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SOLUTION OF HARD ROCK DISINTEGRATION PROCESS 

ŘEŠENÍ PROCESU ROZPOJOVÁNÍ TVRDÝCH HORNIN 

Abstract 

This paper is focused on the numerical analysis of the hard rock (ore) disintegration process. It 

will discuss the possibility of using computational modelling for the mechanical contact problem 

between the hard rock and the cutting bit. The bit (i.e. an excavation tool with a flat frontal side and a 

conical edge) moves and sinks into the hard rock and subsequently disintegrates it. The whole 

problem of the hard rock disintegration process (i.e. stress-strain relationship, contact forces, reaction 

forces and fracture of the ore) is solved via Finite Element Method (MSC.MARC/MENTAT 

software). Some results (reaction forces in the cutting bit etc.) are also compared with experimental 

measurements. 

Abstrakt 

Tento článek je zaměřen na numerickou analýzu rozpojování tvrdých hornin (rud). Což je 

problém počítačového modelování problematiky mechanického kontaktu mezi tvrdou horninou a 

řezným nástrojem. Nůž (tj. rozpojovací nástroj s plochým čelem a kuželovým břitem) se pohybuje a 

vniká do tvrdé horniny a následně ji rozpojuje. Celá problematika rozpojování tvrdých hornin (tj. 

napěťově-deformační stav, kontaktní síly, reakční síly a lom rudy) je řešená pomocí Metody 

konečných prvků (MSC.MARC/MENTAT software). Některé výsledky jsou také porovnány 

s experimentálními měřeními. 

 1 FINITE ELEMENT MODEL OF THE 

ORE DISINTEGRATION PROCESS 

Science/technical development supplies new 

ways for the solution of the ore disintegration process, 

see Fig.1. Hence, Finite Element Method (FEM, 

MSC.MARC/MENTAT 2005r3 software) was used in 

solution of the ore disintegration process. The basic 

boundary conditions and loads are described in Fig.2 

where u  and v  are prescribed displacements in X-axis 

and Y-axis directions. The bit is moving into the ore by 

the prescribed time dependent function )(tfu . There 

is also a mechanical contact with Coulomb's friction 

between the bit and platinum ore. 
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Fig. 1 Typical Example of Mechanical 

Interaction within the Bits and Hard 

Rock (i.e. Ore Disintegration Process). 
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Fig. 2  Boundary Conditions Scheme of the 2D 

Model (Plane Strain Formulation). 

Isotropic and homogeneous material 

properties was applied. The bit is made of 

sintered carbide (sharp edge) and steel. The 

ore material is elasto-plastic with yield limit 

MPa12R p
 and fracture limit 

MPa5.13R m
. When the bit is moving into 

the ore the equivalent von Mises stresses: 

HMH
 in the ore increases. When the situation 

mHMH R  occurs in some elements of the 

ore, then these elements break off (i.e. these 

elements are dead). Hence, the disintegration 

of a part of the ore is done. 

Four parallel computers (AMD 

Opteron 848, 4 GB RAM) were used to solve 

the large computational needs of this problem. 

 2 RESULTS OF FEM 

 

     

Fig.3 - t =0 s (Start of the Solution).  Fig. 4 - t = 3.714 110  s. 

     

Fig. 5 - t = 8.511 110  s.   Fig. 6 - t = 1.026 s. 
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The figures 3 to 6 show 
HMH

 distributions at some chosen time t. The moving of the bit is 

evident and also the subsequent disintegration of the ore caused by the cutting bit. From the results of 

FEM the reaction forces 
XR , 

YR  and total reaction force R  which act in the bit, can be calculated, 

see Fig.7. The maximum reaction force (acquired by FEM) is N4598R
FEM

MAX
. 

 

Fig. 7 Reaction Forces in the Bit. 

 3 COMPARSION OF FEM RESULTS WITH EXPERIMENTAL 

MEASUREMENTS 

The calculated forces (see Fig.7) can be 

compared with the experimental measurements 

(part of Fig.8). From the evaluation of experiments, 

it is evident that the maximum force is 

N5280R
EXP

MAX
. Hence, the relative error is: 

.%9.12
R

RR
100

EXP
MAX

FEM
MAX

EXP
MAX

MAX
R

 

However, the experiments also have a large 

variability of inputs caused by anisotropic and 

stochastic properties of the material and by the large 

variability of reaction forces, for example see Fig.8. 

 4 CONCLUSIONS 

The error of 12.9% of the FEM result (i.e. 

comparing with experiments) is acceptable. Hence, 

FEM can be useful tool for the solution of the ore 

disintegration process. All results were applied for 

optimalisation and new design of the bit. 

In the future will be applied 3D FE models 

(instead of 2D plane strain formulation), which can be more accurate. 

Because the material of the ore (i.e. yield limit, fracture limit, Young's modulus, Poisson's 

ratio etc.) has large variability, the stochastic theory and theory of probability can be applied. Hence, 

in the future the whole presented problem can be solved via the SBRA Method (Simulation Based 

 

Fig. 8 Experimental Measurements and its 

Comparison with the FE Solution. 
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Reliability Assessment Method). The SBRA Method, which is based on Monte Carlo simulations, 

can include all stochastic inputs and then all results are also of stochastic quantity. 

For more details see full version of this contribution. 

The work has been supported by the project FRVŠ 534/2008 F1b. 
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