ES 240
Solid Mechanics



Homework  


Due Friday, 26 October
19. A fiber in an infinite matrix
Consider a long fiber of radius a embedded in an infinite matrix. Each material is isotropic, homogeneous and linearly elastic. They have different elastic constants and coefficients of thermal expansion, (Ef, f, f) and (Em, m, m).

a)
Determine the residual stress field upon cooling from the processing temperature. Your solution should be correct over the major portion of the composite, but need not be valid near the fiber ends.

b)
Do the problem again when the matrix is a finite cylinder with outer radius b.

20.
Saint Venant's principle for orthotropic materials
For a half plane subjected to a sinusoidal surface stress, as discussed in the class, the magnitude of the stress is found to decay as exp(-2x/L), where x is the depth beneath the surface, and L the period of the applied traction.  L/2 is therefore called decay length.  This result is interpreted as a manifestation of Saint Venant's principle.

a)
Find the solution to the same problem for orthotropic materials.

b)
What is the decay length for orthotropic materials?  Plot and interpret your results.

c)
In doing tensile test of polymeric-matrix composites with loading along fibers, a gauge length longer than that for isotropic materials might be recommended.  Give an explanation.  How much longer would you recommend?

21.  Plane problems with no length scale

In class we have described a method to solve a class of elasticity problems, such as a half space subject to a line force P (force per unit length).  For such a problem, linearity and dimensional considerations demand that the stress field take the form
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(a)
Show that the Airy stress function consistent with the above stress field and satisfying the biharmonic equation can be written as
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(b)
Use this method to determine the stress field in a full space subject to a line force.  (Hint:  displacement must be single-valued.)
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