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Abstract: The probabilistic methods find its application in engineering practice at solving of tasks when
variables with random character enter in the computational model. The newly developed method, Direct
Optimised Probabilistic Calculation - DOProC, appears as a very effective one for a line of tasks considering
either computing time, either obtained solution accuracy. The computing procedure does not use any simulation
technique and works in purely numerical way. The described algorithm has already been implemented in
several applications which were successfully used at solution of probabilistic tasks and probabilistic reliability

evaluations.
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1 Introduction to the Issue

At present a line of computing procedures are used
for evaluation of bearing structures reliability which
come out of the probability theory and mathematical
statistics the devel opment of which has been passing
through significant growth lately. These computing
procedures contribute to qualitatively higher level of
the reliability evaluation and also to security
provision of users of the designed object[1, 8, 23,
24, 26]. They are suitable for design of bearing
structure elements with set reliability level when at
least some of the design variables have random
character. At defining the input random variables
they are frequently based on values coming from
measurements performed with real objects even the
long-term ones [2, 25].

The probabilistic evaluation process and
structure design have just entered in the common
design practice [29]. The dsated computing
procedures are used namely at designs of structural
[9] or underground bearing systems [28] when also
the service life of the construction can be estimated
in addition to its reliability, or to anadyse its
resistance to degradation effects [27] and corrosion
respectively [22, 30].

The article is focussed on the utilisation of
original and newly developed probabilistic method
Direct Optimised Probabilistic  Calculation
(hereinafter DOProC), which functions purely
numerically without application of any of the
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simulation techniques which results in a more
precise solution of probahilistic tasks and in certain
situations also to a far more quicker calculation[5,
11].

The calculation methodology using the DOProC
method was already theoretically processed in
several publications [3, 4]. At present a line of
probabilistic tasks can be solved using the DOProC
method. For these purposes several software means
applying the DOProC method were devel oped.

2 Application of DOProC Method for

Universal Use

For the probabilistic calculations with the possibility
to freely define the computing model and also the
input random variables the continualy developed
program system ProbCac can be used which
consists of several computing modules [5, 14].

2.1 HistAn Program

The program tool HistAn(see Fig. 1) serves for
more detailed analysis of input and resulting
histograms. Using this tool we can obtain histogram
basic characteristics and also perform simple
calculations - for instance setting of functional value
with correspondent quantile and even the inversion
operation - setting of quantile for set variable
functional value. Using it we are also able to
determine combinations of several input histograms
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and so called summary histogram which can be used
for the so called wind rose calculations. Last but not
least histograms with parametric distribution of
probability can be compiled in the program after
entering necessary parameters depending on the
applied probability division. The program user can
select from the list of twenty mostly used types of
parametric distribution of probability.
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| Flngesktop of HistAn program: histogram with
parametric distribution of probability and cal culated
quantile

Histograms with parametric or non-parametric
(empirical) distribution of probability can be formed
even upon measured data which are statistically
assessed and classified in classes. In case of
parametric distribution of probability the most
suitable type of parametric distribution of
probability is recommended upon the determination
coefficient for selected data These calculation
operations can be performed in corresponding shape
even in other computing modules of the ProbCalc
system.
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Fig.2:Desktop of HistAn2D program: Behavior of
two statigtically independentrandom quantities -
cross-section area A and cross-section modulus W,
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2.2HistAn2D and HistAn3D Programs

The HistAn2D and HistAn3D applications were
created to form the so called dua and triple
histograms [7] which enable to express the
statistical dependency between two res. among three
random variable quantities (for instance with
strength characteristics of building materials or
sectional characterigtics, Fig. 2 and 3, [21]). The
obtained multidimensional histograms then may
enter in the probability calculations solved by the
DOProC method using other computing modules,
for instance in the ProbCalc program [20].

Histogram :  Ap, Wp

Fig.3:Outputfrom HistAn2D program: Dual
histogram for two statistically dependentrandom
guantities - cross-section area A and cross-section
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Fig.4:Desktop of HistOp program: Calculation of
dead and long-lasting load combination

2.3HistOp Program

With histograms the basic mathematical operations
can be carried out. For instance, in case of load
combinations these mathematical operations are
mostly used for summation of histograms of
particular equipment types. For performing basic
arithmetic operations with histograms the program
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tool HistOp(Fig. 4) has been developed which
enables to carry out the following arithmetical
operations with a par of histograms. sum,
difference, product and ratio of both histograms,
square and absol ute value of the histogram.

2.4ProbCalc Program

The main computing utility of the ProbCalc system
(Fig. 5 and 6) is formed by the same name program
into which the analytical transformation model of
the solved probability task can be implemented
using atext oriented editor.
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Fig.5:Desktop of ProbCalc program: Histogram of
calculated reiability function RF under probabilistic
reliability assessment

Among other things the optimisation processes
(interval, zone and trend optimisation) were
implemented into the developed software, which
enable a significant reduction of the so called
calculation steps and thus also the computing time
of the calculation. These optimisation techniques
can be mutually combined.

Another way of time intensity reduction of
solved probability tasks is also its paralleling. The
computing operations occurring during solution of
more difficult tasks using the DOProC methods can
easily be modified in a way they occur paralel
which has been implemented also in the ProbCalc
program. If the used computer has two or eventualy
more processors or cores, the calculation time can
be substantially reduced in this way.

With more complex numerical computing
models there is the option of utilisation of user
programmed procedure in form of dynamic library
(file with DLL extension). Setting of probability
task in the ProbCalc program system therefore
requires a quite advanced capability of the
calculator. At least the base of method agorithm
must be known which has its influence on the
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definition way of computing model and selection of
suitabl e optimisation technique.

If the reliability evaluation of the solved
construction is the subject of the probability
calculation based on the inequality:

RF=R-E>0, (1)
whereRF is reliability function, R resistance of the

construction and E load effect, the calculation of
failure probability p :

p, =P(RF=R-E<0), )
and also the very evaluation acc. to Eurocodes:
Pi < Pg > (©)

wherep, is design probability of failure defined in
Eurocodes then the RF analysed reiability
functionscan be simply carried out with the final
histogram [13]. To the interesting features of the
program also the 3D image of the RF reiability
analysed function belongs which results in more
detailed analysis of the solved probability task.
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Fig.6:Desktop of ProbCalc program: 3D chart of
calculated reliability function RF under probabilistic
reliability assessment

3 Sophisticated Software Applying the

DOProC Method

The shortage of a quite more challenging
interface of the ProbCalc program (which is given
by the requirements for its universal application) is
removed in case of sophisticated application
software, tailored for particular probability task.
Therefore the user is no more required to complexly
define the task computational model or to select the
type of required optimisation technique. It only has
the possibility to enter input variables, sart
calculation and analyse results of the probabilistic
task.
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3.1Anchor Program
The Anchor program (Fig. 7 and 8) enables to
probabilistically design and evauate the
anchoredsupportin mine workings which at present
represents an important part of the reinforcement
method in mining, tunnelling and underground civil
engineering [6, 17]. The computing procedure
applied in this sophisticated software enables to
probabilistically design and evaluate anchor
reinforcement length, number and bearing capacity.
Also a database of input random variables forms
part of the computing module which was compiled
upon measurements at producers of anchor
reinforcement elements and in mine workings in
Ostrava-Karvina coa district where the bolted
reinforcement was realised.
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 Fig.7:Desktop of Anchor programwith description
of all input quantities which were entered into the
system

e |

Fig.8:Desktop of Anchor program with resulting
histogram of reliability function and reliability
assessment of anchor reinforcement

3.2FCProbCalc Program

In the FCProbCalc program (Fig. 9, [11, 15]) the
computing procedures for probability calculation of

ISBN: 978-960-474-351-3

203

fatigue cracks spreading from edge and surface of
sted cyclically loaded construction were applied
which are based on computing model upon linear
fracture mechanics [12, 18, 19]. Using the program
the probability evaluation of construction reliability
can be carried out upon exact definition of fatigue
crack admissible size and definition of occurrence
probability of three basic facts related with
spreading of fatigue cracks which lead to calculation
of failure probability for each operational year of the
solved congtruction [10, 16]. At setting of the
reliability required rate also time of the first
inspection of the construction can be set which will
be focussed on fatigue damage and using the
conditioned probability also times of the following
inspection checks.

The processed methodology together with the
stated application thus may substantially improve
the estimation of costs spent in maintenance of
cyclically loaded constructions and bridges.
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Fig.9:Desktop of FCProbCalc programwith results
of the probabilistic modeling of propagation of a
fatigue crack from the edge

4 Conclusion

The development of probabilistic methods and its
application in construction reliability evaluation
were pointed out in this article with focus on newly
developed probabilistic method DOProC. The
DOProC method appears as a very effective tool for
obtaining solution of probabilistic tasks, loaded only
with a numerical error and error given by
discretisation of input and output variables.

Also the developed program tools implementing
the DOProC method were stated and which are at
present able to solve a line of probabilistic
calculations. The DOProC method has shown to be
suitable not only for the tasks leading to reliability
evaluation but aso to other probabilistic
calculations for which aso the mentioned ProbCalc
software system or other of the described
sophisticated programs can be used.
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Appendix

A lite version of the computational modules in
ProbCalc and other software applications which are
based on DOProC can be downloaded at
http://www.fast.vsh.cz/popv.

Acknowledgement

This project has been completed thanks to the
financial support provided to VSB-Technica
University of Ostrava by the Czech Ministry of
Education, Youth and Sports from the budget for
conceptual development of science, research and
innovations for the year 2013.

References:

[1] Caka, R., Accuracy of stress analysis using
numerical integration of elastic half-space.
Applied Mechanics and Materials, vol. 300-301
(2013), pp. 1127-1135 (9 p). ISSN:
16609336,ISBN:  978-303785651-2, DOI:
10.4028/www.scientific.net/ AMM.300-301.1127.
Gocdl, J., Vican, J, Hlinka, R., Jost, J.,
Laboratory tests of a typica fatigue prone
riveted steel railway bridge structural detail.
Procedia Engineering, vol. 2, issue 1 (2010),
pp. 1761-1766 (6 p). ISSN: 18777058, DOI:
10.1016/j.proeng.2010.03.189.

Janas, P., Krgisa, M., Krgisa, V., Assessment
Using Direct Determined Probabilistic
Caculation. Proceedings of the Twelfth
International Conference on Civil, Sructural
and Environmental Engineering Computing:
CC 2009, Civil-Comp Press (2009), 20 p, ISBN

[2]

[3]

978-1-905088-31-7. Elsevier B.V. (2012),
ISBN 978-190508830-0, DOI:
10.4203/ccp.91.72.

[4] Janas, P., Kregsa, M., Kregjsa, V., Using the
Direct Determined Fully Probabilistic Method
(DDFPM) for determination of failure.
Proceedings of European Safety and Reliability
Conference (ESREL 2009): Reliability, Risk
and Safety: Theory and Applications, Vols 1-3,
London: Taylor & Francis Group (2010), pp.
1467-1474 (8 p), ISBN 978-0-415-55509-8,
WOS 000281188500203.

Janas, P., Krgsa, M., Krgsa, V., Software
Package ProbCalc from the Poin of View of a
User.Transactions of the VSB - Technical
University of Ostrava: Construction Series.
Versita (2010), vol. 10, Issue 1, pp. 1-11. ISSN
1804-4824, DOI: 10.2478/v10160-010-0010-7.
Janas, P., Snupérek, R., Krgsa, M., Krgsa, V.,
Designing of Anchoring Reinforcement in
Underground Workings Using DOProC

(6]

ISBN: 978-960-474-351-3

204

Method. Transactions of the VSB - Technical

University of Ostrava: Construction Series.

Versita (2010), vol. 10, Issue 2, pp. 1-13. ISSN

1804-4824, DOI: 10.2478/v10160-010-0020-5.

Janas, P., Krgsa, M., Krgsa, V., Statistica

Dependence of Input Variables in DOProC

Method. Transactions of the VSB - Technical

University of Ostrava: Construction Series.

Versita (2012), vol. 12, Issue 2, pp. 48-58

(11 p). ISSN 1804-4824. DOI:

10.2478/v10160-012-0017-3.

Kaa, Z.,, Kaa, J., Lateral-torsiona buckling

analysis of I-beams using shell finite el ements

and nonlinear  computation  methods.

InProceedings of AIP Conference of Numerical

Analysis and Applied Mathematics (ICNAAM

2012), vol. 1479, Issue 1 (2012), pp. 2066-2069

(4 p). ISSN: 0094243X ISBN: 978-073541091-

6, DOI: 10.1063/1.4756596.

Kralik, J., Kralik Jr, J., Probability assessment

of analysis of high-rise buildings seismic

resistance. Advanced Materials Research,vol.

712-715 (2013), pp. 929-936, ISSN 1022-

6680,DOI:

10.4028/www.scientific.net/ AMR.712-

715.929.

[10] Kregjsa, M., Tomica, V., Determination of
Inspections of Structures Subject to Fatigue.
Transactions of the VSB - Technical University
of Ostrava: Construction Series. Versita
(2011), vol. 11, Issue 1, pp. 1-11. ISSN 1804-
4824. DOI: 10.2478/v10160-011-0007-X.

[11] Krejsa, M., Probabilistic Calculation of Fatigue
Crack Progression Using FCProbCalc Code.
Transactions of the VSB - Technical University
of Ostrava: Construction Series. Versita
(2012), vol. 12, Issue 1, pp. 1-11. ISSN 1804-
4824. DOI: 10.2478/v10160-012-0003-9.

[12] Kregjsa, M., Stochastic Modelling of Fatigue
Crack Progression using the DOProC Method.
InProceedings of the Eleventh International
Conference on Computational  Sructures
Technology, Civil-Comp Press (2012), pp. 1-
18, ISBN 978-1-905088-54-6, ISSN 1759-
3433, DOI: 10.4203/ccp.99.113.

[13] Krejsa, M., Janas, P., Cglka, R., Using DOProC
method in structural reliability assessment.
Applied Mechanics and Materials:.
Mechatronics and Applied Mechanics I1. Trans
Tech Publications, vol. 300-301 (2013), pp.
860-869 (10 p), ISSN 1660-9336, ISBN 978-
303785651-2, DOI:
10.4028/www.scientific.net/ AMM .300-301.860.

[14] Krgjsa, M., Janas, P., Krgsa, V., Direct
Optimized Probabilistic Calculation. In: Recent

[7]

(8]

[9]



Recent Advances in Applied and Theoretical Mathematics

Advances in Systems Science & Mathematical
Modeling:  Proceedings of the 3rd
International Conference on Mathematical
Models for Engineering Science (MMES '12).
WSEAS Press (2012), pp. 216-221 (6 p). ISBN
978-1-61804-141-8.

[15] Krgsa, M., The Probabilistic Caculating of
Fatigue Crack Propagation Using FCProbCalc
Program. In: Proceedings of 18" International
Conference Engineering Mechanics 2012
ITAM AS CR, Prague (2012), pp. 745-754
(10 p). ISBN 978-80-86246-39-0.

[16] Kregjsa, M., Inspection Based Probabilistic
Modeling of Fatigue Crack Progression. In:
Recent Advances in Mechanical Engineering &
Automatic Control: Proceedings of the 3™
European  Conference of  Mechanical
Engineering (ECME 12). WSEAS Press
(2012), pp. 104-109 (6 p). ISBN 978-1-61804-
142-5.

[17] Krgisa, M., Janas, P., Yilmaz, I., Marschalko,
M., Boucha, T., The Use of the Direct
Optimized Probabilistic Calculation Method in
Design of Bolt Reinforcement for Underground
and Mining Workings. The ScientificWorld
Journal, vol. 2013, Article ID 267593, 13 p
(2013). doi:10.1155/2013/267593.

[18] Krgjsa, M., Probabilistic Failure Analysis of
Steel Structures Exposed to Fatigue. Key
Engineering Materials.Vol. 577-578 (2013),
pp. 101-104 (4 p), ISSN 1662-9795, DOI:
10.4028/www.scientific.net/KEM .577-578.101.

[19] Krejsa, M., Probabilistic reliability assessment
of sted sructures exposed to fatigue.
Proceedings of Conference ESREL 2013:
Safety, Reliability and Risk Analysis: Beyond
the Horizon, Amsterdam, Nederland, 2013,
London: Taylor & Francis Group (2014),
pp. 2671-2679 (9 p), ISBN 978-1-138-00123-7.

[20] Krejsa, M., Janas, P., Kregsa,
V.,Probabilisticcal culationusing DOProC
methodwithstatisticallydependent
inputvariables.  In  Proceedingsofthe11™
International Probabilistic Workshop, Brno
(2013), pp. 203-218 (16 p), ISBN 978-80-214-
4800-1.

[21] Kregjsa, M., Cgka, R.,Thefoundationdab
monitoring oftheNational Supercomputing
Center - IT4Innovationsduringconstruction. In
Proceedingsofthe11™ International
Probabilistic Workshop, Brno (2013), pp. 219-
234 (16 p), ISBN 978-80-214-4800-1.

[22] Krivy, V., Fabian, L., Calculation of corrosion
losses on weathering steel structures. Applied
Mechanics and Materials, vol. 188 (2012),

ISBN: 978-960-474-351-3

205

pp. 177-182 (6 p). ISSN: 16609336, ISBN:
978-303785452-5, DOI:
10.4028/www.scientific.net/ AMM.188.177.

[23] Lacakova, G., Mdcer, J.,, Dynamic effect of
moving vehicles on the road concrete sabs.
Komunikacie, vol. 13, issue 3 (2011), pp. 14-18
(5 p). ISSN: 13354205.

[24] Leoveanu, 1.S., Taus, D., Kotrasova, K.,
Kormanikova, E., Computer fluid dynamics
application for establish the wind loading on
the surfaces of tall buildings. In Proceedings of
13" WSEAS International Conference on
Automatic Control, Modelling and Smulation,
ACMOS11 (2011), pp. 433-438 (6 p). ISBN:
978-161804004-6.

[25] Lokaj, A., Vavrusova, K., Rykalova, E.,
Application of laboratory tests results of dowel
joints in cement-splinter boards VELOX into
the fully probabilisic methods (SBRA
method). Applied Mechanics and Materials,
vol. 137 (2012), pp. 9599 (5 p). ISSN:
16609336, ISBN: 978-303785291-0, DOI:
10.4028/www.scientific.net/ AMM .137.95.

[26] Mikolasek, D., Sucharda, O., Brozovsky, J.,
Analysis of composite timber-concrete ceiling
structure by finite element method. Applied
Mechanics and Materials, vol. 351-352 (2013),
pp. 254-259 (6 p). ISSN: 16609336, DOI:
10.4028/www.scientific.net/ AMM .351-352.254.

[27] Novak, D., Vorechovsky, M., Teply, B.,
FReET: Software for the statistica and
reliability analysis of engineering problems and
FReET-D: Degradation module. Advances in
Engineering Software (2013). ISSN: 09659978,
DOI: 10.1016/j.advengsoft.2013.06.011.

[28] Spackovd, O., Sgnoha, J, Straub, D.,
Probabilistic assessment of tunnel construction
performance based on data. Tunnelling and
Underground Space Technology, vol. 37
(2013), pp. 62-78 (17 p). ISSN: 08867798,
DOI: 10.1016/j.tust.2013.02.006.

[29] Sykora, M., Holicky, M., Markova, J,
Verification of existing reinforced concrete
bridges using the semi-probabilistic approach.
Engineering Sructures, vol. 56 (2013), pp.
1419-1426 (8 p). ISSN: 01410296, DOI:
10.1016/j.engstruct.2013.07.015.

[30] Vorechovska, D., Teply, B., Chroma, M.,
Probabilistic assessment of concrete structure
durability under reinforcement corrosion attack.
Journal of Performance of Constructed
Facilities, vol. 24, issue 6 (2010), pp. 571-579
9 p). ISSN: 08873828, DOI:
10.1061/(A SCE)CF.1943-5509.0000130.





