Engineering Mechanics – Statics CE 201-012 (02 & 03)

Notes: Lectures 14-18




The following notes summarize the key issues introduced in lectures 14-18. The issues stressed in these lectures are mainly:

· The definition of a couple:  two force equal in magnitude but opposite in their directions and their line of actions are not collinear.


      MO  = r1× F + r2× - F = (r1 – r2 ) × F
               = r × F = r F sin 
      M O  = F d 

where  is the angle between r and the line of action of one of the forces F and – F.         
The moment of the couple is a free vector whose direction is determined   by the thumb of the right hand. 

· Moving a force to a general point not on its line of action requires moving the force and a moment of a couple applied at the new point. The force-couple system is equivalent to the force applied at it original location.
· The Figure shown below indicates how force F is moved from point O to point P. 
· The single force applied at point O is equivalent to a force-couple system applied at point P (that is the same force and a moment of a couple).









The following example illustrates the procedure to move a force from one point to another. The example illustrates the advantages of using the procedure to avoid computing Mp = r x F when the vector r is difficult to determine.
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Types of forces/moments:

1)   concentrated applied at a point (N; N.m);

2)   linearly distributed along a line ( N/m;  N.m/m).

The following example shows the differences.  The force F is applied at point A, the couple moment is applied at point B. The distributed load (force/ unit length  w(x) ) is applied along line l.


Notes: 

1) The force dF is acting on a small (differential) length  dx so that if the distribution per unit length is known w(x) the force dF = w(x) dx.

2) The total force on length l is determined by integration over the length l:
F = ∫ dF =  ∫ w(x) dx 

where the limit of integration are from X1  to X2.. 

3) The moment caused by the integral effects of force dFabout point O is obtained by integrating the moment dMo = ∫  x dF =  ∫ x  w(x) dx.
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