2.4%9

2.9 A rectangular gate having a width of 5
ft is located in the sloping side of a tank as shown
in Fig. P2.49. The gate is hinged along its top
edge and is held in position by the force P. Fric-
tion at the hinge and the weight of the gate can
be neglected. Determine the required value of P.

FR= E‘Ecﬂ twhere 12.:-‘&3 ) sin &b'

Thus,
Fe= (2.4 é*:g.)/ﬂ F2)3in bo* (& /2 « 5F2)
= 4 f’, oo 1é
Alse, o 4 G ee) lere)’

= 25 e Yy = + 13 = 13,23FF
g rl
¢ 4.4 < (i3 ££)(6 2 5FE)

ZM, =0

Thus, Eeﬁfﬁt’,z -10) £¢] = P (&£2)

Se fhat p= (200 #)(13.23F-10F8) 11 ypp fi
6 F£ —
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251 A large, open tank contains water and is connected to
a 6-ft diameter conduit as shown in Fig. P2.5}. A circular plug
is used 1o seal the conduit. Determine the magnitude, direction,
and location of the force of the water on the plug.

m FIGURE P2.5)
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4 2.54  An area in the form of an isosceles tri-
angle with a base width of 6 ft and an altitude of
8 fi lies in the plane forming one wall of a tank
which contains a liquid having a specific weight !
of 79.8 Ib/ft*. The side slopes upward making an |
angle of 60° with the horizontal. The base of the |
triangle is hovizontal and the vertex is above the |
base. Determine the resultant force the fluid ex-
erts on the area when the fluid depth is 20 ft above
the base of the triangular area. Show, with the
aid of a sketch. where the center of pressure is
located.

do
b ma'> # é) # o
= 1:10, w3 -pf
- ' o Center of
-Ef- - Dl(‘: sin bo o ,:J":S,SHP’{

E'Q = A’.ﬂt A = (7‘?'.8 ﬁg{iﬂ.ﬁ J:’I’:).Sm EBE) (—;-_)(E&x&;ﬁ)

= 33 900 /b
. Lie 3
g.‘ﬂ ) #“‘: *+ gd . Where l;c e jig (QHJ(‘?&)
Th“-”; ! 3
y S eredle o) t do w3 £ = Jdeot 1

(A0.43FE)(4)(¢ F48FE)

The ’4"""”5‘; 5:} acts ?ﬁm#fﬁ; ?ﬁe center 3;( Pressure u,‘;;'{:.&

is located a  distance of A2 - b T QT f+
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2.£8 A gate having the cross section shown
in Fig, P68 closes an opening 5 ft wide and 4 ft
hih in a water reservoir, The gate weighs 500 Ib
and its center of gravity is 1 It to the left of AC
and 2 ft above BC. Determine the horizontal re-
action that is developed on the gate at C.

L—E ft—~

FIGURE F2.52

I"':= 3’*‘:; A‘ where 'gu = dH+ 18t
Thus,
F=lbzy 2, )ioft)(s 4t « 542
= I5,p00 /b
o lecate Fr,
5(’ s ﬁ + f;[_“

where 4, = r 255 TI2,5

wie r‘ﬁ
»

So Thet 5
75 (54t)lstt) + I2.5 FE T 1207 F+
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.4-!"50_,
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ZMQ =2 ’
and E (g - S ) s wis) - E(5)34) - R (452
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¢ o = b330l
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262 A 4-ft by 3-fi massless rectangular gate is used (o close
the end of the water tank shown in Fig. P2.62. A 200 Ib weight
attached to the arm of the gate at a distance £ from the fricuon-
less hinge is just sutficient to keep the gate closed when the
water depth is 2 fi, that is, when the water fills the semicircular
lower portion of the tank. If the water were deeper the gate
would open. Determine the distance £,

E-—-E—-I . Hinge /Hinge
T 11
200 Ih ; T
e !

(B —

B FIGURE P2.62
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2.67

2,67  The closed vessel of Fig. P2. L7 contains
water with an air pressure of 10 psi at the water
surface. One side of the vessel contains a spout
that is closed by a 6-in.-diameter circular gate that
is hinged along one side as illustrated. The hor-
izontal axis of the hinge is located 10 ft below the

A

(G-in. diamaber

?’I/f/fflf!fll}llf&%’}:ﬁ’f

water surface. Determine the minimum torque -
that must be applied at the hinge to hold the gate af~,
shut. Neglect the weight of the gate and friction 4
at the hinge.
FIGURE P2.67
o el e
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&
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268  Dams can vary from very large structures with curved | _1 -
faces holding back water to great depths, as shown in Video
V2.3, to relatively small structures with plane faces as shown ] i
in Fig. P2.68. Assume that the concrete dam shown in Fig. P2.68
weighs 23.6 kN/m® and rests on a solid foundation. Determine Water
the minimum coefficient of friction between the dam and the am
foundation required to keep the dam from sliding at the water
depth shown. You do not need to consider possible uplift along
the base. Base your analysis on a unit length of the dam.

T T T R AT,

I B m— 1

FIGURE P23
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Z.52

. A homogeneous, 4-f-wide, 8-fi-long rectangular gate
weighing 800 Ib is held in place by 2 horizontal flexible cable
as shown in Fig, P2.52. Water acts against the gate which is
hinged at point A. Friction in the hinge is negligible. Determine

the tension in the cable.
Wiater

k= Eh A where fl" f‘%f‘“) sii 0"

Thus,
E, = (4242, )(/‘_-f)ﬁ:ééo‘)ﬂffx 4f)

= 7890 1
7o locete Fr,

‘[f-‘f: Lre + 5{‘ mfren gc‘:j,q.

4 A
Jo That 3
4 - A GrXiA)
R

(2 F£ ) (LR <)
For ffﬂ}fr'én'm)
ZMH =0

and
T '/5"@%’;75&9 = ) (45£)(tosbs®) + A (2 4)
T (300 1) (4 £t ) (tos 60°) + G 390 /&) (2 £2)

+ 3fL = 46

h (& A ) Csin b0°)
= /350 b
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2.57

2.57 A 3-m-wide, 8§-m-high rectangular gate is located at the TRpAR T T e N
end of a rectangular passage that is connected to a large open
tank filled with water as shown in Fig. P2.57. The gate is
hinged at its bottom and held closed by & horizontal force, Fy, k
located at the center of the gate, The maximum value for

Fp i 3500 kN, (a) Determine the maximum water depth, h,
above the center of the gate that can exist without the gate

28 i_:* Fu

opening. (b) Is the answer the same if the gate is hinged at the
top? Explain your answer.

BFIGURE P2.57
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2.57 (fmﬁ')

F:i-'r' 545& .éu,;;éed at -f*cs‘p

2 My =o -
56 That TL—" ",
(ffm}j:# B /Q.: FE (ffc ﬁjﬁrﬂ) 1) L, -
Lo here F;_L,."'_' H
Q= Yy lhmn) = (232 44) = (A-4)

- é:_'sj + 4 ;EF." SF_"' (‘l"r\‘)

Thus_, From Eg. (1)

(4m) (3500 44) = (f;_f_sﬂ)(?.é’ax.w)ﬂ) %N

and
4= 13.5m

Maximam depth for gGate hingea at _“‘L"P +3
less Than maeximam depTh £ gate hinged at
bo Hrem.
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The massless, 4-ft-wide gate shown in Fig. P2Z.59 piv-

ots about the frictionless hinge 0. It is held in place by the 2000 Water
Ib counterweight, W, Determine the water depth, k. Gate ——
Fivat O
Width = 4 ft

Fé? B’jl.;/‘{ theve hc-*-?_-
Thus
- LAy
fgh &;0 z ¢ )
= Eﬂa-hz(}ﬁﬂ
7o locate Fr / 03 E‘D.J
I;Cc- ’ - -E_.._.&_)-}] +ﬁ
Tez 77 4T Ele) *

For eg:i;}.'ém.ém)
=M, =0
,-z:; d: = ?ﬂ).’/gﬁ') A’-dﬁ-er‘e "{:'{_jg: :ér_

e +hat
ﬁ - [Zapnf.&_)[/jdﬁf)
RIS
Thus,
{'_ (3Mzows /b )(3F¢)
(b4l Y ) 44)
{ = 5 24t
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W= q- 100(9.%") -
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rh'i

F;\(,a.,_ \6\"1-”'4 :(o-fsf.e_i" (aj‘-{(a): \03.87 KN

<inté re,;i.-o.»-)lt. 5%,
\j&= 2 LT .q.rbm. '#bi)

Frus ¥ hoh = 98(R) @S- 9607
kﬁﬂ: ‘%r~ ‘%m.-: ]h:P ﬁ\u}*’d“-’l
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10967 (4-2.61) = T8R°(50)
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264 A thin 4-fi-wide, right-angle gate with negligible mass
is free to pivot about a frictionless hinge at point @, as shown
in Fip. P2.64. The horizontal portion of the gate covers a 1-01-
diameter drain pipe which contains air at atmospheric pressure.
Determine the minimum water depth, A, at which the gate will
pivot to allow water to flow into the pipe.

Fpr Egu;fi.bru}m
Z M, =e
F,; ;(_JEI = Fe;x..ﬂz l'.'-f)

f=vh A

= ({,z_g%,)(zh) (44t 2 h)
= J25 h*

Width = & 1L

Right-anghe gate

[ Fr,
g

Kl
/"‘1 ; lFR,_
A e

o
Oy
o

By The Bre on the .lwn'a.mf:u‘ portien of ’ﬁw‘gml.—e
(which 15 balanced by pressure on botn sides except

Lor The area of the pipe)

s Yh(E)#)? = Gaw 2)W(E)R

=49 p h
Thus

, from Eq. (1) witm L = :.,.h and L, = 3 F¢

Cas42)(L) = (49.64)(342)

h= 1588 #

T T p]pg
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2.6

2,65 An open rectangular tank is 2 m wide
and 4 m long. The tank contains water to a depth
of 2 m and oil (SG = 0.8) on top of the water
to a depth of 1 m. Determine the magnitude and
location of the resultant fiuid force acting on onc

end of the tank. Q
oil [ = I_ ;
Use The concept of The pressuve 1= dom
FI"'!ISM {Srf #{:nﬂj . T
Fan
c iwate |
F:‘E-‘ b d:l':J Jci A rer ‘{_‘ o
So That Frs o :']J
rd "
A, :{0.3}/?.?!%“;)('?)("#‘24"] n:ni/-'.--.— e
= ?.35 é}v Lﬂt w‘_‘”’m =2|4H

E,?J_=-,b=A,_ where 72 is pressure ot depth -k, Thus,
- &
Ry &) (hew) =(0.8)( 81 2 Wi ) 2mezm) = 214 by
Alse,
&3:‘ d:;,.p "gga A‘a Ja That
3= Yy f’"‘%]('ﬁ;xu) = (?-Sa%":yagz—')(ﬂmxﬂm) = 37.% kw

Thus,

™ byt Fey vy = 785N + 314 AN + 39.0 4N = T8.54N

To locate KA sum memeals aveund aiis fhmly.': 9, 50 That

-

e G T et Bady TR s (1)
where dy 45 distance s Fo. Simee Ri) Py yand Koy act Threugh
The Centrejds of Their rf-}ﬂ"tiri’c Pressuve prisms it Follows Thal
C-ﬁ=-§(.'.-1} J d, = J‘H"-"-ﬁf‘ﬂ-m} d";"f.ﬂféfh)
and from E}_‘“J‘
. (78540 ) 3)1m) + (30 4ky)(2m) + (a2 hn)(im+ 42)

T& G Aes

= 2.p3m (below oil free 33,.,‘;“)
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