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10-1.

Determine the moment of inertia for the shaded area about y

the x axis. 2

y=x'

SOLUTION

Differential Element. The area of the differential element parallel to the y axis
shown shaded in Fig. a is dA = ydx. The moment of inertia of this element about
the x axis is

dl, = dI; + dAy?

1 5 y\?
= — + =
15 (dx)y ydx(2>
1
= §y3dx

1
= g(x%)e’dx

1
= gxfdx

Moment of Inertia. Perform the integration.

1m
1
I, = /d]x=/ —x2dx
0 3
1m

Ans.

Ans:
() I, = 0.133 m*
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10-2.

Determine the moment of inertia for the shaded area about y

the y axis. 2

y=x'

Im |

SOLUTION

Differential Element. The area of the 1differential element parallel to the y axis
shown shaded in Fig. a is dA = ydx = xdx.

Moment of Inertia. Perform the integration,

1m .
I, = /xsz = / x*(x2dx)
A 0

1m

(SIS

Il
NS
=

2
= ?m“ = 0.286 m* Ans.

Ans:
I, = 0.286 m*
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10-3.

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

SOLUTION

Differential Element. Here x = 2(1 — y?). The area of the differential element

parallel to the x axis shown shaded in Fig. a is dA = xdy = 2(1 — y*)dy.

Moment of Inertia. Perform the integration,

1m
I, = / ydA = / Y21 = y*)dy]
A 0

Im
=2[ O —yHdy
0
5 5 Im
o2
35
0

4
= Em“ = 0.267 m*

ﬁ‘;)
- lwe

()

Ans.

2 m

Ans:
I, = 0.267 m*
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*10-4.

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

2 m |

SOLUTION

Differential Element. Here x = 2(1 — y?). The moment of inertia of the differential
element parallel to the x axis shown shaded in Fig. a about the y axis is

dl, = dfy, + dAX?
1 3 x\?
= + =
12 (dy)x xdy(z)
1
= §x3dy

1
=520 - )1 dy

8
=30+ 3y = 3yt 4 Dy

Moment of Inertia. Perform the integration,

1m
8
I, = /dl =- (—y° + 3y* — 3y? + 1)dy

3J0

8( ¥y 3 )“ﬂ

=—(-=+Zy -y +

3( 7 Sy y y .

_ 128 4

= 105m =122 m Ans.

N

Im

ﬁ‘;)
- lwe

[

Ans:

(&) =122 m
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10-5.

Determine the moment of inertia for the shaded area about

the x axis.

SOLUTION

Differential Element. Here x = \/570)1%. The area of the differential element parallel

<— 100 mm —

200 mm

1
~— 77)62

Y750

to the x axis shown shaded in Fig.ais dA = 2x dy = Z@y%dy.

Moment of Inertia. Perform the integration,
200 mm .
I = / VdA = / yz{zﬁyzdy}
A 0
200 mm

= 2\/570/ y%dy
0

200 mm
2
_ 2\/53(;@
0

= 457.14(10°) mm*

= 457(10°) mm*

'( /00mm | /oomm

A00 mm
P

Ans.

()

Ans:
I, = 457(10°) mm*
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10-6.

Determine the moment of inertia for the shaded area about

the y axis.

SOLUTION

<— 100 mm —

200 mm

1
~— 77)62

Y750

Differential Element. Here x = \/50y2. The moment of inertia of the differential

element parallel to x axis shown in Fig. a about y axis is

V50

1 2 2 1
dl, = (@)@ = Sy = S (V504 dy = 1

Moment of Inertia. Perform the integration,

200 mm
100V50 s
I, = /dly = /0 fyzafy

200 mm
~100V/50 (g >

3 \5)
0

53.33(10%) mm*
= 53.3(10°) mm*

'( /00mm | /oomm

A00 mm
P

()

Vady.

Ans.

Ans:
I, = 53.3(10°) mm*

1017




© Pearson Education Limited 2017. 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.

10-7.

Determine the moment of inertia about the x axis.

SOLUTION

Differential Element. Here x = a

1

to the x axis shown shaded in Fig.ais dA = (a — x)dy = <a - ily%)dy.
bﬁ

Moment of Inertia. Perform the integration,

a i
ly")dy

b
Ix=/y2dA=/y2<a—
A 0 b
b a 1
[ -2}
0 b
b
-7 - (e
37 b m+1) n
0
Lo () s
= zab (3n+1)“b

__ab
3(3n + 1)

G_
JT
Al

y%. The area of the differential element parallel

Ans.

Ans:
3
Lo
33n + 1)
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*10-8.

Determine the moment of inertia about the y axis.

SOLUTION

Differential Element. The area of the differential element parallel to the y axis

b
shown shaded in Fig. a is dA = ydx = a7x”dx.

Moment of Inertia. Perform the integration,

“ (b
I, = /xsz = /x2<fx”dx>
an
A 0

a

7x”+2dx
0 a

N a£<n -1i- 3)(xn+3)

a’b
n+3

a
0

Ans.
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10-9.
Determine the moment of inertia of the shaded area about y
the x axis.
y = asin gx
a
SOLUTION )
a a |
Differential Element: The area of the rectangular differential element in Fig. a 2 2 |

is dA = y dx.The moment of inertia of this element about the x axis is
_ _ 1 2 1 1 3 3
dl, = dI, + dAy® = E(dx)y3 + ydx<;> = §y3 dx = 3<a sin Zx) dx = % sin® gx dx.

Moment of Inertia: Performing the integration, we have

I, = /dlx = .O“a; sin3<Zx>dx
~5{lseme (3 s - 2]
(m/a)

4
4a Ans.

97r

0
a
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10-10.

Determine the moment of inertia of the shaded arca
about the y axis.

SOLUTION

Differential Element: The area of the rectangular differential element in Fig. a is
dA = ydx = asin <Zx>dx.

Moment of Inertia: Applying Eq. 10-1, we have

a
LT
I, = /xsz = / x2<a sin x>dx
A 0 a
al , T a? LT 24° T
=a| ——| x“cos —x | + —| 2xsin —x | + —5 cos —x
T a T a T a

a

0

‘-4
_ (77 - a Ans.
-

y:asingx

Fa/z

()
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10-11.

Determine the moment of inertia about the x axis.

SOLUTION
1
Differential Element. Here,y = 5 \/4 — x%.The moment of inertia of the differential

element parallel to the y axis shown shaded in Fig. a about x axis is

dl, = dI, + dAY?

1 5 v)?
— + P
12(d)c)y ydx(2>

1
§y3dx

1/1 ’
f(f\/ 4 — x2> dx
3\2
1
= ﬁ\/ 4 — x»)’dx
Moment of Inertia. Perform the integration.

2m
1. /773
Ix:/dl)(: ﬁ (4—x2)3dx
0

2m

_ 1
9

{x\/(4 - x»)*+ 6x\V4 — x* + 24sin”! %}

0

L

m Ans.

1m

X+ 4yt =4
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*10-12.

Determine the moment of inertia about the y axis.

SOLUTION
1
Differential Element. Here, y = 5\/4 — x% The area of the differential element
1
parallel to the y axis shown shaded in Fig. a is dA = ydx = 5 V4 — x%dx
Moment of Inertia. Perform the integration,
2m 1
I, = /xsz = / xz[*\/4 - xzdx}
A 0 2
1 2m
=5 x*V4 — x¥dx
0
1 1 2m
= {—E 4 —-x») + f(x\/4 —x? + 4sin”! f)}
2 4 2 2/ 1l
= gm“ Ans.

(&)

1m

X +4yr=4

2m
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10-13.

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

SOLUTION

Differential Element. Here, x = Zy%. The area of the differential element parallel to
the x axis shown shaded in Fig. a is dA = xdy = 2y dy

Moment of Inertia. Perform the integration,

5 8m 5 .
I, = / ydA / Y (2y* dy)
A 0

Sm7
2/ yidy
0

= 6144 m* = 614 m* Ans.

<+m
(4)

Ans:
I, = 614 m*
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10-14.

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

SOLUTION

Differential Element. The area of the differential element parallel to the y axis,
1
shown shaded in Fig. a,is dA = (8 — y)d, = (8 - §x3)dx

Moment of Inertia. Perform the integration,

4m 1
I, = /xsz = / x2(8 - fx3) dx
A 0 8
4m ) 1 S
= 8x° — —x’ | dx
0 8

4m
_ §3_L6)
_(3x 48"

0

= 8533 m* = 85.3 m* Ans.

| e

om 8-y'

Ans:
I, = 853 m'
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10-15.

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

SOLUTION

Differential Element: The area of the differential element shown shaded in Fig. a is
dA = (rdb)dr.

Moment of Inertia: Applying Eq. 10-1, we have

a2 ry
I, = /xsz = / / r? cos’ O(rd6)dr
A —a/2.J0
/2 pry
= / / 3 cos?0drdo
—a/2J0

a/2 1’4 o
= / cos?6d6
—a/2 4 0
a/2r 4
= / L cos?0de
—af2 4

1
However, cos’>§ = E( cos20 + 1).Thus,

a/2r04

I, = /_a/28( cos260 + 1)do
rtl 1 o2 nt .

=3 |:251n20 + 9} = g( sina + «) Ans.

—a/2

09[R

x2+y2:r(2)

@
2

Ans:
o
I, = g(sma + @)
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*10-16.

Determine the moment of inertia for the shaded area about

the x axis.

SOLUTION

1
dl, :§y3dx

Ix=/dlx

1 hZ 3/2 2
-5(5) ()

|

|
=
<

Also,

b
dA = (b—x)dy = (b - ﬁyz)dy

Ix=/y2dA
h
b
= /yz(b—ﬁyz)dy
0

by b s}h
{3y sz |,

2
= b’
15

Ans.

Ans.
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10-17.

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

SOLUTION

Differential Element. Here y = (1 — x)%. The moment of inertia of the
differential element parallel to the y axis shown shaded in Fig. a about the x axis is

dl, = %(dx)(ny = §y3dx = %[(1 —x)2)Pdx = %(1 — x)2dx.

Moment of Inertia. Perform the integration,

1m2 5
I, = /d]x= / —(1 — x)2dx
o 3

2 2 s Im
=350
4 4 4
= 5 = 0.267 m Ans.

=

—_
5 ——
=

‘

l—1m —

Im

Ans:
I, = 0267 m*
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10-18.

Determine the moment of inertia for the shaded area about

the y axis.

SOLUTION

Differential Element. Here x = 1 — y% The moment of inertia of the differential
element parallel to the x axis shown shaded in Fig. a about the y axis is

dl, =

dl,

+ dAX?

1 3 x>
- + —
B (dy)x xdy(z)

1
3

1
BS

—x3dy

— )’y

1
33" =37+ Ddy

Moment of Inertia. Perform the integration,

lm1
I, = /dly = / 5(—y(’ + 3y* = 3y? + 1dy
—1m

1

3
32
105

7

y 3
7+7
775

m* = 0.305 m*

Ty )

1m

1m

Ans.

=

—_

y2:1,x

_A
8T

‘

‘t:\‘ R
M

Im

|

Ans:
I, = 0305 m*
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10-19.

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

SOLUTION

Differential Element. The moment of inertia of the differential element parallel to
the y axis shown shaded in Fig. a about the x axis is

dl, = dI, + dAY?

1 5 y\?
- + i
12 (dx)y ydx(z)

1
= §y3dx

_1(h 4 }
—3(b3x)dx

_ K
T3

dx

Moment of Inertia. Perform the integration,

b h3
I, = /dl = —x’dx
X X 0 3p0

1 /10
- @(E)
N

= 3Obh Ans.

b

0

=

Adx—1 k=

(@)

?\b\i
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*10-20.

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

SOLUTION

Differential Element. The area of the differential element parallel to the y axis
shown shaded in Fig. a is dA = ydx = —x’dx
b

Moment of Inertia. Perform the integration,
b h
I, = /xsz = /xz(fsf)dx
b
A 0

= — [ xdx
b*Jo
_h (xf)
bp*\ 6

6

0

¢

?\b\i

Adx—1 k=

(@)
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10-21.
Determine the moment of inertia for the shaded area about Y
the x axis.
b
‘ X
a \
SOLUTION
Differential Element. Here x, = ily% and x = %yz. Thus, the area of the
2
differential element parallel to the x axis shown shaded in Fig.ais dA = (x, — x;) dy
a i a ,
=52 — =y |d
(b%y P ) Y
Moment of Inertia. Perform the integration,
b a 1 a
I = / ydA = / yz(ﬁyi - 7y2)dy
A 0 b2 b
b a s a
= —y — —y* |d
/U (b%y g ) Y
_ (Lﬂ 1@ 5) ’
w562 )
3ab®
=35 Ans.
”*—
B JK:
a
(a)
Ans:
_ 3ab?
* 35
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10-22.

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

SOLUTION

b b
Differential Element. Here, y, = 7x% and y; = 7)62. Thus, the area of the
; a

a
differential element parallel to the y axis shown shaded in Fig.ais dA = (y, — y;)dx

= (le% - %x2>dx
az a

Moment of Inertia. Perform the integration,

Ans.

b
X
|
Ans:
3a°b
="
35
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10-23.

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

SOLUTION

1
Differential Element. Here x, = yand x; = Eyz.The area of the differential element

1
parallel to the x axis shown shaded in Fig.a is dA = (x, — x))dy = (y - Eyz)dy.

Moment of Inertia. Perform the integration,

2m 1
I = /ysz = / y2<y - gyz)dy
A 0
2m
1
— 3 _ .4 d
/0 (y 2)’) y
:(Y“_ys)
4 10

= 0.8 m* Ans.

2m

0

1

2 m

Ans:
I, = 08 m*
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*10-24.

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

SOLUTION

Differential Element. Here, y, = V2x2 and y1 = x. The area of the differential
element parallel to the y axis shown shaded in Fig. a is dA = (y, — y;) dx

= (\/ix% - x)dx.

Moment of Inertia. Perform the integration,

2m
I, = /xsz = / x2<\/£x% - x)dx
A 0

/Ozm(\/Zx; - x3)dx

(2\/27 x4) 2m

—(2¥Ye g4

7 4 /1
4 4

=_m*=0571m'
7 m

"it'%l m
e dx

(&)

y
y?=2x
_ 2m
y=x
e——2m—
Ans.
Ans:
I, =0571m*

X
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10-25.

The polar moment of inertia for the area is
Jo = 642 (10%) mm*, about the z' axis passing through the
centroid C. The moment of inertia about the y’ axis is
264 (10°) mm?, and the moment of inertia about the x axis is
938 (10°) mm®*. Determine the area A.

SOLUTION

Applying the parallel-axis theorem with d, = 200 mm and I, = 938(10°) mm?*,

I, =1, + Ad}
938(10°) = I, + A(200%)
I, = 938(10°) — 40(10%)A
with known polar moment of inertia about C,

jc = jxr + jyr

642(10°) = 938(10°) — 40(10°)A + 264(10°)

A =14.0(10°) mm?

200 mm

Ans:
A = 14.0(10°) mm?
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10-26. Determine the moment of inertia of the composite
area about the x axis.

‘ 150 mm ‘ 150 mm ‘

100 mm

100 mm

T
75 mm

~—— 300 mm —>‘

SOLUTION

Composite Parts: The composite area can be subdivided into three segments as shown in Fig. a. Since segment (3) is a hole, it con-
tributes a negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the x axis is also

indicated.

Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem.
Thus,

I =1,+A(d)?

[%(300) 200%) (300)(200)(23&)1 + {%(300)(2003) + 300(200)(100)2} + {—%(754) + (—m(75%)) (100)?

= 798(10%)mm Ans.

75mm
rtoomm| T -
G (‘,?aac‘21 5 <oomm =¥
@ ¢ /3 mm 100mm
X : X
3oomm | 3oomm
@

Ans:

_ 6
I, = 798(10°) mm*
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10-27. Determine the moment of inertia of the composite y
area about the y axis.

‘ 150 mm ‘ 150 mm ‘

100 mm

100 mm

T
75 mm

~—— 300 mm —>‘

SOLUTION

Composite Parts: The composite area can be subdivided into three segments as shown in Fig. a. Since segment (3) is a hole, it
contributes a negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the y axis
is also indicated.

Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem.
Thus,

I

=1, + A(d,)?

31—6(200)(3003) + %(200)(300)(200)2} + {%(200)(3003) + 200(300)(450)2} + {—%(754) + (—m(759)) (450)>

= 10.3(10°) mm* Ans.

L 450mm
200 mm _ 450mm |

"Ce zoomm - __ J5mm

@ "<

300mm | 3oomm

@)

Ans:
I, = 10.3(10°) mm*
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*10-28.

Determine the moment of inertia about the x axis.

SOLUTION

Moment of Inertia. Since the x axis passes through the centroids of the two segments,
Fig. a,

1 1
I = 5(300)(4003) - 5(280)(3603)
= 511.36(10°) mm*
= 511(10°) mm* Ans.
“#omm lg}omm'
200mn 180mm
) e

IRY
7

| G
R00mm 180mm

300mm

()

Ans:
I, = 511(10°) mm*
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10-29.

Determine the moment of inertia about the y axis.

20 mm B
mm
X
mm
SOLUTION
. . . 20 mm e
Moment of Inertia. Since the y axis passes through the centroid of the two segments, f
Fig. a,

1 1
I, = E(360)(203) + E(40)(3003)

= 90.24(10°) mm*
= 90.2(10°) mm* Ans.

Ans:
I, = 90.2(10°) mm*
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10-30.

Determine y, which locates the centroidal axis x’ for the y
cross-sectional area of the T-beam, and then find the
moments of inertia /- and 1.

SOLUTION

Centroid. Referring to Fig. a, the areas of the segments and their respective centroids
are tabulated below.

Segment A(mm?) y(mm) yA (mm’®) ‘\_‘ \\

150 mm

1 150(20) 10 30(10%) 20 mm
2 20(150) 95 285(10%)
3 6(10%) 315(10°)

Thus. 5 = SyZA  315(10%)
SYEISA T 609

= 52.5 mm Ans.

Moment of Inertia. The moment of inertia about the x’ axis for each segment can
be determined using the parallel axis theorem, I,, = I, + Adﬁ. Referring to Fig. b,

Segment A (mm’) (d,);(mm) (I.);(mm?) (Adj);(mm?)  (I,);(mm’)

1 150(20) 42.5 %(150)(203) 5.41875(10°)  5.51875(10°)
2 20(150) 42.5 1172(20)(1503) 5.41875(10%)  11.04375(10°)
Thus
I, = 3(I); = 16.5625(10°) mm* = 16.6(10°) mm* Ans.

Since the y' axis passes through the centroids of segments 1 and 2,
I, = L(20)(1503) + i(150)(203)
Y12 12

= 5.725(10°) mm* Ans.

150 mm 75mm | 75m
€ F—)(—M)H

oC, » :xl‘_ZOmm zpmm; b}. [y Pmm—
L sSmm
W35) tapeiom © ‘ i o
" @ I5omm  [5omm G S
2| [~<omm
@f_ —_— Y & _:@ Ans:

y = 52.5 mm
I, = 16.6(10°) mm*

(_6() 1, = 5.725(10°) mm*
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10-31.
Determine the location y of the centroid of the channel’s 50 mm 50 mm
cross-sectional area and then calculate the moment of - — — ~

inertia of the area about this axis.

250 mm *
| y
SOLUTION —
50
Centroid: The area of each segment and its respective centroid are tabulated below. o
350 mm

Segment A (mm?) Y (mm) YA (mm®)

1 100(250) 125 3.125(10°)
2 250(50) 25 0.3125(10°)
p 37.5(10%) 3.4375(10°)

Thus,

O SyA 34375(10°)
YTUSA T 375009

= 91.67 mm = 91.7 mm Ans.

Moment of Inertia: The moment of inertia about the x’ axis for each segment can be
determined using the parallel-axis theorem I, = [, + Adi.

Segment A; (mm’) (d,); (mm) (L); (mm*) (Ad3); (mm*) (I;); (mm?) ’ 53.;5,.1»@( 250mm
1 100(250) 3333 1(100)(250%)  27.778(10°)  157.99(10°) - - — ¢’
12 7-7,1;7:.1 {_iww
2 250(50) 66.67  15(250)(50°)  55.556(10°)  58.16(10°) = NG
Eorm ;3500’/05 ‘?omm
Thus, bb-67mm
I, = =(I); = 216.15(10%) mm* = 216(10°) mm* Ans.
Ans:
y = 91.7 mm

I, = 216(10°) mm*
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#10-32. Determine the moment of inertia of the beam’s Y
cross-sectional area about the x axis. ‘125 mm |/125 mm_|

‘ l12 mm‘

SOLUTION

Composite Parts: The composite area can be subdivided into segments as shown in Fig. a. The perpendicular distance measured
from the centroid of each segment to the x axis is also indicated.

Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem.
Thus,

I, =1+ A(d))?

{2(11—2(226)(123)) + 2(226)(12)(119)2} + {4(11—2(12)(1003)) + 4(12)(100)(75)2} + {2(%(12)(1503)) +2(12)(150)(0)?

114.62(10°)mm* = 115(10°) mm?*

Ans.

k—I12mm

2-\0_ 100mm

(«)

I, = 115(10°)mm*
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10-33. Determine the moment of inertia of the beam’s y
cross-sectional area about the y axis.

‘125 mm |/125 mm |
‘ l12 mm‘

SOLUTION

Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a.
The perpendicular distance measured from the centroid of each segment to the x axis is also indicated.

Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus,
I, =1 + A(d,)*

= {2(%(12)(2263)) +2(226)(12) (0)2

+ {4(%(100)(123)) + 4(100)(12) (119)2} + {2(%(150)(123)) + 2(150)(12)(131)?

= 152.94(10%)mm* = 153 (10°) mm* Ans.

- A 00 mm
p T 119 mm 4
5 mm
~3 G x
T cs 131 mm ]
mm
75mm l® P(’D

~ U/
/,3mm—>‘ - « @ /C! Chrﬂ

Ans:
I, = 153(10°) mm*
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10-34.

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

<100 mm»‘«lOO mm>~— 150 mm —

150 mm 75 mm

SOLUTION 0

Moment of Inertia. The moment of inertia about the x axis for each segment can
be determined using the parallel axis theorem, I, = I, + Ad’y. Referring to Fig. a

Segment A (mm’) (d,);(mm) (I,);(mm*) (Ad,);(mm*) (I);(mm"*)
1 200(300) 150 %(200)(3003) 1.35(10%) 1.80(10°)

1 1
2 A50)(300) 100~ <(150)(300%) 0.225(10°)  0.3375(10%)

3 —m(75%) 150 (5 —0.3976(10%) —0.4225(10%)
4
Thus,
I, = 3(I,); = 1.715(10°) mm* = 1.72(10°) mm* Ans.
N
T5mMm
300mm G .Qr ® _ @
+(300) G Q_/
L K |50mm
=lsomm| |2(300)
=[0omm
N A 4 x x
200mm ' |50mm

@)

Ans:

I, = 1.72(10°) mm*
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10-35. Determine the moment of inertia /, of the shaded y
area about the y axis.

<100 mm>‘<100 mm=<— 150 mm —
150 mm
150 mm 75 mm
1 .
SOLUTION o)

Moment of Inertia. The moment of inertia about the y axis for each segment can be
determined using the parallel-axis theorem, I, = I, + Ad?. Referring to Fig. a

Segment A;(mm’) (d);(mm) I,(mm®)  (Ad}));(mm%) (I);(mm")
1 200(300) 100 11—2(300)(2003) 0.6(10%) 0.800(10%)

2 %(150)(300) 250 %(300)(1503) 1.40625(10%)  1.434375(10°)

3 —m(75%) 100 _w(75Y)  —0.1767(10°) —0.20157(10°)
4
Thus,
I, = 3(1,); = 2.033(10°) mm* = 2.03(10°) mm* Ans.

100mm
%(200) T9mm

=/00m
Foomm ¢, @ _

zoot+%z0) | @,
= 250mm (<o,

(<o)

X X

]
200 mm >|</Eomm |
(a)

Ans:
1, = 2.03(10°) mm*
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*10-36.

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

50 mm

SOLUTION 250

Moment of Inertia: The dimensions and location of centroid of each segment are
shown in Fig. a. Since the y axis passes through the centroid of both segments, the
moment of inertia about y axis for each segment is simply (1,); = ({);.

I,=3(1,); 11—2(50)(3003) + %(250)(503)

115.10(10° mm* = 115(10°%) mm* Ans.

Bomm | /59mm

2
5 mm 25 mm X

p3

-
2y @ S0mm
] @ 250 mm

) L 50mm
(@)

Ans:
1, = 115(10°) mm*
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10-37. Determine y, which locates the centroidal axis x’
for the cross-sectional area of the T-beam, and then find the
moment of inertia about the x' axis.

50 mm
SOLUTION
250
_ SyA 125(250)(50) + (275)(50)(300)
YT sa T 250(50) + 50(300)
= 206.818 mm h
y = 207 mm Ans.
25 mm 25 mm x
I, = {11—2(50)(250)3 + 50(250)(206.818 — 125)2}
1
+ {5(300)(50)3 + 50(300)(275 — 206.818)2}
I, = 222(10°) mm* Ans.
Ans:
y = 207mm

I, = 222(10°) mm*
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10-38.

Determine the distance y to the centroid of the beam’s
cross-sectional area; then determine the moment of inertia

about the x' axis.

SOLUTION

y
25 mm
-
100 mm
C x!
/ ‘ / il
i 25 mm

i
y

f

100 mm

|

‘ ‘«75 mm-—~ (=75 mm# F—'SOmm‘

50 mm

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

Segment
1
2
3

=

Thus,

YT sa

SyA  351.5625(10%)

A (mm?) y (mm) yA (mm?®)
50(100) 75 375(10%)
325(25) 125 101.5625(10%)
25(100) 50 _125(10%)

15.625(10%) 351.5625(10%)

3 = 22.5mm Ans.
15.625(10°)

Moment of Inertia: The moment of inertia about the x" axis for each segment can be
determined using the parallel-axis theorem I, + I, + Ad%.

Segment A; (mm?) (dy) ; (mm) (i x”) ; (mm*) (Adi) ; (mm*) (ixr) ; (mm®)

1 50(100) 525 £5(50) (100%)  13.781(10°)  17.948(10)
2 325(25) 10 5 (325) (25%)  0.8125(10°  1.236(10°)
3 25(100) 72.5 +5(25) (100%)  13.141(10°  15.224(10)
Thus,
Iy = 3(1,); = 34.41(10°) mm* = 34.4(10°) mm* Ans.

25 mm
Somn <5mm 25mm 50mm
L) .( L Tmm LY
T T T
Tomm

@\. _:oofnm \ .

| /,-r- ! —x
12-5mm .LZSMM
{00mm| |- L
S0mm
> [25mm
50mm  25mm 25mm S0mm
L) IL(i 175 mm A
T
100mm
525m ,
T. = x
Wbmm| 10mm ?}’21'5-‘”
@/' 120mm
A f5mm
Ans:
y = 22.5mm

I, = 34.4(10% mm*
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10-39.

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

f

y
25 mm 25 mm
[l o
c 100 mm
xl
/ 1 / il
| 25 mr)rcl

y
ngm ‘«75 mm-—~ |75 mm»‘ Em‘

100 mm

|

SOLUTION

Moment of Inertia: The moment of inertia about the y’ axis for each segment can be
determined using the parallel-axis theorem I, = I, + Ad?.

Segment A; (mm?) (dx)i (mm) (Tyu)i(mm") (Ad,zc),- (mm*) (iyn)i(mm“)
1 2[10025)] 100 2[{(100) (25%)]  50.0(10%)  50.260(106)

2 25(325) 0 15 (25) (325%) 0 71.517(106)
3 100(25) 0 1 (100) (25%) 0 0.130(10°)
Thus,
I, = 3(I,); = 121.91(10°) mm* = 122(10°) mm* Ans.

-

25 mm

S Ldmm

Y pa-nn
1) ([, B75mm | B75mn ﬂtfa "
T N

100 mm

Vo,

2

(0Omm

loomm

Ans:
1, = 122(10°) mm*
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*10-40. Determine the moment of inertia of the cross- y y'
sectional area about the x axis.

SOLUTION

Composite Parts: The composite cross - sectional area of the beam can be subdi-
vided into two segments as shown in Fig. a. Here, segment (2) is hole, and so it con-
tributes a negative moment of inertia.

Moment of Inertia: Since the x axis passes through the centroid of both rectangular

segments,
Ix = (Ix)l + (Ix)z
1 1
= 15(100) (200°) — (%) (180%)
=22.9(10°)mm* Aus.
100mm | o
00mm| cl | Jomm e,
3 g x — J x'
100mm D Gomm @

(@)

Ans:
I, = 22.9(10°)mm*
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10-41. Locate the centroid xof the beam’s cross- y Y
sectional area, and then determine the moment of inertia of
the area about the centroidal y’ axis.
10 mm
180 mm
f
10 mm |~—100 mm —

SOLUTION

Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments
as shown in Fig. a.

Centroid: The perpendicular distance measured from the centroid of each type of segment to the y
axis is also indicated in Fig. a. Thus,

SxA _ 95(10(180)) + 50(2(100) (10)) _ 271(10°)

Y= 5 10(180) + 2(100) (10)  3.8(10°)

= 71.32 mm Ans.

Moment of Inertia: The moment of inertia of each segment about the y’ axis can be determined using
the parallel - axis theorem. The perpendicular distance measured from the centroid of each type of
segment to the y’ axis is indicated in Fig. b.

I, =1, + A(dy)?
= i(180) (10%) + 180(10) (23.68)2} + {2(1(10) (1003)) +2(100) (10) (21.32)2}
12 12
= 3.60(10°)mm* Ans.

2132,
4 ' mﬂ 3.68mm
1000M | 4y {Omm @ P* q
@'\ e _JL J’ Y
¥ - ¢
_...,1@1 9omm Jomm 2
50mm . X
I g
Fomm | | Jomm Jomm| | ¢,
10 mai¥ [ | \. {Omm
T T 5
2 10mm 1O mmie
2 {00 mm
( ) Ans:
x = 71.32 mm

I, = 3.60(10°) mm*
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10-42.
Determine the moment of inertia of the beam’s cross- y )
sectional area about the x axis.
30 mm /
(-
30 mm
70 mm
140 mm
SOLUTION
30 mm
1 ,
I, = E(170)(30)3 + 170(30)(15)?

+ %(30)(170)3 + 30(170)(85)?

+ 11—2(100)(30)3 + 100(30)(185)?

I, = 154(10°) mm* Ans.

Ans:
I, = 154(10°) mm*
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10-43.
Determine the moment of inertia of the beam’s cross-
sectional area about the y axis.

30 mm

140 mm

SOLUT'ON 30 mm

I, = 11—2(30)(170)3 + 30(170)(115)?
+ %(170)(30)3 + 30(170)(15)?

+ 11—2(30)(100)3 + 30(100)(50)?

I, = 91.3(10°) mm* Ans.

Ans:
1, = 913(10°) mm*
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*10-44.

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

30 mm

140 mm

SOLUTION

170(30)(15) + 170(30)(85) + 100(30)(185)
170(30) + 170(30) + 100(30)

30 L”O mm \
= 80.68 = 80.7 mm Ans. mm \‘

X

30 mm

y:

T = {%(170)(30)3 + 170(30)(80.68 — 15)2}
1
+ {5(30)070)3 + 30(170)(85 — 80.68)2}

+%(100)(30)3 + 100(30)(185 — 80.68)*

1, = 67.6(10°) mm* Ans.

Ans:
y = 80.7 mm

I, = 67.6(10°) mm*
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10-45.

Determine the distance X to the centroid C of the beam’s
cross-sectional area and then compute the moment of
inertia [,y about the y” axis.

SOLUTION

~170(30)(115) + 170(30)(15) + 100(30)(50)
a 170(30) + 170(30) + 100(30)

61.59 = 61.6 mm Ans.

I, = {11—2(30)(170)3 + 170(30)(115 — 61.59)2}
+ Liz(170)(30)3 + 30(170)(15 — 61.59)2}
Jrll—zeo)(loo)3 +100(30)(50 — 61.59)
1, = 412(10% mm* Ans.

Ans
X = 61.6 mm
I, = 41.2(10°) mm*
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10-46.

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

SOLUTION
I, = {%r“(@ - %Sin%)}

1 o1 . 1 .V }
-_— + p— —
2 {36 (7 cos 0)(r sin 9) 2 (r cos 0)(r sin 9)(3r sin 0)

SRS Sl

= l r4<9 — 1 sin 20) — ir4 cos 0 sin® 6§ — lr4 cos 0 sin® 6
4 2 18 9 adi pa
~} —
4 y &

=L (66 — 3sin20 — 4 cos Osin® 0 Ans. r
24

Ans:
4

L = 2’—4(69 — 3sin20 — 4 cos § sin’ §)
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10-47.

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

SOLUTION

I, = B r4(0 + %sin 29)}

2
- {% (2r sin 0)(r cos B)> + % (2r sin 0)(r cos 6)(% cos 9) }

DD
=

= %r“(@ + %sin 20) - Llfgr“ sin 6 cos®0 + > sin 6 00539} 4

I’4

1
= 7 <0 + 5 sin 20 — 2 sin 6 cos® 0) Ans. r

Ans:

1
I, 4(0 + Esin 20 — 2 sin 6 cos’ 0)
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*10-48.

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

SOLUTION

h = asin6

oLty 1 PSS S S PR
I, = 12bh = 12(b)(asmﬁ?) = 12a b sin’ 0

Ans.

Ans:

Sl

I S SR
r—lzabsmﬂ
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10-49.
Determine the moment of inertia of the parallelogram y Y’
about the y’ axis, which passes through the centroid C of
the area.
€
a
°]
!
SOLUTION | b |
b — 0 1
T=acosf + 28 —(acosf + b)
2 2
I, = Z[L( sin 0)(a cos 0)® + 1( sin 6)(a cos 6’)(é +2cosh — 2 cos 9)2
Y36 ¢ 2 “ 2 2 3¢
+ i( in )(b — 0)°
1z (asin a cos
bsi
= M(bz + a®cos’0) Ans.
12
Ans:
b sin 0
I, = %(b2 + a® cos’0)
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10-50.

Locate the centroid y of the cross section and determine the
moment of inertia of the section about the x” axis.

fe— | —
=

SOLUTION 02m02m

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

Segment A (m?) y (m) yA (m%)
1 0.3(0.4) 0.25 0.03
0.4 m
2 1(0.4)(0.4)  0.1833 0.014667 025 m; —-
P T 1__0.05m
3 1.1(0.05) 0.025 0.001375 |-——®Crm”—’-"25—m—| f
s 0.255 0.046042

Thus,

YA 0.046042

SA 0255 = 0.1806 m = 0.181 m Ans.

y:

Moment of Inertia: The moment of inertia about the x’ axis for each segment can be
determined using the parallel-axis theorem I, = [+ + Adi.

0.2 m1_0.3 m iQ.2m ¥=0.1806 m
Segment A;(m?) (d);(m) (I);(m*)  (Ad});(m*)  (I);(m?) sossan 3/ @ o /\
1 0.3(0.4)  0.06944 5(0.3)(0.4%) 0.5787(107%) 2.1787(107) \x t:j_ i 04m
2 1(0.4)(04) 0.002778 %(0.4)(0.4%) 0.6173(10°°) 0.7117(1073) T o A
| m G
3 L1(0.05) 01556 5 (1.1)(0.05%) 1.3309(107%) 1.3423(107%) im Qssem |
Thus,
I, = 3(I,); = 4233(10%) m* = 423(107%) m* Ans.
Ans:
=0.181 m

y
I, = 4.23103) m*
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10-51.

Determine the moment of inertia for the beam’s cross-
sectional area about the x' axis passing through the centroid 100 mm
C of the cross section.

SOLUTION
2 v
I, = %(200)(332.8)3 + 4%(141.4)(141.4)3 + (%(141.4)(141-4))<#) }
_ 2&(200)“(% — %sin90°>}
= 520(10°) mm* Ans.
me:i
+(4)

331-8 mwn

£

£ e,

by -
p—l

4.9 mm

4s*
4

o
©

Ans:
I, = 520(10°) mm*
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*10-52.

Determine the distance x to the centroid of the beam’s

cross-sectional area: then find the moment of inertia about
the y' axis.
SOLUTION
Centroid: The area of each segment and its respective centroid are tabulated below.
Segment A (mm?) X (mm) ¥A (mm’®)
1 160(80) 80 1.024(10°)
2 40(80) 20 64.0(10%)
= 16.0(10%) 1.088(10°)
Thus,
X = 2xA 1088 (10 = 68.0 mm Ans.

SA  16.0(10°%

Moment of Inertia: The moment of inertia about the y’ axis for each segment can be

. . . _ 7T 2
determined using the parallel-axis theorem I, = I, + Ad}.

Segment A;(mm’) (dy); (mm) (Z,); (mm?) (Ad3); (mm?)
1 80(160) 120 {5(80)(160°)  1.8432(10%)
2 80(40) 480 {5(80)(40%)  7.3728(10°)
Thus,
1, = 3(1,); = 36.949(10°) mm* = 36.9(10°) mm*

Iy); (mm?)
29.150(10°)

7.799(10%)

Ans.

40 mm

e

40 mm

=

40 mm

40 mm

2

120 mm

7"@ j 40mm

pe—1 -
:t\.t-amno Bomm
o~

4‘60"1: |
® Fomm

40mn

f®

- 1
X=68.0mm |

f6omm

Ans:
I, = 36.9(10°) mm*
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10-53.

Determine the moment of inertia for the beam’s cross-
sectional area about the x’ axis.

SOLUTION

Moment of Inertia: The moment inertia for the rectangle about its centroidal axis
. . 1 . o
can be determined using the formula, I, = Ebh3’ given on the inside back cover of

the textbook.

Iy = 11—2(160)(1603) - %(120)(803> = 49.5(10°) mm* Ans.

y
e j —
40 mm
40 mm
¥
40 mm
40 mm
X
120 mm
40 mm

Ans:
= 49.5(10% mm*
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10-54.

Determine the product of inertia of the thin strip of area
with respect to the x and y axes. The strip is oriented at an
angle 6 from the x axis. Assume that ¢ << /.

SOLUTION

! 1
Ly = /xydA = A(s cos 0)(s sin O)tds = sin 6 cos Ot/o s2ds
A

1 _
= — Pt sin 26 Ans.

6

Ans:

1 _
Ly = ¢ Pt sin 26
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10-55.

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

h
y:%f
SOLUTION M
~ X b l
)
y=y
dA = xdy
x%y
dl, = > dy
Ixy=/d1xy
h 2
1/ b 5
= il 3 d
Az<h1/3>y Y
RS CAATEANY Y
2|\ )\8)” |,
_3 5
_16bh Ans.
Ans:
_3 5
Ly =1cbh
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*10-56.

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

SOLUTION

Product of Inertia of the Triangle: The product of inertia with respect to x and y
axes can be determined by integration. The area of the differential element parallel

h
toyaxisisdA = ydx = (h + Ex)dx [Fig. (a)]. The coordinates of the centroid for

this element are X = x, y = %}

1 h
=35 <h + Ex) Then the product of inertia for

this element is

dl

o = dly + dAXY

o+ ()i io) 1+ )

1, K5 21,
= + x4+ =
2<hx bzx b x° |dx

Performing the integration, we have

1 [° " 21 b2
]xy = /dlxy = 2/b<h2)c + E}ﬁ + sz dx :_Z

The product of inertia with respect to centroidal axes, x" and y’, can be determined
by applying Eq. 10-8 [Fig. (b) or (¢)].

a*sin’ 0 cos? 6

Here,b = acosf and h = asin 6. Then, I, = =

Product of inertia of the parallelogram [Fig. (d)] with respect to centroidal x" and y’
axes, is

_ 4 29 . 20 1 3 _ P . 0
Loy = Z[acosnsm + > (asin 60)(a cos 0)( ¢ gCOS )(a s;n )

a’c sin® 6 cos 6
12

The product of inertia of the parallelogram [Fig. (d)] about x and y axes is

Iy =1y + Add,

_ @’csin® 6 cos 0 + (asin 0)(6)((’ + acos 0)(a sin 9)
12 2 2
2. 2
0
= %(% cos 6 + 3c¢) Ans.

(S
)| t <
2%~ ©
b
(@)
y ¥
4
xl
C hé
X
(b
4 3
b
X
/1%,
X
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10-57.

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

a |
SOLUTION
dl,, = dI,, + ¥5dA
a a 2
I, =0 +/ (x)<y>(y dx) = 1/ (bT)xz”“ dx y
0 2 2 0 a n
(%Y
a b2a2n+2

— b2 1 x2n+2
2a%" J\2n + 2

a’b?

o 4(n + D"

= m Ans. b ﬂv_(j‘,_(_\

Ans:

Xy

o ay
T A+ 1)
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10-58. Determine the product of inertia for the shaded
portion of the parabola with respect to the x and y axes.

y

<100 mm—~

200 mm
1 o
Y750
X
SOLUTION
Differential Element: Here, x = \/570y%. The area of the differential element paral-
lel to the x axis is dA = 2xdy = 2\/570)1% dy.The coordinates of the centroid for this
element are x = 0,y = y.Then the product of inertia for this element is
dl,, = dly, + dAXy
=0+ (2V50y2dy) (0) (y)
=0
Product of Inertia: Performing the integration, we have
I, = /d]xy =0 Ans.
Note: By inspection, I, = 0 since the shaded area is symmetrical about the y axis.
l / 41‘ : r
DO mm | tOOmm
X
'(__&__.(.___.f ‘id'?
200mm @/t

Ans:

xy
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10-59.

Determine the product of inertia of the shaded area with
respect to the x and y axes, and then use the parallel-axis
theorem to find the product of inertia of the area with
respect to the centroidal x” and y” axes.

SOLUTION

Differential Element: The area of the differential element parallel to the y axis
shown shaded in Fig. a is dA = y dx = x'?dx. The coordinates of the centroid of
1 1p
) X
element with respect to the x and y axes is

this element are x = xand y = % = Thus, the product of inertia of this

dl

o = dLyy + dATY

=0+ (xl/z dx)(x)(% xl/z)

1
= ) x’dx

Product of Inertia: Performing the integration, we have

4m
1 1
I, = /dlxy = l Exzdx = (gx3)

Using the information provided on the inside back cover of this book, the location of

4m

= 10.67m* = 10.7m* Ans.
0

2 3
the centroid of the parabolic areaisatx = 4 — 5 (4) =24mandy = 3 (2) =075m
2
andits areais givenby A = 3 (4)(2) = 5.333 m? Thus,
Iy = I, + Ad,dy
10.67 = T, + 5.333(2.4)(0.75)
I,y =1.07m* Ans.

¥ I jjy

@)

y y
T
y =x
2m /
| i
X
4 m
/
X
o:;_ﬁ‘m
Ans
I, = 10.7m"
Loy = 1.07m*
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*10-60.

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.

SOLUTION
X=X
522
)
d A= ydx
2
Xy
d]xy = de
I, = /d]xy
"1 .
= /*x(O.Se")zdx
0 2
! 2
=032 / xe** dx
0
= 0.511 m*

Ans.

X
-~ 1m —
x5
(x, ¥lz)
N A
f—1m—r

Ans:
I,,=0511m*
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10-61.

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

~
=
<

|

- / i,

a] 2
/5(%>x2dx
0
()]
6 a 0
1

:ga2b2

Ans.

X
|
Ans

1 212
Ixy = ga b
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10-62.

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

SOLUTION

Differential Element: The area of the differential element parallel to the y axis is
dA = ydx = (a2 - xz) dx. The coordinates of the centroid for this element are

~ ~ 1 L . .
X=x,y= % > (az - x2> . Then the product of inertia for this element is
dl,, = d + dAXYy

1 2 Lo
= 5(x3 + a’x + 6ax® — dadx’ — 4a5x%)dx

Product of Inertia: Performing the integration, we have

L[ s
I, = /dl)(y = 5/ <x3 + a’x + 6ax® — da’x’ — 4a%xf)dx
0

U a s Bas 8|
5 4 2X ax Sax 7LZX

0

a4

280

y=(@-x)

Ans.

a
§ | ~
| @
Ans:
4
a
o =20
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10-63.
‘etermine the product of inertia of the cross-sectional area
with respect to the x and y axes.
100 mm-|
!
20 mm
400 mm
SOLUTION .
Product of Inertia: The area for each segment, its centroid and product of inertia ’
with respect to x and y axes are tabulated below.
400 mm
Segment A, (mm?)  (d);(mm) (d,); (mm) (L,); (mm®)
1 100(20) 60 410 49.2(10%) 20 mm
2 840(20) 0 0 0 ! 100 mm-| |+ 20 mm
3 100(20) —60 —410 49.2(10%) y
Thus, 5 1 20 mm
7 | — 60 mm
Iy = 2(Iy); = 98.4(10°)mm* Ans. 410 mm 400 mm
2 X
60 mm N \ 400 mm
20 mm % =

Ans:
I, = 98.4(10°) mm*
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*#10-64. Determine the product of inertia of the beam’s
cross-sectional area with respect to the x and y axes.

SOLUTION

Composite Parts: The composite cross - sectional area of the beam can be subdivided into three seg-
ments. The perpendicular distances measured from the centroid of each element to the x and y axes are

also indicated.

Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry,
then /., = 0. Thus, the product of inertia of each segment with respect to the x and y axes can be deter-

mined using the parallel - axis theorem.

I,  + Add, = Ad,d,

x'y

I
= 90(10)(55)(295) + 300(10)(5)(150) + 90(10)(55)(5) = 1y, = 17.1(10%)mm*

y
10 mm
. )
300 mm
10 mm|
|
T X
‘ 10 mm‘
100 mm
Ans.
Ans:

I, = 17.1(10°)mm*
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10-65.

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

SOLUTION

Centroid:

_ SxA _ 9(18)(150) + 84(18)(132)

=|

YA

_3yA_ 75(18)(150) + 9(18)(132)

= 4411 mm = 44.1
18(150) + 18(132) i mm

~<I

2A

= 4411 mm = 44.1
18(150) + 18(132) i mm

Product of inertia about x” and y’ axes:

I

oy = 18(150)(—35.11)(30.89) + 18(132)(39.89)(—35.11)

—6.26(10°) mm*

y y
e ¥+
18 mm—| |— A~
150 mm
C >3 T X'
Ll
- ; ! x
i 150 mm i 18'mm
¢
Ans. 3. ”"”"’w
39,
Ans. 30. 89mm - :— — :43 s ”"nkw\
Ans.
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10-66.

Determine the product of inertia for the beam’s cross-
sectional area with respect to the # and v axes.

SOLUTION

Moments of inertia [, and Iy

1 1
I, = 5(300)(400)3 - 5(280)(360)3 = 511.36(10)° mm*

I, = 2{%(20)(300)3} + 11—2(360)(20)3 = 90.24(10)® mm*

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

I, -1,

1, = sin 20 + I, cos 20

B <511.36 —90.24

= 5 sin 40° + 0 cos 40°) 10°

= 135(10)® mm*

Ans.

Ans:
I, = 135(10)° mm*
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10-67.
y
Determine the moments of inertia [, and [, of the
shaded area. 20 mm
v
u
45° 0
F mm
SOLUTION 200 mm o
Moment and Product of Inertia about x and y Axes: Since the shaded area is
symmetrical about the x axis, / = 0.
1 1 ;
I, = —(200)(40°) + — (40)(200%) = 27.73(10°) mm* — | 200 mm
12 12 40 mm
1 3 2 1 3
I, = 5(40)(200 ) + 40(200)(120%) + 5(200)(40 )
¥
= 142.93(10°%) mm*
Moment of Inertia about the Inclined u and v Axes: Applying Eq. 10-9 with 120 mm | 40 mm
0 = 45° we have ’
1
L.+1, I,-1 ' 200 mm *-—r' x
I, = 2 + 2 cos 20 — I, sin 20
27.73 + 142,93 2773 — 142.93
= ( 5 + 5 cos 90° — 0(sin 90°))(106) W0mm  200MM
= 85.3(10%) mm* Ans.
IL+1, I,—1
I, = - cos 20 + I, sin 20

2

_ (27.73 +142.93  27.73 — 142.93 c

o __ . o 6
> > 0s 90° — 0(sin 90 ))(10 )

= 85.3(10%) mm* Ans.

Ans:

I, = 85.3(10% mm*
. = 85.3(10%) mm*
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*10-68.

Determine the distance y to the centroid of the area and
then calculate the moments of inertia 7, and 7, 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.

SOLUTION

300(10)(5) + 2[(50)(10)(35)]
300(10) + 2(50)(10)

y = = 12.5 mm

I, = [117 (300)(10)* + 300(10)(12.5 — 5)2}

1
+ z{ﬁ (10)(50)* + 10(50)(35 — 12.5)2}
= 0.9083(10°) mm*
I, = 11—2 (10)(300)* + 2{% (50)(10)° + 50(10)(150 — 5)2}

= 43.53(10°) mm*

I,,=0 (By symmetry)
Io+1, I,-1,
= + cos 20 — I, sin 20

I
" 2 2

~0.9083(10°) + 43.53(10°) . 0.9083(10°) — 43.53(10°)

2 2
= 5.89(10°) mm*

Io+1, I,-1,
2 2

cos 20 + I, sin 20

0.9083(10°) + 43.53(10%  0.9083(10%) — 43.53(10°)

2 2

= 38.5(10°) mm*

cos 40° —

cos 40°+0

0

Ans.

Ans.

Ans:
I, = 5.89(10°) mm*
I, = 38.5(10% mm*
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10-69.

Determine the moments of inertia 7, I, and the product of
inertia [, for the rectangular area. The u and v axes pass
through the centroid C.

SOLUTION

Moment And Product of Inertia About x and y Axes. Since the rectangular area is
symmetrical about the x and y axes, I, = 0.

1 1
I, = E(120)(303) = 0.270(10°) mm* I, = E(30)(1203) = 4.32(10%) mm*

Moment And Product of Inertia About The Inclined z and v Axes. With 6 = 30°,
Iu:lx+1y+lx—ly
2 2

cos 260 — Iy, sin 20

{0.270 +4.32 N 027 — 432

2 cos 60° — 0 sin 60°}(106)

1.2825(10°) mm* = 1.28(10°) mm* Ans.

L+1, I—1

I, T 5 cos 20 + Iy, sin 20
027 + 432 027 — 432
= [ 5 - cos 60° + 0 sin 60"}(106)
= 3.3075(10°) mm* = 3.31(10°) mm* Ans.
L -1,
L, = sin 20 + I, cos 20

0.270 — 4.32
= fsin 60° + 0 cos 60° [(10°%)

—1.7537(10%) mm* = —1.75(10°) mm* Ans.

Ans:

I, = 1.28(10% mm*

I, = 3.31(10°% mm*
L, = —1.75(10%) mm*
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10-70.

Solve Prob. 10-69 using Mohr’s circle. Hint: To solve, find y
the coordinates of the point P(/,,,1,,,) on the circle, measured
counterclockwise from the radial line OA. (See Fig. 10-19.)
The point O(Z,,—1,,,) is on the opposite side of the circle.

SOLUTION o]

Moment And Product of Inertia About x And y Axes. Since the rectangular Area is
symmetrical about the x and y axes, I, = 0.

1 1
I = E(120)(303) = 0.270(10°) mm* I, = E(30)(1203) = 4.32(10%) mm*

Construction of The Circle. The Coordinates of center O of the circle are

I + I 270 + 432
( 5 y,o) :<0 702 3 ,o>(106) = (2.295, 0)(10%)

And the reference point A is
(I, Ly) = (0.270, 0)(10%
Thus, the radius of the circle is

R =04 = (V(2295 - 027)2 + 0?)(10%) = 2.025(10°) mm"

Using these Results, the circle shown in Fig. a can be constructed. Rotate radial line
OA counterclockwise 260 = 60° to coincide with radial line OP where coordinate of
point P is (I,,, Im,). Then

I, = (2.295 — 2.025 cos 60°)(10°) = 1.2825(10°) mm* = 1.28(10°) mm*  Ans.
I, = —2.025(10% sin 60° = —1.7537(10°) mm* = —1.75(10°) mm* Ans.

I, is represented by the coordinate of point Q. Thus,
I, = (2295 + 2.025 cos 60°)(10°) = 3.3075(10°) mm* = 3.31(10°) mm*  Awns.

Loy (109 mm?
L
2295

— I (10omm*
Tuv

Ans:

I, = 1.28(10°) mm*

Ca I, = —1.75(10°) mm*
) I, = 3.31(10°) mm*
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y
10-71. v

Determine the moments of inertia and the product of
inertia of the beam’s cross sectional area with respect to the u
u and v axes. ~

300 mm

SOLUTION
30°

perpendicular distances measured from the centroid of the triangular segment to
the y axis are indicated in Fig. a.

Moments and product of Inertia with Respect to the x and y Axes: The / C
150 mm

I, = 31—6(400)(4503) = 1012.5(10% mm* ‘«200 mm-—=200 mm»‘
I, = 2[316(450)(2003) + ;(450)(200)(66.672)} = 600(10°) mm*

Since the cross-sectional area is symmetrical about the y axis, I,,, = 0.

Moment and product of Inertia with Respect to the u and v Axes: Applying
Eq. 10.8 with 6 = 30°, we have

Lo+1, I,-1,
I, = +
2 2
B [1012.5 +600 (1012.5 ~ 600
2 2

c0s 20 — I, sin20

> cos 60° — 0sin 60°:|(106)

= 909.375(10°) mm* = 909(10°) mm* Ans.

IL+1, I,—1
= cos20 + I,sin26

b= 2
- [1012.5 +600 (1012.5 ~ 600

o 4 : 9
2 2 ) cos 60° + 0Osin 60:|(10 )

= 703.125(10°) mm* = 703(10°) mm* Ans.

I, — I,
I, = > sin260 + I, cos 20

- (22250 o+ 0coneor 09

= 178.62(10°) mm* = 179(10°) mm* Ans.

6b-6]mm

909(10°) mm*
= 703(10° mm*
= 179(10% mm*

~~
|

I

uv
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*10-72.

Solve Prob. 10-71 using Mohr’s circle. Hint: Once the circle
is established, rotate 260 = 60° counterclockwise from the
reference O A, then find the coordinates of the points that
define the diameter of the circle.

SOLUTION

Moments and product of Inertia with Respect to the x and y Axes: The
perpendicular distances measured from the centroid of the triangular segment to the
y axis are indicated in Fig. a.

I, = 3 400)(450%) = 1012510°)

I, = 2[316(450)(2003) + ;(450)(200)(66.672)} = 600(10°) mm*

Since the cross-sectional area is symmetrical about the y axis, I, = 0.

Construction of Mohr’s Circle: The center of C of the circle lies along the 7 axis at a
distance

I+ I,
Lyg = 5 =

( 1012.5 + 600

5 )(106)mm4 = 806.25(10°) mm*

The coordinates of the reference point A are [1012.5, 0](10°) mm®*. The circle can be
constructed as shown in Fig. b. The radius of the circle is

R = CA = (1012.5 — 806.25)(10°) = 206.25(10°) mm*

Moment and Product of Inertia with Respect to the u and v Axes: By referring to
the geometry of the circle, we obtain

I, = (806.25 + 206.25 cos 60°)(10%) = 909(10°%) mm* Ans.
I, = (806.25 — 206.25 cos 60°)(10°%) = 703(10°%) mm* Ans.
I, = 206.25 sin 60° = 179(10°) mm* Ans.

-

300 mm

30°

150 mm

‘6200 mm—|

<200 mm*‘

Tw

T (08 mm*

909(10°) mm*
= 703(10° mm*
I, = 179(10%) mm*

~~
|
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10-73.

Determine the orientation of the principal axes having an
origin at point C, and the principal moments of inertia of
the cross section about these axes.

SOLUTION

Moment And Product of Inertia About x and y Axes. Using the parallel-axis
theorem by referring to Fig. a

I =3I, + Ad%); I, 11—2(140)(103) +2 {%(10)(1003) + 10(100)(452)}

5.7283 (10°) mm*

I

L= 3(I, + Ad?); ] %(10)(1403) +2 {11—2(100)(103) + 100(10)(752)}

13.5533 (10%) mm*
L, =3y + Ad,d,); L, =0+ [0+ 10(100)(—75)(45) ]

+ [0 + 10(100)(75)(—45)] = —6.75(10°) mm*

Principal Moments of Inertia.

Ll [ h\
I = —— & 2 + Ly

5.7283 + 13.5533 \/(5.7283 — 13.5533

2
5 + 5 ) + (—6.75)* |(10%

(9.6408 £ 7.8019)(10°%)
Lnax = 17.44(10°) mm* = 17.4(10°) mm* Ans.

Iiyin = 1.8389(10°) mm* = 1.84(10°) mm"* Ans.
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10-73. Continued

The orientation of the principal axes can now be determined

n2g, = — —(£675) = —1.7252
W T (1, —L)/2 T (57283 — 135533)/2
20, = -5990° and  120.10°

0, = —29.95° and 60.04°

Substitute 6, = 60.05° into the equation for I,

L+1, I-1

1, = 2 + > cos 260 — I, sin 20
_[5.7283 +2 13.5533 | 5.7283 —2 135533 00100 (=6.75) sin 120.10° (10%)
= 17.44(10°) mm*
Thus,
(0,)1 = 60.0°  (8,), = —30.0° Ans.
s
I
A@
,@ T5mm
LC.
foomm | | A=%
Omm
4EM@ ¢k Jomm |
l\ N T
~ X
ok omm
jom Jomm A5m
(.
-J/ 3[100mm
75 mm
@'ﬂ .
Ans:
Lnax = 17.4(10°) mm*
(a) Lyn = 1.84(10°) mm*

(6,)1 = 60.0°
(6,), = —30.0°
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10-74.

Solve Prob. 10-73 using Mohr’s circle.

SOLUTION

Moment And Product of Inertia About x and y Axes. Using the parallel-axis
theorem by referring to Fig. a

I, = 3(I, + Ad?); I, = %(140)(103) +2 “—2(10)(1003) + 10(100)(452)}

= 5.7283 (10°) mm*

I, =3(I, + Ad?); I, = %(10)(1403) +2 “—2(100)(103) + 100(10)(752)}

= 13.5533 (10°) mm*
I, =3I,y + Ad,d,); L, =0+ [0+ 10(100)(—75)(45) |

+ [0 + 10(100)(75)(—45)] = —6.75(10°) mm*

Construction of the circle. The coordinates of center O of the circle are

(lx + 1 0) _ (5.7283 + 13.5533

5 5 , o)(loﬁ) = (9.6408, 0)(10%)
And the reference point A is

(I, Iy,) = (5.7283, —6.75)(10°)

Thus, the radius of the circle is

R=0A= (\/ (9.6408 — 5.7283)% + (—6.75)2)(106) = 7.8019(10°%)

Using these results, the circle shown in Fig. b can be constructed. Here, the coordinates of
points B and C represent I,;, and I, respectively. Thus

Lnax = (9.6408 + 7.8019)(10°) = 17.44(10®)mm* = 17.4(10®)mm* Ans.

Lin = (9.6408 — 7.8019)(10°) = 1.8389(10%)mm®* = 1.84(10°)mm* Ans.
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10-74. Continued

The orientation of the principal axes can be determined from the geometry of the
shaded triangle on the circle

B 6.75
9.6408 — 5.7283

2(6,), = 59.90°

tan 2(6,),

(6,), = 29.95° = 30.0° D Ans.
And
2(0,)1 = 180° — 2(6,,),
2(6,)1 = 180° — 59.90° = 120.10°
(6,)1 = 60.04° = 60.0° O Ans.

= L (/0% mm#+
675

s

57263

9.6408
(b)

Ans:

Inax = 17.4(10°) mm*
Lyin = 1.84(10°) mm*
(6,), = 30.0° D

(6,1 = 60.0° D
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10-75. Determine the orientation of the principal axes,
which have their origin at centroid C of the beam’s cross-
sectional area. Also, find the principal moments of inertia.

SOLUTION

Moment and Product of Inertia with Respect to the x and y Axes: The perpendicu-
lar distances measured from each subdivided segment to the x and y axes are indi-
cated in Fig. a. Applying the parallel - axis theorem,

I, = 2{%(80)(203) + 80(20)(1402)} + %(20)(3003) = 107.83(10°)mm*

I, = 2{%(20)(803) + 20(80)(502)} + 11—2(300)(203) = 9.907(10°)mm*
I, = 80(20)( — 50)(140) + 80(20)(50)( — 140) = — 22.4(10°)mm*

Principal Moment of Inertia:

I+ 1 _ 2
) A A I — I + 1
2 P Y

B {107.83 + 9.907 N \/(107_33 — 9.907

. + - )2 + (—22.4)2}(10")

= 58.867 *+ 53.841
I e = 112.71(10%) = 113(10%)mm* Ans.
Tin = 5.026(10°%) = 5.03(10°)mm*

Orientation of Principal Axes:

Ly — (—22.4)(10% B
(I, — 1,)/2  (107.83 — 9.907)(10%) /2
20, = 24.58° and —155.42°

tan 26, = 4575

6, = 12.29°and —77.71°
Substituting 6 = 6, = 12.29°

I:g+g+g—4
u 2 2

cos 26 — I, sin 20

107.83 + 9.907 N (107.83 — 9.907
2 2

) cos 24.58° — (—22.4) sin 24.58°

112.71(10%mm* = Iy

100 mm /

/)
20 mn%: -

20 mm—|

| 150 mm

/ 150 my
&

—/T,
~—100 mm%zo mm
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10-75. Continued

This shows that 7.,

corresponds to the principal axis orientated at

Imax = 113(10%)mm?* (6,), =12.3°

and I ;, corresponds to the principal axis orientated at
Imin = 5.03(10°)mm* (6,), = =77.7°

The orientation of the principal axes are shown in Fig. b.

Bo
-29'"1"1—;;] le—=iomm

T AT 3 |fez2omm | ) =£23°
150mm ®"C - 5pmm | 140MM @) s

1 &
Bomm G777

(50mm | [40mn ¢-q

v
=) )

Ans:

L = 113(10% mm*
L = 5.03(10%) mm*
(6,); = 12.3°

(0,), = =77.0°
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*10-76. The area of the cross section of an airplane
wing has the following properties about the x and y axes y
passing through the centroid C: I, = 180 (107%) m*,
I, =720 (10° m*, I, =60(10° m* Determine the
orientation of the principal axes and the principal moments
of inertia.

=

SOLUTION
Principal Moment of Inertia. Applying Eq. 10-11,

Ix + Iy + (ﬂ) + Ixy2
- 2

]max =

min 2
1 + 72 1 — 720\?
:[ o \/( 07 0> +602}(1O‘6)
2 2
= (450 * 276.59)(107%) m*
Imax = 72659(1076) m4 = 727(1076) m4 Ans.
Lpin = 173.41(107%) m* = 173(107%) m* Ans.

Orientation of the Principal Axes. Applying Eq. 10-10,

_Ixy —60
tan 26, = = — 02222
W T I —1)/2 (180 - 720))2

26, = 12.53° and 192.53
6, = 6.264° and 96.26°

Substitute 6, = 96.26° into first of Eq. 10-9 (Z,,),

Y

cos 20 — I, sin 20

180 + 720 180 — 720
= 5 + 5 cos 192.53° — 60 sin 192.53° |(10~°) m*

726.59(10%) m*
Therefore

(6,)1 = 96.26° = 96.3° (6,), = 6.264° = 6.26° Ans.

Ans:

Lnax = 726.59(107%) m* = 727(10"%) m*

Inin = 173.41(107%) m* = 173(107 %) m*
(6,)1 = 96.3°
(6,), = 6.26°
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10-77. Solve Prob. 10-76 using Mohr’s circle.

SOLUTION

Construction of the Circle: The coordinates of center O of the circle is

I + 1 180 + 720
0( 5 y,o) = (f,o)(lofﬁ) = (450,0)(107°)

And the coordinates of reference point A is
A(I, I,) = A(180, 60)(10°°)

Thus, the radius of the circle is

R =04 = (V(450 — 180)> + (0 — 60)?)(107) = 276.59(10°%)

Using these results, the circle shown in Fig. a can be constructed. Here, the coordi-
nates of points C and B represent I, and I, respectively. Thus

L.x = (450 + 276.59)(107%) = 726.59(10 %) m* = 727(10 %) m*  Ans.
Ln = (450 — 276.59)(107%) = 173.41(10 %) m* = 173(10 ) m*  Ans.

The orientation of the principal axes can be determined from the geometry of the
shaded triangle on the circle.
—_— 60 . p— o J— o __ (]
tan 2(0[))2 = m, 2(0P)2 = 1253 (Gp)Q = 6.264° = 6.26 3 Ans.

2(0,)1 = 2(0,), + 180° = 12.53° + 180° = 192.53° (6,); = 96.26° = 96.3° D Ans.

_T_,} ) m*

Twtm?

Ans:
Lpe = (450 + 276.59)(107%) = 727(10%) m*
Lin = (450 — 276.59)(107%) = 173(107°) m*

ﬁ
R 6

=

60
tan2(0,), = ———— 2(0,), = 12.53°
L14x an ( p)2 450 — 180° ( p)2
(6,), = 626° O
(a) 2(0p)1 = Z(Gp)z + 180° = 12.53° + 180° = 192.53°

(6,); = 96.26° = 96.3° )
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10-78. y

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. Use the
equation developed in Section 10.7. For the calculation,
assume all corners to be square.

32.22 mm

100 mm

32.22 mm

SOLUTION

| 100 mm |

I, = {1172 (20)(100)* + 100(20)(50 — 32.22)2}

+ {% (80)(20)* + 80(20)(32.22 — 10)2}
= 3.142(10°) mm*

1
I, = [E (100)(20)* + 100(20)(32.22 — 10)2}

+ {% (20)(80)* + 80(20)(60 — 32.22)2}

= 3.142(10°) mm*

I, =33y A

—(32.22 — 10)(50—32.22)(100)(20) — (60—32.22)(32.22—10)(80)(20)

—1.778(10°) mm*

I+ 1, L—1,\2
Imax/min = T + ( ) ) + Ixy

= 3.142(10°) £ VO + {( — 1.778)(10°))?
I e = 4.92(10%) mm* Ans.

Lin = 1.36(10%) mm* Ans.

Ans:
Lyw = 4.92(10%) mm*
L, = 1.36(10° mm*
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10-79.

Solve Prob. 10-78 using Mohr’s circle.

SOLUTION

Solve Prob. 10-78.

I, = 3.142(10°) mm*

I, = 3.142(10°% mm*

y
I,, = -1.778(10 ®) mm*
Center of circle:

I, +1
2

y

= 3.142(10°) mm*

R = V(3142 — 3.142)2 + (—1.778)%(10% = 1.778(10°) mm*

Lax = 3.142(10% + 1.778(10%) = 4.92(10°) mm*

Lin = 3.142(10%) — 1.778(10°) = 1.36(10°) mm*

100

32.22 mm

Ans.

Ans.

(Inia, ) J\m

(IM’O)
,0) -I (10‘) mm
R/

(3.142, -1.718)

Ans:
Ly = 4.92(10% mm*
L = 1.36(10% mm*
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*10-80. Locate the centroid y of the beam’s cross-sectional
area and then determine the moments of inertia and the
product of inertia of this area with respect to the u and
v axes.

SOLUTION

Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam’s
cross — sectional area are indicated in Fig. a. Thus,

Ty A 1225(1000)(50) +2[1000(400)(50)] + 600(1200)(100)
A 1000(50) + 2(400)(50) + 1200(100)

=825mm Ans.

y =

Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid
of each segment to the x and y axes are indicated in Fig. b. Using the parallel — axis theorem,

1= [% (1000)(50°) + 1000(50)(400)2] +2 [% (50)(400°) + 50(400)(175)2] + [% (100)(1200%) + 100(1200)(225)2]

=302.44 (10°) mm*

1 1 1
I,= — (50)(1000°) + 2 | — (400)(50%) + 400(50)(75)* | + — (1200)(100°)
Y12 12 12
=45 (10%) mm*
Since the cross — sectional area is symmetrical about the y axis, [, = 0.

5> Ly

Moment and Product of Inertia with Respect to the u and v Axes: With 6 = 60,

I+I, I -1
I,= 5 Lo+ * cos 201, sin 20

~ [302.44 +45 3024445

5 cos 120° - 0 sin 120°] (10%)

=109.36 (10*) mm* = 109 (10*) mm* Ans.
Io+1, 1. -1
I = z - L cos 260 +1,,sin 20
2 2 '
- [302.44 +45  302.44-45

2
=238.08 (10°) mm* = 238 (10*) mm’* Ans.

cos 120° + 0 sin 1200] (10%)
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*10-80. Continued

-1
I = L sin26 + I, cos 26
2 w

uv

302.44 - 45
[— sin 120° + 0 cos 120° | (10%)

=111.47 (10°) mm* = 111 (10°) mm*

il
c 500 mm
500 mm | 75 mm 4—75"‘“‘
50 ml;l- ) _aJ {@
£
£ @ anine 4000 mm @c -
S Gl (2% '¢,] 175 mm
g < H =y = x
£ 50 mm—s{ |4 g 225 mm
=) € | €
5 G E |y _ %
— e |8 |a y=825mm
1000mm - k= | £ |S | T
=3 @A
By g
(@) b)

Ans.

Ans:
y = 825 mm
I, = 109 (10%) mm*

L = 238 (10%) mm*
I, = 111 (10% mm*

I
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y
10-81. Solve Prob. 10-80 using Mohr’s circle. !
v 50 mm
450 mmy/
\ 450 er\ ‘L> /’ /J
50 mm L 60°
N X
400 mm C
50 mm
800 mm y

SOLUTION

Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam’s cross
— sectional area are indicated in Fig. a. Thus,

5= A _ 1225(1000)(50) + 2[1000(400)(S0)] +600(1200)(100) _ oo
TA 1000(50) + 2(400)(50) + 1200(100)

Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid of
each segment to the x and y axes are indicated in Fig. b. Using the parallel — axis theorem,

1= [é (1000)(50°) + 1000(50)(400)2] + 2[% (50)(400°) + 50(400)(175)2] + [é (100)(1200%) + 100(1200)(225)2]
= 302.44 (10°) mm*
1 3 1 3 2 1 3
1,= — (50)(1000°) +2 [E (400)(50°) + 400(50)(75) ] + 45 (1200)(100)

=45 (10*) mm*

1, = 60(5)(~14.35)(13.15) + 55(15)(15.65)(~14.35)
=-11.837 (10*) mm*

Since the cross - sectional area is symmetrical about the y axis, I, = 0.

Iuy (10° mm*)

4
C 500 mm |
50 mmL 500mm | 1 75 m 47 min@ R=12B T
4 1 __ .
— =1
ET
E @ @, 'L_@ 400 mr:[ ‘@_ A
g o | o - & I ¢, 175 m1)1(1- TR T,,(10° mm*)
50 mm —sf {44 £ g 225 mm
1200 mm Co - g Q Ca
3 e [ |7 y-%25mm| 3
100 mm =3 | e g =
IE S
(@) k)
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10-81. Continued

Construction of Mohr’s Circle: The center C of the circle lies along the u axis at a distance

L +I (302.44+45

Livg 5 5 J (10%) = 173.72 (10°) mm*

The coordinates of the reference point A are (302.44,0) (10*) mm®. The circle can be constructed as shown in Fig. c. The radius of
the circle is

R = CA = (302.44 - 173.72) (10%) = 128.72 (10*) mm*

Moment and Product of Inertia with Respect to the z and v Axes: By referring to the geometry of the circle,

1,=(173.72 - 128.72 cos 60°) (10°) = 109 (10°) mm* Ans.
1, = (173.72 + 128.72 cos 60°) (10%) = 238 (10%) mm* Ans.
1, = (12872 sin 60°) (10°) = 111 (10°) mm* Ans.

, = 109 (10%) mm*
I, = 238 (10%) mm*
I, = 111 (10% mm*
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10-82. Locate the centroid y of the beam’s cross-sectional
area and then determine the moments of inertia of this area
and the product of inertia with respect to the u and v axes.
The axes have their origin at the centroid C.

25 min N
SOLUTION 7 mm

Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam’s
cross - sectional area are indicated in Fig. a. Thus,

_ SyA 2[100200)(25)] + 12.5(2:5)(100)
YT sa 2(200)(25) + 25(100) = 825 mm Ans.

Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem

I = 2[11—2(25)(2003) + 25(200)(17.5)2} + {%(100)(253) + 100(25)(70)?

= 48.78(10°) mm*

I, = 2[11—2(200)(253) + 200(25)(62.5)2} + 11—2(25)(1003)
= 41.67(10°) mm*

Since the cross - sectional area is symmetrical about the y axis, I,

,=0.

Moment and Product of Inertia with Respect to the z and v Axes: With 6 = —60°,

L+ 1,
L= -
u 2 2

L -1,

cos 260 — I, sin 20

| 4878 + 41.67 N (48.78 — 41.67

5 5 )cos (—120°) — 0sin (—120°) [(10%)

= 43.4(10°) mm* Ans.

IL+1, I —1
= X2 LA x2 yCOSZB*IXySiHZG

| 4878 + 41.67 N (48.78 — 41.67

5 5 )cos (—120°) + 0sin (—120°) [(10%)

= 47.0(10°) mm* Ans.
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10-82. Continued

I, — I,
L, = > sin 20 + I, cos 20
48.78 — 41.67
= (f) sin (—120°) + Ocos (—120°)
= —3.08(10°) mm* Ans.
z5mm ¥
*qzmm
] smm JAD | OFL gzsmm
AP | D éHMJT ) i e
200mm £ 4 & g
C, c, 3 x
z{mlm'm ioomm  HBES @5 Tomm
> G —*
e’ |
0me|some]
@ (23

Ans
y = 82.5mm
I, = 43.4 (10% mm*

I, = 47.0 (10% mm*
I, = —3.08 (10% mm*
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10-83. Solve Prob. 10-82 using Mohr’s circle.

SOLUTION

Centroid: The perpendicular distances measured from the centroid of each subdivided seg-
ment to the bottom of the beam’s cross - sectional area are indicated in Fig. a. Thus,

_ SyA 2[100(200)(25)] + 125(2.5)(100)
YT sa 2(200)(25) + 25(100) -

82.5 mm Ans.

Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular dis-
tances measured from the centroid of each segment to the x and y axes are indicated in Fig. b.
Using the parallel - axis theorem

I = 2{11—2(25)(2003) + 25(200)(17.5)2} + {%(100)(253) + 100(25)(70)?

= 48.78(10°) mm*

I, = 2[11—2(200)(253) + 200(25)(62.5)2} + 11—2(25)(1003)
= 44.67(10% mm*

Since the cross - sectional area is symmetrical about the y axis, I,, = 0.

Ty (109 mm*
y 1, |
Y &
Rem (_Czsmm N ‘
] — ]
k_gD K DL A . ny
X .G mm
200 mm TP\ "_/[ﬂ @ 4 A T (1) mait
C, C, _ 3 JC va iE /209
zsnm s | 100, Y-BL5 @ |4 Tomm R=356
/ > Gaf == Y ,
a7 JI =
S0m|50m " i
i 4878
“) (D)
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10-83. Continued

Construction of Mohr’s Circle: The center C of the circle lies along the u axis at a distance

Lt L, 74878 + 41.67
Iavg - 2 - 2

)(106) mm* = 45.22(10°) mm*

The coordinates of the reference point A are [48.78,0](10°) mm*. The circle can be con-
structed as shown in Fig. a. The radius of the circle is

R = CA = (48.78 — 45.22)(10°) = 3.56(10°) mm*

Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geom-
etry of the circle,

I, = (4522 — 3.56 cos 60°)(10°) = 43.4(10°) mm* Ans,
I, = (45.22 + 3.56 cos 60°)(10°) = 47.0(10°) mm* Ans,
I, = —3.56sin 60° = —3.08(10°) mm* ne,

Ans
y = 82.5mm
I, = 43.4 (10° mm*

I, = 47.0 (10%) mm*
I, = —3.08 (10% mm*
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*10-84.

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

SOLUTION
2m
If:/ p A(RAO)R? = 2w p AR
0
2a
m = / pARdO =2mp AR
0
Thus,
I.=mR?

—<

Rdb

Ans.

Ans:
L =mR

Z
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10-8s.

Determine the moment of inertia of the homogenous z
triangular prism with respect to the y axis. Express the

result in terms of the mass m of the prism. Hint: For

integration, use thin plate elements parallel to the x-y plane z= %h (x—a)
having a thickness of dz.

SOLUTION

Differential Thin Plate Element: Here, x = a(l - %) The mass of the XA

differential thin plate element is dm = pdV = pbxdz = pab(l - %) dz. The mass

moment of inertia of this element about y axis is
dl, = dlg + dmr?

1 2 '(2 2
= + +
1 dmx dm ( Z

= %xz dm + 2 dm

[5e3- Tmo-0)4

_pabl o 3, 32 & , 2,3L3>
= 3<a+h2z PREIEL + 3z h dz

Total Mass: Performing the integration, we have

" z 7
= = 1-= = _ <
m [ndm A pab( h) dz = pab <Z 2h>

Mass Moment of Inertia: Performing the integration, we have

h
b 2 2 2 3
0

= Epabh

hq
0

1

y:/‘ﬂy

pab( a5 3>, a5 32\
= + — - - + - =
3 <“ VRS RS ST §
abh
= p12 (a* + K

The mass moment of inertia expressed in terms of the total mass is

1 pabh) 2 g M, o5 0
= (— )@+ 1) ="(a®+ .
I 6( > (a” + hY) 5 (a® + h7) Ans

Ans:

_m

I, = ‘ (@ + h?)
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10-86.

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.

SOLUTION

2
X
Differential Disk Element: Here, y: = b (1 - ?).The mass of the differential disk element is

2
dm = pdV = pwy*dx = pmwb’ (1 - %) dx. The mass moment of inertia of this element is
a
1 , 1 ) X2 ) X2 pmb* ¥+ 2x2
dlxzidmy:§|:p77b(l_§ dx || b 1—; :T ;—?‘f‘l dx. y

Total Mass: Performing the integration, we have

a 2 3
m = /dm= /pwbz(l—j)dx=pwb2(x—j)
m 0 a 3a

2
= gpﬂ'ab2

a

0

Mass Moment of Inertia: Performing the integration, we have

a 4 4 2
pmb® (x*  2x
IX:/de:‘lT(?—y‘f‘l)dx

_P7Tb4<x5 2x3+ )“
2 54 3d° * 0
_4
= 15p77ab

The mass moment of inertia expressed in terms of the total mass is.

_2(2 o\l 2 o
Ix—5(3pwab>b —Smb Ans.
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10-87.

Determine the moment of inertia of 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.

SOLUTION

dm = /n-yzdx
_ y2dm

A=

Q‘k
ST Y

Ans.

a
" 2 y
v
//‘ b
(1AL,
-}
x 1
\_l dx
o——~a——4’
Ans
2
I, = _mb?
X Sm
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*10-88.

Determine the radius of gyration k, of the paraboloid. The
density of the material is p = 5 Mg/m”>.

SOLUTION

Differential Disk Element: The mass of the differential disk element is
dm = pdV = pmy* dx = pm(50x) dx. The mass moment of inertia of this element

. 1 , 1 pm )
isdl, = Edmy = E[pTr(SOx) dx](50x) = 7(2500x ) dx.

Total Mass: Performing the integration, we have
200 mm
m = / dm = / pm(50x)dx = pm(25x*)F0 ™™ = 1(10%)p7
m 0

Mass Moment of Inertia: Performing the integration, we have

200 mm - ,
I, = [dI, = = (2500x%) dx
0

3 E(ZSOOXS) 200 mm
2 3

0

= 3.333(10%)pm

The radius of gyration is

o
k, = Lo _ [3.333(10%p7 _ 577 mm Ans.
m 1(10%)pm

200 mm

Ans:
k., = 57.7 mm
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10-89. The paraboloid is formed by revolving the shaded
area around the x axis. Determine the moment of inertia about

the x axis and express the result in terms of the total mass m of Y s
the paraboloid. The material has a constant density p. V=5 N
a
S
SOLUTION '
h——
dm = pdV = p (m y* dx)
1 1
dl,=—dmy*=—pxwy*dx ?
2 2
h 4
1 a
Ix = /0 Ep W(ﬁ)Xz dx
1
=67 pa*h
h 2
1
m = ‘4 Ep 7T<%)x dx
1
= 5 pmath
L5
I, = 3 ma Ans.

Ans:

I, = —ma
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10-90.
The right circular cone is formed by revolving the shaded y
area around the x axis. Determine the moment of inertia /7,
and express the result in terms of the total mass m of the y=jx
cone. The cone has a constant density p. \ {
v
S
SOLUTION
dm = pdV = p(m y* dx)
L
h 2 2
1 1
m = / p() % x*dx = pm % (*)h3 = —pm r’h
0 h h” J\3 3 y
1 X

de=5y2dm
1 2 2
=5V (pmy"dx)

1 r
= 5 p(7T) (E)x“ dx

h 4
1 r 1
I, = [ Ep(’/'T)(ﬁ))C4 dx = Ep'rr r4h

Ans.
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10-91.

Determine the radius of gyration k, of the solid formed by
revolving the shaded area about x axis. The density of the
material is p.

SOLUTION
Differential Disk Element. The mass of the differential disk element shown

h h 1\
shaded in Fig. a is dm = pdv = pmy*dx. Here y = 7x%. Thus, dm = pmr (ﬁxi’)

aﬁ aﬁ
h?
dx = P B x'Zde. The mass moment of Inertia of this element about the x axis is
@
1 1 (pmh? h 1\? h
dl, = *(dm)yz = *(p X dx)<7x% = p)(4 X' dx
2 2\ g/ ar 2a7 ?

Total Mass. Perform the integration,

' aPﬂ'hz 2
m= [ dm = —(x "dx)
m 0o ar

(N e
@ n+2 "
=( Zz>pﬂ'ah2
n

Mass Moment of Inertia. Perform the integration,

ap 7Th4 .
.= |[|dI, = (2" dx)
0 2a

- e)
N 244" J\n + 4 . n

0

-l gl

The radius of gyration is

{L} pmr ah
ke = \/:\/ E(HI: 4)),, = 1/2(””124)h Ans.

2
n+4 ™ ah

Ans:

n+?2
"_Vz(n+4)h
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*10-92.

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

SOLUTION
_ yzdm
dl, = —

dm = pdV = p(wy*dx) = pm(r* — x})dx

1
dl, = Epﬂ'(r2 — x*)?dx

"1
. / EpTr(r2 — x*)?dx

~
Il

8 5

3
Il
N
3
he)
3
R
-
[38)
|
=
N
QU
=

Ans.

x2+y2=r2

Ans:

1110




© Pearson Education Limited 2017. 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.

10-93. z
Determine the moment of inertia 7, of the frustrum of the

cone which has a conical depression. The material has a 200 mm
density of 2000 kg/m®.

SOLUTION

z _z+l
0.2 08 ’
z = 0.333 m. The mass moment of inertia of each cone about z axis can be

Mass Moment of Inertia About z Axis: From similar triangles,

. . 3
determined using I, = —mr>.

10
z
_ _ 3|7 2 2
I,=32(1), = 10{3 (0.8 )(1.333)(2000)}(0.8 ) oim _
, LE5038m
. -
_ 307 0 2
10{3 (0.2 )(0.333)(2000)}(0.2 ) Im
- '
— i ™ 2 2 7
10{3 (0.2 )(0.6)(2000)}(0.2 ) Bm
= 342 kg m? Ans. z
02m p—=x
_E"»im

Ans:
I, = 342 kg - m?
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10-94.

Determine the mass moment of inertia /, of the solid
formed by revolving the shaded area around the y axis. The
total mass of the solid is 1500 kg.

SOLUTION N

Differential Element: The mass of the disk element shown shaded in Fig. a is
1 1 2 wu
dm = pdV = pwr’dy. Here,r = z = ZyS/Z.Thus,dm = pW(Z y3/2) dy = %fdy.
The mass moment of inertia of this element about the y axis is
1 p P (1 5,

1 4 p
1. = —dmi? = = 2 2 = T4 :7( ) =27 Sdy.
dl, der 2(pﬂ'r dy)r 2 r*dy > (1Y dy 5127 dy

Mass: The mass of the solid can be determined by integrating dm. Thus,

o pm y4 My
= dm = —yvdy = — | — = amp
" /m lmyy 16 \4 ),
The mass of the solid is m = 1500 kg. Thus,
375
1500 = 4mp p =— kg/m®
T
Mass Moment of Inertia: Integrating d1 ,
4m 7\ |4m
pT pm [y 32
I,= [dI, = —=Wdy = | = =—
y / y [ s 512(7)0 7
375
Substituting p = = kg/m® into 1,
T
2
I,= M(ﬁ) — 1.71(10%) kg - m? Ans.
7 T

Ans:
1, = 1.71(10%) kg - m?
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10-95.

The slender rods have a mass of 4 kg/m. Determine the
moment of inertia of the assembly about an axis
perpendicular to the page and passing through point A.

SOLUTION

Mass Moment of Inertia About An Axis Through A. The mass of each segment

is m; = (4kg/m)(0.2m) = 0.8kg. The mass moment inertia of each segment

shown in Fig. a about an axis through their center of mass can be determined using
1

()i = Emiliz-

Iy = E|:(IG)1‘ + mid?}

- {%(0.8)(0.22) + 0.8(0.12)} + {%(0.8)(0.22) +0.8(0.2)

= 0.04533 kg - m?

= 0.0453 kg - m’ Ans.

0:lm

0oZm
Gy

/Gz

o-/lm

a1
S
3

A& -
200 mm
‘F 100 mm Hk 100 mm %‘
Ans:

I, = 0.0453 kg - m’
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*10-96.

The pendulum consists of a 8-kg circular disk A, a 2-kg
circular disk B, and a 4-kg slender rod. Determine the radius
of gyration of the pendulum about an axis perpendicular to
the page and passing through point O.

SOLUTION

Mass Moment of Inertia About An Axis Through O. The mass moment of inertia
of each rod segment and disk segment shown in Fig. @ about an axis passes through

1 1
their center of mass can be determined using (I;;); = — m;1? and (I5); = = m;r2.

12 2

Ip = 2{(16» + mid?}
_ {%(4)(1,52) + 4(0.252)} + B(z)(o.lz) + 2(0.62)}

+ B(S)(o.zz) + 8(1.22)}

= 13.41 kg - m?
The total mass is
8kg + 2kg + 4kg = 14 kg

The radius of gyration is

k —1/10—w/13'41kg'm2—09787 = 0.979 A
o0 = m— 14kg = U. m = U. m ns.

A
B
O
=—0
1m ~— 05m 1
Ans:
ko = 0.979 m
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10-97.

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

density of 200 kg/m?.
SOLUTION
31
I, = E[g’zr (0.4)%(1.6)(200)](0.4)?
—i[lw (0.2)%(0.8)(200)](0.2)*
10°3
—i[lw (0.4)%(0.6)(200)](0.4)* ,_,, Ao.zm
1073 ’ ’ ’ o™ - Ao.om
: Totm
I, =153kg-m? Ans. o
Ans:
I, = 153 kg -m’
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10-98.

The pendulum consists of the 3-kg slender rod and the 5-kg
thin plate. Determine the location y of the center of mass G 77; 0;
O

of the pendulum; then find the mass moment of inertia of B
the pendulum about an axis perpendicular to the page and
passing through G.
y
2m
SOLUTION —— ol G
_ Zym  1(3) + 2.25(5) i 0.5m
= = =1781m = 1. Ans.
y Sm 3145 781 m 78 m ns i
_ L—l m —»‘
IG = Elcf + mdz
1 1
= E(3)(2)2 +3(1.781 — 1)* + E(5)(0.52 + 1%) + 5(2.25 — 1.781)?
= 4.45kg- m? Ans. ’_% Im
». R-25m
(17181-Dm
1 G

G-25-1781)m

Ans:
y =178 m
I = 445kg-n?
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10-99. Determine the mass moment of inertia of the 20mm ———
overhung crank about the x axis. The material is steel 30 inm
having a density of p = 7.85 Mg/m°. —
g yof p g/ ‘ o0k O
50 mm
X 180 mm
20 mm
x' T
30 Enm
20 mma‘ ‘-m» 30 mmH
SOLUTION

m, = 7.85(10%) ((0.05)7(0.01)?) = 0.1233 kg

= 7.85(10%((0.03)(0.180)(0.02)) = 0.8478 kg
|:1 2 2
I, = 2| 2(01233)(0.01)° + (0.1233)(0.06) }

+ {11—2(0.8478)((0.03)2 + (0.180)2)}

= 0.00325kg -m> = 325g - m’ Ans.

0-05m

o-0Im
~

aia

0.
x 0-1&m
0.06
0.0Im
— L
M N
- l )
/ 0.05m' Locoam
0.02m

Ans:
I, =325g-m?
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#*10-100. Determine the mass moment of inertia of the 20mm ———
overhung crank about the x’ axis. The material is steel 30 inm
having a density of p = 7.85 Mg/m?. —t
aving a density of p g/m 90 mm O
‘ 50 mm
X 180 mm
20 mm
x' T
30 er
20 mm H‘ ‘-m» 30 mmH
SOLUTION
m, = 7.85(10%) ((0.05)m(0.01)?) = 0.1233 kg
m, = 7.85(10%((0.03)(0.180)(0.02)) = 0.8478 kg
1 1
I = {5(0.1233)(0.01)2} + {5(0.1233)(0.02)2 + (0.1233)(0.120)2}
1
+ [E(o.8478)((0.03)2 +(0.180)%) + (0.8478)(0.06)2}
= 0.00719 kg-m? = 7.19 g- m? Ans.

0:.05m
N 0.01m]
[ — D
U
O-12m ) ol18m
0-06m
L o X (J gvalm
) |: .05M ‘ l
0 0-03m
0.02m

Ans:
I,=719g-m?
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10-101.

The thin plate has a mass per unit area of 10kg/m>
Determine its mass moment of inertia about the y axis.

SOLUTION

Composite Parts: The thin plate can be subdivided into segments as shown in Fig. a.
Since the segments labeled (2) are both holes, the y should be considered as
negative parts.

Mass moment of Inertia: The mass of segments (1) and (2) are
my = 0.4(0.4)(10) = 1.6 kg and m, = 7(0.1%)(10) = 0.17 kg. The perpendicular
distances measured from the centroid of each segment to the y axis are indicated in
Fig. a. The mass moment of inertia of each segment about the y axis can be
determined using the parallel-axis theorem.

I, =32(1,)6 + md

y

2{%(1.6)(0.42) + 1.6(0.22)} - 2{%(0-17)(0.12) + 0.17(0.2?)

= 0.144 kg - m? Ans.

Z

’\200 rrllm

Ans:
I, = 0.144 kg - m’
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10-102.

The thin plate has a mass per unit area of 10kg/m>. z
Determine its mass moment of inertia about the z axis.

%200 rrllm

SOLUTION

Composite Parts: The thin plate can be subdivided into four segments as shown in
Fig. a. Since segments (3) and (4) are both holes, the y should be considered as
negative parts.

Mass moment of Inertia: Here, the mass for segments (1), (2), (3), and (4) are
my = m, = 0.4(0.4)(10) = 1.6 kg and m3 = m, = 7(0.12)(10) = 0.17 kg. The mass
moment of inertia of each segment about the z axis can be determined using the
parallel-axis theorem.

I, =3(1,)6 + md®

.=

= %(1.6)(0.42) + {%(1.6)(0.42 +0.4%) + 1.6(02%) | — %(0.177)(0.12) - %(0.177)(0.12) +01m(02%)

= 0.113kg - m? Ans.

Ans:
I, = 0.113kg-n’
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10-103.
Determine the moment of inertia 7, of the frustrum of the z
cone which has a conical depression. The material has a
density of 200 kg/m?.
200 mm

SOLUTION

. , o . z z+1
Mass Moment of Inertia About z Axis: From similar triangles, 02 08

z = 0.333 m. The mass moment of inertia of each cone about z axis can be

. . 3
determined using I, = ~—mr*.

10
2
I = 3(L), = 1{1(0.82)(1.333)(200)}(0.82) 02m I
1013 y F2=0-353m
— 3t _
- %{%(0.22)(0.333)(200)}(0.22) im
- e
3|7 ?,
- E{5(0.22)(0.6)(200)}(0.22) oG
= 342kg- m? Ans. z
02m I-—r
_E"%ﬁm

Ans:
I = 342kg-m?
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*10-104.

Determine the mass moment of inertia of the assembly z
about the z axis. The density of the material is 7.85 Mg/m?.

SOLUTION

Composite Parts: The assembly can be subdivided into two circular cone segments (1)
and (3) and a hemispherical segment (2) as shown in Fig. a. Since segment (3) is a hole,
it should be considered as a negative part. From the similar triangles, we obtain

z 0.1

. =022
045+ 2z 03 °02%m

Mass: The mass of each segment is calculated as

my = pV, = p(%ﬂ'rzh) = 7.85(103){%77(0.32)(0.675)} = 158.96257kg

my, = pV, = p@wﬁ) = 7.85(103){%7(0.33)} = 141.37kg

1 1
msy = pVy = p(gﬂr2h> = 7.85(103){gw(o.ﬁ)(o.zzs)} = 5.88757kg

Mass Moment of Inertia: Since the z axis is parallel to the axis of the cone and the
hemisphere and passes through their center of mass, the mass moment of inertia can be

2 3
computed from (/,); = 0 mirs, (1), = 3 mory%, and 0 myry%. Thus,

I, = 2(1);

3 2
= E(lss.%zsw)(osz) + g(141.377)(0.32) - %(5.887577)(0.12)

29.4 kg - m? Ans.

Ans:
I, = 29.4 kg - m’
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10-105. The pendulum consists of a plate having a weight
of 60 kg and a slender rod having a weight of 20 kg.
Determine the radius of gyration of the pendulum about an
axis perpendicular to the page and passing through point O.

SOLUTION
Given:
W,=60kg a=1m
W,=20kg b=1m
c=3m
d=2m
1 c+d

Iy=—: +d)? + W,-
0 12Wr(0 d) VVr(

Iy
Ky = | —2— =315
"TANw, W, ko m

21
—c) +E-Wp(a2+b2) + Wp-(c+

o

Ans.

3m

2 m—

Ans:
ko =3.15m
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10-106.
The pendulum consists of a disk having a mass of 6 kg and ‘ 0.8 m L—05m —|p
slender rods AB and DC which have a mass of 2kg/m. F
Determine the length L of DC so that the center of mass on {
is at the bearing O.What is the moment of inertia of the ) o L
assembly about an axis perpendicular to the page and A 7 B
passing through point O? ] l
C

SOLUTION ' 0b5m

Location of Centroid: This problem requires x = 0.5 m.

2xm E:

~O
[ 8]
R
N\
°
@
3

1
zm /m r—-x:=05~
05 = 1.5(6) + 0.65[1.3(2)] + O[L(2)] 1:5m
T 6 + 1.3(2) + L(2)
L =639m Ans.
Mass Moment of Inertia About an Axis Through Point O: The mass moment of inertia
of each rod segment and dlisk about an axis passing through the center of mass can be
determine using (I5); = Eml2 and (Ig); = Emrz. Applying Eq. 10-15, we have
lo = 2(Ig); + mid;
1 2 2
= E[1.3(2)](1.3 ) + [1.3(2)](0.15%)
1 2 2
+ E[6.39(2)](6.39 ) + [6.39(2)](0.5%)
1
+2(6)(0.2%) + 6(17
5 (©(02°) +6(1)
= 532 kg-m? Ans.
Ans:
L =639m

I, = 532kg-m?
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10-107.

Determine the mass moment of inertia of the thin plate
about an axis perpendicular to the page and passing
through point O. The material has a mass per unit area of
20 kg/m?.

SOLUTION

Composite Parts: The plate can be subdivided into the segments shown in Fig. a.
Here, the four similar holes of which the perpendicular distances measured from
their centers of mass to point C are the same and can be grouped as segment (2).
This segment should be considered as a negative part.

Mass Moment of Inertia: The mass of segments (1) and (2) are my =
(0.4)(0.4)(20) = 3.2 kg and m, = 7(0.05%)(20) = 0.057 kg, respectively. The mass
moment of inertia of the plate about an axis perpendicular to the page and passing
through point C'is

1 1
Ie=15 (32)(0.4%> + 04%) — 4 5 (0.057)(0.05%) + 0.057(0.15%)
= 0.07041 kg - m?
The mass moment of inertia of the wheel about an axis perpendicular to the
page and passing through point O can be determined using the parallel-axis
theorem I, = I- + md? where m = m; — m, = 3.2 — 4(0.057) = 2.5717 kg and
d = 0.4 sin 45°m. Thus,

Io = 0.07041 + 2.5717(0.4 sin 45°)*> = 0.276 kg - m? Ans.

0-45in45m

0:06m
0-15m

¢ < N ossm

@)

Ans:
Ip = 0276 kg - m?
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*10-108.

Each of the three slender rods has a mass m. Determine the
moment of inertia of the assembly about an axis that is
perpendicular to the page and passes through the center
point O.

SOLUTION

1 asin60°\> | 1
I =3 —mad® + e = “mag? Ans.
0 3[12 ma m( 3 ) J 2ma ns,
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10-109.

The pendulum consists of two slender rods AB and OC
which have a mass of 3 kg/m. The thin plate has a mass of
12 kg/m?. Determine the location ¥ 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.

SOLUTION

1.5(3)(0.75) + 7(0.3)%(12)(1.8) — r(0.1)%(12)(1.8)

YT T506) + #(03)012) — m(0.1Y(12) + 0.83)

= 0.8878 m = 0.888 m

Ig = 11—2(0.8)(3)(0.8)2 + 0.8(3)(0.8878)%
+$(1.5)(3)(1.5)2 + 1.5(3)(0.75 — 0.8878)>
% [7(0.3)%(12)(0.3)> + [m(0.3)*(12)](1.8 — 0.8878)>

- %[77(0.1)2(12)(0.1)2 — [7(0.1)%(12)](1.8 — 0.8878)*

Ig = 5.61 kg-m?

Ans.

Ans.

r0.4 mﬂ«0.4 m»‘
A B

i

y

J, ol G 1.5m

C
0.1 m
0.3 m
Ans:
y = 0.888 m

I; = 5.61 kg-m?
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