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Lecture — 34
Structural Design of Drop Spillway — 1

Hello students, welcome to the 4th lecture on the Design of Drop Spillway.
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In this series, this is our fourth lecture and I will be discussing of part 1 of this design.
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U Purpose: e ey
To evaluate the horizontal pressure forces —————1& |"
acting on the drop spillway. D =R \\ e
U Horizontal pressure forces acting on the?'_‘“ — \ :;_I
drop structure: {1

Static water pressure, Lateral pressures
due to dry and moist backfill materials,
Tailwater pressure

! NPTEL ONLINE Dr. B. Sahoo

IIT KHARAGPUR CERTIFICATION COURSES School of Water Resources
IIT KHARAGPUR

So, the main purpose of this lecture is to evaluate the horizontal pressure forces acting on
the drop spillway. You know that for evaluating the stability of any structure, we need to

estimate what are the different pressure forces acting on this drop structure?

So, here we will be a estimating the different horizontal pressure forces which may be
because of the static water pressure, the lateral pressures due to dry and moist backfill
materials and the tail water pressure you can see this figure the tail water pressure. If
there is tail water, then some negative pressure is created which is opposite in direction
as compared to that of the static water pressure at the upstream side and lateral faces due

to dry and moist backfill materials.
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FUNCTIONS OF STRUCTURAL PARTS

U Headwall extension L £
— To permit stable soil fill h
— To prevent the piping around the structure / ek |
Q sidewall o e |
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- To hold a stable soil fill

- To protect against erosion due to water passing over the spillway
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So, before that, you should know what are the different functions of different structural
parts of this drop structural? So, we have headwall extension it mostly permits stable soil
fill, it prevents the piping around the structure. So, the piping failure is avoided by this,
the sidewalk holds a stable soil fill protects against erosion due to water passing over the
spillway, the wing wall holds a stable soil fill and also prevents the serious scour of the
soil fill and gully banks.
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U Cutoff wall
- To prevent the piping under the structure - it
. | SIDE WALL
— To reduce uplift pressure | . X Fjr
— To resist sliding | g —*
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§
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D Toe Wall -‘roew,u_:_ CUTOFF WALL
— To prevent the piping under the structure
— To prevent the undermining of apron

' NPTEL ONLINE Dr. B. 5ahoo

1T KHARAGPUR CERTIFICATION COURSES School of Water Resources
IIT KHARAGPUR




Similar, the cutoff wall prevents the piping under the structure, generally, the piping
occurs because of water pressure in the upstream side here. It exerts water pressure and
because of that the water is emitted through this contact surface of this cut off wall and
toe wall to arise at the downstream section like this. So, cut off if the cutoff wall depth is
more than generally, the piping failure is avoided. Then, to reduces the uplift pressure, it
resist sliding prevents the piping around the structure and the toe wall also prevents

piping around the structure and prevent undermining of apron.
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Depend on:

— Characteristics of backfill material against the wall (Soil permeability,
cohesion, angle of internal friction, dry weight, moist weight,
submerged weight, void ratio, moisture content)

Relative permeability of the foundation material & backfill material

~ Elevation of water table O Based on past experience, for safe design:
— Backfill drainage * F(total drop) <4.57 m
* F+hsém
I NPTEL ONLINE Dr. B. Sahoo
1T KHARAGPUR CERTIFICATION COURSES School of Water Resources
IIT KHARAGPUR

The horizontal pressure forces generally depend on the characteristic of backfill material
against the wall, soil, permeability, cohesion, angle of internal friction, dry weight, moist
weight, submerged weight, void ratio and moisture content. Then, relative permissibility
of the foundation material and backfill material elevation of water table and the backfill
drainage based on past experience for safe design, generally the total drop is considered
as less than equal to 4.57 meter, but in general cases we allow maximum 3 meter and F

plus h should be less than equal to 6 meter.
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DIFFERENT CONDITIONS OF BACKFILL

Case 'B:
Gully graded
fill to crest
elevation

Crest level

—
Y=Y, /—

From top of footing

4
Case ‘A"
No backfill against headwall

Case ‘C: Compacted earth- o Y,
fill berm constructed to’ |__
crest elevation
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So, before estimating the different horizontal pressure forces, we should know what are
the different conditions of backfill. So, generally we consider three cases of backfill as
shown in this figure the case A so, that the no backfill against headwall. So that means,
there is no backfill and the depth Y 0 a shown in this figure is equal to the water depth
which is below the crest level. And the middle figure shows the case B which is for gully

graded fill to crest elevation so that means, the gully is graded up to the crest elevation.

So, in this case you have to estimate a way to know first what is the line of saturation?
You can see this the line of saturation is at a depth of Y 1 from the crest and after
knowing this Y 1, you can estimate what is the value of Y 2 that equal to here Y naught
minus Y 1 so, that equal to Y 2. So, this is the case B condition and case C condition is
for compacted earth fill constructed to crest elevation. You can see here there is in this
case there is tail water, the tail water depth is given as t plus S and the saturation line is
shown here this is saturation line and where it is touching the head wall so, that is my
depth Y 1. And below the saturation line, the depth below to the bottom of this
foundation is Y 2 such that Y 1 plus Y 2 equal to Y naught and h is my depth of weir.

So, for designing, for estimating the horizontal pressure process, you have to know this
value thatis Y 1, Y 2, Y naught t and S. So, once this values are known, we can estimate
what are water my pressure forces. So, we should do remember this three cases case

what is case A, what is case B and what is case C?
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EFFECT OF WATER TABLE ELEVATION

O The elevation of the water table above and below the spillway, before and
after construction, has a significant effect on loads on the headwall and
other elements of the design.

0 If the water table is low and the foundation material is relatively
homogeneous & permeable:

+ The flow of water from a reservoir or from percolation, through
backfill in the channel above the dam, tends to pass downward
through the foundation in vertical direction, until it merges with the
subsurface flow.
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Now, coming to the effect of water table elevation, the elevation of the water table above

and below the spillway before and after construction has a significant effect on loads on
the head wall and other elements of the design. If the water table is low and the
foundation material is relatively homogeneous and permeable, the flow of water from a
reservoir or from percolation, through backfill in the channel above the dam, tends to
pass towards through the foundation in vertical direction, until it merges with the

subsurface flow.

(Refer Slide Time: 07:42)

P 4N st ED

EFFECT OF WATER TABLE ELEVATION
O If the water table is high (i.e., close to or above proposed apron elevation):

+ Adifferential head created by the dam will result in uplift pressures on the base
of the spillway and increased pressure on the headwall.

* The magnitude of this uplift and increased headwall pressure depends upon
¥ Total differential head,
v Type & efficiency of drainage provided above the headwall

v Relative permeability of the backfill above the headwall & various strata in
the foundation

v Depth of cutoff and toe walls
v Physical characteristics of backfill and foundation soils
¥ tail water elevation with uplift - possibility of piping.
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And if the water table is high which is close to or above proposed approach apron
elevation, so in this case, a differential head created by the dam of water will result in

uplift pressure on the base of the spillway and increased pressure on the head wall.

Then, the magnitude of this uplift and increased headwall pressure depends upon various
conditions like the total differential head, type and efficiency of drainage provided above
the head wall, relative permeability of the backfill above the head wall and various strata
in the foundation, depth of cut off and toe walls, physical characteristics of backfill and

foundation soils and tail water elevation with uplift and in this case the possibility of

piping.
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DRAINAGE OF SOIL FILL AGAINST HEADWALL

U Two types of drains are considered based on the size and
design of gravel filters.

Type-b Drainage

Type-a Drainage (Type-b Drainage is mostly recommended to
ensure stability against sliding & piping)
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So, for that we have to provide different drainages. You can see from this figure there are
different drainages are provided on basically reserve of two types; one is type small a
and type small b and types small b is mostly recommended to ensure stability against

sliding and piping failure.

So, here you can see in case of type a, this is a graded gravel filter and the outlet is given
here and this is your backfill material which is compacted earth fill here and in case of
type b the outlet is given here and there is pitrun sand and gravel filter are shown in this

case. So, in most of the cases, type b is recommended.
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table oundation to bad type No flow Full flow Problem ?
High - None ¥, ! Yes
Case-A (No backfill) | 7= ¥ e ; e 4
Greater ] 5+0.3F T+5+0.9F Yai
Case-B Greater b S+0.0F t+5+0.0F Yes
High Equal a 4+ 04F t45+04F Yas
Equal b $+0.15F 14+540.15F Yes
Loss 1 5+ 0.5F t+5+0.5F Yos
Less b S+0.2F 45 +0.2F Yos
Greater None (] [ No
Low Equal HKone 0 1] He
Lass L] §+0.3F 45+ 0.3F Mo
Less b s+0.0F t+s+0.0F No
Greater 2 s+0.4F t4s+0.4F Yos
Graater b 1404F 1434 0.0F Yas
High Equal ] 5+0.5F Tes+0.5F Yos
Equal b s+0.15F t+3+015F Yes
Liss 1 1406F 1454 0.6F Vs
Loss b s+0.2F tes+0.2F Yos
Low Greater Kone 0 0 No
Equal None 0 0 No
Less ] s+0.3F 43 +0.3F No
Liss b +0.0F t4i+0.0F No
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So, for designing, you have to know this table, so, there are three cases as we have
discussed for back fill condition case A, back fill condition case B and backfill condition
case C and the water table condition can be high or low as we have discussed, then 3rd
column shows the relative permeability of the foundation material to backfill. Then next
column shows the drainage type, so, type small a or type small b, generally we have
already discuss that is type small b is most recommended and the elevation of the

saturation line that is Y 2.

You can see from this figure Y 2 is the elevation below the saturation line and that can be
estimated under no flow and under full flow condition. Under no flow condition, Y 2
equal to Y naught for case a and for full flow condition also Y 2 equal to Y naught. And
for high water table and depending on different type of foundation relative
[per/permeability] permeability of foundation to backfill, you can estimate what is the
value of Y 2 from this figure and here S is the depth of end sill and F is the total fall and
this t S and a values are given and accordingly you can see whether there is piping
problem or not. If it is yes, then there is piping flow piping problem and if there is no,

there is no piping problem.

So, depending on that condition, you can select what is the value of Y 2? Your design
value of Y 2, so while selecting Y 2 suppose I have highlighted here the red one for equal

permeability condition and type your drainage no flow condition. So, Y 2 will be S plus



0.5 F and for full flow condition Y 2 will be equal to t plus S plus 0.5 F and in this case,
there is a piping problem in case of full flow in case of C condition of backfill so, you
may get tail water. So, here the t process is the depth of tail water; fine by knowing all
these things from the table, so you can estimate what is your horizontal pressure forces?
So that means, you have to know this table, without this table, you cannot design or you

cannot estimate the horizontal pressure forces.
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PROBLEM
A drop spillway is to be constructed with the following details :
- Totalfall, F=2.5m ———"
— Height of endsill, = 0.3 m [ ==t

- Depth of flow above crest, H=0.75m "I:
— Tail water height, t=0.75m
— Relative permeability for foundation = backfill (equal)

- Water table: high

~ Backfill Case-C (Compacted earth-fill berm constructed to

crest elevation) )
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Now, everything will be clear if will solved a problem. This typical problem, a drop
spillway is to be constructed with the following details. Total fall is given as 2.5 meter,
height of endsill, S equal to 0.3 meter, depth of flow above crest that equal to capital H is
given as 0.75 meter, tail water height small t that equal to 0.75 meter, relative

permeability for foundation equal to backfill.

So that means, you have to use the equal condition as you have seen in the previous table
water table is high and backfill case is C that is compacted earth fill berm constructed to
crest elevation. So, all these values has to be used in the previous table as I have shown
to find out what is the value of Y 2 and by considering the Y 2 value as shown in this
figure, you can go for estimating the value of Y 1, Y naught and t plus a that is your total

tail water height above the apron, then I can estimate what is my pressure forces.
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PROBLEM Buckfill Properties:

(Continued) 5, veight, kg/m 1600 1900
Moist weight, kg/m’ 1750 2000
Angle of internal friction (¢) 25° 35°
Submerged weight, kg/m? 1000 1050

i
Ratio of lateral earth pressure to vertical pressure = i

Find the equivalent fluid pressure of the triangle load diagram for:

i) No flow, type-a drainage
ii) No flow, type-b drainage

iii) With flow, type-a drainage
Type-a Drainage
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And what else you need, so, for this, the given values of backfill properties are for dry
weight for earth is 1600 k g per meter cube, pitrun sand and gravel 1900 that is mostly
used for drainage type b, moist weight is 1750 for earth, for pitrun sand and gravel it is
2000, angle of internal friction 25 degree for earth pitrun sand and gravel it is 35 degree
submerged weight for earth is 1000, And for pitrun sand and gravel it is 1050 and one
you should know that this is the formula that is ratio of lateral earth pressure to vertical
pressure equal to 1 minus sin phi divided by one plus sin phi where phi the angle of

internal friction.

So, here vertical pressure is nothing but that is the total weight of the earth. So, weight
can be computed by using the density of dry weight or moist weight then phi is known.
So, by using that you can estimate what is the value of the lateral earth pressure? So, the
question that find the equivalent fluid pressure of the triangle load diagram for no flow
type a drainage, no flow type b drainage and with flow type a drainage? So, in this figure
you can see this is type first one is a type a drainage and second one is a type b drainage

in which case you have used pitrun sand and gravel filter.
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i) For no flow, type-a drainage: " /J ’ ' P -
For the Backfill Case-C & type-a ,: ."l "-V-Ilrnlp:!_np / LI
drainage, consider the backfillas /7 [| /... 1 A4 M_Mfd':’i:"""
earth for the total height of the A | | AT )y
headwall. ' “f-"'wt';"] J U )
| prassurs (P, ey 1 =
From table; == % t L
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Y,= $40.5F = 03 +0.5%2.5 =155 m \n
da i Triangle load diagram
Height of headwall, Y,=F+5 2.540.3 = 2.8 m -~ (Triang gram)
Y,=Y-Y,=2.8-155=125m
Greater ] s+0.IF EHs400F Ya
High Equal 1 Yy= st05F t45405F Yes
Equal £+ 0.15F t+s+0.15F Yoz
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So, once these are clear, so now, you can go for designing. So, this figure shows a
triangle load diagram the pressure forces are generally estimated as, pressure that equal
to gamma pressure is extended gamma into h you know this h is your height of any soil
fill or water gamma is the specific weight. Then you have to estimate what is the
pressure diagram in this the pressure triangle what is the area of this pressure triangle,

then you can estimate what is the total force from this?

So, here you can see that the different forces acting on this, F 1, F 2, F 3, F 4 and the
question was that you have to estimate the total lateral pressure forces in terms of
equivalent fluid pressure. So, this the main criteria, you have to understand this problem
may be attentively. So, come no flow and type a drainage, for the backfill case C and

type a drainage considered the backfill as earth for the total height of headwall.

So, in this case you have to follow the table, whatever table I have shown, so, this table
are given | have cut a portion of that. So, here you have to design for equal permeability
condition, drainage type small a and in this case for no flow condition, I am getting Y 2
equal to S plus point 5 F and this is for full flow condition. So, have to use the value of Y
2 that equal to S plus 0.5 F. So, here S equal to Y 2 equal to S plus 0.5 F is computed F is

known as 2.5 S equal to 0.3, so, I can estimate it has 1.55 meter.

So, height of headwall from this figure you can see, the height of head wall is given as Y
naught that equal to F plus S. So, that equal to 2.5 plus 0.3 that equal to 2.8 meter. So,



once Y 2 is known, Y naught is known, so I can estimate what is the value of Y 1, so, that
is 1.25 meter. And this F 1 diagram shows the moist soil pressure and the diagram F 2
shows the active earth pressure that is P a, the submerged soil lateral pressure is given by

P a 1 which is given by this triangle which is in yellow colour.

Then this blue colour F 4 is given as lateral water pressure that is P a 2 which is acting
below this saturation line and this triangle which is a brown colour. So, this show the
equivalent flied pressure and this XX is my reference line. So, you have to take the
moment of all these forces along this X X line to estimate what is my equivalent fluid
pressure corresponding to different pressure forces of F 1, F 2, F 3 and F 4. So, this is my
basic concepts. If you can understand this basic concept, then you can go for estimating

the lateral pressure forces.

Now, you have to estimate what are the pressure acting below this pressure triangles. For
F 1, you can see the pressure is acting as P a, this value is P a. So, this is moist soil
pressure, so, moist soil pressure will be gamma into this heights, the weight of moist soil
into h. So, h is your equal to Y 1 that equal to 1.25, so gamma into Y 1, so that will be

equal to moist soil pressure.

So, that can be equal to P a, similarly, we can estimate for active earth pressure by using
the previous equation W into 1 minus sin phi divided by 1 plus sin phi, then you can
estimate the pressure at the bottom of this different pressure triangles. Then you can
multiply with area to estimate the total pressure area of this triangle, then you can take

the moment about X X line. So, those these tail soil discuss in the next slides.
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Estimation of horizontal pressures:

. \“l:, i m . | [P

Jw=o.40aw Y. =
| y R

T il

_(I—sinO“ (1 -sin25
"'-!+<innJ '(vazs

Vertical pressure, \\/ = weight of material per unit area (kg/m?) ~— - i
At crest elevation: P, = 0 (since W=0) o Bl .
Framidthd (Triangle load diagram)

At1.25m (= Y,) below crest :
W=17Y, = 1750 (moist weight of earth) x 1.25 = 2187.5 kg/m? = 2.1875 Ton/m?
Lateral Pressure due to moist backfill, P, = 0.406 W= 0.406x 2.1875 = 0.888 Ton/m?
At2.8m (=Y ) below crest:
Lateral pressure due to submerged weight of soil, P,, = 0.406 y Y, = 0.406 x1000x1.55

= 629.3 kg/m? = 0.629 Ton/m?
Lateral pressure due to water, P,, =7, Y, = 1000x1.55 kg/m?= 1,55 Ton/m?
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So, P a is estimate that is 1 minus sin phi divided by 1 plus sin phi into W, W is your
vertical pressure that is nothing but you weight. So, here phi is 25 degree so, you can get
P a equal to 0.4 naught 6 W. The W is the weight of material per unit area in k g per
meter square at crest elevation, there is no pressure at crest elevation. So, P a will be

equal to 0, at 1.25 meter below crest.

So, at along the saturation line you can see, along this saturation line you have to
estimate the value of W. So, W equal to that is the weight of the or the pressure due to the
moist weight of earth. So, gamma into Y 1, here, gamma is given as 1750 in the question
is given and Y 1 equal to 1.25 meter. So, you can get 2187.5 k g per meter square and

that equal to 2.1875 ton per meter square.

The lateral pressure due to moist backfill can be estimated as because, this is your
vertical pressure or vertical weight that is W here. Now, I can use that equation to
estimate what is the value of P a that equal to 0.406 W. So, you can get 0.888 tone per

meter square.

Now, at 2.8 meter below crest, so, 2.8 meter below crest means it is along the X X line or
the bottom. The lateral pressure due to submerged weight of soil is given by 0.406
gamma into Y 2. So, that equal to 0.406 into 1000 that is your submerged weight which
given the question and Y 2 equal to 1.55 meter. So, you will get 0.629 ton per meter

square. So, this is my that is equal to P a 1 as shown here.



Then letter pressure due to water that equal to P a 2, so, that is different by the force F o.
So, P a 2 will be equal to gamma W into the height of water that equal to Y 2. So, gamma
W equal to 1000 into 1.55, so, you are getting 1.55 ton per meter square.
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] The areas of pressure triangles are given by (see Figure):

Fi=0.5xPxY, Fy=0.5%P, %Y, e danis a0
F,=PxY, Fy= 0.5%P,xY, B, i 8
Centre of gravities for F, F,, F,, & F,from bottom surface: =l T = ._f ..“5"‘“.‘:“."
(Y,+Y,/3), Y, /2,Y, /3, &Y, /3, respectively. e ,...L - s
Let y,, =unit weight of equivalent fluid. e R TR

By moment matching about the reference axis XX (Fiz.):

1.y
= {E(_T‘HYnJ)'[.J)T= FL

m‘f- (;xn.mnx: zs)(: 55 + l':s] 1{n B84 % 1 :ifn.cl':s}. (; 0,629 % 1 55]
1.5%

! [ir 1.55 X 1.55) % L

2,989 .
Yo g~ = 1-0913 + L0667 + 0.25 + 0.6206

Yeq = 0.828 Ton/m*
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So, once this is known, now you have to calculate the areas of different pressure

triangles. The area of F 1, you can estimate that is best as P a as seen in the figure and

height is here Y 1. So, this area will be equal to half into Pa into Y 1.

Similar for F 2, it is a rectangle, so, we will get P a into Y 2. So, this height is Y 2 so, P a
into Y 2. Similarly, for F 3 the base is P a 1 that equal to 0.629 and height is Y 2 so, this
height is Y 2 so, it will half into P a 1 into Y 2. Similarly, for F 4 the base is P a 2 so, that

is 1.55 ton per meter square, you have estimated and the height is also Y 2.

So, once this is area are know, so, you can estimate what are the pressure forces. Now,
you have to estimate what are the centre of gravity for all these pressure forces that is F
1, F2, F 3 and F 4. So, the center gravity for F 1, F 2, F 3 and F 4 from the bottom
surface are given by this value. So, for F 1, it is Y 2 plus Y 1 divided by 3, it is acting
here, then for F 2 itis Y 2 divided by 2 for F 3 Y 2 by 3 and for F 4 it is Y 2 divided by 3.
So, now, you have to take the moment I was the reference axis X X. So the moment for
this equivalent fluid pressure and here base is gamma equivalent into Y 0 into height is

equal to Y naught that equal to Y 1 plus Y 2. So, this area also you can estimate so, this is



your equivalent force which is at acting at a distance x by 3 from this base at the centre

of gravity.

Now, you can take the momentum of this triangle on that is should be equated to the sum
of the moments of all these pressure forces of triangles. So, that you can estimated, that
you can estimate by using this equation. So, the first one shows the moment of the

equivalent fluid pressure, the second one is the moment of the force F 1.

This term shows the moment of force F 2, this one shows the moment of force F 3 and
this shows the moment of force F 4 from the X X line. So, once this is known, you can
put all these values of these values are already calculated. So, you can get by solving this

we can get the value of q gamma equivalent equal to 0.828 ton per meter cube.

So, this solve solves the first part of the problem. So, once this is solved, now I will go
little speedily for other conditions. So, once this understood, the same procedure must be

followed for solving the next bit of the problem.

(Refer Slide Time: 27:23)

PP 4TI A B

ii) No flow type-b drainage:
For type-b drainage, consider the backfill as Pitrun sand & grave! (¢=35°) for
the total height of the headwall = -

i 33
1| ¥y=zizim

) | e ]:0.27|w

i

1+sin35"

From table,
Y,=540.15F=0.3+0.15x 2.5=0.675m
~Y =Y, -Y,=2.8-0.675=2.125m
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For no flow type b drainage so, let us assume that the backfill is pitrun sand and gravel
for this phi equal to 35 degree and you have to and this is fill up to the height of the head
wall. So, in this case P a can be estimate are W into 1 minus sin 35 degree divided by
divided by 1 plus sin 35 degree that equal to 0.271 W and from the table, you can get Y 2
equal to S plus 0.15 F from the drainage table that I have already shown.



So, here Y 2 equal to 0.675 meter and Y 1 will be equal to Y naught minus Y 2. So, that
equal to 2.125 meter and here you can see there are similar forces are acting because you
know flow type F 1, F 2, F 3, F 4 and the equivalent pressure are shown in the diagram.

So, you can follow the same procedure as done in the first bit of this problem.

(Refer Slide Time: 28:25)

L R R R - N RSN

At crest level, P, =0 A [V

At 2.125 m (= Y,) below crest level: i3 [t

P, =0.2717Y, =0.271x2000 x 2.125 = (R |
= 151,75 kg/m? = 1.1518 Ton/m? f=| JlI[b7

where P =lateral pressure due to moist backfill |

At2.8m (=Y,) below crest level:

P, =0.271W=0.271Y, = 0.271x 1050 x 0.675 = 192.07 kg/m? = 0.1921 Ton/m?
P, =1, ¥, = 1000 x 0.675 = 0.675 T/m?

where P,, = lateral pressure due to water

Repeat the steps as in case (i) to obtain 1,
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So, at crest level P a equal to 0, at 2.125 meter, you can estimate P a that equal to 0.271
gamma Y 1. So, that will give you 1.1518 ton per meter square, then at the crest level P a
equal to 0 or not 2.25 meter, we can calculate P a equal to 1.1518 ton. So, this value and
a 2.8 below crest level, you will get P a 1 equal to 1.921, this value and P a 2 will be
equal to gamma W Y 2. So, that equal to 0.67 ton per meter square, so, this value and

after getting these values, we have to repeat the steps as we have done in the previous bit.



(Refer Slide Time: 29:45)

iif) With flow type-a draingge
He0,75m I 0.3045
From table, I
Y,=t45+05F
=075+03+0.5x2.5
=23m
v,ey,-v,
=28-23:05m ;
L ) - 093G pme [-Eg = .‘[

1-sing 1 - sin25 ' oy ’ e el

P‘z(lrsinﬂ)wz(HsinZS )w:u.msw. % ‘ o ‘ B e #‘%.rui;'l "
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Now, for the third problem we have to use the type a drainage for type a drainage, here Y
2 is computed as t plus S plus 0.5 F from this table. You can see from this table this value
you have taken for flow condition and Y 1 equal to Y 0 minus Y 2 that equal to 0.5 meter.
So, we can estimate Y 1 equal to 0.5 meter. Here, additional force will be the F 6, F 6 is
nothing but this is the negative pressure which acting backwardly because of this tail

water.

(Refer Slide Time: 30:35)

B R RN R

At crest level (H=0.75 m): s
P, = 0.406x1000x0.75 = 304 kg/m? = 0.3045 Ton/m?

At 0.5 m (=Y,) below crest level: "
P, =0.406 yY 0.406 x 1750 x 0.5 = 0.3553 Ttm,fm2

. -

At2.8 m (=Y ) below crest level :

P, =0.406 Y, = 0.406 x 1000 x 2.3 = 933.8 kg /m?
=0.9338 Ton/m?

P.; =7, Y;=1000x 2.3 = 2.3 Ton/m?

Causes negative
lateral pressure

Tail water pressure:
P, =7, (t+5) = 1000 x 1.05 = 1.05 Ton/m?
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Now, at the crest level, so there is standing water, so, H equal to 0.75 meter. So, will be
getting some water pressure here and P a will be equal to 0.406 into 1000 2.75. So, that
equal to 0.3045 ton per meter square at 0.5 meter that is below crest level, you will be
getting p equal to 0.406 gamma Y 1. So, that equal to 0.3553, so, this is equal to 30.3045
at 2.8 meter below crest level, you will be getting P a 1 equal to 0.406 gamma Y 2.

So, that equal to 0.9338 ton per meter square and P a 2 will be gamma W into Y 2. So,
that will be equal to 2.3 ton per metre square this value and tail water pressure will be
equal to gamma W into t plus S because t plus S is the depth of tail water. Here, t plus S
equal to 1.5 which is nothing but the F 6 for F 6, so, will get 1.05 ton per meter square.

So, this is my 1.05 ton per meter square.

(Refer Slide Time: 32:09)

Using moment matching, Tailwater depth=t+s=1.05 m

| (v/24%) ﬁ)t—w

hqb [Dao4sx05x(—+23] [2><03553><05><(03_5 23)

23
[o 6598 x23x—l [zxo 9338 x2.3x | +

15075 i)
-

1 23
X2.3%2.3% 3]

[z,
P

Fs

Y, = 1370 T/m’ = 1370 kg/m’
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Now, by similar way, now you can use the moment matching technique about the line X

X. So, the total moment due to the equivalent fluid pressure that is given by gamma eq
into Y naught q divided by 6. So, at the sum in the total moments you can see here, the
negative pressure because of tail water is given by F 6. So, that is half into 1.05 into 1.05
into 1.05 divided by 3 and this value is the distance of the centre of gravity from the
bottom of the foundation of that X X axis. So, we can get this value is F 1, this is F 2,
this is the distance of centre of gravity from the X X axis and similarly, this is the

distance of the centre of gravity from the X X axis, this is F 3, this is F 4, this is F 5 and



this is F 6 which is negative. So, by equating that one, you will get gamma equivalent

equal to 13.7470 k g per meter square.

So, the same procedure is followed as I have told you in the previous bits in the first bit,
you can do this exercise then more clarity will be there. Unless you want to solve this
one will be difficult to understand this because, slightly difficult is there here in
calculating the area of the pressure forces, then you have to calculate total force equal to
pressure into the area of the pressure triangle. Then you have to estimate what is the
centre of gravity the distance of the centre of gravity from this bottom surface that is
your X X line, then force into the distance that is a moment and you have to equate the

moments for equivalent fluid pressure and the other pressure forces.

Then, you will get what is the equivalent pressure corresponding to different lateral
pressure forces. So, this ends the lecture here, so, you have to little practice the problems,
then only you can understand all the details other it very difficult to cover each and every
bit of this pressure calculations. So, you have to in detail have already told in first bit and
you use those first bit solution to solve the second bit and third bit of this problem. So,

this ends our lecture here.

Thank you.



