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Moment of Inertia [polar]

State parallel Axis theorem

It state that, if the moment of inertia of a plane area about an axis through its
centroid be denoted by IG the moment of inertia of the area about an axis AB
parallel to the first and at a distance ‘h’ from the centroid is given by

IAB - IG + Ah2
State perpendicular axis Theorem:

It states that ‘If Ix and lyy be the moment of inertia of a plane section about
two perpendicular axes meeting at ‘o’ the moment of inertia about 1., about the
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axis z-z perpendicular to the plane and passing through the intersection of X-X and
Y-Y is given by the relation

I, = Ly + 1,
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Formula:

Moment of Inertia about the X axis

I'= L +A1fy— )'1]2 + Lex2 +A2f}’— yZ]Z + Lx3 +A3D’_ }73]2+ --------------

Moment of Inertia about the Y axis

]yy = Iyyl + Aq[x — x1]* + IyyZ + Az[x — x3)% + Iyyg + A3[x — y3]?

Problem 1.
An area in the form of L section is shown in fig.

L™
=

I =1 +A1[_y_ yl]2 + Lx2 +A2D’— yZ]Z

Iyy = Iyyl + Al[f — X1]2 + IyyZ +A2[f — x2]2

Section (1) Rectangle

ar = 100 X 10 = 1000mm?
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100

X1 = 5 = 50mm
10
V1= 7= 5mm
bd3 100 x 103
L, = W = W = 8333.33mm*
db3 10 x 1003
Ly, = W = W = 833.33 x 103mm#*

Section (2) rectangle

a; = 10 X 140 = 1400mm?2

10
Xy = 7= 5mm
140
y2 = 1O+T=80mm
bd3 10 x 1403
Ly = 93 = —7— = 2.286 x 106mm
db3 140 x 103
= = — 3 4
Ly, 13 W 11.66 X 103mm
_aixy +azxy, 1000 x50+ 1400 x5
X = = = 23.75mm
a +a 1000 + 1400
+ 1000 x5+ 1400 x 80
-, A1 T azxyz _ — 48.75mm

a; + a 1000 + 2400

I, = 8333.33 4+ 1000[48.75 — 5]2 + 2.286 x 10¢[1400(48.75 — 80)2]
= 575 x 105mm*

I,, = 833.33 X 103 + 1000[23.75 — 50]? + 11.66 X 103[1400(23.75 — 5)Z]
= 2.02 X 10émm*
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2. Find the moment of inertia of the built up section shown in fig. about the axes
passing through the centre of gravity parallel to the flange plate.
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I =l + A1[y=y1]% + Lz + A2[y= y2]% + Lz + As[y— y3]?
Iyy = Iyyl + Al[f - x1]2 + Iyy2 + Az[f - x2]2 + Iyyg + Ag[f - y3]2
Section (1) Rectangle

ar = 30 X 100 = 3000mm?

30
x1 =254+ 60+ 2—= 100mm

100
yi=—-= 50mm

bd3 30 x 1003

L, = P 1 = 2.5 X 106mm*
db3 100 x 303
Ly, = 1 = 1 = 2.25 X 10°mm*
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Section (2) Rectangle

az = 150 X 30 = 4500mm?

150

X, =25+ = 100mm

30
y2 =100 + - = 115mm

bd3 150 x 303

I, = = = 3.37 X 105 4
o1 12 mm
db3 30 x 1503
= = — 5 4
Iyy1 W 5 = 8.43 X 10°mm
Section (3)

as = 300 X 30 = 9000mm?

200
x2 = — =100mm
2
30
y2 =100 + 30 + 2—= 145mm
bd3 300 x 303
= = — 5 4
Ly, 13 3 6.75 X 10°mm
db3 30 x 3003 ;
= = — 4
L, 1 2 67.5 X 10°mm
aixg +axy +azx; (3000 x 100) + (4500 X 100) + (9000 x 100)
T T atartas 3000 + 4500 + 9000
X=100mm

. @¥1+ aa%p + asys _ (3000 X 50) + (4500 x 115) + (9000 x 145)
 ajtay+as 3000 + 4500 + 9000

Y= 119.54mm
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Lix = 2.5 X 106 4+ 3000[119.54 — 50]2 + 3.37 x 105 + 4500[119.54 — 115]2
+6.75 X 105 + 9000[119.54 — 145]2

I = 23.94 X 10°mm*

I, = 2.25x 105 + 3000[100 — 100]2 + 8.43 x 10° + 4500[100 — 100]?
+ 6.75 x 10> +9000[100 — 100]?

Iy, = 76.15 X 10mm*
Product of Inertia:

The moment of inertia of a plane fig. above a set of perpendicular axis is
called product of inertia.

Ixy=_£1 Xy da

= Yy
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