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1. (25 points) (Pr. 5.4.12, Elasticity in Engineering Mechanics by Boresi & Chong)
The stress function for a cantilever beam loaded by a shear force P at the free end
is

¢=Cxy’ + C,xy
(a) Evaluate the constants C, and C,

(b) Derive the expressions for the displacement « and v
(c) Compare v with the expression derived for displacement y from the

2
elementary beam theory, E/ ( Zx“zv ] =M.

Hint: write the boundary conditions at x=0 and x=L by considering
force and moment equilibrium respectively.
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2. (25 points) (Example 10.8, Mechanics of Materials , R. C. Hibbeler) The state of
strain at point A on the bracket in Fig. (a) is measured using the strain rosette
shown in Fig. (b). Due to the loading, the readings from the gauges give

displacements in an elastic material are given by &, =60(10°), &, =135(10°),

and &, =264(10"°). Determine the in-plane principal strains at the point and the
directions in which they act.
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3. (25 points) (Mech 408, Theory of Elasticity notes by Fazil Erdogan, Lehigh
University) The normal strains in the directions n,, n,, n, are measured to be

2x107, 4x107, 1x10™ respectively. Find the stress components referred to
n, n, axes. Assume E =200 GPa, v=0.3
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4. (25 points) (Mech 408, Theory of Elasticity notes by Fazil Erdogan, Lehigh
University) In an elastic solid the components of the displacement vector are
given by

u, =K (1+2¢" +2x; -3¢7)
U, = K(2+e2"' —4x; —e“"")
u, = K(5+4€™ +2¢7)

where K is a scaling constant.
(a) Find the strains

(b) At point (x, =1, x, =2, x, =0) find the principal strains and principal

directions.
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5. (25 points) (Pr. 3.28, Continuum Mechanics for Engineers, G. Thomas Mase and
George E. Mase) At point P in a continuum body, the stress tensor components
are given in MPa with respect to axes Px,x,x, by the matrix

1 3 2
[O'U:I= -3 1 —\/5
V2 V2 4

Determine
(a) The principal stress values o,, 0,,and o,,,together with the corresponding

principal stress directions
(b) The stress invariants /,, /,, I,
(¢) The maximum shear stress value and the normal to the plane on which it acts
(d) The stress vector on the octahedral plane together with its normal and shear
components
Note: Octohedral plane is shown in the Figure below.
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