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Centre of mass : It is the point at which the distribution of mass is equal in
all directions and does not depend on gravitational field.

Centre of gravity: It is the point at which the distribution of weight is
equal in all directions and it does depend on gravitational field. The
centre of mass and centre of gravity are in same position if the
gravitational field in which the object exists stays uniform.

Centroid: The centroid is the geometric centre point of the object.

Mass is the amount of "matter" in an object (though "matter" may be
difficult to define), whereas weight is the force exerted on an object by
gravity.



Centre of Gravity

* It is a theoretical point in the body where the
body’s total weight is thought to be
concentrated. It is necessary to know the
centre of gravity because it predicts the
behaviour of a moving body when acted on by
gravity. It is also useful in designing static
structures such as buildings and bridges.




5.1A Center of Gravity of a
Two-Dimensional Body

Let us first consider a flat horizontal plate (Fig. 5.1). We can divide the
plate into n small elements. We denote the coordinates of the first element
by x; and y,. those of the second element by x, and y,, etc. The forces
exerted by the earth on the elements of the plate are denoted, respectively.
by AW,, AW, ... . AW, These forces or weights are directed toward the
center of the earth: however, for all practical purposes. we can assume
them to be parallel. Their resultant is therefore a single force in the same
direction. The magnitude W of this force is obtained by adding the mag-
nitudes of the elemental weights.

SF.: W = AW, + AW, + --- + AW,

X

(a) Single element of the plate (b) Multiple elements of the plate (c) Center of gravity
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Fig. 51 The center of gravity of a plate is the point where the resultant weight of the plate acts. It is
the weighted average of all the elements of weight that make up the plate.

To obtain the coordinates ¥ and y of point G where the resultant W should
be applied. we note that the moments of W about the y and x axes are
equal to the sum of the corresponding moments of the elemental weights:

M IW = AW, + AW, + --- + x, AW, .1
=M : FW = v AW, + wAW, + --- + v AW, -

Solving these equations for ¥ and y gives us
X AW, + AW, + --- + x, AW,
w
- )’]A‘V] + )‘ZA‘Vz +-s e )‘.AW,.
W
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5.1B Centroids of Areas and Lines

In the case of a flat homogeneous plate of uniform thickness, we can
express the magnitude AW of the weight of an element of the plate as

AW = 91 AA

where ¢ = specific weight (weight per unit volume) of the material
t = thickness of the plate
AA = area of the element

Similarly. we can express the magnitude W of the weight of the entire
plate as

W= viA

where A is the total area of the plate.

If U.S. customary units are used. the specific weight 7 should be
expressed in Ib/ft’, the thickness 1 in feet, and the areas AA and A in square
feet. Then AW and W are expressed in pounds. If SI units are used. 7
should be expressed in N/m’, 1 in meters, and the areas AA and A in square
meters; the weights AW and W are then expressed in newtons.’

Substituting for AW and W in the moment equations (5.1) and divid-
ing throughout by 1. we obtain

EM_\J .-K-A=.\'|AA|+.\I2M2+"'+.\‘,,M,.
IM: YA = yiAA + 304 + - + 3, A4,

If we increase the number of elements into which the area A is divided
and simultaneously decrease the size of each element, in the limit we obtain

Centroid of an area A

TA =deA yA = f}'dA (5.3)

Or, solving for X and y, we obtain

fra

A . A

Xi= (5.3")
These equations define the coordinates x and y of the center of gravity of
a homogeneous plate. The point whose coordinates are X and y is also
known as the centroid C of the area A of the plate (Fig. 5.3). If the plate
is not homogeneous, you cannot use these equations to determine the center
of gravity of the plate; they still define, however, the centroid of the area.




Specific weight or weight density:

The specific weight, y, of a fluid is defined as weight of fluid to it's volume.

y =W/V=mg/V=(m/V)g=pg

where g is the gravitational acceleration. Basically, the specific weight
represents weight per unit volume. Sometimes it is also referred to as the
weight density. The Sl unit for the specific weight is N/m? while the English
unit is |b/ft3.
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(a) Divide area into elements (b) Element AA at point x, y (c) Centroid located at
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Fig. 5.3 The centroid of an area is the point where a homogeneous plate of uniform thickness
would balance.




Centroid of a line L

Xl = fx dL

Solving for x and y gives us




Mass Center and Centroid

_ [xaw [xdw/g [xdm _ [ydm _ [zdm
TTw T Tw/g T m ™ 2=
Center of Mass
_ Jxdm [xpdv [xav _ Jyav o [ zav
¥="m pv v Rl =
Centroid of Volume
_‘—fl'dA B fydA z__deA
Centroid of Area
xdL ’ zdL . .
X= fo y= f"LdL Z= J = Centroid of Line



Centroid of a Triangle: V(
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