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MOMENT OF INERTIA 

The moment of inertia, otherwise known as the mass moment of inertia, angular 

mass or rotational inertia, of a rigid body is a quantity that determines the torque needed for a 

desired angular acceleration about a rotational axis; similar to how mass determines 

the force needed for a desired acceleration. It depends on the body's mass distribution and the 

axis chosen, with larger moments requiring more torque to change the body's rate of rotation. 

It is an extensive (additive) property: for a point mass the moment of inertia is simply the mass 

times the square of the perpendicular distance to the axis of rotation. The moment of inertia of a 

rigid composite system is the sum of the moments of inertia of its component subsystems (all 

taken about the same axis). Its simplest definition is the second moment of mass with respect to 

distance from an axis 

S.I Unit of Moment of Inertia is :kg𝑚2 

METHODS OF FINDING MOMENT OF INERTIA: 

1.BY ROUTH'S RULE 

2.BY INTEGRATION. 

MOMENT OF INERTIA BY INTEGRATION 

Inertia for a Collection of Particles 

If a group of particles with masses m1, m2, m3, ... , mn is rotating around a point with 

distances d1, d2, d3, ... dn, (respectively) from the point, then the moment of inertia I is given by: 

I = m1d1
2 + m2d2

2 + m3d3
2 +... + mndn

2 

If we wish to place all the masses at the one point (R units from the point of rotation) then 

d1 = d2 = d3 = ... = dn = R and we can write: 

I = (m1 + m2 + m3 ... + mn)R
2 

MOMENT OF INERTIA FOR AREAS 

 

 



We want to find the moment of inertia, Iy of the given area, which is rotating around the y-axis. 

Each "typical" rectangle indicated has width dx and height y2 − y1, so its area is (y2 − y1)dx. 

If k is the mass per unit area, then each typical rectangle has mass k(y2 − y1)dx. 

The moment of inertia for each typical rectangle is [k(y2 − y1)dx] x2, since each rectangle 

is x units from the y-axis. 

We can add the moments of inertia for all the typical rectangles making up the area using 

integration: 

 

Using a similar process that we used for the collection of particles above, the radius of 

gyration Ry is given by: 

 

 

MOMENT OF INERTIA OF RECTANGULAR SECTION: 

                                   



 

MOMENT OF INERTA OF A HOLLOW RECTANGULAR SECTION: 

Moment of inertia is the product of first moment of area and the centroidal distance of the area 

from a given axis. If A.x is the first moment of area of certain section then (Ax).x is the moment 

of inertia (second moment of area)of that section. 

moment of inertia of hollow section can be found by first calculating the inertia of larger 

rectangle and then by subtracting the hollow portion from that large rectangle. 

                            

 

THEOREM OF PERPENDICULAR AXIS 

Suppose you have planar object, that is, one that is flat. An example of this is a floppy disk, or a 

cdrom. Suppose the object is in the x-y plane. If you rotate it the z axis, the moment of inertia 

is Ix . If you rotate it by the x or y axes, the moment of inertia is Ix or Iy respectively. Then 



   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MOMENT OF INERTIA OF  A CIRCULAR SECTION 

                                       

 

Let us consider one small elementary circular strip of thickens dr and radius r as displayed in 

following figure. 

 

 

R = Radius of the circular section 

D = Diameter of the circular section 

O = Centre of the circular section 

 

 

r = Radius of the small elementary circular strip 

dr = Thickness of the small elementary circular strip 

 

 

XX and YY are the axis which is passing through the centre O of the circular section. 

 

 

ZZ is the axis which is passing through the centre O of the circular section and perpendicular to 

the plane of paper. 

 

 



IXX = Moment of inertia of circular section about XX axis 

IYY = Moment of inertia of circular section about YY axis 

IXX = IYY (due to concept of symmetry) 

IZZ = Moment of inertia of circular section about ZZ axis 

Now we will determine the value or expression for the moment of inertia of circular section 

about XX axis and also about YY axis 

First of all we will have to find out the moment of inertia of circular section about ZZ axis and 

after that we will use the principle of perpendicular axis i.e. the perpendicular axis theorem and 

its proof in order to secure the moment of inertia of circular section about XX axis and also about 

YY axis. 

 

 

Let us determine the moment of inertia of small elementary circular strip about an axis ZZ which 

is passing through the centre O of the circular section and perpendicular to the plane of paper. 

 

 

Area of small elementary circular strip = 2П * r * dr 

Moment of inertia of small elementary circular strip about axis ZZ = 2П * r * dr * r2 

Moment of inertia of small elementary circular strip about axis ZZ = 2П r3 dr 

 

 

Moment of inertia of the entire circular section about the axis ZZ will be determined by 

integrating the above equation between limit 0 to R and it as displayed here in following figure. 



 

Therefore, moment of inertia of circular section about ZZ axis, IZZ = ПR4/2 

Or we can also say that IZZ = ПD4/32 

 

 

Let us use and recall the principle of perpendicular axis i.e. the perpendicular axis theorem and 

its proof in order to secure the moment of inertia of circular section about XX axis and also about 

YY axis. 

IZZ = IXX + IYY 

As we have already discussed above that IXX = IYY    

 

 

Therefore, moment of inertia of circular section about XX axis and moment of inertia of circular 

section about YY axis could be easily concluded as mentioned here. 

 

 

IXX = IYY = IZZ /2 

IXX = IYY = ПD4/64 

https://4.bp.blogspot.com/-fKVb8J5-tLY/WLRjU_VuNII/AAAAAAAACVk/ZuMHg9zbiDgALh5pztd40VRFaOcq_HKKwCLcB/s1600/momentintx.jpg


IXX = ПD4/64 

IYY = ПD4/64 

 

MOMENT OF INERTIA OF A HOLLOW CIRCULAR SECTION 

Let us consider one hollow circular section, where we can see that D is the diameter of main 

section and d is the diameter of cut-out section as displayed in following figure. O is the centre 

of the circular section as displayed in following figure.  

 

 

D = Diameter of the circular section 

d = diameter of cut-out circular section 

O = Centre of the circular section 

IXX = Moment of inertia of hollow circular section about XX axis 

IYY = Moment of inertia of hollow circular section about YY axis 

Now we will determine the value or expression for the moment of inertia of hollow circular 

section about XX axis and also about YY axis 

As we have already seen the basic principle of moment of inertia for the circular section and 

hence moment of inertia of the main circular section about XX axis and moment of inertia of the 

cut-out circular section about XX axis will be determined as mentioned here. 

 

 

Moment of inertia of the main circular section about XX axis = ПD4/64 



  

Moment of inertia of the cut-out circular section about XX axis = Пd4/64 

Moment of inertia of hollow circular section about XX axis = [ПD4/64]-[Пd4/64] 

IXX = П (D4-d4)/64 

 

 

Similarly, Moment of inertia of hollow circular section about YY axis, IYY = П (D4-d4)/64 

Therefore, we have concluded 

IXX = П (D4-d4)/64 

IYY = П (D4-d4)/64 

 



 

 



 

 

            

 

 

 

 

 

 

 

 

 



 

MOMENT OF INERTIA OF A TRIANGULAR SECTION ABOUT AN AXIS THROUGH C.G 

 

Let us consider one triangular section ABC as displayed in following figure. Let us assume that 

axis X-X is passing through the center of gravity and parallel to the base of the triangular section. 

 

                                   

We will have to determine the moment of inertia for the triangular section about axis XX which 

is passing through the center of gravity and parallel to the base of the triangular section. 

 

b = Width of the triangular section ABC 

h = Depth or height of the triangular section ABC 

IXX = Moment of inertia of the triangular section about the axis XX which is passing through 

the center of gravity and parallel to the base of the triangular section 

 

IBC = Moment of inertia of the triangular section about its base i.e. BC line 

  

We have already derived the moment of inertia of the triangular section about its base and it will 

be as mentioned here. 

IBC = b.h3/12 

 

Area of triangle, A = b. h/2 

Distance between C.G and Base of the triangular section = h/3   



Now we will determine the value or expression for the moment of inertia of the triangular section 

about the axis XX which is passing through the center of gravity and parallel to the base of the 

triangular section 

We will use here the concept of parallel axis theorem in order to secure the value or expression 

for the moment of inertia of the triangular section about the axis XX. Let us recall the theorem 

of parallel axis which is related with the determination of moment of inertia. 

 

IBC = IG + A. (h/3)2 

IG = IBC - A. (h/3)2 

IG = b.h3/12 – (b. h/2). (h/3)2 

IG = b.h3/12 – b. h3/18 

IG = b.h3/36 

 

 

https://www.hkdivedi.com/2017/02/state-and-prove-theorem-of-parallel.html
https://www.hkdivedi.com/2017/02/state-and-prove-theorem-of-parallel.html


 

 

 

 

 



 



 



 



 



 



 



 

 


