Engineering Mechanics - Statics Chapter 10

Problem 10-1

Determine the moment of inertia for the shaded area about the x axis.

Given: ¥ )
e f X7 ¥
¥ 1 -y=bi-l7] | v=b(1- (wa))
a=2m )
b=4m ix v
i / ~ dv
/ \
. ) ) A P
o a i if =
b
Solution: Iy =2 y2a /1 - % dy Iy = 39.0 m4
0
Problem 10-2

Determine the moment of inertia for the shaded area about the y axis.

Given: ¥ )
; L y=b(1-[E])
a=2m ' v =b(1- (wa))
b=4m =[x, ¥)
fr /
/ \ v
T i Y kS dx
g e d —‘I
I & Sl i =
a
2 X 2 4
Solution: Iy =2 X bl1- (—) dx Iy =8.53 m
a
0
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Problem 10-3

Chapter 10

Determine the moment of inertia for the thin strip s “'ﬂi
of area about the x axis.The strip is oriented at an o
angle @ from the x axis. Assume that t <<. e //;_x-"
Py A

- . d /a"/./

Solution: s
I
- Py
I .-' g /;_//
- 2
P
Iy = y2 dA = J 32 sinz(e)t ds e //f/'/f
- e -
A 0 ", f";‘}":’ H
'C_'/"f 1 X
1 3.
Iy = —tI3 5|n2(9)
3
.

Problem 10-4 ¥

Determine the moment for inertia of the

shaded area about the x axis.

Given:
a=4in
=2in
Solution:
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Problem 10-5

Determine the moment for inertia of the
shaded area about the y axis.

Chapter 10

Given:
. v e
a=4in ”_|_}” o b
b=2in -
T 1
Solution: " “ -
a
2, (X 8
ly = X“bl —| dx ¥
0
.4 x
Iy = 21.33in
Problem 10-6

Determine the moment of inertia for the shaded area about the x axis.

Solution:

(X ¥

2 I s
W= .l'; X
I
! .
I ~ dy I !
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Alternatively
h
| (zb by2d 2 p3 I, = 2 bh3
X _J y 2 T X~ 15
0
Problem 10-7
Determine the moment of inertia for the ¥
shaded area about the x axis.
Al y |-
y
o r
y :-'I_J_ " ¥ .l_ | //
am’ T — ! . 1
'\ z”{ [
. A .| v <
h
o ¥ 1
. g o
o
Solution:
b
1
n 3
2 y ab
Iy= Ay la—a|= d R
X y (b) y X7 3(1+3n)
0
Problem 10-8
Determine the moment of inertia for ) :
the shaded area about the y axis. {//
o r
1 o A r
i s
- h

i -

© 2007 R. C. Hibbeler. Published by 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.



Engineering Mechanics - Statics

Solution:

Chapter 10

a
a
b (* ne2 b ) X"
Iy = dX = — 3
a"Jo n)n+ .
0 .
| ba3
y n+3
Problem 10-9
.
Determine the moment of inertia for
the shaded area about the x axis.
Given:
iV T . —
)= — {
a=4in @t a
b=2in h
Solution: ' .
b - i
2 y 2 )
Iy = yla- a(—) dy
b .
0 ¥
A | a—x
Iy = 4.27in”

i

Problem 10-10

Determine the moment of inertia for the shaded area about the y axis.
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Chapter 10

Given: ¥
a=4in
b=2in
Solution: (Ly=Z% I
B Ta
a
2, [X 1
ly = | x°b [=dx . &
= | ol .
O .
L
y
ly = 36.6in* - a -

Problem 10-11

Determine the moment of inertia for the shaded area about the x axis

Given: v .
1 A
. Vbl T g
a=38in . !
b=2in b
¥ A
- i'-l' -
Solution:

Problem 10-12

Determine the moment of inertia for the shaded area about the x axis
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Chapter 10

Given: ¥
.1I-
a = 2 m [} ___-'-h.\_\__\_\‘f__ | r1l|:= X
| . “ T (Wb =1-xa
b=1m \ b “lx v
1 \ . | [y )
b X
b / b
’ 4
1 __aff a
Solution: - i -
b
( 2 y2 4
IX:J yal-=—/|dy Ix =053 m
2
b
-b
Problem 10-13
Determine the moment of inertia for the shaded area about the y axis
Given: ¥
a=2m e |- ¥ -|3= x A w)

~— L h] ™ a T i
b 1m i x.\ E—WJ wa
1 \ . : dx .
b / b /E/
1 — a =[x =)

™ a
Solution:
a
X
ly = | »2b /1—de ly =244 m"
0

Problem 10-14

Determine the moment of inertia for the shaded area about the x axis.

Given:
a=4in b=4in
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_X
() 7
zf/ fr
'Ilf.l'
= it
Solution:
b
2 y ?
Iy = y a—a(—) dy
b
0
Iy = 34.1in*

{x.v)

i

Chapter 10

Problem 10-15

Determine the moment of inertia for the

shaded area about the y axis. (Yy_x
he = a7
Given: /«"x
. fr
a=4in Ve
b=4in f
Solution: 1
- “l -
a
2, |x vy
ly = X — dx Fyr_Xx
y b/;d [, v) ’{.f:}_a
0
ly = 73.1in* .
-1 |
dx
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Problem 10-16

Determine the moment of inertia of the
shaded area about the x axis. i .

/ ™ |
~y=boos| ;J
Given: / =

a=2in " ff ‘
f Y
b =4in / \
.'I|II IIIII-
Solution: "'.I
1 | I| )
a 3 = i . il |
1 X
Iy = ~|beos| = dx
3 2a §
/I:'l' it
v=bhcos (=) \
Iy = 36.2in" G/ TN
)\

Problem 10-17

Determine the moment of inertia for the shaded area ‘ 1
about the y axis. / \
H . Tx
Given: ¥ / ~v=hoos| Ej
. P
a=2in L
,."r/ . ) b ll-"ll A
b =4in / .\“x , /
. | | |lI lI.I
Solution: [ | v \
a " : dy ,'II III|
X - | | :
ly = x%b cos(—j dx ' _ : !
2a = i . il |
-a
. 4
ly =7.72in

Problem 10-18

Determine the moment of inertia for the shaded area about the x axis.
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Given: ¥
a=4in
v=bhoos |'E"' SR
_ H - -E(J ! - T
b=2in f,f} I
/ b
S
| a a |
Solution:

i

Iy = — = dx Iy = 9.05in
X J 3 X

Problem 10-19

Determine the moment of inertia for the shaded area about the y axis.

Given: ¥
a=4in
1,-=;},;[,5|'E"' S
. - 2 | — =
b=2in ﬁ,f} I
/ b
S
| a a |
Solution:
a
X .
ly = x2bcos(£j dx ly = 30.9 |n4
2a
-a

Problem 10-20

Determine the moment for inertia of the shaded area about the x axis.
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Given: y
a=2in |
b=4in
c =4+121in N
o Lty =
Solution: ‘
a+b 3
| f ! C2 dx
X _J 3 x
.
B a - ] -
Iy = 64.0in" ¥
i
.HH
¥ T ™
¥
Y Y - _ll:
o 1 [d4)

Problem 10-21 v

!
Determine the moment of inertia of |
the shaded area about the y axis.
Given:
a=2in N
o Lty =
b=4in s
c=4+/12in
Solution:
a+b
2 C2
Iy = X | — | dx
X - a— b -
a
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ly = 192.00in*

Problem 10-22

Determine the moment of inertia for the shaded area about the x axis.

Given: ¥
a=2m f y
b=2m I
{h\;
¥ X
» il - A
Solution:
b
o[y 4
IX_J y-a| — | dy Iy =3.20 m
2
b
0

Problem 10-23

Determine the moment of inertia for the shaded area about the y axis. Use Simpson's rule to
evaluate the integral.

Given: »
a=1m
¥
b=1m |

)
v = hetuial®

b

-—r:——|
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Solution:

2
g
ly = | Poer® ax ly = 0628 m*
0

Chapter 10

Problem 10-24

Determine the moment of inertia for the shaded area about the x axis. Use Simpson's rule to

evaluate the integral.

Given: ¥
a=1m
b=1m b |I"|",II
= [
,
Y
.,
-
b
Solution: 4
a
5 3
)
a
be 4
ly = | =5 & ly =141 m
0

Problem 10-25

The polar moment of inertia for the area is | about the z axis passing through the centroid C.
The moment of inertia about the x axis is I, and the moment of inertia about the y" axis is I

Determine the area A.
Given:

Ic = 28 in”
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ly = 17 in”
ly = 56 in"
a=3in
Solution:
IC = IX + Iy
Iy = IC — IX
ly = ly+ Aa’
ly — | I

A= . Y A =500in°

a

Chapter 10

Problem 10-26

The polar moment of inertia for the area is J,, about the z* axis passing through the centroid C. If
the moment of inertia about the y' axis is 1,- and the moment of inertia about the x axis is I,.

Determine the area A.

Given:

Joc = 548 x 10® mm?

ly = 383 x 10° mm" .

Iy = 856 x 10° mm”*

h = 250 mm

Solution:

—_____/ h

Iy = Iy — Ah?

‘]CC = IXI + |y'

Jec = Ix— AhZ + Iy
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A < IX+IyI_‘]CC
h2

A = 11.1 x 10° mm2

Chapter 10

Problem 10-27

Determine the radius of gyration k, of the column’s
cross-sectional area.

Given:
a = 100 mm
b =75 mm
¢ =90 mm
d = 65 mm
Solution:

Cross-sectional area:

A = (2b)(2a) — (2d)(2c)
Moment of inertia about the x axis:

1 3 1 3
Iy = —(2b) (2a)” — —(2d) (2c
X 12( ) (2a) 12( ) (2¢)
Radius of gyration about the x axis:

kg = 74.7mm

Ix
kx = X

Problem 10-28

Determine the radius of gyration k, of the column’s cross-sectional area.

Given:
a = 100 mm
b =75 mm
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c =90 mm
d = 65 mm
Solution:

Cross-sectional area:

A = (2b)(2a) - (2d)(2c)
Moment of inertia about the y axis:

1 1
ly = —(2a) (20)° - (20 (2d)°

Radius of gyration about the y axis:

Problem 10-29

Determine the moment of

inertia for the beam's

cross-sectional area with
respect to the x' centroidal axis.
Neglect the size of all the rivet
heads, R, for the calculation. L3 mm——e
Handbook values for the area,
moment of inertia, and location ¥
of the centroid C of one of the
angles are listed in the figure.

/

275 mm

(L) = 1.32(10% mm?

e
it
e
™

Aﬂ:],}ﬁ[][:r"imnr’-__ﬁ_|| L5 |28 mm ¥ '
" 1

20 mmI " "

11
W

11
T

F— 75 mim —=

Solution:
1 3 6 4 3 2( 275 mm 2
Ig = 5(15 mm) (275 mm)~ + 1.32(10 )mm + 1.36(10 )mm (T - 28 mm)
1 275 mm
+ 2{5(75 mm) (20 mm)° + (75 mm)(20 mm) (T + 10mm) }
1008

© 2007 R. C. Hibbeler. Published by 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.



Engineering Mechanics - Statics Chapter 10

Ig = 162 x 10® mm*

Problem 10-30

Locate the centroid y, of the cross-sectional area for the angle. Then find the moment
of inertia I,. about the x' centroidal axis.

Given: ¥ A
a=2in
- 'rl' -
c=6Iin
d=2in 4 [ i £
1|'|.-
Solution: / '-’f '1 .

)

= = 2.00in
Ye ac+bd Ye

1 3 c 2 1 3 d 2 4
= —ac +ac|— - +—bd™ + bd - = Iy = 64.00in
12 (2 ycj 12 (yc 2) X

Problem 10-31

Locate the centroid x,, of the cross-sectional area for the angle. Then find the moment
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of inertia I, about the centroidal y' axis.
¥ )
Given:
e X
b =6Iin
Cc = 6 |n r C T _"_r
d=2in V.
— 'll' S
» {3 .
I | b
[Ta T
Solution:
a b
acl—|+bda+—
Xc = 2 2 Xc = 3.00in
¢ ac+bd e
2 2
1 a 1 b .
ly :—ca3+ca Xe — — +—db3+db a+——Xg Iy-:136.00|n4
12 2 12 2

Problem 10-32

Determine the distance X, to the centroid of the beam's cross-sectional area: then find

the moment of inertia about the y' axis.
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Given:

¥ ¥
a =40 mm )
b = 120 mm /
c =40 mm T
d = 40 mm EI
i
C = r'
/ d
; ¢
| ' v
h
Solution: a | |
a+b a
2(a+b)c 5 +2ad§
XC = XC = 68.00 mm

2(a+b)c+ 2da
2 2
1 3 a+b 1 3 a
Iy =2—c(a+b)" +c(a+b)| — —x +—2da” +2dal| xe — —
y 5 (a+b)” +c( )( > cj 12 (c 2)

ly = 36.9 x 10° mm"

Problem 10-33

Determine the moment of inertia of the beam's cross-sectional area about the x' axis.
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Given:
¥ ¥
a =40 mm
[ Xe -
b = 120 mm ’
c = 40 mm /
d = 40 mm .51-
o
J._I
d
c
1 .
Solution: P b |
1 3 1 3 6 4
Iy = E(a+ b) (2c + 2d)™ — Eb(Zd) Iy = 49.5x 10" mm

Problem 10-34

Determine the moments of inertia for the shaded area about the x and y axes.

¥

Given:
a=3in 4T r—
b=3in
c=6Iin
.
d=4in
r=2in \_
.
Solution: i

1 3 1 3 1 2(:2 7rr4 2 2
Ix ==(a+b)(c+d)” —|=bc  +=bcld+—| |[-|— +72r d
3 36 2 3 4
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Iy = 1192in”
5 4
1 1 1 2b
ly = =(c+d) (a+b)°~| =cb®+ Zbc[a+ = —(ﬂwzrzaz
3 36 2 3 4
ly = 364.84in"

Problem 10-35

Determine the location of the centroid y' of the beam constructed from the two channels and the
cover plate. If each channel has a cross-sectional area A, and a moment of inertia about a horizontal

axis passing through its own centroid C,, of I,.. determine the moment of inertia of the beam’s
cross-sectional area about the x' axis.

Given:
a=18in ) — )
b =15 in ‘/
c=20in i
d=10in A
Ac = 118 in®
lye = 349 in” S
Solution:
2Acd + ab(c + E)
Ve = A ab : Y¢ = 15.741n
2, 1_.3 b 2 »
Iy = [Ix'c+ Ac(yc - d) ]2 + Eab + ab(c+ 5 YC) Iy = 2158in

Problem 10-36

Compute the moments of inertia I, and I, for the beam’s cross-sectional area about
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the x and y axes.

Given:
a =30 mm
b =170 mm
¢ =30 mm
d = 140 mm
e = 30 mm
f =30 mm
g =70 mm
Solution:
1 3 1 3 1 3 e 2 6 4
Iy :ga(c+d+e) +§bc +Ege +ge(c+d+5) Iy = 154 x 10" mm
ly = %c(a+ b)3+%df3+%c(f+g)3 ly = 91.3 x 10° mm”

Problem 10-37

Determine the distance y, to the centroid C of the

beam's cross-sectional area and then compute the
moment of inertia I, about the x' axis.

Given:

a =30 mm e = 30 mm

b=170mm f=30mm

¢ =30 mm g =70 mm

o
Il

140 mm
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Solution:

C d e
(a+ b)c(z)+df(c+5j+(f+g)e(c+d+z)

Yo = (arbcrdf+(f+ge
Ye = 80.7mm
2 2
1 3 c 1 _3 d
Iy = —(a+b)c a+b)c - = —fd fdlc+— -
X 12(+) +(+)(yc 2)+12 + (+2 YC]

2
1 3 e
+—(f+g)e" +(f+g)ejc+d+——
Sfrae +( g)( > yc)

Iy = 67.6 x 10° mm”

Problem 10-38

Determine the distance x; to the centroid C of the beam's cross-sectional area and then compute the
moment of inertia I,. about the y" axis.

Given:
a =30 mm
b =170 mm i
¢ = 30 mm e
d = 140 mm d
e = 30 mm 1'
f =30 mm I'i'=--ﬂ
g =70 mm
Solution:
b f f+
. bc(E + a) F(c+ d)f(z) F(f+ g)eTg

bc+bc+ (f+g)e

Xc = 61.6 mm
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I = Sc(asb)+c(as b2l 2+idf3+dfx il

Y 71 2 ¢ 12 € o)
1 f
+Ee(f+g)3+e(f+g)(xc—ﬂ)

ly = 412 x 10° mm*

Problem 10-39

Determine the location y, of the centroid C of the beam’s cross-sectional area. Then compute
the moment of inertia of the area about the x' axis

Given:
a =20 mm
b = 125 mm
c =20 mm
f = 120 mm z - :
g = 20 mm —_-_H_'_"‘"—-—-_._,___‘_"__I
f—
d = TC f
f-c
e = ——
2 L
Solution:
a+g b
(a+0)f +chla+g+—
B 2 2
Yo = (a+g)f+ch
Yo = 48.25mm

1 3 a+g 2 1 3 b 2
Iy :Ef(a+g) +(f)(a+g)(yc—Tj +ECb +cb[z+a+g—yc)

Iy = 15.1 x 10° mm?
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Problem 10-40

Determine y,, which locates the centroidal axis x' for the cross-sectional area of the T-beam, and then
find the moments of inertia I, and I,..

Given:

a =25mm

b

250 mm

50 mm

150 mm

Solutuion:

Ye =

Yc

(E)bZa + (b + EJZd c
2 2

b2a + c2d

= 207mm

= 222 x 108 mm®*

1 3 1
—b(2 —c(2d
12 (28)"+ 12C( )

- 115 x 10 mm®*

3

!

—d

—_—

1 3 b 2 1 3 c
—2ab” +2ab|yc—-—=| +-—=2dc” +c2d{b+—- -
12 (yc 2) 12 ( 2 yc)

2

Problem 10-41

Determine the centroid y' for the beam’s cross-sectional area; then find I,..

Given:

a =25mm
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b = 100 mm
c =25mm
d = 50 mm
e = 75 mm
Solution:

2(a+e+ d)c(g) + 2ab(c + Ej
2 2

= = 37.50 mm
Yo 2(a+e+d)c+2ab i

2
2 3 c
—(a+e+d)c” +2(a+e+d)c -—1 ..
12( ) ( )(yc 2)

2
1 3 b
+2|:Eab +ab(c+§ - yc)}

Iy = 163 x 10° mm’

Problem 10-42

Determine the moment of inertia for the beam's cross-sectional area about the y axis.

Given:
a=25mm
b = 100 mm
c =25mm
d = 50 mm
e =75 mm
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Solution:
1 3 3 1 3 a 2
ly =—2"(a+d+e)c+2—ba +abjle+ -
12 12 2

ly = 94.8 x 10° mm*

Problem 10-43

Determine the moment for inertia I, of the shaded area about the x axis.

Given: ¥
= b [

a==6in T

b=6Iin i

c=3in

L N X

d=6Iin J

Solution:
ba3 1 3 1 3 4
ly =—+—ca +—(b+c¢)d Iy = 648in
3 12 12

Problem 10-44

Determine the moment for inertia I, of the shaded area about the y axis.

Given: y
e b e

a==6in T

b=6Iin i

c=3in

1 r I
d=6Iin J
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Solution:
3 2 2
B> 1 1 1 1 2(b
y= 2 Lad i taclb S  Lameode Zam o 229
3 36 2 3) 3% 2 3
ly = 1971in*

Problem 10-45

Locate the centroid y, of the channel's cross-sectional area, and then determine the moment of
inertia with respect to the x' axis passing through the centroid.

Given:
a=2in
b=121in

c=2in

d=4in

Solution:

Ebc+2(gi$yc+®a
2 2

bc+2(c+d)a

Ye =
Ye = 2in
2 2
1 3 c 2 3 c+d
Iy = —bc™ +bc -—| +—a(c+d) " +2a(c+d)| — -
X 1 (yc 2) 12( ) ( )( > YC)

128in”

<
I

Problem 10-46

Determine the moments for inertia I, and I, of the shaded area.

Given:
ri=2in
1020
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Engineering Mechanics - Statics

v

rho=6Iin
|
- _\
Solution: ,/< s \
f T b
| [ R |
4 : : A
Ayl 7r 4
Iy =|—-—— Iy = 503in
X 8 8 X
7ro 7r 4
ly=|—-—— Iy = 503in
y 8 8 y

Problem 10-47

Determine the moment of inertia for the parallelogram about the x' axis, which passes through
the centroid C of the area.

¥ A
| /
i
"—.:..” X
’ /
1 X
l B -
Solution:
h = (a)sin(6)
1.3 1 . 3 1.3 . 53
he = T;bh" = 12b[(a)sm(€)] = 52 bsin(6)
1 3 . 3
Ixc = Ea bsin(6)

Problem 10-48

Determine the moment of inertia for the parallelogram about the y' axis, which passes through
the centroid C of the area.
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] /
r f . X
Solution:
A = b(a) sin(6)
o— L b(a) sin(e)g _ l(a) cos(6)(a) sin(0) (a)c—os(e)} _ w
C b(a) sin(6) 5 5 : ]
@ cos(9@ sin(a>[b + <>_3<9>}

ly = () sin(6)b% + (a)sin(6)b| 2 2
y = 75 (@sin + (@)sin 57X -
)
n ‘&(a) sin(0)[(a)cos(6)]° + %(a) sin(6)(a) cos(6) [XC B (a)c—?(ﬂ }

2
+ %(a) sin(6)[(a)cos(0)]° + %(a) sin(6)(a) cos(&)[b + (a)c—gs(e) - xc}

Simplifying we find.

ab(,2 2 2) .
ly = E(b +a cos(@) )sm(@)

Problem 10-49

Determine the moments of inertia for the triangular area about the x' and y' axes, which pass
through the centroid C of the area.
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¥ ¥
/\\_
H“\
h 4, .
L v A
Solution: Y
""" X
. ‘ I |
1 f
Iy = —bh° ’ !
36
2 1 b-a)l
Zazha+|a+2=2|=nb-a)
3 2 2 b+a
Xe = 1 1 T3
—ha+—=h(b-2a)
2 2
3 1 b+a22 1 3 1 b-a b+a2
ly = —ha”+—h —-—a| +—h(b-a) " +=h(b-a)|a+ -
36 2 3 36 2 3

Problem 10-50

Determine the moment of inertia for the
beam’s cross-sectional area about the x'
axis passing through the centroid C of
the cross section.

Given:
a = 100 mm
b =25 mm
¢ = 200 mm
6 = 45 deg
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Solution:

Iy = %[Za[Z(csin(H) + b)]s}
+ 4[%(&03(0)) (csin(@))ﬂ - 2[304(0 - %sin(ze)ﬂ

4

Iy = 520 x 10 mm”

(¢ sintd+2h
o xinf

Y

Chapter 10

Problem 10-51

Determine the moment of inertia of

the composite area about the x axis.
Given: e 2 -
|I' :
o ' ~ v =2al1-(5) )
a=2in . N \\\ d
b =4in ' [ = ':
c=1in T o
L v
d = 4 |n - | -
Solution:
d
1 3 7rc4 2 2 ( 1 X 2 ’
Iy =—=(a+b)(28)" - | — +nc"a |+ —|2a1-|— dx
3 4 3 d
0
Iy = 153.7 in’
1024
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Problem 10-52

Determine the moment of inertia of
the composite area about the y axis.
- i -l h =
Given: .
1 | - "'--.H‘{. _1.' sy | {Jr ': “|_| ]I
a=2in i T Ny
¥ _'rf .\'| \\
b=4in i I'\' ‘L/l -/_-' _“
i — \
c=1in } i .
d=4in N d —
Solution:
d
1 3 7Z'C4 2.2 2 X 2
ly =—(2a)(a+b)” —| — +7C"b" | + X 2a1-|—]| |dx
3 4 d
0
. 4
ly =271.1in
Problem 10-53
X
Determine the radius of gyration k, for the column's d

cross-sectional area.

Given:

a = 200 mm

b = 100 mm

Solution:

2
1 1 b
Iy = —(2a+b)b> +2 —ba +ba| 2 + 2
12 12 272

i
ky = X ke = 109mm
b(2a + b) + 2ab
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Problem 10-54

Determine the product of inertia for the shaded portion of the parabola with respect
to the x and y axes.

Given: ¥ ¥

®
Il
()
=
i
5]
S

! . b

Ixy = Xy dy dX Ixy = 000 m4

Also because the area is symmetric about the y axis, the product of inertia must be zero.

Problem 10-55

Determine the product of inertia for the shaded
area with respect to the x and y axes.

2] - ) —
/"'-....’- fi
Solution: ' ¥
. b o
1
b h(f)
b 3 2.2 3,22
Iy = xydydx=— b~ h lyw = —b™h
Xy 0 JO y ay 16 Xy 16
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Problem 10-56

Determine the product of inertia of the shaded area of the ellipse with respect to the x
and y axes.

Given: N

a=4in

b=2in | v _|: . VY _

3]

Solution:

a

a
2
( b 1—@) )2 A
Ixy=J —b 1—(—) dX Ixy=800|n
0

Problem 10-57

Determine the product of inertia of the parabolic area with respect to the x and y axes.

f yoooy=bva'?

P
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Solution:

2
a X 1 3b 122
Iy = X b[/[—dx=—a — Ilhw=—a"b
i 2 )Jya 6 a Y

Problem 10-58

Determine the product of inertia for the shaded area with respect to the x and y axes.

Given: .
a=28in |- Yyoa ¥ o
L b i e w)
; \ — g
b=2in " f,};f——-—“_ " ;; R !
} v ; i X w2) t
et _I i
- d - 3 a
Solution:
a
( 1
3 1
X il
a X .4
Iyy = X——=—b|—| dx Iyy = 48.00in
. o[ %) .
0

Problem 10-59

Determine the product of inertia for the shaded parabolic area with respect to the x and y axes.

Given: |
a=4in
i '|'. -
b=2in rr - ;
Solution: b
Iy = X b Xb X dx i | |
Xy 24 a 4 a
0
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Chapter 10
X
lyy = 10.67in" o
T
/T )
r'llr 2 4 L] T
—
Problem 10-60
Determine the product of inertia for the shaded area with respect to the x and y axes.
N
..II-
_1.'3 =pt |:| %|
[ - T /"'"-- ) I X, ¥l ¥ '
—— ;e v =h1 =

X, W2

Given:

Solution:

a

b X X 4
Iy = X—|1-—1b[1-—dx Iy = 0.333 m

0

Problem 10-61

Determine the product of inertia for the shaded area with respect to the x and y axes.
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Solution:

Chapter 10

(22, v) T
d'_‘l' -
‘vl h
_\'—%.1" }
I
3 .22
Iyw=—h"b
Y 16

Problem 10-62

Determine the product of inertia of the shaded area with

respect to the x and y axes.

Given:
a=4in
b=2in

Solution:

i
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Problem 10-63

Determine the product of inertia for the shaded area with respect to the x and y axes.

b

f/ ! i

[

— X
‘ |
Solution:
2 2.2
n
b x X ab -
Iy = [ ¥ = 2= b2 dx Iy = ——— provided n = -1
J 2 AN 4(n+1)

0

Chapter 10

Problem 10-64

Determine the product of inertia for the
shaded area with respect to the x and y axes.

Given:
a=4ft

Solution:

Ixy=J
0
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Problem 10-65

Determine the product of inertia for the shaded area with respect to the x and y axes. Use Simpson's
rule to evaluate the integral.

Given:
¥ i
a=1m I,I.=||]f_.-'.v're."
b=08m (5 3)
- [x, W3]
h Vi X
X | a !
Solution:
a
a
[ 2 2
1 X
NONS
Ixy = J X(E)e be dX Ixy =
0
Problem 10-66 "
Determine the product of inertia for the parabolic
area with respect to the x and y axes.
- i -
Given: :
a=1in
b=2in
Solution: b
_.i: ! h .:' _:I; _|
Due to symmetry about y axis J )
Iy =0 ! \“ :
a
X2
b+b—
a2 x2 4
Ixy =J X b—b_2 dX Ixy=000m
a
-a
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Problem 10-67

Determine the product of inertia for the
cross-sectional area with respect to the x and y axes
that have their origin located at the centroid C.

Given:
a =20mm
b = 80 mm
¢ = 100 mm
Solution:

c(b a
IXy = ZbQE(E—E)

Iy = 4800000.00 mm"*

Problem 10-68

Determine the product of inertia for the beam's cross-sectional area with respect to the x and y axes.

Given: v
a=121in
b=8in
c=1in
d=3in
!
Solution: - “

R eI C R

Problem 10-69

Determine the location (x, y.) of the centroid C of the angle’s cross-sectional area, and then
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compute the product of inertia with respect to the x' and y" axes.

Given: v ¥
a =18 mm
— X —
b = 150 mm e B
4
Solution:
b
2lab +a(b—a) 2F
L \2 2
¢ ab +a(b - a) "
XC:44.1mm C i 3
| Y
2lab+ |2 lai-a) i T
— 2 2 I il
Yo = T b a(b-a)
Yo = 44.1mm
al(b a\(b a
Iy =ab-—|xe—=||= - +ab-a) - —|yc—=||l=+=—x
X'y (c 2)(2 YC) ( ) (YC 2)(2 2 c)

Iy = —6.26 x 10° mm"
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Problem 10-70 ¥
Determine the product of inertia of the beam’s )
cross-sectional area with respect to the x and y axes aql, e
that have their origin located at the centroid C. P
i
Given:
a=5mm
b =30 mm
—
¢ =50 mm c
Solution: Y < il
o
a+b a a !
a(b-a) +cal — | X o '
2 2
XC =
a(b-a) +ac

Xc = 7.50mm

a(b-a) (g) + ca(%)

Yo = a(b-a) +ca

Yc = 17.50 mm

Iyy = (b a)aE a+h X +acE X ¢
Xy = 2 Ye > c > X3 Ye

lyy = ~28.1 x 10° mm"

1035

© 2007 R. C. Hibbeler. Published by 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.



Engineering Mechanics - Statics Chapter 10

Problem 10-71

Determine the product of inertia for the shaded area
with respect to the x and y axes.

Given:

a=2in

I
b=1in ./ \
c=2in (I—-/

d=4in

-

Solution: ‘

d
hy = 2a(c+ d)a(c%j _ zb%ad

Problem 10-72

Determine the product of inertia for the beam's cross-sectional area with respect to the x and y
axes that have their origin located at the centroid C.

Given:

a=1in b=5in c¢c=5in

Solution:
a b a i
Iy = 2ba| = ——|[c+ =
o - 233 er )
3] a2
.4 |
Ixy = —110 In X C i i
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Problem 10-73

Determine the product of inertia for the b
cross-sec-tional area with respect to the x ' '

and y axes. ) ]
Given:
I|I
a=4in 1
. 4]
b=1in 1 ,
¥ i
c=6Iin
Solution:

a 3b c\(b .4
Iy = bal—=||c+— chb+—=1| — kv = 72 in

Problem 10-74

Determine the product of inertia for the beam'’s cross-sectional area with respect to the u and
V axes.
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Given: y ¥
a-\
a = 150 mm \
L | e o .y
b = 200 mm _ L

t =20 mm \ §
\ _—
0 = 20 deg Y T
H
V/ L
[:' []
f——
1)
Solution: — : =

Moments of inertia I, and I;:

1 3 1 3
Iy, = —2a(2b)” — —(2a-t) (2b - 2t
X =] a(2b) 12(6 ) ( )

2 3 2 3
—t(2a —(b-1)t
12( )+12( )

=
Il

The section is symmetric about both x and y axes;
therefore 1,,= 0.

lyy = (IX; ijsin(za) + Iy cos(20)

Ixy = Omm4

Iy = 511.36 x 10% mm

ly = 90240000.00 mm"

lyy = 135 x 10° mm*

Chapter 10

Problem 10-75

Determine the moments of inertia 1, and 1, and the product of inertia I, for the rectangular area.The

u and v axes pass through the centroid C.

Given:
a =40 mm
b = 160 mm
6 = 30 deg
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Solution:

1 .3 1,3 4 N
Iy, = —ab ly = —ba lywv = 0 mm \
D) Y712 Xy

Iy + 1 Iy — 1
ly = X2 y +[ X2 yjcos(Z@)— IxySin(29)

Iy = 10.5 x 10° mm*

ly = (IX ’ ij - (IX ; Iyjcos(ze) ~ Iyysin(20)

2

ly = 4.05 x 10° mm* '

lyy = (IX; ijsin(za) + Iy cos(26)

lyy = 5.54 x 10° mm*

Chapter 10

Problem 10-76

Determine the distance y, to the centroid of the area and then calculate the moments of inertia
I, and I, for the channel’s cross-sectional area. The u and v axes have their origin at the

centroid C. For the calculation, assume all corners to be square.

Given: ¥
a = 150 mm L
b =10 mm
¢ =50 mm

—i-f] -
0 = 20 deg l:*"

—h—b-ﬂ—

it
e
x

gt
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Solution:

2ab2 4 2cb(b . 3)
2 2

2ab+ 2ch

Ye =

Chapter 10

Yo = 12.50 mm

1 3 b 2 1 3 c 2
Iy = —2ab™ + 2ab ——| +2—bc” +bc|b+—-
D) (yc 2) 12 ( 2 ycj

2
1 1 b
ly = —b(2a)% + 2 —cb®+ cbla- =
12 12 2
(By symmetry)

ly = (IX; ij ; (IX; Iyjcos(za) ~ Iyysin(20)

ly = (IX ’ ij - (IX; ijcos(Z@) + Iyysin(20)

2

Iy = 908.3 x 10° mm”

ly = 4353 x 10° mm"

Ixy = 0 mm4

Iy = 5.89 x 10® mm”

ly = 38.5 x 10° mm*

Problem 10-77

Determine the moments of inertia for the shaded area with respect to the u and v

axes.
Given:
a=05in a
. v L
b=4in /
/
c=5in TN
6 = 30 deg
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Solution:
Moment and Product of Inertia about x and y Axes: Since the
shaded area is symmetrical about the x axis,
1 3 1 3
ly = —2ac” + —b(2a
X7 1 2%
12

2
1 b 1
ly = —2ab3+2ab a+— +—c(2a)3
12 2

Moment of Inertia about the Inclined u and v Axes

ly = (IX; ij ; (IX; Iyjcos(zei) ~ Iyysin(20)

ly = (IX ’ ij - (IX; ijcos(Z@) + Iyysin(20)

2

Ixy = 0 |n4

Iy = 10.75in"

ly = 30.75in"

Iy = 15.75in”

ly = 25.75in"

Chapter 10

Problem 10-78

Determine the directions of the principal axes with origin
located at point O, and the principal moments of inertia for
the rectangular area about these axes.

Given:
a==6in
b=3in
Solution:
ly = —ba’ Iy = 216in”
1
ly = Sab’ ly = 54in*
ab .4
lyw = ——ab lyv = 81in
Xy 29 Xy
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tan(2¢9) =

1 Ixy
0 = —atan| 2
2 —Ix+ly
T P T
I = + +1
max 5 5 Xy
oty (=07,
Imin = - + 1
min 5 5 Xy

Iy — ly

60 = —-22.5deg
Imax = 250in”
Imin = 20.4in"

Chapter 10

Problem 10-79

Determine the moments of inertia I, I, and the product of inertia I, for the beam'’s cross-sectional

area.
. ¥
Given:
0 = 45 deg |
5 = I
a=28in
b=2in d
c=2in
- o
. - ;
d =16 1in 7 ) —
f
&l o o
_ ) }-hl-hl- g ;
Solution:
2 3 1 3 d)? 3. 4
Iy = =(a+b)c” +—2bd” + 2bd| — Iy = 5.515 x 10~ in
3 12 2
1 3 1 3 3.4
ly = —J[2(a+b)]c+—(2b)"d ly = 1.419 x 107 in
y 12[ ( )] 12( ) y X
Ixy = 0 |n4
Ix+1ly Ix—ly . 3.4
ly = ——+ cos(26) — Ixysin(26) Iy = 3.47 x 10”in
Ix+1ly Ix—ly . 3.4
ly = —— - cos(26) + Ixysin(26) ly = 3.47 x 10%in
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Iy — |

y sin(2¢9) + Ixy cos(2¢9)

lyy = 2.05 x 10°in*

Chapter 10

Problem

10-80

Determine the directions of the principal axes with
origin located at point O, and the principal moments
of inertia for the area about these axes.

—Ix+ 1y

Given:
a=4in
b=2in
c=2in
d=2in
r=1in
Solution:
1 3 ﬂr4 2 2
Iy ==(c+d)(a+b)"—| — +ar a
3 4
1 3 ﬂr4 2 2
ly =-(a+b)(c+d)” —| — + 71 d
3 4
a+b)d+c
ly = | — “Cla+b)(d+c) —darr
2 2
_| l
tan(2 Hp) = al Hp = — atan| 2
I—ly 2
2
gpz =90 deg + epl
T P T
= + +1
max 5 > Xy
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)

. h

|j/‘:\| A
A\

=

Iy = 236.95in"
ly = 114.65in”
lyy = 118.87in*

0p = —31.39 deg

Op1 = —31.39 deg

Op2 = 58.61deg

Imax = 309in’
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2
IX + |y IX — |y 2 4
Imin = > —\/( > + Ixy Imin =42.1in

Problem 10-81

Determine the principal moments of inertia for the

beam'’s cross-sectional area about the principal |
axes that have their origin located at the centroid C. =
Use the equations developed in Section 10.7. For

the calculation, assume all corners to be square.

. 3
Given: a=4in b=4Iin tzgin

Solution:
1 3 t 2 1 3 2
I, = 2 —at® +at|b-—]| |+ —t(2b— 2t o
X712 ( 2) 12" ) If
Iy = 55.55in"
1 3 a-t t 2 1 3 4
ly = 2 —t(a-t)  +t(a-t)| — +—| | + —2bt Iy = 13.89in
y =gt )( 2 2) 12 y
a-t ([t t 4
Iy = 2l — +|—=|llb-——=|t(a—-t lyy = —20.731in
W [ 2 (2)}( 2)( : W
2
Iy + 1 Iy — |
Imaxz X y+ X y +|Xy2 ImaX:641|n4
2 2
2
|X+|y |X—|y 2 4
Imin = - + 1 Imin = 5.33in
min 2 \/( 2 Xy min
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Problem 10-82

Ft

Determine the principal moments of inertia for
the angle's cross-sectional area with respect to a gy L~
set of principal axes that have their origin located ;|'

at the centroid C. Use the equation developed in

Section 10.7. For the calculation, assume all
corners to be square. TG

Given:

a = 100 mm ¥

C X
b = 100 mm / ’
Ii' -
t =20 mm '

Solution:

th~ + (a— t)t(t+ a—_tj
2 2

Xe = Xe = 32.22mm
th + (a—t)t

b t
th—+ (a-t)t—=
2 ( )2

= = 32.22mm
Yo th+ (a- )t Yo

13 t 2 1 3 b 2 6 4
Iy = —t(a-t) +t(a-1t)| X ——=| +—tb” +tbh| = —-x Iy = 3.142 x 10" mm
X 12 ( ) ( )(c 2) 12 (2 c) X x

1 3 t2 1 3 a—t 2 6 4
ly = —=bt" +bt{xc—=| +—t(a-t) +t(a—-t)|t+ —— —X ly = 3.142 x 10" mm
P (c 2) 12( ) ( )( 5 cj y x

t\(b a—t t 6 4
Iyy = —|Xc—=|| ==Y |bt—| — +t—X - —=|(a-1)t lyy = —=1.778 x 10" mm
Xy (c 2)(2 ij ( > CJ(YC 2)( ) Xy X
Iy + 1 Iy — 1
Imaxz(xz y— X2 yj—lxy ImaX:492X106mm4
6 4
Iy + ly Iy — ly Imin = 2.22 x 10" mm
Imin = + +1
min > > Xy
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Problem 10-83

The area of the cross section of an airplane wing has the listed properties about the x and y axes
passing through the centroid C. Determine the orientation of the principal axes and the principal
moments of inertia.

Given: Iy =450in" 1y =1730in* 1y = 138 in*
Solution:
=2l 1 |
tan(26) = —2 0 = = atan| 2—2— 6 = 6.08 deg
- ly 2 “ix+ 1y
7
I+ 1 I — |
Imax = — + [| === + 1y Imax = 1745in”
2 2
7
I+ 1 Iy — |
Imin = . > Y ( X > yj + |xy2 Imin = 435in4

Problem 10-84

Using Mohr’s circle, determine the principal moments of inertia for the triangular area and the
orientation of the principal axes of inertia having an origin at point O.

Given:
a =30 mm
b =40 mm
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Solution:

Moment of inertia I, and I,

1 }
ly = —ba° Iy = 90 x 10° mm” 9
12
1
ly = —ab’ ly = 160 x 10° mm*
12
L - ¥
Product of inertia I,: ”,, b .
v
b V= (h ’;J )
T a
X a
IXy = J E(a— BX) dx IXy = 60 x 103 mm4 -+ N dx
0 "'I ™ (.
fi —_—
Mohr's circle : ¥
2 I X T
IX + |y 2 i X "]
OA = > - IX + Ixy b

OA = 69.462 x 10° mm”

I,
Ix+|y :
Imax = > + OA

(oo dyy) (‘r-.‘ Ly .0)
Imax = 194.462 x 10> mm" ;’/R{'i’ \‘ _
. .r: T o 1.0

Ix +ly
Imin = - OA (g » 1)
min ( 2 j (0 O™ __,,//

Wpin » &

Imin = 55.5 x 10° mm"*
Ixy 1 Ixy
tan(2¢9) =— ¢ = —atan| 2———— 6 = 29.9 deg
Ix +ly 2 —Ix+ly
— IX
2
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Problem 10-85

Determine the directions of the principal axes with origin
located at point O, and the principal moments of inertia
for the rectangular area about these axes.

Solve using Mohr's circle.

Given:
a==6in
b=3in
Solution:
1
ly = ~ba> Iy = 216in”
3
1
ly = Eab3 ly = 54in”
ab .4
lyy = ——ab lyy = 81in
Xy 29 Xy

| _ Ix +ly
max >
L Ix + 1y ~
min >

-1 Ixy
Op1 = —asin| —
S (Rj

Chapter 10

[ {

0
Iy
\
Ly 1
R = 114.55in”
Imax = 250in’
Imin = 20.4in"

Op1 = —22.50 deg

Op2 = 67.50deg
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Problem 10-86

Determine the principal moments of inertia for the
beam'’s cross-sectional area about the principal
axes that have their origin located at the centroid
C. For the calculation, assume all corners to be
square. Solve using Mohr's circle.

Chapter 10

Given:
a=4in I
. e 0 /‘r ' ‘r\ if )
b =4in ™~ 2 \
3 1 1 i
t==in ' R/
8
\'\"""\-\__ __,.:-'/
Solution:

2
1 t 1
Iy = 2 —at> +at{b—~]| [+—t(2b-20°
§P 2) |7 12

2

g 4 S

Ix + 1y
Imax— > + R

Ix + 1y
min = 5 -

2
1 3 a-t t 1 3
ly =2 —t(a—-t)" +t(a-t + = +—2bt
y _12( )+ 1( )( 2)} >

Iy = 55.55in"
ly = 13.89in*
lyy = ~20.73in"
R = 29.39in"
Imax = 64.1in"*
Imin = 20.45in”

Problem 10-87

Determine the principal moments of inertia for the angle's cross-sectional area with respect to a set
of principal axes that have their origin located at the centroid C. For the calculation, assume all

corners to be square. Solve using Mohr's ciricle.
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]

!
"'f I
[

/,-—-1 Bt 0) . I/ - \\lf. )

_ .\ij f

. i, + .f_ﬁ:

L a -|
Given: a = 100 mm b = 100 mm t =20 mm
Solution:
t -t
tb(—j F(a- t)t(t 4 a—)
2 2
Xe = Xe = 32.22mm
th+ (a— )t
b t
thl — | + (a—-Dt| —
= (2) ( )(2) = 32.22mm
T R Yo = o2
2 2
13 t 1 3 b 6 4
Iy =—t(a-t) +t(a-t)|xc—=| +—tb™ +th|=-x Iy = 3.142 x 10" mm
X 12( ) + )(c 2) 12 (2 c) X X
2 2
1 3 t 1 3 a—t
ly = —=bt" +bt|Xxc—=| +—t(a-t) " +t(a—-t)|t+— —X
T (c 2) St + )( > c)
ly = 3.142 x 10° mm"
| xo— (2~ yelbt— (2=t 4t —x La-nt Iy = ~1.778 x 10® mm*
= — _ — —_— — —_— —_ _— —_ = —1, X
Xy c 53 Ye > c|| Ye > Xy
Iy + 1)
R = (IX— X2 y) + Iy R = 1.78 x 10° mm*
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Ix + 1y
Imaxz > +R

Ix + 1y
Imin = 5 -

Chapter 10

Imax = 4.92 x 10° mm?

Imin = 1364444.44 mm”

Problem 10-88

Determine the directions of the principal axes with
origin located at point O, and the principal moments
of inertia for the area about these axes. Solve using

Mohr's circle

Given:
a=4in
b=2in
c=2in
d=2in
r=1in

Solution:

1 3 ﬂr4
Iy = E(C+d)(a+b) - T

1 3 ﬂr4
ly ==(a+b)(c+d)” - | — +
y = 3z(@+b)(c+d 2

2 2
Iy + ]2
R = |:|X—(X2 yj:| +|Xy2
Ix + 1y
Imax = >
Ix + 1y
Imin = 5 -

2 ZJ
rr a
7rr2 dzj

ly = (a ‘ b)(d ‘ C)(a +b)(d +¢) — darr?

1051
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=

Iy = 236.95in"
ly = 114.65in”
lyy = 118.87in*

R = 133.67in"

Imax = 309in’

Imin = 42.1in"
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-1 (Ixy
Op1 = 7asm Y Op1 = —31.39deg

B2 = 6p1 +g Op2 = 58.61 deg

Problem 10-89

The area of the cross section of an airplane wing has the listed properties about the x and y axes
passing through the centroid C. Determine the orientation of the principal axes and the principal
moments of inertia. Solve using Mohr's circle.

K
|
$

/

f:.'\
Given: Iy = 450 in*
( (1 1 i (f A1)
i min' U) ™ \\ L :nu.n.Ir t
ly = 1730 in* "
lyy = 138 in”
Solution:
o+ WY, y
R=JI%" + lyy R = 654.71in
Iy + Iy -
Imax = | —— +R Imax = 1.74 x 10%in
Iy + |
Imin = ( . > Y Rj Imin = 435in*
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Chapter 10
1 (Ixy
Op1 = 2 asin Y Op1 = 6.08 deg
Gp2 = 6Gp1 + 90 deg Op2 = 96.08 deg
Problem 10-90 \
The right circular cone is formed by revolving the shaded area
around the x axis. Determine the moment of inertia I, and F f
express the result in terms of the total mass m of the cone. The G T f’r
cone has a constant density p. RN /f’ I'| ;
|
Solution: / |
N ¥
h \ '
[ rx 2 1 2 ||
m:J ,07[? dx==hpanxr |
0 \ |
: v
3m f 1 (rx 4 3 2
Ik=——1| —z|—| dX=—mr —h—
2 J 2 \h 10
zhr
0
-
F=X
. h
3 2 /
Ik=—mr )
10 ¥ / -\\'u
HL{: II T X
e
dv

Problem 10-91

Determine the moment of inertia of the thin ring about the z axis. The ring has a mass m.

Rl

i >\
| J X
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Solution:
m = p27R m
= 7[ = ——

r » 27R
27T

| = M 1R%R dg = m R?

27R

0

Chapter 10

Problem 10-92

The solid is formed by revolving the shaded area
around the y axis. Determine the radius of gyration
ky. The specific weight of the material is 7.

Given:
a=3in
b=3in
|
;/:380—b3
ft
Solution:
b
y32
m = a| - d
rafal2) | o
Y0
b
y321 y32
ly = a| - —lal= d
A (b) 2 (bj Y
Y0
I
y
k — -
y m

- —

v’ﬂ_‘-
i
—
-
-
-
A0
" |TI II = A
| L o
"'-.;.-"

™ il

m = 2.66Ib
ly = 6.46 Ib-in’
ky = 1.56in
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Problem 10-93

Determine the moment of inertia I, for the sphere and express the result in terms of
the total mass m of the sphere. The sphere has a constant density p.

Solution:
anr’ 3m
m=pr—- p=—7
4rr
r
1( 3m 2 2
Ix = —(—j P - xz)(r2 - XZ) dx=—=mr Ix==m %
2 3 5
47r

Problem 10-94

Determine the radius of gyration k, of the paraboloid. The density of the material is p.

Y

(3] =4

] I

Units Used: Mg = 1000 kg
. M
Given: p =5 —g a=20mm b =100 mm
m
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Solution:
[ (v
b
mp = J pﬁ(—xj dx mp = 15.71 kg
a
0
fa 2 2
1 b b _
= | Zp ﬁ(—xj[—)(} dx Iy =5236x 10 °kg-m?
J 2 a a
0
Ix
kX = — kX = 577 mm
Mp

Chapter 10

Problem 10-95

Determine the moment of inertia of the semi-ellipsoid with respect to the x axis and
express the result in terms of the mass m of the semiellipsoid. The material has a
constant density p.

| X
\
AN
d {
Solution:
ra
2 x2 2 3m
m = pab’|l-—|dx=—=apzb p =
2 2
a 2rzab
Y0
ra 5 5
1 3m X X
= | = 27rb21——2 b21——2 dx = < mb? Iy = < m b2
2 2rab a a
Y0
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Problem 10-96

Determine the radius of gyration k, of the body. The specific weight of the material is y.

Given:
y
Ib ' ,
y =380 — i_g_‘;]'
ft® N A
- B
a=38in : i
— g Ty
b = 2 in .-"".___ ’ I|I
Solution: L il J
a
2
3
2(x
Mmp = y b (—) dx mp = 13.26 Ib
a
2 2
2( X 3 2
Iy = —77rb b (—j dx Iy = 0.59slug-in
a
0
lx
kX = — kX = 120|n
mb

Problem 10-97

Determine the moment of inertia for the ellipsoid with respect to the x axis and express the result in
terms of the mass m of the ellipsoid. The material has a constant density p.

X

—— i 3 ¥
S ts=1—
\ Ill:l at I,l._,-
L
1
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Solution:

2
Iy =—mb
X5

Chapter 10

Problem 10-98

the homogeneous pyramid of mass m

with respect to the z axis. The density

of the material is p. Suggestion: Use a £
rectangular plate element having a

volume of dV = (2x)(2y) dz. .

Determine the moment of inertia of ‘

Solution:
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Problem 10-99

The concrete shape is formed by rotating the shaded area about the y axis. Determine the moment of
inertia l,. The specific weight of concrete is y.

Given: ¥
Ib .
y = 150 — ¥
ft b
a==6in
b=4Iin
c=28in X
Solution:
C
1 2 2 [ 1 a2y a2y 2
ly = syz(a+b)cla+b)”— | —yr—=|——dy ly = 2.25slug-ft
2 J 2 c c
0

Problem 10-100

Determine the moment of inertia of the thin plate about an axis perpendicular to the page and passing
through the pin at O. The plate has a hole in its center. Its thickness is ¢, and the material has a

density of p
Given:
a=140m ¢ =50 mm
k
b = 150 mm p:50—%
m
"
Solution:

1 1
Ig = —pazc(a2 + aZ) - Ep ﬂbZC b2

12
IG = 1.60kg-m? ¥ X
lp=Ig+ md2
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2 2
m=pac—pabc
m = 4.7233 kg

lg = Ig + m(asin(45 deg))2

lo = 6.23kg-m°

Problem 10-101

Determine the moment of inertia I, of the frustum of the cone which has a conical depression. The
material has a density p.

Given:
k
p =200 2 b
3 \ A
m b P
a=04m 1
b=02m
c=06m
d = 08 m 'I: 1 ) ¥ t
Solution: g |
h - da
a-b
3 1 2 2 3 1 2 2 3 1 .2 2
I, = —|p|l=na"h||la”™——|p|—ma c||la ——|p|=2b"(h-d)||b
; 10[p (3” ﬂ 10[p (3” ﬂ 10[p [3” ( )ﬂ
I, = 1.53kg-m?

Problem 10-102

Determine the moment of inertia for the assembly about an axis which is perpendicular to the
page and passes through the center of mass G. The material has a specific weight 7.

Given:

a=05ft d = 0.25 ft
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Solution:

1 1 1
Ig = E;/;z(a+ b)ze(a+ b)2 - E}/ﬁbz(e —d) b’ - EV”CZdCZ G\

g = 1185lug-ft>

Chapter 10

Ll

Problem 10-103

Determine the moment of inertia for the assembly about an axis which is perpendicular to the page and

passes through point O. The material has a specific weight y.

Given:
a=05ft d=025ft .
b=2ft e =1ft
Ib
c=1ft =90 —
ft d—g
b |
Solution: W=
1 1 1
6 = Srm(a+ b)%e(a+b)? — Embz(e —d)b’ - Emczolc2
2
Ig = 118slug-ft
2 2 2
M=yz(a+b)e-yzb (e-d) - yzcd M = 848.23Ib
2 2
lop=Ig+M(a+Dh) lo = 283slug-ft
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Problem 10-104

The wheel consists of a thin ring having a mass M, and four spokes made from slender rods, each
having a mass M,. Determine the wheel’s moment of inertia about an axis perpendicular to the page
and passing through point A.

Given:
M1 = 10 kg
My = 2 kg mm————
a = 500 mm

Solution:

1

Ig = M1a2+4§M2a2
2

Ia = Ig+ (M1 +4Mp)a

Ip = 7.67 kg-m?

Problem 10-105

The slender rods have a weight density y. Determine the moment of inertia for the assembly
about an axis perpendicular to the page and passing through point A.

Given:
Ib
o3l e
ft
a=15Mt !
b=1ft
| | +
c=2ft ]
Solution: b

1 1
| = E7(b+c)(b+c)2+Eyza(2a)2+ pacc |

| = 2.17 slug-ft?
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Problem 10-106

Each of the three rods has a mass m. Determine the /A
moment of inertia for the assembly about an axis which is F % \
perpendicular to the page and passes through the center h %
point O. i

Solution: A N

. 2 £y "l
1 2 asin(60 deg) ¥/ 4 L\
lo=3 o M —— {4 ) )

3

lp=—ma

Problem 10-107

The slender rods have weight density . Determine the moment of inertia for the assembly
about an axis perpendicular to the page and passing through point A

Given:
V= Tt ALE T
a=15ft
Ia
b=2ft
I ]
[ il o |
Solution:
1,2 1 2 2 2
Ia = S/bb" + 72a(20)" + /(23) b Ia = 1.58slug ft

Problem 10-108

The pendulum consists of a plate having weight W, and a slender rod having weight W,

Determine the radius of gyration of the pendulum about an axis perpendicular to the page and
passing through point O.
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Given:
T L
Wp =12 Ib a=1ft i —
p
Wr =41b b=1ft - , _\_ o ——e
c=3ft
d=2ft
Solution:

2

2
1 2 c+d 1 2 2 b
lp = —Wr(c+d) +W —-c| +—Wpla~+b")+Wp|Cc+—
0=77 r(c+d) r( 2 ) T p( ) p( 2)

lo
ko = |[——— kg =3.15ft
Wp + Wr

Chapter 10

Problem 10-109

Determine the moment of inertia for the overhung crank about the x axis. The material is steel
having density p.

Units Used: " . ;
Mg = 1000 kg O i
Given: L
Mg ‘
p =7.85 — X 2
m
a=20mm i
¢ A
b =20 mm _l_l ' f
_— 1

¢ = 50 mm —1“"

d = 90 mm
e = 30 mm
Solution:
a 2
m = pﬁ(z) c m = 0.12 kg
M = p2dbe M = 0.85 kg

1064

© 2007 R. C. Hibbeler. Published by 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.



Engineering Mechanics - Statics Chapter 10

2
P ENE 02 Lule? s &
IX—Z{ m(z) +m(d e)}rle[(Zd) +e}

8 2

Iy = 3.25 x 10 ° kg-m

Problem 10-110

Determine the moment of inertia for the overhung crank about the x' axis. The material is steel
having density p.

Units used:
a — P
Mg = 1000 kg (\___\I .
A ey
Given: L i
M o
o =785 9 :
me X 2d
a =20mm i
b =20 mm x A ¥
¢ = 50 mm _1_ 1
5] .
d = 90 mm o ¢
e = 30 mm
Solution:
a 2
m = pﬁ(z) c m = 0.12 kg
M = p2dbe M = 0.85 kg
1 (a)? 2| 1 [ 2 2}
Iy =2l—m|{—=| +m(d-¢)"|+—M|[(2d)" + e
X > (2) (d—e) T (2d)
2 -3 2
Iy = Ix+ (M +2m)(d—e) Iy =7.19%x10 ~ kg-m
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Problem 10-111

Determine the moment of inertia for the solid steel assembly about the x axis. Steel has a specific
weight 7.

Given: r

a=2ft o
. &

e

1
|
|
|
|
|
|II
o
-

b=3ft C——

0.5 ft

o
I

o
I

0.25 ft
Ib
yst = 490 =
ft
Solution:

ho_ca
c-d

2 02 T2 302 T2 3d2
Iy = c bl — —Cchh— | -—d"(h-2a)| —
x = 7sy e bl o J g Sy ) -3 (h=a) g

Iy = 5.64 slug: ft

Problem 10-112

The pendulum consists of two slender rods AB and OC which have a 0
mass density p,- The thin plate has a mass density o, Determine the

location y, of the center of mass G of the pendulum, then calculate
the moment of inertia of the pendulum about an axis perpendicular to
the page and passing through G. _ b
Given:

k
3 X9

Pr =
m
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c=01m
d=03m
Solution:

b
bpr- + 7d? pg(b + d) — 7¢°pg(b + d)
Yo = > > Yo = 0.888 m
bor + nd” ps — 7C"ps + prla

1 2 2 1 2
lg = —2apr(2a)” + 234 + —bprb
G 17 por(2a) OrYc 1 Or

2
b 1
+ bpr(E - yc) + Eﬂ'dzpsdz + ﬂ'dzps(b +d- yc)2
1

+ Eﬂ'CZpSCZ - ﬂCZps(b +d- yC)2

Ig = 5.61 kg-m>

Problem 10-113

Determine the moment of inertia for the shaded area about the x axis.

Given:
a=2in 1
b=8in 1 X
Solution:
b :
1
2 (Y 3
Iy = y a(g) dy
0
Iy = 307in” e ‘
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Problem 10-114

Determine the moment of inertia for the shaded area about the y axis.

Given:
a=2in
b=8in |
Solution:

ly = L xz{b - b@ﬂ dx

ly = 10.67in*

Chapter 10

Problem 10-115

Determine the mass moment of inertia I, of the body and express the result in terms of the total

mass m of the body. The density is constant.

— "

l ¥= %.1‘ + 1 ~_

- .
“ ""——\_\___\_
—
R
-
a |

Solution:

1068
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a
2 2
1/ 3 b b 93
Ix = - m2 ﬁ(—x+b) (—X bj dx:—mb2
2 Trab a a
0
93
IX——mb2
70

Chapter 10

Problem 10-116

Determine the product of inertia for the shaded area with respect to the x and y axes.

Given: "
a=1m Al
b=1m
‘ b
b
| | :
Solution: X
b
1 1
1 y 3 y 3 4
Iy = —val=| a|=| d lyy = 0.1875 m
Xy 2)/ (b) (bj y Xy
0

Problem 10-117

Determine the area moments of inertia I, and I, and
the product of inertia I, for the semicircular area.

Given:
r = 60 mm g ]
0 = 30 deg ' :
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Solution:
7rr4
Iy = — ly =1
X 8 y X
Ixy = 0 mm4

e+ 1y Iy—1
ly = X2 L X2 Y cos(26) - 1yysin(26)

I +ly  Ix—ly
-

ly = cos(26) — Ixysin(26)

Iy — |

lyy = Y5in(20) + Ixy cos(26)

Iy = 5.09 x 108 mm®

Iy = 5.09 x 10° mm*

Iuvzom

Chapter 10

Problem 10-118

Determine the moment of inertia for the shaded area about the x axis.

Given:
a=3in
b=9in

Solution:

b

2 [ y
Iy = y a 1—de

0

I = 333in”

. .'1[] 1:'|
’ a-

Problem 10-119

Determine the moment of inertia for the shaded area about the y axis.

1070

© 2007 R. C. Hibbeler. Published by 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.



Engineering Mechanics - Statics

Given:

a=3in

b=9in

Solution:

Iyz Xbl——

ly = 32.4in

Chapter 10

Problem 10-120

Determine the area moment of inertia of the area about the x axis. Then, using the parallel-axis
theorem, find the area moment of inertia about the x' axis that passes through the centroid C of the

area.
Given:
a = 200 mm
b =200 mm
Solution:
b

Iy = y22a/jz dy

0

Find the area and the distance to the centroid

b

’y
A= 2a [=d
b y

0

d

Iy = 914 x 10° mm

A = 533 x 10° mm

4

2
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Chapter 10
b
L vea Y — 120.0mm
Yo = A y b y Yc = :
0
e = Iy — Ay I = 146 x 10° mm*
Problem 10-121
Determine the area moment of inertia for the triangular area about (a) the x axis, and
(b) the centroidal x' axis.
v
dy
lj - "
h .
T - X . H J ¥
% ¢ \ hi3: J_f \
T T s L | X

b

Solution:
" b 1
2 3
ly = —(h-y)dy=—-h%b
X y h( y) dy -
0
3 2
bh 1
v =———b E =ih3b
12 2 3

1. 3
Iy = —bh
T 12

1
Ix'=_bh

36

Problem 10-122

Determine the product of inertia of the shaded area with respect to the x and y axes.

Given:
a=2in
b=1in
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Solution:
b
a |y y
Iy = — |=ya[=d
Xy 2/;)’ /; y I . |
0 :
.4 I p
lyy = 0.6671in -
Xy -________.--:E_ I
1 _____-"'--FF o
el T
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