
 

 

  

Abstract—This paper focuses on the probabilistic numerical 
solution of the problems in biomechanics and mining. Applications of 
Simulation-Based Reliability Assessment (SBRA) Method are 
presented in the solution of designing of the external fixators applied 
in traumatology and orthopaedics (these fixators can be applied for 
the treatment of open and unstable fractures etc.) and in the solution 
of a hard rock (ore) disintegration process (i.e. the bit moves into the 
ore and subsequently disintegrates it, the results are compared with 
experiments, new design of excavation tool is proposed. 
 
Keywords—probabilistic approach, engineering design, 

traumatology, rock mechanics 

I. INTRODUCTION 

ET us consider the Simulation-Based Reliability 
Assessment (SBRA) Method, a probabilistic direct Monte 

Carlo approach, in which all inputs are given by bounded 
histograms. Bounded histograms include the real variability of 
the inputs, see references [1], [2], [4], [5], [7], [10] and [11]. 

Application of the SBRA Method is a modern and 
innovative trend in mechanics. Using SBRA Method, the 
probability of failure (i.e. the probability of an undesirable 
situation) is obtained mainly by analyzing the reliability 
function “RF”: 

 
SRFRF −= , (1) 

 
see Fig. 1. Where “RV” is the reference (allowable) value and 
“S” is a variable representing the load effect combination. The 
probability of failure is the probability that “S” exceeds “RV”, 
i.e.: 

 

( )0RF ≤P . (2) 

 
The probability of failure is a relative value depending on 

the definition of “RV” and it usually does not reflect an 
absolute value of the risk of failure (for example, it usually 
does not correspond to a “total” collapse). 

Hence, this paper focuses on the probabilistic numerical 
solution of the problems mainly in biomechanics (i.e. 
designing of the external fixators applied in traumatology and 
orthopaedics) and also in geomechanics (i.e. solution of a hard 

 
Assoc. prof., M.Sc. Karel Frydrýšek, Ph.D., ING-PAED IGIP; Department 

of Mechanics of Materials, Faculty of Mechanical Engineering, VŠB - 
Technical University of Ostrava, 17. listopadu 15/2172, 708 33 Ostrava, 
Czech Republic (phone: +420 597323495, e-mail: karel.frydrysek@vsb.cz). 

rock disintegration process in mining). Application of the 
SBRA Method connected with the Finite Element Method 
(FEM) in these areas is a new and innovative trend in 
engineering. 

 

 
 

Fig. 1 Reliability function RF (SBRA Method) 
 

II.   SBRA METHOD IN BIOMECHANICS – REPORT ABOUT THE 

DESIGN OF EXTERNAL FIXATORS APPLIED TO THE TREATMENT 

OF OPEN AND UNSTABLE FRACTURES 

 
 

Fig. 2 Design of external fixators a) based on metals - current design, 
heavier, expensive etc. b) based on polymers reinforced by carbon 

nanotubes - new design, lighter, x-ray invisible - leads to shortening 
the operating time and reducing the radiation exposure of patients and 
surgeons, with antibacterial protection, cheap, overall more friendly 

etc.) 
According to the current studies and research, performed at 

VŠB – Technical University of Ostrava and Traumatology 
Centre of the University Hospital of Ostrava (Ostrava, Czech 
Republic), for example see references [3], [6], [9], [12], [13], 
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[14] and [15], the current design of external fixators must be 
modified, see Fig. 2 and 3. 

 

Fig. 3 Current design of external fixators 
 
Fixators can be applied in traumatology, surgery and 

orthopaedics for treatments such us: open and unstable 
(complicated) fractures, limb lengthening, deformity 
correction, consequences of poliomyelitis, foot deformities, 
hip reconstructions, for treatment of humans and animals etc. 
However, there are real needs to make a modern design of 
fixators which satisfy new trends and demands in medicine, 
see references [3] and [6]. These demands, which are mutually 
connected, are solving by: 

A. Applications of new smart materials 

 The outer parts of fixators must be x-ray invisible - which 
leads to shortening the operating time and reducing the 
radiation exposure of patients and surgeons. Antibacterial 
protection - application of nanotechnologies on the surface of 
the outer parts of the fixators to prevent or reduce possible 
infection (see references [14] and [15]) and weight 
optimalization, see Fig. 4. It is possible to satisfy all these 
demands by new composite materials using proper polymers 
reinforced by the carbon nanotubes (CNT) or carbon fibres. 
Some current solutions based on light metals are heavy and 
visible in x-ray diagnostic, see Fig. 5. 

 

 
 

Fig. 4 Problems with high x-ray absorption (it is difficult to see 
broken limbs because there are too many metal parts) 

 
Fig. 5 Mechanical activated CNT for polymer composites preparation 
 

B. New design 

(According to shape, ecological perspective, patient's 
comfort, reducing the time of the operation, reducing the 
overall cost, "friendly-looking design", shape optimalization, 
see Fig. 2). 

C. Measuring of the real loadings  
Strain gauges etc., statistic evaluation, see Fig. 6 

 

 
 

Fig. 6 Typical loading spectrum of an external fixator (SBRA 
Method – probabilistic input) 

 

D. Numerical modelling and experiments 

I.e. stochastic approach, SBRA Method application, FEM, 
etc., to avoid the overloading and undesirable situations, see 
Fig. 6 and 7. 
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Fig. 7 Numerical modelling for treatment of pelvis and acetabulum 

 
The new proposed designs of the external fixators cannot be 

more specifically described here, for confidentiality reasons. 
However, the methodology of designing is based on the 
probabilistic approach (SBRA Method), see also the end of the 
chapter III in this text. 

III. SBRA METHOD IN MINING – REPORT ABOUT THE 

SOLUTION OF A HARD ROCK DISINTEGRATION PROCESS 

The provision of sufficient quantities of raw materials is one 
of the main limiting factors of further industry development. 

It is therefore very important to understand the ore 
disintegration process, including an analysis of the bit (i.e. 
excavation tool) used in mining operations. The main focus is 
on modelling of the mechanical contact between the bit and 
the platinum ore and its evaluation (i.e. practical application in 
the mining technology), see Fig. 8. However, material 
properties of the ore have a large stochastic variability. Hence, 
the stochastic approach (i.e. SBRA Method in combination 
with FEM is applied). MSC.Marc/Mentat software was used 
in modelling this problem, see Fig. 9 and reference [1], [2] and 
[4]. 

 
 

Fig. 8 Typical example of mechanical interaction between bits and 
hard rock (ore disintegration process) 

 
Fig. 9 Ore disintegration process (FEM model) 

 
 
The bit moves into the ore with the prescribed time 

dependent function and subsequently disintegrates it. When 
the bit moves into the ore (i.e. a mechanical contact occurs 
between the bit and the ore) the stresses increase. When the 
equivalent stress is greater than the tensile strength in some 
elements of the ore, then these elements break off. Hence, a 
part of the ore disintegrates. This is done by deactivating the 
elements, see Fig. 10 and 11. 
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Fig. 10 Disintegration of the ore and movement of the bit – beginning 
of the solutions (equivalent von Misses stresses distributions, results 

of one Monte Carlo simulation) 
 
 

 

 

 

 
Fig. 11 Disintegration of the ore and movement of the bit (equivalent 

von Misses stresses distributions, results of one Monte Carlo 
simulation) 

 
 The ore material is elasto-plastic with isotropic hardening 
rule. The probabilistic inputs, i.e. elastic properties (Modulus 
of elasticity “E (Pa)” and Poisson's ratio “µ (1)”) and plastic 
properties (yield stress “Rp (Pa)” and fracture stress 
“Rm (Pa)”) are described by bounded histograms, see Fig. 12 
and 13. 
 

 
Fig. 12 Material properties (Finite element  model) 

 
 
Fig. 13 Material properties of the ore (probabilistic inputs, stress vs. 

plastic strain) 
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From the results, the total reaction forces 
calculated. These forces act in the bit, see Fig
of the total reaction forces acquired from 500 Monte Carlo 
simulations - stochastic result, i.e. print of 500 curves). The 
calculated maximum forces (i.e. SBRA-FEM solutions) can be 
compared with the experimental measurements. However, the 
experimental results also have large variability due to the 
anisotropic and stochastic properties of the material and due to 
the large variability of the reaction forces. 

(a) 

 

(b) 
Fig. 14 Reaction forces in the bit (probabilistic out

 
 
Reliability function “RF” (in this case, measured in 

newtons), see equation (1) and references 
can be defined by: 

RRRF
FEMSBRA,MAXVALLOWABLEMAXV −=

 
where “

ALLOWABLEMAXVR  (N)” is the allowable reaction force 

in the cutting bit, which can be acquired from the real capacity 
of the whole cutter-loader system in the mine and 

N5068R 1098
984FEMSBRA,MAXV

+

−=  is the maximum tota

reaction force (acquired from 500 Monte Carlo simulations 
and solved by FEM). If situations when: 

the cutter-loader system is overloaded. Else if 
safe situations of loading occurs. 

Hence, fully probabilistic assessment can be calculated by 

 

From the results, the total reaction forces “Rv (N)” can be 
calculated. These forces act in the bit, see Fig. 14 (distribution 
of the total reaction forces acquired from 500 Monte Carlo 

stochastic result, i.e. print of 500 curves). The 
FEM solutions) can be 

compared with the experimental measurements. However, the 
xperimental results also have large variability due to the 

anisotropic and stochastic properties of the material and due to 
 

 

 

Reaction forces in the bit (probabilistic outputs) 

(in this case, measured in 
and references [1], [10] and [11], 

 

,
FEM

 (3) 

is the allowable reaction force 

in the cutting bit, which can be acquired from the real capacity 
system in the mine and 

is the maximum total 

reaction force (acquired from 500 Monte Carlo simulations 
: 0RF≤  occur, then 

loader system is overloaded. Else if 0RF> , then 

lly probabilistic assessment can be calculated by 

comparing of probabilities, see equation (2)
 

( ) ,0RF ALLOWABLEPP ≤≤  

 
where, “ ALLOWABLEP ” is the acceptable probability of 

overloading of the cutting-loader system. This over
sometimes really occurs in the mine. Value of 

can be given by chosen performance requirements of the client 
(i.e. investor), see Fig. 15. 

 
Fig. 15 Definition of the acceptable probability of overload

 
 
All the results presented here were applied for optimizing 

and redesigning of the cutting bit (excavation tool for platinum 
ore), see Fig. 16 and 17. 

 
 

 
Fig. 16 Final shape of excavation tool for platinum ore dis

process
 
 

, see equation (2): 

 (4) 

is the acceptable probability of 

loader system. This overloading 
sometimes really occurs in the mine. Value of “ ALLOWABLEP ” 

can be given by chosen performance requirements of the client 

 

Definition of the acceptable probability of overloading 

presented here were applied for optimizing 
and redesigning of the cutting bit (excavation tool for platinum 

 

Final shape of excavation tool for platinum ore disintegration 
process 
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Fig. 17 Final shape of cutting bit for platinum ore disintegration 
process 

 
 
 

 For more information see references [1], [2] and [4]. 

IV. OTHER APPLICATION OF SBRA METHOD 

 Other examples of the applications of SBRA Method in 
designing are shown in references [1], [5], [10] and [11], see 
Fig. 18, 19, 20 and 21. Other probabilistic approaches (i.e. 
other interesting examples) are presended in reference [8]. 
 
 

 
 

Fig. 18 Beam on Elastic Foundation is exposed to loads (see 
references [1] and [5]) 

 
 

 
 
Fig. 19 Finite element model of a massive machine for the dynamic 

testing of railroad axles (see reference [1]) 
 

 

 
 

Fig. 19 Histogram of the critical frequency for a massive machine for 
the dynamic testing of railroad axles (i.e. application of SBRA 

Method, see reference [1]) 
 

 
 

Fig. 20 Experiments on a massive machine for the dynamic testing of 
railroad axles (see reference [1]) 

 

V.  CONCLUSION 

Application of the SBRA Method in the area of 
biomechanics (design of external fixators in traumatology) and 
rock mechanics (hard rock disintegration process - design of 
excavation tool) are reported and other application are 
mentioned. Application of the SBRA Method (especially with 
connection with FEM) is a modern and innovative trend in 
engineering, because this method includes the real variability 
of the inputs and outputs. 

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:5, No:11, 2011 

2257International Scholarly and Scientific Research & Innovation 5(11) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
11

, 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/8
04

1.
pd

f



 

 

ACKNOWLEDGMENT 

This article has been elaborated in the framework of these 
projects: Czech-USA project LH11073 - KONTAKT II 
sponsored by The Ministry of Education, Youth and Sports, 
Czech project MPO FR-TI3/818 sponsored by Ministry of 
Industry and Trade and Czech project IT4Innovations Centre 
of Excellence project reg. no. CZ.1.05/1.1.00/02.0070 
supported by Operational Programme 'Research and 
Development for Innovations' funded by Structural Funds of 
the European Union and state budget of the Czech Republic. 

REFERENCES 

[1] K. Frydrýšek, Pravděpodobnostní výpočty v mechanice 1 (Probabilistic 
Calculations in Mechanics 1), written in Czech language, ISBN: 978-80-
248-2314-0, VŠB - Technical University of Ostrava, 2010, pp. 1–149. 

[2] K. Frydrýšek, “Stochastic Solution and Evaluation of the Ore 
Disintegration Process”, in Proceedings of the 2009 International 
Conference on Scientific Computing CSC2009, ISBN: 1-60132-098-1, 
CSREA Press, Las Vegas, USA, 2009, pp. 40–46. 

[3] K. Frydrýšek, P. Koštial, K. Barabaszova, J. Kukutschová, “New ways 
for Designing External Fixators Applied in Treatment of Open and 
Unstable Fractures”, in journal World Academy of Science, Engineering 
and Technology, ISSN 2010-376X (print version) ISSN 2010-3778 
(electronic version), vol. 7, issue 76, 2011, pp. 639–644. 

[4] K. Frydrýšek, P. Marek, “Probabilistic Solution and Reliability 
Assessment of the Hard Rock Disintegration Process” (Chapter: 
Structural Reliability and Design Codes - pp. 1443–1450), in book: R. 
Briš, C. G. Soares, S. Martorell (editors): Reliability, Risk and Safety: 
Theory and Applications (ESREL 2009), vol. 2, ISBN 978-0-415-55509-
8, Taylor Francis Group, London, 2010, UK. 

[5] K. Frydrýšek, M. Nikodým, Beams and Frames on Elastic Foundation 
3, ISBN 978-80-248-2257-0, VŠB – Technical University of Ostrava, 
Ostrava, Czech Republic, 2010, pp. 1–611. 

[6] K. Frydrýšek, L. Pleva, P. Koštiál, “New Ways for Designing External 
Fixators Intended for the Treatment of Open and Unstable Fractures”, in 
Applied Mechanics 2010, 12th. International Scientific Conference 
(Proceedings), Department of Applied Mechanics, Faculty of 
Mechanical Engineering, Technical University of Liberec, Liberec, 
Czech Republic, ISBN 978-80-7372-586-0, 2010, pp. 43–47. 

[7] A. Haldar, S. Mahadevan, Probability, Reliability and Statistical 
Methods in Engineering Design, John Willey & Sons, Inc, ISBN 0-471-
33119-8, New York, 2001, USA. 

[8] Z. Kala, “Sensitivity Analysis of Steel Plane Frames with Initial 
Imperfections”, in Engineering Structures, vol.33, no.8, 2011, pp. 2342-
2349. 

[9] R. Madeja, L. Pleva, P. Vávrová, “Navigation in Traumatology”, j. 
Úraz. chir., 17, no. 3, Czech Republic, 2009, pp. 1–6. 

[10] P. Marek, J. Brozzetti, M. Guštar, P. Tikalsky, Probabilistic Assessment 
of Structures Using Monte Carlo Simulation Background, Exercises and 
Software, (2nd extended edition), ISBN 80-86246-19-1, ITAM CAS, 
Prague, Czech Republic, 2003. 

[11] P. Marek, M. Guštar, T. Anagnos, Simulation-Based Reliability 
Assessment For Structural Engineers, CRC Press, Boca Raton, USA, 
ISBN 0-8493-8286-6, 1995. 

[12] L. Pleva, External Fixator for Treatment of Acetabulum Fractures, final 
report of the project IGA MZ ČR, reg. č. 3522-4, written in Czech 
language, FNsP – Ostrava-Poruba, Czech Republic, pp. 1–77, 1999. 

[13] K. Rozum, External Fixators for the Treatment of Open Unstable 
Fractures, inaugural work written in Czech language, FME, VŠB – 
Technical University of Ostrava, Czech Republic, ISBN 978-80-248-
1670-8, pp. 1–43, 2008. 

[14] J. Tokarský, P. Čapková, D. Rafaja, V. Klemm, M. Valášková, J. 
Kukutschová, V. Tomášek, “Adhesion of Silver Nanoparticles on the 
Clay Substrates; Modeling and Experiment”, in Applied Surface Science, 
ISSN: 0169-4332, (2009), doi:10.1016/j.apsusc.2009.11.037. 

[15] M. Valášková, G. Simha Martynková, V. Matějka, K. Barabaszová, E. 
Plevová, D. Měřínská, “Organovermiculite Nanofillers in 
Polypropylene”, in Applied Clay Science, ISSN 0169-1317, 43, 2009, 
pp. 108–112. 
 

World Academy of Science, Engineering and Technology
International Journal of Mechanical and Mechatronics Engineering

 Vol:5, No:11, 2011 

2258International Scholarly and Scientific Research & Innovation 5(11) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 M
ec

ha
ni

ca
l a

nd
 M

ec
ha

tr
on

ic
s 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
11

, 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/8
04

1.
pd

f




