
Chapter 3

EQUILIBRIUM OF RIGID BODIES

3-1 Introduction

When the force and the couple are both equal to zero, the external forces form a system

equivalent to zero, and the rigid body is said to be in equilibrium. We can obtain the necessary

and sufficient conditions for the equilibrium of a rigid body by setting R and ைܯ
ோ equal to zero.

(3-1)

(3-2)

(3-3)

In order to write the equations of equilibrium for a rigid body, we must first identify all of the

forces acting on that body and then draw the corresponding free-body diagram.

Free-Body Diagrams

In solving a problem concerning a rigid body in equilibrium, it is essential to consider all of the

forces acting on the body. It is equally important to exclude any force that is not directly applied

to the body. Omitting a force or adding an extraneous one would destroy the conditions of

equilibrium. Therefore, the first step in solving the problem is to draw a free-body diagram of

the rigid body under consideration.

We summarize here the steps you must follow in drawing a correct free-body diagram.

1. Start with a clear decision regarding the choice of the free body to be analyzed. Mentally,

you need to detach this body from the ground and separate it from all other bodies. Then you

can sketch the contour of this isolated body.

2. Indicate all external forces on the free-body diagram. These forces represent the actions

exerted on the free body by the ground and by the bodies that have been detached. In the

diagram, apply these forces at the various points where the free body was supported by the

ground or was connected to the other bodies. Generally, you should include the weight of the

free body among the external forces, since it represents the attraction exerted by the earth on

the various particles forming the free body. If the free body is made of several parts, do not

include the forces the various parts exert on each other among the external forces. These forces

are internal forces as far as the free body is concerned.
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Fig. 3- 1A tractor supporting a bucket load. As shown, its free-body diagram should include

all external forces acting on the tractor.
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Fig. 3-2 Tractor bucket and boom. The internal forces associated with interconnected

members.

3. Clearly mark the magnitudes and directions of the known external forces on the free-body

diagram. Recall that when indicating the directions of these forces, the forces are those exerted

on, and not by, the free body. Known external forces generally include the weight of the free

body and forces applied for a given purpose.

4. Unknown external forces usually consist of the reactions through which the ground and other

bodies oppose a possible motion of the free body. The reactions constrain the free body to

remain in the same position; for that reason, they are sometimes called constraining forces.

Reactions are exerted at the points where the free body is supported by or connected to other

bodies; you should clearly indicate these points.

5. The free-body diagram should also include dimensions, since these may be needed for

computing moments of forces. Any other detail, however, should be omitted.

3-2 Equilibrium in Two Dimensions

3-2-1 Reactions for a Two-Dimensional Structure

The reactions exerted on a two-dimensional structure fall into three categories that correspond

to three types of supports or connections.

1. Reactions Equivalent to a Force with a Known Line of Action. Supports and connections

causing reactions of this type include rollers, rockers, frictionless surfaces, short links

and cables, collars on frictionless rods, and frictionless pins in slots. Each of these

supports and connections can prevent motion in one direction only. Figure 3.3 shows

these supports and connections together with the reactions they produce. Each reaction

involves one unknown––specifically, the magnitude of the reaction. In problem solving,

you should denote this magnitude by an appropriate letter. The line of action of the
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reaction is known and should be indicated clearly in the free-body diagram. Assume that

single-track rollers and rockers are reversible, so the corresponding reactions can be

directed either way.

2. Reactions Equivalent to a Force of Unknown Direction and Magnitude. Supports and

connections causing reactions of this type include frictionless pins in fitted holes, hinges,

and rough surfaces. They can prevent translation of the free body in all directions, but

they cannot prevent the body from rotating about the connection. Reactions of this group

involve two unknowns and are usually represented by their x and y components. In the

case of a rough surface, the component normal to the surface must be directed away

from the surface.

3. Reactions Equivalent to a Force and a Couple. These reactions are caused by fixed

supports that oppose any motion of the free body and thus constrain it completely. Fixed

supports actually produce forces over the entire surface of contact; these forces,

however, form a system that can be reduced to a force and a couple. Reactions of this

group involve three unknowns usually consisting of the two components of the force

and the moment of the couple.
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Fig 3-3 Reactions of supports and connections in two dimensions.
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Rigid-Body Equilibrium in Two Dimensions

The conditions stated for the equilibrium of a rigid body become considerably simpler for the

case of a two-dimensional structure. Choosing the x and y axes to be in the plane of the structure,

we have

For each of the forces applied to the structure. Thus, the six equations of equilibrium reduce to

three equations:

(3. 4)

Equations of equilibrium in two dimensions

(3. 5)

Where A is any point in the plane of the structure. These three equations can be solved for no

more than three unknowns.

A correct free-body diagram is essential for the successful solution of a problem. Never proceed

with the solution of a problem until you are sure that your free-body diagram includes all loads,

all reactions, and the weight of the body (if appropriate).

1. You can write three equilibrium equations and solve them for three unknowns.

The three equations might be

You have just seen that unknown forces include reactions and that the number of unknowns

corresponding to a given reaction depends upon the type of support or connection causing that

reaction. Referring to Fig. 3.3, note that you can use the equilibrium equations (3.5) to determine

the reactions associated with two rollers and one cable, or one fixed support, or one roller and

one pin in a fitted hole, etc.

Fig. 3-4 (a) A truss supported by a pin and a roller; (b) free-body diagram of the truss.
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EXAMPLE 3-2
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EXAMPLE 3-3
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EXAMPLE 3-4
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EXAMPLE 3-5
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