
Structural Mechanics Exercises week 3 Prof. G. Fantner

Exercise 1
A bar of unstretched length l0 with uniform mass density ρ is hung from a rigid
ceiling. The bar has a cross-sectional area A(y) which varies along the length of
the bar and has a value A0 at the bottom (see figure 1).

a) What is the equation that describes A(y) if the bar is to have uniform
stress σ in the horizontal plane along its length?

b) What is the total elongation of the bar in this case?
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1. For the wood block shown in the figure below, the allowable shear stress parallel to the
grain is 1 MN/m2, and the maximum allowable compressive stress in any one direction is
4 MN/m2. Determine the maximum compressive force F that the block can support.

2. A rigid beam of weight W is mounted on 3 massless elastic bars (modulus E, cross-
sectional area A) as shown in the figure below. a) Determine the angle of the slope of the
rigid beam that is caused by its weight after the structure has been assembled. b) What
is the angle ↵ at which the bar will stay horizontal?

3. A bar of unstretched length l0 and with uniform mass density ⇢ is hung from a rigid
ceiling. The bar has a cross-sectional area A(y) which varies along the length of the bar
and has a value A0 at the bottom. a) What is the equation that describes A(y) if the
bar has uniform stress � in the horizontal plane along its length? b) What is the total
elongation of the bar in this case?
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Figure 1: Structure with nonuniform cross–section supported on ceiling.

Exercise 2
You want to calculate the deformation of a Y shaped trabecula section in the
trabecular bone of a vertebra as shown in figure 2. To simplify the calculation,
we model the Y-shaped trabecula as shown in figure 3. Assume that the hori-
zontal beam is both infinitely thin and stiff and that it does not bend.
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Figure 2: Schematics of a trabecular bone.
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1. A force of F1 = 0.5 N is applied to the trabecular bone substructure.
Calculate the total elongation of the substructure, given the lengths
L1 = 1.5 mm, L2 = 0.8 mm and the diameter d = 200 µm. Young’s
modulus of the trabecular bone can be assumed to be E = 22 GPa.

2. There is now an extra force F2 = 0.2 N applied to the bone as shown
in figure 3. State the superposition principle and calculate the total
elongation.
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Figure 3: Simplification of the bone for calculations.

Exercise 3
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Figure 4: Beam with a distributed load.

The bar in figure 4 is loaded with a force that is distributed over the length of
the beam. The load is described as

q(x) = q0 · x
L

+ q1

and we want to calculate the internal forces N(x) and the displacement field
u(x) along the beam.

1. Find the differential equation that describes the displacement field of
the beam u(x) as a function of E, A and q(x), by considering the three
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essential equations of structural mechanics:
- constitutive equation : E = σ

ε

- kinematic equation : ε(x) = ∂u(x)
∂x

- equilibrium equation : ∂N(x)
∂x

+
∑
i

qi(x) +BxA(x) = 0

2. Find the boundary conditions for the bar and deduce boundary conditions
for u (or its derivatives).

3. Solve the equations for u(x). Deduce the expression of the internal force
in the beam N(x).
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