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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-1. Show that Pascal’s law applies within a fluid that is
accelerating, provided there are no shearing stresses acting
within the fluid.

SOLUTION

Consider the free-body diagram of a triangular element of fluid as shown in Fig. 2-2b.
If this element has acceleration components of a, a,, a., then since dm = pdV, the
equations of motion in the y and z directions give

1
SF, = dmay;  p,(Ax)(Assin8) — [p(AxAs)]sing = p(EAx(As cos 6)(As sin 9))ay

XF, = dma p.(Ax)(As cos ) — [p(AxAs)] cosf — vy |:%AX(AS cos 0)(As sin 9):| =p (%Ax(As cos 0)(As sin 9)) a,

Dividing by AxAs and letting As — 0, so the element reduces in size, we obtain

Py =P
Po=P

By a similar argument, the element can be rotated 90° about the z axis and
3 F, = dmay, can be applied to show p, = p.Since the angle 6 of the inclined face is
arbitrary, this indeed shows that the pressure at a point is the same in all directions
for any fluid that has no shearing stress acting within it.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-2. The oil derrick has drilled 5 km into the ground
before it strikes a crude oil reservoir. When this happens,
the pressure at the well head A becomes 25 MPa. Drilling
“mud” is to be placed into the entire length of pipe to
displace the oil and balance this pressure. What should be
the density of the mud so that the pressure at A becomes
zero?

SOLUTION

Consider the case when the crude oil is pushing out at A where p, = 25(10°) Pa, Fig. a.
Here, p, = 880 kg/m’® (Appendix A), hence p, = p,gh = (880 kg/m*)(9.81 m/s?)(5000 m)
= 43.164(10°) Pa

Py = pa + p, = 25(10°) Pa + 43.164(10°) Pa = 68.164(10°) Pa
It is required that p, = 0, Fig. b. Thus,
Pb = Pm = Pngh

68.164(106)% = p,,(9.81 m/s?)(5000 m)
m

pm = 1390 kg/m® Ans.
p,=25(10°) Pa p,=0
5000 m 5000 m
- e
v LY

’ P, = 45.664(10°) Pa

() (b)

Ans:
pm = 1390 kg/m®
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-3. In 1896, S. Riva-Rocci developed the prototype of the
current sphygmomanometer, a device used to measure
blood pressure. When it was worn as a cuff around the upper
arm and inflated, the air pressure within the cuff was
connected to a mercury manometer. If the reading for the
high (or systolic) pressure is 120 mm and for the low (or
diastolic) pressure is 80 mm, determine these pressures in
psi and pascals.

SOLUTION

Mercury is considered to be incompressible. From Appendix A, the density of

mercury is py, = 13 550 kg/ m’. Thus, the systolic pressure is
P, = pueghs = (13550 kg/m*)(9.81 m/s?)(0.12 m) = 15.95 kPa
= 16.0(10°) Pa

N 11b 03048 m 2/ 1ft \?
3 = 1
{15'95(10 ) m2K4.4482 N)( 1t ) (12 in.) 231 psi

The diastolic pressure is

Py

Pa = puggha = (13550 kg/m*)(9.81 m/s?)(0.08 m) =10.63(10°) Pa
= 10.6 kPa

Ans.

Ans.

Ans.

m? ]\ 4.4482 N

N 11b 03048 m\?/ 1ft \?
= 3 — = 1
Pa [10.63(10 ) K )( it ) < b in.) 1.54 psi~ Ans.

Ans:
ps = 16.0 kPa = 2.31 psi
pa = 10.6 kPa = 1.54 psi
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2—4. Oxygen in a tank has an absolute pressure of 130 kPa.
Determine the pressure head in mm of mercury. The
atmospheric pressure is 102 kPa.

SOLUTION

The gauge pressure of the oxygen in the tank can be determined from

Pabs = Patm + Pg
130 kPa = 102 kPa + p,

pe = 28kPa

From the table in Appendix A, py, = 13550 kg/m®

p = ‘ythHg
28(10%) N/m* = [(13550 kg/m’)(9.81 m/s?) | Ay,
hye = 02106 m =211 mm

Ans.

Ans:
hy, = 211 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-5. If the piezometer measures a gage pressure of 10 psi
at point A, determine the height 4 of the water in the
tube. Compare this height with that using mercury. Take
py = 1.94 slug/ft’ and py, = 26.3 slug/ft>.

SOLUTION

Here, the absolute pressure to be measured is

b \/12in.\? 1b
P = Pg + Datm = (10 2)( ) + Datm = (1440 + patm) ﬁiz

m 1ft Patm
hy,
For the water piezometer, Fig. a, T
Pw pHg hHg
I 1 |
P = Pam + Pwi (1440 + pon) o = Pam * (1.94 slug /1t%)(32.2 ft/s*)(h + 0.5 ft)
P P
h,, = 22.55ft = 22.6ft Ans. (a) (b)
For the mercury piezometer, Fig. b,
b
P = Pam + Pug (1440 + pym) 5 = Pam * (26.3 slug/{t°)(32:2 ft/s*)(h + 0.5 ft)
hye = 1.20 ft Ans.
Ans:
h, = 22.6ft
hy, = 120 ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-6. 1If the absolute pressure in a tank is 140 kPa, determine
the pressure head in mm of mercury. The atmospheric pressure
is 100 kPa.

SOLUTION
Pabs = Patm + Py
140 kPa = 100 kPa + p,
pe = 40kPa
From Appendix A, py, = 13 550 kg/m’.
P = VthHg
40(10%) N/m?

hyg = 0.3009 m = 301 mm

(13 550 kg/m®) (9.81 m/s?) gy,

Ans.

Ans:
hye = 301 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-7. The field storage tank is filled with oil. The standpipe is
connected to the tank at C, and the system is open to the [ 4 ft
atmosphere at B and E. Determine the maximum pressure in the A

tank in psi if the oil reaches a level of F in the pipe. Also, at what
level should the oil be in the tank, so that the maximum pressure
occurs in the tank? What is this value? Take p, = 1.78 slug/ft>.

10 ft

SOLUTION

Since the top of the tank is open to the atmosphere, the free surface of the oil in the
tank will be the same height as that of point F. Thus, the maximum pressure which
occurs at the base of the tank (level A) is

(pA)g = 'yh
= (1.78 slug/ft?)(32.2 ft/s?) (4ft)
b [ 16t \? .
= 229.26 ] (H) = 1.59 psi Ans.

Absolute maximum pressure occurs at the base of the tank (level A) when the oil
reaches level B.

(pA) abs — 7h
(1.78 slug/t3)(32.2 ft/s?) (10 ft)

1ft
12 in.

2
= 573.16 lb/ftz( ) = 3.98 psi - Ans.

Ans:

(pa)g = 1.59 psi
Absolute maximum pressure occurs at base A when the oil
reaches level B.

(Padaps = 3.8 psi
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-8. The field storage tank is filled with oil. The standpipe is
connected to the tank at C and open to the atmosphere at E. [ 4 ft
Determine the maximum pressure that can be developed in the A

tank if the oil has a density of 1.78 slug/ft>. Where does this
maximum pressure occur? Assume that there is no air trapped in
the tank and that the top of the tank at B is closed.

10 ft

SOLUTION

Level D is the highest the oil is allowed to rise in the tube, and the maximum
gauge pressure occurs at the base of the tank (level A).

(pmax)g = 7h
= (1.78 slug/ft*)(32.2 ft/s?) (8 ft + 4 ft)
b/ 1ft \? .
= (687.79 ftiz) (12 in.) = 4.78 psi Ans.

Ans:
(pmax)g = 4.78 psi

76

M02_HIBB9290_01_SE_C02_ANS.indd 76 @

24/02/17 4:30 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-9. The closed tank was completely filled with carbon
tetrachloride when the valve at B was opened, slowly letting
the carbon tetrachloride level drop as shown. If the valve
is then closed and the space within A is a vacuum, determine
the pressure in the liquid near valve B when h = 25 ft.
The atmospheric pressure is 14.7 psi.

SOLUTION

From the Appendix, p, = 3.09 slug/ft’. Since the empty space A is a vacuum,
pa = 0.Thus, the absolute pressure at B when & = 25 ft is

(pB)abs = Pa + 'yh
=0 + (3.09 slug/ft?)(32.2 ft/s?) (25 ft)

b 16t 2 .

The gauge pressure is given by
(PB)abs = Pam T (PB)g
17274 psi = 14.7psi+ (pgp),
(pB)g = 2.57 psi Ans.

Note: When the vacuum is produced, it actually becomes an example of a Rayleigh—
Taylor instability. The lower density fluid (air) will migrate up into the valve B-and
then rise into the space A, increasing the pressure, and pushing some water out the
valve. This back-and-forth effect will in time drain the tank.

Ans:
(pp)g = 2.57 psi
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-10. The soaking bin contains ethyl alcohol used for
cleaning automobile parts. If 4 = 7ft, determine the
pressure developed at point A and at the air surface B
within the enclosure. Take vy,, = 49.3 1b/ft>.

SOLUTION

The gauge pressures at points A and B are

I
PA = Yeaha = <49.3 %) (7 ft — 2 ft)

b/ 1ft \? .
= (246.5 sz) (12 in.) = 1.71 psi Ans.

P = Yeahs = (493 1b/13)(7 ft — 6 ft)

b/ 11t \? .
= (49.3 ft72> (H) = 0.342 psi Ans.

Ans:
pa = 171 psi, pp = 0.342 psi
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-11. The soaking bin contains ethyl alcohol used for
cleaning automobile parts. If the gage pressure in the
enclosure is pg = 0.5 psi, determine the pressure developed
at point A and the height £ of the ethyl alcohol level in the
bin. Take 7y,, = 49.3 Ib/ft>.

SOLUTION

The gauge pressure at point A is

(pA)g = PB + Yea hBA

. b 1t \?
. + 1493 - —
0.5 psi (49 3 ft3)(6 ft — 2 ft) (12 in.)

The gauge pressure for the atmospheric pressure’is (pam)g = 0. Thus,

(PB)g = (patm)g * Yea hB

b /12 in.\? b
0.5 — =0+ (493 —)(h—6
( in2>(1ft) (9 ft3>( )

1.869 psi = 1.87 psi Ans.

h = 7.46 ft Ans.
Ans:
(pa)g = 1.87 psi
h = 746 ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-12. The structure shown is used for the temporary
storage of crude oil at sea for later loading into ships. When
it is not filled with oil, the water level in the stem is at
B (sea level). Why? As the oil is loaded into the stem,
the water is displaced through exit ports at E. If the stem
is filled with oil, that is, to the depth of C, determine
the height & of the oil level above sea level. Take
po =900 kg/m? p,, = 1020 kg/m’.

SOLUTION

The water level remains at B when empty because the gage pressure at B must be
zero. It is required that the pressure at C caused by the water and oil be the same.
Then

(P = (Pc)o
pu8hw = Poghe
(1020 kg/m?®)(g)(40 m) = (900 kg/m*)g(40 m + h)
h =533m Ans.

Ans:
h =533m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-13. If the water in the structure in Prob. 2-12 is displaced
with crude oil to the level D at the bottom of the cone, then
how high s will the oil extend above sea level? Take
po = 900 kg/m’, p,, = 1020 kg/m’.

SOLUTION
It is required that the pressure at D caused by the water and oil be the same.
(Pp)w = (Pp)o
Pughw = pogho
(1020 kg/m*)(g)(45 m) = (900 kg/m?)(g)(45m + h)
h = 6.00m Ans.

Ans:
h = 6.00m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-14. The tank is filled with water and gasoline at a
temperature of 20°C to the depths shown. If the absolute air
pressure at the top of the tank is 200 kPa, determine the
gage pressure at the bottom of the tank. Would the results
be different if the tank had a flat bottom rather than a
curved one? The atmospheric pressure is 101 kPa.

SOLUTION

The absolute pressure at the bottom of tank is

(pb)abs = Pair T Pg + Pw

Here, p, and p,, can be determined with p, = 726 kg/m’ and p,, = 998.3 kg/m” at
T = 20°C (table in Appendix A). Then

(Pb)abs = 200(10°) N/m? + (726 kg/m’)(9.81' m/s*)(0.8 m) + (998.3 kg/m’)(9.81 m/s*)(0.2 m)
= 207.66(10°) kPa
Thus, the gauge pressure at the bottom of the tank can be determined using
(Pp)avs = (Pb)g + Patm
207.66(10°) kPa = (p;), + 101 kPa
(Pb)gage = 106.66 kPa = 107kPa Ans.

No, the pressure at the bottom of the tank does not depend on its shape.

Ans:

(Pb)gage = 107 kPa

The pressure at the bottom of the tank
does not depend on its shape.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-15. Atthe bottom of a bottle a bubble within carbonated
water has a diameter of 0.2 mm. Determine the bubble’s
diameter when it reaches the surface. The temperature of
the water and bubbles is 10°C, and the atmospheric pressure
is 101 kPa. Assume that the density of the water is the same
as that of pure water.

300 mm

SOLUTION
Applying the ideal gas law, p = pRT, of which T is constant in this case. Thus,

P = constant
P

Since p = Vv where m, the mass of the CO, in the bubble, is also constant, then

—— = ‘constant
m/V

p¥ = constant @

At T = 10°C, p,, = 999.7 kg/m’. The pressure due to the static water can be
determined using p = yh. Then the absolute pressure at the bottom of the bottle
can be determined from

Pbr = Patm + 'Ywhw
= 101(10*) N/m? + (999.7 kg/m>)(9.81 m/s?)(0.3 m)
= 103.94(10°) Pa = 103.94 kPa

At the surface of the bottle, the absolute pressure is
Ps = Pam = 101 kPa
Using Eq. (1), we can write

pbvh = psVs

(103.94 kPa)Ew(O.l mm)ﬂ = (101 kPa)B”(?ﬂ

d, = 0.201923 mm
= 0.202 mm Ans.

Ans:
d, = 0.202 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-16. The density p of a fluid varies with depth A,
although its bulk modulus Ej can be assumed constant.
Determine how the pressure varies with 4. The density of
the fluid at the surface is py.

SOLUTION

The fluid is considered compressible.
dp

Ey=——+
Y avv

m
However, ¥V = —. Then,

av _ —(m/p)dp — dp

v m/p p
Therefore,

dp
E. =
Y dp/p
At the surface, where p = 0, p = py, Fig. a, then

Pd )4
Ev/ °_ / dp
Po p 0
EylIn <£> =p
Po

or
P = Poer/E”
Also,
P =DPo t+ pgz
dp = pgdz
d
7[7 = gdz

Since the pressure p = O atz = 0 and p at z = h, Fig. a.

P dp h
(1 [
0 Poec 0

E
l(l _ e*ﬂ/Ev) = gh
Po
1_e—P/EV:M
Ey
Pogh
= — Eyln{1 — —
i "‘“( Ev)

i

z=h
4
Y
p
(a)
Ans:
p = —Eyln (1 -

pogh
.
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SOLUTION

Therefore,

Also,

Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-17. Due to its slight compressibility, the density of water
varies with depth, although its bulk modulus Ey, = 2.20 GPa
(absolute) can be considered constant. Accounting for this
compressibility, determine the pressure in the water at a
depth of 300 m, if the density at the surface of the water is
po = 1000 kg/m>. Compare this result with water that is
assumed to be incompressible.

The water is considered compressible. Using the definition of bulk modulus,

dp
Ey=———
Vv

However, ¥V = % Then

av _ —(m/p)dp'_ dp
14 mjp P

dp.

E. =
V' dp/p

At the surface, p = 0 and p = 1000 kg/m’. Also, Ey = 2.20 GPa. Then

[2.20(10°) N/mz]/p P~ /0de

1000 kg/m* P

p = 220(10 )1n(1000)

p = 1000 ez.zofm")

Substitute Eq. (1) into (2).

dp = pgdz
d
P _ 9814z
p
d,
— P _ 9814z
1000e2200")

Since the pressure p = 0 atz = O and p at z = 300 m,

p d 300m
[t
0 1000e 22010°) 0

P 300 m
—2.2(106)672.20?109) = 9811

0

0

1)

2
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2-17. Continued

—22(10°) [e 5t — 1] = 2943

P

e 000 = 0.9987

In e (@ = In 0.9987
14 -3
- = —1.3386(10
2.20(10%) (107%)
Compressible:
p = 2.945(10°) Pa = 2.945 MPa Ans.

If the water is considered incompressible,

P = pogh = (1000 kg/m?)(9.81m/s?)(300 m)

MO02_HIBB9290_01_SE_C02_ANS.indd 86

= 2.943(10°) Pa = 2.943 MPa Ans.
Ans:
Compressible: p = 2.945 MPa
Incompressible: p = 2.943 MPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-18. As the weather balloon ascends, measurements
indicate that the temperature begins to decrease linearly
from Ty at z = O to Ty at z = h. If the absolute pressure of
the air at z = 0 is py, determine the pressure as a function
of z.

SOLUTION

We will first determine the absolute temperature as a function of z:

Ty — T, Toh — (Ty — Ty)z
T:{To—(oh f)z}= 0 (ho ¥)

il

Using this result to apply the ideal gas law,

P P
= oRT: -2 _
p=pRE P RT Toh — (To — T))z
X
h
ph

" R[Toh —(Ty— Tp)z]

However,

dp = —ydz = —pgdz

Substitute the result of p into this equation:

phgdz
dp =
R[Toh_ (To_ Tf)]z
L —
P R Toh — (TO - Tf)Z
When z = 0, p = py. Then
/”dp_ gh [* dz
P RJy Toh— (T, - T)):z
np| gh{ L wminn - (1 T)]}Z
npl =-— " 5 _ ,~n|loh— (Lo~ 1)z
Po R TO_ Tf 0
p gh Toh — (Ty — Tf)z
In— = In
po  R(Ty, — Ty) Tyh
p Toh = (Ty — Ty)2 Jac =7
In—= In
Po Toh
p {Toh — (T - Tf)z}mf”m
Do Toh
- (e
=p|1—(—— Ans.
P = Po Toh b4 ns

Ans:

ol (T
P = Po Toh 4

87
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-19. As the balloon ascends, measurements indicate that the
temperature begins to decrease at a constant rate, from 7 = 60°F
atz = 0to T = 50°F at z = 2500 ft. If the absolute pressure of
the air at z = 0 is p = 14.7 psi, plot the variation of pressure
(vertical axis) versus altitude for 0 = z = 2500 ft. Give values
for increments of Az = 500 ft.

SOLUTION

We will first determine the absolute temperature as a function of z.

520 — 510\ .., )
T= |:520 - (W)Z} K = (520 0.0042) K

Using this result to apply the ideal gas law with R = 1716 ft - 1b/slug - °K, T
z
PRSP RT T 1716(520 — 0.004z)  892.32(10°) — 6.8642
However,
dp = —ydz = —pgdz
Substitute the result of p into this equation: p(psi)
dp = p(332-2) 5 15.00
892.32(10%) — 6.864z
1450
dp 32.2dz
P 892.32(10°) — 6.864z 1400k
b\/12i
Whenz = 0,p = ( —2)( - ) = 2116.8 Ib/ft>. Then 1350}
/ i / 13.00
. 892.32( 103 — 6.8647 T
» . 0 : : : : — z(ft)
Inp = -3 2{——111 892.32(10%) — 6.864z]} 200 1000 1500720002300
2116.8 0 ()
| ( p ) 6oLl {892.32(103) - 6.8641
n = 4. n
2116.8 892.32(10°)

| < p > | {[892.32(103) —6.8641]4~69”}
n = 1m
2116.8 892.32(10°)

P {892.32(103) - 6.864z}4-6911
21168 892.32(10°)

b 1t \?
— _ —6 , 14.6911
{2116.8[1 7.6923(107%)z] ﬁz}(lzm_)

p = {14.7[1 = 7.6923(107°)z]**1} psi where z is in ft.
For 0 = z = 2500 ft,

2(ft) 0 500 1000 1500 2000 2500
p(psi) 1470 | 1444 | 1418 | 13.92 | 13.67 | 13.42

Ans:
p = {147[1 — 7.69(107°)z]*6*1 psi
where z is in ft.

The plot of p vs z is shown in Fig. a.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-20. Using the data in Appendix A, make a graph
showing how the atmospheric pressure p in psia (horizontal
axis) varies with elevation 4 in feet. Plot values of p every
2500 ft for 0 = h = 15000 ft.

SOLUTION
Elevation (ft) 0 2500 | 5000 | 7500 | 10000 | 12500 | 15000
p(psD 2116 | 1932 | 1761 | 1602 | 1456 | 1320 | 1195
p(psia) 1469 | 1342 | 1223 | 1125 | 10.11 | 9.17 | 830

()) -3
ft2 /\ 12 in. in’
The plot of elevation vs. psia is shown in Fig. a.
Elevation (ft)
15,000
12,500 -
10,000 |
7500 -

5000

2500

p(psia)

e R TR TR AR ERE VIR
(@)
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-21. A liquid has a density that varies with depth 4, such
that p = (0.0014 + 1.60) slug/ft>, where h is in feet.
Determine the pressure due to the liquid when 2z = 80 ft.

SOLUTION z
For the compressible liquid, | _
R
dp = —ydz = —pgdz h
TS
However, z = hy — h where hj is a constant, Fig. a. Then dz = —dh. Substituting AN [ hy
this result into the above equation, it becomes, !
dp = pgdh |
Integrating this equation using the gage pressure p = 0 at 4~ = 0 and p at &, then
(2)

P h
/dp = / (0.001h + 1.6)(32.2)dh
0 0

b/ 11t \2
= 016142 +51.52h) —
p [(006 515 h)ftz}(uin.)

= [0.1118(1073)h? + 0.3578h] psi where h is in feet.

When & = 80 ft,

p = [0.1118(1073)(80%) + 0.3578(80) ] psi
= 29.34 psi = 29.3 psi Ans.

Ans:
p = 29.3 psi

920
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-22. A liquid has a density that varies with depth A, such
that p = (0.001% + 1.60) slug/ft>, where 4 is in feet. Plot
the variation of the pressure due to the liquid (vertical axis)
versus depth for 0 = -2 = 100 ft. Give values for increments
of 20 ft.

SOLUTION
For the compressible liquid,
dp = —ydz = —pgdz

However, z = hy — h where hq is a constant, Fig. a. Then dz = —dh. Substituting
this result into the above equation, it becomes

dp = pgdh

Integrating this equation using the gauge pressure p = 0 at # = 0 and p at &, then

P h
/dp = / (0.0014 + 1.60)(32.2)dh
0 0

1 1t \?
p= [(0.0161h2 + 51.52h)ﬁ%K ¢ >

12 in.
= [0.1118(107%) k% + 0.3578h] psi where /1 is in feet. Ans.
For 0 = h = 100 ft,
h(ft) 0 20 40 60 80 100

plpsi) | 0 | 720 | 145 | 219 | 203 | 369

The plot of p vs & is shown in Fig. b.

p(psi)
Z
WWMT,
Y
P/\ hy
T
0 20 40 60 80 100 h(tt)
(a) (b)

Ans:
p = [0.112(1073)Ah% + 0.358 h] psi
where 4 is in feet.
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unless stated otherwise.

SOLUTION

using 7 = Tyatz = 0.

Applying the ideal gas law,
P = pRT;

dp =

Using p = pgatz = 0,

Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

2-23. In the troposphere, which extends from sea level to
11 km, it is found that the temperature decreases with
altitude such that d7T/dz = —C, where C is the constant
lapse rate. If the temperature and pressure at z = 0 are
Ty and p, determine the pressure as a function of altitude.

First, we must establish the relation between 7', and z

T z
/dT:—c/ dz
T, 0

T_T():_CZ

T:TO_CZ

14 p

"7 RTR(1, - C2)

dp = —ydz = —pgdz

gpdz

“R(T, - Cz)

dp _ 8 dz
P R TO_CZ

-8 (% dz

R ()TO_CZ

MO02_HIBB9290_01_SE_C02_ANS.indd 92

Inp| g{( 1)1(T C)r
np| =—">|——=|In(T, — Cz
Po R C 0
mz_ﬁﬂ(E;EQ
Po CR TO
p TO _ CZ g/CR
n—=In||—
Po Ty
P _ <To - Cz)g/CR
Do Ty
Ty — Cz\$/°R
P = Do (7% > Ans.
Ans:
(TO - Cz)g/RC
P = Po T,
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-24. Determine the temperature at an elevation of
z = 15km. Also, what is the pressure at this elevation?
Assume the stratosphere begins at z = 11 km (see Fig.2-11).

SOLUTION

Within the troposphere, 0 < z < 11.0(10°) m, the temperature T, as a function of z
is Tc = T, — Cz (the equation of the straight line shown in Fig. 2-11). From this
figure, we obtain 7 = 15°C at z = 0. Then

15°C = T, — C(0)
T, = 15°C
Also, Te = —56.5°C at z = 11.0(10°) m. Then
—56.5°C = 15°C — C[11.0(10°) m |
C = 6.50(1073)°C/m
Thus,
Te = [15 - 6.50(107%)z ]°C

The absolute temperature is therefore

T =15 - 6.50(103)z + 273 = [288 — 6.50(107%)z] K )
Substitute the ideal gas law p = pRT or p = % into dp = =vydz = —pgdz,
p
dp = ——gd
p R 5%
dp 8
—=-"d 2
» rT Y )

From the table in Appendix A, the gas constant for air is R = 286.9 J/kg - K. Also,
p = 101.3 kPa at z = 0. Then substitute Eq. (1) into (2).

/p dp < 9.81 m/s? >/Z dz
101.3(10°) Pa P 286.9J/kg K/ J 288 — 6.50(107)z

P

z

= 52605 In[288 — 6.50(107)z |
101.3(10°) Pa

{ p } 526051 {288 - 6.50(10‘3)1}
n|——— | = . n
101.3(10%) 288

288 — 6.50(10—3)zr-2605

Inp
0

_ 3
p = 101.3(10 ){ 288
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*2-24. Continued

Atz = 11.0(10°) m,
5.2605

88 — [6.50(1073) |[11.0(10°) ] = 22.58(10°) Pa

288

2
p = 101.3(10%)
At z = 15(10% m, it is into the stratosphere in the region 11(10°) m < z < 20.1(10%) m,
of which the temperature is constant, Fig. 2-11. Thus,
Tc = —56.5°C Ans.
Integrate Eq. (2) using this result and 7' = —56.5°C + 273 = 216.5 K.

/,, dp { 9.81 m/s } /z 4
bl z
22.58(10%) Pa P (286.9 J /kg~ K)(216.5 K) 11(10%) m

p

z
= —0.1579(107%)z
11(10°)'m

= 0.1579(107) [11(10°) = 7]

Inp

22.58(10°) Pa
TR
22.58(10°)

p = [22.58(10%)¢0157900 ) [11(10)-21] py
Atz = 15(10°) m,

p= {22.58(103)60.1579(10*3)[11(103)—15(103)]] Pa

= 12.00(10%) Pa = 12.0 kPa Ans.
Ans:
Te = —56.5°C
p = 12.0 kPa
94
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-25. A heavy cylindrical glass is inverted and then placed
down at the bottom of a 12-ft-deep swimming pool.
Determine the height A/ of water within the glass when it is
at the bottom. Assume the air in the glass remains at the
same temperature as the atmosphere. Hint: Account for the
change in volume of air in the glass due to the pressure
change. The atmospheric pressure is p,, = 14.7 psi.

12 ft

) )

SOLUTION o

When submerged, the density and hence the volume of the air change due to Ah
pressure changes. Applying the ideal gas law,

p = pRT 0.5 ft

However, p = g Then

m
= "Rt
LY

pV'=mRT

Since the mass and temperature of the air are constant, mRT is also constant. Thus,
piVi = p.Vs @

b \/12in.\? Ib
When py = pug = (14.7 >( = > = 2168 . ¥y = w(025 1)’ (1ft) =

in? 1ft

0.06257 ft>. When submerged, the water rises to the height of A4.Thus,

Ib Ib
P2 = Pum + yuh = 21168 5 + (62.4 ﬁ—3>(13 ft — Ah)

Ib
(2928 — 6248) 5

¥, = 7w (025 ft)2(1 ft — Ah) = [0.06257 (1 — Ah)] ft}
Substitute these values into Eq. (1).

Ib Ib
(2116.8 ﬂ2>(0.06257r ) = | (2928 — 6244h) 5 |[0.0625m (1 = Ah)]
2116.8 = (2928 — 62.4Ah) (1 — Ah)

62.4AK> — 2990.4Ah + 8112 =0

Choose Ah < 1 ft,
Ah = 0.2728 ft
= 3.27in. Ans.

Ans:
Ah = 327 in.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-26. The 150-mm-diameter container is filled to the top
with glycerin, and a 50-mm-diameter pipe is inserted within
it to a depth of 300 mm. If 0.00075 m® of kerosene is then
poured into the pipe, causing the displaced glycerin to over-
flow, determine the height # to which the kerosene rises
from the top of the glycerin.

SOLUTION

The height of the kerosene column in the pipe, Fig. a, is

Ve  0.00075m’ 12
hke == ) = e 2 =|— /m
ar 7(0.025 m)

w

From Appendix A, p;, = 814 kg/m?> and pg = 1260 kg/m®. Writing the manometer
equation from A — B — C by referring to Fig. a,

Patm t pkeghke w7 pglghgl = Patm

. 8l4kg/m* /12
hy = (p—")hke = 7‘%/3 (— m) = 02468 m
Pgi 1260 kg/m T

Thus,

1.2
h = hg = hg = o m — 0.2468 m = 0.1352 m = 135 mm Ans.

50 mm

‘H}AH‘

300 mm

gl

(a)

Ans:
h = 135 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

unless stated otherwise.
50 mm

2-27. The 150-mm-diameter container is filled to the top
with glycerin, and a 50-mm-diameter pipe is inserted within
it to a depth of 300 mm. Determine the maximum volume
of kerosene that can be poured into the pipe while causing
the displaced glycerin to overflow, so the kerosene does not
come out from the bottom end. How high ~ does the 300 mm
kerosene rise above the glycerin?

%P‘

SOLUTION

From Appendix A, p, = 814 kg/n’ and p,; = 1260 kg/nr’. The kerosene is required
to heat the bottom of the tube as shown in Fig. a. Write the manometer equation from
A—B—C.

Datm T pkeghke - pglghgl = Patm

Pgl
hke = hgl
Pke

Here, iy, = (h + 0.3) m and iy = 0.3 m.Then

1260 kg/m®
(h+03)m = | ———— (0.3 m)
814 kg/m
hie = 0.1644 m = 164 mm Ans.

Thus, the volume of the kerosene in the pipe is

Vi = mr’hy, = 7(0.025 m)*(0.1644 m + 0.3 m) = 0.9118(107%) m’
=0912(1073) m®>  Ans.

AN —
kerosene —

0.3 m

glycerin 1

(a)

Ans:
hye = 164 mm, ¥, = 0.912(10%) m*
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-28. Butyl carbitol, used in the production of plastics, is
stored in a tank having the U-tube manometer. If the
U-tube is filled with mercury to level E, determine the
pressure in the tank at point B. Take Sy, = 13.55, and
Spe = 0.957.

SOLUTION

Referring to Fig. a, the manometer rule gives

Pe + pughpe + pucg&(—hep + hse) = pB
0 + 13.55(1000 kg/m?)(9.81 m/s?)(0.120 m) + 0.957(1000 kg/m?)(9.81 m/s?)(—0.05m + 0.25m) = py
ps = 17.83(10°) Pa = 17.8 kPa Ans.

h,=03m

- E
c
\ 7 ThDE: 012 m

— e h.,=0.05m

S ]

hy=025m

Ans:
pg = 17.8kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-29. Determine the level i’ of water in the tube if the
depths of oil and water in the tank are 0.6 m and 0.8 m,
respectively, and the height of mercury in the tube is
h = 0.08 m. Take p, = 900 kg/m’, p,, = 1000 kg/m?, and
prg = 13550 kg/m’.

SOLUTION

Referring to Fig. a, hyg = 0.6 m, hge = 0.8 — h' and hep = h = 0.08 m. Then the
manometer rule gives

Pa + poghas + pwghsc — pug8hcp = Pp

Here, py = pp = 0, since points A and D are exposed to the atmosphere.

0 + (900 kg/m®)(g)(0.6m) + (1000 kg/m*)(g)(0.8m — h')
— (13550 kg/m*)(g)(0.08 m) = 0
h' = 0.256 m =256 mm Ans.

Note: Since 0.1 m < &’ < 0.8 m, the solution is OK!

[N (A
B 4
hAB =0.6m
B —D
LhCD = 0.08m
C
hge=08m — i’ -

(a)
Ans:
h' = 256 mm

99
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.
2-30. Determine the pressures at points A and B. The
containers are filled with water.
SOLUTION
= yshy = (62.41b/ft%)(2ft + 4ft) = (3744 B)(&f =2.60psi Ans !
Pa = Yaha . “ 12 )\ 121n. LU P .
Ib 1t \?
= = (6241b/f°)(3 ft) = ( 187.2 — = 1.30 psi Ans.
pi = yehp = (62.41b/1t)(3 ft) ( 87 ftz)(12 in.) 30 psi ns
Ans:
pa = 2.60 psi, pp = 1.30 psi
100
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-31. Determine the pressure at point C. The containers
are filled with water.

SOLUTION

Ib\/ 1ft
= = (6241b/t3)(21ft) = (1248 = )| —— | = 0. i
pe = yhe = (62.41b/1t3)(2 ft) ( Sft2)<12in.) 0.870 psi

Ans.

Ans:
pc = 0.870 psi
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-32. Determine the difference in pressure pp — py
between the centers A and B of the pipes, which are filled
with water. The mercury in the inclined-tube manometer
has the level shown. Take Sy, = 13.55.

SOLUTION

Referring to Fig. a, the manometer rule gives
pa + pughac + pugghep — pwghps = Ps

pa + (1000 kg/m?)(9.81 m/s?)(0.1 m) + 13.55(1000 kg/m?)(9.81 m/s?)(0.15 m)
— (1000 kg/m?)(9.81 m/s?)(0.250 m) = py

P — pa = 18.47(10°) Pa = 18.5 kPa Ans.

Water

Mercury

250 mm

he,=0.15m

(a)

Ans:
pg — pa = 185kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-33. Water in the reservoir is used to control the water
pressure in the pipe at A. If # = 200 mm, determine this
pressure when the mercury is at the elevation shown. Take
pHg = 13550 kg/ m’. Neglect the diameter of the pipe.

mm

150 mm
100 mm
mm
SOLUTION
Referring to Fig. a with 4 = 0.2 m, the manometer rule gives
Pa + pughas — pug8hsc — puglhep + hpe) = pe E
v

pa + (1000 kg/m?)(9.81 m/s?)(0.25 m) — (13 550 kg/m?)(9.81 m/s?)(0.1 m)
— (1000 kg/m?)(9.81 m/s?)(0.55m + 0.2m) = 0

pa = 1820(10%°) Pa = 18.2kPa Ans.

Ans:
pa = 182 kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-34. If the water pressure in the pipe at A is to be 25 kPa,
determine the required height 4 of water in the reservoir.
Mercury in the pipe has the elevation shown. Take
pHg = 13550 kg/ m’. Neglect the diameter of the pipe.

SOLUTION

Referring to Fig. a, the manometer rule gives

Pa + pughas — pugghec — pwglhep + hpp) = pe

— (1000 kg/m?) (9.81 m/s?)(0.550 m + &) = 0
= 0.8934 m = 893 mm

25(10°) N/m? + (1000 kg/m?)(9.81 m/s?)(0.25 m) — (13 550 kg/m?)(9.81 m/s?)(0.1 m)

Ans.

Ans:
h = 893 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-35. A solvent used for plastics manufacturing consists of
cyclohexanol in pipe A and ethyl lactate in pipe B that are
being transported to a mixing tank. Determine the pressure
in pipe A if the pressure in pipe B is 15 psi. The mercury in
the manometer is in the position shown, where 4 = 1 ft.
Neglect the diameter of the pipes. Take S. = 0.953,
Spg = 13.55, and §,; = 1.03.

SOLUTION

Referring to Fig. a, the manometer rule gives

pa+ veghac + vudico — Yag8hsp = Pa

pa = 125742 —

b ( 1ft
ft2

2
ﬁ) = 8.73 pst

h, =151t

he,=11t

pa + 0.953(62.41b/3)(1.5 ft) + (13.55)(62.4 1b/ft3) (1 ft) — (1.03)(62.4 1b/ft3)(0.5 ft) = (15§
1

b

Ans.

)(12in.
1ft

j

Ans:
pa = 873 psi
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-36. A solvent used for plastics manufacturing consists
of cyclohexanol in pipe A and ethyl lactate in pipe B that
are being transported to a mixing tank. If the pressure in
pipe A is 18 psi, determine the height £ of the mercury in
the manometer so that a pressure of 25 psi is developed in
pipe B. Neglect the diameter of the pipes. Take S. = 0.953,
Spg = 13.55,and §,; = 1.03.

SOLUTION

Referring to Fig. a, the manometer rule gives

Pa t Yehac + yuohicp — Yehsp = Ps

in2 \ 1ft

18 1b (12 in.
in

—(1.03)(62.4 b /ft3) (0.5 ft) =

L)

h =11341t = 1.13 ft

2
) +0.953(62.4 1b/ft3) (2.5 ft — h) + 13.55(62.4 1b/ft3) (h)

251b <12 in.)2
in 1ft

hy,=0.5 ft

h,=251t-h

Ans:
h = 1131t

M02_HIBB9290_01_SE_C02_ANS.indd 106

106

24/02/17 4:31 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-37. The inverted U-tube manometer is used to measure
the difference in pressure between water flowing in the
pipes at A and B. If the top segment is filled with air, and
the water levels in each segment are as indicated, determine
the pressure difference between A and B. p,, = 1000 kg/m>.

SOLUTION

Notice that the pressure throughout the air in the tube is constant. Referring to Fig. a,

Pa = (pw)l + Pa = pwg(hw)l + Pa
And

pg = (Pw) + pa = pug(hy)y + Py
Therefore,
Py = Pa = [pug(hw)2 + pal = [pug(hu)i + pu]
= pugl(hw)y — (hy)1]
(1000 kg/m*)(9.81 m/s?)(0.3 m — 0.225 m)
= 73575 Pa = 736 Pa Ans.
Also, using the manometer equation,

Pa — pw8hac + pwghps = Ps

PB — Pa = pu€lhpp — hac]

P,
P,
A
(h,),=03m ®)
h ), =0225
( W)1 m (pw)1 L w’2
N
YLY LY
A A
Pa Py
(a)
Ans:
P — pa = 736 Pa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-38. Solve Prob. 2-37 if the top segment is filled with an
oil for which p, = 800 kg/m’.

SOLUTION

Pa — Pw8()1 + poighon + pwg(hy)2 = Pa
PB — Pa = pugl(hy)2 — (hy)1] + poughon

= 1.324(10%) Pa = 1.32 kPa

Oil

A

0.075 m

(h,),= 0225 m

0.15m

(a)

Referring to Fig. a, write the manometer equation starting at A and ending at B.

= (1000 kg/m?)(9.81 m/s?)(0.3 m = 0.225m) + (800 kg/m*)(9.81 m/s?)(0.075 m)

Ans.

Ans:
P — pa = 1.32kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-39. The two tanks A and B are connected using a
manometer. If waste oil is poured into tank A to a depth of

= 0.6 m, determine the pressure of the entrapped air in
tank B. Air is also trapped in line CD as shown. Take
po = 900 kg/m?, p,, = 1000 kg/m’.

SOLUTION

Referring to Fig. a, the manometer rule gives
Pa t po8har + pwghce + pughsp = pp
0 + (900 kg/m?)(9.81 m/s?)(0.6 m) + (1000 kg/m>)(9.81 m/s?)(0.25 m)
+ (1000 kg/m?)(9.81 m/s?)(0.75 m) = py
ps = 15.11(10°) Pa = 15.1 kPa Ans.

h,,=06m

A
i
|

h.,=025m

Ans:
pp = 15.1 kPa

109

M02_HIBB9290_01_SE_C02_ANS.indd 109 @ 24/02/17 4:31 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they

currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-40. The two tanks A and B are connected using a
manometer. If waste oil is poured into tank A to a depth of
h = 125 m, determine the pressure of the trapped air in
tank B. Air is also trapped in line CD as shown. Take
po = 900 kg/m?, p,, = 1000 kg/m’.

SOLUTION
Referring to Fig. a, the manometer rule gives

pa + poghar + puwghce + pwghep = Pr

+ (1000 kg/m?*)(9.81 m/s?)(0.75 m) = pg
pp = 20.846(10%) Pa = 20.8 kPa

h,,=125m
A

0 + (900 kg/m?)(9.81 m/s?)(1.25 m) + (1000 kg/m?)(9.81 m/s?)(0.25 m)

Ans.

Im
\ by
0.25m
(a)
Ans:
pp = 20.8 kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-41. Determine the height 4 of the mercury in the tube
if the level of water in the tube is ' = 0.3 m and the
depths of the oil and water in the tank are 0.6 and 0.5 m,
respectively. Take p, = 900 kg/m®, p,, = 1000 kg/m?, and
prg = 13550 kg/m’.

SOLUTION

Referring to Fig. a, hyp = 0.6 m, hge = 0.8m — 0.3 m = 0.5m and hcp = h.
Then the manometer rule gives

Pa + poghap + pwghpc — pug8hcp = Pp
Here, py, = pp = 0, since points A and D are exposed to the atmosphere.
0 + (900 kg/m*)(g)(0.6m) + (1000 kg/m*)(g)(0.5 m)

— (13550 kg/m*)(g)(h) =0
h = 0.07675m = 76.8 mm Ans.

[N
4
hAB =0.6m
B
hgc=05m
¢
(2)

Ans:
h = 76.8 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-42. The micro-manometer is used to measure small
differences in pressure. The reservoirs R and upper portion
of the lower tubes are filled with a liquid having a specific
weight of yg, whereas the lower portion is filled with a
liquid having a specific weight of y,, Fig. (a). When the liquid
flows through the venturi meter, the levels of the liquids
with respect to the original levels are shown in Fig. (b). If
the cross-sectional area of each reservoir is Ap and the
cross-sectional area of the U-tube is A,, determine the

pressure difference p,4 — pg. The liquid in the venturi meter
has a specific weight of v, .

SOLUTION

Write the manometer equation starting at A and ending at B, Fig. a.

e
pa+ yo(h + d) +'YR(h2_d+E> — Ve

e
—’YR(hz 5 d> — v (hy = d) = pp

Pa — P = 2yrd — 2yrd + ye = yre

Since the same amount of liquid leaving the left reservoir will enter into the left

tube,
e
Ard = A, | =
= (%)

A,
4= <2AR>e
Substitute this result into Eq. (1).
A, A,
Pa ~ P = 2Vr (m)e — 2y <E)e + ve — vre

A, A,
=e IRYR_ TRVL+7t_7R

A, A,
=ely — 1_A7R7R_ TRYL Ans.

TN

(a)

Ans:

A,
PAa —PB = €Y — 1_1‘TR YR —
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

manometer that works on the principles shown. Here there
are two reservoirs filled with kerosene, each having a cross-
sectional area of 300 mm?. The connecting tube has a cross-
sectional area of 15 mm? and contains mercury. Determine L
h if the pressure difference p, = pp = 40 Pa. Take
pug = 13550 kg/m’, py, = 814 kg/m’. Hint: Both hy and h,
can be eliminated from the analysis.

hS
— |

2-43. The Morgan Company manufactures a micro- B

SOLUTION

Referring to Fig. a, write the manometer equation starting at A and ending at B.
pa+ pighy — pagh — pig(hy — h + hy) = pp
Pa — P = pgh — pigh + pighy @

Since the same amount of liquid leaving the left reservoir will enter the left tube, Liquid 1 A B

initial level
2)-al)
A =—=)=A =
R (z ‘\2

_ A, h
P2 = (AR)h ‘

Substitute this result into Eq. (1).

NlN}_' le—

Liquid 2
initial level

Nl}—l_’

A
Pa — P = pagh — pigh +p1g(A’)h
R

_ A Liquid 2
Pa—DPp= h{ng - <1 - E)plg} @ )

When p;

pre = 814 kg/n, p, = py, = 13550 kg/m’ and p, — pp = 40 Pa,

40 N/m? = h| (13550 kg/m?)(9.81 m/s?) — (1 - %)(814 kg/m?)(9.81 m/s?)

h = 03191(10%) m = 0319 mm Ans.

Ans:
h = 0319 mm

113

M02_HIBB9290_01_SE_C02_ANS.indd 113 @ 24/02/17 4:31 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-44. Determine the difference in pressure py — pp =
between the centers A and B of the closed pipes, which are

filled with kerosene. The mercury in the inclined-tube

manometer has the level shown. Take Sy, = 13.55 and 400
Sr = 0.82.

SOLUTION

Referring to Fig. a, hyc = 04m, hep = 04m — 0.1m = 0.3 m and hgp = 0.1 m.
Then the manometer rule gives

Pa * pighac — pugghcp — pi&hsp = PB
pa + 0.82(1000 kg/m®)(9.81 m/s?)(0.4 m) — 13.55(1000 kg/m*)(9.81 m/s?)(0.3 m)

—0.82(1000 kg/m*)(9.81 m/s?)(0.1 m) = pp
Pa — PB = 3746(103) Pa = 37.5 kPa Ans.

400

Ans:
Pa — PB — 37.5 kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-45. The pipes at A and B contain oil and the inclined-
tube manometer is filled with oil and mercury. Determine
the pressure difference between A and B. Take

p, = 170 slug/ft* and pHg = 26.3 slug /t3.

SOLUTION

10 sin 60°
Referring to Fig. a, hye = — ft, hep = 1Usm 607

8
. o 0 ft and hpp = D) ft. Then the
manometer rule gives

pa + poghac + pugghcp — poghsp = Ps

Pa t+ pog(hac — hgp) + pugghcp = Ps

10 sin 60°
pa + (1.70 slug/ft%)(32.2 ft/s2)<i . ft> + (26.3 slug/ft3)(32.2 ft/s2)<M ft> = pg

12 12 12
- = (602 05 E)(&)Z = 418 psi Ans
PB Pa . ft2 12 in. ¢ P .

hAC - 12f c e
_ 10sin 60° it T

8
hCD - 12 hBD = 12 ft

J D |

(a)

pp — pa = 4.18 psi

in.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

A
2-46. The vertical pipe segment has an inner diameter of Bii

100 mm and is capped at its end and suspended from the —L

horizontal pipe as shown. If it is filled with water and the
pressure at A is 80 kPa, determine the resultant force that 2m
must be resisted by the bolts at B in order to hold the
flanges together. Neglect the weight of the pipe but not the
water within it. B

SOLUTION i c

The forces acting on segment BC of the pipe are indicated on its free-body diagram, F—»‘
Fig. a. Here, Fyis the force that must be resisted by the bolt, W, is the weight of the 100 mm
water in segment BC of the pipe, and Py is the resultant force of pressure acting on

the cross section at B.

+13F, =0, Fz— W, — ppAz =0
F = (1000 kg/m?)(9.81 m/s?)(2 m)(7)(0.05 m)?
+ [80(10°) N/m? + 1000 kg/m’(9.81 m/s?)(2 m) | 7(0.05 m)>
= 937N Ans.

p

B

P,
(a)

Ans:
Fz = 937N
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

S5

2-47. Nitrogen in the chamber is at a pressure of 60 psi.
Determine the total force the bolts at joints A and B must 3
resist to maintain the pressure. There is a cover plate at B
having a diameter of 3 ft.

=

SOLUTION

The force that must be resisted by the bolts at A and B can be obtained by considering p, =60 psi
the free-body diagrams in Figs. a and b, respectively. For the bolts at B, Fig. b,

i)EFVZO, PBAB_FB:O F 2.5 ft

; 2
F = ppAp = (60 1b/in2)(%) [(m)(.5 0] 251t

= 61073 1b = 61.1 kip Ans.
For the bolts at A, Fig. a, (a)

i)EFXZO, pAAA_FAZO

: 2
Fy=pasA, = (60 1b/in2)<112—;tn') [(m) (2.5 ft)?]

= 169646 1b = 170 kip Ans.

F 1.5 ft

1.5ft

(b)

Ans:
Fp = 61.1kip, Fy = 170 kip
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. e 6t

*2-48. Seepage is assumed to occur beneath the concrete
wall, producing a linear distribution of hydrostatic pressure
as shown. Determine the resultant force on a I-ft wide
portion of the wall and its location, measured to the right
and upward from point A.

15 ft

SOLUTION

Since the width of the dam considered is b = 1 ft, the intensity of the distributed
load at the base A of the dam is

wa = ywhab = (62.41b/f3)(15 ft)(1 ft) = 936 Ib/ft

Then, the resultant forces of the triangular distributed loads shown in Fig. a are !
!
1 1
F, = —wyhy = —(936 1b/ft)(15 ft) =:7020 1b /
2 2 Dl x 15 ft
= — = — = )
F, 2wAL 2(936 Ib/ft)(6 ft) = 2808 1b Fe/l/ i?
R
A
Then, the magnitude of the resultant force is (" - ' -
I -
Fr = VF; + F? N
=/(7020 1b)2 + (2808 1b)? = 7560.77 Ib = 7.56(10%) Ib Ans. ( )Fv
a
and its direction is
F 2808 1b
= tan’!{ ) = tan! =218 Ans.
6= tan (Fh) an (7020 lb) s
The location of the resultant force from A is
1
x = 5(6 ft) = 2 ft Ans.
1
y= 5(15 ft) = Sft Ans.
Ans:
Fr = 7.56(10%) 1b
0=2184
x = 2ft
y =51t
118
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-49. The storage tank contains oil and water acting at the
depths shown. Determine the resultant force that both of
these liquids exert on the side ABC of the tank if the side
has a width of 1.25 m. Also, determine the location of this
resultant, measured from the top surface of the oil. Take
po = 900 kg/m’.

SOLUTION

Loading. Since the side of the tank has a constant width, then the intensities of the
distributed loading at B and C, Fig. 2-28b, are

wg = poghagb = (900 kg/m?)(9.81 m/s?)(0.75 m)(1.25 m) = 8.277 kN/m -

we = wg + pughgcb = 8277kN/m + (1000 kg/m?®)(9.81 m/s?)(1.5 m)(1.25 m)

26.77 kN/m _+ B 8277 kN/m

Resultant Force. The resultant force can be determined by adding the shaded
triangular and rectangular areas in Fig. 2-28c. The resultant force is therefore

FR:F1+F2+F3

—_
W
A A A A A A A A

= %(0.75 m)(8.277 kN/m) + (1.5 m)(8.277 kN/m) + %(1.5 m)(18.39 kN/m) c

26.67 kN/m
(a)

= 3.104 kN + 12.42kN + 13.80 kN = 29.32 kKN = 29.3 kN Ans.

As shown, each of these three parallel resultants acts through the centroid of its
respective area.

2
v = 5(0.75 m) = 0.5m
1
y, = 0.75m + 5(1.5 m) = 1.5m

2
y3 = 0.75m + 5(1.5 m) = 1.75m

The location of the resultant force is determined by equating the moment of the
resultant above A, Fig. 2-28d, to the moments of the component forces about A,
Fig. 2-28¢. We have

ypFr = SyF:  yp(29.32kN) = (0.5m)(3.104 kN) + (1.5 m)(12.42 kN)
+ (1.75 m)(13.80 kN)

yp=151m Ans.

K

F,=3.104 kN

y,=15m 8.277 kN/m
y,=175m Yr

F,=1242kN

AAM A A A A

F,=13.80 kN » F,=2932kN

A A

8277 kN/m <

26.67 kN /m — 8277 kN/m = 18.39 kN /m ©
Ans:

(b) Fr=293kN,y, = 1.51m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. -

2-50. The uniform rectangular relief gate AB has a weight
of 8000 Ib and a width of 4 ft. Determine the minimum

depth % of water within the container needed to open it. The h B
gate is pinned at B and rests on a rubber seal at A. 6 ft\
30° /.
— ¢ 4
SOLUTION

Here, hg = h — 6 sin 30° = (h — 3) ft and hy = h. Thus, the intensities of the
distributed load at B and A are

wg = yohgb = (62.41b/f)(h — 3 ft)(4 ft) = (249.6h — 748.8) Ib/ft
wa = yhab = (62.41b/1t%)(h)(4 ft) = (249.6h) Ib/ft
Thus,

(Fp)l

[(249.6h — 748.8 1b/ft) | (6 ft) = (1497.6h — 4492.8) Ib

(F,), = %[(249.6}1 Ib/ft) — (249.6h — 748.81b/ft) (6 ft) = 2246.41b

If it is required that the gate is about to open; then the normal reaction at A is equal
to zero. Write the moment equation of equilibrium about B, referring to Fig. a.

G+3Mp = 0; [ (1497.6h — 4492.81b) | (3 ft) + (2246.41b)(4 ft)
—(8000 Ib) cos 30°(3 ft) = 0
h = 5.626ft = 5.63 ft Ans.

(a)

Ans:
h = 5.63ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-51. Determine the critical height 4 of the water level
that causes the concrete gravity dam to be on the verge of
tipping over due to water pressure. The density of concrete
is p, = 2.40 Mg/m?. Hint: Work the problem using a 1-m
width of the dam.

SOLUTION

We will consider the dam having a width of » = 1 m. Then the intensity of the
distributed load at the base of the dam is

wg = p,ghb = (1000 kg/m*)(9.81 m/s?)(k)(1m) = (9810h) N/m

The resulting triangular distributed load is shown on the FBD of the dam, Fig. a,
and its resultant is

1 1
F=Swgh = 5(9810;;);1 = (4905h*) N
The weight of the concrete dam is / W =12714(10° N

W = peg¥ = (2400 kg/m’)(9.81 m/s3)[%(6 m)(18 m)(1 m) F=4905h"/ |

/ A
=12714(10N oo -
wp
. . . . e J A,
The dam will overturn about point A. Write the moment equation of equilibrium 2 (6m)=4m
about point A by referring to Fig. a.
h (a)
C+3M, =0; [12714(10°)N](4m) — 4905112(5) =0
h=1460m = 14.6 m Ans.

Ans:
h =14.6m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-52. A swimming pool has a width of 12 ft and a side
profile as shown. Determine the resultant force the water
exerts on walls AB and DC, and on the bottom BC.

SOLUTION A

Since the swimming pool has a constant width of b = 12 ft, the intensities of the
distributed load at B and C can be computed from

wp = yhagb = (62.41b/£63)(8 ft)(12 ft) = 5990.4 Ib/ft

8 ft
we = yhpeb = (62.41b /1) (3 ft)(12 ft) = 2246.4 1b/ft LT
Using these results, the distributed loads acting on walls AB and CD and bottom BC
are shown in Figs. a, b, and c. |
1 1 B
Fup = EthAB = 5(5990.4 Ib/ft)(8 ft) = 23 962 1b = 24.0 kip Ans. w, = 5990.4 Ib /ft
1 1
1 1
Fpe = 5(wg + wo)Lpe = 5[5990.4 Ib/ft + 22464 1b/£t](20 ft)
= 823681b = 82.4 kip Ans.
SOLUTION II
3 ft
The same result can also be obtained as follows. For wall AB, F,
Fap = yhapAp = (62.41b/1t3)(4 ft)[8 ft(12 ft)] = 239621b = 24.0kip " Ans.
For wall CD,
oAy = : _ — 337k ( c
Fep = yhepAcp = (62.41b/163) (1.5 ft) [3 ft(12 ft)] 3369.6 Ib = 3.37 kip Ans. W, = 22464 Ibift
For floor BC, (®)
Fye = yhgcAge = (62.41b/13)(5.5 ft)[ZO ft(12 ft)] = 82368 1b = 82.4 kip Ans.
FBC
w, =5990.4 1b/ft w.=2246.4 b

Ans:
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-53. Determine the smallest thickness b of the concrete
gravity dam that will prevent the dam from overturning
due to water pressure acting on the face of the dam. The
density of concrete is p, = 2.40 Mg/m®. Hint: Work the
problem using a 1-m width of the dam.

SOLUTION

If we consider the dam as having a width of » = 1 m, the intensity of the distributed
load at the base of the dam is

wy = p,ghb = (1000 kg/m?)(9.81 m/s?)(9m)(1 m) = 88.29(10°) N/m

The resultant force of the triangular distributed load shown on the FBD of the dam,
Fig.a,is

F= %th = %[88.29(103) N/m](9m) = 397.305(10°) N

The dam can be subdivided into a triangular and a rectangular part, and the weight
of each of these parts is

W, = p.gV, = (2400 kg/m*)(9.81 m/sz)[%(b)@ m)(1 m)} = [3532(10°)b] N

W, = p.g¥, = (2400 kg/m*)(9.81 m/s?)[h(6 m)(1 m)] = [141.26(10°)b] N
The dam will tip about point O. Writing the moment equation of equilibrium about
point O, Fig. a,

3 b 3 2
GHEMp, = 0; [141.26(10°)b] ) + [35.32(10°)b] §b

—[397.31(10%) N]B(9 m)} =0

94,176b% — 1.191915(10°) = 0
b = 3.5576 m = 3.56 m Ans.

W, = [35.32(10%)b] N

SN W, = [141.26(10%)b] N

A —— —

~
T
(Sl

1 /
3O/ O
w, = 88.29(10°) N/m \
2 o,
2p
(a)

Ans:
b =356m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-54. The uniform control gate AB is pinned at A and
rests on the smooth surface at B. If the gate has a mass of
8.50 Mg, determine the maximum depth of water % in the
reservoir that will cause the gate to be on the verge of
opening. The gate has a width of 1 m.

SOLUTION

The depths of points A and B are hy = h —2m — 3msin30° = (h — 3.5m)
and Ag = (h — 2m). Thus, the intensities of the distributed load at points A and
B are

wa = pughab = (1000 kg/m*)(9.81 m/s?)(h — 3.5m)(1 m) = [9810(h — 3.5)] N/m
wg = pughpb = (1000 kg/m>)(9.81 m/s?)(h —2m)(1m) = [9810(h — 2)] N/m

Thus,
Fy = wulyp = [9810(h — 3.5)](3m) = [29.43(10>)(h —3.5)]N
F, = %(WB — Wy)lap = %[9810(/1 —2) — 9810(h —3.5)](3m) = 22.0725(10°) N

Since the gate is required to be on the verge to open, Ng = 0. Write the moment
equation of equilibrium about point A by referring to the FBD of the gate, Fig. a.

GHIM, = 0; [29.43(10°)(h — 3.5)](1.5m) + [22.0725(10)N](2m)
—[8500(9.81) N](cos 30°)(1.5m) = 0
h =49537m = 495m Ans.

Ans:
h =495m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-55. Determine the critical height 4 of the water level
before the concrete gravity dam starts to tip over. The
specific weight of concrete is y. = 150 Ib/ft>. Hint: Work
the problem using a 1-ft width of the dam.

12 ft
SOLUTION
We will consider the dam as having a width of b = 1 ft. Then the intensity of the
distributed load at the base of the dam is
wg = y,hb = (62.41b/ft)(h)(1 ft) = 62.4h Ib/ft
_wy =36001b

The resulting triangular distributed load is shown on the free-body diagram of the
dam, Fig. a. w, = 1800 Ib

1
F= 5th = %(62.4h)h = 31.2h?

22 1t) |
It is convenient to subdivide the dam into two parts. The weight of each part is

\\\ F=3121
Wi = ¥ = (150 Ib/ft*)[ 2 ft(12 f) (1 ft) ] = 3600 Ib
1
W, =y, = (150 1b/ft3)b(2 ft)(12 ft)(1 ft)} = 18001b
The dam will overturn about point A. Referring to the free-body diagram of the wp = 62.4h
dam, Fig. a, A,
(h 2 (a)
C+IM, = 0; 3127 3 ) = (3600 Ib)(3 ft) — (1800 1b)| T2 ft) | =0
h =10.83ft = 10.8 ft Ans.
Ans:
h = 10.8 ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-56. Determine the critical height 4 of the water level
before the concrete gravity dam starts to tip over. Assume
water also seeps under the base of the dam and produces a
uniform pressure under the dam. The specific weight of
concrete is y, = 150 Ib/ft>. Hint: Work the problem using a
1-ft width of the dam.

SOLUTION

We will consider the dam having a width of b = 1 ft. Then the intensity of the
distributed load at the base of the dam is

wg = yohpb = (62.41b/1t3)(h)(1) = 62.4h 1b/ft

The resultant forces of the triangular distributed load and uniform distributed load
due the pressure of the seepage water shown on the FBD of the dam, Fig. a, are

F, = %th = %(62.411) h = 312K
F, = wgLy = 62.4h(4ft) = 249.6h
It is convenient to subdivide the dam into two parts. The weight of each part is
wi = vV = (150 1b/f3) [ (2 f)(12 £6)(1 ft) ] = 3600 Ib
wy = vV = (150 lb/ft3)B(2 ft) (12 £t)(1 ft)} = 1800 Ib
The dam will overturn about point A. Referring to the FBD of the dam, Fig. a,
G+HIM,=0; 31.2h2(§> 249.6h(2 ft) — (3600 1b)(3 ft) — (1800 1b) E(Z ft)} =0

10.4h% + 499.2h — 13200 = 0
Solve numerically,

h = 93598 ft = 9.36 ft Ans.

___w; =36001b

3ft [f
2 _ :
2@ty

w, = 1800 Ib

__ . wp=624h

F, =249.6h

(a)

12 ft

Ans:
h = 9.36 ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-57. The gate is 2 ft wide and is pinned at A and held in
place by a smooth latch bolt at B that exerts a force normal T
to the gate. Determine this force caused by the water and 3 ft

the resultant force on the pin for equilibrium.

SOLUTION 3t

Since the gate has a width of b = 2 ft, the intensities of the distributed loads at A +— >
and B can be computed from

wa = v,hub = (62.41b/1t)(3 ft)(2 ft) = 374.4 1b/ft

wg = yohgb = (62.41b/t3)(6 ft)(2 ft) = 748.8 1b/ft

The resulting trapezoidal distributed load is shown on the free-body diagram of the
gate, Fig. a. This load can be subdivided into two parts. The resultant force of each
part is

Fy = walp = (37441b/1t) (3V2 t) = 11232V21b
1 1
Fy = S (wp = wa)Lag = 5 (74881b/ft — 3744 Ib/ft) (3V2 ft) = 561.6\/21b

Considering the free-body diagram of the gate, Fig. a,

1 2
C+3M, = 0 1123.2\61b(53\6ft> + 561.6\/§lb<§3\/§ft), ~ Np(3V2it) =0

Np = 1323.71b = 1.32 kip Ans.
SF,=0, A, =0
N+3F, =0;  132371b — 1123.2V21b — 561.6V/21b + A, = 0
A, = 1058.96 b = 1.059 kip
Thus,

Fy = V(0)> + (1.059 kip)? = 1.06 kip Ans.

%(3\/@ ft) 4
%(3\/2 1),
F, = 1123272 1b ’,

F, = 561.6V2 1b )
\_)\
; /
7N\
;7
7/ /
NB ; /

Ans:
Ng = 1.32kip
(a) F, = 1.06 kip
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-58. The uniform rectangular relief gate AB has a weight
of 800 1b and a width of 2 ft. Determine the components of
reaction at the pin B and the normal reaction at the smooth
support A.

SOLUTION

Here, hg = 9ft and iy = 9 ft + 6 ftsin 60° = 14.20 ft. Thus, the intensities of the
distributed load at B and A are

wg = yyhgb = (62.41b/f3)(9 ft)(2 ft) = 1123.21b/ft
wa = yhab = (62.41b/ft3)(14.20 ft)(2 ft) = 1771.68 Ib/ft
Thus,

(F,

)1 = (112321b/ft)(6 ft) = 67392 1b

1
(Fp)2 = S(1771.681b/ft — 112321b/ft)(6 ft) = 1945.44 1b

Write the moment equation of equilibrium about B by referring to the FBD of the
gate, Fig. a.
G+3Mp = 0; (800 Ib)cos 60°(3 ft) + (6739.2:1b)(3 ft) + (1945.44 1b)(4 ft)
—N,cos60°(6ft) =0
N4 = 9733.12 b = 9.73 kip Ans.

Using this result to write the force equations of equilibrium along x and y axes,

LSF =0, B, — (6739.21b)sin 60° — (1945.44 1b)sin 60° = 0

B, = 7521.121b = 7.52 kip Ans.
+13F, = 0; 9733.121b — 8001b — (6739.21b)cos 60° — (1945.44 1b)cos 60°~B, = 0
B, = 4590.80 Ib = 4.59 kip Ans.

800 Ib

v 1 _
(Fp); = 673921b 6 -} 5 (6ft) =31t
(Fp), = 194544 1b Y

2 _
S(6f) =4t

wel. S 6 ft

60°

Ny
(a)

Ans:

N, = 9.73 kip
B, = 7.52kip
B, = 4.59 kip
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-59. The tide gate opens automatically when the tide
water at B subsides, allowing the marsh at A to drain. For
the water level 4 = 4 m, determine the horizontal reaction
at the smooth stop C.The gate has a width of 2 m. At what
height 4 will the gate be on the verge of opening?

SOLUTION

Since the gate has a constant width of b = 2 m, the intensities of the distributed
load on the left and right sides of the gate at C are

(wo)L = pughpe(b) = (1000 kg/m?)(9.81 m/s?)(4 m)(2 m)
= 78.48(10°) N/m

(We)r = pughac(b) = (1000 kg/m*)(9.81 m/s?)(3.5 m)(2 m)
= 68.67(10°) N/m

The resultant triangular distributed load on the left and right sides of the gate is
shown on its free-body diagram, Fig. a,

F, = %(WC)LLBC = %(78.48(103) N/m)(4 m) = 156.96(10°) N

Fp = %(WC)RLAC = %(68.67(103) N/m)(3.5 m) = 120.17(10°) N
These results can also be obtained as follows:
F, = yh Ap = (1000 kg/m?)(9.81 m/s?)(2 m)[ (4 m)(2 m) ] = 156.96(10°) N
Fgr = yhpAg = (1000 kg/m?)(9.81 m/s?)(1.75 m)[ 3.5 m(2 m) | =120.17(10°) N

Referring to the free-body diagram of the gate in Fig. a,

C+HIMp, = 0; [156.96(103)N}[2m + %(4 m)} - [12017(10*) N | [2.5m + %(3.5 m) | — Fe(6m) = 0

Fe=2527(10°) N = 253 kN Ans.
When & = 3.5 m, the water levels are equal. Since F- = 0, the gate will open.

h =35m Ans.

2m+%(4m)

/ 25m+ %(3.5 m)

F, =156.96(10°) N / \
; v | F,=12017(10) N

. oo \ F

L C

= 3
—7848(10°) N/m w, = 68.67(10°) N/m

L

A
3.5m
Ans:
Fe = 253kN
h=35m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-60. The tide gate opens automatically when the tide n
water at B subsides, allowing the marsh at A to drain.

Determine the horizontal reaction at the smooth stop C as a
function of the depth & of the water level. Starting at

h = 6 m, plot values of 4 for each increment of 0.5 m until
the gate begins to open. The gate has a width of 2 m.

SOLUTION 6m

Since the gate has a constant width of » = 2 m, the intensities of the distributed
loads on the left and right sides of the gate at C are

5
(W)L = pughpeb = (1000 kg/m?)(9.81 m/s?)(h)(2 m) = 19.62(10°)h e \
(Wor = pughach = (1000 kg/m?*)(9.81 m/s?)(3.5m)(2 m) = 68.67(10°) N/m

The resultant forces of the triangular distributed loads on the left and right sides of
the gate shown on its FBD, Fig. a, are

w
=

1 1
F, = E(WC)LhBC = 5[ 19.62(10°)h |h = 9.81(10%)A?
1
2
Consider the moment equilibrium about D by referring to the FBD of the gate, Fig. a.

C+IMp =0,  [9.81(10°) h?] (6 m-—h+ %h) = 120.17(103){2.5 m + %(3.5 m)

Fr = %(wC)RhAC = ~[68.67(10°)N/m |(3.5m) = 120.17(10°) N

— Fe(6m) =0
58.86(10°) h? — 3.27(10°) h* — 580.83(10%) — 6F¢ =0
Fe = (9.81h> — 0.545h> — 96.806)(10°) N
Fe = (9.81 h? — 0.545 h* — 96.8) kN where / is in meters.  Ans.

The gate will be on the verge of opening when the water level on both sides of the
gate are equal, that is, when # = 3.5 m. The plot of F¢ vs h is shown in Fig. b. g _(kN)

140 1
120 1

D, 100 |

80 +

, 60
6m-h+2n S 6m

Y \ 25m+ 2(3.5m)
-~ 3 40 ¢

; : _ 3
Fp = 9.81(10%)K2/ ~ Fr=12017(10) N 201

h(m) 35 | 4 | 45| 50 | 55 6.0
Fo(kN) | 0 | 253 | 522 | 80.3 | 109.3 | 138.6
Ans:

Fc = (9.81 B2 — 0.545 h* — 96.8) kN where h is in meters.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-61. The bin is used to store carbon tetrachloride, a
cleaning agent for metal parts. If it is filled to the top,
determine the magnitude of the resultant force this liquid
exerts on each of the two side plates, AFEB and BEDC, and
the location of the center of pressure on each plate,
measured from BE. Take p,, = 3.09 slug/ft>.

SOLUTION

Since the side plate has a width of b = 6 ft, the intensities of the distributed load
can be computed from

wg = pghgb = (3.09 slug/ft3)(32.2 ft /s?)(2 ft)(6 ft) = 1193.976 1b/ft
wa = pghab = (3.09 slug/ft3)(32.2 ft/s?)(5 ft)(6 ft) = 2984.94 Ib/ft

The resulting distributed load on plates BCDE and ABEF are shown in Figs. a and

b, respectively. For plate BCDE, N
1 1 F, w,=1193.976 Ib/ft
Fpepe = E(WB)LBC = 5(1193.976 lb/ft)(2\6ft) = 1688.541b = 1.69 kip Ans. 4

And the center of pressure of this plate from BE is (a)
1
d=3 (2V21t) = 0.943 ft Auns.

w,=1193.976 1b/ft
For ABEF, B

Fy = wgL,p = (1193.976 1b/ft)(3 ft) = 3581.93 Ib 1310 /i
1 1 2312 S
F = E(WA—WB)LAB = 5(2984.94 Ib/ft — 1193.976 Ib/ft)(3 ft) = 2686.451b 3 ot
1 / :
The location of the center of pressure measured from BE can be obtained by /, i A
equating the sum of the moments of the forces in Figs. b and c. U = 2984.94 1b /it
L= .
C , 1 2 (b)
+Mpg, = Mg, (6268.371b)d’ = (3581.93 1b) 5(3 ft) | + (2686.45 1b) 5(3 ft)
d' = 1714t = 1.71ft Ans. B
d!
/P
FABEF
A
©
Ans:
Fgepr = 1.69 kip,d = 0.943 ft
FABEF = 6.27 klp,d' = 1.71 ft
131

M02_HIBB9290_01_SE_C02_ANS.indd 131 @ 24/02/17 4:32 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-62. Determine the resultant force that the water and oil
together exert on the wall ABC.The wall has a width of 2 m.
Also, determine the location of this resultant measured
from the top of the tank. Take p, = 900 kg/m’.

SOLUTION

Since the wall has a constant width, the intensities of the distributed loading at B and
C,Fig.a,are

wg = poghapb = (900 kg/m*)(9.81 m/s?)(1.5m)(2m) = 26.487(10%) N/m = 26.487 kN/m
we = wg + pyughpch = 26.487(10%) N/m + (1000 kg/m?)(9.81 m/s?*)(3 m)(2 m)
= 85.347(10°) N/m = 85.347 kN/m

The resultant force can be determined by adding the areas of the triangles and AT]
rectangle, Fig. b. Here,
1 1.5m
F, = 5(26.487 kN/m)(L5m) = 19.87 kN .
B
wp = 26.487 kN/m
F, = (26487 kN/m)(3 m) = 79.46 kN
1 3m
F; = 5(58.86 kN/m)(3m) = 88.29 kN
Thus, the resultant force is R

C  we=85347kN/m
FR:EF:F]+F2+F3 (a)

= 19.87kN + 79.46 kN + 88.29 kN
= 187.62 kN = 188 kN Ans.
Each of the force components measured from the top acts through the centroid of its
respective area.
2

1 2
v = 5(1.5 m)=100m y,=15m + 5(3 m) =3.00m y;=15m + 5(3 m) = 3.50m

The location of the resultant force can be determined by equating the moment of the
resultant force and the force components about A, by referring to Figs. b and c.

(+H(Mg)a = SMy; (187.62kN)y, = (19.87kN)(1.00m) + (79.46 kN)(3.00 m)
+ (8829 kN)(3.50 m)

yp =3.024m = 3.02m Ans.
y; = 1.00m
\ap
\ AT]
\
| |« —————F, = 19.87kN
y2=300m [ -2\
| J—
y3=13.50m ! \\ = vp
(N
-« — F, = 79.46 kN
-« — F; = 8829 kN Fi = 187.62 kN
| \ | —/
|
P Ans:
26.487 kN /m ‘WT‘ i
(b) 85347KkN/m — 26.487kN/m Fr = 188 kN
= 58.86 kN/m (c) Yp = 3.02m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-63. Determine the critical height & of the water level
that causes the concrete gravity dam to be on the verge of
tipping over. Assume water also seeps under the base of the
dam and produces a uniform pressure under the dam. The
density of concrete is p. = 2400 kg/m®. Hint: Work the
problem using a 1-m width of the dam.

SOLUTION

We will consider the dam having a width of » = 1 m. Then the intensity of the
distributed load at the base of the dam is

wg = pyghb = (1000 kg/m*)(9.81 m/s?)(h)(1 m) = (9810h) N/m

/ W = 12714 (10°) N

The resultant forces of the triangular distributed load and uniform distributed load
due to the pressure of seepage water shown on the FBD of the dam, Fig. a, are

1 1
Fy = Jwph = S(9810h)(h) = (4905h*) N S E -«

2 14723 | A
F, = 58860

(a)

The weight of the concrete dam is
W = p.gV¥ = (2400 kg/m*)(9.81 m/sz)Bw m)(18m)(1 m)}

= 1.2714(10°) N

The dam will overturn about point A. Write the moment equation of equilibrium
about point A by referring to Fig. a.

C+3M, =0; [1.2714(10°)N](4m) — 4905h2(§> — 58860h(3 m) =0

1635h% + 17658(10°)h — 5.0855(10%) = 0

Solving numerically,
h =121583m = 122m Ans.

Ans:
h=122m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-64. The pressure of the air at A within the closed tank

is 200 kPa. Determine the resultant force acting on the
plates BC and CD caused by the water. The tank has a width
of 1.75 m.
SOLUTION
Pc =pp =pa+ pghap
=200(10°) N/m? + (1000 kg/m?)(9.81 m/s?)(2 m)
= 219.62(10°) Pa
Pp = pa+ pghap
=200(10°) N/m? + (1000 kg/m?)(9.81 m/s?)(3.5 m)
= 234.335(10°) Pa
Since plates BC and CD have a constant width of b =1.75 m, the intensities of the 125m

distributed load at points B (or C) and D are

we = wg = pgb = (219.62(10°) N/m?)(1.75m) = 384.335(10°) N/m
wp = ppb = (234.335(10%) N/m?)(1.75 m) = 410.086(10%) N/m

Using these results, the distributed loads acting on plates BC and CD are shown in

=384.335(10°) N
Figs. a and b, respectively. "B (10°) N/m

Fpe = wgLpe = | 384.335(10° N (125 m) = 480.42(10°) N = 480 kN Ans. Fge
m

(a)
1
Fep = (Fep)i + (Fep)a = weliep + E(WD —we)Lep

N 1 N N
= {384.335(103) —}(1.5 m) + 5[410.086(103) — — 384.335(10%) — [(1.5 m)
m m m Wwe = 384.335(10%) N/m

= 595.82(10°) N = 596 kN Ans.
(Feph : 1.5m
(Fep)a
Wp —W/C\‘—>|
wp =410.086(10%) N/m
(b)
Ans:
FBC = 480 kN, FCD = 596 kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-65. The uniform plate, which is hinged at C, is used to
control the level of the water at A to maintain its constant
depth of 6 m. If the plate has a width of 1.5 m and a mass of
30 Mg, determine the required minimum height 4 of the
water at B so that seepage will not occur at D.

SOLUTION
Referring to the geometry shown in Fig. a,
b oed

The intensities of the distributed load shown in the FBD of the gate, Fig. b, are c

wy = p,ghb = (1000 kg/m*)(9.81 m/s?)(2m)(1.5m) = 29.43(10°) N/m T

wy = pughob = (1000 kg/m)(9.81 m/s*)(6m)(1.5m) = 88.29(10°) N/m p Sm

w3 = p,ghsb = (1000 kg/m*)(9.81 m/s?)(h)(1.5m) = [14.715(10°)h] N/m 4m T &
Then, the resultant forces of these distributed loads are J h *
Fy = wilep = [29.43(10°) N/m](5m) = 147.15(10°) N %gm%D
F, = %(w2 —w))lep = %[88.29(103) N/m — 2943(10°) N/m](5m) = 147.15(10°) N (a)
Fy = %WBD = %[14.715(103)h]<%h) = [9.196875(10°)h*| N
and act at

1 2
d, = 5(5 m) =25m d, = 5(5 m) = 3.3333m
1/5

The seepage is on the verge of occurring when the gate is about to open. Thus, it is
required that Np = 0. Write the moment equation of equilibrium about point C by
referring to Fig. a.

+3SMe=0; [147.15(10°) N](2.5m) + [147.15(10%) N](3.3333 m)

— [30(10%)(9.81) N]@)(z.s m)
— [9.196875(10%)h?](5 — 0.4167h) = 0 (b)
3.8320h% — 45.9844h° + 416.925 = 0

Solving numerically,
h =3.5987m = 3.60 m Ans.

Ans:
h = 3.60m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.
2-66. Determine the placement d of the pin on the —]
2-ft-wide rectangular gate so that it begins to rotate
clockwise (open) when waste water reaches a height 7 = 10 ft. | ol ) -
What is the resultant force acting on the gate? : -
SOLUTION i
A j—F
Since the gate has a constant width of b = 2 ft, the intensity of the distributed load c oi 3t
at A and B can be computed from B h
wa = y,hub = (62.41b/1t)(3 ft)(2 ft) = 374.4 1b/ft B i
wg = yohpd = (62.41b/f3)(6 ft)(2 ft) = 748.8 1b/ft 4ft
The resultant trapezoidal distributed load is shown on the free-body diagram of the
gate, Fig. a. This load can be subdivided into two parts for which the resultant force
of each part is
Fy = wyL,p = 3744 1b/ft(3 ft) = 11232 1b 2(3 ft) = 2 ft
1 1 3 w, = 3744 1b/ft
F, = 5(WB — wy)Lap = 5 (74881b/ft = 3744 1b/ft)(3 ft) = 561.6 Ib [ =
[} ‘A=
Thus, the resultant force is h
15 ft Il d
Fr=F + F,=112321b + 561.61b = 1684.8 Ib = 1.68 kip Ans. i d-15ft
[
When the gate is on the verge of opening, the normal force at A and B is zero as L0 g C,
shown on the free-body diagram of the gate, Fig. a. L o
F,=56161b | | 2ft-d
G+IMce = 0, (561.61b)(2 ft — d) — (1123.21b)(d — 1.5ft) =0 o
! I
= . Fp=0
d = 1671t Ans,  DTHE2b L 5
wp = 748.8 1b /ft
(a)
Ans:
Fr = 1.68 kip
d=1.67ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

unless stated otherwise.

2-67. Determine the placement d of the pin on the
3-ft-diameter circular gate so that it begins to rotate
clockwise (open) when waste water reaches a height # = 10 ft. PR e
What is the resultant force acting on the gate? Use the === -
formula method.

SOLUTION w e

Since the gate is circular in shape, it is convenient to compute the resultant force as
follows.

Fr = y,hA = (62.41b/ft>)(10 ft — 5.5 ft)(7)(1.5 ft)?

1984.86 1b
= 1.98 kip Ans.

The location of the center of pressure can be determined from
I

yp=="+y
ya

(L5 ft)*
4

- + (10 ft = 5.5 ft) = 4.625 ft
(10 ft — 5.5 ft)(ar)(1.5 ft)? ( )

When the gate is on the verge of opening, the normal force at' A and B is zero as
shown on the free-body diagram of the gate, Fig. . Summing the moments about
point C requires that Fy acts through C. Thus,

d=y,—3ft=4.6251t —3ft = 1.6251t = 1.62 ft Ans.

-|I|||<|

3ft

~
Il
(=]

y,=46251t |1

Ans:
Fr = 1.98 kip
d = 1.62ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-68. The tapered settling tank is filled with oil
Determine the resultant force the oil exerts on the
trapezoidal clean-out plate located at its end. How far from
the oil surface does this force act on the plate? Use the
formula method. Take p, = 900 kg/m?.

SOLUTION

Referring to the geometry of the plate shown in Fig. a

A=(1m)(15m) + %(1.5 m)(1.5m) = 2.625 m

325m)[(1m)(1.5m)] + (3 m)[%(l.S m)(1.5 m)
y =

5 =31429m
2.625 m

I, = %(1 m)(1.5m)* + (1 m)(1.5m)(3.25 m — 3.1429 m)
+ %(1.5 m)(1.5 m)* + %(1.5 m)(1.5 m)(3.1429 m — 3 m)*

= 0.46205 m*

The resultant force is

Fr = p,ghA = (900 kg/m>)(9.81 m/s?)(3.1429 m)(2.625 m?)

= 72.84(10°) N = 72.8 kN Ans.
And it acts at
I, _ 0.46205 m*
pp==t 4= = +3.1429m = 3.19m = 320m Ans.
YA (3.1429 m)(2.625 m?)

4- %(1.5) —3m
4 %(1.5) ~325m /
v
y=h 0.75 m 0.75 m
| 1m (
CZ CZ
. ° 1.5m
¢,
(a)
Ans:
Fr = 72.8kN
yp=320m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-69. The tapered settling tank is filled with oil. Determine
the resultant force the oil exerts on the trapezoidal clean-
out plate located at its end. How far from the oil surface
does this force act on the plate? Use the integration method.
Take p, = 900 kg/m?.

SOLUTION

With respect to x and y axes established, the equation of side AB of the plate,
Fig. a,is

y-25 _ 4-25
x—125 05-125 Y

Thus, the area of the differential element shown shaded in Fig. a is dA=
2xdy = 5 — y dy. The pressure acting on this differential element is p = pogh =
(900 kg/m*)(9.81 m/s?)y = 8829y. Thus, the resultant force acting on the entire
plate is

4m
Fr = /pdA = / 8829y(5 — y)dy
A 2.5m

4m
= 22072.5y% — 2943y°
25m
= 72.84(10°) N = 72.8 kN Ans.
And it acts at
/ ypdA 4m
A
= = 8829y)(5 — y)d
Y Fg 72.84(10°) N y5ud COENNG = )y
1 5 . 4m
= ————(14715y° — 220725
72.84(10%) ( Y v 25m
=319m = 3.20m Ans.

2.5m

<]
“

1.25m | 1.25m |A h=y

1.5m

Ans:
Fr = 72.8 kN
yp=320m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-70. Ethyl alcohol is pumped into the tank, which has the
shape of a four-sided pyramid. When the tank is completely
filled, determine the resultant force acting on each side, and
its location measured from the top A along the side. Use the
formula method. Take p,, = 789 kg/m>.

SOLUTION

The geometry of the side wall of the tank is shown in Fig. a. In this case, it is 2m
convenient to calculate the resultant force as follows.

Fr = yeahA = (789 kg/m?)(9.81 m/sZ)Em m)K%)m m) (\V/40)
= 390.1(10%) N = 390 kN Ans.

The location of the center of pressure can be determined from

I, _
yp=="+vy
ya
1
f(4m)(\/éﬁm)3
=3 36 - + (%)(\/éﬁm)
g(\/ZOm)<E(4m)(\/Em))
= 4.74m Ans.
yzg\/‘mm

V(6 m)? + (2m)

11
V40 m

Ans:
Fr = 390 kN
yp=474m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-71. 'The bent plate is 2 m wide and is pinned at A and
rests on a smooth support at B. Determine the horizontal
and vertical components of reaction at A and the vertical
reaction at the smooth support B for equilibrium. The fluid

is water.

B
4m—-

The horizontal loading on the plate is due to the pressure on the vertical projected
1 2
5 (4 1’1’1) \(Fv)Z /3 (4 Il’l)

SOLUTION

area of the plate. Since the plate has a constant width of b = 2 m, the intensities of
(Fv)l

the horizontal distributed load at A and B are
wa = pughab = (1000 kg/m*)(9.81 m/s?)(1 m)(2m) = 19.62(10°) N/m
wg = pughgb = (1000 kg/m>)(9.81 m/s?)(7m)(2m) = 137.34(10°) N/m - )

A 7 Y

The resultant of the distributed load shown in the FBD of the plate, Fig. a, is
walag = [19.62(10°) N/m](6m) = 117.72(10*) N = 117.72kN
1 3 3 Fp
(wp — wa)lyp = 5[137.34(10 )N/m ~ 19.62(10°) N/m](6 m) 7
e —

1
(Fp)2 = )
= 353.16(10°) N = 353.16 kN ;

(Fp)1 =

F; and F, are not in the FBD are equal to the weight of water contained in the
4m

respective shaded rectangular and triangular blocks, Fig. a.
(F,); = png¥. = (1000 kg/m>)(9.81 m/s*)[4m(1 m)(2m)] = 78.48(10°) N = 78.48 kN
1
(F,), = pug¥ = (1000 kg/m*)(9.81 m/sz)b(zt m)(3 m)(2 m) } =117.72(10°) N = 117.72 kN

Write the moment equation of equilibrium about points A and O by referring to Fig. a.

GFIM, =0, (117.72 kN)B(6 m)} +(353.16 kN)E(6 m)} + (7848 kN)B(4 m)}

2
+ (117.72kN){§(4m)} — Ng(4m) =0
Np = 559.17kN = 559 kN Ans.

+SM, =0, (117.72 kN){%(6m)} + (353.16 kN){§(6m)} — (7848 kN)[%(éLm)}

— (11772 kN)E(4 m)} ~ Ay (4m) =0

Ay, = 362.97 kN = 363 kN Ans.

Write the force equation of equilibrium along the x axis.

B SF =0; 11772kN + 35316 kN — A, = 0
A, = 470.88 kN = 471 kN Ans.

Ans:

A, = 471 kN

Np = 559 kN, A, = 363 kN,

141

M02_HIBB9290_01_SE_C02_ANS.indd 141

24/02/17 4:32 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

be p, = 1000kg/m?

Yee = 44.51b/ft3.

SOLUTION

The resultant force is

Unless otherwise stated, take the density of water to

and its specific weight to be

Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-72. The tank is filled to its top with an industrial
solvent, ethyl ether. Determine the resultant force acting on
the plate ABC, and its location on the plate measured from
the base AB of the tank. Use the formula method. Take

Fg = v,,hA = (44.51b/ft3)(8 sin 60° ft)B(w ft)(12 ft)}

= 18.498(10%) Ib = 18.5 kip Ans.

1
bh® = %(10 ft)(12 ft)> = 480 ft. Then

8ot + 8ft =9ft

Pl
T 36

_ L +y =
yp yA
Thus,

8 ft)B(lO ft)(12 ft)}

d=121ft —yp =121t = 9ft =3 ft Ans.

-|I|||<|

i = 8 sin 60° ft

1
—(12) =41t
Laz)

(@)

Ans:
Fr = 18.5kip
d=3ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-73. Solve Prob. 2-72 using the integration method.

SOLUTION
With respect to x and y axes established, the equation of side AB of the plate,
Fig. a,is

y—-0 12-0 _ 5

x-0 5-0° 7127

Thus, the area of the differential element shown shaded in Fig. a is dA = 2xdy =
5 5 . L . .

Z(Ey)dy =g dy. The pressure acting on this differential element is p = yh =

(44.51b/1t3)(y sin 60°) = 38.54y. Thus, the resultant force acting on the entire plate is

121t 5
Fr = /pdA = / (38.54y) (gydy)
0
A

12 ft
=10.71y3
0
= 18.50(10%)Ib = 18.5 kip Ans.
And it acts at
/)’PdA 12t
- [ s (D)
’= T 1850(10°) J, 27\
1 ( 4) 12 ft
=——— (803
18.50(10°) Y
= 9.00 ft
Thus,
d =121t —y, = 3.00 ft Ans.
_Y;_
h =y sin 60°

Ans:
Fr = 185 kip
d = 3.00 ft

143

MO02_HIBB9290_01_SE_C02_ANS.indd 143 @ 24/02/17 4:32 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-74. If the tank is filled with vegetable oil, determine the
resultant force that the oil exerts on plate A, and its location
measured from the bottom of the tank. Use the formula

method. Take p,, = 932 kg/m’.

SOLUTION

Since the plate has a width of b = 1 m, the intensities of the distributed load at the
top and bottom of the plate can be computed from
= pyo ghb = (932 kg/m?)(9.81 m/s?)(3 m)(1 m) = 27.429(10°) N/m

w
= pyo ghyb = (932 kg/m*)(9.81 m/s?)(5 m)(1 m) = 45.715(10°) N/m

Wp
The resulting trapezoidal distributed load is shown in Fig. a, and this loading can be
subdivided into two parts for which the resultant forces are

Fy = w(L) = [27.429(10°) N/m ] (2 m) = 54.858(10°) N

F, = %(wb —w)(L) = %[45.715(103) N/m — 27.429(10°) N/m](2 m) = 18.286(10°) N

Thus, the resultant force is
Fgr = F, + F, = 54.858(10°) N + 18.286(10°) N'= 73.143(10°) N = 73.1 kN Ans.

The location of the center of pressure can be determined by equating the sum of the

moments of the forces in Figs. @ and b about O.
CH(Mp)o = SMy;  [73.143(10°) N|d = [54.858(10°) N |(1 m) + [18.286(103)N]E(2 m)}

d = 0.9167m = 917 mm Ans.

w,=27.429(10°) N/m

r_——

[}
n

F, = 54.858(10% N ':'E
P = 73.143(10°) N

[N
[N
Ll

I
1
I
I

I
I
|
A' : 1m
1 I
(2m) Lo d
Lo
1 I
( \
wy, = 45.715(10%) N/m © 0
F,=18.286(10%) N
(a) (b)
Ans:
Fr = 73.1kN
d = 917 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-75. If the tank is filled with vegetable oil, determine the
resultant force that the oil exerts on plate B, and its location
measured from the bottom of the tank. Use the formula
method. Take p,,, = 932 kg/m’.

SOLUTION

as follows.
Fr = voohA = (932 kg/m?)(9.81 m/s?)(2.5 m) [ 7(0.75 m)?]
= 40.392(10°) N = 40.4 kN

The location of the center of pressure can be determined from

(0.75 m)*
I, T4
yP = — + y = ) + 2 5
A (2.5m)(47)(0.75 m)
= 2.556m

From the bottom of the tank, Fig. a,

d=5m-—yp=5m—2556m =2.44m

Since the plate is circular in shape, it is convenient to compute the resultant force

Ans.

Ans.

h=25m

2.5m

(a)

Ans:
Fr = 404 kN
d=244m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-76. Solve Prob.2-75 using the integration method.

SOLUTION

With respect to x and y axes established, the equation of the circumference of the
circular plate is

X2+ y? =075 x = V075 — y?

-II|| <]

Thus, the area of the differential element shown shaded in Fig. a is
dA = 2xdy = 2V 0.75* — y* dy. The pressure acting on this differential element
is p=pgh=(932kg/m>)(9.81 m/s?)(2.5 — y) = 9142.92(2.5 — y). Thus, the
resultant force acting on the entire plate is

h=25-y

0.75 m
Fr = / pdA = / 9142.92(2.5 ~ y){z 0757 — y? dy:|
A _

0.75m

0.75 m
= 18285.84 / 25— y) (\/(W—y2 >dy g
~075m — 1,
0.75.m T

) 857.3[ W75 — 2 + 075 sinfli} X
0.753] 675 m
0.75m
+ 609528V (0.75% — y?)?

—0.75m

<

= 40.39(10°) N = 40.4 kN Ans.

. (a)
And it acts at

/(2.5 — y)pdA
A

yp = Fr

1
4039(10%)

0.75 m
/ 2.5 - y)[9142.92(2.5 — y)](z\/(ﬁ—y2 dy>

0.75 m

0.75 m
= 0.4527 / (625 + y> — 5y )(\/0.752 - yz)d)

0.75 m

0.75m
- 1.4147[);\/0.752 2 40752 sin”! X}

a

+ 0.4527{—§v(0.752 —y?)?

=0.75m

(y\/0.752 —y? + a?sin”! O);S)}

0.75 m.

+ 0.75450
—0.75m

0.75m
+

0.75%
8

—0.75
= 2.5562 m

From the bottom of tank is
d=5m—y,=5m— 2.5562m = 2.44m Ans.

Ans:
Fr =404kN,d = 2.44m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-77. Determine the resultant force acting on the
triangular plate A and the location of the center of pressure,
measured from the free water level in the tank. Solve the
problem using the formula method.

SOLUTION

Referring to the dimensions shown in Fig. a,
2 _
d:§(1.8m):1.20m y=h=5m-120m = 3.80m

Also,

A= %bh = %(2 m)(1.8m) = 1.80 m?
AL T 3_ "
Iy = b’ = 2 2m)(1.8m)* = 0.324m

The resultant force can now be determined:

= 67.10(10°) N'= 67.1 kN

And it acts at -
_ L 0.324 m*
Y (3.80m)(1.80 m?)

y
=3.8474m = 3.85m

Fgr = y,hA = (1000 kg/m®)(9.81 m/s?)(3.80 m)(1.80 m?)

fy=——" . 41380m

Ans.

Ans.

V4
Yo y=h
. 1.8157?
(a)
Ans:
Fr=671kN,yp =3.85m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-78. Solve Prob. 2-77 using the integration method.

SOLUTION

With respect to x and y axes established, the equation of side CD of the
plate, Fig. a, is

y-5 320-5  5_
ro0 120 Y9Gy

9 9

the entire plate is

Sm
Fr = /pdA = / (981()y){£(5 — y)dy}
A 320m 9

5m
= 10900/ (5y-=y*)dy
3.20

5 y3)
=10900{ ~y* — =
’ (2y 3

= 67.10(10°) N = 67.1 kN

/ypdA
A

Yp = FR

5

320 m

And it acts at

where

Jwaa = /:m v(oston)| s - na|

20m

5m
= 10900/ (5y% — y*)dy
320m

_ 5, ﬁ)
—10900(3y .

= 258.16(10°) N-m

Sm

320m

Then
~258.16(10°) N-m

- — 38474m = 385m
YT T67.10(10°) N

The area of the differential element shown shaded in Fig. a is d4 = 2xdy =
5 10

2[*(5 —y) |dy = —(5 — y)dy. The pressure acting on this differential element is

p = yh = (1000 kg/m*)(9.81 m/s?)y = 9810y. Thus, the resultant force acting on

Ans.

Ans.

M ’ x
h=y 3.20 m y
i Im|lm
C
e
180 m 5
R L dy
D
y
(a)
Ans:
Fr = 67.1 kN
yp=385m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-79. The open wash tank is filled to its top with butyl
alcohol, an industrial solvent. Determine the magnitude of
the resultant force on the end plate ABCD and the location
of the center of pressure, measured from AB. Solve the
problem using the formula method. Take y,, = 50.11b/ ft3.

SOLUTION

First, the location of the centroid of plate ABCD, Fig. a, measured from edge AB
must be determined.

(L5f)[3f2ft)] + (1 ft)B(zt ft)(3 ft)]
= n =125t
312 1) + (4 f)(3 1)

34
)

Then, the moment of inertia of plate ABCD about its centroid X axis is
I, = 11—2(2 ft)(3 ft)® + 2 £t(3 ft)(1.5 ft = 1.25 ft)z} + {%(4 ft)(3 ft)® + %(4 ft)(3 £t)(1.25 ft — 1 t)? | = 8.25 ft*
The area of plate ABCD is

A =3ft(2ft) + %(4 ft)(3 ft) = 12 ft

Thus,
Fr = yhA = (50.11b/ft*)(1.25 ft)(12 ft?) = 751.51b= 752 1b Ans.

I, 8.25
=2 4 y=—"""_1125=180ft Ans.
YPT5a4 Y T 12512) "
|2ft | 2ft | 26
N | | | B
C l C 31t
C"
\ D C
G =1ft %(3 ft) = 1.5 ft
(a)
Ans:
Fr =7521b
yp = 1.80 ft
149
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. y
*2-80. The tank truck is filled to its top with water. Y L e-
Determine the magnitude of the resultant force on the — (0.75 m)>
elliptical back plate of the tank, and the location of the ﬁ 7<
center of pressure measured from the top of the tank. Solve L1
the problem using the formula method.
X
——1m —»‘
SOLUTION
Using Table 2-1 for the area and moment of inertia about the centroidal x axis of the
elliptical plate, we get
F = p,ghA = (1000 kg/m’)(9.81 m/s?)(0.75 m)(#)(0.75 m)(1 m)
= 173 kN Ans.
The center of pressure is at
L
yp yA y
1 3
Zw(l m)(0.75 m)
= +0.75
(0.75 mym(1 m)(0.75 m) 2
=0.9375m = 0.938 m Ans.
Ans:
F=173kN
yp = 0.938 m
150
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-81. Solve Prob. 2-80 using the integration method. y2 )’

+x
(0.75 m)?
o (7

J

SOLUTION

By integration of a horizontal strip of area,

dF = pdA = (1000 kg/m®)(9.81 m/s?)(0.75 m — y)(2x dy)

0.75m I 1
F=19 620/ 0.75 — y)(l - —) dy
—0.75 m (075)2

0.75m 1 0.75m
19 620{ / (0.75)? = y>dy — —= yV(0.75)* — y* dy}

0.75 m 0.75 —0.75m
19 620 m e y }075 19 620|: 1 0.75
== 0.75)% — y> + (0.75 o - —V((0.75)* = y?)?
5 [y (0757 = y* + (075 sin P oos| & = Tias | 3V ((0.75)* = y?) .
19 6207(0.75)*
=——5  —0=17336N =173kN Ans.
0.75m y2 %
19 620/ v(0.75 — y)(l - 72) dy
= SR OB~ _ oisrsm
TP 17336 N '
yp=075m + 0.1875m = 0.9375m = 0.938 m Ans.
Ans:
F=173kN
yp = 0.938m
151
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. y

2-82. The tank truck is half filled with water. Determine
the magnitude of the resultant force on the elliptical back
plate of the tank, and the location of the center of pressure
measured from the x axis. Solve the problem using the
formula method. Hint: The centroid of a semi-ellipse
measured from the x axisis y = 4b /3.

SOLUTION

From Table 2-1, the area and moment of inertia about the x axis of the half-ellipse
plate are

A= %ab = g(l m)(0.75 m) = 0.3757 m?

_lfm s\ _ 1|7 3}: 4
I, 2( 4ab) 2{ 5 (Lm)(0.75m)’ | = 0052737 m

Thus, the moment of inertia of the half of ellipse about its centroidal x axis can be
determined by using the parallel-axis theorem.

I, =1, + Ad}
. 4(0.75m) )2
0.052737 m* = I, + (0.375 ) %o
E
I, = 0.046304 m*

. 40.75m)
Since h = T a. = 0.3183 m, then
a

Fgr = yhA = (1000 kg/m®)(9.81 m/s?)(0.3183 m)(0.3757 m?)
3.679(10°) N = 3.68 kN Ans.

Since y = h = 0.3183 m,

I _
Y=t
- 0.046304 m*
(03183 m)(0.3757 m?)
= 0.4418 m = 442 mm Ans.

+ 0.3183 m

Ans:
Fr = 3.68 kN
yp = 442 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-83. Solve Prob. 2-82 using the integration method.

SOLUTION
Using a horizontal strip of area dA,
dF = pdA
dF = (1000 kg/m®)(9.81 m/s?)(—y)(2x dy)

1

0 2 \1
y 2
-19 620/ (1 — ) d
~0.75 m(y) 0752)

19620 [°
= —7/ y\/0.752 — y2 dy
075 —0.75m

F

_ 26 160[\/@}0

3 —0.75m

= 3.679(10°) N = 3.68 kN

1

0 ¥\
—-19 620 1- d
/4).75 my(y) ( 0.75 > Y

3678.75 N

= 04418 m = 442 mm

y
y? + 2=
— < (0.75 m)?
L T
/ 0.75m
|,
~—1m ‘
[
Ans.
Ans.
Ans:
Fr = 3.68 kN
yp = 442 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-84. The trough is filled to its top with carbon disulfide.
Determine the magnitude of the resultant force acting on
the parabolic end plate, and the location of the center of
pressure measured from the top. Solve the problem using
the formula method. Take p,;, = 2.46 slug/ ft.

SOLUTION

From Table 2-1, the area and moment of inertia about the centroidal x axis of the
parabolic plate are

A= %bh = %(2 ft)(4 ft) = 5.3333 ft?

8 8
L= ——bl® = —

3 _ 4
s SR 1)} = 58514t

With i = %h = %(4 ft) = 1.6 ft,

Fr = yhA = (2.46 slug/ft3)(32.2 ft /s2) (1.6 ft)(5.3333 ft?)

= 675.941b = 676 b Ans.
Sincey = h = 1.6 ft,
I,
= — +
Yp YA y
4
_ 5.8514 ft et
(1.6 £t)(5.3333 ft?)
= 22857 ft = 2.29 ft Ans.
Ans:
Fr = 6761b
)’P = 2.29 ft
154
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-85. Solve Prob. 2-84 using the integration method.

SOLUTION

Using a horizontal strip of area,

A

158.424 /0 4fl(4 —~ y)(%)(y’z)dy

4 ft

= 79212 (
0

(4y* — y%)dy>

4 ft

83 2
= 79.212(3y2 5y2> .

= 675.941b = 6761b

Fr(d) = /A y(pdA) = 158.424 /0 4fty(4 - y)(%)(yli)dy

4 ft
(675.94 1b)(d) = 158.424 / V4 - y)(%) W dy
0
4 ft

(4y> — y2)dy
0

=79.212

8 s 2 .\[|*M
= 79212 —y2 — —y2
’ (3y2 5y2> 0
1158.76 1b - ft

1158.76 Ib - ft
d= W = 1.7143 ft
=4 ft — 1.7143 ft

= 22857 ft = 229 ft

4ft
Fg = / pdA = (2.46 slug/t3) (322 ft/s?) (4 — y)2xdy
0

Ans.

Ans.

Ans:
Fr = 6761b
yp = 2291t
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-86. The tank is filled to its top with lubricating oil.
Determine the resultant force acting on the semicircular
plate ABC, and its location on the plate measured from the
base AC of the tank. Use the formula method. Take
Yo = 54.91b/ft3.

SOLUTION

Referring to the dimensions shown in Fig. a,

4(6 ft
4r_( )=§ft

~|
I

37 3 T

8
y =181t — ;ft = 15.4535 ft

h

(15.4535 ft) sin 60° = 13.3831 ft

A=) = (6107 = 18w 10

The resultant force can now be determined:
Fr = y,hA = (549 1b/ft3)(13.3831 ft) (187 ft?)
= 41.548(103) Ib = 41.5 kip
And it acts at

4
+y= 142251t — + 154535 ft = 15,6163t
(15.4535 ft)( 18 ft2)

—_ Tx
Yp A

Thus,
d = 18 ft — 15.6163 ft = 2.3837 ft = 2.38 ft

c_my 1, ﬂ>:(9w2—64>:<9w2—64) ‘_ .
L= grt = S(mr )(377 o 5. J(61)* = 14225t

Ans.

Ans.

18 ft
12 ft y

(a)

Ans:
Fr = 41.5kip
d = 238 ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be

Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

unless stated otherwise.

2-87. Solve Prob. 2-86 using the integration method.

SOLUTION

With respect to the x and y axes established, the equation of the semicircular plate,
Fig.a,is

(x —0)2+ (y —18)2=6 x
¥+ (y—18)2=36

x = V36— (y — 18)?

The area of the differential element shown shaded in Fig. a is dA = 2xdy = v
2V36 — (y — 18)? dy. The pressure acting on this differential element is p = yh = =
(54.9 Ib/ft*)(y sin 60°) = 47.5448y. Thus, the resultant force acting on the entire

plate is

h =ysin60° 12 ft

18 ft
Fr = /pdA = /1 (47.5448y)[2V/36 — (y — 18)2 dy] \;

A 2 ft Y
18 ft

= 95.0896/ yV36 — (y — 18)2dy y ®

12t (a)

1 18 ft y — 18\ |81

= 95.0896{—7\/[36 - (y—18)2P| + 9{(y —18)V36' = (y = 18)2+ 36 sin—1< ) }

3 21 6 21

= 41.548(10%) Ib = 41.5 kip Ans.
And it acts at
/ypa’A

_JA

Yo = TR

where

18 ft
/ypdA = / y(47.5448y)[2V36 — (y — 18)%dy]
A 1

2 ft

18 ft
= 95.0896/ y*V36 — (y — 18)%dy
12 ft

18 ft
~12V[36 — (y — 18)%]}

12 ft
18 ft}
12 ft

18 ft

= 95.0896{—(y _418)\/[36 =18

12 ft

T ﬁ{(y ~ 18)V36 — (y — 18)° + 36 Sinfl(y [ 18)}

2 6

= 648829.85 Ib - ft

Then

648 829.85 b - ft

Yy = o B = 156163 ft

41.548(10%) Ib
Ans:
Thus, Fr = 41.5 kip
d=18 —y, = 23837 ft = 2381t Ans. d = 2381t
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-88. The tank is filled with water. Determine the
resultant force acting on the trapezoidal plate C and the
location of the center of pressure, measured from the top of
the tank. Solve the problem using the formula method.

SOLUTION

Referring to the geometry shown in Fig. a,

A= %(Zm)(l.S m) + (1m)(1.5m) = 3.00 m

(425m)[(1m)(1.5m)] + (4.00m){%(2m)(1.5 m)}
y= =4125m F=35m+1(15m)

(Im)(1.5m) + %(Zm)(l.S m) =4.00m

=
I

il

= 117(1 m)(1.5m)? + (1 m)(1.5m)(425m — 4.125m)?

~
=

Y 3'5\ m 5 =35+ %(1.5 m)

L om)sm) + F(Zm)u.s m)}(4.125m — 400m)? AT M | = 42sm

% 2 7 &} G,
0.515625 m* Fy le AN
1

The resultant force can now be determined: (a)

Fr = y,hA = (1000 kg/m?)(9.81 m/s?)(4.125 m )(3.00.m?)
= 121.40(10°) N = 121 kN Ans.
And it acts at
I, 0.515625m*

-y = +4125m
T 5A YT (4125 m)(3.00 m2)

= 4.1667m = 4.17m Ans.

Ans:
Fr = 121 kN
yp =417m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-89. Solve Prob. 2-88 using the integration method.

SOLUTION

With respect to the x and y axes established, the equation of side EF of

the plate, Fig. a, is
y—35 5-35
x—15 05-15

x = 3.8333 — 0.6667y

The area of the differential element shown shaded in Fig. a is dA = 2xdy =.
2(3.8333 — 0.6667y)dy = (7.6667 — 1.3333y)dy. The pressure acting on this
differential element is p = yh = (1000 kg/m?)(9.81 m/s?)y = 9810y. Thus, the

resultant force acting on the entire plate is

Sm
F = /pdA — / (9810y)(7.6667 — 1.3333y)dy
A 3

Sm

5m
= 9810 / (7.6667y —1.3333y%)dy
3

Sm

Sm

= 9810(3.8333y? — 0.4444y?)

3.5m
= 121.40(10°) N = 121 kN

/ypdA
JA

And it acts at

=R
where
Sm
/ypdA = / y(9810y)(7.6667 — 1.3333y)dy
A 35m
Sm
= 9810 / (7.6667y> — 1.3333y%)dy
35m
Sm
= 9810(2.5556y* — 0.3333y*)
3.5m
= 505.83(10°) N-m
Thus,

505.83(10°) N-m
Yp = =41667m = 417m
121.40(10°) N

Ans.

Ans.

il

’ X
3.5m
Y \ 1.5m| 15 ¥
D m D m
\ —E
AR
7P 1.5m —
NI e
F dy
bane
05m|0.5m
y
(a)

Ans:
Fr = 121 kN
yp=417m
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unless stated otherwise.

weight.

SOLUTION

Thus,

about point A by referring to Fig. a.

F, = (11232 1b/ft)(3 ft) = 3369.6 Ib
F, = (11232 1b/ft)(1.5 ft) = 1684.81b

Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

2-90. The control gate ACB is pinned at A and rests on
the smooth surface at B. Determine the amount of weight
that should be placed at C in order to maintain a reservoir
depth of &2 = 10 ft. The gate has a width of 3 ft. Neglect its

The intensities of the distributed load at C and B shown in Fig. a are
we = ywheb = (62.41b/1t%)(6 ft)(3 ft) = 1123.2 1b/ft
wg = ywhgb = (62.41b/ft3)(7.5 ft)(3 ft) = 1404 Ib/ft -

Fy = %[(1404 — 112321b/ft) | (1.5 ft) = 210.6 b

Since the gate is about to be opened, Ny = 0. Write the moment equation of equilibrium

CHSM, =0;  (3369.61b)(1.5 ft) + (1684.8 1b)(0.75 ft) + (210.6 Ib)(1 ft) — w(3 ft) = 0

We = 2176.21b = 2.18 kip Ans.
We
1.5ft 1.5ft
| Wc¢ 1
/ / 1(15)=075ft

2
Or =
S LU

A)C __________________ _u U
it 2(15)= 11
|
£ X
Fi  F —
I
Ay I
Al
Wg
Ans:
We = 218 kip
160
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SOLUTION

Thus,

2-91. The control gate ACB is pinned at A and rests on
the smooth surface at B. If the counterweight C is 2000 1b,
determine the maximum depth of water 4 in the reservoir
before the gate begins to open. The gate has a width of 3 ft.
Neglect its weight.

F, = (187.2(h — 4) 1b/f)(3 ft) = S6L.6(h — 4) b
F, = (187.2(h — 4) Ib/ft)(1.5 ft) = 280.8(h — 4) Ib

F; = %[187.2(/1 — 2.5) Ib/ft — (187.2(h — 4)1b/ft](1.5 ft) = 210.6 Ib

Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

The intensities of the distributed loads at C and B are shown in Fig. a. R

we = ywheb = (62.41b/f6)(h — 4f6)(3 ft) = [187.2(h — 4)] Ib/ft
wp = yuhgb = (62.41b/t)(h — 2.5 ft)(3 ft) = [187.2(h — 2.5) ] Ib/ft

Since the gate is required to be opened, Ny = 0. Write the moment equation of
equilibrium about point A by referring to Fig. a.

M02_HIBB9290_01_SE_C02_ANS.indd

161

C+3M, =0;  [561.6(h — 4)1b (1.5 ft) + [280.8(h —4)1b](0.75 ft)
+ (210.6 Ib)(1 ft) — (2000 Ib)(3 ft) = 0
1053(h — 4) = 5789.4
h = 9.498 ft = 9.50 ft Ans.
2000 1b
1.5 ft 1.5 ft
L Wce
A ©: f
e A T |
Il 2
lHI 5(1.5) =1ft
F TT
il
F
Ay Fl ’ ’l : 1
(’_'L_LL 5(1‘5) =0.75 ft
wp
Ans:
h = 9.50 ft
161
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-92. The uniform plate, which is hinged at C, is used to
control the level of the water at A to maintain its constant
depth of 12 ft. If the plate has a width of 8 ft and a weight of
50(10%) Ib, determine the minimum height 4 of the water at
B so that seepage will not occur at D.

SOLUTION

Referring to the geometry in Fig. a,
x _h 5
08 T4

The intensities of the distributed load shown in Fig. b are

Thus, the resultant forces of these distributed loads are

F; = (1996.8 Ib/ft)(10 ft) = 19968 Ib
T2
1 5 5
Fy = S (4992h10/f0)\ h | = (3122) 1b

and act at

_10ft
2

2
dy = S(101t) = 6.667 ft

d St

5
4

of the gate, Fig. b,

Solving numerically,

h =59451t = 5.95ft < 8ft

wi = y,ub = (62.41b/ft3)(4 ft)(8 ft) = 1996.8 Ib/ft
wy = y,hob = (62.41b/f3) (12 ft)(8 ft) = 5990.4 Ib /ft
ws = y,hsb = (62.41b/f3)(h)(8 ft) = (499.2h) Ib/ft

1
F, = (59904 1b/ft — 1996.8 1b/ft)(10 ft) = 19968 Ib

1
dy =101t — 3 <*h> = (10 — 0.4167h) ft

C+SMc=0; (50000 1b)(§)(5 ft) + (312421b)(10 — 0.4167h) ft

— (19968 1b)(5 ft) — (19968 1b)(6.667 ft) = 0
— 13043 + 31204 — 82960 = 0

For seepage to occur, the reaction at D must be equal to zero. Referring to the FBD

Ans.

10 ft

8 ft

6 ft

50000 1b

Ans:
h = 5095ft < 8ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-93. The bent plate is 1.5 m wide and is pinned at A and
rests on a smooth support at B. Determine the horizontal
and vertical components of reaction at A and the vertical
reaction at the smooth support B. The fluid is water.

SOLUTION

Since the gate has a width of b = 1.5 m, the intensities of the distributed loads
at A and B can be computed from

wa = pughsb = (1000 kg/m?)(9.81 m/s?)(1 m)(1.5 m) = 14.715(10°) N/m
wa = pughsb = (1000 kg/m?)(9.81 m/s?)(1 m)(1.5m) = 14.715(10°) N/m

Using these results, the distributed load acting on the plate is shown on the free- 25m 5
body diagram of the gate, Fig. a. \:1 ________ T/WA =14.715(10°) N/m

F, = wyL,p = (14.715(10°) N/m)(5 m) = 73.575(10°) N

F, = %(WB — wa)Lge = %(73.575(103) N/m — 14.715(10%) N/m)(4 m)

= 117.72(10°) N
Fy = wyLge = (14.715(10°) N/m)(4 m) = 58.86(10°) N
fﬁa(()jr; dﬂtlfi ;lrlf;z-ll;(r)(ll)}lfocclizg;fgr'na.is equal to the weight of the water contained in the — 4 wg = 73.5;5(103) N/m
NB
Fy = p,gV = (1000 kg/m?)(9.81 m/sz)[%(?: m)(4 m)(1.5 m)} = 88.29(10°) N (a)

Considering the free-body diagram of the gate, Fig. a,
2
C+3IM, =0;  Ny(5m) — 73.575(10°) N(2.5 m) — 58.86(10°) N(2 m) = 117.72(10°) N <§(4 m))

— 88.29(10°) N(Zm + %(3 m)) =0

N = 193.748(10°) N = 194 kN Ans.
H3F =0 A, — 58.86(10°) N — 117.72(10°)) N = 0
A, = 176.58(10°) N = 177 kN Ans.
+13F, = 0 —A, — 73.575(10°) N — 88.29(10°) N + 193.748(10°) N = 0
A, = 31.88(10°) N = 31.9kN Ans.
Ans:
Ng = 194kN
A, = 177kN
A, = 31.9kN
163
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-94. The gate is 1.5 m wide, is pinned at A, and rests on
the smooth support at B. Determine the reactions at these
supports due to the water pressure.

SOLUTION

The horizontal loading on the plate is due to the pressure on the vertical projected
area of the plate, Fig. a. Since the plate has a constant width of b = 1.5 m, the ’ ( B 4)m
intensity of the horizontal distributed load at B is given by

A, y
wg = pughgb = (1000 kg/m?)(9.81 m/s*(3m)(1.5m) = 44.145(10°) N/m _’%

And its resultant force is |

1 1 \
Fy = wplps = 5[44.145(103) N/m](3m) = 66.2175(10°) N = 66.2175 kN v T

The vertical force acting on the plate is equal to the weight of the water contained in
the block shown shaded in Fig. a. Np

Fy = pusVaos = (1000 kg/m*)(9.81 m/sz)[gw m)2(1.5 m)}

= 104.01(10°) N = 104.01 kN

Write the moment equations of equilibrium about points A and O by referring to
the FBD of the plate, Fig. a.

GFSM, = 0; Ng(3m) — (662175 kN)E(S» m)} — (104.01 kN)(S 2 %) m =10

Ng = 104.01 kN = 104 kN Ans.

4 2
G+SM, = 0; A,(3m) + (104.01 kN)(— m) — (66.2175 kN){g(E» m)} =0
’ a
A, =0 Ans.
Write the force equation of equilibrium along the x axis.
£E3F =0; A, —662175kN =0
A, = 662175 kN
= 66.2 kN Ans.

Ans:
Np = 104 kN
A, =0,A, = 662kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-95. Water is confined in the vertical chamber, which is
2 m wide. Determine the resultant force it exerts on the
arched roof AB.

SOLUTION

Due to symmetry, the resultant force that the water exerts on arch AB will be A\ B

vertically downward, and its magnitude is equal to the weight of water of the 4

shaded block in Fig. a. This shaded block can be subdivided into two parts as

shown in Figs. b and c. The block in Fig. ¢ should be considered a negative \F
|
I

part since it is a hole. From the geometry in Fig. a,

2
9 = sin ﬂ(ﬁ) = 30°

h =4 cos 30°m

Then, the area of the parts in Figs. b and c are
1
Aoscpao = 6 m(4m) + 5(4 m)(4 cos 30° m) = 30.928 m’

,@ 2) — 60° 7] & 2
Aopao = 3600(7” ) = 3600[77(4 m)? ] = 2.66677 m

Therefore,

Fr = W = p,g¥ = (1000 kg/m?) (9.81 m/s?) [ (30.928 m* — 2.6667m m*)(2 m) |

= 442.44(10°) N = 442 kN Ans.

2m; 2m 4m
6m = 6m
| A
B B A B B
h 0|6 4 m 4m
N n 26 =60°
0 o o
h=4cos30°m
@ (b) (©)
Ans:
Frp = 442 kN
165
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. y

*2-96. The wall is in the form of a parabola. Determine
the magnitude and direction of the resultant force on the
wall if it is 8 ft wide. .

12 ft {

SOLUTION 121t

The horizontal loading on the wall is due to the pressure on the vertical projected
area of the wall, Fig. a. Since the wall has a constant width of b = 8 ft, the
intensity of the horizontal distributed load at the base of the wall is

w = y,hb = (62.41b/ft3)(12 ft)(8 ft) = 5.9904(10%) Ib/ft

Thus,
FU
1 1 —
F, = EWh = 5[5.9904(103) Ib/ft] (12 ft) = 35.9424(10%)Ib
/ (]
The vertical force acting on the wall is equal to the weight of the water contained in . FI? | 121t
the block above the wall (shown shaded in Fig. a). From the inside back cover of the _"_>0 A, ‘
text, the volume of this block (parabolic cross-section) is S
5 5 ; v 12 ft——
V= —ahb = (12 ft)(12 ft)(8 ft) = 768 ft
Sahb = (12 1)(12 f1)(8 1) @

Thus,
F, =y, V¥ = (62.41b/f3)(768 ft}) = 47.9232(10°) Ib

Then the magnitude of the resultant force is

Fr= VF} + F2 = \/[359424(10%) Ib]? + [47.9232(10%) 1b ]
= 59.904(10%) Ib = 59.9 kip Ans.

And its direction is

A F [47.9232(10%) Ib
6= tan | | = tan | _———————| = 53.13° = 53.1° X Ans.
Fy 35.9424(10%) 1b

Ans:
Fr =599 kip
0 =531°X%
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-97. Determine the horizontal and vertical components
of reaction at the hinge A and the horizontal normal
reaction at B caused by the water pressure. The gate has a
width of 3 m.

SOLUTION

The horizontal component of the resultant force acting on the gate is equal to the
pressure force on the vertically projected area of the gate. Referring to Fig. a,

wa = pughsb = (1000 kg/m?)(9.81 m/s?)(6 m)(3 m) = 176.58(10°) N/m
wg = pughgb = (1000 kg/m?)(9.81 m/s?)(3 m)(3 m) = 88.29(10°) N/m
Thus,
(Fp)1 = [88.29(10°) N/m | (3 m) = 264.87(10°) N = 264.87 kN
(Fp), = %[176.58(103) N/m — 88.29(10°) N/m | (3 m) = 132.435(10°) N = 132.435kN
They act at

1 1
V1=5(3m)=1.5m }72=§(3m)=1m

The vertical component of the resultant force acting on the gate is equal to the
weight of the imaginary column of water above the gate (shown shaded in Fig. a),
but acts upward.

(F,)1 = pug¥i = (1000 kg/m?)(9.81 m/s?) [ (3 m)(3 m)(3 m) | = 264.87(10°) N = 264.87 kN

(F,)2 = pug¥> = (1000 kg/m*)(9.81 m/sz){%@ m)>(3 m)} = 6621757(10°) N = 66.21757 kN
They act at

Y1=%(3m)=1.5m Y2=4(3m) =(i)m

37 T

xl (F7;)1

4

[
=]
‘ =

(F),

(a)

3m
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2-97. Continued
Considering the equilibrium of the FBD of the gate in Fig. a
CtiM, = 0; (264.87 kN)(1.5 m) + (132.435kN)(1 m) + (264.87 kN)(1.5 m)
4
+ (66.21757 kN)<fm> — Np(3m) =0
K
Ny = 397.305 kN = 397 kN Ans.
K 3IF =0 397.305 kN — 264.87 kN — 132.435kN — A, =0
A, =0 Ans.
+13F, = 0; 264.87kN + 66.2175mkN — A, =0
Ay = 47290 kN = 473 kN Ans.
Ans:
Np = 397kN,A, = 0,A, = 473kN
168
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-98. The 5-m-wide overhang is in the form of a parabola. Y
Determine the magnitude and direction of the resultant
force on the overhang.

SOLUTION

The horizontal component of the resultant force is equal to the pressure force
acting on the vertically projected area of the wall. Referring to Fig. a,

wa = pughsb = (1000 kg/m?)(9.81 m/s?)(3 m)(5 m) = 147.15(10°) N/m
Thus,

1 1
Fy = swahy =

5 5[147.15(103) N/m (3 m) =220,725(10°) N = 220.725 kN

The vertical component of the resultant force is equal to the weight of the imaginary
column of water above surface AB of the wall (shown shaded in Fig. a), but acts
upward. The volume of this column of water is

2 2
V= gahb = 5(3 m)(3m)(5m) = 30 m’
Thus,
F, = p,gV = (1000 kg/m*)(9.81 m/s?) (30 m*) = 294.3(10°) N -=294.3 kN
The magnitude of the resultant force is

Fr = VF2 + F2 = V(220725 kN)> + (2943 kN)? = 367.875 kN = 368 kN Auns.

Its direction is

220.725 kN

F, 294.3 kN
0 = tan_1<Fv> = tan_1<7> =53.13°=53.1° = Ans.
h

F,
y
Ans:
Fr = 368 kN
0 =531°%
169
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

unless stated otherwise. I”II””””””””””””

2-99, Determine the resultant force that water exerts on 1 N
the overhanging sea wall along ABC. The wall is 2 m wide.

SOLUTION

Horizontal Component. Since AB is along the horizontal, no horizontal component
exists. The horizontal component of the force on BC is

(Fpo)n = ywhA = (1000 kg/m?)(9.81 m/s2)<1.5 m + %(2 m)>(2 m(2m)) = 98.1(10°) N

Vertical Component. The force on A B and the vertical component of the force on BC
is equal to the weight of the water contained in blocks ABEFA and BCDEB (shown

shaded in Fig. a), but it acts upwards. Here, A 15z74 = 1.5 m(2.5m) = 3.75 m? and

Apepps = (3.5m)2m) — %(2 m)? = (7 =) m* Then,

Fag = vu¥apera = (1000 kg/m*)(9.81 m/s*)[ (3.75m*)(2m) ]

73.575(10°) N = 73.6 kN

(Fpo)o = vwVscpes = (1000 kg/m?*)(9.81 m/s?) [ (7 — ) m*(2 m) |
= 75.702(10°) N

Therefore,
Fye = V(Fge)id + (Fge)? = V[98.1(10°) N2 + [75.702(10°) N ]2
= 123.91(10°) N = 124 kN
Fr = V(Fge) + [Fap + (Fgc)y)?
= V[98.1(10°) N2 + [73.6(10°) N + 75.702(10°) N ]?
= 178.6(10°) N = 179 kN Ans.

Ans:
Fr = 179kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-100. Determine the magnitude and direction of the
resultant hydrostatic force the water exerts on the parabolic
face AB of the wall if it is 3 m wide.

SOLUTION

The horizontal loading on the wall is due to the pressure on the vertical projected
area of the wall, Fig. a. Since the wall has a constant width of » = 3 m, the intensity
of the horizontal distributed load at the base of the wall is

w = p,ghb = (1000 kg/m*)(9.81 m/s?)(8 m)(3 m) = 235.44(10°) N/m
Thus,

F, = %wh = %[235.44(103) N/m](8m) = 941.76(10°) N = 941.76 kN

The vertical force acting on the wall is equal to the weight of water contained in the
imaginary block above the wall (shown shaded in Fig. a), but acts vertically upward.
From the inside back cover of the text, the volume of this block (parabolic cross-
section) is

1

V= Jahb = %(4 m)(8m)(3m) = 32.0m’

Thus,

F, = p,gV = (1000 kg/m*)(9.81 m/s?)(32.0 m®)
= 313.92(10°) N = 313.92 kN

Then the magnitude of the resultant force is

Fr= VF2 + F2 = V(94176 kN)? + (313.92kN)? = 992.70 kN = 993 kN Ans.

And its direction is

F, .
0= tanfl<?v> = tanﬁl(%) = 18.43° = 184° = Ans.

Ans:
Fr = 993 kN
0 = 18.4° =
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. y

2-101. The 5-m-wide wall is in the form of a parabola. If
the depth of the water is # = 4 m, determine the magnitude
and direction of the resultant force on the wall.

h
SOLUTION x
The horizontal component of the resultant force is equal to the pressure force
acting on the vertically projected area of the wall. Referring to Fig. a,
wa = pyghsb = (1000 kg/m?)(9.81 m/s?)(4 m)(5 m) = 196.2(10°) N/m
Thus,
1 1
Fy = Jwaha = E[196.2(103)N/m](4 m) =392.4(10°) N = 392.4 kN
It acts at
1 1 4
V= -h,=—(4m) = —
y=3ha=30@m) = >m
The vertical component of the resultant force is equal to the weight of the column
of water above surface AB of the wall (shown shaded in Fig. a). The volume of this
column of water is
1 1 3
V= gahb = 5(4 m)(4 m)(5m) = 26.67 m
Thus,
F, = p,gV = (1000 kg/m’)(9.81 m/s?)(26.67 m/s) = 261.6(10°) N = 261.6 kN
It acts at
~_3 _ 3 _ 6
X=109" 10(4m) = gm
The magnitude of the resultant force is F,
Fr = VFE*+ F* = \V(3924kN)? + (261.6 kN)? = 471.61 kN = 472kN  Ans.
And its direction is < B
F,
F, 261.6 kN ™ Y
0 = tan™! —”) =t —1(‘7) = 33.69° Ans.
an (Fh M 3924 kN ns —
Ey
y /
—_— ! [ — X
/ A |
Wq
| 4m
(a)
Ans:
Fr = 472 kN, 6 = 33.7°
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. y

2-102. The 5-m-wide wall is in the form of a parabola.
Determine the magnitude of the resultant force on the wall
as a function of depth /4 of the water. Plot the results of
force (vertical axis) versus depth 4 for 0 = & = 4 m. Give
values for increments of Az = 0.5 m.

SOLUTION

The horizontal component of the resultant force is equal to the pressure force acting
on the vertically projected area of the wall. Referring to Fig. a,

wa = pughsb = (1000 kg/m?)(9.81m/s?)(h)(5 m) = 49.05(10°)h
Thus, | l

F, = %wAhA = %[49.05(103)/1% =24525(10%)n? F\
R [

The vertical component of the resultant force is equal to the weight of the column ’
of water above surface AB of the wall (shown shaded in Fig. ). The volume of this |

column of water is F, ;

1 1K 5 5
V= 3ahb73(4>(h)(5m)f 12h WA

Thus, h
F, = p,g¥ = (1000 kg/m*)(9.81 m/s2)<15—2h3> = 4087.5h @

Then the magnitude of the resultant force is
h(m) 0 0.5 1.0 1.5 2.0 2.5 3.0

— 2 2
Fr=NVFE +F, Fo(N)| 0 | 615 | 249 | 569 | 103.4 | 166.1 | 246.8
Fr = V/[24.525(10°)h2]* + [4087.51n° ]2 35 | 40
Fr = V601.48(10°)n* + 16.71(10°) A 3478 | 4716

The plot of Fg vs h is shown in Fig. b

Fr = | V601(10°)h* + 16.7(10°)h° | N

where A is in m.

(b)

Ans:
Fp = {\/601(106)h4 +16.7(10°)n° | N

where A is in m.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-103. Determine the resultant force the water exerts on
the quarter-circular wall AB if it is 3 m wide. A

SOLUTION

The horizontal loading on the wall is due to the pressure on the vertical projected
area of the wall, Fig. a. Since the wall has a constant width of » = 3 m, the intensity
of the horizontal distributed load at the base of the wall is

w = p,ghb = (1000 kg/m*)(9.81 m/s?)(3'm)(3m) = 88.29(10°) N/m
Thus,

1 1
Fy = wh = 5[88.29(103)N/m](3 m) = 132.435(10%) N = 132.435 kN Ans.

The vertical force acting on the wall is equal to the weight of the water contained in
the shaded block above the wall, Fig. a. The cross-sectional area of the block is

A= (3m)(3m) — %[77(3 m)?] = (9 — 2.257) m?

Thus,

F, = p,gV = (1000 kg/m*)(9.81 m/s?)[ (9 — 2.257) m*](3'm)
= 56.84(10°) N = 56.84 kN

Then, the magnitude of the resultant force is

Fr = VF2 + F2 = V/(132435kN)? + (56.84 kN)? = 144.12 kN = 144 kN Ans.

And its direction is

F, 56.84 kN
0 = tanﬂ(l) = tan*l(i) =2323°=1232° ¥ Ans.
F, 132.435 kN

Ans:
Fr = 144kN, 0 = 23.2°%~
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-104. A quarter-circular plate is pinned at A and tied to
the tank’s wall using the cable BC. If the tank and plate are
4 ft wide, determine the horizontal and vertical components
of reaction at A, and the tension in the cable due to the
water pressure.

SOLUTION

Referring to the geometry shown in Fig. a,

Aups = (6106 ft) — %(6 ft)? = (36 — 9) {12

. G ft)[ (6 1t)(6 ft)33;_[<9i )—f}) ft“%@ ft)z} o

The horizontal component of the resultant force acting on the shell is equal to the
pressure force on the vertically projected area of the shell. Referring to Fig. b,

wa = yhab = (62.4 lb/ft3)(6 ft)(4 ft) = 1497.6 Ib/ft
Thus,
1
F, = 5 (1497.6 b /ft)(6 ft) = 4492:8 1b

The vertical component of the resultant force acting on the shell is equal to the
weight of the imaginary column of water above the shell (shown shaded in Fig. b),
but acts upwards.

F, = v,V = v, Aapgb = (62.41b/16) [ (36 — 9m) {2 ] (4 ft) = 1928.331b
Write the moment equation of equilibrium about A by referring to Fig. b.
G+HIMy = 0; Tpe(6 ft) — (1928.33 1b)(1.3402 ft) — (4492.81b)(2 ft) = 0
Tpe = 192833 1b = 1.93 kip Ans.
K SF, =0; —A, +449281b — 1928.321b = 0
A, = 2564.51b = 2.56 kip Ans.
T+3F, =0; 1928331b — A, =0

A, =1928331b = 1.93kip Ans.
HO0)_ 8 4 F, 134021t
3 ™
- 8
}_['x i (6 - E) fit
B P F, 6 ft
L)
6 ft _ l '6ft -
= 1 i (‘ AX
L N R _—G 1t 3O =21t w, Ans:
o] 4, Tpe = 1.93 kip
(a) (b) A, = 2.56kip
A, = 1.93kip
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Unless otherwise stated, take the density of water to be
p» = 1000 kg/m® and its specific weight to be v, =
62.4 Ib/ft3. Also, assume all pressures are gage pressures. y

2-105. The parabolic and flat plates are pin connected at
A, B, and C. They are submerged in water at the depth
shown. Determine the horizontal and vertical components
of reaction at pin B. The plates have a width of 4 m.

SOLUTION

g X
The horizontal loadings on the plates are due to the pressure on the vertical
projected areas of the plates, Fig. a and b. Since the plates have a constant width of \ 4m \

b = 4 m, the intensities of the horizontal distributed load at points B, C and A are

wg = pughpb = (1000 kg/m*)(9.81 m/s*)(3m)(4m) = 117.72(10°) N/m
w4 = we = pughch = (1000 kg/m?)(9.81 m/s?)(6 m)(4 m) = 235.44(10°) N/m

[(F)pcl

Thus,
[((F)agli = [(Fy)gcli = wghge = [117.72(10°) N/m](3 m) = 353.16(10°) N = 353.16 kN
[(Fn)agle = [(F)pcle = %(WC — wp)hpc = %[235-44(103) N/m - 117.72(10°) N/m](3m) ~ — we

= 176.58(10°) N = 176.58 kN
And they act at

~ _1 - 1
y3:y1:5(3m):1.5m }“Z:y4:§(3m):1m

The vertical force acting on plate AB is equal to the weight of the water contained
in the imaginary block above the plate (shown shaded in Fig. b).

[(F))agli = pwe¥: = (1000 kg/m>)(9.81 m/s?)[ (4 m)(3m)(4 m)] = 470.88(10°) N = 470.88 kN

[(F))agl2 = pwe¥> = (1000 kg/m?)(9.81 m/s?) %(3 m)(4m)(4m) | = 156.96(10°) N = 156.96 kN

And they act at ((F)agh
1 1 o A— % —
}Zl=5(4m)=2m }?2=Z(4m)=1m l
F
Write the moment equations of equilibrium about points C and A by referring to 3 m [N( Dasl:
the FBDs of plates BC, Fig. a, and AB, Fig. b, respectively. X2
- VB

C+SMc = 0; B,(3m) — (353.16 kKN)(1.5m) — (176.58 kN)(1 m) = 0 B
B, = 23544 kN = 235kN Ans.

Il
D[ /[F)agl

G+3M, =0; —B,(4)+ (353.16 kKN)(1.5m) + (176.58 kN)(1 m)
— (23544 KN)(3m) + (470.88kN)(2m) + (156.96 kN)(1m) = 0
B, = 27468 kN = 275kN Ans. 4m

Ans:
B, = 235kN, B, = 275kN

176

MO02_HIBB9290_01_SE_C02_ANS.indd 176 @ 24/02/17 4:34 PM



®

© 2018 Pearson Education, Inc., 330 Hudson Street, NY, NY 10013. All rights reserved. This material is protected under all copyright laws as they
currently exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-106. The semicircular gate is used to control the flow of
water over a spillway. If the water is at its highest level as
shown, determine the torque T that must be applied at the
pin A in order to open the gate. The gate has a mass of 8 Mg
with center of mass at G. It is 4 m wide.

SOLUTION

The horizontal loading on the gate is due to the pressure on the vertical projected
area of the gate, Fig. a. Since the gate has a constant width of b = 4 m, the intensity
of the distributed load at point B is

wg = pughch = (1000 kg/m*)(9.81 m/s?)(6 m)(4 m) = 235.44(10%) N/m
Thus,

1 1
F, = Ewchc = 5[235.44(103) N/m](6m) = 706.32(10°) N

and it acts at

y=§(6m) =4m

The upward force on BE and downward force on CE is equal to the weight of water
contained in blocks BACDEB (imaginary) and CDEC, respectively. Thus, the net
upward force on BEC is equal to the weight of water contained in block BACEB
shown shaded in Fig. a. Thus,

Fy = pusVinces = (1000ke/m) (981 m/s)| 7 (3m(4m)]

= 176.58(10°)w N
And it acts at
~ 4GBm) 4
X = = —m
37 T

When the gate is on the verge of opening, Ng = 0. Write the moment equation of
equilibrium about point A by referring to the FBD of the gate, Fig. a.

C+SM,=0; [8000(9.81) N](2m) + [706.32(10°) N](4m — 3 m)

- [176.58(103)7TN](%m) -T=0

T =156.96(10°) N-m = 157 kN +m Ans.

This solution can be simplified if one realizes that the resultant force due to the water
pressure on the gate will act perpendicular to the circular surface, thus acting through
center A of the semicircular gate and so producing no moment about this point.
G+ 2M, =0; [8000(9.81)N](2m) —T=0
T =156.96(10°) N-m = 157 kN -m Ans.

Ans:
T = 157kN-'m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-107. The semicircular gate is used to control the flow of
water over a spillway. If the water is at its highest level as
shown, determine the horizontal and vertical components
of reaction at pin A and the normal reaction at B. The gate
has a weight of 8 Mg with center of mass at G. It is 4 m wide.
Take T'= 0.

SOLUTION

The horizontal loading on the gate is due to the pressure on the vertical projected
area of the gate, Fig. a. Since the gate has a constant width of b = 4 m, the intensity
of the distributed load at point B is

wg = pugheb = (1000 kg/m*)(9.81 m/s?)(6 m)(4 m) = 235.44(10°) N/m
Thus,

1 1
Fy = Jwche = E[235.44(103) N/m](6m) = 706.32(10°) N

and it acts at
2
y = 5(6 m) = 4m

The upward force on BE and downward force on CFE is equal to the weight of water
contained in blocks BACDEB (imaginary) and CDEC, respectively. Thus, the net
upward force on BEC is equal to the weight of water contained in block- BACEB
shown shaded in Fig. a. Thus,

Fy = pug¥paces = (1000 ke/m*)(9.81 m/s2>[§<3 m)*(4m) }

= 176.58(10°)7 N
And it acts at
_ 4Bm) 4
X = =—m
37 T

Write the moment equation of equilibrium about point A and B with 7' = 0 by
referring to the FBD of the gate, Fig. a.

C+3M, = 0; [8000(9.81) NJ(2m) + [70632(10°) N](4m — 3m)
- [176.58(103)7TN](% m) — Nz(3m) =0
N = 52.32(10°) N = 523 kN Ans.

(+3Myz=0; A, (3m) + [8000(9.81) N](2m) — [176.58(103)7TN](% m)

— [706.32(10°) N](6m — 4m) = 0
A, = 654(10°) N = 654 kN Ans.

Write the force equation of equilibrium along y axis.
+13F, = 0; 176.58(10%)7 N — 8000(9.81) N — A, =0

A, = 476.26(10°) N = 476 kN Ans.
Ans:
Ng = 523kN
A, = 654 kN
A, = 476 kN
178
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-108. Plate AB has a width of 1.5 m and a radius of 3 m.
Determine the horizontal and vertical components of
reaction at the pin A and the vertical reaction at the smooth
stop B due to the water pressure.

SOLUTION

The horizontal loading on the gate is due to the pressure on the vertical projected A
area of the gate, Fig. a. Since the gate has a constant width of 5> = 1.5 m, the intensity T 4—%
y

of the horizontal distributed load at point B is

wg = pyghgb = (1000 kg/m?)(9.81 m/s?)(3 m)(1.5m) = 44.145(10°) N/m /! Ny

Thus, L]

Fy = Jwphy = %[44.145(103) N/m](3m) =66.2175(10°) N = 66.2175 kN (a)
And it acts at

- 2
y:§(3m) =2m

The vertical force acting on the gate is equal to the weight of water contained in the
imaginary block (shown shaded in Fig. a) above the gate, but-acts upward.

F, = p,gV = (1000 kg/m*)(9.81 m/sz)[%(w)(?, m)z}(Ls m)

= 104.01(10%) N = 104.01 kN

And it acts at

4(3m 4 4
( )=fm x2=<3—;>m=1.7268m

37 T

X1 =
Write the moment equations of equilibrium about points A and O by referring to
the FBD of the gate, Fig. a.

C+IM, = 0; (662175kN)(2m) + (104.01 kN)(1.7268 m) — Nz(3m) = 0
Ny = 104.01 kN = 104 kN Ans.

C+IMy = 0; (662175kN)(2m) — (104.01 kN)(% m) ~ A,(3m) =0

A, =0 Ans.
Write the force equation of equilibrium along the x axis.

BSF, =0;  662175kN — A, =0
A, = 662175kN = 66.2 kN Ans.

Ans:

Ny = 104 kN
A, =0

A, = 662 kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-109. The Tainter gate is used to control the flow of water
over a spillway. If the water is at its highest level as shown,
determine the torque T that must be applied at the pin A in
order to open the gate. The gate has a mass of 5 Mg and a
center of mass at G. It is 3 m wide.

SOLUTION

Horizontal Component. This component can be determined by applying

(Fsc)n = ywhA = (1000 kg/m?)(9.81 m/s?)(4.5 sin 30° m) [ 2(4.5 sin 30° m)(3 m) |
= 297.98(10°) N

Vertical Component. The upward force on BE and downward force on CE
is equal to the weight of the water contained in blocks BCDEB and CEDC,
respectively. Thus, the net upward force on BEC is equal to the weight of the
water contained in block BCEB, shown shaded in Fig. a. This block can be
subdivided into parts (1) and (2), Figs. a and b, respectively. However, part (2) is
a hole and should be considered as a negative part. The area of block BCEB is

1
YA = {%(4.5 m)z} - 5(4.5 m)(4.5 cos 30° m) = 1.8344 m? "‘and the horizontal

distance measured from its centroid to point A is

(% m){% 4.5 m)z} - %(4.5 cos 30° m) %(4.5 m)(4.5 cos 30° m)

- 3xA
X = =
SA 1.8344 m?
H[45sinT) g 5
= 4.1397 m _ g—,n.(L = m§(4.5 cos 30° m)
x 6
The magnitude of the vertical component is plc )
(Fs0)y = vuVacrs = (1000 kg/m?*)(9.81 m/s?)[1.8344 m*(3 m) | - - /\ Ul )
= 3 1
53.985(10°) N s ST
When the gate is on the verge of opening, Ny = 0. Referring to the free-body 4.5 m (
diagram of the gate in Fig. d, 4.5 cos 30° m
2
CH3My =0; [5000981) N](4m) + [297.98(10°) N]| {45 m) ~ 225m @) (b) ©
— [53.985(10°) N |(4.1397m) — T =0
5000(9.81) N/m
T =1962(10°)N-m = 196 kN -m Ans. 225m 4m A,

This solution can be simplified if one realizes that the resultant force will act 1 ] T
perpendicular to the circular surface. Therefore, Fpc will act through point A and so 5(4-5 m) /

produces no moment about this point. Hence,

2

! A
[ .
C+EM, =0;  [500098) N](4m) — T =0 (Fy0), = 297.98(10°) N/m///
_ YN -m = . e
T =1962(10°) N-m = 196 kN -m Ans. 41397 m

(F,.), = 53.985(10°) N/m

(d)
Ans:
T =196kN-m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-110. The Tainter gate is used to control the flow of water
over a spillway. If the water is at its highest level as shown,
determine the horizontal and vertical components of
reaction at pin A and the vertical reaction at the smooth
spillway crest B. The gate has a mass of 5 Mg and a center of
mass at G.Itis 3 m wide. Take T = 0.

SOLUTION

Horizontal Component. This component can be determined from
(Fsc)n = ywhA = (1000 kg/m?)(9.81 m/s?)(4.5 sin 30° m)[2(4.5 sin 30°m)(3 m) |
=297.98(10°) N

Vertical Component. The upward force on BE and downward force on CE
is equal to the weight of the water contained in blocks BCDEB and CEDC,
respectively. Thus, the net upward force on BEC is equal to the weight of the
water contained in block BCEB, shown shaded in Fig. a. This block can be
subdivided into parts (1) and (2), Figs. @ and b, respectively. However, part (2) is

a hole a:-d should be clonsidered as a negative part. The area of block BCEB is i ;(45 S}:% 9 m%(4,5 c0s 30° m)
SA = {—(4.5 m)z} — —(4.5m)(4.5cos30°m) = 1.8344 m?> and the horizontal x SANN S
6 2 D|C ) l.

distance measured from its centroid to point A is

- (% m){%(4.5 m)Z} - %(4.5 cos 30° m) %(4.5 m)(4.5 cos 30° m)}

x = = B @
SA 1.8344 m* 45m‘ (
= 41397 m 4.5 cos 30° m
Thus, the magnitude of the vertical component is (@) (b) (©
(Fsd)o = vwVaces = (1000 kg/m*)(9.81 m/s?)[ 1.8344 m*(3:m) | SH0OS)N
m
= 53.985(10°) N
o . o 2 VS A,
Considering the free-body diagram of the gate in Fig. d, 345m)f 225m| b\
!
2 : G
+ = 0; : + . ? ~ . - 2. ! A,
C+SM, = 0; [50009.80) N](4m) + [297.98(10°) N]| 5 (4.5 m) — 2.25 m} / W
— [53.985(10%) N (4.1397 m) ! 41397 m
L__
—Np(4.5 cos 30°m) = 0 (Fge)n =297.98(10%) N/m
4.5 cos 30° m
Njp = 50.345(10°) N = 503 kN Ans.
Ny  (Fso) = 53.985(10%) N
+13F, = 0; 50.345(10°) N + 53.985(10°) N — 5000(9.81) N — A, = 0 %
A, = 5528(10°) N = 553 kN Ans.
BK3F, = 0; 297.98(10°)N — A,
A, = 297.98(10°) N = 298 kN Ans.

Ans:

Ny = 503 kN
A, = 553 kN
A, = 298 kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-111. The 6-ft-wide Tainter gate in the form of a quarter-
circular arcis used as a sluice gate. Determine the magnitude
and direction of the resultant force of the water on the
bearing O of the Tainter gate. What is the moment of this
force about the bearing?

SOLUTION

Referring to the geometry in Fig. a,

1
Aupp = %(12 ") — [ (2)(12sin 45° )12 cos 45° f1) | = 41.097

- 2 <12 sin 45° ft
3

¥ == i ):7.2025ft

2
%, = (12 cos 45° ft) = 5.6569 ft

X X, X,
3 A A A
(7.2025 ft){% (12 ft)z} — (5.6569 ft){g (2)(12 sin 45° ft)(12 cos 45° ft) / 45°
i = [1]45° 45° _
* 41097 £ 45° P o
C
= 9.9105 ft 2 & Van
B B B
The horizontal component of the resultant force is equal to the pressure force on the (a)
vertically projected area of the gate. Referring to Fig. b, F,
._4 9.9105 ft
wg = yhgb = (62.41b/t3)(16.971 ft)(6 ft) = 6353.78 1b/ft . /
!
Thus, )
1 3 . F ! O
Fy = 5(6353.78 Ib/f)(16.971 ft) = 53.9136(10°) Ib = 53.9136 kip 7
It acts at = __(V-V_ \\
1 y i 2(12 sin 45°) = 16.971 ft
y = 3(16.971 ft) = 5.657 ft (b)
d = 12 sin45° ft — 5.657 ft = 2.8284 ft
The vertical component of the resultant force is equal to the weight of the block of
water contained in sector ADB, shown in Fig. a, but acts upward.
Fy=v,Vaps = ywAapsb = (62.41b/1t>)(41.097 £t2)(6 ft) = 15.3868(10%) Ib = 15.3868 kip
Thus, the magnitude of the resultant force is
Fr=VF+ F2=/(53.9136 kip)? + (15.3868 kip)® = 56.07 kip = 56.1 kip Auns.
Its direction is
0=t *I(F”> =t *1(15'3868 kip) =1593° = 15.9° & A
“E AR T ssoekp) T T s
By referring to Fig. b, the moment of F about O is
G+ (Mg)o = 2Mp; (Mg)o = (53.9136 kip)(2.8284 ft) — (15.3868 kip)(9.9105 ft)
=0 Ans.
This result is expected since the gate is circular in shape. Thus, Fy is always directed Ans:
toward center O of the circular gate. Fr = 56.1 kip
0=159°+
(Mg)o =0
182
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-112. Determine the horizontal and vertical
components of reaction at the hinge A and the horizontal
reaction at the smooth surface B caused by the water
pressure. The plate has a width of 4 ft.

SOLUTION

The horizontal loading on the gate is due to the pressure on the vertical projected
area of the gate, Fig. a. Since the gate has a constant width b = 4 ft, the intensities of
the horizontal distributed load at A and B are
wa = y,hiab = (62.41b/f3)(9 ft)(4 ft) = 2246.4 1b/ft
wg = yhgb = (62.41b/ft3)(15 ft)(4 ft) = 3744 1b/ft

Thus,
(Fp)1 = walap = (2246.41b/ft)(6 ft) = 13.4784(10%) Ib

(Fp)s = %(WB —wa)lup = %(3744 Ib/ft = 2246.4 Ib/ft)(6 ft) = 4.4928(10%) Ib

and they act at

-1 o =2 % 2l
Yi=5(60) =3ft Jy=(6ft) = 4ft yy=7(61t) =21t 5 |

The vertical force acting on the gate is equal to the weight of the water contained in the 3,
imaginary block above the gate (shown shaded in Fig. a), but acts upward. For (F,)1, St

(F))1 = ywVuper = (62.41b/f3)[ (6 £t)(9 ft)(4 ft) ] = 13.4784(10%) Ib

And it acts at
1
X = 5(6&) = 3ft

For (F,),, we need to refer to the geometry shown in Fig. b.
Here,

Aaps =Aappo — Aapo = (61)(6ft) — %[77(6ft)2J = (36 — 9m) ft?
Then,
(Fy)s = vVups = (62.41b/f3)[ (36 — 97) ft2](4 ft) = 1.9283(10°) Ib

And it acts at

(3E)[(6E)(6£t)] — 4(;?){%(6 ft)z}

%, = d = 46598 ft
(36 — 97) ft
4(6 ft)
37
31t #
Ak ﬂ D A
_ 6ft _
.Cl ‘
O}«—6ft—»‘37 0
(b)
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2-112. Continued

Write the moment equation of equilibrium about points A and B by referring to the
FBD of the gate, Fig. a.
C+3SM, =0; [13.4784(10%) Ib](3 ft) + [4.4928](10°) Ib](4 ft)
+ [13.4784(10%) Ib](3 ft) + [1.9283(10%) Ib](4.6598 ft) — Ng(6ft) = 0
Np = 17.9712(103) Ib = 18.0 kip Ans.
C+IM, = 0; [13.4784(10° Ib)(3 ft) + [1.9283(10°) 1b](4.6598 ft)
— [13.4784(10°) Ib](3 ft) — [4.4928(10°) Ib](2ft) — A (6ft) =0
A, =0 Ans.

Write the force equation of equilibrium along they axis.
+13F, = 0; 13.4784(10%) Ib + 1.9283(10°) b — A, = 0

Ay = 15.4067(103) Ib = 15.4kip Ans.
Ans:
Np = 18.0 kip
A, =0
A, = 154 kip
184
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-113. The sluice gate for a water channel is 2 m wide and
in the closed position, as shown. Determine the magnitude
of the resultant force of the water acting on the gate. Also,
what is the smallest torque T that must be applied to open
the gate if its mass is 6 Mg with its center of mass at G?

SOLUTION

The horizontal loading on the gate is due to the pressure on the vertical projected
area of the gate, Fig. a. Since the gate has a constant width of b = 2 m, the intensities
of the horizontal distributed load at points A and B are

wa = pughab = (1000 kg/m*)(9.81 m/s?)(3 m)(2 m) = 58.86(10°) N/m
wg = pughgb = (1000 kg/m*)(9.81 m/s*)(3m + 3sin 60°m)(2m) = 109.83(10°) N/m

Thus,

~ “(Fv)l
(Fy)1 = wahup = [58.86(10%) N/m](3sin 60°m) = 152.92(10°) N DR R—

(Fy), = %(WB — wa)hap = %[109.83(103) N/m — 58.86(10%) N/m](3 sin 60° m)

66.22(10°) N o, 3m
Then fo
F, = (F)1 + (F), = 152.92(10°) N+ 66.22(10°) N = > \

= 219.14(10°) N = 219.14 kN * o A2 T

N,
©

Here, (F),); and (F},), act at 3sin 60° m 4"*—— (Fh)ll

s 2 N T
v = 5(3 sin60°m) = 1.2990m 7y, = 5(3 sin 60°m) = 1.7320 m A

-«

li
2cos 30° m \
The vertical force is equal to the weight of the water contained in the imaginary W = [6000(9.81) N]
block above the gate (shown shaded in Fig. a), but acts upward. N

(a)
(F,)1 = pug¥1 = (1000 kg/m®)(9.81 m/s?)[ (3 m)(1.5m)(2m) = 88.29(10%) N
1
(F,), = pug¥, = (1000 kg/m)(9.81 m/s?) 5(3 sin 60° m)(1.5 m)(2m) | = 38.23(10°) N
Then
(F,) = (F,); + (F,), = 8829(10°) + 38.23(10%) = 126.52(10°) N = 126.52 kN
Here, (F,); and (F,), act at
X =15m + %(1.5 m) =225m X, =15m + %(1.5 m) =2m
The magnitude of the resultant force is

Fr=\VF}+ F2=\(219.14kN)? + (126.52kN)? = 253.04 kN = 253 kN Ans.

When the gate is on the verge of opening, Ny = 0. Write the moment equation of
equilibrium about point O by referring to the FBD of the gate, Fig. a.
C+3SMyp=0; T+ [8829(10°) N](225m) + [38.23(10°) N](2m)
— [152.92(10%) N](1.2990 m) — [66.22(10°) N](1.7320 m)
—[6000(9.81) N](2cos30°m) = 0
T = 140.18(10°) N-m = 140 kN -m Ans.

Ans:
Fr = 253 kN
T = 140kN-m

185
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-114. The steel cylinder has a specific weight of 490 Ib /ft?
and acts as a plug for the 1-ft-long slot in the tank. Determine
the resultant vertical force the bottom of the tank exerts on
the cylinder when the water in the tank is at a depth of
h = 2ft.

SOLUTION

The vertical downward force and the vertical upward force are equal to the weight
of the water contained in the blocks shown shaded in Figs. a and b, respectively. The
volume of the shaded block in Fig. a is

¥, = {2.35 £t(0.7 ft) — g(oss £6)2 [(1 £t) = 1.4526 £

The volume of the shaded block in Fig. b is

44.42°
360°

v, =2 {0.1 ft(2.35 ft) + { (7)(0.35 ft)> — %(0.25 £t)(0.2449 ft)} }(1 ft)
= 0.5037 ft>
Then,

F =y, Vi — V)
= (62.41b/ft>)(1.4526 ft> — 0.5037 ft3)
=59211b |

The weight of the cylinder is W =y, ¥ = (490 Ib/ft?) [ m(0.35ft)*(1 ft) | = 188.57 Ib.
Considering the free-body diagram of the cylinder, Fig. c, we have

+13F, = 0; N —59211b — 188.571b = 0
N = 24778 1b = 248 1b Ans.
0.1 ft 0.1 ft w = 188.5%db
o
A
235 ft
235 ft
F=59211b
T, [025 ft)
/\ //< 0= (0.35 fit N
v — 44.42°
VAN i v (©)
0.35 sin 44.42°
- } 1 0.2449 ft
0.35 ft T T 0.35 ft
@ 025 ft
(b)

Ans:
N = 248 1b
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-115. The steel cylinder has a specific weight of 490 Ib /ft>
and acts as a plug for the 1-ft-long slot in the tank. Determine
the resultant vertical force the bottom of the tank exerts on
the cylinder when the water in the tank just covers the top
of the cylinder, h = 0.

SOLUTION

The vertical downward force and the vertical upward force are equal to the weight
of the water contained in the blocks shown shaded in Figs. a and b, respectively. The
volume of the shaded block in Fig. a is

¥, = [0.35 £(0.7 ft) — %(oss £6)?2 |(1 ft) = 0.05258 ft®

The volume of the shaded block in Fig. b is

44.42°
360°

v, = 2{0.35 £t(0.1 ft) + [ (m)(0.35 ft)> — %(0.25 £t)(0.2449 ft)] }(1 ft)
= 0.10372 ft
Then,
F =7y, —¥)
= (62.41b/£t3)(0.10372 ft> — 0.05258 ft?)
=31921b 1

The weight of the cylinder is W = y,¥¢ = (490 Ib/ft) [ w(0.35 ft)>(1 ft) | = 188.57 Ib.
Considering the force equilibrium vertically by free-body diagram of the cylinder, Fig. c,
we have

+13F, = 0; N +3.1921b — 188.571b = 0
N =185381b = 1851b Ans.

0.25 ft)

0.35 ft
[0.1 ft w=188.571b

_ [~
0.35 ft | 035t
I ——0.35 sin 44.42°
_1 =0.2449 ft
0.35 ft
0.25 ft
(a) (b) (c)

A F=31921b

Ans:
N =1851b
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise. PrrTTTOTeE

*2-116. The Tainter gate for a water channel is 1.5 m wide
and in the closed position, as shown. Determine the
magnitude of the resultant force of the water acting on the 2m
gate. Also, what is the smallest torque T that must be applied
to open the gate if its weight is 30 kN and its center of
gravity is at G.

SOLUTION

The horizontal component of the resultant force is equal to the pressure force acting
on the vertically projected area of the gate. Referring to Fig. a,

wy = p,ghib = (1000 kg/m?)(9.81 m/s?)(2 m)(1.5 m) = 29.43(10%) N/m
w, = pughyb = (1000 kg/m?)(9.81 m/s?)(2 m'+ 2 m sin 40°)(1.5 m) = 48.347(10°) N/m

Then
(Fy); = [29.43(10%) N/m | (2 sin 40°m) = 37.834(10°) N. = 37.834 kN
(Fp), = %[(48.347 —29.43)(10°) N/m (2 sin 40°m) = 12.160(10°) N = 12.160 kN

Fy, = (Fy) + (F,), = 37.834(10°) N + 12.160(10°) N = 49.994(10°) N = 49.994 kN

Also,

- 1 . ~ 2 .

Vi = 5(2 msin40°) = 0.6428m and ), = 5(2 m sin 40°) = 0.8571 m
The vertical component of the resultant force is equal to the weight of the imaginary
column of water above the gate (shown shaded in Fig. a), but acts upward. The
volume of this column of water is

(o}

1 4 1
¥V =|2m — 2mcos 40°)(2 m) + 5(2 m)? ( 0 T rad> - 5(2 m cos 40°)(2 m sin 40°) (1.5 m)

180°
= 2.0209 m*

F, = p,g¥ = (1000 kg/m*)(9.81 m/s?)(2.0209 m*) = 19.825(10°) N = 19.825 kN
Referring to Fig b and c,

2 /2 m sin 20°
F=3 % =13064m % = 1.3064 m cos 20° = 1.2276 m
180"
2m — 2m cos 40°
2

X; = 2mcos 40° + < ) = 1.7660 m

~ 2
X; = 5(2 m cos 40°) = 1.0214 m
Thus, F, acts at

(1.7660 m)(2 m — 2 m cos 40°)(2 m) + (1.2276 m)[%(Z m)? (%’n’ rad)} - (1.0214 m){%(Z m cos 40°)(2 m sin 40°)

X =

1 40 1
(2m — 2 mcos 40°)(2 m) + 5(2 m)? (ﬁw rad) - 5(2 m cos 40°)(2 m sin 40°)

= 1.7523m

188
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*2-116. Continued

The magnitude of the resultant force is

Fr= VE2 + F2 = \/(49.994 kN)? + (19.825kN)? = 53.78 kN = 53.8kN Auns.
Referring to the FBD of the gate shown in Fig d,

C+3M,=0;  (30kN)(L5 cos 20°m) + (37.834 kN)(0.6428 m) + (12.160 kN)(0.8571 m)

—(19.825kN)(1.7524m) — T = 0

T =4229kN-m = 423KkN-m Ans.

Note that the resultant force of the water acting on the gate must act normal to

its surface, and therefore it will pass through the pin at O. Therefore, it produces
moment about the pin.

(2-2cos40°) m

-

2m %
Y
DR
(F), j 40§ !
/’ ! 2m 2m
(F,), ( AR +
w2 -)_}2
(b) (©
(a) 1.5 cos 20° m
30 kN
0.6428 m
0.8571 m ( A ;
37.834 kN ~ v )\ ~ T
12.160 kKN
1.7524 m
19.825 kN
(d)
Ans:
Fr = 53.8 kN
T =423kN-m
189
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-117. Solve the first part of Prob. 2-116 by the integration
method using polar coordinates.

SOLUTION

Referring to Figa,h = (2 + 2 sin ) m. Thus, the pressure acting
on the gate as a function of 6 is

p = pugh = (1000 kg/m*)(9.81 m/s?)(2 + 2sin §) m = [19620(1 + sin #)] N/m?

v
This pressure is acting on the elementofareadA = bds = 1.5ds = 1.5(2 d9) = 3d6. N
Thus, am ’m
dF = pd, = 19620(1 + sin 6)(3 d6). = 58.86(10%)(1 + sin 6) df 2sinfm] 0 | 7
The horizontal and vertical components of dF are P ’
(dF), = 58.86(10%)(1 + sin ) cos 6 d6 (a)d’

(
= 58.86(10%)(cos 6 + sin 0 cos 0) d6
(dF), = 58.86(10%)(1 + sin ) sin 6 d6

= 58.86(10%)(sin 6 + sin?0) do
Since sin26 = 2sin 6 cos # and cos 20 = 1 — 2 sin’ 6, then

1
(dF), = 58.86(103)<cos 6 + - sin 20) do

(dF), = 58.86(103)(sin 0+ % - %cos 29) de

The horizontal and vertical components of the resultant force are
27

F = /(dF)h = 58.86(103)/ ! <c050 + %sin 29) do
0

om
9
0

1
= 58.86(103)[sin0 = o8 29}

= 49.994(10°) N = 49.994 kN

2
K3

F, = /(dF)v = 58.86(103)/ <sin9 + % — %cos 20) de
0

27
9

= 58.86(103)(—cos9 e Lgn 20)}
27 4 0

= 19.825(10°) N = 19.825 kN

Thus, the magnitude of the resultant force is

Fr = VF2 + F2 = V(49.994kN)> + (19.825 kN)> = 53.78 kN = 53.8kN Auns.

Ans:
Fr = 53.8kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-118. The cylindrical tank is filled with gasoline and

water to the levels shown. Determine the horizontal and II:IHO.S m

vertical components of the resultant force on its / - \ !
hemispherical end. Take p, = 726 kg/ m’. \ W x

SOLUTION

The vertical component of the resultant force is equal to the total weight of the
gasoline and water contained in the hemisphere. Here,

3
(Fy)g = pegVy = [ (726 kg/m?)(9.81 m/sz)]H(g)(w)(l m) J = 2374(10%) 7 kN

(F), = pwgV, = [(1000 kg/m?)(9.81 m/sz)}[% <%>(w)(1 mﬂ = 3.270(10%)7 kN

F,= (F,)¢ + (F,), = 2374(10°)7 N + 3270(10°)7 N
= 5.644(10*)7r N = 17.7kN Ans.

The equation of the pressure as a function of z for gasoline, Fig. a, is
Py = pggh, = (726 kg/m*)(9.81 m/s*)(1.5m = z) = 7.122(10°)(1.5 — z)
When h, = 1.5m(z = 0), p,|,—o = 7.122(10°)(1.5 = 0) = 10.683(10°) N/m". ¢
Then for water realizing that ,, = —z,
pw:pg|z:0+pwghw y2+12=1
= 10.683(10°) N/m? + (1000 kg/m*)(9.81 m/s?) (=2)
= [10.683(10%) — 9.81(10%)z] N/m? dz
==

Here, the differential force dF acting on the differential element of area y
dA = 2ydz = 2\V1 — Z%dzis df = pdA = p[2V/1 — z?dz]. For gasoline, 1m

dF, = 7.123(10°)(1.5 — z)[2V1 — Z%dz]
= 14244(10°)[1.5V1 — 22 — zV1 — Z?]dz

Integrating,

(b)
1m

(Fo)p = 14.244(103)/ [15V1 — 22 — zV1 — ]dz
0

= 14.244(103){%[1\/1 — 722+ sin'z] — | — 1V(l - z2)3”

= 12.033(10°) N
For water,
dF,, = (10.683(10°) — 9.81(10%)z)[2V1 — z%dz]
=19.62(10°)[1.089V1 — 22 — z\V1 — 22]dz
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2-118. Continued

Integrating,

0
(Fy)p = 19.62(103)/ [1.089V1 — 22 — zV1 — 2)dz
—1m

0

= 19.62(10%{@&\/1 -2+ sintz] - | - %\/(1 - x)3”
)

—1m
=23321(10°) N
Then
F, = (F)n + (F,), = 12.033(10°y N + 23.321(10°) N
= 35.354(10°) N = 354 kN Ans.

Ans:
F, = 17.7kN
F, = 354kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-119. The hollow spherical float controls the level of
water within the tank. If the water is at the level shown,
determine the horizontal and vertical components of the
force acting on the supporting arm at the pin A, and the

normal force on the smooth support B. Neglect the weight
of the float. ‘
‘ 18 in. ‘
SOLUTION
The vertical buoyant force acting on the spherical float is
F, = v,V = (6241b/ft3){1F (i ftﬂ} = 0.657 1b
v YwV sub . 2 377 12 00T
F,
Consider the equilibrium of the FBD of the floating system shown in Fig. a. B : ) A
. . 4in.
C+3M, =0; (0.6571b)(18in.) — Ny(4in.) = 0 S
Np = 29257 1b = 9.191b A, W
ESF. =0, 292571b—-A, =0 18 in.
A, =292571b = 9.191b ALY |
+13F, =0;  0.6571b~ A, =0 @
A, = 0.6571b = 2.041b Ans.

Ans:

Ng =9.191b
A, =9.191b
A, =2041b
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-120. The solid ball is made of plastic having a density
of p, = 48kg/ m®. Determine the tension in the cable AB if
the ball is submerged in the water at the depth shown. Will
this force increase, decrease, or remain the same if the cord

is shortened? Why? Hint: The volume of a ball is ¥ = 3773,

SOLUTION
The weight of the ball is

W, = p,g¥; = (48 kg/m’)(9.81 m/sz)Ew(o.s m)3] = 426.04 N

The submerged volume is equal to the volume of the ball since it is fully submerged.
Thus, the buoyant force is

Fy = pugVap = (1000 kg/m?)(9.81 m/sz)[gﬂ-(()ﬁ m)ﬂ = 8875.88 N

W,
Referring to the FBD of the ball, Fig. a, the equilibrium requires b
+13F, = 0; 8875.88 N — 426.04N'— T,45 = 0
T,p = 8449.84 N = 8.45kN Ans. .
b
The tension in cable AB remains the same since the buoyant force does not change
once a body is fully submerged, which means that it isindependent of the submerged Tap
depth. (a)

Ans:
TAB - 845 kN
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-121. The raft consists of a uniform platform having a
mass of 2 Mg and four floats, each having a mass of 120 kg
and a length of 4 m. Determine the height 4 at which the
platform floats from the water surface. Take p,, = 1 Mg/m>.

0.25m

SOLUTION |/

Each float must support a weight of

1 0.25m
W= 2(2000 kg) + 120 kg (9.81 m/s2 = 6082.2 N

025 m
(2)

For equilibrium, the buoyant force on each float is required to be
+13F, = 0; F, — 60822N =0 F, = 60822 N
Therefore, the volume of water that must be displaced to generate this force is
F, = y¥ 60822 N =(1000 kg/m?)(9.81 m/s*)¥
¥ = 0.620m

1
Since the semicircular segment of a float has a volume of =(7)(0.25 m)*(4 m) =
0.3927 m* < 0.620 m?, then it must be fully submerged to develop Fj,. As shown in
Fig. a, we require

0.620 m* = %(77)(0.25 m)>(4m) + (0.25m — h)(0.5 m)(4m)

Thus,
h = 0.136 m = 136 mm Ans.

Ans:
h = 136 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-122. A glass having a diameter of 50 mm is filled with
water to the level shown. If an ice cube with 25-mm sides is
placed into the glass, determine the new height 4 of the
water surface. Take p,, = 1000 kg/m’ and p;,, = 920 kg/m’.
What will the water level / be when the ice cube completely 100
melts?

mm

SOLUTION 30 mm—
Since the ice floats, the buoyant force is equal to the weight of the ice cube, which is
Fy, =W, = p¥:g = (920 kg/m?)(0.025 m)*(9.81 m/s?) = 0.1410 N

This buoyant force is also equal to the weight of the water displaced by the
submerged ice cube at a depth 4.

Fy = p,gVy  0.1410N = (1000 kg/m*)(9.81 m/s) [ (0.025 m)%h, |

hy, = 0.023 m

Referring to Fig. a,
V=V, — ¥
[7(0.025 m)? (0.1 m) = [#(0.025 m)? ]/ —(0.02 m)*(0.023 m)

h = 0.1073m = 107 mm Ans.

The mass of the ice cube is
M; = p¥; = (920 kg/m?)(0.025 m)* = 0.014375 kg

Thus, the rise in water level due to the additional water of the melting ice cubes can
be determined from

M; = p,V,; 0014375 kg = (1000 kg/m*) [ m(0.025 m)>Ah |
Ah = 0.007321
Thus,
h' = 0.1m + 0.007321 m = 107 mm Ans.

Note: The water level 4 remains unchanged as the cube melts.

NO h,=0.02375m

0.1m ® - @

0.05m 0.05m
(a)

50 mm—

Ans:
h = 107 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-123. Water in the container is originally at a height of
h = 3 ft. If a block having a specific weight of 50 Ib/ft? is
placed in the water, determine the new level 4 of the water.
The base of the block is 1 ft square, and the base of the
container is 2 ft square.

DR P —

SOLUTION
The weight of the block is
Wy, = ,¥, = (501b/6) [ (1 ft)*] = 501b

Equilibrium requires that the buoyancy force equal the weight of the block so that
F, = 501b.Thus, the displaced volume is

Fy = v.¥pip  501b = (62.41b/1°) ¥y,
Vpigp = 0.8013 ft?
The volume of the water is
Vv, = 2ft(2 f)(3 ft) = 12 ft}
When the level of the water in the container has a height of 4,

VW =V - VDisp
12 ft3 = 4k 3 — 0.8013 ft?
h =320 ft Ans.

Ans:
h = 320ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-124. Determine the height at which the oak block will
float above the water surface. The specific weight of the
wood is y,, = 48 1b/ft>.

SOLUTION

Referring to the geometry shown in Fig. a,

y 3 |
= — =9Oft \
9+y 6 Y \

And \

Thus, the volume of the oak block is
. ﬁ‘

9 ft

1 1
Yo gﬁ(6 ft)2(18 ft) — 577(3ft)2(9 ft) = 1897 ft* 9—h

And the submerged volume of the wooden block is ' l

_1 2 111 ? Z.m 3
Voo = 377(6ft) (18 ft) 37{3(}1 + 9)] (h+9) = 27[5832 (h +9)%] @)
Then the weights of the wooden block and the buoyant force are
W, = vo¥o = (481b/ft}) (1897 ft}) = 90727 1b W,
Fy, = v,V = (624 lb/ft3){%[5832 — (h+9)3] = 2311175832 — (h + 9)3]}

Referring to the FBD of oak block, Fig. b, equilibrium requires

+13F, =0; 2311175832 — (h +9)’] — 90727 1b = O 1
h = 3.4000 ft = 3.40 ft Ans.

Ans:
h = 340 ft
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-125. The container of water has a mass of 20 kg. Block B =

has a density of 7840 kg/m® and a mass of 30 kg. Determine

the total compression or elongation of each spring when the

block is fully submerged in the water. CZ ke =5kN/m

SOLUTION

The volume of block B is determined from

B

M ;  30kg
PB= 3 7840 kg/m’ = ——
B

V5 = 3.8265(107%) m’
Vs

kp =2kN/m
Here, block B is fully submerged. Then ¥, = ¥3.Thus, the buoyant force
Fp, = pgV = (1000 kg/m?)(9.81 m/s?)[3.8265(1073) m*] = 37.54 N I(F )e
sp

Referring to the FBD of block B, Fig. a,
+T2Fy =0 (Fp)e + 3754 N —~30(9.81) N = 0 (Fy,)c = 256.76 N TFb
Referring to the FBD of the container, Fig. b, I

+13F, = 0; 2(Fgp)p — 3754 N — 20(981)N =0 (Fop)p = 116.87N *30(9-81)N
Thus, the change in length of springs C and D are (@
F 256.76 N
5c = (I;")C _ BTN _ 05135 m = 51.4mm Ans.
C 5(10 ) N/I’Il (Fsp)C
F 116.87 N
op = Folo _ 6387 = 005843 m = 584 mm Ans.
K¢ 2(10°) N/m 20(9.81) N
(Fsp)DT T(Fsp)D
(b)
Ans:
6c = 51.4 mm
6p = 58.4 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-126. The container of water has a mass of 20 kg. Block B
has a density of 7840 kg/m> and a mass of 30 kg. Determine
the total compression or elongation of each spring when the
block is fully submerged in the water.

SOLUTION
The volume of block B is determined from
M 30k
ps = 2B T840kg/m® = 8 ¥, = 3.8265(107) m®
Vs Vs

Here, block B is fully submerged. Then V., = ¥3. Thus, the buoyant force is
Fy, = p,g Ve = (1000 kg/m?)(9.81 m/s?)[3.8265(107%) m*] = 37.54 N
Referring to the FBD of block B, Fig. a,
+13F, = 0; (Fp)e + 37.54N — 30(9.81)N =0 (Fgp)c = 256.76 N

Thus, the change in length of spring C is

5 (Fp)e 25676 N
€7 Kc  5(10°)N/m

= 0.05135m = 51.4 mm Ans.

CZ= ke=5kN/m

kp = 2kN/m

kr=5kN/m

I(Fsp)c
A

Springs D and E are subjected to the same force, (Fy,)p = (Fyp) g, since both are *30(9'81) N
arranged in series. Referring to the FBD of the container, Fig. b, (a)
+13F, = 0; (Fgp)p —37.54N — 20(9.81) N =0 (Fop)p = 23374 N (F.)
sp/C
Thus, the change in length of spring D and E are
20(9.81) N
(Fyp) 233.74N
ép = D _ 3 = 0.1169 m = 117 mm Ans.
Kp 2(10°) N/m
(Fyp) 233.74N T T
b = 20 = 2% = 0.04675m = 46.7 mm Ans. (Fyp)p (Fyp)p
Kg 5(10°) N/m
(b)
Ans:
6c = 514 mm
op = 117 mm
6 = 46.7 mm
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-127. The hot-air balloon contains air having a
temperature of 180°F, while the surrounding air has a
temperature of 60°F. Determine the maximum weight of
the load the balloon can lift if the volume of air it contains is
120(10%) ft*. The empty weight of the balloon is 200 Ib.

SOLUTION

From the Appendix, the densities of the air inside the balloon, where T = 180° F
and outside the balloon where T' = 60°F, are

pal T=60r = 0.00237 slug/ft>
pal 7=180F = 0.00193 slug /ft>
Thus, the weight of the air inside the balloon is ‘
Wl r=1s6F = Palr=180r8V = (0.00193 slug/fe® )(32.2 ft/s? ) [ 120(10°) 3 ]
= 7457.521b

The buoyancy force is equal to the weight of the displaced air outside of the balloon.

This gives F, =9157.68 Ib

Fy = palr=errgV = (0.00237 slug/ft*)(32.2 £t /s2) [ 120(10%) ¢ |
= 9157.68 Ib

w =200 1b

Considering the free-body diagram of the balloon in Fig. a,
+13F, = 0; 9157.681b — 7457.521b — 2001b — W, =0 W
W, = 1500.16 b = 1.50 kip Ans. (@)

Ans:
W, = 1.50 kip
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-128. A boat having a mass of 80 Mg rests on the bottom
of the lake and displaces 10.25 m® of water. Since the lifting
capacity of the crane is only 600 kN, two balloons are
attached to the sides of the boat and filled with air.
Determine the smallest radius r of each spherical balloon
that is needed to lift the boat. What is the mass of air in each
balloon if the air and water temperature is 12°C? The
balloons are at an average depth of 20 m. Neglect the mass
of the air and the balloon. The volume of a sphere is
V= %777‘3.

SOLUTION

The bouyant force acting on the boat and a balloon are

(Fo)s = pug(Vi)sw = (1000 kg/m?)(9.81 m/s?)(10.25 m*) = 100.55(10°) N
= 100.55 kN

(1000 kg/m?)(9.81 m/sz)[gmﬂ = 13.08773(10°) N
= 13.087r° kN

(Fb)b = pwg(Vb)sub

Referring to the FBD of the boat, Fig. a,

+13F, = 0; 2T + 100.55 kN + 600 kN — [80(9.81) kN | = 0
T = 42.124kN

Referring to the FBD of the balloon, Fig. b

+T2Fy = 0; 13.087r° — 42.125kN = 0
r=1008m = 1.0l m Ans.

Here, p = pam + pwgh = 101(10%) Pa + (1000 kg/m?)(9.81 m/s?)(20 m) =
297.2(10°) Pa and T = 12°C + 273 = 285 K. From Appendix A, R = 286.9 J /kg-K.
Applying the ideal gas law,

p  2972(10°) N/m’

= pRT; =_— = = 3.6347 kg/m’?
P pRE P~ RT ~ (28697 /kg- K)(285K) g/m
Thus, 4
m = p¥ = (3.6347 kg/m3){§77(1.008 m)3] = 15.61kg = 15.6 kg Ans.

600 kN

80(9.81) kN

(F,), = 13.0877

Ans:
(Fp)p =100.55 kN T=42.125kN r=101m
(a) () m = 15.6 kg
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-129. When loaded with gravel, the barge floats in water

at the depth shown. If its center of gravity is at G, determine
whether the barge will restore itself when a wave causes it
to roll slightly at 9°.

SOLUTION

When the barge tips 9°, the submerged portion is trapezoidal in shape, as shown in
Fig. a. The new center of buoyancy, C,,’, is located at the centroid of this area. Then

(0)(6)(1.0248) + (1)[%(6)(0.9503)}
x = 1 = 0.3168 m
(6)(1.0248) + 5(6)(0.9503)

l(1.0248)(6)(1.0248) + [1.0248 + l(0.9503)“1(6)(0.9503)}
2 3 2
y = 1 =0.7751 m
(6)(1.0248) + 5(6)(0.9503)

The intersection point M of the line of action of F;, and the centerline of the barge is
the metacenter, Fig. a. From the geometry of triangle MNC;', we have
x 03168 -

MN = = =
N tan 9° tan 9° m

Also,
GN=2-y=2-0.7751 = 1.2249m

Since MN > GN, point M is above G.Therefore, the barge will restore itself.

Ans:
It will restore itself.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-130. When loaded with gravel, the barge floats in water at 5
the depth shown. If its center of gravity is at G, determine —
whether the barge will restore itself when a wave causes it to tip
slightly.

1.5m 2m

D

6m

SOLUTION

The barge is tilted counterclockwise slightly and the new center of buoyancy C,’ is
located to the left of the old one. The metacenter M is at the intersection point of the
center line of the barge and the line of action of F,, Fig. a. The location of C,' can be
obtained by referring to Fig. b.

(1m){%(6m)(6tan qu)}

X = =2tan¢dm

(1.5m)(6m)

Then
8 = Xcos¢p =2mtan ¢ cos P = (Zm)(%st(cos ¢) = (2sin p) m
Since ¢ is very small sin ¢ = ¢, hence
=2¢m @

From the geometry shown in Fig. a,

8§ = MC, sing = MCyo )
Equating Egs. (1) and (2),

2¢ = MCyo
MC, =2m

Here, GC, =2m — 0.75m = 1.25m. Since MC, > GC,, the barge is in stable
equilibrium. Thus, it will restore itself if tilted slightly. Ans.

Sm

1.5m

|
6m Ans:
It will restore itself.
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-131. The can of alcohol rests on the floor of a hoist.
Determine the maximum pressure developed at the base of
the can if the hoist is moving upward with (a) a constant
velocity of 10 ft/s, and (b) a constant upward acceleration
of 5 ft /s*. Take y,; = 49.3 1b/ft.

SOLUTION

a) Since the hoist is travelling with a constant velocity, it is in equilibrium.
Thus,

p = vsh = (493 1b/ft})(5 ft)
= (24651b/ft2)<£)2 = 1.71 psi Ans
: 12'in. AP .
b) Since the hoist is accelerating,

ac
p:7ah 1+E

2
= (49.31b/f)(5 ft)(l + ﬂi)

32.21t/s?
2
= (284.78 lb/ftz)(%> = 1.98 psi Ans.
Ans:
a.p = 171 psi
b. p = 1.98 psi
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-132. The truck carries an open container of water. If it 0.5 mI a
has a constant deceleration 1.5 m/s?, determine the angle of f =
inclination of the surface of the water and the pressure at 1.5m
the bottom corners A and B. 1A Blls
) ) o
4 m
SOLUTION

The free surface of the water in the decelerated tank is shown in Fig. a.

a 1.5 m/s?
tanf = —- = 7/2
g 9.81 m/s

0 = 8.6935° = 8.69° Ans. (a)
From the geometry in Fig. a,
Ah = (2m) tan 8.6935° =0.3058 m

Since Ah < 0.5 m, the water will not spill. Thus,
hy =15m — 03058 m = 1.1942 m and Az = 1.5m + 0.3058 m = 1.8058 m. Then

pa = pughs = (1000 kg/m?)(9.81 m/s?)(1.1942 m)

= 11.715(10°) N/m? = 11.7 kPa Ans.
And
ps = pughs = (1000 kg/m*)(9.81 m/s?)(1.8058 m)
= 17.715(10°) N/m? = 17.7 kPa Ans.
Ans:
0 = 8.69°, py = 11.7 kPa,
pg = 17.7kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-133. The closed rail car is 2 m wide and filled with water —
to the level shown. Determine the pressure that acts at A
and B when the car has a constant acceleration of 4 m /s’

SOLUTION

tanf = —— = h

9.81 6
h' = 2446 m
Also,
6= tan - = 22.183°
9.81 y

Empty volume in tank is 2(6)(1) = 12'm* During accelerating we require B A i

6m |

12 = 2<%x>(x tan 22.183°)

x =5425m
pa = (1000)9.81(3 — 5.425 tan 22.183°)
= 7.73 kPa Ans.
pp = 1000(9.81)(3 + 16 — 5.425) ( tan 22.183°)
= 31.7 kPa Ans.

Ans:
pa = 7.73kPa, pgp = 31.7kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-134. The open rail car is 6 ft wide and filled with water
to the level shown. Determine the pressure that acts at point
B both when the car is at rest, and when the car has a
constant acceleration of 10 ft /s?>. How much water spills out

of the car?

SOLUTION

When the car is at rest, the water is at the level shown by the dashed line shown
in Fig. a.

Atrest:  pg = y,hg = (62.41b/ft°)(7.5 ft) = 468 Ib/ft? Ans.

When the car accelerates, the angle 6 the water level makes with the horizontal can
be determined.

a 10 ft /s>
tang = < = /

=———  6=1725°
g 322ft/s?

Assuming that the water will spill out, then the water level when the car accelerates
is indicated by the solid line shown in Fig. a. Thus,
h = 9ft — 18 fttan 17.25° =3.4099 ft
The original volume of water is
¥ = (7.5 ft)(18 ft)(6 ft) = 810 ft?
The volume of water after the car accelerates is
V= %(9 ft + 3.4099 ft)(18 ft)(6 ft) = 670.14 ft> < 810 ft> (OK!)

Thus, the amount of water spilled is

AV = ¥ — ¥ = 810t — 670.14 ft = 139.86 ft* = 140 ft’ Ans,

The pressure at B when the car accelerates is

With acceleration:  pp = y,hp = (62.41b/ft3)(9 ft) = 561.6 Ib/ft> = 562 Ib/ft?

Ans.
a.=10ft/s?
"
_ . _
9 ft
7.5 ft
B
h
Gesess Teesss
T, Ans:
t Atrest: pp = 468 Ib/ft2
(a) With acceleration: AV = 140 ft®
pp = 562 1b/fE
208
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

unless stated otherwise. 02 m— 0.2 m

2-135. A large container of benzene is transported on the
truck. Determine the level in each of the vent tubes A and B
if the truck accelerates at a = 1.5 m/s>. When the truck is at
rest,hy = hy = 0.4 m.

SOLUTION

The imaginary surface of the benzene in the accelerated tank is shown in Fig. a.
a. _ 15m/s’

e s mye
6 = 8.6935°
Then,
Ah = (1.5m) tan 8.6935° = 0.2294 m
Thus,
h'y =hy — Ah=04m = 02294m = 0.171 m Ans.
's = hg + Ah = 04m + 02294 m = 0.629 m Ans.
1.5m | 1.5m

B
nig

Imaginary free surface

(a)

Ans:
h'y = 0171 m,h'y = 0.629 m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-136. A large container of benzene is being transported
by the truck. Determine its maximum constant acceleration
so that no benzene will spill from the vent tubes A or B.
When the truck is rest,hy, = hgy = 0.4 m.

SOLUTION

The imaginary surface of the benzene in the accelerated tank is shown in Fig. a.
Under this condition, the water will spill from vent B. Thus, Ah = h'y — hg =
0.7m — 04m = 0.3 m.

0.3 m a.

tang = —— =02 =—

an 1.5m g
a, = 02(9.81 m/s?) = 1.96 m/s’ Ans.

Imaginary free surface W ~04m

(a)

Ans:
a, = 1.96 m/s?
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-137. If the truck has a constant acceleration of 2 m/s?,
determine the water pressure at the bottom corners A and
B of the water tank.

SOLUTION
The imaginary free surface of the water in the accelerated tank is shown in Fig. a.
2m/s’
e = “C = 2™ 503
g 98lm/s

From the geometry in Fig. a,
Ahy = (1 m)tan 6 = (1 m)(0.2039) = 0.2039 m
Ahg = (1m + 3m)tan 6 = (4 m)(0.2039) = 0.8155 m
Then
hy=2m+ Ahy =2m + 02039 m = 2.2039 m
hy=2m — Ahg =2m = 0.8155m = 1.1845m
Finally,
pa = pugha = (1000 kg/m*)(9.81 m/s?)(2:2039 m)
= 21.62(10%) Pa = 21.6 kPa Ans.
s = pwghy = (1000 kg/m?)(9.81 m/s?)(1.1845 m)

= 11.62(10%) Pa = 11.6 kPa Ans.

Ah,
A
Ah,
2m A
~d Y
I1m -
\/
B
A < >
3m
(a)
Ans:
pa = 21.6 kPa, pp = 11.6 kPa
211
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-138. If the truck has a constant acceleration of 2 m/s?,
determine the water pressure at the bottom corners B and
C of the water tank. There is a small opening at A.

SOLUTION

Since the water in the tank is confined, the imaginary free surface must pass through

A as shown in Fig. a. We have

a 2 m/s?
tanOZfC /

= —— = 0.2039
g 9.81 m/s2

From the geometry in Fig. a,
Ahe = (2m) tan 6 = (2 m)(0.2039) = 0.4077 m
Ahg = (3m)tan 6 = (3 m)(0.2039) = 0.6116 m

Then
he=2m + Ahy = 2m + 0.4077m = 2.4077 m
hg =2m — Ahg = 2m — 0.6116 m = 1.3884 m
Finally,
pe = pwghe = (1000 kg/m?)(9.81 m/s?)(2.4077 m)
= 23.62(10%) Pa = 23.6 kPa Ans.
s = pughp = (1000 kg/m?)(9.81 m/s?)(1.3884 m)
= 13.62(10%) Pa = 13.6 kPa Ans.
Ah(l'\
A
Ah,
2 m
Yy |c B
- — ,l = e >

Ans:
pc = 23.6kPa, pp = 13.6 kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-139. The cart is allowed to roll freely down the inclined
plane due to its weight. Show that the slope of the surface of
the liquid, 0, during the motion is § = ¢.

SOLUTION

Referring to the free-body diagram of the container in Fig. a,

+3Fy = may
v

wsin¢ = Ka
8
a=gsing¢
Referring to Fig. b,
a, = —(gsin ¢) cos ¢
a, = —(gsin ¢) sin ¢

We will now apply Newton’s equations of motion, Fig. c. N
a y(dxdydz) @
£ 3F, = may —(px * fdx)dydz + pedydz = =",
ydx Y
dp, = ———a,
8
In y direction, a,
P b
apy vdxdydz !
+13F, = may;  pydxdz — p, + m dy |dxdz — ydxdydz = =———a, ,
' \
- _ |\ _ ___________] a
a / _ y
dp, = —'ydy(l n l) o a=gsin ¢
8
At the surface, p is constant, so that dp, + dp, = 0, or dp, = —dp,. (b)
ydx d (1 Lo ) dyd
—a, = —ydy — pxdydz
8 8 D (pv-*- _dx)dydz
dy a,  gsingcos¢p  singcosdp sing . I-(—|
dx g+ay_g—gsind>sinq’>_ cos’p  cosdp an ¢ dx
Since at the surface,
p
d (py+ _ydy)dxdz
D _ o
It an
then
py dxdz
tan § = tan ¢
or (c)
0=4¢ Q.E.D.
213
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-140. The cart is given a constant acceleration a up the
inclined plane. Show that the lines of constant pressure within
the liquid have a slope of tan § = (acos ¢)/(asin ¢ + g).

SOLUTION
As in the preceding solution, we determine that y
d a
o= M
X g ta
Here, the slope of the surface of the liquid, Fig. a, is .
d
Y~ _tane @ '
dx @)
Equating Egs. (1) and (2), we obtain
tanf = —= 3)
anov= g+ a, (
By establishing the x and y axes shown in Fig. a,
a, = a cos¢ a, =a sind
Substituting these values into Eq. (3),
a cos ¢
tan = ——— Q.E.D
asing +g

214
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-141. The sealed tube assembly is completely filled with
water, such that the pressures at C and D are zero. If the
assembly is given an angular velocity of @ = 15rad/s,
determine the difference in pressure between C and D.

SOLUTION
’R?
= 2
(15 rad/s)?(0.5 m)?
N 2(9.81 m/s?)
= 2.867m

From Fig.a, Ah = H = 2.867 m. Then,
Ap = pp = pc = pugAh
= (1000 kg/m?*)(9.81 m/s?)(2.867 m)
= 28.13(10°) Pa = 28.1 kPa

Ans.

Imaginary
surface

0.5m ‘

Ans:
Pp — pc = 28.1kPa
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.
Cr D_
2-142. The sealed tube assembly is completely filled with
water, such that the pressures at C and D are zero. If the
assembly is given an angular velocity of w = 15rad/s,
determine the difference in pressure between A and B. 0.6 m
Al =
SOLUTION | 5
[ 0.5m
_ ’R? -
2g oJ @
~ (15rad/s)*(0.5 m)®
2(9.81 m/s?)
= 2.867m
From Fig.a, Ah = hg — hy = H = 2.867 m. Then,
Ap = pp — pa = pugAh
= (1000 kg/m*)(9.81 m/s?)(2.867 m)
= 28.13(10%) Pa = 28.1 kPa Ans.
A A
Imaginary H
surface
\
A A s
h, 0.6m
Y Y \
A h R=05m g
> ¥
(a)
Ans:
p — pa = 28.1kPa
216
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-143. A woman stands on a horizontal platform that is
rotating at 0.75 rad/s. If she is holding a cup of tea, and the
center of the cup is 2 ft from the axis of rotation, determine the
slope angle of the liquid’s surface. Neglect the size of the cup.

SOLUTION

Since the cup is rotating at a constant velocity about the vertical axis of rotation, then
its acceleration is always directed horizontally toward the axis of rotation and its
magnitude is given by

a, = o = (0.75rad/s)’(2 ft) = 1.125 ft /s>

Thus, the slope of the tea surface is

a, 1.125ft/s?
= =034%
g 322ft/s

6 = 2.00° Ans.

m = tanf =

Ans:
0 = 2.00°
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m® and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

*2-144. Determine the maximum height d the glass can be
filled with water so that no water spills out when the glass is
rotating at 15 rad/s.

SOLUTION
From the geometry shown in Fig. a,

' 005m

4 +02m  olm’: ¢ =02m

Then

rd+02m
0.05m 02m ’

r=025(d + 02)

Thus, the volume of the empty space in the container shown shaded in Fig. a is

¥, = %77(0.1 m)%(0.4m) — %[0.25(4 +0.2)1%(d + 0.2)

1
= 577[0.004 —0.0625(d + 0.2)*|m?

For the condition that the water is about to spill, the parabolic profile of the free
water surface is shown in Fig. b.

().
"= (Zg)r
2
_ { (15 rad/s)2 }(0'1 m)?
2(9.81 m/s”)
=01147m < 02m (O.KY)

Since the empty space in the glass must remain the same, the volume of the
paraboloid shown shaded in Fig. b must be equal to this volume. Here, the volume of
the paraboloid is equal to one half the volume of the cylinder of the same radius and
height.

Vparab = Ves

%[7(0.1 m)2](0.1147 m) = %77[0.004 ~ 0.0625(d + 0.2)?]

d =01316m = 0.132 m Ans.

‘«0.1 m—

—0.1 mﬁ

)
3

—1
1
J
1
4

DR —

0.1m

(b)

o

B9

:

- TFE
) e

Ans:
d = 0.132m
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-145. The glass is filled with water to a height of
d = 0.1m. To what height d = d’ does the water rise
against the wall of the glass when the platform has an
angular velocity of w = 15rad/s?

SOLUTION

From the geometry shown in Fig. a,
d" ~ 0.05m_
d’+ 02m 0.1m ’

d"=02m

Then,

r ~ 03m_
005m 02m’

r =0.075m

Thus, the volume of the empty space in the container shown shaded in Fig. a is
1 1
Vo = 577(0.1 m)%(0.4m) — 577(0.075 m)%(0.3m) = 0.770837(1073) m

The parabolic profile of the free water surface is shown in Fig. a. Then

wz)
h={—|r?
<2g '
15 rad/s)?
L [ (15 radys) } &
2(9.81 m/s%)
= 11.4679R?

Since the empty space in the glass must remain the same, the shaded volume shown
in Fig. b [paraboloid segment (1) and segment (2)] must be equal to this volume.

Here, the volume of the paraboloid is equal to one half the volume of the cylinder of
the same radius and height.

Vi + ¥y = Vi

1 1 1
5[77R2(11.4679R2)] + E?T(O.lm)z(OA m) — gle(d’ +02) | = 0.770837(1073) m

1
5.7339R* — ng(d’ +02) + 0.5625(107%) =0 @
From the geometry shown in Fig. b,

d +02m R
- . "4+ 02 =
0.2 0.05° d 02 = 4R

Substitute this result into Eq. (1).
4
5.7339R* — gR3 +0.5625(107%) =0

Solving numerically,
R = 0.087852 m
Thus,

d' + 0.2 = 4(0.087852)
d + 0.1514m = 0.151 m Ans.

Also,
h = 11.4679(0.087852%) = 0.0885m < d’ (O.K!)

—0.1 mﬂ

0.05 m

i

0.05 m

Ans:
d = 0.151m
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Unless otherwise stated, t
be p, = 1000kg/m®> and

unless stated otherwise.

SOLUTION

The volume of the paraboloi

empty space when the liquid

equal to one half the volume

So then,

Substitute Eq. (2) into (1).

rg(“’
8

ake the density of water to
its specific weight to be

Yw = 62.41b/ft>. Also, assume all pressures are gage pressures

2-146. The drum has a hole in the center of its lid and is
filled to a height d with a liquid having a density p. If the
drum is then placed on the rotating platform and it attains
an angular velocity of w, determine the inner radius r; of the
liquid where it contacts the lid.

d empty space must be the same as the volume of the
is not spinning. Since the volume of the paraboloid is
of the cylinder of the same radius and height, then

Vparab = Ves
1
S (i) = wri(d, - d)
r2h = 2ri(d, = d) @
2,
w
h= 5t @

4 _
ri =
(1)2
dgri(d, — d) v/
- [t ] %
w

d
dO
_/Y w
r()
]
1L
d,
d
(a)
Ans:
4gr§(d0 - d) 1/4
=Ty
w
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Unless otherwise stated, take the density of water to
be p, = 1000kg/m> and its specific weight to be
Yw = 62.41b/ft>. Also, assume all pressures are gage pressures
unless stated otherwise.

2-147. The tube is filled with oil to the level &~ = 0.4 m.
Determine the angular velocity of the tube so that the
pressure at O becomes —15 kPa. Take S, = 0.92.

SOLUTION

above the imaginary surface.

h = (wfz)r2
2g
w2

————— (0.8 m)?
2(9.81 m/sz)}( m)
® = 7.9506 rad/s = 7.95rad/s

2.0620 m = {

Po = —vhy;,  —15(10°) N/m? = —0.92(1000 kg/m*)(9.81 m/s?)h,
h, = 1.6620 m
Thus
h=h,+04m = 1.6620m + 0.4 m = 2.0620 m
So then,

The level of oil in the tube will not change. Therefore, the imaginary surface of the
oil will be that shown in Fig. a. The pressure of point O is negative, since it is located

Ans.

< e
h=04m w
l O
0.8 m 0.8 m
f
0.4 m o)
h
Imaginary
surface
h, = 1.6620
(a)
Ans:
w = 7.95rad/s

221

Vi si‘t wesh.BankDeal . comto get conplete for a@ chapters

24/02/17 4:37 PM



https://testbankdeal.com/download/fluid-mechanics-2nd-edition-hibbeler-solutions-manual/



