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1. (30%) The three bars are pinned together and subjected to the load P, as shown in Figure 1. If each
bar has a cross-sectional area 4, length L, and is made from an elastic perfectly plastic material, for
which the maximum allowable stress is the yield stress ¢, and the modulus of elasticity is E.

(a) Find the axial forces in the 3 bars that are still in the elastic range.
(b) Determine the ultimate load P, (the largest load that can be supported by the system).

Figure 1

2. (20%) The solid shaft of radius c is subjected to a torque T, as shown in Figure 2. Determine the
fraction of T that is resisted by the material contained within the outer region of the shaft, which has

an inner radius of ¢/2 and outer radius ¢. (Hint: T = ?}

Figure 2
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3. (30%) A simple beam 4B is subjected to a load in the form of a couple My acting at end B (see figure 3(a)).

(a) Determine the reactions at 4 and B.

(b) Determine the maximum tensile stress and maximum compressive stress in the beam. Indicate the point
where the maximum tensile and compressive stresses occur.

(c) Determine the maximum shear stress in the beam. Indicate the point where the maximum shear stresses
oceur,

(d) Determine the angles of rotation &, and &, at the supports and the deflection & at the midpoint.

(e) Determine the strain energy U stored in the beam.

(f) If the left end is changed to a fixed support (see Figure 3(b)), determine the reactions at 4 and B. Also,
determine the deflection & at the midpoint.
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4. (20%) An element in plane stress on the fuselage of an airplane (Figure 4(a)) is subjected to compressive
stresses of magnitude 42 MPa in the horizontal direction and tensile stresses of magnitude 9.5 MPa in the
vertical direction (see Figure 4(b)). Also, shear stresses of magnitude 15.5 MPa act in the directions shown.

(a) Determine the principal stresses and maximum shear stresses on this element.
(b) Strain gages 4 and B, oriented in the x and y directions, respectively, are attached to this element.
Under the stresses given in this problem, the gage readings give normal strains &, =-0.0009

(shortening) and &, =0.0004 (elongation). Determine the Young’s modulus and Poisson’s ratio for
the material used on the fuselage.
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Figure 4




