ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

10-1% Determine the second moment of
area for the isosceles triangle

y
shown in Fig. P10-1 with respect
to
(a) The base of the triangle A
(the x-axis).
(b) An axis through the centroid
parallel to the base. — T
v i T

b_ |}

2 )
Fig. P10-1
SOLUTION y
From similar triangles: |
L - b W = h(h -vy) .ifft___
h-Y-h _h N h
TB I.W.‘
I
(a) I = f y2 dA = I yz (w dy) ! X
A . b/z b/2
=I %(h—y)yzdy
0
h
b 2 3
= = thy -y ) dy
. [
_by? 1Y b mY) | o’ N
Thl 3 T&l Tnl1z) T 12 ns.

3 2 3 3 3
_ . _ 2, _bh® (m)%bh) _bh® _ bh® _ bh
(b) To=1,-dA=713 (] ( ]‘12 18 " 36 Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F.

RILEY AND L.

10-5*% Determine the second moment of
area for the shaded region
shown in Fig. P10-5 with
respect to
{a) The x-axis.

{b) The y-axis.

SOLUTION

{a) From the curve:

2
X =Y
2
dA = xdy =y dy
I = J y2 dA
X
A
 , 5-4 4 .
= f v dy = [¥—] = 204.8 in. = 205 in.
o
0 0
I'-Xﬁ&ﬁ
{b}) From the results of
Example Problem 10-1:
S R R R RPN o
dIy =3 bh™ = 3 X dy = 3V dy

= 780.2 in: & 780 in.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

10-7 Determine the second moment of
area for the shaded region
shown in Fig. P10-7 with
respect to
(a) The x-axis.

{b) The y-axis.

«

Fig. P10-7

SOLUTION

*

1)

2
\s

2in

(a) From the results of

Example Problem 10-1: .3 II.Ax

1.3 _1 =1 n
di = 3 bh™ = 3 y dx = 3 X dx

x

—
n

"
—

I dI
x b4
A

4
[2 xS/Z] = 4,267 in? x 4,27 in? Ans.

(b) From the curve:

2
vy = x .

dA = y dx = x dx

fa—
H
ey
»
N
[N
=3
|

4 2{ 172
j X (x dx}
0
4
I X5/2 dx
0 -

4
= 2 [x7/2 ] = 36.57 in? & 36.6 in? Ans.
0

~
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

10-8 Determine the second moment of
area for the shaded region
shown in Fig. P10-8 with
respect to
{a) The x-axis.

{b) The y-axis.

50 mm |
Fig. P10-8

SOLUTION

(a) From the curve:

100y = x - h.S
SO mm

Q.
g

n
e
[«B

«

i
—
[ems

g
>
~
3
[o R
<

-
1
ey
«
N
Q.
>
1"
Sy
]

[sV]
~—
[y
o

d
-
~
I
o
N

1}
Sy
[
O

-]
)
~
N

Qu
-]

2 7/2 25 6 4
10 [— y ] = 0.223(10 ) mm Ans.

(b) From the results of
Example Problem 10-1:

3

_ 1.3
bh™ = 3 X

di = dy = %(1000 2y dy

y

[T

25

} 1 3/2
1 = IA a1, IO 5 (1000y°'%) ay

= 0.417(10°) mn" Ans.

1000 [2 s/2]*°
3 (57

0
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURG

10-17* Determine the radii of gyration

for the rectangular area shown
in Fig. P10-17 with respect to
(a) The x- and y-axes shown on

the figure.
(b} Horizontal and vertical
centroidal axes.

Il——3 in.——J

Fig. P10-17
SOLUTION Y 1Y%
|
) |
A = bh = 3(6) = 18 in. : ]f
: 3in,
{a) From the results of
Example Problem 10-1: 06. _J._x- ~Xc
|
| .
1.3 1 3 _ . 4 | 3w
Ix = 3bh = 3(3)(6) = 216 in. ) i
! b
1= im® = 16)(3)° = 54 in? Y.5])
Yy 3 3 ' ¢ .5 :5
in W
I
=/ %o /216 :
kx = rul 18 - 3.46 in.
1 —
-/ ¥y _ /54 _ :
ky = relis 18 = 1.732 in.

(b) From the results of
Example Problem 10-1:

_1..3 1 3 _ . 4
Ic = 13bh” = 75(3)(6)” = 54 in,
_1..3_ 1 3 _ . 4
I . =3ghb” = {5(6)(3)" = 13.5 in,
I =7
_ xC _ 54 _ .
ke=V 1= Y 1§ = 1.732 in.

— = 0.866 in,

=
"
—t
&
O
"

[y
=100
o2}

Oy,
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

10-26 Determine the radius of
gyration for the shaded Y
area shown in Fig. P10-26
with respect to an axis
through the centroid of
the area and normal to'
the plane of the area.

|

Fig. P10-26
SOLUTION y /
3'= Jﬁf
2b
Y
X
b 2 39b 2
- - x_ - (x| - b
A"Iydx'.erdx'[Sb] =% < x yl«i‘
A 0 0
b 3 44 b 3 3
X X b b>/8 _ 3b
Ax = x dA = — dx = [——] = =— X = = 2=
c IA Io 25 8o " 8 ¢z 4
b 4 5 b 3
b
Ayc=J%dA=JL2dx=[x 2] 10 yc-bz/‘m=%
A 0o 8b 40b™-o b /6
1 x2 3 x6
dI =—(—J dx = dx
x 3 \2b 24b°
b 6 7 b 4
b
I =] dI_= j X dx = [ X ] =5 _
x JA x do 24 168b°do 168
b 2 b 4 5 b 4
- 2 - 2 Ix = [ X 4. =1x_| -b_
I, = IA X dA = Io X (Zb) dx = | 35 dx [IOb] =1
o 0
4 2 2 4
D1 - e B (3)(2%) . 3
Tee =1, ~ A = 163 (zo [6 ) = 16,800
y¢ ~ Ty vy T 10 4 6 ) " 16
g =1 a1 =3 bt 7!
zC ~ " xC yC ~ 16800 ° 160 ~ 8400

J 4 2
k . = // 28 = //71b /8400 _ , T%%%‘ = 0.2252b = 0.225b Ans.

zC A b2/6
983




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND

10-27% Determine the polar radius
of gyration for the shaded
area shown in Fig. P10-27
with respect to an axis
through the origin of the
xy-coordinate system and
normal to the plane of the
area.

=

Fig. P10-27

SOLUTION

da

P

[

2 7a° _ 21b° + 5a°

49 35

/21b° + 5a°
35

984
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W.

10-33* Determine the second moments
with respect to x (horizontal)

and y (vertical) axes

through

the centroid of the shaded
area shown in Fig. P10-33.

Fig. P10-33

SOLUTION
I, = )’ (2.5)°(4)
1, = H(1@? = 5.33 inl
I, =+ (-2.5)°4)
e ®Teer * Tica ¥ Lues
= 25.33 + 5.33 + 25.33 =
Ty = La@? = 5.33 int
I, * L’ = 0.33 in?
I ey = L(1)(4)” = 5.333 in?
ch =lie Iyea t chs

5.333 + 0.333 + 5.333

n

= 25.33 in.

= 25.33 in."

56.0 ins

= 11.00 ins

N o?————q-—--m
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

10-34% Determine the second moments
with respect to x (horizontal)
and y (vertical) axes through
the centroid of the shaded _
area shown in Fig. P10-34. 2 80 mm

20 mm
L

o —

20 mm
Fig. P10-34
SOLUTION
Yy
[]
[]
)
|
:
L 3 2 _  m' | _fe--—--
1o, = 15(60)(20)° + (50)%(1200) = 3.040(10°) mm 2 '(", x
_1 3 _ 6 4
I, = 13(20)(80)° = 0.853(10°) mm 5
_1 3 ey 2 _ 6 4
Iy = 15(600(20)% + (~50)%(1200) = 3.040(10°) mm
I =1 _ +1 _ +1 __ =3.040(10%) + 0.853(10°) + 3.040(10°
xC ~ “xC1 xC2 xc3 ~ v ( * )+ 3. ( )

6.933(10%) mn® = 6.933(10°) mn* Ans.

A = 20(60) + 20(80) + 20(60) = 4000 mm~
Ax. = 20(60)(30) + 20(80)(10) + 20(60)(30) = 88,000 mm"

88,000

Xe = 2000 - 22.0 mm Vo = 60 mm (By Symmetry)
_ 1 3 2 _ 6 4
ch1 = 12(60) {20) + (8) (1200) = 0.4368(10 ) mm
_1 3 1012 _ 6 4
chz = 12(20) (80) + (-12)7(1600) = 0.2837(10 ) mm
_1 .3 2 o 6, 4
ch3 = 12(60) {20) + (8)7(1200) = 0.4368(10 ) mm
6 6 6
ch = ch1 + chz + cha = 0.4368(10 ) + 0.2837(10 ) + 0.4368(10)

1.1573(10°%) mm* = 1.157(10°) wm® Ans.
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ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

10-37*% Determine the second moments 1in,
with respect to x (horizontal) ::t
and y (vertical) axes through
the centroid of the two 10 x
1-in. steel plates that are
welded to the flanges of an :
518 x 70 I-beam as shown in 3 18 in,
Fig. P10-37.

: = |
-T
10 m.——'l tin,

Fig. P10-37

SOLUTION

y
From Table 10-2A:
For an S18 X 70 beam E?
I = 926 in."
x .
I =24.1 in.?
¥ - . in. c |& %

—t
1}

3
926 + z[lgill- + (9.5)2(10)]

xC 12
. . 4 4
= 2733 in. = 2730 in. Ans.
1(10)> 4
yc = 24.1 + Z[T] = 190-8 in. AnS-

994 "




ENGINEERING MECHANICS - STATICS, 2nd. Ed.

W. F. RILEY AND L. D. STURGES

10-38% Determine the second moments
with respect to x (horizontal)
and y (vertical) axes through
the centroid of the two 250 x
25-mm steel plates and two C254
x 45 channels that are welded
together to form the cross
section shown in Fig. P10-38.

Fig. P10-38
SOLUTION
y
From Table 10-2B: = ]
For a C254 X 45 channel: L_
X
A = 5690 mm> C
I, = 42.9(10%) mm* =
1 = 1.64(10°) mm’
6 250(25)° 2
I, = 2(42.9)(10°) + 2["‘?5"‘ + (139.5) (25)(250)]
= 329.7(10°) mm® = 330(10°%) mm? Ans.
6 2 (250)°>
I = 2[1.64(10 ) + (64.5) (5690)] + z[ - ]
6 4 6 4
= 115.73(10%) mn® = 115.7(10%) mm Ans.




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F.

RILEY AND L. D.

STURGES

10-47 Determine the second moments

with respect to the x-and
y-axes shown on the figure
for the shaded area shown
in Fig. P10-47.

Fig. P10-47
SOLUTION
4 4 3
I = “‘2’ - “(g’ - 4{2) = 54.67 in? & 54.7 in? Ans.
4 4 3 3
14
1= (2’ - "‘g) - [2{2) + 2§§) ] = 54.67 in® = 54.7 in’ Ans.
10-48 Determine the second moments y
with respect to the x-and
y-axes shown on the figure
for the shaded area shown
in Fig. P10-48. il
% SN
INQW
b4
2l mm
= 21 21
mm mm
Fig. P10-48
SOLUTION
L onee)t ment  azee1)°
x 4 8 12
= 1.1131(10%) mn* = 1.113(10°) #in* Ans.
L oomee)?  ment | 21042)°
y 4 8 12
= 1.1131(10°%) mm® = 1.113(10%) mm® Ans.

Joo3
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ENGINEERING MECHANICS - STATICS, 2nd. Ed.  W. F. RILEY AND L. D. STURGES
10-51 For the shaded area shown y
in Fig. P10-51, determine r__
the second moments with 9m~——+——-9m.
respect to 1 sin”] 1—_7
(a) The x~ and y-axes shown Z\ g1 —-[
on the figure. 104
(b) The x-and y~axes through "
the centroid of the area. __L
5in,
'l' X
Fig. P10-51
SOLUTION
For The rectangle: For the semicircle:
2
A = 18(10) = 180 in® A= Eigl— = 39.270 in?
2 4q
_ 1 3 _ 4 _n5)? s(5)! 4
IxC = 12(18)(10_) = 1500 in, IxC = 8 om = 68.60 in.
4
_ 1 3 _ . 4 _X(5) _ . 4
I, = 13(10)(18)° = 4860 in! I, = =g~ = 245.44in’
d =10 in d =15 - 28) - 15 878 in.
x X 3n
(a) I_ = 1500 + (10)°(180) - 68.60 - (12.878)2(39.270)
= 12,919 inf = 12,920 in? Ans.
I = 4860 - 245.44 = 4614.6 in’ = 4610 in’ Ans.
(b) A = 180 - 39.270 = 140.73 in°
Ay, = 180(10) - 39.27(12.878) = 1294.28 in°
_ 1294.28 _ .
(b) I =1 - doA= 12,920 - (9.197)2(140.%3)
.oy xC x - x = y - ( . ) . !
= 1016.4 in' = 1016 in’ Ans.
. 4
I =1 = 4610 in. Ans,
yC y

Joo b 3




ENGINEERING MECHANICS - STATICS, 2nd. Ed. W. F. RILEY AND L. D. STURGES

10-52 For the shaded area shown y
in Fig. P10-52, determine
the second moments with -
respect to
(a) The x- and y-axes shown
on the figure.
(b) The x-and y-axes through

the centroid of the area. B e
o 100 | 100
m 200 mm mm

Fig. P10-52

200

SOLUTION

For The rectangle:

1066.67(10°) mm"

A = 200(400) = 80,000 mm2 I = %(400)(200)3

I = %(200)(400)3 4266.67(10°) mm"

For the semicircles:

2
A= X80 - 15,053 mm®

2
4 4
_m(80)® 8(80)° _ 6, 4 _ _ 4(80) _
Ixc = 8 T = 4.496(10 ) mm dx2 = 200 3N = 166.05 mm
4
- 7(80) _ 6 4 _ 4(80) _
ch =3 = 16.085(10 ) mm dx3 = S 33.95 mm

(a) I = 1066.67(10%) - 4.496(10%) - (166.05)%(10,053)

- 4.496(106) - (33.95)2(10,053)

- 768.90(10%) mm® = 769(10°) mm® Ans.

1 = 4266.67(10°%) - 16.085(10°%) - (100)%(10,053)
- 16.085(10°) - (300)%(10,053)

- 3229.2(10%) mn® = 3230(10°) mm* Ans.

(b) A = 80,000 - 2(10,053) = 59,984 mm’

I, = 768.90(10°) - (100)%(59,894) .
6 4 6 4
= 169.96(10 ) mm = 170.0(10 ) mm Ans.
I = 3229.2(10%) - (200)2(59,894)
- 833.44(10°) mm® = 833(10°%) mn* Ans.

Joo?




