ES 240
Solid Mechanics



Homework 7


Due Monday, 26 November
26. Deflection of a plate clamped on one side and subjected to a distributed moment on the other sides
Consider a rectangular plate of width a and length b (a < b). The thickness of the plate is h. Take the plate to be isotropic with Young's modulus E and Poisson's ratio . The plate is clamped along one edge (i.e., an edge of length a) and is subjected to a distributed moment M per unit length along the other three edges. No other load is applied to the plate.

a. Calculate the deflection w of the plate. 

b. What is the curvature of the plate along its centerline in the longitudinal direction of the plate?

c. What is the curvature in the transverse direction at the free end of the plate?

The solution of this problem has an important practical application. A thin coating on a substrate often has a residual stress in it. If this stress is too large, it may cause cracking or delamination of the film. One of the methods of measuring the stress in a coating is to measure the curvature it induces in the substrate. 

d. Assuming that the coating is much thinner than the substrate, can you derive an expression for the residual stress in the coating in terms of the curvature of the plate in the longitudinal direction using the results you derived earlier? You will have to come up with a simple way of linking the stress in the coating to a distributed moment around the edge of the plate. Discuss how your result depends on the aspect ratio of the plate.

27. Deflection of a circular plate clamped along its edge and subjected to a distributed pressure
Consider a circular plate of radius a. The thickness of the plate is h. Take the plate to be isotropic with Young's modulus E and Poisson's ratio . The plate is clamped along its edge and is subjected to a distributed pressure p on one of its faces. The distributed pressure varies along the radius of the plate in the following way:

p = po  for r < b
p = 0    for r > b,

where b < a. Determine the deflection of the center of the plate.

28. Deflection of a circular plate with a hole
Consider a circular plate of radius a and with a hole of radius R in the center. Assume the plate is simply supported along its outside edge. Assume further that the plate is loaded only by shear forces along the inner edge, the total load being P. Find an expression for the deflection and then let R tend to zero as a limit. What is the deflection at the center of the plate in the limit?































































