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4. CENTROID AND MOMENT OF INERTIA 

 

CENTRE OF GRAVITY: The point, through which the whole weight of the body acts, 
irrespective of its position, is known as centre of gravity (briefly written as C.G.). It may be 
noted that everybody has one and only one centre of gravity. 
 
CENTROID: The plane figures (like triangle, quadrilateral, circle etc.) have only areas, but no 
mass. The centre of area of such figures is known as centroid. The method of finding out the 
centroid of a figure is the same as that of finding out the centre of gravity of a body. 
 
CENTRE OF GRAVITY BY GEOMETRICAL CONSIDERATIONS: 
The centre of gravity of simple figures may be found out from the geometry of the figure as 
given below. 
1. The centre of gravity of uniform rod is at its middle point. 
2. The centre of gravity of a rectangle (or a parallelogram) is at the point, where its 
diagonals meet each other. It is also a middle point of the length as well as the breadth of 
the rectangle as shown in Fig. 

 
3. The centre of gravity of a triangle is at the point, where the three medians (a median is a 
line connecting the vertex and middle point of the opposite side) of the triangle meet as 
shown in Fig. 

 
4. The centre of gravity of a trapezium with parallel sides a and b is at a distance of 

measured form the side b as shown in Fig.   
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5. The centre of gravity of a semicircle is at a distance of 4r/3 from its base measured 
along the vertical radius as shown in Fig. 

 
6. The centre of gravity of a circular sector making semi-vertical angle is at a distance of 

 
7. The centre of gravity of a cube is at a distance of l/ 2 from every face (where l is the 
length of each side). 
8. The centre of gravity of a sphere is at a distance of d /2 from every point (where d is the 
diameter of the sphere). 
9. The centre of gravity of a hemisphere is at a distance of 3r/ 8 from its base, measured 
along the vertical radius as shown in Fig. 

 
10. The centre of gravity of right circular solid cone is at a distance of h /4 from its base, 
measured along the vertical axis as shown in Fig. 

 
 
AXIS OF REFERENCE: 
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CENTRE OF GRAVITY OF PLANE FIGURES:  

 
 
CENTRE OF GRAVITY OF SYMMETRICAL SECTIONS: 

 
EXAMPLE: Find the centre of gravity of a 100 mm × 150 mm × 30 mm T-section. 
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EXAMPLE: An I-section has the following dimensions in mm units:  
Bottom flange = 300 × 100 
Top flange = 150 × 50 
Web = 300 × 50 
Determine mathematically the position of centre of gravity of the section. 
 

 

 
 
 

CENTRE OF GRAVITY OF UNSYMMETRICAL SECTIONS: 
 

 
 

EXAMPLE: Find the centroid of an unequal angle section 100 mm × 80 mm × 20 mm. 
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EXAMPLE: A body consists of a right circular solid cone of height 40 mm and radius 
30 mm placed on a solid hemisphere of radius 30 mm of the same material. Find the 
position of centre of gravity of the body. 
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MOMENT OF INERTIA: The moment of a force (P) about a point, is the product of the force 
and perpendicular distance (x) between the point and the line of action of the force (i.e. 
P.x). This moment is also called first moment of force. If this moment is again multiplied by 
the perpendicular distance (x) between the point and the line of action of the force i.e. P.x 
(x) = Px2, then this quantity is called moment of the moment of a force or second 
moment of force or moment of inertia (briefly written as M.I.). 
 
MOMENT OF INERTIA OF A PLANE AREA: 

 
UNITS OF MOMENT OF INERTIA: 
As a matter of fact the units of moment of inertia of a plane area depend upon the units of 
the area and the length. e.g. 
1. If area is in m2 and the length is also in m, the moment of inertia is expressed in m4 
2. If area in mm2 and the length is also in mm, then moment of inertia is expressed in mm4. 
 
MOMENT OF INERTIA BY INTEGRATION: 
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MOMENT OF INERTIA OF A RECTANGULAR SECTION:  

 

 
 
MOMENT OF INERTIA OF A HOLLOW RECTANGULAR SECTION: 
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THEOREM OF PERPENDICULAR AXIS:  

 
 
MOMENT OF INERTIA OF A CIRCULAR SECTION: 
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MOMENT OF INERTIA OF A HOLLOW CIRCULAR SECTION: 
 

 
 
THEOREM OF PARALLEL AXIS: 
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MOMENT OF INERTIA OF A TRIANGULAR SECTION: 
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MOMENT OF INERTIA OF A SEMICIRCULAR SECTION: 
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MOMENT OF INERTIA OF A COMPOSITE SECTION: 
 

 
 

EXAMPLE: Find the moment of inertia of a T-section with flange as 150 mm × 50 mm 
and web as 150 mm × 50 mm about X-X and Y-Y axes through the centre of gravity of the 
section. 
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EXAMPLE: An I-section is made up of three rectangles as shown in Fig. Find the 
moment of inertia of the section about the horizontal axis passing through the centre of 
gravity of the section. 
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