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Answer all four questions

All questions have equal weight

Time: 3.0 hrs.

• i~ you make any assumpiion to reach a solution, state it clearly.
• Assume and state the approximate values for properties, if needed and used.



1.The solid shaft shown below is fixed at both ends (points A and B) and loaded by a twisting moment T=
90 in-lbs at cross-section C. The shaft is made of a material with a Young’s modulus of 25x106 psi and a
shear modulus of 10x106 psi. Determine the stresses on the surface of the shaft and the twisting angle
at the cross-section C. Present your solutions step by step as indicated below.
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(c) Show that this is a statically indeterminate problem and present additional equation(s).

(d) Find the reaction forces at fixed ends, points A and B.

(e) Find the twisting angle (in terms of it) at point C.

(f) Find the stresses (in terms of it) on the surfaces of sections AC and BC.

(g) Present the stress elements for (f).
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(b) Set up equilibrium equations.

~io~ 20’

C



2. Draw the stress element of point A in the following circular beam which is loaded by a moment (T)
and a force (V) at the left end. Point A is located on a cross-section with a distance of 0.05 m from
the loading end and is on the top surface of the beam. Express your results in ~çrms of it.

(1) Forces acting on the cross-section where point A is located:

(2) Geometrical parameters with respect to point A:

1= J=

(2nd moment of area I) (polar 2nd moment of area J) (1~ moment of area Q)

(3) Calculate the stresses at point A:

(4) Draw stress the element:
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3 The thin, flat plate below has an elliptical cutout with dimensions 2a x 2b. A uniform uniaxialloading is applied as shown. Assuming the dimensions of the plate are much larger than the
largest radius of the elliptical cutout, the stresses tangential to the cutout at points A and B are
given by:

~t_~ ~ JA_J(1+2~)
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(a) In terms of 8’, determine the tangential stresses at points A and B for the loading shown below.

E~~I
(b) If the area of the cutout is required to begin2, determine the optimal dimensions (a and b,

given in inches) of the elliptical cutout that minimize the maximum stress at these points. The
area of the ellipse is given by: Area = wab. State any assumptions and show all work.



4, The temperature in a furnace is measured by means of a stainless steel bar with properties
(a = 9.5 x 10.6 per degree F, E = 30 x 106 psi, A = 0.0005 in2) placed in it. The bar is
fastened to the end of a cantilever beam of aluminum with Pro?erties (a = 12.0 x 10.6 per
degree F, E = 10 x 106 psi, depth = 0.25 in., I = 0.00065 in) outside the furnace. The
aluminum beam does not experience any change in temperature. The strain measured by
the strain gage glued to the outside of the aluminum beam is a measure of the temperature
in the furnace. Assuming that the full length of the steel bar is heated to the furnace
temperature, what is the change in furnace temperature if the gage records a change in
strain of 0.0001?

Hooke’s law for one-dimensional thermo-mechanical loading: a = E(s — aAT)
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