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A problem in 
shear and 
normal stress
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     Consider the rod with a square 
cross-section shown at the left.  We 
need to find the components of the 
average stress as indicated.
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     The first step in determining 
stresses is to cut the material in 
the plane you want to calculate 
the stress.  In this case it is a plane 
normal to the axis of the rod.
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     Next, we draw a free body diagram of 
the material below the cut. In order to 
satisfy equilibrium in the vertical direction 
there must be some distribution of normal 
stress on the cut such that it equilibrates 
the 80,000 lb load.

Simple Stress Example: 1
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     We begin by calculating 
the area of the cut.

Hide Text6

     Simple enough.
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    Since you are only required to calculate the 
"average" stress on the section, the simplified 
formula:                    
                                         σavg = Fn/A
may be applied.
     To perform this calculation we must 
determine the normal component of the internal 
force on the cut.
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     Since the normal of the cut 
lines up with the load, P, we can 
conclude that Fn = 80,000 lbs.
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     Performing the division yields 
the value of average normal 
stress on the cut.
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                              What exactly is 35,556 psi?  

     Well, if we assumed that an average VW Bug 
weighs about 2,500 lbs then a stress of 35,556 psi 
could be achieved by hanging 14 VW Bugs from a 
steel rod with a cross-sectional area of one inch.
     Do you think the steel rod would fail?  Stay 
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     You were also asked to calculate the 
average shear stress on the cut.  Recall that 
average shear stress may be calculated by 
dividing the tangential component of the 
internal force by the area of the cut.
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     On this plane, the tangential 
direction is perpendicular to the load, 
and therefore the internal force Ft 
must be zero.

Simple Stress Example: 3
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     As you might have guessed, the 
shear stress on this cut is zero.
     At this point we have answered the 
first half of the problem.
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     For the second part of this problem, 
you were asked to calculate the average 
shear and normal stresses on a plane 
oriented 60° from the original cut.
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     Again, we begin the problem by 
calculating the area of the cut.  
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     How did we know that it was the 
cosine of the angle that was needed to 
divide the area?

  A good check is to examine extreme cases 
of the angle.  If, for example, we set the 
angle to 0°  then the area of the cut should 
equal the area calculated in the previous 
solution.  Since the cosine of 0° is 1, we see 
that the equation above is correct.

Simple Stress Example: 4



Hide Text1 7

     Following through with the 
calculation we get the area of the cut 
to be 4.5 square inches.
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     Following the same procedure used 
previously, we calculate the average 
normal stress.
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     For this cut the normal of the 
plane, n, does not line up with the 
load P.  To calculate the component of 
the internal force, F, which acts in the 
normal direction we dot it with the 
normal vector.
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     At this point we are going to 
decompose the normal and internal load 
vectors into their  x and  y components.
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Since the internal load vector, F, acts 
entirely in the  y direction it may be 
expressed as Pj.
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     Determining the components of the 
normal vector is a little trickier.  You 
should be able to confirm that the  x 
component of n varies as the sine of the 
angle θ, and that the  y component of n 
varies as cosθ.
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     Performing the dot product we find 
that the normal component of the 
internal force is 40,000 lbs.
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     The average normal stress is 
then calculated by dividing the 
normal component of the internal 
force by the area of the cut.

Simple Stress Example: 6
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     Finally, we will determine the 
average shear stress on the new 
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     The tangential component of the 
internal force, Ft, is determined by 
subtracting the normal component of 
F  from F  itself.  
     Ft may be thought of as the 
"shadow" cast by F  if the sun were 
coming from the n direction.
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Substituting for F and F•n...
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... we then multiply the second term by 
n, and collect the i and j components.

Simple Stress Example: 7
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     The magnitude is calculated as the 
square root of the first term squared plus 
the second term squared.
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     We may now compute the average shear 
stress as the tangential component of the 
internal force divided by the area of the 
cut.
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     Here is something interesting.  For the same rod 
under the same load the shear stress is zero for one 
cut and non-zero for another.  In fact, both the 
normal stress and the shear stress are a function of 
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