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EQUILIBRIUM

DEFINITION OF EQUILIBRIUM

When a system of forces acting on a body has no resultant, the body in which 

the force system acts is in equilibrium. So, equilibrium means that both the 

resultant force and the resultant couple are zero.

Newton's first law of motion states that if the resultant force acting on a 

particle is zero, the particle will remain at rest or move with constant velocity. 

The conditions for equilibrium in two dimensions are:  

Fx = 0, …(3-1a)

Fy = 0, …(3-1b)

MO = 0 …(3-1c)

The summations in Eqs. (3.1) must, of course, 

include all the forces that act on the body (both the 

applied forces and the reactions (the forces provided 

by supports)).  

FREE-BODY DIAGRAM

The free-body diagram (FBD) of a body is a sketch of the body, a portion of a 

body, or two or more bodies completely isolated or free from all bodies,

showing all forces that act on it. 

Forces that act on a body can be divided into two general categories: 

Reactions are those forces that are exerted on a body by the supports to

which it is attached.

Applied forces are those forces acting on a body that are not provided by the

supports.

The following is the general procedure for constructing a free-body 

diagram. 
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1. A sketch of the body is drawn assuming that all supports (surfaces of

contact, supporting cables, etc.) have been removed.

2. All applied forces are drawn and labeled on the sketch. The weight of the

body is considered to be applied force acting at the center of gravity. The

center of gravity of a homogeneous body coincides with the centroid of its

volume.

3. The support reactions are drawn and labeled on the sketch. If the sense of a

reaction is unknown, it should be assumed. The solution will determine the

correct sense: A positive result indicates that the assumed sense is correct,

whereas a negative result means that the correct sense is opposite to the

assumed sense.

4. All relevant angles and dimensions are shown on the sketch.
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GENERAL CASE

It often is convenient to use a set of three independent equations different from 

those in Eqs. (3.1). The alternative equations are described next.

1. Two force equations and one moment equation: The x- and y-

directions in Eqs. (3.1) do not have to be mutually perpendicular—as

long as they are not parallel. Hence, the equilibrium equations can be

restated as

Fx = 0   Fy = 0  MO = 0  …(3.2)

where x and y are any two non-parallel directions and O is an arbitrary point.

2. Two moment equations and one force equation: It is possible to

replace one of the force equations in Eqs. (3.2) by a moment equation,

obtaining

Fx = 0 MA = 0 MB = 0 …(3.3) 

Here, A and B are any two distinct points, and x is any direction that is 

not perpendicular to the line AB. Note that if MA = 0 

and MB = 0 are satisfied, the resultant only can be a 

force R that lies along the line AB, as shown in 

Figure. The equation Fx= 0 (x not perpendicular to 

AB) then can be satisfied only if R = 0.

3. Three moment equations: We also can replace both force equations in

Eqs. (3.2) by two moment equations. The result is

MA = 0 MB = 0 MC = 0 …(3.4) 

where A, B, and C are any three distinct, non-collinear points, as indicated 

in Figure above. Again the equations MA = 0 and MB = 0 are satisfied 

only if the resultant is a force R that lies along the line AB. The third 

equation MC = 0 (C not on the line AB) then guarantees that R = 0. 

x
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