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CHAPTER NINE 

Center of Gravity and Centroid 

 

 

 

 

 

 

 

 

 

9.1 Center of Gravity, Center of Mass, and the Centroid of a Body. 
In this section we will first show how to locate the center of gravity for a body, and 

then we will show that the center of mass and the centroid of a body can be 

developed using this same method.  

Center of Gravity. A body is composed of an infinite number of particles of 

differential size, and so if the body is located within a gravitational field, then each 

of these particles will have a weight dW, Fig. 9–1a. These weights will form an 

approximately parallel force system, and the resultant of this system is the total 

weight of the body, which passes through a single point called the center of gravity, 

G, Fig. 9–1b. * 

* This is true as long as the gravity field is assumed to have the same magnitude and 

direction everywhere. That assumption is appropriate for most engineering 

applications, since gravity does not vary appreciably between, for instance, the 

bottom and the top of a building. 

 

 

CHAPTER OBJECTIVES 

■ To discuss the concept of the center of gravity, center of mass, 

and the centroid. 

■ To show how to determine the location of the center of gravity 

and centroid for a system of discrete particles and a body of 

arbitrary shape. 

■ To use the theorems of Pappus and Guldinus for finding the 

surface area and volume for a body having axial symmetry. 

■ To present a method for finding the resultant of a general 

distributed loading and show how it applies to finding the 

resultant force of a pressure loading caused by a fluid.    
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 The weight of the body is the sum of the weights of all of its particles, that is:  

 

 

The location of the center of gravity, measured from the y axis, is determined by 

equating the moment of W about the y axis, Fig. 9–1b, to the sum of the moments of 

the weights of the particles about this same axis. If dW is located at point (x, y, z), 

Fig. 9–1a, then: 

                               (MR)y = ΣMy ;                    

Similarly, if moments are summed about the x axis, 

                               (MR)x = ΣMx;                                                

Finally, imagine that the body is fixed within the coordinate system and this system 

is rotated 90 about the y axis, Fig. 9–1c. Then the sum of the moments about the y 

axis gives: 

                        (MR)y = ΣMy;                                

Therefore, the location of the center of gravity G with respect to the x, y, z axes 

becomes: 
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Center of Mass of a Body.  

 

 

 

Centroid of a Volume.  

 

 

 

 

Centroid of an Area. If an area lies in the x–y 

plane and is bounded by the curve y = f (x), as 

shown in Fig. 9–5a, then its Centroid will be in this 

plane and can be determined from integrals similar 

to Eqs. 9–3 , namely, 

 

 

 

Fig. 9–5 
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These integrals can be evaluated by 

performing a single integration if we 

use a rectangular strip for the 

differential area element. For 

example, if a vertical strip is used, 

Fig. 9–5b, the area of the element is 

dA = y dx, and its centroid is located 

at                    and               . . 

If we consider a horizontal strip, Fig. 

9–5c, then:  dA = x dy, and its 

centroid is located at  x = x/2 and  y = y. 

9.2 Composite Bodies  

A composite body consists of a series of connected “simpler” shaped bodies, which 

may be rectangular, triangular, semicircular, etc. Such a body can often be divided 

into its composite parts and, provided the weight and location of the center of 

gravity of each part are known, we can then eliminate the need for integration to 

determine the center of gravity for the entire body. However, rather than account for 

an infinite number of differential weights, we have instead a finite number of 

weights. Therefore,  

 

 

Here 

 represent the coordinates of the center of gravity G of the composite 

body. 

 represent the coordinates of the center of gravity of each composite 

part of the body. 

 is the sum of the weights of all the composite parts of the body. 

 

Fig. 9–5 
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