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12 (long) 

(a) Explain the 3 principal mechanisms by which metals are strengthened. 

 
(b) Account briefly for strengthening mechanisms responsible for the following 

increases in yield stress: 

   
  (i) Pure annealed aluminium alloyed with Mn and Mg increases the yield 

stress of Al from 50 MPa to 200 MPa.       

           

 (ii) Pure copper alloyed with 40%Zn and cast increases the yield stress of 

Cu from 35 MPa to105 MPa.       

           

 (iii) Pure iron alloyed with 0.4%C, quenched from high temperature and 

tempered, increases the yield stress of an annealed medium carbon steel from 140 MPa 

to 550 MPa.  

          
 (c) For each of the 3 principal strengthening mechanisms, give an example of 

other important engineering alloys which exploit these mechanisms.   

 
 (d) The tensile yield strength, σy, of pure aluminium is 30 MPa.  Estimate the 

enhancement in yield strength of aluminium that contains 5% by volume of CuAl2 

particles of 80 nm diameter in a slip plane within the aluminium.  The shear modulus, 

G, of aluminium is 26 GPa and its burgers vector, b, is 3 x 10-10 m.   

           
(e) Account for any changes in yield strength of the Al-Cu alloy if: 

 
(i) dispersion of particles is non-uniform;    

           
(ii) particle size increases with time at elevated temperature.  

            

END OF PAPER 

 

Question 12(d) – corrected 02/05/11 

 

 
[6] 
 
 
 
 
 
 
 
[3] 
 
 
 
[3] 
 
 
 

 
[3] 
 
 
 
[5] 
 
 
 
 
 
 
[6] 
 
 
 
[2] 
 
 
[2] 




