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Q1. Beam deflection 

A cantilever beam AB of length L is 5m long shown in Figure Q1 is needed. It will be 

used in aerospace to support a wing of a military plane. It has to carry a uniformly 

distributed load of intensity wo = 8 KN/m, The modulus of elasticity E=205 GPa.  

 

 

 

 

 

 

 

 

 

 

a) Derive the equations for slope and deflections at free end of the beam.                                                                      
                                                                                                         (15 marks) 
 

b) Calculate the flexural rigidity (EI) of the beam if the maximum allowable deflection 
is not to exceed 3 mm at the free end.  

                                                                             (5 marks) 
 
c) Determine the dimension of the cross-section of beam if it has a solid circular cross 

section.                                                                                                     (5 marks)                                                                                                                                
 

 
  
                                                                                                                

Total 25 Marks 

 

 

PLEASE TURN THE PAGE… 

 

 

 

Figure Q1 
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Q2. Thick cylinder 

A thick cylinder pressure vessel as shown in Figure Q2 has an outside diameter of 180 

mm and an inside diameter of 100 mm. It is pressurised internally until the outside layer 

has a circumferential stress of 42 MPa. If the modulus of elasticity E = 70 GPa and 

poissons ratio,ѵ = 0.28. 

 

 
 

Figure Q2 
 
Calculate: 
 

a) The hoop stress at the inner and outer radii of the pressure vessel 

                                                                                                            (15 marks)   

b) The longitudinal stress.                                                                        

                                                                                                            (5 marks)   

c) Sketch the hoop and radial stress distribution across the cylinder wall. 

                     (5 marks) 

                                                                                                              Total 25 Marks 
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Q3. Struts 
A hollow cylindrical column of cast iron is placed vertical and is hinghed at both ends, 

the column has external diameter of 120 mm and internal diameter of 80 mm, and it is 

4.2 m in height. Take modulus of elasticity, E=80 KN/mm2 and material constant 

c=1/1600, crushing stress as 𝜎𝜎𝑐𝑐= 550 N/mm2 

 

a)  Determine the Euler’s crushing load of the hollow cylindrical column. 
                                                                              (10 marks) 

b) Compare this load with the crushing load as given by Rankine’s 
 (10 marks) 

 
c) For what length of strut does the Euler’s formula cease to apply. 

    (5 marks) 
 

                                                                                                                  Total 25 Marks 

Q4: Vibrations 
An oscillating system has an axial stiffness of 2200 N/m and is subjected to damping 

where the damping coefficient is 130 N/(m/s). 

Determine: 

a) The mass of the system of its undamped natural frequency of 1.6 Hz. 
                        (5 marks) 

b)   The damping ratio of the system. 
                                                                   (5 marks) 

c) The periodic time and damping frequency. 
                                                                                                    (5 marks) 

d) The second positive amplitude after one periodic time of the first positive 
amplitude is 0.2 m. 
                                                                                          (5marks) 

e) Develop the x= f(t) diagram for the d) part of the question. 
                                                                       (5marks) 

                                                                                                                Total 25 Marks 
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Q5: Mohr circle and Principal Stresses  

A pressure vessel is made of a ductile material is subjected to a two dimensional  

stress system as shown on its element shown in Figure Q5 below. 

The stress in X direction is 50 MPa in tension, 30 MPa compressive in Y direction, and 

shear stress of 20 MPa in clockwise and anticlockwise direction. 

 

a) Sketch a Mohr’s Stress Circle from the information provided in Figure Q5, 

labelling  𝜎𝜎1, 𝜎𝜎2 the principal stresses and the maximum shear stress 𝜏𝜏𝑚𝑚𝑚𝑚𝑚𝑚.                                                                   

Select a suitable scale for the Mohr’s Stress circle.  (10 marks) 

 
b) Determine from the circle 

 
(i) the direct and shear stress on a plane AB which is making and angle of 

25 degress, the plane AB is is perpendicular to the 𝜎𝜎𝑚𝑚 

                                                                                                  (5 marks) 
(ii) the magnitude and direction of the principal stress 

                                                                                                  (5 marks) 
(iii) the magnitude and direction of the shear stress. 

                                                                                                  (5 marks) 

 
Figure Q5 

 
Total 25 Marks 
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Q6: Unsymmetrical bending 

A beam cross section of various length and thickness is showm in the Figure Q6, the 

beam is unequal in nature and when the loads are applied on the beam, the beam exihibit 

unsymmetrical bending. 

For the beam determine. 

a) the centroid of the cross section of the unequal beam. 
(9 marks) 

b) the position of principal axis and  
(8 marks) 

c) the values of the principal moments of the area  
(8 marks) 

 

Figure Q6 

Total 25 Marks 
 

 

END OF QUESTIONS 
 
 
 

FORMULA SHEETS OVER THE PAGE…. 
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FORMULA SHEET 
Deflection:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Cantilever beam with UDL: 
 
 
 
 
 
 
 
 
 
M: maximum bending moment (Mmax=ωL2/2) 
Maximum bending stress: 
 

𝜎𝜎𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 =
𝑀𝑀𝑀𝑀
𝐼𝐼

 
 
M: maximum bending moment  
Y: distance from neutral axis 
I: second moment of area 
 

PLEASE TURN THE PAGE… 
 

 

 

For solid rectangular 
Cross-section 

 

𝐼𝐼𝑚𝑚𝑚𝑚 =
𝑏𝑏𝑑𝑑3

12
 

  

b 

d 
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Slope at the ends: 
𝑑𝑑𝑀𝑀
𝑑𝑑𝑑𝑑

=
ω𝐿𝐿3

6𝐸𝐸𝐼𝐼
 

 
Maximum deflection at the middle: 

𝑀𝑀 = −
𝜔𝜔𝐿𝐿4

8𝐸𝐸𝐼𝐼
 

 
 
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) 
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Lame’s equation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Vibrations:  

 
Free Vibrations: 

 

𝑓𝑓 =
1
𝑇𝑇

                   𝜔𝜔𝑏𝑏 = 2𝜋𝜋𝑓𝑓 = �𝑘𝑘
M

              

 
Damped Vibrations: 

         
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE… 

 

�
𝑑𝑑1
𝑑𝑑𝑟𝑟
� = 𝑒𝑒^𝜁𝜁𝜔𝜔𝑏𝑏(𝑟𝑟 − 1)𝑇𝑇 

𝑓𝑓𝑏𝑏 =
1

2𝜋𝜋
�
𝑘𝑘

M
                𝑐𝑐 = 𝜁𝜁2𝑚𝑚 𝜔𝜔𝑏𝑏        𝜁𝜁 =

𝑐𝑐
𝑐𝑐𝑐𝑐

                       

𝑓𝑓𝑏𝑏 = 𝑓𝑓𝑏𝑏�1 − 𝜁𝜁2 
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Stress 
 
σ = Force/Area = F/A 
 
Hook’s law 
 
σ = E∙ε 
 
ε = ∆L/L 
 
 
Quadratic equation: ax2+bx+c=0 
 
Solution: 

𝑑𝑑1,2 =
−𝑏𝑏 ± √𝑏𝑏2 − 4𝑎𝑎𝑐𝑐

2𝑎𝑎
 

 
Allowable stress: 𝝈𝝈𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 
 

𝝈𝝈𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 =
𝝈𝝈𝒚𝒚𝒚𝒚𝒂𝒂𝒂𝒂𝒚𝒚

𝑭𝑭𝒂𝒂𝑭𝑭𝑭𝑭𝒂𝒂𝑭𝑭 𝑶𝑶𝑶𝑶 𝑺𝑺𝒂𝒂𝑶𝑶𝒂𝒂𝑭𝑭𝒚𝒚
 

 
 
Struts: 
 

𝐼𝐼 = 𝑘𝑘2𝐴𝐴 
 

𝑘𝑘 = �𝐼𝐼
𝐴𝐴
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Euler validity 

𝑆𝑆𝑆𝑆𝑒𝑒𝑠𝑠𝑑𝑑𝑒𝑒𝑟𝑟𝑠𝑠𝑒𝑒𝑠𝑠𝑠𝑠 𝑟𝑟𝑎𝑎𝑟𝑟𝑠𝑠𝑐𝑐 = 𝑆𝑆𝑆𝑆 =
𝐿𝐿𝑏𝑏
𝑘𝑘
≥ 𝜋𝜋�

𝐸𝐸
𝜎𝜎𝑦𝑦𝑏𝑏𝑏𝑏𝑦𝑦𝑏𝑏

 

 
 
 
 
 
 
 
 
 
 
 
 

𝒂𝒂 =
𝝈𝝈𝑭𝑭

𝝅𝝅𝟐𝟐 ∙ 𝑬𝑬
 

 
 
 

Centroid. 
 

 
 
 

                   
                                

 

    Please turn the page… 
 
 
 

 

 

 

PAST
 E

XAM
IN

ATIO
N



 
Page 12 of 12 

School of Engineering 
B.Eng (Hons) Motorsport Engineering 
Semester Two Examination 2022/23 
Engineering Science II 
Module No. MSP5016 

 
 

 

 
𝒂𝒂 =

𝝈𝝈𝑭𝑭
𝝅𝝅𝟐𝟐 ∙ 𝑬𝑬
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