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Q1 
Part of a landing gear of an aircraft is subjected to the following direct stresses in the x, 

y and z directions as shown in the Figure Q1a. The stress tensor matrix for the given 

scenario is shown in Figure Q1b. 

                  

                Figure Q1a. Aircraft landing gear Figure Q1b. Stress Tensor Matrix 

Determine the following: 

a) Draw the elemental cube showing the stresses acting  on it. 

 (5 marks) 

b) Using this information given above prove that one of the principal stress is a 

compressive stress of 21 MPa 

 (10 marks) 

c) the angles relative to xyz co-ordinates and make a sketch showing the direction 

of these stresses.  

(5 marks) 

d) If the yield stress for the material is 320 MPa determine the factor of safety 

assuming the material follows the Von Misses criterion.  

(5 marks) 

Total 25 marks 

PLEASE TURN THE PAGE….. 
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Q2 
A 90 X 120mm wide pultruded section fabricated from glass reinforced polyester is 

shown in Figure Q2 below with the material specification. The section is used as a 

cantilever 3 m in length. Beams are to be used to support a mass of 500 Kg and are 

placed at the midpoint of the cantilever. If the beam is designed to have a maximum 

design strain of 0.2 %, determine the following using the data from the Table1. 
a) Sketch the effective shape of the cross section and determine the second 

moment of area.                       
(10 Marks) 

b) Determine the stress through the depth of each layer of the beam.       
(10 Marks) 

c) Sketch the stress distribution through the depth of each beam and indicate the 

salient values.              

(5 Marks) 

 
Figure Q2. Pultruded Cross section of the Beam 

Table 1: Details of the composite structure 

Material Efficiency 
Factor, % 

Modulus 
(GPa) 

Volume 
Fraction, % 

Thickness, 
mm 

Unidirectional 0.9 65 60 10 
Woven Roving 0.5 65 40 10 
CSM 0.25 65 30 40 
Polyester Resin - 3   

 

Total 25 marks 

PLEASE TURN THE PAGE….. 
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Q3 
a) The values of the endurance limits at various stress amplitude levels for low-alloy 

constructional steel fatigue specimens are given in the Table 2 below where σ 

indicates stress value and Nf for number of cycles for fatigue. 

Table 2, Stress & number of cycles 
 

σ (MN/m2) Nf (Cycles) 
550 1500 
510 10050 
480 20800 
450 50 500 
410 125000 
380 275000 

 
A similar specimen is subjected to the following program of cycles at the stress 

amplitudes stated; Nf =3000 at σ=510 MN/m2, Nf =12000 at σ=450 MN/m2 and Nf 

=80000 at σ= 380 MN/m2, after which the sample remained unbroken. Determine 

the additional cycles the specimen need to withstand at σ=480 MN/m2 prior to 

failure? Assume zero mean stress conditions.  
(12 Marks) 

 
b) The fatigue behavior of mild steel specimen under an alternating stress conditions 

with zero mean stress is given by the expression: 

σra.Nf=K 

Where σr, is the range of cyclic stress,  

Nf is the number of cycles to failure and K and ‘a’ are material constants of mild steel.  

If it is given that Nf = l06 when a= 300 MN/m2 and Nf = l08 when a = 200 MN/m2. 

Determine the constants K and ‘a’ and also find the life of the specimen when subjected 

to a stress range of 100 MN/m2. 

(13 Marks) 
 

Total 25 marks 

PLEASE TURN THE PAGE….. 
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Q4. 
For the portal frame which supports ship’s hull is shown in figure Q4 below, yield stress 

is 120 MPa, determine the following. 

 
a) Show all the possible collapse mechanism for the portal frame for figure Q4. 

 
           (5 Marks) 

b) Find the plastic modulus (Zp) for the portal frame. 
           (15 Marks) 
 

c) For the hollow rectangular cross section of the beam find the optimum beam 

dimensions for the likeliest failure mode, sketch the cross section showing the 

dimensions. 

           (5 Marks) 

 

Figure Q4, Portal frame with forces. 

         Total 25 marks 

PLEASE TURN THE PAGE….. 
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Q5 
The cross-section of an extruded aluminium alloy member 3m long is shown 

schematically in figure Q5 below. The section is subjected to a torque along its 

longitudinal axis.  For this situation: 

Thickness, t1= 0.015 m,   t2 = 0.011 m, t3 = 0.006 m. 

Lengths, AB = AG = 0.25m, BC = GF = 0.45m, BG = CF = CD = DE = EF = 0.35m.     

Take Modulus of rigidity, G= 30 GPa. 

 
Figure Q5, Cross section of aluminium alloy 

  

a) Determine maximum torque for an allowable shear stress of 50 MPa.  

(8 marks) 

b) For each wall thickness evaluate shear stresses in each part of the section and 
show the positions by a simple sketch       

(4 marks) 

c) Under the calculated torque determine the angle of twist 

 (3 marks) 

d) After field trials a redesign has been suggested. This involves removing section 

DE from the cross section shown. For this new section determine the maximum 

shear stress and the percentage increase in the angle of twist. 

 (10 marks) 
Total 25 marks 

END OF QUESTIONS 
PLEASE TURN THE PAGE FOR FORMULA SHEETS…. 
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Formula Sheet  

Elasticity – finding the direction vectors 

 

 
Where a, b and c are the co-factors of the eigenvalue stress tensor. 

 
Principal stresses and Mohr’s Circle 
Yield Criterion 

 

 

 

Von Mises 

 

Tresca  

 

 
 

PLEASE TURN THE PAGE….. 
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• Common angle of twist for all compartments: 

 
PLEASE TURN THE PAGE….. 

Torsion in close thin wall cross section (CTW) 

Torsion in multi-cells thin wall cross section  

Ti 

qi 

Ti Ti 

• Section considered as an assembly of N tubular sub-sections (compartments), each 

subjected to torque Ti as shown in the figure below: 

• Shear stress varies inversely 
with thickness 

 
• Shear flow q 

 
 

• Applied torque T 

 

• Angle of twist φ 

 
 

• Total torque 
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Where  is the shear flow of the main compartment,  is the shear flow due to torque in 
adjacent compartments,   the area of cross-section ,  is the thickness of the cross-
section and  is the circumference of the compartment. 

 

 

 

 
 

PLEASE TURN THE PAGE….. 
 
 
 
 
 

Torsion in open thin wall cross section (OTW) 
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Fracture mechanics 
 
 

 

 
 
 
 

PLEASE TURN THE PAGE….. 
 

 
 
 

Table: Y values for plates loaded in tension 
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Life Calculations 
 

 

 

 
 
Composite materials 
 

 
Miners Rule. 

 

 

 
 

PLEASE TURN THE PAGE….. 
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Plastic Hinges 

 
END OF FORMULA SHEET 

END OF PAPER 
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