
Chapter 17. Continuum Mechanics 

- Three-Dimensional stress and strain 

∙ Mechanical properties : deformation under loading behavoir 

∙ Deformation : geometrical shape, the way of load application . 

               History (sample preparation) 

               Rate of application load(frequency, time) 

∙ stress existing at any point in a material-three arbitrary coordinate 

directions 

 

 

 

 

 

 

 

 

 

 

∙ First subscript : direction of normal to the plane on which the stress 

acts 

∙ Second subscript : the direction of force itself (stress) 

∙ Three normal stresses - 11τ , 22τ , 33τ  

∙ Six shear stresses - 12τ , 13τ , 21τ , 23τ , 31τ , 32τ  

∙ stress tensor - These nine quantities, necessary for specifying the 

state of stress at a point completely, are the components of the stress 



tensor 

 

 

 

 

∙ The goal of continuum mechanics - to develop general constitutive 

relations (between the stress and rate of strain) and use them for 

predicting material response in the widest variety of situations. 

∙ For equilibrium viscometric flows of incompressible fluids (assumption) 

- There are two independent differences of the normal stresses in 

shear flows. 

  1σ  = 11τ  - 22τ  (first normal stress differences) 

2σ  = 22τ  - 33τ  (second normal stress differences) 

∙ Fluid moves along one coordinate direction only and its velocity varies 

only in one other coordinate direction :  

1 direction - the direction of fluid velocity 

2 direction - the direction of velocity variation 

3 direction - the remaining neutral direction 

∙ For polymeric fluids :  

1σ−  > 2σ+  

∙ the first normal stress difference is practically always negative and 

numerically much larger than the second normal stress difference - 

polymeric fluids exhibit an extra tension aling the streamlines, (that is, in 

the 1 direction), in addition to the shear stresses. 

 



 

 

 

 

∙ The extra tension arises from the stretching(다시 random 상태로 돌아

가려고 하는 힘 -> elasticity effect) and alignment of the polymer 

molecules along the streamlines - polymer molecules act as small 

'rubber bonds' wanting to snap back (Weissonberg's effect) 

∙ The second normal stress difference is quite small - in a shear flow the 

fluid exhibits a small extra tension in the 3 direction.  

(Ref. R.B.Bird et al,. Dynamics of Polymeric Liquid, Chapter 2, Vol 1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 


