
Chapter 9: Center of Gravity 
and Centroid



Center of gravity

How can we determine these 
resultant weights and their lines of 
action?

To design the structure for supporting 
a water tank, we will need to know 
the weight of the tank and water as 
well as the locations where the 
resultant forces representing these 
distributed loads act.



A body is composed of an infinite number of particles, and so if 
the body is located within a gravitational field, then each of 
these particles will have a weight dW.

From the definition of a resultant force, the sum of moments due 
to individual particle weight about any point is the same as the 
moment due to the resultant weight located at G. 

The center of gravity (CG) is a point, often shown as G, which 
locates the resultant weight of a system of particles or a solid 
body.

Center of gravity

̅ 	 dW

If dW is located at point ( , , ̃ then

	 	dW

̅	 ̃ 	dW



Center of 
Mass

Center of 
Area

̅ 	

	

̅ 	
̃

̅ 	

	

̅ 	
̃

Center of 
Volume

̅ 	

	

̅ 	
̃



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.

In some cases, the centroid may not be located 
on the object.

Centroid
The centroid, C, is a point defining the 
geometric center of an object.



Centroid of typical 2D shapes

http://en.wikipedia.org/wiki/List_of_centroids



Centroid – Analysis Procedure
1. Select an appropriate coordinate system

2. Define the appropriate element (dL, dA, or dV)

3. Express (2) in terms of the coordinate system

4. Identify any symmetry

5. Express the moment arms (centroid) of (2)

6. Substitute (3) and (4) into the integral and solve



The I-beam (top) or T-beam (bottom) shown 
are commonly used in building various types 
of structures. 

How can we easily determine the location of 
the centroid for different beam shapes?

Applications



Composite bodies

For example, the centroid of the area A is located at point C 
of coordinates ̅ and . In the case of a composite area, we 
divide the area A into parts , , 

A composite body consists of a series of connected simpler shaped bodies. Such body can be sectioned 
or divided into its composite parts and, provided the weight and location of the center of gravity of 
each of these parts are known, we can then eliminate the need for integration to determine the 
center of gravity of the entire body.



Composite bodies – Analysis Procedure
1. Divide the body into finite number of simple shapes

2. Consider “holes” as “negative” parts

3. Establish coordinate axes

4. Determine centroid location by applying the equations


