A-1 Determine the location y of the centroid ¢ for the

beam's cross-sectional arca. The beam is symmetric with re
spect to the y.axis.

A = (2)(6) 8) - (0.5)(1)(1) - 2.5)(3) (1) = 40 in’

T A =6(4)- 1(1)-3(1) =20 in’
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A-2 Determine y, which locates the centroid, and then {ind
the momeuts of inertia /v and /, for the T-beam.

S0 mm

250 mm

T JA = 125(50)(250) + 275(300)(50) = 5687500 mm>
T A = 50(250) + 300(50) = 27500 mm>

_ ZyA 5687500
= = = ———— =206.82 =207
y A 27500 mm mm Ans

i= 115(50)(250)3 +50(250)(206.82 ~ 125)* +

1—‘2(300((50)3 +300(50)(275 - 206.82)* =222(10°y mm*  Ans

I= é(zso)(so-"nl—lz(so)(soo’) = 11510 mm*  Ans
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A-3 Determine the location (x, ¥) of the centroid (tf‘lhcn
find the moments,of inertia /," and /,”.

A _ (D@ +HDEA) _

= 3in. Ans
24 +(2)®)

®
1]

&

y=Z— = ——————"————=2in.  Ans
ZA 6)(2) +(2)X6)

L= 1_12(6)(23) +(OQR)2 -1+ é(z)(é) +2(6)3-2° =64in*  Ans

I= 1—12(4)(2’) +@AQG-1+ é(zxs3 )+Q2)8)@4-3Y = 136in*  Ans

*A-4 Determine the centroid j for the beam’s cross-sec-
lional area, then find I,”. 25 mm y 25 mm

D

+ 0 mm

50 50 mm
74 = 12.5(150)(25) + (75)(100)(25) = 234 375 mm®

$A = 150(25) + 100(25) = 6250 mm®
y=— = —=——=37.5mm Ans
L= 1—12(300)(253)+ 300(25)(37.5 - 12.5)* +z[liz(25)(1oo3) +25(100)(75 - 37.5)*]

=163(10°y mm*  Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
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.




*A-4 Determine the centroid y for the beam’s cross-sec-
lional area, then find " 25 mm y 25 mm

© 100 mm

ZyA = 12.5(150)(25) + (75)(100)(25) = 234 375 mm®

TA = 150(25) + 100(25) = 6250 mm*
y=—=—=———=37.5mm Ans
L= 1_12(300)(25’) +300(25)(37.5-12.5)* + 2%(25)(1003) +25(100)(75-37.5)]

=163(10° mm*®  Ans
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A-5 Determine I, for the beam having the cross-sectional
area shown.

25 mm y 25 mm

L= -1—(25)(3003)+2[;15(100)(253)+ 100(25)(87.59)] =94.8(10°) mm®  Ans
12
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A-6 Determine X which locates the centroid C, and then
find the moments of inertia /- and /,; for the shaded arca.

DO mm

40 mm
x'

40 mm

40 mm

20 mm-—I

40 mm

IxXA - (20)(160)(40) + 2[ 100(120) (40))

X= — = 680 A
A 160(40) +2[120(40)] mmo Ans
L. = £5(160)(160)° ~ 1:(120)(80) = 49.5(10° mm*  Ans

Bl

+=[{7(160) (160)" +(160) (160) (80~ 68.0) ]~ [ £ (80) (120)° + 80(120) (100~ 68.0)]

= 369(10°) mm* Ans
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A-7 Determine the moments of inertia /. and /, of the Z-
section. The origin of coordinates is at the centroid C.

L= 1—12(600)(20)3 + 2[{5(20)(2203) +20(220)(100%)]
=123.89(10°) mm* = 124 10°)mm®  Ans

5= 1-12(20)(<5003)+z[1—‘2(220)(20)3 +220(20)(310)*]

=1205.97(10% mm* = 1.21(10°) mm*  Ans
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*“A-8 Determine the location (¥, y) of the centroid C of the
cross-sectional area for the angle, then find the product of
inertia with respect to the x and y axes and with respect to
the x” and y axes.

(T _(OO@r@O®) g s
ZA 2@ +(2)(®
A DODTODO s g

A ©@+Q)6)
Ly = 554 = (-2(DO@) + Q)(-1E)N2) =-48in®  Ans
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A-9 Determine the product of inertia of the cross-sectional
area with respect to the x and y axes that have their origin
located at the centroid C.

Ly = Z5A = (L)B)@(1) + O)OSHD) + (-1.5)-3)(4)(1) =36 inf  Ans
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A-10 Locate the centroid (X, y) of the channel section and
then determine the moments of inertia /.- and /.

15 mm

300 mm

-

i= LA = (625@)12515) + 7.5X27013) _ 33942 mm =339mm  Anms
ZA 2(125)(15) +270(15)

Due to symmetry y =150 mm Ans

ol

L= 11—2(125)(3003)— 115(110)(2703) =101(10 mm*  Ans

Sl

= 2[%(15)(1253) +15(125)(62.5 - 33.942)*] + -113(270)(153)

+270(15)(33.942-7.5) = 10.8(10°) mm*  Anms
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A-11 Locate the centroid (X, y) of the channel section and
then determine the product of inertia /- with respect to the
y' axes.

_ (62.5)(2)(125)(15) + (7.5)(270)(15) _ B
2(125X(15) + 270(15) =33942mm=339mm  Ans

X=

IiA
zZA
Due to symmetry y = 150 mm Ans

Ly - = ZA = (62.5 - 33.942)(150 - 7.5)(15)(125)

+(7.5-33.942)(0)(270)(15)

+(62.5~33.942) (7.5~ 150)(15)(125) =0 Ans
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*A-12 Locate the position (¥, ) for the centroid C of the
cross sectional area and then determine the product of in-
ertia with respect to the x’ and y” axes.

%

—z0mm —

Tid _ 25(50)(50)+ 10060QN) _ e
ZA

50(50) + (50)(200)

Z;,y”é - (50)(100)(50) + 25(150)(50) =35mm. Ans
A 100(50) + 150(50)

y=

Ly = ZiyA = (-85+25)(75— 35)(50)(50) + (100 — 85)(-35 +25)(200)(50) = -7.50(10°) mm*  Ans
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A-13 Determine the product of inertia of the area with re-
spect to the x and y axes.

Ly = ZiyA = (0.5)(4)(8)X(1) + (6)(0.5)(10)(1) + (11.5)(1.5)(3)(1) = 97.75 in* Ans
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A-14 Determine the moments of inertia I,- and /- of the
shaded area.

1
= —(40)(200") + -115(200)(403) =27.733(10%) mm*

1
I = E(200)(403) + émo)(zoo3 ) +(40)(200)(120°) = 142.933(10% mm*

Ly =0  (Symmetry about x axis)

L.:M.}.
2

k-l

€0s26- I, sin 26

27.733+142.933 . 27.733-142.933
2 2

=[ cos 90° +0}(10°) = 85.3(10°y mm*  Ans

_k+h k-

€0s26+ L, sin 26

27733+ 142.933 _27.733-142.933
2 2

=[

cos 90° +0](10%) = 85.3(10°) mm*  Ans
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A-15 Determine the moments of inertia /,- and /,- and the
product of inertia 7, for the semicircular area.

(7 )(60*) = 5.0894(10°) mm*

~
i}

&~
It

1
8

L, =0 (symmetry about y axis)

L+l L-I,

5 +"2 c0s26 -1, sin 20

L=

5.0894+5.0804 5.0894-5.
+ 0894 05 60° -0](10%) =5.0910°y mm*®  Ans

=[ 2
I = 1-;—” ~Eb os26+1, sin 26
5.0894+5.0894 5.0894 - 5.0894
=[ > - > cos 60°+0](10°) = 5.09(10°) mm*  Ans
Ly = I";I’sin 20+, cos 26

5.0894 — 5.0894
=[=2 = sin60°+0](105) =0  Ans

2

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved.

reproduced, in any form or by any means, without permission in writing from the publisher.

This material is protected under all copyright laws as they currently exist. No portion of this material may be




*A-16 Determine the moments of inertia /,- and /,- and the
product of inertia I+, for the rectangular area. The x” and
y axes pass through the centroid C.

= ﬁ(a»(mo% = 13.653(10°) mm*

L= $(16O)(403) = 0.853(10°) mm*

L,=0 (symmetry)

_k+h  L-b

I ——=co0s26~L,sin 20
2 2
13.653+0.853 13.653 0.
=1 2+ 83, 36532 0.853 05 60°—0](10%) = 10.5(10°) mm®  Ans
Ix x = .
Iy'=—;—!’——1 I’cos29+Lysm26
13.653+0.853 13.653—0.
=[ 2+ - 532 0853 05 60°+0](10%) = 405(10°) mm*  Ans

L-1I .
Ly = 2’sm28+L,cos29

13.653-0.
= [wsm 60°+0] = 5.54(10°) mm*  Ans
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A-17 Determine the principal moments of inertia of the
cross-sectional area about the principal axes that have their
origin located at the centroid C. Use the equations devel-
oped in Sec. A.4. For the calculation, assume all corners to -

be square.

L= 2[li2(4)(0.375)3 +(4)(0.375)(4-0.1875)*] + -11—2(0.375)(7.25)3 =55.55 in"

L= 2[1—12(0.375)(43) +(0.375)(4)(2- 0.1875)°] + 1—12(7.25)(0.375)3 =13.89in

Ly = ZxyA = (—2+0.1875)(4 - 0.1875)(4)(0.375) + (0)(0)(7.25)(0.375) +
(1.8125)(-3.1825)(4)(0.375) = —20.73 in*

+ (1‘%1’)2 +12

- 55.55; 13.89 \/ ( 55.55; 138912 4 20739

Inax =64.1in*  Ans
Iow =533 Ans
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