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Question 1 
 

a) In thermal energy storage tank at working temperature measured direct tensile 

stresses in x, y and z directions are 120 MPa, -50 MPa and 80 MPa 

respectively. At measured working condition the storage part has a shear stress 

in the xy direction of 30 MPa and -25 Mpa in the xz direction. 

(i) Draw the elemental cube showing the stresses acting.       

(04 marks) 

(ii) Using this information show that the maximum principal stress is 136 

MPa.   

(08 marks) 

     

(iii) Determine the three angles (α, β and γ) which describe the direction of 

the maximum principal stress relative to xyz co-ordinate system. Produce 

also a sketch showing this principal stress relative the elemental cube. 

(07 marks) 

b) What will be the minimum yield strength needed for the material if it is to have a 
factor of safety of 2.5. Use von Mises yield criterion to determine this, and 
assume the other principal stresses are 69 MPa and -55 MPa 

(06 marks) 

 
 

 
Total 25 marks 
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Question 2 
 

a) A simply supported beam of dimensions 80 mm wide by 6m long is   

manufactured from glass- reinforced polyester with symmetrical cross-section 

construction is shown in Figure Q2 below. Using the material and structural 

properties given in the Table Q2, Calculate the number of beams required if 

the beam needs to support 12.5KN at it’s mid-point. Assume that each beam 

supports the same load and that the Elastic Modulus of Glass is 70 GPa and 

that the materials design strain is 0.2%. The resin used has an Elastic Modulus 

of 2.7 GPa.  

(15 Marks) 

b) For the beam section given in the question, sketch the stress distributions 

through the depth of the beam indicating salient values. 

(10 Marks) 

 

Figure Q2  

Table Q2. 

TYPE UD WR CSM 

Reinforcement E-Glass E-Glass E-Glass 

Volume fraction (%) 67 50 30 

Efficiency Factor 0.9 0.6 0.2 

 

Total 25 marks 
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Question 3 
 

The mean dimensions of an airplane wing can be approximated as shown in 
figure Q3. The figure shows cross sectional view of the leading edge and 
torsion box. The wing is made of an aluminum alloy which is having an 
allowable shear stress of τmax= 150 Mpa. The wing wall thickness is 15mm and 
other dimensions are as shown in the figure. If aluminum alloy have shear 
modulus 27×109 determin, 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

figure Q3 
 
a) The maximum allowable torque  

(15 Marks) 

 
b) The corresponding angle of twist per meter length of the wing. 

(10 Marks) 

 

 
Total 25 marks 

 

Please turn the page 
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Question 4 
 
The structure in Figure Q4 consists of a rigid beam AB and five rods placed 
symmetrically about line CD. A load P is applied to the beam as shown. The members 
are made of an elastic-perfectly plastic steel (E = 210 GPa), and they each have a 
cross sectional area of 105 mm2. Rods CD, FG, and HJ have a yield point stress equal 
to Y1 = 550 MPa, and rods MN and RS have a yield point equal to Y2 = 270 MPa. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure Q4 

 
a) Draw the free-body diagram for the structure show in figure Q4. 

           (02 Marks) 
 

b) Assuming weight of the beam is zero, determine the magnitude of load P and the 
corresponding displacement of beam AB for P = PY,  the load for which yield first 
occurs in the structure. 
 
           (06 Marks) 

 
c) Repeat part (b) for P = PP, the fully plastic load, that is, the load for which all rods 

have yielded. 
(10 Marks) 

d) The fully plastic load PP is gradually removed. Determine the residual forces that 
remain in the rods of the structure.       

 (07 Marks) 
 

         Total 25 marks 
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Question 5 
a) The beam in Figure Q5a is made from an aluminum alloy (E = 72.0 GPa, 

Y=330 MPa, σU = 470 MPa, and σam = 170 MPa for 107 cycles of completely 

reversed load). The beam is subjected to 107 completely reversed cycles of 

load P. If h = 200 mm and p = 25.0 mm, determine the magnitude of P, based 

on a factor of safety of 2. 

 

 

 

 

 

 

 

 

Figure Q5a 

(13 marks) 

b) A 2 m column with the cross section shown in Figure Q5b is constructed from 

two pieces of timber. The timbers are nailed together so that they act as a unit. 

Determine, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure Q5b 
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i. The slenderness ratio,  

ii. The Euler buckling load (E = 18 GPa for timber) 

iii. The axial stress in the column when Euler load is applied.  

 

Total 25 marks 

END OF QUESTIONS 

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 
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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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 Common angle of twist for all compartments: 

 
Please turn the page 

 
 

 

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. 

Fracture mechanics 

 

 

 

Table: Y values for plates loaded in tension 
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Life Calculations 

 

 

 
 

Composite materials 

Plastic Hinges. 

Hollow Rectangular cross section  
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END OF FORMULAS 


