2—-11.4=251.8m.

Let us provide u/s cutoff upto a bottom level of 251.8 m, i.e. for a depth of 5.2 m,
as shown in Fig. 11.26.

Total Floor Length and Exit Gradient

1

| R
Maxnnurn Static Hcad H 260 6 254 2=6.4m
Depth of d/s cutoff =d=254.2=248.1=6.1m

H 1
GE_d‘n-\/f
1_64
6 6.1 J‘
11, 61_
or T Vh 6 640159

From Plate 11.2, value of o for a value of #X— as 0.159 comes out to be approxiinately
S b=ad=8x6.1=48.8m;sayprovidé b=49m.
. Balance.length of 49 — 1.3-2.0~-12.3~26.0=49-41.6=7.4m

is provided as upstream floor, as shown in Fig. 11.26.
Uplift Pressures

Let us assume floor thickness as 1.0 m at u/s cutoff end and 1.5 m at d/s cutoff end,
as shown in Fig. 11.26.
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Upstream Pile No. (1)

b=49m

d=52m

1 d 52
o b 490 0106

From Plate 11.1 (@)
¢, =100%
0, = 100 - 65 = 10029 = 71%
‘ ¢p, =100—¢p=100-20=280%
pownstream Pile No. (2)
d=6.1m
b=49.0m

1_d_61_
o~ b =290 012

- From Plate 11.1 (a)
‘¢c2 =0%
¢EZ =¢g=32%
¢D2 =0p=22%
Let us correct these pressures
0 =T1% . .

} ¢E = 32%

i Correctlons to ¢c,

(i) Eﬁ‘ect of sheet pile No. (2) on pile No. (1) ofdepth d

Correction =19x \’ by [d;D)

b’'=475m

b=49.0m

e ,,/,,7.9.,,,4<24:,7ﬁ.9,,.,
Correction =19 47.5( 49 }

=19 x - x 121 _ 1 49% (+ ve).

2457 49
(if) Correction for depth of floor

Comection =25 551810755

Oc, (corrected)=T71% + 1.49+1.73% = 74722%

where d=256.0—251.8=4.2 @
D=256.0-248.1=7.9m

_BOBTIE g0 9 0o 730 ve) |

603
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Corrections to ¢r,

(i) Effect of sheet pile No. (1) on sheet pile No. (2) of depth d
D [d+D

Correction = 19x\/ = b

b
where d=252.7-248.1=4.6 m
D=252.7-2518=09m

b'=475m

- b=490m

. o / 0.9 (46409
Correction =19x% 175 ( 9 j—0.29% (—wve)

(it) Correction due to thickness of floor

Comection =—22=22% 1 5_ 5 46% (- ve) o

T 25422481
O, (corrected) =32~ 0.29 - 2.46 =29.25%

¥

The levels of H.G. line at key points for various flow conditions are tabulated ip

Table 11.14.
Table 11.14
Height/Elevation of sub soil H.G. line above datum
U/s D/s
- 1 water water | Headin Upstream pile Downstream pile
Condition of flow level in | level in |metres H line No. (1) line No.(2)
- | metres | metres = '
h B v e, ®p, b 0 O, | O
: 100% 80% | 74.22% | 29.25% | 22% | 0%
64 | 512 | 475 1.87 141 | o
No flow, 260.6 254.2 6.4
maximum static (No
head _ water) 260.6 | 259.32 | 258.95 | 256.07 | 255.61 |254.2
15 1 12 111 | 044 | 033 | 0
High flood flow 263.2 261.7 1.5
with concentration )
and retrogression 2632 | 262.90 | 262.81 | 262.14. | 262.03 {2617
0.9 0.72 0.67 0.26 0.20 0
Flow at pond level .| 260.6 259.7 0.9
with concentration
and retrogression : 260.60{ 260.42 | 260.37 | 259.96 | 259.90 [259.7

We shall now determine the hydraulic jump profiles. For the two flow conditions.

Pre-jump Profile is worked out in Table 11.15.
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Table 11.15. Pre-jump Profile Calculations

505

- High Flood Flow with Pond Level Flow with:
concentration and retrogression | concentration and restogression
pistance from q = 25.2 cumecs/metre q =8.13 cumecs/metre
the start of | Glacis level in metres E = E; =
: : 1 h
31 glacis | wis TEL — glacis level | Y1 From | u/s TEL  glacis level | Y1 From
ie. Plate 10.2 ie. Plate 10.2
264.03 —col. (2) 260.99 - col. (2)
(1) (2) (3) (4) (3) (6)
0 T 2583 573 — i 260 T =
3 257.3 6.73 3.0 3.69 115
6 256.3 7.73 2.25 4.69 1.00
6.63 256.09 7.94 22 4.90 0.90
Point at which jump
forms for Pond
- Level flow . -
9.0 2553 8.73 2.1 —_ —
11.73 254.39 9.64 1.9 — —
Point at which jump
forms for High
Flood flow

Post Jump Profile. If (x, y) are the ordinates of any point taking the point of jump
P’ as the origin, the profile can be worked out using plate 10.3 (b) as shown in Table
11.16. This profile can also be worked out by using plate 10.3 (a) as was done in the
design of undersluice portion (Table 11.12). We have used both these plates just to
explain their respective use:

= ==~"—Table 11.16. Post Jump Profile Calculations

21

High Flood Flow Pond Level Flow
Y-y =49, F1=3.09 yy—y; =24, F1=3.04
. Values of x where x is x b x Y
the horizontal distance Y2=N y Yo% y
from the point of jump | . 27N From Plate 10.3 (b) 27N From Plate 10.3 (b)
2m 0.41 0.16 079 | 083 033 0.79
4m 0.81 032 1.57 1.67 0.51 1.22
6m 1.20 0.38 1.86 2.50 0.68 1.63 .‘
8 m 1.61 0.50 245 3.33 0.77 1.85
JA0me e 2000 0058 - o) 284 ) 41T . 088 ...
15m 3.06 0.76 3.73 6.25 0.98 2.35
20m 4.08 0.86 421 8.25 1.00 2.40
25m 5.10 035 4.67 10.4 — —

Hydraulic jump profile for two flow conditions, their H.G. lines and the uplift
pressure diagrams are plotted in Fig. 11.27 (a) and (b). The H.G. line and the uplift
pressure diagram for maximum static head is also plotted in Fig. 11.27 (¢). By studying
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263.2=V/S W.L.

_ _HGUNE_
262.8 26232~ -
Osw. L,
%617
257.9
~—7.1.——[ 1.3 20
/\i. ______ . -
1 la—— 11.73 AP (254.39 L 5256.2
251.8 . 12.3 ,'r 26-0
fe—————22. 43 - —]l
49m
24844
Fig. 11.27. (a). Uplift pressures in the jump trough for high flood flow.
260.6 U/S W.L.
- _ o 28043 _ e HG.LINE 259.9
260,37 - =T o e esss
115 f 2:40 23071
3.34 T .
y =3.3
. __2 _ 256:99
" 20
. T T T T T TT T Tl
251-8+ ‘ ) ’ l—-——f12.3 ~! 26 ‘ >
49m : '

. J\. 248.1
‘Fig. 11.27. (b). Uplift pressures in the jump trough for pond level flow.

260.6
26037 % « _ _ _ | _259.50 SUB.SOIL H.G.LINE
== T cses
N&‘".'
- 258.3 T~ -~
’ ~ Ty [Ele e ToT~=
yes et =218 I — 256.07
e 6,63~k ™ |4 b2.76 A
| 28600 p ©254.2 b.e7
1302 254,% 3 .
7.4 et — || :
i .5 fe—— 10 ——ot
crrr 123 e 26

Fig. 11.27. (¢). Uplift pressures in the jump trough for max. static head at pond level.
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these diagrams, it is found that the maximum designed head for dynamic action is
§x6.03=4.02m [Fig. 11.27 (@)]. The maximum ordinate for uplift in static head

condition =4.12m [Fig. 11.27 (c)]. Hence, static head condition becomes the governing

factor. So minimum thickness required.

_412_ .
—1.24—3.32m. =2

o <

So we provide 3.5 m. S
For the rest of the downstream floor beyond _EE£E 72

5 m of the toe of the glacis, the thickness is
decided by dividing the uplift ordinates of Fig.
11.27 (¢) by 1.24; and by making suitable adjust-
ments, the depths are provided as shown in Fig.
11.28.
Protection Works
(i) Downstream Protection
Normal scour depth
R=9.07m ‘
D=2R-y=2x%x9.07-(261.7-254.2)
=18.14-7.5=10.64m

Provide a launching apron equal to 1.5 D, i.e.
say 16 m in length and of thickness say 1.5 m.

13 ROWS C.C.BLOCKS
OF SIZE 1. 2mx1.2mx 075 m
WITH 10cm JHORIES

Let us provide C.C. blocks of size
1.2m x 1.2’m x 0.75 m over a graded filter of 0.75
m thickness for a length equal to 1.5 D, i.e. ap-
proximately 16 m. 13 rows of C.C. blocks-of size -

1.2mx 1.2mx0.75m having 10 cm gaps filled < -
with bajri shall hence, be provided in length equal E Ex
to 16.8 metres. ' g2
- w E"‘ -
(i) Upstream Protection oxE
= x=
Normal scour depth =EZ
===
=R=9.07m w
o
D=15R-y &
=1.5x%9.07 - (263.2 - 257.0) =
=13.6-6.2=7.4m. =%
_ Provide a launching apron of thickness 1.5 m 2

*in a length

_225x7.4

—~—=1l1m.=Say 11 m.

Let us provide C.C. blocks of size 1.2m x 1.2m X 0.75m over packed stone of

i

2.6m 2.fm 1.8m

R X v ¥
L — E
Sop < 2
N VE
L1 ___j_
41 — 1
e
=1
=l E
= <
[ <3 ° D
=l -
1=,

|

0.75m THICK

GRADED
FILTER

0.75m THICK
PACKED STONE

gl m‘——l I-—u,;zm——[o—'/.am——Mz,ol«u.m

13

49.0
Fig. 11.28. Section of other Barrage Bays

0.75 m thickness for a length equal to say 1.5 D i.e. 13.6 m. Hence, provide 11 rows of
C.C. blocks of size 1.2 m %X 1.2m % 0.75m having 10 cm jhories (i.e. gaps filled with

bajri), in a length equal to 14.2 metres, as shown in Fig. 11.28.




608 IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES

Canal Head Regulator Design

Example 11.7. Design a suitable head regulator for the barrage designed in ¢p.
ample 11.6. The following data for the off-taking canal are also given :

Full supply discharge of canal =180 cumecs

Anticipated maximum full supply level of canal =260.2m

Bed level of canal =257.2m

Safe exit gradient for canal bed material =1/5.

Solution. Students are advised to go through the theory for Canal Head Regulator
and its design, etc. given in Chapter 9, before solving this-problem. -

The crest level of the canal head regulator is kept 1.2 to 1.5 m higher than the creg

level of the undersluices. The crest level of undersluices (from previous examplg)
=257.0m

Pond Level {from previous exampie, =260.6m
u/s H.EL. (from previous example) =263.2m

Let us keep the crest level of regulator (i.e. sill level) =257.0+1.5=258.5 m.

i ————ts—a——
‘ FLOW 7606 POND LEVEL
) + < T
(\ 260.2 h=0hm e T T
T — W = — o AT — — -
ANllCIPi\TED max & —— = _? GATEY, — — — —
ST T SANALRSL MM s Level
e = = T = ./ 2585
T = = = UNDER SLUICE
ey e ety . : (REST
’ S 257.0
CANAL BED LEVEL
~257.2m . .
T T " TLooTLT AFig'_Il‘;295>— oL LMD It I TTILLIT LTl

Let u/s now fix the waterway for the regulator, such that full supply discharge of
180 cumecs can pass through it.

Discharge O through the regulator is given by

% CaN2¢- B-(h+h)"?+Cy B-hN2g (h+h,)
Taking . C4=0.577 ‘
and Cy,=0.80

|
and neglecting velocity head 4, we get :

0 =—§->< 0.577-\2g - B.K+0.80.B.hV2gh.
Here in this example, we have
h=04m
By =17m
=180 cumecs

180=%O.577 N19.62. B (0.4)*?+0.80B .(1.7)V19.62x 0.4
=B (1.69x0.253+1.36x2.8)=4.237B
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180
of B-4.237—42.5m
Provide 6 bays of 7.5 m each giving a clear waterway of 45 m. Provide 5 piers

of 1.5 m each ; Overall waterway of the regulator =45+5x1.5=52.5m.

- Hydraulic Calculations for Various Flow Conditions

(i) Full supply discharge passing down the regulator during high flood. When u/s
‘ water level is 263.2 m (i.e. High flood), water shall pass over the regulator and the gated
.. opening provided between the sill level and pond level shall have to be adjusted by
partially opening this gate, as shown in Fig. 11.30.

)
‘ - HF.L = 2632
! GATE i — — —.760.6 =
BREAST == _—_° =
EWALL = ZPOND LEVEL
260.2 GATE OPENING =x ——— e T T
TANACES, T —— T T UOSILLEVEL T

2585 —

CANAL BED=257.2

FTI777777 77

Fig. 11.30

Let the gate opening be x metres. The discharge can then be calculated by sub-
merged orifice formula. i.e.
0=Cy.A.N2gh
! where C,;=0.62
A=B.x=45.xm’
O = 180 cumecs.

T T ' “h=head causing flow =263.2-260.2=3.0m.

180=0.62 (45x) V2 X 9.81 x 3

or 180=0.62%x45%x7.67x
; _ 180 o og.
S X 0Gaxdsx 767 o84m.
- Velocity of flow through opening
' 180
[f . —45X0.84—4.761§/sec

Loss of head at entry
V2_05%(4.76)

‘.;, (NN AR5 S _:_.05___ - 0.58 I‘.‘netr:es:__ I LTI NI LT TAILIIIT

2g 2x9.81
TEL just u/s of gate
=2632+0.19=263.39m
[ - Vel. head is calculated in previous example = 0.19 m]

TEL just downstream of gate =263.39 - 0.58 =262.81 m.
Downstream water level = 260.2 m.

Head loss =H; =262.81-260.2=2.61m.
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Discharge intensity g =

IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES :

45

180 = 4.4 cumecs/metre.

(i) Full supply discharge passing down the regulator at pond tevel

HL—26O6 260.2=0.4m
q= 4.0 cumecs/metre.

Hydraulic jump calculations for the two flow conditions are tabulated in Table

Froude No. F1= ——q“—
nglz,’

11.17. ) |
Table 11.17

S.No. Item ﬂolﬁilzggggn ﬂépu? 'clzrfz;in
1 Discharge intensity g in cumecs/m 4.0 4.0
2 Upstream water level . 2632m 260.6 m

3 Downstream water level 260.2m 260.2m
4 | wsTEL 262.81 m 260.6 m
5 d/s TEL 260.2m 2602m
6 Head loss Hr, 2.61m 0.4m
7 Ef, {from Plate 10.1) 275m 2.05m
8 Level at which jump will form i.é. d/s TEL - Ep, 257.45m 258.15m
9 En=Ep+HL 5.36 m 2.54m
10 y1 corresponding to Eg (Plate 10.2) 0.45m 0.68m
11 y2 corresponding to Ey, (Plate 10.2) 2.67m 1.90m
12 Léngth of concrete floor required =5 (y2 = y1) 5x222=11:1 5%x122=61m
13

Provide downstream floor at R.L. 257.2 metres with a horizontal length of 13

metres.

Depth of Sheet Piles from Scour Considerations

Discharge intensity g =4.0 cumecs/metre

1

4 .
=135- =1.35%2.52=3.4

D/s Sheet Pile. Depth of scour ‘R’ = 1.35- [g—

JI/Z!

-Letus provide a-d/s cutoff upto-1.5 R-i;e. 5.1-m-below-the d/s water level which is
260.2 m.

~ R.L. of bottom of d/s cutoff =260.2- 5.1 =255.1m.
This value gives only 257.2—255.1=2.1m deep cutoff, which is small. So let us

provide d/s cutoff up to a bottom level of 253.0 m i.e. 4. 2 m deep below the d/s floor

level.

U/s Sheet Pile. Provide upstream sheet pile line down to the elevation 249.5 m (i.e.

the same as that of the undersluices).
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Total Floor Length and Exit Gradient v
" The worst condition of flow occurs when the maximum flood is passing in the river
(u/s water level 263.2 m) and there is no water in the canal (i.e. the canal is completel y
closed). The bed level of d/s floor = 257.2 m. .
Maximum static head under this condition
=H=2632-2572=6.0m
Depth of d/s cutoff =(d) =4.2 m. '

- % (Given)

4

=L

of » n\/_ 5
From Plate 11.2

oa=9
b=0-d=9%x42=378m

Adopt total floor length = 38 metres.
The floor length shall be provided as below and as shown in Fig. 11.31.

|
D/s horizontal length =130m : [
i

D/s glacis length with 3-: 1 slope =42m.
Crest width =20m

Balance provided as upstream floor = 18.8 m
' ' Total=380m =

‘ » ' WATER FLOW

/s 3 2585=SHLIEVEL e
0.75m 1.5m . ' )

, 2572 10 0.75m
: . 257.0 - _Mom /7
T, /Ez\ ‘.’4 _ o PSR XN C[
“F I B - 256 0 51 '
._‘_ ] ‘ . \ ? 75m
253.0-7_ - 13 b2 20 e - 18.8m l

RS ﬂk
2L95

—38.0m

Fig. 11.31

Uplift Pressures
Let us assume 1.0 m floor thickness on u/s and 1.5 m on downstream, as shown in
Fig. 11.31.

Upstream pile No. 1.

d=75m . » j
1 475
o =b"33 =0.197.
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From Plate 11.1,
05, = 100%
(I)D1 =100-0p=100-27%=T3%
q)q =100~ 0z=100-39%=61%
Downstream pile No. (2) o
b=38m
d=42

{ From Plate 11.1
0z, = 0z =30%
| 0p, = 0p="20%
i 0c,=0%
These pressures are to be corrected as follows :
Corrections to ¢c, ‘
- (1) Correction due to the effect of sheet pile No. (2) on pile No. (1) of depth d.

. A [D d+D
Correction =19 - % [ 5 }

‘ _ where d =256.0-249.5=6.5m
D=256.0-253.0=3.0m
) b'=365m

b=38m.

i 1o~ 30 (65%30)_ .
Correction = 19 6.5 [ 38 )- 1.36% (+vef) B
(ity Correction due to floor thickness
: Correction = 13_%7_—-_5@@_ x1.0=1.6% (4— ve)ﬂ \
¢, (corrected) =61% +1.36% + 1.6% = 63.96%

fg} Corrections te ¢r,
! 0, =30%

(i) Correction due to the effect of shéet pile No. (I) on sheet pile No. (2) of depth d.

e Lo A D (DY L L S S
Correction =19 \[ b [ b '

where d=255.7-253.0=2.7m
D=2557-2495=62m
b’ =36.5m
b=38 m.

. J62 (27+62
Correction =19 36,5( 28 j—1.84%(—ve).
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(ify Correction for floor thickness

. __30%-20% _ .
Correction ——~———257'2_253'0x 1.5=3.57% (— ve)

bz, (corrected) =30 —1.84 - 3.57=24.59%

The levels of the H.G. lines at key points for different flow conditions are tabulated
in Table 11.18.

‘Table 11.18 o i B
Hetght/elevatwn (1f sub-soil H.G. line above datum
. Urs D/s Head in Upstream pile line Downstream pile line
Condition waier | water ;
) . , metres No. (1) No. (2)
of flow levelin | level in (H)
metres | metres 0z, P, &, 0, op, oc,
100% 73% | 63.96% | 24.59% | 20.0% 0%
6.0 438 3.84 1.48 1.20 0
______ No flow, 2632 | 2572 6.0 . :
maximum static No 263.2 | 261.58 | 261.04 | 258.68 | 258.40 | 257.2
head water
in canal
3.0 2.19 1.92 0.74 0.60 0
High flood on 263.2 260.2 3.0
barrage and full (Canal 263.2 | 262.39 | 262.12 | 260.94 | 260.8 | 260.2
supply discharge FSL)
through canal
head regulator
0.4 0.29 0.26 0.10 0.08 0
Flow at pond level | 260.6 | 260.2 0.4 .
(Canal 260.6 | 260.49 | 260.46 | 260.30 | 260.28 | 260.2
FSL) | B} . e

Floor Thicknesses
The maximum static head on the floor occurs for the worst condition i.e. when high
flood is passing down the barraae but the canal is empty and regulator gates are \,losed
. The maximum static head = 263.2—257.2= 6.0 metres

The subsoil H.G. line shall be drawn for the maximum static head only (Fig. 11.32)
since the floor thicknesses are governed by this critical condition.

WATER FLOW

BREAST urs
“WALL H.F.L. 263.2
————————— -
_ — 610

2570

13m ! 42— ' 188

4 253.0
38m

1249.5
Fig. 11.32. Max. Static Head condition.
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Thickness reqd. at d/s end of floor - 148 _ 1.19m.

1.24
: 2.36
At 4 m from end, d/s unbalanced head = 1.48 + ——

38
. ' 1.73
Thickness reqd. = 124° 1.4 m.

Provide 1.5 metres thickness in this 4 m reach
2.36

At 8 m from d/s end, unbalanced head =1.48 + 33 X 8

1.98 =198 m
Thickness regd. =1o4= 1.61m.

Provide 1.8 m thickness in this portion
At 13 m from d/s end, unbalanced head
2.36

= 1.4’8+¥><’13=2'.29m

. . 229 '
Thickness required = 124~ 1.85m

Provide 2 m thickness in this portion.

POND LEVEL

3mx 1-3mx6-'li5m r—-----

WITH 10cm |
HORIES FILLED WITH BAJRI

v
.. B
SOPEX B

The provided floor thicknesses are shown in Fig.
11.33,

Protection works

(i) U/s Protection. 1t shall be equal to what was
provided in upstream of under-sluices QL-
@) D/s Protection ~ : 2

R =3.4m (calculatedearlier)
Anticipated scour =2R=2%X3.4=6.8m.
The level of d/s scour hole

= d/s water level — 2R
=260.2-6.8=2534m

Scour depth (D) below d/s floor

=257.2-2534=38m

Let us provide a launching apron in a length
equal to 1.5 D (say 5.7 m) and of thickness

_225%3.8 |

T EEEES s w

"WATER FLOW
< :

- Use 6 m length of 1.5 m thick launching apron.

Let us use 1.3m X 1.3 mx 0.75m C.C. block in
a length equal to app. 1.5 D, i.e. 5.7 m. Hence, use
4rows 0of 1.3m x 1.3 mx 0.75m C.C. blocks with 10
cm jhories in between filled with bajri, in a total
length of 5.5 m. ’

The protection works are shown in Fig. 11.33.

x4=173m.

CHING

18 THICK
LAUN
APRON

FILTER

le-e———-«—l-—' 155

12ROWS OF 12mx 1-2mx 0-75m

CCBLOCKS WITH BAJRI FILLED

IN 10cm JHORIES IN BETWEEN
1< 15 THICK
"GRADE D

760+6
Iy )
C 0 2520

12585

"

16

C.C.BLOCKS

4ROWS OF 1
J

157 257-2§

260-2

15m THICK-
XA‘UNCHING APRON
i '
-
53 |

~CANAL

75 mThiex -4
5.5——te—— g
[

o Y
Packed Stve,
M—G.o .

Fig. 11.33. Section of Head Regulator.
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CERTAIN IMPORTANT INDIAN BARRAGES

11.7. Data Pertaining to Certain Important Barrages of India

L

The data pertaining to the location, purpose, flood discharge, and other charac--
teristics of certain important barrages/weirs constructed on Indian rivers, are given
pelow :

11.7.1. Durgapur Barrage. Durgapur barrage (Fig. 11.34) is situated at Durgapur

in Burdwan Distt., West Bengal State (on Damodar river). It helps in serving irrigation,
mdustrtal water supply, and navigation needs. The work on this barrage was started in

il

Fig. 11.34. (a). Photoview of Durgapur Barrage.

the year 1952, and completed in 1955. The design ﬂbod Jischarge for the barrage site
is 15,576 cumecs (5.5 lakh cusecs) Other details of the barrage and its canal head
regulator are given below.

Hydraulic Particulars of Durgapur Barrage

Pond Level .211.5m

Width of river ...2,000 m

Length of barrage/anicut S C..6922m T T T N
No. of under-sluice bays ..10

No. of barrage bays .24

Width of under-sluice bays ...18 m each

Width of barrage-bays . ...18 meach f.’:‘

Thickness of intermediate piers ..2.13 m
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Fig. 11.34. (b). Section through under-sluices of Durgapur Barrage.
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Gates. (a) Number

(b) Size

Sediment exciluding devices
Length of upstream divide wall

Cahal Head Regﬁiator Details

Width of head regulator

No. of bays and their width

Thickness of pieré

Orientation with respect to barrage axis

Location of headregulator
from barrage axis

Energy dissipating devices
below head regulator

Max. discharge of canal

IRRIGATION ENGINEERING AND HYDRAULIC STRUCTURES :
.24 in weir bays

...10 in undersiuice (barrage) bays.

Barrage ...

- Left undersluice ...

Right undersluice ...

4.87 mx 18 m
538 mx 18 m
5.79 m X 18 m.

...Silt excluder and under-sluices.

...80.47 m. .
Left Right
59.44 m 1371 m
8 of 6.09 m each 2 of 6.09 m each
244 m 1.52 m

Perpendicular to the barrage axis
16 m from G.L. of barrage axis

c.c. blocks and boulder pitching apron

260.18 cumecs 64.31 cumecs |

11.7.2, Bhim;goda Barrage. Bhimgoda barrage is a new barrage, the construction

of which, has récently been
completed, across the holy
Ganges at Hardwar in U.F. This
barrage is a replacement of the
old Bhimgoda Weir (Photoview
in Fig. 11.35). The old weir is
presently being dismantled.
The layout plar of the new
barrage w.r. to the old weir is
shown in Fig, 11.36 (a). Sec-
tions of barrage bays and un-
dersluice bays are also shown
in Flg 11.36 (b) and 11.36 (c)
respectively. '

Fig. 11.35. Photoview of the Old Bhimgoda Weir

~_ This headwolk serves.the
irrigation needs of the adjoin-

ing areas, and is designed for a flood discharge of 19300 cumecs (6 8 lakh cusecs).
Other particulars of this headworks are given below.
Hydraulic Particulars of Bhimgoda Barrage

...290.2 m (min.) and.

Pond level

(Constructed‘in the-year-1920). — -

293.7 m (max.)
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B Width of river ‘ ..675m ‘
Length of barrage ..455 m )
No. of under-sluice bays v
No. of barrage bays ..15
width of under-sluice bays ...18 m each
Width of barrage bays ...18 m each
Thickness of intermediate piers. .25meach
Gates "
(a) Number ' .22
(b) Size ...18 m X 7.8 m for barrage bays
...18 m x 8.4 m for under-sluices
_ Sediment Excluding Devices ~..Silt excluder and silt ejector -
Length of w/s divide wall ..110m ' o
Energy Dissipation Arrange- - ...Basin blocks and dentated sills
ments

Canal Head Regulator Détails

Right Bank Left Bank
Regulator Regulator
Width of head regulator - 102m ‘ 50 m
No.of bays and theirwidth 8 ofllmeach  4ofllmeach
Thickness of piers o ‘ 2m
Orientation with.respect to barrage axis 107° ,
Location of head regulatof from 66 m (app.) ‘ 40 m (app.)
barrage axis :
Energy Dissipation method- ~
below regulator Basin blocks
Max. discharge of canal : 410 cumecs 164 cumecs

11.7.3. New Okhla Barrage. This is a new barrage constructed on Yamuna river,
at New Delhi, about-3-km-downstream-of-the existing-Old- Okhla-weir; It-aims-to serve____ .
-irrigation and water supply needs through the New Agra Canal. The design flood discharge
is 8495 cumecs. (3 lakh cusecs). '

Other particulars of this barrage (Fig. 11.37) and its canal head regulator are given
below : ' ' »

Hydraulic Particulars of New Okhla Barrage
Pond level ...201.35 m

i
f
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width of river ..445.73 m
Length of barrage 552 m
No. of under-sluice bays .5
No. of barrage bays .22
Width of under-sluice bays ...18.3 m each
width of barrage bays ...18.3 m each
Thickness .of intennediafe,»pier. 2B e
Gates
(a) Number 27
(b) Size For under-siuices : 5 of 18.3 m X 6 m each
For others : 22 of 18.3 m x 5.1 m each
_ Sediment Excluding Devices ...Silt excluder
 Length of w/s Divide wall .85.42m :
- Energy Dissipation Arrangements ...Baffle blocks and Dentated sills

§i 33850 -
4

{Dimensions ana Jevels 33Lso
ore in metres)

Fiver' flow

El 19900 g

~Fig-H-37-(e)-Layout-Plan-of New-Okhla-Barrage-at— -

New Delhi on Yamuna river.

Canal Head Regulator Details

Width of head regulator ..80.85 m
No. of bays and their width ...9 of 7.65 m each
Thickness of piers ...1.5 m each

Orientation with respect to barrage axis ...100°
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Location of Head regulator from
barrage axis

...22.25 m u/s on right bank,

Energy dissipation arrangements ...Baffle blocks and end sills

below regulator
Max. discharge of canal
 11.7.4. Grand Anicut. The famous old Grand Anicu: (Fig. 11.38) is located at 16
km from Tiruchirapalli (Tamil Nadu State) on Cauvery river, and is situated 193 kny

"...242.4 cumecs.

downstream of the famous Mettur dam (Coloured Photo Fig. 11.39) near Salem.

"

Fig. 11.38 () Photoview {close) of Grand Anicut.

It serves the irrigation needs of the adjoining areas. The design flood discharge is
5094 cumecs (1.8 lakh cusecs). It was constructed in the year 200 A.D. Othér particulars

of this project are given below :
Hydraulic Particulars of the Grand Anicut
Pond Level T leiseTm T T

Width of river ..419 m
Length of anicut ...328 m
No. of Und.er-sluice bays .5
No. of Weir bays .30
...6.1 m each

Width of Under-sluice bays

Width of weir bays ...9.75 m each
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Fig. 11.38 (b) General Plan of Anicut Complek (G’raﬁd Anicut).

_ Thickness. of intermedjate.pier . . ..1.22m (weir)and

Gates

(@) Number

(b) Size

Sediment Excluding Devices

Energy Dissipation Arrangements
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Canal Head Regulatbr Details

| _ Cauvery Vennar Grand Anicur
}\ canal
| Width of head regulator 183m  135m 61m
| No. of bays and 42 of 33 of 6 of
I their width ! 3.05x2.74m 305x345m 9.14x1.6m
| each each each
M . o P - - - S e . _
Thickness of Piers 427 m 335m 1.22 m
Orientation with respect 90° 90° Parallel
to barrage axis
Location of head regulator 61 m 61 m 419 m on the
- from barrage axis right side
15 Energy Dissipation - Baffle blocks
Devices below regulator.
1 © Max. Discharge of canal 441 cumecs 376 cumecs 116 cumecs

11.7.5. Prakasm Barrage. The famous Prakasm barrage (Fig. 11.40) is located at
Vijaywada (in Andhra Pradesh State) on Krishna river. It basically serves the irrigation

Fig. 11.40. (a) Photoview of Prakasm Barrage.

needs of the adjoining areas. The Design flood discharge is jas high as 33,984 cumecs
(12 lakh cusecs). Its construction started in 1954 and got completed in 1957. Other
particulars and details of this barrage are given below :
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‘Vijayawado Town

Regulator,70 spans,i036-4m

Fig. 11.40. (b) Layout plan of Prakasm Barrage.

LAYOUT PLAN
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Fig. 11.40. (c) Plan (Sitanagram side) of Prakasm Barrage.

Hydraulic Particulars of Prakasm Bairage .- - -

Pond Level ..17.38 m
Length of barrage g ..1138.73 m
No. of Under-sluice bays .

No. of Barrage bays .70

Width of Under-sluice bays
Width of Barrage bays

Thickness of intermediate piers

...5.18 m each
..12.19 m each
...2.44 m each
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Fig. 11.40. (d) Plan (Vijaywada side) of Prakasm Barrage.
Gates
(a) Number 70 '
(b) Size 12.19 m X 3.66 m
Energy Dissipation Arrangements . Cistern

11.7.6. Shah Nehar Barrage. Shar Nehar barrage (Fig. 11.41) is located 5 km
downstream of Beas dam, in Talwara township (Punjab State) on the Beas river. It caters
to the irrigation needs of the adjoining areas. The design flood discharge at the barrage

site is 11,043 m>/sec (3.9 lakh cusecs).

"Other paticulars of this diversion headworks are given below ;

Hydraulic Particulars of the Shah Nehar Barrage

Pond level ..330.7 m
Width of the river ..609.6 m
Length of barrage ..561.87 m
No. of Under-sluice bays .4
No. of Barrage bays ...46
Width of Under-sluice bays ..9.15 m each
Width of Barrage bays ...9.15.m each
Thickness of intermediate pier ...2.13 m (at top)
Gates : (a) Number .50
(b) Height . ..6.7m
~ Length of Upstream Divide Wall AT7Sm e o T

- Energy D15$1pat10n Arrangements
Canal Head Regulator Details

Width of Head regulator

No. of bays and their width
Thickness of piers

Orientation with respect to barrage axis

. .Hydrauii_c -juinp on cistern

L671m
...8 bays of 7.32 m clear span
...1.22 m (at top)

at 100°
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pare

Energy Dissipation Devices below ..Hydraulic jump in cistern
regulator '
Max. Discharge of Canal ~..:325.64 cumecs

Shah Nehar Barrage.

1ew of

Fig. 11.41. (a) Photov
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11.7.7. Tajewala Head Works. Tajewala headworks (Fig. 11.42) was constructeg
as long back as the year 1873, across Yamuna river. This barrage/anicut is locateq 37
km from Jagadhri in Haryana, and the famous Western Yamuna Canal (W.J.C.) and ¢ -
Eastern Yamuna Canal (E.J.C.) take off from this headworks. The design capacity of
this barrage is 10,024 cumecs (3.5 lakh cusecs).

Fig. 11.42. {a) Photoview of Tajewala Headworks.

Fig. 11.42. (b) Closeview of Tajewala weir bays portion.

| Other particulars of this barrage are given below :
| Hydraulic Particulars of Tajewala Head works

Length of the barrage/anicut .. 753 m
Width of the under sluice bays ...7 spans — 6 m
' 10 spans—8 m
8 spans—7 m
- Width of barrage bays ..564 m
| Pond Level ..324m
| Sedimeny Excluding Devices ...Shingle Excluder
| Length of upstream Divide wall ...No. Divide wall
| Energy Dissipation devices ...Friction Blocks
| Western Yamuna Canal Head Regulator Details -
Width of head regulator : ...150 m
No. of bays and their width _ ...13.7 m each and one of 5.4 m

Thickness of piers ..1.37m
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Orientation w.r. to Barrage axis = = ..90° o o “' “
Energy Dissipation. devices - ~ ..Friction Blocks = - ‘ ‘ ‘
Max. Discharge of canal . . ....453 cumecs. :

i

11.7.8. Pick-Up Weir at Ottakkal. This pick-up weir (Fig. 11.43) is located at i
Ottakkal, Quilon district in Kerala State on Kallada river. The design flood discharge is
2830 cumecs (1 lakh cusecs). o

.. SECTIONAL E LE v,Afrt,éN:aaf B
Fig. 11.43. (a) Sectional elevation of Ottakkal weir.

1y

End

Fig. 11.43. (b) Photoview of Ottakkal weir.
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Other particulars of this d1vers1on headworks .are glven below :
Hydraulic Particulars of the Ottakkaluwelr

Orientation with respect to weir axis

Width of the river ..133m
Length of the weir- ..131.04 m
No. of undersluice bays . > '
No. of weir bays . .7, and R.B.C. head regulator bay
‘Width of undersluice bays ...1.83 m each '
~ Width of weir bays L ...15.24 m each ey
Energy Dissipation Arrangement ~..WNil
Canal Head Regulator Details -
Width of Head regulator 1159 m
No. of bays and their width ...3 of 3.05 m each
Thickness of piers ...1.22 m each
..90° -



" occur till the river attains regime conditions again. " (Madras University, 1975)
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Location of Head regulator from ..RB.C. head regulator at the right =

weir axis - . ‘ L.B.C.”head regulator at 120 m ups
of the weir axis and 90 m from Jef; ,, ed

of the river. g

Max. Canal Discha.rge ' ) ...39.08 cumecs (R.B. Canal)
‘ Lo ’ 220 cumecs (L.B. Canal)

PROBLEMS

1. (@) What are the Main causes. of failures of weirs on permeable foundations, and what e
would you suggest to prevent them ?

(b) Explain the surface flow considerations involved in the design of thickness of the slopip
and the downstream floor of a weir for different flow considerations.

2. Discuss the main causes of failure of weirs founded on pervious foundauon. Also discugg the '
Jimportant theories which have been put forward. for desrgmng such weirs to avoid there fajlyre due e
the above causes.

3. What are the different types of weirs 7 Explain with neat sketches circumstances under thch

. each type is adopted.
) - 'What is meant by “piping” in a hydrauhc structure ? What are ill-effects of piping ? What are the
precautionary methods to avoid the ill effect of piping ? (Madras University, 1975

4. Briefly explam the salient features of Khosla s theory and how itis nsed i in the design of permeah;
foundations ?

Medies

g glaciy

How does Lane’s theory differ from Bligh’s creep theory 7 - (Madras University, 1974
5. (a) What is meant by “piping’ on foundation of a weir. Explain Bligh’s method of safe Suarding § four
the foundation against the ill effects of prplng L . . (Madras University, 1975) ]

) Bneﬂy outline Khosla’s theory on the desrgn of weirs on permeable foundatlon Enumerate the
.. various corrections that are needed in the application of this theory.

6. Explain briefly Khosla’s exit gradient concept. -
When a weir is constructed across a river ; it disturbs the existing regrme Explam the changes that |

7. How does .Khosla’s theory differ from Blrgh s theoty with regard to the desrgn of werrs*on
permeable foundations ?

Explain the criteria adopted in desrgmng the varrous components of a weir burlt on permeable
foundations usmg Khosla’s theory.: S (Madras Umverszry 1976)

(b) State the fundamental difference between Khosla s theory and Bligh’s creep theory for scepage
below a weir. deter

(c) Following corrected pressure potentials were determmed underneath a barrage floor by Khosla's
- theory : .
At junction of upstream sheei pile with floor q)El = 82%

. At junction of downstream sheet pile wrth ﬂoor ¢C2 =35%
- ~~Calculate the minimum thickness of the cistern floor at‘thie beginnifig (i.2. at the toe of the glacis) -
and the end of the cistern (i.e. at the junction of the downsn'eam sheet prle with cistern)
The following data are given : .

Full reservoir level o ,=105m.
_ River bed level =100m.. .
Cistern floor level ‘ =99 m.
* Right Bank Canal ' e : _ dam,

% Left Bank Canal
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Total length of barrage between upstream and downstream sheet piles (i.e. between
- C)= =40 m; Length of cistern = 15 m (from downstream sheet pile).

e Assume tail water depth to be nil on the downstream side. Specific gravity of concrete noor =24.

9 (a) Draw a neat sectional v1cw of a weir showmg the various parts. What is exit gradient ? How
it affect the design of a weir.

(b) Following data refer to a weir :

Total number of vertical gates =51

Span of each gate =10m.

" Full reservoir level (u/s) =110m.

Crest level : ‘ . =106m.-.

E Coefficient of end contraction for piers =0.02

- Coéfﬁcient of discharge (in Francis formula) Cy =1.70m"?/sec.

Compute the max. flood discharge which can safely pass over the weir w1thout exceeding the full
reservoxr level. Neglect Velocity of approach.
- [Solution Use g=170L, H3/ 2 where H=110—106=4m
L, =L- [0.1 x No. of end contractions for abutments + 0.02 x No. of end contractlons
for piers] H
L,=51x10-]0. 1x2+002><50]H 5012m

. Q=1.7x501.2x (4)*/? cumecs. = 6820 cumecs. Ans. ]

" 10. Use Khosla’s curves to calculate the percentage uplift pressures at the three cut-offs for a ban age
tundation profile, shown in Fig. 11.44 applying corrections as applicable.

(Given slope correction for 1 in 4 slope is 3.3%)

" R =100.00m '
/ - v ) R(=98-00m:
A 4 K / . ‘
= Loz0m EZJCZ' t T T E3JC3J "
: , ' : 90-00
71 | ~90.00m |
DZ, D3
fo————30m ———= 90m g
- _ ‘ * Fig. 11.44

Having determined the percentage uplift pressures, explain how the foundation floor thicknesses are
tetermined corresponding to a known specific gravity of the material of the floor. :

11. Write short notes on any three of the following :
(i) Stream-lines and Equipotential lines. -
(ii) Bligh’s creep theory for seepage flow.
(iif) Khosla’s theory and concept of flow net.
—..%. . (iv) Exit gradient and-its. importance . ey

(v) Khosla’s method of independent variahles for determmmg pressures and exit grad:ent[ for
seepage below a weir.

(vi) Design of inverted filters and launchmg aprons for weirs (u/s as well as-d/s).
(vii) Retrogression of levels due to weir construction.

(viii) Factors governing the design of weirs.
(ix) Uplift pressures in jump trough and'design of weir floor thickness.

12. Design a barrage across a river at a site which is situated at 25 km downstream of a 120 m high
a, from the following data : ‘

o each pier gives 2 contractions, and No. of piers = 50) '
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‘ Total length of barrage between upstream and downstream sheet piles (ie between
£ and C3) =40 m; Length of cistern = 15 m (from downstream sheet pile).
Assume tail water depth to be nil on the downstream side. Specific gravity of concrete tloor =24
9. (a) Draw a neat sectional view of a weir showing the various parts. What is exit gradient ? How
. goes it affect the design of a weir. '
(b) Following data refer to a weir :

Total number of vertical gates ' =51

Span of each gate ) =10 m.

Full reservoir level (u/s) =110m.

Crest level ' . ) =106m. -
Coefficient of end contraction for piers =0.02
Coefficient of discharge (in Francis formula) C; -~ =1.70m'?/sec.

: Compute the max. flood discharge which can safely pass over the weir w1thout exceeding the full
' reservoir level. Neglect Velocity of approach,
[Solution Use Q= 170.L, - H>'?, where H=110 - 106=4 m
L, =L— [0.1 x No. of end contractions for abutments + 0.02 x No. of end contractions
. for piers] H
L =51x10-0. 1><2+002x50]H 501.2m

(. each pier gives 2 contractions, and No. of piers = 50) .

. 0=1.7%x501.2x (4)3‘/‘2 cumecs. = 6820 cumecs. Ans, 1

10. Use Khosla’s curves to calculate the percentage uplift pressures at the three cut-offs for a bafrage ‘

foundation profile, shown in Fig. 11.44 applying corrections as applicable.
! (Given slope.correction for 1 in 4 slope is 3.3%)

© R =100.00m
/ i . i R(=98-00m
E.] G - 4 / . -
|92 00m E]c; o T e cgooo -
D'I o 90. 00m . . _lpm
Dy ‘ D3
,[_ - - 30m } 90m , o
. Fig. 11.44

Having determined the percentage uplift pressures, explain how the foundation floor thicknesses are
determined corresponding to a-known specific gravity of the material of the floor. -
11. Write short notes on any three of the following :
(i) Stream-lines and Equipotential lines.
(&) Bligh’s creep theory for seepage flow.
(iii) Khosla’s theory and concept of flow net.
. (iv) __Exit_gradient_ and its, importance. . - .o ool e e
(v) Khosla’s method of independent vanahles for determmmg pressures and exit gradxentl for
seepage below a weir. :
(vi) Design of inverted filters and launching aprons for weirs (u/s as well as-d/s).
(vii) Retrogression of levels due to weir construction.
(viii) Factors governing the design of weirs.
(ix) Uplift pressures in jump trough and'design of weir floor thickness.
12. Design a barrage across a river at a site which is situated at 25 km downstream of a 120 m high
tam, from the following data : : :

[
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High flood discharge = 6100 cumecs. o
High flood level (before the construction of barrage) '

, =229.9 m.

River bed level (winter) =7224.3 m.
Pond level = '£228.15 m.
Permissible afflux =1.0m.
Canal discharge = 151.5 cumecs.
Canal bed width ~ =50m
Canal full supply depth =3 m.

~ Canal bed level =224 m.

. ‘Angle of off-take =~ . =110°

S
--Silt factor in the river =1.5"7"" .

The gauge discharge curve of the river is given beiow in Fig. 11.45. '
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Fig. 11.45 .






