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(Static)
Equilibrium in three dimensions: Free-Body Diagrams/ Equations of Equilibrium
Free-Body Diagrams
The first step in solving 3D equilibrium problems is draw of free body diagram. 
Reactions 
The force is developed by a support that restricts the translation of its attached member. 
A couple moment is developed when rotation of the attached member is prevented.
The types of reactions shown in the table 1 .
Table  1 illustrate different reactions  [image: ]
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Equations of Equilibrium 
As stated in 2D , the conditions for equilibrium of a rigid body subjected to three dimensional force system require that both the resultant force and resultant couple moment on the body be equal to zero.
[image: ][image: ][image: ]
Redundant constraint 
[image: ]When a body has redundant supports, that is more supports than are necessary to hold it in equilibrium.
For the figure   , the beam has five unknowns, MA , Ax , Ay, By, Cy for which only three only equilibrium equations can be written :
∑Fx=0 , ∑Fy=0 , ∑MA=0




The pipe assembly in figure  has eight unknowns , for which only six equilibrium equations:
[image: ]∑Fx=0 , ∑Fy=0 , ∑Fz=0, ∑Mx=0, ∑My=0, ∑Mz=0
 



Example 2:
[image: ]Reactions for 2D figure are:
At point A (pin) there are Ax, Ay
At point B (roller) there is FB
 
[image: ]Reactions for 3D figure are:
At point A there are Ax, Ay , Az 
At point B there are Bx, By , Bz
 





[image: ]



[image: ]







Email: ASEEL.SAFI.HAMZAH@uomus.edu.iq
image2.png




image2.emf

image3.emf

image4.png




image5.emf

image6.emf

image7.emf

image8.emf

image9.emf

image10.emf

image11.emf

image12.emf

image13.emf

image14.emf

image1.png




image15.png




image16.png




