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Problem 1 [20 points]: 

We consider a cube at position x and the reference axis (𝚤, 𝚥, 𝑘). The cube is subjected to the 

following three stress experiments : 

a) 𝜏! =
0 𝜎! 0
𝜎! 0 0
0 0 0

 

b) 𝜏! =
0 0 𝜎!
0 0 0
𝜎! 0 0

 

c) 𝜏! =
0 0 0
0 0 𝜎!
0 𝜎! 0

 

1) When performing the 3 experiences simultaneously, write the corresponding stress 

tensor. This stress tensor will be used for the rest of the problem. 

2) Compute, when 𝜎! = 10 MPa, the normal and shearing stresses on a plane normal to the 

vector 𝑛 = 𝚤 + 𝚥 + 𝑘, where (𝚤, 𝚥, 𝑘) are the basis vectors.  

3) Compute the principal stresses and deduce the highest principal stress direction without 

extra calculations. 

4) Find the absolute maximum shearing stress in the element. 
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Continue…………………… 
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Continue…………………… 
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Problem 2 [30 points]: 

Strain rosettes are placed on the wing of an airplane giving the 
following readings: 

𝜖! = 800𝜇 

𝜖! = 100𝜇 

𝜖! = 400𝜇 

When the angles between the axis a, b and c and the x axis are 
𝜃! = 0°;  𝜃! = 45° and 𝜃! = 90°.  

The stresses in the wing are not to exceed are 75 MPa for normal stress and 35.5 MPa for shear 
stress. Is the wing working in safe conditions? Assume plane stresses in the beam. The modulus 
of elasticity is 𝐸!"#$ = 76 GPa and the Poisson ratio is 𝜈 = 0.35. 
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Continue…………………… 
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Continue…………………… 
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Problem 3 [20 points]: 

A test model (Figure 1) is subjected to a uniform compressive load that produces a compressive 
stress with magnitude 𝜎!. Design specifications require that the stresses in the member do not 
exceed a tensile stress of 400 MPa, a compressive stress of 560 MPa, and a shear stress of 160 
MPa. The compressive stress 𝜎! is increased until one of these values is reached. 

     

 Figure 1 Figure 2 

a) Which one of these values is the limiting one (will be attained first) and what is the 
corresponding value of 𝜎!. 

b) Assuming 𝜎! is less than 560 MPa. We wish to add a uniform lateral compression 𝜎! (as 
shown in Figure 2) so that 𝜎! may reach the value of 560 MPa before exceeding any of 
the other design requirements. Compute the value of the lateral normal stress 𝜎! added to 
the system.   
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Continue…………………… 
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Continue…………………… 
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Problem 4 [30 points]: 

Consider the following thin walled pressure vessel illustrated in Figure 1. The pressure vessel 
has a radius of 2 m and a thickness of 10 mm. A torsion moment T of 10 kNm and an axial load 
F of 50 kN are applied to the pressure vessel.  

 

Figure 1 

a) What would be the maximum allowable internal pressure p of the pressure vessel so that 
the maximum normal stress does not exceed 500 kPa, and the maximum shear stress 
should not exceed 25 kPa, on a point A located at the outer surface of the pressure vessel? 
What is the corresponding maximum shear stress? 

b) Consider p=1.7 kPa. What are the corresponding strains at point the same point A? 

Use E=200 GPa and 𝜈=0.3 

For thin tubes : 𝐴! = 2𝜋𝑅𝑡 and 𝐽 = 2𝜋𝑅!𝑡 
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Continue…………………… 
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Continue…………………… 
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