ES 240
Solid Mechanics



Homework  


Due Friday, 4 October
6.  Post an entry in iMechanica to explain to your teaching staff and classmates why you take this class
Please add the following 4 tags (case sensitive):  ES 240, solid mechanics, Fall 2007, students.  This way the entry will be automatically delivered to the teaching staff and classmates via their RSS readers.  Please avoid using any tags featured in the header of iMechanica.  

Include the following items in your entry:

· Your prior courses in solid mechanics.

· Your undergraduate major.

· What might be your strength and weakness related to this course.

· Your research group if you already belong to one (please give a link to the web page of your group).

· Your likely research direction(s).

· How do you think solid mechanics will help you in your research?

· How do you think solid mechanics will contribute to your education in general?

As you can imagine, there is no right or wrong answers to this assignment.  You will be given credit for effort and thoughtfulness.  As with all entries in iMechanica, you can edit it as many times as you like.  You can also comment on each other’s entries.  Hopefully you will get to know each other better. 

7.  Residual stress around an inclusion


Engineering materials are seldom homogeneous.  Consider a composite consisting of a small spherical particle of one material embedded in a large matrix of another material.  The radius of the particle is a.  The composite is solidified at an elevated temperature 
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, at which the composite is stress-free. The particle has a larger thermal expansion coefficient than the matrix, 
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. Upon cooling, the composite develops a residual stress field due to the thermal expansion mismatch. 

· Is the particle under tension or compression at room temperature 
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· Determine the complete stress field in the particle and the matrix at room temperature. Assume that both the materials are isotropic.  To simplify algebra, assume that the two materials have the same Young’s modulus E and the same Poisson’s ratio 
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.  

Hint:  Recall that in class we obtained the general stress field subject to the spherical symmetry:  
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8.  Lame Solution in Cylindrical Shape 

In class, we derived the stress field in a spherical symmetrical situation.  Now derive the stress field in a cylindrical symmetric situation.  Assume that the length of the cylinder is much larger than the diameter of the cylinder (i.e., a fiber or a tube).
a)  List all the needed equations.

b)  Show the stress field is given by




.

Here A, B and C are constants to be determined by boundary conditions.

9.  Stress Concentration around a Circular Hole

Stress concentration at geometric discontinuities is the most important practical result in elasticity theory.  For example, for a small circular hole in a large plate under uniaxial stress S, the elasticity solution gives the hoop stress around the hole:
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Here the polar angle 
[image: image8.wmf]q

 is measured from the loading direction.  The problem is solved in many elasticity textbooks.  Given the above solution, answer the following questions.

a) Under uniaxial tension, indicate the highest tensile stress around the hole.

b) Under uniaxial compression, indicate the highest tensile stress around the hole.

c) Calculate the stress concentration at the hole when the plate is under a pure shear stress. Use the above solution and linear superposition.

10.  Back-of-Envelope Calculation

To determine stress concentration in an engineering structure, one needs to solve an elasticity problem, taking into account of the shape of the structure and the loads (i.e., boundary conditions).  For a complex structure, one may solve the elasticity field equations numerically, on a computer, with a commercial software.  Very often, however, an experienced engineer can estimate the stress concentration with a back-of-envelope calculation.  This skill does not come easily.  One has to experience a lot to become experienced.  Here is an example for practice.  (Please hand in a piece of good paper instead of a dirty envelope.)

a) A solid rod of circular cross-section, radius R, is twisted by a torque T.  Determine the stress field in the rod.

b) Now the rod contains a through-hole, in the direction of a diameter of a cross-section of the rod.  The hole radius a is much smaller than the rod radius R.  Estimate the stress concentration at the hole.

If the rod is made of a glass, how do you expect it to fail?
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