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Homogeneous

Liquid .
A
- S S

= center of gravity
C.p. = center of pressure

A = area of immersed surface (  to the page)
I = moment of inertia (about the axis to the page)
h = vertical distance from the free surface to the c.g.
y = inclined distance form the free surface to the c.g.
A = inclined distance between (c.g) and (c.p)
o = inclination angle (with the free surface) 1
> Rules:
e Hydrostatic Force
F=yAh
* Point of application
I L
A=—— where: 'y =—
Ay sinx




> Properties of Areas:

o Rectangle:

A=Db XZ

; bxZ3
==
e Triangle:
bx7Z
A:
2
bx Z?
I:
36
|
i e Circle:
o x x d?
A= 4
] = nxd?
= 64

e Semicircle:

1t X d?
A= 8

% d*

I = =

~ 0.11 r? /h

128

@ HO]loW Circlé

64

‘ I= £(d14'— d24)

”w




> Special Cases: ' :

e Surfaces parallel to the free surface: Ve Sf“:f_g“‘*
a=7Zero — y= siz;x = o h R

~ A=Zero : * !

— |c.g = c.pJ(The force acts on the c.g.) F-sAk

e Surfaces perpendicular to the free surface:

S
a = 90° — sina=1 ' == !
E = 3_/" 8”—'\'\
A
L
=GAE
> Cases of Problems: T

1)One Liquid:

Liquid surface is free (P = 0)

— h =Yy (Vertical gate)

I
A-

- wd
Byt h | A= 3"

<
e

S

For Inclined gate
TR
Y = sino

>
|




2)Air:

cp=c§g
F=P xA

+ve Air Pressure

@
Ay

e P

-ve Air Pressure
P= -y, XR
Air

' ' CxS:.C.

s

L5

3)Liquid + Air: (Solving by Superposition)

Liquid & (+ve) Air pressure

Fl == P X A (at C.g.)

(atc.p.)

I
A= — y=
A'Yz (

Resultant Force

h
sina

FR=F1+F2

Liquid & (-ve) Air pressure

F;, =P xAj{(atc.g.)

|F2 = ¥, XA xh

(atc.p.)

I
A: — ;:
A-y, (

Resultant Force

h
sina

FR = F] - F;

(Fve) \—?u'r

V




4) Two Liquids: (Solving by Superposition)

P=1vy; Xh
F, = P xA(atc.g.) . | F-ES —
A Luid @) |h
F, = v2 XA Xh; (atc.p.) el :
A
I h, P
- y. = Liqua@) [N
g A - .}72 (}*z sin a) (6l 1 E
. o
Resultant Force Fr=F,+F, Fz_,._su,. f i
To get (Fr) point of application: -
M @cp.=zero_ FixA=FrxZ _, getZ<A _
csl| P
- =
ALZE i
IfF1 is —ve (in case of —ve air pressure) Z=A } b -
- FI >FZ
= (
<-
F<—fes| 2
A
ol ot
Ry L
KF =
\:\
AA‘ =
B -
zt (| °




‘5) Séparated two liquids:

fs A

] KEQW@”

-

G



| G
Imaginary Free Surface

In case of air pressure or another liquid above the main liquid, we replace this air

~ or liquid by an equivalent height of the mail liquid and solve for one liquid only.

» (+H)Air pressure above liquid: e 5 - K
Calculate hey = Pair : &
Yw i "
. ‘ ey }é‘f h
nlia woker [
‘- FRes = Yw X A X h _ bf 4
at distance A = —— FR
Ay

» (-)Air pressure above liquid:

h = Pair( ve) E“’“"(—w)
eq — T y
sh=h-hyq h[h

_ UJaker h [\

‘.'FRBSZ YW XA Xh I / E___-
-
I

at distance A = -I—__ F—ﬁ

Ay
» Air pressure above 2 liquids: g
. ‘[- P i jk
Calculate P = Pair + y; x h; k
P
B - y
- H i lllu_’_ heq j[_

- FRes = Yw XA x h

’ L

at distance A =

<l

A-




- What is required in problems?

1. Forces acting on surface (gate)

—-»"get(F)&noneedfor(A)'

— get(F)&(A) — Y M @ hinge = Zero

‘N&tr H Qv

— get(F)&(A) —> Fros= YF & get(Z)

* 2. Force and line of action (OR) The resultant force & its location

3. The force, moment or weight required to hold the gate in place.

Y

W

BT e T

4. The liquid height required to hold the gate (OR) to turn over the get.

— Y.M @hinge = Zero — get(F)&(A) — get(h).

€\ / S
h=1 e

7

iel

g

B K 3o wode abe %ﬂ*ﬁ‘ﬂ’\w‘"

_ u Our
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Ex.(1):
: Find the resultant force and its point of application on the shown gate, giving that
the air pressure is 30 kPa, for the following cases: e
a. The water height is 3.5 m e T A
b. The water height is 2 m \ng.—. AN =
| ; aur \1&]' _
Cose @) wyeker surdece s oo Ahe ke P’Q{ B h
= (Jee /mgxfm SIMCFace ey 73
_Z)_. Lo ﬁ—K ® \'\o | | _wajf:er‘ F "‘:Ej
= Bex {0 +(Ot‘f)x5%w)%\6:4‘-32%35 g ¥ e
=
‘3‘176’?:_*__ :7—_64/,77 AaSxo—6wmr
S ot

L—B\’\ 2’\‘\’\6 = = ‘-(—[m «1,5 X = (3)\22 255"

AR A = 3%F293 v #

A
(aze (o)
L oder Su\r%c\ce_ v \D:'Kob\) "\‘\16 _l(eyp oLy’ 4 C_B
ok Tl
1 '63101 =+,
L——’;? \dse %Lx\OCFFOS{Jﬁ'm 7 ’ __f' :@
Wkt ¥ . b, b
%‘Jr\«eve i\l e 2 f‘DGf‘\% «5 the 1 s P
%@.}\‘Q : 1 - 1 rFq_




e For poce CIERE] A= (o —om

&E;,_F|—_—- P — b

e T AT O

| L'«'.L-;; F’Z ‘:-KOA\h\ “—:(0-5%(5%(6)% 2 = @‘5_{_%)

OU’\_ A = L o oI v
0 A\kﬁ \ ' '2,7’? \ \ ik

F Yo P @ \iwoa@{\ A, = 2x2= 4wt
gl oS

\2
| :u.("((ll'r

”
;M 'L :EO»F*“?Y\\Q:LF:%Z‘—{-S‘;}%

Yoo €eyka - Yien

"3 F = Ew Az \\‘:(—’Z_?H—L}— /\/joi‘QfBO

%Fq— :KUJAZ h?,

'—_;C_B%LO#‘-I—%% \3‘3?_%0/\/ l

CU\‘ iy = A : A Bd —
e “\ O\333m

ALB—Z - ﬁ-_\

2fp == F =|223%2%2 A
7o get it of cppltatins _061
Zi%%@)cg@ﬁ:o

Bx o4 T (Lo-a)-Fyr aw =Fx 7

L > gek (F)

A{q‘

OSA

1

~
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ﬂ Ex.(2): X
- Find the moment (M) required to hold the gate closed in the shown figure.

ﬁ%YkT%kg;KiMONQJH3(§LQJQ¥14XQ.ﬁks&uf:

e S
. :
e T ke

BCuwx) = r‘)c_-\—.ﬁw%q— 2
‘ cy ‘ 7\

L—aEQ - -2 %l_ 2.3 €, 3Rl

e e (V) Pressure waove wether <G-5

L Soper postien

V-

c K A = RS (SL'E%S%Q) = AR Jeg Q%Q\C_?)

> o s
Yo =SAW = ezl T e o

i :
at A:F e ek e

: Z
2L,
3 *SM‘-(-S

S FE ﬁc(s:»z\ws+ A) e (‘D:\*3>
= g3 Aol
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3M1-21 Gate AOC shown is 5m wide and is hinged along O (ie., it can rotate freely )
about axis 0). Neglecting the weight of the gate, determine the force in bar AB.

\>=5 '
“7:? AJ*—'P‘QAB
3
=
&
) Di o
étr F‘
e = g
— o §s = -
L f2 = <

- - F]::\SA;\—\I:%%\OK coxe = 353 leoo N

—OXS =4S wm? .
Ae Il [ =SAN,
Y,-50)r=2023sw" -~ AR 4S5 x Y2 = 52834eol
=] | Az=0 (Fe ok Ceorder)

Z?_H@\’\\V%Q:%ﬂ"b - EA%".\S = ﬁ(é~<§): F;_ ~Y%. 5
\——ﬁ- EAB: é LF:PL&GO NJ

3/1-22 Gate 4B in Fig. is 1.2 m long and 1.8 m into the paper. Neglecting atmospheric pressure, '
compute the force F on the gate and its center-of-pressure position X.

i
e e e T
5G= 0.8 55.“ SU\_\

AT L NS SR
T 052 _ 0,259 wt
2

e Caino — 6,03 m g__:\:\/gmuk_o = 93.38m

>
[
>
ZIN
|

B4 v I
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3/1-23 Gate AB in Frg is 6 ft wide into the paper, hinged at A, and restrained by a stop at .
B. The water is at 25° C. Compute

{(a) The force on stop B
(b) The reactions at A if the water depth h = 13.5 ft.
Paarn A= Cx63 o 3%.BRT
= ; o 3 z
Ware I:_é__géé)ﬂ \250?_1}*
_ . \2
3.5 = b Fatin N N = 13.5- @ 2 =10.35 {r

[ A\?\ = 7.4 x3F-Ex 1035
— amug e L

AL —pap b
A

EHeE hhr«fje:_%cr@
4 st e E(éngA) QE) ety ,ﬁ_lg %,_ 1344 EY% @3

éF}(—'—‘—O _—EJEA,_\_Q%Z F——

3/1-24 Gate AB in Fig. is a homogeneous mass of 280 kg, 1.6 m wide into the paper,
hinged at A, and resting on a smooth bottom at B. All fiuids are at 26° C. For what water
depth h will the force at pomt B be zero?

: é‘j\’cm%@\&fs \)\%5 — XY = _Roxa.2l=21462 N
HOS) =\ 96—

—[Rp =10366. % "

—

Sy CA=o0.9 e=lwem

;4 s :

Blo=\.Gm ? T legie g 0% s
9%

‘,-:}_ Q| e T T

\‘Qam’\ \n 20— 0,4 55mla =2 ol m

\“/smgo = Tt

B - K f\\r\ =(\.26 x02\0) = LU 2 ol = 2. N

| 'Ag= :%3 _Z.O-C\Z_S_m g %@%5%) £, (ousta,)
For \Wshey o + W (o4s Cse0 ) =0

B A= \Woon ), NSRS 0658 | - )

2 Hen {Y\%Q:
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3M1-25 Gate ABin Fig. is 15 ft long and 9 ft wide into the paper and is hinged at B with a
stop at A. The water is at 12° C. The gate is 0.9-in-thick steel, SG

=7.85. Compute the
water level h for which the gate will start to fall.
|e=3" T.e 1 =\9000 b
e - Ferdei W= V' ?SS,t :(le*‘a*{'%ﬂ.)ﬂ%*&.w
=SR2 oo 1
AL T2 _oast
o i
hah  S_5 - _\n S
a = : oM G
W r AT 2 SDme 25™E0 O
WE VAR = €24 QL x Yy, = 300y 0
, B .
B=e L. L, =Olerl = 019zl
| S, LR T T A = —2-% - A)ﬁ\f\:%-ﬁm
. o
4 3!10-26 The tank in Fig. has a 6-cm-diameter plug at the bottom on the right. All fluids are at
20

C. The plug will pop out if the hydrostatic force on it is 45 N. For this condition, what
will be the reading h on the mercury manometer on the left side?

Aot Ber Movoneter odin (W)

et | :
==k g
Ll_

Timpssm et
4

Wl
SMDSQ

) Y 70 e Dyt

B T SAR - 320« (zan
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- e et
B =&, r(to0r) —=n=0.122m
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V4I_1 -27 Gate ABC in Fig. has a fixed hinge line at B and is 4 m wide into the paper. The

S

gate will open at A to release water if the water depth is high enough. Compute the

depth h for which the gate will begin to open.

S Lnoa®

A =020r% = | %%t

3
T=©020*_ 5.016m

e
s fleenia e d VWS =Y
1 L S E)

A== T= = — Oas Bzl Y2 e

e o 3/

h = 2 Bl ngo 2 = (‘:BQ (:3_ LA g)
F=%Ah=208Y \,x,w;ﬁbm.\%zzm%""(z -=

A = s B [ ?_i}%?—uvm

3/1-28 Gate AB in Fig. is semicircular, hinged at B, and held by a horizontal for

A. What force P is required for equilibium T = 12° C‘?

s

A—‘i—j—}: = Gl
A

©

L=c LL\‘S) o

ESAL

W=3=\2— Lf’@—.S): \O\ogn{

7 F=XAW — 2|42630 N

e e N

2* b S F LZ&S) *—Aj =i
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3/1-29 lIsosceles triangle gate AB in Fig. is hinged at A and weighs 2350 N. What
horizontal force P is required at point B for equilibrium?

SimsSo _
W= o23= AZ\0 )= LACx 5.4 = 11384 N

A—~-&§——og%%m ]1)-_352,2%/\”

2350

35\}\50

3/1-30 The cylindrical tank in Fig. has a 45—cm-high cylindrical insert in the bottom. The
pressure at point B is 265 k Pa. Find:
(a) The pressure in the air space?

(b) The force F on top of the insert? (Neglect air pressure outside the tank)
AL e 7 Y

iy . G\\\IO{\
T . =75
has N Ry o =5 Y

T : Z -
30; A = LC__’)_!:‘L—-A'CC_—_—; 1~2>5Xk0 3 \’Y\l

Vo= P —

Vae= o 5, 035)= 257043 B

i — (‘EM ~ A = 26225 N

; fj an — gf—\c\?\ = AB\O * @89\0’3)* 0.3 = TSN

e Fw:kr = z_oltb‘g’w
\r\@(_ er - 2¢.26m

—— T
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311-31 In Fig. gate AB is 6 m wide into the paper and is connected by a rod and pulley

to a concrete sphere (SG = 2.3). What diameter of the sphere is just sufficient to keep
the gate closed?

m.qpi

L4.5m

NE

—

F=SAW = 132435 N

=
- AY

. - i S
iH@B:Q G i W 13.5 :‘:—K(LS—'A)

;@Tz 133 3%0o m

B WaTLY v 3B g s R

Gt 3«92\

3/-32 Gate B in Fig. is 60 cm high, 90 cm wide into the paper, and hinged at the top.
What water depth h will first cause the gate to open?

L O -
T

' 5
A= @_Q__)_i(_)_gz O‘O[GZW\L"
X2

i =
=HTAN gfz Rer

= 35u1s & @5

= C#aiy3 Rty

fua Sl Slofis tooPen
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31133 In Fig. The cover gate AB closes a circular opening 60 cm in diameter. The gate C |
is held closed by a 300-kg mass as shown. Assume standard gravity at 27° C. At what |
water level h will the gate be dislodged? Neglect the weight of the gate. '

A

i

-_—
p——

Lo %
[i (O'é_) = (5. 26 il
L{-—

_Lﬁﬁggh:ng

> = 3o *3&‘J4TE;Q

ShPEE = DHANO

1/41 -34 Pressure in the air gap in Fig. is 11 k Pa gage. The tank is cylindrical. Calculate

the net hydrostatic force:
(a) On the bottom of the tank »\@r

x _?9;“_ S
(b) On the cylindrical sidewall CC - \6-\;0 ==\ .

(c) On the annular plane panel BB. I_S

he| = £ o
ki t A ?C‘_(j_f_t_f_); O. | SHm”

- % ; 36{;m_ Ly \'\ -

U e S h=he to.88 =\ ™

e T o

= SEEe 2RO AN
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(O plare BD
A= %f?@.cpsfo\zsl):—a [1m*
E:\M,(Jro‘ze ~ e
i

(b) Q;(\ sxd v

B, )\ — 0.t5%0.12 = 0.054% ™"
W= \'\eT +0.3¢+0.06 =\ 5S4 wm

| :F = 215.8 N
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