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ABSTRACT 

Some polymeric materials develop a semi-crystalline micro-structure during the cooling 

process from the molten state. These semi-crystalline polymers are used in many 

different industries and in load-bearing applications. For optimal use of these materials, it 

is needed to predict the thermo-mechanical behaviour of these materials in a quantitative 

manner. During some manufacturing processes for polymeric products, such as injection 

molding or film blowing, the material is under shear or elongational flow resulting in an 

oriented micro-structure after crystallization, which leads to anisotropic mechanical 

behavior.  

The two-phase amorphous-crystalline structure is the basis of the so-called composite 

inclusion model, which is used and extended in this study, on hot-drawn Polyethylene 

tapes. The semi-crystalline material is considered as an aggregate of preferentially (due 

to the oriented micro-structural morphology) distributed inclusions. A hybrid interaction 

model is used to relate the mechanical behavior of each composite inclusion to the 

imposed boundary conditions of the aggregate of inclusions. Both crystalline and 

amorphous phases are considered to show elasto-viscoplastic behavior. In order to take 

into account the effect of drawing on both phases, in addition to the crystallographic 

oriented micro-structure, an anisotropic model is developed for the amorphous phase. A 

pre-stretched EGP (Eindhoven Glassy Polymer) model is incorporated into the micro-

mechanical model for the amorphous phase to include an internal stress in the elastic 

network of the amorphous phase. Moreover, an anisotropic viscoplastic flow rule is used 

based on the effective stress of Hill. The yield behavior of oriented Polyethylene tapes is 

studied at different loading angles and the simulations are compared against the 

experimental results. Considerable improvements in the micro-mechanical model 

predictions are obtained for the yield kinetics of hot-drawn Polyethylene tapes by 

incorporating an anisotropic model for the amorphous phase. The results show the 

significance of the amorphous phase orientation on the overall yield kinetics of semi-

crystalline Polyethylene.  
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