
ME102: Subunit 1.3.1: Equilibrium Conditions 

The main idea here is to express the conditions required for an object or assembly not 
to move.   This concept may seem kind of simple at first, but it is important if we wish to 
design structures that do not move or fall down.   

The basis is Newton’s second law: Force = Mass x Acceleration.  So if we wish the 
object to be stationary, then the acceleration must be zero.  Hence the total force acting 
on the object must be zero.  This may seem simple, but the implementation for a 
complex structure involving many forces, like a bridge, can become tedious.  We can 
make the implementation a little more formal by writing 

 𝐅𝒊

𝑁

𝑖=1

= 0 

That is, just the sum of all the individual forces must be zero in order for the object not 
to move.   

However, this is not the only condition.  All of the forces have associated applied 
torques, or moments.  In order for the object not to have angular motion, all of these 
must also sum to zero.  When doing the moment calculations for this summation, it is 
important that the same reference point be used for all calculated moments.    

 𝐌𝒊

𝑁

𝑖=1

= 0 

Example:  

In the figure, we have a beam with three forces applied at x = 0, a, and L.  Let’s say a = 
unknown and L = 1m.  Let’s also say that the force applied at x=0 is 3 N and the force 
applied at x=L is 5N.  We can use the equilibrium conditions above to find the force and 
the position of application (a) that are required for the beam to remain stationary.   

First, from the sum of the forces being zero, we find that the force needed at a is 8 N in 
the upward direction.  Second, from consideration of the sum of the moments being 
zero, we find that a = 5/8 m.  To get this result, just consider the moments about x=0.  
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From the three moments, we then get 0 + 8a – 5(1) = 0.  
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