


l1- The Second moment of area, The MOMENT OF

INERTIA: (mm?4, m%)

The Moment of Inertia (I) is a

term used to describe the
Jcapacity of a cross-section to

resist bending. It is ‘always
considered with respect to a

reference axis such as Z or Y. It
is a mathematical property of a
section concerned with a surface
farea and how that -area is

distributed about the reference

axis. The reference axis is usually
a centroidal axis (NOT “Y & Z”

axes shown_<in the Fig). The-_-‘-"
Imoment of - Inertia expressed

mathematically as: = A
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1- The Second moment of area, The MOMENT OF

INERTIA: (mm?, m?)

The: Moment of Inertia is an

important value which is used
| to determine the state of stress

in a section, to calculate the
resistance to buckling, -and to
determine the amount _of*

deflectlon in a beam
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maximum -

maximum dsztance

of 2 inches to centroid ' axis.

<

A

y 4

=[Y?dA 1, =[z% dA
A

Both boards have the same
cross-sectional ~area, but the
__ —y Sbmee ~area is distributed differently
=3 =™ about the horizontal centroidal
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l1- The Second moment of area, The MOMENT OF
~INERTIA: (mm?4, m%) -

DETERMINATION OF THE MOMENT OF INERTIA OF AN AREA BY

dA=Y .dz pra P 2Ol
S N "~dA=(a-Z) dy a

dl= 77 gA- & d=vean T Al d=vims d=2'A




2- Thegaolar moment\bf Inertla\«(mm4 ) =

Poja“’? moment OF inertia,” A 5;»“’
dé‘noted by J, or _/' , IS the
~-area moment ef\lnertla about &
- the Xaxis (perpendicular to
pIan \’of Cross- sectlon area)\'\d
glven by fg ,;f,\

Tlfns integral of great |mportance u@ problems concer;mng
the torsion of cylindrical shafts aﬁd in problems dealing with

the rotation of slabs



| 3- Radius of gyration (mm?, m3)

'The radius of gyratlon IS the distance raway from the axis
that all the area can-be concentrated to result m the same
moment of |nert|a That is, -
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3- Radius of gyration (mm?3 m3)
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IFor a given area, one-can define the radius ‘of gyration
around- the Y-axis, denoted by rY (iy) the radius of gyration

around the £~ aX|s denoted by fy (zz) and- the radlus of
gyration around the X-axis, denoted by r, (io)- These are
{calculated from the relatlons
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3- Radius of gyration (mm3, m3)
v N N

: It can easily to show from Jo =1, +IZ

rZ T Ir.Y — rQ " ,




4= Product of Inertla {mm4, m4)

The. product second moment ‘ |
of area, I, , of a beam

___".f_‘sectlon with respect to z and

1 vy axes |s defined by: Z(

| coordinate axes-is an “axis of
sym metry _ | -0
zy N

o ly=[zYda .7
A ~
when one (or both) of the




5- ParaHeI Axis Theorems

> <

Suppose that we know the
value of I, I, and I,y. We -
need to determine the ©
1 value of I, ooy and Iyizy
(moment of Inertia

1 dz

according to the new axes .
Y1 and Z1 “paraIIeI aX|s "

[

1, j Y, 2dA | 2,
j(Y + dY) dA |

jYZdA+dY jdA+2dYIY dA




5- Parallel-Axis Theorems:
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5- Parallel-Axis Theorems: & & e A Y
IF Z &Y are CENTROIDAL axes— % .=
Th e:rr g::- > A =

IZlYl =1, +dY dz A
It'can be seen from'Egs.

}above that if either GZ or GY is 2 &
an axis. of symmetrx (.61, J N _91;;

Thus for a secJ;Lon component havmg an aX|s of sym’metry
that is parallel to either of the sectlon reference .axes the
jproduct second moment of area is the produc:t of the
coordinates of its centroid multiplied by its area.
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EXAMPLS- DETERMINATION OF THE MOMENT oF INERTIA OF
AN AREA BY INTEGRATION ¢
Determlne the moment of inertia’ for the. rectangular area -
Wlth respect to (a). the centroidal x’ axis, “(b) the centr0|dal X’
axis, (c) the axis %, passing throughrthe base of the =
| 'rectangular and (d) the pole or Z’ axis perpendlcular to the
X"-y’ plane and passmg through the centroid C 2

Part’ (a)

Drfferentlal eIement chosen dlstance y __
1 from x’ axis. |
Slnce dA b cy,

shi2 -

'Z(bdy ) bJ.hIZ
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EXAMPLS- DETERMINATION OF THE MOMENT QF INERTIA OF
AN AREA BY INTEG RATION
Part(b) 3
Differential eIement chosen d45tance x fromy axis.
.;:fSlnce dA = h dx’” & &
| jx'?dA j”” (hdx )= hjblz

b/?2 —b/2

N X' 3 +b/2 1 -
=hl = ——th ,
3 12 &

& ~b/2
1 ""Pa rt (c) &
By applymg paraIIeI axis theorem

st

I + Ad? :-‘-;_‘— bh3 + bhé{iE = —bh3
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EXAMPLS- DETERMINATION OF THE MOMENT: QF INERTIA OF
AN AREA BY INTEGRATION

Pa rt (d) ;?’Z;" A~ by o
_/FOF polar moment ef inertia about pomt C

< Lpyneeps)
1 ( )

bh? /12 h
( :-;bh 5




EXAMPLS- DETERMINATION OF THE MOMENT OF INERTIA OF
AN AREA BY INTEGRATION >

Determine the moment of |nert|a of a trlangle w1th respect
to its base. ST A

Usmg snmllar tnangles we have

L by —-—h J dA p1=Y dy
h

L =[yda=[yb S dy= I (hy -y )dv
NS NG o

| o




EXAMPLS- DETERMINATION OF THE MOMENT OF INERTIA OF

AN AREA BY INTEGRATION

Determme the moment of mertra for the area wrth respect to

_'xG axis

By applymg paraIIeI axis theorem

—Ad2




EXAMPLS- DETERMINATION OF THE MOMENT OF INERTIA OF
AN AREA BY INTEGRATION

(a) Determine the moment of mertla of a C|rcular area W|th
“respect to a diameter. : : >

_f(b) Determine the centroidal polar moment of |nert|a of

a C|rcular area by direct mtegratlon | RS

L =

1z = j y°dA=| ddllzz 2(2 COS Hj yidy FE ) &

,_ ___y (Czl sm@j = dy (Czl cos@jd@

y=Td/2=0=Fal2
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EXAMPLS- DETERMINATION OF THE MOMENT OF INERTIA OF
AN AREA BY INTEGRATION |

_I__z:-_.f'—j - (d cos@) & ~sing | d cos&’ d6’

ez VY,

| z== / coszesinz_e do

L =

4__

Jo=lz+ly="22 _ 71
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