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Equilibrium of Rigid Bodies



Equilibrium of Rigid Bodies

• Equilibrium of rigid bodies:

• The situation when the external forces and 
momentsacting on a rigid body form a 
system equivalent to zero
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Equilibrium in Two Dimensions

• Here the  structure and the forces applied to 
it are contained in the same plane.

• Example:
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Equilibrium

• Free-Body Diagram (FBD)
– Step 1.  Identify the body or combination of 

bodies

– Step 2. Isolate this body and draw an outline

– Step 3. Replace the surrounding with forces to 
keep the structure in equilibrium

– Step 4. Choose a set of coordinate axes



Equilibrium

• Types of Forces:
– Two force members (trusses, frames, 

machines,...)



Equilibrium

• Taking moment about A or B:
Or,
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Equilibrium: support reactions

• Support reactions are required for static 
equilibrium of bodies with external forces
– For example, the table top is subjected to gravity; the 

legs provide support! 
– The door is subjected to gravity, the hinges provide 

support
– We need to represent the supports by the forces and 

moments that they exert on the body – these are called 
the “support reactions”

– In general, a support reaction exists for each type of 
motion that is prevented. This is true in 1D, 2D, and 3D 
problems.



Supports for Rigid Bodies Subjected to 
2-D Force Systems-1



Supports for Rigid Bodies Subjected to 
2-D Force Systems-2



Supports for Rigid Bodies Subjected 
to 2-D Force Systems-3



Equilibrium

Example:

FBD:



Equilibrium

• Another example:



Equilibrium in 3-D

For a rigid body in equilibrium:

R = Fxi +∑ Fy j +∑ Fzk∑ = 0

C = Mx i +∑ M y j +∑ M zk∑ = 0

Fxi = 0∑ , Fy j = 0∑ , Fzk∑ = 0

M xi∑ = 0, My j∑ = 0, Mzk∑ = 0

P-1



Supports for Rigid Bodies Subjected 
to 3-D Force Systems-1



Supports for Rigid Bodies Subjected 
to 3-D Force Systems-2



Supports for Rigid Bodies Subjected 
to 3-D Force Systems-3



Friction Force: Is it Useful?



Friction Force

P-1



Friction Force
• In reality:

P-2



Friction Force
• Instead:

P-3

Use of resultant force R to contain both the normal and 
the shear force 



Shear Force

P-4
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Example: Friction Force

• A wedge is used to raise a 350-lb 
refrigerator. The coefficient of 
friction is 0.2 at all surfaces

• 1.Determine  the minimum force P 
needed to insert the wedge.

• 2.Will the system be in equilibrium if 
P=0?

• If the system is not in equilibrium 
when P=0 determine the  force 
necessary to keep the wedge in place, 
or if the system is in equilibrium when 
P=0, determine the force necessary to 
remove the wedge.



Solution of Example

• First Step:

• Draw Free Body 
Diagram of the upper 
wedge and the 
refrigerator



Solution: Part A

• Second Step: Force 
analysis

• The normal and the friction 
forces are combined into a 
single resultant force acting at 
the angle of static friction
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Solution: Part B

• For P very small, the wedge 
will tend to move to the left and 
the friction will have to act to 
the right to oppose this motion.

• The resultant force is drawn at 
angle φ relative to the normal 
force or 150-φ relative to the 
vertical direction

removed is P force the0;P if 

mequilibriuin  benot   will wedge the

31.11friction static of angle anthegreater th be 

nevercan  resultant  of angle  the

15  0
350

tan15

0P when  traingle,force mequilibriu From

s

1

=
⇒

=

=⇒=






=−

=

−

Therefore

But

P

o

oo

φ
φ

φφ



Solution : Part C
• Since the wedge will not 

stay in place by itself,force 
P acting to the right , is 
necessary to hold the 
wedge in place
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