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Parallel-Axis Theorem:

C: centroid of the area
& BB :centroidal axis

BB/ AA

IAZ = d§+d)2dA

|, = ¢(y)?dA +2d ¢ ydA +d?(dA

¢(y)?dA = 1. = moment of inertia about the centroidal axis

OdA = Area
¢ ydA = 1% moment of areaabout BB

¢ ydA = zero as BB isthe centroidal axis

| =1 + Ad 2 | about the centroidal axis
| : about any axis// to the centroidal axis with a distance d
Put kA for |
& |1 = (k)2A
k2 — (E)Z + d2
aso
J,=J +Ad?
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Moment of I nertia of Composite Area:

Moments of Inertia of common geometric shapes

Shape Moments of inertia
- 1
| x =—bh3
y y T
R Tye= 2 bh
12
Rectangle " cl X Iy =%bh3
Y 1
- b o 'y =30
) Je = bh(b® +h?)
12
h I_x¢: %bh3
Triangle g
/ th x | = Lpns
v3 x = E
<o X
<>
y
lx=1y= %pr4
circle X .
O 4
J, = —=pr
0 2p
A 1
lx=1y = gpr4
Semicircle ¢C X
(@) r J _1 r4
<—>‘ o™ 4p
y
Ix=1y= %pr4
Quarter Circle 1 ®*C )\ «x
O r ‘ J —_ 1 4
[e———— o — gpr
y I_x =%pab3
/‘ —— ib ) 1 3b
Ellipse X |, = =pa
p Q/ y 4p
a
= Jo = Zpab(a’ +b?)
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EX: Find Iy & ky
A
50 "1
. ! A
\ PR | X
3 -
v P 13 10 :
| A
|
|
: P B E
, (2]
| z
T = b,h,° 10*50° |
L= -
12 12 |
-~ _bshi _80*10° | Y
N V. 12 < %0 |0
|
|

|, :S+Z[K+Ad2]

*103 410 * 3 ‘
= 80110° J10%50° | ohipgy o el
12 & 12 N

|, =61.5%10*mm*

Or:
— 3 * 3

Part (1) : 1, = Ix+Ad”? =%+Ad2 = 101240 + (40 *10)(20 +5)? = 303333 .333mm*
— 3 * 3

Part (2):1, = Ix+Ad?® :%+ Ad? = 10140 + (40 *10)(20 +5)? = 303333 .333mm*
_ 3 * 3

Part (3):1,=Ix+Ad?= bshy _ 100 %107 _ 4333 333 mm

12 12
|, =Sl =1,+1,+1, =303333 .333 + 303333 .333 +8333.333 = 61.5mm*

A=50*10+50*10 +80*10 = 1800 mm?

* 4
kx = I_X = M =18.484 mm
VA \ 1800




<

Engineering Mechanics — Statics

B. M. Mohammed

............................................................................‘

9.28
Determine the centroidal polar moment of inertia of the area shown.
y i< ggn >
5 A
T ERREEEEEEE .E ________________________ 2in
1.emI S Y
! o 06inf A
Y W c‘/
24in| | 1
_____E_ _______________________ i 6in
E ! y=54in
3in i i
_____ [ESRSRRNS N S RSN, 25 2
< > ! X
: X <~
: 2in :
Component A X y AX AY
Rectangle 1 2*6=12 45 | 3 54 36
Rectangle 2 9*2=18 45 | 7 81 126
SA=30 SAX =135 SAY =162
X =8 XA 185 _ 5
A 30
y-a YA _162 _ i
A 30
— 3 * 3
Part (1) : 1, =1+ Ad? EULEAWE :ﬂ+(2*6)(2.4)2 = 36 + 69.12
|4 =105.12in*
— 3 * 3
Part (2) 1, = 1+ Ad2 = 22 4 ag2 = 97(2" | (54)1.6)2 =6+ 46.08

| ¢ = 52.08in*
¢+ 1, =105.12 +52.08 = 157 .2in*

Ix¢

3 3 3 % 3%
=iy, =it B (BT0 OV T2 05 5= 125 in
N T 12 12 12 12
Jo= 1o+l =157.2+125.5 = 282.7in"
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9.30

Determine the polar moment of inertia of the area shown with respect to (a)

point O, (b) the centroid of the area.

=1+, +1

X X3

Lores Lohos Lpre

16 12 16 .

1 1 1
l,=—p*R)*"+—=*3*(3)°+—p *(3)*

‘ 16ID (3) 12 (3) 1610 (3)

| =38.5586in" Yo
A o) D

Iy:|y1+|y2+|y3 : :

1 1 1 i L
|, =—pr*+-—b*h+-—pr* ! v | 3in
RTINS 6" ; ;

1 .1 5 1 . ! !
l,=—p*3) " +—*(3)°*3+—p *(3 | E :

y 16p (3) 12 (3) 16p (3) : . PooTTTT Tt HE
. ) 3in | 3in l
Iy:38.5586|n4 : . > ;
J,=1,+1,=38.5586 +38.5586 = 77.11in*
(b)
Part (1) - x =~ = *473 _ g orainy = 2 - P43 g o73in
3p 3p 3p 3p
— b -3 .= .
Part (2):x=- —=—=-1lin;y=—=—=+1in
(2) 3 3 y
Part (3): X = - ar_-4 3:-1.273in.;§: "4 _ - 4"3 _ 4 o73in
3p 3p 3p 3p
Component A X y AX AY
Quarter | _pr® p*3*| _4r _4*3 _4r _4*3
crcle [ 4 = 4 3p 3 3 3p 8.999 | 8.999

1 = 7.068 =1.2732 =1.2732
trlanle :m:s*3 :ﬁ:ﬁ :D:§

29 2 2 3 3 3 3 -4.5 45

=45 = - =
Quarter | _pr? _p*3°|_-4r _-4*3|_-4r _-4*3
crcle | 4 4 3p 3p 3p 3p | -8.999 | -8.999
3 = 7.068 =-1.2732 =-1.2732
_ SAX=|SAY=
S A =18.636 45 45
x=a XA_ - 45 _ - 0.242468 in

A 18.636
— A
y= ay = 4.5 = +0.241468 in

A 18.636
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= L+ A(Y)’
_pr’® 2
=—pr* *(1.273
xg 16p 4 ( )

1
|, =—p *3*-
x$ 16p
| ¢ = 4.45in"
ch1 = pr+ Al(?l_ 9)2

2
| =445+ %* (1.273 - 0.2414)?

CXq

2
p3 P2 «(1.273)?

p3°

|, =4.45+"—"— 2 *(1.0316)?

CXq

., =11.9723in*

CXq

Ix2 :|x§+A(y_2)2

1 _1%3*3° 3*
| . =-—bh?- *1 * (1
%= 1 @? o @)?
IX§:2.25in
ch2:|xQ+A(y_2_§)2
l o, _225+%*(1 0.2414)? 2290543 3*(0.7586)2
|, =4.8396in*
= e+ A(Y)?
pr? 2 _ 1 . p3? 2
|, = —pr *(1.273)% = —p *3*- E= _»(1.273
Xg16p4()16p 4()
|, = 4.45in*
Lo, = Lg + As(Ys + Y)°
pr’ p 3 )
o, =445+ B %(1.273+0.2414)> = 4.45 + == " E= x(1.5144)
l,, =20.6611in"*
loe = Lo + 1o + 1o
|, =11.9723 + 4.839 + 20.6611
| =37.473in*
= et AX)?
prz 2 _ 1 4 p32 2
| *(1.273)2 = —p *3*- B2+ (1.273
y£t16104()1610 4()

- s 4
Iyp— 4.45in
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Ly, = 1yt A(X + %)

pr’ p 3° )
|Cy =445 +— 2 *(1273+02414) =445 +—— 2 —*(1.5144)
o = 20.6611in"
Iyz = IVE+A2(X_)2
1 1*33*3 3*
| :—bsh- *(1 *(1
w15 (1)* 12 (1)°
|y = 2.25in*
ICY2: VE+A(X-X)2
|Cy :225+m*(1 02414) —2.25+3 3*(0.7586)2
z 2
|y, =4.83%in"
|y3 = |y§+A3(X3)2
1 prz »_ 1 s p3? 2
| —pr? *(1.273)  =—p *3" - —* (1.273
T S T ;&2
|y§:4.45il‘l4
Icy3 = Ixyg + AS(X3 - X)2
_ pr’ p3° ’
|cy3 —4.45+T* (1.273 - 0.2414) =445 +—— 2 ——*(1.0316)
|cy3 =11.9723in*
ICY = ICY1 + ICYz + ICY3
., =20.6611 + 4.839 +11.9723
| o = 37.473in*

‘]c = ch + Icy
J, =37.473 + 37.573
J, =74.946in*




