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3.225 Electronic and Mechanical Properties of Materials
Professor Lorna Gibson
Test 1: Elasticity, Viscoelasticity and Plasticity
October 21, 2003

(a) Prove the reciprocal relation:
VieEy =vyE

taking the Poisson’s ratio as:

£ Lo : i
Vi, =——% under a uniaxial stress in the x, direction
&

(b) A rigid die is designed to take a cylindrical specimen. A transversely
isotropic specimen is placed into the die such that the isotropic plane
(X;-X;) is normal to the axial direction of the cylinder, X,. The
specimen is loaded in the axial direction (X,) and remains elastic
throughout the loading. The elastic constants of the material of the
specimen give a hydrostatic stress state in the specimen. How are the

elastic constants E,, E,, v, and v, related?
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(c) What gives rise to the linear relationship between stress and strain for
crystalline materials at small strains?



2. The relaxation modulus of polymethylmethacrylate (PMMA, T, = 100C ) is
given in the figure below as a function of time at a temperature of 115C. Plot the
relaxation modulus as a function of time for a temperature of 120C. on the same
plot. Don't forget to hand in this page with your solutions.
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Fic. 6.25. Comparison of double Maxwell model with relaxation behavior
of PMMA at 115°C, from Fig. 6.24.
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3. (a) A wire drawing die is used to reduce the diameter of a wire from 0.2” to J~0
0.18”. The wire is fed into the die (at the 0.2” diameter end) at a rate of 1” per b

minute. What is the rate at which the wire exits the die?

(b) A circular bilayer plate has a thin film of one material, with a Young’s ~P
modulus of E,, a yield strength 6, and a coefficient of thermal expansion of «,, (ea.;‘*‘
on a thick substrate (with properties E,, 6, and a,) is heated by AT above the 2 a4

temperature at which the bilayer is stress-free. Find the AT to initiate yielding in 67 G/
the thin film using the von Mises criterion. Vv

(c) Given the stress field around a screw dislocation is o, = %, calculate the
elastic strain energy per unit length of dislocation line.
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