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Question 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a. The element shown above is subjected to shear stresses ( xy  ) only.  Given that 

 2sin
2

1
cossin  , prove that, for this complex stress system, the stress 

perpendicular to the inclined plane is given as; 

 

𝜎𝜃 = xy  sin 2𝜃 

[7 marks] 

 

b. For the element shown above, the angle θ is 30⁰ and the shear stress xy  is  –30 MPa. 

Determine the values of stress acting perpendicular and parallel to the inclined plane. 

 

[4 marks] 

 

c. If the shearing stress described in section b was reversed in direction and a tensile 

stress of 40MPa was applied in the x direction at the same time, calculate the 

magnitude of the principal stresses and the direction of the planes on which they act. 

 

[6 marks] 

 

d. Sketch a suitable diagram showing the complex stress system described in part (c), 

along with the principal stresses and the planes on which they act within the element. 

 

[3 marks] 
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Formula Sheet 

2

2

dx

yd
EIM   

 

  2cos1
2

1
cos2   

  2cos1
2

1
sin 2   

 

𝜎𝜃 =  
1

2
 (𝜎𝑥 + 𝜎𝑦) +

1

2
(𝜎𝑥 − 𝜎𝑦) cos 2𝜃 + 𝜏𝑥𝑦 cos 2𝜃 

 

 

𝜏𝜃 =  
1

2
(𝜎𝑥 − 𝜎𝑦) sin 2𝜃 −  𝜏𝑥𝑦 cos 2𝜃 

 
 

𝜎1,2 =  
1

2
 [(𝜎𝑥 + 𝜎𝑦)  ±  √(𝜎𝑥 − 𝜎𝑦)

2
+  4𝜏𝑥𝑦

2   ] 

 

 

𝑡𝑎𝑛 𝜃 =  
𝜎𝑝 − 𝜎𝑥

𝜏𝑥𝑦
 

 

𝜎𝐿 =  
𝑝𝑑

4𝑡
 

 

Δ𝐿 =  
𝑝𝑑

4𝑡𝐸
 (1 − 2𝜐)𝐿 

 

 

Δ𝑉 =  
𝑝𝑑

4𝑡𝐸
 (5 − 4𝜐)𝑉 

 

 

𝜎𝐻 =  
𝑝𝑑

2𝑡𝜂𝐿
 

 

 

𝜎𝐿 =  
𝑝𝑑

4𝑡𝜂𝐶
 

 

 

 

Diwedd/End 


