Lecture No. 21 & 22

Subject:  Equilibrium of a Rigid Body (Three Dimensions)
Objectives of Lecture:

· To show how to solve rigid body (three dimensional) problems using the F.B.D. and the equations of equilibrium
21-22.1 Support Reactions of a Rigid Body in Three Dimensions 
21-22.2 Equations of Equilibrium for a Rigid Body in Three Dimensions

	(a) Vector Equations of Equilibrium

ΣF = 0,    Eq. 1

ΣMO = 0, Eq. 2


Where

ΣF =vector sum of all the external forces acting on the body

ΣMO=vector sum of the couple moments and the moments of all the forces about any point O

   (b)
     Scalar Equations of Equilibrium
ΣF = ΣFX i+ ΣFy j+ ΣFz k= 0  
 

	ΣFX = 0,  Eq. 1  

ΣFY = 0, Eq. 2   ΣFZ = 0,   Eq. 3


ΣMO = ΣMX i+ ΣMy j+ ΣMz k =0 

	ΣMX = 0, Eq. 4   ΣMY = 0, Eq. 5  ΣMZ = 0, Eq. 6


   ΣFX , ΣFY ,ΣFZ     

   = Algebraic sum of the external force components acting in the X, Y, and Z directions

   ΣMX , ΣMY ,ΣMZ 

   = Algebraic sum of the moment 

      components about the X,Y, and Z

axes
Procedure for Analysis

· Establish the x, y,z coordinate axes in any suitable orientation

· Draw the F.B.D. of the body, showing the reactions and external forces and couple moments

· For unknown reactions or forces, assume some senses

· Apply either the vector or the scalar equilibrium equations to the free body diagrams

· Solve the equilibrium equations to get the values of unknowns

· Reverse the sense of that unknown which is found to be with negative magnitude

Numerical Examples

· Try the solved examples from Book
(Examples 5–15 to 5 –19, page 242 to 246)

· Unsolved Examples

	5-65

Determine the x, y, z components of reaction at the ball supports B and C and the ball-and-socket A (not shown) for the uniformly loaded plate 


	


	5-66

Determine the x, y, z components of reaction acting on the ball-and-socket at A, the reaction at the roller B, and the tension in the cord CD required for equilibrium of the plate.
	


	5-83

The boom is supported by a ball-and-socket joint at A and a guy wire at B. If the 5-KN loads lie in a plane, which is parallel to the x-y plane, determine the x, y, z components of reaction at    A and the tension in the cable at B.

	


	5-85

Rod AB is supported by a ball-and-socket joint at A and a cable at B. Determine the x, y, z components of reaction at these supports if the rod is subjected to a 50-lb vertical force as shown
	


	5-87

Member AB is supported at B by a cable and at A by a smooth fixed square rod, which fits loosely through the square hole of the collar. If F = {20i –40j–75k}lb, determine the x, y, z components of reaction at A and the tension in the cable.


	


	5-90

The pole is subjected to the two forces shown. Determine the components of reaction at A assuming it to be a ball-and-socket joint. Also, compute the tension in each of the guy wires, BC and ED.
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