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In this research, a previously developed rolling simulation code, based on a novel meshless collocation method, 
is upgraded from a deformation theory with ideal material properties to a new mechanical model that considers 
predefined defects even before the rolling process occurs. Considering homogeneous casted steel free of errors to 
enter a rolling mill will not produce any reliable predictions of possible failures. Depending on the rolling schedule, 
failure might occasionally happen during rolling as well, most likely due to high strain rates, shear stress, temperature 
gradient, friction, etc. However, most simulations that try to foresee those possible failures by only considering the 
rolling process parameters are incomplete. Even at the macro level, previous defects from the casting play a crucial 
role in failure that might occur or come very close to during rolling. The damage variable is initially defined as the 
density of micro-voids in the material. Instead of fracture mechanics, continuum damage mechanics is considered 
here to analyse the mechanical behaviour of the rolled steel in parallel with the damage evolution. As a result, a damage 
tensor is calculated during the hot rolling simulation based on the current deformation state. In each deformation step, 
the effective stress tensor is redefined with the inclusion of the damage tensor. For simplicity, a two-dimensional slice 
model is considered in the simulations. These slices are aligned parallel to each other and perpendicular to the rolling 
direction. Since the simulations are 2D, the damage tensor has no components towards the rolling direction. The 
main advantage of the upgraded simulation system is to have a more realistic material model that considers the initial 
defects of the steel and reveals the damage effects throughout the simulation. This gives a good virtual estimation of 
where and when to expect failure. The user determines a critical damage state, which could also be determined based 
on experiments. In this work, multiple rolling schedules obtained from the industrial partner are tested considering 
different levels of damaged input billet to be rolled. Overall, a computer program with a user-friendly interface has 
been created to visualise all those essential mechanical results and the damage field based on C# and .NET framework.
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INTRODUCTION
In this research, a rolling simulation system based on a 
novel meshless solution [1] is upgraded by considering 
a damage model. The current system can simulate the 
hot rolling of steel based on elastic or plastic material 
properties and gives out results in terms of temperature, 
displacement, strains and stress. The rolling mill is usually 
placed right after the reheating furnace, where the casted 
billets are heated to a certain temperature. When the billet 
is rolled, it is crucial to keep the amount of deformation 
in a certain range. In most simulations, the material is 
considered defect-free at the beginning, but in reality, it 
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already contains defects. All those unwanted contents/
errors may be assumed as damage. In each representative 
volume element, the amount of damage over the volume 
gives us the local damage value to be used in simulations.  

The first idea of including damage variables in the 
equations of material deformation is given by Kachanov 

and Rabotnov [2-3]. They introduced a scalar damage 
variable. Later, Lemaitre [4] and Chaboche [5-6] used 
laws of thermodynamics to describe damage behaviour. 
Lemaitre [7], Chow and Wei [8] also came up with multi-
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A numerical simulation is carried out with the initial damage 
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deformation based on the accumulated deformation 
history, which is much lower than the ideal material 
without damage. Second, the initial damage values are 
read and included in the damage evolution model to 
observe a more realistic damage evolution.

The damage value in damage evolution models 
tends to increase with deformation. However, in 
rolling, compressive stresses are dominant. Based on 
observations, most porosities might be eliminated 

with proper rolling schedules. In the future, we need 
to experimentally investigate damage evolution in 
compression and develop a more appropriate damage 
model for rolling simulations.
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