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Equilibrium 
3.1. Introduction
• Statics deals with rigid and semi-

rigid bodies in equilibrium.
• Hence equilibrium constitute the 

most important part of statics. 
• A body is said to be in equilibrium 

when the resultant of all the 
forces acting on it is zero 



3.2. EQUILIBRIUM IN TWO-
DIMENSIONS

  



3.2. Equilibrium in Two 
Dimension
• All physical bodies are three-

dimensional, but can be treated 
as two-dimensional when the 
forces to which they are 
subjected act in a single plane.

• When this simplification is not 
possible the problem will be 
treated as three dimensional.



3.2.1. System Isolation and the Free Body 
Diagram 
• Before considering equilibrium conditions

 It is necessary to define 
unambiguously the particular body 
or mechanical system

 and represent clearly and completely 
all forces which act on the body

• A mechanical system is defined as a 
body or group of bodies that can be 
conceptually isolated from all other 
bodies 

• This isolation from surrounding bodies is 
accomplished by means of the free body 
diagram 



3.2.1. System Isolation and the Free Body 
Diagram  
Modeling the action of forces 
• The most important step in drawing 

the free body diagram will be to show 
the external forces exerted on the 
rigid body



3.2.1. System Isolation and the Free Body 
Diagram  



3.2.1. System Isolation and the Free Body 
Diagram  
  



3.2.1. System Isolation and the Free Body 
Diagram  
Steps for the construction of free body 
diagram
Step 1 Decide which body or combination 

of bodies to be considered.
Step 2 The body or combination chosen is 

isolated by a diagram that represents 
its complete external boundary. 

Step 3 All forces that act on the isolated 
body by the removed contacting and 
attracting bodies and represented in 
their proper positions on the diagram 
of the isolated body.

Step 4 Show the choice of coordinate axes 
directly on the diagram 



Examples of Free Body Diagram  
  



3.2.2. Equilibrium Conditions  
• It was stated that a body is in 

equilibrium if the resultant force 
vector and the resultant couple 
vector are both zero

• Categories of Equilibrium
Category 1 equilibrium of collinear forces 
Category 2 equilibrium of concurrent forces 
Category 3 equilibrium of parallel forces in 
a plane 
Category 4 equilibrium of a general system 
of forces in a plane  



3.2.2. Equilibrium Conditions  



3.2.2. Equilibrium Conditions  
Alternative equilibrium equations 
One force and two moment 

equations

          
Three-moment equation

          



3.2.2. Equilibrium Conditions 
Constraints and Statical 
Determinacy 
• The equilibrium equations 

developed earlier are necessary 
and sufficient conditions to 
establish the equilibrium of a 
body.

• But this does not necessarily 
provide all the information to 
calculate all the unknowns

• The adequacy of the equations to 
determine the unknowns depends 
on the characteristics of the 
constraint 



3.2.2. Equilibrium Conditions  
• A rigid body or rigid combination 

of elements treated as a single 
body, which possesses more 
external supports or constraints 
than are necessary to maintain 
an equilibrium position called 
statically indeterminate. 

• Equilibrium equations are not 
enough to determine the 
unknown forces. 



3.2.2. Equilibrium Conditions  
• Supports which can be removed 

without destroying the 
equilibrium condition of the body 
are said to be redundant 

• The number of redundant 
corresponds to the degree of 
statical indeterminacy 

Degree of statical indeterminacy = 
Unknown external forces – number 

of independent equilibrium 
equations 



3.2.2. Equilibrium Conditions  
• Bodies which are supported by 

the minimum number of 
constraints necessary to ensure 
an equilibrium configuration are 
called statically determinate.  

• Equilibrium equations are 
sufficient to determine the 
unknown forces. 



3.2.2. Equilibrium Conditions  
• Adequacy of constraint 
• The adequacy of the constraints to 

prevent possible movement of the 
body depends on the number, 
arrangement and characteristics of 
the constraints.





example



example



example



3.3. EQUILIBRIUM IN THREE-
DIMENSIONS

  



3.3. Equilibrium in Three-
Dimensions   
3.3.1. Equilibrium conditions 
• For a body to be in equilibrium it is 

required that the resultant force and 
resultant couple on a body be zero. 

• This six equations are both necessary 
and sufficient conditions for complete 
equilibrium. 



3.3. Equilibrium in Three-
Dimensions   
Modeling the action of forces 
 



3.3. Equilibrium in Three-
Dimensions   
Modeling the action of forces 
  



3.3. Equilibrium in Three-
Dimensions   Categories of Equilibrium



3.3. Equilibrium in Three-
Dimensions   
Constraints and Statical 
Determinacy 
• The adequacy of the equations to 

determine the unknowns depends on 
the characteristics of the constraint 
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