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Q1. Consider part of a closed end cylindrical aluminium container as shown in 
Figure 1. The container is subjected to an internal pressure of 3 MPa and an 
external torque applied that imparts a stress of 35.22 MPa in the x-y plane. If 
you use a small element to analyse the stresses within the wall of the 
container: 

 
a) Calculate the hoop stress and longitudinal stress. (2 marks) 

 
 b)  Draw the element and show the acting stresses. (2 marks) 
 
 c)  Show the stress tensor of the small element as indicated in Figure 1. 
      (3 marks) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 d) Determine the principal stresses and direction cosines by using the 
eigenvalue method assuming that the stress in the z direction is negligible. 
    (10 marks) 

 
 e) Construct Mohr’s circle to verify your results. (3 marks) 
 
 f) If the yield strength of the material in tension and in shear is 400 MPa and 

170 MPa respectively, and you are using a factor of safety of 1.8. Use 
Tresca and von Mises yield criterion to verify the safety of your design and 
make recommendations.  (5 marks) 

 
Total 25 marks 
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Q2.  a) What is meant by: 
 

I. The stress concentration factor?  

II. The stress intensity factor? 

III. The critical stress intensity factor?    (3 marks) 

 

b) Describe the effect of yield strength on fracture behaviour. (2 marks) 

 

c) Consider a plate with an edge crack (see figure 2). The plate thickness is 

such that a plane strain condition is present.     

 Given:  Stress intensity factor 
IK Y a   where 1.12Y   

   m = 3, ao = 2 mm, a1 = 5 mm, C = 2 x 10-31 

 

 
 Table 1 

 
 
  Answer the next questions given for the three materials in the table 1 

above: 

I. Does fracture occur at a stress 
7

8
yield  and a crack length of 

2  a mm ? Show your calculations.   (3 marks) 

II. What is the critical defect size of a stress 
7

8
yield  ? (3 marks) 

III. What is the maximum stress for a crack length 2 a mm without 

permanent consequences?    (3 marks) 

 

Question 2 continued over 

Figure 2 
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Question 2 continued 

 

IV. Calculate the number of cycles to extend the crack from ao to a1, 

when the stress applied varies between 1

7

8
yield   and 

2

1

2
yield 

       (6 marks)
 

 

d) A structural part of about 200 cm thickness is subjected to a tensile load 

that varies 5 times per minute between 110 and 200 MPa. For the material 

the following data are known: 

 
1

230  ICK MPa m  

 
1

25  thK MPa m   

  
311  2 10

da
Paris curve K

dN

    

    
da

in m per cycle
dN

 
 
 

 

 

I. Based on the data, what can be concluded about the lifetime of the 

part?        (2 marks) 

 
II. Investigations show that after the manufacture of this type of part 

semi- circular surface cracks may be present. Using NDT 

techniques it is found that these cracks are at least 2 mm deep. 

Calculate whether or not there is a risk of crack growth. 

(3 marks) 
 
 
 

Total 25 marks 
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Q3  An extruded aluminium member is shown schematically in figure 3 below. The 

section is subjected to a torque of 56.5 kNm along its longitudinal axis.  For 
this situation: 

 
a) Determine the maximum stress in the sections and state where this 

occurs. 

     (8 marks) 

 

b) Under this torque determine the angle of twist per metre length of section.   

     (6 marks) 

 

c) Due to a suggested redesign section CD is to be removed from the cross 
section shown. For this new section determine the maximum shear stress 
and the percentage increase in the angle of twist per unit length. 
     (11 marks) 

 
 Given: 
 t1= 0.012 m,   t2 = t3 = 0.006 m,   t4 = t5 = 0.01 m.  
  
 Take G as 28 GPa. 

 Total 25 marks 
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Q4 A portable military bridge has its main support beams manufactured from 

glass reinforced plastics with cross section as detailed below in Fig 4. 

 Figure 4 
 

(i)  If the bridge must support 6 tonnes over a 1.8m span and each beam is 
assumed to be 30mm wide and simply supported with the load evenly 
distributed along its length. Determine for this situation the number of 
support beams needed if each beam takes the same load. Use the 
material properties given below in Table 4.           (12 marks)  

 

 
Reinforcement (E Glass) with a modulus of 70 GPa and matrix (Polyester) 
with a modulus of 3 GPa.  

Table 4 
 

(ii)  Sketch the strain and stress distribution through the beam thickness 
indicating the salient values.       (6 marks)  

 
(iii) If alternatively the Woven roving and CSM part of the beam section is 

replace by a lightweight core determine the new thickness required for the 
UD part of the beam assuming the same number of beams are to be used. 

            (7 marks)  
 

Total 25 marks 
END OF QUESTIONS 
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