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Q1. Beam deflection 

A cantilever beam of length 𝐿𝐿 shown in Figure Q1 is used in aerospace to support a 
wing of a military aircraft. It has to carry a uniformly distributed load, 𝑤𝑤, which includes 
the weight of the beam and a factor of safety of 3.5 has to be applied. 

  
Given: 𝐸𝐸 = 70 𝐺𝐺𝐺𝐺𝐺𝐺, 𝐿𝐿 = 3𝑚𝑚, 𝑤𝑤 = 50 𝑘𝑘𝑘𝑘/𝑚𝑚. 

 
Figure Q1 

 

a) Calculate the flexural rigidity (𝐸𝐸𝐸𝐸) of the beam if the maximum allowable 
deflection is not to exceed 2 𝑐𝑐𝑚𝑚.                                                              
                                                                                                                [6 marks] 

 
b) Determine the diameter of the cross-section beam, 𝑑𝑑 , if it has a solid circular 

cross section.        
                                                                                                                       [8 marks] 
 
c) Calculate the maximum bending moment and the maximum bending stress.     

                                                                                                          [7 marks] 
                                                                   

 
d) Is the beam safe if the yield stress 𝜎𝜎𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 of the material used for the 

manufacturing process is 350 𝑀𝑀𝐺𝐺𝐺𝐺?                                                  

                                                                                                                       [4 marks] 
    

Total 25 Marks 
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Q2. Thick cylinder 

A thick cylinder has an outside diameter of 100 𝑚𝑚𝑚𝑚 and an inside diameter of 60 𝑚𝑚𝑚𝑚. 

It is pressurised 120 𝑀𝑀𝐺𝐺𝐺𝐺 on the inside surface. 

If 𝐸𝐸 =  210 𝐺𝐺𝐺𝐺𝐺𝐺 and 𝑣𝑣 =  0.27 - Calculate: 
 

a) The pressure difference between the inside and outside walls of the cylinder. 

                                                                                                          [7 marks] 
b) The circumferential stress on the outside and on the inside.   

                                                                                                            [5 marks]  
c) The longitudinal stress.                                                                        

                                                                                                          [3 marks] 
d) The circumferential strain in the inside and the outside layer.             

                                                                                                          [5 marks] 
e) The change in inner and outside diameter.                 

                                                                                                         [5 marks] 
 

                                                                                                              Total 25 Marks 
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Q3. Struts 
A straight steel alloy bar of thickness 4 𝑚𝑚𝑚𝑚 and width 10  𝑚𝑚𝑚𝑚 is axially loaded until 
buckling occurs. The steel alloy bar is free at both ends. 
 
Given: The yield stress is 350 𝑀𝑀𝑘𝑘/𝑚𝑚2. 

a) Calculate the length of the bar when 𝐸𝐸 =  70 𝐺𝐺𝑘𝑘/𝑚𝑚2 and the Euler buckling load 
is 80 𝑘𝑘.                                                                                      
                                                                                                            [6 marks] 

b) Calculate the radius of gyration of the bar. 
                                                                                                            [5 marks] 
 

c) Calculate the slenderness ratio of the bar. Assess the validity of the Euler formula 
based on this calculated value. 

                                                                                                                         [7 marks] 

 
d) Using Rankine-Gordon Strut theory, determine the maximum load that the 

straight aluminium alloy bar can support without buckling.      

                                                                                                                  [7 marks] 

 

                                                                                                                  Total 25 Marks 
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Q4: Principal Stresses 

 
Test procedures on an aluminium engine block have indicated the following stress state in the x 
and y directions: 90 MPa and 50 MPa in tension. Due to thickening of the section at the position 
of interest there are possibilities of a shear stress present, one related to xy with a value of 30 
MPa.   

a) Draw the square element showing the stresses acting on it.     
                                                                                                            [4 marks] 

b) Calculate the principal stresses using Formula Sheet. 

                                                                                                                  [5 marks] 

c) Calculate the principal stresses using Eigenvalue Matrix and compare them with 
the results from Q4b.  
                                                                                                            [6 marks] 

d) Calculate the principal stresses using Mohr cycle and compare them with the 
results from Q4b. 
                                                                                                            [6 marks] 

 
 

e) If the proof stress of the material in tension is 350 𝑀𝑀𝐺𝐺𝐺𝐺 and the material follows 
the von Mises yield criterion, determine the factor of safety associated with this 
point in the block.                                                                                    
                                                                                                            [4 marks] 
 

                                                                                                                Total 25 Marks 
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Q5: Application of Beam theory and FEA 

A part of a car frame can be simplified into a clammed-clammed beam as shown in 
Figure Q5. The length, 𝐿𝐿, breath, 𝑏𝑏, height, ℎ and thickness, 𝑡𝑡 of the beam are 1.5 m, 
10 mm 20 mm and 2 mm, respectively. The beam is made up of Aluminum Alloy 6063-
T6 and the properties of which are given in Table Q5. The beam is under a uniformly 
distributed load (UDL), 𝑤𝑤 of 560 N/m. The FEA technique was run (see the results at 
the appendix). 

 

Figure Q5: Car Frame containing a clammed-clammed beam under UDL. 

Table Q5: Properties of Aluminium Alloy 6063-T6 

Young’s Modulus, 𝐸𝐸 69 GPa 
Poisson’s ratio, 𝜈𝜈 0.33 
Yield Strength, 𝜎𝜎𝑦𝑦𝑦𝑦 220 
Ultimate Strength, 𝜎𝜎𝑈𝑈𝑈𝑈𝑈𝑈 250 

 

a) Find out the maximum shear force, 𝐹𝐹𝑦𝑦(𝑚𝑚𝑚𝑚𝑚𝑚) using analytical technique, and 
compare the given results from the FEA technique.       
                                                                                                        [4 marks] 
                      

b) Find out the maximum bending moment, 𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 using analytical technique, 
and compare the given results from the FEA technique.      

                                                                                                            [4 marks]                
b) Find out the maximum bending stress, 𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 using analytical technique, and 

compare the given results from the FEA technique.   
                                                                                                        [6 marks] 

c) Find the maximum deflection, 𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 using analytical technique, and compare 
the given results from the FEA technique.   
                                                                                                        [6 marks] 

Question 5 continues over the page…. 
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Question 5 continued…  

d) Determine the safety factors 𝑆𝑆𝐹𝐹1 and 𝑆𝑆𝐹𝐹2 for Yield Strength and Ultimate 
Strength of the material, respectively. Comment on the results.    
                                                                                                      [5 marks] 

                                                                                                                Total 25 Marks 
Equations:  

Second Moment of area, 

𝐸𝐸 =
𝑏𝑏ℎ3

12
−

(𝑏𝑏 − 2𝑡𝑡)(ℎ − 2𝑡𝑡)3

12
 

Perpendicular distance to the centroid,  

𝑦𝑦 =
ℎ
2

 

Maximum Shear Force, 

𝐹𝐹𝑦𝑦(𝑚𝑚𝑚𝑚𝑚𝑚) =
𝑤𝑤𝐿𝐿
2

 

Maximum Bending Moment,  

𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑤𝑤𝐿𝐿2

12
 

Maximum Bending Stress, 

𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑀𝑀𝑚𝑚𝑚𝑚𝑚𝑚𝑦𝑦

𝐸𝐸
 

Maximum Deflection, 

𝐷𝐷𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑤𝑤𝐿𝐿4

384𝐸𝐸𝐸𝐸
 

Safety Factors, 

𝑆𝑆𝐹𝐹1 =
𝜎𝜎𝑦𝑦𝑦𝑦
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚

        𝑆𝑆𝐹𝐹2 =
𝜎𝜎𝑈𝑈𝑈𝑈𝑈𝑈
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚

 

Total 25 Marks 
Question 5 continues over the page…. 
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Question 5 continued… 

Appendix: FEA results 

FEA Results 
Maximum Shear Force(magnitude), Fmax(N) 425 
Maximum Bending Moment(magnitude), Mmax (N.m) 110 
Maximum Bending Stress, σmax(Pa) 225*106 
Maximum Deflection, Dmax(mm) 22 
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FORMULA SHEET 
 
Deflection:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plane Stress: 
 

a) Stresses in function of the angle ϴ: 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE… 

 

 

 

𝜎𝜎𝑚𝑚(𝜃𝜃) =
𝜎𝜎𝑚𝑚 + 𝜎𝜎𝑦𝑦

2
 +   

𝜎𝜎𝑚𝑚 − 𝜎𝜎𝑦𝑦
2

cos(2𝜃𝜃) + 𝜏𝜏𝑚𝑚𝑦𝑦 sin (2𝜃𝜃) 

𝜏𝜏𝑚𝑚𝑦𝑦(𝜃𝜃) = −
𝜎𝜎𝑚𝑚 − 𝜎𝜎𝑦𝑦

2
𝑠𝑠𝑠𝑠𝑠𝑠(2𝜃𝜃) + 𝜏𝜏𝑚𝑚𝑦𝑦 𝑐𝑐𝑐𝑐𝑠𝑠(2𝜃𝜃) 

𝜎𝜎𝑦𝑦(𝜃𝜃) =
𝜎𝜎𝑚𝑚 + 𝜎𝜎𝑦𝑦

2
 −   

𝜎𝜎𝑚𝑚 − 𝜎𝜎𝑦𝑦
2

cos(2𝜃𝜃) − 𝜏𝜏𝑚𝑚𝑦𝑦 sin (2𝜃𝜃) 

For solid rectangular 
Cross-section 

 

𝐸𝐸𝑚𝑚𝑚𝑚 =
𝑏𝑏𝑑𝑑3

12
 

  

b 

d 
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b) Principal stresses: 

 
 
 
 
 
 
 
 
 
 
 
 

Lame’s equation 
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Stress 
 
σ = Force/Area = F/A 
 
Hook’s law 
 
σ = E∙ε 
 
ε = ∆L/L 
 
 
 
 
Cantilever beam with UDL: 
 
 
 
 
 
 
 
 
 
 
M: maximum bending moment (Mmax=ωL2/2) 
 
Maximum bending stress: 
 

𝜎𝜎𝑏𝑏𝑦𝑦𝑏𝑏𝑦𝑦𝑦𝑦𝑏𝑏𝑏𝑏 =
𝑀𝑀𝑦𝑦
𝐸𝐸

 
 
M: maximum bending moment  
Y: distance from neutral axis 
I: second moment of area 
 
Slope at the ends: 

𝑑𝑑𝑦𝑦
𝑑𝑑𝑑𝑑

=
ω𝐿𝐿3

6𝐸𝐸𝐸𝐸
 

 
Maximum deflection at the middle: 

𝑦𝑦 = −
𝜔𝜔𝐿𝐿4

8𝐸𝐸𝐸𝐸
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Yield Criterion 
 
Von Mises 
 
 
 
 
 
 
 
 
 
 
 
Quadratic equation: ax2+bx+c=0 
 
Solution: 

𝑑𝑑1,2 =
−𝑏𝑏 ± √𝑏𝑏2 − 4𝐺𝐺𝑐𝑐

2𝐺𝐺
 

 
Allowable stress: 𝝈𝝈𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 
 

𝝈𝝈𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 =
𝝈𝝈𝒚𝒚𝒚𝒚𝒂𝒂𝒂𝒂𝒚𝒚

𝑭𝑭𝒂𝒂𝑭𝑭𝑭𝑭𝒂𝒂𝑭𝑭 𝑶𝑶𝑶𝑶 𝑺𝑺𝒂𝒂𝑶𝑶𝒂𝒂𝑭𝑭𝒚𝒚
 

 
 
 
Struts: 
 

𝐸𝐸 = 𝑘𝑘2𝐴𝐴 
 

𝑘𝑘 = �𝐸𝐸
𝐴𝐴
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Euler validity 

𝑆𝑆𝑆𝑆𝑆𝑆𝑠𝑠𝑑𝑑𝑆𝑆𝑆𝑆𝑠𝑠𝑆𝑆𝑠𝑠𝑠𝑠 𝑆𝑆𝐺𝐺𝑡𝑡𝑠𝑠𝑐𝑐 = 𝑆𝑆𝑆𝑆 =
𝐿𝐿𝑦𝑦
𝑘𝑘
≥ 𝜋𝜋�

𝐸𝐸
𝜎𝜎𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

𝒂𝒂 =
𝝈𝝈𝑭𝑭

𝝅𝝅𝟐𝟐 ∙ 𝑬𝑬
 

 
 

END OF PAPER 
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