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¢10-1. Determine the moment of inertia of the area about y
the x axis.
m y=025x°
X
2m
The area of the rectangular differential element in Fig. ais ¢4 =(2 —x)dy.Since x = (4y ) 3then
dt = [2-(4y)"%] .
I =I y2dA
A
2m
= _[ y?[2-4y)'"]ay
0
2m
=J‘ (2y2 4184713y 4
A .
m
Ans.

- [33;_3 _%( 41’3}340*‘3] =0.533m?

d
am i
. =

(@)
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10-2. Determine the moment of inertia of the area about y
the y axis.

3
The area of the rectangular differential element in Fig. aisdA = ydx = £4— dx.

2
I =J x“dA
Y A
2m 3
=J. x2 I dx
0 4
_rmifh
0 4
x6 2m
=| =— =267m? Ans.
0

M
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10-3. Determine the moment of inertia of the area about y
the x axis.

The area of the rectangular differential element in Fig. ais d4 = (1-x)dy.Since x =y, then dd = (1— y*'3) dy.

I, = j y2dA
J'O yZ[l yzrs] &

J’lm(yz 83y 4

1l

0
3 m
y 3 11;3 4
=| 2= = 0.0606
[ 3 ” 0606 m Ans,

-
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*10-4. Determine the moment of inertia of the area about
the y axis.

The area of the rectangular differential element in Fig. a is dA = ydx = x>'2 dx.

2
I:Jldi
y A

= J:j " xz(x:”z)dx

1m
=J' 72 g

,[O

m
2 2] =0222m? Ans.
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the x axis.

1]
5=

¢10-5. Determine the moment of inertia of the area about

fl
T
w
<
W
|
=
1}
N
—
LS
=]
'

&y)
Zm

I’ 2-X

1

h 4

2Zm

)

2 m

2
The area of the rectangular differential element in Fig. aisdA =(2 —x)dy.Since x = 2:-Z-,then dA =

¥
2- = |d.

931




10 Solutions 44918 1/28/09 4:21 PM Page 932 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

10-6. Determine the moment of inertia of the area about y
the y axis.

2 m

I =I x2dA
Y A
2m
0
2m
— ﬁxSde
0

2

m
=[J5[%x"”2J =457m* Ans.
0

=
}li

m
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10-7. Determine the moment of inertia of the area about y
the x axis.

The moment of inertia of the area about thex axis will be determined using the rectangular differential
element in Fig. a. This areais

V4
dA = (1- x)dy =[1—[§J ]ay

e AT o

=[.‘;i_(l)m(%)y'3’4] =0205'm*  Ans.

2
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*10-8. Determine the moment of inertia of the area about y
the y axis.

b—1m ——

The moment of inertia of the area about the y axis will be determined using the rectangular differential
element in Fig. a. This area is

dA =y dc = 2x* dx

Im 1m 2 m
I, =I x2dA = j x2(2x4d:) =J 245 dx = {_x") =0286m? Ans.
A o 0 7

zm| |% -
v

dxH| k

/m

(b)
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*10-9. Determine the polar moment of inertia of the area y
about the z axis passing through point O.

@]
~—1m%

The moment of inertia of the area about thex and y axes will be determined using the rectangular differential
element in Figs. a and b. The area of these two elements are

/4
dA =(l—x)dy=ll—(%) }a)vanddfl =ydr =2 d.

2m /4 2m 1/4
= . 2_(1 9/4
!x_JAydA_Io l: () ] [y (2) d ]ay
3 1;4
¥ 13!4 "
-[3 [2] 13 :| 0.2051m*

I _L X2dA = Jlm ‘i) = (%x"'}[]m =0.2857m*

Thus, the polar moment of inertia of the area about the z axis is
Jo =1 +1,=02051+ 0.2857 = 0.491 m* Ans,

) i‘# o7
7

= ' e
ST ot LS

@) (b)
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10-10. Determine the moment of inertia of the area about y
the x axis.
y=x
8 in.
X
2 in.
1
Differential Element : Here, x = y*. The arca of the differential element '}'
parallel 10 xaxis is d4 =xdy=y'l’dy.
-
Moment of Inertia : Applying Eq. 10— land performing the integration, we %
have d';‘. .._1
, Bin i
Rin. 1 T
I = 2dA = 23
A I‘ydﬁ J; r(y)d‘y .,}
[ 3 » !.il‘
=5y
10 ] 0 l X
=307 in’ Ans Zin.
10-11. Determine the moment of inertia of the area about y
the y axis.
y=x
8 in.
X
2 in.
Differential Element : The area of the differential element parallel to yaxis is ¥
X
dA=(8-y)dx=(8-x")dr. _4
_ piedx
Moment of Inertia : Applying Eq. 10~ 1 and performing the inicgration, we 1
have
Zis. Gin. 8%
L= 2da =J' 2(8-x") dx
A /]
8 5 1 TS -
=), - %t x
=10.7in Ans o
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*10-12. Determine the moment of inertia of the area y
about the x axis.
y =2-2x3
2in.
Differential Element : The area of the differential element parallel to y axis o Lin. *
is dA = ydx . The moment of inertia of this element about x axis is
di, = dl,. +dA? }
! 3 'AY x
el SN
1
=§(2—2:’)’dx
1 .
=§(-8x’+24x'-24x’+8)dx E
£in. i
Moment of Inertia : Performing the integration, we have } » 1
-
I 1 plis. . P s ) , ‘H’ Fh
L=[d -J’ -8 +24:°- 242’ +8) dx
x 'z = 3 o ( -1 F—-dll ﬁ"
14,0, 24, P k)""
35( ;X X - + L lin.
=154in" Ans
¢10-13. Determine the moment of inertia of the area y
about the y axis.
y =2-2x3
2in.
4 X
‘ 1 in.H
Differential Element : The area of the differential element parallel to yaxis is —
dA=ydx=(2-20)dx.
Moment of Inertia : Applying Eq. 10~ land performing the integration, we
have £in,
2 1is. H 3
dA 2-2" ) dx
y=] Fda=] "4 (2-27)
2! l‘ lis.
(-5,
=0.333in’* Ans )
.
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10-14. Determine the moment of inertia of the area about y
the x axis. Solve the problem in two ways, using rectangular
differential elements: (a) having a thickness of dx, and
(b) having a thickness of dy. v 4452

4in.

lin.|1in.

a)Differential Element : The arca of the differential element parallel to y axis %
is dA = ydx . The moment of inertia of this element sbout x axis is

dl, =di,. +dAj?

1
= (@' +ye(}) an

1 249
=3(4—4x)dx '} W\ —

~
Y=Y

u%(—ﬂx‘+ 192x* - 19227 +64) dx

~
ax
Moment of Inertia : Performing the integration, we have I-E"nqj

-;(—64:‘+l92:‘—l92tz+64)dx @)

lim. 'y.

1
L c‘[d" =3)..

1r 64 ; 192 192 4
S| el b m—) - a—
3( 7.: 3 3 X +64x)

=19.5in’ Ans

b)\Differential Element : Here, x = %‘M - y. The area of the differential

element parallel to x axis is dA = 2xdy = y/@—ydy . .

have

X
¥ T
Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we
—

L=] yu )
=EufJ33¢
n _?Ll _ ;-sy 3 16 17 4is.
[ 4=y Eu—n‘—ﬁgu—n’]l

L]
=19.5in* Ans
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10-15. Determine the moment of inertia of the area about y
the y axis. Solve the problem in two ways, using rectangular
differential elements: (a) having a thickness of dx, and
(b) having a thickness of dy. y =4-4x2

4in.

lin.|1in.

a)Differential Element : The area of the differential element parallel to yaxis
iSdA = ydr = (4-4x*) dx. -

Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we
have 4in.

)
|

=

=1

I, =J; x*dA =I::. x1(4-—4.t1)dx

NERIE T l -t - *
[3’ s"]l_.;.. ax

=1.07in* Ans rin.\ tin.

1 - (a)
b)Differential Element : Here, x = EJ 4 ~y. The moment of inertia of the
differential element about y axis is v
1 3 2 1 ]
& = () (2 ) = 3y = 40y
X1 XYy

Moment of Inertia : Performing the integration, we have 4., 4

e Wil
efay =" @-nis

1r 2 57, 4i. X
= | == (4= y)?
lz[ 547 ]l FNYER
=107in* Ans )
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*10-16. Determine the moment of inertia of the triangular y
area about the x axis.

y=4 (b -x)

h
i A X

Area of the differential element (shaded) dA = xdy where £ = b- }y, hence, b

dA=xdy=(b-ty) dy. "

1 *af,_ b =Lf_5-a )
I.=f‘rd4=L)f[b hy)dy °%
. 4,
=[ (5*-37)e T.T.rri
] k b
b ]
raurdt
L] LM’ Ans
12
¢10-17. Determine the moment of inertia of the triangular Y
area about the y axis. o
y=4 (b - )

h

Arca of the differential element (shaded) dA = ydx where y = h— b, hence,

dA= ydr = (h=1x)dx
i X

b=l R [ 2(n-2e)as M
n.':(h’-%")& { a1

h A I*

3%

1 X
=El|b’ Ans ry
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10-18. Determine the moment of inertia of the area about y
the x axis.

Differential Element : Here, x = iyi. The area of the differential element

7

b
parallel to xaxis is dA = xdy -—-[—-ﬁ)dy .

7

Moment of Inertia : Applying Eq. 10— 1 and performing the inegration, we
have I b |

I = j‘ y'dA = J:r’[%yi]dy %

o

HEJ) <
=—(zy I P
w 4 |
2 [J -
= :’-M’ Ans k ¥ ‘ F-
> s X
b |
10-19. Determine the moment of inertia of the area about y

the y axis.

Differential Element : The area of the differential element paralle] to yaxis is
h o
44=Ul-y]dt=(ﬁ—§.t ]d: |

Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we

have
h
I = z‘“=J& 3( _k :)
l, ’[A't WX h 7 dx

_(ra h s\
'(3" 5&2")',
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*10-20. Determine the moment of inertia of the area y
about the x axis.

8in. |

dl, = diy+ dAy?
= ld:y' +)rdx(¥-)1
12 2
= .I.y’&
3

1 Ldr=2] =107m' Ans
L = Ld}, = J:sfgbn: J:Sxdx GI 10.7 i
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*10-21. Determine the moment of inertia of the area y
about the y axis.

8in. |

d;-.ﬂ;q-dA;! 8”?-- )1

= st (8-7)" + (8-5) o +1(8-7))

=[G 6-N )+ 9']s
z
p=[a = J‘I-:;(s -y)’+ (8 -f)G](yh s)'] dy = 307in' Ans L x | 8—X_ )| y
Also, ] | _,Lu’
. 2 in. ¢ 3
;-I‘fﬁwj‘fjﬁﬂj‘x}b-%x”!:[:mh‘ Ans s X
“Z=L(xt8)
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10-22. Determine the moment of inertia of the area about

the x axis.
- T
y =2 cos ( s X) T
2 in.
.
| 4 in. 4in. ‘
dl, = di;"+ d‘;‘
= i&,’ *yd'(z)z = l" dx
12 2 3
L -j dl, = Ecu' (‘x)dx
A 3 8
i fx sin’ -Ex x
-3 -..LL) =28 2005  Ams
3 2 3= 9% : -
8 8 4I n.
10-23. Determine the moment of inertia of the area about y
the y axis.
= T
y =2cos ( 5 X) T
2 in.
.
‘ 4in. 4in. |

_, 2 ;in(;x) wa(;x) i 2sin(§:x)
HEC ) X
4(? - %) = 309in' Ans Ty
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*10—24. Determine the moment of inertia of the area y
about the x axis.
X+ y2 = r%
L)
X
Differential Element: The area of the differential element shown shaded in Fig.a is
dA = (rd#) dr.
Moment of Inertia:
w2 pry
Iy =I y2dA = j r2sin20 (rd6)dr
A -m/240
w2 pry
=J- J- r3sin29drd9
-m/240
ni2( 4Y°
=J' || sin%ad0
-ni2 4
ni2 - 4
= I 2 sin26d0
-ni2 4
However, sinZ @ = -%-(l ~ c0s20). Thus,
nl/2 ’04
1, =I —(1- cos20)de
w2 4
4 al2 4
o
o ’OT[& —%sin ze]t = Ans.
/2
r A&
$e D
A8
X
(e
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¢10-25. Determine the moment of inertia of the area y
about the y axis.
X+ y2 = r(z)
0
X
Differential Element: The area of the differential element shown shaded in Fig.a is
dA = (rd6) dr.
Moment of Inertia:
/2 pny
5 =I x2dA = j r2 cos2 0(rd6 yir
A -n/240
o7/2 pry
= I r3 cos > Gdrd®
J-x/240
o2 4Y)°
= || cos?ade
Jomi2| 4
o1t/ 2 r 4
= 2 cos260d6
Joni2 4
However, cosZ 6 = -i—(cosZB + 1). Thus,
w2 ’04
Iy, = I ——(cos20 +1)d6
w2 8
4 /2 4
A lgimiel| =T Aus.
8 [2 8
w2

rAg
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10-26. Determine the polar moment of inertia of the area y
about the z axis passing through point O.

szry2:r2
4 4 4 0
- =0 Mo T
Jo=Iz+1 2 + 3 1
0
J x

10-27. Determine the distance y to the centroid of the

y
beam’s cross-sectional area; then find the moment of inertia ‘
about the x' axis. 6in
: .
! !
v 21n
I | v
C
’ / 4 1in
e
1in 1in
Gin.
ITn. |e >
{ X
ST T ——q | Jem
3%
X 47
4 in,

I _ 16D+ aexn) Cay
y TA ﬁf =2.20in Ans

1
b= l-z-(sxz)’n(z)(uo- 1)’4-1[%(:)(4}’1- :(4)(4-2.20;']

[
I

5_
g.

= 57.9in* Ans
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*10-28. Determine the moment of inertia of the beam’s y
cross-sectional area about the x axis. ‘
6 in
!
i ]
T 2 111
\ \ | ,
C T *
\_’/ \_'/ 4 in.
et
lin lin
; Gin.
Iin. le >
=T TY 5 —X
| ——a Zin
1 —X-
L= [E(G)(Z)’ +(6)(2)(l)‘}+z[1—12-(1x4)’+(4x1)(4)’] x’ 4 _1’
% In, -
P | - 4 » 4"{!4
=155  Ans NV
C, J
|1 | | v__
lin. I‘Eﬂ
¢10-29. Determine the moment of inertia of the beam’s y
cross-sectional area about the y axis. ‘
6 1in
:
| ]
T 2 tn
\ \ | ,
C [ *
\_’/ 4 1in.
et
1in. 1in
) 3in. | 3in
‘ -
, l “ C; | Zlﬂ..
b= E(:)(s)‘u[-ﬁwn)’+1(4;u.s)‘]-u1 in' Ans — =
S Isin| . _
l.glﬂr"‘ 4’"’1.
¢ A [ Ce
8% —_
I lin.
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10-30. Determine the moment of inertia of the beam’s y

cross-sectional area about the x axis. 60 mm | 60 mm

15mm —| | ( <15 mm

. \
%{ [ \

s IATNBM A -
2 = \

100 mm

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 thex 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,

Iy =1 +A(dy)?

1}

[2[11—2(15}(3003)}+ 2(15)(300)(0)2]+H%(120)(153)J+ 2(120)(15)(50)2]

67.510%) + 9.067510%) = 76.6(10° ) mm* Ans.

(@)
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10-31. Determine the moment of inertia of the beam’s y
cross-sectional area about the y axis. 60 mm | 60 mm
L

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 they 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 =Iy +A(d,)?

- [2[-1%(300)(153))+ xaoox15)(e7,5,2]+[{ é ( 15)(1203)]+ 12001 jmz]

= 41.17510%) + 43%10%) = 45.5(10° )mm*

950
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*10-32. Determine the moment of inertia of the y
composite area about the x axis.

‘ 150 mm ‘150mm ‘

100 mm
100 mm
1 X
300 mm —4 75 mm
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 thex 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,
Iy = I +A(d,)?
=| L 300y 200% )+_'.(300)(200{@)2 + [_1(300)(2003)+ 30((200)(100)2] +[—1(754)+(—x(752))(100)2]
36 2 3 12 4
=79810°) mm"* Ans.
75mm
@ c 100mm —_
2
CC’, 200 ¢—F— <0omm
@ -+ /3 mm /100Mmm
y ‘x x
P va <
300 mm S00mm

@
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©10-33. Determine the moment of inertia of the y

composite area about the y axis.
‘ 150 mm ‘ 150 mm ‘

100 mm

100 mm

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 yaxis 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,

Iy =Ty +A(d,)?
[3_16.(200)(3003 )+.;_(zuox3oox m)2] +[T15(200X3003 )+m0(300)(450)2] +[—%{754 )+(—n(752)}(450)3]

=10.310°) mm* Ans.
% Y
L( 450mm
200 mm : qs0mm |
© womm  _ T5mm

Ll
Q@G 2

Soomm Soomm

@)

952



10 Solutions 44918 1/28/09 4:22 PM Page 953

—p—

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

10-34. Determine the distance y to the centroid of the y
beam’s cross-sectional area; then determine the moment of 25 mm 25 mm
inertia about the x' axis. ‘ — ‘ —
100 mm
C xl
25 mm
- X
‘T‘SO P F75 mm—~ (<75 mm# ‘«—»50 mm‘
100 mm
25 mm
Centroid : The area of each segment and its respective centroid are tabulated below.
S5omm ‘25 mn 25mm 50mm
Segment A(mm?) y(mm) yA(mm®) Al " [Brn gr‘]I !
1 50(1000 75 315(10°) Zmm []
2 325(25) 125  101.5625(10°) N
3 25(100) =50 -125(10%) 1D
1
z 15.625(10°) 351.5625(10°) ,—_-r 1 X
. fZ».fm _L
. IjA  351.5625(10%) Lsomm
=2 o ns A
TSI T Tseas(10) e " H F25mm
Moment of Inertia : The moment of inertia about the x* axis for each segment can be determined S0mm
i - axi =], 25mm 25mm S0mm
using the parallel — axis theorem [ = [, +A¢f. | ) 7 1Z5mm Dol
* 1
Segment A, (mm’) (d,),(mm) (£.),(mm*) (Ad}), (mm') (), (mm*) '_ 100mm
1 50(100) 52.5 L(S0)(100°)  13.781(10°)  17.948(10°) T+ T
2 325(29) 10 L(32525)  0812510%)  1.236(10°) (Rsesmnn ,
3 25(100) 72.5 L(25)(100°)  13.141(10°)  15.224(10°) L =z By X
Ti6mm| 10mm é, 22 5mer
Thus, o) | 120mm
L. =£(I,.), =34.41(10°) mm* = 34.4(10°) mm* Ans f=25mm
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10-35. Determine the moment of inertia of the beam’s y
cross-sectional area about the y axis. 25 mm 25 mm
— ‘ —
100 mm
C x!
; / | / iy
25 mm
— X
‘T’<—>50 mm‘ ‘«75 mm—~ |<75 mm# ‘50 mm‘
100 mm
25 mm
Moment of Inertia : The moment of inertia about the y’ axis for each segment can be determined usin,
the parallel ~ axis theorem L. = [. +Ad. Swre gEmm 3 AR 2
L) il 815mn | B75mn ,,Ll & &
Segment A; (mm?) (d,), (mm) (f, .)i (mm*) (Ad}), (mm*) (1, ')‘ (mm*) 100mm | 100mm[;
1 2(10029] 100  (}(100(25)) 500(10)  50.130(10%) 3 O ‘ D
2 25(325) 0 1(25)(325%) 0 71.519(10¢) [00mm @ L
3 100(25) 0 1£(100) (25%) 0 0.130(10°) I 7
T
|-
Thus 25mm
* loomm| | 11>
®
L. =X(4.), =121.78( 10°) mm* = 122(10°) mm'  Ans
*10-36. Locate the centroid y of the composite area, then y
determine the moment of inertia of this area about the
centroidal x’ axis.
o 1in lin L
5in.
e *
2 in. y
' x
<~—3in.—{~—3in.—
Composite Parts: The composite area can be subdivided into three segments The perpendicular distance
measured from the centroid of each segment to the x axis is also indicated.
Centroid: The perpendicular distances measured from the centroid of each segment to the xaxis are indicated in Fig. a.
= _ A (IX6X2)+2B.5(3XD] . ;
= = = 1.833in. = 1.83 in. Ans.
VI3 T o)+ 23]
Moment of Inertia: The moment of inertia of each segment about the x' axis can be determined using the parallel - axis theorem.
Thus,
Iy =T+ A(dy)?
= [%(6)(23;& 6(2)(1.833 - 1)2] + 2[135—(1133)-} 13)3.5- 1.833)2]
=33.5in? Ans.
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*10-37. Determine the moment of inertia of the y
composite area about the centroidal y axis.
o 1in 1in L
Sin.
- v
2 1n. y
X
+~—3 in.—|~— 3 in. —
Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem.
Thus,
i 2
Iy =1, + A(dy)
1 3 1 3 2
=[==2X67) [+ 2A—(3)(1")+3(1)(2.5
[12( X )] 2[12( )17)+3()(2.5)
sl
=T74in Ans.
10-38. Determine the distance y to the centroid of the y
beam’s cross-sectional area; then find the moment of inertia
about the x’ axis. 50 mm | 50 mm
|
300 mm
T \\ c .
)f 100 mm
i x
200 mm —-
/00mm
Centroid : I
w
ja DA 0100)(200) + 250100)(300) _ 130 0y g
IA 100(200) + 100(300) €.
\ 300 mm
Moment of inertia : ¥ ;
e = -=(200)(100)" + 200( 100)( 170 - 30)* —X
i 250mm|  5omm ! ,]j
1 ] 3 ‘C 1
— 1 250-1 1
+u(1m)(m + 100(300)( 70) i | / x.
21722(10)° mm* Ans T T [00Omm
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10-39. Determine the moment of inertia of the beam’s y
cross-sectional area about the x axis.
50 m‘m 50 mm
300 mm
T \\ c .
)[ 100 mm
! x
200 mm —]
/00mm
"~
C
1 e 300 mm
L= [—to.zml)‘ + (0.2)(0-1)(0.05)'] ]
12 /
1 — X
+[1—2(o‘lxo.3)’ - (o.lxo.sxo.zsy‘] = 217(107) m*  Ans 250mm|  somm ¥ ,‘,j
~
—-—rcl —)
. H X
< > [00mm
200Mm
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*10-40. Determine the moment of inertia of the beam’s y
cross-sectional area about the y axis.
50 mm | 50 mm

|

300 mm
Lol '
y
l 100 mm
! x
200 mm —]
5omm gl I,P.EOWH""
% 300mm
5 =]litmo)(mo)%l—lz(m)(mf=9l-7( 10)°mm*  Ads :
m
¢, /100m
100Mm j;oom i
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¢10-41. Determine the moment of inertia of the beam’s

y
cross-sectional area about the x axis.
i /
T
15 mm
115 mm
75mm|
X
USmm_~~
15 mm &
1
T
.

50 mm 50 mm

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

Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments,
I =("x)l + ([x )2

= L 1002603 - L(92.5%(230%)
12 12

=52%10%) mm* Ans.

13omm| | @ H5mm | @

—~—t-— X — X
¢, g,
[30mm [15mm
—

@)
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10-42. Determine the moment of inertia of the beam’s
cross-sectional area about the y axis.

<

Z

115 mm

115 mm y
15 mm
1
T

——

50 mm 50 mm

Composite Parts: The composite cross - sectional area of the beam can be subdivided into two similar segments (2) and one
segment (1) as shown in Fig. a. The location of the centroid of each segment is also indicated.

Moment of Inertia: Since the y axis passes through the centroid of each segment,

I 2:()
{—(15)(1003] 1—12(230)(7.53)

=2.5K 10° )mm Ans.

50mm
1Smm

50mm

#3
5 mm @

Hsmm| C || 7m™

IS5mm

A)
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10-43. Locate the centroid y of the cross-sectional area y %
for the angle. Then find the moment of inertia 7, about the
x' centroidal axis. B
~ X
61n. Cl
Centroid : The area of each segment and its respective centroid are tabulated below, > l
2in. ¥
Segment A(in?) y(in.) JA(in®) — : ‘ b
1 6(2) 3 360 o 6 in. ‘
2 in.
2 6(2) 1 120
)3 24.0 430 ¥
Thus, q2in
radIA B 00 Ans
y A 240 lin.
&n
Moment of Inertia : The moment of inertia about the x"axis for each segment can be gin -Cb
determined using the parallel -uisﬁmm!..:!,.-rdd:. 3:;.[ @ . 2in
i Tun.| [9™
Segment A, (in*) (d4,) (in) (L.),(in*) (Ad}), (in*) (L), (in%) *—;.;,,—"I
1 2(6) 1 1(2)(6%) 120 48.0 i r
2 6(2) 1 (6)(2%) 120 16.0 3
/-—-2 in
Thus, r éein
1. 52(&.)‘ =64.0 in* Ans eimn. :f'.\ f " "
lime @ Zin. .\J_lllﬂ- z;‘a.
| 3 @
*10-44. Locate the centroid x of the cross-sectional area y y'
for the angle. Then find the moment of inertia 7, about the
y' centroidal axis. s
Centroid : The area of each segment and its respective centroid are tabulated below. I
Segment A(in?) £(in.) ¥A(in®)
1 6(2) 1 120 61n. cl :
2 6(2) 5 60.0 = T -
2in. f
T 240 720 AT | :
Thus, i =
. _LiA 720 .
x= ﬁ = -—3 3.00in. Ans
Moment of Inertia : The moment of inertia about the yaxis for each segmentcan be
determined using the parallel - axis theorem [.. = [. + Ad].
Segment 4, (in®) (d,);(in.) ([.),(in*) (Ad?),(in*) (Z,.),(in%)
1 6(2) 2 (6)(2) 48.0 52.0
2 2(6) 2 = (2)(6%) 48.0 84.0
Thus,
L.=Z(1.),=136in Ans
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*10-45. Determine the moment of inertia of the y
composite area about the x axis.
150 mm
X
150 mm
~—150 mm —{~—150 mm —

Composite Parts: The composite area can be subdivided into three 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,
Iy = I +Ady)?

- [ﬁ(lsoxaoo3)+3omsn)(0)2]+ [1_12(150)(1503 )+ '5“'50)”5)2]*[;]5“50)“503)* _;(150)(150)(50)2]

= 54%10%) mm* Ans,

® 150 mm
50mm ‘:C_a @

. 3 ..
75mn) | ¢
°c 150 mm
@ 7
. ¥
Tsomn | 150mm

(e
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10-46. Determine the moment of inertia of the composite y
area about the y axis.

150 mm

150 mm

~—150 mm —{~—150 mm —

Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. 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 yaxis can be determined using the parallel - axis theorem. Thus,
H 2
Iy =1y +A(dy)

= [715(150)(1503” 150(150)(75)2]+[l_'2(150)(3003)+ 15(300)(0)2]+[3_16(150){1503)+_;(150)(150)(50)2]

= 54810%) mm* Ans.

50mm

1Zomm| [Somm
a)
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10-47. Determine the moment of inertia of the composite y
area about the centroidal y axis. -
240 mm
50 mm
¥
C
400 mm - <570 mm |
y
!
X

‘150 mm‘m‘ 50 mm

Composite Parts: The composite area can be subdivided into four segments as shown in Fig.a. Since segment (4) is a hole, it contributes
a negative moment of inertia. The location of the centroid for each segment 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,

Iy = Iy +A(d,)?
- [z( Lsox10 ;) +z(-:‘;(mx lse)J(so)z] +[$(450)( 300%)+ 45«300x0)2] + [—-1‘5(3sox2003)+ (~350(200)( 0)2]
Ans.

=914(10%) mm*

ra
I Z40mm |oon 100mm
i _L N7
5amn50mT — I J
“Cj 4‘50"1"" .(+ 550”""

(@)
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*10-48. Locate the centroid y of the composite area, then
determine the moment of inertia of this area about the

y
x' axis. N
240 mm
50 mm
C v
400 mm - ﬁ) mm |
y
|

f
‘150 mm‘m‘ 50 mm

Composite Parts: The composite area can be subdivided into three segments as shown in Figs.a and b. Since segment (3) is a hole,
it should be considered a negative part.

Centroid: The perpendicular distances measured from the centroid of each segment to the xaxis are indicated in Fig. a.

54 530[%(300)(240)) +225(300(450)) + 225 ~200(350))
}l- = ew—
ZA

705( [
1 B 337imm=334mm  Ans.
- (300(240)+ 300(450) - 200(350) 10K10°)

Moment of Inertia: The moment of inertia of each segment about the x” axis can be determined using the parallel - axis theorem.
The perpendicular distance measured from the centroid of each segment to the x” axis is indicated in Fig. b.
Iy =T+ Ady)?

[%(300)(2403 )+%(300){240)(196.29)2] + [%(300)(450%4- m450x10&71)2]

4{—%(200)(350‘ )+ (~200350)X 10&71)2]

=38310%) mm* Ans.
4
y ¥
100mm
7 be. 24omm :\ f!OOmm
J s
@ ®
S30mm C. i
|~ 450mm E ;53 350mm
_F“\—Pz.zsmm wm;r l
X X
i IL-'50;»1'4"0
150mm
% (a)
LN i
1 240mm |00mm 100mm
196-2Jmm ‘ 1087Imm P“"‘Cl
1087Imm, & ) x’
i ¢ 450mm ML | [2zemm
Tﬂi&?{mm 2
@ ©)]
- —x b d
C G325 ]mm
(50mm 150mm
(b)
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*10-49. Determine the moment of inertia I, of the y'
section. The origin of coordinates is at the centroid C.

1

200 mm

| ,
(D L— 6&) mm 20(1 mm

20 mm k o %ﬁ l
20 mm

Moment of Inertia : The moment of inentia about the x* axis for each segment can be determined
using the parallel —axis theorem [,. = [, +Ad}.

Segment A;(mm?) (d,), (mm) (I.),(mm*) (Ad}) (mm‘) (1), (mm?)

1 200(20) 110 1r(20)(200°)  48.4(10%) 61.733(10%)
0.427(10°%) i f-zomm

2 640(20) 0 17 (640) (20°) 0 ¥ 2omm

1

3 200(20) 110 1r(20)(200%) 48.4(10%) 61.733(10%) 20mm ‘;——l
HME S2onm Zlomm |

Thus,

L. =X(l,.), = 123.89( 10°) mm* = 124(10°) mm* Ans

Zomn I+

10-50. Determine the moment of inertia 7, of the section. y
The origin of coordinates is at the centroid C.

=

!

200 mm

— ,

q
20(111;.‘ 60% mm 20(1 mm
k 20 mm /

20 mm—-{ }-—
Moment of Inertia : The moment of inertia about the y * axis for each segment can be detcrmined ’
using the parallel — axis theorem J,. = I, +Ad.
20mm
Segment A, (mn?) (d,),(mm) (F.), (mm') (Ad}), (mm') (%), (mm*) = l':,.- 2pmm
1 200(20) 310 (200 (20°) 388405 384.53(109) 200mm ‘——'-i
2 640(20) 0 & (20) (640°) 0 43691(10%) ,,‘,,E[ 320mm Z2omm |
3 200(20) 310 #r(200)(20°)  384.4(10°)  384.53(10°)
Thus,
L. =£(1.),=1206( 10°) mm*=121(10°) ram" Ans Zomn I
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=2.5110%) mm*

10-51. Determine the beam’s moment of inertia /, about
the centroidal x axis.

el T L 3
Iy = T>(15X100 )+12(15)(1003)+ —(170)10°)

y
15 mm
ki \
50‘;““‘ } ( -
S0mm “liomm | 7
100 mm | 100 mm 1

Moment of Inertia: Since the centroid of each segment is located about the x axis then

50mm

= <1
e,
&

101 mmc‘/

IEMm—4I

“Bsm

—C
o

m

(a

85

J

3 x
_I 50mm

" “—IEmm
mm

Composite Parts: The composite cross - sectioned area of the beam can be subdivided into three segments as shown in Fig. a.
The locations of the centroid for each segment is also indicated.

96
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*10-52. Determine the beam’s moment of inertia /, about
the centroidal y axis.

Thus,

Iy = Iy +A(dy)?

L
12
=29.810°) mm* Ans.

y
15 mm
ki \
50‘;“‘“ } ( -
50 mm “liomm | 7
100 mm | 100 mm 1

Composite Parts: The composite area can be subdivided into three segments as shown in Fig. a. 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.

(100)(15%) + 100(15)(925)2} [1—12(100)(153 )+ 1oc(15)(92.5)2]+[-l'?(m)( 170° ) + 170(10)(0)2]
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*10-53. Locate the centroid y of the channel’s cross- y
sectional area, then determine the moment of inertia of the
arca about the centroidal x’ axis.

0.5 in.

[o)}
5.

- F 6.5 in.—

0.5 in. 0.5 in.

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

Centroid: The perpendicular distances measured from the centroid of each type of segment to thex axis are also indicated in Fig. a.
Thus,

= _ Z."LA= 6.25(14(0.5))+ (3} 2} 6)(0.5) _SL75 _ .
T 140.5)+ (2X(6)X0.5) Tl e

Moment of Inertia: The moment of inertia of each segment about the x” axis can be determined using the parallel - axis theorem.
The perpendicular distance measured from the centroid of each type of segment to thex” axis is indicated in Fig. b.
Iy =T+ Ady)?
= []_'2( 14)0.5%)+ 14(asx|.s)2]+[2{l_'2(o.5x63})+ 2(6)(0.5)(1.75)2]

=15.896 +36375= 523 in” Ans.

T _@] 1.¢ _ oi;n' i @, =2 |-5in.
' % :J_ %’
‘ _?1 Y=4]5in

4 |75,

S
3!
+
N

Ty

™

-4
\&
% |
3

(a) (b)
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10-54. Determine the moment of inertia of the area of the y
channel about the y axis.

0.5 in.

o
5

4‘ F 6.5 in.—

0.51in. 0.5 in.

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

Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments,
I, =("x)1 +(Ix)2

_ 1 3,_1 3
= —(6.5)(147 )——(6)(13
12( )(147) 12( )(13%)

=388in" Ans.

osin| | @ — o) | @ N

‘( 7. | 7. ‘(Z.sm. 65:’»:."

@)

r
3
4
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10-55. Determine the moment of inertia of the cross-
sectional area about the x axis.

Iy = (Ix)l + (fx )2

1 3 1 3
= —(100)(200") - 90)(180
12( X ) 12( X )

10 mm

r

180 mm

7:

10 mm

~—100 mm —

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

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

=22.910%) mm*
100mm
100 mm ¢ Gomm
:’ X — —¥
/00mm @ Jomm

(@)
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*10-56. Locate the centroid x of the beam’s cross- y y'
sectional area, and then determine the moment of inertia of
the area about the centroidal y’ axis. X

10 mm

4
180 mm
C
10 mm |
f

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 they axis is also indicated in Fig. a.
Thus,

- _ ZEA _ 95(100180)) + 50(2(100) 10)) _ 271(10°) _
T34 T T 1080+ 2000100 3810%) =7132mm 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.

T 2
Iy =1+ A(dy’)

= [1_12(130)(103)+ 130(10xz3.68)2]+[2(—ll_2~(10)( 100° )J+2(100)(|0)(2132)2]

=3.60(10°) mm* Ans.

/

Y ?zf-szm?

om 23.08mm
f00mm 1omm [Omm @
N "l -J‘— 172

50mm 4
S i T
|l !
g5mm I| | 9omm Jomm o
fomm"l ‘_,y 3 fom
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¢10-57. Determine the moment of inertia of the beam’s
cross-sectional area about the x axis.

y
‘125 mm |/125 mm_|
‘ L12 mm ‘

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,

Iy = I +AWdy)?

[ 11—2(226)(l23)]+ :a(zzs):uz)(ng)"’-]+[4(%(12)(1003)))r 4{12)(100)(75)2]{{%(12)(1503)} 2(12)(150)(0)2]
1

=114.62(10%)mm* = 115(10% ) mm* Ans.

13mm | 113 mm

[2mm—s>] kk—I12mm

®:'.{/{"‘\@ < @ 100mm,
I
75mm i1 T5mm ?:,m ¥
a —) x
7omn| | Ry @l
o= C v
!Zm‘ﬂ_" r‘“‘ f C©—?r€1 C)a

(&)
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10-58. Determine the moment of inertia of the beam’s
cross-sectional area about the y axis. Y

‘125mm |/125mm‘
‘ ilme‘

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

Iy =T +A(dy)?

=[Z{é(12)(2263)]+ 1226)(12}(0)2]+|:4[%(100)(123)J+4(100)(12)(Il9)2]+[{é(150)(123 ))+ 2(150)(12)(131)2]
=152.94(10°) mm* = 15%10%)mm* Ans.

[Bmm | //3mm
(R —5 |¢ Lz ¢ ’ le—/2mm
P ;
®'{ ‘C: @ c'l CL'\:_ 100 mm

J5mm

g
)
J

75mm @ [3/mm ]

12nm] |

N o P
{
O
Y
3\
=
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10-59. Determine the moment of inertia of the beam’s
cross-sectional area with respect to the x’' axis passing 35 mm
through the centroid C of the cross section. y = 104.3 mm.

150 mm

50 mm
Moment of Inertia : The moment of inertia about the x” axis for each segment can be determined using
the parallel - axis theorem L. = [. +Ad.
17.5mm
Segment A, (mm?) (d,) (mm) (I.),(mm*) (Ad}),(mm®) (Z,.),(mm*) _
1 n(17.5%) 113.2 $(17.59 12.329(10¢) 12.402(10°) 150,”_,__‘
2 15(150) 207 H(15(150°)  0964(10°)  5.183(10°) 207w o 132mm
3 n(25%) 79.3 §(254 12.347(10%)  12.654(10°)
! \‘ x'
Thus 5 ool (T4 | 7430m
" 204 L -
L. =X(I,.), =3024(10°) mm*=302(10°) mm* Ans §rio43mm Q@ "
- L5mm
*10-60. Determine the product of inertia of the parabolic y
area with respect to the x and y axes.
1in.—
Due to symmetry about y axis T
L, =0 Am

y = 2x2
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*10-61. Determine the product of inertia I, of the right
half of the parabolic area in Prob. 10-60, bounded by the

lines y = 2in.and x = 0.

~——1in.—

2in
y = 2x2
X
iaz v
2 g=%
2

A2
I

lin,
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10-62. Determine the product of inertia of the quarter y
elliptical area with respect to the x and y axes.

Differential Element: The area of the differenial element parallel to the y axis shown shaded in Fig. a is dA = y dx. Here,

y= %'Jaz — x? .Thus, dA = %‘Jaz — x% dx.The coordinates of the centroid of this element are x. = xand y, = % = % Gt =gk,
Thus, the product of inertia of this element with respect to the x and y axes is
dlyy =dly’'y' + dAx;y,

() ()

; =
b2
= o
Product of Inertia: Performing the integration,
2 4 252
Iy = Idi"g, I 2y - x3)dx— s xz—x— o Ans,
0 242 2a? 4 8
N
X =

C 2

.- 7—
e %
a

E

=
Cad

()
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10-63. Determine the product of inertia for the area with y
respect to the x and y axes.

| 8 in. |

n

L, =Jdi,

Lrg sp
= = dx
2‘[0 *

130,
= 3T

=48 in’ Ans
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*10-64. Determine the product of inertia of the area with y
respect to the x and y axes.

y=(x—8)

Differential Element: The area of the differential element parallel to they axis shown shaded in Fig. a is
2
M:y&=%{x—-8}dx=[—i——2x dt.'Ihccoordimlesofmeoenu-oidofUﬁselemenlarei=xand3':=—%=—-- %2——21: .

Thus, the product of inertia of this element with respect to the x and y axes is
diyy =dly'y + dATy

ol

5 4

x 3 X
— — +.‘——n
[ 2 X3

Y

a
)
MR

Y
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¢10-65. Determine the product of inertia of the area with
respect to the x and y axes.

8y = x% + 2x? + 4x

—2 m—

Differential Element: The area of the differential element parallel to they axis shown shaded in Fig. ais
dA=yde= ?’;(ﬁ +2x2 +4x)dnTheeoordimomecenmaddmelmmmiumdj:-;-
Thus, the product of inertia of this element with respect to the x and y axes is
dlyy = dly'y + dATy
= o+(%{;3 +2x2 +4x)dr}(x)[l—'6(x3 +2x2 +4x)]

- ILZS(E + 22 + 4x)%x dx

Product of Inertia: Performing the integration,

4in.
Iy =J' cﬂxy=j- (7 4455 +1225 + 16x% + 16x3)dk
o 128

— e —
128

8 7 6 5 4 in.
=_l_ x°  4x +12r +l6x +lﬁ.t =3.12m?
8 7 6 5 4

(’() 4-)

—
R
4
A\

979



10 Solutions 44918 1/28/09 4:22 PM Page 980

—p—

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

10-66. Determine the product of inertia for the area with
respect to the x and y axes.

L}
n
"

¥

]
mi

dA = ydx

i, =‘“T’zdx

L = I‘”xr

= [P la- 05 e
02

12 1
=§T3"I
= 0333 m' Ans

1m

/y2=1 —0.5x

2m |
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10-67. Determine the product of inertia for the area with y
respect to the x and y axes.
h3
v = T
h
L.
| b |

The product of inertia of the element (shaded) is

d_?,, = df.«,- +dATy

: - i
= g+(b-x)(dy)(x+-b2—’)(y) = %(b’ -2)ydy Where ¥ = Fy‘

= %(b’y- -:';f)-’]dy R
Integrating y’s-’:-’x
et oS g
LE-# ).
= 2P Ans
16
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*10-68. Determine the product of inertia for the area of y
the ellipse with respect to the x and y axes.
- - 4 - 2+ 42 =16
L= fyaa =[Gy a EY
=1y 2in.
2‘[0 y'xdx
_ 1l 2 ‘
= ij.n 716 —x)x ds x
4in
= *6x - 2 ax
8%
1 2 1 4
8[8 x 4.1: I
L, = &in* Ans
¢10-69. Determine the product of inertia for the parabolic y
area with respect to the x and y axes.
y=x o
dly =dip, +dAXy + 2in
i
+h
y L X
L =0+ J’ x(—)ydx |
. 2 5‘ ‘ 4in |
e———] X

4 4
EJ' Pde = 12' = 106667 = 107in* Ans
2), 6 lo
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10-70. Determine the product of inertia of the composite y
area with respect to the x and y axes.

%Zin.%z in.—
| |

2 in.

2 in.

Composite Parts: The composite area can be subdivided into two segments as shown in Fig.a. Since segment (2) is a hole, it

should be considered a negative area. The perpendicular distances measured from the centroid of each segment to thex and y axes
are also indicated.

Product of Inertia: Since the centroidal axes are the axes of symmetry for both segments, then (f’ Xy’ )1 = (f x’)?') s 0. The product of
inertia of each segment with respect to thex and y axes can be determined using the parallel - axis theorem.
Ly =(Ixy). + Adydy = Ad d

= 4D +(~71L5H)2X2) = 64+ (-97) = 357 in

4in. 7

2in.
@
p—r— 4in. .
< T
in.
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10-71. Determine the product of inertia of the cross- y
sectional area with respect to the x and y axes that have
their origin located at the centroid C.

4in.
j
e

-~ «—0.S5in.
Sin C X
- 3.5in.
E
1in.
T
L 4in.
Product of Inertia : The area for cach segment, its centroid and product of ! 3n
inertia with respect to x and y axes arc tabulated below. F.]
i
Segment A, (in?) (d,),(in.) (d,),(Gin) (Z,),(in*) Ore ]Iuﬂ-
N
1 3(1) 2 3 18.0 2ml |
2 7(1) 0 (] 0 ain.
3 3 -2 -3 18.0 Gin ® ! x
Thus Iz 3.
f,=%(1,), =360in* Ans [
i [ i— |~ ——
]
3. 1=
*10-72. Determine the product of inertia for the beam’s y

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

W
N
3

50 mm

1
.
"‘:—k Jommr
L, = 25(5)(10)(~15)+ 50(5)(-5)(7.5) = ~28.1(10°) mm*  Ans 1,;,]‘ |
A
1Smm
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*10-73. Determine the product of inertia of the beam’s y
cross-sectional area with respect to the x and y axes.
10 mm
300 mm
10 mm|
'
T X
‘ 10 mm‘
100 mm

Composite Parts: The composite cross - sectional area of the beamn can be subdivided into three segments
The perpendicular distances measured from the centroid of each element to thex and y axes are also indicated.

Product of Inertia: Sinnelheoentmidalaxﬁsmﬂleaxesnfaﬂlhesegmerﬂsmthemofsymmeﬁy,ﬁnnfx'y’ = 0. Thus,
the product of inertia of each segment with respect to thex and y axes can be determined using the parallel - axis theorem.
Ly =Ly + Adydy = A d,
= 90(10)(55)(295)+300(10)(5)(150) + S(10)(55) 5)= =y, =17.1(10%) mm* Ans.

10-74. 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.

Iy = 5(1)(5.5)(—2) + 5(1)(-5.5)(2)

=-110in* Ans
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10-75. Locate the centroid x 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. The axes have their origin at the centroid C.

8 qf 200 mm
A m
on;/— it 28.20mA ) 4 39.30mm
ra
o T
ISOmm | N20mm C' }?Omm 200 mm
L I Q\ . 20 mm |
kg ¢ iom k i o B
1Bomn S
e )| jrp| ™
X } -
Zoj::i: 175mm’

(2 (e)

Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's
cross - sectional area leads to
IXA _ 2[(87.5)( 175)(20)] + 10(360)(20)

TA 2(175)20) + 360(20) =48.204 mm = 48.2 mm Ans.

i=

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 with the parallel - axis theorem gives

I = z[-]!i-msxzo’n 175(20)(190)2]+-112-(20)(3603)
=330.6910%) mm*
Iy = z[l—lz-(mstaH 20(175)(39.30% ):|+|:-113(360)(203)+360(20)(38‘202)]

=39.4%10%) mm*
Since the cross - sectional area is symmetrical about the x axis, I, = 0.

Moment and Product of Inertia with Respect to the z and v Axes: With 6 = -60°,
Ie+I, -1
I, =-£-§-’-+-‘—i—1m29-.rxy sin20

=|:330‘692+39.42 +33(){.92—39.42 008(~120°)— Osi n(—l?.[l“)](loﬁ)

=112.25(10%) mm* =112(10%) mm* Ans.
L+l I -I

v =‘—21~‘—2-"-ms29+rx}, sin20

[330.69+39.42  330.69 -39.42

- 2 2

=2578%(10°) mm* = 258(10%) mm* Ans.

I-1
Ly =%sm28+!,yom29

cos(-120°)+ 05in(—l2ﬂ°)}(106)

=[—3-32§2:-3—9-£2—sin(—120°)+000s(—120°)](106)
= -126.12(10%) mm* = -126(10® ) mm* Ans.
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*10-76. Locate the centroid (X, y) of the beam’s cross-
sectional area, and then determine the product of inertia of
this area with respect to the centroidal x" and y’ axes.

300

x

il
y
10mmX
¢ X

t
200 mm 4>‘

Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Figs.aand b.

Centroid: The perpendicular distances measured from the centroid of each segment to the xand y axes are indicated in Fig. a.

5 DA _ 55(9000)+ J300010)+ 105(1910)) _ 26410%) _ 45 53 v - 45,5 m Ans.
TA 90(10)+300(10)+ 190(10) 58(10°)
3
. I5A _ 295(90(10)) + 150(300(10)) + 5(19(10)) _ 725(103 ) _ 125 mm Ans.
A 90(10)+300(10)+ 190(10) 5.8(10°)

Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry, thenfxry» = 0. Thus, the
product of inertia of each segment with respect to the x” and y” axes can be determined using the parallel - axis theorem. The
perpendicular distances measured from the centroid of each segment to thex”and y” axes are indicated in Fig. b.

;I,y. = fx.y. + Mx‘dy' = Adx'dy’

= 90(10)(9.483)( 170)+300( 10)(—40.52)( 25) + 190(10)( 59.48)X—120) = EI,"* = 15.1510%) mm* Ans.
/
% ? ?..-32, =45.52mm
P0mm
10m > Nte=G.¢83mm
o ~ —
T r,
omm GMm @ C
k‘551!'""'1 40 "1 70 mm
5mm 25mm c
1“2 ’
300 mnm ¢, 295mm ‘ X
@t PN J2.0mm §=I2¢5mm

J 1
C3" omm . 59.48mm

J
[50mm

!05mml 1Omm A
74_%7@ LS, x
|

)
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¢10-77. Determine the product of inertia of the beam’s
cross-sectional area with respect to the centroidal x and
y axes.

150 mm

150 mm

|

f
100 | 10mm

Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Fig. a.
The perpendicular distances measured from the centroid of each segment to the xand y axes are also indicated.

Product of Inertia: The product of inertia of segment (2) is equal to zero, (i, ,y,) , = 0since the x and y axes are axes of symmetry.
Also, the centroidal axes of segments (1) and (3) are axes of symmetry. Thus, ( 7,y = (ixry:)‘; = 0. Using the parallel - axis
theorem,the product of inertia of the two segments can be determined from
Iy =Ly + Adydy, = Ad,d,
= 9((10)(-50)( 145)+ 90(10)(50)(—145)= —13.05(10% ) mm* Ans.

Gomm

om C mm
_ﬂ\ #
Th
45mm| 50 JOmm icome;
—_ C‘“’ X %X
2,
145mm gomm | 150mm
QL

T
w 10mm

@)
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10-78. Determine the moments of inertia and the product y
of inertia of the beam’s cross-sectional area with respect to
the u and v axes.

u

\\

\
\

\

N

Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is
symmetrical about thex and y axes, I, = 0.

_ 1 3, . 4 1 3 . 4
I, 'E(S)(G )= 54 in 1, =E(6)(3 )=135in

Moment and Product of Inertia with Respect to the u and v Axes: With 6 = 30°,

I.+1, I,-I
I, = x2 L4 x2 ycos26—lxysin2ﬂ
_54+135 S4-135 0 o eoe
2 2
= 43.9in* Ans.
I.+1, I,-I
y == 0526 + Iy sin28
_34+135 54-135 oo oo
2 2
=23.6in? Ans.
I.-1I,
Iy =—2151n29+ Iy cos26
=54+13'5-sin60°+000860°
=17.5in% Ans.
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10-79. Locate the centroid y of the beam’s cross-sectional y
area and then determine the moments of inertia and the u
product of inertia of this area with respect to the u and

v

v axes. 0.5 1n. 45in /
\ 45 lr/\ ‘L>/

0.5 in. #>< -
i

v

=]
9}

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,

TyA _ 12.25(10)(0.5)+2[10(4)(0.5)] + 612)(1)
A 10(0.5) +2(4)(0.5)+ 1 1) B

5= 8.25 in. 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. . Using the parallel - axis theorem,

I = [é(m)(u.s 3+ 10(0.5)(4)2]+ z[é(o.s)@f’ )+0.5(4)(1 .75)2] +[1—12(1)( 123)+ 1(12)(2.25)2]

= 302.44 in*
_ 1 3 1 3 2|, 1 3
I, = 12(0.5)(10 )+z[12(4)(0.5 )+ 4(0.5)(0.75) ]+ —(12)(1°)

= 45in
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: With 6 = 60°,
I.+1, I.-I
I, =— > L+ ‘2 2 c0s28 — Iy, sin20
_30244+45 30244-45
2 2
=109.36in% =109 in? Ans.
I.+1, I,-1
v == m o820 + Iy, sin28
_ 30244445 30244 - 45
; 2
= 238.08 in? = 238 in? Ans.
I, -1,

cos 120° — 0sin 120°

c0s 120° +0sin 120°

Iy = sin26 + Iy, cos 26

- wgn 120° + 0cos 120°

=11147in* =111 in? Ans.
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.
&
8

®

O
|
 —
I
L

I2n. |

G 10in 225 ?":8’29,'&
[in.= | j« |Gin. G

(@) (b)
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*10-80. Locate the centroid X and y of the cross-sectional y
area and then determine the orientation of the principal
axes, which have their origin at the centroid C of the area. < /
Also, find the principal moments of inertia. “—'

0.51n. |

6 in.
in c - 3

=
wn
=
\<\\
=

Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left and bottom of the
beam's cross - sectional area are indicated in Fig. a. Thus,
TEA _ 025(6)(0.5)+3255K05) _ | osi _1egit Ams.

T T T &05)+5509
- _ TA _ 3(6X0.5)+025(55K05) _ o o
y= T 057 5505 =1.685in. =1.68in 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.

I = [i!i-(ss)(o.s’ )+5.5(o.5)(1.4352)] + [ﬁmsxén o.sm)a.slsz)]
=19.908in*
L= [-1-15(6)(0.53 )+ 6(05)(1.4352)] + [le-(ﬂﬁ)( 55%)+ 0.5 5-5)(1-5652)]

=19.908 in?
Iy, = 6(0.5)(~1.435K1.315)+5.5(0.5X1.565)(~1.435)
=-11.837in*

Principal Moment of Inertia:

2
i;ﬂv_] +1.2
2 Xy

2 2
=19.908+11.837

Imax =317in% Iy =807in*  Ams.

2
_ 19908419908 J[ 19.908— 19908) 187

Orientation of Principal Axes:

-1
_ Y ___-(1187)
tan 26, = (Uy-1,)/2 (19.08-19.08)/2

20 , =90°and ~90°
0, =45°and —45°  Ans.
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Substituting 6 =6, = 45°

L+l I.-I
1,‘=‘—2-"-+’—zloos23—fx, sin20

_{ 19.908 + 19.908)+[ 19.908- 19.908
2 2

=317in"* = Iy

)oos 90° — (~11.837) sin90°

This shows that I 5, corresponds to the principal axis orientated at
Imax = 31.7in% ©Op) =45° Ans.

and [, corresponds to the principal axis orientated at
I =807in? ©p) =—45° Ans.

The orientation of the principal axes is shown in Fig.c.

X
&p.=45° t
|

3-25ip.
T ©) @.] /,-].435;?:.
> 25i) 4
oin. — | oa5inv 13+ ‘435
a1l Tam. / o-s"rn raisid | e gl X
el o ‘16 B

0-5&'&."' € . 1;’l Y\ @

1'56%in,
@ (b)
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¢10-81. Determine the orientation of the principal axes, y
which have their origin at centroid C of the beam’s cross-
sectional area. Also, find the principal moments of inertia.

/
100‘ mn}j ‘
20 m% - 1
20 mm—{| — 150 mm
C X
150 mm,
|

‘ﬁlOO mma‘z(; mm
Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from each subdivided
segment to the x and y axes are indicated in Fig. . Applying the parallel - axis theorem,

Iy = 2[%(90)(203“80(20)(1402 )]+%(20)(3003)= 107.8%10% ) mm*

Iy = 2{;.2-(20)(&)3 )+20(30)(502)]+l_12(300)(203) =9.907%10%) mm*

Ly = 80(20)(~50)(140) + 80(20)( 50)(~140) = ~22.4(10°)mm*

Principal Moment of Inertia:

I+1 -1,V
I L (LS B
min 2 2

- ,
_ 1m.332+9.9m + J[m.asz- 9.907) +(=22.4)2 105)

= 58.867+ 53.841
Imax =112.7110%) = 113(10%) mm*
Imin = 5.026(106) =5.03(10%) mm*

FE

Orientation of Principal Axes:
-1 =
by A24000) s
Ux—1y)2  (107.83-9.907)(10%)/2
20 , =24.58°and - 155.42°
8, = 12.29° and - 77.71°

tan 26, =

Substituting 6 =0, = 12.29°

Ie+ly Io-1
=22+ cs20 - Ly sin29

v =
2
107.83+ 9.907 [ 107.83- 9.907

2 2
=112.7110%) mm* = 7

]ms 24.58° ~ (-22.4)sin24.58°

This shows that I, corresponds to the principal axis orientated at
Imax = 113(10%) mm? 0,) = 123° Ans.

and I, corresponds to the principal axis orientated at
Iin = 5.03(10°%) mm* ©p)2 =-T1.7° Ans.

The orientation of the principal axes are shown in Fig. b.
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10-82. Locate the centroid y of the beam’s cross-sectional y
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 mi ’\
75 mm'75 mm

u

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,

Iy A 2[100(200)(25)] + 12.52.5)(100)
JA 2A200)(25)+ 25100)

¥y =82.5mm 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]+ [-11—2(100)(253 )+ 100(25)(70)2]

= 48.78(10%) mm*
_ s L 3 2.1 3
I, _2[12(200)(25 )+200(25)(62.5) ]+ = (25)(100°)

= 41.6710%) mm*
Since the cross - sectional area is symmetrical about the y axis, [ oy = 0.

Moment and Product of Inertia with Respect to the u and v Axes: With 8 = —60°,

Io+1, I,-1I
u ==+ 0520 ~ Iy sin28

- [48.78 +41.67 +[48.78 ~41.67 ]cm 120°) Osin(—120°)](l o)

2 2
= 43.4010%) mm* Ans.

Io+l, I,-1I
y == -2 00520 +1,, sin20
2 2

) [48.‘?8 +41.67 (48.78 ~41.67 )ws(_120°)+ 05in(—120°)](106)

2 2

= 47.0010%) mm* Ans.
I-1,

w sin20 + I, cos 29

2
= -3.08(10% mm* Aus.

=[M]sin(—120°)+ 0cos(~120°)

996



10 Solutions 44918 1/28/09 4:22 PM Page 997 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

25mm %
p’l PCZﬁmm
K N enm [AD | O] g2smm
1P | & “5””“';\ ,
¥ L C .G M
Aoomm| | ) AN ) e
c, 3 B \ x
?m u-ﬂ;n loomm  YBLSmn @ G 7omm
J |, Gt —= G =
@("r T
Somm|gom
b

997



10 Solutions 44918 1/28/09 4:22 PM Page 998 $

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

10-83. Solve Prob. 10-75 using Mohr’s circle.

Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's
cross - sectional area are indicated in Fig. a. Thus,
_ ZiA _ 2[®7.5(175%20)| + 10360X20) _ 4o nia o 482 mm Ans

TA 2(175420)+360(20)

kol

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, = z[-l-li-(175)(203)+ 175(20)(190)2]+ :—2(20)(3603)
=330.6%(10%) mm*

I, = 2[-1-15-(20)(1753)+ 20(175)(39.30% )]+[l—12(360)(203)+360(20)(38.202):|
=39.4x10%) mm*

Since the cross - sectional area is symmetrical about the x axis, Ixy =0.

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

Iy +1
Tavg =5 =[ 330'69;39'42}(106)mm4 =185.06(10% )mm*

The coordinates of the reference point A are [330.69, 0K10%) mm* . The circle can be constructed as shown in Fig. ¢. The radius of
the circle is
R =CA =(330.69- 185.06)(10%)= 145.64(10%) mm*

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

I, =(185.06 — 145.64c0s 60°(10%) = 112(10%) mm* Ans.
1, =(185.06 + 145.64 cos 60°X10%) = 258(10) mm* Ans.
Ly = (~145.64 sin60°)(10%) = -126(10%) mm* Ans.
1,9 (109 mm*
Y 3067
'30*"1"‘ < /,— ag'smm .53-20an | -39.320mm ¢ Ly ;'I
! N
S ‘1 T 60’ N
18omm || [ [-20mm Il G 19pmm , j
l.@ Q\] 60} C 6
Gy > 73 X y AL, F——A I (10D mm?
/ ” f"\,fmmm T A 200
Bomn c @ Q-\ ¢ 190 mm ny ! ~
()
\ [
C— == L p
¢ R=/M5.
oz = &t
/85.00
(@ (b )
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*10-84. Solve Prob. 10-78 using Mohr’s circle.

Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is
symmetrical about thex and yaxes, Iy, = 0.

L3 L4 _1 _ . 4
Iy = > (3)6%)= 54 in I = ]2(6)(33)— 13.5in

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

Iy +1 54+13.5 . 4
avg =—-2—-2-=-——2——=33.75m

The coordinates of the reference point A are (54, 0) in®. The circle can be constructed as shown in Fig.a. The radius of the circle is
R=CA=54-3375=2025in*

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

I, =33.75+ 20.2500s60° = 43.9in¢ Ans.
I, =33.75- 20.25c0s60° = 23.6in*4 Ans.
Iy =20.25sin 60°= 17.5in* Ans.

(@)
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¢10-85. Solve Prob. 10-79 using Mohr’s circle.

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 _ 122501000.5) + Q104X 0] +6(1201) _ ..
TA 10(0.5)+ 2(4)0.5)+ 12(1)

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 = [é(m)(o.s3)+ 10(0.5)(4)2]+ 2[1—12(0.5)(43 )+o.5(4x1.75)2]+[1—'2(1x 12%)+ lazxzzsf‘]
=30244in*

I, = %(0.5)(103 )+2{$(4){0.s3)+ 4(0.5)(0.75)2] +é(12)(13)
=45in*
Since the cross - sectional area is symmetrical about the y axis, /5, =0.
Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance

I+
lavg = =5~ =302‘4:+45=173.72in4

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

R =CA =(302.44 - 173.72)= 12812 in*

Moment and Product of Inertia with Respect to the uand v Axes: By referring to the geometry of the circle,
I, = 173.72 - 128.72c0s60° = 109 in*

Ans.
I, =173.72 + 128.7200s 60° = 238 in* Ans.
I, = 128725in60° =111 in* Ans.
4
G P .
05m. |_5in._l/ ' 5. ! O?C ~d-o7%in
4 ? i
F — —_— (s |
- n Z o T
47n. ®) @ 4£in. ? ) Uy
’ NS T ESaill ,,ﬁ?swx
05in—| " 1225
12im. ) o
C5 - 1 10in 1225 ?._.825]'“ o)
lin.= |} |Gin.
o G
(@) b)
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10-86. Solve Prob. 10-80 using Mohr’s circle.

C id: The perpendicular di: d from the id of each subdivided segment to the left and bottom of the beam's
cross - sectional area are indicated in Fig. a. Thus,

f-:%ﬁ”‘“ 05)+ 323505 _ | ggsin.=1.68in.

Ans,
6(0.5)+ 55 0.5)
j=2A_3AEX09+0. 03) _ | 685in = 1.68in Ans.
A 605+ 5.90.5)
Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular di d from the centroid

of each segment to the x and y axes are indicated in Fig. b.
I = [é:ssx 0.5)+ 55{0.5)(1,4352)] + [_llito.sxaﬁaf 0.5 6)([3152}}
=19.908in*
= [%(5)(0,53 }+6m5)(|.4352)]+ [.l%(o.sxs.sin u.:{s.sxljﬁsz)]
=19.908in*
Ly = 6(0.5K~1.435)1.315)+5.5(0.5(1.565)(~1.435)
=-11.87in"

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

in =19.908in*
2 2

lavg

The coordinates of the reference point A are (19.908, —11.837)in*. The circle can be constructed as shown in Fig.c. The radius of
the circle is

R=CA=1187in*
Principal Moment of Inertia: By referring to the g y of the circle,

Ipax =19.908 +11.837 =31.7 in* Ans.
T =19.908-11.837=807in* Ans.

Orientation of Principal Axes: Here (8,); and @ )3 are the orientation of the principal axes about which / oy and /iy occur,
respectively. By observing the geometry of the circle,

2A8p) =90° (8 ) =45 (counterclockwise) Ans.

2(8p)2 = N0° (8)2 = 45° (clockwise) Ans,

Ty (in®)

|3'25:"_ﬂ- JImm
2D ) U Vs
. r—o..Zf-'n h - ¢ 8 I a
in. s oy -114% .- | | 4351
3m. Y 0.0n 13i5] e . ? ﬂgy),,&/z,*(o,. 11837
;Czl @ _&:1
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10-87. Solve Prob. 10-81 using Mohr’s circle.

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

I =[l—12-(so)(zo3 )+so(zo)(14oz)]+ l'—z(zoxsoo3)= 107.8%10%) mm*
1, =z[é(zo)(so’ }+2n(sox502)]+ﬁ(3uoxzo3)= 9.90%10%) mm*
I, = 80(20)(~50)(140)+80(20)(50)(~140) = ~22.4(10% ) mm*

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

I+,
Tavg =2 =( 'W'K’;g'gm}(mﬁ)=sa.am(mﬁ)mm4

The coordinates of the reference point A are (107.83, —22.4) mm* . The circle can be constructed as shown in Fig. b. The radius of
the circle is

R=CA ={J(]D‘?.83—5&86’7)2 +(-22.4)2 ](mﬁ) =53.84(10 ) mm*

Principal Moment of Inertia: By referring to the geometry of the circle, we obtain
Imax =(53.84+53.84)(10%) = 112700108 )= 11310%)mm*? Ans.
Iin =(53.84-53.84)(10%) = 5.026(106) = 5.03(10% ) mm* Ans.

Orientation of Principal Axes: Here (6, ); and (@, ), are the orientation of the principle axes about which I and /1y, oceur.
From the geometry of the circle,
224
n20p) = 078 w867
20,) =24.58°

(8 ) = 12.29° = 12.3° (counterclockwise) Ans.

1’(03JI )2 =180°- X6, ) =15542°
(8 p)2 = 77.7° (clockwise) Ans.

The orientation of the principle axes are shown in Fig. c. I%v(loé)mmq‘

|

Gin.

¥
o— >

o

8

=
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*10-88. Solve Prob. 10-82 using Mohr’s circle.

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,

- _ A - 2[100(200) 25)] + 12.5(2.5)(100) _

y A 2200)(25) + 25(100) =82.5mm 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 a2[%(25)(2003)+25(200)(n.5)2]+[—]'5(100x253)+100(25)(70)2]
= 48.7810%) mm*

Iy = Z[Tlitmoxzsa)+mﬁxﬁz-5)2]+712(lsllw3)
= 41.6X10°) mm*

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

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

_Ix+ly  (4878+41.67
avg = 2 i 2

)(106)m4 =45.22(10%) mm*

The coordinates of the reference point A are [48.78, 0)10%) mm* . The circle can be constructed 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 nand v Axes: By referring to the geometry of the circle,

I, =(45.22— 3.5600s60°)10%) = 43.4(10%) mm* Ans.
1, =(45.22+ 3.56c0s60°)(10%) = 47.0(10% ) mm* Ans.
I, ==3.565in60° = -3.08(10%) mm* Ans.
I, (0o mm* |
2o 1 .‘ )
]—J quﬁmm e—;(%—{ “
i _ — Q
@ 625!‘1’{_,’:‘@ ®’A__‘__/625MP‘J
,__g‘) K DL Ay p Y
! mm
Zoomm | | i ¢ A 1’ / ['}5 Loy 4 LA—I“(ED‘)M
c, ¢ _ 3 X VN ]20°
zsj'm u&r loomm ‘:{*—825"‘" @ IC,;, Fomm I’W‘ /~R=3.56
>at—>] | | T i
@ % T N I-Tx
wmﬂliﬂm < T
48-78
@ (e >
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*10-89. Determine the mass moment of inertia /, of the z
cone formed by revolving the shaded area around the z axis.
The density of the material is p. Express the result in terms z= rﬁo(ro -y)
of the mass m of the cone. —

—To—

Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = prr2d-. Here, r=y=ro--r;:"-;
Thus, din =pu{r,,-;—°:]zd;mmmmnzuﬁmnia of this element about the :axis is . =3 dnr” = > (p e
14, 1 2. Y
= - = -— — L~
Ll z‘"{"’ k"] &

Mass: The mass of the cone can be determined by integrating din. Thus,

A 4
m=J- dm _-=J‘ pm{r‘,—i’_;) dz
b h
h
PR T | O
=emt3le=%s ) )l =3P

0

Mass Moment of Inertia: Integrating /.,

hy o\
1 =I dl =I -pur(r —-—"-:) dz
I z 02 a h

From the result of the mass, we obtain prr,2h = 3m. Thus, I, can be written as

1 1 3
I, = -ﬁ(pwozk)q,z = ﬁ(3m)q,2 = ﬁlw,,2 Ans.




10 Solutions 44918 1/28/09 4:22 PM Page 1005 CE

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

10-90. Determine the mass moment of inertia /, of the y
right circular cone and express the result in terms of the
total mass m of the cone. The cone has a constant density p.

h |
Differential Disk Element : The mass of the differential disk element is dm
= pdV = pry’dx = px(%x‘]d}c. The mass moment of inertia of this element
. L 7, 2, _P""‘ 4 "f
lSlﬂ, = -idmy = i[pn{ﬁx ]dbr][ﬁx ]— Tﬁ‘-x dx. P’sy
x4

Total Mass : Performing the integration, we have

e e oo <7
N

Mass Moment of Inertia : Performing the integration, we have

] ]
- _(ter* o, pmrt(s I _1
I Id.f, -J‘o £ x dr-.—(...-) . = mpu:r h

24\ 5

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

3l , _3
I 1‘:'I!Llpm:r h)rz—l—omr Ans
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10-91. Determine the mass moment of inertia /, of the z
slender rod. The rod is made of material having a variable
density p = po(1 + x/I), where p, is constant. The cross-
sectional area of the rod is A. Express the result in terms of

the mass m of the rod. /
‘ y

Differential Element: The mass of the differential element shown shaded in Fig. ais dn = pdV = pa(l+-l:-}Adx) = pC,A( I+%}k,

where dA is the cross - sectional area of the rod. The mass moment of inertia of this element about the 7 axis isdl ;= r%dn.Here, r = x.

3
Thus, dl, = pDAl:xz(Hil)]dx = pl,o{xz +xT]dx.

Mass: The mass of the rod can be determined by integrating dn. Thus,

S R (5] 0 ) R

Mass Moment of Inertia: Integrating 7 ;,
I 3 .t’3 4
20X x 7 3
L= d. = — = — - — [ p—
z I z jﬂpaA{x + 7 ]4‘ PM[ 3 + 2l lzPoAI

From the result of the mass, we obtain p,Al =§m.Thus, I, can be written as

7 2 7(2 V2 7
I, = == (poADI2 = | Zm |12 = L mi Ans.
e=7P 12(3”)‘ 18
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*10-92. Determine the mass moment of inertia I, of the z
solid formed by revolving the shaded area around the y
axis. The density of the material is p. Express the result in
terms of the mass m of the solid.

Differential Element: The mass of the disk element shown shaded in Fig. aisdn = pdV = pmrzdy.Hem. r= :=%y2.
12V pn 1
Thus.dn:pll{:sz dy=Tgy“@.Themassmomemoﬁnen.iadﬂliselwucnlabuulﬂi:ya.xis iscﬂ),:E&nrz

4
Lo a2 1 4. 1 1 2 pr g
==(pnr e ==pnr = - e = 3
> dy =P dy zpm[4y dy myd!v

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

2% on 4 o[ y® " 2
"“‘f‘*"“fo e Els] 5™

Mass Moment of Inertia: Integrating df,,

2m
Jyzj' a,aJ'o £ )84

512

9 2m
PRl Y =5
512| 9 b 9

From the result of the mass, we obtain p =%.’l‘hus.!,,mnbewrittenm

1{ 5m 5
= | — ] — Ans.
ly 9[ 2) T
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¢10-93. The paraboloid is formed by revolving the shaded y
area around the x axis. Determine the radius of gyration k..
The density of the material is p = 5 Mg/m°. y2=50x

100 mm

200 mm ‘

Differential Disk Element : The mass of the differential disk elernent is dm
=pdV = puy’dt = prr(50x) dx. The mass moment of inertia of this element

1 1
is dl, = 3dmy’ = 5 [p(50x)d] (50) = fi’-'(zsmx’) dr.

Total Mass : Performing the integration, we have

mt‘[.drn:j

L]

100mm

200mm
pr(50x) dx = pre( ZSxZ)[ =1(10°) px

°
Mass Moment of Inertia : Performing the integration, we have qt

]' _ jd]' =J-:00ma?( m:) dx

pr zsmxl 200mm
“T{ 3 )L
=3333(10°) pr

The radius of gyration is

=k ’3.333(1@)9!’_
h—ﬁ -__—I(IO“)px =57.7 mm Ans
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10-94. Determine the mass moment of inertia /,, of the z
solid formed by revolving the shaded area around the y axis.
The density of the material is p. Express the result in terms —a ﬂ
2
a

of the mass m of the semi-ellipsoid. [ 2 _ 1
l / ,

X

2
Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = pmr2dy.Here, r=z=b ,I+y—2.
a

2
2 2
Thus, dn = pl{bJH%] dz= pﬂbz(l—Lz}lv.Thcmassmomentufinerﬁaofﬁﬁselﬂnentsbwtmeyuisisdy =—;m1
a a

’ R ) AT 4 92
_] 2 2_' 4 _I ¥ __I 4 =l )’__2)!
_E(pmr dy)r L dy_-i-pw[b 1+:2-] @--Epab [l az] dy zmb{Ha“ o=

Mass: The mass of the semi - ellipsoid can be determined by integrating dn . Thus,
3

a 2 B 2
m:j dn =J pp?| 1- 2 ldy = pm?| y- 2| == pras?
0 a? 3q2 = 3
Mass Moment of Inertia: Integrating o/,
a) 4 y4 2),2
Iy=] dy=| =prb™| 1+ =———=
Y .[ y .I‘ozp“ [ a* a?

a
5 3
el omd ye 22 At
..zpnb [y+5a4 Sazjn 5P

From the result of the mass, \m'eclt:l:ainpﬂ:mb2 =%.Thus. Iy can be written as

=t omap?)p? = 4 30,2 _2 42
I)’_ls("’w’}b' (2)b =5m As
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10-95. The frustum is formed by rotating the shaded area y

around the x axis. Determine the moment of inertia /, and

express the result in terms of the total mass m of the y=by+p
a

frustum. The material has a constant density p. T
2b
ﬂ -

o

dm = pdV = prpde = pr(ted + ¥4 17 )ds

dl, = ydmy’ = ppmy'ds

dl, = ppr(bed + 400 + 852+ Lox b )dx
Lo=[d, = por[ (4 + %50 + 842+ Lre p4)dr

= ¥ prab’

m= I dm= pr:(s;x’-l- Wesb?)dr= }pmat?

st Ans
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*10-96. The solid is formed by revolving the shaded area y
around the y axis. Determine the radius of gyration k,. The
specific weight of the material is y = 380 Ib/ft>.

X

z

The moment of inertia of the solid : The mass of the disk element

dm = prddy = ypmy’dy.
%=
= 3 (préd)?
=1 ' dy L ay'2dy
i 209
b=l = sn[ v
=29.362p
The mass of the solid :

1
m=f.dm=ﬁpx , Ydy=12.118p

=k o [B362p
J;-\E ]Flz.mp 1.56in, Ans
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¢10-97. Determine the mass moment of inertia /, of the
solid formed by revolving the shaded area around the z axis.
The density of the material is p = 7.85 Mg/m®.

Differential Element: The mass of the disk element shown shaded in Fig. aisdn = pdV = pm-zny.'l‘henussmnment
<3
of inertia of this element about the = axis is dI, =%dwz=%(pm'2dﬂr2=%p:r4d; e e T

=
1 [z2) prn g
Thus, df, = 2‘“[ 3)_ 202- dz.

Mass Moment of Inertia: Integrating a7,
4m
;z=J- gz=j LE_ .8,
0

8192~
4m
_pr y9 =32”i°
8192| 9 9

Substituting p = 7.85(103 Ykg/minto [,
= %z—np{'?.SS(lUs)]: 87.710%) kg-m? Ans.
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10-98. Determine the mass moment of inertia 7, of the z
solid formed by revolving the shaded area around the z axis.
The solid is made of a homogeneous material that weighs
400 1b.

X
Differential Element: The mass of the disk element shown shaded in Fig. a is dn =[%}av ={Ig-}w2d:,l-[ere, r=y=:2R,

2 1
Thus, din = [%}w(:m) &= (% 413 4 The mass moment of inertia of this element about the = axis is = Emz

3B sl enslEhe sl

Mass: The mass of the solid can be determined by integrating dm. Thus,
8ft fr
Y _an ny(3 3 384w
ms= dn=-J - d:=—[—: T
-[ o & g\7 ]: ]

The mass of the solid is m =% slug. Thus,

A0 _3¥s, 2321143
g 78

Mass Moment of Inertia: Integrating df ,,,
fit
L[ a =j‘“‘.ﬂ.1 o5, x(r)3 s 8736
z Tl 2l 2lgpnn” g

Substituting 7 = 2.3211b/#> and g = 32.2ft / s into I,
;z:%ﬂg,zg.us.nz Ans.

@
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10-99. Determine the mass moment of inertia [, of the z
solid formed by revolving the shaded area around the y axis.
The total mass of the solid is 1500 kg.

Differential Element: The mass of the disk element shown shaded in Fig. aisdn = pdV = pm-zaj:.Here. r=z= % ANz
Thus, dn = p:{ 3“) dy = 3dy The mass moment of inertia of this element about the y axis isdly, = %dmrz
L .. ) 2_&4 ﬂlm _pls

Sem?d)r? = BE rfay = BL| 2y37 | ay = £y5ay,

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

efone 022 em

The mass of the solid is m = 1500 kg. Thus,

1500 = 4mp p_ﬁ kg/m3

Mass Moment of Inertia: Integrating df ,

.?
P 6 Yy 32
[ = zﬂ = = e— = —
".[”.[ﬂ 512""512[7 7 P
375
Substituting p = —kg! m" into I 3
fom 22kt 3B ) i aikioN kgam? Ans.
y T\ =
o
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*¥10-100. Determine the mass moment of inertia of the
pendulum about an axis perpendicular to the page and SO {

passing through point O. The slender rod has a mass of 10 kg o
and the sphere has a mass of 15 kg.

450 mm

Composite Parts: The pendulum can be subdivided into two segments as shown in Fig. a. The perpendicular distances measured
from the center of mass of each segment to the point O are also indicated.
Moment of Inertia: The moment of inertia of the slender rod segment (1) and the sphere segment (2) about the axis passing

through their center of mass can be computed from (I5); = 1iz mlz and (Ig)z = % mr z.The mass moment of inertia of each segment
about an axis passing through point O can be determined using the parallel - axis theorem.
Io=ZIg +md?

= [ﬁ(10x0.452)+ 10(0.2252 )]+ [%(15)(0.12)+ 1.5(0.552 )]

=527 kg-m> Ans.

0-55m

0:lm
(&)

1015



10 Solutions 44918 1/28/09 4:22 PM Page 1016 CE

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢10-101. The pendulum consists of a disk having a mass of ‘ 0.8m L—05m—|p
6 kg and slender rods AB and D C which have a mass per unit
length of 2 kg/m. Determine the length L of DC so that the

0.2 m

center of mass is at the bearing O. What is the moment of > L
inertia of the assembly about an axis perpendicular to the A 0O B
page and passing through point O?

C

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

. Lim
B e
* 0-65m
0.5= 1.5(6) +0.65[1.3(2)] +0[L(2)] G,":‘"" —o19m
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 disk about an axis passing through 1m | ~f-X=05™
the center of mass can be determine using (), = 1_12”"2 and (I;), I5m

= %mr‘ . Applying Eq.10~ 1§, we have
Ip = E(lg), +m;d’
=%u.3(z)] (13*) +(1321(0.15%)
+é1639(2)1 (6.39%) +(639(2)1 (0.5%)

+%(6)(0.2’) +6(1%)
=532kg-m’ Ans
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10-102. Determine the mass moment of inertia of the
2-kg bent rod about the z axis.

300 mm

* 300 >\
T

mm y
Composite Parts: The bent rod can be subdivided into two segments as shown in Fig.a.

2
Mass moment of Inertia: Here, the mass for each segmentis my = my = _2.k_g =1 kg. The perpendicular distances measured

from the centers of mass of segments (1) and (2) ared; = 0.15 mandd9 = JO.B2 +0.152 = JO.] 125 m, respectively. Thus,
the mass moment of inertia of each segment about the z axis can be determined using the parallel - axis theorem.

L2 + md?

[Leyos? »]+| Laxos? r—)z]
[12(1)(0.3 )+1(0.15%) +[Iz(l)(0.3 )+1( 0.1125

= 0.150 kg- m?

(&
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10-103. The thin plate has a mass per unit area of
10 kg/m?. Determine its mass moment of inertia about the
Y axis.

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

Mass moment of Inertia: The mass of segments (1) and (2) are my = 0.4(0.4X10) =1.6 kg and mp =x (0.1 2)(10) =0.17kg. The
perpendicular distances measured from the centroid of each segment to they axis are indicated in Fig. a.The mass moment of inertia
of each segment about the yaxis can be determined using the parallel - axis theorem.

Iy = E(Iy ]G + md?
- 2[1_12( 1.6)(0.42 )+ 1.6(0.22)]- 2[-41(0.]31')(0. 12)+ 0.17(0.22 )]

=0.144kg-m” Ans.
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*10-104. The thin plate has a mass per unit area of
10 kg/m?. Determine its mass moment of inertia about the
Z axis.

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

Mass moment of Inertia: Here, the mass for segments (1), (2), (3), and (4) are m; = my = 0.4(0.4)(10) = 1.6 kg and

m3 =my =n(0.1 2)(10) = 0.1rkg. The mass moment of inertia of each segment about the z axis can be determined using the
parallel - axis theorem.

I, = X(I ), +md®

= .;50.6)(0.42 )+ [é( 1.6)(0.42 + 0.42)+ 1.6(0.22)] = %(0.1::)(0.12) = [%(0. 17)(0.12) +0. 1::(0.22)]

=0.113kg-m?

(@)

1019




10 Solutions 44918 1/28/09 4:22 PM Page 1020 CE

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

¢10-105. The pendulum consists of the 3-kg slender rod

and the 5-kg thin plate. Determine the location y of the 77; e;
center of mass G of the pendulum; then find the mass O
moment of inertia of the pendulum about an axis
perpendicular to the page and passing through G.

<

- -z—’-: = —-———10)’2'”(3) - -
¥y Tm Y 1.7 m=]78m Ams

o= Lip+md
- Tlim’)’”(”" - 1)!4-?-'2(3)(0.5!4- 13)+ 5(2.25- 1.7819

=445k m? Ane

Im

am\

> R2Em
(1-78)'7' f)m.

@-25-178)m
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10-106. The cone and cylinder assembly is made of
homogeneous material having a density of 7.85 Mg/m®.
Determine its mass moment of inertia about the z axis.

mm

mm

Composite Parts: The assembly can be subdivided into a circular cone segment (1) and a cylindrical segment (2) as shown in Fig. a.

Mass: The mass of each segment is calculated as

my=pVy = p(-%m-zk] = 7.85(10° {%x(ﬂ.lsz )(0.3)] =17.66251kg

my = pVy = plur’h) = 7.85(103)[1r(0.152)(0.3)] = 52.98757 kg

Mass Moment of Inertia: Since the z axis is parallel to the axis of the cone and cylinder and passes through their center of mass,
their mass moment of inertia can be computed from (/;); = % myr? and )= %m 2r2. Thus,

I = n +(I)2

= (1766257 X0.15%) + 5 (S2.9875wX0.15%)

= 2247 kg-m?% = 2.25 kg-m?2 Ans.

@

1021



10 Solutions 44918 1/28/09 4:22 PM Page 1022 CE

© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

10-107. 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°. % Q
mm
50 mm
X 180 mm
20 mm
Y — i)
30 mm
O{Jﬁﬂt
a.0Im 7
- l
. = 7.85(10°) ((0.09)%0.01)) =0.1233 kg
e =1l 0.06n
m, = 7.85(107) ((0.03)0.180)(0.02)) = 0.8478 kg X 0 18m
L= {im.lnaxmi)’ +t0.1233)(0-06)’]
2 0.061’1 0.0im
-
. [i(o.wn((aos;’ +mtm‘)] - . 7.}
5 N>
-o‘mzﬁ'“. o = S.Zﬁ- o Ans N
/ 0.05m | ( 0-03m

0.02m
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*10-108. Determine the mass moment of inertia of the

20mm ———f
overhung crank about the x' axis. The material is steel 30 inm
having a density of p = 7.85 Mg/m>. 00 Q .
90 mm
‘ 50 mm
X 180 mm
20 mm
B |
_T_, / 30 i
20 mma‘ mj 30 mm ‘<——‘
0-05m
0.0lm|
e 'y [/
o12m ) 0-18Mm

m, = 7.85(10°)((0.09)%(0.01)') = 0.1233 kg 0.06m
m, = 7.85(10°)((0.03)0. 180)0.02)) = 0.8478 kg

LA f N

. . » X Ho-om
L= [i(a 1:33)(0.&;)’] +[i(u 1233X(0.02 + (0. 1233X0. m)‘]
+ [Gosm (@07 +0.1807) + .8e780.067 o o5m) l“r”'
0-03m
=000719kg-m’> =7.19g-m* Ans. 0.02m
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¢10-109. If the large ring, small ring and each of the spokes
weigh 100 1b, 15 Ib, and 20 b, respectively, determine the mass
moment of inertia of the wheel about an axis perpendicular
to the page and passing through point A.

1S

Composite Parts: The wheel can be subdivided into the segments shown in Fig. a. The spokes which have a length of (4 — 1) = 3 ft

and a center of mass located at a distance of (l +-§-]ft =2.5 ft from point O can be grouped as segment (2).

Mass Moment of Inertia: First, we will compute the mass moment of inertia of the wheel about an axis perpendicular to the page

and passing through point O.
100 ) ,2 1(20).2 (20 2 15 \:a
Ip=|— |4 — = = l. s
0 [32.2} )”[12[32,2}(3 ’{32.2)(25 )]+[3z.z}“)
=84.94 slug - ft2

The mass moment of inertia of the wheel about an axis perpendicular to the page and passing through point A can be found using the

parallel - axis theorem [, = I +md2, where m = £0_+ -Zi]+—!-5— = 8.5404 slug and d = 4 ft. Thus,
322 322 322

I4 = 84.94 + 8.5404(42 ) = 221.58 slug - ft2 = 222 slug-ft 2 Ans.
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10-110. 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°.

150 mm

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 m; =(0.4)X0.4Y(20) =3.2 kgand m, = x(ﬂ.(ﬁz ¥ 20)= 0.05mkg,
respectively. The mass moment of inertia of the plate about an axis perpendicular to the page and passing through pointC is
Ic= 1—'2( 3.20042 + 0.47-)-4[%(0.053 )(0.052 )+o.osm(o.152)]

=0.7041 kg-m?
The mass moment of inertia of the plate about an axis perpendicular to the page and passing through point O can be determined

using the parallel - axis theorem I = I +md 2, where m = my -my =3.2-4(0.05x )= 2.5717 kg and d = 0.4sin 45. Thus,
Io = 0.07041+ 2.5717(0.45in45°)? = 0.276 kg- m> Ans.

0-45ind5m

O0-15m | O0-/16m

@)
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10-111. 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°.

Composite Parts: The plate can be subdivided into two segments as shown in Fig. a. Since segment (2) is a hole, it should be

considered as a negative part. The perpendicular distances measured from the center of mass of each segment to the point O are
also indicated.

Mass moment of Inertia: The masses of segmemts (1) and (2) are computed as =;r(o.22)(zo) = 0.87 kg and m 5 = (0.2} 0.2)(20) = 0.8 kg. The moment of inertia of the

point O for each segment can be determined using the parallel - axis theorem.
Igp=ZElg +md?

- [-:‘I(o.axy(o.z2 )+08x(0.22 )] - [1—12(&3 X02%+02%)+ 0802 )]

=0.113kg-m? Ans,

I 0:Zm

odm
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*¥10-112. Determine the moment of inertia of the beam’s
cross-sectional area about the x axis which passes through
the centroid C.

61\)\:‘_»«[\)‘&4
l—
=

[S1E
|
T
[S1E
4

Moment of Inertia : The moment of ineria about the x axis for the composite
beam's cross section can be determined using the parallel — axis theorem %

I =X(L +Ad}) .

=[1 3 60° /2 o
i —['1"2'(43(4 )*“] 4 |y E » 6o
! 0.2887d) d !+1 0.2887d) d d)z * 4. *
+4 zgt02m05) + 30288703 ) 4, \ &, /
=0.0954d" Ans & ¢ !
Lo w F '
ow:;ard.% © a1
¢10-113. Determine the moment of inertia of the beam’s
cross-sectional area about the y axis which passes through
the centroid C.
Y
: &8
f \< f C 4 *
d 60°
i /
b
d d
‘“ 2 2 4

agd
-

Moment of Inmertia : The moment of inertia about yaxis for the composite
beam's cross section can be determined using the parallel — axis theorem — - ,
L =3(] +Ad) . da| ¢

L= [Tlim () +a]

1 1
+ z[— (d)(0.2887d)" + -(d)(o.zssm(o.s%m‘] ,.._}.__.
36 2 [V Tl
=0.1874* Ans 020804 0:2881d
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10-114. Determine the moment of inertia of the beam’s y
cross-sectional area about the x axis.

- 7

™

ooz
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10-115. Determine the moment of inertia of the beam’s L 4in !
cross-sectional area with respect to the x’ axis passing ’
through the centroid C.
0.5in] 1
y
2.5 in.
c =
/
e ] B
0.5 in. 0.5 in.
l( 4in.
& (0'25”‘
- .l o, 1§ %025
? L |I'5in.
2. . e "-}L -
- LA 0.25(0.5)4)+2[1.5(2)(0.5)] .5~
VTR T s@emes e : ) 1
L = _llim(o.s)’+4(asxo.s7s-azs)=+z[-l‘5(o.sx21’+(o.s)mu.s-o.m)’ H l(-("
% 0.5n.
O-5in. 21
= 227in* Ans
*10-116. Determine the product of inertia for the angle’s y'
cross-sectional area with respect to the x' and y’ axes 5737 mm
having their origin located at the centroid C. Assume all DI
corners to be right angles. D0 mm /
200 mm

/ c ] f *
o 57.37 mm|
20 mm | |

200 mmg»‘

4

7 /5%37—/o)mm

(182+20-5137)mm T
™~
L, =LijA (57-57-/0)"""\ ! [Bomm
180 c \‘l'—'
= (5 +20-57.37)(57.37- 10)(180)20) + ((57.37 - 10))(=(100 - 57.37))200)20) _ ; e
=17.1(10)* mm*  Ans : E |237mm

(100-5737)mm t Aomm

57.37mm
200 mm
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*10-117. Determine the moment of inertia of the area y
about the y axis.

—T 4y =4 —x?

2ft ——

Differential Element : Here, y = 5(4—1’) . The area of the differential

1
element parallel 1o the y axis is dA =yd.:=z(4—x3)d:.

Moment of Inertia : Applying Eq. 10~ 1 and performing the integration, we
have x
L =] dan=lf™ 2 amgt 1 | &§
, = ,““'Z_;.’(" ) dx Ift '}T
= l[fx’ _l,,’]r" =~ —dx

=213 Ans 2ft 2ft

10-118. Determine the moment of inertia of the area y
about the x axis.

R 4y = 4 —x2

2ft

1
Differential Element : Here, y =3(4-x’) . The area of the differential

element parallel to the y axis is d4 = ydx . The moment of inertia of this
differential element about the x axis is t

di, = dl,, +dAy* —
1 ’ ’s’ Y ]
- o7 o) ] T
=-31-[-;(4-.¥!)de -~ f—cln
2ft 2ft

&Y

1
= m(—x‘nz:‘-mha) dr
Moment of inertia : Performing the integration, we have

J' 1 rn 6 4 2
L= d\’,=mf_“(-x +12x - 48x2 4+ 64) dx

11, 125 2
B 1”( 51 +?x -l +6u)'-m

=0.610fc* Ans
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10-119. Determine the moment of inertia of the area
about the x axis. Then, using the parallel-axis theorem, find
the moment of inertia about the x’ axis that passes through

the centroid C of the area.y = 120 mm. 200 mmﬁ

200 mm T C X

v =142

)l} AT
Differential Element : Here, x = ,f‘..'{l}yi. The area of the differential
clement parallel to the x axis is dA = hdy:lJm;dy .
Moment of Inertia : Applying Eq. 10— 1 and performing the integration, we
have

y

L= f‘ yldA = f:w“r’(ﬂﬁyid& )
)

=914‘29( 10‘) mm* =9l4( lO‘) mm' Ans

The moment of inertia about the x’ axis can be determined using the paralle] -
200mm
axis theorem. The areais A = | anj' 2/200y*dy = 53.33(10°) mm?
A []

I =I.+Ad
914.29(10°) =1, +53.33(10°) (120%)

L. =146(10*) mm* Ans
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*10-120. The pendulum consists of the slender rod OA,
which has a mass per unit length of 3 kg/m. The thin disk é; ;é
has a mass per unit area of 12kg/m? Determine the To\Y T
distance y to 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.

=<l

0-75M
bi
N m "5"‘ _ .
I-® 4075 |-8m
x —

- tM LoT[Lsa]+ L 8 x(0.3(12)] - 1.8[ 0. 1/ (12)]
y= 1.5(3) + m0.3)3(12) - =(0. 1)}(12) 03m

=L17M3m=1L1Tm Ans

o= %[1,5(3)](1.3)1 LIO]L17M3-075 +3[RO.PAD]JO.I +[#0.H (1218~ L1713

- ;["('1 1P(12))0.17 ~[mO.1P(12](1.8= L1711 2299kg. m? Ans
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¢10-121. Determine the product of inertia of the area
with respect to the x and y axes.

Differential Element : Here, x =y;. The area of the differential element
parallel 0 the x axis is dA < xdy = y'dy . The coordinates of the centroid for
1
dlis:hnmtmi=§=iy‘}.iay.'mmﬂwpmduclofm&fdﬂsehmti;
d, =dl,, +dA%5
=0+(y} (1 i) )
0+(y a‘.v) 3|

l;@
= -
2)'

Product of Inertia : Performing the integration, we have

=I£x’ ’J‘:-%J’;d?=%y=|:n=0.ls75 m‘ Ans
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