
CHAPTER 3
EQUILIBRIUM 

CHAPTER OUTLINE

3/1  Introduction

SECTION A Equilibrium in Two Dimensions

3/2  System Isolation and the Free-Body Diagram

3/3  Equilibrium Conditions

SECTION B Equilibrium in Three Dimensions

3/4  Equilibrium Conditions

Bialobrzeski/Iaif/Redux Pictures



Article 3/1  Introduction

• When a body is in equilibrium, the resultant of all forces acting on it is zero. Thus, 
the resultant force R and the resultant couple M are both zero, and we have the 
equilibrium equations 

• Equilibrium Conditions (Eq. 3/1)

Force Balance:  ΣF = 0

Moment Balance:  ΣM = 0

• These requirements are both necessary and sufficient conditions for 
equilibrium.



SECTION A Equilibrium in Two 
Dimensions



Article 3/2  System Isolation and the Free-Body Diagram

• Before we apply equilibrium equations, we must define unambiguously the 

particular body or mechanical system to be analyzed and represent clearly 

and completely all forces acting on the body. Omission of a force which acts 

on the body in question, or inclusion of a force which does not act on the 

body, will give erroneous results.

• A mechanical system is defined as a body or group of bodies which can be 

conceptually isolated from all other bodies. A system may be a single body 

or a combination of connected bodies. The bodies may be rigid or nonrigid.



Article 3/2  System Isolation and the Free-Body Diagram

• Once we decide which body or combination of bodies to analyze, we then 

treat this body or combination as a single body isolated from all surrounding 

bodies. 

• This isolation is accomplished by means of the free-body diagram, which is 

a diagrammatic representation of the isolated system treated as a single body.

• The free-body diagram is the most important single step in the solution of 

problems in mechanics.



Article 3/2 – Modeling the Action of Forces (1 of 4)



Article 3/2 – Modeling the Action of Forces (2 of 4)



Article 3/2 – Modeling the Action of Forces (3 of 4)



Article 3/2 – Modeling the Action of Forces (4 of 4)



Article 3/2 – Construction of Free-Body Diagrams

• Step 1:  Decide which system to isolate.

• Step 2:  Isolate the system by drawing a diagram which represents its 
complete external boundary.

• Step 3:  Identify all forces which act on the isolated system as applied 
by the removed contacting and attracting bodies, and represent them in 
their proper positions on the diagram of the isolated system.

• Step 4:  Show the choice of coordinate axes directly on the diagram.



Article 3/2 – Examples of Free-Body Diagrams (1 of 2)



Article 3/2 – Examples of Free-Body Diagrams (2 of 2)



Examples



Examples



Article 3/3  Equilibrium Conditions

• Scalar Format (Eq. 3/2)

• ΣFx = 0

• ΣFy = 0

• ΣMO = 0



Article 3/3 – Categories of Equilibrium



Article 3/3 – Two-Force Members

• Definition

2-Force Member (2FM) occurs when a body is in equilibrium under the action
of two forces only.

• Forces are…

• Equal

• Opposite

• Collinear

• Independent of Object Shape



Article 3/3 – Three-Force Members

• Definition

Occurs when a body is in equilibrium under the action of three forces only.

• Forces are Concurrent

• Case of Parallel Forces



Article 3/3 – Alternative Equilibrium Equations (1 of 2)

• Case 1:  Use of Two Moment Equations

• Case (a)

• Resultant Intersects Point A

• Case (b)

• Resultant Intersects Point A

• Resultant is Perpendicular to x-axis

• Equilibrium Conditions

• ΣFx = 0

• ΣMA = 0

• ΣMB = 0



Article 3/3 – Alternative Equilibrium Equations (2 of 2)

• Case 2:  Use of Three Moment Equations

• Case (c)

• Resultant Intersects Point A

• Case (d)

• Resultant Intersects Point A

• Resultant Intersects Point B

• Equilibrium Conditions

• ΣMA = 0

• ΣMB = 0

• ΣMC = 0



Article 3/3 – Constraints and Statical Determinacy

• Important Terms

• Constraint

• Statically Determinant

• Statically Indeterminant

• Redundancy

• Degree of Statical Indeterminacy



Article 3/3 – Illustration of Determinacy

• Statically Determinant System

• Statically Indeterminant System – Replace Roller A with a Pin



Article 3/3 – Adequacy of Constraints (1 of 2)

• Complete Fixity (Adequate Constraints)

• Excessive Fixity (Redundant Constraints)



Article 3/3 – Adequacy of Constraints (2 of 2)

• Incomplete Fixity (Partial Constraints)

• Concurrent Reactions

• Incomplete Fixity (Partial Constraints)

• Parallel Reactions



Article 3/3 – Approach to Solving Problems

• Identify clearly the quantities which are known and unknown.

• Make an unambiguous choice of the body (or system) to be isolated 
and draw its complete free-body diagram.

• Choose a convenient set of reference axes.

• Identify and state the applicable force and moment equations which 
govern the equilibrium conditions of the problem.

• Match the number of independent equations with the number of 
unknowns in the problem.

• Carry out the solution and check the results.



Article 3/3 – Sample Problem 3/1 (1 of 4)

• Problem Statement
Determine the magnitudes of the forces C and T, which, along with the other three forces shown,
act on the bridge-truss joint.



Article 3/3 – Sample Problem 3/1 (2 of 4)

• Solution I (Scalar Algebra) with x-y axes



Article 3/3 – Sample Problem 3/1 (3 of 4)

• Solution II (Scalar Algebra) with x′-y′ axes



Article 3/3 – Sample Problem 3/1 (4 of 4)

• Solution III (Vector Algebra) with x-y axes



Article 3/3 – Sample Problem 3/1 (4 of 4)

• Solution IV (Geometric)



Article 3/3 – Sample Problem 3/2 (1 of 3)

• Problem Statement
Calculate the tension T in the cable which supports the 1000-lb load with the pulley arrangement
shown. Each pulley is free to rotate about its b earing, and the weights of all parts are small
compared with the load. Find the magnitude of the total force on the bearing of pulley C.



Article 3/3 – Sample Problem 3/2 (2 of 3)

• Free-Body Diagrams

• Equilibrium Conditions for Pulleys A and B



Article 3/3 – Sample Problem 3/2 (3 of 3)

• Equilibrium Conditions for Pulley C



Article 3/3 – Sample Problem 3/3 (1 of 2)

• Problem Statement
The uniform 100-kg I-beam is supported initially by its end rollers on the horizontal surface at A and B. By
means of the cable at C, it is desired to elevate end B to a position 3 m above end A. Determine the required
tension P, the reaction at A, and the angle 𝜃 made by the beam with the horizontal in the elevated position.



Article 3/3 – Sample Problem 3/3 (2 of 2)

• Free-Body Diagram

• Equilibrium Conditions



Article 3/3 – Sample Problem 3/4 (1 of 3)

• Problem Statement
Determine the magnitude T of the tension in the supporting cable and the magnitude of the force
on the pin at A for the jib crane shown. The beam AB is a standard 0.5-m I-beam with a mass of
95 kg per meter of length.



Article 3/3 – Sample Problem 3/4 (2 of 3)

• Free-Body Diagram

• Equilibrium Conditions



Article 3/3 – Sample Problem 3/4 (3 of 3)

• Graphical Solution


