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1. The unit cells shown in Figs. 3.2a-c can be represented by hard-ball or hard-sphere models, similar to tennis 

balls arranged in various configurations in a box. In such an arrangement, the atomic packing factor (APF) is 

defined as the ratio of the volume of atoms to the volume of the unit cell. Find APF for the bcc structure, fcc 

structure and hcp structure.  

 

 
 

 

 

2. Calculate the theoretical (a) shear strength and (b) tensile strength 

for aluminum, plain-carbon steel, and tungsten. Estimate the ratios 

of their theoretical strength to actual strength.  

 

 

 

 

 

3. A strip of metal is reduced in thickness by cold working from 25mm to 15mm. A similar strip is reduced 

from 25mm to 10mm. Which one of these strips will recrystallize at a lower temperature? Why? 

 

 

4. Assume that a steel rule expands by 1 % because of an increase in environmental temperature. What will be 

the indicated diameter of a shaft whose actual diameter is 70.00 mm?  

 

 

  

Material E (GPa) 

Aluminum 79 0.34 

Plain-carbon steel 200 0.33 

Tungsten 400 0.27 



5. In order to make a high-pressure metal gas tank for hydrogen fuel, it is necessary to consider variable 

properties of material. Select material for spherical tank (diameter = 50cm, thickness of wall = 1cm) which 

should withstand 160atm, and discuss the reason for your selection. (Search specific properties on the internet) 

 

 

 

  



6. Draw axial stress profile through thickness of a beam under bending. Assume the material follows linear 

elastic-perfectly plastic stress-strain curve. The beam has rectangular cross section with width b and thickness h. 

 

(a) When maximum stress is lower than yield strength ( max < Y ) 

(b) When maximum stress is in plastic zone, but some parts of the beam are in elastic region 

(c) Calculate required bending moment for unloading (Hint: Assume that the end point of elastic range from 

neutral axis is 𝑧𝑌.). Draw axial stress profile when bending moment in opposite direction is applied to unload. 

Compare the stress profile with the profile in problem (b). 

(d) Draw residual stress profile through thickness of the beam. 

 

 


