e sca-level 15
pmiure is 15°C.
jpabove sea-level,
gpressible, (if)
e density, and
gure and density.
level as 1.283
7 with altitude,

B, (i1} 37.45 kN/m?
(il 31.5 WNm?]

HYDROSTATIC FORCES ON
SURFACES

£ 3.1, Introduction. 3.2. Total pressure and cenire of pressure. 3.3. Horizontally inmersed
b surface. 3.4. Veriically immersed suiface. 3.3, inclined immersed surface. 3.6. Curved
fc-dmemcrsed surface 3.7. Dams. 3.8. Possibilities of dam failure. Highlights—Objective
Tvpe Questions—Theoretical Ouestions—Unsolved Examples.

J Imtroduction

¥+ In chapter 2, we have studied that 2 liquid, ar rest, exerts some pressure on all sides of the
Bainer The inensity of pressure (p) was related to specific weight w of the liquid and vertical
il & of the point by eqn. p = wi. In this chapter, we shall discuss the total pressure on a surface and
position. The term “hydrostatics’ means the study of pressure, exerted by a liquid ar resz. The
grtion of such a pressure is always perpendicular to the surface, on which it acis.

Pressure and Centre of Pressure

;3: Total pressure. It is defined as the force exerred by stanc Fluid on a surface ( either plane or

wed) when the fluid comes in contact with the surface. This force is always at right angle ( or

mmal} (o the surface.

* sntre of pressure, It is defined as the point of application of the total pressure on the surface.

we shall discuss the total pressure exerted by a liquid on the immersed surface. The
mrsed surfaces may be:

1. Horizontal plane surface 2. Vertical plane surface

3. Inclined plane surface 4. Curved surface.

fBorizontally Immersed Surface

"'ﬁt:! Pressure (P): I ;E}i;;
f ®efer Fig. 3.1. Consider a plane horizontal surface im- =575~ =m0
;inaliquid. LLTT LTI LR
4 = Area of the immersed surface, |
T = Depth of horizontal surface from the liquid _
surface, and :
w = Specific weight of the ligmd.
b total pressure on the surface, |
g P = Weight of the liquid above the immersed surface :
3 = Specific weight of liquid % volume of hquid X
= Spectfic weight of liquid = area of surface x
3 depth of liquid | |

= wdx

——
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3.4 Vertically Immersed Surtace
Consider a plane vertical surface of arbitrary shape -
mersed in a liquid as shown in Fig. 3.2,
Let, A = Total area of the surface,
(G = Centre of the area of the surface,
¥ = Depth of centre of area,

00 = Free surface of liquid, and

- 3

T 5 T L A
PR el e s T i s el T

< LA R %

PRET 2

7 = Distance of centre of pressure from free sur-

face of liquid. G

(@) Total pressure (P): Co

Consider a thin horizontal strip of the surface of thick-
ness dx and breadth b. Let the depth of the strip be x. Let the
intensity of pressure on strip be p; this may be taken as uni-
form as the strip is extremely small. Then p = wx

where, w = specific weight of the liquid.

Total pressure on the strip = p.b.dx. = wx . bdx

Y

Fig. 3.2. Vertically immersed surface.

Total pressure on the whole area, P = wa bdx = w Ibdx X

But j hdx . x = moment of the surface area about the liquid level = AX |
P=wAdx ..[ same as in Art. 3.3} |

or, the total pressure on a surface is equal to the area multiplied by the intensity of pressure at
the centre of area of the jigure. |
The eqn., P = wAX holds good for all surfaces whether flat or curved.

S ——— o

e | Tk

(h) Centre of pressure (A )

The intensity of pressure on an immersed surface 1s not aniform, but increases with depth. As
the pressure is greater over the lower portion of the figure, therefore the resultant pressure, on any
immersed surface will act at some point, below the centre of gravity of the immersed surface and
rowards the lower edge of the figure, The point through which this resultant pressure acts is known ds
‘centre of pressure’ and is always expressed in terms of depth from the liquid surface,

Referring to Fig. 3.2, let C be the centre of pressure of the immersed figure. Then the resultant |
pressure P will act through the point.
Let, & = Depth of centre of pressure below free liquid surface, and
I, = Moment of inertia of the surface about QO
Consider the horizontal strip of thickness dx. Total pressure on strip = w. x.b.dx

Moment of this pressure about free surface 0O = (w.x. b.dx) x = wxt.b.dx

Total moment of all such pressures for whole area, M = J wxtb.dx. =w J‘.:w:'1 b.dx

But _| ¥’ .b.dx = [, = moment of inertia of the surface about the free surface OO (or second

moment of area)
M= WID (E]

The sum of the moments of the pressure is also equal to £ h | L)

Now equating eqns. {1) and (i), we get
.P oo E - 'ri-’;rﬂ .

i
F

(RN K R 0 1
1L TFpk
]
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1 surface.

1 Art. 3.3]

rYessure af

Jepth. As
e, On any
rface and
known as

s resultant

or second

]
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wostatic Forces on Surfaces

WAX x b =wly (" P=wAT)

- 1
ho= Y
= Wit
.A;lfﬂ’ . | I=IIG + Ah* (Theorem of parallel axis)
>~ where, ¢ = Moment of inertia of the figure about horizontal axis through its centre of

gravity, and
A = Distance between the free liquid surface and the centre of gravity of the figure
1 { ¥ in this case)
7 Thus rearranging equation (if7), we have

k- Table 3.1
:j_ centre of gravity (G) and moment of inertia (I} of some important geometrical figures:
Name of C.C. from Area Fabout an axis [ about base
' figure the base passing through
C. G. and paralle!
to the base
1. | Trnangle X = A ba | ﬁ- Ei
Fig. 3.3 3 2 36 - 12
2. | Rectangle X = a b éﬂi bd”
Fig. 3.4 2 12 3
3 Circle X = i Edl Ei
Fig. 3.5 2 4 ' 64 -
_ £ B 2
4 Trapezium v = [’ 2a :‘!T' -lﬁ L a b !h ' a- + dab + .E;!E \'i ; hz
iFlgEﬁ [ | a+ b _3 z2 \ 31&'((1 '|‘t'5} J ' o
I |
I
| G
h AT T/~ 4
; | (. I
; Y | -
L § - h ——p
Fig. 3.4
'y ] X
1 1
— G-
T -+' ef + _ -"G ) 5
! ,\ .r
v Y -
Ale—— ——>

Fig. 3.5 Fig. 3.6

ke TSR i

- —— | ——

- T TE T
.......

Al
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100
— I, + AT .
;= L - IG_ + X -
. : Ax Ax -
2] Hence, certre of pressure, ie %
E: — f _ 3 Example E
z h=- 47X - 2
i AT -A3.2) ; an oil of speci *%
Example 3.1. Fig. 3.7 shows a circular plaie of diameter /.2 m placed veriically in water in '_ (i} Total p %
such a way that the centre of the place is 2.5 m below the free surface of water. Determine: (£y Total 5' Solution. B
‘ pressure on the gfﬂre. (i7) Position of centre of pressure. Free water surface ! Height of tf
; Solution. Diameter of the plate, d=1.2m F :_:_:_:_:_:_:_:_:_*‘ '
= Area, B
4=2d?=2x12 =130 . =
i 4 4 I ¢
_E x=25m
¥ () Total pressure, P: l
: . : v
. Using the relation Y _ A\ oC
P=wdr =9.81%1.12%x 2.5=27.7kN (Ans.) 14_
_- - (.2
: (if) Position of centre of pressure, h: "
 § - _ Fig. 3.7
' Using the relation,
—
h=-—%+% - .-
“IE ] ‘ﬂ\‘rea}
where poo gt = w124 =0.1018 m* Specific omad.
¢ 7 54 64 | T}:lem ic grawg,
m : ¢ distance !
| =008 o s5-2536m -' |
1.13x 2.5
ie. 7 = 2.536 m (Ans.) | -
5 .: ,
% Example 3.2. A recrangular plate 3 melres long and 1 metre wide is immersed vertically in 3 ) Rﬂtal B
' : Ve knowl

water in such a wav that its 3 metres side is parallel to the water surface and is 1 metre below it.
Find: (i) Total pressure on the plate and (if) Position of centre of pressure.

‘ Solution. Width of the plane surface, £ =3 m N {
Depth of the plane surface, d =1m (7) Centre :_ i

s
PR
Cada

Eree water surface

Area of the plane surface, ey i ————— 1 .
: B R AR -- Centre off
A=bxd=3x1=3nr T ; .
l _ =
x=1+==15m P T
2 Y
(i1 Total pressure P: l | A
Using the relation: . -—G E
3 g ' —_— ima| e — e — C _ ¥
P=4wa47=981x3x13
= 44,14 kN (Ans.) ¢ —h=3m—m 2 Example 3.4. 44
_ . 7 o b
(ify Centre of pressure, h: | 7 drameter whl]
_ | ({) The force d
Using the relation: /7 = ;‘% + X (i) The torgue
X
. : _ . of water ol
bd” 3=l Solution. Dizamf}

But I




ines Hydrostatic Forces on Surfaces 101
P =% 15.1556m
Ix1.5
e 7 =1.556 m (Ans.)
Example 3.3. An isosceles triangular plate of base 3 m and altitude 3 m is immersed vertically in
.(3.2) an oif of specific gravity 0.8. The base of the plate coincides with the free surface of oil. Determine:
tor in (f) Total pressure on the plate; (ii) Centre of pressure.
 Toral Solution, Base of the plate, 5 =3 m
Height of the plate, 4 = 3 m
-:..:..;.‘ Free oil surface
o
o
[ |
h Fig. 3.9
hrxh 3x3
: A= = = 4,5 m?
Area, > > 3 m
Specific gravity of oil, $=10.8
The distance of C.G. from the free surface of oil,
Fe=ih=ix3=1m
({} Total pressure on the plate, P:
cally I,” We know that P=wAT¥F
relow i,
=(08=981y=x435x=]
£ =353 kN (Ans.)
{i{} Centre of pressure, } :
T Centre of pressure is given by the relation:
RS , X
5 =-£_+;?=("EJJEI 539) 5
Ax AX
] 3x3°/36)
—x oA 1
= 4.5 %1
. h = 1.5 m (Ans.)

Example 3.4. 4 circular opening, 2.5 m diameter, in a vertical side of tank is closed by a disc of
m digmeter which can rotate about a horizontal diameter Determine.

(i} The force on the disc:

(ii)  The torque required to maintain the disc in equilibrium in vertical position when the head
of water above horizontal diameter is 3.5 m.

Solution. Diameter of the opening, d = 2.5 m

.....

......................
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102 Fuid Mechanics ang Hydraulic Machines

Free surface

N I . Circular
ZIITIzIiTI] disc

'-_':5 Water EIE'_' Y
A 2.5m
SRt X v

h e e e o —r — — — — um
N A "= s o s s wr

h e e o o o am - e o -

AR R
— e Al E B Em W T —

I — T T
ke — — - Em . Em o Em Em

Depthof C.G.,, - x=33m

(/) Force on the disc, P:
Using the relation:
P=wAy=981x49] %35
= 168.6 kN (Ans.)
({/) Terque required, T:

In order to determine the torque (7) required 1o maintain the disc in equilibrium, let us first
calculate the point of application of force acting on the disc, i.e. centre of pressure of the force P. The

depth of centre of pressure { % ) is given by the relation,
: 4 .
‘F—G+f={mmp‘f}+z f-,-;G.:.fod‘}
Az (/4xd )T . 64
(n/64 x 2.5

T (/4% 2.5 )%33
i ., the force P is acting at a distance of 3.61 m from the free surface. Moment of this force about
horizontal diameter X'~ X

7 -

+35=36lm

= P(h -X)=1686 (3.61 - 3.5)
= 18.55 ANm.  (anticlockwise)
Hence a torque (7) of 18.55 kKNm must be applied on the disc in the ¢lockwise direction to
maintain the disc in equilibrium position. {(Ans.)

- Example 3.5. 4 square aperture in the vertical side of a tank has one diagonal vertical and is
completely covered by a plane plate hinged along one of the upper sides of the aperture. The diago-
nals of the aperture ave 2.4 m long and the tank contains a liquid of specific gravity 1.2 The centre
of aperture is 1.8 m below the free surface. Calculate.

(7} The thrust exerted on the plate by the liquid,

(iy  The position of its centre of pressure

Solution. Refer Fig. 3.11

Diagonal of aperture PR=05=24m

Area of square aperture, A = area of A POR + area of APSR.

{Punjab University)
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A =T ) A
: iy Square Q
| aperture :
_ Ligud L |
x=18m| (§=12 ! | ,
I i
Y P g-mmmm-- R R 24m :
Tank Xoe- JT
I
_______________ | Y
S
i<— 2.4m .l
Fig. 3.11
! !
_ZPRxOQ+= PRxOS
2 2
f( K : ml
:lxi.i*:f:‘ 24 +ul~x2.4>-:(-i | = 2.88 m”
2 L2 )2 w2 )
Depth of centre of aperture plate from free liquid surface, ¥=18m

(i) Thrust exerted on the plate £
Pressure force or thrust on the plate,
p=wdT =(1.2x981)x2.88x 1.8 =61.026 kN (Ans.)
(i) The position of its centre of pressure,  :
Centre of pressure is given by the relation:

oum, let us first
fthe force P, The

-
) h=—-+%x
f=—X d :
Y j where, I.=M. Q.1 of PQRS about diagonal PR

=M.0.I of APQR + M.O.1 of PSR ...about PR
_2.4x(1.2) L 24 (1.2)°
12 12

=0.6912 m” (®& 00 =0S)
of this force about |

base x { height ¥’ |
12
+ 1.8 =1.933 m{Ans.)

[-» The M.0.I. of a triangle about its base equals

;06912

288 x 1.8
_ Example 3.6. A trapezoidal plate of parailel sides | and 21 and height h immersed vertically in
k water with its side of length ! horizontal and topmost, The top edge is at a depth b below the water
L swrfuce. Determine. |

1
n F

wise direction to

nal vertical and is
serture. The diago-

_ (i) The total force on one side of the plate
vity 1.2, The centre |

(i} The location of the centre of pressure.

Solution. Refer to Fig. 3.12, the wrapeziumn can be considered to be made of:
() A rectangle: / (width) x # (height)

(iiy A rriangié: ! fhase} % h (height)

(i) Total force on one side of the plate P:

Refer to Fig. 3.13.

wnjab University)
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104 Fluid Mechanics and Hydraulic Machines

For Rectangular part:
Pressure force P, on the rectangular part,

{ » { »
A 5 .: Fy A
ko i | ’ ;
¥ : 5  J A J
21 — | —» [ { —»
Fig. 3.12

PR =w{lxh}(h=+ %} = % wih?

Centre of pressure of force P,

— 3
hl-ig_—+f= |[:’:=::Jr’1w12)JI +(h+£)
Ax (!xMx(h+§) 2
Ao 3 14
= — + = —i
18 2 Q

Whater surface

= e Em o wr B Sm Em = o=

— am mm w— SN EE B Wm mm wr B A= o o o W WY

- e Y == == B o W W — — — —t = mm v — == 4 = = o=

-—eoem e ket M em o mm o A M R B o Em e =
e wr e —& am Em e — — S o W =

/i STTTTTooT T

o>

fi

21

Fig. 3.13

For Triangular part.
Pressure force P, on the triangular part;

P=w i;{;};h xrh+zh
- 3 73
5

Zwilh’

Centre of pressure of force 7.,

3
E3=I—G_ - ih™ /36 2 . h+§h
Ax lj:::h x| h+—h
2 3
Ao Sk 5l
- -+ = JII
30 3 30
. Total force/thrust, P=P + F,

= 2 wlh® + 2 wi b =1wlhz (Ans.)
2 6 3




Hydrostatic Forces on Surfaces

(if) The location of the centre of pressure, I
Centre of pressure of total force,

_HE+F_;.EE
F

h

3 wik® x Eh + 3 wih? x ﬂh
’. 45

5 6 30 _45,
zw”zz 28
3

ie. h 43 h {Ans.)
28

Examptle 3.7. 4 trapezoidal 2 m wide af the bottom and | m deep has side slopes [ . Determine:
{1} Total pressure,
(i) Centre of pressure on the vertical gate closing the channel when it is full of water.
Solution. Refer Fig. 3.14
{{) Total Pressure, P: L
For recrangle:
Area, A, =2x1= Zmz

ot

]

|
X -2-=0.5m S f— 2 m —»]
Fig. 3.14

P=wAx =981 x2x05=98] kN
This acts at a depth ;’1_1 4

B E"I—G+f—f2xﬁn)+ﬂ5—ﬂﬁ from the t
ut Tl 03 5=06m ... from the top

For triangles:

e 1;
frali

In

TRt

Area, Ay =12x % x1x1=1m* (there are two triangles); ¥ = %

]
P,=wd¥ =9.SIK1H§=3.271<N

This acts at a depth of A .
B R odo o,y (2039 1
Ax 1 x1/3 3
ie hy = 0.5m
Total pressure,
P=P +P,=981+327=13.08 kN (Ans.}

0.5m ...from the top.

Centre of pressure, j:
Taking moments about the top, we get: P x p = P, B+ P,% hy

. P BBt RR 981x066+327x05 o0

P 13.08
Example 3.8. An isasceles triangle of base 3 metres and altitude 6 metres, is immersed verti-
fy in water, with its axis of symmetry horizontal as shown in Fig. 3.15. [fthe head of water on it is
merres, determine. '

(/) Total pressure on the plate, and (ii) The position of the centre of pressure.

ey k]| o fa i3] A
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Solution, Area of the triangle

A:%x3xﬁ=9m2

Free water surface

A TR T :l'iil-l:r:éi-:_r:r_ :

Depth of C.Q. of the plate from the water surface,
¥=9m
(/) Total pressure, P:
We know that,

P=wAX =9.81x9 x9=794.6 kN (Ans.)

(if) Centre of pressure, % :

TR 1 H 13 .u o

Using the relation: % = %;G: + X

A
But {-= moment of inertia of A4RD about 4D +
moment of inertia of A ACD about AD

_6x15  6x150 _
12 12
- 3375
h o=
Oxg
Example 3.9. A circular lamina of radius R is kept immersed in a liguid such that iis top most

point A is on the free surface. Determine the depth and width of the horizontal chord BC so that the

total thrust due to hydrostatic pressure on the triangle ABC is maximum. (AMIE Winter, 2000)
Solution. Refer Fig. 3.16.

-

i :- A . - , .1 -." . . ey - I.. . N .: ..._ .-:-;.E._-‘_ . . ] "

we
i el

3.375 m*

+9=9.04 m(Ans,)

Free surface A

The total thrust/pressure on the submerged triangle ABC is,

.
F=pFP=wd IZWELLHE?H;IW}{E=}-W5;IE
2 J 3 3

But, A =R + \/r R® — »% (O is the centre of the circle)

F 11&[R+\3"R2 b |
= — 1 —_
3 ]

_ dF L '
For F to be maximum, T 0 —>la— b
Fig. 3.16

;%[b(ﬁ+\/R2 _ )2]={]

bx2 (R + \/Rl — b }x%{Rz ~ By (22B) + (R +JR3 — 5 ) =0

.
_Eh— - +R+ﬂ.|.,"IIR2—b2=D
\/RE_E};

- 252+ RJ(RE by + R = b2 =0

RR -5 +R® —3p% =0

or RJRE—EF

Squaring both sides, we get




fop most
 that the
1, 2000)

Hydrostatic Forces on Surfaces

RI(R?-b%) =9b* + R* -
RI_RIPI=9p*+ R* -6
9p* = SRIP-
9p% = 5K
N EPSR
9 3

and h=R+ RI—ERE=

>R

Hence, for maximum thrust, the depth and width of the chord are;
5

Depth, h 3 R, and

width, 2b = % 5 R (Ans.)

Example 3.10, Determine the total force and location of centre of pressure for plate LMSUT
¥ immersed vertically as shown in Fig. 3.17.

Sotution. Area LMST, A4, =2x2= 4m*

AE=%:{2:-;2=21113

L M

‘// Water surface

i 3

Fig. 3.17
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Fluid Mechanics and Hydraulic Machines

Distance of centroid G, from water surface, x; = % =1m
2 '

- Z
Distance of centroid G, from water surface, ¥y = 2 + 1" 2.667 m

Total pressure on area LMST, 7, = wd, 5 =981 x4dx1= 39.24 kN
Total pressure on area TSU, P, = wA, X, = 9.8 > 2% 2.667=35233 kN

Total pressure P = P, + P, =390.24 + 5233 =91L37kN
Distance of centre of pressure (C,) of arca LMST from free water surface,

2 % 2°
1
G F =2 4121333 m
Ax 2x2x1
Nistance of centre of pressure (C,) of arca 7SU from the free water surface,
2% 2

-
B =4 X, = 20—+ 2.667 =275 m

Alxﬂ. A 2.667

The depth (k) at which the resultant force will act can be determined by taking moments of
forces P, and P, about water surface. |
1.é, le_h_l_i-PEKEE:PKE
1924 x 1.333+ 5233 x2.75=91.57 > i

! h = 39.24%1.333 + 5233 210 7.14 m below the water surface (Ans.)

h 91.57
The horizontal location of centre of pressure can be obtained by taking moments of £, and 7,

about LTU. The force P, acts at { m from line L7U. The distance a, where force F, acls can be
obtained as under:

% = li; [ from similarity of triangles (Fig. 3.17) (b))}
or . = 0625 m
P, .a =P, a,=Fa

1924 x 1 +52.33x0.625=01.57» g

— _ 39.24 x § + 52.33x 0.625 0,736 m

a
| 91.57
Hence co-ordinates of centre of pressure

LTU. (Ans.)
Example 3.11. A sliding gate 3 wide and 1.5 m high lies a vertical plane and has a co-efficient
of fricticn of 0.2 between itself and guides. If the gate weighs 30 kN, find the vertical force reqitived
to raise the gate if its upper edge is at a depth of 9 m from free surface of water.

Solution. Width of the gate, b=3m
Depth/height of the gate,

are 2.14 m below water surface and 0.786 m ftom

d=15m
Area of the gate, A=bxd=3x15=45nr
Weight of the gate, W =30 kN

Co-efficient of fTiction, y=0.2

Hydrostatic i

Vertic
gate: 3
Depth '
surface, £

X

Pressured
F=wd
Force ref -

= uP

=0.2 4]
Exampli:
pressure acisy;
of 12 m fromy’
reinforced wh
{1y Caldi

(i) Locd]
der that eachl?

Solutionk
elementary s
Then for a w

Pressuref:

Pressure &

Pressured®
Pressure g

Total preg}

Load ¢z

Thus,

Solving #

(7} Load

[.oad

e el A hs
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fAic Machines

ing moments of

. surface (Ans.)

ents of £ and I,
ce P, acts can be

and 0,786 m from

1d has a co-efficient
tical force required

gate:

Hydrostatic Forces on Surfaces

Vertical force required to raise the

/i

Depth of c.g. of the gate from water

surface,

ff=9+1—'23=9,?5m

Pressure force on the gate,

P = EJ whdh = l; h_f

- Thus,

Vi

Sliding gate

6

e

Load taken by each beam = %hf =

Bl =k -kl =144 - by = L‘fi = 48
Solving the above equations, we gel >
Ao=693m; hy = 98 m
N Load taken by each beam:
9810 6.937

2

.........

Dol
s TR R

W W 2 W1 g2 A
—huz :—2'{"1’% - Ay }=E[h§ "hz)'_"_hit

= 235562 (Ans.)

P=ywdT =9.81x4,5x975=4304 kN
Force required to raise the gate ;/// __+_
= frictiona! force + weight of the gate P G~ —~‘r—r//'
=pP+ W -T \\4 P
= 0.2 % 4304+ 30=116. 08 KN (Ans.) - .~ '
: Example 3.12. The hydrostatic waiter % W uP
E pressure acts only o1 one side and te a depth T\\\
L of /2 m from the top of a dock gate which is &
L reinforced with three horizon tal beams.
(i) Calculate the load taken by each beam Fig. 3.18
. (i) Locate the position of beams in or-
der that each carries an equal load. F.W.S
2 Solution. Refer Fig. 3.19. Consider an e By pad
gdementary strip of thickness dh at a depth 4. L S
rwen for a unit width of the gate, we have @
Pressure/force on the element, i, ;
dP=w = { dh x 1y x h=whdh \h
Pressure on section 1, A, Beams
; W,
ﬁ—-—g#?hdh—;hl jr13=12m -
Pressure on section 2, | Q v
FE _ j:z wh dh 2%(}1]2 _ h]E) H"fffffff{ff i dh
- - | 1 '
b= Pressure on section 3, \ | N
3 ; Beam
ﬁ:J:*whd}z=%(h§—h§) | @ g
2
Tota! pressure on the gate,
Fig. 3.19

¥ Load carried by each section is same and it equals Erd of total pressure/force on the gate.
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{i{) Centres of pressure, f_z], f_az, ff:,,:
hy 2 B = -% x 6.93 = 4.62m(Ans.)
o

3
In order to obtain the centre of pressure for the section 2, taking momernts of relevant forces

about FW.5,, we get
Eﬁxzm]

273

2 (9.8)° = (693)’

3| (9.8 - (6.93)°

I 18 |
@:E_ = 8.45m (Ans.)
| 48.015
Similarly for the bottom portion, the centre of pressure from the FW.S,,
1212y -8y
3 L(mz - (5.8

——— 1 =10.94 m (Ans.)
47.96

Example 3.13, Fig. 3.20 shows a tank containing water and
figiid ( sp. gravity = 0.9) upto height 0.23 m and 0.5 m respec-
tiveh. Calculate:

() Total pressure on the side of the tank;

(ii) The position of centre of pressure from one side of the
rank, which is I.5 m wide. (U.P.S.C.)

Solution, Depth of water=10.25 m
Depth of liquid =0.5m
Sp. gravity of liquid, 5=0.5
Width of the tank =1.5m
(/) Total pressure on one side of the tank, F:
Total pressure { £} is calculated by drawing pressure diagram,
which is shown in Fig. 3.21].
Intensity of pressure on top, p, =0

Intensity of pressure on T {or T5),
pr=wh, =(09x 9.81) x 0.5 =4.41 kKN/m*

L’_".I"!

’.-",-III{' FrEer

A a e

H ll'l'il'l.ll!l.'lll.l.'l.'lu

Hiuwwuy

"rwnun
N rroerey

Intensity of pressure on the base (or MN),
P =w il Twh, =441+ 981 = 0.25
=441 - 2.45 = 6.86 KN/m?
Now, for¢ce P = area of the ALTS = width of the tank

= e

1 1
; LT = T5ﬁ1.5=5KU.SH4.41>{1.5=1,651<N
Force, P,=area of rectangle MTSU = width of the tank

|
|

R R I BRI

Tt AR ILYEAN TR I

=MT xT§ % 1.5
=025 x441 x1.5=1.65kN ' '
Fig. 3.21. Pressure diagram

P, = area of A SUN x width of the tank
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:-:1_; x SUxUNx153= % «0.25%x245x1.5=046 kN

Total pressure,

P=P +P,+ P.=165+ 1.65 - 0.46 = 3,76 kN (Ans.)

ant forces - - - _
(i) Centre of pressure, j :
Taking moments of al! the forces about L, we get
- ™ { !
Pxh =H:{2LT+P2}=:[LT+1TM |+ B x| LT + 2 MT
3 7 A G R
- .2 1 3 [ 2 A
376 x b =165 x=%x05+1.65 0.5+ {}.ZSJ + 0461 0.5+ -x0.25 "
3 2 \ 3 J
=0.55+1.03+0.306
I — 0.5016 m from the top (Ans.)
Example 3.14. An gpening in a dam is covered by the use of a vertical siuice gate. The opening
is 2 m wide and 1.2 m high. On the up- | Eree Tiauid surf _'
stream of the gate the liquid of specific ; rec iquid SuTlace
& gruvity /.45, lies upto a height of .5 m e g
L ahove the top of the gale, whereas o 5‘ FEEESEEIr T OO _
1 o , 1 o [ = Liqutd
. the downsiream side the water is avail- 5 - 5 = 1.45)
able upto a height touching the top af Free water surface ? T Upstream
m ———» x #he oate. Find. - | A ¥
TzolTl . E. (1) The resultant force acting on the EEEEiEE =T ;
Dz i = :: : & gute and position of cenfre of pressure; Water P. -
quid - x :“: (ii} The force acting horizontally ':5__= y ',;
0.9) T5: L the 1op of the gate which is capable Downstrear
33 : é __q(ﬂpemng I, Hinge
Tz Assume that the gate is hinged at
Do z > hottom. [AMIE]

Sohtition. Width of the gate, 5=2m
Depth of the gate, = 1.2 m
Area, A=bxd=2%x12=24n’
Specific gravity of liquid = 1.45
Let,"P1"= Force exerted by the liquid of sp. gravity 1.45 on the gate, and
P, = Force exerted by water on the gate.
(i} Resultant force, P:
Position of centre of pressure of resultant force:

We know that, P, =wAX

where, w=081x1.45=14.22 kKN/m’,
A= 2x 1.2=24m
— 1.
X =1.3 +-—;~ =2.1m,
P,=1422=24*21%= 71.67 kKN.
E Similarly, P,=wd X
"7 where, w =081 kN/m’.

4 =24,

[T

T — o — —

.............
-, R e el el - = et Tt rnL LmaAes T
. i . el -} e e skl -yt
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— 1.2

B
P,=981x24x06=14.13 kN,
Resultant force, P=P - P, =7167-14.13
= 57.54 kN (Ans.)
The force P, acts at a depth of E! from free liguid surface, which is given by,

=06m

LU TTE

gl

e

ho=iC g
1
3 3
where, {- = od_ _2x12 = 0.288m”
) 12 12

, 1.2
A=2.4m-,x=15-?=2.1m
— 28
hy = 0.288 +2.1=2157m

2.4 x 2.1

Distance of P, from the hinge = { 1.5+ 1.2 ) - f—':-l =27-2157=0.543 m
Simularly the force P, acting at a depth of /, from the liquid surface is given by,

Distance of P, from the hinge=1.2-08=04m
Now the resultant force will act at a distance given by

— !

h: —_— E -+ :f-j
: Ax, -
-_. _ 12 ~,.
: where, /-=10.288 m* {(as above); ¥, = - = 0.6m 4 =24m°
Fy= 2% G 6—08m
% T 24 %06

) 71.67x0.543 - 1413 <04
= 27.54
(#f) Force required to open the gate, F:
Taking moments of P, , P, and Fabout the hinge, we get
Fxl2+P,x04=P x0.543
or, Fx12+1413%x04=71.67%x0.543

T1.O67 »x0.543 —14.13 x 0.4

1.2
Example 3.15. For the systens shown in Fig. 3.23 calculate the height H of the oil at which the
rectangular hinged gaie will just begin to rotate anticlockwise.
Solution,
Refer Fig. 3.23,

Height H of the oil;

® Force due 1o ol Pl=w, A7

= 0.578 m above the hinge (Ans.)

kg,

Of, F = = 27.72 kN {Ans.)

—_—
1

1
= (0.8 x9.81) % (0.6 x 1.5 x L{H‘l'sﬁ?ﬂ

FO63{H-0.75)=7.063H-3. 297
Centre of pressure of force P

]'.i
I 0.6 x (1.5Y /12

Ax (0.6x1.5)x (H ~ 0.75)

+{H - 0.75)

'mHBLIIEIH
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Avi
A T—
T

Qil

Al
@ PICSSUTE —-\ [ Pressure
——

-« P,

AN

Gate: 0.6 wide " Gate

()

Fig. 3.23

= 0187 +{H - 0.75)
(H-0.75)
® Force due to air pressure, P, =pA
=30 x(0.6x15})=27kN
Centre of pressure of this force (below the oil surface},
7. =(H~0.75)
Taking moment about the hinge, we get.

P~ (H-15)]= B x [ —(H-15)]

0.1875
. ~ 3,297 —~ . - -1.5
(7.063 H - 5.297) (H—D.?5}+(H 0.75y - (H )
=2?x{{H—U.TS]~{H-1.S)}

r

(7,063 H - 5.297) | 21
(H - 0.75)

On solving by trial and error, we get
H = 4,324 m (Ans.)

! at which the : Example 3.16. A fank of 1m length and of cross-sec-
tion shown in fig. 3.24 contains water The tank is made
of 4 mm steel plates.

(i) What is the force on the botiom due to water!
: (i} What are the longitudinal tensile stresses in the
E cide walls AB if (@) the tank is suspended from the top and
(b) it is supported at the bottom?
Solution.
Refer Fig. 3.24
(i Force on the bottom:

Force on the betom due to water,
P

hattoth

+ .75

=wAY

~9.81 (0.6 x 1.0) x 0.75 = 4414 KN (Ans)
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Longitudinal tensile stresses;
Force on the surface 44,

Poa=981 (0.3 x 1.0) x 0.45 = 1.324 kKN
When suspended from the top the stress on the side walls,

G = 414 T = 344.8 kKN/m? (Ans.)

(0.6 + 0.6 +1.0+1.0)x
1006

Wien supported from bottom the stress on the side walls,

1.324 .
g = 7 = 103.4 kN/m? (Ans.)
(0.6+0.61.0+1.0)x
100

Example 3.17. A vertical square 1.2m = [ 2m is submerged in the water with upper edge 0.6
in below the water surface. Locate the horizontal line on
the surface of the square such that the force on the up- .
per portion equals the force on the lower portion,

Solution. Refer Fig. 3.25. ABCD is the square plate
submerged vertically in water with upper edge AB at a
depth of 0.6 m below the free water surface (£ W S.)

Let LM be the line such that force on ALMB equals
the force on LDCM, and evidently the force on each por-
tion equals half the total force on the entire plate ABCD.

Total pressure on the plate ABCD
=wd ¥

:I!E!:;tlﬂim {IHHH. et -

N

T T T TP T T R P PRI 1 {I1TE T [P S TP PR

1.2
=wx(1.2x1.2}x{0.6+ T]

= 1.728 w
Total pressure on the position ALMB

(0.6 ] (06+2 )
= 1 ! A = e 04—
14»3'5:{1.23-{'],,]}*1HM Y I'EH‘}R 2J

1
5 * pressure force on ABCD

Now, pressure force on ALMB =
y_
2 )

2
0.6y + J’? = 0.72

1.2 ny (U-ﬁ + x 1,728 w

1
2

¥ =12y —144=0

-12+(1.2) +4x 144 _ 12 + 2,683

Y= 2 2
=0.7415mor - 1.9415 m.

ie, - y=10.7415 m (Ans.)

Example 3.18. 4 rectangular vertical door, 2.4 m fheight) x 1.2 m (wide). is fastened by two
hinges situated 18 cm below the top and 18 cm above the bottom on one vertical edge, and by one
clamp at the centre of other vertical edge. The door is subjected 10 water pressure on one side and the
depth of water above the top of door is 1.2 m. Calculate the reactions at the hinges and at the clamp.
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Solution. Refer o Fig. 3.26.

redge 0.6
W. S

Fig. 3.26

. - 2.4
Depth of centroid of the door. X = 1.2 -+ =3 =24 m

i Area of the door, A=24x12=288%n
M Total pressure on the door.

e~ 3 P=wAX =9.81 x2.88x24=67.8kN
' - Depth of centre of pressure,

C Square
plate

e, (24+12)-26=1mfrom the base
Let, R, =Reactionat the top hinge,

R,, = Reaction at the bottom hinge, and
R, = Reaction at the clamp.

: The symmetry of the arrangemeit suggests that half of the total pressure force is taken by the
¢ two hinges and the other half by the clamyp.

| 67.8
«. Reaction at the clamp. R ;= " = 33.9 kN (Ans.)

Taking moments of all forces about the horizontal axis through the bottom hinge, we get

24
px(1-018)=Ryx( = -0.18)+R,*(24-0.18-018)

ned by two 67.8 x 082 =2339x1.02+-R, =20
and by one !

ide and the b o R, =10.3 kN (Ans.)
the clamp. | 1 . Reaction af the bottor hinge, R, = 33.9 - R, =33.9- 103 =23.6 kN (Ans.)

== i SR H I F=IEER
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3.5 Inclined Immersed Surface
Refer Fig. 3.27. Consider a plane inclined surface, immersed 1n a liquid.
Let, 4 = Area of the surface,
T = Depth of centre of gravity of immersed surface from the free liquid surface,

-, "‘ﬂfi‘-."ﬁ'&-ﬁ"}"ﬁ-h

M o

8 = Angle at which the immersed surface is inclined with the liquid surface, and
w = Specific weight of the liquid.
{1} Total pressure (£):

Censider a sirip of thickness dx, width b at a
distance / from O (A point, on the liquid surface,
where the immersed surface will meet, if produced).

The intensity of pressure on the strip

=w] 5B
Area of the strip = b.dx
Pressure on the strip

= intensity of pressure X areg = wi
sin8 . b edx
Now total pressure on the surface,

P = [L-x-'f.sinﬁ,b.dx=wsinﬂJ-f.b+dx

"'i'i'i'i‘l"':"'" L T T

Fig.".’.’f.zfr', [nelined immerse

M-hhF T

i‘:['--l'\.'\:h_ﬂlj!:"!;'! 0

[

HTM LTy e L

i e

But _ff b . dx = moment of surface area about 00
_ Ax
sin®

o P =wsing . Ax — AT (same as in Art. 3.3 and 3.4)

sin B 3
(6 Centre of pressure ( At ):

Referring to Fig 3.27, let C be the centre of pressure of the inclined surface.

Tet, # = Depth of centre of pressure below free liquid surface.

I = Moment of inertia of the immersed surface about OO,

7 = Depth of centre of gravity of the surface from the liquid surtface,
6 = Angle at which the immersed surface is inclined with the hiquid surface, and

A4 = Area of the surface.
Consider a strip of thickness of dx, width 4 and at distance / from GO,
The intensity of pressure on the strip = wisin &
Area of strip =& . dx
~. Pressure on the strip = intensity of pressure % area = wi sin@ b . dx
Moment of the pressure about Q0 = (w/sin @, bdx) [ = wl* sinb . & . dx
Now sum of moments of alt such pressures about 0,

M = j wi® sin9 . b dx = wsin® [fj’.b.dx

s R i R a TH L

But IEE b .dv=1, = moment of inertia of the surface about the point 0 (or the second
moment of area)

M=wsinb.i, (8D

Fh

The sum of momens of all such pressures about O is also equal to — 5 (1)
sin

whers P 1s the total pressure on the surface.
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Equating eqns. (£) and (i}, we get

h
i—=wsin8.fﬂ

sinQ

Axh ., .
X2 P - wsin®'. ] (P=wix)
sin® | |
_ .
o fosim O - {1
Also | I, =1, +Ah* . Theorem of parallel axes.
Where /. = moment of _inértia of figure about horizontal axis through its centre of gravity.
| = 3
i = distance between 0 and the centre of gravity of the figure =/ [ — J in this case.
JHAE
Rearranging equation (iii)
o . 2 . T N2 .
p =s1n_E+ (I o+ AP = sm_E] I+ A( E Vo1 _lgsin®®
Ax - | Ax sinfQ J Ax
' - {G 5]'.]12 e —_
Hence, cenire of pressiire ff_ = {5 + X o(3.3)
It will be noticed that if 8 = 90° eqn (3.3) becomes the same as equation (3.2).

.; Example 3.19. 4 Im wideand .5 m deep rectangular plane surface lies in water in such a way
jshay its plane makes an angle of 30° with the free waret surface. Derermine the total pressure and

psition of centre of pressure when the upper edge Is

75 m below the free water surface. L g Free water surface
Solution. Width of the plane surface = Im _i_‘;T 1 1 IR
Depth of the plane surface = 1.5m n 1 '

[nclination, 8 = 30° l v Rectangular
Distance of upper edge from free water surface = / ‘ \ N plane buﬁ:a;_:e
75 m vooN
x

(i) Total pressure, P: \x‘.

Using the relation, P =wAX ;
where, w = 9.31_ LN/ ; | <
Area, A=15x1=15m & )

T =LU+ UM =0.75+MNsin30° \/
1.5 \/

=075+ ?x 05=1.129m

pP=981x15=x1125m
=16.55 kN {Ans.)

—
L}

(i)} Centre of pressure, j :

2
Using the relation, ho= fgsin”© + 7
A%
1x 1.5
where, I = "‘12 = 0281 m*

) .
h = 0281 x (9.5) +1.125=1,166 m (Ans.)
1.5%1.125 S
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Example 3.20. A circular plate /.5 m diameter is submerged in water, with {ts greatest and
feast depths below the surface being 2 m and (.75 m respectively. Determine:

{i} Theiotal pressure on one face of the plate, and
{(if) The position of the cenire of pressure. -ﬂ
Solution, Diameter of the plate, = 1.5 m

Area of the plate,

a=2gr =182 1967 ml
40 3

Refer kg, 3.29
Distanice SN=0.75m, UM =2m
Distance of ¢.g. from free surface,

Freg water surface

- EE Em R B B e BN am B

.75 m- o

Fig. 3.29
¥ =S5N + OUN sind
= 0.75+ 0,75 sm8
LM UM - UL
MN  MN

2—-0.75 — 0.8313

But sin 9

0.75+075«08333=1375m
Total pressure, P:

We know that,
F: hJAE =9,81 = 11?6? * 1.3?5

= 23.83 kN (Ans,)

Centre of pressure, # :
Using the relation,

o e e B

L R T e

s
L J]
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o {-sn°6 .
AY
i a2
_ w64 x1.5" x (9-3_335’) +1.375=1.446
1.767 = 1.375
ie. i = 1.446 m (Ans.)

» Example 3.21. An annular plate Zm external diameter and 1m internal diameiter with its greai-
g and [east depihs below the surface being 1.5 m and 0.75 m respectively. Calculaie the magni-
e, direction and location of the force acfing upon one side of the plate due to water pressure.

Solution. Refer 3.30. From the geometry of the figure, we have.
FW S,

Fig. 3.30

sing = 222973 _ 4395

2
8 =sin! {0.375)=22°

Area of the plate, A = E (22 — 1) = 2356 m
4 >
Depth of centroid, X = L '20‘?3 =1.125m

Total pressure force,
P=wAx =981x2356=1.125 =26 kN {Ans.)
2 This force acts perpendicular to the plate so 1t 1s acting in a direction which ig 80° — 22° = 68°
bile vertical (Ans.)
Depth of centre of pressure,
_ g sin“ @ _

h — 4
Ax
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%{2‘* ~1*)x (sin22°)

+1.125

T . 1 -
— {25 ~1")yx1.125
4{ ) %

0.1033

2.651

Example 3.22. A triangular plate of | metre base an

The plane of the plate is inclined at 30° with free water su

depth of 2 metres from waier surface. Find the total pressure on
of pressure.

Solution. Refer Fig. 3.31.

Area of the plate,

Asa;-xlxlj:&?ﬁml

+1.125 =1.164 m (Ans.)

d 1.5 metre altitude is immersed in water.
rface and the base is parallel 10 and ar a |
the plate and the position aof centre

Water surface

[nclination of the plate, 8 = 30°

Total pressure on the plate, P:

The depth of ¢.g. of the plate from water
surface,

X = 2+Esin3[}°

=2+05x05=22m

Using the relation,
P=wAT =981x0.75 % 2.25

=16.55 kN (Ans.)
Depth of centre of pressure, P

Moment of inertia of a triangular sec-
tion about 1S ¢.g.,

Fig. 3.31

B 1x3.5°

G = 0.09375 m"
36

Using the relation,

{;sin" 6 L¥= 0.09375 sin” 30 295
Ax 0.75 x 2.23

= 2.264 m (Ans.)
Example 3.23. A trapezoidal plate measuring 1

i« immersed in water with the plan making an angle of 30°
the bottom edges lieat 0.5 mand I m respectively from the surface.

on the plate.
Selution.

o=

n at the top edge and 1.5 m at the boitom gy
t0 the free surface of water. The top a®
Determine the hvdrastatic ford

1.0-0.5

Refer Fig, 3.32, Given: a=1m; &= 1.smhA=4A8= — =1m
sin 30°

Distance of centroid of & frapezium plate from its base,

B 2a+h
hG"'—
3l g+ b

- L r ) . - " R B 5 . S ) ’ i b - k-
PO T T s LI . . mLs ! . #3 ;10 il i . ¥ i , )
) » . S i :'I.ﬂ.: . 2 L R ok s . . ) : ) L
= A R T T I T L T s FEE: SR, T 1

Loy ¢ g

=l 2x1+1.5 0467 m

1+1.5

e
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Bepth of centroid from the free water, surface,

|

0.5 m

n water.
and at a
f centre

— i -
— — mm a

F —n mm e P

7 = 1.0 — BCsin30° =1.0 - 0.407 X sin30°=0.766 3 m

—(1+1‘5]x1:1.25m1

Area of trapezium, 4= J[ atd ) h =
2 2

P=wd¥ =9.81 x 1.25 x 0.7665 = 9,399 kN (Ans.)
size as shown in Fig. 3.33
ne the force normal o the

- Hydrostatic force
L Example 3.24, An in

instalied to control the dis
bote applied at B 10 open it

clined rectangular sluice gate AB [2mbyim

charge of water. The end A Is hinged. Determi
Free water surface
0

9 K

Solution. Size of the gate = 1.2 m X S5m
Area of the gate = 1.2 x5 =16 m’

Refer Fig. 3.33.
Depth of ¢.g. of the gate from free water

face,

¥ =3 _ BG sin 45°
=5 _(.6x0707=4576m

The total pressure force (P) acting on
gaie,

hotton edol
The top a

P=wdXx
=0 R] x6*%4.576=269.3 kIx
This force acts at a depth A, given by
relation,
- _ g sin® @ e
Ax

osiatic fore

Fig. 3.33

3 3
lo=MO.L of gate = E'EI-'--= Sx12 =072 m*, 8 =45°
12 12

g 072 x s A" L 4576.=4.589 m
6 % 4.576
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Erom Fig. 3.33, we have —— < sin 45°
ocC

R 4589 | s
= = 6.49 m; Distance - _ 707
sind5°  0.707 * OB = ——==7072m

;. Distance BC=0B-0C=7.072-649=0.582m
Distance AC=AB-BC=12-0582=00618m
Taking moments about the hinge 4, we get £ x A8 =5 x AC

Enstance OC =

FobxdAC 2692 <0618 _ 13869 kN (Ans.)
AB 1.2

Example 3.25, 4 6 m x 2 m rectangular gate is hinged at the base and is inclined at an angle |
of 6{)~ with the horizontal, The upper end of the gate is kepi in position by a weight of 60 AN acting |

at angle of 90° as shown in Fig. 3.34. Neglecting the weight of the gate, find the level of water when
the gate begins to fall,

ter,

area,

mersed surface ( /2 ) is given by

Solution. Length of the gate, /=6 m

Width of the gate, b=2m

Inclination, 8 = 60°

Weight, W =60 kN

Level of water when the gate begins to fall:

Refer Fig. 3.34

Let # = Height of free water surface from the bottom when the gate just begins to fall.

Then length of gate in the shape of plate, submerged in water,
D = .jiff - f _ h
sind  sin60°  0.866
=1,1547 h

.. Area of the gate immersed in wa-

4= AD x widih - - OUKN %

= 11547 A x 2=2309 h m?

. Water surtace
Also depth of c.g. of the immersed '-

- _os54
2

Total pressure on the gate,
P=wdA¥=981%x2309A>05h

=11.326 A° kN
The centre of pressure of the im-

- J.sin’® _
h=—t %
Ax
where, /. = moment of inertia of

the immersed area

3
_:b"““m = 2 (11547 1)’

12 12
=0.2566 1

: ] i
| 1
. 0] = ] - " 1 '
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_ 02566k % (5i1'.1.-fi~l?J"”)‘.’l
h = + 0.5 h=0.667 h metres.
' 2.309h x0.5A
Distance of centre of pressure from the hinge (or pivot) along the length of the gaie,
h-h h-0667h
AE = — = 67k _ 0.384 a
sin 60° 0.866
Taking moments about the hinge, we get
. P xAE=60 x AB
3 11326 k2 x0.384 h=60 % 6
Ox 6
or I, L = 82.774
an angle 11.226 x 0.384
N [’ICHHE 01 h= 4,36 m (Aﬂﬁ.)
ter when Example 3.26. Fig. 3.35 chows a circular opening in the sloping wall of the reservoir closed by
<« valve 0.9 m diameter. The disc is hinged at H and a balance weight W is just sufficient o hold
salve closed when the reservolr is emply. How much additional weight should be placed on the
1.2 m from the hinge in oraer that the valve shall remain closed until the water level is 0.72 m
ove the centre of the valve.
Solution, Dia. of the valve, d=09m
- i s
~ Area of the valve 4 = 7 d’ = i 0.92=0.636 m*
Inclinatien, 8 = 60°
L Distance of c.g. of the valve from free water surface, ¥ = 0.72 m
Additional weight, W,
Total pressure on the valve, P=wdAT=981%0636x072= 4,49 kN
Water surface
E, £ 1.2m
- 4
™ - '
E = ‘L W
iy !
0.053 m
Disc vaive
Sloping wall Circular opening
Fig. 3.35
Distance of centre of pressure ( h ) is given by
TR S S 2 4 - 2
~ 3 ’ 0. 0°
ho= 2 512 + ¥ = n/64 x 09" x (sin607) 0.72 = 0.773 m {from free water surface)
Ax 0.636 x 0.72
= (0.053 m below the centroid G.

BB iEE :
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Ll
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Taking moments of all the forces about the hinge, we have

F'( {,}'053 + 0,6] =W 'x1.2
sin 60°

x, 449 PO812+ 08} =W x 1.20r W =2.47 kN (Ans.)

| ; Example 3.27. Fig. 3.36 shows a gate supporting water. Taking the width of the gate as umity
find: (1) Depth of water (h) so that the gate tips about the hinge,

{ii} Reaction at the hinge. Water surface.

i “-ﬁf'é_i.f”?"

NIRRT € e TR S S i s B T, T )

, _ A : .
Distance of ¢.g. from water surface, ¥ = 3 = (.5 /. Moment of inertia,

| Solution. Inclination of the gate, @ = 60° | A A ororroac
= (i) Depth of water, h: e
= _ :
F As the depth of water increases, the total pres- - 1
3 ; sure P on the gate moves upwards, and just ‘?’
. before tipping, P acts at the hinge. ;
_ ;’E Depth of centre of pressure P Hinoe
¥ i =(h-2)m —X— |
. % But 4 is also given by om
3 : — [ sin’®
:_. h=-%—— +X oINS
. Ax Fig. 3.36
. i Taking width of gate unity, we have
Area, Ad=AC x1= ,h x 1 -
_ sin 60°
3 EooN
i = 1,1547 h v AC = -
% 51:160?),_._

= L AC = 1 < {hisin60°) = 0.1283 s
12 12
- 0.1283 % x {sin60°)°
| 1.1547h x 0.54
Equating the two values of 4, we get, s — 2 = 0.667 hor 0.333 41 =2
or h=6mi(Ans) . B
Example 3.28. 4 gare suppﬂrring water takes the f-::-r:rﬁ of an inclined shield which swings
around a hinged axis O (Fig. 3.37). i
Determine: (i) The position x of the hinge at which a water level of h = 5.1 m on the left wotld 3
cause the gate to Hp over the hinge.
(i} the magnitude of hydrostatic free on the gate just before it opens (tips about the hinge)
automatically. Neglect frictional effects. S
Solution. Refer Fig. 3.37. The positien x of the hinge:

The gate would tip about the hinge peint O when the line of action of the resultant pressure ;
force lies from O to B anywhere on the gate; the limiting condition being the situation when the
resultant force passes through the hinzed point O. The resultant also passes through the centroid of

lg

- |..,H|H|hl'd'¥ e

+ 0.5k = 0.667 A

the pressure diagram, and the centroid lies at a distance % x AR form the bottom point A.
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Hydrostatic Forces on Surfaces

pank is hinged at its iop edge (Fig.
. 1.8 m above the top edge of the plate.
E 8250 N/m®. Determine the necessary ver

x A8

|
xX=-
3
or AB (length of the gate} = 3%
Depth of water, # = 3x % sin 43°
ie. 5.1 =3y x sin 45°
5.1

% sinds? = 2.4 m {Ans.}

L

X

(i) The magnitude of hydrostatic force P:
P = Area of pressure qlagram > width of gate

II\I\I‘I

= ( % x AR =% wh J < 1 ... considering uni width
= %x (3x 24)x 9.81x 5.1 ]xl(-:ABf—-EI}

Progsure
diagram

= 180.11 kN (Ans.)

Example 3.29. 4 3.0 msquare gate provided in an otl
3.38). The tank contains gasoline

Solution. Refer Fig. 3.38

Head of oil equivalent to negative pressure $250 N/m?,

The space above the oil is subje
ical pull to be applied al the lower

_ w 0,7 x 9810
This negative pressure will reduce the oil head
s m of oil. Calculations for the magnitude and loc ation
esponding to 0.0 m of oil. |

- 3.6 .
Now, ¥ =06+ -i-sm45° =1.873m

Area, A =16x3.6=1296m

Pressure P=wAd X

==

-~ 0.7 % 9810 x 12.96 x 1,873 = 166690 N

Fig. 3.37

Ciasoline surface

above the top edge of the gate from 1.8
of the pressure foree are thus to be

(sp. gr = 0.7) upto a height of
cred o a negutive pressure of
edge to open the gale

(GATE)

~1.2=
made

- ...;..|i|:|i-nh;ﬂi::.4£ii.:|uﬂ.ij-i:;;ﬂj:j't.1“ﬁ'j.=:.iiﬁ
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2
= Igsin” @

Centre of pressure, 4 = + X
X

TIE 3.6 x (3.6)" x (sind5°)°

+1.873=2.16 m

12.96 < 1.873
Vertical distance of centre of pressure below top edge of the gate

=2.16-06=156m
Taking moments about the hinge,
1.36
sin 45°
Fx1536 166650 % 1.56

3.6x (5in45°) 3.6 x (sin45°)°
Example 3.30. There is an opening in a container shown in Fig. 3.39. Find the force F and the
reaction at the hinge.

Solution. Gauge pressure = 23.5 kKN/m’
23.5

T 981 0.8
The free liquid surface may be considered as 3 m above the hinge A (Fig. 3.40)

Fsmmd45° x3.6=Fx

Hence, vertical force, F = = 144465 N (Ans.)

= 3m of oil

Plate s .
{1.2m= 1.2 m) \i_‘ 1

Contaimer

Now, distance of centroid & of the plate from the o1l surtace,

¥=3+06sin30°=33m
Tota] pressure on the plate,
P=wdXx
=981 x08)y=x(1.2x1.2)yx373
= 3720 kN
Distance of centre of pressure,
( k) is given by: :
1.2x1.2 < (5in30°)°

_dgsin"8 o 12 £33 =3.309 m
I (12x12)%33

h
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Taking moments ahout the hinge A, we g¢t

Fig. 3.40. Free body diagram.

T F -3
Fxl2=PxCA=Pxi———3
l_sm?;ﬂ"l

{3.3209 - 3)
sin 307

Fx1.2=3729~

= 23.045
or F=19.2kN

Let R~ reaction at the hinge.
Then R,~F~= P

or RHE:'P-F
=13729-19.2

= 18.09 kKN {Ans.)

Example 3.31. Fig. 3.41 showsd rectangular sluice gate AB. 3 mwideand 4.5 mlong hinged
4. It is kept closed by @ weight fixed 10 the gate. The total weight of the gate and weight fixed to
p gate 1y 513 kN The centre of gravity of the weight and gate is at G. Find the height of the water

W which will first cause the gate {0 open.
b Solution. Widih of gate, b = 3 m, length of gaie; [=4.5m
Area. 4=3%45=135m
Weight of gate and I = 515 kN, angle of inclination, 8= 45°
Height of water, fr: - =h-LS=h- (AS—AL) = h-(ABsing- LG tan ©)
- - (4.5 sin 45° - 0.9 an 45°) -
=jh-(318-09)= (h—2.28)m
The total pressure {£) is given by,




MYl e L.

AR N b i

s
P=wdy =98] x 13.5 x

The total pressure is acting at centre of pressure
from the free surface is given by

Z

Water surface ﬁ
. .~
e

e
~
Z
”
“
P
]
%
P

Fluid Mechanics and Hydraulic Machines

(7—2.28) = 13243 (h - 2.28)
at C as shown in the Fig. 3.41. The depth of ¢

Fig. 3.4

1w 4.5°

I;sin® 6

]

X (sin 459"

. T
= + X = =
Ax 13.5
- 0.8423
or h = +
(h — 2.28)
Now taking moments about hinge 4, we get

MIXLG =P x aC

(/1 — 228

3153 09 =132.43 (1 —2.28) %

+ {:‘II - 228)
x {h~ 2.28)

)

AT
Sin 45°

2.47

4T - 515 % 0.9 xsin 45° N

132.43(/ - 228) (4 — 228

AT=F - v4

0.843
(h — 2.28)

or AT = + (h ~2.28

) — FA

But VA = VS - A4S = h - 4.5 sip 45°

=h—3.18
Substituting this value in (i), we get




hines

hof C

L fiuid as shown in Fig. 3.42. At any point on the curved

wegration of eqn. (3.4} would provide the total pressure
b oo the curved surface and hence

Hydrostatic Forces on Surfaces

__ 083 08— (h-318) = —22P 318228
(k- 2.28) = 2.28)

0,843

129

or AT = 0.5 I

= +
ho— 2.28
Equating the values of AT from (7} and {iif), we get
247 _ 0.843 . 0.9
h—228 h-228
247=0843-09(A-2.28)=0.843+09h1-2.052

09A~A=247-0.843+2.052=3.679

*1. T
h=2277 _ 4,08 m (Ans.)
0.9

32.6. Curved Immersed Surface

Consider a curved surface LM submerged in a static .
Liquid surface

surface, the pressure acts normal to the surface, Thus if

': dA4 is the area of a small element of the curved surface
 lying at a vertical depth of 4 from surface of the liquid,
E then the total pressure on the elemental area 1s

| dp=p * dd =(wh) X dA ..{3.4)
This force dP acts normal to the surface. Further in-

e e Em — — —

=
o

Zeo-

P = Iwha’A (3.9 dA

But, is case of curved surface the direction of the

Fig. 3.42. Curved immersed surface.

-anta] pressures on the elementary areas are not in the same direction, but varies from point to point.

wus the integration of eqn. (3.5) for curved surface is impossible. The problem, however, can be

jam the curved surface is,

p=P:+F (3.6

The direction of the resultant force P with the horizontal is given by: tan9 = Lid

or 6 =tan"’ P—Pw

Sy
Here, P,, = total pressure force on the projected area of the
ed surface on vertical plane, and,

P, = weight of the liquid supported by the curved sur-
upto free surface of liguid.
Example 3.32. The profile of a vessel is quadrant of a circle of
R. Determine the horizontal and veriical components of the
pressure force, from the first principles.
Solution. Consider an elementary strip of radius R at depth /

.ﬂﬂiwm&‘ﬁﬁ:ﬂmxﬂ into horizontal and vertical components P, and P,.. Then total force

M subtending an angle as shown in Fig. 3.43.

¥ Let the vessel has a unit depth perpendicular to the plane of Profite of a vessel

'_'_ er. Then Area of the element, d4d = Rde % unit depth = Fig, 3.43
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Fiuid Mechanics and Hydraulic Machines

Depth ~h=Rsmx
Intensity of pressure, p=wh =w R sino
Pressure force, dp =p x dA = wRsina, Rdu
= wR? sin ¢ da
Vertical component of dF,
dP,=wR?sina da X sino=w R?sin®o do

Horizontal compenent of dF,
dP, = wRY sin ol da X COs Q= wR? sino cose dot

. Total vertical pressure force,
w!?

B, = j wR? sin® o dt
ﬂ 1
pi [ w2 B
_ wR J [l -.:ﬂsiu) Jia
2 ; 2

wR’ al”? sin2o " 4| wR’m
2 0 2 o 4

—

TR’ . W
= wl 22— x unitlength
[ 4 B

= gpecific weight = ( volume of liquid contained 1n curved surface).
n a curved surface equals the weight of the

e Thus the vertical component of pressure force o
to the free surface of liguid (Ans.)

volume liquid extending vertically from the curved surface

Total horizontal pressure force, .
. T[."IE
Py j wR? sinw cosa da
0
22
W .
~— | 2sinc cosa da

wR? ™7 cos2a 17 °
=-‘T I sin 2a da ]

(3

= w (R » unit length) x iz-s wAX
e  Thus the horizontal component of pressure jorce on
a curved surface equals the force on projected area of curved
surface on a vertical plane.
Example 3.33. A hemisphere projection of diameter
0.6 m exists on one of the vertieal sides of a tank. If the tank

contains water ta an elevation of 1.5 m above the cenire of
the hemisphere, calculate the vertical and horizonial forces

acting on the projection.
Solution. Refer Fig. 3.44.
Vertical force, . F =K -5,
= Weight volume of water MNST — weight of volume
of water LNST

i
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= Weight of water contained by ihe hemisphere LNM
14 i
.

|
=
4
b |
|
&

1 4 o
=081 x EKEEM{&:}‘ = (.555 kN (Ans.)

Horizontal force, Py=wAX

~9.81x 7 x (0.37 x 1.5 =4.16 kN (Ans.)

Example 3.34, Fig. 3.49. chows a curved surface LM, which is in the form of a quadran! of a
circle of radius 3 m, immersed in the water. If the width of the gare is unity, calculate the horizontal
and vertical components of the iotal force acting on the curved Surfuce.

Solution. Radius of the gate =3 m /
Width of the gate = 1m Free water surtace EU
Refer Fig. 343 Bl .
Distance LO = 0OM =3 m _1 - fL ¥
Horizental compenent of total force, P - 1 T
] |
. Horizontal force (£,) exerted by water on gate 18 N
. given by, im

P, = Total pressure force on the projected area Py
of curved surface LM on vertical plane >
surface). = Total pressure force on OM T E A
pight of the ] (projected area of curved surface on vertical plane Curved surface
(Ans.) F =0OM x D) =wdY Fig. 3.45. Curved surface (gate).
) | :
But, A=OM3{1=3F~1=3m‘*and_‘f=1~r'£=2,5m
p,=9.81 % (3 x 1) x 2.5 = 73.57 kN (Ans.)
The point of application of P, is given by ho= Is + X
Ax
| bd® 1x 3 .
where, f;=M.O.[ of OM aboutits c.g. = = =225m
12 12
— T
: h 222 25=28mf t face (A
= + 2.5 = 2.8 m from water surtace (Ans.
G x1) %25 rom water surface (Ans.)

vertical component of total force, P
Vertical force (P,) exerted by water is given by,
P, = weight of waier supported by LA upto free surface
= weight of portion ULMOS = welght of ULOS + weight of water in LOM
= w (volume of ULOS + volume of LOM)

Cp [ 22 ]
= 981 mxw+”‘j0} xl—|=9-81|\_1:{3+ﬁx” <1

- 9.81(3+7.068) kN =9877 kN {Ans.)
Example 3.38. Fig. 3.46 shows a gate having a gquadrant shape of radius of 1 m subjected to
bater pressure. Find the resultant force and its inclination with the horizontal. Take the length of
e gaite as 2 m.
Solution. Radius of the gate, ¥ = 1m
Length of the gate =2 m
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132 Fluid Mechanics and Hydraulic Machines

Hovizontal force, Py Watcr surface

P =force on the projected area of the curvaed
surface on vertical plane

= forceon MO =wd ¥
where, w = 9,81 kN/m’
A = area of MO (projected area) =1 x 2=2m’

PR T RO B T i B T A A AN TSl

xr=—=05m

i

2
P, =081x2x05=981kN

vertical force, P

P, = weight of water (imagined) supported by LM

noxr

=w X area of LOM x 2.0 =1wx 2

=9+31xgx13x2=15.4kﬂ

Resultant force P:

i

P=y P+ B =98> +154° =18.26 kN (Ans.)

PP LR B L .

Wosiem 4 Lo 2 i

The angle made by the resultant force with the horizontal, 0:
We know that,

tan@ = i = 1;81 =1.569 or ©=357.48° (Ans.)

g
Example 3.36. A liguid of specific graviry 0.9 is filled in a container, shown in Fig. 3.47, upto
a depth of 2.4 m. Determine the magnitude and direction of hvdrostatic pressure force per unit §
length of container exerted on its vertical face MN and curved corner NO.

M Y = B
o 3 ke,

>

Solution. Refer Fig 3.47
Vertical face MN:
AMN

wd ¥ =w x { MN x unit length } x )

1.2

(9.81 % 0.9) x (1.2 x 1) x =

= 6.357 KN (Ans.)
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Hydrostatic Forces on Surfaces

Curved surface NQ:

¢
1 £y

illl\. H
Example 3.37, 4 cyfinder 2

k. borizonial reaction ar M.
Neglect the frictional effects.

Selution,
Radius of cylinder
= 2 =1.1m
2

Length of ¢ylinder =3.3 m

Weight of cylinder = 1635 kN

¢ The horizontal component
d‘ the resultant hydrostatic force act-
my on the gate is the horizontal

gMece on the projected area of the
poeTved surface on a vertical plane.

l.e. P, = Hydrostatic pressure
orce on the curved area LSN pro-
pgected on the vertical plane LON,

=wd ¥

1‘;'::—123
i2 .12
1.2
1.2 1y ==
( ) >

f

=w % { QU » unit length) < (VU + —2')

A
8=tan™" —— | = tan
Iy |
2 m in diameter and 3.3 m long supported as shown in Fig. 3.48.
- retains waier on one side. If the ::'vhmfw welghs 163 kN calculate the vertical reaction at I and

2

This force acts horizontally towards right and its pont of application is given by,

= 0.8 m (Ans.)

Horizontal componenr of hydrostatic pressure force on the curved corner NQ,
Py = Specific weight » vertical projected area x depth of centre of vertical projection

1.2
=981 0.9 x{1.2x1)x(1.2+ T] = 19.07 kN
Vertical component of hydrostatic pressure force on the curved corner,
P, = Weight of liquid contained in portion MNQUYV

= Spec:lf'c weight | Volume of liquid in pertion MNUV + volume of liguid
1 portion NQU]

, 1 - .
=w [ MN * NU x unit length + En x ( NU)? % unit length]

!
=(981x09)[1.2x 1.2 X1+ = xmx (12)?% 1] =22.7 kN

4r22?)

Resultant pressure force, p = ﬂ‘,.’r P+ R = Hf(]g_{j?f + (22.7)° = 29.65 kN (Ans.)
The angle made by the resultant with the horizontal,

ngo?;"499? (Ans.)

2

2.2
=981 X (22 % 3.3) % T==T834 kN

Fig. 3.48

PAAAARRALY
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134 Fiuid Mechanics and Hydraulic Machines

. Harizonial reaction at M = 78.34 KN {Ans.)
o The vertical component of the resultant hydrostatic force is the weight of water supported by
the curved surface LSN which represents a semicircle.

£,=w % volume of surface L5N

= X { % x (radius)?® x length)

i

P, is acting in the upward direction,
.. For equilibrium of cylinder,
Vertical reaction at L = weight of cyvhinder — £,
- =165~61.53=103.47 kN (Ans.)
Example 3.38. Fig. 3.49 shows a radial gate If it is 3 m long, find the magnitude and direction
of the resultant force acting on it.
Solution. Length of radial gate =3 m

Refer Fig. 3.49.

Water surface

Henal;
Exasl;
side, wates
top (Fig i
and vertiods
Soiut
Weizh

Fig. 3.49
MU=23sin60°=2.6m
Horizontal force on the curved surface,
P,=wAx
2.6
=0.81% (2.6 % 3) ~ Y
=90 47 kN

[t will act at %E or 0,867 m above M.

i

EyTiRias;|E

| % 3 ‘.

5 [p=r=1r HH
s Ll e R

i
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Vertical force, P, = weight of water displaced
= welght of volume equal to LML » 3,
Now, Area LMU = area LZOM — area MU0

UD —lrr«: 2.6 x 3 cos 60°

2

]
= % 32X 1/6 — 3 x26x3x035=4712-195=2.762 m2

P,=2762%x3x981=8].28 kN:

P=yPt+ P =99.47% £ 81.28° =128.45 kN

Hence magnitude of resultant force = 128.45 kN (Ans.)
Let 6 = Inclination of P with horizontal.

Fo 81.28
Then, tan @ = P:. = o945 ~ 0817 or €=39.25° (Ans.)

and P must pass through Q.
As P, acts at (2.6 - 0.867) = 1,733 m below water surface,

_ 85T 1733

 tan39.25° 0,817
(T=0T-0U=2.12-3¢cos60°=0.62 m

Hence point of application of Pis 0.62 m io the left of MU and 1.733 m below water surface. {Ans.)

Example 3.39, 4 cylinder having 3 m diameter and 1.5 m length is resting on the floor. On one
kside, water is filled upto half the depth while on the other side oil of relative density 0.8 filled upto the
sdop (Fig 3.50). If the weight of the cylinder is 33.75 kN, determine the magnitudes of the horizontal
smnd vertical components of the force which will keep the cylinder just iouching the floos
| Selution. Given: Diameter of the cylinder, 4 = 3 m; Length of the cylinder, 7= 1.5 m

Weight of the cylinder; ## = 30 kN; Relative density of the oil = 0.8

Specific weight of the oil, w_, = 9,81 x 0.8 = 7.85 kN/m®

or =212 m, and

~— Cylinder

0il surface /

VWater surface

Y
A A A A A A A A i
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=52.98 kN

bod | e

Horizontal components: Horizontal force, £, = 7.83 x (3 x 1.5} =

This will act at g or 1 m from bed.

1.5
Horizontal force, P, = 9.81 x (1.5 = 1.5) % 5 16.55 kN
1.3
This wall act at — or 0.5 m from bottom.
2

Hence {52.98 — 16.55) = 36.43 kN force acting towards right is required to hold the cylinder
stationary. (Ans.)

If it acts at a distance y, then taking moments about the bed, we get
Poax1—-Px05={P,,-PL}*y
52,98 ~16.55 0.3 =(52.98 - 16.35) = &,
52.98 - 16.55x 0.5 _ 44.7
5298 —16.55  36.43

y= =1.227 m (Ans.)

Vertical components:

=2
mx LY 15 = 41.61 kN

B, = 7.85

1.5 m 1.5

={(.636 mto left of LAf, £, =9.81x x 1.5 = 26 kN

[t will act at 4%
am

[t will act at 0.636 m right of LM.
Since vertical forces must balance, therefore,
External force required = 41.61 - 26 — 33.75 = 33.86 kN (Ans.)
This external force is required in vertically downward direction. To find out its line of action,
taking moments about the vertical line along which P, acts, we get
W% 0.636-3386 xx=pF, x(0.636+0.636)
3375 %0636+ 3386y =41.61 %1272
x=0.929 m (Ans.}

Example 3.40, A rank is filled with water under pressure and the pressure gauge fitted at the
top indicates a pressure of 18 kPa. The tunk measures 3 m perpendicular to the plane of the papey,
and the curved surface LM of the top is quarter of a circular cylinder of radius 2.4 m. Determine:

() Horizontal and vertical componenis of water pressure on the curved smﬁwé LM, and
(ii) Magnitude and direction of the resultant jorce.

Solution. Refer 3.51.

Pressure indicated by pressure gauge p = 18 kP = 18 x 10° N/m?

.. The water head equivalent,

3
h:ﬂ:wzmjﬁm
W 9810

Hence the free water surface can be imagined to be 1.825 m above the top of the tank.

P, (Horizontal component) = Hydrostatic pressure force on vertical projection MN or the
curved surface LM

=wAd ¥
=G 8] x (2.4 x 3} x (1,835 +
=214.37 kN — (Ans.)
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Hydrostatic Ferces on Surfaces

Imaginary free
water surface

Pressure gauge

I

o’

3

Water tank

full of water
Y

=

Fig. 3.51

P (Vertical component) = Weight of volume of water above LM upto imaginary water surface
i.e., of volume SLMNT

= {1.835 x 2.4 + % x § % 2.4% I % 3% 9.81=26275kN T {Ans.)

The resultant force P = \[(P,)’ + ()7 =/ (214.37)7 + (262.75)° = 339.1 kN (Ans.)
The inclination of P with the horizontal,
4
=y ( ,
G=tan i - | = tan'];? ——262 7>
P, 214,37
Example 3.41, /n the fig. 3.52.is shown the cross-section of the tank full of water under pres-

] =~ 50,8° (Ans.)

b sure. The length of the tank is 3 m, An empty cylinder lies along the length of the tank on one of its
& corners as shown. Find the horizontal and vertical components of the force acting on the curved

i surfuce LMN of the cylinder.

Solution. Length of the tank = 2 m
Radius,» = 1.5 m
Pressure, p = 30 kN/m?

_ P2 _30

Pressure head, # = =——=3m
w981

rree water surface will be at a height of 3 from the top of the tank: equivalent free water surface
. i shown in Fig, 3.52.
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(/) Horizontal component of force, P : 30 kN

P H = H:.:'{ :C

where, w = specific weight of water
(= 9.81 kKN/m*)

A = area projected on vertical plane
=225%x3=675m

R U

=
[T
3
i Tank full
v of water

2.25

2 .
cylinder
P,= 9.81 x 6,75 = 4.125

=273, 15 kN (Ans.)
(if) Vertical component of force, P

P, =Weight of water enclosed or supported Fig. 3.52
actually or imaginary by curved sur-
face LMN
= Weight of water in the portion NOTULMN
= Weight of water in NOTZMN — weight of water in LUZM.
But weight of water in NOTZMN = weight of water in NOM + weight of water in OMZTO

bR b
AR S T T T i A S £ F TR 0

z
|
i |
I |
I ]
' 1.-2 ™ ) | ]
Cost| B 5a s %3 =217.5 kN ' ! -
L 4 ry s ! b
' : i £
Weight of water in LUZM = w (area of LUZM) x 3 “ !
= 9.81 [ area of LUZQ + LOMS — LSM ] % 3 : !
i
I ALSO. sinf =22 =22 _ o5 - g=30° !
oL 1.5 -
MS = MO -850 =1.5— 0L cos B =
=15-153=¢cos30°=0.2m +
Area LSM = LMO - LS50

, 30° 1 .
300 2

R T
= x 1.5 x ThRER (1.5 x cos 30°) x {1.5 sin 30°)

=(0.589 - 0487 = 0,102 m
. Weight of water in LL'ZM
=9 81{ L0 x ZQ ~ LQ = QM - 0.102] x 3

~ G 81[0.2%3+0.2x 1.55in30°-0.102 ] x 3 (- LO = MS)
= 6,81 (0.6 + 0.15 - 0.102) x 3
=19.07 kN

p,=7217.5-19.07 = 198.43 kN (Ans.)

=i
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Example 3.42. A cylindrical tank of 1.5 m diameter and height .75 m has a hemispherical
dome. The tank contains oil of relative density 0.84 [ Fig. 3.54]. The dame s joined to the cylinder
portion by four equally spaced bolts. If the pressure gauge at a point M, 0.3 m, above the base'of the
ianks, reads 50 kPa determine the force on each bolt.

Solution. Equivalent of pressure p, in terms of 01l column,
pL=Wo iy
50 = (0.84 % 9.81)A,
50

h, = = 6.07 m of ol
0.84 x 9.81

lmaginary water
surface

Hemispherical

—

f— 1.5 1 diag —Im

A— (.75 m

g
%

— 1.5 m dia. ————»

Fig. 3.54 Fig. 3.55
The imaginary oil surface at an elevation of 2, = 6.07 m is now considered {Fig. 3.55).
Above the base plane MN of the dome the elevation of the imaginary oil surface is
=607 -045=5.62 m
By symumetry there is no horizontal force on the done.
The vertical force P, = Weight of oil above the dome surface upto the imaginary oil surface
= Weight of volume MSNN"M' |

r ~
7 x (1.5)° } {1 4 ﬂ
—0 | 562 — 4 x = 7 (0.75
934:{981H PRt Rl )

1 =8.24 (9.931- 0.884) = 74.55 kN
B This force is shared by four bolts.

7455
. Tensile force on each bolt = — 18.64 KIN (Ans)

k7. Dams

% A dam is a massive structure, built up mostly with R.C.C. or stone or earth, across a river or a
b= for the purpose of impounding or storing water. [ts cross-section may be triangular, rectangu-
ko trapezoidal. That side of the dam to which the water from the river or the stream approaches 1
pwon upstreamt and the other, downstream. A dam which resists the water pressure by its own
Peicht only, is termed as a gravity dam (viz Bhakra dam).
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ot batter for the back.

#HEn

Fig 3.56 shows the trapezoidal cross-section of the dam
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with a vertical face and a straight slope

B iU -'!!_*-!“.:’--"i*f".”,*’”'”"":‘..‘-

a = Top width of the dam,

b = Base width of the dam,
H = Height of the dam, and
i = Height of water column.
Consider 1 m length of the dam.

Let,

'"_‘""-**"?"’-"'"*’“““‘“‘-'ﬂ**‘mwiﬂiif-""fi'-i*i’-%H*ﬂéﬂH*Hﬁh.tumfmuﬂ-az:-iiﬂ#ﬁﬁ!ihﬂmﬁr_u..!!i*iér:l.i;-:ﬂHHFI#-j-"- A

a+ b

5

I et the c.g. of the section be at 2 distance x

.F:i1!:'-'i!.‘-,'4‘|‘_|{i'$’_'_'.‘_l'r11fr':Z*_:i:'r'-;_-iif-!'iijl_l_‘ﬂ-ihg-!r_-i': ’

1
+E{b—ﬂ]>{ h[

b :-I-I"-'I‘l-l et (U] _31*_:":'::3:1:_1)11'!-

axhx£+l(b
2 2

Weight of masonry = area % length x density of masonry

x H x 1x» density of masonry

into a rectangle and a triangle and taking moments about the vertical face, we get

—a}xh[aJr

(3.8)

from the vertical face. Now dividing the trapezium

b—a

oo

"\

)
|

—

b —u
3

=

h—a
2

axh+[

a® +ab + b*
3{a + b}

—
—

*|

o1

}::-::h

Total water pressure (P) = area X average pressure

(3.9)
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F  Minimum intensity of stress,

K Possibilities of Dam Failure

dctatic Forces on Surfaces

2
wh  wh

PZ{IHFI)K—?J—Z 2

This pressure acis at 273 from the base of damn. Let the resultant R of P and W cuts the base of the
sn at the point /.
IM _ P
GL W
ie., LS - .;; R {3.10)
The eccentricity of the resultant force, e = {x +x7)— b2 (311
Tt e is +ve maximum stresses will develop towards the toe (T and if it is —ve, MAXIMUI SESSES
Il develop towards heel (H)

Stresses at the base:

Then, from triangle GLM, we get tand =

-eight nry i W :
weight of masonry _ _ (compressive) L(3.12)
area at the base hx1 b

Direct siress, Og =

Beﬁding siress,
My (We)xbil

I 1/12xIxF

Gp = [Bending will take place about Y — Y axis)

6 .e , .
= + ‘ {—ve sign stands for tensile stress here) L (3.13)

¥
Maximum iniensity of stress, ¢, . T 0,7 G,
I - I N
= + W + 6%5 =+ ud ( 1+ ?EJ ( Compressive) .(3.14)
b b b\ b

s +{_g)_}1f’_6ﬁ*’e'l{f [, _6we
T o B L b

It mav be noted that o, may be tensile or COMPressive.

) 17ILT

] (Compressive) L {3.15)

The following are the possibilities of dam failure:

(i) Failure due to sliding along 1ts base. (i) TFailure due o tension Of COMPression.
Egiii) Failure due to shear at the weakest section.  (iv) Failure due to pverturning.

(i Failure due to sliding along its base:
The siiding of the dam is caused by the harizontal water pressure, 2. The foundation offers

fctional resistance which resists sliding. The dam will be stable aganst sliding if the frictional
fistance is more than the sliding (or driving) force F

Now, frictional force, £ = g

- i is the co-efficient of friction between two adjacent surfaces along which sliding is likely to

he place.

b Sliding or driving force =F

r

¥ Factor of safety against shiding = %{ This value must be greater than unity).

e{i) Failure dueto tension or compression:

b The dam will be stable if no tensile stress across +he cross-section is produced. It means O,
3 be more than or equal to &, In certain cases where tension cannot be avoided it should not

 ease more than 0.4 N/,
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(3.16)

Now, when

oy b b b_2
J — .‘ e — E:m—- .—_:—
ATV T 5 s 3

Therefore the resuttant must always be in the middle third of the base.
(iif) Failure due to shear at the weakest section:

If, 4’ = The least cross-sectional area of the dam at any section, and

T i) Maximum safe shear stress of the dam material,

Then, resistance against shear =o_, ., % A4’
x A

Us{max]
PF
where P’ = total liquid pressure due to water column above the sectiorn,

(It must be greater than unity)

Factor of safety against shear =

(7#) Failure dne to overturning:
Referring to Fig. 3.56 we find that water pressure tends to overturn the wall about the toe T
whereas # tends to counteract the turning effect.
Taking moments of P and # about toe T, we get overturning moment = P x A/73.
and resisting moment = # (b — x}
Wib— x)
Px{hi3)

_aw (‘E’h_ x) ( it must be greater than unity)
P

Factor of safety against overturning =

Example 3.43. 4 concrete dam of traperoidal section having water on vertical face is 12 m {
high. The base of the dam is § metres wide and top 2 melres wide. Find the resuitant thrust on the |

base per metre length of dam, and the point where it intersecis the base. Take the specific weight of
masonry as 240 kNim® and water level coincid-
ing with the top of the dam.

Solution. Refer Fig, 3,57
Top width = 2 m, base width = 8 m, height =
12 m
Consider ! m length of dam.
Weight of masanry,

R R,
W= 5 Jx12x1x24=]440k1\f

.
Water pressure,

wh?  9.81x12°
2
Resultant thrust, R = w.-" P2 ol

P= = 706 kN

=

-_—eer e mT e e T Y™ TE oy mm mm omm i

|
i - - '
=/ (706)% + (1440)* = 1604 kN (Ans.) — 1 -d— iz ]
“——— H=8m
Fig. 3.57

The point, where the resultant thrust cuts the
base;

- 1= ..
H . T
H . "
[ i !
L . .
. . L -
Lk [ il r =N NCETI - - ) -
- -, . ) e b LE- - . .- Hyl 1 0
ekl Wl B, oL > gl Sl Sy R
e frdinn. . n s ol - 2 AR o

ot
o b

i Y
Ly
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..{3.16}
i2x32x E+l x12x6(2+-
2 2 3

!
S(I2x24 2 X [2x6) x
=24 +36x4=60x

or x=24+36x4=2,8m
60

The value of ‘x’ ¢can also be found by using the relation

_@ tab+h? P iaxg gl
3a+ b 3(2 +8)
F 706

From Fig, 3.57, tang = = = Y9
rom Fig _ 7 = 1250

Alsp, tana = X = 706 or x' = 706 x 4 = 1.96 m
4 1440 1440
Now, the point where the resuitant thrust cuts the base
=X +x"=28+1.96=4.76 m from H (heel) (Ans.)

_ Example 3.44. 4 MAsonry dam trapezoidal in cross-section is 4 m wide at the top, & m wide at
. the base and 10 m fugh. It retains water level wish top against g vertical face. Obigin stress distri-
e bution at the base if specific gravity of ma-
| sonryis 2.5,

Solution. Refer Fig. 3.58
| Top width = 4 m; base width = § i,
| height = 10 m
; Density of masonry = 2.5 x 9.8] =
| 24.5 kN/m?

_ Consider 1 m length of the dam.
Weight of masonry acting through

E C.2.,

=2.8m

Water level

W o i( 8+4
AN
Water pressure,

2 i
P = L;* = 9'81; 10" 4005 kN

_:_ Let x metres be the distance of . g

E from the vertical face. Dividing the trape-

 Zium into a rectangle and a triangle and

F taking moments about the vertical face, we
have

4 1 4

3
3

] X10%1%245=1470kN

=(10x4+lx10x4]3x
L 2
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R0 + 20 x 5.333 = 60x

80 + 20x 533
60

=311m

X

From Fig. 3.38.,
P 4905

W 1470

X
tan o =
10/3

x 490.5 l

10/3 1470 3

or, x':le=£sl.11m
3 3 5
Now, x+x’=3.11+1.11

= 4 2% m which is well within o third base width.

fand =

Eccentricity of resultant thrust,
e=(x+x)-4=422-4=0.2.m

Bending stress,

Lidi puégdati

_JW ,__“”V.E)._}’
S ET T

1470 % 0.22 x 8/2 ' |
_ X 31 _ 1470 x 0.22 x 4 x 12 _ 5303 kN/m?
1 x 8 8’
Direct stress, 12
5, = weight of masonry _ 1470 _ 1837 kKN/m?
area of base & x 1l
G =0, +t0c,=1837+ 10.3 = 214 XN/m? (comp.} (Ans.)
6. =c,-0,=1837-303= 153.4 KN/m® (comp.) {Ans.}

mim
Example 3.45. A masonry weiris of trapezoidal cross-section with a top width of 2.0 m and of

keight Sm with upstream slope of I vertical in 0.1 horizonial and a downstream slope of | vertical
in 075 horizontal. If the weir has water stored upto ifs crest on the upstrean side and has a tail
water of 2 m depth on the downstream, calculate, per unit length of weir,

JLETE R L

= .
! -
r—-
a. =
l-.- -
. =
an =
-l oa . _'_'
= )
= h
[
ot )
A
L. F
v -
o b -
a -
‘.'..: - ....
. -
s s
- -
- -
. o
-.._ 3
He el
" T
- .
.'-_ .=
A _
L a s
rom
e} Sis
- -
b -
= -
--:. -J'd-
o
o e
o -1
3 ..
= L
e e
. .
- v
L:h o
—in
s .
- =]
~ .
v e |
~ =
- =
. k17
= g
)
- =]
X H
X - - -
H=h .
b B
[ .
%. i
- [ =
Frol k-
. b
[~ i
- Ta

(i} the resultant force on the base of the werr.

(i) the minimum and maximum Stresses on the base of the weir
Assume specific weight of masonry as 22 kN/m® and neglect uplift forces.
Solution. Refer Fig, 3.59.

Consider 1 m length of the weir.

(i) Resultant force on the base:

The forces acting on the weir are:

(i) Weight of masonry, =W = W, = W,

(ify Vertical force due to water on the upstream slope, Py

(iif) Vertical force due to tail water on the downstream slope, Py,

(iv) Horizontal force due to upstream side, P,

(v) Horizontal water force on the downstream side, P,




Masonry
welr

Downstredm

2.0m
L B.253m

——— Base width=1b
Fig. 3.59

The magnitudes of these forces, their distances from the o€ of the weir {e
ats of these forces about B are tabulated 1n the table below:

dge B) and the mo-

} Force Description Magnitude, kN Lever arm Moment Moment
Magnitade, Horiz Vert, qhout B (Clockwise) (Anticlockwise)

kN force force (i)

1
(0.5 = 5) E‘h’ 1 = 22 27.5 5917 162.7

(2.0 x 5.0) x 10 x 22 220.0 4.75 1045.0

1
(3.75 % 5)x 5 ¥ 1% 22 206.25 2,50
1
(0.5 x 5)x = x1x9.81 12,26
1 }
(15% 2.0) x 5x1x98l
5
(5% 1)x 5 x9.81 122.62

PHI

;
(2x1)x 5 »981 —19.62 66 13.08

Sum 103 480.72 | s04.4  1818.34

Sum of vertical forces, TV =480.72 kN

Sum of horizontal forces, TH =102 kN

Resultant, R = V) + (SH)

- J(480.72)2 + (103)° = 191,63 KN (Ans.)

1 8 is the inchination of the resultant to horizontal, then
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LV 480.72
TH 103
or, 0 =tan"'(4.667) = 77.9° (Ans.)
(i7y" The minimum and maximum Stresses; G, 0,
rM=1818.34-204.4=1613.94 kNm
x = Distance of point of action of the resultant from B

_ M _ 1613.94 _ 11357
i 480.72
AS b = base width = 6.25 m, the

tan g = = 4.667

b 6.25
Eccentricity, e = x — 5 3.357 - = 0.232m

Maximum and minimum stresses,
=V be
= —{] + —
UI,EI ) { 7 }
_ 480.72 (1 ; 6 x 0.232\
6.25 625

o, = 94.04 KN/m? (Ans.)
o, = §9.78 kN/m? (Ans.)

x*
Example 3.46. 7he curved face of a dam is shaped according to the relarion v =

of the dam.
Solutien, Profile of the curved face of the dam is,

FEIANY

Height of water,

R D B RO b AT A T RIS

as
(225
shown in the Fig. 2.60. If the width of the dam is unity and neight of water retained by thedamis 2 |

m determine the magnitude and direction of the resultant water pressure acting on the curved fuce |

oy N
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h=121m
h=1m
tude and direction of resulian

= Pressure
= Pressure on ared MT

A'—’-ﬁrf]’"ﬁl:lZﬁlﬂlEml
xr=122=0m
PH=9.31 x 12 x 6 =T06.3 '

Vertical ::c:mpnnenf, P = weight of water supported by the curve LM
of water in portof LMT

K
MTy x width of dam=w! | & - d}-’} x 1.0

[

Widih,

Magni
Horizonta! component, P,

t water pressurc:
due to watet on curved area pro
=wAdX

jected on vertical plane

where,

= weight

=w = {Areaof L

x . dy = area of Strip

12
y (o x=255)

dy
0
2 2

=081 {35+
I .
| ~ 2433 x 2/3 [(12P07)=951.4 kN

=981 %35
L 3/2 o

Resultant water pressure on the dam,
2 1 P=J$w4%=fhw3%mﬁuﬁ
s1 fh k
| 12.25 ¢ or p =1184.9 kKN (Ans.)
by the dam s 13 . Direction of the resultant is given by
) the curved face 2 5 9514
: fan o = —bm = o = 1.347
g, 7063
. o = 53.4° (Ans.)
Example 3.47. Fig. 361 shows a gate whose profile is given by x = Q‘? It holds water to @
hof | m behind it. If the widih of the gate i3 5 m determine the moment M required to hold the

S in place.
. Solution. profile of the gate: x = ,ﬁﬂ_

dx —m) =

Water surface

e

TTIHJHHKIIF;’HHF

Fig 3.61
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1
Horizontal force, P =wd x =9.81 x (1% §) x 3 24,25 kN

1
It will act at <= m or 0,333 m from the bottom,
-

£, =weight of liquid above the gate
=35 x W [y dx
( =
I or Y= x°

=5 x 9.81 ’I—
[3

=3 X9 8Ix g— 1035 kN

The vertical line along which P, will act is obtained by taking moments of elementary force
5 wydy about Y-axis and equating itto P, x ¥

) 1
F =X = IS wy (1 = x)dx = jﬁw_xl (1 - x)dx
0

3 4] ,
P =5w(1 I\:E
3 4|

3 4)
- -
Fow o2 ;{9,81- = .25 m
12x B 12x16.35

Montent M:
Moment of P, and P, about Z- axis passing through ¢ is
M=F, x0333~P, =025
= 2452 x 0,333 + 16.25 < 0.25 = 12.25 kNm
L e M=12.25 kNm (Ans.)
X

_T as shown in Fig 3.62 having Xy =
Xy

A
6 mandy, =9 m. The fluid is water with density = 1000 kg/m®. Compute the horizontal, vertical
and the vesultant thrust exerted by water per metre length of the dam.

Solution. Given: Width of the dam =1 m

Example 3.48. 4 dam has a parabolic shape y = y,:,f

2
X
Equation of the curve: . ¥ = }DJ 1 ) X = G Yo = 9m
A
Density of water p = 1000 kg/m’
Horizontal, vertical and resultant thrust exerted by water:

2
X

Equation of the curve OL ; y = ¥ (—j
g

T . ll'--
r=4drorx=2.y

Lock

S'I_I. it
E &0 position

(i
(i1
(Iif)
(V)
)
(vi)

" il
.?ﬁﬂ#}ﬁﬁﬁ‘]ﬁliﬂd:l MR 25T g '.- '-_'.:1'.--! n

3.9.L.ocK .:i

¢ Jor navigo§s
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nentary force |

62 having x, = :

ontal, vertical

- Resultant thrust:

. Lock Gates

" Lock gates are provided in navigation chambers 10 change the water level in a canal or river "
¥ xavigasion. There are two sets of gates G, and G, one set on either side of the chamber. The

Bsod-nstatic Forces on Surfaces

Horizontal thrust:

Horizontal thrust exerted by water,

F_=force exerted by water on vertical surface OM; the surface o9 .ained by projecting the curved
ace on vertical plane,

=pgd h
G
= 1000 x 9.81 x {9 % ]} ¥ E: 397305 N
or 397.3 kN (Ans.)

Vertical thrust:
Vertical thrust exerted by water,

F.= weight of water supported by curved

.f: ! ’
A O,L upto free water surface dy i T ]
} = weight of water in portion OLM > width T
o thm .
L g« area of OLM x width of dam = 2

1

= 1000 x 9.81 x( [::c}: nﬁs-‘x 1.0

[ .
-
[ —

= 1000 » 5.81 [ r: 2{? x aﬁ.-'-l x1.0 g O

_ - Qi

[T ;
I - — My e — = 3.2
= | =19620 % 3%(9)

L - Iy

= 19620 %
~1353160 N or 353.16 KN (Ans.)

Resultant thrust exerted by water,

- w."'pf + F2 = \(3973)7 + (353.16)° = 531.57 KN (Ans.)

b Direction of the resultant is given by,

F, 35316
F, 3973

iy

6 = tan~'(0.889) = 41.63° (Ans.)

= (0.88%

tan® =

jking of the gates (Fig.3.63) 15 as follows:
2 Suppose the ship is at position 1 {on the left hand side of the chamber) and it ig to be transferred
osition 2 (on the right hand side). To do so the following procedure is adopted:

(i) Open the sluice 5, on the upstream gate G, and fili the chamber upto level L-L.
} (i Open the lock gate &) on the upstream and permit the ship to enter the chamber.
ifiii) Close the gate G,.

i) Open the sluice S, and allow the water 10 fall to level MM,

{(v) Open the downstream gate G, and permit the ship to leave the chamber.

jw) Reverse the procedure in case the ship is to be transferred from position 2 to position 1.
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Total pressure on the gates and reactions at top and bottom hinges:

Ship {Position 1)

Ship (Position 2}

Sluice

Upstream  Sluice
3 E»
Y

G.. G, = Lock gares
DO istrean

G-
NN /A NN/ NN a\\N ZANNN AN AN

Gy [,
AN/ A\ /A \N

(a1)

)
Fig, 3.63
Fig. 3.64 shows plan and elevation of a pair of Jock gates. Let 48 and € be two lock gates, cack
carried on two hinges fixed on their top and bottom at both A4 and €. Due to action of water, the gatesy

are tightly closed 10 one another at 8.

Consider the gafe AB:
Let, £ = Resuliant force due to water acting at right angle 1o the gate, __ 3
3 ; T]]EI].,

N = Reaction force supplied by gate BCto gate 48 and acting perpendicular
the contact surfaces, :

R = Resultant reaction of the top and bottom hinges {assumed to lie in the same Also, /i =
horizontal plane in which Pand & lies), and ' bottom).

& = Angle of inclination of gate to normal side of lock, : _'
As the gate is in equilibrium under the forces, P, ¥ and R, they wiil all infersect at one point. and A=

£ and N intersect at D; then R must pass through this point. Then triangle 48D will be isosceles, & Then, 3

£084 and £DAR equal «. | _ L [t may be no;
Resolving the forces in a direction parallel to gate (453), the remamid’

Recoso=Ncos o S R=N .31 Takjng' ol

Resolving normal to the gate (48), P = R sino + Nsin o = (R+AN)sina=2Rsina '

¢ Resolving the

Zsimg
(Also, mclination of R to centre lin= of gate = &) _ X
. f R

Consider water pressure on the gate. r 3}
Let, H, = Height of water to left of gate (i.e. upstream side),

{1, = Height of water to right of gate (;.e. downstream side),
1 = Height of top hinge from the bottom of cate,

£, = Total pressure of water 1o left of gate,

£, = Total pressure of water to right of gate,

——-Widih of lock——p.

- Example 3.4
es, cach () 5mi

T §
- [fthe water B e
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E Sdwdrostatic Forces on Surfaces

R, = Reaction of top hinge, and
R, = Reaction of bottom hinge. ;01

Water surface |

e (awe AB
rd

. VWater surface

1
|
I
i
|
I
t
|
|
L
I
I
I
i
I
L
i
1
|
L
1

e

Elevation

Contact
(180 —2a)

P - -
Upstream Derwrnrstream

gide N side

A—Width of lock—»

: ._ Fig. 3.64. Resultant pressure on lock zates.
dicular i Then, R +R, = R
. H-"Hl . . . H]
Also, B = > « wetted area of the gate ({t will act at the centre of pressure which 1s —- from

1 the sanm
p bottom}.

H . H
: - . and P = W2 o wetted area of the gate (It will act at 2 from the bottom).
 point. Lg - - 2 3
osceles, ¥ Then, P=P-P,
It may be noted that only half the water pressure may be taken as acting on the hinge edge of the

the remaining half will be taken by the reaction of the gate BC.
Taking moments about the lower hinge, we have

‘ 3 .
Bosinax i = B AP )
YEN YR

Resolving the forces horizontally, we get

. . A B
R, sin g + R, sIna= E—-E- ()

Then, form eqns. () and (i} R, and R, may be found.

L Example 3.49. Each gate of a lock is 6 m high and 3 m wide, supported on one side by two
bawes. cach (.5m from the top and from bottom. The angle berween the gates in closed position s
= if the water levels are Sm and .25 m on the upstreant and downsiream sides respectively, find:
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(1Y The magnitude and position of the resultant water pressure on each gate,
(ify The magnitude of reaction, and between the gates
(ii) The magnitides of the reactions at the hinges.
Assume the reaction between the gates to be in the same horizontal plane as that of ihe resultant
wWater pressure. [Jadavpur University] §
Solution. Height of each gate = 6 m; width of each gate =3 m
Height of water on upstream side, A, =5 m
Height of water on downstream side, H,=1.25m
180 — 120

Angle between the gates = 120°, .. @ = > = 30°

(/) The magnitude and position of the resultant pressure:
Upstream side: Wetted area of gate, 4, = 5 x 5 =25 m’

AN R B S T A A 0 N st A S T ST

3
Total pressure on each gate, Py =wd X, =9.81x 25 x — =613.12 kN

Position of centre of pressure }_zl = % from the bottem = %m or 1.667 m from the bottom |

Downstream side: Wetted area of gate 4, =5 x 1.25 = 6.25 m’

1.25
Total pressure on each gate, 7, = wd, x; =9.81x 0.25 x > 38.32 kN

125

3
Now, resultant water pressure on each gate,

P=P - P,=61312-3832=574.8 kN (Ans,)

Position of centre of pressure %, = =(.417 m from the bottoimn.

- —m s e i o — — — — = T o rm o == == -]

777w, P £ANY P A LAY £/ FaY P77 AR FZEAAYY F7IANY

Elevation

Lipstrearm

Downsiream

Fig. 3.65. (a) Elevation and plan of lock gates.
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' et 4 isheight of P from the bottom, then taking moments of P, P, and P about the bettom,
we get:
P x E=F1 * ;_:I—PE x Hy or 574 8 % ho=613.12 x 1.667 - 38.32 % 0417 = 1006.09

7 = 1.75 m from the bottom (Ans.)
e resnitanty

niversity]’

1 the botion

o f;’f’fff,ﬂ’ff’fr’ff.ﬂ"ff’z’;’f:’f}???77?? ????F?.f

0.5 m Bottom hinge

Fig. 3.65. (b} Resultant pressure and reactions at hinges of lock gates.

The magnitude of reaction between the gates, N:

Refer Fig. 3.65 (a)

Resolving the forces at D 1na direction parallel to gate {i.e along 4 B), we have
Ncosa=Rcosa or N=R

Resolving normally to gate (i.e. normal to A8), we have

P=R5intx+h’sinu=(ﬁ+N} sin o = 2N sin
P 574.8

Jsinee  2sin30°
i) The magnitudes of the reactions at the hinges:

Refer Fig. 3.65 {b)
Let, R, = Reaction at the top hinge, and

= 574.8 kN (Ans.}

R, = Reaction at the bottom hinge.
Then, R, +~R,=R= 574 .8 kN
Taking moments of hinge reactions R, R, and P(= R) about the botiom hinge, we have
R(6-1}+R, x=Rx{175-05)
SR, =574.8 % (1.75 = 0.5)
R, = 143.7 kN (Ans.)
R, =574.8 - 143.7 = 431.1 kN (Ans.)
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HIGHLIGHTS

The term hydrostatics means the study of pressure, exerted by a fluid at rest.

Total pressure (P) is the force exerted by a fluid on a surface (either plane or curved) when
the fluid comes in contact with the surface.

For vertically tmmersed surface, P = wd 7

For inclined immersed surface, P=wd ¥

where 4 =area of immersed surface, and 7= depth of centre of gravity of immersed surface
from the free liguid surface.

Centre of pressure ( 1 ) is the point through which the resultant pressure acts and is always
expressed in terms of depth from the liquid surface.

. . - _
For vertically immersed surface, } = ;1% L X
Xz

Ly . - - I.sin’8 _
For inclined immersed surface, f ~ 22" ¥ | 3

AX
where /_ stands for moment of inertia of figure about horizontal axis through its centre of
gravity.

The total force on a curved surface is given by

f ;
P:ﬂPj+ﬁ‘?

where,  P_ = Horizontal force on curved surface

J—

= Total pressure force on the projected area of the curved surface on the
vertical plane = wd ¥, and

£,.= Vertical force on submerged curved surface

= Weight of liquid actually or imaginary supported by curved surface.
The direction of the resultant force P with the horizontal is given by

, P
tant = -Pi or 8§ = tan~' 2L
By Py

Resultant force on a sluice gate P = =P,

where, P, = Pressure force on the upstream side of the sluice gate, and

£, = Pressure force on the downstream side of the sluice gate.

—

f'or a lock gate, the reaction between two gates is equal to the reaction at the hinge,
ie., N=R

: . P
Also reaction between the two gates, N = —
2sinc
where, £ = Resultant water pressure on the lock gate= P - P, and

o = Inclination of the gate to normal side of lock.
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"OBJECTIVE TYPE QUESTIONS

sse the correct Answer:

' The intensity of pressure p is related to specific (b) upstream
weight w of the Hiquid and vertical depth i of (c¢) either of the above
k- the point by the equation
E (o) p=wh (b) h = pw _
() p=wh (d) p=wh faijure?

(4) mnone of the above.
which of the following is a possibility of dam

£ The point of 3PPH‘33“'3‘? of the total pressure (z) Failure due to shiding along its base

p on the surface 13 (b} Failure due to tension or compression

E (a) centroid of the surface (¢) Failure due 1o shear at the weakest section

g Ab) centre of pressure (d) Failure due to overfurning

.:_ {c) ceither of the above (@) All of the above
F () none ofthe above.

Lock gates are provided to
. change the water level in a canal or river
b the specific weight of the liquid and X is the for irrigation

depth of horizontal surface from the ligquid sur- (b store water for irrigation purpose
E Eace then the total pressure P on the surface 1s ()
g Ziven Dy

L (@) p=wA’X by p=wAX

either of the above
() nong of the above.
. : . Total force on a curved surface is given by
? g = wd X _ (d} P~ wA X (ﬂ] F :{FHE + HE )3--"2 f:b} P = \/—m
. Centre of pressure (% }in case of an inclined 5ia
¥ immersed surface is given by {c} P= ( Pi+F ) (@ P=Fy~ Py

' _ — {-sinf@ _ 9. Resultant pressure on 2 sluice gate is given by

+X (b)) B=a (@) P=P,-P, (b} P=P +P,

c¥ (@ F=lo sin‘0 (©) P=R +R2 (@ P=(R+R)
k o Ax N Ax . means the study of pressure ex-
F Yhe side of the dam to which the water from erted by & fluid at rest.

¢ the river or the stream approaches 1s known as (a) hydrostatics () fluid mechanics
| {a) downstream (¢) continuum (e kinetics,

[ THEORETICAL QUESTIONS

_-' Define the following terms: . Derive an expression for the reaction between
k() Total pressure, and the gates as

§.4i) Centre of pressurs. P F

| . Derive expressions for total pressure and centre 2sine

ks of pressure for a vertically immersed surface. ] where, P = resultant force due to water act-
j-Derive an expression for the depth of centre of ing at right angles to the gate, and
. pressure from free surface of liquid of an in- o = angle of inclination of gate to ROT-
¢ clined plane surface submerged in the liquid. mal side of lock.




