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5a.  Increase in the ductile-brittle transition temperature (DBTT) of a low strength 

plain carbon steel: 
1) Chemical environment:  Increasing amounts of embrittling agents, 

such as hydrogen, increases the DBTT. 
2) Strain Rate: Increasing strain rate will lead to an increase in DBTT 

because dislocation motion (required for ductile transition) is not given 
sufficient time to occur in response to the applied load. 

3) Alloy Composition: Increasing the concentration of carbon increases 
the DBTT.  Carbon can inhibit the dislocation motion required for 
ductile deformation. 

4) Geometry: Plane stress vs. Plane strain.  Thicker plates (plane strain) 
have a higher DBTT.  For thin plates (plane stress) the deformation 
zone size is roughly equal to the thickness.  Fracture can occur by 
ductile tearing, etc. 

5) Work Hardening 

5b. Chalk is an ionic solid with no significant dislocation mobility.  Therefore, it is 
very brittle and the principal crack-driving stresses are those that are normal to the 
crack face (i.e. those which are oriented 45° to the axis of the specimen). 

 
 In contrast, Plasticene is a polymer capable of significant plastic deformation.  

Failure is ductile and occurs via shear.  Shear stresses are maximum normal to the 
axis of the specimen    

 



5c.  Tempering of glass is a thermomechanical processing step that induces a residual 
compressive stress in the surface of the glass.  The residual compressive stress 
suppresses the growth of cracks on the surface of the glass.  When glass is loaded 
in tension, failure almost always initiates from surface flaws.  For the case of 
tempered glass, before the applied tensile stress can exert any tensile load on the 
cracks, it must first overcome the residual compressive stress that exists due to the 
tempering process, and thus tempered glass is more resistant to tensile fracture 
than ordinary glass, and can sustain larger tensile loads.    

 
 The process of tempering occurs by cooling the glass surface (using jets of cool 

air or water) while it is still hot and able to flow.  The cooling causes the outer 
surface to contract, while the inner core is still hot and flows along with the 
contracting outer surfaces.  When the core finally cools, it contracts and puts the 
outer surface into residual compression, while the core is put into residual tension.  
Tempering of glass is somewhat analogous to shot-peening of metals as it 
represents a processing step which induces a beneficial compressive residual 
stress in the surface layer.  Tempered glass has been used for many applications 
(e.g. automobile windshields).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Problem 6. 

 
 
 
 
 
 
 
 
 



 
 
 



 


