3.225 Electronic and Mechanical Properties of Materials
Test 1: Mechanical Properties
October 21, 2004

1. (a) Bone is an orthotropic material, with the following elastic constants:

E, =128 GPa
E,=15.6 GPa
E; =20.1 GPa
G,,=4.7GPa
G,;=5.7GPa
Gy =6.7 GPa

Vo= V3= V= 0.28

Calculate the elastic strain resulting from an applied stress field:

10 0 3
o=|0 5 4|MPa.
3 4 2

(b) The Young’s modulus of a material is related to changes in the internal
energy per atom, U,, and the entropy per atom, S,, with strain, ¢, according to:

2 2
- f25rcy
Q\ de de
where Q is the atomic volume. Explain why the Young's modulus of crystalline
materials is controlled by the first term, while that for rubbers is controlled by
the second term. Derive an expression for the Young’s modulus of crystalline
materials in terms of the melting temperature and the atomic volume.

(c) Explain the origin of the bounds on Poisson’s ratio for an isotropic material:
-1 <v < 0.5. Why to rubbers have values of Poisson’s ratio approaching 0.5?



2. (a) An aluminum alloy (o, = 240 MPa) component is subjected to the
following stress state:

c 200 40 0
- o=[40 100 50| M=
0 50 0

Does the component yield according to the von Mises criterion?

(b) Why are covalently bonded materials intrinsically hard while metals
are intrinsically soft?

vy

(c) Why does the increase in yield strength from precipitation hardening
¢ depend on the surface energy of the precipitate while that from dispersion
hardening depends on the shear modulus of the primary metal?

3. (a) What changes occur at the glass transition temperature that lead to
viscoelastic behaviour in amorphous polymers?

™

(b) Describe two mechanisms of diffusion that give rise to diffusional flow
creep behaviour in metals.
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