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Average Shear Stress
To show how this stress can develop, consider the effect of applying a force F to the bar in Fig. a. If the
supports are considered rigid, and F is large enough, it will cause the material of the bar to deform and
fail along the planes identified by AB and CD. A free-body diagram of the unsupported center segment of
the bar, Fig. b, indicates that the shear force “V=F/2” must be applied at each section to hold the segment
in equilibrium. The average shear stress distributed over each sectioned area that develops this shear
force is defined by

The distribution of average shear stress acting over the sections is shown
in Fig. c. Notice that is in the same direction as V, since the shear stress
must create associated forces all of which contribute to the internal
resultant force V at the section. The loading case discussed here is an
example of simple or direct shear, since the shear is caused by the direct
action of the applied load F.

(Hibbeler, 2010)



Shear Stress Equilibrium
Figure a shows a volume element of material taken at a point located on the surface of a sectioned area
which is subjected to a shear stress “tzy”. Force and moment equilibrium requires the shear stress acting
on this face of the element to be accompanied by shear stress acting on three other faces.To show this we
will first consider force equilibrium in the y direction. Then;

(Hibbeler, 2010)



Complimentary Shear Stress

(Rattan, 2011)



Allowable Stress
To properly design a structural or mechanical element it is necessary to restrict the stress to a level that
will be safe. To ensure this safety, it is necessary to choose an allowable stress that restricts the applied
load to one that is less than the load the member can fully support. There are many reasons for doing
this. For example, the load for which the member is designed may be different from actual loadings
placed on it. The intended measurements of a structure or machine may not be exact, due to errors in
fabrication or in the assembly of its component parts. Unknown vibrations, impact, or accidental
loadings can occur that may not be accounted for in the design. Atmospheric corrosion, decay, or
weathering tend to cause materials to deteriorate during service. And lastly, some materials, such as
wood, concrete, or fiber-reinforced composites, can show high variability in mechanical properties. One
method of specifying the allowable load for a member is to use a number called the factor of safety. The
factor of safety (F.S.) is a ratio of the failure load “Ffail” to the allowable load “Fallow” Here is found from
experimental testing of the material, and the factor of safety is selected based on experience so that the
above mentioned uncertainties are accounted for when the member is used under similar conditions of
loading and geometry.


