13.1 Introduction:

In article 5.2.1. we ha .
about a point as the product of its m
distance between the linc of action 0
which the force causing rotation.
the fig 13.1, the moment of the force F

ve measured the moment of a _force
agnitude and the perpendicular
£ the force and the point about

about O, on

Refering
AB axis, M, = F x x

This moment is also called as the first moment of the force
about O, Let it be MO, . i, g

If this moment is again multiplied by x, then we get the moment of moment of the force
or seccond moment of the force. Let it be MO,. The second moment of the force, Mozi;

also called as the moment of inertia.
Moment of Inertia MO2 = First moment x distance

= MO, xx
= (Fxx)xx
= Fx?
The moment of inertia is briefly written as M.I. and denoted by the symbol I.

But, sometimes plane and solid figures are taken into consideration, instead of the force

and the sccond moment (or moment of inertia) are determined. In this chapter we will see the
moment of inertia of planc figures.

13.2 Moment of Inertia of plane figures

Moment of inertia of a plane fi I
. ! gure 1s generally called as ¢ inertia’
issys(;cm ffdumts, units of arca moment of nertia are mm"™. cm arrfla n'll?l?;egfo?iéﬁirg? i.nlenrt?;
Thuznt(;l: mby I and carries with it the symbol of the axes aboﬁt which it is calculated.
oment of inertia about an axis AB is denoted by | Th inerti
about centroidal axes are denoted by I__ and I S Y AR S moment ol meg
b_Ody about an axis passing through the ééntre 4 ( o oS, the moment 6f inerfs (0
simply 1) ob gravity of the body is denoted by Ing o
Again, th¢ moment of inerti i
.t ria of simple and i i
separatcly ¢ : composite pl ined
byp i n: :i 11(1j thc; case of centre of gravity. The M.L. of sipm le I:; anc figure are detelm.ne
ethod of integration and the M of ot Ple plane figures are dete'rml ;
Posite plane figures are determined b}

applying the theorems of moment of inertia

13.2.1 Moment of Inertia of sim

|
integration ple plane figure by $

Consider a plane figure,
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13.2.5 Parallel axis theorein

—7ies that “the moment of inertia of & lamina about any axis in the piz;,
lamina is equal to the sum of the moment of inertia about & parallel centroigy, am: |
. the plane of lamina and the product of the area of the lamina and square of g,

distance between the two axes”. g i
________“‘é
e arrived the M.I of a rectangle

In previous article, w

about its horizontal centroidal axis, 5
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The moment of inertia of the same rectangle, about any A ¢ o

axis, but parallel to XX axis can be determined by parallel

axis theorem. Let AB is a parallel axis, parallel to XX, at 2 Fig. 134

distance of h.

From parallel axis theorem,

— ]
g = Iy AR

using the above result, the M.I. of rectangle about its bottom edge can be determined #
below

L = Ixx+AG) (Area, A = bh)
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13,446 Perpendlcular Axis theorem.
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For example, consider a rectangle of base
height ‘h” as shown in fig 13.11. Fig. 13.11
3 3
e (DI _ hb”
We know, L. = 12 and Iyy ST

From perpendicular axis theorem, M.I of the rectangle about the axis zz, passing through
the point of intersection of xx and yy axes and normal to the plane of rectangle,

IZZ - IXX+I}'Y
_ bh’  hp’
12 12
£ 3 3
L, = 75 [bh’+hb’]

with the help of the perpendicular axis theorem, the M.I. of a circle is arrived as below.
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. Find the moment of inertia of a T

o ‘ section of flange 100 mm ~ 30 . -
il x 80 mm about its centroidal axes. : ) PR A ool it

Solution:

The T-section is drawn as shown in fig. 1315, | 100mm

|

i Thc moment of inertia about the centroidal axes are |
“rcquired Hence, we have to draw the centroidal axes ; |

|

I

"XX and YY first, passing through the centroid of the
ection. The T-section 1s symmetrical about v axis,
hence the vy axis can be drawn (the symmetncal axis)
dircctly

i But to draw the xx aws, we need v hence v is to
be determuned first
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To find y

‘oW : _ Fig 1315
The T-section 1s divided into two components.

ortion (1) - (Flange 100 mm » 30 mm)

30
arca, a]=l(}0v30=3000mm2. ¥ 80+§--=95mm

& Portion (2) : (Web 20 mm x £0 mm)
80

arca, a, =20~ 80 = 1600mm?® ¥y = U 40 mm

| . Ay tagyy | (3000 x95) +(1600x30) _ 4589 mm
using the relation,  y % a, +a, | 3000 + 1600 o

. Hence. the honzontal centroidal axis Xx, 1 drawn at a height of ¥ (75.87mm) from the
bottom of the web (ic . the honzontal reference axis ox),

" Moment of Inertia about xx axis.

M1 of T-section about xx axis 1s cqual to the sum
! of the M1 of the components (1) and (2) about the e A D e
~ Same axis xx. ET
e, Ly = (g * 0 s - '
=(95-Y)
: now to find the M.I. of component (1) about xx _ 2 Y LA
© axis, apply parallel axis theorem. e o e e s S e L x

2
Oy = Ugy +Ab
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where (IG) is Iy of component (1)
1
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xx) 1

XX

3
_ (MJ F[(100x30) x 19.13)]

12
1323 x 10° mm*

2
(IG), +Aghy

20 x 80°
12

2911 x 10 mm

(]xx)l 3 (Ixx)Z
(1.323 x 10%) +(2.911 x 109
4.234 x 10° mm*

+[(20 x 80) x (35.87)°]
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Moment of Inertia about yy axis 100’"{;“
]
Ly = (Iyy)1 ¥ (Iw)2 g {81
@k = @ LA E i} !
g G); -] FY
/
/ Fig. 13.18
here (IG)1 = (Iyy) of component (1)
hy = 0 as yy axis of the composite section, lies on the yy of the Y
component (1) |
(Iy}')l = (19 |
30 x 1003 6 4 il
T N T 25 x10° mm ’
ly _ 2 |
I (Iyy)2 (Ig), + Ayhy Lyl 2pmm
again h, = 0 7
= _ 80x203 g. 13.19
(IYY)z (IG), = 12 = 533 x 10* mm? L
ol = =
Ayyy = Qyyy + 0y, = @25x109+(533x 109 = 2,553 x 10° mm”

I, = 4.233 x10° mm"’

L, = 2.553 x 10 mm?
]




Find the moment of inertia of an un symmetrical 1 section shown in ﬁ,c 13.20 about irx
centroidal axes.

lution
Duc to symmetry, X = “ = = $0 mm
o find v L - som;, —
Divide the | sccthon into throe porbons :

arca, a, = &0 « 20 = 1200mm”

.\1 L m.m.zf".‘:gﬂmm

&
LS

Portion {2) (Web , 20 mam » 60 mm)

arca,  a, = m--ﬁaﬂm{m:

&0
Yy = M+ = 50mm

.

Portion (3) (Bottom Flangc .

100 mm » 20 mm)
arca, a, = 100 » 20 = 2000 mm’ Fig 1320
i 220 = 10 mm
- ., By * 8y ¢ 8y *U?m-cﬂja(‘l}m,s{‘)‘{zm‘ln)
‘ ' py T TRy 1200 « 1200 + 2000

- 41 7’ mm

0\l~lonmnml centrosdal axas XX 15 at a height of 42 72 mm from the honzontal reference
axis
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Moment of Inertia about XX axis

XX

where I]

..1

XX

]

n

= (2722 x 10%) + (4 235 x 10°) + (2.207 x 10%

.1, and I; are the moment of mertia of components 1, 2
XX axss of I section

2722 x 10° mm*

.
20 » 60 ’!L(m'” 60) » 7282]

I, + Ash3

2

e

- g
4235 x 10° mm*

I(‘ + A}h‘

2207 x 10° mm
= 1,

§1352 » 10° mm

100 x 20°
T

+1,+1,

4 (100x20)x32 72‘]

4
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Moment of Inertia about YY axis
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20 x 60°
12

36 x 105 mm”

2

Igo + A, B3

60 x 20°
12

60 x 20°
12

=4 x

104- mm

r(ﬁo’l 20) x 47 23 )

+ [(20 x 60) x 0}

+ [(60 x 20) x 0]

4

here,
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=

| & ¥l
= 42729

47 28 mm
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4272 _50
7.28 mm
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4272 _10
3272 mm

and 3

mspcmvt':h am
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2
= 153 +Ash3

| 3
_ 29151.0_-0_4(20 x 100) x 0]

3
g 39-3‘1—;-99—- = 1.667 x 10° mm*

= (3.6 x 10°) + (4 x 10%) + (1.667 x 105)

= 2.067 x 10°mm?

21, = 5352x10° mm*

| |
!

LI, = 2.067x105mm’
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