
APL108: Mechanics of Solids Fall 2025

MAJOR (35 marks, 2 hours)

1. [3 marks] You have learned in class the relation between stress and strain components as either

σij = λ(ϵ11 + ϵ22 + ϵ33) + 2µϵij , i, j = 1, 2, 3

or

ϵ11 = 1
E

(σ11 − ν(σ22 + σ33)), ϵ22 = . . . , ϵ33 = . . .

γ12 = τ12
G

, γ23 = . . . , γ13 = . . .

Now derive a simplified relation of (E, G, ν) in terms of Lame’s constants (λ, µ) for a 3D bar of uniform
cross-sectional area under uniaxial stress along e1 direction.

2. [8 marks] The tube shown in figure, with outer diameter do = 3 cm and inner diameter di = 2.5 cm,
is subjected to a torque of T = 110 N-m. A strain gauge oriented at an angle θ = −45◦ with respect to
the axis, which measures the extensional strain along this direction, gives a reading of 190 × 10−6. (a)
Determine the value of the maximum shear stress, Tmax, (b) determine the shear modulus of elasticity,
G, and (c) determine the angle of twist in a section of the tube of length L = 70 cm.

3. [10 marks] Think of a cantilever beam which is loaded in the middle. How much of the beam would
be in contact with the surface below? Neglect the weight of the beam. Model the cantilever as an 
Euler-Bernoulli beam. Assume the load applied is such that a portion of the beam in contact with 
the ground surface is less than the beam’s half length.
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4. [6 marks] The beam shown in the figure below is made from two boards. Draw the shear force
diagram for the beam. Show that the neutral axis (NA) of the cross-section lies 108.91 mm from the
bottom of the cross-section. What is the moment of inertia Izz about the NA?
Determine the maximum shear stress in the glue necessary to hold the boards together along the seam
where they are joined.
Hint: Use the formula for shear stress is

τxy = V (x) Q(y)
Izz b(y)

5. [8 marks] In the tutorial, we learned about the deformation of a square beam subjected to equal and
opposite diametrical loads. Now consider a ring beam with a straight member along the horizontal
diameter as shown in the figure below. By how much will the ring contract along the line of the
applied load? By how much will the straight member elongate?
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(b) Cross-section of beam(a) Transverse loading on simply supported beam
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