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Center of Mass (CM): 

The center of mass is a point which locates the resultant 
mass of a system of particles or body. 
 
It can be within the object (like a human standing straight) 

or outside the object like an object of an arc shape.  

Center of Gravity:  

Similarly, the center of gravity (CG) is a point which locates 

the resultant weight of a system of particles or body. The 

sum of moments due to the individual particles weights 

about center of gravity is equal to zero.  

 
 
 
 
 
 
 
 
 

 
 
 
 

Center of Mass and gravity of a System of Particles: 
 
Consider a system of n particles as shown in the figure. The 
net or the resultant weight is given as WR= ΣW. 
 

Summing the moments about the y-axis, we get: 
                       _ 
                       x WR = x1W1 + x2W2 + ….. + xn Wn 
 
where:  x1 represents x coordinate of W1, etc.. 
 

W: weight of practical 
 

WR: resultant weight ( Total weight ) 
 

Similarly, we can sum moments about the x- and z-axes to find the coordinates of G. 
 
By replacing the ( W ) with a ( M ) in these equations, the coordinates of the center of 
mass can be found as the following: 
      

mi:  is the mass of each particle 
 

M: is the sum of the masses of all 
particles 

 

 _             _              _ 

xi,  yi,  zi:  is the position of each 

particle with respect to the 
origin 
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Example: 
 

 

Center of Mass and Gravity of an Object 

A rigid body can be considered as made up of an infinite 
number of particles. Hence, using the same principles as 
in the previous section, we get the coordinates of G by 
simply replacing the discrete summation sign ( Σ ) by the 
continuous summation sign ( ∫ ) and M by dm.  
 

 

The center of mass of a rigid body can be determined using the same principles employed 

to determine the center of gravity. Therefore, the center of mass of a body can be 

expressed as;  
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Centroid: 
 
The centroid C is a point which defines the geometric 
center of an object. The centroid coincides with the 
center of mass or the center of gravity only if the 
material of the body is homogenous (density or 
specific weight is constant throughout the body). If an 
object has an axis of symmetry, then the centroid of 
object lies on that axis. 
                                                             _   _        _ 
Its location with respect to the origin ( x,  y and z ) can be determined using the 
same principles employed to determine the center of gravity of a body. In the case 
where the material composing a body is uniform or homogeneous, the density or 
specific weight will be constant throughout the body. These values will be factored 
out from the integrals in finding the center of mass and center of gravity and 
simplifying the expressions. In this specific case, the centers of mass, gravity and 
geometry coincide. 
 
 
 
 
 
i.e. 
 
 

 
 
 
Note: If the material composing a body is uniform or homogeneous, the density or 

specific weight will be constant throughout the body, then the centroid is the 
same as the center of gravity or center of mass 

 
 
Example: 
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Centroid of common areas: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Centroid of composite area: 
 
We can break this figure up into a series of shapes and find the location of the local 
centroid of each as shown in the following; 

 
 

 
 
 
 
 

 
Example: 
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Example: 
 

 
Solution: 

 
 
Moment of Inertia: 
 

The moment of inertia can be considered as a 
shape factor which indicated how the material is 
distributed about the center of gravity of the cross-
section. It's also defined as the capacity of a 
cross-section to resist bending.  It is usually 
quantified in m4 or kgm2  
 
So, the moment of inertia has a significant effect 
on the structural behavior of construction 
elements. The formulas used for determining the 
moment of inertia are: 
 
 

 
                                        or by using calculus  

 

I x: Moment of inertia about  x  axis  
I y: Moment of inertia about  y  axis  



6 M. Sc.   Khalid Ahmed / Engineering College - University of Diyala                                       

 

The physical meaning of moment of inertia: 

 

Example: 
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Moment of inertia of common area: 

 

 

 

 

 

Example: 

 

 

 
 

Moment of inertia of composite areas: 
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Parallel Axis Theorem: 
 
If you know the moment of inertia about a centroidal axis of a figure, you can 
calculate the moment of inertia about any parallel axis to the centroidal axis using 
a simple formula; 

 

 

        : moment of inertia around z axis,            : moment of inertia around z axis 

 

A : area of the figure 

                      

y : distance from the centroid to  z axis along y axis 
 

 
Example: find the moment of inertia using parallel axis theorem  
 

 
 
 

Where  d: is the distance from the centroid to ( x ) axis 

          A : area of the triangle  
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Example: 
 

       

Solution: 
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Examples &  solutions 

 

Solution: 
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Example:  Find the centroid of the following shape: 
 

 
 
 
 
 
 
 

 
 
 
Solution: 

 
 
 
 
 
We can break this figure up into a series of shapes and find the location of the local 
centroid of each 
 
 
  
 
 
 
 
 

 
 

 
 
Make a table contains the parameters as shown; 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
_                     _ 
X = 1.9541 ,   y = 0.904117        Ans. 
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Example: 
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Example: find the moment of inertia using parallel axis theorem  

 

Where  d: is the distance from the centroid to ( x ) axis 

          A : area of the triangle  
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Example: Find the moment of inertia of a triangle 
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Example: 

 

Solution: 
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Example: Find the moment of inertia around (y) and (x) axis 

                              

Solution: 
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Where A : area of the figure 

                      

          dy : distance from the centroid to  z axis along y axis 

                                                    _          _ 
            xbar, ybar means x and y alternatively  
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Iy =1971 in
4
       Ans. 

 

We perform the same type of analysis for the Ix 

 

Ix =648 in
4 
                  Ans. 
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Example: 

 

Ix= 5.91 + 5.73 = 11.64 in4               Ans. 

Iy= 28.91 + 40.73 = 69.64 in4           Ans. 

Question: 
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Example: Find the Moment of Inertia of this object around  AB  
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Example: 
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Example: 

 

Example: 

 

Example: 
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Solution: 

 

 

 

Determine the moment of inertia of the following shapes with respect to the x and y axes 

Question: 
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Question: 

Determine the moment of inertia of the following shapes with respect to the x and y axes 
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