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STATIC EQUILIBRIUM OF RIGID BODIES (3-D) 

 

Learning Objectives 

1).  To evaluate the unknown reactions holding a rigid body in 

equilibrium by solving the equations of static equilibrium. 

2).  To recognize situations of partial and improper constraint, 

as well as static indeterminacy, on the basis of the 

solvability of the equations of static equilibrium. 

 

Newton’s First Law 

Given no net force, a body at rest will remain at rest and a body 

moving at a constant velocity will continue to do so along a 

straight path 
O

R R O
(F F 0, M M 0).  

 

Definitions 

 

Zero-Force Members:   structural members that support no 

loading but aid in the stability of the truss. 

 

Two-Force Members:   structural members that are: a) subject to 

no applied or reaction moments, and b) are loaded 

only at two pin joints along the member. 

 

Multi-Force Members: structural members that have a) applied 

or reaction moments, or b) are loaded at more than 

two points along the member. 
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Vector Equations 

 

R
F F 0  

 

O
R O

M M 0
        where O is any arbitrary point 

 

 

 

Component Equations 

 

For 3-D problems, there are SIX “component” equations 

 

 

 

0 0 0X y zF F F  

 

 

 

0 0 0x y zM M M  
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Static Determinacy/Partial and Improper Constraints 

Static Indeterminacy:  occurs when a system has more 

constraints than is necessary to hold the system in equilibrium 

(i.e., the system is overconstrained and thus has redundant 

reactions). 

 

Static Determinancy:  occurs when a system has a sufficient 

number of constraints to prevent motion without any 

redundancy. 

 

Partial Constraint:  occurs when there is an insufficient number 

of reaction forces to prevent motion of the system (i.e., the 

system is partially constrained). 

 

Improper Constraint:  occurs when a system has a sufficient 

number of reaction forces but one or more are improperly 

applied so as not to prevent motion of the system (i.e., the 

system is improperly constrained). 

 

Problem Solving 

1).  Select body (or bodies) to be isolated in a FBD. 

2).  Choose an xyz coordinate system. 

3).  Complete FBD slowing all external reaction forces/moments. 

4).  O
M 0 , select point O to eliminate some unknown 

constraint forces and simplify the cross products. 

5).  F 0  

6).  Solve simultaneous equations. 
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