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1. (a)

The second moment of area for the thin-walled square is
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The second moment of area for the cruciform is
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The ratio of the second moments of both cross-sections has to be equal
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(b)

The torsion constant for a thin-walled closed cross-section is defined as

J =
4A2

e∮ ds
t

The torsion constant of the square is
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The torsion constant of the equilateral triangle is
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The ration of the torsion constants is
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(c)
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Parameters for one (horizontal) semi-circle
Centroid
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Second moments of area around the centroid
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Second moment of area for the entire cross-section
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Alternatively, the second moments of area for the semi-circle can be determined with
the equations for the curved rod given in Mechanics Data Book
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with a = L
2 and α = π
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Torsion constant of the entire cross-section
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2. (a) Maximum displacement using virtual work

Virtual moment distribution
M(x) = 1 · x

Moment distribution due to w
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Principle of virtual work
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(b) i. Although the system is statically indeterminate the bending moments in the beam
can be determined without making use of the force method.
Vertical deflection at Point A
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Alternatively, the vertical deflection can be obtained by superposing Data Book
cases.
Rotation of the left support
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ii. Horizontal deflection at Point A
To determine the horizontal deflection, first the moments in the columns need to be
determined. To this end, consider a statically determinate system where the joint
between the left column and beam is released.

The compatibility of the displacements at the joint requires

α1X +α0 = 0

where X is the yet unknown horizontal shear force at the joint.

Difference in the horizontal displacement between the beam and column caused
by the virtual unit load pair is

α1 =
2L3

3EI
(computed with principle of virtual work)

Difference in the horizontal displacemen between the beam and column caused
by w2 is

α0 =
w2L4

30EI
(given in part (a))

Hence, the horizontal shear force at the joint is

⇒ X =−w2L
20

After knowing the shear force at the top of the left column its horizontal deflection
can be computed with
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1
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L
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L
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1
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Note, this deflection is the same as for a single cantilever beam with twice the EI.

3. (a)
Axial stress

σa =
pR
2t

=
250 ·103 ·1
2 ·3 ·10−3 = 41.667MPa
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Hoop stress

σh =
pR
t

= 2 ·41.667MPa = 83.33MPa

Shear stress

τ =
T

2πR2t
=

600 ·103

2Π ·1 ·3 ·10−3 = 31.83MPa

(b)
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(c)

Von Mises criterion
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2 = 2Y 2

This gives for plain stress (σ3 = 0)
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From the Mohr’s circle we obtain
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The square root expression in the previous equations is abbreviated with R.
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