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Chapter 7 - Center of Gravity and Centroids
Reading: Chapter 7 - Pages 259 - 284

7-1
Introduction
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The centroid, C, is a point defining the 
geometric center of an object.

The center of gravity, G, is defined as a point 
about which the entire weight of the body is 
assumed to be concentrated. 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 the object lies on that axis.

In some cases, the centroid may not be 
located on the object. For the C shape 
(American Standard Channel) structural steel 
component shown above the centroid is given 
by the X-X and Y-Y centroidal axes.
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7-2
Center of Gravity and Centroid of a Body

Center of Gravity (G)

The moment of W about O must be equal to the sum of the moments of the weight of all the particles 
about O.

Equating the moment about the z axis, we write

x̄ W = Σ x ΔW

Equating the moment about the x axis, we write

z̄ W = Σ z ΔW

Similarly, we can also write

ȳ W = Σ y ΔW

The following equations can be used for locating the center of gravity, G, of a solid body:

W = Σ ΔW G(x̄, ȳ, z̄)
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Centroid (C)
The center of mass of a geometric object of uniform density.

Locating the Centroid of a Volume
Homogeneous body (uniform)

γ = weight per unit volume (constant)

ΔW = γ Δv (weight of a particle)

W = γ v (weight of the entire body)

Substituting in Equation 7-1 and dividing through by γ, we obtain

Centroids of Volumes of Common Shapes 
Formulas for computing the volumes and locations of centroids of common geometric shapes, such as 
cylinders, spheres, hemispheres, circular cones, and so on, have been determined mathematically and are 
listed in Table 7-1 (see next page).

Centroid of Composite Volumes
A volume can be divided into several component volumes of shapes is called a composite volume. The 
coordinates of the centroid C (x̄, ȳ, z̄) of a composite volume may be computed from the following 
equations:
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Solution.
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Solution.
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7-3
Experimental Determination of the Center of Gravity

Method 1. Suspending the body

Method 2. Weighing Method
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7-4
Centroid of an Area

Centroid, C
Defines the geometric center of an object

Uniform Body – density is constant (γ)
   also called, specific weight

C, coincides with G, if the body is uniform.

Symmetry
If the shape (body) has an axis of symmetry, the centroid, C, of the shape will lie along that axis.
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Centroid of an Area

Reference Axis – the location of the centroid of a shape is determined with respect to a given reference 
axis.

Centroid of a Composite Area
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Example 1. Locate the centroid of the plane area shown. Use the given reference axis.
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Solution.
1. Break the composite shape into common geometric areas.
2. Choose a Reference Axis or use the given Reference Axis
3. Construct a table as shown below.

4. Find x̄ and ȳ

Shape Area (ft2) x (ft) Ax (ft3) y (ft) Ay (ft3)

Σ
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x

y

o

2 ft

2.5 ft

1.5 ft

2 ft 3 ft

r = 1 ft

Shape Area (ft2) x (ft) Ax (ft3) y (ft) Ay (ft3)

Σ

Example 2. Locate the centroid of the plane area shown. Use the given reference axis.

Solution.
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Example 3.
Locate the centroid of the built-up structural steel section with respect to the given reference axis.

Solution.
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Structural Steel Properties can be found in Appendix A of the text book. The following tables can be found 
in the course notes on pages 146 and 147.

Table A-1(a) Properties of Selected W Shapes (Wide-Flange Sections)
Table A-3(a) Properties of C Shapes (Channels)

Shape Area (in2) x (ft) Ax (in3) y (ft) Ay (in3)

Σ
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Example 4.
Locate the centroid of the built-up structural steel section with respect to the given reference axis.

Shape Area (in2) x (ft) Ax (in3) y (ft) Ay (in3)

Σ

Solution.
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7-5
General Types of Distributed Line Loads

Distributed Load
A distributed load occurs whenever the load applied to a body is not concentrated at a point.

q = load intensity       P = Σ qΔx
Δx = incremental length

The total resultant over the entire length of the beam is: P = Σ qΔx = Σ ΔA = A
Thus, the resultant of a distributed line load is equal to the area of the loading diagram.

The location of the resultant P along the beam may be determined by requiring that the moment of P 
about O be equal to the sum of the moments of the loads q Δx over the entire beam about O.

From the Equivalent Resultant diagram: Σ MO = P d = Σ (qΔx)x = Σ (ΔA)x = A x̄ = P  x̄

Thus,
Pd = P  x̄
d =  x̄  Line of action of the resultant P passes through the centroid of the area

Uniform Distributed Load Triangular Distributed Load

General Case
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Example 1. Determine the reactions at the supports of the beams for the loading shown.

Solution.

The loading diagram is divided into a parabolic spandrel, rectangular area, and triangular area.
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