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ABSTRACT 

Apart from the alloying elements, the through thickness properties and microstructure of hot rolled 

metal slabs are largely influenced by the strain sequence or roughing schedule employed during 

production. Using advanced material models within a finite element analysis environment, roll pass 

reduction schedules can be designed with a desired through thickness homogeneity or functional 

grading in mind. To do this effectively, the material model used during simulation should capture all 

of the relevant deformation mechanisms and physics.  

In this study, the formulation and implementation of a dislocation density based material model with 

recrystallisation [1] is presented. The model kinetic equation is based on that of the Mechanical 

Threshold Stress model [2] with extensions for large strain deformation [3], thermal recovery and the 

mean-field treatment of recrystallisation [4]. Multiple cycles of recrystallisation are accommodated 

with grain boundary mobility modelled as a function of temperature and average slip plane lattice 

incompatibility. The recrystallisation driving pressure on the other hand is provided by the 

dislocation build-up in the unrecrystallised material volume fraction. 

The model is characterised to simulate the response and static recrystallisation of a low alloy steel. 

The characterisation is done using a subset of experimental data [5] on the response and static 

recrystallisation of cylindrical test specimens. The specimens are subjected to different strain 

sequences. Comparison between the subset of unused experimental data and corresponding 

simulations is used to cross-validate the model. Here the model is seen to have the ability to replicate 

as well as predict material response to a fair degree due to the physically motivated mechanisms from 

which it is derived. A finite element study is finally presented to illustrate the possible effect different 

reduction schedules could have on the through thickness material state and the ability to asses these 

effects based on finite element simulations. 

 

REFERENCES 

[1] G.J. Jansen van Rensburg, Development and implementation of state variable based user 

materials in computational plasticity, Ph.D. Thesis, University of Pretoria (2016). 

[2] P.S. Follansbee and U.F. Kocks, “A constitutive description of copper based on the use of the 

mechanical threshold stress as an internal state variable”, Acta Mater., 36(1), 81-93 (1998). 

[3] S. Kok, A.J. Beaudoin and D.A. Tortorelli, “On the development of stage IV hardening using a 

model based on the mechanical threshold”, Acta Mater., 50(7), 1653-1667 (2002). 

[4] A.A. Brown and D.J. Bammann, “Validation of a model for static and dynamic recrystallization 

in metals”, Int. J. Plasticity, 32-33, 17–35 (2012). 

[5] R. Maubane, K. Banks, W. Stumpf, C. Siyasiya and A. Tuling, “The influence of initial grain 

size and strain sequence of slab hot rolling on the Austenite evolution of Peritectic microalloyed 

plate steels”, Adv. Mater. Res., 1019, 339-46 (2014). 
 


