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CHAPTER FIVE  

Equilibrium of a Rigid Body 

 

 

 

 

 

 

 

 

5.1 Conditions for Rigid-Body Equilibrium 

The necessary and sufficient conditions for 

the equilibrium of the rigid body in Fig. 5–1 a, 

will be discussed. As shown, this body is 

subjected to an external force and couple 

moment system.  
If the resultant force and couple moment 

resultant are both equal to zero, then the body is said 

to be in equilibrium .Mathematically, the equilibrium 

of a body is expressed as: 

 

 

 

 

The first of these equations states that the sum of the 

forces acting on the body is equal to zero. The second 

equation states that the sum of the moments of all the 

forces in the system about point O , added to all the 

couple moments, is equal to zero. These two equations 

are not only necessary for equilibrium, they are also 

sufficient. 

 

Fig. 5-1 
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Note: When applying the equations of equilibrium, we will assume that the body 
remains rigid. In reality, however, all bodies deform when subjected to loads. 
Although this is the case, most engineering materials such as steel and concrete are 
very rigid and so their deformation is usually very small. Therefore, when applying 
the equations of equilibrium, we can generally assume that the body will remain 
rigid and not deform under the applied load without introducing any significant 
error. 
 

EQUILIBRIUM IN TWO DIMENSIONS: (Coplanar Force System) 

 

5.2 Free-Body Diagrams: 
This diagram is a sketch of the outlined shape of the body, which is represented 

as being isolated or "free" from its surroundings, i.e. a "free body" on this sketch 

it is necessary to show all the forces and couple moments that the surroundings 

exert on the body so that these effects can be accounted for when the equations of 

equilibrium are applied. A thorough understanding of how to draw a free-body 

diagram is of primary importance for solving problems in mechanics.  

Support Reactions: Before presenting a formal procedure as to how to draw a free-

body diagram, we will first consider the various types of reactions that occur at 

supports and points of contact between bodies subjected to coplanar force systems. 

As a general rule,  

 If a support prevents the translation of a body in a given direction, then a 

force is developed on the body in that direction. 

 If rotation is prevented, a couple moment is exerted on the body. 

For example, let us consider three ways in which a 

horizontal member, such as a beam, is supported at 

its end. One method consists of a roller or cylinder, 

Fig. 5–3 a . Since this support only prevents the 

beam from translating in the vertical direction, the 

roller will only exert a force on the beam in this 

direction, Fig. 5–3 b. The beam can be supported in a 

more restrictive manner by using a pin, Fig. 5–3 c . 

The pin passes through a hole in the beam and two 

leaves which are fixed to the ground. Here the pin 
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can prevent translation of the beam in any 

direction f, Fig. 5–3 d , and so the pin must exert a 

force F on the beam in this direction. For purposes 

of analysis, it is generally easier to represent this 

resultant force F by its two rectangular components 

Fx and Fy, Fig. 5–3 e. If Fx and Fy are known, then 

F and ø can be calculated. The most restrictive way 

to support the beam would be to use a fixed 

support as shown in Fig. 5–3 f . This support will 

prevent both translation and rotation of the beam. 

To do this a force and couple moment must be 

developed on the beam at its point of connection, 

Fig. 5–3 g . As in the case of the pin, the force is 

usually represented by its rectangular components 

Fx and Fy.  

Table 5–1 lists other common types of supports for bodies subjected to coplanar 

force systems.  
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To construct a free–body diagram for a rigid body or any group of bodies 

considered as a single system. The following steps should be performed:  

 Draw outlined shape: Imagine the body to be isolated or cut "free" from its 

constraints and connections and draw (sketch) its outlined shape. 

 Show all Forces and Couple moments: Identify all the known and unknown 

external forces and couple moments act on the body. Those generally 

encountered are due to: (1) applied loadings (2) reactions developed at the 

supports or at points of contact with other bodies (see table 5-1) and (3) the 

weight of the body.  

 Identify each loading and give dimensions: The forces and couple moments 

that are known should be labeled with their proper magnitudes and directions. 

Letters are used to represents the magnitudes and direction angles of forces and 

couple moments that are unknown. Establish an x, y coordinate system so that 

these unknowns, Ax , Ay , etc can be identified. Finally indicate the dimensions 

of the body necessary for calculating the moments of forces. 
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5.3 Equations of Equilibrium 

In Sec. 5.1 we developed the two equations which are 

both necessary and sufficient for the equilibrium of a rigid 

body, namely, ΣF = 0 and ΣMO = 0. When the body is 

subjected to a system of forces, which all lie in the x – y 

plane, then the forces can be resolved into their x and y 

components. Consequently, the conditions for equilibrium 

in two dimensions are:  

 

 

 

 

Alternative Sets of Equilibrium Equations: 

 

 

 

 

 

A second alternative set of equilibrium equations is: 

 

 

 

 

 

 

 

 Here it is necessary that points A, B , and C do not lie on the same line. To prove 

that these equations, when satisfied, ensure equilibrium, consider again the free-

body diagram in Fig. 5–11 b . If ΣMA = 0 is to be satisfied, then (MR)A = 0.       

ΣMC = 0 is satisfied if the line of action of FR passes through point C as shown in 

Fig. 5–11 c . Finally, if we require ΣMB = 0, it is necessary that FR = 0, and so the 

plate in Fig. 5–11 a must then be in equilibrium. 
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