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3.1 INTRODUCTION

❑ Statics: 

❖Description of the force conditions necessary and sufficient to maintain the equilibrium

❑ Procedures developed here form the basis for solving problems in both statics and dynamics

❑ When a body is in equilibrium, the resultant of all forces acting on it is zero.
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ First, Define the system to be analyzed and represent all forces acting on the body

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

isolated from all other bodies

❑ Free-Body Diagram (FBD): 

❖A diagrammatic representation of the isolated system treated as a single body which shows all 

forces applied to the system containing 
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Modeling the Action of Forces

Type of Contact and Force Origin Action on Body to Be Isolated
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Construction of Free-Body Diagrams

❖Step1. Decide which system to isolate. (involve one or more of the desired unknown quantities)

❖Step2. Isolate the system by drawing a diagram which represents its complete external boundary

❖Step 3. Identify all forces acting as applied by the removed contacting and attracting bodies

❖Step 4. Show the choice of coordinate axes directly on the diagram
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3.2 SYSTEM ISOLATION AND THE FREE-BODY DIAGRAM

❑ Examples of Free-Body Diagrams
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3.3 EQUILIBRIUM CONDITIONS

❑ Equilibrium:

❖The condition in which the resultant of all forces and moments acting on a body is zero.

❖A body is in equilibrium if all forces and moments applied to it are in balance.

❖Vector Equation:

❖Components Equation:

✓about any point O on or off the body
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3.3 EQUILIBRIUM CONDITIONS

❑ Two-Force Members in equilibrium:

❖The forces must be:

✓Equal

✓Opposite

✓Collinear

✓The shape of the member does not affect, the weights of the member is negligible
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3.3 EQUILIBRIUM CONDITIONS

❑ Three-Force Members in equilibrium:

❖Lines of action of the three forces to be concurrent

(Except for 3 parallel forces)

✓Three forces make closed polygon.
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3.3 EQUILIBRIUM CONDITIONS

❑ Alternative Equilibrium Equations

✓The two points A and B must not lie on a line perpendicular to the x-direction.

✓A, B, and C are any three points not on the same straight line.
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3.3 EQUILIBRIUM CONDITIONS

❑ Approach to Solving Problems

1) Identify clearly the quantities which are known and unknown.

2) Choose body (or system of connected bodies) to be isolated.

3) Choose a convenient set of reference axes.

4) Identify and state the applicable force and moment principles or equations.

5) Match the number of independent equations with the number of unknowns.

6) Carry out the solution and check the results.
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3.4 EQUILIBRIUM IN 3D: EQUILIBRIUM CONDITIONS

❑ The general conditions for the equilibrium of a body:

❖The resultant force and resultant couple on a body in equilibrium be zero

❑ Free-Body Diagrams…
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3.4 EQUILIBRIUM IN 3D: EQUILIBRIUM CONDITIONS

❑ Modeling the action of forces in three-dimensional analysis

Type of Contact and Force Origin                              Action on Body to Be Isolated
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3.4 EQUILIBRIUM IN 3D: EQUILIBRIUM CONDITIONS

❑ Categories of Equilibrium

❖Category 1, equilibrium of forces all concurrent at point O, requires all three force equations, 

but no moment equations because the moment of the forces about any axis through O is zero.

❖Category 2, equilibrium of forces which are concurrent with a line, requires all equations 

except the moment equation about that line, which is automatically satisfied.

❖Category 3, equilibrium of parallel forces, requires only one force equation, the one in the 

direction of the forces (x-direction as shown), and two moment equations about the axes (y 

and z) which are normal to the direction of the forces.

❖Category 4, equilibrium of a general system of forces, requires all three force equations and 

all three moment equations.
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