
Chapter 3  Equilibrium
R =ΣF = 0 M = Σ M = 0
Necessary and sufficient conditions for equilibrium

Free-Body Diagram (FBD)
FBD is a diagrammatic representation of the isolated body (or 

combination of bodies treated as a single body) showing all forces 
applied to it by mechanical contact with other bodies that are 
imagined to be removed. If significant body forces are present then 
these forces must then be shown.

Lect. # 14,15 &16



Modeling the action of forces

The force exerted by a contacting body or supporting member is always in the 
sense to oppose the movement of the isolated boby which would occur if the 
contacting or supporting body were removed.



Construction of Free-Body Diagrams

1) Decide on the body to be isolated (or cut).
2) Isolate the body by drawing a diagram which represents its 

complete external boundary.
3) Identify all forces which act on the isolated body.
Generally, these are due to:
Applied loading
Reactions
Weights if appreciable
Unknown forces should be represented by a vector arrow with the 

unknown magnitude or direction indicated by symbol. The subsequent 
calculations with the equilibrium equations will yield a positive 
quantity if the  correct sense was assumed and negative quantity if the 
incorrect sense was assumed.

4) Show the choice of the coordinate axes directly on the 
diagram.



Examples of Free-body Diagrams



Equilibrium Conditions

R =ΣF = 0 M = Σ M = 0
2D
ΣFx = 0      ΣFy = 0 ΣMo = 0



• Two- and Three-Force Members

Equal, opposite 
and collinear



Constraints and Statical Determinacy 

Equilibrium Equations External Supports
ΣFx = 0   ΣFy = 0   ΣMo = 0 unknowns
3 equations

By constraint we mean the restriction of movement
Statically Determinate
# Equilibrium Equations = # of Unknowns

Statically Indeterminate
# Equilibrium Equations < # of Unknowns



• Adequacy of Constraints

Adequate
Partial
Redundant



Equilibrium in Three Dimensions (optional)

ΣF = 0
Σ M = 0
or
ΣFx = 0  ΣFy = 0  ΣFz = 0
Σ Mx = 0   Σ My = 0 ΣMz = 0



Free-Body Diagrams





Constraints and Statical Determinacy 

no resistance to 
moment 
about line 
AE

No resistance to 
the 
unbalanced 
force in the 
y  direction


