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*9-1. Determine the mass and the location of the center of y
mass (¥, y) of the uniform parabolic-shaped rod. The mass
per unit length of the rod is 2 kg/m.

Differential Element. The length of the element shown shaded in Fig. a is

2
L =Ja? + 2 = 1+(§‘;] dy im

The mass of the element is

dm =de=2(%4)'2+4)@=43?2+4@

2
The centroid of the element is located alfzx:yT and § = y. Integrating,
4m
m-—-Jdn:J Jy3+4dy=11.332kg=1l.8kg Ans.
m 0
4m ,2
J‘M" I Tvirad 19.403
godm _ _Jo 4 =280 1 639m=1.64m Ans.
m 11.832
Jdn +4 dy
m 1]
m
.[ydn .ryIZMdy 27.148
j=tm_ .20 == - 22945m=229m Ans.

4m 11832
dm j- y-+4

E]
o
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9-2. The uniform rod is bent into the shape of a parabola y
and has a weight per unit length of 6 Ib/ft. Determine the
reactions at the fixed support A.

Differential Element. The length of the element shown shaded in Fig. a is

2
AL =Ai? +d? = 1+(%‘,-] dy in

Here, %: %y. Thus,

2V 1 |
dL = l+(§y) dy=7 92 +4y% dy | 31t |

The weight of the element is therefore

dW=ydL=6[§l +4y2dy]= 9+ 4y% dy

2
The centroid of the element is located at ¥ = x = y? Integrating,

3N
w:j dW=I 249+ 4y? dy =26.6211b
W (1]

3ft 2 3ft
- hid , 2 EJ' 2o, 402
ijdw_.[o 3 (2 9y )dy_ 3)y YTV 0

0 =
=66 = 1.2299ft

=

31t - 3f )
j aw j 249 +4y% dy 2I 9+4y* dy
w 0 0

Equations of Equilibrinm: By referring to the free - body diagram of the rod shown in Fig. b, yields

IR =0 Ay =0 Ans.
+ 135 =0; Ay - 26621=0 Ay =266211b=2661b Ans,
(+IM4 -0 My - 26.621(1.229)= 0 My =32741b-ft =32.71b ft Ans.

¥

(L %-1.2299f¢
(b)
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9-3. Determine the distance X to the center of mass of the y
homogeneous rod bent into the shape shown. If the rod has
a mass per unit length of 0.5 kg/m, determine the reactions
at the fixed support O.

Langth and Moment Arm : The length of the differential element is dL
=W'( 1+(%)1 dx and its centroid is £ = x. Here, %-;xl.
Performing the integration, we have

3i1m

1L}
9 8 9 3!
L=Jd1.—J‘ [ I+Ex dt=-2-7-(l+zx)

J;fdf-ﬂf:-x@dx : o< L
{03 a3 x

=0.7857

=1.439Tm
° A~

Im

Centroid : Applying Eq. 9~7 , we have 05(9.81) (439N

[ #dL 0.7857

7 = = =0.5457 m = 0.546 Ans
o PR W m=neom
Egquations of Equilibrium :
SIF =0; 0,=0 -Ans
+TZF =0; 0,-0.5(9.81)(1.4397) =0
0,=706N Ans
(’+ZM,, =0; M,-0.5(9.81)(1.4397)(0.5457) =0
M;=385N-m Ans
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*9—4, Determine the mass and locate the center of mass y
(x,y) of the uniform rod. The mass per unit length of the
rod is 3 kg/m.

Differential Element. The length of the element shown shaded in Fig. a is y=4-—y
2
:ﬂ.:Jdr2+¢1y2 =JI+[%) dx
4m

Here, % = =2x.Thus,

2
dL=.J1+(-2x)24z=J1+4x2 dx = -;) +x2 dx

2m 2 ——2m——
1 2
M=I (3kg/m) EJ +x“ dv = 3 4.6468)= 13.9kg Ans.
0

Centroid: The centroid of the element is located at x = xand y = y.

2m 2
- Jl 2 1 +x%
I xdL [i] 2
L - I _ 5.7577
2m 2 4.6468
dL 1 2
_[L L 4[2} +x” dx
2Zm 2 2m 2 2
i j -2 1| 22 de |ax _[ 1V 22 d) 2
J- ydL 0 2 0 2 2
L =

=124m Ans.,

=
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¢9-5, Determine the mass and the location of the center of
mass x of the rod if its mass per unit length is
m = my(1 + x/L).

Differential Element. The element shown shaded in Fig. a has a mass of
L x 3
dn = | mp| 14+ [dx==moL Ans,
m 0 L 2

The centroid of the differential element is located atx, = x

Lro [ofm{3)e] [i[5)a

E=aB =

Joo [leg)e [leg)e

5
==L Ans.
9
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<

9-6. Determine the location (X, y) of the centroid of the wire.

Length and Moment Arm : The length of the differential element is dL

1
- dx1+dy1=[ 1+(%) dv and its centroid is § = y = 5°. Here,

dy
532!.

Centroid : Due to symmetry

=0 Ans

Applying Eq. 9-§and performing the integration, we have

_=IL)§¢L=J_:;;:3 1+4x2dy

T ki
=2
16.9423
s ﬁ'ﬁ_ =182ft Ans —_—
"/_JL 44t
L 4 K
I 2ft l
9-7. Locate the centroid x of the circular rod. Express the y

answer in terms of the radius r and semiarc angle a.

l—
49!

1

=2r"sina —
1 .
i 27} sing _ rsing Ans
2ra a
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*9-8. Determine the area and the centroid (X, y) of the area. y

Differential Element: The area clement parallel to the x axis shown shaded in Fig. a will be considered. The
area of the element is

dA=xay=’;—2ay

. . ) - (y2i14) y?
Centroid: ']‘Imcemrmduftlwelement1slm:atedatx=:nf2=T == andy, = y.

8
Area: Integrating,
4m 2 34|u
A=Id,s.= L gy=2 =5333m2 =533 m? Ans.
A 0o 4 2]

-|-4my4dy [2_{ m
160

[ra ["E%a)

i= o 32 =12 Ans.
- 5333 =7 5333  s33 "
_[m
A
4 ) 4 4 m
" 4m r
fpa {5 ["2e ('6]
j==4 -2 _do 4 = 0 -3m Ans.
5333 5333 5333
Im
A
~ X
X =%

4m d% a ‘D-");’z%
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*9-9, Determine the area and the centroid (x, y) of the area. y
2 _ .3
1m -
Differential Element: The area element parallel to the y axis shown shaded in Fig. @ will be considered. The
area of the element is
dA = ydx =x3"2 gy
1m
. . 312
Centroid: Thecenuoidoftheelemenlislwatedatx=xandy=y.-‘2=T.
Area: Integrating,
1m m
A:J'd»a=j BPac=2e52[ " 22 22 04 m? Ans,
A 0 5 5

Im 1m 2 1 m
[ra ["4na) ["oa (37)
A _Jo _Jo _ 0
!

e =2 m=0714m Ans.
2/5 2/5 2/5 7
[
A
i Im( ,3/2 37 g im,3 i "
YA ], |2 T 8 5
j=A__- ==0 = == m=03125m Ans.

I
A

X, =X

(x-fg |

3 ed
m

()

Im
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9-10. Determine the area and the centroid (X, y) of the area.

Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The
area of the element is

dA = ydc—%xsdr
3 ft
Centroid: The centroid of the element is located at % = xand § = yfz—T'é-R
Area: Integrating,
3 31t
=j J' -x3dx—-—--x a| =225f2 Ans.
A 36 0

3ftl4 1 ft
I —§xdt T}

- 9 0 Ans.
x 225 225 225 - XAt

J' A

3ft 3fl 1 ft

.[y‘“ j [18‘3][1 ’ ) "1%2' & i 7[3)

§= = =0857ft Ans.
2.25
J' A
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9-11. Determine the area and the centroid (X, y) of the area. y

2~ ab
Differential Element: The area element parallel to the y axis shown shaded in Fig. a will be considered. The
area of the element is
dA = ydx =2a""%xV? 4
b
Centroid: The centroid of the element is located at ¥ = xand § = y /2 = 2"/ 2412,
Area: Integrating,
b 4 b 4
Azj A =j mlaxuz¢=_a1n13ml =4 2p32 Ans.
A 0 3 o 3
= b u2an b v2.3n2 4 112 52
J'xanjx(zax‘m)jzafdx-—ax
= A =20 =20 = 3 =ib Ans.
4 12,32 4,112,312 a2,32 5
J @ 3 3 3
A
b vaany, 12 v2 b
Jlfdﬁl I(a.tJXZax ) j:uma ‘RZE
=_Jda~  _Jdo -Jo - N e
y= = q —4 = 3 —z ab Aps.
i 312,302 Av23n2 212,32
4 3 3 3

R[2
}ll{
u®

4ax
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*M9_12. Locate the centroid x of the area. y

Area and Moment Arm : The arca of the differential clement is dA = ydx
=x*dx and its centroid is £ = x.

Centroid : Applying Eq. 9-¥and performing the integration, we have

xY|2ie
- in o (g2 n
_adaA ﬂ[tgi"‘_“‘_lg__:, s = 16lin  Ans

3

UL T

lin
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*®9_13. Locate the centroid y of the area.

Area and Moment Arm : The area of the differential element is dA = ydx

=xtdx mdiuce.nmidisfﬂ§=%x:.
Centroid : Applying Eq. 9 -8 and performing the integration, we have

3in. | x5 |3in.
Fld) 10[

o layda )3 ™ :

y= == Ppa =133 Ans
JadA [2% x2dx x3|2ie
ERITTS

?t
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9-14. Determine the area and the centroid (¥, y) of the area. y

~— q —|

Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The
area of the element is

CZ
dA = yde=— dx
x

2
Centroid: The centroid of the element is located at X = xand y = %: .,

X
Area: Integrating,

I J—-—-dx clnxt r:ln-- Ans,
e A5 [ee op N

x=

3 P b
2 ln— c2|n..- c2ln— In—
j. A a a a
_[ J‘ [ I ] b 4 c4
ydA - —d oy
)-’ a 2xz = : =C2(b—ﬂ) Ans.
j‘“ 2L Anl 2wl 2amk
a a a a

(z,4.)

&)
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9-15. Determine the area and the centroid (x, y) of the area. y

=

Differential Element: The area element parallel to the yaxis shown shaded in Fig. a will be considered. The
area of the element is

dA zydx=izxzdx
a

Centroid: Theeenu-oidoftheelementislocatadati:xandi:ym:%[%x2]=%x2.
a 2a
Area: Integrating,
a
a
A=J-d4=-|- -%xzwniz 2 =k Ans.
A 0a a*| 3 3
0
a2y
a h|x
- h a ] s
dei J{—z'.:zdﬁc] szadr 2[4] 3
i==4 2 ‘1’ = 0“1 °=za Ans.
dA - ah - ah —ah
3 3
A
2(,sY
a h
5 h h a 2 ] &
I_vah —z-xz[—zxzdt] I h—4x dr 2a4[ 5] 3
y=-A e 02 s —2=ch  Am
—ah =ah —ah
.4‘“ 3 3 3
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*9-16. Locate the centroid (X, y) of the area. y

y=1-

A=

1m

2 m*—‘

Area and Moment Arm : The area of the differential clement is dA = ydx
1 1 1

= (1 —-4;‘)& and its centroid is § =’2-' = i(l - Zx’].

Centroid : Due o symmetry

=0 Ans

Applying Eq. 9—?&1‘1 performing the integration, we have -
2m | 1 1
- - - z —— :
oAb
dA Im 1
I J (1—-x2)dx
-im 4
x x? X’ im
[i_ﬁ’”ﬂsﬁ) 2
= PERYETS L 3 m Ans
(%)

=Im
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©9-17. Determine the area and the centroid (¥, y) of the area. y
Differential Element: The area element parallel to the x axis shown shaded in Fig. a will be considered. The n
area of the element is
a 12 y= szz
A =xdy=—y " dy a
" |
) . . -_X_ a4 y2__.-_ ——a ‘
(Jeulmid.Theoenlnndoflheelemenlls!ocatedalx—i- R4 andy=y.
2h
Area: Integrating,
h h
2a 3/2 2
A=Jlm=J‘L 2 g = y ‘:—ah Ans.
A o #'”2 3nY?2 ( 0o 3

- h a "7 a n ] kaz a_z.[ﬁ
J.Axd‘l:-'-o[%”zf Ihmyl > =J‘n'27ydy_2h 2

- 3
X= = ==gq Ans,
2 2 2 8
dA ah 3ah ah

A

- h(a an h g 2a_ 5/2
- _ h 0 h _ Sh _3
y= = 7 5 = 3 -gh Ans.

- = —ah
Ad“ 3% 3% 3

Ry

SR

)

(@
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9-18. The plate is made of steel having a density of y
7850 kg/m?. If the thickness of the plate is 10 mm, determine
the horizontal and vertical components of reaction at the pin ;jc

A and the tension in cable BC.

Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The /_k B
area of this element is given by
dA = ydx = 125997 dx

Centroid: The centroid of the element is located at x = xand y = y / 2.
Area: Integrating,

4m
A =J' A =J 1.2599x”3d:=0.9449x“3Em =6m? .
A 0 m

Thus, the mass of the plate can be obtained from
m = pAt = T850(6)(0.01)= 471 kg

= = =20 = 0  -2287m

Since the plate has a uniform thickness, its center of gravity coincides with its centroid.

Equations of Equilibrium: By referring to the free body diagram shown in Fig. b,

(.mw A =0; Fac (4)-471(9.81)(2.2857)= 0
Fge =264027N = 2.64kN Ans.
YIF =0 A, =0 Ans.
+?ﬂ'} =0; A},+2640.27— 471(9.81)=0
Ay =1980.24N =1.98kN Ans.

t 7109800 TE“

X.=x =
e— __1 )C '-'2‘13570!

ap

)
A
bk
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9-19. Determine the location x to the centroid C of the r=a(l— cosb)
upper portion of the cardioid, r = a(1 — cos 6). y
C. r
o X
L=
= %r’ 8 Y
A= L.l(az)(l- cos8)ds = Exn’
2 4
PdA = w2 0 1 2 ' de\h_ : Vd&
[Faa= L(srm )(5)(41 )(1-cos6)* do
2
= 2 0 ["cos 8(1-c0s6)’ d8 = -1.9635 a° 3T 0
6 -[: : !ll x
~_2
. _ =ZpCos8
£o lafdh _ cl9635@ o Ans 3
Ja dA ixat

832
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*9-20. The plate has a thickness of 0.5 in. and is made of y
steel having a specific weight of 490 Ib/ft>. Determine the
horizontal and vertical components of reaction at the pin A
and the force in the cord at B. -

Differential Element: The element parallel to the x axis shown shaded in Fig. a will be considered. The
area of this differential element is given by

dA = xdy =43y &y

5

Centrold: The centroid of the element is located at £ = x/ 2 = Tay“'zandyc =y

Area: Integrating,

ft

3ft

A=IdA=I I3 2@=-—’{3y3""[ =6ft?
A 0

3ft

Thus, the weight of the plate can be obtained from
w=w=49ms{.‘:;2§]=122.5|b

6 6 6

(L3 1 V2 3
3 b EX 3 3 9
i [(E)Ee) 16 2
X = = =
dA
A
Since the plate has a uniform thickness, its center of gravity coincides with its centroid.

Equations of Equilibrium: By referring to the free body diagram shown in Fig. b,

+IMy =0, T3(3)-122.51.125)= 0 Tz = 4594 Ib=4591b Ans.

X3F =0 A, —45941b=0 A, =45941b=4591b Ans.

+T2‘.F},=0: A,,—l:!Z.S:O Ay=122.5Ib Ans,
wW=/22:51b
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¢9-21. Locate the centroid x of the shaded area.

2
y=2k(x-3.)
Area and Moment Arm : The area of the differential clement is dA = ydx

= u(x—f—;]dr and its centroid is £ = x.

Centroid : Applying Eq. 9~ and performing the integration, we have

9-22. Locate the centroid X of the area.

Area and Moment Arm : The area of the differential element is dA = ydx

1 L. .
= —dx and its centroid is X = x. 2 in.
X

Centroid : Applying Eq. 9-&and performing the integration, we have

f
2in 1 0.5 in.
I -\'(;dx ) 2in - 1 X
0.5is 0.3is

£=I‘Xdﬂ=

A = w———att = 108 in. A | : |
T "L TR, A | 2in |
0.5in X 1’;
-+ |—
x\__ |
Zin. | ey)
&
L t _I_a-sin'
5 | X
= fdx |
osinl”  -5in. a
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9-23. Locate the centroid y of the area.

<

Area and Moment Arm : The area of the differential element is dA = ydx

1 e y 1
-dx and i roidis y===—,
= and its centroid is y Tt

Centroid : Applying Eq. 9 -4and performing the integration, we have

Ans

P -
0.5in ¥ T [ OlS in.

Zia ]C 12 1"
) —(lax ] —
)T::j"’a = 20.5is & = h’“"i' =(0.541 in
dr

Z . (x:-’ ,

-

osin

*9-24, Locate the centroid (X, y) of the area. y

ﬂ-;&=(9-f)¢k : -

j=3=30-2)k y=9-2

o laFdA _ RxO- A dr _
x A ___]3(9—3)& l.lT_S Ans

[ JdA P[0 -F) &

=360 Ans
JdA T RO-Md

¥y =

%3&4

9t
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©9-25, Determine the area and the centroid (x, y) of the y
area.
Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The J/
area of the element is
J:3
dA =(y —=y3)dx = Ay dx
3ft
. . - .1 if 2
Cenl:mid:Tl'leoentrmdofthedenwntlslomtedalx=xandy=3(yl+y2)=-i x+-9— .
Area: Integrating,
3t 3 2 4
A:Id&:J- x-|ae=| 2= -0 =225 Ans 3ft
A o 9 2 36

x= = 225 = 225 =T o L6ft Ams.
A
A
3ft 3 3 31t 6
G J‘ LN ) B J‘ He2_ x |4
_ o 2159 9 0 2 81
y= 225 = 225
dA
A
ft
22 &
2| 3 " s67
- = L143ft = .14t Ans.
225

it
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9-26. Locate the centroid x of the area. y

Area and Moment Arm : Here, y, =x' and y, = x*. The area of the N
differential element s dA = (y, -y, ) dx =(;5-x’)dx and its centroid is

X=x.
Centroid : Applying Eq. 9 -4 and performing the integration, we have Y=

x_zj‘qu . f;'x[(ﬁ_xz) dx] ‘
JadA J'nm(,;..xz)d,.

23 1 1
(3"'3“)' T
= = —_m=045m Ans

G-3) ®

Im

9-27. Locate the centroid y of the area. y

2

Area and Moment Arm : Here, y, = and y, = x*. The area of the

differential element is dA = (y, —yz)dxn(xi-x:)dx and its centroid is x
' %

. Yi=y2 1 1 1.2
= ——T - = e
Y=r 2 =2(J'.+r;) 2(: +x )

Centroid : Applying Eq. 9 -4 and performing the integration, we have

L[4 (hr) o]
Jada L“'(,i_x:)d_‘.
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*9-28. Locate the centroid X of the area. y
X
dA = ydx
i=x
poluidd I Aettd SR e
hdd — Js A de Memh o asl
©9-29. Locate the centroid y of the area. y
X
dA = ydx ]4
-_ )
,’ = -
2 %)
x | A
2o 2w
'-"i‘“a }3;‘:71”&" ﬁ‘_—lﬂ-l h Ans (i?? h
TP T TiAr & e 22me ) ‘B
B - |
< 73 >
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9-30. The steel plate is 0.3 m thick and has a density of
7850 kg/m?>. Determine the location of its center of mass.
Also determine the horizontal and vertical reactions at the
pin and the reaction at the roller support. Hint: The normal
force at B is perpendicular to the tangent at B, which is
found from tan 6 = dy/dx.

<

2m
X l
3
o
1 2Zm
0 ¢
y x
% 2Zm
.JL
P
dx.
x=l'-20m.ﬂ
L\W=/23.2 kN
Aga /]
dA = 2ydx 5 D2
Imx Ax
y=0 zm
La.J:zfz'.a=i3EJ[ = 538w %57
i " I‘Ja -.26-5]"°
2
idA = 2 xdx = = 6.40 m’
jn El{‘ 5 ‘}L 2m

2 Ja%dA _ 640
x A 533 L.20m Anms

y=0 Ans (bysymmeay)
foM =0 -12.2(12) + My(con 26.57) @) + MyGuin 26.57) @) = 0

yYel
Ny =55.10= 55.1kN Ans
2ydy = 2dx .
=LIF, =0 -A +955105in26.5T" =0
ﬂl"ﬂ,__,,' -0.3 A = 246KN  Ams
8 = pa'(-0.9) = —26.57 +TIE =0 A -123.2+ 55100082657 = 0
W = 7850(0.3)(5.333)(9.81) = 123.2 kN A =TI9KN Am
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9-31. Locate the centroid of the area. Hint: Choose y
elements of thickness dy and length [(2 — y) — y?].

y+tx=2

ll"')"

s %) L~ ),
X3 =2~y '/‘# (Jc,"") d“g
dA=(n-x)dy=(2-y=-y)dy Im _I e : N
c_m+n _2-y+y ”d ) x'z'-x"l i X
= 2 'lé :
y=y fm ’m'

' 2 f )".I 2

A=|(2-y- =|y-L-L| = 1167m - aE .

J, L( y-y)d [2? 3 31 1167 ;-I'—‘E?aﬁ'%-omm Ane

2 o "1, . ! ' 1
I‘xdﬂ L!(z y+)(2-y-Y)a L;«-J‘y(z-,-;‘)@-[y’-g-: 2 04167 m’

Q
1 Yy 77 ;
aley-22+L-L] 1067w s o lyda 04167
2[ ?'m-m-&.@ﬂm Ans
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*9-32. Locate the centroid x of the area. y
Area and Moment Arm : Here, x, = ; and x, = y—’.'numoflhe
differential clementis dA = (x, ~x;)dy = (--—]d)' and its centroid is
- X =x l
Centroid : Applying Eq. 9- 6 and performing the integration, we have
3l’lI y y
L| xdA J‘ ( [2 T]dy]
L‘dA y y?
J, (i'?]‘f
1 m X
= (1 SO‘VJH! =§ft=0.4ﬁ. Ans
ylm
(4)' lZya)L 1’
-~ x .
Eas (%, %)
T
2ft e
G
X
Ife
¢9-33. Locate the centroid y of the area. y
Area and Moment Arm : Here, x, = ; and x; = Z—-z.'l'hemnflhe
differental element is d4 = (x, - x;)dy = (——-—)dy and its centroid is
y=y.
Centroid : Applying Eq. 9 -6 and performing the integration, we have -+
m ¥ N
y-hi2- LG5 [ %
f dA ey 2 .
’ I 3-%)s G (%, %)
( n 24t -ﬁq,
BGANT _)|:,,= " Ans &y
—yl = —y?
@)
x
/¢
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9-34. If the density at any point in the rectangular plate is y
defined by p = py(1 + x/a), where p, is a constant,
determine the mass and locate the center of mass x of the
plate. The plate has a thickness .
Differential Element: The element parallel to the y axis shown shaded in Fig. a will be considered. The
mass of this element is

dn =pw=po[|+i]wbd:)=po:b(1+iJa a !

a a

Mass: Integrating,

m=Jdn=Ia o 14.2) = poit] x + 5 =23 pgabt Ans.

N o Po " Po >a =3P
Center of Mass: The center of mass of the element is located at ¥ = x.
a a x2 2 53
Lo [fulrs)e] fnlt)e olss]
==& ==L = =2 - =24 Ans.
B 3 B 3 3 T 9
dn 3 Poabt 3 Poabt 3 Poabt
Il
"
X=X
A
\ XK
b,
(@)
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9-35. Locate the centroid y of the homogeneous solid z
formed by revolving the shaded area about the y axis. P+ (c—af =

Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is @V = mz2 dy.

Here, z=a- az—y2 .Thus,
2
av =n{a—Jaz-y2] dy=m[2a2-y2-2a£2—y2)ay

Centroid: The centroid of the element is located at y = y.

e i D N o el
S ey M T

a

4 3
22 Y 2al o o
n P A Wt -
(a Yo7 (a Y ) L4
- o ___12 -3 Ams.

a (10-3w) 3 2(10-3r)
3 —_—
x[hzy—y?—a{yJaz— +azsin‘1%]] [ 6 )a
0

843



9 Solutions 44918 1/28/09 2:34 PM Page 844 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

*9-36. Locate the centroid z of the solid. z

z=t@-yp

-

X

The volume of the differential thin- disk cloment dV'= my’dz = #(a~/az) dz
dv= )r(a! +az- Za:'z'i)dz and 7=z

[feesiie] o,

i= Jvfd'Va
Tvav J: a(a’i-az-?a;zi)dz
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©9-37. Locate the centroid y of the homogeneous solid z
formed by revolving the shaded area about the y axis.

Differential Element: The thin disk element shown shaded in Fig. @ will be considered. The volume of the element is
2 13 r 3
av = = —_ = —
w2 dy ;{lsy]dy =y

Centroid: The centroid of the element is located at § = y.

5 m
. 4 m T 3 Jlm’r 4 1[__‘;’__
LdezL ‘{'1?’ dy}__[} 16’ dJ‘=l6 5
dy

Tm ; = . m=3.2m Ans.
v j =y~ dy I =y’
A o 16 o 16

y=
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9-38. Locate the centroid z of the homogeneous solid z
frustum of the paraboloid formed by revolving the shaded
area about the z axis.

h
z=—(a® =)~
a?

Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is

2
worrendn L)

X («)
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9-39. Locate the centroid y of the homogeneous solid z
formed by revolving the shaded area about the y axis.
5 ft
ZZ — y2 _ 9 .
4 ft
~— 3 ft —

Differential Element: The thin disk element shown shaded in Fig. a will be considered. The volume of the element is
& =m2dy= u{f —Q}dy

Centroid: The centroid of the element is located at y = y.

_ 51t Sft
)7=-[1de =-[3ft y[ﬂ:(yz-Q)ay] Jlsft ”(ya-gy)dy - 3t — 4364t Ans.

Lw f:m{yz—o)@ Ls:x(y2~9}dy ”[‘L'%Iﬂ

847



9 Solutions 44918 1/28/09 2:34 PM Page 848 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

*9-40. Locate the center of mass y of the circular cone

formed by revolving the shaded area about the y axis. The
density at any point in the cone is defined by p = (py /h)y, h
where p is a constant. . u
= — Fy +a
a
/
X

Differential Element: The thin disk element shown shaded in Fig. a will be considered. The mass of the element is

2 2 2
—pdv = on? ay=| 22 ) £ =2 _mlpo[y o 2?
dm =pdV = prz dy—( k}{x( A y+a] dy]¢ W [h2+y n de

Centroid: The centroid of the element is located at y = y.

h 2 3 2 2 hi 4 3 5 3 4
_ mpoly .., 2 mapy (|y_, 2_2 AN 2 A
i I”"” joy[ h [h2+y h ]dy} h L(h2+y _'hL)d" [5h2+ 3 2?!]
ry= =T 2 3 =T w3 2 =
in mlpoly? 2 m oo (U2, 2 4 2 53
.L o h [hz T P N et -4%*%;—-3%
=%h Ans,
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2~

¢9-41. Determine the mass and locate the center of mass y
of the hemisphere formed by revolving the shaded area
about the y axis. The density at any point in the hemisphere
can be defined by p = py(1 + y/a), where pj is a constant. V+2=a

Differential Element: The thin disk element shown shaded in Fig. a will be considered. The mass of the element is

3
T R () oy P PP

Centroid: The centroid of the element is located at y = y.
3

Lo Dpdereoet]

j dn _[ T:[a -y +ay-f-]dy

a 4 aZ 2 4 3 5
wfj [ eat-Lo (F5T-E

a 3 3 2 a\°
npo_[[ ~y2+ay-L ]dy (azy_x_+.ﬂ'__1_j
3 2 4a o
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9-42. Determine the volume and locate the centroid (y, z) z
of the homogeneous conical wedge.

Differential Element: The half - thin disk element shown shaded in Fig. a will be considered. The volume of the element is

2 2
- ey 1 2 X2
‘_2*- dy 2(.’:2 ] th)' @

Volame: Integrating,
2 (.3 2
=j j”z EXf | =k o
v 0 2h 212 3 6

Centroid: The centroid of the element is located at y = yand 4z

T3 3mh
2 4
aw 2 h arx y
Iw _[ [~——y dy] 2've 7] ,
7= 2h" <0 = s—L==h Ans.
p mﬁ ma“h h 4
v 6 6
3 4
3 2a
o _— Za 3
I»W j I ¥ ‘b’] o R dy 3;,3[41:
T 0 =0 Ans.
g T m?h maZh n
v 6 3 6

(@)
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9-43. The hemisphere of radius r is made from a stack of z
very thin plates such that the density varies with height,
p = kz, where k is a constant. Determine its mass and the
distance 7 to the center of mass G.

Mass and Moment Arm : The density of the maicrial is p = kz. The mass of
the thin disk differential element is dm:pﬂapq’k:kz[x(r‘—z’)&]
and its centroid Z = z. Evaluating the integrals, we have

m=I.dm=I:kz{x(r’-z')dz] \

m(ﬁ-ﬂ]lﬂ’i
° 4

Ans

L #dm= ﬂz{kz[s( #-g) dz]}

r? 2 |'=2mkr"
"*("3_'? o 15

Centroid : Applying Eq. 9-3, we have

[ idm 2mkS/15 8
5= — S — Ans
=Todm @A 15
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LR R FUR N,

™M

*9—44. Locate the centroid (x, y) of the uniform wire bent
in the shape shown.

Centroid : The length of each segment and its respective centroid are tabulated
below.

Segment L(mm) xX(mm) y(mm) ¥L(mm?) yL(mm?)

150 0 75 0 11250
50 235 0 1250 0
130 50 65 6500 8450
100 50 150 5000 15000
50 75 130 3750 6500
480 16500 41200
i IiL 16500 2

E e DD c—

L 230 =34.375 mm = 34.4 mm Ans

. IyL 41200
!=%‘—=*4—“T=85.83mm=85.8m Ans

<

100 mm ‘

|
— ]

20 mm
Y ——

150 mm

-

f— 50 mm —
¥
ﬁm,ggm“
|
&
T&mm 5
L L ] 0& mm
4 Z5mm ud
-ﬂi —_—
3
75 9 65mm
2,
—4 y X
L ¢
Z5mm
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*9-45. Locate the centroid (X, Yy, z) of the wire.

/

400 mm
X y
Centroid: The centroid of each composite segment is shown in Fig. a.
0(200)+M(M)+ 200( 400) + ,[.({szz +4002 ) 5
s BL_ n 2 _leamqo’) o Ans.
L 200+ —”(zm)ﬂoo +4200% + 400 1361.37
5L 100(200) + @(ﬂiﬂ}w‘m& :{sz2 +4002] 610%)
f = = = =44.1 mm Ans,
L 200+ ___5{2200) +400 + 2002 + 4002 136137
02000+ ({"(i‘m) ]+ 200(400)+20({J2002 + 4007 J 169.44010%)
I==== =— =124 mm Ans.
ZL 200 + x(2200)+400+ 2002 + 4002 136137
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9-46. Locate the centroid (X, y, z) of the wire. b4

(om4)+(—4)(6)+(-z;(4)+(2{J42 +62)

.S _ e |
T n(4)+ 6+ 4442 +6° %78 | ooin Ans.
-_sz_{Sfx]n(4)+q&)+o(4)+;{mJ . |

T T(4)+6+4+ 442 + 62 “om Ans.
gy OF@)+6)+ 64+ {m] o

TETT rerarditee | dmo MR Ans.
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9-47. Locate the centroid (¥, y, z) of the wire which is bent z
in the shape shown.

IL=2+x(2) + 4+ 22 = 12.7553in.

ziL w02 - Z2(m) + 2(/F5T) = 0504z78?

IjL = (=2)(2) - 0(m2) + 1(.?31- ?) = 047214 0

L= #2427 in.
LiL = 1) - 0(x2) + 0(yB+ ) = 2ia?

-_LilL 054427

¥ 3L T Ta7sss T 0040 Ass

. IjL _ 047214 .
?—ulm=0.WOm. Ans
. EiL 2 .
A T 77
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*9-48. The truss is made from seven members, each having y
a mass per unit length of 6 kg/m. Locate the position (x, y)
of the center of mass. Neglect the mass of the gusset plates
at the joints.
X
['5m
3m
2z 3am
3m
- zir  (L5X3) +45(3) + 45(3/2) + 153) + 30 + 1.5(3/2) 3m _21m
X2 =
L 5(3)+2(3/2) [-:5m
=24Im  Ams 3m | m ’~
3m ’]
- gL (L)) +33) + 15(3) + 1.5(3/2) + 1.5(3/2) c >
’ B ——
3 5(9+2(32) Fom
= 13lm Ans
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*9-49. Locate the centroid (x, y) of the wire. If the wire is y
suspended from A, determine the angle segment AB makes
with the vertical when the wire is in equilibrium.
A
60°
B |C
~—200 mm—=—200 mm—|

Centroid: The length of segment AB is [ 4p =% = 400 mm. The centroid C 4p of this segment is located at
cos

. .
x= _L‘;ﬁ&ﬂ_ =-100mmand y = 06y 173.21 mm as indicated in Fig. a. The centroid of segment

BC is located at the origin of the coordinate axes.

fzﬁLzm—lm+40C(0)=_mmm \
ZL 400+ 400

=_ IyL _ 400(173.21)+400(0) _ _

¥y S AT v — = 86.60 mm = 86.6 mm Ans.

Geometry: When the bent wire hangs freely from Aline AG will be vertical as shown in Fig. b. From the geometry of this figure, we have
50

E e———— 9 = "1890
400sin 60° — 86.60

tan @

Thus, the angle ¢ that segment AB makes with the vertical is
¢ =30°-10.89°=19.1° Ans.
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9-50. Each of the three members of the frame has a mass
per unit length of 6 kg/m. Locate the position (X, y) of the

center of mass. Neglect the size of the pins at the joints and }*4 mf ma‘
the thickness of the members. Also, calculate the reactions

at the pin A and roller E. _é_
6m /
©

7m
0 A X
L\
Centroid : The length of each segment and its respective centroid are tabulated —
below.
Segment L(m) i(m) y(m) FL(m?) yL(m?) 6-5m
1 8 4 13 320 1040 J
2 7211 2 10 1442 7211
3 13 0 65 0 84.5 —
o b 28211 4642  260.61
us,
s DL _ 4642 = éom
AR TR T 646 m=1.65m Ans
__IiL 260.61 X
y= S A TRV =9238m=924m Ans
Equations of Equilibrium : The toul weight of the frame is B
W = 28.211(6) (9.81) = 1660.51 N.
+IM, =0; K (8)-1660.51(1.646) =0 / E
E, =341.55N = 342N Ans 2638, ’
1660.57 N
+TIE =0; A +341.55-1660.51=0 =
A, = 131895 N = L32kN Ans XS b
L3F =0 A =0 Ans Ax
Au
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9-51. Locate the centroid (x, y) of the cross-sectional area
of the channel.

22 in.

|
i
1 in.— ‘~9 in.a‘ Lin.

Centroid: The centroid of each composite segment is shown in Fig. a.

g DA _ OSSO +SSOM) 11 _, 0 Ans.
ZA 24(1)+9(D+ A1) 42
z

5o A _ 12(41) + B.9(D)+0.5(0) _ 504 _ Ans.
A 24(1)+ A1)+ 9(1) 42
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*9-52. Locate the centroid y of the cross-sectional area of y

the concrete beam.
‘ 12 in.
3 inff/

27 in. /
6 ini. r
|

|
T \!\\

3in. 3in.

Centroid: The centroid of each composite segment is shown in Fig. a.

FuA. 3(12)(6) + 19.5(27)(6) + 34.524)(3)

TA 12(6)+ 276)+ 24(3) =19.lin. Ans.
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*9-53. Locate the centroid y of the cross-sectional area of y
the built-up beam.

Centroid: The centroid of each composite segment is shown in Fig. a.

3[2(6)(1)] + 5.56)(D+ H6)(1)
26)1)+ &+ 6(1)

=5.125in. Ans.

. A
Y ZA

9in.

)
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9-54. Locate the centroid y of the channel’s cross- /
i 2 in. 2 in.
sectional area. ‘ / 12 in. i
2in| / R
mT L 5
f ¥
4in. C
o
Centroid : The area of each segment and its respective centroid are tabulated
below.
2in. ; .
Segment A(in?) y(in.) yA(in) 120 i
1 6(4) 3 72.0 _1 | clin. ll
2 12 1 24.0 3| O _FE-@ o
4 T ¢
b3 48.0 96.0 2in| *] e
Thus, ]
y n%iﬂ%=2.mim Ans
9-55. Locate the distance y to the centroid of the y
ber’ -sectional .
member’s cross-sectional area 05 in. O;f}
6in
1.5 in.
lin

~—3 in.——‘-—i& in.——‘

IyA = 0.5(6X1) + 2(!.5)(—;](2.5)(1.5) + 4.75(7.5X1)

= 44,25 in’ 416 / \\.
=1 |15

LA = 6(1) + (2)@)(25)(1.5) + .50 So-5in.
= 17.25 in*
. LjA _ 4425

y.?i.-.m.lﬂh Ana
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*9-56. Locate the centroid y of the cross-sectional area of
the built-up beam.

Centroid: The centroid of each composite segment is shown in Fig. a.

- TA _ 5T5(11.5)1.5)+ 12.25(8)(1.5) + 11.253.5)(1.5) + 11.253.5(1.5)
V=34 11.5(1.5)+ 8(1.5)+ 3.51.5)+ 3.51.5)
=9.17in. Ans.
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©9-57. The gravity wall is made of concrete. Determine the y
location (x,y) of the center of mass G for the wall. 12 m

=1

Q
w
=}

10.4 m

24 m
.6 m .6m

2m

2:Im ‘_L‘ | _34m

IFA = 18(3.6)04) + 2103)(3) - 3.4(%](3)(0.5) = l.z(%]u.s)m m P {gm 2
= 15192 m’

A = 0203.6(04) + 19G)(3) - 1.4(%)(3)(0.5) - 2.4(%)03)(3)
= 9.648m’

IA = 3.604) + 30) - itsm - %{Lsxn

= 634 III:
- LEA 151
x A m ns
- IjA _ 9.648
2L s 141
Y= TA T eaa D m Am
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9-58. Locate the centroid x of the composite area. y

Centroid: The centroid of each composite segment is shown in Figs.  and b. Since segment (2) is a hole, its area should be considered

negative.
2 2
4rp |l T + A\ _m 3
- IYA 3n 2 3 2 L) —J’fs)
Ay

= = Ans.
,” w2 e
o E R
Y
%
Hy __ 4r;
37 371

() (_b)
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9-59. Locate the centroid (x,y) of the composite area. y
~—3 in.a‘R 4 in.—*‘
3in.
T
3in.
L
Centroid: The centroid of each composite segment is shown in Figs. a and b. since segment (4) isa
hole, its area should be considered negative.
2
1 5(3(3))+{—(3)(3))+6 5{7(6))4{10 4(3)][ “_(43:_)]
f:%: _ =$f:=4.xsin Ans.
39+ =BXI+ 7(6)+[— ze ’]
2 4
2
oo om{- 2] 22)
guZAL =222 _256in Ans.
ZA [ 7(32 )] 48.43
13)+—(3](3)+7(6)+
o /0;”- 4(3).
= — "

“ @ ¢ _

®
-y

tin @ 3in.
Al“
] X
[-Gmn, I-gin
e sin.

&)

(6)
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*9-60. Locate the centroid (x, y) of the composite area. y

Centroid: The centroid of each composite segment is shown in Figs. a and b. Since segment (4) is a hole, its area should be considered

negative.
401.5) Y =(1.5%) 1 _x(2)
. XA (_TI 2 ]+l'5(3(3)}+4(5(3)(3)]u{ 4 ] 2925
X s = =1389=2.11ft Ans.
* "“25 202 4 33yt (3)(3)+{ &0 3] '
2
1.;[’!(1;?)} 1.5(33))+ 1(%(3)(3)]+ 1.5[_.’5'(.::._’}
el i - AR Ans.
TA 13.89

"“ LE P (3x3>+[ "‘; ’J

@) @
& e, |@ - ®]
154t “*r,ﬁs 15t
/ 755
4(15) &)
7 Mt
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measurement, determine approximately the location (X, y)

*9-61. Divide the plate into parts, and using the grid for y

200 mm-—~

-~

of the centroid of the plate.

200 mm

Due 0 symmey, —

=0 Ans

oo mm /4-00 mm

é—(&o) mm

800mm

&Eoomm bopomm

Divide half the area into 8 segments as shown. /
A (Approx. 10%) ¥ (Approx. 10%) JA (10%) /

1) 21«5)(4) 2 24
2) «6) 3 72

1 - LA 441.2(10%

=(4N4 1.3 56 W o @ —— -
3) 3@ 2 58. =3 31109 S44mm Ans
4) Laye 4 36 A simpler solution consists of dividing the area into two parabolas,

2 For parabola :
L)) ] 7 56

Zi4 = 212003 )28001200) - F(s00)(§ J1200x500
6) 6(2) 9 108 _ 5 3
n %(4)(2) 10.66 42.64 IA = gfzsuomm - ;moo)(m
8) (212) 11 . 44 i-%-s«m Ans
1.0
NI RS
®
2 -
3“(]200)!‘“"“ X
|200mm
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9-62. To determine the location of the center of gravity of
the automobile it is first placed in a level position, with the
two wheels on one side resting on the scale platform P. In
this position the scale records a reading of W,. Then, one
side is elevated to a convenient height ¢ as shown. The new
reading on the scale is W,. If the automobile has a total
weight of W, determine the location of its center of gravity

G(x. 7).

Equation of Equilibrium: First, we will consider the case in which the automobile is in a level position. Referring to the
free- body diagram in Fig. a and writing the moment equation of equilibrium abou¥*point A,

(+2M4 =0, W (b)- W(T) =0 E=%b Ans.
Jbz_cz
b

Fig. b, we can write the moment equation of equilibrium about point A’.

COR [ Cad AR

bW, - W)Wb? — 2
cW

From the geometry in Fig. c, sinf = -f;- and cosf = . Using the result of X and referring to the free - body diagram in

y=

=z
¢
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9-63. Locate the centroid y of the cross-sectional area of y
the built-up beam.

450 mm J

Centroid: The centroid of each composite segment is shown in Fig. a.

- _ IjA _ 2[225450)(20)] +350(200)20)+460(300)(20)
Y=3a " A450)(20)+ 204 20) + 300(20)

Gldllbe  [460man
3 S 0mm I
D[|\[ (Dfzasmm|
_\L . - xX

870



9 Solutions 44918 1/28/09 2:34 PM Page 871 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

*9-64. Locate the centroid y of the cross-sectional area of y
the built-up beam.

200 mm,
| 200 mm_|
20mm § /
50 mm 't
150 mm
10 mm}

20 mm-{]
Centroid: The centroid of each composite segment is shown in Fig. a. 300 mm 20 mm

- E" 225(450) 40)+ 4400(200)(10)]+ 510(400) 20) X
y= =
ZA 450(40)+ 2(200)10)+ 400(20)
=324 mm Ans.

5/0mm

871



9 Solutions 44918 1/28/09 2:34 PM Page 872 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

*9-65. The composite plate is made from both steel (A) z
and brass (B) segments. Determine the mass and location
(X,7,Z) of its mass center G. Take p,, = 7.85 Mg/m*® and
ppr = 8.74 Mg/m®.

tm = EpV = [s:u(%m 15)(&22:)(&031)] + [1.85(%(0.15)(0.223)(0.03))]

+ [7.85(0.15)(0.225)(0.03)]

= [4.4246(10™)] g-_[&wal(lu".)] + [1.9481(107?)]
= 16.347(10°) = 164kg  Ans |
Zim = (o. 150 + §(o. 150))@4246)(10-’) + (q. 15+ ;ca 1m))(3-.9741)(1u~')
|+ JO1500.98D(10%) = 24971(107)ks: m

zom = (j0220)) 40 (10%)+ (Foas)msemy(1o?)+ (232 Jarsaan(10°)
= 1.8221(107)kg- m | |

T 16.347(10°%)

- Lfm _ 2.4971(10°%)
X = —
Im

=01583m = 153mm Ans

Due to symmetry :
y=—-15mm Ans

Iim _ 1.8221(10°%)
Im  16.347(107)

=0.1115m = 11lmm Aps

1]
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9-66. The car rests on four scales and in this position the
scale readings of both the front and rear tires are shown by
F, and F. When the rear wheels are elevated to a height of
3 ft above the front scales, the new readings of the front
wheels are also recorded. Use this data to compute the
location X and y to the center of gravity G of the car. The
tires each have a diameter of 1.98 ft.

9.40 ft

F,=11291b + 1168 1b = 2297 Ib
Fp=9751b + 984 1b = 1959 1b

F,=12691b + 1307 Ib = 2576 1b

In horizontal position

W = 1959 + 2297 = 4256 1b

+ =0; 2297(9.40) - 42563 = 0
o F=50733= 5070 Ame J:'Z V=425 b
0 = sim™ '3"-9"2};&0) = 12.347° =E 4.52:,
Qtu = 0;  2576(9.40 cos 12.347°) ~ 4256 cos 12.347°(5.0733) o9k I\ . e 9 d
- 4256 5in 12.347°5 = 0 =3 : -
7 = 288 3ft . C) R -
F=281540990 = 38R  Ans 0-99ft
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9-67. Uniform blocks having a length L and mass m are y
stacked one on top of the other, with each block overhanging

the other by a distance d, as shown. If the blocks are glued g
together, so that they will not topple over, determine the ‘
location X of the center of mass of a pile of n blocks.

L
T W
4.
F

n=1 ;-£-£+0(£) 7

2 2 2 x

Z+d yW

L L

-(WJ-r[--HiW LW
n=2 x= W = Y

L L d L d

=I+E+E=5+(I)E X
L

5m+[§'+d)w+(£+u)w - = 12d 7w

n=3: ;32 SW 2—
LHd[W
L L d L 2, L d [ >
=—+—+-+-+—d=-+2(—)

6 6 3 6 3 2 2 -,I,j R
In general 1
s L, (4 L1 ' X
x 2+{u “(2) 2 Ans
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*9-68. Uniform blocks having a length L and mass m are y
stacked one on top of the other, with each block

overhanging the other by a distance d, as shown. Show that <—2d——‘
the maximum number of blocks which can be stacked in

this manneris n < L/d. -

S+d
d EW 2 I.'w z+
o ool g g !
In general :
- L X
x-id-u(%] y W
For stable stack : tz
f=§+u(;]$l. d-r% i
usé Ans
X
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*9-69. Locate the center of gravity (x, z) of the sheet-
metal bracket if the material is homogeneous and has a
constant thickness. If the bracket is resting on the horizontal
x—y plane shown, determine the maximum angle of tilt 0
which it can have before it falls over, i.e., begins to rotate
about the y axis.

Centroid : The area of each segment and its respective centroid are tabulated
below.

Segment A(mm?) f(mm) Z(mm) FA(mm’) ZA(mm?)

1 120(80) 0 40 0 384 000
2 1200600 30 0 216000 0
4
3 —2[1-(10')] 0 60 0 -9424.78
n
4 -—2[;(10‘)] 0 20 0 -3141.59
5 16 485.84 216000 371433.63
Thus,
fa DA U600 e omm= 13 A
O s (B ctt—
=34 " ledgsgs  omm=liimm s
. DA 37143363
= e I er— 1 =
z A 648584 22.53 mm=22.5mm Ans

Egquilibrium : In order for the bracket not to rotate abouty axis, the weight
of the bracket must coincide with the reaction. From the FBD,

13.
@=1tn" — =30.2° Ans

\

60 mm

==

20 mm

10 mm dia. holes

/)’
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9-70. Locate the center of mass for the compressor
assembly. The locations of the centers of mass of the various y
components and their masses are indicated and tabulated in ﬁ
the figure. What are the vertical reactions at blocks A and B =
needed to support the platform? ?\ IJ 4.83 m|
o1 ”'19 L _nlE ‘
3.68m ! 3.26m
Jﬂ@l [OFOR s m &5%’?
11.20 \
[ [ | |
A B
1.80 m ‘
- ~-2.42m 2.87m
230m om T 6dm
@ Instrument panel 230 kg
@ Filter system 183 kg
g Piping assembly 120 kg
@ Liquid storage 85 kg
© Structural framework 468 kg
C:mu:mmofmhmpomnfhmpmormdinlmpwﬁw d’
centroid are tabulated below. 283
. 4.83m
Component m(kg) £(m) y(m) ¥m(kg-m) ym(kg-m)
1 230 180 120 41400 27600 D [1315m
2 183 591 4383  1081.53 883.89 = O E °
3 120 878 326  1053.60 391.20 i
4 85 230 368 19550 312.80 . 358
5 468 472 315 220896 1474.20 D I 32%m
I 1086 4953.59 333809 "“'j{ 11 -
Thus, L .| .
s Tm s 1) 1(1242m 1/ 1 2.87m
Im 1086 m=4.6m Ans 1Bam 05m  119m
o Tm 39309
Equations of Equilibrium :
1)
A
+IM, =0; B, (10.42)-1086(9.81)(4.561) =0 ’
=4.56i 58
B, = 4663.60 N = 4.66 kN Ans Ay [ %=456im #Im gy
+TIE =0; A, +4663.60-1086(9.81) =0
A. =5990.06 N = 5.99 kN Ans
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9-71. Major floor loadings in a shop are caused by the z
weights of the objects shown. Each force acts through its
respective center of gravity G. Locate the center of gravity
(x,y) of all these components.

1500 1b

Centroid : The floor loadings on the floor and its respective centroid are

tabulated below.
Loading W(lb) x(ft) y(ft) £W(lb-ft) yW(lb-ft)
1 450 6 7 2700 3150
2 1500 18 16 27000 24000
3 600 26 3 15600 1800
4 280 30 8 8400 240
T 2830 53700 31190
Thus,
' _ LiW 53700
ﬂ-fl?n-————-=18.98ﬂ= 19.0ft Ans
. LW 3119
y—-z—“-’--‘-‘ﬁﬂllmﬂﬁ‘ll.on Ans
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*9-72. Locate the center of mass (X,y,z) of the
homogeneous block assembly.

Centroid: Since the block is made of a homogeneous material, the center of mass of the block coincides with the centroid of its
volume. The centroid of each composite segment is shown in Fig. a.

(75)(150)(150)( 550)+ (225)(150X lSO)(200)+(200{—;}050)( 150)(100)

$= IV _ 1 =2"55625é1°91= 120 mm Ans.

v (150)(150)(550)-+ (150)(150)(200)-+ 5 (150)(150X 100) 18(10%)

1
(275)(150 X150)( 550)+ (450)(150)( 150X 200)+(50{.-)(150)( 150)(100) 0

5= _ 1 2 - 5“'84371;0 ) _ 305 mm Ans.

zv (1S0K150) 550)-+ (150X150)(200)-+ —(150)150X 100) 18(10°)

1

gy (TNISOIS0X550)+(75K 150X150X 200)+(50)[§J(150x150)(100) L321875010°)
T = —— 1 = 3 = T73.4 mm Ans.

v (150)(150)(550) + (150X 150)(200) + (150 150)(100) 18(10°)

Z
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*9-73. Locate the center of mass z of the assembly. The

z

hemisphere and the cone are made from materials having

densities of 8 Mg/m® and 4 Mg/m?, respectively.

Centroid: The center of mass of each composite segment is shown in Fig. a. * Y

400(:(0.175{%::{0‘12)(03)]+ 800({0.1—%(0.1))[%1!:(0.13 )]

= ZIom _ _
Zm 10203+ moc{zx(o.lz‘ )]
3 3
L8337 _ ( 1107m=111mm Ans.
933331
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9-74. Locate the center of mass z of the assembly. The
cylinder and the cone are made from materials having
densities of 5 Mg/m?® and 9 Mg/m?, respectively.

0.4 m 0.6 m

Center of mass: The assembly is broken into two composite segments, as shown in Figs. a and b. 02 m 0.8 m

_ 5000004 ::(0.22)(0.3)]+ 9000( 0.8+ 0.15{%#(0.42)(0.6)] /

T 5000[::(0‘2" X 0.8)] + 900({%::(0.42 )(0.6)]
_ 1060.60

=0.754 m =754 mm Ans.

T 14074
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9-75. Locate the center of gravity (¥,y,z) of the
homogeneous block assembly having a hemispherical hole.

Centroid: Since the block is made of a homogeneous material, the center of mass of the block coincides with the centroid of its volume.
The centroid of each composite segment is shown in Figs. a and b. Since segment (3) is a hole, its volume should be considered negative.

1 2.3
22.5(3){4.5)(6)+(I.5{2}3)(4,5)(1)+2,L‘{ Rl ))=18‘7663

]
<

¥ i - e =219 Ans.

- (3(4.5(6)+ -;(3)(4.5)(I)+[—-§n(l3 )]
1 2
3{3)(4,5)(6)+(05{_.}3)(4.5)(|)+3.5[—_n(13 )]

TR AT 2 3 B _ o A
=¥ (3)(4.5)(6)+%(3)(4.5)(])+(——§-:r(13 ))
4 1.33)(4»5){6)+(4{-;}3x4.5)(1)+[3- %(1)1%3(13 )J e

5=%= =B - 167in. Aus.

(314.5)(6)-;--;(3](4.5](l)+(—-;-x(13)J
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*9-76. Locate the center of gravity (X,y,z) of the
assembly. The triangular and the rectangular blocks are
made from materials having specific weights of 0.25 1b/in®
and 0.1 Ib/in?, respectively.

Center of Gravity: The center of gravity for each composite segment is shown in Figs.a and b.
Since segment (3) is a hole, its weight should be considered negative.

(225X 0.1(3)(4.5)(6) + 0.251 ‘5)[.;—(3)(4.5)( 1 )] + 144). { ; n(3 )J] 20285

f:%ﬂ oI -212in Ams
(. l)(3){4.5){6)+0.25[—i—(3)(4.5)( 1)]+[-0. {-32—15(13))] :
1 2 .3
0.1)(3(4.5%6)+ 0.250.5)| L(3)(4. 4012
=3V _ AODOANE 0 5)[2(3)( 5)“)]”5[_0{3”“ })] 2407 ssin Ans.
z (0.1)(3(4.5)(6)+ 0.7_{%(3)(4.5)( l)]+[-0.l(§x{ 3 )]] 95781
l.5{0‘1)(3)(4.5)(6)+0.25{4{—!-(3)(4‘5)(1)]+(3— 3(1)1-0.1(3.;:(13})]
. W 2 8 3 18.3502 ‘
‘=EW= " - 2— :9.5781=1'92m' Ans.
(0.1){3)(4‘5)(6)-&02{-5(3)(4‘5)(1)]+|:—0.{3-::(}3))]
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¢9-77. Determine the distance x to the centroid of the y
solid which consists of a cylinder with a hole of length
h = 50 mm bored into its base. 120 mm
l U |
20 mm
h
120mm
LoOmm
\\
1O / »
/’ 6” K 40mm
s
q‘f R
LV = £(40)* (120) - £(20)* (50) = 172(10°) x mm?® 25mm
LiV = 60(x)(40)* (120) - 25(%)(20)* (50) = 11.02(10°) # ram* i X
f@é 20mm
- _LiV_11.02010%)x _ —@

884



9 Solutions 44918 1/28/09 2:34 PM Page 885 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

9-78. Determine the distance /# to which a hole must be y
bored into the cylinder so that the center of mass of the ‘
assembly is located at X = 64 mm. The material has a 120 mm \
density of 8 Mg/m®. ’
40 mm N
| [ x
2 %/
' 7
h

IV a xrid - mrih

LV = g(s)(r;’)d - ;(m(rf)n \\@

&

d? Kt
LV ?(ﬂ)(l’:l) - ?(ﬂ)(rf)

z mrid - mrih
En
<

2x (r;"d) - 2( rfh) = d*r} - Wr}

1
a’-zind(zi-d)[’—’] =0

n

Set x=64mm, r, =40mm, r =20mm, d=120mm

I
—~
|~

)

K - 128k + 3840 = 0

' Ny
Solving, E \_.-(DI
2

h =8 mm Ans or h=48mm Ans
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I

9-79. The assembly is made from a steel hemisphere,

ps = 7.80 Mg/m?, and an  aluminum cylinder,
pa = 2.70 Mg/m®. Determine the mass center of the 80 mm
assembly if the height of the cylinder is # = 200 mm. [
H |
z F
1601mm
X
z

Lim = [0.160 - §(0.160))(})0.160(7.80) + (0.160 + %) (0.2)0.08)"(2.70)
= 9.51425(107) Mg- m

Im = (})m0.160)°(7.80) + x(0.2)(0.08)*(2.70)
= T7.7706(107%) Mg

Tim _ 9.51425007) _ 199 = 122 um Ans

i= S = AT0e00)
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*9-80. The assembly is made from a steel hemisphere, z
ps = 7.80 Mg/m?, and an  aluminum  cylinder,
pa = 2.70 Mg/m?>. Determine the height 4 of the cylinder 80 mnl-\
so that the mass center of the assembly is located at
z = 160 mm. [
G h
> |
z / f
1601mm

[\

0-08mv
%

Lim = [0.160 - }(0.160)](})(0.160)°(7.80) + (0.160 + §)s (kX0.08)*(2.70)
= 6.691(107%) + 8.686(107") h + 27.143(10°) ?

Im = (})n(0.160)(7.80) + = (h)(0.08)*(2.79)
= 66.91(107%) + 54.29(10°") A

[016-20s6)m 7

Iim _ 6.691(107) + 8.686(107%) h + 27.143(107°) K

gm0 = 0.160
£ Im §6.91(10-) + 54.29(10%) A

Solving

h=0385m = 385 mm Ans
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¢9-81. The elevated water storage tank has a conical top
and hemispherical bottom and is fabricated using thin steel
plate. Determine how many square feet of plate is needed
to fabricate the tank.

Surface Area: The perpendicular distance measured from the z axis to the centroid of each line

segment is indicated in Fig. a.

A = 205L = 2n[4[m ]+ % 10”(@}[@)]

b4 2

= 27(184) = 1156 ft2 Ans.

44t
A
B
8t
27?32 — ¢
o
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9-82. The elevated water storage tank has a conical top
and hemispherical bottom and is fabricated using thin steel
plate. Determine the volume within the tank.

Volume: The perpendicular distance measured from the z axis to the centroid of each area segment
is indicated in Fig. a.

- _[8)1 48) Y =(8%)
V=2FA= m[[;)(i}e}(sn 4(10)(3)+(¥J{_4 ]J

= 27(554.67) = 34851t 3 Ans.
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9-83. Determine the volume of the solid formed by
revolving the shaded area about the x axis using the second
theorem of Pappus—Guldinus. The area and centroid y of the
shaded area should first be obtained by using integration.

Area and Centroid: The differential element parallel to the xaxis is shown shaded in Fig. a. The area x
of this element is given by

2
dA =(4-x) dy =[4—-§]@

Integrating,
4ft 2 At
A:Ia:j [4-2_.}@.—.4y—£| =10.671t2
N 0 4 12
o
Withy =y,
ft
afe y? aft ¥ 2 y*
Jou o)) o5 )e 1P
oL 0 0
5= = = = 1.5ft

10.67 = 10.67 ST 1067

Volume: Applying the second theorem of Pappus- Guldinus and using the results obtained above,

V = 2174 = 27(1.5(10.67) = 101 ft > Ans.

Y=qn

4| | ==
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*9—84. Determine the surface area from A to B of the tank. z

Surface Area: The perpendicular distance to the centroid of each of three line segments.

A=2mFL = 2::[[331) 2"43 +241.5% 422 |

=88.0m?2 Ans
¢9-85, Determine the volume within the thin-walled tank z
from A to B.

B
> _3m
Volnme: The perpendicular distance measured to the centroid of each of three area segments.
) |
V = 237A =2::[(%Iﬂ;"—l]+05(1.5)(1)+1.w{§12—‘2ﬂ 1-51111
3 A
=77.0m Ans.
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9-86. Determine the surface area of the roof of the
structure if it is formed by rotating the parabola about the
y axis. 7 y =16 — (x*/16)

16 m

16 m

Centroid : The length of the differential element is dL = y/dx? + dy?

3
=[ I+(§) d;andiummidisf=x.ﬂm%=-§-5'ﬂmlm

inwegrals, we have

L=IdL=L .[]/ng-: 'a:za.sssm :
} ;.)c

16m e
'dL'—' 14— = . 2
]Lx L .r( v jer=217.081 m N

Applying Eg. 9—5. we have lem

. [ FdL  217.181 9178
LdL ~ 23663 o™ . <

Surface Area : Applying the theorem of Pappus and Guldinus, Eq.9-7, with
8=2r, L =23.663m, F=i5=09.178, we have

A = 6FL = 21(9.178) (23.663) = 1365 m® Ans
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9-87. Determine the surface area of the solid formed by z
revolving the shaded area 360° about the z axis.

0.75 in.

@5 in.—0.75 in.

R
- |

2in.
g - :I Lin.
3in.
Surface Area: The perpendicular distance measured from the : axis to the centroid of each line N
segment is indicated in Fig. a.

A= 2057 = 21 [2(6)+ 1.625(0.75)+ 1.625(0.75)+ 1.25(3) + 1.25(2) + 1(0.5) + 1(0.5)+0.75(1)] !

= 2m(22.4375) = 44.875xin2 = 141in2 Ans.

qu
b
a-]”".___{
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*9-88. Determine the volume of the solid formed by
revolving the shaded area 360° about the z axis.

Volume: The perpendicular distance measured from the z axis to the centroid of each line

Z

0.75 in.
@5 in_—0.75in.
segment is indicated in Fig. a. <— \

V = 237 A = 2r[(112.5)(75)(375) + (187.5)(325)(75)]
= 0.0486 m? - Ans.

V = 2037 A = 22[1.625(6)(0.75) + 1(1)(0.5)] = 27 (7.8125) = 49.1in° Ans. - Zin
x ;I lin
3in.
N
I
z
(&)
¢9-89. Determine the volume of the solid formed by z
revolving the shaded area 360° about the z axis. 75 mm
/ 75 mm_75 00m
(4
250 mm
1 75mm
300 mm
Volame: The perpendicular distance measured to the centroid of each of two area segments.
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9-90. Determine the surface area and volume of the solid
formed by revolving the shaded area 360° about the z axis.

segment is indicated in Fig. a.

=2m(18.4958) =1 16in?

is indicated in Fig. a.

= 271(8.0457) = 50.6 in>

- = L A\ =zd)
V-mz?A_.zx[(z.es 2(2)(1))+[3+ 317)( 5 ]]

Surface Area: The perpendicular distance measured from the z axis to the centroid of each line

A=225L = z::[(z.s{le + 12] +(2"5)[le +12 ] +[3+-?-::—)}z(l)]

Volame: The perpendicular distance measured from the z axis to the centroid of each area segment

}‘ 2 -666//71.'

(b)

1in.
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9-91. Determine the surface area and volume of the solid
formed by revolving the shaded area 360° about the z axis.

Surface Area: The perpendicular distance measured from the x axis to the centroid of each of four line

segments..
300 mm
A= 2x[150J(400)2 +(50)2 + 15043002 +(50)2 +75(700)+ 2(100)(50)]
= 1.06 m? Ans.
400 mm
Volome: The perpendicular distance measured from the x axis to the centroid of each of two area segments.

L

75 mm 50 mm

V= 2::[(100)(700){50)+ 141.667[—;(700}(50)J]

= 0.0376 m3 Ans,

*9-92. The process tank is used to store liquids during

F—3m—=—3m—
manufacturing. Estimate both the volume of the tank and
its surface area. The tank has a flat top and a thin wall.
| 6m
T 4m
7 l
V&
|
r;=3m
P 3m
r=l5m
E=/5m

]_fém

om

V=187A= zu[te](s)w + u(:ms)]- 207 m’ Ans

A= IO7L = 2x{L5(5) + 3(6) + 1.5(3)) = 188m’  Ans
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¢9-93. The hopper is filled to its top with coal. Estimate z
the volume of coal if the voids (air space) are 35 percent of
the volume of the hopper.

Volume : The volume of the hopper can be obtained by applying the theorem of

Pappus and Guidinus, Eq. 9- 1§ with 8=2x, 7/, =0.75m, 7 =0.6333 m, -5m
7 =0.1m A, =15(4)=600m" A, = %(1.3)(1.2) =0.780 m’ and ’
Ay =(0.2)(1.2) = 0240 m’. E:IGF"
V, = 6E7A = 2x[0.75(6.00) +0.6333(0.780) +0.1(0.240)] A;-.\_{ . 4m
=10.036x m’ -
K=0-6333m —*l’I
The volume of the coal is
A1 - A |12
— 2m
V, = 0.65, =0.65(10.0367) = 20.5 m’ Ans K=0-1m— ol
= f—c2m
9-94. The thin-wall tank is fabricated from a hemisphere — 81t
and cylindrical shell. Determine the vertical reactions that
each of the four symmetrically placed legs exerts on the
floor if the tank contains water which is 12 ft deep in ater
the tank. The specific gravity of water is 62.4 Ib/ft>. Neglect ::Hface/_\ 6 ft

the weight of the tank.

Volume : The volume of the water can be obtained by applying the )
theorem of Pappus and Guldinus, Eq. 9~ 10, with 8 =2,/ =4 ft, i

- . 1
=3.3956t A, =8(4) =320 and A, = -4:(3’) =50.27 ¢

V= 8L = 2x([4(32.0) +3.395(50.27)] = 1876.58 o

Peaft ™" —Fm.

The weight of the water is

W =7,V = 62.4(1876.58) = 117098.47 Ib s Bt
T .
Thus, the reaction of each leg on the floor is fi‘;;‘xﬁé,;ﬁﬂ
g:%:ﬁ?ﬂﬂ=m¢&2m=nmp Ans
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9-95. Determine the approximate amount of paint needed 81t

to cover the outside surface of the open tank. Assume that a

gallon of paint covers 400 ft2. T
v

- 6 ft
surface

Surface Area : Applying the theorem of Pappus and Guldinus, Eq.9-9 ,

8 16
with 8=2x, L, =10ft, L, =-’-r-{i—-)—=4x&, F, =8ﬁaﬂdF,=;fl.we!uwe

A= BZFL:ZR[B(IO)+-I£(4::)]= 288x £

The required amount paint = i‘%.so—# =2.26 gallon Ans

*#9-96. Determine the surface area of the tank, which
consists of a cylinder and hemispherical cap.

A=2ZX8rL = 23-[{4)(3) + (%QJG(zx(a»)]

=302m’  Ans
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¢9-97, Determine the volume of the thin-wall tank, which
consists of a cylinder and hemispherical cap.

V=367A=2n [(3—:’)(%5@‘] + (z)(sm]

=536m’ Ans

] f‘\"\
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9-98. The water tank AB has a hemispherical top and is
fabricated from thin steel plate. Determine the volume

within the tank.

Volume: The perpendicular distance measured from the z axis to the centroid of each area segment
is indicated in Fig. a. '

2
V=2ZA=2x ( 4(3;6) I 3(1‘;6 ) +0.8(1.6)(1.5)+ 0.666’{%](1.4)(1.6)+ 0.1(0.2)(1.6)

= 27(4.064) = 25.5 m*
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9-99. The water tank AB has a hemispherical roof and is
fabricated from thin steel plate. If a liter of paint can cover
3 m? of the tank’s surface, determine how many liters are
required to coat the surface of the tank from A to B.

Surface Area: The perpendicular distance measured from the z axis to the centroid of each line
segment is indicated in Fig. a.

A= 22%FL = 2::[[ 2“'6)1-’-‘—-(%} 1.6(1.5)+ 0.{J1.42 +1.62 ]]

n

= 27m(6.8734) = 43.18 m®

Thus, the amount of paint required is

Number of liters = i31-?- = 14.4 liters ' Ans.
Zz
16
'27(4’ ) -
A

/-bm 2
o-%?—b—»l ¢

D

(@)
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*9-100. Determine the surface area and volume of the b4
wheel formed by revolving the cross-sectional area 360°
about the z axis.

Surface Area: The perpendicular distance measured from the z axis to the centroid of each line
segment is indicated in Fig. a.

5
A=2%L= 2?I|:[2-— %Jn(l)+2(l)+4(2)(4)+ ((2)+[6 + 2(:': )]5(1.5)]

= 271(83.0575) = 522 in? Ans.

Volume: The perpendicular distance measured from the z axis to the centroid of each area segment
is indicated in Fig. a.

2 2
V=215A = m[[zﬁﬂ](ﬂ]ﬂ(@m{& 4(1.5)]{15(1-5 )]]
£ 4 2 3

2

= 27(41.9307) = 263 in> _ Ans.

<o2" é%q)ﬁt,

. [2*%}1 n

4in.

[64 ‘e;;‘;)_]-h.

) 40:5)1-
| [b+ 22

b
) (b)
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¢9-101. Determine the outside surface area of the 15 ft—
storage tank. .
4 ft77
30 ft

L
Surface Area ; Applying the theorem of Pappus and Guldinus, Eq.9-9. _ ’__'—“__/
with 8=2m, L, =/15t+#=yUIL L, =307 =75ftandf = 1511, rl-'-?gﬁ
we have Lf!ﬂft

= a7 = 2a{15(/ET) +1500]=356(10) F  Ans gk | |
—
9-102. Determine the volume of the thin-wall storage tank. 15 ft—
aft]
30 ft
A
i —1:?&
Volume : Applying the theorem of Pappus and Guldinus, Eq. 9- 1% with ]
@=2m 7 =5ft ;R =15M0A,= %{15}(4} =130.0 f and A, =30(15) Nz5ft
= 450 f°, we have AT, 30t
A, .
V = 6574 = 27(5(30.0) +7.5(450)] =22.1(10’) & Ans = ~7 I
Fostt
—
Ny |
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poured into the conical paper cup so that it contacts half the

9-103. Determine the height 4 to which liquid should be . 100 mm .
surface area on the inside of the cup.

150 mm B
h
Surface Area : This problem requires that %Al =A,. Applying the theorem of
Pappus and Guldinus, Eq.9-'j, with 8 =2, L, = /502 + 150? = 158.11 mm,
hY 10
L= h¥+(-3-] =—gﬁ,ﬁ =25mmmd?,=§.wehave L2158 1mm
L -
5(8’31-1] =0rL,
1 F"Hm
- [27(25)(158.11)] =zx(fJ[-@a !
2 6 L 3
h =106 mm Ans

*9-104. The tank is used to store a liquid having a specific
weight of 80 Ib/ft. If it is filled to the top, determine the
magnitude of the force the liquid exerts on each of its two
sides ABDC and BDFE.

Fluid Pressure : The fluid pressure at points Band E can be determined using

Eq. 9-1_3,p=yz. A
5ift

s =80(8) =320 /8% pg = 80(12) =960 Ib/f¢

Thus,
wy =320(12) = 3840 1b/ft  wg =960(12) = 11520 Ib/ft

WE '3540 sz;t

Resultant Forces : The resultant force acts on suface ABCD is

l .
R = 5(3840}( /32) = 1384531 1b = 13.8 kip Ans ot

. 3

and acts on surface BDFE is

R, =%(3340+11520)(8)=61“01b= 61.4 kip Ans W = /(520 ‘;6/‘&
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©9-105. The concrete “gravity” dam is held in place by its
own weight. If the density of concrete is p, = 2.5 Mg/m?,
and water has a density of p,, = 1.0 Mg/m?>, determine the
smallest dimension d that will prevent the dam from
overturning about its end A.

6 m

A
N—

Consider a | ~m width of dam, W=7557§d

w=1000(9.81)(6)(1) = 58 860 N/m

1 :
F= 5(58 860)(6)" = 176 580N

Wa %m(a}masoum.sn = 73575dN

at
o g

(o =0 -1765800) + TSS?SJGJ) =0

d=268m Ans
36)=2m
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9-106. The symmetric concrete “gravity” dam is held in
place by its own weight. If the density of concrete is
pe =25Mg/m® ~and water has a density of
pw = 1.0 Mg/m?, determine the smallest distance d at its
base that will prevent the dam from overturning about its

end A.The dam has a width of 8 m.

w = bp, gh = 8(1000)(9.81)(9) = 706.32( 10*) N/m

A = }[706.32(10°) ](9) = 3178.44(10)° N

F, = 1000(5.81)( }) (£4:2)(9)(8) = (176.58d - 264.87)( 10°)

W= 2.5(10°) 9.81)[ }(d+1.5)(9X(8)] = (882.94+ 1324.35)(10%)

x =d-§(434) =3d+0.25

d

n=%
Iy =5 -I8a= 0%)(34+
Q}:‘M 0:  (176.584-264.87)(10°) (3d+0.25) 588.64% + 485. 5954 - 9601.54 = 0
+(882.9d+ 1324.35)(10°) () - 3178.44(10°) (3) = 0 d=3.65m
F = (17656 ~264.87)(10°)
X =Zd+025
W=(8629d1/324.3500) || [z:2)
! -.f' AT, L é
N By %z
F=3118-4400)N | Xk
‘%b

39)=3m | |
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9-107. The tank is used to store a liquid having a specific z
weight of 60 1b/ft>. If the tank is full, determine the
magnitude of the hydrostatic force on plates CDEF and
ABDC.

Loading: Since walls CDEF and ABDC have a constant width, the loading due to the fluid pressure on the walls can be
represented by a two dimensional distributed loading. The intensity of the distributed load at points F, C, and A are given
by

wr =hpb=600)5)=0

we =heb =6012)5)=6001b/f

wya =Hab=604)5)=12001b/f

Resultant Force: The distributed loading acting on walls CDEF and ABDC is shown in Fig. a. Thus, the magnitudebof the
hydrostatic force on these two walls are

Feper = —;(600 )(2.5)=7501b Ans.

FupC = %(600 +1200)(2)= 1800 Ib Ans.
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*9-108. The circular steel plate A is used to seal the
opening on the water storage tank. Determine the
magnitude of the resultant hydrostatic force that acts on it.
The density of water is p,, = 1 Mg/m?>.

Loading: By referring to the geometry of Fig. a, the depth & expressed in terms of y is

h = 2 +1-y |sin45° = 2.7071-0.7071y
cos45°

Thus, the water pressure at the depth & is

[ ]

g iy S IBIK 21'33;' —0.707y) _ (26,5567~ 6.9367y) kN /m

The differential force dFg acting on the differential area d4 shown shaded in Fig. a is

dFg = pdA = p(2x) dy =(26.5567 - 6.9367y)[2,Jl -y? de

=[53.1134J1- y2 —13.8734y41-y2 de

Resultant Force: Integrating dFg fromy=—-Imtoy=1m,

Im
FR-:I dFR=I {53.11341—3;2—13.8734;; l—szdy

=1m

=[26.556'{y 1- y2 +sin~! y] +4.6245~J(1 -y 2 )3 ][

m

Im

=83.4kN
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¢9-109. The elliptical steel plate B is used to seal the
opening on the water storage tank. Determine the
magnitude of the resultant hydrostatic force that acts on it.
The density of water is p,, = 1 Mg/m?>.

Loading: By referring to the geometry of Fig. a, the depth & expressed in terms of y is

h =( m;so +1- }'Jsin45° =2.7071-0.7071y

Thus, the water pressure at the depth £ is
1000(9.81)(2.7071 - 0.7071y)
1000

p=pugh= = (26.5567— 6.9367y) KN / m>

The differential force dFg acting on the differential area d4 shown shaded in Fig. a is
dFg = pdA = p(2x) dy =(26.5567 — 6.93673’){{ 0.541 -y? }] dy

- ( 26.556Tq1-y2 —6.9367y 41— y2 ] dy

Resultant Force: Integrating dFg from y=~Imtoy=1m,

Im
Fg =J dFg =I 1 [26.5567 1-y? -6.9367yJi—y2de
=lm
m
=[13.278-4[y 1= 32 + sin! y}+2~3122J(1—y2)3][

=41.7kN
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9-110. Determine the magnitude of the hydrostatic force
acting on the glass window if it is circular, A. The specific
weight of seawater is y,, = 63.6 Ib/ft>.

Loading: By referring to the geometry of Fig. a, the depth & expressed in terms of y is
h=4+05-y=(45-y)ft

Thus, the water pressure at the depth A is

p=7ywh=63.6(4.5-y)Ib/#>

Resultant Force: The differential force dF acting on the differential area dA shown shaded in Fig. ais

dFr = pdA = p(2x) dy = 63.64.5— y)(zJo.zs— y? ]dy
=[572.4Jo.2s— ¥ - 127.2“5.25- ¥ )dy

Integrating dFg from y =-0.5fttoy = 0.5ft,

05 ft
Fg = I dFg =I (5n.4£.25 —y2 — 127294025 y° de

0.5 ft
05ft
=[zaﬁz[ y90.25— 32 + 0.25sin”" -{f’;) +4249(025— 2 ) ]
. -051t
=2ATBW™=15 Ans,
Y %
0
|
h | 4t 2 | _x
7 Tl
. = . 0.541 "
. Y 0-5f+
( A ’q?l: 02’5
3
910
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9-111. Determine the magnitude and location of the
resultant hydrostatic force acting on the glass window if it is
elliptical, B. The specific weight of seawater is
Yw = 63.6 Ib/ft>,

Loading: By referring to the geometry of Fig. a, the depth / expressed in terms of y is
h=4+05-y=(45-y)ft

Thus, the water pressure at the depth A is
p=Y,h=63.6(45-y)Ib/ft?

Resultant Force: The differential force dF g acting on the area dA shown shaded in Fig. a is

dFg = pdA = p(2x) dy = 63.64.5 —y)H 24025 -y ]]dy
= (1 144.3J 0.25-y* — 254.4y-JD.25— y? )dy

Integrating dFg from y =-0.5fttoy = 0.5ft,

05 ft
Fg = I dFg = Lls &[1144 0.25-y2 —254.4)40.25— y? ) dy
05ft
=[572.4()-Jo.25 -y2 +0.25sin”"! 3L5]+ 84.84(0.25- y*)° ]
) =0.5ft

=449.561b =450 Ib Ans,

Y% %

S

3 Al = 0.5#t s
— Y \L ol 0-5ft
.
! AA %=t g™
@)
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*9-112. Determine the magnitude of the hydrostatic force y
acting per foot of length on the seawall. y,, = 62.4 Ib/ft>.

A-Lﬂ-f'-ydrsfzﬂcka -;r‘l:-!.nﬂ'l' . %

w = brh = 1(62.4)(8) = 499.2 Ib/ft

F, = 5.333(1)(62.4) = 332.81b

F, = %(499.2)(8) = 1997

Fr = {(332.8) + (19972 = 2024 = 2.02kip Ans

v
ey

W= 449.2 16/ft
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*9-113. If segment AB of gate ABC is long enough, the
gate will be on the verge of opening. Determine the length -
L of this segment in order for this to occur. The gate is
hinged at B and has a width of 1 m. The density of water is
pw = 1 Mg/m’.

Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional
distributed loading. The intensity of the distributed loading at points B and Care

wpg = pghg b= 1000(9.81)(4)(1)= 39 240N =39.24kN

we = p8hob=10009.81)(6)(1) = 58 860 N =58.86 kN

Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This loading is replaced by its resultant
force on the free - body diagram of the gate, Fig. b.

Equations of Equilibrium: Writing the moment equation of equilibrium about point B,

£+IM B=0; N (2)+ 39.24(2)(1) - 39.24(2)(1}~%(58.86— 39.24)(2)[%}(2) =0
Nc =13.08kN =13.1 kN Ans.

Wp =39.24 kin

758,86 -3¢.4)(2) KN
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9-114. If L =2 m, determine the force the gate ABC exerts
on the smooth stopper at C. The gate is hinged at B, free at S —
A, and is 1 m wide. The density of water is p,, = 1 Mg/m”. T

-
cr¢

|

Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional
distributed loading. The intensity of the distributed loading at points B and Care

wpg = pyghg b= 1000(9.81)(4)(1)= 39 240N =39.24 kN

we = pwghcb=1000(9.81)(6)(4+2)= 58 860 N = 58.86 kN

Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This loading is replaced by its resultant
force on the free- body diagram of the gate, Fig. b.

Equations of Equilibrium: Since the gate is on the verge of opening, N = 0.Writing the moment equation of equilibrium
about point B,
(remp =0; 39.24(L )[%} —~39.24(2)(1) --é-(ss.ss- 39.24)( z{ %](z) =0
L=231m Ans.

W, = 58-86 KNjm F(58-86-3924)(2) kA
(b)
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9-115. Determine the mass of the counterweight A if the
1-m-wide gate is on the verge of opening when the water is
at the level shown. The gate is hinged at B and held by the
smooth stop at C. The density of water is p,, = 1 Mg/m”.

Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional
distributed loading. The intensity of the distributed loading at points B and Care

wg = p,ghg b= 1000(9.81(2)(1) = 19620N /m = 19.62kN /m
we = pwghcb= 1000(9.81)(2+ 2sin45°)(1)= 33493.44 N /m = 33.49kN/m

Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This distributed loading is replaced by
its resultant force on the free- body diagram of the gate, Fig. b.

Equations of Equilibrium: Since the gate is on the verge of opening, N = 0. Writing the moment equation of equilibrium

about point B,
o 1 B 2 _mA(9.81)(l) _
(+EM B=0; 19.622 (D) + 2( 33.49-19.62)( 2{ 3 ](2) -——-—-—-—-1000 0
m 4 = 5885.62 kg =5.89 Mg Ans,
am ol W= /9,62 Ki[m

()
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*9-116. If the mass of the counterweight at A is 6500 kg, S ]
determine the force the gate exerts on the smooth stop at C.
The gate is hinged at B and is 1-m wide. The density of
water is p,, = 1 Mg/m>. 2m

rgl mﬂ

45°

2m

Loading: Since the gate has a constant width, the hydrostatic loading on the gate can be represented by a two dimensional
distributed loading. The intensity of the distributed loading at points 8 and Care

wp = p.ghg b= 1000(9.81(2)1) = 19620N /m = 19.62kN /m
we = pghcb= 1000 9.81)(2+ 2sin45°)(1)=33493.44 N /m = 33.49kN / m

Free - Body Diagram: The distributed loading acting on the gate is shown in Fig. a. This distributed loading is replaced by
its resultant force on the free- body diagram of the gate, Fig. b.

Equations of Equilibrium: Writing the moment equation of equilibrium about point B,

(+Mp =0 Ne(2)+2(33.49 —( [962}(2{3}(2)-& 19.622(1)- 209981 ) _ o
2 3 1000
N =3.02kN Ans.

916



9 Solutions 44918 1/28/09 2:35 PM Page 917 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

©9-117. The concrete gravity dam is designed so that it is held y
in position by its own weight. Determine the factor of safety
against overturning about point A if x = 2 m. The factor of — X
safety is defined as the ratio of the stabilizing moment divided S :
by the overturning moment. The densities of concrete N
and water are pepne = 2.40 Mg/m® and p, = 1 Mg/m>, y= —%x :
respectively. Assume that the dam does not slide.

Resultant Force Component: The analysis of this problem will be based on a per meter width of

the dam. The hydrostatic force acting on the parabolic surface of the dam consists of the vertical
component F,, and the horizontal component F, as shown in Fig. a. The vertical component F,, consists
of the weight of water contained in the shaded area shown in Fig.a.

F, = Py #Apcp(D =(1000)(9.81{?l;-(2)(6)(1):| = 30240N = 39.24kN

The horizontal component Fj, consists of the horizontal hydrostatic pressure, which can be represented
by a triangular distributed loading shown in Fig. a. The intensity of the distributed loading at point B is
wp = p,ghpb =1000(9.81)(6)(1) = 58860 N / m = 58.86 kN / m. Thus,

1
Fy = -2-(58.86)(6) =176.58 kN

The weight of the parabolic shaped concrete dam is

Weon)p = PeongV = 2400(9.81{-%(2)(6)(1)] =188352 N =188.352 kN

The weight of the rectangular shaped concrete dam is
Weon )r = PeongV = 2400(9.81)[2(6)(1)] = 282 528 N =282.528 kN

Location: The location of each of the above forces are indicated in Fig. a. Here, F, creates the overturning
moment M, about point A, while F,,, (W¢o,) 5, and (W ), contribute to the stabilizing moment M g about point

A.Thus
FS.=—

282.528(1) + 188.352[2 +§3(2)]+ 39.24[2 +13(2)]

1
176.58[3 (6)]
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Wil 3]
e "(Wcm)ﬂ"zgz'i‘zg KN

Fo=17658 kN
:gL(G)m
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9-118. The concrete gravity dam is designed so that it is y
held in position by its own weight. Determine the minimum
dimension x so that the factor of safety against overturning — x
about point A of the dam is 2. The factor of safety is defined &
as the ratio of the stabilizing moment divided by the 3 G S
overturning moment. The densities of concrete and water y= "o
are peone = 2.40 Mg/m® and p,, = 1 Mg/m?, respectively.

Assume that the dam does not slide.

Resultant Force Component: The analysis of this problem will be based on a per meter width of

the dam. The hydrostatic force acting on the parabolic surface of the dam consists of the vertical
component F,, and the horizontal component F;, as shown in Fig. a. The vertical component F,, consists
of the weight of water contained in the shaded area shown in Fig.a.

F, = p,8Apcpb = (1000)(9.81)[%(2)(6)](1)= 39240N = 39.24 kN

The horizontal component Fj, consists of the horizontal hydrostatic pressure, which can be represented
by a triangular distributed loading shown in Fig. a. The intensity of the distributed loading at point B is
wg = p8hpgh =1000(9.81)(6)(1) = 58860 N / m = 58.86 kN / m. Thus,

Fy = -15(58.86)(6) =176.58 kN

The weight of the parabolic shaped concrete dam is

Weon)p = Pcon8V = 2400(9.81{%( 2)(6)(1)] =188 352N =188.352 kN

The weight of the rectangular shaped concrete dam is
Weon )r = Peon8Y = 2400(9.81)(6)(x)(1) =141 264xN =141.264xkN

Location: The location of each of the above forces are indicated in Fig. a. Here, Fj, creates the overturning
moment M, about point A, while F,,, (Wcop) p, and (Weoy ) contribute to the stabilizing moment M ; about point
A.Thus

ME

FS.=—%
M,

141.264(x{-’5]+ 138.352[3(2)4-;:] + 39.24[—3-(2 )+.::|
e 2 |8 4

1
1'16.58[3(6)]

x=15Im Ans,

919



9 Solutions 44918 1/28/09 2:35 PM Page 920 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. 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.

F,=39.24kA

- D -
O\Iem)f, =(88:551KN k\‘(Wcan)f 141-264-X kA

82(2 )m
R =1%.55 K _

Zom
-'-JV

bm

Uy=5B:86 ki T ¥ <
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9-119. The underwater tunnel in the aquatic center is y
fabricated from a transparent polycarbonate material
formed in the shape of a parabola. Determine the magnitude - |
of the hydrostatic force that acts per meter length along the

surface AB of the tunnel. The density of the water is 2m
pw = 1000 kg/m®.

2 m—

Resultant Force Component: The hydrostatic force acting on the parabolic surface AB of the tunnel
consists of the vertical component F,, and the horizontal component Fj, as shown in Fig. a.
The vertical component F,, represents the weight of water contained in the shaded area shown in Fig. a

F, = py A apcpb = (1000)(9.81 2(2)+%{2)(4):|(1)= 65400N = 65.4kN

The horizontal component F, represents the horizontal hydrostatic pressure. Since the width of the tunnel
is constant (1 m), this horizontal loading can be represented by a trapezoidal distributed loading shown in
Fig. a. The intensity of this distributed loading at points A and Bare w4 = p,, gh4 b= 1000(9.81)}(2)(1)=
19620N /mandwpg = p ,ghpgh = 1000(9.81)(6)(1) = 58860 N / m = 58.86 kN / m. Thus,

1
= 5-(19.62+ 58.86)(4) =156.96 kN

Resultant: The resultant hydrostatic force acting on the surface AB of the tunnel is therefore

Fr = gFy 2 +F,% = 4156962 + 65.42 = 170N Ans.

@
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*9-120. Locate the centroid X of the shaded area. y

dA = ydx = P dx

fiax

- fidA  [}Pdx _ e

- - = 1.61in. Ans ’
* ]4‘“ idde 41n.
y
1in.
~——1lin. *»}-— lin. —»‘
¢9-121. Locate the centroid y of the shaded area. y
2 N

A= yde= & 4in

y = ! = '.-?.»

rT31%2 T

- lajdA ik _ﬁ[(z)’-(l)’]ﬁ_”h_ Ams lin

it TR T o] |

~——1lin. *»}-— lin. —»‘

~
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9-122. Locate the centroid y of the beam’s cross-sectional y
area.
50 mm 50 mm
~— 75 mm—— 75 mm-—
25 mm
=
Centroid : The area of each segment and its respective centroid are tabulated '
below, C T
100 mm |
" Segment A(mm?) y(mm) yA(mm) | N !
1 300(25) 1125 843750 T 4 = = *
2 100(50) 50 250 000 25 mm 25 mm
b3 12 500 1093 750
l 300 mm g
e IyA 1 r—-——_ i “L
fa-&-'gs_sgo’"-sm Ans (e "‘Eb | _g5mm
s k—2.5mm
iz5m =2 [25mm [100me:
50mm | WZ
9-123. Locate the centroid 7z of the solid. z
\(y ’= a( B g)
2a
a
X
y

Volume and Moment Arm : The volume of the thin disk differential element is <
av = e = o fa- e = noa- £ ) andis comeitis w2 |

Centroid : Due to symmetry about the z axis
I=y=0 Ans
Applying Eq. 9 -3 and performing the integration, we have
a z
s bty o efa-3)ec ]
dv s z '
R CHE

B i) NPT
24

-:o

A

p—
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*9-124. The steel plate is 0.3 m thick and has a density of
7850 kg/m?. Determine the location of its center of mass. Also
compute the reactions at the pin and roller support.

Fluid Pressure : The fluid pressure at the toe of the dam can be determined
using Eq. —l§.p=1z.

p = 62.4(8) = 499.2 Ib/f
Thus,
w = 499.2(1) = 499.2 Ib/ft

Resultant Forces : From the inside back cover of the text, the
1 1
exparabolic areais A = idm 3(8)(2) =5.333 fi’. Then, the vertical and
horizontal components of the resultant force are
R, =7V=624[5333(1)] =332.81b
R = %(499.2)(8) =1996.8 b

The resultant force and is

F= R +E = /328 +199%6.8
=2024.34 Ib = 2.02 kip Ans

2
o =T

8ft

y:
W=dg92 blse R

*9-125. Locate the centroid (¥, y) of the area.

Centroid : The area of each segment and its respective centroid are tabulated
below.

Segment A(in®) X(in.) y(in.) FA(in?) yA/(in®)

1
1 ;00 7 1 315 4.50
2 63 . 3 1.5 54.0 27.0
X 4 4
3 =(3 - - ;
‘( ) = = -9.00  9.00
n 4
4 -—(13) 0 e 0 -0.667
2 k3
> 27.998 7650  39.833
Thus,
_ EZA 7650 )
=K “7iges - LT Ans
. IjA 39.833 .
Y= T4 " Z7ges - i Ans

1in.

6 in. | 3in.

F— @Y D 1.
(T'Z 3in. 'i _Irm . 3in.

L |_tn] %
| &in DIEF
¥
+.
A
T x
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9-126. Determine the location (¥, y) of the centroid for y
the structural shape. Neglect the thickness of the member.
3in.
‘ X
—1.5in=-—1.5 in%%lﬁ in——1.5 in~
Centroid : The length of cach segment and its respective centroid are abulated ’ ’
below.
g
Segment L(in.) y(in.) yL(in?) 1
1 2(1.5) 3 9.00
2 2(3.354) 1.5 10.06
3 2 0 0
I 1L 19.06
Due to symmetry abouty axis, =0 Ans
. EFL 19.06 ) .
y E ﬁ 1.628 in. = 1,63 in. Ans
9-127. Locate the centroid y of the shaded area. y
a a
X
a
a a
444
—————
0|30 Qcos3o°
a s
3 Z’»&.S:'SC.)—'--7 C'
3 X
@
<
L C’z’ a’
—
oI §eosd0[Ha)(acos30]-Hlela)] | o0, le |
2 $(a)(acos30°) +[ala)) | a i |
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*9-128. The load over the plate varies linearly along the p
sides of the plate such that p = _%[x(4 — y)] kPa. Determine
the resultant force and its position (X, y) on the plate. 8 kPa

/ ’
Resultant Force and its Location : The volume of the differential element is m\ %1
dv = dfy =P&dy=‘§'(3¢)“4"”d,l and its centroid are f =x and y = y. /
4m

l-z - pdm
Rl dn=[ e [ -na
]:24.0kN Ans
o

G E-E)
[ sar, =j’:"§(=’¢) f:'u-my

OB e

-

. 1-2 Am
J, a5 [ yea-nay

O e

y-m‘—u-z-‘-:aal,SSm Ans

©9-129. The pressure loading on the plate is described by y
the function p = {—240/(x + 1) + 340} Pa. Determine e 300 Pa
the magnitude of the resultant force and coordinates of the P

point where the line of action of the force intersects

the plate.

100 Pa
Resultant Force and its Location : The volume of the differential element 1s /\

dvadl';stdrn&[——z?%+340)dtmdits¢nwidh£=x. /\ 6m
X

Sm
240
= dF, = 6] =—— dx
Fe Iﬁ * J-o ( x+l+m)
= 6[~240In(x + 1)+ 340x] 3=
=T7619.87 N =7.62kN Ans

Sm
| idﬁ,=J' &(-z—“iq-m)
] o x+1
=[—ld-40[x-lu(x + 1))+ 1020:7]3°
=20880.13N-m

Ig, ¥dF;  20880.13
f= —_ =274 A
= T.dR 761987 " ns

Due to symmetry,
7=300m Ans
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